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Chapter Overview

Customer Training Material

 An introduction to solid body contact will be presented in
this chapter:

— Itis assumed that the user has already covered Chapter 2
Nonlinear Structural prior to this chapter.

« The Specific topics introduced are:
Basic concept of contact

Contact Formulations

. Stiffness and Penetration

. Workshop 3A

Pinball Region

Symmetric vs. Asymmetric

. Postprocessing Contact Results
Workshop 3B

* The capabilities described in this Chapter are generally
applicable to ANSYS Structural licenses and above.
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A. Basic Concepts

Customer Training Material

Contact:

- When two separate surfaces touch each other such that they become
mutually tangent, they are said to be in contact.

 In the common physical sense, surfaces that are in contact have
these characteristics:
— They do not interpenetrate.

— They can transmit compressive normal forces and tangential friction
forces.

— They often do not transmit tensile normal forces.
» They are therefore free to separate and move away from each other.

- Contact is a changing-status nonlinearity. That is, the stiffness of the
system depends on the contact status, whether parts are touching or
separated.

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. . December 2010



ANSYS Mechanical — Introduction to Contact AN SYS

Emn Bas i c C 0 n ce pts Customer Training Material

How compatibility is enforced in a contact reqgion:

- Physical contacting bodies do not interpenetrate. Therefore, the
program must establish a relationship between the two surfaces to
prevent them from passing through each other in the analysis.

— When the program prevents interpenetration, we say that it enforces
contact compatibility.

— Workbench Mechanical offers several different contact formulations to
enforce compatibility at the contact interface.

F Penetration occurs when contact
Tt~ _- compatibility is not enforced.

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. . December 2010



ANSYS Mechanical — Introduction to Contact AN SYS

B. Contact Formulations

Customer Training Material

* For nonlinear solid body contact of faces, Pure Penalty or
Augmented Lagrange formulations can be used:

— Both of these are penalty-based contact formulations:

Fnormal - k

normal‘xpenetmtim

— Here, for a finite contact force F,_, ., there is a concept of contact
stiffness k,,,,,.» The higher the contact stiffness, the lower the
penetration x, as shown in the figure below

enetration’®

— ldeally, for an infinite k,,,,,,., one would get zero penetration. This is not
numerically possible with penalty-based methods, but as long as
) ¢ is small or negligible, the solution results will be accurate.

penetration
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... Contact Formulations

Customer Training Material

* The main difference between Pure Penalty and Augmented Lagrange
methods is that the latter augments the contact force (pressure)
calculations:

Pure Penalty: Fnormal — knormalxpenetratim

+A

- Because of the extra term 4, the augmented Lagrange method is less
sensitive to the magnitude of the contact stiffness k,,

Augmented Lagrange: Fnormal - knOFmalxpenetratim

ormal"
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... Contact Formulations

Customer Training Material

* Another available option is Lagrange multiplier Formulation:

— The Normal Lagrange Formulation adds an extra degree of freedom
(contact pressure) to satisfy contact compatibility. Consequently,
instead of resolving contact force as contact stiffness and penetration,
contact force (contact
pressure) is solved for explicitly as an extra DOF. F normal — DOF

- Enforces zero/nearly-zero penetration with pressure DOF
- Does not require a normal contact stiffness (zero elastic slip)
* Requires Direct Solver, which can be more computationally expensive
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- Chattering is an issue which often occurs with Normal Lagrange
method
— If no penetration is allowed (left), then the contact status is either open or
closed (a step function). This can sometimes make convergence more

difficult because contact points may oscillate between open/closed
status. This is called chattering

— If some slight penetration is allowed (right), it can make it easier to
converge since contact is no longer a step change.

Contact Status Contact Status
Open Open
Penetration Gap Penetration Gap
Closed Closed T~~~ Penetration

Normal Lagrange Method Penalty-Based Method

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. . December 2010



ANSYS Mechanical — Introduction to Contact AN SYS

... Contact Formulations

* For the specific case of “Bonded” and “No Separation” type of
contact between two faces, a multi-point constraint (MPC)
formulation is available.

— MPC internally adds constraint equations to “tie” the displacements
between contacting surfaces

— This approach is not penalty-based or Lagrange multiplier-based. Itis a
direct, efficient way of relating surfaces of contact regions which are
bonded.

— Large-deformation effects also are supported with MPC-based bonded
contact

Customer Training Material
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... MPC Formulation
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To illustrate, consider the connection between a shell edge and a
solid face. The constraint equation that would transfer action
between ROTZ at node 2 and UY at nodes 1 and 3 has this form:

0 = UY, - UY, - 10*ROTZ,

ROTal

SHELL Element
UX, UY ROTa
1 2 3
| ]
— 5 —x
| ]
™— SOLID element
UX, UY

IR IR TN
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... Contact Formulations
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- Contact is detected differently, depending on the formulation used:

— Pure Penalty and Augmented Lagrange Formulations use integration
point detection. This results in more detection points (10 in this example
on left)

— Normal Lagrange and MPC Formulation use nodal detection (normal
direction from Target). This results in fewer detection points (6 in the
example on right)

— Nodal detection may handle contact at edges slightly better, but a
localized, finer mesh will alleviate this situation with integration point
detection.

e

I

[ = ~ Integration Point Detection "~ ‘I [ ____ Nodal Detection =~ ~ = ~ -I
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- The aforementioned options relate contact in the normal direction. If
friction or rough/bonded contact is defined, a similar situation exists
in the tangential direction.

— Similar to the impenetrability condition, in the tangential direction, the
two bodies should not slide relative to each other if they are “sticking”

— Pure penalty formulation is always used in the tangential direction

— Tangential contact stiffness and sliding distance are the analogous
parameters:

If “sticking”: Eangential_ tangentiaixsliding

where x4, ideally is zero for sticking, although some slip is allowed in
the penalty-based method.

— Unlike the Normal Contact Stiffness, the Tangential Contact Stiffness
cannot directly be changed by the user.

— A more detailed discussion of Frictional contact will be presented with a
workshop in next Chapter.
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... Contact Formulation Summary S E—————

- A summary of the contact formulations available in Workbench
Mechanical is listed below:

Normal Tangential
Formulation Normal Tangential Stiffness Stiffness |Type
Augmented Lagrange 'Augmented Lagrange Penalty Yes Yes' Any
Pure Penalty Penalty Penalty Yes Yes' Any
MPC MPC MPC - - Bonded,No Separation
Normal Lagrange Lagrange Multiplier Penalty - Yes' Any

1 Tangential stiffness is not directly input by user

— The “Normal Lagrange” method is so named because Lagrange multiplier
formulation is used in the Normal direction while penalty-based method
is used in the tangential direction.
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* The table below summarizes some pros (+) and cons (-) with different
contact formulations:

Pure Penalty

Augmented Lagrange

Normal Lagrange

MPC

Good convergence
behavior (few
equilibrium iterations)
Sensitive to selection of
normal contact stiffness

Contact penetration is
present and
uncontrolled

Useful for any type of
contact behavior
Either Iterative or Direct
Solvers can be used
Symmetric or
asymmetric contact
available

Contact detection at
integration points

May require additional
equilibrium iterations if
penetration is too large
Less sensitive to
selection of normal
contact stiffness
Contact penetration is
present but controlled to
some degree

Useful for any type of
contact behavior

Either Iterative or Direct
Solvers can be used
Symmetric or
asymmetric contact
available

Contact detection at
integration points

May require additional
equilibrium iterations if
chattering is present
No normal contact
stiffness is required

Usually, penetration is
near-zero

Useful for any type of
contact behavior

Only Direct Solver can
be used

Asymmetric contact
only

Contact detection at
nodes

Good convergence
behavior (few
equilibrium iterations)
No normal contact
stiffness is required

No penetration

Only Bonded & No
Separation behaviors
Either Iterative or Direct
Solvers can be used
Asymmetric contact
only

Contact detection at
nodes

— Note that some topics, such as symmetric contact or contact detection, will be discussed

shortly
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C. Contact Stiffness and Penetration S

» Although “Pure Penalty” is the default in Workbench-
Mechanical, “Augmented Lagrange” is recommended for
general frictionless or frictional contact in large-deformation
problems.

