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 Workshop Objectives
— To perform a start to finish solid to solid contact analysis with MSC Nastran
— To gain familiarity with the Patran contact analysis GUI

— To investigate how to conduct a contact analysis with two bodies that have
different mesh densities

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Required Files
— search_order_start.ses
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 Problem Statement

— This problem will include a mounting bracket that has a coarse mesh and a
loading block that is more finely meshed. The mounting bracket has a
fixed boundary condition of O on its left face. The loading block has a force
on its right face pushing it a total displacement of .003 inches into the
mounting bracket.

Mounting bracket~

Displacement BC
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« Suggested Steps
1. Create a new database called Contact_Search_order.db

2. Build the starting model by running the session file
search_order_start.ses.

3. Review the load and constraints on the model.

4. Define two deformable contact bodies using the Contact Bodies/Pairs
Tool based on connectivity

5. Set up and Run the Analysis.
« Set Solution Type to SOL101
* Request MASTER/DBALL for Results Output Format.
* Request contact results output
* Run the analysis

Review the MSC Nastran input file.
Attach the Master result file.
Plot deformation and von Mises stress results

Create a New Body Pair between the two Deformable Bodies and select
automatic contact detection

10. Rerun the Analysis File

© N O
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- Suggested Steps (Cont.)

11.
12.
13.
14.
15.
16.

Attach the New Masters Result File

Plot the new deformation and von Mises stress Results

Make a Marker Plot of Contact Status.

Plot Normal Contact Force as a Vector Plot on both bodies.
Display a Fringe Plot of Contact Status on both bodies.
Display a Fringe Plot of Normal Contact Stress on both bodies.
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Step 1. Create New Database

Create a new database:
a. Pull down File > New.
b. Enter contact_search_order as the file

name. 'New Model Preference
c. Click OK. Mew Model Preference
d. For New Model Preference, accept all defaults Model Preference for:
by cIicking OK. contact_search_orderdb
[ File | Help - ew Database Tolerance
i New... @ |‘ e (%) Based on Model
Open... Template Database Mame O Default

| CAMSC. Software\Patran_x54\20130/template.db
Open Recent... Bt sat e s Sl Sty s

Close [ Change Template ... J Approximate Maximum
Eanra Model Dimension:
Save 3 Capy Modify Preferences. . | 10.0 [
Utilities . Set Working Directory to Database Location
Impaort : Analysis Code:
S Lk i—”:l I, Training x| e B erE- ESC Nastran ¥ |
Sim¥pert... MName : Date modified Ty

. i Analysis Type:
SimManager " Mo itemns match your search.

Structural ™

Session * -

ok (d) [ rese

_ S 1 | 1n |
Quit File name: icorrtad_seardﬂ_order.db @ L! oK
=

Files of type: | Database Files {" db} Cancel |

NAS133, Workshop 1, March 2014 ) ,
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Step 2. Run the Session

Build a starting model by running a
session file:

a. Pull down File > Session > Play...
b. Select search_order_start.ses
c. Click Apply to play the session file.

File

File | Group Viewport Viewing Display Preferences Tools Help  UHilities

MNew...

Open...

Open Recent...
Close

Save

Save a Copy...
Utilities b
Import...

Export...
SimXpert...

SimManager |4

Session b

o (@

Print... Record...

Images...

Report...
Chuit

E Plag.r Session File
[~ Single Step

[¥ Commit Commands

Loaolk in: ; Training

¢ search order start.ses @

ESES

| = @ e E

File name:

lsearch_nrder_start.ses

M Apply-

Files of type: |Session File Files {~ses™}

j Cancel I

C
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Step 3. Review the Model

Haome Geometry Properties Loads/BCs Meshing alysis Results Durability

D@ | & |F< | Eh|d) e 6@ 0] @) B || | 7] ]| e aﬂf’ﬂ@nmmalﬁ;
|
| Bay| ||| ||| ||| | 5% 2| ||| S0 || |20 | | ||| BB ||| || ) | e || w2 ||| T || B ||

Crientation Misc, Web

Defaults Transforms Viewport Display

Review the model:
a. Click Smooth Shaded in the

Display group.
b. Review boundary conditions:

The left solid block is fixed at
one face.

c. Review loading: An enforced
displacement of 0.003 is
applied to the right block to
push it into the left block.
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Step 4. Define Two Deformable Contact Bodies

Define Contact Bodies using the
Create Contact Body/Pair Tool:

a.

Pull down Tools > Modeling >
Contact Bodies/Pair

Pull down Method to
Connectivity

Check 3D for Elements
Click Apply
Click Cancel

|5 File Group Viewport Viewing Display Preferences | Tools | Help  Utilities

r ‘Create Contact Bodies/Pairs

Create  [Deformable Bodies < |

Create From

(%) Entire Model

Elements,
w130

TR G

vens —

(" Current Group

{:} Current Viewport

(lzo [0

Element Type
Groups
Properties
Materials

Geometry

MSC.Fatigue
Laminate Modeler

Random Analysis...

Analysis Manager...

List

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

User Defined ACM...

Pre-Release

omen (o

Maodel Contents...
Properties Import...

Load Tools...

Model Variables...

Element Quick Create..,
Property Data Plots...

Bass Property Management...
Assembly

Experimental Data Fitting...
Bolt Preload...

Rotor Dynamics...

M5M Properties..,

Feature Recognition...

Contact Bodies/Pairs... (a
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Step 5. Set Up and Run the Analysis

Hom, Geometry Properties Loads/BCs Meshing Analysis Results Durability
o % s | B 72 R R R R 2
i of
1 - < t| — = — == - Pm f;
Selected || Analysis Read | Submit || B [l [=1]]] *DE
Group || Deck el B])|l&)|= DBALL
Analyze Create Existing Deck Optimize || Toptomize Access Results

By | e ||

Output2 | MASTER/ | 16/19 | a3plot (||| e Eaall| || & |

| o455

Delete Actions

Set Solution Type to SOL101:

a.

Select the Results Output Format.
Click Results Output Format.
Check MASTER/DBALL and

e.

f.

selected. (SOL 101)

uncheck XDB.
Click OK.
Click OK._

Click Solution Parameters.

Under the Analysis tab, click Entire |[ckiliiaiis
Model in the Analyze group.
Click Solution Type....

Make sure that Linear Static is

Static Solution Parameters.
Database Run

D Cyclic Symmetry
Automatic Constraints.
D Inertia Relief

D Alternate Reduction
[150L 600 Run

[]=0L 700 Run

Shell Normal Tol Angle =

Click OK.

[CIMASTER Cnly

[xoa

Print [Punch

MASTERDBALL

Mass Calculation:
Data Deck Echo:
Plate Rz Stiffness Factor = | 100.0
Maximum Printed Lines =
Maximum Run Time =
Wt-Mass Conversion = 1-0
fffor Wit. Gener. =
~ | |jtial Temperature =
bad Temperature = |
ent Type:
3
i Contact Parameters... i
Fatigue Parameters. }

[
[ ok @ [ Eoiguts ] [ fance J Resutts Output Format <e>

[ 0K (D[ Defauts | [ cancal |

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... |

Solution Parameters... @]

Solution Seguence: 101

| oK @[ Cancel ]

[ Analysis i
Object: Entire Model ¥
uetos
Code: MSC.Nastran
Type: Structural
Available Jobs E
Job Name

[ contact_search_order
Job Description (TITLE)
MSC.Mastran job created

SUBTITLE

LABEL

Translation Parameters... ]

Solution Type... (:]Dj

[
[
[ Direct Text Input... ]
[ Select Superelements... J
[ Subcases... J
[ Subcase Select... J




Step 5. Set Up and Run the Analysis (Cont.)

R t tact It tput: |
equest contact results output: s

a. Click Subcases... [ Output Requests . == Object
b. Click on Default under R anE et Soltion Sequence: 101 Method:

SOLUTION SEQUEMCE: 101

Available Subcases. o Tape: sctio:
Click Output Requests.

Code: MSC.Nastran

Select Resutt Type Available Subcazes IE :
Select Contact Results. Eement St Energles 2] T (Sl
|Element Strains
. | Grid Poirt Stresses
C||Ck O K. | Grid Point Force Balance Available Jobs E

| Grid Point Stress Dlscormnurtles

Click Apply. i ) L
Click Cancel.

@ "o ao

Subcaze Name

Cutput Reguests
. | DISPLACEMENT(SCORT1 REAL)=AI FEM Il Defal JENLELS
To run the analyS|S- STRESS(SORT1 REAL ¥ONMSES BILIN)=All FEMPARAMMNC | % Lanfact-searcl-tfdes:
SPCFORCES(SORT1 RESL)=AI FEM i o
) Available Load Cazes Job Description (TITLE)

h. CIle App'y BOLITPUT(SORTY REAL)

MSC.Nastran job created

[JLaseL

Subcases.. (:aj

Subcase Select... ]

f —
@ K l [ Defaults ] [ Cancel ] C I

Select Explict MPCs ..

[l _ )
SUBTITLE
[ Delete ] | LABEL
[ TITLE Subcase Options [ Translation Parameters... ]
.This iz & default subcasze Sdcace lannie., -
: [ Solution Type... ]
Output R =t 7
[ SR R (3] I Dirgct Text Input... J
[ Direct Text Input... L Select Superelements... J




Step 6. Review MSC Nastran Input File

Review the MSC Nastran input file:

a. In the training directory locate and open
the file contact_search_order.bdf with
any text editor.

b. Note the Case Control entry BCONTACT
= ALLBODY indicates that all contact
bodies can potentially contact each other.

- 3 @

i

Name

Contact_search_order.bdf @

7 Conta ct_search_order
Contact_search_order.db.jou
contact_search_order.DBALL
contact_search_order.f04
contact_search_order.f06
contact_search_orderIFPDAT
contact_search_order
contact_search_order.MASTER

contact_search_order.sts

2 search_order_start

S NASTRAN input file created by the Patran 2013 64-Bit input
file

S translator on

S Direct Text Input for Nastran System Cell Section

NASTRAN SYSTEM (316)=19

S Replace the 19 in the above line with 7

S to get a restart DBALL instead of what is currently written
S Direct Text Input for File Management Section

S Direct Text Input for Executive Control

$ Linear Static Analysis, Database

SOL 101

CEND

S Direct Text Input for Global Case Control Data
TITLE = MSC.Nastran job created on
ECHO = NONE
SUBCASE 1
SUBTITLE=Default
NLPARM =
BCONTACT = ALLBODY 6
SPC = 2
LOAD = 1
DISPLACEMENT (SORT1,REAL)=ALL
SPCFORCES (SORT1, REAL) =ALL
STRESS (SORT1, REAL, VONMISES,BILIN)=ALL
BOUTPUT (SORT1, REAL)=ALL
S Direct Text Input for this Subcase

MSGC ASoftware




Step 7. Attach Master Result File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability o) i B
Analysis |

1% i il | ) | : T o i e = .
o 27 3y R 72 = Y [ )
F:.rEE Se]e_cted Anal;is Read | Submit ||||_:'-|| ||@ ){D‘B.- Output? t16/419 | d3plot |E“’||E'||E' [ || S
\ _, | [ | [
Model | Group Deck s ||| l=| ! | * Method:

Analyze Create Existing Deck Optimize | | Toptomize Access Resulls Delete Acti

Code: MSC. Nastran

Type: Structural

Attach the Master result file:

a. Under the Analysis tab, click Avalable Jobs %
Master/DBALL in the Access | contact_search_order @ Al
Results group.

b. Select contact_search_order
under Available Jobs. 4ob Name

MSC. Nastran job created

SUBTITLE

Select Rezults File...

Translation Parameters...

=0




Step 8. Plot Deformation and Stress Results

Home Geon Properties Loads/BCs Meshing Analysis Results Durability
a f 7
. = k ? i
B | % LY sl 4 A B A
Fringe/Deformation ||| Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Repo
Cruick Plot Result Plots
R P OF

Plot deformation and von Mises stress:

a. Under the Results tab click

Fringe/Deformation in the Quick Plot

group.

Select Stress Tensor for Fringe Result.

Select Displacements, Translational for

Deformation Result.

Select True Scale.
Click Apply.

@ oo

Click Reset Graphics

Click the Deform Attributes icon

Fringe: SC1DEFAULT, Al:Static Subcase. Stress Tensor. , von Mises, (NON-LAYERED)

Detorm: SC1DEFAULT, A1 Static Subcase, Displacements, Translational

defaulf_Deformation :
Max 3 00-003 @Nd 78

The master and slave
have been incorrectly
selected, causing this
result. We will now
switch the bodies
selected as master and

=7

.-Resuns : |
Ohject:  |Guick Plat ¥

Select Result Cazes

Select Fringe Result
Stress Invariants, Minar Principal A

Stress Invariants, Von Mizes
Stress Tensor,

Touched Body, First

Touched Body, Second ‘iv.:
(] 11l | 1
Gruantity: __von Mizes ¥

Select Deformation Result

Constraint Forces, Rotational 54\!

Congztraint Forces, Translational
Dizplacements, Rotational
Displacements, Tranzlationsl
contact farce, Friction

[ Animate

X __.| Results I-
N &

[Resutts |

COhject:  |Gwick Plat %

=3
Showe Wigwport Legend

Deformed: !
Render Style:
Line Style: : :
Lire Wicth:

Scale Interpretation
) Model Scale () True Scale @
Scale Factor 10

Showe Undeformed

——l
——ud

[ Tile Edftor .. ]

Render Style:

Lire Style:

Line YWicith:

Show Title [ Lock Title

Show Maximum Label

[ Label Style... ]

®Apply | [ Resst |

MSGC




Step 9. Create Body Pair

Home

o

Displacement

Constraint

Geometry Properties
. i
Force | Temperature
Modal

Loads/BCs

sapnds

Meshing

Ay

Velocity | Acceleration | Crack(VCCT)

Analysis

Results

Uniform ~||Variable |

Element |! Element “Contad
Bodies ~

Durability

| mitial | 1BC |
Conditions ||Actions |

Create
Load Cas

Load Casg

Create a new Body Pair and select
automatic Contact Detection:

Under the Load/BCs tab click
Create Body Pair in the Body

a.

Pairs group.

Enter Automatic_Contact for

New Set Name.
Click Input Data...

Select Automatic for Contact

Detection
Click OK

Click Select Application Region
Click FEM and then Elements on

the Picking Filters toolbar

Click in the Body1 Name box and

select any element in 3D_bdy1
(the more finely meshed body)

Repeat steps g and h with Body?2

Name and 3D_bdy (the more
coarsely meshed body)

Click OK
Click Apply

% 01+ 0 &

A% 01+ 0 @8]
W =

s 3
ooo

~|

W

GH

Body Pair Application Region |

Mode:

Existing Bodies. -4

Body1/Master/Touched

g

Body1 Name:
3D_bdy1

[] self contact

Body2/Slavemouching

=]

Body2 Name:
30_bdy

@

|£l 1l

| Load/Boundary Cnnd'rtinns! Input Data !

Geometric Contact Parameters:

=

Property Set Name:
contact_g

Distance Tolerance{(ERROR)

Bias Factor(BIAS)

Interference Closure(CINTERF)

Hard-Soft Ratio (HARDS)

[ Glued Contact{IGLUE)

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

Select: |Node To Segment s

,~~ Contact Detection{ISEARCH)

d @ Automatic
N () single Sided
() Double Sided

7N\
[ okl y Defauts | [ Cancel |

Input Data =
Body Pair Application Region . 3

=

[ne]

Load/Boundary Conditions !

Action:
Obiject:
Type:

Body Pair ™

Option:

Current Load Case:

Element Uniform b4

Load/Boundary Conditions

(o]

Defaut...

Type: Static

Existing Sets

New Set Name
Automatic_Contact




Step 10. Rerun the Analysis

Home Geometry Properties
et bt -

Selected Load Analysis

vroup | Sim¥pert Deck

nalyze Create

Loads/BCs

Meshing Analysis

Results

] | [ ([

Read | Submit |$i|,|—thl.i |l B]|| o8

Existing Deck

Optimize | Toptomize|

Durability
: - % b
op ! i
* | S | A
Output? | MASTERS | Attach
DBALL | Qutput2

Arcess Results

a8
L

tiG/t19 | d3plot

e%lﬁl
*

Rerun the Analysis

a. Under the Analysis tab click Entire
Model in the Analyze group.

b. Enter contact_search_order_paired

for Job Name
c. Click Apply.

= —

=
Anahysis |

Object: Entire Model =
Method: _Full Run ¥
Code: MSC.Nastran
Type: Structural
Available Jobs geu
| conta ct_search_order

i
Job Name
| contact_search_order_paired @
Job Description (TITLE} =
SUBTITLE
LABEL
| Translation Parameters... ]
|_ Solution Type... J
g Direct Text Input... |
| Select Superelements. .. l
| Subcases... ]
[ Subcase Select . |

= OJE
MSC ASoftware



Step 11. Attach New Master Result File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
; : i b b | % b e : =
# & 1 a3 5 I
N 0 3 s 6 7 R 2 I = Y (Y
Entire | Selected || Analysis Read | Submit - S B ¥DB Output? | MASTER/ | H16/419 | d3plot || B-N[s ||
Model | Group Deck l "'HE_” |¢||@| DBALL ||El| ||| &
Analyze Create Existing Deck Optimize | | Toptomize Access Resu Delete Actiong
- [naivss x|
Attach the Master result file: —
nak=is
a. Under the Analysis tab, click Ao r
MASTER/DBALL Attachment _
. Object:  [MASTER Atiachment ¥ |
in the Delete Group.
b. Select the previous attachment
under Existing Files
. Code: MSC.MNastran
c. Click Apply.
. . Type: Structural L
d. Click MASTER/DBALL in the ]
Access Results Group. i &
e. Click A'P:C:\Trahhgﬂewfnldeﬂcﬂ.@ 1
contact_search_order_paired
under Available Jobs
f. Click Apply. -
({2 N [
Apply
[z _{¢) 1
|

Analysis |
Object: Attach MASTER ¥
Hethod: Result Entities -
Code: MSC.Nastran
Type: Structural
Available Jobs 'E

contact_search_order
contact_search_order_paired

Job Hame
contact_search_order_paired

Job Description (TITLE)

SUBTITLE

LABEL

[ Select Results File... |

l Translation Parameters... J

[z ( f)

MSGC ASoftware




Step 12. Plot New Deformation and Stress
Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability — I _
1 Results =

‘.ﬁ' = Al =, e

g % L o 7 k? EE # M Y| Resuts | [ Resuts |

Vector

Fringe/Deformation ||| Deformation | Fringe

Cuick Plot

Tensor | Cursor | Contour | Isosurface | Freebody

Result Plots

Graph | Animation | Repd

Plot deformation and von Mises stress:
a. Under the Results tab click Fringe/Deformation in the

Quick Plot group.

b. Select SC1:DEFAULT, A1:Static Subcase for Select

Action: -Create b
Object:  |Quick Plot ¥

@

il

Select Result Cazes

SC0:, A1:Static Subcase
|SC1-DEFAULT, A1:Static Subcase

COhject:  |Gwick Plat %

Show Wiewport Legend

Deformed: !l

Result Cases Render Sty
c. Select Stress Tensor for Select Fringe Result. Line Style: [— ]
Lire Wicth: : :

d. Select Displacements, Translational for Select

Deformation Result.

e. Click the Deform Attributes icon

Scale Interpretation
) Model Scale () True Scale @

Select Fringe Resutt Soale Factor ..1_-_0
. SeleCt Tl"ue Scale Stress Invariants, Major Principal !A'i
| i L Showe Undeformed !I
. Stress Invariants, Mean Pressure
g . CI|Ck Apply | Stress Invariants, Minor Principal [=)
| Stress Invariants, Von Mizes Render Style:

1.27+003]
1.07+003]
8.77+002)
6.82+002)
4.87+00]

2.92+007]

960+001
defauit_Fringe

Max 3.02+003 @Nd 77

Min 9 69+001 @Nd 2655
defauit_Deformation

Mz3 00:003 @Ng

| Displacements, Rotational (3
Displacements, Translational :
[

contact force, Friction

D Animate

Fringe: Default, A1:Static Subcase, Stress Tensor. . von Mises, (NON-LAYERED) — — — -
Deform: Default, A1 Static Subcase, Displacements, Translational, 2854004 £ Width
2.44+008]
[ Tile Edftor .. ]
2.24+003;
205004 : Show Title [Lock Title
Select Deformation Result
1.85+003 + N 1 <
| Constraint Forces, Rotational || Show Maximum Label
166+009 Constraint Forces, Translational |_]
|
148009 [ Label Style... ]
1!

