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SECTION 1

CONCEPTS OF CONTACT IN LINEAR MSC
NASTRAN
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Copyright© 2014 MSC.Software Corporation Sl MSC



OVERVIEW

 When to consider contact

« Types of contact — ‘Linear’ vs ‘Nonlinear’
- License issues with contact

« Contact Bodies/Types

- Contact Pairs/Tables

« Solution Requirements

MSGC
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 Intermittent interaction between unique components

WHEN TO CONSIDER CONTACT
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TYPES OF CONTACT

* Linear
— Small deflection theory
— Sliding neglected
— All aspects of the simulation are ‘linear’ with the exception structural contact
— Glued

« Nonlinear

— Large deformation
 Allows sliding between element edges/faces

— No other limitations

MSGC ASoftware



LICENSING OF CONTACT CAPABILITIES IN MSC NASTRAN

 Linear

— Included in ‘basic’ MSC Nastran

« Can be seen in license file as:
— “FEATURE NA_Linear_ Contact’

« Nonlinear

— Requires SOL400 capability

« Can be seen in license file as:
— “FEATURE NA_Nonlinear”

— “FEATURE NA_Implicit_Nonlinear”

— “FEATURE NA_Adv_Nonlinear”

MSGC
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CONTACT BODIES

- Contact evaluation requires the creation of ‘Contact Bodies’

- Contact Bodies are groups of elements or geometries that are to
be evaluated for contact with other Contact Bodies

- There are 2 types of Contact Bodies:
— Deformable

— Rigid
« Contact can occur between Deformable-Deformable or
Deformable-Rigid

MSGC ASoftware



DEFORMABLE BODIES

- A deformable body is a collection of finite elements

- A deformable body must contain elements of the same class:

— linear plates/shells, CQUAD4/CTRIA3
— quadratic plates/shells, CQUADS8/CTRIAG
— linear solid, CHEXA/CPENTA/CTETRA
— quadratic solid, CHEXA/CPENTA/CTETRA

MSGC



DEFORMABLE BODIES

- Each deformable body consists of one or more finite elements

* Nodes or elements must belong to NO MORE than one
deformable body

- A deformable body does not need to completely correspond with
a physical body:

deformable contact body

MSGC ASoftware



RIGID BODIES

- Rigid Bodies can be modeled as
— PATCHS3D (4 point patches)
— BEZIER
— NURBS2D
— NURBS —

It is recommended to use Bezier or NURBs:
— Continuity of the normal vector along the surface
— A mathematical description
— Robustness of the Contact Algorithm

MSGC



DEFORMABLE-DEFORMABLE CONTACT

« Further divided into the following types:
— Surface to Surface
— Edge to Surface
— Edge to Edge
— Beam to Beam

MSGC



CONTACT PAIRS/TABLES

NAS133, Section 1, March 2014

Copyright© 2014 MSC.Software Corporation SR

MSGC



CONTACT PAIRS/TABLES

« Patran/MSC Nastran allows 2 methods to define which contact
bodies are to be considered for contact with which other bodies

— ‘Contact Table’

« As the name implies, this method allows the user to populate a ‘table’ which
defines which bodies contact which other bodies

« Easy to use

» Only practical for relatively small (typically<10) numbers of contact bodies
— ‘Contact Pair’

 Explicit definition of which bodies are to touch which other bodies

 Allows ease of use when many (>10) contact bodies exist

« Further, each method, allows for specification of the contact type
as

— Touching — allows intermittent contact
— Glued — enforces a permanent connection between contact bodies

- Both methods define the same characteristics/properties, the
choice of which method is be used comes down to which is
‘easier’, typically determined by the number of contact bodies

MSGC ASoftware



CONTACT TABLES

- Best described using example:

b(idy1 b(l)dy2 bcidy3 boldy4_rigid

Contact Matrix

/ Body Tvpe Release 1 2 3

1-body1 Deformable

3-body3 Deformable

N
2-body2 befurma ble N
N
[ 4-body4_rigid Rigid N

* In this example:

‘body1’ is only allowed to ‘touch’ itself and ‘body3’
‘body1’ is ‘glued’ to ‘body4 _rigid’

‘body2’ is only allowed to’ touch’ ‘body4 rigid’

‘body3’ is only allowed to ‘touch’ itself and ‘body4 _rigid’

MSGC



CONTACT PAIR

- Best described using example:

Home

55
Displacement
Constraint

Geometry Properties

-i

.

Farce

Modal

Loads/BiCs

= o

¥

Meshing

A

Temperature | Velocity | Acceleration | Crack[VCCT)

Analysis

Results

Element || Element

| Load/Boundary Conditions

NAS133, Section 1, March 2014
Copyright© 2014 MSC.Software Corporation
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Action: L
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Contact
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Default...
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Automatic_Contact

=, ||

Create ‘ Initial

LBC Create LBC
Body Pair | |Conditions ~||Actions ~|| Load Case ||Fields ~
¥ ‘ Load Cases
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| Load/Boundary Conditions | nput Data |
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| contact_g |

Distance Tolerance(ERROR)
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[[] Glued Contact(IGLUE)
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Body Pair Application Region |

Existing Bodies ¥
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=

Body1 Name:
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SOLUTION REQUIREMENTS FOR CONTACT
IN LINEAR ANALYSIS
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LINEAR ANALYSIS CONSEQUENCES

- Solving a Linear System of Equations

K-u =P

 In Linear Analysis it follows that:
— Direction of loads are independent of deformation
— Displacements are directly proportional to the loads
— Results for different loads can be superimposed

MSGC



FEM QUANTITIES IN LINEAR ANALYSIS

: : u = T u
- Kinematics e €9 g
Element Displacement Global
Displacement Transformation Displacement
Vector Matrix Vector
- Compatibility
€ = B u,
Element Strain Element
Strains Displacement Displacement
Matrix Vector
. Constitutive Law (o} = D €
Element Stress-Strain Element
Stresses Relationship Strains

MSGC ASoftware



FEM QUANTITIES IN LINEAR ANALYSIS

T
. Equilibrium P = 2T o Fe
External Force Element
Load Vector Transformation Forces
Matrix
« Constraints ug = o

The transformation matrices do not change

Force is directly proportional to the displacement
The Constraints (SPC, MPC) do not change

MSGC



NONLINEAR ANALYSIS

* In Nonlinear Analysis, upon deformation the following changes
are allowed:

— T gisp) geometric nonlinear
— T force) follower forces
-B large strain
-D material nonlinear
— Taisp) <> Titorce) buckling
— a constraints, contact >

- It follows that the system of equations gets nonlinear, the load
sequence is unique and the results must not be superimposed —
EVEN FOR LINEAR CONTACT ANALYSIS

MSGC ASoftware



NONLINEAR ANALYSIS

« Since the system of equations has become nonlinear an iteration

strategy is needed

Load,P A

AP

AP /

Iterations
Predictor

/| '_ﬂ[: oot } Unbalanced
/1, : .
/ 2 R, ™4 Loads

o
Displacement, u

MSGC



CONTACT IN LINEAR ANALYSIS

- Even though we use the term ‘Linear Contact’ the simulations are
actually nonlinear in nature due to the potential for intermittent
contact

« As such, iterative solution techniques are required
« Superposition is no longer valid

- Solutions are load sequence dependent

MSGC ASoftware



LINEAR CONTACT SUMMARY

- Basic definition of Contact is through the use of Contact Bodies
- Contact bodies can be Deformable or Rigid
- Contact can be Touching or Glued

* Nonlinear and iterative solution techniques are required

MSGC ASoftware



DOCUMENTATION

« MSC Nastran Demonstration Problems (more than 50 examples
for the use of SOL 400)

« MSC Nastran Quick Reference Guide
« MSC Nastran Release Guides

« Marc Users Manuals
— Volume A — Theory and User Information
— Volume B — Element Library
— Volume E — Demonstration Problems

MSGC ASoftware



REVIEW QUESTIONS

1. Why does SOL101 with contact require a nonlinear analysis?

2. How do |l know if | need to use contact?

MSGC



SECTION 2
CONTACT BODY DEFINITION
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WHAT IS CONTACT ANALYSIS?

- Contact analysis is the analysis of contact bodies (deformable or
rigid) interacting with each other

- Contact can be deformable-deformable or rigid-deformable

- Contact analysis types
— Touching Contact
— Glued Contact

A
e
Rl

Glued Contact

Touching Contact

MSGC ASoftware



CONTACT IN OTHER SOLUTION SEQUENCES

- SOL 400 has general 2D and 3D contact capability
- SOL 101 has only 3D Contact capability

« The contactin SOL 101 is linear in the sense that materials and
geometry stay linear

- Higher order elements are supported

MSGC ASoftware



CONTACT IN SOL 400 and SOL 101

« Two versions of contact are available
— Node to Segment
— Segment to Segment

 Two Friction Models are supported
— Bilinear Coulomb Friction
— Bilinear Shear Friction

- Glued Contact can be permanent or general, controlled via
NLGLUE on BCPARA

— NLGLUE=0, permanent
— NLGLUE=1, general

MSGC



CONTACT IN OTHER SOLUTION SEQUENCES

 In other solution sequences only permanent glued contact is
available. This is true for SOLs 103, 105, 107, 108, 109, 110, 111
112 and 200.
— Permanent Glued Contact is a special case of glued contact
— Primarily used to join 2 dissimilar meshes
— Contact must initially be true (bodies should be in contact initially)

— When edges or grids are to be glued, gluing can also be done for the
rotational DOFs (Moment Carrying Glue)

— Permanent contact constraint MPC equations are used. No nonlinear
increments or iterations involved

MSGC



CONTACT ANALYSIS EXAMPLES

- Solid-to-solid contact examples

7
q,fa-.

Preloaded Bolted Joint

Lug-Clevis-Pin

Glued Assembly

MSGC ASoftware



CONTACT ANALYSIS EXAMPLES

- Shell-to-shell contact examples

Face to face contact

Edge-to-edge contact

Edge-to-edge glued contact

NAS133, Section 2, March 2014
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CONTACT ANALYSIS EXAMPLES

« Shell-to-solid contact examples

Face-to-face contact

NAS133, Section 2, March 2014

Copyright© 2014 MSC.Software Corporation 528

Edge-to-face glued contact

MSGC ASoftware



CONTACT ANALYSIS EXAMPLES

- Beam contact examples

Beam-to-solid glued contact

NAS133, Section 2, March 2014

Copyright© 2014 MSC.Software Corporation 529

Beam-to-beam contact
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CASE STUDY

« Two parts with different mesh densities

Play Case study video:
NAS133 S2 cs two solid plate

NAS133, Section 2, March 2014

Copyright© 2014 MSC.Software Corporation 5210
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CASE STUDY

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
B (| % (| B | @ | (@)% (B R | Elel 06 | 0| = [ [EE]EE e oA
. . . . o e . IR | O || ||| »| s |||
Displacement | Force | Temperature | Velocity | Acceleration | Crack{(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total 3 |Deformable|| Rigid | Color Code Create | | Create
Constraint Load Load Load ‘| | Bodies Body Pair |8| |w| Load Case |Eﬂ||ﬁ|
Nodal Element Uniform Element Var.., Contact Bodies Body Pairs .Initl'al Co...| | LBC Acti... .Load Cases|| LBC Fields.
Do thogikE-
- Easy tact body setup: .
dasy contact no setup. Action:
Otict
Select: Type: |Element Uniform - |

Application Region

Select Solids

NAS133, Section 2, March 2014
Copyright© 2014 MSC.Software Corporation
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Current Load Case:

[

Defautt.

Type:

Static

v Deformable Body
Rigid Body
Slide Line

Application Region

Select Solids

|_ Solid 2
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— Contact normal stress
— Contact normal force

- Comprehensive contact results plots:
— Contact status

CASE STUDY



CASE STUDY

« Summary of Case Study

— Studied contact between two parts with
dissimilar meshes

— Demonstrated easy contact setup

— Solved the problem in Linear Static SOL
101

— Plotted contact normal stress and force
to gain insight into load path and contact
status




CONTACT BODY TYPES

- Contact bodies can be deformable or rigid

- A deformable body is defined by element IDs or element

properties

- Arigid body is defined by geometry (curves and surfaces) or

4-node patches

Deformable body

Rigid body

- Rigid body

MSGC



DEFINITION OF DEFORMABLE BODIES

- A deformable body is a collection of finite elements

- A deformable body must contain elements of the same class:

— Linear shell CTRIA3/CQUAD4

— Quadratic shell CTRIAG6/CQUADS

— Linear solid CHEXA/CPENTA/CTETRA
— Quadratic solid CHEXA/CPENTA/CTETRA
— Beams CBAR/CBEAM/CROD

- Quadratic contact is supported and is automatically activated
when contact body contains higher order elements

MSGC ASoftware



DEFINITION OF DEFORMABLE BODIES

- Each deformable body consists of one or more finite elements

* Nodes or elements must belong to no more than one deformable
body

- A deformable body does not need to completely correspond with
a physical body:

deformable contact body

MSGC ASoftware



DEFINITION OF DEFORMABLE BODIES

« On the other hand be careful with a subset of elements

— When using tet elements discontinuous element normals cause numerical
problems. Hence the use of a subset of tet elements should be avoided:

Limited number of
elements defined
in contact body

LRLALRLE]
M
baiy

Local normal vector
to the outer boundary
may be completely
wrong

NAS133, Section 2, March 2014

Copyright© 2014 MSC.Software Corporation 5218 MSC ASoftware



DEFINITION OF DEFORMABLE BODIES

- All deformable bodies can come in contact with each other,
including self-contact

« MSC Nastran automatically figures out the free faces as potential
contact surfaces

« MSC Nastran also automatically accounts for shell thicknesses

t

it

] i
SO %




CREATING A DEFORMABLE BODY

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

IX —e | F b 14’. &7 |x @. -3 r‘,.., Iilé Ej | || | N N . (b= ]| | )| ]-,- IENES|
|74 || = o CIRYFI [eg || |

Displacement | Force | Temperature | Velocity | Acceleration | Crack{(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformable|| Rigid | Color Code Create (% Create %
Constraint Load Load Load Load s Bodies Body Pair [ 8 | Radl Load Case [ e || |
Nodal Element Uniform Element Var.., Contact Bodies Body Pairs | |Initial Co...| | LBC Acti...|| Load Cases || LBC Fields

DEo 4R

 Under the Patran Loads/BCs tab:
— Click Deformable

Load/Boundary Conditions L

Action:
— Enter New Set Name Object

— Pick Target Element Type e [Eementuniorm v

Option: Deformable Body .. ]

v Deformable Body
Current Load Case:

I Default. Rigid Body
e Static Slide Line
Mew Set Name
clip
Existing Sets IE
Target Element Type: @ L
Wﬁw

[ Input Cata... ]

[ Select Application Region... |

-Apply-

MSGC ASoftware




CREATING A DEFORMABLE BODY o6t F

« On Select Application Region form: Select

elements / Application Region
. Select 2D Elements
— Directly

Elm 1:992

— Based on geometry (if elements are associated
with geometry) or

— Based on associated property

| Add ] [ Remove J

or

Select: lGEGmEtEf hd i

Application Reqion
Select Surfaces
Surface 1:19

{ Add ] { Remove J

or

Select: [Element Property |

Application Reagion
Select an Element Property

MSC }smtware



CREATING A DEFORMABLE BODY

- Contact Body MSC Nastran entries:
- BCBODY - Flexible or Rigid Contact Body

BCBODY BID DIM BEHAV BSID ISTYP FRIC IDSPL | CONTROL
NLOAD |ANGVEL D[.'(:lfil//rﬁ.'()ﬂz DCOS3 | VELRBI | VELRB2 | VELRB3
CADVANCE” | SANGLE | COE
“RIGID™ | CGID /ﬁ]iN'I' --- Rigid Body Name ---
Z
SOID OV IS e ] 1 lran nerlran nevlran e
BSURF 1D ELIDI ELIDZ | ELIDs | ELID4 | ELIDS | ELID6 | ELIDY

- BSURF - Defines a contact body by Element IDs

(Referenced by BSID in BCBODY)

MSGC



CREATING A DEFORMABLE BODY

- Sample MSC Nastran input file:

DEFORM or RIGID

BCBODY

o

4 3 &
12 13 14
20 21 22
28 29 30
36 37 38
44 45 46
3 23 a4
a0 6l 6
aH 6o F0
L] 77 F8
=4 85 213
b2 EE B4

List of

-
elements

MSGC



CREATING A DEFORMABLE BODY

* Property-based MSC Nastran entry:
— BCPROP: Defines a contact body to Element Property (Referenced by

BSID in BCBODY)

1

3

9

10

BCPROP D IP1 P2 IP3 1P4 IP5 IP6 IP7
1P8 1P9 etc.

Example:

BCPROP 1 101 201 301

MSGC



CREATING A DEFORMABLE BODY
- Sample MSC Nastran input file:

$ Deform Body Contact LBC set: clip
BCBODY 1 3D DEFOR
BCPROP (2] 12

0

MSGC



DEFINITION OF RIGID BODIES

- Rigid Bodies can be modeled with geometry or finite elements

— Curves for 2D contact (NURBS2D)
* Allows for 3 DOF — UX, UY, and ROTZ

— Surfaces for 3D contact (NURBS)
 Allows for 6 DOF — UX, UY, UZ, ROTX, ROTY, and ROTZ

— 2D elements (PATCH3D), 4-node patches only, triangular patches are not
supported
* It is recommended to use geometry:
— Continuity of the normal vector along the surface
— A mathematical description
— Robustness of the contact algorithm

MSGC ASoftware



DEFINITION OF RIGID BODIES

- Rigid bodies can be stationary (default) or moved in space

- There are three different methods of controlling rigid body
movements. The input is done via CONTROL on the BCBODY

entry

— 0, velocity controlled
— -1, position controlled

— Positive Integer, load controlled

1

o)

3

5

6

7

8

9

10

IDSPL. | CONTROL |I

BCBODY | BID DIM | BEHAV | BSID | ISTYP | ERIC
NLOAD |ANGVEL| DCOS1 | DCOS2 | DCOS3 | VELRBI | VELRB2 | VELRB3
“ADVANCE" | SANGLE| COPTB MIDNOD
“RIGID” | CGID | NENT — Rigid Body Name —-

MSGC



DEFINITION OF RIGID BODIES

« For velocity control, on the BCBODY entry define:
— CONTROL=0

— ANGVEL, angular velocity w about the local axis R through the center of
rotation CGID, in radians/time

— DCOSI, direction cosines of local axis R

— VELRBI, translational velocity vCGID of the center of rotation CGID in
direction i

- The velocity of point A of the rigid body then reads:

Va=Vegp T O RXT

MSGC ASoftware



DEFINITION OF RIGID BODIES

« For position control, on the BCBODY entry define:
— CONTROL= -1

— ANGVEL, angular position a about the local axis R through the center of
rotation, in radians

— DCOSI, direction cosines of local axis R
— VELRBI, target position PCGID of the center of rotation in direction i

2.) and
rotated

Pceip
CGID

//—V

1.) translated

MSGC ASoftware



DEFINITION OF RIGID BODIES

* For load control, on BCBODY card define:

— CONTROL = ID of the grid point to which translational loads or SPCDs are
applied and at which the translations of CGID are reported

— NLOAD = ID of the grid point to which the rotational loads or SPCDs are
applied and at which the rotations of CGID are reported

FORCE y o=

CGID AN
CONTROL Rigid Body

NLOAD

MSC A Software



CREATING A RIGID BODY

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
z - - - # X || 3 A s £ || 5
B el e @ B R E R NN s e et
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total : Deformable || Rigid || Color Code Create [ Create 1
Constraint Load Load Load Load | | Bodies Body Pair ‘8| lﬁl Load Case |§||ﬂ|
MNodal Elerent Unifarm Element Var.., Contact Bodies Body Pairs | |Initial Co...| | LBC Acti...|| Load Cases || LBC Fields
DEo b A4KE-
+ Under the Patran Loads/BCs tab:
- C“Ck ngld Luﬂd.-'EqundaryCund'rtiuns.!
— Enter New Set Name Actin
— Pick Target Element Type contect_=)]
Type: |Element Uniform ¥ |
W"MW
Option: Rigid Body ™
Current Load Cas Deformable Body
Dl v Rigid Body
Type: Stat Slide Line
New Set Mame
side
Existing Sets IE
Target Element Type: |20 ¥ T
e i W B P
[ Input Diata... ]
I Select Application Region... I
[ Preview hotion... ]

-Apply-

MSGC




CREATING A RIGID BODY

« On Select Application Region form:
— Select Geometry directly (to create NURBS) or
— Based on FEM (to create PATCH3D) | Select Application Region | [.«]»]

| Geometry Filter
® Geometry
OFEM

Incorrect normal

The rigid body normal
should point away

Application Region
Select Surfaces
Surface 20

from the deformable
body to be contacted.

I Add ] I Remove ]
Master Region

Correct normal

MSGC ASoftware



CREATING A RIGID BODY

- To change rigid body normal, check Flip Contact Side on Input
Data form.

'Load/Boundary Conditions | Input Data
[“IFlip Contact Side: [

C1Symmetry Plane

L Null Initial Motion

Motion Control :

MSGC ASoftware



CREATING A RIGID BODY

« Setup velocity controlled rigid body motion
— Select Velocity motion control on Input Data form
— Specify rigid body translational velocity vector

— If the rigid body rotates about a local axis, then specify
« Angular velocity

 Rotation reference point (center of rotation)
* Axis of rotation

Load/Boundary Conditions | Input Data
- OFlip Contact Side ]

1 Symmetry Plane

CIMull Initial Motion

Mation Control ; | |Velocity ™

Velocity (vector) |

Angular Velacity (rads/time)

Velocity vs. Time Field

Friction Coefficient (MU)

<l EY

Rotation Reference Point

Auxis of Rotation
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CREATING A RIGID BODY

- Setup position controlled rigid body motion sedBondnCaniiaas ol Sos
Ip L-onia 1ae e
— Select Position motion control on Input Data form e
ymmetry Plane
— Specify rigid body translational displacement vector il s o

— If the rigid body rotates about a local axis, then specify | wotion contror
* AnQUIar pOSItIOﬂ Displacement (vector)
» Rotation reference point (center of rotation) <0,0.,0.>
 AXxis of rotation P@uiar Position (radians)

Displacement vs. Time field

Friction Coefficient (MU) |
<] | 2
Rotatt erence Point A

Node 9999

\ Auxis of Rotation

RSN
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CREATING A RIGID BODY

Load/Boundary Conditions | Input Data |

- Setup load controlled rigid body motion CIFip Contact Side
— Select Force/Moment motion control on Input Data oy Bhic
form _
— Specify first control node (center of rotation), this MotoniContol- | aiablaiatin
node represents translational DOFs of the rigid body Friction Coefficient (MU) 2

— Specify second control node (location is irrelevant),
this node represents rotational DOFs of the rigid

Subdivisions in U Direction

bOdy Subdivisions in V Direction
— Apply force or translational displacement to the first i
Contro| node U IVISIONS (l)F urves = :v;
— Apply moment or rotational displacement to the - “ -
second control node
— If no load or SPCD applied to the control nodes, the
rigid body is free to move
trol Node
1/ Node 1
< Second Contrpl Node
\ Node 2|
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CREATING A RIGID BODY

* Preview rigid body motion

— Available only for velocity and position control

— On Preview Motion form

» Select a rigid body from existing sets

e Click Preview Motion

|

Input Data...

|

Select Application Region...

|

Preview Motion.