— Augmented Lagrange formulation adds additional controls to
automatically reduce penetration

-|| Scope

Scoping Method Geometry Selection
Contact 1 Edge
- The “Normal Stiffness” is the contact stiffness Contactpoie: [NE—
K.....;explained earlier, used only for “Pure : }Jinftif _—
Penalty” or “Augmented Lagrange” ScopeViods — |Automatic
— This is a relative factor. The use of 1.0 is oo e
recommended for general bulk deformation- e
dominated problems. For bending-dominated interface Ireatment EEG :

Offset 0.in

situations, a smaller value of 0.1 may be useful —[emsstfinesProgram Controiiea ]

Update Stiffness MNever

if convergence difficulties are encountered. Pinball Region | Prgram Cantralled

Time Step Controls |MNone
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... Contact Stiffness and Penetration
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« The Normal Contact Stiffness k,,,,., is the most important parameter
affecting both accuracy and convergence behavior.

— A large value of stiffness gives better accuracy, but the problem may
become more difficult to convergence.

— If the contact stiffness is too large, the model may oscillate, with
contacting surfaces bouncing off of each other

[T LT T]

Iteration n Iteration n+1 Iteration n+2
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... Contact Stiffness and Penetration
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* The default Normal Stiffness is automatically determined by WB-
Mechanical.
— The user may input a “Normal Stiffness Factor” (FKN) which is a

multiplier on the code calculated stiffness. The lower the factor, the
lower the contact stiffness.

« Default FKN =10 (for Bonded and No Separation behaviors)
» Default FKN=1.0 (for all other behaviors)

- Some general guidelines on selection of Normal Stiffness for contact
problems:

— For bulk-dominated problems: Use “Program Controlled” or manually
enter a “Normal Stiffness Factor” of “1”

— For bending-dominated problems: Manually enter a “Normal Stiffness
Factor” of “0.01” to “0.1”
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C. Contact Stiffness and Penetration

- The normal stiffness can also be automatically - advanced

Customer Training Material

. - - " ggn = Formulation Augmented Lagrange
ad_justed du_rlng the s:olutlon. If difficulties Interface Treatment | Add OFfset, No Ramping
arise, the stiffness will be reduced Offset 0. mm
t t. " Mormal 5tiffness Program Controlled
automatically. Update Stiffness e
— “Each Iteration” sets the program to update T"i‘r::a;'tf:f:‘j:tr E‘;;’ﬁ}tmm |
stiffness at the end of each equilibrium iteration. =&

This choice is recommended if you are unsure
of a Normal Stiffness Factor to use in order to
obtain good results.

— “Each Iteration, Aggressive” also sets the
program to update stiffness at the end of each
equilibrium iteration, but, this option allows for a
broader range in the adjusted value.
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... Contact Stiffness and Penetration S

- Example showing effect of contact stiffness:

Formulation Normal Stiffness Max Deform |Max Eqv Stress Max Contact Pressure Max Penetration Iterations

Augmented Lagrage 0.01 2.84E-03 1% 26.102 1% 0.979 36% 2.70E-04 2
Augmented Lagrage 0.1/ 2.80E-03 0% 25.802 0% 1.228 20% 3.38E-05 2
Augmented Lagrage 1 2.80E-03 0% 25.679 0% 1.568 2% 4.32E-06 3
Augmented Lagrage 10 2.80E-03 0% 25.765 0% 1.599 4% 4 41E-07 4
Normal Lagrange - 280E-03 0% 25.768 0% 1.535 0% 3.17E-10 2

* As is apparent from the above
table, the lower the contact
stiffness factor, the higher the
penetration. However, it also
often makes the solution
faster/easier to converge
(fewer iterations)
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... Contact Stiffness and Penetration

Customer Training Material

* For bonded contact, Workbench-Mechanical uses Pure Penalty
formulation with large Normal Stiffness by defaulit.

— This provides good results since the contact stiffness is high, resulting in
small/negligible penetration.

— MPC formulation is a good alternative for bonded contact because of its
many nice features.

 For frictionless or frictional contact, consider using either
Augmented Lagrange or Normal Lagrange methods.
— The Augmented Lagrange method is recommended, as noted previously,
because of its attractive features and flexibility.

— The Normal Lagrange method can be used if the user does not want to
bother with Normal Stiffness value and wants zero penetration. However,
note that the Direct Solver must be used, which may limit the size of the
models solved.
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C. Workshop — Contact Stiffness & Penetration ... g veom

- Please refer to your Workshop Supplement for instructions on:
- W3A-Contact Stiffness Study

A: Static Structural (ANSYS)
abs(sy)

Expression: abs{sw)

Time: 1

3/17/2009 &:37 PM

816.12 Max
725.44
34,76
S44.05
45354
362,72
272,04 Max = i
181,36
0,638
0 Min

Geometry A VWorkshest A Print Presiew A Report Preview £

:

p_— B Time [] [v Minimum | [v Maimum
|F\nlmat|0n FFHEML | ' 10 Frames * 2 Sec (Autc) T 1.e002 0 16097
1. 2 |ze002 O 233.1
B16.12 3 [3.5e-002 O, 278,16
4 |5.75e-002 0. 522,67
£52.9 5 |a.125e-002 0. 376,97
6 |0.14188 0, 430,17
489.67 7 |ozizal o 405,2
326,45 8 |oaatzz o 568,54
9 |osozss o 651,62
163,22 1007025 o 727,38
11 |ooozss o 791,45
0. 1z |1, 0, 616,12
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E. Pinball Region
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- The Pinball Region is a contact element parameter that differentiates
between far field open and near field open status. It can be thought of
as a spherical boundary surrounding each contact detection point

— If a node on a Target surface is within this sphere, WB-Mechanical
considers it to be in “near” contact and will monitor its relationship to the
contact detection point more closely (i.e., when and whether contact is
established). Nodes on target surfaces outside of this sphere will not be
monitored as closely for that particular contact detection point.

— If Bonded Behavior is specified within a gap smaller than the Pinball
Radius, WB-Mechanical will still treat that region as bonded

ANSYS, Inc. Proprietary Release 13.0
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... Pinball Region
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* There are several uses for the Pinball Region:
— Provides computational efficiency in contact calculations, by
differentiating “near” and “far” open contact when searching for which
possible elements can contact each other in a given Contact Region.

— Determines the amount of allowable gap for bonded contact. If MPC
Formulation is active, it also affects how many nodes will be included in
the MPC equations.

— Determines the depth at which initial penetration will be resolved if
present

ANSYS, Inc. Proprietary Release 13.0
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* There are three options for controlling the size of the Pinball
Region for each contact detection point.

Detals of "Frictionlessig = — Program Controlled - (default) The pinball region
e B [vmrree o will be calculated by the program based on
Contart I Face underlying element type and size.
e _ — Auto Detection Value - The pinball region will be
Target Bodies equal to the Tolerance Value as set on the Global
efinition =
) ?}.-'pe t Frictionless ContaCt Settlngs'
ZTE_MWE :“mmat“_c - Ensures that contact pairs created through the
o oporessei T automatic contact detection have a Pinball Radius
=/ Advanced that envelops gap between target and contact.
o et - Recommended option for cases where the automatic
Mormal Stiffness Prograrn Controlled / contact detection region iS Iarger than the program
B T —— controlled pinball value. In such cases, some
e betactn ke T3 contact pairs that were detected automatically may
Time Step Controls  [Program Controlled not be initially closed at start of solution.