@Apply | [ Resst |

MSGC




Step 13. Make Marker Plot of Contact Status

Results =

Create a Marker Plot of
Contact Status on the
mounting bracket.

a.

View just the mounting
bracket (on the left) by
pulling down Group >
Post and posting the
mounting_bracket group.
Click Apply. (Not shown)

Pull down Create >
Marker > Scalar.

Select Contact Status for
the Scalar Result.

. Click the Display

Attributes icon.

Pull down Scalar Style,
pick the Solid Sphere.

Set Scale Factor to .03
Click Apply.

. The solid sphere markers

appear on the mounting
bracket as shown.

Contact Status
Marker Plots

Create a marker plot of Contact Status on the
loading block:

View just the loading block (on the right) by
pulling down Group > Post and posting
the loading_block group. Click Apply.
(Not shown)

When the block is displayed it should have
the solid sphere markers as shown above.

kK. When finished observing the markers, click

Reset Graphics to remove them.

®
nYs

0

i

iy

| Resutts |

Action:
Methaod:

= o [
| g ::;= k A
||

@ Spectrum O Constant
Shavww Spectrum

Shaw Wiewvpart Legend

[ Spectrum... I l Range...

| Scalar Scale:

Screen Constant X

|| Scale Factor,
|0.03 @

[ Title Exitor..

Show Title [JLack Title

Shorw MaiMin Label
Showy Scalar Lakel

Results |

Method:

El

gl

Select Result Caszes
SCO:, A1:Static Subcase

Select Scalar Result

Constraint Forces, Rotational [

Constraint Forces, Translational "
Contact Status, |

Dizplacements, Rotational _
| Displacements, Translational [oer]
(<] |l [

[L___Postion...((NON-LAYERED)) ]

|:| Animate

Reset

__Aply ] l

[ Label Style...

|
Shovy on Deformed

[ apply @ [ Reset |
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Step 14. Plot Normal Contact Force

Plot Normal Contact Force Vector on the mounting bracket:

a.

"m0 a0 T

View just the mounting bracket by pulling down Group > Post and posting
the group mounting_bracket. Click Apply. (not shown)

Pull down Vector for Method

For the Vector Result select Contact Force, Normal.

Pull down Resultant for Show As.

Click Apply.

The Normal Force Vectors will appear on the mounting bracket as shown.

Plot Normal Contact Force Vector on the loading block:

g.

h.

View just the loading block by pulling down Group > Post and posting the
group loading_block. Click Apply. (not shown)

The Normal Force Vectors are displayed on the loading block.

When finished observing the vectors, click Reset Graphics to remove them.

Results =

| Group | -Results I

Contact Normal
Force
(marker plot)