-Apply-

' Rigid Body Motion Preview | [«]2
Existing Sets
|side
Start Time: 0.0
End Time: 10

MNumber of Increments:; | 10

Delay Time (msec): 200

[ Preview Motion ]

] [ Reset ]
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CREATING A RIGID BODY
- Sample MSC Nastran input file:

Don't try this at

$ Rigid Body Contact LBC set: side

BCBODY 3 3D
0 0.
RIGID 0
NURBS -2
5.1016
5.1016

RIGID

0. 0.

1 SIDE
2 2

5.3644-8-2.9
5.3644-82.9

2
5.1016
5.1016

home!ll!

50
9.9
9.9

1 0
0 0
50 4
-2.9
2.9
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WORKSHOP 1 - SOLID TO SOLID CONTACT

- Perform a start to finish solid to solid contact analysis with MSC

Nastran

- Gain familiarity with the Patran contact analysis GUI

—

S

D

aeew |

S
VS

{

5
T
T
i
i

’
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WORKSHOP 1A - DEFORMABLE TO RIGID CONTACT

Perform a start to finish contact analysis with MSC Nastran that
uses both deformable and rigid contact bodies

Gain experience in the definition of the motion of rigid contact
bodies

Gain familiarity with the Patran contact analysis GUI

MSGC ASoftware



REVIEW QUESTIONS

1. What visual indicators does Patran use to show rigid body
orientation? In which direction should those indicators be

pointing for a rigid body to make contact with a deformable
body?

2. How many degrees of freedom are there for a 1D rigid body?
What are they?

MSGC ASoftware



REVIEW QUESTIONS

3.

How many degrees of freedom are there for a 2D rigid body and
what are they?

How can a rigid body be controlled?

What field in the BCBODY entry is used to define the method of
control of a rigid body?

MSGC ASoftware



SECTION 3
CONTACT DETECTION

NAS133, Section 3, March 2014
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NODE TO SEGMENT CONTACT

NAS133, Section 3, March 2014
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NODE TO SEGMENT CONTACT

- This type of contact had been developed and tested for many
years and is a proven technique.

- However it has some drawbacks. Segment to Segment contact

was recently developed to overcome these drawbacks (discussed
later).

 For Node to Segment contact a node can come into contact with a
segment.

- For Segment to Segment contact a segment can contact another
segment (discussed later).
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POSSIBLE CONTACT SCENARIOS

distance tolerance

1) Node outside element patch, outside distance tolerance

2) Node outside element patch, inside distance tolerance
3) Node inside element patch, inside distance tolerance
4) Node inside element patch, outside distance tolerance

MSGC ASoftware



CONTACT DETECTION - SCENARIO 1

- Slave grid outside master and outside D1
— bodies are not in contact
— nothing has to be done, most simple case

Distance Tolerances

D1=(1 - )X
D2=(1 + )X

— contact normals

MSGC ASoftware



DISTANCE TOLERANCES
« Input on BCPARA,0 or BCONPRG (discussed later)

BCPARA

0

ERROR

0.25

BIAS

0.9

FRRBAS

1

- By default, ERROR is evaluated from:

— 1/20 x “smallest element edge” for continuum elements
— Y4 x “smallest thickness® for beam and shell elements
— Measured globally or pair wise (ERRBAS=0/1)

- BIAS

— The range is between 0.0 and 1.0
— Default value is 0.9

— For glued contact it will be 0.0
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CONTACT DETECTION - SCENARIO 2

- Slave grid outside master but inside D1

— Only at the start of an increment slave is considered for contact. Apply
contact constraint and iterate until the solution converges (equilibrium).

— Then check the contact force. In case of separation continue iterating.
Otherwise go to the next increment.

Slave

Master
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SEPARATION CHECK

- BCPARA /IBSEP - separation force flag (default=0)

— 0: separation if the contact pulling force exceeds FNTOL (input in BCPARA
or BCTABLE. Default: maximum residual force in the complete model).

— 1: separation if the contact pulling fake stress (pulling force divided by its
nodal area) exceeds FNTOL (default: maximum stress at a reaction node in
the model times the convergence tolerance).

— 2: separation if the contact pulling stress (from extrapolating and averaging
integration point values) exceeds FNTOL (like 1)

— 3: separation if the contact pulling fake stress exceeds FNTOL (default=0.1)
times the maximum contact stress in the model

— 4: separation if the contact pulling stress exceeds FNTOL (default=0.1)
times the maximum contact stress in the model

— Notice that for quadratic contact options 2 or 4 can only be used since the
nodal forces do not provide proper values
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SEPARATION CONTROL

- BCPARA /ICSEP - separation flag (default=0)

— 0: if the force on a node is greater than the separation force, the node
separates and an iteration occurs

— 1: if a node, which was in contact at the end of the previous increment, has
a force greater than the separation force, the node does not separate in this
increment, but separates at the beginning of the next increment

— 2: if a new node comes into contact during this increment, it is not allowed
to separate during this increment (prevents chattering)

— 3: both 1 and 2 are in effect
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CONTACT DETECTION - SCENARIO 3

- Slave grid inside master and inside D2

— Apply contact constraint and iterate until the solution converges
(equilibrium)

— Then check the contact force. In case of separation continue iterating.
Otherwise go to the next increment.

27 27D2 .- Slave

Master
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CONTACT DETECTION - SCENARIO 4

- Slave grid inside master but outside D2

— Slave grid has penetrated

 For statics: repeat iteration with scaled back Dui (maximum penetration: 10% of
D2). If converged check for separation. If separated continue iterating. Otherwise
go to the next increment.

« For dynamics: scale back the timestep appropriately.

— If this situation occurs at the beginning of the analysis, contact will not be
found.

» Prepare your model so that this situation does not occur initially

,'D

’D2
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EFFECT OF CONTACT TOLERANCES

The sizes of the contact tolerances D1 and D2 have a significant
impact on the computational costs and the accuracy of the
solution

Contact tolerances too small:

— Detection of contact is difficult, leading to higher costs. Initial contact might
not be detected.

Contact tolerance too large:

— Nodes are considered in contact prematurely, resulting in a loss of accuracy

— Nodes might “penetrate” the surface by a large amount

MSGC ASoftware



CONTACT SEARCH ORDER

- The contact search order is very important for node-to-segment
contact.

« There are various options to control how the search is carried out
(order in which bodies attempt to contact each other).

It is important to understand how each search strategy works
when used with contact bodies of different mesh densities,
materials, etc.

- Simply using the defaults can result in contacts which, while they
converge, do not well model the situation.
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CONTACT SEARCH ORDER

 Single order search (ISTYP=1) on BCBODY

— by default, the lower numbered body is checked with itself and the higher
numbered bodies. For instance, body 1 is checked against bodies 1, 2, 3,
.... Body 2, however, is only checked against bodies 2, 3, ...

* Double order search (ISTYP=0, default)

— checks possible contact between any two surfaces (surface i is checked for
contact with surface j, and surface j is also checked for contact with surface
i, where i, j =1, 2, 3, ..., total number of surfaces in the problem)

 In both cases, penetrations can occur (discussed next)
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CONTACT SEARCH ORDER

 Check Body 1:

Check Body 2:

Uy = U(Uy, Us) ) skipped, since
- node 3 has
Y U3 = U(Us, Ug) Us = u(uy, Us) \ already been
: _ used as a slave
dependent independent Ug = U(Us, Uy) ode
u7 - U(U3, u2) J

NAS133, Section 3, March 2014 ,
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CONTACT SEARCH ORDER

« Check Body 2:

Check Body 1:

NAS133, Section 3, March 2014

Copyright© 2014 MSC.Software Corporation

, Ug)

)
)
)

Us

u

u

2

2

)
)
)

S3-16

2

U3 = U(Us, Ug)

skipped, but okay!

MSGC
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CONTACT SEARCH ORDER

- The default search order can be overruled by specifying ISEARCH
on the BCONPRG entry:

— 0: double search (lower numbered bodies first, i.e. 1,1; 1,2; 1,3; 2,1; 2,2;
2,3; 3,1; 3,2; 3,3). Default.

— 1: searching from slave to master (single sided)
— 2: body with finer mesh automatically becomes slave

- ISTYP in BCBDPRP can also be set to 2 (ISEARCH must be 0)
— double order search with automatic optimization of contact constraint
equations (“optimized contact”)

« The decision is made for the areas in contact. The bodies which are softer and
finer meshed in those areas come first. Soft has higher priority than mesh (based
on HARDS in BCONPRG, the hard-soft ratio, default=2.0).
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SEGMENT TO SEGMENT CONTACT

NAS133, Section 3, March 2014
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SEGMENT TO SEGMENT CONTACT ADVANTAGES

 Node to Segment Contact (NTS) has some drawbacks which can
be avoided using Segment to Segment Contact (STS)

Improved accuracy

Node to Segment Segment to Segment
(Stress) (Stress)
7,44+002i‘ 6.10+00
iy 6.80+00 S A Ay 5.59+00
SSTHETT e p Ly, e
/A ““““"Il-... X @ 5 534005 <O T > 4.58+005—
> %% 4.89+005— Zf 4.07+005

4.26+005— 3.57+005—

3.62+005 3.06+005/—
2.99+00 2.55+00)
-T2 35+00§I 2 05+00§I
1.71+005 | 1.54+005
' 1.08+005 .’J 1.03+005]
4.40+00 ’ 5.26+00
-1.96+00 /198400

-8.32+00 -4.87+00
-1.47+00 -9.94+00
-2.10+00 -1.50+00

default_Fringe :
Max 6.10+005 @Nd 264
Min -1.504+005 @Nd 128

default_Fringe :
Max 7.44+005 (@Nd 2208
Min -2.10+005 (@Nd 140
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SEGMENT TO SEGMENT CONTACT ADVANTAGES

- Advantages for Shell Contact

— For NTS a shell cannot be “clamped” between two rigid bodies. STS can
do.

— For NTS a shell contact between two deformable bodies needs some care.
STS does not.

NTS body 1 > body 2 3
body 2 > body 3

or ¢
body 1 > body 2 \ g™ 4
body 3 > body 2

but not 1

Body 2 > body 1
Body 2 > body 3
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SEGMENT TO SEGMENT CONTACT ADVANTAGES

- Advantages for Shell Contact (cont.)
— For NTS shell edge contact is described as a line. STS describes the

“footprint”.

It
I

Node to Segment
(contact status)

Segment to Segment
(contact status)

MSGC

Software



SEGMENT TO SEGMENT CONTACT ADVANTAGES

— No Master-Slave Concept (avoid slave master search order)

[EEREITaCeZrace 0D P eV ieWpOT D= IBWeT P ISEe PGroup

Patran 2012 64-Bit 05-Jul-12 22:17:44

Fringe: SC1:, Al:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers

default_Fringe :
Z Max 8 54+004 @Nd 43

—
— -
1 f Tower_plate - Group
- Patran 2012 64-Bit 05-Jul-12 22:57:46
85y - Fringe: SC1:, A1:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers

\'shell_faceZface db - default_viewport - lower_plate = Group

| Patran 2012 64-Bit 05-Jul-12 22:20:51

Fringe: SC1:, A1:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers
1.39+003

ISEARCH=1 kin

Node to Segment

MSGC

4.85+00:
451400
417400
3.83+00
51§50
3.16+00
2.82+00
2.48+00
214400
1.81+00.
1.47+00.
1.13+00.
7.93+00

4.56+003
1.18+00:
default_Fringe
Max 5.18+004 @Nd 11¢



DEFINITION OF STS CONTACT
 Find the segments that are in contact W ﬁ

. Find the common areas of the \ f
segments that are in contact

- Divide these areas into polygons

* Find the polygon points that are in
contact

—

oA

« The polygon points define a local connection between two
contact segments and the non-penetration constraints are
enforced using augmented Lagrangian approach.
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STS CONTACT INPUT
« STS Contact can be controlled via BCPARA

METHOD Flag to select Contact methods. (Character)
NODESURF | Regular 3D Contact (Default: node to surface contact)
SEGSMALL | Segment to segment contact with small shiding.
SEGLARGE | Segment to segment contact with finite sliding. O_RG
AUGMENT Augmentation method used 1n a segment-to-segment contact analysis. “\
(Tnteger) £xO
0 No augmentation (Default)
1 Augmentation based on a constant Lagrange multiplier
field for linear elements and on a (bi)linear Lagrange
multiplier field for quadratic elements
2 Augmentation based on a constant Lagrange multipher
field SEGSYM Specify symmetric or non-symmetric fricion matrnix in segment to
3 Augmentation based on a (| segment contact analysis. (Integer 0 = symmetric matnx or 1 = non-
field symmetric matnx; Default = 0)
PENALT Augmented Lagrange penalty factor: us| TAUGMNT Augmentation for the sticking part of friction n a segment-to-segment
contact algorithm only. (Real > 0.0; see contact analysis. (Integer 0 =no augmentation or 1 =use augmentation:
e : : Default =0
AUGDIST Penetration distance beyond which an a — ) — —
used by the segment-to-segment contac | IPENALT Augmented Lagrange penalty factor for sticking part of friction, used by
BCTABLE entry for default) the segment-to-segment contact algorithm only. (Real = 0.0) The
> o : default 1s PENALT/1000. where PENALT ter 1s the A ted
SLDLMT Maximum allowed sliding distance. bey Le o — paramcicy s e Sugmenie
= agrange penalty factor for normal contact.
redefined. for segment to segment cont:
deformation. (Real = 0.0; Default = 0.0 | STKSLP Maximum allowable slip distance for sticking. beyond 1t there 1s no
sticking, only sliding exists, used by the segment-to-segment contact
algorithm only. (Real = 0.0; Default = 0.0) See Remark 11..
NAS133, Section 3, March 2014 S3-24 MSC A Software

Copyright© 2014 MSC.Software Corporation




STS CONTACT INPUT

« STS Contact can be controlled for contact pairs via Geometric
Contact Parameters in BCONPRG

— AUGDIST: Penetration distance beyond which an augmentation will be
applied
— PENALT: Augmented Lagrange penalty factor

— STKSLP: Maximum allowable slip distance for sticking, beyond it there is no
sticking, only sliding exists

— TPENALT: Augmented Lagrange penalty factor for sticking part of friction
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STS CONTACT INPUT

« METHOD to select small or large sliding STS
— NODESURF: NTS (default)
— SEGSMALL: STS, small sliding
— SEGLARGE: STS, large sliding

 AUGMENT to select the Augmentation Method
— 0: no augmentation (default)

— 1: constant Lagrange Multiplier field for linear elements, (bi)linear field for
quadratic elements

— 2: constant Lagrange Multiplier field
— 3: (bi)linear Lagrange Multiplier field
— For rigid-deformable contact Augmentation is always on
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STS CONTACT INPUT

 PENALT, Augmented Lagrange penalty factor
— Default: depends on the contacting body stiffnesses and a characteristic
length (unit=force/length?3)

- AUGDIST, Penetration distance beyond which an augmentation
will be applied

— Default: 1e-3 of the characteristic length

- SLDLMT, for seglarge. Sliding distance beyond which contact
segments are to be redefined

— Default: 5 times the default contact tolerance ERROR

« SEGSYM, symmetric or non-symmetric friction, 0: symmetric
(default), 1: non-symmetric
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STS CONTACT INPUT

« TAUGMNT, Augmentation for the sticking part of friction
— 0: no Augmentation (Default), 1: Augmentation

- TPENALT, Augmented Lagrange penalty factor for sticking part of
friction

— default is PENALT/1000

- STKSLP, Maximum allowable slip distance for sticking
— 0.0: maximum sticking displacement (default)

MSGC ASoftware



DEFINE STS IN PATRAN

l—

e s e P v T )
Home Geometry Properties Loads/BCs LH Solution Parameters = B2 ;Aﬂah!ss X
= = .Static Solution Parameters = _ = Analysis |
Datab R . ion: -

. " ’E [& atabase Run ] “1‘:: ‘%, & % Action:  [Analyze
| — =IiC Samrety Solution Type Ll Oviect  [Entire Model ~
Entire || Selected Load Analysis Read Submi —

Model | Group | SimXpert Deck [¥] Automatic Constraints |Analysis | Solution Type | Method: |Analysis Deck ~
T R i Rolicf MSC_Nastran ;
LH Contact Control Parameters =X Solution Type )
[] Alternate Reduction Code: MSC.Nastran
CONTACT Control Parameters _
[1SOL 600 Run Solution Type: Type:  Structural
@ LINEAR STATIC
Control Method: [Segment to Segment  ~ CISOL 700 Run
O NONLINEAR STATIC — g
Shell Normal Tol. Angle = _ Nl ©NORMAL MODES okt
Mass Calculation: Lumped ~ OBUCKLING
O COMPLEX EIGENVALUE
mize Constraint Equations Data Deck Echo: OFREQUENCY RESPONSE
Plate Rz Stiffness Factor = | 1000 OTRANSIENT RESPONSE Job Name
[ Contact Detection._. | ONONLINEAR TRANSIENT &
= Maximum Printed Lines = OIMPLICIT NONLINEAR  Contact
[ Separation... ] o _— ; ODDAM Soltion Job Description (TITLE)
aximum Run Time = | | IR s et i i Y
[ Friction... | . THIS IS REVISED CASE
- Wt.-Mass Conversion = 1.0 I
[ Augmentation... ] i
ac TR o . [ Select ASET/QSET...
- : i SUBTITLE
Initial Contact Parameters DNaut niial Temperature = . | :
[1Enable Initial Contact ' -
Defa\it Load Temperature = | LABEL
i N e S | Solufion Parameters. |
' d N\
I |3

Solution Sequence: 101 Translation Parameters. ..

Increment Control Contact Parameters... ‘ SR
Penetration Check: [At End of Increment

- { Direct Text Input... |
[ Fatigue Parameters... j

[ OK l ’ Cancel J [ Select Superelements... |

Other Parameters Results Output Format .
CIReduce Printout of Surface Definition L sults Dup o } | { 2ubcases. |
{ Subcase Select... |

_ OK Defaults Cancel
OK ] [ Defaults ] [ Cancel ] Apply
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INFLUENCE OF AUGMENTATION

- Augmentation enables minimization of penetration as the
following example demonstrates

- The augmentation method will influence the number of iterations
and the results, however to get a quick insight in a problem you
could choose not to augment. This is therefore the default.
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STS CONTACT DETECTION PARAMETERS

« Contact Distance Tolerance, same as NTS, but

— SLDLMT is defaulted to 5 times ERROR. For small values of ERROR, this
may unnecessarily result in the message “Recalculating Segments”, thus
increasing the computational costs.

« Separation Control

— Only stress based separation based upon absolute stresses is available. Be
careful when an input deck comes from NTS and an FNTOL refers to force.

« Search order is immaterial
— ISEARCH, ISTYP, HARDS are ignored
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STS CONTACT LIMITATIONS

At this time not available:
— Thermal analysis
— Coupled analysis with multiple physics
— Brake squeal analysis
— Adaptive meshing
— Beam to beam contact
— Breaking glue

— Output of normal contact stress and friction contact stress for glued or
frictional contact

— The following parameters are not supported:
« MAXSEP, ICSEP, IBSEP, RVCNST, BEAMB and NLGLUE
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REVIEW QUESTIONS

1. What is contact distance tolerance in contact analysis?

2. How does “Bias factor” modify the distance tolerance?

3. Why is the order of contact bodies important?

4. Why does contact search order in node-to-segment contact

affect results?
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REVIEW QUESTIONS

5. Does the slave-master concept apply to segment-to-segment

contact?
6. Does segment-to-segment contact support permanent glued

contact?

7. What is the range of values of Bias factor in contact analysis?
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WORKSHOP 2 - SOLID TO SHELL CONTACT

— Perform a start to finish solid to shell contact analysis with MSC Nastran
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SECTION 4
CONTACT PAIRS IN MSC NASTRAN
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EXAMPLE

Bty
—

Siress Tensor Yon Mises

8114002

7.43+002

5. 76+002

5.08+002

b 414002

1.35+002

5. 76+001
9 8A-003
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REVIEW

Deformable Contact Bodies
— Collections of similar type elements (i.e. shells, solids, bars...)
— Treated using ‘normal’ FEA approach (flexible)

Rigid Contact Bodies
— Collections of geometries to be treated as rigid
— Can be moving or stationary

Contact can be deformable-deformable or rigid-deformable

Contact Bodies can ‘TOUCH’, be ‘GLUE’d, or ignhore other
Contact Bodies
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CONTACT PAIRS/TABLES

« Patran/MSC Nastran allows 2 methods to define which contact
bodies are to be considered for contact with which other bodies

— ‘Contact Table’

« As the name implies, this method allows the user to populate a ‘table’ which
defines which bodies contact which other bodies

« Easy to use

» Only practical for relatively small (typically<10) numbers of contact bodies
— ‘Contact Pair’

 Explicit definition of which bodies are to touch which other bodies

 Allows ease of use when many (>10) contact bodies exist

« Further, each method, allows for specification of the contact type
as

— Touching — allows intermittent contact
— Glued — enforces a permanent connection between contact bodies

- Both methods define the same characteristics/properties, the
choice of which method is be used comes down to which is
‘easier’, typically determined by the number of contact bodies
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CONTACT TABLES

- Best described using example:

b(idy1 body2 bcidy3 body4 rigid
| ]

Contact Matrix

/ Body Type Release 1 = 3

1-body1 Deformable

N
2-body2 Deformable N
3 body3 Deformable N i | i
s Rigid N | |

* In this example:

‘body1’ is only allowed to ‘touch’ itself and ‘body3’
‘body1’ is ‘glued’ to ‘body4 _rigid’

‘body2’ is only allowed to’ touch’ ‘body4 rigid’

‘body3’ is only allowed to ‘touch’ itself and ‘body4 _rigid’
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CONTACT PAIR

- Best described using

example:

Home

IX
Displacement
Constraint

Geometry Properties

-i

Loads/BiCs

l:i_':,l

Meshing

A

. iapes

Farce

Modal

Temperature | Velocity | Acceleration | Crack(VCCT) |Element l!

Analysis Results

Element

Uniform =
Load/Boundary Conditions

For the rest of this seminar
the Contact Pairs method of
definition of contact
interaction will be used

Contact||
Variable =

Curability

=
|
Create || Initial

|Cond|‘t1‘nns =

LBC

Load/Beundary Condtions
Action: v = el
Load/Boundary Cenditions | Input Data |
o Jy.Fes ‘Geometric Contact Parameters:
Current Load Case Property Set Hame: E
Defaul... ] A
Type: Static .
Distance Tolerance(ERROR)
Bias Factor(BIAS)
Existing Sets T
Interference Closure(CINTERF)
[[] Glued Contact(GLUE)
News Set Name
Automatic_Contact
[] stressfree IntCont(ICOORD)
[[] Delayed Side Off(ICOORD)
l gulal I Select: |Node To Segment >
l Select Application Region. ]
Contact Detection{ISEARCH}
Automatic
S
( Single Sided
(] ) Double Sided
Lok ] [pefauts| [ cancel |

3]

Actions =

i.‘.