:Aubo Dekection alue

Radius =

— Radius - User manually specifies a value for the
pinball region.
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© 2010 ANSYS, Inc. All rights reserved. December 2010



ANSYS Mechanical — Introduction to Contact

NANSYS
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- “Auto Detection Value” or a user defined Pinball “Radius” will appear
as a sphere on the Contact Region for easy verification.

By specifying a Pinball
Radius, one can visually
confirm whether or not a
gap will be ignored in
Bonded Behavior.

The Pinball Region can
also be important in
initial interference
problems or large-
deformation problems.

ANSYS, Inc. Proprietary
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- A Geametry
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o s Wy Bonded - Solid To Solid

_;@ Mesh

Details of "Bonded - Solid To Solid®

[=l| Scope
Scoping Method Geometry Selection
Caontack 1 Face
Target 1 Face
Contact Bodies

[=| Definition
Twpe Bonded
Scope Mode ranual
Behavwior Symmetric
Suppressed s}

| Advanced
Farmulation Pure Penalty
Marmal Stiffness Program Controlled
Update Stiffness Mewer y.
Thermal Conduckance | Peogram Controled  /
Pinball Region R adius M
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F. Symmetric/Asymmetric Behavior P ————

* Internally, the designation of Contact and Target surfaces can be very
important
— In WB-Mechanical, under each “Contact Region,” the Contact and Target

surfaces are shown. The normals of the Contact surfaces are displayed
in red while those of the Target surfaces are shown in blue.

@ANSVS Workbench [ANSYS Multiphysics/LS-DYNA]

- The Con tact and Target lacontactsymmetry[Pro]ect] @contactsymmetry[S\mulatlon] X
. . JFl\e Edit Wiew Insert Units Tools Help H % - gsa\ectmn - Q\hslb\hty - Suppressmn -
surfaces des|gnate which [t - BEER @IS+ QRAI&N 6§ - 15 HEHIG| /o D@
JCnntact 5] | ", Spat Weld | i, Contart

two pairs of surfaces
can come into contact
with one another.

contact symmetry ball-1
contack symmetry socket-1

Frictionless

Interface Treatment | Add OFfset
Offset 0. mm
Pinball Region Program Controlled

\ Geometry A Viorkshest A Print Preview AReport Preview i Job Status £ |
[ [ Mo Selection | Metric (mm, kg, B, °C, 5, m¥, ma 2

Release 13.0
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... Symmetric/Asymmetric Behavior P ————

- By default, WB-Mechanical uses Symmetric Behavior.

— This means that the Contact surfaces are constrained from penetrating
the Target surfaces and the Target surfaces are constrained from
penetrating the Contact surfaces.

- If the user wishes, Asymmetric Behavior can be used:

— For Asymmetric Behavior, only the Contact surfaces are
constrained from penetrating the Target surfaces.

— In Auto-Asymmetric Behavior, the Contact EDE““‘-‘ 27 ot Reclon
. . 5 .
and Target surface designation may be Czn"t";t o =
reversed internally Target | Face
0y = Conkack Bodies contack ring 2-1
- Although it is noted that surfaces are , ,
. . Target Bodies contack ring-1
constrained from penetrating each other, 2 Definition
recall that with Penalty-based methods, oy —wT——
some small penetration may occur. Seope Mode p——
Behavior asyrmekric
ppe— A —
=l advanced SFTm:tri': bri
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... Symmetric/Asymmetric Behavior

- For Asymmetric Behavior, the nodes of the Contact surface cannot
penetrate the Target surface. This is a very important rule to
remember. Consider the following:

— On the left, the top red mesh is the mesh on the Contact side. The nodes
cannot penetrate the Target surface, so contact is established correctly

Customer Training Material

— On the right, the bottom red mesh is the Contact surface whereas the top
is the Target. Because the nodes of the Contact cannot penetrate the
Target, too much actual penetration occurs.

=~ ~ < _Contact Surface _ - - Target Surface

~

Target Surface Contact Surface
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... Symmetric/Asymmetric Behavior
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* For Asymmetric Behavior, the integration point detection may allow
some penetration at edges because of the location of contact
detection points.

— The figure on the bottom illustrates this case:

Contact Surface

/

The target can penetrate

/ the contact surface.

Target Surface

* On the other hand, there are more contact detection points if
integration points are used, so each contact detection method has its
pros and cons.

ANSYS, Inc. Proprietary Release 13.0
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... Symmetric/Asymmetric Behavior
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- The following guidelines can be beneficial for proper selection of
contact surfaces for Asymmetric behavior:

— |If a convex surface comes into contact with a flat or concave surface, the
flat or concave surface should be the Target surface.

— If one surface has a coarse mesh and the other a fine mesh, the surface
with the coarse mesh should be the Target surface.

— If one surface is stiffer than the other, the stiffer surface should be the
Target surface.

— If one surface is higher order and the other is lower order, the lower order
surface should be the Target surface.

— If one surface is larger than the other, the larger surface should be the
Target surface.

ANSYS, Inc. Proprietary Release 13.0
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... S ymmetric/Asymmetric
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* Only Pure Penalty and Augmented Lagrange formulations actually
support Symmetric Behavior.

* Normal Lagrange and MPC require Asymmetric Behavior.

— Because of the nature of the equations, Symmetric Behavior would be
overconstraining the model mathematically, so Auto-Asymmetric
Behavior is used when Symmetric Behavior selected.

* It is always good for the user to follow the general rules of thumb in
selecting Contact and Target surfaces noted on the previous slide for
any situation below where Asymmetric Behavior is used.

Specified Option Pure Penalty Augmented Lagrange  Normal Lagrange MPC
Behavior Symmetric Behavior Symmetric Symmetric Auto-Asymmetric Auto-Asymmetric
Internally Asymmetric Behavior Asymmetric Asymmetric Asymmetric Asymmetric
Used Auto-Asymmetric Behavior Auto-Asymmetric Auto-Asymmetric Auto-Asymmetric Auto-Asymmetric
Reviewing Symmetric Behavior Results on Both Results on Both Results on Either Results on Either
Results Asymmetric Behavior Results on Contact Results on Contact Results on Contact Results on Contact
Auto-Asymmetric Behavior Results on Either Results on Either Results on Either Results on Either
Notes Symmetric Behavior Easier to set up Easier to set up Let program designate = Let program designate
Asymmetric Behavior Efficiency and control = Efficiency and control User has control User has control
Auto-Asymmetric Behavior | Let program designate = Let program designate = Let program designate = Let program designate

ANSYS, Inc. Proprietary Release 13.0
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... S ymmetric/Asymmetric
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* Symmetric Behavior:
— Easier to set up (Default in Workbench-Mechanical)
— More computationally expensive.
— Interpreting data such as actual contact pressure can be more difficult
* Results are reported on both sets of surfaces
« Asymmetric Behavior:

— Workbench-Mechanical can automatically perform this designation (Auto-
Asymmetric) or...
— User can designate the appropriate surface(s) for contact and target
manually .
« Selection of inappropriate Contact vs.Target may affect results.

— Reviewing results is easy and straightforward. All data is on the contact
side.

ANSYS, Inc. Proprietary Release 13.0
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* For Symmetric Behavior, results are reported for both
Contact and Target surfaces.

* For any resulting Asymmetric Behavior, results are only
available on Contact surfaces.