)
LR -

I
|
|5
=

1.08+003
7.73+008

7.73+008
i 5804003
~~~508+008

Action:
hethod: @

R W E

Select Result Cases

Default, &1: Static Subcase

Select Vector Result

| Dizplacements, Rotational 'AJ
| Dizplacements, Translational ]
Stress Tensor, |= |

| cortact force, Friction izamm|
| ]

showes et )

[ Animate:

I Apply e I Reset
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Step 15. Display a Fringe Plot of Contact Status

Display a fringe plot of Contact Status on the mounting bracket:

a.

©® o0 o

View just the mounting bracket by pulling down Group > Post and

posting the Mounting_bracket group. Click Apply. (Not shown)

Pull down Object to Fringe.

For the Fringe Result select Contact Status.
Click Apply.
The fringe plot will appear on the mounting bracket as shown.

Display a fringe plot of Contact Status on the loading block:
View just the loading block by pulling down Group > Post and posting the

f.

Loading_block group. Click Apply. (Not shown)
When the block appears it will be displayed with the fringe plot.
. When finished observing the fringe plot, click Reset Graphics to clear it.

0
nYe

©

Contact Status
(fringe plot)

Rewic &

Results

Action:
Object: @

S e

Select Result Cases
SEI:. 1:tic

Subcse

Select Fringe Result

Constraint Forces, Rotational il
Constraint Ferces, Translational
Dizplacements, Rotational

Dizplacements, Tranzlational {6
] Ui} ¥

[ Position...((NON-L&YERED))

|:| Animate

E Apphy @ I Reset

MSGC ASoftware



Step 16. Display a Fringe Plot of Normal Contact
Stress

Display a fringe plot of Normal Contact Stress on the mounting bracket: [Resules x|
Results |
a. View just the mounting bracket by pulling down Group > Post and o
posting the mounting_bracket group. Click Apply. (Not shown) HEE
b. For the Fringe Result select Contact Stress, Normal. il

c. Click Apply. @

d. The normal stress fringe plot will appear on the mounting bracket as
shown. s
Select Result Cases
SC0:, Al:Static Subcase
SC1:DEFAULT, Al:Static Subcase

Display a fringe plot of Normal Contact Stress on the loading block:

e. View just the loading block by pulling down Group > Post and
posting the loading_block group. Click Apply. (Not shown)

f.  When the block appears it will be displayed with the fringe plot.

Contact Normal Stress ——
. £l ringe ~esu
@ (fringe plot) ® contact forcs, Friction ]

contact force, Normal
contact stress, Friction 1
contact stress, Friction 2
contact stress, Mormal

£

[ Position...((NON-LAYERED}} |

|:| Animate

[ Apply @ [ Reset |
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 Workshop Objectives

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

— To gain experience in the definition of the motion of rigid contact bodies
— To gain familiarity with the Patran contact analysis GUI

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Required Files
— latch.db

MSGC



 Problem Statement

— This problem will simulate the closing of a latch mechanism and will include

a spring clip that is compressed by moving surfaces of the closing door
mechanism

— Because of the high relative flexibility of the spring when compared to the
door, the door surfaces will be represented with rigid contact bodies

Spring
Clip

Mechanism surface 1 —
moves laterally -0.3mm

Mechanism surface 2
shown in its rotated state

Mechanism surface 2
shown in its original
location — rotates about
its left edge .5 radians.
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« Suggested Steps
1. Open the database latch.db
2. Create a deformable contact body for the spring clip

3. Create rigid contact bodies for the 2 rigid surfaces including prescribed
motions

4. Create contact pairs between the clip and the rigid bodies
. Fix the spring clip around the rectangular hole

6. Set up and run the analysis.
« Set Solution Type to SOL400 — implicit nonlinear
* Request MASTER/DBALL for Results Output Format.
* Request contact results output
* Run the analysis

7. Review the MSC Nastran f06 file for errors.

8. Correct the normal direction of contact

9. Attach the MASTER results file

10.Plot deformation and von Mises stress results
11.Make a Marker Plot of Contact Status

12.Plot Normal Contact Force as a Vector Plot
13.Display a Fringe Plot of Contact Status
14.Display a Fringe Plot of Normal Contact Stress

9))
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Step 1. Open the Existing Database

Open the database latch.db:

a. Pull down File > Open.

b. Select latch.db as the database file.
c. Click OK.

i File | Group Viewport Viewing Display Preferences

Mew..,
Cpen... @
Open Recent...
Close

Save

Save a Copy...
Liilities r
Import...

Export...

Session L4
Print...

Images...

Report...

Quit

Set Warking Directory to Database Location

Lookin: Ir Training

‘ A latch.db (@

File name: i*_db

Files oftype: |Database Files {*.db}

R«

Cancel |
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Step 2. Create Deformable Body

< Loads/BCs Meshing Analysis Results Durability

agel

=1

re | Velocity | Acceleration | Crack(VCCT)

odal

E 2 k@&

5 P &

Load Load
Elernent Uniform

= e

Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total

Load Load

e NIE

Element Variabl

39
Sy || o %
Deformable||§ Rigid | Color Code
Bodies

Contact Bodies

{

Create a deformable contact body
for the spring clip:

a.

Under the Loads/BCs tab, click
Deformable in the Contact
Bodies group.

Enter clip for New Set Name.

Pull down Target Element Type
to 2D.

Click Select Application
Region.

Click Pick All to select all the
surfaces.

Click Add.

Select the two mechanism
surfaces: Surfaces 20 and 21.

Click Remove.
Click OK.
Click Apply.

Application Region

Select Surfaces

[ Add@[

Hemove Cl-])

Master Region

Surface 1:19

+ 0 8 AR o

(Group |
Action:
Object:
Type:

Option:

Current Load Caze:

-Lua&,.l'l-aoun;i.ary Condttions .f

Create ¥

Contact ¥

Element Uniform b

Deformable Body =

Default... J

Type:

Existing Sets @

clip

| Mew Set Name

Target Element Type:

Static

Input Data... I

[

Select Application Region._ (]

=0

MSGC ASoftware




Step 3. Create Two Rigid Contact Bodies

es Loads/BCs Meshing Analysis Results Durability

e 1& &7 lﬁ. & | 3 rg (LA P e BIIFAIrY

Group | Load/Boundary Conditions |
te | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial |Dif— o Tl
Load Action: ead]
odal Element Uniform| Object: |
Type: — Load/Boundary Conditions | Input Data | : |
Create rigid contact bodies for the 2 mechanism opton CIEdp Santact Side Al Z}e;n;t:;mer
surfaces including prescribed motions from the Problem =~ (1 symmetry Plane s &
Description: | _oermut, | || | v Motion
a. Click Rigid in the Contact Bodies group. Moo Conto (@
b. Enter side for New Set Name. Displacement (vector) "':
: <0.3, 0, 0 : ) 1=
C. CI|Ck |nput Data Existing Sets E Anoukr Posiion radiars) Application Region
d. Pull down Motion Control to Position = et e ‘
e. Enter <-0.3, 0, 0> for Displacement(vector). Dbekeoite Toefiod
f.  Click OK. Friction Coefficient (MU) A @ [ Remove |
g. Click Select Application Region. s ral pimanis i
Surface 20
h. Select the side surface.
i. Click Add. [ s
. . Newr Set N
j. Click OK. = a@
k_ CI|Ck App'y Rotation Reference Point
Target Element Type: 14
Auxis of Rotation ﬂ
Note the direction of
i Input Data... ( C
the normal vectors
I Select Application Region...
I Preview Motion... J
@ i~
it [ OK T\fff Reset |
[s]
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Step 3. Create Two Rigid Contact Bodies (Cont.)

Create the rigid contact bodies (cont.):
a. Enter bottom for New Set Name.
Click Input Data.

c. Enter <0, 0, 0> for Displacement(vector).

d. Enter 0.5 for Angular Velocity.

e. Select Node 9999 on the corner of the
bottom surface for the Rotation Reference
Point.

f. Enter <0 0 1> for the Axis of Rotation.

g. Click OK.

h. Click Select Application Region.

i. Select the bottom surface.

j. Click Add.

k. Click OK.

[. Click Apply.

Note the
direction of the
normal vectors

Group | .LDEd.';BDLII'Id"ﬂI'}fé.EIHdi‘t.iUI'IS |

Action:
Object:

Current Load Case:

Defaut... ‘
Type: Static
Existing Sets E
side

New Set Nam
bottom @

Target Element Type:

i Input Data... kb
I Select Application F‘.egiun..kh

I Preview Motion... I

o (1)

,

A Load/Boundary Conditions | Input Data |

[JFlip Contact Side
[ Symmetry Plane

I Null Initial Motion

Motion Control :

Displacement (vect "‘:
0,00,

Angular Position (radians)
0.5

Displacement vs Time field

Friction Coefficient (MU}

3 | &2

Rotation Refi e Point
Mode 9999 @

Axis of Rotatior@
1«00 1>

i OK @ Heset

[2]]

Geometry Filter
C-E} Geometry

) FEM

Application Region
Select Surfaces ‘

E Add (\D I Remove I

Master Region

Surface 21
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Step 4. Create Contact Pairs

Home Geometry Loads/BCs

o | o [

Displacement | Force
Constraint

Properties

Modal

oy

'i’.'

Temperature | Velocity | Acceleration | Crack[VCCT)

Analysis Results Durability

Element || Element || Contact

i.z.

Initial LBC Create

iUniform'iikfariahlev|580dies'| Bady Pair ||Conditions 'iiActirJns'i Load Case

,| | Eody Pairs |

Create contact pairs between the
clip and rigid bodies:

a. Click Create Body Pair in the
Body Pairs group.

b. Enter side_contact for New
Set Name.

c. Click Select Application
Region.

d. Select the side contact body
for Body1/Master/Touched.

e. Select the clip contact body for

Body2/Slave/Touching.
f. Click OK.
g. Click Apply.

| ,! || Load Cases

LEQ
Fieldg

Action:

Object:

Type: [Element Uniform ¥ |
Option: Body Pair ™

Current Load Case:

Body 1

bottom
clip
side

Mode: |Existing Bodies ¥ |
Body1/MasterTouched 'E
Body1 Mame:

zide @

[] seif contact

Reverse Bodies

Body2/Slave/Touching

A 4

Body2 Name:

clip @

:

Default...

Type: Static

Existing Sets gEs|

New Set Mame

siﬁ&_cu ntgl:t @

l Input Diata... J

[ Select Application Region... (a]
v )
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Step 4. Create Contact Pairs (Cont.)

Home Loads/BCs

£
Displacement
Constraint

Geometry Properties

-i

—l el

-t

Farce

Modal

'i’.'

Temperature | Velocity | Acceleration | Crack[VCCT)

Create the contact pairs between
the clip and rigid bodies (cont.):

a. Enter bottom_contact for New
Set Name.

b. Click Select Application
Region.

c. Select the bottom contact body
for Body1/Master/Touched.

d. Select the clip contact body for
Body2/Slave/Touching.

e. Click OK.

f. Click Apply.

Meshing Analysis Results Durability
& - =
Element || Element || Contact||| Create Initial LBC Create LBC | |Element niform Tl
[Uniform 'iikfariahle 'I!B:Jdies ~|| Body Pair || Canditions ~||Adtions 'i Load Case |[Fields 'I
| ,| (| Bady Pairs | !! || Load Cases | Body Pair ¥
Current Load Case:
Body 1 I Default. .. J
Mode: IF_xis-ting. Bodies - ] bottom Type: Static
clip
side
Body1/Master/Touched 'E > Existing Sets es
side_contact
Body1 Mame:
battorm @
[ ] Self Contact
Reverse Bodies
- LV
Body2/SlaveTouching
New Set Hame
Body2 Name: bottorn_contact @
@
,
l npuiDala.. J
| Select Application Region... |
O
D)
MSC ASoftware



Step 5. Apply Loads and Boundary Conditions

Home Geometry Properties Loads/BiCs
o [ 24 |=
Displaceme Force | Temperature
Constrai

Modal

@

Velocity | Acceleration | Crack(VCCT)

Meshing

:ﬂ

Analysis

Element

Results

Element || Contact
Unifarm 'i!\fariable 'I

Durability

|Bodies =

Create Initial LBC Creatd
Body Pair ICnnditinns'ii&ctionsvi Load Ca
|| Body Pairs | Il || Load Ca

Fix the spring clip around the
rectangular hole:

a. Click Displacement Constraint
in the Nodal group.

Enter hold for New Set Name.
Click Input Data.

Enter <0, 0, 0> for Translations.
Enter <0, 0, 0> for Rotations.

seect

Application Reagion

Select Geometry Entities

I Add @[ Remove ]

Application Region

Click OK.
Click Select Application

@ "0 aoo0o0C

Surface 19.119.219.3 194
19.519619.7 198

(D

Region.
h. Click Curve or Edge on the
Picking Filters Toolbar.

i. Select the surface edges that
bound the hole.

j.  Click Add.
k. Click OK.
[. Click Apply.

(=)

&l

+ 0

%

O

&0

el

Load/BC Set Scale Factor
1.

Translations <T1 T2 T3>
=0, 0, 0=
Rotations <R1 R2 R3=
<0, 0, 0=
Trans Phase <Tp1 Tp2 Tp3d=
= =
Rotation Phaze <Rp1 Rp2 Rp3=

< =

3 Il |

Spatial Fields

( FEM Dependent Data... ]

Coord 0

Analysis Coordinate Frame ‘

L oK (@ | Reset |

Object: Displacement =
Option: Standard ™
Current Load Case:
[ Default... J
Type: Static
Existing Sets E
New Set Name
hoid

[ Input Data. .. (C\ ]

N/
| Select Application Region... (a

—Q
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Step 6. Set Up and Run the Analysis

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
B L‘ B b dtl? lf B y
x| ap
£ o || | I® | x| e | e | 2
Selected || Analysis Read | Submit [ [l o || [ XDB Qutput2 | MASTER/ | Attach
roup Deck o2 (o= DBALL | Output?
fze Create Existing Deck Optimize | [Toptomize Access Results

,
e
plat

| g || P |

Delete

| ot 48
t16/119 | d3plot |LRV-"-II!E;||E"-| I'l!”t

Actio

Set Solution Type to SOL400:

a. Under the Analysis tab, click
Entire Model in the Analyze

group.
Click Solution Type....

Select Implicit Nonlinear for
Solution Type.

d. Click Solution Parameters.

Select the Results Output Format and
run the analysis:

e. Click Results Output Format.

f. Ensure MASTER/DBALL is
checked.

g. Close all sub-menus by clicking
OK.

=
N Solution Parameters : = 1

[ Contact Parameters... ]

[ Direct Text Input... |

[ Restart Parameters... ]

[ Domain Dex ition ... ]

Assumed Strain

|:| Shell Shear Correction
SOL 400 Run

Default Initial Temperature:

MSC.Mastran
Solution Type

Solution Type:

(O LINEAR STATIC

) NONLINEAR STATIC

() NORMAL MODES

) BUCKLING

) COMPLEX EIGENVALUE

) FREQUENCY RESPONSE
() TRANSIENT RESPONSE

) DDAM Solution

Action
Object:  |Entire Model ~

Method: |Full Run ~

Code: MSC.Nastran

Type:  Structural

Available Jobs B
latch

Job Name

latch

Job Description (TITLE)

MSC Nastran job created at
15:01:18

[ Select ASET/QSET... ]
Default Load Temperature:
SUBTITLE
[ User Defined Services... ]
[ Results Output Fnrmat.._( e I Solution Parameters... @ LABEL
| 0K (@ [ De faults ] [ cancel ] Solution Sequence: 400
[ Translation Parameters. ..
V4
‘—@ [ Solution Type... b
— (0] Cancel
—_oP2 (oo Sriat [] Punch l Direct Text Input._. J
— MA&STER Onby WASTER/DEALL @ [ Select Superelements.... ]
[ Subcases... J
[ Subcase Select . ]

| 0K @l Defauts | [ Cancel |

Apply

MS@{Software'




Step 6. Set Up and Run the Analysis (Cont.)

Request contact results output:

a. Click Subcases...

b. Click on Default under
Available Subcases.

Click Output Requests.
Select Contact Results.
Click OK.

Click Apply.

Click Cancel.

@ "o ao

To run the analysis:
h. Click Apply.

-"ﬁ'u'tiiijt"'Réﬁij'e’it"is
SUBCASE MAME: Defaul
SOLUTION SEQUENCE: 101

Basic ¥

Form Type:

Select Result Type
Element Strain Energles |A|
| Element Strains E
| Grid Paint Stresses

Grid Pairt Force Balance
| Grid Point Stress Dizcontinuities

Element Stress Dizcontinuities @ ‘ 3 I

CQutput Requests

| DISPLACEMENT{SORTY REAL) | FEM

STRESS(SORTT REAL WOMMISES BILIM)=All FER;PAR &M MC
SPCFORCES(SORTY REAL)=AN FEM

1 REAL)=All FEM

BOUTPUTSL

[E3] w . 2]

[ Delete ]

TITLE

Thiz iz a default subcase.

[JLaseL

@ K l [ Defaults ] [ Cancel ]

Solution Sequence: 101

Action:

Available Subcases IE

Subcaze Name
Default

Available Load Cazes E

Subcase Options
[ Subcase Parameters..
[ Output Requests... (&]
[ Direct Text Input....
[ Select Explict MPCs..

Action:

Object:

Method:

Code:

Type:

Available Jobs =

latch

Job Name

latch

Job_ De_scriptio_n (TITLE)

MSC MNastran job created at
15:01:18

SUBTITLE

LABEL

Entire Model ~
Full Run ~

MSC Nastran

Structural

Translation Parameters. .. ]

Solution Type...

Select Superelements...

]
Direct Text Input.... J
|

Subcases... @—J
AW

Subcase Select.. ]

MSGC ASoftware



Step 7. Review the MSC Nastran f06 File

Review the MSC Nastran f06 file
for errors:

a. In the training directory locate
and open the file latch.f06 with
any text editor.

b. Search on the string FATAL
and note the messages

Name

| latch.bdf

2 latch.db
latch.DBALL
latch.f04

|| latch.f06 @
latchIFPDAT
latch.log
latch. MASTER

nurbtrans.log

sgmps.log

< i I }

*** USER WARNING MESSAGE 8166 (MCN1AB2D)
MASTER BODY IS SET TO RIGID AND IT CANNOT BE FLIPPED WHEN ISEARCH IS SET TO 0 OR
2 IN BCBODY1l ID=3.
*** USER WARNING MESSAGE 8166 (MCN1AB2D)
MASTER BODY IS SET TO RIGID AND IT CANNOT BE FLIPPED WHEN ISEARCH IS SET TO 0 OR
2 IN BCBODY1l ID=2.

now moving rigid surfaces into initial contact with deformable bodies

(:) error: check the position and velocity of contact body ID= 3

[User Information]:

During the approach stage of a CONTACT analysis, a rigid
body did not contact a deformable body within 1000 trials.
The time step per trial is chosen in such a way that the
displacement of the rigid body does not exceed 100 times
the error tolerance calculated by the Contact.

The initial distance between the rigid and deformable
contact bodies is probably too large or the rigid body
velocity has an incorrect direction.

**% SYSTEM FATAL MESSAGE 8109 (MCN1INID)
Error encountered while sending DISTRT data to the 3D Contact Component
OFATAL ERROR

An error is encountered due

to the direction of contact for
the ‘side’ contact body.
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Step 8. Correct the Direction of Contact

es Loads/BCs Meshing Analysis Results Durability

5 r 1 Action: Modify 0
p Rt \ L f % S -
- o 1’2 7 (& | % rg', iL Zj || | : :
re | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total (|| =g || = || - | || Deformablg %

Load Load Load Load B Tone . =