Create LBC
Load Case ||Fields~
Load Cases

Body Pair Application Region =

Mode:

Body1/Master/Touched

Existing Bodies X

=

Ll

T2
L“.a'

Body1 Name:

30_bdy1

[] self contact

Body2/Slave/Touching

=

Body2 Name:

3D_bdy

ftware

u (2]




CONTACT PAIR

- Determines which Contact Bodies interact with each other and
how

- TO U C H 0 r G L U E Stress Tensor Von Mises 1.01+009

9.46+002]

8.79+002]
8.11+002]
7.43+002]
6.76+002]
6.08+002]

5.41+002

This rigid body does not
need to interact with this
deformable body——— ]

4.73+002]

4.06+002]

3.38+002

2.70+003]

2.03+002]

1.36+002

6.76+001

- Also allows ‘tweaking’ of contact body parameters on a Contact
Body pair basis in the event of convergence or other difficulties

— Contact order
— Distance Tolerance
— Separation Force

MSGC ASoftware



CONTACT PAIR

« A ‘CONTACT PAIR’ is defined like other Loads/BCs and defines
which bodies are to interact.

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

K- e B e < e

Displacement [ Force | Temperature | Velocity | Acceleration | Crack{VCCT) || Element || Element || Contact||| Create Initial LBC Create LBC
Constraint Euniform'ii\far\able'-‘Bodies' dy Pair Conmtionsv,ﬁmans'i Load Case |F\e|ds'-
Modal Load/Boundary Conditions Body Pairs “ Load Cases|| |
Action ‘_"‘/
Object A/
e Body 1
female_clip_contact_body
Option male_clip_contact_body
Current Load Case:
Defaul.. ]
Buody Pair Application Region EIE
Type: Static 2! 2t J L —
[
Mode: Existing Bodies >
Existing Sets. E

Body1/MasterTouched

Body1 Name:
femals_clip_contact_body

[] Self contact

New Set Name

contact_pair_1 Body2/Slave/Touching

:
BodyZ Name:

male_clip_contact_body

[ Input Data... ]
I Select Application Region... J

- Like other Loads/BCs the contact pair can active/inactive as
desired by the user in each loadcase

MSGC ASoftware



CONTACT PAIR

« Each CONTACT PAIR can have a unique set of parameters that
will affect the behavior of that pair, including:

— Distance tolerance

— Bias factor

— Separation force

— Glue

— Stress free initial contact
— Order behavior

3 sub-forms are available
via the ‘Input Data’ button
to define the various
parameters.

Like other Loads/BCs the
contact pair can be made
active/inactive as desired
by the user in each
loadcase

Load/Boundary Conditio

-
Type: Element Uniform hd
Qi Body Pair ¥
Curren it Load Case:
DDDDDD

Type: Static
Existing Set: @
New Set N

ntact_pair_1

s | Input Data
meters

Fric Stress Limit (FRLIM)

/

IE

Load/Boundary Conditions | In2! ut Data
. i

Body2/Slave: Body1/Master:

Solid Element Contact Options:

include Outside Include Outside

Rigid/Shell Element Options:

Include Outside Include Outside

Check Layers: Check Layers:
lTnpn’Euttnm ‘] hupﬂﬂunum =

[Jignore Thickness [ lgnore Thickness

Edges Contact Options:

Include Edges

Check For: Check For:
[Bean‘v’Bar ! ] {Beamfﬂar b J

Include Edges

I OK ] IDefaults] [ Cancel J

Software
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CONTACT PAIRS WRITTEN FROM PATRAN

Body_1

ﬁ\i%zﬁﬁ i ER L. N Y E Y LN o ND

BCTABI1 0 8004 8005 . .

ECONECT 8004 2 1 «—— Specifies Interaction between Contact Body 1 and 2
BeNEe T 005 e 005 e 2 «— Specifies Interaction between Contact Body 2 and 3

% Element= and Element Properties for region | DloOcRT Use BCONECTS 8004 and 8005

% Loads for Load Case . Default
% Deform Body Contact LBC =et: Bodw 1

ECEODY1 1 3D DEFORM 1

ESURF 1 1 2 3 4 g 3 7
B 9 10 11 12 13 14 15
16 17 16 19 20 21 22 23
24 25 26 27 28 29 30 31
32 33 34 35 36 37 38 39
40 41 42 43 44 45 16 47
1§ 49 50 51 52 53 54 55
3 57 58 59 60 61 62 63
64

5 Deform Body Contact LEC set: Body_2 Contact Body Definition

ECEODY1 2 3D DEFORM 2

ESURF 2 65 66 67 68 69 70 71
72 73 74 75 76 77 78 79
B0 81 82 83 B4 85 86 87
i 89 30 91

¢ Deform Body Contact LEC =et: Body 3

ECEODY1 3 3D DEFORM 3

ESURF 3 32 93 34 95 6 37 38
99

% Referenced Coordinate Frames
ENDDATA 7486e87b
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CONTACT PAIRS IN MSC NASTRAN

BCONECT — MSC Nastran entry to define which contact bodies
interact with which other contact body

In its simplest form this will be a single line specifying 2 bodies

Lists of bodies may also be defined if desired

BCOMNECT m BCGPID BCPPID | IDSLAVE | DMASTER
LAVES™| IDSL1 5L IDSL3 ID5L4 IDSLS IDSLE IDSLT
IDSLE IDSLo P
*mssrm IDMAL IDMAZ IDMA3 IDMAS IDMAS IDMAG IDMAT

IDMAR IDMAL

Examples:
|BC'OI‘CECT| 57 | 306 | | 2 | 1002 | | | |
BCONECT 9 108

SLAVES 30 26

MASTERS 204 135 528

BCTABL1 - specifies which BCONECTSs are to be a
simultaneously and is referenced at the Case Control level by

BCONTACT:
L}
BCTABL] | BCID D1 m?2 D3 4 D3 D6 D7
D3 Dg -ete.-
Examples:
BCTABL1 2 198 62 15 g 159 i1 82 44
17
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CONTACT PAIRS IN MSC NASTRAN

- Example — bodies 1, 2 and 3 in a sequence

- User specified ‘single sided’ search sets

appropriate value in MSC Nastran BCONPRG entry

Load/Boundary Conditions Input Data |

Geometric Contact Parameters:
Property Set Name: E
block2_to_block3_g

Distance Tolerance(ERROR)

Bias Factor(BIAS)
0.89999998

Interference Closure(CINTERF}
0.

0.
Hard-Soft Ratio (HARDS)
2

[] Glued Contact{IGLUE)

[ stressfree IntCont(ICOORD)
[] Delayed Slide OffICOORD)

Select: (Node To Segment hd

Contact Detection(ISEARCH)
() Automatic //
(%) Single Sided

) Double Sided

[ 0K J [Defaults] I Cancel I

NLC Akl

BCTABL1
BCONECT
BCONECT

| BCONPRG

ECTAEL1

4

0 2004 200%g

aoo4 2 1
anns 3006 3 2
3006 ISEARCH 1

1 004 2005

% Element=s and Element Properties for region

o bloclkl

Body_1

MSGC




DISTANCE TOLERANCES

Measured normal to the contacted body

Input on BCPARA,0,ERROR, .005 or BCONPRG

BCONPRG

BCGFID

PARAMI

VALl

PARAM2

VAL2

PARAM3

VAL3

PARAMAY

VAL4

PARAMS

VALS

-etc.-

Example:

BCONPRG

90

ERROR

.005

By default, ERROR is evaluated from:
— 1/20 x “smallest element edge” for continuum elements within each contact

pair

— V4 x “smallest thickness® for beam and shell elements within each contact

pair

By default, BIAS is 0.9

MSGC



EFFECT OF DISTANCE TOLERANCES

The sizes of the contact tolerances D1 and D2 have a significant
impact on the computational costs and the accuracy of the
solution

Contact tolerances are too small:

— Detection of contact is difficult, leading to higher costs. Initial contact might
not be detected.

Contact tolerances are too large:

— Nodes are considered in contact prematurely, resulting in a loss of accuracy

— Nodes might “penetrate” the surface by a large amount

MSGC ASoftware



BCONTACT = ALLBODY

« With this Case Control command the definition of contact pairs is
eliminated

— All bodies can potentially contact each other

- Care should be exercised
— Good for checking out runs
— Convergence can be difficult
— Run time can be longer

MSGC ASoftware



PIPE TO CLIP CONTACT EXAMPLE

RBE2

Punch
moving down

ipe

Related Test

NAS133, Section 4, March 2014 ~L— |
Copyright© 2014 MSC.Software Corporation S41e MSG)\Software



MODEL DESCRIPTION

RBE2
- Clip: plastics, E=2100., n=0.3

— 2D solids, inner@d= 10 mm

body 3
- Pipe: steel, E=2.1E5, n=0.3

— 2D solids, outer@=10.1 mm body 2

- Punch: steel, like pipe
— 2D solids

- Loading:
— Punch pushed in

clamped

body 1

— Punch is pulled out

- Boundary Conditions:
— Left side of clip is clamped

— Punch and pipe vertically connected

Friction:

— To exclude dynamic effects (snap & eject)
body 1-1, n=0.25

bodies 1-2, u=0.15
bodies 2-3, u=0

MSGC ASoftware



PUSHING DEFORMATIONS

punch

0.0 mm
-3.0
g () )
=)

Note how contact pairs are used to prescribe
contact between punch-pipe and pipe-clip but
eliminate contact between punch-clip

NAS133, Section 4, March 2014

Copyright© 2014 MSC.Software Corporation o418
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CONTACT INTERFERENCE

NAS133, Section 4, March 2014

Copyright© 2014 MSC.Software Corporation o419

MSGC



CONTACT INTERFERENCE - EXAMPLE
- Valve Insert Fitted into Cylinder Head

- No load
- quadratic contact

Real Model

von Mises

NAS133, Section 4, March 2014 S4 - 20 MSC ASoftware

Copyright© 2014 MSC.Software Corporation



CONTACT INTERFERENCE

 The interference closure distance is defined via CINTERF in
BCONPRG entry

— It only affects nodes which are already in contact
— The regular contact-related incremental displacement is modified by:
AV, =AV,+d.y

— d,is CINTERF, the user-defined interference closure distance normal to
the contact surface

When contact bodies are moving
— CINTERF>0: contact starts earlier by d; (initial interference)
— CINTERF<0: contact occurs after penetration of d; (initial clearance)

MSGC ASoftware



CONTACT INTERFERENCE

In Patran:

Geometric Contact Parameters:

Property Set Name: 'E
Distance Tolerance(ERROR)
Bias Factor(BIAS)

[os

Interference Closure(CINTERF)

[o0
Hard-Soft Ratio (HARDS)
20

[] Glued Contact(IGLUE)

|:| Stressfree InitCont{ICOORD)
[ Delayed Siide Off(ICOORD)

Select: [N_c"je To Segment =

Contact Detection(ISEARCH)
O Automatic

() Single Sided

(%) Double Sided

[ OK ] [Def&ul@s] [ Cancel J

=13

|

Specification of
interference

MSGC



CONTACT INTERFERENCE

« BCONPRG - used to define CINTERF

BCONPRG | BCGPID PARAMI VALl |PARAM2] VAL2 |PARAMSI| VALS3
PARAM4Y | VAL4 | PARAMS VALS -efc.-

Example:

BCONPRG | 90 CINTERF .01

MSGC



CASE STUDY: INTERFERENCE FIT

: Bl =
- - .Luad.l'Buunﬁary Conditions | i Ol x|
- Define contact bodies | ;
I I A :\_J Load/Boundary Conditions | .
; -~
. Action: b ,._J
Object:
Object: hd
Type: Element Uniform "4 =
2 - - — Type: __Iement Uniform .
Option:  |Body Pair__~ | | _ : .
. e pli Deformable Body
Default.. J Current Load Case:
Type: Static [ Defautt... ]
Type: Static
Existing Sets lE
New Set Name
| contact_pair New Set Name
Target Element Type:
| Input Data... |
o 1 Select Application Region... 1 [ Input Data... ]
[ Select Application Region. .. ]
f -Apply-
y [se]
2 -Apply-
] [se]

Replaces Contact Table

(Used in Patran 2012 or older)

Play Case study video:

NAS133 S4 cs interference fit
MSC ASoftware




CASE STUDY: INTERFERENCE FIT

 Define Contact Parameters
— Segment to segment contact
— Bilinear Coulomb friction model

[N Solution Paramsters

N Friction Parameters

Friction Parameters for Cortaci Analyss

Type: [couomn__ ¥

Coulomb “riclion Models
Methnd- [Elilinsar (Dieplacement) b4

Dilinear (Dispacement)

[ Mo-Symmetric Matrix

Sliding

( Finte () Small

[Siding Threshold]

Maramcteras
nns
1.0
0K | [ Nefallz ] i Cancel I

ntact Control Parametors

CCNTALT Concrel Paramet=rs

Contrel Mathod:§ Seyue L Llu Segmenl =

Coniact Deection ..

Separatinn

I'riciion...

ALQmENtatol...

Inifial Crontard Parameers

"] Fnahe Inital Cotart

Incremen: Conirol

Other Paramstare.

Peneraton Check:

"] Fedure Printnud of Surfare Nediritng

e faults

J

Etatic Solution Marcmzters
[#] va:abase Hun

D Cyclic Symmmery
Automatic Corsirants
[ inertia Reiet

D Altzrnae Reduction
LI50L 500 Run

["150L 700 Run

Shel Hnrmal Tn: Angle =

M3iss Calculahon:

Liate Leck Echo:

Plate B Stiffiass Fartn: = 1000
Maximum Frirted _ires =

Maximum Fun Tire =

Wit.-Mass Cotversion = 1.0
Mudz id. T Wl Gener, =

Defaut Initial Tempe-aiure -

Defaut Load Temaerature -

Rigid Element Tvps:

:Anarys;s.. Solution Type l

MSC.Nastran
Solution Type

Solution Type:

(%) LINEAR STATIC

(O NONLINEAR STATIC

) NORMAL MODES

() BUCKLING

O COMPLEX EIGENVALUE
(O FREQUENCY RESPONSE
O TRANSIENT RESPONSE
(O NONLINEAR TRANSIENT
O IMPLICIT NONLINEAR

(O DDAR Solution

[ Select ASET/QSET. . ]

le

Analysis |
Action:
Method:

Full Run

Code: MSC.Nastran

Type: Structural

Available Jobs 0

Job Name
Interference

Job Description (TITLE}

SUBTITLE

LABEL

I
i I Solution Parameters.. II‘
1

Solution Sequence: 1 I]II

oK ] L

Cancel ]

|
: i Cortact Parematers. F

Fatgie Perameters ]
Aesuits Ouiput Format... ]
ox | [ __pemus | [ cawal

Translation Parameters...
—;l Solution Type... I ]

Direct Text Input...

Subcases...

Subcase Select...

——

J
Select Superelements... I
|
|
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CASE STUDY: INTERFERENCE FIT
| Select Applicaton Region

Select Application Region

 Define Contact Pair
Parameters

— Set contact distance
tolerance larger than
interference fit amount

— Enter friction coefficient

- Define Application
Region

— Assign master and slave
bodies

Budy i:‘ﬁ.ir"AppIic;tiun R.eg.iun |

Mode:

Body1/MasterMouched

Existing Bodies =

!

[£]2]

Body1 Name:

inter

[] self Contact

Body2/Slave/Touching

"

Body2 Name:
outer

o=

|~

Input Data

Load/Boundary Conditions | Input Data |

o x|

Physical Contact Parameters:

Property Set Name: lE

/

Select: |Structural ¥

0.0

Friction Coefficient(FRIC)
0.3

Fric Stress Limit (FRLIM)
1.0e20

Select a Field

L QK i lDefaults] [ Cancel ]v

Load/Boundary Condtions | Input Data

Ge fic Contact Parameters:

Property Set Name: E
Prop1

Distance Tolerance(ERROR)
0.05

Bias Factor(BIAS)
0.9

Interference Closure(CINTERF)
0.0

Hard-Soft Ratio (HARDS)
20

[[] Glued Contact{IGLUE)

|:| Stressfree IntCont(ICOORD)
[ Delayed Slide Off(ICOORD)

Select: |Node To Segment b

Contact DetectionISEARCH)
O Automatic

O single Sided

(%) Double Sided

E OK ] IDefaults] ICanceI I:v
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CASE STUDY: INTERFERENCE FIT

 Plot circumferencial stress

Node to Segment Segment to Segment
7.44+00 £.10+00
T —— 6.80+00i 5.59+00:I
SO LTy
“‘“‘Illl....... 6.17+005 5.09+005
GOS0 ] s ser008
g ‘:‘“ ..’ ”‘ 4.89+005 4.07+005

S
p S

4.26+005— 3.57+005—

-8.32+00 -4.87+00

....lll“ 1.47+00 -9.94+00
.'gl.ll““‘ -2.10+00: 1.50+00
..-=‘ default_Fringe : default_Fringe :
Max 7.44+005 @Nd 2208 Max B.10+005 @Nd 264

Min -2.10+005 (@&Nd 140 Min -1.50+008 @Nd 128
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INITIAL STRESS FREE CONTACT

NAS133, Section 4, March 2014

Copyright© 2014 MSC.Software Corporation o428
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INITIAL STRESS FREE - EXAMPLE

Note difference in max
stress — only difference

Inc: 1 H

Trilie: 1.000e+000 b?tween 2 runs Is
specification of stress-free

A initial condition

<; 1.597e+005

Inc: 1 ‘ a
o 143851005 Time: 1.000e+000 e‘
Ll 1.279s+005 e(‘
1.120e+005
9. 616e+004
8.0292+004
6.4412+004
4.8542+004
3.2662+004
4.5692-009
1.6792+004
3.658e-009
9.154e+002 ¥
ixx[ﬁﬂ,z 2.747e-009
1.836e-009
Equivalent Von Hiszes Stress 1
9.245e-010
1.324e-011
L ] L ]
No Initial Stress-Free KZ

Initial Stress-Free
MSGC A Software



INITIAL STRESS FREE CONTACT

- Before starting with the first increment a check is performed on
initial contact (BCTABLA1, 0)

— Upon penetration slave is constrained to master
— As a result stresses may develop |

Geometric Contact Parameters:

— For stress free initial contact is set by defining ICOORD to 1 | ronseme &

blockZ_to_block3 g

« BCONPRG in MSC Nastran input file or in Patran Distance Toerance(ERROR)

Bias Factor(BlAS)
0.9

Interference Closure(CINTERF)
0.0

Hard-5oft Ratio (HARDS)
2.0

re pai red S I ave [[] Glued Contact{IGLUE}
geometry \

Stressfree InitCont(ICOORD)
[] Delayed Slide Off(ICOORD)

Master

Contact Detection{ISEARCH)

i n itia I ) Automatic

) single Sided

geometry () Double Sided

E Ok J lDefﬂults] |_ Cancel ]

MSGC ASoftware



CONTACT INTERFERENCE
« BCONPRG - used to define CINTERF

BCONFRG | BCGFID PARAMI VALl |PARAM2| VAL2 |PARAM3I| VAL3
PARAM4 | VAL4 | PARAMS VALS -efc.-

Example:

BCONPRG 90 ICOORD 1

MSGC



WORKSHOP 3 - SHELL EDGE TO EDGE GLUED CONTACT

- Learn to create a shell edge-to-edge glued contact with moment
transfer capability

MSGC ASoftware



REVIEW QUESTIONS

1. Where can “contact distance tolerance” (ERROR) and “Bias
factor” (BIAS) be input in MSC Nastran entries?

2. What is the difference between permanent glued contact and
general glued contact?

3. What are two general recommendations to define a slave body?

MSGC ASoftware



REVIEW QUESTIONS

4. How can you activate a stress-free initial contact option?

5. Why should automatic contact search order be used?

6. How does Patran create deformable body ID order?

MSGC



NAS133, Section 5, March 2014
Copyright© 2014 MSC.Software Corporation

SECTION 5
GLUED CONTACT

S5-1
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GLUED CONTACT

« SOL 101 and 400 support the general and permanent glued
contact capability

- General glued contact is a nonlinear solution
— Simulates a glued joint

— Bodies don’t have to be initially in contact. They can come in contact during
the analysis and become glued

— After being glued together, bodies can separate again or stay glued based
on user-specified criteria

— Just like touching contact, the general glued contact utilizes the nonlinear
solver which is an incremental and iterative process

MSGC ASoftware



GLUED CONTACT

 Permanent Glued Contact is a special case of glued contact

— Designed to help users quickly assemble components with dissimilar
meshes

— Bodies should be in contact initially since contact detection is performed
only in the beginning of the analysis

— Also available in SOL 103, 105, 107, 108, 109, 110, 111, 112, and 200

— A linear solution. Permanent contact constraint MPC equations are used.
No nonlinear increments or iterations involved

MSGC ASoftware



SETTING UP GLUED CONTACT - IGLUE

« Glued contact is activated by IGLUE parameter in contact pair geometric
properties BCONPRG

0 — no gluing

1 - Activates the glue option. In the glue option, all degrees-of- freedom of the
contact nodes are tied in case of deformable-deformable contact once the node
comes in contact. The relative tangential motion of a contact node is zero in case of
deformable-rigid contact. This option is recommended when there is no gap or
overlap between contact surfaces or initial stress free contact is specified.

2 - Activates a special glue option to insure that there is no relative tangential and
normal displacement when a node comes into contact. An existing initial gap or
overlap between the node and the contacted body will not be removed, as the node
will not be projected onto the contacted body. To maintain an initial gap, ERROR
should be set to a value slightly larger than the physical gap.

3 - Insures full moment carrying glue when shells contact. This option is
recommended when there is no gap or overlap between contact surfaces or initial
stress free contact is specified.