- When viewing the Contact Tool

RV ANSYS Workbench [ANSYS Multiphysics/LS-DYNA]

1& contact symmetry [Project] g contact symmetry [Simulation] X

JFiIe Edit View Inmsert Units Tools Help ‘ %

- g Seleckion -

worksheet, the user may select e

Qutline for "contact symmekry”

Contact Tool

|
Contact or Target surfaces to by — ——
review results. J Cortact [ = [

For additional options, please visit the context menu for this kable (right mouse buttor

| Mame | Contact Side

Contack Region | | Contact ﬂ
o

FCantact |

— For Auto-Asymmetric Behavior,
the results may be reported on

- -- Cantact Toal
i e

either the Contact or Target i e o
Details of "Contact Tool" |
— For Asymmetric Behavior, zero P

results are reported for Target

ANSYS, Inc. Proprietary Release 13.0
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... Contact results
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- For example, consider the case below of Normal Lagrange
Formulation with Symmetric Behavior specified.

— This results in auto-asymmetric behavior. Since it is automatic, WB-
Mechanical may reverse the Contact and Target specification.

— When reviewing Contact Tool results, one can see that the Contact side
reports no (zero) results while the Target side reports true Contact
Pressure.

i A

- __ oo - N Max
0.18 30.28 (mm) X i > 2018 30.28 (mm) ¥, i 3

Contact Surface = Target Surface
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 In another situation, Augmented Lagrange Formulation with
Symmetric Behavior is used

— This results in true symmetric behavior, so both set of surfaces are
constrained from penetrating each other

— However, results are reported on both Contact and Target surfaces. This
means that the “true” contact pressure is an average of both results.

s 75 -
2018 30.28 (mm) >i i . 2018 30.28 (o) % i .
— —

Contact Surface Target Surface

ANSYS, Inc. Proprietary Release 13.0
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H. Workshop — Symmetric vs Asymmetric

Customer Training Material

- Please refer to your Workshop Supplement for instructions on:
 W3B Symmetric vs Asymmetric

ANSYS, Inc. Proprietary Release 13.0
© 2010 ANSYS, Inc. All rights reserved. December 2010
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Chapter Overview

Customer Training Material

 The various advanced contact options will be discussed in detail
in this chapter:

— These advanced options are applicable to contact involving both
solid and shell body faces and edges.

— It is assumed that the user has already covered Chapters 2 & 3
Nonlinear Structural prior to this chapter.

* The following will be covered in this Chapter:
Body Types in Contact

Auto Contact Detection Options

Interface Treatments

Initial Contact Conditions

Workshop 4A

Time Step Controls

. Friction

Workshop 4B

IOGMMmMOOWS>»

ANSYS, Inc. Proprietary Release 13.0
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A. Body Types in Contact

Customer Training Material

- WB-Mechanical offers a rich library of Connection Technology
Options to simulate many different behaviors between faces and
edges of solid and surface bodies (meshed with shell elements).

-
0.00 10.09 2018 30,28 (mm) % i .

Solid Face to Solid Face Surface Body Face to Surface body Surface Body Edge to Surface Body
(or Solid body ) Face (or Solid) Face

ANSYS, Inc. Proprietary Release 13.0
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Emn B Ody Ty pes i n C o n ta Ct Customer Training Material

- WB-Mechanical supports contact relationships

between Rigid and Flexible bodies. | Graphlcs Propertie
H . H Suppressed Mo
- Useful for improved efficiency when one body is ="
considerably stiffer then others Reference TemperaciTe By Envronment
- Only asymmetric behavior is support for rigid- pestanment structural Steel
+ unding X
flex contact regions with the Target always on # | Properties
. m . +|| Statistics
the ngld side = CAD Attributes
PartTolerance 0.000001

- There are no contact related results reported on
target surfaces associated with Rigid bodies

Rigid Body

Flex Bodies

ANSYS, Inc. Proprietary Release 13.0
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Customer Training Material

- When modeling contact between surface body faces, it is important
to recognize that a surface body has a surface area, but no volume.

— The thickness of a surface body is assigned by the user as a property in
the Details window associated with the surface body

— When generating general frictionless or frictional contact involving
surface bodies, it is necessary to identify which side (top or bottom) of
the surface body is involved in the contact relationship.

 Failure to do this might result in contact not being recognized.

vekails of "Frictionless - Solid To Salid 2 L
—|| Scope

Scoping Method Geometry Selection

Conkack 3 Faces

Target 1 Face

Conkack Bodies

Target Bodies
Conkack Shell Face i

4

o] el Face |Prog
Definition Ak
Tvpe .
Scope Mode Manual
Behavior Asymmekric
Suppressed Mo

ANSYS, Inc. Proprietary

Release 13.0
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« With MPC Formulation, there are different Constraint Types
available to address unique challenges that can arise when using
CEs (constraint equations) to connect entities together.

- “Target Normal, Couple U to ROT” (default in WB-Mechanical) is
sufficient for most applications

- Note, the typical MPC equation listed below establishes a relationship
between the rotational DOF of node 6212 on one surface body edge
with displacement DOFs on adjacent surface

Advanced CONSTEAINT EQUATION NO. 4373 HAS 15 TEEMS. CONSTANT= 0.000000

Formulation MPC HODE= 62l2 DIR= ROTY COEFFICIENT= 1.000000

Constraint Type Target Mormal, Couple U to ROT MODE= tal! DIE= TTX CTOEFFICIENT= 0.1&837340

Pinball Region  MEICGEINNEIGSIIIACISEE  NODE= 5504 DIR= UY COEFFICIENT= 0.3567330E-01

Finball Radius Target N_c:rmal, Uncouple U to ROT _ _ _ o

Inside Pinball, Couple U to ROT HODE= 2504 DIR= UZ COEFFICIENT=-0.3658861E-01

HODE= 2505 DIE= UX COEFFICIENT= 0.1637390
NODE= 2902 DIR= UY COEFFICIENI= 0.3267330E-01
HODE= 2505 DIR= UZ COEFFICIENT= 0.1663785E-01
HODE= 2548 DIE= UX COEFFICIENT=-0.1637330
HODE= o046 DIER= UY COEFFICIENT=-0.3567330E-01
HODE= 2548 DIE= UZ COEFFICIENT= 0.18637853E-01
HODE= o545 DIE= TUX COEFFICIENT=-0.1637390
HODE= 25453 DIE= UY COEFFICIENT=-0.35367330E-01

HODE= 5545 DIE= TZ COEFFICIENT=-0.36858861E-01

ETAATWTD Lol I =TT TS AT TT T AT TRETT el q S S

ANSYS, Inc. Proprietary Release 13.0
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Customer Training Material

- “Target Normal, Uncouple U to ROT” creates CEs that separate the
rotational and displacement DOFs into separate equations to improve
results for special applications to remove artificial stiffness at the

connection.
Advanced
Formulation MPC

Constraint Type

Target Mormal, Uncouple U to ROT

Target Mormal, Uncouple U to ROT |

|Inside Pinball, Couple U to ROT

Pinball Region
Pinball Radius

ANSYS, Inc. Proprietary

CONSTRAINT EQUATION

HODE= 591a
HODE= 5176
WOLE= 3177
HODE= 5218
HODE= 5217

DIE=
DIR=
DIE=
DIE=
DIE=

CONSTRAINT EQUATION

HOLDE= 591s
HODE= 5176
WOLE= 3177
NOLE= 5218
HODE= 5217

DIR=
DIE=
DIE=
DIE=
DIE=

CONSTRAINT EQUATION

HODE= 591a
HODE= 5176
HODE= 5177
HODE= 5218
HODE= 5217

DIE=
DIE=
DIE=
DIE=
DIR=

4327 HARS

4328 HARS

4329 HAS

5 TERMS.
COEFFICIENT= 1.000000
COEFFICIENT=-0.8160472E-01
COEFFICIENT=-0.3053572
COEFFICIENT=-0.4837571
COEFFICIENT=-0.1292809