odal Element Uniform Element Variable| Bod Bo ype: ,_Element Unifarm ]
(\ ‘ﬁ Option: Rigid Body -
:Load,fBoundary Conditige=<nput Data | _ Current Load Caze:
FIFlip Contact Side @ e Default... J
‘R_eve’rs.,e_ the contact side for the P ey —
side rlgld bOdy' CINul Initial Motion
a. Upd_er.the Loads/BCs tab_, click i
Rigid in the Contact Bodies = Select Set to Modify &
group. okcenertec -\ | oo
b. Pull down Action to MOdlfy Angular Position (radians) :
c. Select the side contact body. :
q C| KM df Dat Displacement vs. Time field
. IC odity Data.
e. Check Flip Contact Side. EAiBo8 Crelerei ) 1
f. Click OK. il =
g. Click Apply.
Rename Set as
Re-run the analysis (Repeat Step 6). Note the i

normal vectors

now pOin t Rotation Reference Point
Target Element Type: -

away from the

clip

Axis of Rotation

Modify Data... @ |

[ Modify Application Region... |

s

[ Preview Motion... J

@ ) - (g)
OK ] I Reset ] ]
MSC A Software




Step 9. Attach Master Result File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
| | % - i ] | <% il 8 ks e i
] [T S | e | g | B ||l |
2 > | | g | g | § [ | 2 2 A 12 plot s | V| b 165
Entire | Selected || Analysis Read | Submit & (1111 [ ¥DE | OutputZ Attach | t16/t19 | d3plot -|'i"-| 23 [
e el )| ]| (| 2] i Y THE HES
Analyze Create Existing Deck Optimize | | Toptomize esults Delete Actions
Attach the Master result file: 'on- iAccese Reoulls
Object  [Attach MASTER ~]

a. Under the Analysis tab, click
Master/DBALL in the Access
Results group.

Click Select Results File...

Select the latch Master result
file.

d. Click OK.
Click Apply.

Lookin: || Training

latch.MASTER @

File name:

[FMASTER op2

Files of type:

[Files {* MASTER:" 0p2}

Cancel |

Method: |Result Entities ~

Code: MSC.Nastran

Type:  Structural

Available Jobs I
latch |

Job Name
latch

Job Description (TITLE)

| MSC Nastran job created at
15:01:18

SUBTITLE

LABEL

| Select Results File... (@
J

[ Translation Parameters...

Aoy ()
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Step 10. Plot the Deformation and Stress
Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

b . S -
T (a Bl [ w ; 2y =
$ O ’ 2?; k J == H=H il | KE %l |
Fringe/Deformation ||| Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animationl Benord | Derive | B | | |
Results
Ruick Bigt Besuit Blols Action: 2 action

Plot deformation and von Mises Object object

stress: =
. = _ || =3 =
a. Under the Results tab click D=« E’hl o0 & - ; 5
FringelDeformation In the @ S[?Ee,:\:: RS?;:: gz;iase Show Viewport Legend
Quick Plot group. $1-Step 1"DEFAULT, A1 Time = 0
. }1:Step 1:DEFAULT, A1:Time = 0. Deformea: [l
el S A Time = 1.0 T |
for Select Result Cases. $1'Step 1:DEFAULT A1 Time =0 ' il
c. Select Nonlinear Stresses, @
Stress Tensor for Select L= Line Wi —
Fringe Result. .” i Scale Interpretation
. Select Fringe Result (J Model Scale  (3) True Scale @
d. Select Dl.splacements, PRTRIeh A i lhaert - ARforrdfle o SEl| Noninear Strains, Greep Strain 4]
TranSIatlonaI for SeleCt Fringe: SC1:Step 1:DEFAULT, A1:Time = 1., Nonlinear Stresses, Stress Tensor, von Mises, At 22 ;'gx Hg:::zg:: ggz:ﬂ;’ gl?;t;]c_rﬁ‘;trg:\c; = Scale Factor 1.0
Deformathn Result Deform: SC1:Step 1:DEFAULT, Al:Time = 1., Displacements, Translational, 5.11*00 on[near IESSéS Euiva\ent Str ¥ Show Undefommed !‘
. R (cninearSiccces S Torcol @)
e. Click the Deform Attributes oyl (€] | &) Render Style:
icon somooll| | Position_(At 72) ] s
e [Eerem w3
f. Select True Scale. i || = Line W —
. Click A ly. 3.50+002 Select Deformation Result _
0 pp y . :fm Constraint Forces, Rotational [ l e bdinG ]
h. When finished, click Reset +ioodll| | Constraint Forces, Translational |- Show Tile [ Lock Ttie
G hics 7'% Displacements, Rotational @
rapnics. defauh_Frinngi Dlslacements Translational S oA

Grid Point Forces, Applied Loads |y

Max 1.05+003 @Nd 1063ff | |- | = U
Min 8.56-003 @Nd 571 = ——

27 defauli_Deformation : l Label Style... I
Max 4 024000 NG 449 FlARmate

[ Appl}r@l Resst |

MSGC ASoftware
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Step 11. Creating Marker Plot of Contact Status

Create a Marker Plot of the Contact status:

Q E E Erh et '$' =
a. Pull down Create > Marker > Scalar.
b. Select SC1:...A1:Time = 1.0 for Select Result Cases. Action:
c. Select Contact Status for the Scalar Result. Object: @ oL
d. Click the Display Attributes icon. Method: Object
e. Pull down Scalar Style and pick the Solid Sphere. Method:
f. Click Apply. = Ex @ Al | o
g. The solid sphere markers appear on the clip as shown. =3
) . . l@:)Spnau:trurn (}Cnnstant
h. When finished, click Reset Graphics =
’ ) v =
il Select Result Cazes I
- - = Show Viewport Legend SCO0:, A1:Static Subcase '
 hLice atlt_viewpo rmal rou =2E% SC1:Step 1:DEFAULT, 41 Time = 0.1
[ Spectrum... ] [ Range... ] 5C1:Step 1:DEFAULT, A1Time = 0.22
Scalar; SC1:Step 1:DEFAULT, A1:Time = 1., Contact Status, , , (NON-LAYERED) SC1:5tep 1:DEFAULT, A1:Time = 0.34
Scalar Scale: SC1:Step 1.DEFAULT, A1.Time = 0.484
SC1:Step 1:DEFAULT, A1.Time = 0.655
[Screen Constant - ] SC1:Step 1.DEFAULT, A1.Time = 0.864
SC1:Step T.DEFAULT, A1.Time = 1.
@ Scale Factor
X | | |k ] B
- - Constraint Forces, Rotational ;A!
[ Title Editor... I Constraint Forces, Translational _*
Cunta:t.sf-ail.ls; |
Show Title [ Lock Titie Dizplacements, Rotational B
Displacements, Translational ’ (]
Show Max/Min Label £ i Jl]
Show Scalar Label
[ Label Style... | [ Posiion. .(NON-LAYERED))
Show on Deformed
default_Scalar : A
Max 1.00+000 @Nd 363
Mir 1.00+000 @Nd 363 @ apply | [ Reset | Ceoy ] [ Reset ]

MSGC ASoftware



Step 12. Plot Normal Contact Force

Plot the Normal Contact Force Vector

for the clip: =
Oz«
a. Pull down Vector for Method
b. For the Vector Result select
Contact Force, Normal.
c. Pull down Resultant for Show As.
d. Click Apply.
The Normal Force Vectors will
appear on the clip as shown.
f.  When finished, click Reset |l mamis e a s S

Graphics.

Vector: SC1:Step 1:DEFAULT, A1:Time = 1., contact force, Normal, , (NON-LAYERED)

Min 1.98-002

default_Vector :
Max 1.06+000 @Nd 390

1.06+000
9.90-001

sl
4]
puify
1
o
(=}
puury

2Nd 524

Action:
Object: _ﬂrk&r -

wenoe: [Yecor Y 2)

SJ=gE
N B [P
Select Result Cases =

SCO0:, A1:Static Subcase

SC1:Step 1:DEFAULT, A1.Time = 0.1
SC1:Step 1:DEFAULT, A1:Time = 0.22
SC1:Step 1:DEFALULT, A1:.Time = 0.34
SC1:Step 1:DEFAULT, A1.Time = 0.434
SC1:Step 1:DEFAULT, A1.Time = 0.658
SC1:Step 1:DEFAULT, A1.Time = 0.864

5C1:5tep 1:DEFAULT, A1:Time =1,

(=] i | &

(Lol

Select Vector Result

: 2 3 —
MNonlinear Strains, Strain Tensor ||
MNonlinear Stresses, Stress Tensor

contact force, Friction =
contact force, Normal @ =
[

showss:  [Resutant_{ )

|:| Animate @
Ca(d) [Cree
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Step 13. Display a Fringe Plot of Contact Status

Display a Fringe Plot of the
Contact status for the clip:

a. Pull down Object to Fringe.

b. For the Fringe Result select
Contact Status.

c. Click Apply.

d. The fringe plot will appear on
the clip as shown.

e. When finished, click Reset
Graphics.

DEw G

ZJ\X : default_Fringe :
Max 1.00+000 @Nd 363

Min 1.00+000 @Nd 363

1.00+000
1.00+000

1.00+000
1.00+000

Action:
ovect [Fonge (@)

=]
Sl BT
Select Result Cases gI

SCO0, Al:Static Subcasze

SC1:Step 1:.DEFAULT, A1:Time = 0.1
SC1:Step 1:DEFAULT, A1:Time =022
SC1:Step 1:.DEFAULT, A1:Time = 0.34
SC1:Step 1:.DEFAULT, A1:Time = 0.434
SC1:Step 1.DEFAULT, A1:Time = 0.656
SC1:Step 1:.DEFAULT, A1:Time = 0.864
SC1:Step 1:DEFAULT, Al:Time=1.

L+]

Select Fringe Result

Constraint Forces, Rotational |A
Constraint Forces, Translational =
Contact Status,

Displacements, Retational
Dizplacements, Translational 1
E3| |E3

I Position...((MON-LAYERED})

|:| Animate

i Apphy @ [ Reset J
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Step 14. Display a Fringe Plot of Normal Contact

Stress

Display a fringe plot of Normal
Contact Stress on the clip:

a. Forthe Fringe Result select
Contact Stress, Normal.

Click Apply.
The normal stress fringe plot

will appear on the clip as
shown.

Action:

=
Select Result Cases EI

SCO:, Al:Static Subcase

SC1:Step 1:DEFALULT, A1:Time = 0.1
SC1:Step 1:DEFALULT, A1:Time = 0.22
SC1:Step 1:DEFALULT, A1:Time = 0.34
SC1:Step 1:DEFAULT, A1:Time = 0.484
SC1:Step 1:.DEFAULT, A1:Time = 0.656
SC1:Step 1.DEFAULT, A1:Time = 0.864
SC1:5tep 1:DEFAULT, A1:Time =1.

(£] | [l

Select Fringe Result

contact force, Normal a
contact stress, Friction 1
contact stress, Friction 2
contact stress, Normal

l Position...((MON-LAYERED)}

] Animate

| Appiy (@[ Resst

Fringe: SC1:Step 1:DEFAULT, A1:Time = 1., contact stress, Normal, , (NON-LAYERED) 26ROy

h. W 8.24-002
J‘\X i default_Fringe :
Max 9.56+000 @Nd 390

Min 8.24-002 @Nd 524
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 Workshop Objectives
— Perform a start to finish solid to shell contact analysis with MSC Nastran
— Gain familiarity with the Patran contact analysis GUI

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Files Required
— solid_shell_contact_start.ses

MSGC



« Suggested Steps

1.
2.
3.

Create a new database called solid_to_shell _contact.db
Play the session file solid_shell _contact_start.ses. Review the model.

Define two deformable contact bodies using the Contact Bodies/Pairs
Tool, one for the 3D solid and one for the 2D surface.

Create a body pair between the two deformable bodies and select
automatic contact detection

Set up and run the analysis.

« Set up a linear static analysis, SOL 101

* Request MASTER output file format

* Request contact results

View the MSC Nastran f06 result file to verify the analysis has run to
completion.

Attach the MASTER result file in Patran.

Review the contact analysis results on the entire model and on the
individual contact bodies.

« Create fringe plots of von Mises and Normal Contact Stress

« Create a vector plot of Normal Contact Force

« Create a marker plot of Contact Status

MSGC A Software’



Step 1. Create a New Database

Ho

Defaults Transforms Viewport

—na : e . :
| | o |2 || || o ) [ B 1] 50 0] |
1B | o ||| ][22 ||| ][ [ 2 ] e )

Display

Crientation Misc. Web

D@ L REd-

Create a new database

a. Under the Home tab, click New
in the Defaults group.

b. Enter solid_to_shell_contact
as the File name.
c. Click OK.

d. Select Based on Model for
Tolerance.

e. Pull down MSC Nastran as the
Analysis Code.

f.  Pull down Structural as the
Analysis Type.

g. Click OK.

B New Database

Template Database Name
CAMSC. Software\Patran_x64\20130/emplate.db

L Change Template ... J

Modify Preferences...

Set Working Directory to Database Location

Look i_n:I | Training ;] & ¥ E8-

Mo items match your search.

77N

Fle name: [ EREE R (b =
=

(©
oK l
Cancel

Files of type: ]Database Files {~db}

[Hew Model Preference

MNew Model Preference

Model Preference for:
Solid_to_shell_contact db

Tolerance
(%) Based on Model @

C} Default

Approximate Maximum
Maodel Dimension:

100

Analysis Code:

MSC.Nastran b 6
Analysis Type:

Structural e

| OK@ [ Reset
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Step 2. Play the Session File

Play session file solid_shell_contact_start.ses to
build the model.

a. Pull down File > Session > Play...
b. Select solid_shell_contact_start.ses
c. Click Apply to play the session file.

i File | Group Viewport Viewing Display Preferences Tools Help Utilities
Mew..,
Open... A
Open Recent... |:| Single Step
Close
Commit Commands
Save
i Loak in: I | . Training ;] e |=_"“fE B~
Utilities 4
it . sea.rch_crrder_start.ses
7 solid_shell_contact_start.ses @
Export...
SimXpert...
SimManager ]
Session b Play...
Print... Record...
Images... .
3 Filz name: lsnlid_shell_corrtact_start.ses ;I -Apphy-
Report...
Quit Files of type: ISessin::n File Files 1~ ses™} _LI ﬂl

NAS133, Workshop 2, March 2014
Copyright© 2014 MSC.Software Corporation
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Step 2. Play the Session File (Cont.)

Home Geometry Properties Loads/BCs Meshing nalysis Results Durability

a
D= @ S| 9| el W] (@) 0|8 || ]lal||Fx] 5 ke |45 B4 =
e (Ve ' : = _ @l |t
Pl RS TS L S T s = A e I A R T Tl
Defaults Transforms Viewpart Display Crientation Misc, Web||Madel Tree
Review the model. 100000

a. Under the Home tab, click
Smooth Shaded in the Display

group.
b. Review boundary conditions:
» The solid block is fixed at the
base.
* The plate is fixed at the right
edge.

c. Review loading: A total load of
10 Ibs is applied to the plate.
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Step 3. Define Two Deformable Contact Bodies

i File Group Viewport Viewing

Display Preferences

Help  Utilities

Define Contact Bodies using the Contact
Bodies/Pair Tool:

a. Pull down Tools > Modeling > Contact
Bodies/Pair

b. Pull down Method to Connectivity
c. Check 3D and 2D for Elements

d. Click Apply

e. Click Cancel

r Create Contact Bodies/Pairs

Create  |Deformable Bodies > |

Create From

@ Entire Model {:" Current Group
Cﬁ Current Viewport

Element Type
Groups
Properties
Materials

Geometry

Element
[¥] 3D @ [*]20 [Jo

[—aomy (d)

MSC.Fatigue
Laminate Modeler

Random Analysis...

Analysis Manager...

List

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

User Defined ACM...

Pre-Release

Maodel Contents...

Properties Import...

Load Tools...

Model Variables...

Element Quick Create...
Property Data Plots...

kass Property Management...
Assembly .4
Experimental Data Fitting...
Bolt Preload...

Rotor Dynamics...

MSM Properties...

Feature Recognition...

Contact Bodies/Pairs...
(a)

MSGC A Software’



Step 4. Create Body Pair

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

£ (= % 2 B @

Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Element || Element “Contact ! Initial || LBC | Create
Constraint Uniform = |'u’ar|able ~||Bodies ™ Conditions = |f3«ct|nr15 ~i| Load Case || |
Modal | (NsF: s L& Load/Boundary Conditions

Load/Boundary Conditions |
|

Input Data = —————
I Body Pair Application Region 4 | e Action: |}

Create a body palr and Se|eCt _éu_:r;Palr}-\a;ﬂ;tERe_gmn_| "j > Luaﬂl‘Buundﬂl’y Cnndrtmnsl Input Data |
. . L [ Object: n b
automatic contact detection: ~ E g
. Mode: s Type:
a. Under the Load/BCs tab click ' - — S
Create Body Pair in the Body Prpery St Name 5 ot Lo oo
Pa”'s group. Bty iiiestalonttcd E cnntad L g l Defaul... J
H istance Tolerancel Type: Static
b. Enter Automatic_Contact for New o e @ ‘ e i
Set Name. ~ Bias Factor(BIAS)
c. Click Input Data... Hsercontec - ; | o t SR =L
__REVE[SEEDﬁi&S nterrerence Llosure
d. Select Automatic for Contact T 5
Detection ™ =]
. @ Body2 Name: | =
e. Click OK a a9 30_bdy @ Hard-Soft Ratio (HARDS)
f. Click Select Application Region ks
g. Click FEM entity and then Element |_ li DG'”E‘““”*““"’L“_F} .
on the Picking Filters toolbar = [ s ' New Se lame @
B Autumatic__Cuptap_t
h. Click in the Body1 Name box and  |%| |™ :
. s |:| Stressfree InitCont(ICOORD)
select any element in 2D_bdy (the || |8 S 1 Fioieyeacaa oo
plate). o : -
; ! St
i. Repeat steps g and h for Body2 B . l s (C
1 1 1 -~ Contact Detection(ISEARCH}
Name thl_s time selecting an :d) c ! ————r e Rgmm_@
element in 3D_bdy (the block). ™ O single sited
i. Click OK O vt =
i [l ok \ € ) oefauts | [ cancel | |X_ll
k. Click Apply o a" L L

MSGC A Software’



Step 5. Set Up and Run the Analysis

Hom Geametry Properties Loads/BCs Meshing Analysis Results Durability
a =
b | b % b, . b e 1 [
‘edb 2 H o ; '

£ QIS e S o Iit] |:1 1 T 1 2 SE et (|| ] || el
Entire || Selected Load Analysis Read | Submit ) - »DB Output2 | MASTER/ | t16/119 | d3plot | s )
Model || Group | simXpert || Deck sl Bl l&/|=)] DEALL A NE TIEY

Analyze Create Existing Deck Optimize | | Toptomize Access Results Drelete Actions

_—
| Solution Type x

Set up a linear static analysis.

a. Under the Analysis tab, click
Entire Model in the Analyze gf'lfnﬁ:f’j:;l
group.
Click Solution Type . Solution Type: @
(%) LINEAR STATIC
Select LINEAR STATIC. SRR
d. Click Solution Parameters. ) NORMAL MODES

() BUCKLING

() COMPLEX EIGENVALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE
() NONLINEAR TRANSIENT
) MPLICIT NONLINEAR

() DDAM Solution

| Select ASET/QSET... |

L Solution Parameters.. (\dp

Solution Sequence: 101

Cancel J

Analysis

Object: _;Ltire WModel =
Method

Code: MSC.Nastran

Type: Structural

Available Jobs @

LABEL

Job Mame

SUBTITLE

Translation Parameters..

Solution Type...

o1

Direct Text Input...

Select Superelements..,

Subcases...

e mhas i Sl S s

Subcase Select...

Apply

|
|
J
|




Step 5. Set Up and Run the Analysis (Cont.)

Request MASTER results output format to capture
contact results.

a. Click Results Output Format.
Check MASTER/DBALL and uncheck XDB.

c. Click OK. eakition Type =
H o e Static Solution Parameters
d . C||Ck OK. ;J\I‘Iﬁh’sl& | Solution Type ! Database Run
e. Click OK MSC.Nastran [ [ cyclic Symmetry
Solution Type
o Automatic Constraints
Sabibon Type: [ nertia Retief
@ LINEAR STATIC [[] Atternate Reduction
O NONLINEAR STATIC []s0L 600 Run
() NORMAL MODES @stmin
() BUCKLING
[ Contact Parameters... ] i — ]
() COMPLEX EIGENVALUE _ K Results Output Format = 5
O FREQUENCY RESPONSE Shell Normal Tol. Angle = | D .
op2 [CxoB Print ] Punel
() TRANSENT RESPONSE e i
) NONLINEAR TRANSENT Data Deck Echo: [ IMASTER Only MASTERDBALL @
© WPLICIT NONLINEAR 1 Plate Rz Stiffness Factor = SO0 {

") DDAM Solution

Maximum Printed Lines =

[ Select ASET/QSET. . | hasaraen Ran Tane =

Wt -Mass Conversion = 10 ] oK @[ Defauts__| [ Cancel

Node id. for Wt. Gener. =

Solution Parameters. . Defautt Initial Temperature =

Default Load Temperature =

Solution Sequence: 101 Rigid Element Type: LINEAR ¥

| oK @ [ cancel | [ ﬁé&-’sultsOulputFurn%t._@]