4 - Insures full moment carrying glue when shells contact. The node will not be
projected onto the contact body and an existing initial gap or overlap between the
node and the contacted body will not be removed, as the node will not be projected
onto the contacted body.
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SETTING UP GLUED CONTACT IN PATRAN

- Check Glued Contact to activate glued contact
« Select Retain Gaps/Overlaps to set IGLUE=2
Geometric Contact Parameters:

« Select Retain Moment to set IGLUE=3 or 4 Property SetName:

gluel

| Load/Boundary Conditions | Input Data

Distance Tolerance{ERROR)

Load/Boundary Conditions | Bias Factor(BIAS)
] ias Factor
Acton s
Object: -Contaci b
! Interference Closure{CINTERF)
Type:  [Element Uniform | 0.0

Option:  |Body Pair ~

0.0

Current Load Case:
Default... Hard-Soft Ratio (HARDS)
Type: Static 2.0

Glued Contact{IGLUE)
I Retain Gaps/Overlaps(IGLUE)
CIRetain Moment(IGLUE)
CIAllow Separation(JGLUE)
[1Stressfree InitCont(ICOORD)
[1Delayed Slide OffICOORD)
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SETTING UP GLUED CONTACT - SEARCH

- When glued contact is used MSC Nastran will automatically
create a network of MPCs connecting the bodies in contact

- The quality of this network does depend on the contact search
order

- A good strategy is to use the Automatic search order when
initially setting up glued contacts, and then double-check the
MPCs created (discussion to follow)
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DEACTIVATE PERMANENT GLUED CONTACT
- If all contact pairs corresponding to the

first load step contain IGLUE > 0,
permanent glued contact will be used in
the analysis

- For permanent glued contact, contact
status never changes, any contact pair
that is not within contact tolerance
initially will not be glued

- To allow bodies come in contact and
become glued during the analysis,
general glued contact must be used

« Set NLGLUE to 1 in BCPARA entry for
general glued contact

- Deactivate permanent glued contact in
Patran Contact Detection form

Contact Detection Parameters (BCP&RA)

Distance Tolerance (ERROR):

Bias on Telerance (BLAS): ':'-91

|:| Suppre-=s Bounding Box Check (ICHECK)

Shell Elements (ISHELL)

Check Layers: Top and Bottom =

Dlgnure'l'hickness

Quadratic: Elements

|:| Activate Quadratic Contact (LINGUAD)

Beam Elements

|:| Activate 30 Beam-Beam Contact (BEAMB)

Glug Options

|:| Permanent Gluing (MLGLUE)

[ OK | | oDefaurs | |

Cancel I

MSGC

Software



MOMENT CARRYING GLUED CONTACT

* For shell Edge-to-Edge or shell Edge-to-Face glued contact, it is
important to turn on the Retain Moment option to enable the

dglued joint to transfer moments

- Set contact option to ignore shell thickness to
simply glue the mid-planes of the shells

| Load/Boundary Conditions | Input Data

 Load/Boundary Conditions | Input Data

Body2/Slave: Body1/Master:
Solid Element Contact Options:

Include Outside ~linclude Outside

Rigid/Shell Element Options:

Include Outside Minclude Qutside

Check Layers: Check Layers:
iTop.fBoﬁom '] [Top!Boﬂom =

Geometric Contact Parameters:

Property Set Name: E
glue

Distance Tolerance{(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
0.0

0.0
Hard-Soft Ratio (HARDS)
20

| @ Glued Contact(IGLUE) |

Edges Contact Options:

Include Edges Include Edges

Check For: Check For:

[Beam‘Bar Z ] [Beamear x

[JRetain Gaps/Overlaps(IGLUE)
| @ Retain Moment(IGLUE) |
[ Allow Separation(JGLUE)
[ Stressfree InitCont(ICOORD)
[ Delayed Slide Off(ICOORD)
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MOMENT CARRYING GLUED CONTACT

* For shell Edge-to-Face glued contact, slave and master choices
are important

— The shell edge body needs to be the slave.
— The face body needs to be the master.

b to shell
P away)

MSGC ASoftware



CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

- Analyze the shrouded vanes shown below
— This is the MSC Nastran Demonstration Problems Manual Example 25
— Hub and vanes are meshed with Tet10 elements
— Shroud is meshed with Hex8 elements
— Glue the two bodies together and compute the first 10 free-free modes

Finer mesh

Play Case study video: Hex8 — Ze'nto nqoub/e
NAS133_S5_cs_glued_contact curved interiace
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability LOE}deOUﬂdE}W Conditions |

— § 1 : [T
""' —e | 4 et 14"- 7 ""' @o B | rg lﬂ IE Ej [1x)/& | Hy | iy Action:  |Create ¥ =il s
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total g || Q[ L+¥| |||Deformable|| Rigid | Cof i -
Constraint Load Load Load Load |1||¥—|| g Ob}eci_ Contact
Modal Element Unifarm Element Variable Contact Bodies

Type:  [Element Uniform ~ |

* Import the MSC Nastran input file Option: [Defarmable Body <]

Current Load Case:
Vanes_and_Shroud.dat [ Defaut.. ]

Type: Static

 Create two contact bodies

Existing Sets B

L :Hub_'a'nd_\z’anes
| Shroud

New Set Name
| Shroud

Target Element Type:

[ Input Data. .. ]

[ Select Application Region... ]

-Apply- il




CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

- Define Contact Pair using Automatic feature in Patran.

|E File Group Viewport Viewing Display Preferences lTooIs] Help Utilitiesl

MSC.Fatigue
Laminate Modeler

Random Analysis..

Analysis Manager..,

List

Mass Properties...
Beam Library...
Regions...
Modeling
Design Study
Results

User Defined AOM...

Pre-Release

Model Contents...
Properties Import...
Load Tools...

Model Variables...
Element Quick Create..,

Property Data Plots...

Mass Property Management...

Assembly

Experimental Data Fitting...
Bolt Preload...

Rotor Dynamics...

MSM Properties...

Feature Recognition..,

Contact Bodies/Pairs...

Contact Body Pair Name
Hub_and_Vanes_Shroud_pair

Body1 Name
Hub_and_Vanes

Body2 Name
Shroud

1 Contact Body Pair created for given distance tolerance.

Create  |Body Pair ¥

Distance Tolerance:| 0.005
@ All Bodies O Deformable Only

Create From

@ Entire Model C Current Group
C Current Viewport O Select Bodies

Contact Property Set
@ Default O Individual
C Specify

| dummy_geom_prop

| dummy_phy_prop

ool

Cancel
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

« Check IGLUE
« Turn on Stress-Free Initial Contact
(ICOORD = 1). This specifies stress- st B
free initial contact which modifies Pt ok GO
the coordinates of the nodes in e
contact to close gaps and it
penetrations between the two :
bodies. -
e Turn on Automatic Contact [Sowssommeonn |
Detection (ISEARCH = 2). S
— This is an important step to improve T
clean rigid-body modes and help the e e
model pass the grounding check st oo To St
(discussed later). It also ensures no i
artificial stresses are induced. S
o] [Desus] [Lcemeel]
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

- Set up a SOL 103 normal modes analysis and request the first 10

modes.

MSC.Nastran
Solution Type

Solution Type:
() LINEAR STATIC
) NONLINEAR STATIC

| ® norMAL MODES

) BUCKLING

() COMPLEX EIGENVALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE
(") NONLINEAR TRANSIENT
() IMPLICIT NONLINEAR

() DDAM Solution

[ Select ASET/QSET...

[ ] interactive Modal Analysis

I Solution Parameters...

Solution Sequence: 103

L QK J I Cancel

MSGC



CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT
* Review the BCONPRG entry.

— IGLUE=1
— ICOORD=1
— ISEARCH=2

BEGIN BULK
PARAM POST 0

PARAM PRTMAXIM YES

EIGRL 1 10 0

BCTABLL 0 8004

BCONECT 8004 3003 2 1

BCONPRG 3003 ICOORD 1 IGLUE 1 ISEARCH 2 |

BCTABL1 1 8004

% Deform Body Contact LBC =et: Shroud % Deform Body Contact LBC =et: Hub_and YVanes

BCBODY 2 3D DEFCOEM 1 0 BCBODY 1 aD DEFORM 2 1]

BSURF 1 i00000 100001 100002 100003 BSUERF 2 10000 10001 1000z 10003
100007 100008 100009 100010 100011 10007 10008 10009 10010 10011
100015 100016 100017 100018 100019 10015 10016 10017 10018 10019

- Important: BIAS is not specified, which defaults to 0.0 for glued
contact. A Patran entry for BIAS will be ignored for glued contact.
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CASE STUDY: MODAL ANALYSIS WITH GLUED CONTACT

* Review normal modes results:
— 6 clean rigid-body modes

MODE EXTRACTION EIGENVALUE
NO. ORDER
-5.905578E-06
-4.889644E-06
-2.927081E-07
6.376205E-06
.417556E-06
.275000E-05
.122922E+07
.129464E+07
.581327E+07
.348376E+08

O W oo Joy Ul WDN P
O W 0 J o Ul W
= oo 0o o

[y
=

REATL EIGENVALUES

RADIANS CYCLES GENERALIZED GENERALIZED
MMES STIFFNESS
2.430140E-03 3.867687E-04 1.000000E+00 -5.905578E-06
2.211254E-03 3.519320E-04 1.000000E+00 -4.889644E-06
5.410251E-04 8.610681E-05% 1.00000CE+00 -2.927081E-07
2.525115E-03 4.018845E-04 1.000000E+00 6.376205E-06
3.068804E-03 4.884152E-04 1.000000E+00 9.417556E-06
3.570714E-03 5.682967E-04 1.00000CE+00 1.275000E-05
7.157459E+03 1.139145E+03 1.000000E+00 5.122922E+07
7.162027E+03 1.139872E+03 1.000000E+00 5.129464E+07
7.470828E+03 1.189019E+03 1.000000E+00 5.581327E+07
o Kl G KR T R T —— TH%

1st flexible mode 1,1

39 Hz
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GLUED CONTACT - STATUS

 Verifying the glued contact status is important. It is possible to

glue only a few nodes on a large surface. This leads to incorrect
deflections and stresses

- Glued contact can be evaluated by examining the deflected
shapes and stresses of the model

— Glued contact can be visualized by making contact status marker plots




GLUED CONTACT - MPC EQUATIONS

« MSC Nastran internally generates MPC
equations to represent the glued contact

« The MPCs generated to model glued contact
can be written during the analysis in a punch
(*.pch) file

« These MPCs can then be directly imported into
the Patran database to provide a visual
reference to the glued contact

« The MPC punch file is created with the
following Case Control Command: O Nastran System Cell Section

) File Managemert Section

- NLOPRM MPCPCH = BEGN OExecmiveCDmrDISedinn

) Bulk Data Section

Cle
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GLUED CONTACT - MPC DISPLAY

« Confirm network of MPCs connecting contact bodies

« Use UNDO to remove MPCs from model, or delete them manually

MPCs with Automatic Search

NAS133, Section 5, March 2014
Copyright© 2014 MSC.Software Corporation

Vane from CASE
STUDY 1

Details are
discussed in the
Contact Results

KOutput section

/

S5-19

MPCs with Default Search
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GLUED CONTACT GROUNDING ISSUES

« What is Grounding?

— If an MSC Nastran model is properly created, then if it is completely
unconstrained movement at one point of the model should cause the entire
model to move as a rigid body, with no internal forces. If this is not the case

the model has Grounding errors.

— Grounding most often occurs with the misuse of CELAS and CBUSH
elements, RBEs, and MPCs

— The GROUNDCHECK command can be used in MSC Nastran to help
determine in any such problems exist.

— Glued contacts are covered by the GROUNDCHECK N-Set Output.

MSGC ASoftware



GLUED CONTACT GROUNDING ISSUES

- While glued contacts may work perfectly in a model, their use can
still cause failures to be flagged via GROUNDCHECK

* IGLUE=1 or 3 will cause grounding if:

— There are gaps or overlaps between the contact surfaces (they are not
perfectly aligned)

— And permanent glued contact is used
— And stress-free initial contact (ICOORD = 1) is not specified

- The above scenario is a common occurrence in real world models

MSGC ASoftware



WHY DOES IGLUE CAUSE GROUNDING?

* Glued contact creates a network of MPCs rigidly linking the

contact bodies together

— IGLUE = 1 will create a network with 3 MPCs per slave node, linking the 3
Translational DOF.

— IGLUE = 3 will create a network with 6 MPCs per slave node, linking the 3
Translational and 3 Rotational DOFs.

— The MPC coefficients for these options will not take the geometry change
caused by a gap or overlap properly into account, leading to “unbalanced”
MPCs and a grounding problem.

MSGC ASoftware



HOW TO PREVENT GROUNDING?

« To prevent a grounding
problem you can:

— Retain initial gaps or overlaps
between the contact bodies
« Check Retain Gaps/Overlaps
— To use IGLUE =2

« Check Retain Gaps/Overlaps
and Retain Moment
— Touse IGLUE =4

— Check Stress-free Initial
Contact
e To use ICOORD =1 which

maintains stress-free initial
contact.

Use only one of these two
options. Don’t use both at the
same time.

Load/Boundary Conditions | Input Data

Geometric Contact Parameters:

Property Set Name: e
glue

Distance Tolerance(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
00

0.0

Hard-Soft Ratio (HARDS)
2.0

[JGlued Contact(IGLUE)

Stressfree InitCont(ICOORD)

[ Delayed Slide OffICOORD)

Select [Node To Segment_~ |

Load/Boundary Conditions | Input Data

Geometric Contact Parameters:

Property Set Name: =
glue

Distance Tolerance(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
00

0.0
Hard-Soft Ratio (HARDS)
20

¥ Glued Contact{iGLUE)
Retain Gaps/Overlaps(IGLUE)

[JRetain Moment(IGLUE)

1 Allow Separation{JGLUE)
1 Stressfree nitCont{ICOORD)
[1Delayed Slide Off(ICOORD)

Select: [Node To Segment ~ |
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GROUNDING EXAMPLE 1

- Faceted face glued contact

- Overlaps exist between the two contacting shell bodies

GROUNDCHECK results with IGLUE=1

»x% [SER INFORMATION MESSAGE 7570 (GEWG1D)

RESULTS OF RIGID BODY CHECES OF MATRIX KNH (H-SET) FOLLOW:
PRINT RESULTS IN ALL SIX DIREECTIONS AGAINST THE LIMIT OF 5.907310E-03
DIRECTION STRAIN ENERGY FPASS-FATL
1 1.183101E-07 PASS

.440489E-08 P&SS
214191F-08 FASS

6

£

2.752106E+05 FATL
5 2.920973E+05 FATL

1.679817E+06 FATL




GROUNDING EXAMPLE 2

- Faceted edge glued contact

- Gaps exist between the two contacting shell bodies

*xx [JSER INFORMATION MESSAGE 7570 (GPWG1D)
RESULTS OF RIGID BODY CHECKES OF MATRIX KHH {H-SET)} FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.8383164E-03
DIRECTION STRAIN ENERGY PASS-FAIL
.959999E-082
.07396%9E-08 PASS
JEO0909E_08 FPASE

f
e
4 GAp300E+04 FA
5 8. 072802E+03 FAIL
5. 370905E+04 FAIL

MSGC ASoftware



GROUNDING TEST MODEL - IGLUE =1

* This model has a gap between the two shell bodies
— 0.1807/2 + 0.1507/2 = 0.165”
— 0.200" - 0.165" = 0.035"
— Contact tolerance is 0.0359”

— As contact tolerance is greater than the gap,
all nodes will find contact and be glued

Slave fine mesh (0.180” thV

* !
@ o ® / y T
1 ~ 0.035 0.200”
0.165" e
y ¢ ® ® A4

Master coarse mesh (0.150” thick)

MSGC




TEST MODEL - IGLUE =1

 Glued contact MPCs shown in Patran

- Grounding check shows the model is grounded

DIRECTION

##x [JSER INFORMATION MESSAGE 7570 (GPWG1D)
RESULTS OF RIGID BODY CHECKS OF MATRIX KHHN
FRINT RESULTS IN ALL SIX DIRECTIONS AGATIHNST THE LIMIT OF

{N-SET) FOLLOW:

STRAIN EHERGY PASS-FAIL
9.822543E-11 FASS
7.821654E-10 PASS
T = I e e s s | PALSS
1.823675E+03 FAID
6.123739E+02 FAIL
L LR vl PASS

2.699252E-04
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TEST MODEL - IGLUE =1

- Perform a free-free modal check
— Run a Normal Modes analysis with all boundary conditions removed
— The model does not have 6 clean rigid body modes

REAL EIGENVALTES
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NHO. CORDER MASS STIFFHESS
1 1 -2.316665E-08 1.522059E-04 2.422433E-05 1.000000E+00 —-2.316665E-08
2 2 3.419700E-09 5.847820E-05 9. 307095E-06 1.000000E+00 3.419700E-09
3 3 £.968504E-09 8.287644E-05 1.319019E-05 1.000000E+00 £.868504E-09
4 4 9.8995302FE-09 9. 947501 3E-05 1.583196E-05 1.000000E+00 9.895302E-09
CE_ 5 2.384104E+03 4 882729E+01 7.771105E+00 1. 000000E+00 2.384104E4+03
3 7. 225346E403 8. 500204E4+01 1.352849E401 1.000000E+00 7.225346E4+03
7 7 7o e29240E405 g, /3455 5E+02 1. 390147E+02 1.000000E+00 7.B29242E405
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TEST MODEL —_ IGLUE — 2 Load/Boundary Conditions | Input Data
28 i

Geometric Contact Parameters:

- Slave nodes will not be projected onto master Property SetName: &
I
surface =

« Turn on Retain Gaps/Overlaps option

Distance Tolerance(ERROR)

* No grounding
Bias Factor(BIAS)

09

~ Interference Closure(CINTERF)
0.0

-
0.0

Hard-5oft Ratio (HARDS)
20

Glued Contact(IGLUE)

Retain Gaps/Overlaps(IGLUE)
[1Retain Moment{IGLUE)

1 Allow Separation(JGLUE)
ClStressfree InitCont(ICOORD)
[1Delayed Slide Off(ICOORD)

Select: [Node To Segment ~ |
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USING STRESS-FREE INITIAL CONTACT

- If stress-free initial contact (ICOORD=1) is
used, no grounding

Load/Boundary Conditions | Input Data

Geometric Contact Parameters:

« The user needs to beware that the model ettt B
geometry has been changed during initial glue
contact detection Distance Tolerance(ERROR)

Bias Factor(BIAS)
09

Interference Closure(CINTERF)
00

- 0.0

Hard-Soft Ratio (HARDS)
20

Glued Contact{iIGLUE)
[IRetain Gaps/Overlaps(IGLUE)
CIRetain Moment(IGLUE)
ClAllow Separation(JGLUE)
| Stressfree InitCont(ICOORDY |
[1Delayed Slide OffICOORD)

Select: [Node To Segment ~ |
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GROUNDING - ANGLE AND TEE CLIPS

- A special case of grounding involves Angle or Tee shear clips,
with or without mouse holes

 When the faces of the flanges are glued to the skin beneath,
grounding issues and missing contact detection can occur at the
junction of the clip flange and web

- Solution is to not include the web in the contact body created,
only use the flange

Angle clip Tee clip

MSGC ASoftware



GROUNDING - ANGLE AND TEE CLIPS

« Recommended practice

— Do not create a contact body which contains both the web and flanges, i.e.,
avoid corners and junctions in a contact body

— When corners or junctions are included in a contact body, the contact
detection behavior can be unexpected

Contact body

Recommended

Tee Clip example

MSGC ASoftware



REVIEW QUESTIONS

1. Why is the stress-free initial contact option important for some
models?

2. What is the difference between permanent glued contact and
general glued contact?

3. How can you define permanent glued contact?

MSGC ASoftware



REVIEW QUESTIONS
4. Can general glued contact be used in SOL103 or SOL105?

5. How can you turn off permanent glued contact?

MSGC



EXERCISE

- Perform Workshop 4, “Natural Frequency Analysis with Glued
Contact”

— Learn to perform a Natural frequency (SOL 103) analysis with glued contact
between solids and shells.

MSGC ASoftware
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SECTION 6

OBTAINING CONVERGENCE AND
FUNDAMENTAL CONTROLS IN LINEAR
CONTACT

NAS133, Section 6, March 2014

Copyright© 2014 MSC.Software Corporation S0
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CONVERGENCE AND CONTROL

« Review of Nonlinear Solution Concepts
« Guidelines for contact

- What to do if non-convergence

MSC A Software



SOLUTION OF ‘LINEAR’ CONTACT ANALYSIS

Even though we use the term ‘Linear Contact’ the simulations are
actually nonlinear in nature due to the potential for intermittent
contact

As such, iterative solution techniques are required that are only
considered ‘successful’ if they achieve ‘convergence’

There will be a chance of FAILED solutions

MSGC ASoftware



ACHIEVING CONVERGED SOLUTIONS

- Follow general guidelines presented here to reduce chances of
failure

- Confirm convergence (look in f06 file)
— Just because a job completes does not mean the results are ‘good’

— Cases where completed solutions are not ‘converged’ solutions
« Convergence specifications too high
« User override of abort logic forcing solution to continue

MSGC ASoftware



ACHIEVING CONVERGED SOLUTIONS

- If non-convergence:
— Review the results that you have
— Request intermediate results
— Add additional output requests as necessary

— Consider running without contact — if the problem still doesn’t run then
contact is likely not the problem (inadequate boundary conditions?)

- Adjust as necessary based on the above output

MSGC



CONTACT GUIDELINES

NAS133, Section 6, March 2014
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CONTACT GUIDELINES

 When defining a deformable contact body, avoid selecting only a
subset of elements:

Limited number of
elements defined in
contactody

e "%f‘
Local normal vector to
the outer boundary may
be completely wrong
NAS133, Section 6, March 2014 S6-7 MSC > ‘Softwa.re'
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CONTACT GUIDELINES

* For contact problems, use the iteration methods FNT or PFNT

— CONV test flags available:
« U = Displacement error
P =Load equilibrium error
W = Work error
* V = Vector Component method
* A = Auto switch

* For contact problems with friction, use CONV test flags UPW
* For contact problems without friction, use CONV test flags PV

When there are no external loads (for example, spring back), PV
checking may not work well. Switch to UV or use PVA for Auto
Switch.

When there are no displacements (such as in thermal expansion),
the UV checking will not work effectively. Switch to PV or use UVA.

* Avoid higher order shells (QUADS8) with contact

MSC A Software



CONTACT GUIDELINES

- The sizes of the contact tolerances D1 and D2 have a significant
impact on the computational costs and the accuracy of the

solution

« Contact tolerances too small:

— Detection of contact is difficult, leading to higher costs. Initial contact might
not be found.

- Contact tolerance too large:

— Nodes are considered in contact prematurely, resulting in a loss of accuracy
— Nodes might “penetrate” the surface by a large amount

MSC A Software



CONTACT GUIDELINES

- Set BIAS to 0.99 for frictional problems to get improved results.
* For shell contact set BIAS to 0.95.

 Use the default for the contact zone tolerance ERROR
— Default is 0.0 or blank

« Use slave to master contact, single search, with

— The softer body as slave, for example, rubber should be slave and steel
should be master

— The finer meshed body defined as slave

MSC A Software



CONTACT GUIDELINES

- Refine the mesh in the area of contact
— Coarse meshes can produce single point contact and promote instability

- Consider smoothing the surfaces in contact, for example, insert a
radius instead of a sharp corner for corner contact. If not possible
then:

— define the body with sharp corners as slave body
— increase ANG2D / ANG3D
— set ICOORD to 2 (delay sliding off)

- Use analytic contact (IDSPL in BCBODY)
— Advanced topic beyond scope of this course

* Run without friction if possible
— May not be possible if friction is required for problem stability

MSC A Software



CONTACT GUIDELINES

« Confirm rigid body normals face away from the deformable body —
otherwise the code may not detect contact

Incorrect normal

The rigid body
normal should point

away from the
deformable body to
be contacted

Correct normal

- Contact can be lost or not found because of too large a load
increment

« Analytical surface definition may be incorrect and causing
“bulbous” corner/edge contact surfaces

MSC A Software



CONTACT GUIDELINES

- Review and reconcile any initial contact over-closures and
openings

 If nodes are modeled behind the contact zone, they will not be
found

 If nodes move behind the contact zone during the analysis, the
increment will be recycled with modified increment size

MSC A Software



CONTACT GUIDELINES

« Use BCPARA,0,NLGLUE,1 in SOLs 101/400:
— When some bodies are glued and others are not
— Bodies are ultimately glued but there is no initial contact

« [If using Glued Contact and ICOORD: Make sure that the resulting
elements will not be distorted too much

Before After

MSGC ASoftware



WHAT TO DO IN THE EVENT OF
CONVERGENCE DIFFICULTIES

NAS133, Section 6, March 2014

Copyright© 2014 MSC.Software Corporation 2019
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CONVERGENCE DIFFICULTIES

- Before embarking on a thorough investigation of why the contact
behavior is not converging, confirm that the contacts are in fact
the problem by running without contact activated — define a
contact table with no pairs active

- Additional boundary conditions may be necessary to prevent
rigid body motion if the contacts were providing support of some
kind

MSGC ASoftware



CONVERGENCE DIFFICULTIES

- |If contacts have been identified as the source of the non-
convergence

— Review output
« Output files (f06, sts)
» Results files (.xdb, .MASTER/.DBALL, .0p2)

— Request additional diagnostic output to .f06
— Request intermediate steps to results files

The Contact Output section

of this course covers these

topics in detail
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CONVERGENCE DIFFICULTIES

 Options to consider
— Smaller timesteps
— reduces numerical ‘effort’ for any single increment
— Increase separation force
— must check results carefully to see if the results are ‘good

— Adjust distance tolerance (typically increase) and bias (typically move
closer to 1.)