CON3TANT= 0.000000

5 TERMS.
COEFFICIENT= 1.000000
COEFFICIENT=-0.8160472E-01
COEFFICIENT=-0.3053572
COEFFICIENT=-0.4837571
COEFFICIENT=-0.1292809

CONSTANT= 0.000000

5 TERMS.
COEFFICIENT= 1.000000
COEFFICIENT=-0.8160472E-01
COEFFICIENT=-0.3053572
COEFFICIENT=-0.4837571
COEFFICIENT=-0.1292809

CONSTANT= 0.000000

Release 13.0
December 2010
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. Advanced
* For example, consider the case of two Formulation | MPC
surface body edges connected together T p— TP oY
. Pinball Region — Target Mormal, Uncouple U to ROT
Wlth M PCS Pinball Radius Insige FINDall, Louple U 1o K

- The default, “Target Normal, Couple U to ROT”, creates too many
constraints, causing an artificial stiffness at the connection and
resulting in a discontinuity of stress and strain distribution that should

not be there

- “Target Normal, Uncouple U to ROT” produces expected results

ANSYS, Inc. Proprietary

Release 13.0
© 2010 ANSYS, Inc. All rights reserved. . December 2010
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Advanced

* “Inside Pinball, Couple U to ROT” is similar to
default, but allows contact detection around entire “EECEEE e proon Covpre 1o for

target master node, regardless of element normal "™ EEmher e
direction

- This option is especially helpful for unique
applications of connecting a line body edge (vertex)

with a shell or solid face or edge*

Only localized MPCs created with Default
based on beam element normal direction

“Inside Pinball, Couple U to ROT” option
properly creates CEs using nodes around
entire perimeter of shell edge, regardless of
beam element normal direction

* Line body edge to Shell Edge contact is Beta in WB-Mechanical at Release 13

Release 13.0
December 2010

ANSYS, Inc. Proprietary
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The Following Table identifies supported contact types, formulations
and whether symmetry is respected for various contact geometries

Contact Geometry

Solid Body Face

(Scope = Contact)

Solid Body Edge

(Scope = Contact)

Surface Body Face

(Scope = Contact)

Surface Body Edge

(Scope = Contact)

Solid Body Face
(Scope =Target)

# Types: Al
a Formulations: Al
# Symmetry Respected: Yes

= Types:

& Bonded
o Mo Separation

= Formulations: Al
= Symmetry Respected: Mo

# Types: Al
a Formulations: Al
# Symmetry Respected: Yes

# Types: Al
a Formulations:

< Augmented Lagrange
< Pure Penalty
o MPC

= Symmetry Respected: No

Solid Body Edge
(Scope =Target)

Mot supported for solvingi

= Types: Al
= Formulations: Al
# Symmetry Respected: Mo

Mot supported for solvingi

= Types: Al
=« Formulations: Al
# Symmetry Respected: No

Surface Body Face
(Scope =Target)

=« Types: Al
=« Formulations: Al
=« Symmetry Respected: Yes

= Types: Al
= Formulations: Al
= Symmetry Respected: No

=« Types: Al
=« Formulations: Al
=« Symmetry Respected: Yes

=« Types: Al
« Formulations:

< Augmented Lagrange
< Pure Penalty
o MPC

=« Symmetry Respected: No

Surface Body Edge
(Bcope =Target)

Mot supported for solvingl

=« Types: Al
=« Formulations:

o Augmented Lagrange
& Pure Penalty
o MPC

= Symmetry Respected: No

Mot supported for solvingl

# Types: Al
« Formulations:

< Augmented Lagrange
< Pure Penalty
o MPC

= Symmetry Respected: No

1 - For Face/Bdge contact, faces must always be designated as targets and edges must always be designated as contacts.

Release 13.0
December 2010
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B. Auto Contact Detection Options S

- By default, when an assembly is imported or updated from a CAD
system, contact is automatically detected and contact regions are
assigned for face/face conditions.

* The switch to activate auto detection can be controlled in two ways:

@ Common Settings +  Connections

@]} DesignModeler -
-8 AQUA Applet ) :u:o[[;e:e::n tact on Attach | ¥
wy . = . uto Detect Contact on Attach | Yes
From Utlllty Menu=>TOOI =>opt|ons E‘ . Tolaranre il
——!} <+ Connections Face/r .
= = ace/Face es
Dialogue Box under the Mechanical @ - 2 s oce/Edge "
..... p|:|
. . = . Edge/Edge Mo
Connections Settings for auto detection - $ raime e T
T Frequency E .
upon attaching geometry . @ Geometry Revolute Jonts res
----- @ Graphics
----- s Miscellaneous =l| Transparency
_____ @ Report Parts With Contact 03
_____ @ Analysis Settings and Parts Without Contact 01
; - e -] Default
E| ) Connections ) g}} :,,:r.ﬂbll:y Typ:u Bonded
Bl EI‘lEEtS "Meshiliar B Formulation Pure Penalty
e »~ B Contact Region e J - Update Stiffness Mever
#1738 FE Modeler
i ./% Mesh € | 1 | ¥ Auto Rename Connections Yes

Details of "Connections”

—|| Auto Detection

Generate Automatic Connection On Refresh fes 4_ By highlighting “Connections,,
branch in the Project tree for auto
detection upon model refreshing.

ANSYS, Inc. Proprietary Release 13.0
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... Auto Contact Detection Options

* The auto detection parameters can be controlled globally (from Tools
Options Dialogue Box) or locally (from the details windows associated
with individual contact folders)

Customer Training Material

Global control of all connections Local control of grouped
E-i4s Common Settings +  Connections ConneCtionS

-l DesignModeler i '§l] Project

[=| Auto Detection B

- AQWA Applet =] Model (A4
: @ PR Auto Detect Contact on Attach | Yes @ (Ad)

Elm prhapte,. | || - 1 @ E- ﬁ Feometry
@w Tolerance o 1 @ s Coordinate Systems
. .55 Convergence Face/Face Yes =481 Connections

Dekails of "Contacts For Subdsse

Definition

" b Export Face/Edge Ma = Autarnatic Mesh | | “onnection Type | Contack
5 ‘@' Fatigue Edge/Edge Ma o [ <tiffa To bi—) | Scope
© .57 Frequency : .—H Scoping Method | Geometry Selection

Geometry 2 Bodies

m
1@
=
m
Ih"l:
o
i =
0 D
L
-
1
]

Auto Detection

Tolerance Type | Slider

....... o P honded -
P ” "jﬁ EBonded - L
= Conkact For Sub

Tolerance Slider | 0.
Tolerance Yalue | 3.6745e-002 in

LB, Frictionless Face/Face Yes
Face/Edge Yes
Edge/Edge Mo
Pricriky Include All
aroup By Bodies

Search Across Bodies

ANSYS, Inc. Proprietary Release 13.0
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... Auto Contact Detection Options

Customer Training Material

 Although the default settings are sufficient for most contact problems,
these additional controls broaden the range of capabilities

El ----- Connections

o

Contacts
"]

-~ B Contact Region

[=]| Definition

Connection Type | Contact

[=]| Scope

Scoping Method

Geometry Selection

Geometry

All Bodies

Tolerance Yalue

SAuto Detectiog
Tolerance Type Slider
Tolerance Slider Pk

3.4022e-002 in

"Face/face Yes
Face/Edge Mo
Edge/Edge Mo
Priarity Include All
Group By Bodies
Search Across Bodies

ANSYS, Inc. Proprietary

© 2010 ANSYS, Inc. All

rights reserved.