) oK @[ Defauts | [ cancel |
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Step 5. Set Up and Run the Analysis (Cont.)

RalysIs

SUBCASE NAME: Default Analysis |

Request contact results. SAPINSNERE 2 e st
. Form Type: —Basic -
a. Click Subcases... Obiect

b. Highlight Default in e i

: Element Strain Energies bJ

Available Subcases. | Element Strains

iGrid Point Stresses
| Grid Point Force Balance 2 Code: MSC.Nastran

Click Output RequestS. | Grid Point Stress Discontinuities tl

| Element Stress Discontinuities
Scroll down and highlight l |

Contact Results. E Available Jobs |

Subcase Name

CI'Ck O K. Output Requests rDEfﬂ““ |

DISPLACEMENT{SORT1 REAL)=All FEM | =
. z . | Available Load C:
C||Ck App|y STRESS(SORT1, REAL VONMISES, BILIN)=ANl FEM;PARAM N( ‘ vai oad Cases
|

o

Type: Structural

o

SPCFORCES(SORT,REAL)=AIl FEM [Defot |
Click Cancel.

| BOUTPUT(SORT1,REAL )=All FEM
Click Apply to submit the
analysis.

Job Name

@ ™o

| solid_to_shell_contact
Job Description (TITLE)
MSC.Mastran job created |

I | (2]

[[f#]
)

[ Delete ]

Subcase Options SUBTITLE

Subcase Parameters... ]

Cme LABEL 7
This is a default subcase. | [ Output Reguests... @ | |

SUBTTLE [ Direct Text Input... ] .

X | Translation Parameters... ]
| Default | =

i:| LABEL [ Select PP WS, Solution Type... ]

Direct Text Input... ]

Select Superelements.

i This load case is the default load case that always appears | e
A Cal O
g
(
[ ok \C/ [ opetauts | [ cance

Subcazes... ( a

Subcase Select... |

=0

NAS133, Workshop 2, March 2014
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Step 6. View the Result File

After the analysis runs to

completion, review the .fO6 results

file

a. Locate the file
solid_to_shell_contact.f06

Find what: %

X Find Mext

C“ondltlons: ) D_\rectlon‘. Mark All
@ Text () Hex @up
Match whole words @ Down

Close

[¥] match case
D Regular expression
Wrap searches

[ | Exttend selection
["]1n all documents

.

@ !| » Computer b Local Disk (C) » training » NAS133

b. Open Organi E o B New fold
- rganize v = pen w urmn ew Tolder
solid_to_shell_contact.f06
W|th any text editor 2| solid_to_shell_contact.bdf
i o || solid_to_shell_contact.db
C. SearCh fOr the Stnng A') || solid_to_shell_contact.db.jou
d SCI’0|| down the |Oad StepS || solid_to_shell_contact.DBALL
. )
solid_to_shell_contact.f04
note that Load Step 1.0000 has =
|| solid_to_shell_contactIFPDAT
been reached. Then close the ES it o, st coviactiiog
.fOG6 file. || solid_to_shell_contact MASTER
[|=] solild_to_shell_conta &’.ﬁi’é'@
0 @ NON-LINEA AR ITERATTION M ODUTLE OUTPUT
STIFFNESS UPDATE TIME-1892160000.00 SECONDS SUBCASE 1 STEP 0
ITERATION TIME 0.02 SECONDS
LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG ot 200 = s = == DISP = = = = = = 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-01 1 1 1.00E+00 1.24E-13 1.00E+00 1.000 O 1 0 1.77E-07 2.388E-05 6.61E-06 -1.047E-04 227 3 1.00 0 O 0 1
***% SYSTEM INFORMATION MESSAGE 8137 (NL3CON)
SEPARATION condition has been detected. Additional iterations will be performed.
%$1.00000E-01 1 2 5.97E-05 8.02E-14 4.66E-05 0.564 0 1 0 2.16E-09 2.388E-05 6.61E-06 -1.047E-04 227 3 Il.OO 0 0 0 2|
***% SYSTEM INFORMATION MESSAGE 8137 (NL3CON)
SEPARATION condition has been detected. Additional iterations will be performed.
%$1.00000E-01 1 3 1.44E-01 1.22E-13 7.53E-03 0.599 © 1 0 1.76E-15 2.424E-05 6.90E-06 -1.070E-04 227 3 1.00 0 O 0 3
%$1.00000E-01 1 4 8.72E-02 7.90E-14 3.38E-03 0.599 0 1 0 4.69E-12 2.440E-05 6.89E-06 -1.094E-04 227 3 1.00 0 O 0 4
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Step 7. Attach the Result File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability | _
b . o 1 1 | L e —
o | | (] (L) Fedsl | o2 g Arevs |
— — — b - o A]
Entire | Selected Load Analysis Read | Submit | ; |||B| | 3 ||@| XDE Qutput2 ||MASTER/ || t16/119 | d3 GIELED ['
Model [ Group | SimXpert Deck L
_— - : Object: Attach MASTER. ¥
Analyze Create Existing Deck Optimize | | Toptomize Access Results
Method: Result Entities hd

Attach the MASTER results file in

Patran.

a. Click MASTER / DBALL in the
Access Results group.

b. Select solid_to_shell_contact
from Available Jobs.

c. Click Apply

Code: MSC.Nastran

Type: Structural

Available Jobs ﬁ

| =0 lid_to_shell_contact @

Job Name
solid_to_shel_contact
Job Description (TITLE}

| MSC.Nastran job created

SUBTITLE

LABEL

[ Select Results File... ]

[ Translation Parameters... J

2o () 8
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Step 8. Review Analysis Results

Home Geome Properties Loads/BCs Meshing Analysis Results Durability Results _E |
— Results |
i -ﬁ 2 t r F =5y I |
) | e : - - = e -
=3 B L7 & vk ¢ & B2 =~
Fringe/Deformation ||| Deformation | Fringe | Wector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive i§||ﬁ|
ha || Object:  |QuickPlot ¥

Cuick Plot Result Plots Result Action
MEERPIOE 2‘ =\
Plot deformation and shell von Mises stress Select Resut Cases
a. Under the Results tab, click Fringe/Deformation in the Quick Plot group. SCLOELAULT AT:Stas Sue
b. Select SC1:DEFAULT, A1:Static Subcase for Select Result Cases.
c. Highlight Stress Tensor for Fringe Result.
d. Highlight Displacements, Translational for Deformation Result.
e. Click Reset Graphics to clear the shading.
f. CI|Ck Apply Select Fringe Result
: Stre=s Invariants, Minor Principal IAi
Fringe: SCT:DEFAULT. Al Static Subcase. Stress Tensar, . von Mises, At 22 1124003 Stress Invariants, Van Wises 3
| | 1 051009 EXTSeTTA— W -
Deform: SCT:DEFAULT, Al Static Subcase, Displacemenits, Translational, Touched Body, First =
9.74+002 Touched Body, Second _i‘_"
9.01+002 £ il [
8. 28+002
B~ | Fosition...(At Z2) |
£ 53+007) Quantity: von Wises ¥
.154-10 +3002 Select Deformation Result
B.87+002 | Constraint Forces, Rotational |A!
4 .64+002) Constraint Forces, Translational |_ l
3024002 Displacemsnts, Rotational |3 |
3.19+002 contact forcs, Friction (]
2.46+002
1.73+002)
1.01+002 L ot
2.78+001
default_Fringe
L Mape 1.12+003 @Nd 270, e
Min 2 78+001 @Nd 217
default_Deformation
Max 1.08-0053 @Nd 227
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Step 8. Review Analysis Results (Cont.)

Set deformation scale to true
scale.

a. Click Deform Attributes.
b. Select True Scale.
c. Click Apply.

Fringe: SC1:DEFAULT, A1 :Static Subcase, Stress Tensor, |, von Mises, At Z2
Deform: SCT.DEFAULT, Al:Static Subcase, Displacements, Translational,

1.12+003
1.05+003
9.74+002
9.01+002
8.28+002
756+002
6.83+002
150902
5.37+002
4.64+002
3.92+002
3.19+002
2 46+002
1.73+002

1.01+002
2.78+001

default_Fringe :
Max 1.12+003 @Nd 270
Min 2 78+001 @Nd 217
default_Deformation
Max 1.09-003 @Nd 227

[Resuts |
Object: Quick Plat ™

Show Viewpert Legend

Deformed: ﬂ
Render Style: _’ir&frame =
Line Style: E}
Line Width: E}
Scale Interpretation
(:) Model Scale @ True Scal&@

Scale Factor 1.0

Show Undeformed !

wewan  [——]

( Title Editor... |

Show Title [ Lock Title

Show Maximum Label

[ Label Style... |

[ Apply @ [ Reset ] |
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Step 8. Review Analysis Results (Cont.)

] == L

—— Results |
"'EE"?'UF_: e Tl Action:

Plot solid von Mises stresses e W Obiect

. NON-LAYERED
a. Click Select Results. _m * | =

. "gw Atzz

Click Position...(At Z2).
c. Highlight NON-LAYERED. SSLD“ i1sff“5b
SC1.DEFAULT, Al Static Subcase

o

Click Close.
-
Click Apply.

®

Fringe: SCT:DEFAULT, Al:Static Subcase, Stress Tensor, , von Mises, (NON-LAYERED)
Deform: SCT:DEFALILT, A1:Static Subcase, Displacements, Translational,

Select Fringe Result
Close @ | Stress Invariants, Minor Principal IA
= Stress Invaiants. Von Mises
— (StressTensor, ________[F]
Touched Body, First i
3.14+001 Touched Body, Second i)
< | il | i
2.84+007 I - 2]
2 B4+001 | Posttion...(At Z2}
224400 Quantity: von Mises ¥ b
1 94+001

Select Deformation Result
1.66+001 Constraint Forces, Rotational ||
1 85+001 Constraint Forces, Translational |

Displacements, Rotational 3
1.05+001 Displacements, Translational |
contact force, Friction

7.45+000)

4 A9+000)
1 BO+000) [] Animate

default_Fringe
v Max 4 B4+007 @hd 192

Min 1 50+000 @Nd 15

default_Deformation @

Max 1.09-003 @Nd 227
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Step 8. Review Analysis Results (Cont.)

Home Geametry Properties Loads/BCs Meshing Analysis Results Durability |
Results |

® | B %] ek 4| 2|5

Fringe/Deformation || Deformation || Fringe || Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report Derive |

o~
Plot contact status of both contact bodies

a. Click Reset Graphics. Selct Resut Cases
b. Click Fringe in the Results Plots group. e

SC1:DEFAULT, At Static Subcase
c. Highlight Contact Status under Select
Fringe Result.

d. Click Apply.

Cluick Plot BEesult Plots

Fringe: SC1:DEFALLT. Al:Static Subcase, Contact Status, . . (NON-LAYERED) 1.00+000
9:33-001
867001
8.00-001
Select Fringe Result
733001 : : . :
Conztraint Forces, Rotational iAj
6.67-001 Constra [=]

int Forces, Translationg
Dizplacements, Rotational

5.00-001

633001 Dizplacements, Translational V

4.67-001 |4 : I [>

4.00-001

3.33-001

267-001 [ Posttion._.((NON-LAYERED))

2.00-001

1.33-001

& 67-00] [[] Animate |

I, ’ | @ '
default_Fringe Apply d [ Resel -
Ma 1.00+000 @Nd 186

Min 0. @Nd 220
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Step 8. Review Analysis Results (Cont.)

Plot contact normal stress on both
contact bodies

a. Highlight contact stress,
Normal under Select Fringe
Result.

b. Click Apply.

Fringe: SCT.DEFAULT. A1 Static Subcase. contact stress. Normal. .

(NON-LAYERED)

3.5b8+001
3.37+007
3.15+007
2.94+001—
272+001—
251+001—

Z29+001

2.08+001
1 .86+001I
1.66+001

1.43+001=

1.22+001
1.00+001
7.89+000)

5.76+000)
3.60+000
default_Fringe :
Max 3.58+001 @Nd 198
Min 3.60+000 @Nd 276

[Resules
Rezults
Action: :A,;

=] r"'s
o~ B

Select Result Cases
SCIII A1 Stahc Subcase

Select Fringe Result

contact force, Normal Bl
contact stress, Friction 1

cu nta ct 3tress FFIC‘tID n 2

| Pastion. .. ((MON-LAYERED})

|:| Animate

E Apphy ( b ) [ Reset W
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Step 8. Review Analysis Results (Cont.)

Home Geometry Properties Loads/BCs

PR A e | DU ]
Results !

n e ? ] Y “ =1 i
3 - % Wi, 4 MK B £ | -
Fringe/Deformation || Deformation | Fringe Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive | Object:

Result Plots Resu Method:
= a
D5 o of o e - it —
A A =] [

Cuick Plot

Plot contact normal force on both contact bodies =
Select Result Cases
a. Click Reset Graphics. [SC0, A:Static Subcase
. . |SC1:DEFALLT, A1:Static Subcase
Click Vector in the Result Plots group.

b
c. Highlight contact force, Normal
d

Click Apply.
Vector: SCT-DEFAULT, Al Static Subcase, contact force, Normal, , (NON-LAYERED) 8.66-00
. Select Vector Result
8.18-00 _
Dizplacements, Translational |A]
76800 ]

Stress Tensor,

1.97-80m-n01 7.16-00 contact force, Friction =

(it | onacioce o @) !-
-0 £.69-00 (o

T £.16-00

LT
5.69—00
iy
46900

| 41900
/‘““‘—-——-——knm; 3 69-00 SOWAE

Z J// 51900
T 2 6900

2.19-00

1 69-00 [] Animate

v 1.20-00
default_“ector : i Apply@ |_ Reset I

1
1
1
1
1
1
1
5.18-001
1
1
1
1
1
1
1
1

Max 8.68-001 @Nd 257
Min 1.20-0071 @Nd 222
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Step 8. Review Analysis Results (Cont.)

Plot contact status on both contact bodies

O | [

a. Click Reset Graphics. Resuls | Resuts |
Pull down Scalar for Method. Action: Action: [
c. Highlight Contact Status. Otject <
d. Click Display Attributes. Metnos e e ()
e. Pull down Scalar Style to the solid sphere (or choose your = = =
= D = R IE A
own). =R =N% ﬂlé =]
f. Click Apply (®) spectrum () Constant =
: : : : Show Spectrum st o
g. Adjust the Scale Factor as desired and click Apply again. T T ——
Show Viewport Legend | SC1:DEFAULT, A1:Static Subcase
Q e * [ Spectrum... ] I Range...
Scalar Scale:
Scalar: SC1:DEFAULT. Al Static Subcase, Contact Status, ., (NON-LAYERED) 9.33-001 Scale Fa 3
8.67-001 003
8.00-001 Scalar Style: Select Scalar Result
7.83-001 | Constraint F _ Transiationp T
. Displacements, Rotational =
6.00-001 Show Title [ Lock Tite Dizplacements, Translational (
583001 Cow e i G |F{riin:ﬁcln cqntac?mfurce, Maqnli‘tude i__) i|"|
467001 Show Scalar Label o - o
4.00-001
3.33-001 [ Label Sty [ Position...((NON-LAYERED}) ]
267-001 Show on Deformed
2.00-001
[] Animate
1.33-001 f
[ Apply Q [ Reset
S ey ] [ Reset | LI
default_Scalar [v.
Max 1 00+000 @Nd 135

Min 0. @Nd 220
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Step 8. Review Analysis Results (Cont.)

Examine the contact bodies
individually.

First post the plate.

a. Pull down Group > Post.
b. Highlight plate

c. Click Apply.

FiIelGrnup Viewport Viewing Display Preferences Tools Help Utilities

Create...
Post... @
Maodify... | Results | Group |
Move/Capy... Action:
Set Current... Current Viewport
Transform... .default_\.fiewpnrt
Delete... Select Groups to Post
Attributes... ack
| default_group
late
Extras 4 . Q

[ Select None |
[ Select Al |
[ Select Current |

l Apphy @ ’ Cancel I
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Step 8. Review Analysis Results (Cont.)
Vesing  Anapsis Resufu Durabilityl-..-..ni - _— PI

Home Geometry Properties Loads/BCs

$ i% & 1y %’ E & m At r di-=Y BE Tl
s i e | BB BN ET = Action: ]
Fringe/Deformation || Deformation | Fringe ||Vector || Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive |

l Object: _arker =

Result Plots

% — Method
AN - i

= .;l: I\ET'*‘
Examine the plate contact body @

a. Click Reset Graphics. 5

b. Click Vector in the Result Plots 5:: i:?;raizeuscae
group.

c. Click the Results tab.

d. Highlight contact force,
Normal

e. Click Apply

Quick Plot

O & M

Select Vector Result

Displacements, Translational -|A]
Siress Tensor,

contact force, Friction i5-|
| contact force, Normal @ =i
[t

Stow As

Q( |:|Animate
default |

) 2oy () [_Resst Ilz'i

Jre’




Step 8. Review Analysis Results (Cont.)

| Results | Group

Examine the plate contact body ,

a. Right-click in a blank part of the viewport and select View Action: &
Corners from the context menu. Object

b. Drag a rectangle to zoom in on the contact normal forces S
acting on the plate e

c. On the Results form, click Display Attributes = ﬁ ﬁ@

d. Experiment with Vector Definition and Label Style to help E onciun (S maint
visualize the contact force results VI Stow Specrim

] ®)

|:| Show Viewport Legend

B - l Spectrum... Range... l
Vector definition d
- g Length: Screen Scaled Y| |=|
A [ b Scale Factor 01
Application L 3 ‘
Optimize » Line Style: E}
Verify 4 ] I
- _ _ ( Title Editor... |
Viewport Display 4 47

Model Orientation  » Show Title [ Lock Title
Plot Erase h’.

Show Max/Min Label

Import Model 4 Show Vector Label

Fit View

View Corners @ I Lsbel Siyle,. (d) I

Reset Graphics Show on Deformed

Refresh Graphics

Tile

Undo i Zpply J I Resel J [l
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Step 8. Review Analysis Results (Cont.)

Now examine the block
a. Click the Group tab.
Highlight block.

c. Click Apply.
d. Click the Results tab.
e. Click Apply.

Results I.érnup.

Action:
—

S

() spectrum () Constant
[] show Spectrum

[ show Viewport Legend

[ Spectrum... ] I_ Range...

J

Wector definition

g
Scale Factor | 04
Anchor Style;
Head Style:
Line Style: E

[ Titie Editor... |
Show Title [ Lock Title

Show Max/Min Labal
Show Vector Label

[ Label Style...

Show on Deformed

o (o) [ess

d Jresuts |-Grﬂup a

Action:

Current View port

-.defaurt_viewpurt

Select Groups to Post

block @
| default_group

| plate

:

[ Select None J
[

Select All ]

I Select Current ]

l Apphy @ [ Cancel ]
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Step 8. Review Analysis Results (Cont.)

Continue to plot contact analysis
results on individual contact bodies
on your own.

Contact Status
(marker plot)

Contact Status
(fringe plot)

Contact
Normal Stress
(fringe plot)

Contact
Normal Force
(marker plot)

MSGC A Software’
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 Workshop Objectives

— Learn to create a shell edge-to-edge glued contact with moment carrying
capability.

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Required Files
— shell_edge glue_start.bdf

MSGC ASoftware



« Suggested Steps

1.

8.
9.

Create a new database.

2. Import the MSC Nastran input file.
3.
4. Define two deformable contact bodies using the Contact Bodies/Pairs

Review the model.

Tool, one for the coarse mesh global model and one for the fine mesh
local model.

. Create a New Body Pair between the two Deformable Bodies

* Check Glued Contact, Retain Moment, Stress free InitCont
« Select automatic contact detection
* Ignore thickness for both master & slave bodies

. Set up a linear static analysis and run the analysis
. Review the entries BCONPRG and BCONECT in the MSC Nastran input

file.
Review MSC Nastran fO6 result file.
Attach the MASTER result file.

10.Review analysis results. Plot deformation and von Mises stress results.
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Step 1. Create a New Database

Create a new database:

a. Pull down File > New.

b. Enter
shell_edge_glue. for
the File name.

c. Click OK.
d. For New Model
Preference, accept all

defaults by clicking
OK.

| File | Help

Mew,.. @

Open...
Open Recent...

Ltilities

SimXpert...
SimManager

Session

Quit

Model Preference

New Model Preference |

Model Preference for:
shell_edge glue.db

>

Tolerance
® Based on Model

O Default

Template Databaze Name
CAMSC. Software\Patran_x84'20130/4emplate.db

Approximate Maximum
Model Dimension:

1100

Analysis Code:

MSC Nastran ~

[ Change Template ...

Analysis Type:

Modify Preferences...