MSGC



CONVERGENCE DIFFICULTIES

- Options to consider

— In extreme cases try running with all contacts GLUED and then run
additional test runs releasing (make TOUCH) one contact at a time to see if
the offender can be isolated

MSGC ASoftware



FUNDAMENTAL NONLINEAR CONTROL

NAS133, Section 6, March 2014
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NONLINEAR CONTROL

- Control of MSC Nastran nonlinear solutions is provided primarily

by the MSC Nastran command NLSTEP
Format: (For SOL 400)

1 2 3 4 5 ]

3 7 g Q 10
MLSTEP D TOTTDME | CTRLDEF
GEMERAL™ | MAXITER | MINITER | MAXBIS CREEP
“FIXED" | NINC N0
-ADAPT" | DTINIIF | DTMINF | DTMAYF | ¥DESIR | SFACT | INTOUT | NsMAX
mamp | pame | crormo | mHYS | LMTAR | RsMArL | RBIG
ADIUST | MSTEP B UTOL
“ARCIN" | TYPE | DIINITFA | MINATR | MAXALR | SCALEA | NDESIRA | NSMAXA
“HEAT" | CONVH | EPSUH | EPSPH | EPSWH |EMETHODH| ESTEPH
MANQNE | MAYLSH | LSTOLH
“MECH | CONV EPSU EPAD EPSW |EMETHOD| KSIEP | MECONV
MANQN | MAYIS | LSTOL | FSIRESS
“COUF” |HGENPLAS | HGENFRIC
“RCHEAT™ | SOLVER | DRLMCA | ARIXCA | BALENG | DAMPC | GRVCON | CSGFAC
NRLOOP | OUTINV | DIIMEL
Format: (For SOL 101)
1 2 3 4 5 ] ) g Q 10
NLSTEP iv CTRLDEF
LONT NINCC | CONVC | EPSUC | EPSPC | EPSWC | MAXDIVC | MAXBIS

MAXITERC | MINITERC

MSGC



NLSTEP BULK DATA ENTRY FOR SOLUTION 400

- This entry for solution 400 contains all analysis disciplines

Copyright© 2014 MSC.Software Corporation

1 2 3 s 5 6 7 8 Y 10
NLSTEP ID TOTTIME
“GENERAL" | MAXITER | MINITER | MAXBIS CREEP
“FIXED" NINC NO
“ADAPT” | DTINITF DTMINF DTMAXF NDESIR SFACT INTOUT NSMAX
IDAMP DAMP CRITTID IPHY'S LIMTAR RSMALL RBIG
ADJUST MSTEP RB UTOL
“ARCLN" TYPE DTINITFA | MINALR | MAXAIR | SCALEA NDESIR | NSMAXA
“HEAT” CONVH EPSUH EPSPH EPSWH |KMETHODH | KSTEPH
MAXQNH | MAXLSH | LSTOLH
“MECH" CONV EPSU EPSP EPSW KMETHOD KSTEP MRCONV
MAXQN MAXLS LSTOL FSTRESS
“COUP” | HGENPLAS | HGENFRIC
“RCHEAT” | SOLVER DRLXCA | ARLXCA | BALENG DAMPC GRVCON CSGFAC
NRLOOP OUTINV DTIME1
NAS133, Section 6, March 2014 S6 - 22 Software




NLSTEP BULK DATA ENTRY FOR SOLUTION 101

 ID: invoked by NLSTEP case control command

« CTRLDEF: keyword to select smart linear contact default, the
values "LCPERF" or "LCACCU" are available along with blank

— LCPEREF specifies the performance preference during analysis,
— LCACCU prefers accuracy for analysis
— Blank uses default parameters same as in the old NLPARM option

1 2 3 4 5 6 7 8 9 10
NLSTEP ID CTRLDEF
"LCNT" NINCC CONVC EPSUC EPSPC EPSWC | MAXDIVC | MAXBIS
MAXITERC | MINITERC
CTRLDEF | NINCC CONVC | EPSUC | EPSPC | EPSWC MAXDIVC | MAXBIS MAXITERC | MINITERC
LCPERF 1 PV 1.e-3 1.e-3 1.e-7 3 S 25 0
LCACCU 1 UPVv 1.e-2 1.e-2 1.e-2 5 5 25 0
10 PV 1.e-2 1.e-2 1.e-2 3 5 25 0

MSGC

Software



NLSTEP BULK DATA ENTRY FOR SOLUTION 101

3

4

10

NLSTEP D

CTRLDEF

"LCNT"

NINCC

CONVC

EPSUC

EPSPC

EPSWC

MAXDIVC

MAXBIS

MAXITERC

MINITERC

* You can specify nonlinear control parameters following LCNT
keyword if smart default is not suitable for any contact model

— NINCC: Number of increments

— CONVC: Flags to select convergence criteria (Character = “U”, “P”,
“W”’”V”’”N”’”A” and Combinations)

— EPSUC, EPSPC, EPSWC: Error tolerances for displacement (U), load (P)
and work (W) criteria.

— MAXDIVC: Limit on probable divergence conditions per iteration

— MAXBISC: Maximum number of bisections allowed for each increment
— MAXITERC: Limit on number of iterations for each load increment

— MINITERC: Minimum number of iterations of a load increment

MSGC ASoftware



NLSTEP - ERROR CALCULATION METHODS

* There are three methods to compute the error:

— Weighted Average Method
» The errors are computed using the weighted average of all dof's of the model.
 This is the default method.

— Vector Component (V) Method

» Convergence checking is performed on the maximum vector component of all
dof’s in the model.

— The Length (N) Method

» The length of a vector at a grid point is first computed by the SRSS method. Then
the error checking is performed on the maximum length of all grid points in the
model.

MSGC ASoftware



NONLINEAR OUTPUT CONTROL

NAS133, Section 6, March 2014
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NONLINEAR OUTPUT CONTROL

- A status file will automatically be written for each SOL101 job with
contact

information summary of job: ./demo 400 nlio std
version: MSC Nastran 2013.0.0, Built on May 30, 2013
date: Mar 26, 2014; Day Time: 13:00:34
subcase inc cycl sepa cut cycl split separ cut rmesh time step total time wall time cpu time max resp. type
/step # # # # # # # # # # of of
1 |--of the inc-—-|----—-——---—- of the analysis----------- the inc the job
1 0 0 0 0 0 0 0 0 0 0.0000E+00 0.0000E+00 2.00 1.40 0.0000E+00 disp
1 1 4 0 0 4 0 0 0 0 1.0000E+00 1.0000E+00 2.00 1.44 -1.5486E+02 disp
Job ends with exit number : 0
total wall time: 2.00
total cpu time: 1.47

exit DEFINITION —--—-—--
0 Jjob terminates normally
1 Jjob terminates abnormally (check Fatal Error Message in F06)

 Further information can be found in the f06 file

MSGC ASoftware



NONLINEAR OUTPUT CONTROL

INON-LINEAR ITERATTION

SOLUTION

CONTROTL

PARAMETERS

LOOP CONTROLS FOR : SUBCASE i, STEP i, SUBSTEP 0
SOLUTION CONTROL PARAMETERS FROM : NLSTEP ID : 1
Total Time of Loading Case (TOTTIME) 1.00E+00
Maximum Number of Iterations (MAXITER) 10
Minimum Number of Iterations (MINITER) 1
Maximum Number of Bisection (MAXBIS) 10
Creep Option (CREEP) .......c.ieeeieeenennn 0
Number of Fixed Increments (NINC) ....... 1
Interval of Output (NO) ................. il Standard FO6 OUtPUt
Convergence Criteria (CONV) ............. P Vv
- Displacement (EPSU) ...... -1.00E-01
Tolerance - Residual Force (EPSP) ...... 1.00E-03
- Work (EPSW) ...... 1.00E-01
Option of Rotations and Moments (MRCONV) . 3
Matrix Update Option (KMETHOD) .......... PENT
Matrix Update Increment (KSTEP) ......... 1
Maximum Quasi-Newton Vectors (MAXQN) 0
Maximum Line Searches (MAXLS) ........... 0
Line Search Tolerance (LSTOL) ........... 5.00E-01
Error Tolerance in YF (FSTRESS) ......... 2.00E-01
*** UJSER INFORMATION MESSAGE 6204 (NL3EMA)
0.000000E+00 SECONDS REQUIRED TO DECOMPOSE MATRIX.
$1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0 1
$1.00000E+00 1 2 9.33E-02 1.62E+00 8.19E+02 0.060 O 1 0 2.41E+03 3.233E+06 1.13E+01 -1.558E+02 62 1.000 O 1 2
$1.00000E+00 1 3 5.83E-03 1.66E-01 2.07E-02 0.063 O 1 0 1.60E+00 3.233E+06 1.12E+01 -1.549E+02 62 1.000 O 2 3
$1.00000E+00 1 4 3.07E-06 7.29E-07 8.63E-03 0.093 O 1 0 2.71E-05 3.233E+06 1.12E+01 -1.549E+02 62 1.000 O 3 4
*** JOB CONVERGES FOR THE CURRENT STEP.
*** SUBCASE 1 STEP 1 IS COMPLETED.
MSC A Software




NONLINEAR OUTPUT CONTROL

- LOAD STEP
— step number minus 1 plus fraction of step, i.e. 0.08 = 8% of first step

NO. INC

— increment number

ITR
— iteration number

DISP LOAD WORK

— displacement, load and energy errors, must be smaller than the tolerances
EPSU, EPSP and EPSW

« CONV RATE
— should be between 0 and 1, bigger than 1 means, the solution will never
converge
LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG mor, 00000 = = = = = DI = = = = = = LINE S NO. TOT TOT
STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R FORCE WORK AVG MAX AT GRID C FACT NO QNV KUD ITR
%$1.00000E+00 1 1 1.00E400 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0 1
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NONLINEAR OUTPUT CONTROL

ITR DIV
— divergence counter, > MAXDIV triggers the divergence process

MAT DIV
— divergence counter for element and material routines

NO. BIS
— number of bisections

AVG R_FORCE
— average residual force (forces and moments); should be small

TOTL WORK
— approximate total work

DISPLACEMENTS: AVG MAX AT GRID C
— average, maximum displacement at grid in direction ¢

%1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 62 1.000 O 0

LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG monL . = = = = = DIJP = = = = = =

STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R FORCE WORK AVG MAX AT GRID C FACT NO QNV KUD ITR

LINE S NO. TOT TOT

1

MSGC

Software



NONLINEAR OUTPUT CONTROL

« LINE_S: FACT NO

— line search factor a and number of line searches

« NO. QNV

— number of Quasi Newton Vectors

- TOT KUD/ITR

— total of stiffness updates / iterations

LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG TOTL. - - - - - DISP
STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R FORCE WORK AVG MAX

51.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1

1

0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02

—————— LINE S NO. TOT TOT
AT GRID C FACT NO QONV KUD ITR

62 1.000 O

0

1
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NONLINEAR OUTPUT CONTROL

« Case Control command NLOPRM is also available

Format:
NLOPRM = [OUTCTRL = {STD.SOLUTION,INTERM}]
§ NONE 1
— N3DBAS | |
NLBASIC.NRDBG,ADVDBG.{ N3DMED
N3DADV
- NONE 1-
LTIME NONE 1
DBGPOST = ¢ LSTEP |, | MPCPCH = { BEGN.OTIME,STEP
LSUBC 'I“BEGN.YOTIME.YSIEP[
B c By 2
Example(s):
NLOPRM OUTCTRL=STD, SOLUTION DBGPOST=LTIME
NLOPRM OUTCTRL= (SOLUTION, INTERM), MPCPCH=(OTIME, STEP)

MSGC



NONLINEAR OUTPUT CONTROL

- Example using Case Control: NLOPRM NLDBG=ADVDBG

*** USER INFORMATION MESSAGE 6204 (NL3EMA)
0.000000E+00 SECONDS REQUIRED TO DECOMPOSE MATRIX.

maximum residual force at node 6 degree of freedom 1 is equal to .566E+05 FO6 Output:
maximum reaction force at node 1 degree of freedom 1 is equal to .072E+04 . . .
residual convergence ratio 2.687E+01 F"'St |terat|0n
maximum residual moment at node 5 degree of freedom 6 is equal to .656E+04
maximum reaction moment at node 1 degree of freedom 6 is equal to .982E+04
residual convergence ratio 4.664E-01
maximum displacement change at node 6 degree of freedom 2 is equal to 1.587E+02
maximum displacement increment at node 6 degree of freedom 2 is equal to 1.587E+02
displacement convergence ratio 1.000E+00
maximum rotation change at node 6 degree of freedom 6 is equal to 2.381E-01
maximum rotation increment at node 6 degree of freedom 6 is equal to 2.381E-01
rotation convergence ratio 1.000E+00
strain energy change at this iteration is 6.53309E+06
strain energy change at this increment is 6.53309E+06
relative energy error is 1.00000E+0Q0
%$1.00000E+00 1 1 1.00E+00 2.69E+01 1.00E+00 1.000 1 1 0 4.92E+04 6.533E+06 1.06E+01 -1.587E+02 6 2 1.000 O 0 1
MSGC _ASoftware



BOUTPUT DEFINITION IN PATRAN

)3 (Bl

Optimize | |Toptomize|

Home Geometry Properties Loads/BiCs Meshing
CIPC I e i
— | — s £
Entire | Selected Load Analysis Read | Submit
Maodel | Group | SimKpert Deck

Analyze Create Existing Deck

Analysis

s . T T
~xdb op2 F a’* ﬂﬁ; 'ﬁpral
L L L L L

Results Durability

|

] el

XDE CQutput? | MASTER/ | 116/119 | d3plot e | [ ([ =11
DEALL I
Access Results Delete Actions

SUBCASE NAME: Defaul
SOLUTION SEQUENCE: 101

Element Strains
Grid Point Stresses
!Grn Point Force Balance
| Grid Point Stress Discontinuities
| Element Stress Discontinuities
Contact Resufts

Select Result Type
I Element Strain Energies b]

Output Requests.

DISPLACEMENT(SORT1,REAL)=AIl FEM
STRESS(SORT1,REAL, VONMISES BILIN)=All FEM PARAM,NC
SPCFORCES{SORT1,REAL }=All FEM

BOUTPUT(SORT1 REAL)=All FEM

(& i | (2]

[ Detete J

[CJTme

‘ This is a default subcase.

SUBTITLE

| Default

[JLaBeL

| This load case is the default load case that always appears

| [ pefauns | [ cance

o
A

J

NAS133, Section 6, March 2014
Copyright© 2014 MSC.Software Corporation

Solution Sequence: 101

Action: Create

Available Subcases lE

[oelawt [

Subcase Name
! Default |

Available Load Cases lE

| o ———————————)

Subcase Options

Subcase Parameters... ]

[ Output Requests... |

[ Direct Text Input... |

[ Select Explict WPCs... ]

cocs

S6 - 34

Anahrsis|
Acton: B
Method:

Code: MSC.Nastran

Type: Structural

Available Jobs E

Job Name

! temp

Job Description (TITLE)
MSC.Nastran job created

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcazes...

Subcase Select...

(]
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FUNDAMENTAL CONTROLS IN CONTACT - SUMMARY

- Contact analyses are nonlinear and require a nonlinear solution
 NLSTEP controls all nonlinear behavior
- Smart logic is built into NLSTEP and is a good starting point

- Additional output requests are available by NLOPRM if difficulties
are encountered in gaining convergence

- General guidelines detailed in this section show path to
convergence

MSGC ASoftware



REVIEW QUESTIONS

1. Which separation criteria should be used when quadratic
elements are used in contact analysis?

2. Why could friction sometimes make a model more stable?

3. What should be the first thing to do if a contact analysis did not
run to completion?

MSGC ASoftware



REVIEW QUESTIONS

4. When does a node separate from the contacted body?

5. What does contact chattering mean?

6. What values should | use for my contact parameters of distance
tolerance, separation force, bias, etc.?

MSGC ASoftware
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SECTION 7
CONTACT WITH SHELLS IN MSC NASTRAN

NAS133, Section 7, March 2014

Copyright© 2014 MSC.Software Corporation S MSGC



REVIEW

- Deformable Contact Bodies
— Collections of similar type elements (i.e. shells, solids, bars...)
— Treated using ‘normal’ FEA approach (flexible)

- Rigid Contact Bodies
— Collections of geometries to be treated as rigid
— Can be moving or stationary

- Contact can be deformable-deformable or rigid-deformable

- Contact Bodies can ‘TOUCH’ed, be ‘GLUE’d, or ignore other
Contact Bodies

MSGC



CONTACT DETECTION FOR SHELLS

- Shells can have contact at their bottom, top and mid-plane
— By default, contact is checked for top and bottom
— Patran allows user specification, see next page

 In order to define other scenarios the parameter COPT is
introduced

- This parameter has additional functions (see following pages). In
the future it will define which different element classes contribute
to one single BCBODY

— At this time a BCBODY may consist only of one element class, for example
quadratic shells

MSGC ASoftware



CONTACT DETECTION FOR SHELLS

- Patran allows specification of what shell surface should be
considered for contact

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

i (= 7§ = > = | = =

Displacement | Force | Temperature | Velodity | Acceleration | Crack(VCCT) || Element I Element || Contact||| Create Initial LBEC Create LBC _!—DEWBDUHMWCDWND"S: Input Data

Constraint {Unifarm {|Variable ~/|Bodiies || Body Pair || Conditions ={|Actions ~{| Load Case ||Fields -| e

)

R i i —Options

Load/Boundary Conditions |

Body2iSlave: Body1/Master:
Action L
Solid Element Contact Options:
Object:
Type Include Outside Inciude Outside
Rigid/Shell Element Options:
Current Load Case:
Dol ] Include Quiside Include Outside
Type: Static
Check Layers: Check Layers:
[TDDIBDﬂDm .4 J [Tupn’BDttDm . 4 ]
Eose it et sl [1ignore Thickness [ lgnore Thickness

Edges Contact Options:

Include Edges Include Edges

Check For. Check For:
{Beawﬂar e ] lBeﬂmear hd ]

I OK ] IDeiauh.s] l Cancel J

New Set Name
contact_pair_1

”
I [ Input Data... II
[ Select Application Region... J
[
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CURRENT LIMITATIONS

- Composite Layup Offset

— MSC Nastran currently does not look at the Z0 definition in PCOMP and
PCOMPG when doing contact search

— It assumes the layup is centered about the grid plane
— ZOFFS on the CQUADA4/8 entry is supported




SHELL CONTACT ANALYSIS EXAMPLES

- Shell and beam contact examples

Edge-to-edge contact Face to face contact

NAS133, Section 7, March 2014

Copyright© 2014 MSC.Software Corporation 576
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SHELL CONTACT ANALYSIS EXAMPLES

|
il
A
i

At
A

L

A

f
i

-Face

-to

Shell Edge

Face-to-Face

Shell Edge-to-edge

Shell Face-to-Face

MSaSoftware'
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SHELL CONTACT ANALYSIS EXAMPLES

- Shell Contact Analysis can be explained well by reviewing a
series of Case studies

- The following page will introduce you to a live demo of Edge to
Edge contact

- More examples of Shell contact can be found in Appendix D
— Shell Face-to-Face Touching Contact
— Curved Shell Face-to-Face Touching Contact
— Shell Edge-to-Face Glued Contact
— Defining Contact With Tees & Clips

MSGC ASoftware



CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT
* Meeting in the middle

Play Case study video:
NAS133 S7 cs edge to edge




CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT

* The contact bodies are located in the same plane, with the same
thickness

Shell thickness display

MSGC ASoftware



CASE STUDY 4: SHELL EDGE-TO-EDGE GLUED CONTACT

- Edge-to-Edge Contact

— Ignore shell thickness for both bodies - simply glue the mid-planes of the
shell bodies together (don’t try to detect corner-to-corner contact)

Load/Boundary Conditions : Input Data |

Body2/Slave: Body1/Master:

Solid Element Contact Options:

Include Outside Include Qutside

Rigid/Shell Element Options:

Include Outside Include Outside

Check Layers: Check Layers:
ITDna'Eluﬂum X J ITum'Buﬂum ol J

lgnore Thickness [“Jjgnore Thickness

Include Edges Include Edges

Check For: Check For:
[Eearrn'Bar 2 I [B&amrﬂar b ]
i Ok i I Defaulis ] [ Cancel Ii
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CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT

- Wait just a Moment! | LosdBoundary Conditns | 020102t |
— Turn on moment carrying
Capability to enable the glued GeumetricCDntactParamet&%

Property Set Name:

joint to transfer moments dummy_geom prop

Distance Tolerance(ERROR)

Bias Factor(BIAS)
0.89999993

Interference Closure(CINTERF)
0.

Hard-3oft Ratio (HARDS)
2.

Glued Contact(IGLUE)
[[] Retain Gaps/Overlaps(IGLUE)
Retain Moment(IGLUE)
[] Allow Separation(JGLUE)

|:| Stressfree InitCont(ICOORD)

[ Delayed Slide OFf(ICOORD)

Select; INude To Segment >

Contact Detection(ISEARCH)
@ Automatic

) Single Sided

() Double Sided

i Ok i [Defaults] [Cancel]
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CASE STUDY: SHELL EDGE-TO-EDGE GLUED CONTACT

« Plot the deformed shape
— The two plates appear to deform as one assembly

MSGC ASoftware



CASE STUDY: SHELL EDGE-TO-EDGE CONTACT

- Plot the Contact Status
— 0 indicates a retained node (master)
— 1 indicates a tied node (slave)

MSGC



REVIEW QUESTIONS

1. Contact can occur between which types of bodies?

2. Which shell surfaces can be used for contact?

MSGC



REVIEW QUESTIONS

Htus, . (NON-LAYERED)

3. Why is the second row of nodes inside the Master body marked

as master nodes?

MSGC



WORKSHOP 5 - SHELL FACE TO FACE CONTACT

- Create glued contact between shell faces.

- Please perform Workshop 5

AVEE oy wos N

AP Y sy
N A e

NI




WORKSHOP 6 - CURVED SURFACE CONTACT

- Demonstrate that in order to get good glued contact results the
order of contact body creation is important for solver
requirements.