Tolerance Type, Tolerance Value, and
Tolerance Slider: Bodies in an assembly that
were created in a CAD system may not have
been placed precisely, resulting in small
overlaps or gaps along the contact regions
between bodies. You can account for any
imprecision by specifying contact detection
tolerance (applicable to automatic contact
detection only).

Release 13.0
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... Auto Contact Detection Options

Customer Training Material

* To tighten the contact detection between bodies, move the Tolerance
Slider bar closer to +100. To loosen the contact detection, move the
Tolerance Slider bar closer to -100.

— A tighter tolerance means that the bodies have to be within a smaller

region (of either gap or overlap) to be considered in contact; a loose
tolerance will have the opposite effect.

« Contact detection tolerance can also be adjusted using an exact
distance by changing the Tolerance Type to Value and entering a
specific distance in the Tolerance Value field.

— A circle appears around the current cursor location as shown here.

-|| Definition

Connection Type | Contact Graphlcal
=) Scope lllustration of
Genmet.r].rSElectinn user defined \ \LE ..
Geometry All Bodies x|st|ng
=/ Auto Detection tolerance value
e for contact between
olerance Value (3. e in
detection
Face/Face Yes
Face/Edge Mo CAD parts

Edoe/Edae Ma
ANSYS, Inc. Proprietary Release 13.0
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... Auto Contact Detection Options

Customer Training Material

- Types of Contact Detection available between solid and surface
bodies:

— Face/Face: contact between faces of different bodies
— Face/Edge: contact between faces and edges of different bodies
— Edge/Edge: contact between edges of different bodies

- Face/Edge and Edge/Edge contact only applies to solid and surface
bodies.

— Contact relationships involving line bodies are not supported.

* For Face/Edge detection, faces are always designated as targets and
edges are always designated as contacts.

— You can select any combination of contacts to be detected during
“Create Automatic Connections”. You can also set default preferences
for these contact filter options.

ANSYS, Inc. Proprietary Release 13.0
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... Auto Contact Detection Options S

* Priority: For very large models the number of contact regions can
sometimes become overwhelming and redundant, especially when
multiple types of contact are allowed.

EI ----- Connections
: =l Contacts

s v "l,‘ Contact Region

Details of "Contacts" a
—|| Definition
Connection Type | Contact

-1| Scope
Scoping Method | Geometry Selection
Geometry All Bodies
-|| Auto Detection
Tolerance Type | Value
Tolerance Value |3.4022e-002 in

Face/Face Yes
Face/Edge Ma
Edge/Edge Mo

Group By

» 209 parts
* 450 symmetric contact pairs
* 1.15million DOFs

Search Across

Edge Overrides

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010



ANSYS Mechanical — Advanced Contact AN SYS

... Auto Contact Detection Options S

* Priority (cont’d)

— “Face Overrides” gives Face/Face contact precedence over both
Face/Edge and Edge/Edge contact. Face Overrides also gives
Face/Edge contact precedence over Edge/Edge contact.

* In general, when Face Overrides priority is set with Face/Edge and
Edge/Edge contact, no Edge/Edge contact pairs will be detected.

— “Edge Overrides” gives Edge/Edge contact precedence over
both Face/Edge and Face/Face contact. Edge Overrides also
gives Face/Edge contact precedence over Face/Face contact.

* In general, when Edge Overrides priority is set with Face/Edge and
Face/Face contact, no Face/Face contact pairs will be detected.

ANSYS, Inc. Proprietary Release 13.0
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... Auto Contact Detection Options S

* Group By:

S —
=8 Connections

R Contacts

-+ W, Contact Region

....... .’% Mesh

Details of "Contacts”

-|| Definition
Connection Type | Contact

-|| Scope
Scoping Method | Geometry Selection
Geometry All Bodies

-|| Auto Detection
Tolerance Type YValue
Tolerance Value | 3.4022e-002 in
Face/Face Yes

Face/Edge Mo
Edge/Edge Mo

Priarity Include All

Setting “Group By” equal to “Bodies” (default) or to
Parts means that contact faces and edges that lie on
the same bodies or same parts will be “grouped into
a single region.

— Automatically generated pairs may have multiple
selections on the source side, or on the target side, or
on both sides. Using one of these options can
minimize the number of contact regions created.

— Any regions generated will have only one entity
scoped to its source and target (that is, one face or
one edge).

— Choosing None avoids excessive contact search times

in the ANSYS solver if there are a large number of
sourcel/target faces in a single region.

ANSYS, Inc. Proprietary

0 0
search Across Maone
Bodies |
Peebe.
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... Auto Contact Detection Options

Customer Training Material

- Search Across: Enables automatic contact detection through the
following options:

5 Comections . — Bodies (default): Between bodies.
El ----- Contacts . . .
-, Contact Region — Parts: Between only bodies of different parts, that is,
— f”?:‘; ., hot between bodies within the same multibody part.
= Definition * For a body within a multibody part that does not
| Connecion Tpe |Contaet touch another body, you must manually insert a
Scoping Method | Geometry Selection Connections object to connect the bodies.
Geometry All Bodies
=/ Auto Detection — Anywhere: Detects any self-contact.
Talerance Type Value
Tolerance Value |3.4022e002 in
Face/Face Yes
Face/Edge Mo
Edge/Edge Mo
Priarity Include All

Group By EBodies
Search Across I —

dies

ANSYS, Inc. Proprietary Release 13.0
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C. Interface Treatment

Customer Training Material

* In the previous Chapter, it was noted that for Bonded Behavior, a
large enough Pinball Radius may allow any gap between Contact and
Target surfaces to be ignored

* For Frictional or Frictionless Behavior, bodies can come in and out of
contact with one another. Consequently, an initial gap is not
automatically ignored since that may represent the geometry.

- However, the finite element method does not allow for rigid-body
motion in a static structural analysis. If an initial gap is present and a
force loading is applied, initial contact may not be established, and
one part may “fly away” relative to another part.

— 4.: .......... 4
G —
— ﬁ —
«— e, .

ANSYS, Inc. Proprietary
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... Interface Treatment

Customer Training Material

* To alleviate situations where a clearance or gap is modeled but needs
to be ignored to establish initial contact for Frictional or Frictionless
Behavior, the Interface Treatment can internally offset the Contact
surfaces by a specified amount.

— On the left is the original model (mesh). The top red mesh is the body
associated with the Contact surfaces

— The Contact surface can be offset by a certain amount, as shown on the
right in light green. This will allow for initial contact to be established.

ANSYS, Inc. Proprietary Release 13.0
© 2010 ANSYS, Inc. All rights reserved. December 2010
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... Interface Treatment

Customer Training Material

* Important notes of Contact Offset Feature:

— It will have the effect of a change in geometry at the contact interface
since a “rigid” region will exist between the actual mesh and the offset
Contact surface.

— It is intended for applications where this adjustment is small enough to
have a negligible effect on overall results.

— It has proven to be a useful tool to establish initial contact in static
analyses without having to modify the CAD geometry.

ANSYS, Inc. Proprietary Release 13.0
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... Interface Treatment

NANSYS

Customer Training Material

* In the Details view, the user can select “Adjusted to Touch”

or “Add Offset”

— “Adjusted to Touch” will let WB-Mechanical determine what
contact offset amount is needed to close the gap and establish
initial contact. Note that the size of the Pinball Region will affect
this automatic method, so ensure that the Pinball Radius is

greater than the smallest gap distance.

— “Add Offset” allows the user to specify a
positive or negative distance to offset
the contact surface. A positive value will
tend to close a gap while a negative value
will tend to open a gap.
* This can be used to model initial interference
fits without modifying the geometry. Model
the geometry in just-touching position and

change the positive distance value to the
interference value.