Set Working Directory to Database Location

Structural ~

_ i OK @[ Resetl ] %X.]

Look in: I , Workshop 3

o~

~| & Bk Er

Mame Date modified Ty
Mo items match your search,

1 | m [ 3

File name:

|she||_edge_-:|lue.u:|b QZ))

Files of type: IDatabase Files {~.db}

MSGC



Step 2. Import a MSC Nastran Input File

Import the starting finite element
model:

a. Pull down File > Import...

b. Pull down Source to MSC.
Nastran Input.

c. Select
shell_edge_glue_start.bdf.

d. Click Apply to import the
model.

e. Click OK to close the import
summary form.

File | Group Viewport Viewing Display Preferences Tools Help LHilities

MNew...

Cpen..

Open Recent...
Close

Save

Save a Copy...
Utilities
Import.. @
Export...
SimX¥pert...
SimManager
Session

Print...
Images...

Report...
Cruit

.3

3

Imported Imported with Warning Mot Imported
Nodes: 993 ] 1}
Elements | G54 0 1}
Coordinate Frames o a a
Material Propertie 1 a o
Element Properties | 2 a i]
Load Sets 2 a a
Subcazes I o a a
MPC Data 0 o i
Comment Lines 12 0 ]

Reject Cards... ]

—o(e)

Loak in: I , Workshop 3

i chell edge glue start.bdf

(©

| & & ef B

File name: lghe"_edgejh.le

_start bdf

Files of type: IMSC.Nastlan Input Files {* bdf;* dat}

_vj Cancel

|
E

(b)
Source: MSC. Nastran Input
Current Group

defa_u !t___g'rn up

MSC.Nastran Input Options... |
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Step 3. Review the Model

Home

.

Displacement

Geometry Properties

-i

el

=1

.

Force

Constraint

MNaodal

Loads/BCs

@

Meshing

-

Temperature | Velocity | Acceleration | Crack(VCCT)

Analysis

Element
Uniform *|

Results

Element
Variable =

Curability

| |
Contact
{Bodies =

Create
Body Pair

Body Pairs| |

Initial
Conditions =

s

LBC Create
Actions ~|| Load Case

Load Cases

LBC
Fields =

Review the model:
Under the Load/BCs tab, click

a.

Plot Markers in the LBC
Actions group.

. Shift-select both the

Displ_spc1.1 and

Force_force.1 Load/BC sets

and boundary conditions.

. Click Apply to plot the loads

|||

LEC Actions

Load/Boundary Conditions
. [n
Action: Plot Markers ¥ LJ

[] Modify WVector Dizplay

Current Load Case:

[ Defautt...

Type: Statie
Assigned Load/BC Set
[Displ_spct.1
Force force.d

Group Fitter
) Al Groups
() Current Viewport

Select Groups

MSGC



Step 3. Review the Model

Coarse Mesh Global

Model \

/ Fine Mesh Local Model

R T

P e T

P e T

P e T

R (e T

1250

Fixed End

200 Lb Tensile Load

MSGC



Step 4. Define Two Deformable Contact Bodies

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

MSC . Fatigue 4
. i i i Laminate Modeler 4
Define Contact Bodies using the Create Contact Body/Pair Tool: R et
a. Pull down Tools > Modeling > Contact Bodies/Pair Analysis Manager...
b. Pull down Method to Properties bl :
. Mass Properties...
c. Click Apply Beam Library...
d. Click Cancel Regions...
Modeling L4 Maodel Contents...
Eﬁw Design Study 4 Properties Import...
Create Results » Load Tools...
Connectivity . Model Variables...
User Defined AQM..,
Element Type Element Quick Create...
i M \> Groups Bl eleae E Property Data Plots...
Create From || Flopeiies @ Mass Property Management...
Materials
(%) Entire Model (O Current Group Geometry Assembly »
() Current Viewport () Select Properties Experimental Data Fitting...
Baolt Preload...
Contd
M5M Properties...
Feature Recognition...
Contact Bodies/Pairs... @_

ElEEEEEEEEEEEE
EliEiEEEEE E E EETE e
olojololololo|o]olalalolo
EEEEEEEEEEEEE
ElEEEEEEEEEEEE P EEEEEEEEEREEEE
ElElEEEEE E E EEEE EEEEEEEEEEEEEEE
ololojolololo|ololalalolo R EEEEEEEEEEEEE
ElEEEEEEEEEEEE FEEEEEEEEEEEEEE
ElEEEEEEEEEEEE FEEEEEEEEEEREEEE
ElEEEEEEEEEEEE B EEEEEEEEEEEEE
FEEEEEEEEEEEE FEEEEEEFEEEEREEEE
EEEEEEEEEEEEE FEEEEEEEEEEEEEE
olojojolololoo]olalo]o]o]
BEEEEEEEEEEEE
olo]o]olojo]ojofo]ojolo/o
Bl EEEEEEEEEEEE
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Step 5. Create Body Pair

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

£ (= % 2 B @

Displacement | Force | Temperature | Velocity | Acceleration | Crack[VCCT) | Element || Element hContact ! Initial || LBC | Create
Constraint |Unifarm =|[Variable =||[Bodies = Conditions = |f3«ctinr15 ~|| Load Caseg
Nodal | | | Load Cas i A
Load/Boundary Conditions |
|Input Data = N —
- II [ Load/Boundary Condtons | nputDats | i il
Create a New Body Pair: |LoaaBowdasy Conglion,| it Caks | 3¢ . 57 /S ot
a. Under the Load/BCs tab click _ : [ (£ e [Eemenuniom 7]
Create Body Pair in the Body = Option: [ody Par_~
PaIrS group. LINRCELY e s : lCurrent Load cls:r;un J
b. Enter Automatic_Contact for . i s Distance Tolerance(ERROR) _ T
New Set Name. Solid Element Cantact Options: !
. F.l»a._s Factur(E_t_lAS)
c. Click Input Data... Include Outside Include Outside 29 Existing Sets =
d. Check Glued Contact(IGLUE), : P — i
Retain Moment(IGLUE) and RigidiShell Element Options: o :
H Slide Distance(SLIDE)
Stress free InitCont(ICOORD). [Flinciie Ousie  [7] ok Dutside 00 | |2
. Hard-Soft Ratio (HARDS)
e. Se|eCt Automatlc for Contact Check Layers: Check Layers: 2_._0_
Detection (ISEARCH). [TepBotiom ¥ | [TopBotiom ~ |
Glued Contact{IGLUE)
f. Click Contact Options ignore Thickness gnore Thickness || [] Retain Gaps/Overlaps(IGLUE)
p_ Q @:“ Retain Moment(IGLUE} New Set Name
g. Check Ignore Thickness for e [ Alow Separafion(JGLUE) Automatic_Contact
. Edges Contact Options: )
both Master and Slave bodies [l Sesspe moanaco o)
h CI|Ck OK Include Edges Include Edges [ petayed sine orrcaoRT)
. . . . Check For: Check For: Select:
i Cllc_k Select Application ——— —— | /}I
Reg ion . = | Input Data... \C
‘ ! g [ Select Region( 1
[ m(@ [ Defautts | [ cancel | | [C) CibbiTied
. |IV_I Lok ] [oefauts| [ cancel ]l l
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Step 5. Create Body Pair (Cont.)

Load/Boundary Conditions R

Load/Boundary Condtions |
— Action: 2]
_ - e e T
Select Application Region: (Gomraramiesionregon ] s || ™
a. Click in the Body1 Name box [~ Type:
b. Select FEM and then - Hode ot ot
Elements in the Picking Toolbar m| |® e
c. Select any element in al 1€ Poaniessuaes ® Tee  sac
pshell.1_bdy (the more & [ Body1 Name:
coarsely meshed body). = ]i penehl-oay — %
d. Repeat steps b and ¢ with = % [] sef Contact
Body2 Name and in % |F
pshell.2_bdy (the more finely T |8 S g
meshed body). es
. - Body2 Name:
e. Click OK |‘:§ pehell2_bdy
f. Click Apply Y
E:@ o New Set Name
@§ & AT COOEe
—
EEEEEEEEEEEEEEEEE [w] | Input Data. . ]
FEEEEFEEEEEEEEEEE <] i 2l
R EEFEEEEREREEEEEEE L Bl [ T ]
B EEEEEEEEEEEEEEE | ==
EEEEREEEREEEEEEEE BEEEEEEEEEEEEEE
e EEEEEE RN EE N E G e s EE EE SR e N B EE R ()
FEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEEEE EEEEEE
ololoololololo|ololo|clololoololalajo/ofololo|olo]ololalalololo[olalo[ololoo ™
olo[o[ololclolofo[olo[colo[oololalclelolofa|ololoo[oloolaolo [o[olo[o]ofoo 2
R EEEEEEEEEEREEEEEEEEY evsEEEEE EEEE EE EEEEEE
oooo\oooo}ojoo[ojojoﬁoooooOoo%oo\oo\oooooooooooooo
EEEEEEEEE R EEEEEEE e
B E R EEEREEE R E D EEE
ololo|o|ojoloja/ojaloja/oja/ojo/olo/olaio
o[o[ofc]olofolojolcfololojofoio]o]o/oofo \@
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Step 6. Set up a Linear Static Analysis

Analysis L3
Home Geomet Properties Loads/BCs Meshin Analysis Results Durability s |
— | e
s 3 % | 1% b b k = . o -
| O 1 1 e R R R R R A W - B = R s
o = o i Method: -
Entire || |5elected || Analysis Read | Submit i _l"|| @| [ _*H E‘“ XDE Output? | MASTERS | 116/119 | d3plot |LF.-II|E'.-||E.-| | -
Model Group Deck . DEALL .
Analyze Create Existing Deck Ciptimize | [Toptomize Access Results Delete Code: | NMSC.Nastran
i Al is | Solution Type Type: Structural
Set up Solution Type Sl PR b z i i
. . [¥] Database Run M SC..N astran
a. Under the Analysis tab, click _ SO T _
. . [ eyelic Symmetry Available Jobs @
Entire Model in the Analyze | _ = S shell_sdge_glue_start
group. F ineiie Butes (¥ LINEAR STATIC @
b. Ent lobal | I I f () NONLINEAR STATIC
. n er g O a o Oca _g ue Or DAhemmeRedudiun ONORHAL MODES
Job Name. []soL 600 Run () BUCKLING
Job 1
c. Click Solution Type.... Flet trin 8:2::5:;:3 ;s::;:; Znai::ge_m_ue @ ’
d. Select LINEAR STATIC [ Setactiasnciesg ] () TRANSIENT RESPONSE Job Description (TITLE)
' ) L () NONLINEAR TRANSIENT
. . Shell Marmal Tal. Angle 1
e. Click Solution Parameters. [T ) IMPLICIT NONLINEAR
() DDAM Soluti
f.  Make sure that both e S
Database Run and s o [ Select ASETIQSET... ] SUBTITLE
Automatic Constraints are e R R
checked under Static N e _ :Dj '
. l Solution Parameters..( c
SO/UtIOﬂ Parameters. Wit -Mass Conversion = 10
Cl k R It O t t Made i d. far W, Gener. = Solution Sequence: 1 [ Laission anees,,
g- IC esults u pu . [ Solution Type... C
Format Default Inttial Tempersture =
' Detault Load Tempetature = [ Qiectlexinns ]
p | oK ] [_canca_ | [ e J
Rigicl Eletment Tyie: £ UpEreiements...
i [ Subcases.. ]
[ Results Qutput Farmat... @ [ Sucass Seedl, ]
|_ (o4 J |_ Defaults J l Cancel ] Apply
MSC A Software




Step 6. Set up a Linear Static Analysis (Cont.)

Ennalys'ls

Analysis |

Action:
Check MASTER/DBALL onpct
Uncheck XDB. Method:

Click OK.

Click OK on the Solution Code’  MSC.Nastran
Parameters form. Type:  Structural

a0 oW

e. Click OK. | )
f. CIle .Apply tO run the a[)t;:bﬂall;t;ﬂ;ulﬂ:rammars AI‘IﬁI}fSIS !_S:I;|;ItI;I-T;"DT| shell_edge_glue_start
AnaIyS|S [eyeic Symmetry MSC Nastran

Solution Type
Automatic Constraints

Inertia Reliet
A Solution Type: T
DAhsrnais Reduction @ LINEAR STATIC e ecge glue
[scL 600 Run (C) NONLINEAR STATIC T
Job Description (TITLE)
[JsoL 700 Run T —— (C) NORMAL MODES
Resultza | () BUCKLING
b [ Contact Parameters J

Olorz \D /1308 Prirt [Punch (O COMPLEX EIGENWALUE
Shell Mormal Tol. Angle = O FREQUENCY RESPONSE

[CIMASTER Only @ MASTERDBALL M Coclencr; () TRANSIENT RESPONSE SUBTITLE
Data Deck Echo (©) NONLINEAR TRANSENT
Plate: Rz Stiffness Factor = 1000 O IMPLICIT NONLINEAR LABEL

(C) DDAM Solution

Maizimum Frinted Lines =

]

[ = @ osmts] [Locomes ] Htsineim R Tie 2 L [ Select ASET/QSET. . [ Translation Paramelers. .
Wit -Mass Conversion = 10 [ Soluti T
olution Type
Mode id. for Wh. Gener. = i
: [ Direct Text Input...
Default Intial Temperature = -
I_ Solution Parameters... { Select Superelements...
Default Load Temperature = [
Subcases...

Rigic Element Type: LINEAR ¥ :
Solution Segquence: 101

Subcase Select...

[ Results Cutput Formst... I i
Ce:) 0K | [ Cancel Apply e

@ ok | [_petaus | [ cancel
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Step 7. Review MSC Nastran Input File

While the job is running, review the
MSC Nastran input file.

a. Locate the file
shell_edge_glue.bdf

b. Open shell_edge_glue.bdf
with any text editor.

s (= S|

’i—'\ Q | .« Local D... » Training

File Edit View Tools Help

> #- 1 @

_ shell edge glue.bdf i@

7 shell_edge_glue

shell_edge_glue.db.jou
shell_edge_glue.DBALL
shell_edge_glue.f04
shell_edge_glue.f06
shell_edge_glue IFPDAT
shell_edge_glue
shell_edge_glue MASTER
shell_edge_glue_start.bdferr
shell_edge_glue_start.bdf
shell_edge_glue_start.bdfrej

$ Direct Text Input for Nastran System Cell Section
NASTRAN SYSTEM(316)=19
$ Replace the 19 in the above line with 7
$ to get a restart DBALL instead of what is currently written
$ Linear Static Analysis, Database <ji>
SOL 101
CEND
ECHO = NONE
BCONTACT = 0
SUBCASE 1
$ Subcase name : Default
SUBTITLE=Default
NLPARM = 1
BCONTACT = 1
SPC = 2
LOAD = 3
DISPLACEMENT (SORT1, REAL)=ALL
SPCFORCES (SORT1,REAL)=ALL
STRESS (SORT1, REAL, VONMISES, BILIN)=ALL
BEGIN BULK
PARAM PRTMAXIM YES

BCPARA 0 NLGLUE O

NLPARM 1

BCTABL1 O 8005

BCONECT 8005 3004 2 1

BCONPRG 3004 COPTM 1061 COPTS 1061 ICOORD
IGLUE 4

BCTABL1 1 8005

$ Elements and Element Properties for region : pshell.l
PSHELL 1 1 5l 1 1

$ Pset: "pshell.l" will be imported as: "pshell.l"

CQUAD4 1 1 1 2 23 22 0.

NO

1
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Step 7. Review MSC Nastran Input File (Cont.)

Review the Input File

a. On the BCONPRG entry check
that ISEARCH is equal to 2

b. Check that the ICOORD = 1

c. Check that IGLUE (moment
carrying glue) =3

BCONPRG 3004 COPTM 1061 COPTS 1061 ICOORD 1

©

MSGC ASoftware



Step 7. Review MSC Nastran Input File (Cont.)

The QRG entry for BCONECT and
note concerning COPTS1 and

COPTM1 have been copied below for

convenience

a. Notice that the BCBODY 2 is the
SLAVE and BCBODY 1 is the
MASTER.

b. The note from the QRG
concerning COPTS1 and
COPTM1 is copied here for your
convenience. Notice that in this

case:

« A=1
- B=6
- CA

* so COPTS1=CPTM1=1061.

COPT=A+10-B+1000-C

o A — the outside of solid elements in the body
= 1: the outside will be in the contact description (default)
o B (flexible bodies) — the outside of shell elements in the
body
= 1: top and bottom can contact, thickness included (default)
= 2: only bottom can contact, thickness included
= 3: only bottom can contact, thickness ignored
=4: only top can contact, thickness included
= 5: only top can contact, thickness ignored

| =6:top and bottom can contact, thickness ignored |
e C (flexible bodies) — the edges of the body
| =1:only the beam edges can contact (default) |

=10: only the free and hard shell edges can contact
= 11: beam edges and free and hard shell edges can contact

BCONECT D BCGPID BCPPID !]IDSL:\_'\;B MAS”IE?)
(a) / /
BCONECT 8005 3004 \'fz—l [1]
BCONPRG 3004 <__CQPTM 1061 COPTS 1061 —> _TICOORD 1
IGLUE 3 ISEARCH 2 @
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Step 8. Review MSC Nastran Result File

After completion of the run, review
the .fO6 results file.

a. Locate the file
global_local_glue.f06

b. Open global_local_glue.f06
with any text editor.

c. Scroll down to the CASE
CONTROL ECHO section.
Notice no nonlinear increments
or iterations were performed. A
line solution was performed.
Scan the rest of the .f06 file
then close it.

File Edit View Tools

Help

0 o

shell_edge_glue.bdf

2 shell_edge_glue
shell_edge_glue.db.jou
shell_edge_glue.DBALL
shell_edge_glue.f04
she"_edge_gluefﬂs
shell_edge_glue.IFPDAT
shell_edge_glue
shell_edge_glue MASTER
shell_edge_glue_start.bdf.err
shell_edge_glue_start.bdf
shell_edge_glue_start.bdf.rej

1]
o CASE CONTEROL ECHO (:::)
COMMAND
COUNT
1 ECHO = HONE
2 BCONTACT = 0
3 SUBCASE 1
4 SUBTITLE=DEFATLT
5 HIPARM = 1
6 BCONTACT = 1
7 SPEC = 2
8 LOAD = 3
9 DISPLACEMENT (SORT1. REAL)=ALL
10 SPCFORCES(SORT1, REAL)=ALL
11 STRESS(SORT1. EEAL, VONMISES EILIN)=ALL
12 3 DIRECT TEXT INFUT FOR THIS SUBCASE
ig BEGIN BULK
a INPUT BULK DATA ENTRY COUNT = 1327
oo TOTAL COUNT= 1913
“"" 333 IFP OPERATIONS COMPLETE <<<
DEFAULT HOWLINEAR TOLERANCES
HLPARM ID 1
HIHC 10
EPST 1.00000E-02 {not normally used)
EFPSP 1.00000E-02
EPSW 1.00000E-02
(VALUES ¥YOU ENTER OVERIDE THE ABOVE DEFAULTS)
=xx USER WARNING MESSAGE 4124 (IFS3F)
THE SPCADD OR MPCADD UNION CONSISTS OF A SINGLE SET
HODETL STHHAERY
NUHMBER OF GRID POINTS = 993
HUMBER OF CQUAD4 ELEHENTS = 284
flexible body # 2 (body_ 2 ) will detect flexible body # 1 (bodw_1 )]
flexible body # 2 (body_ 2 ) will detect flexible body # 1 (body_1
1 SEPTEMEER 1. 2011 KD NASTRAN 7415710  PAGE
1]
*** USER INFORMATION MESSAGE 7310 (VECERN)
ORIGIN OF SUPERELEMENT BASIC COORDINATE SYSTEM WILL BE USED AS REFERENCE LOCATION
RESULTANTS ABOUT ORIGIN OF SUPERELEWENT BASIC COCRDINATE SVSTEM IN SUPERELEMENT BASIC SYSTEM COORDINATES.
a OLOAD RESULTANT
SUBCASE~ LOAD
DAREA ID TYFE T1 T2 R1 R2
o 1 FX 2.000000E+02 == ==== 0.000000E+00  0.000000E+00
FY _— 0.000000E+00 0.000000E+00 — 0.000000E+00
FZ = 0.000000E+00  0.000000E+00
M = 0.000000E+00 ==== =
MY —_— —_— 0.000000E+00 —
HZ =—== == === ==== ==== 0.000000E+00
TOTALS 2.000000E+02 0.000000E+00 O.000000E+00 O.000000E+00 0.000000E+00 O.000000E+00Q
1 SEPTEMEER 1, 2011 KD NASTRAN 7-15-10  PAGE
1] SUBCASE 1

MSaSoftware'




Step 9. Attach Results File

Home Geometny Properties Loads/BCs Meshing Analysis Results (] ility
Il | ||| wdb op2 Hes |
| % T 2 | s
Entire | Selected || Analysis Read | Submit X (=] | ¥DB | Output? | |MASTER/ ||| t16/119 | d
Model | Group Deck | *lﬁl l :’l @l
Analyze Create Existing Deck Optimize | | Toptomize Access Results

To attach the results file:

a. Under the Analysis tab, click
MASTER/DBALL in the Access

Results group.

b. Select global_local_glue from

the Available Jobs
c. Click Apply

Analysis |
Action:  [Access Resutts ¥ |
Object: Atftach MASTER =
hethod: Result Entities -
Code: MSC.Nastran
Type: Structural
Available Jobs ges!

shel_edge_glue

shel_edge_glue_start

Job Name
shell_edge_glue
Job Description (TITLE)

SUBTITLE

LABEL

[ Select Results File...

[ Tranelation Parameters...

T e

MSGC



Step 10. Review Analysis Results

Home Gecm( a) Properties Loads/BCs

Meshing Analysis Results Durability

+ o y £ [ |7
ﬁs % Ba| '"-i@ %’ Ea 4 AL BEB |2 g = @ U=
Fringe/Deformation | | Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive |B||ﬁ| Insight |$?-||ﬁ||&|
Quick Plot Result Plots Result Actions|| Insight XY Plots

Plot deformation and von

Mises stress

a. Under the Results tab,
click
Fringe/Deformation in
the Quick Plot group.

b. Select Stress Tensor
for Fringe Result.

c. Select Displacements,
Translational for
Deformation Result.

d. Click Apply.

NAS133, Workshop 3, March 2014

L e e TR e e T e R T

1. 82=00

Fringe. Detault, 41 Stahc Subciie. St Terdor, | won kil 48 72 | T
Toe 00

Defcrm. Destaul A0 Siane Subcass, Deplacements, Translahonal

1 500

M 2 05000 &4 1020

chfalt_Deformaton
M T S04 EHd 0

Copyright© 2014 MSC.Software Corporation

WS3-19

Ohject: __Quick Plct o

Select Result Cases
Default, &1: Static Subcase

SCTDEFALLT, A1: Static S

Select Fringe Resuft

Stress Invariants, Major Princips] m
Stress Invvariants, Minor Principal

Stress Invariants, Yon Mises =

Stress Tensor, @ H
€] | @

[ Posttion. . LAt Z2) |

select Deformation Resutt
Constrairt Forces, Rotations