- Please perform Workshop 6

MSGC ASoftware
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FRICTION

* Friction is a complex physical phenomena that is dependent on
surface roughness, temperature, normal stress, and relative
velocity

- Bodies in contact that move tangentially to each other will
develop shear stresses at their interface - these stresses are due
to friction

 If the stresses reach a critical value the bodies will slip and move
relative to each other

- As long as the stresses remain below this critical value the bodies
are in “stick” status

MSGC ASoftware



FRICTION

 Two friction models, Bilinear Coulomb and Bilinear Shear, are
supported in MSC Nastran

* Friction causes additional iterations in nonlinear analysis and
usually leads to longer runtime

* Friction may make model more stable by preventing contact body
free motion (such as free rotation of a pre-stressed bolt) and
therefore improve convergence

MSGC ASoftware



COULOMB FRICTION

« The critical value when slipping starts to occur usually depends
on the contact stress o,

° Gysiip = "M O, t, With u as the friction coefficient and t as the slip
direction

Friction o,

Gt,slip -

A Step function behavior

slip y
« This friction model is called Coulomb Friction

- The step function is discontinuous since the status is either stick
or slip

MSGC ASoftware



BILINEAR COULOMB FRICTION

« Since stick means infinite stiffness, a bilinear function is applied
to avoid numerical difficulties

* The bilinear model assumes stick and slip conditions correspond
to reversible (elastic) and permanent (plastic) relative
displacements

Friction o, f,

Gt,slip’ 1:t,slip -

0 slip vy, u,

o = slip threshold
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BILINEAR COULOMB FRICTION

- The calculation proceeds as follows

— As for elastic-plastic material the rate of the relative tangential displacement
is split into an elastic (stick) and a plastic part (slip)

C e ey
u=u +u
— The slip criteria is defined as:

¢ =|f|-nf, : é<0(stick),¢=0(slip)

— The rate of change of friction force vector is related to the elastic tangential
displacement by

E

f, = Di, = D(u,—u, )

MSGC ASoftware



BILINEAR COULOMB FRICTION

- With these assumptions the rate of the resulting friction force can

be expressed as

u, = (D-D )u,

non-symmetric, but
symmetrized

MSGC

Software



BILINEAR COULOMB FRICTION

« The Coulomb friction model may not correlate well with
experiment if the frictional tractions exceed the flow stress or
failure stress of the material

Linear Coulomb Model

u

Observed Behavior

-

- Therefore the user may define a friction stress limit o, ;. FRLIM
on the BCONPRP entry, so that the maximum friction stress will
be o

Friction Stress Limit

i S —

min(/,tan, O-t’ limit) [

P*O- n
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BILINEAR SHEAR FRICTION

« The second friction model available in MSC Nastran is the Shear
Friction Model

- In this model the friction stress is a fraction of the equivalent
stress O in the material

o .. .. O o
|0'r| < mT (stick) and 6, = —m— -t (slip)
3 3

m is the friction factor

- Similar to Coulomb friction, the bilinear model is adapted and the
shear stress due to friction is limited by

: o)
GI — F??IH(F??G I?’I—)

n’ =
3
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FRICTION INPUT

The Input parameters for friction are

NO friction, FTYPE=0. Default.

Coulomb Friction, FTYPE=6 in BCPARA

Shear Friction, FTYPE=7 in BCPARA

Friction coefficient, FRIC in BCBODY or BCONPRP (preferred)
Friction stress limit, FRLIM in BCONPRP

Slip threshold ¢ is input in BCPARA as

RVCNST for node to segment contact. Its default is 0.0025 times the average

edge length of the elements defining the deformable contact bodies.

STKSLP for segment to segment contact. Its default is 0.0 for the maximum

sticking displacement to be taken.
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SETUP FRICTION IN PATRAN

 Friction is not taken into account by default

- User needs to do two things to activate friction effect
— Enter friction coefficient
— Select friction model

 Friction coefficient can be defined in the contact body or the
contact pair

* It is preferable to enter friction coefficient for the contact pair
since friction is between contact bodies

MSGC



SETUP FRICTION IN PATRAN

Home  Geomel Propertie: Loads/BCs Meshing  Analysis Results Durahility
x ‘ ¥4 : e & P " [ ||& | ¢
N Y AN 0
o \" - z |8 ||| "
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total 7 Deformable] Rigid | Color Code Create
Constraint Load Load Load Load ] Bodies Bod)'P
MNodal Element Unifarm Element Va Contact Bodies Body Pai

- If friction is entered through
the contact body definition,
the friction coefficient for a
contact pair is determined by

— Average value for deformable-
deformable contact

— Value of the rigid body for
deformable-rigid contact

Friction coefficient can be

entered when defining
individual contact body

| Load/Boundary Conditions | Input Data | |

Friction Coefficient (MU)
B

<

Time-Dependent Fields

Define: |Analytic Contact ~

Define Boundary

Boundary Typ e:

|

=

60.0
0
[ Contact Options... J
I OK ] I Reset

([T || % || 75| i-;- | e[| |

|G| |£I| x| i || 78|
Initial | ILoadeoundary Condmons |
Acton
Object
Type: Element Uniform  ~

Option:

Deformable Body <

Current Load Case:

Untitled. 5C1...

Type: Static

Existing Sets

DEFORM.3
DEFORM 4
DEFORM.5

New Set Name

Target Element Type:

r h Input Data...

|

[ Select Application Region...

J

Aoply-

MSGC
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SETUP FRICTION IN

PATRAN

Loads/BCs Meshing Analysis Results Durability

||| |

I

{ = C n
o B @ B (@] (B R B N
" " = e = I
Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformable | Rigid | Color Code Create
Load Load Load Load | 2 | Bodies Body Pair
Modal Element Uniform Element Va... Contact Bodies Body Pairs | |Init

* Friction coefficient between a
contact pair can be entered in

the physical contact
parameters form

Load/Boundary Conditions | Input Data |
.

Physical Contact Parameters:

Property Set Name: B
| interference

Select: |Structural ~

Fric Stress Limit (FRLIM)

Load/Boundary Conditions x|
Load/Boundary Conditions |

Action o]
L

Type:  [Element Uniform ~ |

Current | oad Case:
Default... I

Type: Static

Existing Sets 2

New Set Name
interference

| 1E+020

"
MMW i

{ } Input Data._.. ]

[ Select Application Region... ]

-Apply-
[3]
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SETUP FRICTION IN PATRAN

« Friction model is defined under Analysis / Solution Type /
Solution Parameters / Contact Parameters / Friction

Friction Parameters for Contact Analysis

Type: I None
Shear ana
o Only Bilinear -
Shear for Rolling COUIOmb and B|I|near
Coulomb for Rolling |
Elomieen | sicisin . | Shear models are
Bilinear M Bilinear Shear supported in solutions
rancition ; v Bilinear Coulomb 5 _ 101 and 400.
105
Friction Force Tolerance: 0.05

Heat Generation Conversion Factor: | 1.0

OK | | Defauts | [ ~Cancel |
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SETUP FRICTION IN PATRAN

 Friction model uses an additional check on the convergence of

the friction forces

- The convergence criterion is based on relative friction force. The
default convergence tolerance is 0.05

(LA
El

Friction Parameters for Contact Analysis

Type: IBilinear Coulomb  ~|

Coulomb Friction Models
| Modal Force ~

[Slip Threshaold]: 00
Bilinear Model
T Redi 1e-006
1.05
Friction Force Tolerance: 0.05

Heat Generation Conversion Factor: | 1.0

OK | | Defauts | | Cancel
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BOLTED PLATE

- Two plates connected by a bolt

CASE STUDY

d bottom plate

IXe

« Pressure on top plate and f

h
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Play Case study video

NAS133 S8 cs bolted

_plate
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CASE STUDY: BOLTED PLATE

 Create 3 contact bodies

BXFPatran 2013 64Bit i

i File Group Viewport Viewing Display Preferences Tools Help Utilities

Home  Geometry  Properfies | Loads/BCs = Meshing  Analysis  Results  Durability

E = = Bl 2 | E|& 4 |F E ¥ (=3~ 8 N ow EENE] R S ETEN
‘ e |y | cslals * laja

- DITIER | Rigil | ColorCode ([ Greate feate =

H| Bodies || Body Pair || € | % Load Case ||| 28

Element Va.. Contact Bodies Body Pairs | |Initial Co...| | LBC Acti...| | Load Cases || LBC Fields|

Constraint Load Load Load Load

Displacement | Force | Temperature | Velocity | Acceleration | Crack(WVCCT) (| Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total ‘
Nodal Element Uniform le

LDEnf gk

=] bolted_plate.db - default_viewport - _cdb_1bolt - Group Blafl —————— £E
bolt Load/Boundary Conditions |

Action: _Creale -

Object:

Type: Element Uniform =
Option:  [Deformable Body _~ |

Current Load Case:
pressure... ]

-y

2]

15 (0 1 + O &

3bot

B

Type: Static

N 1]

Existing Sets B
1boit
2top
3bot

New Set Name

Target Element Type:

3]

Input Data... Il
[

NAS133, Section 8, March 2014
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CASE STUDY: BOLTED PLATE

Loads/BCs Meshing Analysis Results Durability
sip lx. &7 Ix @, -p‘ r# l|u z:[ [l ||e | N | iy 2
|78 || =]
Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total | Deformable | Rigid | Color Code
Load Load Load Load | | Bodies
Modal Element Uniform Element Va... Contact Bodies Body Pairs | |Init

Load/Boundary Conditions
Load/Boundary Conditions |

Action:

Object:

Type:

Element Uniform ~

- Define 3 contact pairs
— Bolt and top plate
— Bolt and bottom plate
— Top plate and bottom plate

o0y Pa DpICa bon

Body P

air Application Region |

Mode:

|Existing Bodies ~ |

Body1/Master/Touched

Y

lutalid
i~

Body1 Name:
EtDp

] Self Contact

Body2/Slave/Touching

g

Body2 Name:
3ot

| < I [

Current Load Case:

pressure. ..

Type: Static

Existing Sets
| bolt-bot
|bolt-top

New Set Name
| top-bot

[ Input Data...

I Select Applicatioh Region...

MSGC

Software



CASE STUDY: BOLTED PLATE

Loads/BCs Meshing Analysis Results Durability

2 - : : } Ay
|45 g x @@ =4 r.. 4 | j [ || | %
» ¥ 2| & (R AR ES D =« Ll LA R °3
|78 || =]
Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformable | Rigid | Color Code
Load Load Load Load [~ Bodies
Modal Element Uniform Element Va... Contact Bodies
,ﬁ Data

- Enter geometric and physical
contact parameters

— Use default geometric
parameters

— Set friction coefficient to 0.3

The bolt and the
top plate are free
to rotate about z-

axis and the model
is unstable without
friction

Load.’Buundafy Conditions | Input Data |

Physical Contact Parameters:

Property Set Name:
| bolt

Select' |Structural ~

Friction Coefficient(FRIC)
0.3

Fric Stress Limit (FRLIM)
1E+020

=

Geomelric Contact Parameters:

Property Set Name: B
bolt

Distance Tolerance(ERROR)

Bias Factor(BIAS)
0.9

Interference Closure{CINTERF)
0.0

Hard-Soft Ratio (HARDS)
20

O Glued Contact{IGLUE)

[ Stressfree InitCont(ICOORD)
[ Delayed Slide OffICOORD)

Select: |Node To Segment ~

Contact Detection(ISEARCH)
O Automatic

< Single Sided

® Double Sided

oK | [Defauris] [Cancel

M

|~

MSGC

Software



CASE STUDY: BOLTED PLATE

« Select Bilinear Coulomb friction model

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

b 7B, B 1 1 b, = =
L O O Ha R R A A | & minl il
Entire || Selected | Load Analysis Read | Submit ||| 0”@‘ | '”E” XDB | Output2 | MASTER/ | Attach
Model | Group | SimXpert || Deck — DBALL | output2 | Static Solution Parameters lanatysis . x
Analyze Create Existing Deck Optimize ||Toptomize| Access Results ¥l Database Run |m‘
DE oLk ®- [ Cyclic Symmetry Action: e
[ Contact Control Paramete =% | s -
l\momatic Constraints Object:  |Entire Model ~
CONTACT Control Parameters eriia Relief — Method: |Full Run ~
| Analysis | Solution Type |
1
il - Alternate Reducti MSC Nastran |
=i ethod: |Node to Segment ~ bkl bl Solution Type Code: MSC.Nastran
BOL 600 Run
Friction Parameters for Contact Analysis o Deformable Method: ! fliee ol i)
e ’ e 0L 700 Run o700 Paramet Solution Type:
-Sided O Single-Sided ®LINEAR STATIC -
Type: None e Constiaint Euertions ell Normal Tol. Angle = CNONLINEAR STATIC :?}v:ni:jble ;?:5
CollmhE | s Caiction e ©ONORMAL MODES o
i Coulomb \ . S OBUCKLING
Shear for Rolling [ goiactbetection. J ta Deck Echo: © COMPLEX EIGENVALUE
Coulomb for Rolli i - = Ll
—— EEER AT L 5 \1\\ Separalion... ] R e 1000 || OFREQUENCY RESPONSE
[ShDjIKes SRR - Es ] OTRANSIENT RESPONSE Job Name
Bilinear M¢__ Bilinear Shear ! amum Printed Lines = _ | ©NONLINEAR TRANSIENT botted_plate
Tra [ ¥ Bilinear Coulomb | Augmentaic i CIMPLICIT NONLINEAR ||| Job Description (TITLE) =
ODDAM Solution MSC Nastran job created at
MLt &f | 1.05 | pntact Parameters _Mass Conversion = 10 ‘ 18:00:13
Friction Force Tolerance: | 0.05 1F Ipesal Contact deid for Wt Gener = [ Select ASET/QSET |
SUBTITLE
S 1 fault Initial Temperature = \ r
Heat Generalion Conversion Factor: | 1.0 ;
fault Load Temperature = LABEL
[ 0K ] [ Defaults J P Cancel | ol id Element Type: AT Solution Parameters... |
Temeaion Check: |Per lteration ¥ 3 " [ \ Translation Parameters ]
2 Solution Sequence: 101 I \\ ]
Solution Type. ..
Other Parameters T ContactParameters.. | U Direct Text Input ]
[JReduce Printout of Surface Definition -
[ Fatigue Parameters... | [ OK | [ Cancel J & [ Select Superelemens... |
I
[ Resuts Output Format.. | ! Subcases... |
OK | | _Defauts | [__Cancel | [ Subcase Select |
” T OK | [_Defauts | [ Cancel | L
Apply (3¢
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CASE STUDY: BOLTED PLATE

* Plot contact friction force

6.57+001
6.13+001F
5.69+001
5.26+001—
4.82+001—
4.38+001—
3.94+001+
3.50+001
3.07+001I
2.63+001
2.19+001
1.75+001
1.31+001

8.76+00
4.38+00
0,

Deform: SC1:PRESSURE, A1:Static Subcase, Displacements, Tr.

default_Fringe :

Max B.57+001 @Nd 7373

Min 0. @Nd 8789
default_Deformation :

Max 3.54-001 @Nd 3000

MSGC ASoftware



REVIEW QUESTIONS

1. How do you activate friction?

2. How do you enter friction coefficients?

MSGC



SECTION 9
CONTACT RESULTS OUTPUT

NAS133, Section 9, March 2014
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CONTACT RESULTS OUTPUT

« BOUTPUT - Output of contact results
— contact status, contact forces and stresses

- param,ph2out — phase 2 output (default=0)

— 0 —regular phase lll output (performed when all steps and subcases have
been completed)

— 1 — phase |l output only. This is useful when the run is terminated
abnormally before the phase lll outputs are formatted and printed. Prints in
SORT1 format. There will be no output for the upstream superelements.

— 3 — both phase Il and phase |l outputs. In this case, some of the outputs for
the residual structure may be redundant.

MSGC ASoftware



CONTACT RESULTS OUTPUT

NODAL FORCES AND STRESSES IN 3D CONTACT ANALYSTIS
LOAD STEP = 1.00000E+00 SUBCASE 1 STEP 1
GRID STATUS CONTACT FORCES - RESIDUALS FRICTION FORCES NORMAL FRICTION FRICTION
EXCLUDING FRICTION STRESS STRESS 1 STRESS 2
- IN GLOBAL SYSTEM - - IN GLOBAL SYSTEM - - IN CONTACT LOCAL SYSTEM -
1 0 0.0000E+00 0.0000E+00 4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
2 0 0.0000E+00 0.0000E+00 4.5417E-01 0.0000E+00 0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
3 0 0.0000E+00 0.0000E+00 4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
4 0 0.0000E+00 0.0000E+00 4.5417E-01 0.0000E+00 0.0000E+00 0.0000E+00 1.8167E-02 0.0000E+00 0.0000E+00
15 1 -3.1514E-18 1.3866E-17 -4.5417E-01 0.0000E+00 0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
16 1 -3.1514E-18 1.7648E-17 -4.5417E-01 0.0000E+00 0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
17 1 1.2606E-18 1.7648E-17 -4.5417E-01 0.0000E+00 O0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
18 1 1.2606E-18 1.3866E-17 -4.5417E-01 0.0000E+00 0.0000E+00 0.0000E+00 7.2667E-02 0.0000E+00 0.0000E+00
STATUS DEFINITION -----
= 0 node is a retained node
= 1 node is a tied node (touching node)
f06 file
m
Model 1,2,3,4
—)
15, 16, 17, 18
S
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CONTACT RESULTS OUTPUT

« Patran Contact Status Plots
Scalar —

L &

00+000

default_Scalar
Max 1.00+000 @Nd 2
Min 0. @Nd 27

1,00+000I
Vector e

¥ default_Vector :
Max 4.17+001 @Nd 69
Min 0. @Nd 27

MSGC ASoftware



PLOT THE CONTACT STATUS

 Plotting the Contact Status

— First request Contact Results as an output e
. SOLUTION SEQUENCE: 1041
quantity

— Next specify MASTER/DBALL as results

Form Type:

Select Result Type
output format (contact results are not Elment Siran Energies 2l
. . | Element Strains |
available in the XDB format) Grid Poin Stresses

| Grid Point Force Balance

!Grid Paoint Stress Discontinuities
| Element Stress Discontinyies

| Contact Resulis

_Output Requests
| DISPLACEMENT{SORT1, REAL)=All FEM 5
| STRESS(SORTY REAL WONMISES BILIN}=AN FEN: PARAN N{

| SPCFORCES(SORTY REAL}=All FEM
|BOUTPUT(SORTREAL)=AIFEM |

Print

[ ] MASTER Only [E3) m i

[ ok | | oDefauts | | cancel

NAS133, Section 9, March 2014 ,
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PLOT THE CONTACT STATUS

 Plotting the Contact Status
— Attach the MASTER/DBALL
— Make a scalar marker plot

Analysis |

Action: [ﬁhc:c:&ss Results ¥ ]

S T

Method:  |Result Entties ¥ |

i Results |

=

fus, .. (NON-LAYERED]

]
A)
I
&

Title Editor...

Show Title [] Lock Title

[] show Max/Min Label
[] show Scalar Label

: lintitled. SC1, Static Subcase
|SC1;.Al:Static Subcase

NAS133, Section 9, March 2014
Copyright© 2014 MSC.Software Corporation

S9-6

Select Scalar Result

| Friction contact force, Magniude
| Mormal contact force, Magnitude
| Touched Body, First

MSGC




PLOT THE CONTACT STATUS

- Contact status shows 0’s and 1’s
— 0 indicates a retained node (master)
— 1 indicates a tied node (slave)

Scalar Unfitled SC1, A1:Stati act Status, |, (NON-LAYERED)

0 0 o
0
1
Memory aid
NAS133, Section 9, March 2014 S9.7 MSC A Software
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PLOT THE CONTACT STATUS

* 0 indicates a retained node (master)

- 1 indicates a tied node (slave)

18

w
o
w
a0
T

MOMN

gl

= ST
U S Y T TAYAY
%ﬁwﬁ%ﬁ%
SOy
WAV VAW

VAWAVAYAVAVAVAVAY
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PLOT THE GLUE MPC EQUATIONS

« MSC Nastran internally generates MPC
equations to represent the permanent glued
contact

Casze Control Section

HLOPRM MPCPCH=BEGN

« The user can request for these equations be
output to a punch file

— Specify NLOPRM MPCPCH=BEGN in the Case
Control section

D Nastran Syztem Cell Section
i) File Management Section
D Executive Control Section

.+ Case Control Section

(@] solid_face2face_glue.bdf BDF File © Bulk Data Section
P solid_face2face_glue.db M5C.Patran Datab...
| solid_face2face_glue.db.jou JOU File E
| solid_face2face glue.DBALL DBALL File
7| solid_face2face_gluefi4 FO4 File
\Z| solid_face2face_gluefl6 FO& File
| solid_face2face_glue.log Text Document
7| solid_face2face_glue MASTER MASTER File
PCH File
7| solid_faceface_gluexdb XDB File

MSGC



PLOT THE GLUE MPC EQUATIONS

« Review the MPC equations
— Open the .pch file in any text editor

S Slave node

File Edit Search View Tools  Macros  Configure Window  Help
N BERE fEBER DO EE 20 @5 4mECH o
STITLE = MD WASTRAN JOB CEEATED OH 10-JAW-11 AT 11:21:
SSUBTITLE=
SLABEL =
SHPC
SsEEAL OQUTFPUT
§SUBCASE ID = 1 1]
SSIBSTER ID =
SLOAD FACTOR (OR TIME) = 0.0000000E+00
MPC= 2 4281 3 0.100000000D0+01
* 80490 3 0.123845890D+00
* 7959 3-0.837537039D-01
* s0gs 3 0.120187733D+00
* 7978 3-0.518008600D+00
* 3-0.460632124D+00
* goa9 3-0.181639246D+00
*
M 4281 2 0.100000000D+01
* 2 0.123845890D+00
* 7959 2-0.837537039D-01
* 2 0.120187783D+00
* 7978 2-0.518008:600D+00
* 2—-0.460632124D+00
* goa9 2-0.181639246D+00
*
M 4281 1 0. 100000000D+01
1 0.123845890D+00
79549 1-0.837537039D-01
/& 1 0.120187733D0+00
* 7978 1-0.518008600D+00
Master nodes 7| : 7979 10, 4606321240400
* goase 1-0.181639246D+00
*
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PLOT THE GLUE MPC EQUATIONS

- Plot the MPC equations
— Import the .pch file into Patran

— Need to set Nodes ID offset to 0
before importing

| Entity Label Offset Definition
Input Offset Value
0

Define Label Offsets for Selected Entities:

ic Offset

Entity Existing ID Range in Db New ID
Mininum | Maximum Offset/Maximum
Nodes 1 ' 8693 < : >
Elements 1 il 5557 Auto |
Material Properties “Auto
.t;_lx;..ment.Prnﬁerti.es .Autu
Coordinate I;rames Auto
Load Sets Auto
Subcases Auto
weoam | || Auto

Look in: | [ Training __:] & i ot -
MName = Date modified Ty Souree:

|| solid_face_to_face.pch 4/16/2013 2:38 PM Pt

Current Group

[ defaut_group

TSC.Nastran Input Options.. T

1| 1 |

r
File name: i'_pch .LI -Apply- |
Files of type:  [MSC Nastran Input Files {*bdf} = Cancel |

Cancel

Define Offsets...

[ ] create Prop. & Matl. Groups

Retrieve Names From Comments

MSGC ASoftware



PLOT THE GLUE MPC EQUATIONS

- Plot the MPC equations

— Visually inspect the glued joint. Does the MPC pattern make sense? Is it
uniformly distributed or spotty? Would reversing the contact search order
improve the glued joint?

— After reviewing the MPCs, don’t forget to remove them from the database
by using UNDO or deleting them manually.

MSGC ASoftware



NLOPRM

This Case Control command provides additional information on
the contact procedure and can be used for debugging.

It can additionally provide direct access to nonlinear solutions
even when the job is still running.

NLOPRM NLDBG: Provides information in F06 file

— = N3DBAS: For 3D contact, prints error tolerance of each contact body.

— = N3DMED: For 3D contact, prints summary table of all contact parameters
(in addition to N3DBAS)

— = N3DADV: For 3D contact, prints body contact information in long form (in
addition to N3DBAS and N3DMED)

— This information is available for touching contact only.