ANSYS, Inc. Proprietary

netails of "Frictionless - 5

[=l| Scope

fu] '

Scoping Methad

Geametry Selection

Conkack

1 Face

Target

1 Face

Conkack Bodies

Target Bodies

[=l| Definition

Tvpe

Frickionless

Scope Mode

Aukomatic

Behavior

Svmmektric

Suppressed

Mo

=l| Advanced

Formulation

Mormal Stiffness

Pure Penalty
0 Touc

Update Stiffness

Thermal Conductance

Add Offsef, T Ramping
Program Controfled

Pinball Reqgion

Radius

Pinball Radius

1. mm

Time Step Controls

Mone

ffset, Ramped EFf >

Release 13.0
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... Interface Treatment
- “Add Offset, Ramped Effects” - Applies the interference

gradually over several substeps within a load step.

— This option is useful to enhance convergence for challenging
interference problems.

- “Add Offset, No Ramping” - Applies the interference all at
once in first substep.

Customer Training Material

=l Advanced
Formulation Pure Penalty
fdd Offset, Ramped Effects -
OfFset '

Mormal skiffness Add OFfset, No Famping
Update Stiffress R

Thermal Conductance |Program Controlled

Pinball Region Auko Detection Yalue

Time Skep Contrals Mone

ANSYS, Inc. Proprietary Release 13.0
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D. Contact Tool

* The Contact Tool is an object that allows you g
to examine assembly contact:

— Before loading to verify initial Information
(Status, gap, penetration, pinball,..etc)

Customer Training Material

= E] Bolted Joint ws03A (B4)
. ----- Bl Geometry

----- v ,i.. Coordinate Systems
EI Jﬁ] Conneckions

------- B Bonded - bracket To nut
* Insert under a Connections branch | : . Bonded - bracket To bushing
------- “B, Bonded - bracket To balt
b s W, Frictionless - bushing To bracket | I | N, 0000 P B y h-m Frictionless - bushing To balt
B m YNl v . Bl:unded - nut To bole
-------- M Initial — ing To bracket
.x% Mesh j enerate Initial Lontact Resits /EI ----- Contact Tool
b Initial Informak
— As part of the final solution to verify final /T "“ES'?
. i I'_—'IE Environment (B5)
information and the transfer of loads (forces g7 Analysis Settings
and moments) across the various contact o ﬁ e e
regions_ = f- Solution {B6)
. N £ ,,«[Il Solution Information
* Insert under a Solutlon branch object .. . M1 Total Deformation
_____ &5l Solution (B6) - M Equivalent Stress

e ‘,ﬁ Maximum Principal Stress
@] Contact Too

l ----- Salution Infarmation
- MR Total Deformation
b v‘% Equivalent Stress

....... Status
-------- «’% Mazximum Principal Skress Pressure
f ------- Penetration
........ _//ﬁ SkatL Insert g

----- e
‘ ........ v‘ﬁ Gap

- //ﬁ Press | " |
B E raluate All Results
= //ﬁ Pene

ANSYS, Inc. Proprietary Release 13.0
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... Contact Tool - Initial Information e

* Initial contact information can be scoped to evaluate all
regions or specific regions of interest on both contact and/or
target sides.

S = 1 Contact Tool
Project .

- [ Bolted Joint wsD3A
----- AR Geometry Contacts Selection | All Contacts j | Add | Rermove |

k]

(=M1 Connections .
I B, Bonded - bracket To nut Contact Side IE":'ﬂFI j oy

------- o hl,‘ Bonded - bracket To bushing

....... », :'_‘ Bonded - bracket To balt For additional options, please visit the conkexk menu For this kable (right mouse button)
....... v ‘I‘ Frictionless - bushing To bole | _
" W, Bonded - nut To balk Mame | Contack Side |
- - Bonded - bracket To nut Bath
= P Conitact Tool Bonded - bracket To bushing Both
o Initial Information Bonded - bracket To balt Bioth
Frictionless - bushing To balt Both
=l A=| Environment Bonded - nut Ta bal Bioth
gl Analysis Settings Frictionless - bushing To brackst Both

.,Eiﬁ Fixed Support

ANSYS, Inc. Proprietary Release 13.0
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... Contact Tool - Initial Information

Customer Training Material

* Information such as status, number of elements contacting,
penetration, pinball, etc... for each region can be very useful for
verification and troubleshooting

Name [Contact Side | Tvpe | Status | Mumber Contacting | Penetration {mm) | Gap (mm) [ Geometric Penetration {mm} | Geometric Gap fmm) [ Resulting Pinbal fmm | Real Conskant
Bonded - bracket To nut Contact Bonded Closed 16, 0. 0. 1.3643e-012 0.75631 0.9539 5.
Bonded - bracket Ta nut Taroet Bonded Inactive MIA MIA T TP IS TS o,
Bonded - bracket To bushing Contack Bonded Inactive hrA hrA I (1S I IS 7.
Bonded - bracket To bushing Target Bonded Closed 75, a. . 1.5916e-012 1.81%e-012 1.0833 a.
Bonded - bracket To bolt Contack Bonded Inactive YA YA IFY hfA IS I a,
Bonded - bracket To bolt Target Bonded Closed 268, 0. 0. 0.31281 0.30317 0.3291 10.
Frictionless - bushing To bolk Contack Frictionless  Mear Open 0. 0. 0.13053 0, IS 3.582 11.
Frictionless - bushing To bolk Target Frictionless  Mear Open a0, a0, 0,13006 0, WIS 30728 12,
Bonded - nut To bolk Contack Bonded Closed 49, o, 0. 0.s 0. 0,701z 13,
Bonded - nut To balk Target Bonded Inactive M M WIES MIA IS IS 14,
Frictionless - bushing To bracket Contack Frictionless  Mear Open 0, 0, 1.5 0, M 5.663 15,
Frictionless - bushing To bracket Taroet Frictionless ~ Inactive MIA MIA TS IS IS TS o,

Color Legend

-| The contact status is open but the bype of cantact is meant bo be cdosed, This applies ta bonded and no separation contack bypes,

| Yellow | The contact status is open. This may be acceptable.

| Orange | The contact status is closed but has a large amount of gap or penetration, Check penetration and gap compared ko pinball and depth.

| Gray | Conkact is inactive, This can occur For MPC and Mormal Lagrange Formulations, It can also occur for auko asymmetric behavior,
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... Contact Tool - Initial Information e

— “Geometric Gap” and “Geometric Penetration” are the physical gap
and penetration that exists at a contact region between solid bodies

— “Gap” and “Penetration” are derived values resulting
from Add Offset adjustments or between surface bodies

|

Mame |Cu:untau:t Side | Tvpe | Skakus |Num|:uer Contacting | Penetration () |Gap () §paecmetric Penetration {mm) | Geometric Gap (mm) § Resulting Pinball {rmm) |Real Conskant |
Bonded - bracket To nut Contack Bonded Closed 16, o, 0. 1.3643e-012 0,75631 0,9539 5,
Bonded - bracket To nut Target Bonded Inactive MIA MIA WIS MIA M WIS 0.
Bonded - bracket To bushing Contact Bonded Inactive MIA MIA IS MIA M IS 7.
Bonded - bracket To bushing Taraget Bonded Closed 25, a0, 0, 1.5916e-012 1.81%-012 1.0833 .
Bonded - bracket To bolt: Contact Bionded Inactive 1YY TP IS TS MIA IS a,
Bonded - bracket To bolt Taraek Bonded Closed 268, o, 0. 0.312a81 0.30317 0.3291 10,
Frictionless - bushing To bolk Contack Frictionless  Mear Open . . 0.13055 . hrA a.582 11.
Frictionless - bushing To bolk Target Frictionless  Mear Open . . 0.13006 a. A 30728 1Z2.
Bonded - nut To bolk Contact Bonded Closed 49, 0. 0. 0.5 0. 0.7012 13
Bonded - nut To balk Target Bonded Inactive MIA MIA IS MIA MIA IS 14,
Frictionless - bushing To bracket  Contact Frictionless  Mear Open 0, 1] 1.5 1] YA 3.663 15,
Frictionless - bushing To bracket Target Frictionless  Inackive rIA IS rA IS a.