Constrairt Forces, Translational

Dizplacements, Rotational
Displacements, Translstions]

|:| Animate

MSGC



Step 10. Review Analysis Results (Cont.)

Turn off the display of the

undeformed shape.

a. Click Deform Attributes
b. Uncheck Show Undeformed.

c. Click Apply.

Wl edpe ploe db delen™ wiewpar! defaull_group  Dwtlly

Friregie. Defaull. & Static Subcade. Strass Tendor, | won Mises, 4152
Deform: Detauf. &) State Subcase. Deplacersants, Translatonal

default_Fnnga
Mios | B2+003 S Nd 1247
Mire 2 05000 @Nd 1020

dedaul_Dedommation
Maa T 52004 GNd Fha

NAS133, Workshop 3, March 2014

Copyright© 2014 MSC.Software Corporation

WS3-20

Ohject: __Quiu:k Plot ™

BVH

Showe Yiewport Legend

Deformed: .

Scale Interpretation
@ Model Scale O True Scale

Scale Factor

|:| Showy Undeformed @

[ Title Ecltor .

Shawy Title [JLock Title

Showy Maximum Label

[ Label Style... |

l Apply @ [ Reset l

MSGC ASoftware



Step 10. Review Analysis Results (Cont.)

Action:

Display element edges. Ot
a. Click Fringe Attributes

b. Pull down Display to Element Edges. =%
c. Click Apply.

Showy Spectrum

= .
WShel edpe plue.db defEnt viesport - defaull_preup  Enlfy Show Wil LEEE

I Spectrum... l [ Range... ]

Style: DigcreterSmacth b
Shading:

Frnge: Dafault. Al Statc Subcase. Stress Tonsor. . von Mises. Al Z2
Deformn: Defaut. Al Statc Subcase. Dsplacements. Translatonal

oo 1.0
w

Element Shrink Factor

Fringe Edges !

Dizplay: lemert Edyes b

W [——]

[ Title Ector... |
Showy Title [ Lock Title
Showy Waxiin Label
|:| Showy Fringe Lakel
- M 1 B2+003 @Nd 124
Min 2 5000 ENd 1020 [ Label Style. .

dataufl_Deformmation
£ 4. e 3 il O 3

Showy on Deformed

[ 2y @[ Reset ]

WS3 - 21 MSGC ASoftware

NAS133, Workshop 3, March 2014
Copyright© 2014 MSC.Software Corporation



Step 10. Review Analysis Results (Cont.)

Displacement fringe plot

Make additional plots on
your own to evaluate the
quality of the glued joint.

Un-Averaged stress fringe plot

Exaggerated deformation plot

MSGC
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 Workshop Objectives

— Perform a SOL103 (Natural Frequency) analysis with glued contacts on a
model of a Printed Circuit Board (PCB).

— Use of the ERROR parameter on a contact body.

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Files Required
— PCB_model.bdf

MSGC A Software’



* Problem Description
1. The model is a PCB with components soldered onto the board.

2. Glued contact will be used to model the connections between the board
and its chips. The contact bodies for this model are shown in the diagram
on the following page. Most of the chips will be combined into one contact
body except for Chips 2 and 3. Chip 2 and its leads are in their own contact
bodies because Chip 2 is not connected directly to the PCB. Instead, the
leads from this chip are connected to the PCB.

3. Chip 3 is defined as a separate contact body because it has a slightly larger
clearance than the other chips. This becomes important later since the
contact distance tolerance needs to be increased for this component in
order for glued contact to work.

MSGC A Software’



* Problem Description (Cont.)

Chips
Component PCB Chips Leads
Young’s Modulus (E) ksi 2980 27000 18000
Poisson’s Ratio (nu) 0.34 0.30 0.30
Modulus of Rigidity (G) ksi 1111.94 10384.6 6923.08
Density (rho) Ib/cu. in 0.065 02 |
Coefficient of thermal expansion | - 2e -6 2e -6

(alpha) in/in-deg (F)

MSGC



« Suggested Steps

1.
2.
3.

o

7.
8.

9

Create a new Patran database called PCB_Natural_Freq.db.
Import the BDF file, PCB_model.bdf.

Rename the contact bodies to match the component names shown on the
Problem Description page and color code the contact bodies.

Verify the material properties.
Verify that the ends of the PCB are fully fixed.

Create four new body pairs between chip 3 and PCB, chip_2 and leads, leads
and PCB, and chips and PCB.

« Check Glued Contact and Stress free InitCont
« Select automatic contact detection

Set up and run a normal modes analysis
Review the eigenvalues in the result file.
Attach the result file.

10. View the deformed shape.

11. Measure the distance between chip 3 and the PCB.

12. Modify the chip_3_pcb contact body pair and add 0.016 as the Distance
13. Re-run the analysis.

MSGC A Software’



- Suggested Steps (Cont.)
14. Review the eigenvalues in the result file.
15. Attach the new result file.
16. View the deformed shape.

MSGC



Step 1. Create a Database

Open a new database.
a. Pull down File > New

b. Enter PCB_Natural_Freq for File Name.

c. Click OK.

d. Click OK on the New Model Preference form to

retain the default tolerance.

N New Database

i File  Help Utilities
Maw,.. @
Open...

Open Recent...
Close

Save

Save a Copy..
Litilities »
Import...

Expaort...

Session L4
Print...

Images...

Report...

Quit

Template Database Name
| CAMSC Software\Patran_x5420130template.db

Change Template ...

WModify Preferences...

Set Working Directory to Database Location

Look in: i . Workshop 4

-~

~| & B ey B

Files of type: IDatabase Files {~db}

!
%
=

Marne Date modified Ty
Mo items match your search.
| 1" r
77N\
File: name: |‘.r:|b @ ok\ C

Cancel 1

| Hew Model Preference

Mew Model Preference |

Model Preference for:
PCB_Matural Freq.db

Tolerance
(¥) Based on Model

(:} Defaul

Approximate Maximum
WModel Dimension:

| 10.0

Analysis Code:
WMSC.Mastran =

Analysis Type:

Structural ¥

| m{@ | Reset

MSGC

Software’



Step 2. Import the Model

! File | Group Viewport Viewing Display Preferences Tools Help  Utilities H“‘,\
Import the model. New..
i Qpe ‘I'ﬁ-i”u‘:"r'i"
a. Pull down File > Import. n m p
b. Pull down MSC.Nastran Input i Loak v [ 9 Training ~] « @ cf @ Object
for Source . [Elece_model oo =t @
. ave E
c. Select PCB_model.bdf as the Save a Copy... Cunert Groug:
UHilities ] default_graup

file to import.

[ MSCNastran Input Gptions...

d. Click Apply. TE;’:

e. Check the MSC Nastran Input Sisiior ; Fienme  [Peamoabd (C) d
Flle Import Summary and make Print... Files of type: |MSC_NastranInput Files {* bdf} LJ Cancel
sure there are 29212 Nodes, Images...

47352 Elements. Click OK. Report...

f. Rotate and shade the model. Gt

L] |
28 (1w || B
EAIr=1

Y W 2
8 PCB_Natural_Freq.db - default_Viewport - default_group - Entity i |2—" ” @ ” |§—“ || I"'_H

‘Nastran [nput File Import Summary -

Orientation Display Imported Imported with Warning Not Imported
Nodes 29212 0 [ 0
Flemeriz i 47352 CB 0 0
Coordnate Frames | 0 S o ]
Waterial Propertie | 3 [ 0 1]
Element Prnﬁerties 3 0 0
Load Sets 1 0 0
Subcases 0 ] 0
MPC Data o o o
Comment Lines | 17 0 o
Q:
P [ Reject Cards...




Step 2. Import the Model (Cont.)

Create groups of elements based on their associated properties. Color code the groups.

a. Pull down Group > Create. cton. ~

Pull down Property Set and Multiple Groups for Method and Create respectively. Method: @
c. Check Post Groups, Unpost All Other Groups and Automatically Color Groups. Create: [iuliple Groups___~
d. Click Apply. e
e. Click Yes to the message “You have requested to color the newly created groups. [Property Setame___+]

This requires the display mode to be set to ‘Group.’ Would you like me to set that for

yOU?” T [#] Post Groups
f. Shade the model. [ st AN e Groness
g. Click Cancel [¥] Automatically Color Groups

i File | Group | Viewport i
Property Sets

Ereate.. @ ; psheu.- =
Modify... : f
Maove/Copy... |®|| ; |®%!

Set Current... |qﬁ;|||§|a||'.n'§|| S ||@|

Transform...

Delete... Display

Attributes... —

Extras - t

[ selectAl | [ Select None ]

Secreen Picked Property Sets ‘

Qu estinn : fr.nm api)l.i.cat.iﬁn .G.r.uu P .Apbl.i.cat.il.)ns

[~You have requeste;d"tn color the newr-y created groups. This requires. the aisﬁlay mode to be setto ‘.érnup'..;i-'\.f.nu.l.cl you like me to set that for y’DLi?. Tl @
[ -Apply- @ [ cancet { o)
3
()

MSGC A Software’



Step 3. Rename and Color Code Contact Bodies

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
X || M || A& | . ==
a8 K A - = == |
Displacement | Force | Temperature | Velocity | Acceleration | Crack(WCCT) || Element || Element |iContact§ Create I Initial LBC
Constraint Uniform ~|[Variable ~||Bodies || Body Pair ||Conditions | [Actions ~
Nodal | | Body Pairs | |@ m |
] LEC Actiofis
Rename the contact bodies to
match the component names ‘LoadBoundary Condtions |
shown in the Action [
a. Under the Loads/BCs tab, click Obiect @
Modify in the LBC Actions e
group. Opton;
Pull down Object to Contact. e ]
Highlight DEFORM.1 under i o
Select Set to Modify. ;
d. Click Modify Application ; e - S =
. Select Application Region | (sl DEFORM.1
Reglon Frigh ook S DEFORM.2
DEFORM.3
e. Observe which component is TErOeN 4
highlighted :
Click OK Application Region

Select 3D Elements

g. Enter chip_2 for Rename Set
as to match the Model

Rename Setas

Description. | Al | | Bepoe ] chip.2
h' CIICk Apply ME?jr‘:;steﬁllgg?:BQEG o .
i. Repeat for: aRE——e

- DEFORM.2 - chip_3

« DEFORM.J - leads 0

=e-1(h) o

[

MSaSoftware“




Step 3. Rename and Color Code Contact Bodies

(Cont.)

Rename the contact bodies to
match the component names
shown in the

a. Highlight DEFORM.5 under
Select Set to Modify.

b. Click Modify Application
Region.
c. Click OK.

d. Enter PCB for Rename Set as
to match the name in the
Problem Description.

e. Change Target Element Type
to 2D.

f. Click Apply.

| Select Application Region |

Select:

Application Region

Select 3D Elements

I_ Add J [ Remove

Master Region

| Element 3102646020

I'IxJ

Load/Boundary Conditions |

Acton e
Ot
Type: [Element Uniform Sl
Option: [Deformabie Body -]
Current Load Case:

Defautlt... J
Type: Static
Select Set to Modify o) =
DEFORM.5
chip_2
chip_3
chips
leads

Rename Set as

PCB {

Target Element Type: 30D "’,-

1D
5
3D

L Modify Data...
7
| Modify Application Region... \b
[—zeon{ f) vl
[

MSGC A Software’



Step 3. Rename and Color Code Contact Bodies

(Cont.)

[Load/Boundary conditions ——— x [l crour %
) Load/Boundary Cenditiens | Group | E-Lnadl'Bnundary Conditions ! Group |
Color code the contact bodies. . | [ a
Action: L...I Action 1=
a. Pull down Group > Post. ok Fver—
b. Highlight default_group under Select Groups to @ [ defaut_viewpor
Post. = — -
c. Click Apply' Current Load Case: :‘ @
d. Click Cancel. [ Defaut.. ] oot
psolid.3
e. Pull down Plot Contours / Contact / Deformable e =
Body for Action, Object and Option respectively. “..956‘*
o . . ee 1t e
f. Highlight all Existing Sets using shift-click. ;‘_;:3 e
g. Select Group Color. o L
h. Click Apply.
i. Shade the model. _ ;
j. When you have finished verifying the contact Oentiy Hiight (& Group Color @
bodies, click Reset Graphics.
A o [ Reset Graphics J [ Select None ]
/[ [ —rre—
| File [ Group ] Viewport Uiewing{ |2
1 [ Select Current ]
Create..,
Past... I Apply (C |_ Canc&l( d Ll
Madify... L
Move/Copy...
Set C | A
et Curren |®” - | .|:||:||
Transform...
Delete... || Ea| 52| = ||
Attributes.., Display Defaults
Extras
MSC ASoftware




Step 4. Verify the Material Properties

Home Geometry Properties Loads/BCs

(BB || s | | NP
Isotropic |%| |§§| Fluid

Isotropic ||Orthotropic) |Anisotropic)| Fluid Cohesive

Meshing

< =[=|

Cohesive ||| | == |dg|| 4. || %u]

Analysis Results

Composite

|| |

0D Properties

Durability

| @055 |||l {]a8% ]| 7] ||| )| 2
||| || W[ % ||| ||~ || )

1D Properties

O

Solid

20 Properties | |30 Properties| |Property Actions

I&Ki |20 g

7w |E5) K] ||| | | i

Fields

Check the materials.
a. Under the Properties tab, click

Show Material in the Property
Actions group. Constitutive Model:
b. Highlight mat1.1 under Existing | -rroperty name Value
Materials ensure that the Elastic Modulus = 2980000, i
material properties are identical | |poisson ratio - (034 3
to the properties given in the Shear Modulus = [ 1111940,
Model Description. e o0s4sasass
c. Repeat for mat1.2 and mat1.3. Thermal Expan. Coeff =
d. Click Cancel Sl et
Reference Temperature =
[nel
Current Constitutive Models:
[ I-_-inear I.Eiasiic - -[:,,,i Z [A.-:ti;.rel- ]
[ Show Material Stiffness ... |
[ Show Material Compliance . |
[_conca(d)

f.i'u'lateriﬂls-:
Action: e
eos

i:) Existing Materials @

Material Name
mat1.1

Description

Show Properties ... ]

v
0
WSC KSortware




Step 5. Verify the Boundary Conditions

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

X le
l_ . e & | ) |
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) (| Element || Element ;Contacté Create || Initial LBC I""'* S|
Constraint i u i‘-r'ariable'iiBndies'i Body Pair iC-:unditions' |Actions ~ o
| | - [
Modal fa [ Roundary,Comtil | Body Pairs | | d| I ||§a|
| Load/Boundary Conditions | @ A —
T i = i
LDEw M -@((Dﬂi‘ - Acton: [Tl LBC Actions

Check the constraints.

a. Under the Loads/BCs tab,
click Plot Markers in the || LMot VectorDssley
LBC Actions group. Current Load Case:

b. Highlight Displ_spc1.1 ‘ Defeet,

B Type: Static
under Assigned Load/BC | asianed Losgisc seis
Sets. T
c. Click Apply. g
d. Shade the model. R (b)

e. Observe the BC markers
showing the ends of the

PCB are fully fixed.
f. Click Reset GraphiCS. Group Fiter
OAIIGruups
@ Current Viewport
Select Groups
default_group

LAl b =]

Display

cAgph Q [v]
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Step 6. Create Body Pairs

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

o el DA -

Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) IElement | Element ilt:cuntact Initial LEC | Create LBC
Constraint |Unifarm =|[Variable =||[Bodies = [Conditions = |f3«ctinr15 ~|| Load Case ||Fields =
Modal | | (8s:i 0% Load/Bounda pnditions
- r Load/Boundary Gonditions |
. Body Pair Application Regs 3 Input Data ® ) i
Create Body Pairs: et s Acton:
. [] — : = S ey
a. Under the Load/BCs tab click Create -, ol vt
Body Pair in the Body Pairs group. Y (emeninn
. st Geometric Contact Parameters: Option: Body Pai b
b. Enter chip_3_pcb for New Set it ® ooy o
Name Body! Nama: - Current Load CT;ef. =
- PCB @ ) STaulL...
C. CIle Input Data___ Distance Tolerance(ERROR) : Tioe S
[ seif Contact !
d. Check Glued Contact(IGLUE) and e
Stressfree InitCont(ICOORD) Saeca B 2T Exising Sefs B
e. Select Automatic for Contact e s @ L
Detection (ISEARCH). = G
f. Click OK H;rd—SDﬂ Ratio (HARDS) : A
g. Click Select Application Region "
[¥] Glued Contact{iGLUE)
h. Select PCB for @ (] Retain Gaps/Overiaps{IGLUE)
Body1/Master/Touched. Touching | Touched(d = e 0
. . B d B d ~d ] Allow Separation{JGLUE) e B
i. Select chip_3 for oaqay ody [¥] Stressfree IntCont(ICOORD) [ias 0 @ .
- . [ Delayed Slide OffICO0RD) B
Body2/Slave/Touching. chip_2 leads
j. Click OK
k. CIle App'y . gntac{ Detection(ISEARCH}
. Ieads PCB C Automatic
I. Repeat steps b-k for the bodies S gziwgssifﬂ [ mputData..  { C
indicated in the table on the right | [_sekctAppicaton Reginn--@
(follow the same naming convention) chips PCB ‘ OK(@l Dejeite.] [LCaoesl] (k)
[se]




Step 7. Set Up a Normal Modes Analysis

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability '___'__ X
a = Analysis |
B | [+ | [ | [+ 9 [+ h E i . Fren|
3 1 2 - - I =Y =
ﬁrzjtér:l Sél;tj;d Sir&g{apirt aBaenc.:is Read | submit ([ [/ (|||[3|/ ||| *DB | Outputz h-BaleEf,-' t16/t19 | d3plot ||| S| el | Bl || et || & | Object:
Analyze Create Existing Deck Optimize | |Toptomize Access Results Delete Actions Hetod:
Set the Solution Type to ST AR ETET: EEX| Code:  WSCNastran
Normal Modes Solution Parameters et e e
SOL1 03, Normal MOdeS [¥] Database Run [ Analysis m ! Type: Structural
a. Under the Analysis tab, [ eycic Symmetry T
click Entire Model in the [¥] Automatic Constraints Solution Type Avallable Jobs |
| PCB_model
Analyze group. [150L 600 Run
; Solution Type:
b. Enter PC B_N atu raI_F req Heia S cingd oo ) LINEAR STATIC
for Job Name. Shell Normal Tol. Angle = ) NONLINEAR STATIC
. . ) Job Name
C. Cllck Solutlon Type Mass Calculation: @ NORMAL MODES i .Iﬁi:é_hjatural_l.’i'eq @
() BUCKLING k =
Data Deck Echo: Job Description (TITLE)
d. Select Normal Modes for e s ot o
Solution Type Plate Rz Stiffness Factor = 100.0 () FREQUENCY RESPONSE
e_ CI'Ck Solution Maximum Printed Lines = DTFLANSIENT RESPONSE
Parameters. e | ) NONLINEAR TRANSIENT SUBTITLE
f. Enter 0.00259 for W.- X () 5 ksl e
' " - : DDAN Solution
H Node id. for Wt. Gener. = |
Mass Conversion.
- - Select ASET/IQSET...
g . C|ICk OK_ Default Initial Temperature = [ J [ e J
Rigid Element Type: - 2
h CIICk OK igid Element Type: LINEAR l:‘ biachve MI:I-EIElIAnErySlS I Solution Type...m
’ : [3 [ Direct Text Input... |
[ Solution Parameters... @ [ Select Superelements... ]
[ Subcases... J
Solution Seguence: 103 [ Subcase Select,.. |
[ ADANS Preparation... ]
[ Results Output Format... ] Apply
OK h Cancel
I OK @ [ Defaults ] [ Cancel ]
MSC A Software



Step 7. Set Up a Normal Modes Analysis (Cont.)

Enter the number of desired roots.

~® o0 T

Click Subcases.

Highlight Default under Available Subcases.

Click Subcase Parameters.

Make sure Number of Desired Roots is 10.

Click OK
Click Apply, then Cancel.

EI"S'i:ﬁ'césié"'lﬁar'a:rh"éteFé.
REAL EIGENVALUE EXTRACTION

Extraction Method:

Frequency Range of Interest

Lower =

Upper =

Estimz i Roots = 16
Number of Desired Roots = 10 @
Diagnostic Output Level:

Results Normalization

Normalization Method:

[10

Default Load Temperature =

L Contact Table... ]

k|

Solution Sequence: 103

Action:

o

Available Subcases
| Default @

Subcaze Name
| Defautt

Available Load Cases Y

Subcase Opticns
[ Subcase Parameters... (@]

[ Output Requests... ]
[ Direct Text Inpt... |
[ Select Explict MPC....

]

“An ah.rsis_|

Action: Analyze ¥
Object: Entire Model ™

Method: FullRun ™

Code: MSC Nastran

Type: Structural

Avaiable Jobs |
| PCB_model

Job Name
| PCB_Natural_Freq