MSGC ASoftware



NLOPRM

« NLOPRM DBGPOST: Selects POST options
— = LTIME: Output all iterations in last load or time increment
— = LSTEP: Output all iterations in last STEP
— = LSUBC: Output all iterations in last SUBCASE
— = ALL: Output all iterations

« NLOPRM MPCPCH: Create Punch file of contact constraint
equations as MPC Constraints

— = BEGN: MPC Punch at beginning of very first iteration
— = OTIME: MPC Punch at every user requested output step
— = STEP: MPC Punch at end of each load case

- Complete description of this command can be found in the Quick
Reference Guide

MSGC ASoftware



GLUE CONTACT - STATUS

- Contact Status and other contact results for glued contact are
NOT available for post-processing in Patran

- Determining the glued contact status is important. It is possible to
glue only a few nodes on a large surface. This leads to incorrect
deflections and stresses

- Glued contact can be evaluated by examining the deflected
shapes and stresses of the model

 The MPCs used to model linear contact can be created during the
MSC Nastran run in a punch (*.pch) file

MSGC ASoftware



WORKSHOP 7 - INTERFERENCE FIT

- Perform an interference fit using both a fitted closure and
geometric overlap

Fringe: SC1:DEFAULT. Al:Static Subcase. contact force. Normal. Magnitude, (NON-LATYERED)

1 77+002
|
|

1 38+002
1.26+00255

7.31+001
6.01+001
4.71+001

3.40+001
2.10+001
default_Fringe :
Max 2.17+002 @Nd 28740
Min 2.10+001 @MNd 4644
defautt_Deformation :
Max 1.60-002 @Nd 10727

MSGC ASoftware



WORKSHOP 8 — BOLTED JOINT ANALYSIS
« Compare SOL 101 and SOL 400 analyses for a bolted joint.

NAS133, Section 9, March 2014

Copyright© 2014 MSC.Software Corporation S0
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REVIEW QUESTION

How can you request additional output for model debugging?

MSGC ASoftware



APPENDIX A
TYPES OF OUTPUT SUPPORTED

NAS133, Appendix A, January 2014

Copyright© 2014 MSC.Software Corporation a
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TYPES OF OUTPUT SUPPORTED

Possible MSC Nastran Output Files

xdb

enhanced master/

o op2* dball

MSC Nastran entry

param, post, 0

param, post, -1 param, post, 1 system(316) =19

Types of output

displacement yes yes yes yes
constraint force yes yes yes yes
stress/strain yes yes yes yes
gpforce yes yes no no

contact no no yes yes
composite failure no no yes yes

« * Attach to Patran as MASTER

MSGC ASoftware




APPENDIX B

SIMCOMPANION EXAMPLES OF
GLUED/TOUCHING CONTACT

NAS133, Appendix B, March 2014

Copyright© 2014 MSC.Software Corporation o
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LINK TO SIMCOMPANION EXAMPLES

- Below is the link to MSC Nastran 2013 Demonstration Problems
Manual found on SimCompanion. It contains several examples of
contact problems:

http://simcompanion.mscsoftware.com/infocenter/index?page=content
&id=D0OC10447

MSGC ASoftware



LIST OF PERTINENT CHAPTERS FROM MANUAL

- Chapters that include examples of either glued or touching
contact

— Chapter 04: 3-D Loaded Pin with Friction

— Chapter 23: Bolted Plates

— Chapter 25: Modal Analysis with Glued Contact

— Chapter 26: Interference Fit Contact

— Chapter 47: Dynamic Impact of a Rigid Sphere on a Woven Fabric
— Chapter 49: Shell Edge Contact

MSGC
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APPENDIX C
NODE TO SEGMENT CONTACT

NAS133, Appendix C, March 2014

Copyright© 2014 MSC.Software Corporation e
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CASE STUDY 1: SHELL EDGE-TO-EDGE GLUED CONTACT

« First define the contact bodies

LoadBoundary Conditions

Typs: |Element Unifarm, M

Option: befnrmable Biody = l

Current Loz Case:
Detfautt... ]

Typee: Static:

Existing Sets g

Mewy Set Mame

small plate

LoadBoundary Condtions |

Action:

Type:  [Element Unifarm

Option: v Deformable Body
Rigid Bady

Currert Loa| Slide Line

2

wEE: Siatic

=Ll s Geometry
FEM
Region
Element Property

| Select Application Region

Application Region

Select Surfaces

Surface 1

Mew Set Mame
large plate.

Target Element Type:

( Irut Dista...

[ Select Application Region...

-Apnly-

MSGC

Software



CASE STUDY 1: SHELL EDGE-TO-EDGE GLUED CONTACT

« The contact bodies are
located in the same plane with
the same thickness

Shell thickness display

MSGC ASoftware



CASE STUDY 1: SHELL EDGE-TO-EDGE GLUED CONTACT

 Next define the Contact Pair
— Set Sma”_Plate as Master I.EudyPairApplicatiun Reginn._. [ 4
— Large_Plate as Slave.

Mode: Existing Bodies ¥ |
« Use the Reverse Bodies to switch the order.
Body1/MasterTouched 'E
Body1 Mame:
zmall_plate

[ ] 5elf Contact

Body2/Slave/Touching 'E

large_plate

Body2 Mame: ‘

MSGC ASoftware



CASE STUDY 1: SHELL EDGE-TO-EDGE GLUED CONTACT

 Next define the contact table

— Important step: Set contact option to ignore shell thickness for both bodies.
This tells MSC Nastran to ignore the top and bottom faces of the shell
elements and simply glue the mid-planes of the shell bodies together.

Load/Boundary Conditions | Input Data |

| Load/Boundary Condttions | Inout Data |
‘Geometric Contact Param
Property Set Name:

eters:
iy =
Body2iSlave: Body1/Master:
olerance(ERROR) Solid Element Contact Options:
ias Factor(BIAS) Include Outside Include Outside

Rigid/Shell Element Options:

Include Outside Include Outside

ard-Soft Ratio (HARDS) Check Layers: Check Layers:
ITopiBonnm '] |Toprottom b 4

[ Glued Contact(GLUE) lgnore Thickness [lignore Thickness

Edges Contact Options:

gsvm 4 ) Include Edges Include Edges
Delayed il )

Check For: Check For:
Select:

IBearntBar ‘J IE&arntBar ‘]

E OK J lDefauIts] I Cancel I:

MSGC ASoftware



CASE STUDY 1: SHELL EDGE-TO-EDGE GLUED CONTACT

- Next define the contact table
— Important step: Turn on moment carrying capability to enable the glued joint

to transfer moments

Glued Contact(IGLUE)
[ ] Retain Gaps/Overla pe{iGLUE)

D Allow Separation(JGLUE)
|:| Stressfree IntCont(ICOORD)
[ | Delayed Slide Off(ICOORD)

=elect: [Nud.& To Segment b

Contact Detection(ISEARCH)
{:} Automatic

{*) Single Sided

(") Double Sided

MSGC



CASE STUDY 1: SHELL EDGE-TO-EDGE GLUED CONTACT
 What the MSC Nastran entry looks like

BCONPRP Physical Contact Parameters of Touching Bodies in SOLs 101 and
400
Defines physical contact parameters of touching bodies used in SOLs 101 and 400 only.
Format:
1 2 3 4 5 & & 2 o 10
BCONPRP PID PARAMI | VALl |PARAM | VALY | PARAMS3Y | VALZ
b ]
PARAMA | VAL4 | PARAMS | VAL3 -etc.-
Example:
| BCONPRP | 90 | FRIC 03 | | | |
BCONECT 8003 3001 p 1
BCONPRG 3001 COPTHM 1061 COPTS IGLUE 3
ISEARCH 1
BCTAEL1 1 BDO3

MSGC



CASE STUDY 1: SHELL EDGE-TO-EDGE GLUED CONTACT

« Plot the deformed shape
— The two plates appear to deform as one assembly




CASE STUDY 1: PLOT THE CONTACT STATUS

 Plotting the Contact Status
— 0 indicates a retained node (master)
— 1 indicates a tied node (slave)

atus. . (NON-LAYERED)

MSGC ASoftware



CASE STUDY 1: PLOT THE GLUE MPC EQUATIONS
- Plot the MPC equations

MSGC



CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

- Just like curved face-to-face glued contact presented earlier,
curved shell edge-to-edge contact also typically involves gaps
and overlaps between contact bodies

MSGC



CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

- Gaps and overlaps

MSGC



CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

1.

Search from fine mesh
to coarse mesh

Ignore shell thickness

Activate moment
carrying capability

Activate stress-free
initial contact (recall
that this will moved the
slave nodes to the
master surfaces to
close the gaps and
overlaps)

Load/Boundary Conditions | Input Data

Body2iSlave: Body1/Master:

Solid Element Contact Options:

Include Outzide Include Cutside

Rigid/Shell Element Options:

Include Cutside Include Cutzide

Check Layers:
lTDIlI'BEI-ﬁEII'I'I

Check Layers:
hd J lTuw'Eluttnm b ]

Ignore Thickness Ignore Thickness

Edges Contact Options:

Include Edges Include Edges

Check For:
IEI&ﬂrru'Elar 4 I

Check For:
IEearru'Elﬂr = I

I Ok ] Il}efaurts] I Cancel ]

Load/Boundary Conditions | Input Data

2]

eometric Contact Parameters:
Property Set Mame: E
dummy_geom_prop

Distance Tolerance(ERROR)

Bias Factor(BLAS)
0.89995993

Interference Closure(CINTERF)
0.

Hard-Soft Ratio (HARDS)
2

Glued Contact(IGLUE)
D Retain Gaps/Overlaps(IGLUE)

I Retain Moment(IGLUE)

[©

N/

) Allow Separation(JGLUE)

[¥]istressfree InitCont(ICOORD)

'@

|| Delayed Shide Off(ICOORD)

Select: |Node To Segment =

Contact Detectien(ISEARCH)

) Automatic N\

() Single Sided klj I

_J Double Sded

l oK J [Defaurtsl I Cancel ]'vi

MSGC
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CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

« Plot the deformed shape
— The mesh interface appears to be partially glued
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CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

 Plot the contact status

— The glued contact status appears “spotty”. A number of fine mesh nodes
did not get glued.
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CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

- Plot the MPC equations
— A number of fine mesh nodes were not found during contact search
— The default contact tolerance is probably too small

MSGC ASoftware



CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

« Adjust the contact tolerance
— The default contact tolerance is 0.0495 which is too small
— Change the contact tolerance to 0.090

MSGC



CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT o

- Adjust the contact tolerance
— Change the contact tolerance to 0.090

R Property Set Name: E
so it is larger than the largest gap cunmy_geon prop

Distance Tolerance(ERROR)

0.09

0.39599992

Interference Closure(CINTERF)
0.

Hard-5oft Ratio (HARDS)
2.

Glued Contact({IGLUE)
|:| Retain Gaps/Overlaps(IGLUE)
Retain Moment(IGLUE}
|:| Alow Separation(JGLUE)
Stressfree InitCont(ICOORD)
[ Delayed Side OffICOORD)

Select: [Nud.e To Segment =

Contact Detection(ISEARCH)
(3 Automatic

(%) Single Sided

(" Double Sided

i QK J IDefauIts] I Cancel ]
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CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

* Plot the deformed shape
— The glued joint looks much better

MSGC



CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

* Plot the contact status

itact Status, | (NON-LAYERED)
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CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

* Plot the MPC equations




CASE STUDY 2: CURVED SHELL EDGE-TO-EDGE
CONTACT

- What the model looks like after stress-free initial coordinates
adjustments (ICOORD=1)

Original model After adjustments

MSGC ASoftware



MSaSoftware'

— 2-D — midsurfaces
« Do mid-surfaces intersect at “1"?

— 3-D—asis

CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT

- ldealized mid-plane — to — surface connections

« How s it modeled?



MSaSoftware'

Shell edge to  Shell edge to shell
shell face face (at t/2 away)

Shell edge to

tet face

Shell edge to
hex face

CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT



CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT

- Slave and Master choices are important
— The shell edge body needs to be the Slave.
— The face body needs to be the Master.

MSGC ASoftware



CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT

 Turn on the moment
carrying capability

Load/Boundary Conditions n Input Data I

X| @ X

‘Geometric Contact Parameters:
Property Set Name: 'E
dummy_geom_prop

Distance Tolerance(ERROR}

Bias Factor(BIAS)
0.28999998

Interference Closure(CINTERF)
0.

0.

Hard-Soft Ratio (HARDS)
2

Glued Contact(IGLUE)

|| Retain Gaps/Overiape(IGLUE)
Retain Moment(IGLUE)
|:| Allow Separation(JGLUE)

|:| Stressfree IntCont{ICOORD)

|:| Delayed Slide Off(ICOORD)

Select: |Node To Segment =

Contact Detection(ISEARCH)
O Automatic

(®) single Sided

() Double Sided

ol

[
(sl )}

i Ok j [Defautts] [Cancel ]i
|»

I

MSGC

Software



CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT

| Load/Boundary Conditions | Input Data

- Set the Slave body to ignore shell
thickness ¥ |PC
— This is the recommended practice

— Not ignoring the shell thickness can lead
to unexpected results

Body2/Slave: Body1/Master:

Solid Element Contact Options:

Include Qutside Include Qutside

Rigid/Shell Element Options:

Include Outzide Include Outzide

Check Lavers: Check Layers:
[Tu pBottom % ] lTuprluttum =

......................................

lgnore Thickness [ Jidnore Thickness:

Edges Contact Oplions:

Include Edges Include Edges

Check For: Check For:
[B&arnn'Ear .4 ] IElearnfElar s I

L 0K I [D&faurts] ll:ancel ]

MSGC ASoftware



CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT

- Shell body at t/2 away
— No special modeling technique is required
— Contact is found at the shell element face

Ignore shell

thickness
(Slave)

2 Master

Shell body at t/2 away

MSGC ASoftware



CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT

- Shell bodies right against each other
— Need to ignore shell thickness in order for contact to be found

— If shell thickness is not ignored on the Master, the Slave nodes will search
for the Master upper and lower faces and not find them.

Slave

Master

Ignore shell

thickness
(both)

MSGC ASoftware
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. [NON-LAYERED]

ontact Status. |

It A1:Static Subcase, Cr

%_._._ e

e

ralar: Defan

CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT

* Plot contact status



CASE STUDY 3: SHELL EDGE-TO-FACE GLUED CONTACT
« Plot MPC equations

e NN




CASE STUDY 4: DEFINING CONTACT WITH TEES & CLIPS

- Surface-to-Surface contact?

- Edge-to-Surface contact?

QA

NAS133, Appendix C, March 2014
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CASE STUDY 4: ANGLE AND TEE CLIPS

Angle with
mouse hole

Angle

Tee

Skin

MSGC ASoftware



CASE STUDY 4: ANGLE AND TEE CLIPS

« Recommended practice

— Do not create a contact body which contains both the web and flanges, i.e.,
avoid corners and junctions in a contact body

— When corners or junctions are included in a contact body, the contact
detection behavior can be unexpected

Contact body

Contact body

Recommended

Tee Clip example

MSGC ASoftware



CASE STUDY 4: ANGLE AND TEE CLIPS

« Define contact bodies




CASE STUDY 4: ANGLE AND TEE CLIPS

* Plot contact status

se, Contact Status. . . [NON-LAYERED)

Missing glued
contact

MSGC



CASE STUDY 4: ANGLE AND TEE CLIPS

- Plot MPC equations for angle clips

Missing MPC’s at
corner nodes f

MSGC



CASE STUDY 4: ANGLE AND TEE CLIPS
* Plot MPC equations for the clips

Missing MPC’s at
Tee junctions

MSGC



CASE STUDY 4: ANGLE AND TEE CLIPS

 Redefine contact bodies

NAS133, Appendix C, March 2014
Copyright© 2014 MSC.Software Corporation
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CASE STUDY 4: ANGLE AND TEE CLIPS

« Redefined contact bodies
— Plot contact status
— All corner and junction nodes are now glued

ubcase. Contact Status, . . (NON-LAYERED)

MSGC



CASE STUDY 4: ANGLE AND TEE CLIPS

- Redefined contact bodies
— Plot MPC equations
— All corner and junction nodes are now glued

MSGC



CASE STUDY 4: ANGLE AND TEE CLIPS

« Recommended practice

Recommend

Avoid




CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

 Two shell bodies lie in the same plan

* An in-plane gap exists

MSGC ASoftware




CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

* Glued the two plates as in Case Study 4
« Plot the deformed shape

« The plate edges are partially glued

MSGC ASoftware



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

* Plot the contact status
— 2 nodes did not get glued

—= Missed 2 nodes

NAS133, Appendix C, March 2014
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CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

* Plot the MPC equations
— 2 nodes did not get glued

—— Missed 2 nodes

MSGC ASoftware



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT

WITH IN-PLANE GAP

« Examine the default contact tolerance
— The default value is 0.0625
— The largest in-plane gap is 0.090
— Let’s increase the contact tolerance to 0.100—— |

Load/Boundary Conditions | Input Data |

Geometric Contact Parameters:

Property Set Name: E
dummy_geom_prop

Distance Tolerance(ERROR)
0.1

Bias Factor{BIAS)
0.89999993

Interference Closure{CINTERF)
0.

0.

Hard-Soft Ratio (HARDS)
2.

Glued Contact{IGLUE)
|:| Retain Gaps/Overlaps(IGLUE)
Retain Moment{IGLUE}
DAIIDW Separation(JGLUE)

|:| Stressfree InitCont(ICOORD)

[ Delayed Slide Off(ICOORD)

Select: [Nudg To Segment >

Contact Detection(ISEARCH}
O Automatic

(*) Single Sided

() Double Sided

L OK ] IDefaurLsI [Canc

el ‘;v.

MSGC

Software



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

- Analysis results for contact tolerance of 0.100
— Same results as before. No improvement.




CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT

WITH IN-PLANE GAP

 How to handle in-plane gaps

— The contact tolerance (ERROR)
is measured normal to the
Master element face. That's why
increasing this value did not help
bridging across the in-plane gap.

— The delayed slide off tolerance
(SLIDE) can be used to bridge
the in-plane gap

« By default, this slide off tolerance
is equal to the default contact

tolerance. It extends the Master
element edge by this amount.

* |If this default tolerance is not
enough, then the user can set a
specific slide off tolerance by

» Set ICOORD=2 to activate the
SLIDE parameter

» and set SLIDE to the desired
value

Contacttolerance
(ERROR)

Slide off

'~._ tolerance (SLIDE)

MSGC



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT

WITH IN-PLANE GAP

- How to handle in-plane gaps
— Set ICOORD=2
— Set SLIDE=0.10

Geometric Contact Parameters:
Property Set Name: @
dummy_geom_prop

Distance Tolerance(ERROR)
0.1

Bias Factor(BIAS)
0.89999993

Interference Closure(CINTERF}
0.

Load/Boundary Conditions | Input Data |

+ Slide Off Distance(SLIDE)
0.1

Hard-Saoft Ratia (HARDS)
2.

Glued Contact(IGLUE)
|:| Retain Gaps/Overlaps(IGLUE)
Retain Moment(IGLUE)
|:| Allow Separation(JGLUE)

F Delayed Slide Off{ICOORD)

Select: (Node To Segment v

Contact Detection(ISEARCH}
O Automatic

() single Sided

() Double Sided

ol x|

k OK i IDefaultsI [Cancel Iiv‘:

MSGC

Software



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP
« What the MSC Nastran entries looks like

T DIITCT ITAT INpOT 0D DOUIR DECH
FLELM FCST 0
| PREAM PETHMLXTM YES
ECFAERR a0 HLGLUE O
HLEFAEM 1 HG
ECTAEL1 O BOO03
BCOCHECT 8003 3001 2 1
| BGCOWMPRG 3001 COPIS 106l ERECE .1 ICCCRD 2
IGLUE 3 ISEARCH 1 SLIDE .1
BCTABL1 1 8003
| £ Node=s of the Entire Model
GRID 1 0. 0. 0.
| GRID* 2 .2000000025980232 0.
0.
GRID* 3 -400000005960465 0.
0.

MSGC ASoftware



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

- Analysis results for new ICOORD and SLIDE settings
— Deformed shape plot shows that both plates appear to be fully connected

MSGC ASoftware



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

- Analysis results for new ICOORD and SLIDE settings
— Plot contact status
— All nodes are connected

MSGC ASoftware



CASE STUDY 5: SHELL EDGE-TO-EDGE GLUED CONTACT
WITH IN-PLANE GAP

- Analysis results for new ICOORD and SLIDE settings
— Plot MPC equations
— All nodes are connected

MSGC ASoftware



CURRENT LIMITATIONS

- Composite Layup Offset

— MSC Nastran currently does not look at the Z0 definition in PCOMP and
PCOMPG when doing contact search

— It assumes the layup is centered about the grid plane

What MSC Nastran thinks is
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APPENDIX D

SHELL TOUCHING CONTACT CASE
STUDIES

NAS133, Appendix D, March 2014

Copyright© 2014 MSC.Software Corporation o
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SHELL CONTACT ANALYSIS EXAMPLES

- Shell Contact Analysis can be explained well by reviewing a
series of Case studies

- The following examples of Shell contact are included in this
Appendix
— Case Study 1 — Shell Face-to-Face Touching Contact
— Case Study 2 — Curved Shell Face-to-Face Touching Contact

MSGC



CASE STUDY 1: SHELL FACE-TO-FACE
TOUCHING CONTACT e s |

- First define the contact bodies
Object:

Type: [Etemert Uniform x]

LoadBoundary Conditions Type:
Type: [Etemert Unitarm ¥ | FEM
Opt [Deformable Body ¥ | Region
Element Property
Currert Load Case:
[ Rl ] Application Region
Typ Stati Select Surfaces
Surface 2

Existing Sets @

Mewy Set Mame

upper_plate
Target Element Type:

[ Input Data... |

Mewy Set Name
lowver _plate |_ Select Application Region. .. ]
-&pply-

MSGC ASoftware



CASE STUDY 1: SHELL FACE-TO-FACE TOUCHING
CONTACT

- The contact bodies are located at (t1+t2)/2 apart
— Upper plate is 0.125 thick
— Lower plate is 0.090 thick

0.1075=(0.125
+0.09)/2

Shell thickness display

Patran: Utilities\Display\Display Shell Thickness

MSGC ASoftware



CASE STUDY 1: SHELL FACE-TO-FACE TOUCHING

CONTACT

- Next define the contact Pair: Tools>Modeling>Contact

Bodies/Pair

: File Group Viewport Viewing Display Preferences | Tools | Help Utilities

MSC Fatigue L3

Laminate Modeler 4
Random Analysis...
Analysis Manager...
List 17

Mass Properties...

Beam Library...

Regions...

Modeling b Model Contents...
Design Study S Properties Import...
Results 3 Load Tools...

User Defined AOM... Monel Vatizbles..

Pie-Balease N Element Quick Create..,

Property Data Plots...

Mass Property Management...
Assembly

Experimental D'ata Fitting...
Bolt Preload...

Rotor Dynamics...

M5M Properties...

Feature Recognition...

Contact Bodies/Pairs...

(' I Create Contact Bodies/Pairs

Create Body Pair ¥

Digtance Telerance:
(%) All Bodies ( Deformable Only
Create From
(¥ Entire Model ) Current Group

O Current Viewport O Select Bodies

Contact Property Set
(3) Defautt O Individual

O Specify

dumrmy_geom_prop

dummy_phy_prop

Cancel

Load/Boundary Conditions ! Input Data |

Geometric Contact Parameters:
Property Set Name: lE
dummy_geom_prop

Distance Tolerance(ERROR}

Bias Factor(BIAS)
0.9

Interference Closure{CINTERF}
0.