— The “N/A” designation appears in the following locations and
situations:

« All result columns when the contact pair is inactive (row is gray, or
Inactive appears under the Status column).

The Geometric Gap column for Frictionless, Rough, or Frictional contact
Types and an Interface Treatment set to Add Offset.
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E. Workshop — Contact Surface Offset

* Please refer to your Workshop Supplement for instructions on:
 W4A- Contact Surface Offset

Customer Training Material

B: Static Structural (ANSYS)
Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

Tirme: 2

32642009 3:03 PM

546.22 Max
485,54
423,45
365,07
304,69

244.3

183,92
123.54
63,155
2,772 Min

10,000
15.000

yGeometry Wurksheet)\Print PreviewéRepDrt Previguy

raph

|nnimation ’Ii”ﬁml | Q 10 Frames ¥  2Sec({futa) - | Iﬁ

546,22

382,36
27311
163.87

7.1942e-3
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F. Time Step Controls

Customer Training Material

) *H, Bonded - brackst To nut

layer of convergence enhancement that . conded yadt Tobushng

¥, Bonded - bracket To bolk

allows bisections and adjustments to ey ok
L ‘l,,\ Frictionless - bushing To bracket:

time step size based on changes in el .
contact behavior. :

* This choice is displayed only for

Contact 1 Face

» Time Step Controls offers an additional S s J

=) Scope

Targekt 2 Faces

nonlinear contact: ContoctBodes _

- F ri cti o n I ess . ?;prnianitiun Frictionless

Scope Mode Aukornatic

_ Ro u g h Behavior SYIInELric
Trim Contact (Beta) Program Controlled

- - Suppressed Mo

— Frictional ) dvanced
Formulation Augmented Lagrange
Penetration Tolerance (Beta) | Program Controlled
Interface Treatment Aadd Offset, Ramped Effects

Offset 0. mm

Mormal Stiffness Program Controlled

Update Stiffress Mever

Pragram Controlled
Mione

Automatic Bisection
Predict For Impact
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... Time Step Controls

Customer Training Material

- By default, changes in contact behavior do not influence
automatic time stepping. This is appropriate for most analyses
when bisections triggered by contact status change might be a
detriment to overall run time efficiency.

* In the example below, there is no benefit to reducing the time step
because of the contact status change (from closed to open). Yet,
auto time stepping for other criteria often still is desirable.

Step 1

ttrtttttteed

Status = Closed Status = Closed Status = Open-near field

Step 2

ANSYS, Inc. Proprietary
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(] Ti m e Ste p C o ntro IS Customer Training Material

- Automatic Bisection - Contact behavior is reviewed at the end of
each substep to determine whether excessive penetration or
drastic changes in contact status have occurred. If so, the
current substep is re-evaluated using a “bisected” time increment

(reduced by half).
* In the example below, automatic bisection might enhance

convergence when a localized contact status change results in a
dramatic change in the stiffness response of the overall structure.

Use auto time

F step for contact
status change in
this region only.

ANSYS, Inc. Proprietary Release 13.0
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... Time Step Controls

Customer Training Material

« Predict for Impact - Same as the Automatic Bisection option
except that this option also predicts the minimal time
increment needed to detect future changes in contact status.

— Recommended if impact is anticipated.

’ \\ Ve N\
Substep 1 | Ly ( : ’\
A ‘el
| I
| I
\4 —vs
r7 N .
\
Substep 2 ( L

\ +«— Time step is
, | auto decreased
missed due

to capture the

to coarse
contact status

time step chanae
Substep 3 O 9
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G. Frictional Contact Options SR T e

* In addition to the above, frictional contact is available with ANSYS
Structural licenses and above.

* In general, the tangential or sliding behavior of two contacting bodies
may be frictionless or involve friction.

— Frictionless behavior allows the bodies to slide relative to one another
without any resistance.

— When friction is included, shear forces can develop between the two
bodies.

* Frictional contact may be used with small-deflection or large-
deflection analyses
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... Frictional Contact Options

Customer Training Material

* Friction is accounted for with Coulomb’s Law:

Eangential < lu . Fnormal

where p is the coefficient of static friction

— Once the tangential force F,, ..., ©Xceeds the above value, sliding will
occur

ANSYS, Inc. Proprietary Release 13.0
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... Frictional Contact Options

Customer Training Material

* In addition to the above, frictional contact is available with ANSYS
Structural licenses and above.

* For frictional contact, a “friction coefficient” must be input

Details of "Frictional - bushing Tao balt"

— A Friction Coefficient 1 of 0.0 results in T

Scope

the same behavior as “frictionless” Scoping Method | Geometry Selaction
Conkack 1 Face

co ntact Target 2 Faces
Contact Bodies

— The contact formulation, as noted Target Bodies _
. . [=| Definition
earlier, is recommended to be set Type Buciional
« ” & Friction Coefficient |0.19 >
to “Augmented Lagrange P o
Asvrnrnekric §
Suppressed o
| Advanced
Formulation Augmented Lagrange
Interface Treatment add Offset, Famped EFfects
OFfset 0. mm

Marmal Stiffness ranual
Mormal Stiffness Factor |1,
IUpdate Stiffness Mewer
Thermal Conductance | Program Controlled
Pinball Reqgion Praogram Controlled
Time Step Controls Mone
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... Reviewing Friction Related Results

Customer Training Material

- If frictional contact is present, additional contact output is available

— Contact Frictional Stress and Contact Sliding Distance can be reviewed
to get a better understanding of frictional effects

— For Contact Status, “Sticking” vs. “Sliding” results differentiate which
contacting areas are moving

124224
578
74.5%
49690

l @845
I H

0,000
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H. Workshop — Contact with Friction

Customer Training Material

* Please refer to your Workshop Supplement for instructions on:
* W4B-Contact with Friction

LINIE: Fmm
Time: 2
3/16/2009 1:17 FM

10 Max
1.5
1,3125
1.125
0.9375
0.75
0.5625
0,375
0.1875
0 Min

0.000 15.000 30.000 {rmn)
I 020 a0
7.500 22,500

Geometry AV orkshest A Print Preview AReport Preview /

:

o ’ B | 1 | .;) 10 Frames + 2 Sec (putal - | I‘ﬁ Time [s1 | [v Mirioarn [mra] | v Mazimurn [mn

T R 0.34792

2. 2z |oses o 0.34792

10. 3 (0.7 0. 0,34792

4 [08s 0 0.34792

0. T 5 |1 0. 0.34792
0. 2. 6 [1.1 0. 1.

7 [1.1158 o 1.1575

[ 1 [ z | e 11315 o 1.315

9 [1.1551 0. 1.5513

\%ﬂj 1011908 0. 1,9056

| |LV0_. 3 Messages |No Selection |Metric (mrm, ka3, M, 5,

ANSYS, Inc. Proprietary Release 13.0

© 2010 ANSYS, Inc. All rights reserved. December 2010



	1301_ENME442_lab6_lecture
	Mechanical-Nonlin_13.0_Ch04_AdvContact


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