0

Hard-Soft Ratio (HARDS)
Z

[ Glued Contact{IGLUE)

|:| Stressfree InitCont(ICOORD)
[[] Delayed Slide Off{ICOORD)

Select: |Node To Segment A

Contact Detection(ISEARCH)
O Automatic
) Single Sided

i OK l [Defauits] [Cancel ]i .
|»

|

MSGC ASoftware



CASE STUDY 1: SHELL FACE-TO-FACE TOUCHING

CONTACT

 Plotting the Contact Status

— First request for Contact Status as an output
quantity

— Next specify MASTER/DBALL as results output
format (contact results are not available in the
XDB format)

F esults Output Format
[Jorz E ) Print [ ]Punch

[ IMASTER Only

1K ] [ Defaults ] i Cancel I

SUBCASE MAME: Default
SOLUTION SEQUEMCE: 101

Farm Type:

Select Result Type

Elemert Strain Energies
Eletnent Strains

Grid Point Stresszes

Grid Point Force Balance

Cutput Requests i
DISPLACEMENT(SCORTY REAL)=AI FEM
STRESS(SORTT REAL WONMISES BILIM)=240 FEM; P
SPCFORCES(SORT1 REAL)=AN FEM

BOUTPUTISORTY REAL)=AI FEM

MSGC ASoftware



CASE STUDY 1: SHELL FACE-TO-FACE TOUCHING
CONTACT

* Run a linear static analysis

— Attach MASTER/DBALL (contact results are not available in the XDB
format)

— Plot the deformed shape in true scale
» Penetration happens!

— Plot normal contact force marker

Normal contact force

Deformation

MSGC ASoftware



CASE STUDY 1: SHELL FACE-TO-FACE TOUCHING
CONTACT

« von Mises stress result

H shell“faceZface’db ="defatlt” viewport - [ower_plate™ Group

Fringe: SC1:, Al:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers

-




CASE STUDY 1: SHELL FACE-TO-FACE TOUCHING

CONTACT

* Plotting the Contact Status

— 0O indicates a touched node (master): nodes on the

segment

« Memory aid: 0 for a patch
— 1 indicates a touching node (slave)

Bubcase, Contact Status, , , (NON-LAYERED)

0]

0.

_1.00+0G9

o

-~ 1.00+000
0. U

i Anahysis |

Action: [.&.ccess Fesutz ¥ J

Orbject: Aftach MASTER =

|

hethoc: Result Ertities >

[ Title Ecitor .. ]

Show Title [JLock Title

[ showy haxmin Label

|:| Shovy Scalar Lakel

|.Hesurts |

Action:

ALWEDE

S

Select Result Cases
ol ntitled =
— =

Select Scalar Result
R

Contact Status,

FIEtiarreortEet torce, Magnitude
Marmal cortact force, Magnitude
Touched Body, First —
Touched Body, Second [v_!:

MSGC ASoftware




CASE STUDY 1: FIRST RUN PLOT THE CONTACT STATUS

« Contact status shows 0’s and 1’s
— 0 indicates a touched node (master)
— 1 indicates a touching node (slave)

Bubcase, Contact Status, , , (NON-LAYERED)

0.
0. 0.
0. 0.
0 1.00+0G0

0. 0.

- 1.00+000
0. U

Memory aid

MSGC ASoftware



CASE STUDY 1: CONTACT SEARCH OPTIONS

« The MSC Nastran default option for contact search order
(ISEARCH=0) was used.

— First Pass: MSC Nastran first searches from each node on the lower-ID
body toward elements on the higher-ID body.

— Second Pass: MSC Nastran next searches from each node on the higher-ID
body toward elements on the lower-ID body.

« The new contact node-face pairs do not conflict with those already created during
the first pass)

N\

MSGC ASoftware



CASE STUDY 1: HOW ISEARCH WORKS

- The default option for contact search order (ISEARCH=0)

Upper Plate
BCBODY 2

Lower Plate
BCBODY 1

MSGC

e First
pass

- Second
pass

—

Software



CASE STUDY 1: CHANGE SEARCH ORDER TO ISEARCH=1

 Would a different contact search order option produce a
better touching joint?

 Try ISEARCH=1
— The user defines one body as Slave and one body as Master
— The search order is from Slave to Master

— Selecting the finer-mesh body as Slave in general produces a
better touching contact.
« Select the upper plate (finer mesh) as the Slave.
« Select the lower plate (coarser mesh) as the Master

MSGC ASoftware



CASE STUDY 1: SECOND RUN PLOT THE
CONTACT STATUS FOR ISEARCH=1

* Plotting the Contact Status
— 0 indicates a touched node (master)
— 1 indicates a touching node (slave)

t Status, , . (NON-LAYERED)

T Moo+0oo
1.00+000
1004000

1.00+000

1.00+000

default_Scalar :
Max< 1.00+000 (@Nd 66
Min Q. @Nd 46

MSGC




CASE STUDY 1: SECOND RUN DEFORMATION AND
NORMAL CONTACT FORCE FOR ISEARCH =1

8 shell_faceZface.db - default_viewport - lower_plate - Group

1.87+001

Vector: SC1:, Al:Static Subcase, contact force, Normak- (NON-LAYERED)

default_Vector :
Max 7.45+001 @Nd 66

Normal Contact Force

Deformation

MSGC ASoftware



CASE STUDY 1: SECOND RUN VON MISES STRESS FOR
ISEARCH=1

shell_faceZface.db - d'e‘a'u!t_ﬁeWpur't - lower_plate - Group

Fringe: SC1:, Al:Static Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers
1.39+003

y 4 ' 'j



CASE STUDY 1: CHANGE SEARCH ORDER TO ISEARCH=2

« MSC Nastran can select the Slave and Master bodies for you
automatically based on element edge size and thickness

* This is done with ISEARCH=2
— The contact tolerance for each body is computed

— The contact tolerance is equal to 1/20 of the smallest element edge for 2y
element in a contact body or 1/4 of the thickness of any shell element in a
contact body, whichever is smaller.

— Search order is from the body with the smaller contact tolerance to the body
with the larger contact tolerance.

— This option is currently not recommended for shell contact bodies because
the thickness criterion may result in the coarser mesh body being selected
as the Slave.

MSGC ASoftware



CASE STUDY 1: CHANGE SEARCH ORDER TO ISEARCH=2

Set the contact search
order

— Select Automatic in Patran
form

Load/Boundary Conditions | Input Data |

Geometric Contact Parameters:

Property Set Name: E
dummy_geom_prop

Distance Tolerance(ERROR)

Bias Factor(BLAS)
0.89995993

Interference Closure(CINTERF}
0.

0.

Hard-Soft Ratio (HARDS)
2.

[] Glued Contact(IGLUE)

|:| Stressfree IntCont(ICOORD)
[] Delayed Slide OffICOORD)

Select: |Node To Segment b 4

Contact Detection(ISEARCH)

() Double Sided

i OK I lDefaults] I Cancel I:v-"

MSGC

Software



CASE STUDY 1: SEGMENT-TO-SEGMENT CONTACT

- Segment-to-segment contact

— Improved accuracy providing a better stress
continuity in the contact region.

 How did you do it before?

— Node to Segment Full Bending Continuity —
glued contact

 Why is it better?
— Improved Accuracy
— Full shell thickness “footprint”

— Shell can connect on both sides (not dependent on MPC dependency
limitations)

— Fewer contact parameters compared to the node-to-segment algorithm
(automatic moment-carrying glue on shell/solid connections)

— Don’t need to worry about Master/Slave selection

NAS133, Appendix D, March 2014 ,
Copyright© 2014 MSC.Software Corporation 019 MSC A\Software
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CASE STUDY 1: SEGMENT-TO-SEGMENT

CONTACT

- Better shell edge to solid face glued contact
— Shell and solid bodies have equal thickness in example
— Shell contact footprint is equal to shell thickness for segment-to-segment

contact

/
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Node to Segment
(contact status)

|
|

Segment to Segment
(contact status)
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— Friction parameters
— Augmentation parameters

Bl Contact Control Parameters E||E| A

CONTACT Control Parameters

Contral tethod: Mode bo Seqrment j

w Segment ko Segment

Contact Detection ...

Separation...

Friction...

Augmerntation...

Initial Contact Paratmters

[ Enable Initial Contact

CASE STUDY 1: SEGMENT-TO-SEGMENT CONTACT
SUPPORT

« Supports the segment-to-segment contact: Analysis\Solution
Type\Contact Parameters

M Friction Parameters

Friction Parameters far Cortact Analysis

Type: Mone
v oulomb
Caulamb Fric Shear

ethod: (W1} [ ]| Lul.‘.\.praL.lﬁmEn‘t:I T

Bilinear (Displacement))
| Mon-Symmetric Matrix

B Augmentation Parameters

Sliding
(« Fimte  Small

[=liding Threshold:]

afi=1] ]

Augmenstion Parameters for Contact Analysis

Avgmentation (Mormal)
Method: [ Mone
Parameters W Automatic
[Friction Force Tolerance: )l | [Penatty Facte  Constant
Bilirzar
[Slip Threshold:] [Peritatrion Distance:]
Avgmentation (Tangential)
(" oM f OFF
ok [Penatty Factor:]
[Slip Distance:]



CASE STUDY 1: THIRD RUN PLOT THE CONTACT STATUS
FOR SEGMENT-TO-SEGMENT CONTACT

* Plotting the Contact Status
— 0 indicates a touched node (master)
— 1 indicates a touching node (slave)
— All the nodes have 1: no slave/master concept

t Status, , , (NON-LAYERED)

default_Scalar ;
Max 1 @Nd 46
hAin (A4 48

MSGC ASoftware



CASE STUDY 1: THIRD RUN DEFORMATION AND NORMAL
CONTACT FORCE FOR SEGMENT-TO-SEGMENT
CONTACT

‘er plate - Group
7.53+001

Vector: SC1:, A1:Static Subcase, contact force, Normal, , (NON-LAYERED) 7.03+001
1.26+001

1.26+001

2.86+001
B.30+001 -

\

724001 =5 14+001

),

4.14-018

2/95+001

BA00T /e o

V. /e 414018
3445081

1.26+001
7.53+001

default_Vector :
Max 7.53+001 @Nd 66

Normal Contact Force

Deformation

MSGC ASoftware



CASE STUDY 1: THIRD RUN VON MISES STREES FOR
SEGMENT-TO-SEGMENT CONTACT

) - default._viewport - lower_plate - Group

Fringe: SC1:, Al:Stalic Subcase, Stress Invariants, Von Mises, , Maximum,2 of 2 layers

default_Fringe :

Max 5.18+004 @Nd 114

MSGC




CASE STUDY 1: SHELL FACE-TO-FACE TOUCHING
CONTACT

* Result Comparison

Node-to- Node-to- Segment-to-
Segment Segment Segment
ISEARCH=0 ISEARCH=1 ISEARCH=0/1
Maximum 0.476 0.233 0.235
Displacement
Maximum von 8.54e4 5.18e4 5.18e4
Mises Stress
Maximum 146 74.5 75.3

Contact Force

MSGC



CASE STUDY 2: CURVED SHELL FACE-TO-FACE
TOUCHING CONTACT

- The curved contact bodies have radius difference of (t1+t2)/2
— Upper plate is 0.125 thick
— Lower plate is 0.090 thick

0.1075=(0.125+0.09)/2

MSGC ASoftware



CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-

FACE TOUCHING CONTACT
- Using default settings and ISEARCH=1

— Normal contact force

Upper shell:
Few touching nodes e
detected!

1484302
402003 74005002

2.01+001

Lower shell

1.47+001
7514000

8:81-002
4:51-002

MSGC ASoftware



CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-

FACE TOUCHING CONTACT
- Using default settings and ISEARCH=1

— Deformation and von Mises stress
— Contact Status —

ic Subcase, Contact Status, -, (NON-LAYERED)

default_Fringe :
Max 2.55+004 @Nd 589
Min 6.17+002 @Nd 408

default_Deformation :
002 (2pNd 4

MSGC ASoftware



CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

- Distance between upper nodes and lower element faces
— Biggest gap: 0.1095 - 0.1075 = 0.002

Distance: 0.1095

Distance: 0.1088

0.1075=(0.125+0.09)/2

/

MSGC ASoftware



CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

« What is contact tolerance?

— Contact tolerance is measured normal to the Master contact body as shown
below

— When there are gaps and overlaps between a contact body pair, a slave
node is considered in touch with the master surface if it falls within this
contact tolerance zone.

_x D1 Default BIAS: 0.9 for touching
,\Dz contact; 0.0 for glued contact

-,

Distance Tolerances

D1=(1 — BIAS)xERROR
D2=(1 + BIAS)xERROR

n — contact normals

MSGC ASoftware



CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-

FACE TOUCHING CONTACT

- What is the default contact tolerance value?

— The default Contact Tolerance is equal to 1/20 of the smallest element edge

for any element in any contact body or 1/4 of the thickness of any shell

element in any contact body, whichever is the smallest.
— Important — MSC Nastran searches thru all the contact bodies in the model

for this smallest value.

contact per contact body:
body id body name contact_tolerance element id outside nodes outside patches
1 body 1 1.50000E-02 321 edge 121 240
2 body 2 1.00000E-02 461 edge 17¢ 350
relative displacement below which sticking is simulated : 6.489%208E-04
average edge length of all contact body segments: 0.00000E+00
1 MSC.NASTRAN JOB CREATED ON (08-JUL-12 AT 1l6:02:55 JULY 10, 2012 MSC.NASTEAN 11/25/11
1] .,
0 edge . element SUBCASE
********************************************* edge length
Values used during contact : contact tolerance (ERROR) L ”.
Default Value = 0.1000000E-01 prop . She”
********************************************* H
element thickness
Body ID 1 Defor 2 Defor Default
1 Defor N/A 0.2500000E-01
2 Defor 0.2500000E-01 N/B El tl tOI t_ 001
*********************************************

Obtained with Case Control Section command: NLOPRM NLDBG=N3DMED

MSGC
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CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

- Default contact tolerance value for this example
— BIAS=0.9, ERROR=0.01
— D1=(1-BIAS)*ERROR=0.001 < 0.002
— D2=(1+BIAS)*ERROR=0.019
— If ERROR=0.025, D1=0.0025>0.002

Biggest gap: 0.1095 - 0.1075 = 0.002

Distance: 0.1095

Distance: 0.1088

MSGC ASoftware



CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-

FACE TOUCHING CONTACT

« Adjust the contact tolerance
— Change the contact tolerance to 0.025 so it is

Load/Boundary Conditions | Input Data |

Geometric Contact Parameters:

Property Set Name: 'E
dummy_geom_prop

larger than the largest gap B N 1

Bias Factor(BIAS)
0.85995993

Interference Closure{CINTERF)
0.

0.

Hard-Soft Ratio (HARDS)
2.

] Glued Contact(iGLUE)

|:| Stressfree nitCont(ICOORD)
D Delayed Slide OFf(ICOORD)

Select: [Nud& To Segment =

Contact Detection(ISEARCH)
@ Automatic

) Single Sided

(") Double Sided

Lok ] IDBfﬂUﬂSI I Cancel I-v'

MSGC

Software



CASE STUDY 2: SECOND RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

- Using ERROR=0.025 and
ISEARCH=1

— Normal contact force

Upper shell:

Few touching nodes detected,;
No improvements!

. Al:Static Subcase, contact force, Normal, , (NON-LAYERED)

Lower She” . _ | : _ . . . ' . ' s02005 7.42488°%2
i i . S 2014001 g

1.47+001

¥ 7.51+000
. 8.81-002



CASE STUDY 2: FIRST RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

- Using ERROR=0.025 and ISEARCH=1
— Deformation and Von Mises stress
— Contact status

Ehell’db - default_viewport - lower_shell’- Group

Static Subcase, Contact Status; , , (NON-LAYERED)

Max 2.55+004 @Nd 589
Min 6.174002 (Nd 408
default_Deformation :

_O(02 Hid A

Max 1.00+000 @Nd 419
hdin 0 BN
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CASE STUDY 2: CURVED SHELL FACE-TO-FACE
TOUCHING CONTACT

- Stress-free initial contact
— Set ICOORD=1

— MSC Nastran modifies the coordinates of the nodes in contact to close the
gaps and overlaps between the two bodies

Slave node Slave node moved to

Master surface

D D

Master
Surface

Before After

Master
Surface

MSGC ASoftware



CASE STUDY 2: CURVED SHELL FACE-TO-FACE

TOUCHING CONTACT

Stress-free initial contact

— Set ICOORD=1

Load/Boundary Conditions | Input Data |

Geometric Contact Parameters:
Property Set Name: E
dummy_geom_prop

Distance Tolerance(ERROR)
0.025

Bias Factor(BLAS)
0.89999998

Interference Closure(CINTERF)
0.

0.

Hard-Soft Ratio (HARDS)
2.

[] Glued Contact(IGLUE)

Stressfree IntCont(ICOORD

[ Delayed Slide OffICOORD)

Select: [Nudg To Segment hd

Contact Detection(ISEARCH)
(%) Automatic

() single Sided

(7) Double Sided

l 0K ] [DefauIts] I Cancel Iiv"'
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CASE STUDY 2: CURVED SHELL FACE-TO-FACE
TOUCHING CONTACT

| Analysis

* Visualize nodal coordinate adjustments due to
ICOORD=1
— Patran currently does not account for the stress-free initial i
coordinate adjustments in deformed shape plots or
_ . oy | Analysis
But it does show it in the model when you attach both the o
model and results. oviect
Methoo:

Before adjustments After adjustments

MSGC ASoftware




CASE STUDY 2: THIRD RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

. Using ERROR=0.025, EEET

4

ISEARCH=1 and ICOORD=1 >
— Normal contact force /

4 fiot00

4+001

9.38+000

7.95+000

8.53+000

Upper shell:All edge
nodes have contact force

default_Vector :
Max 1.22+001 @Nd 424

Vector: Foree, Al:Static Subcase, contact force, Normal, , (NON-LAYERED) -

3.50+000

5.41+000

4:22+000

3.89+000;

6.67+000

Lower shell

3.45-002

default_Vector :
Max 1.12+001 @Nd 380

Min

MSGC ASoftware



CASE STUDY 2: THIRD RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

- Using ERROR=0.025, ISEARCH=1 and ICOORD=1

— Deformation and Von Mises stress
— Contact status

Fringe: Force, Al:Static Subg; SWHQ Von Mises, , At 22
Deform: Force, A1:Sial émehls_-._ anstational,

L8+002
Scalar: Force, Al:Static Subcase, Contact Status, , , (NON-LAYERED)
1.20+0D
1.05+000 8
1.662000
1.4b+000
1260+000

01.00+000 0. § S
0.1.00+000 % : { . - ~.03+004 5.45+002

. X o : y‘ default_Fringe :
o~ 1.00+000 ’

Max 2.53+004 @Nd 589
S Min 5.45+002 @Nd 413
default_Deformation :

default_Scalar :
Max 1.00+000 @Nd 419
hin 0 CAR1A
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CASE STUDY 2: FOURTH RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

- Segment-to-Segment
contact

+ Using ERROR=0.025,
ISEARCH=0 and
ICOORD=1

— Normal contact force

Upper shell:

All edge nodes have contact
force

[ curved_shellzshell“db - default_viewport - upper_shell’- Group

Vector: Force, Al:Static Subcase, contact force, Normal, , (NON-LAYERED) . gg+g‘gb-00+000

Scalar: Force, Al:Static Subcase, Contact Status, , , (NON-LAYERED) /
8.80+000

00+000 A1.10+001

A.10+001

1.00+009 354000

7.95+000

8.53+000

B curved_shellZshel iewport - lower_shell - Group

e A TN e 6.49+0005 854000
03+000 /

Vector: Force, Al:Static Subcase, contact force, Normal, , (NON-LAYERED)
0.
Scalar: Force, Al:Static Subcase, Contact Status, , , (NON-LAYERED) 23+00Q‘3'50+000

4.22+000 / [
5.41+000 a. 5

3.83+0005
3.36+000.0:

B:

0
3.45-002 3.40+000

default_Vector :
Max 1.12+001 @Nd 380
W Qo

MSGC ASoftware



CASE STUDY 2: THIRD RUN CURVED SHELL FACE-TO-
FACE TOUCHING CONTACT

- Segment-to-Segment contact

- Using ERROR=0.025, ISEARCH=0 and ICOORD=1
— Deformation and Von Mises stress
— Contact status

[l curved_shellZshell'db - default_viewport - lower_shell’- Group’

~—

Fringe: Force, Al:Static Subg; 5W- Von Mises, , At 22

Deform: Force, Al:Stal ementsifiranstational,
\

Scalar: Force, A1:Stalic Subcase, Contact Status, ;- (NON-LAYERED) Tooron 0g+oph 00+000
10040
1ooson B
1.00%000
1.80+000 .

1% : T 1
1:80+000 0. . = \‘fgi-uo |
01.00+000 o <© < ~.03+004 5.45+00

0. : Y < default_Fringe :

0.71.00+000 Max 2.53+004 @Nd 589

Min 5.45+002 (@Nd 413
default_Deformation :
42 £4.002 caNA 418

1
e .00+000

default_Scalar :
Max 1.00+000 @Nd 419
Min 0 BN
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CASE STUDY 2: CURVED SHELL FACE-TO-FACE
TOUCHING CONTACT

« Result Comparison

Node-to- Node-to- Node-to- Segment-to-
Segment: Segment: Segment: Segment:
ISEARCH=1 | ISEARCH=1; ISEARCH=1; ISEARCH=0/1;
ERROR=0.025 | ERROR=0.025; | ERROR=0.025;
ICOORD=1 ICOORD=1
Maximum 0.0567 0.0567 0.0564 0.0564
Displacement
Maximum Von  2.55e4 2.55e4 2.53e4 2.53e4
Mises Stress
Maximum 62 62 12.2 12.2

Contact Force

MSGC ASoftware



SUMMARY

* For Node-to-Segment contacts

— Use slave to master contact, single search, with
« The softer body as slave, e.g., rubber should be SLAVE and steel should be master
* The finer meshed body as slave
« Or use ISEARCH=2 for automatic selection, but be careful about shell element structures

— Arigid body must be master.

— Patran generates contact body ID according to contact body names

» Define slave contact bodies with “lower” names, master bodies with “higher” names, and rigid
bodies with “highest” names.

« Segment-to-Segment contact
— No need to care about slave/master bodies; will discard ISEARCH option.
— Other options has similar effects to Segment-to-Segment contact as Node-to-
Segment contact.
« Curved shell-to-shell touching contact
— May need to change tolerance setting ERROR
— Stress-free initial contact needs to be activated, i.e. ICOORD=1
— When ICOORD=1, always check the modified initial model

MSGC ASoftware



	0_TOC.pdf
	1-Concepts_of_Contact_cpairs.pdf
	2-contact body definition.pdf
	3-contact detection.pdf
	4-Contact_Pairs.pdf
	5-glued contact.pdf
	6-convergence_and_controls.pdf
	7-Contact_with_shells.pdf
	8-friction.pdf
	9_contact_output.pdf
	Appendix_A_Types_of_Output.pdf
	Appendix_B_List_SimComp_examples.pdf
	Appendix_C_Node_to_Segment Contact.pdf
	Appendix_D_Shell Contact Case Studies.pdf