Job Description (TITLE)

SUBTTLE

LABEL

Translation Parameters...

Direct Text Input...

J
Solution Type... J
|
]

Select Superelements.

Subcases... ,\a)j

Subcagze Select... ]

Apply

MSGC A Software’



Step 7. Set Up a Normal Modes Analysis (Cont.)

-;\nah.rsis |
= Action:
Select the Default subcase and r Stbcase Select 1 S
run the JOb Subcases For Solution Sequence: 103 Methad:

a. Click Subcase Select.

b. Select Default [ Defautt @ 1 Code:  MSC.Mastran
C CIle OK Type: Structural
d. Click Apply Available Jobs g
[PCB_model
[ Fiter | B | lopame
; ; [ PCB_Natural_Freq
() Select Al ) Unselect Al 4ot e o (T E]
Subcases Selected:
| Defautt
SUBTITLE
LABEL

Translation Parameters...

Solution Type...

Select Superelements...

J
]
Direct Text Input... |
]
Subcases... J

Subcagze Select...
a

MSG)(Software"‘



Step 8. Review the Results File

File Edit View Tools

=2

X

@ Q | |, < Local D... ¥ Training |

Review the eigenvalues in the .fO6 file Help
a. Navigate to and open the file - #-0 @
pcb_natural_freq.f06 in a text editor. @ PCB_model.bdf
o ” Find what: = ERREIE ~ | Find Next PCB_model.bdferr
b. Search on the string “EI GE N - =
Conditions: Direction: PCB_model.bdf
c. Check the natural frequencies. @Text ()Hex “rup PCB_model bdf.rej
[ | match whole words (@) Down PCB_Natural_Freq.bdf
\ Match case 7 PCB_Natural_Freq
I - [ Regular expression [ Extend selection PCB_Natural_Freq.db.jou
There are six near-zero S Bl e cms ok ) e DBAIL
natural frequenC|es present. be—“at“'a'—ffeq‘f“‘*@
. . . pcb_natural_freq.f06
This indicates that there are ocb_natural_freq IFPDAT
. . pcb_natural_freq
rlgld bOdy mOdeS In the pcb_natural_freq. MASTER
C]Odel . pcb_natural_freqxdb
FORY
\C/
REZAL EIG NVALUES
MODE EXTEACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. ORDER MASS STIFFNESS
1 1 -6.1%6849%E-03 7.872006E-02 1.252865E-02 1.000000E+00 -6.1%6845E-03
2 2 -9.603342E-04 3.098926E-02 4.932094E-03 1.000000E+00 -5.603342E-04
3 3 3.291345E-03 5.737024E-02 9.130757E-03 1.000000E+00 3.291345E-03
4 4 4.171615E-03 6.458805E-02 1.027951E-02 1.000000E+00 4.171615E-03
5 5 5.478791E-03 9.735908E-02 1.549518E-02 1.000000E+00 9_478791E-03
5] 4] 1.068012E-02 1.033447E-01 1.644782E-02 1.000000E+00 1.068012E-02
7 7 1.140721E+06 1.068045E+03 1.699847E+02 1.000000E+00 1.140721E+06
B B B.925751E+06 2.987600E+03 4.754912E+02 1.000000E+00 B.925751E+06
9 9 1.343186E+07 3.664950E+03 5.832949E+02 1.000000E+00 1.343186E+07
10 10 3.623969E+07 6.019541E+03 9.581033E+02 1.000000E+00 3.623%969E+07
MSC ASoftware




Step 9. Attach the Results File

Home Geometry Properties Loads/BCs Meshing Analysis Resul Durability
A y : [ b =
< I i | opz | [AEER x| | ot | 5|
Enti Selected Load A I.:.' Read | Submit : E—I : @ Gt‘tE hAnatysEs| i
ntire | Selecte 0a nalysis ea ubmi = [ [=] utpu o I | B ||| e ||
Maodel | Group | SimXpert Deck | "” | ®] : Action: | A\ccess Results E'l || =1
Analyze Create Existing Deck || Optimize | [Toptomize acce Object: e Actions
Metho:
Import the results.
. . Code: MSC.Nastran
a. Click XDB in the Access
Results group. Type:  Structural
b. Select PCB_Natural_Freq in o
the Available Jobs list. AbE o
PCB_model
c. Click Apply PCB_NaturaE_Freq@
Job Name =
| PCB_Natural_Freq
Job Description (TITLE)
SUBTITLE
LABEL
[ Select Results File... ]
[ Translation Parameters... }
v (c)

MSGC



Step 10. View the Deformed Shape

Fringe/Deformation

Quick Plot

Geo Properties Loads/BiCs Meshing Analysis Results Durability
+ .ﬁ o :
— & | oy £ o

& fal 4| % x 4 | B

Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody

Result Plots

Plot the deformed shape.

a.

Under the Results tab, click
Fringe/Deformation in the Quick Plot

group.
Highlight Default, A1:Mode 1 : Freq =
0.012529 under Select Result Cases.

Highlight Eigenvectors, Translational
under Select Fringe Result.

Highlight Eigenvectors, Translational
under Select Deformation Result.

Click the Deform Attributes icon.
Uncheck Show Undeformed.
Click Apply.

Graph | Animation | Report | Derive

Results |

Action:
Object

=3

Show Viewport Legend
Deformed: !]

Render Style:

Line Style: [——u==]

Line Width: [E—

Scale Interpretation
@ Model Scale O True Scale

Scale Factor

0.1
CShow Undefo{med@

Title Editor...
Show Title [Lock Title

Show Maximum Label

[ Label Style... |

i Apply @ [ Reset I

= 2|y | (==
=t | “E lovs)| H|

B! | %

Result Actions|| Insight

@ |l B | B2

Insight !\‘S@HE'”‘QM Spectrums | Ranges

XY Plots

2
S

Titles

Colors Toggle
Spectrum

Imaging

Results

| Results |

Action: -Cfeaie n
Object e

Select Result Cases

A1:Mode 1 : Freq. = 0.012529
, Al:Mode 2 =0.0049321
" A1:Mode 3 : Freq. = 0.0091308
" Al:Mode 4 : Freq. = 0.01028

" A1Mode 5: Freq. = 0015495
A1 Mode 6 - Freq = 0016448
", A1:Mode 7 : Freg. = 169.98

" Al:Mode &: Freq. =475.49

" A1:Mode 9: Freq. = 583.29

" AABAnA~ AN - Crnn — NEO 4 [
3] IF i (2]

Freq.

Select Fringe Result

Constraint Forces, Rotational
Constraint Forces, Translational

Eigenvectors, Rotational
Eigenvectors, Translational G

Quantity:

Select Deformation Result

Constraint Forces, Rotational
Constraint Forces, Translational

Eigenvectors, Rotational
Eigenvectors, Translational @

[1Animate
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Step 10. View the Deformed Shape (Cont.)

Deform: SC1:DEFAULT, A1:Mode 1: Freq. = 0.012529, Eigenvectors, Translational,

. 1.14+003

/One of the chip components is clearly not\
glued to the board and is the source of the
rigid body modes.

Fringe: SC1:DEFAULT, A1:Mode 1: Freq. = 0.012529, Eigenvectors, Translational, Magnitude, (NON-LAYERED)

1.14+00
1.06+003¢
9.85+002
9.09+002—
8.33+002—
7.57+002
6'82+002T

default_Fringe :
Max 1.14+003 @Nd 34988
Min 0. @Nd 8591
default_Detormation :
Max 1.14+003 @Nd 34938

Check the distance of this component from
the board and adjust the contact tolerance

(ERROR) parameter.
N /

MSGC A Software’



Step 11. Measure the Distance Between Chip 3

and PCB

Home Geometry Properties Loads/BCs Meshing Analysis Results urability.r
Dz e S ¢ (e e v ol i.l;m | [ 2 ZBmal o
_ _ |fof||| |T&|
|Ba a2 || T ||| | R[22 ||| 0| || 2[R ||| || ) | B2 | = [ 2B|| ||| || ek ||| Ta || =)= %)
Defaults a Transforms Viewport Drisplay Qrientation Misc. Web | |Model Tree

DEw Mg hdd-

Set the view to Top View for easy measuring.

a. Click Reset Graphics.

. Under the Home tab’ CliCk Top View‘ TIPce_Natural_Freg.db - default_viewport - default_group - Group ]

Click View Corners Free

Drag a rectangle around the component in question.
Click Smooth Shaded.

© oo o

Trce_nat

tural_Freq.db - default_viewport - default_group - Group

Component

MSGC



Step 11. Measure the Distance Between Chip 3
and PCB (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

; (|| op— E b, 5 s
I P e e 2 2 N P Pl P B P S 5 2 Y RS
|3 [ B ||| Surface | Auto Hard | .|| )| o0 || |-:~:||ﬁ||£§|w ||| e[ Jof ||| Eet | SueerBlement ||| || 4 || & ||&F|| 4| ¥
Mesh Seeds Mesh Control Meshers FEM Actions Mode Element MPC
Check the component distance
from the board.

Other component

a. Under the Meshing tab, click
Show in the FEM Actions

group
Pull down Distance for Info to

determine the distance in the Z-

direction from the PCB to the
components.

/closer to the board

PCB

N VRN
)

First for comparison, check the
distance of the component that
is closer to the PCB. Choose a
node on the upper edge of the
component and any node on
the PCB

. Check the distance of the free

component, Chip 3. Choose a
node on the upper edge of the
component and any node on
the PCB.

Free
Component
Chip 3

-

@

-Fartjc Elem&n-ts_

|
Action:
Object;

Info:

Distance @

Nu&e Summary
Last ID:

35393

Total in Model:
28212

Total Unreferenced:
0

Total in "default_group' :
25212

|:| Write to Report

Option: -

Node

Refer. Coordinate Frame
Coord O

Auto Execute

First Node List
Node 34580

Second Node List
Hode 8722

Apply

MSGC

Software’



Step 11. Measure the Distance Between Chip 3
and PCB (Cont.)

Check the component distance
from the board continue.

a. Note the reported Z distances.

b. Click Cancel to close the table.

within the default contact tolerance.

PCB thickness = 0.0389”
0.0344” - 0.0389”/2 =0.015"

kTry a Distance Tolerance of 0.016”

/The standard distance of the components \
from the PCB is 0.0194“. The component in
question is 0.0344” away, and is not falling

From Mode ID To Mode D Distance Delty Retference CID
1141 GYE1 1.2395231 0001151 24-00134= | long... [Global) Rectangular
34950 5772 030074114 =-0.00603 0293 -0.0344=] lon... [Global) Rectangular
E Page : °rs —_—

|| FRese Jd : icancel

/
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Step 12. Modify Body Pair

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
"Load/Boundary Condttions |
D)@K | &|| €8] 22| e ||| cp|| | w82 ||| 1 || B | Wz ||| % || 550|290 Al IE:L = [
Byl x| o O || [ 27| 5% ||| 0] BB @ || |3 | B0 | = ([P |22 || a2 B a0 || oveer
Defaults Transforms Viewport Display Orientation Misc, Web||Model Tree Hrpe
Option: HBody Pair ¥
) ) . . Input Data [ -
Modify the chip_3_pcb body pair: | e [LosaBoundary Condiions | mput Data | lCurrent Load Case: :
. o - T Tl Default...
a. Under the Home tab, click =8 PcB_Natural_Freq § ——
Show/Hide Model Browser FEEY materials(3) ‘
. : ‘Geometric Contact Parameters:
Tree in the Model Tree Group. H5s properties(7) Propery Sethame:  'H
b. Double click on chip_3_pcb B Fields =BSe it =l
- Distance Toler, ERROR) chip_2_leads | =
naer n >B Pair 016 @ )
under Contact . Ody a E‘* LBCs(1) 01016 B
c. Enter 0.016 for Distance : e leads_PCB
=lJw Contact(9) 5099958
TOlerance (ERROR) - : Interference Closurs(CINTERF)
d. Click OK E‘..h Deformable Bodyg D
Click Apply =lly Body Pair(4) — ]
._h Ehi[]_E_[JC[@ Hard-Soft Ratio (HARDS)
25
..h Chip_?_lEﬂdS Rename Set as
[¥] Giued Contact(IGLUE) chip_3_pcb
._h leads_PCB [[] Retain Gaps/Overlaps(IGLUE)
; [[] Retain Moment(IGLUE) |
‘..h l:hIICIS_F'CE [ Alow Separation(JGLUE)
Stressfree InitCont(ICOORD)
lﬂ“ Load CESES(]-} [[] Delayed Side OFfICOORD)
+ - -
FEE croups(4) e ]
-2 Analyses(2)
Contact Detection(ISEARCH) [ Modify Application Region... J
h‘ RESU"IS () Automatic -
O single Sided
() Double Sided @
[ ok d ] Defauts Cancel [
\—/ o
(2]

MSGC A Software’



Step 13. Rerun the Analysis

Geometry Properties Loads/BCs Meshing Analysis Results
o 1 %3 s o 72+
#
et — — - < L | = g L3
Entire [Jglected Load Analysis Read | Submit ) X XDEB
Modelup Sim¥pert || Deck sl ®])[[a]/=]
tnalyze Create Existing Deck Optimize | |Toptomize

Durability
Lz‘ I %
0
o | e | e
Cutput? | MASTER/ | Attach

DBALL

Output2

g+ S | F e s n
| wa (sl &l
619 | asplot ||| |fig Eael | e || &

Aeccess Results

Delete

Actions

Return to the Analysis form and rerun the job.

a.

Under the Analysis Tab, click Entire Model in the
Analyze Group.

Click Apply
Click Yes to overwrite the old job.
Click Yes to overwrite the old files.

[ Hessage
| Question from application APP INTERFACES

| The jobname (PCB_Matural_Freq) is already defined in the database. Do you wish to overwrite?

Yes G

'M-ess'aée

| Guestion from application APP INTERFACES

| deletion of these files?|

=)

Files from & previous analysis conflict with the current job name, PCB_Matural_Freq. These files are PCB_Matural_Freq.xdh, PCB_Matural_Freq.DBALL,
| PCB_Matural_Freq MASTER, PCB_Matural_Freq.f04, PCB_Natural_Frec.f06, PCB_Matural_Freqlog, PCB_Matural_Freq IFPDAT, PCE_Matural_Freg.bdf. Will vou permit

Analyzizs |
veos
Code: MSC.Nastran
Type: Structural
Available Jobs IE
[PCE_model
PCB_Natural_Freg
Job Name:
SUBTITLE
LABEL
L Translation Parameters... ]
[ Solution Type... ]
[ Direct Text Input... ]
[ Select Superelements.... ]
[ Subcases. . ]
[ Subcase Select... ]
el b) 1
MSC A Software’



Step 14. Review the New Results File s

File Edit View Tools Help
» - 1 e

PCB_model.bdf
PCB_model.bdf.err
PCB_model.bdf
PCB_model.bdfrej
PCB_Natural_Freq.bdf
P PCB_Natural_Freq
PCB_Natural_Freg.dbjou
pcb_natural_freq.DBALL
pcb_natural_freq.f04

Review the f06 file.

a. Navigate to and open the file
pcb_natural_freq.f06

b. Search on the string “E1 G E
N” and check the natural
frequencies.

Find what: e (b
Conditions:
(@) Text
[ Match whole words

Match case
[ | Regular expression

> Find MNext

Direction:

'.j.'Hex '.?.'Up

6- Down

[ ] Extend selection

Wrap searches

[ all documents

pcb_natural_freq.f06 @
pcb_natural_freq IFPDA
pcb_natural_freq

pcb_natural_freq. MASTER
pcb_natural_freq.xdb

REEAL EIGENVALTUES
MODE EXTRACTION EIGENVALUE RADIANS CYCLES GENERALIZED GENERALIZED
NO. CRDER MASS STIFFNESS
1 1 1.114580E+06 1.055737E+03 1.680257E+02 1.000000E+00 1.114580E+06
P4 2 8.405630E+06 2.B899246E+03 4.614294E+02 1.000000E+00 8.405630E+06
3 3 1.330572E+07 3.647701E+03 5.8054587E+02 1.000000E+00 1.330572E+07
4 4 3.533292E+07 5.944150E+03 9.460408E+02 1.000000E+00 3.533292E+07
5 5 6.221519E+07 7.887661E+03 1.255360E+03 1.000000E+00 6.221518%E+07
] 6 1.110568E+08 1.053835E+04 1.677230E+03 1.000000E+00 1.110568E+08
7 i 1.540715E+08 1.241255E+04 1.975519E+03 1.000000E+00 1.540715E+08
8 8 2.194564E+08 1.481406E+04 2.357731E+03 1.000000E+00 2.15%4564E+08
9 9 2.701275E+08 1.643556E+04 2.615800E+03 1.000000E+00 2.701275E+08
10 10 3.505131E+08 1.872200E+04 2.97965%8E+03 1.000000E+00 3.505131E+08

This time there are now no rigid body modes

MSGC



Step 15. Attach the New Results File

Home Geometry Properties Loads/BCs Meshing Analysis Durability Analysis |
B [ S | [y =l - b | 7 | BB eme e i
‘j ] | H | | || | opi Pt ﬂrt_]_ plat |Ll.|| rb| |hﬂ-||1,£j|
cre] Brerstl el el el e i ..
Entire | Selected Load Analysis Read | Submit |(f[ 2] ' [ = Cutput2 | MASTER/ | t16/t19 | d3plot | -||t"*|| '-| ||
Model | Group |Sim¥pert || Deck of ] |ls][] DEBALL s | B | |5 Method:
Analyze Create Existing Deck Optimize | |Toptomize Access Results Delete Actions

Import the results.

a. Click XDB in the Access

Results group.

Select PCB_Natural_Freq

Click Apply.

Code: MSC Mastran

Type: Structural

Available Jobs E
| PCB_model
| PCB_Matural_Fregq

Job Name
__PCB_NaturaI_Freq
Job Description (TITLE}

SUBTITLE

LABEL

[ Select Resutts File...

I Translation Parameters. ..

=)

MSGC



Step 16. View the Deformed Shape

Properties Loads/BCs

F O B

Fringe/Deformation ||| Deformation | Fringe

Home Geometry Meshing Curability

AR T A

Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive

Analysis Results

= | Ay ==
Bl ||

Result Actions|| In

Quick Plot Result Plots

Plot the deformed shape.

a. Under the Results tab, click Fringe/Deformation in the Quick Plot group.
b. Click Select Results
c. Highlight Default, A1:Mode 1 :Freq = 168.03 under Select Result Cases.
d. Highlight Eigenvectors, Translational under Select Fringe Result.
e. Highlight Eigenvectors, Translational under Select Deformation Result.
f. Click Apply.
| _Natural_Freqg efault_viewport - default_group - Group (w1,
Fringe: SC1:DEFAULT, A1:Mode 1: Freq. = 168.03, Eigenvectors, Translational, Magnitude, (NON-LAYERED) 151+003
Deform: SC1:DEFAULT, Al:Moade 1 : Freq. = 168.03, Eigenvectors, Translational, 1 2:22
1.21+002
1.11+002
1.01+002
9.05+001
8.05+001
7.04+001
6.03+001
5.03+001
4.02+001

All components are
now properly glued.

default_Fringe :
Max 1.51+002 @Nd 9013
Min 0. @Nd 8591
default_Deformation :
Max 1.51+002 @Nd 9013

s 1

|Results

Action: -—Create =
Object

Select Result Cases

: Freq. = 168.03 o
ILT, A1 Mode 2 : Freg. = 461 .43

ILT, A1Mode 3 : Freg. = 580.55

ILT, A1:Mode 4 - Freg. = 946.04

ILT, A1Mode 5. Freg. = 12554

ILT, A1 Mode 6 - Freg. = 1677 .2

ILT, A1 Mode 7 : Freg. = 1975.5

ILT, A1 Mode 8 - Freq. = 23577

ILT, A1Mode 9 Freg. = 2615.8

LT Ad-Mada 4N - Cenn — 9070 7 E2]

3 | m 0]

Select Fringe Result

Constraint Forces, Rotational
Constraint Forces, Translational

Eigenvectors, Rotational
Eigenvectors, Translational @

Quantity:

Select Deformation Result

Constraint Forces, Rotational
Constraint Forces, Translational

Eigenvectors, Rotational
Eigenvectors, Translational e
CJAnimate

e

MSGC A Software’



NAS133, Workshop 4, March 2014
Copyright© 2014 MSC.Software Corporation

WS4 - 32

MSGC



WORKSHOP 5
SHELL FACE TO FACE CONTACT

R R T R R
teeclip.db = default_viewport - tea_clip - Entity

i
b~

NWNE s

MSGC ASoftware



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

WS5 -2

MSGC



 Workshop Objectives
— Create glued contact between shell faces.
— Create and view the MPCs which model the glued contact.
— See the difference in contact order on the quality of the glued contact.

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Files Required
— tee-clip_fe.bdf

MSGC



« Suggested Steps
Build the starting model by importing the MSC Nastran input file tee-

1.

2.

clip_fe.bdf.

Define two deformable contact bodies using the Contact Body/Pair Tool,

one for the plate and one for the tee. Color code the bodies.
Create a body pair between the plate and tee

» Check Glued Contact and Stress free InitCont

« Select double sided contact detection
Set up and run a linear static analysis:

« Set Solution Type to Linear Static

« Change the Bias Tolerance to 0.0

« Specify glued contact between the contact bodies

« Request a punch file that contains the MPCs used to model the glued contact be

saved
Attach the xdb results file.
Post-Process Results in Patran:

« Review the deformation results
» Review max Principal stress results.

MSGC



- Suggested Steps (Cont.)

7. Import the punch file that contains the MPCs. Review the pattern of
contact.

8. Modify the Body Pair to select automatic contact detection.
9. Attach the new xdb result file.

10. Create a fringe plot of maximum principal stress in the contact region.
Compare the plot to that obtained in step 6.

11. Import the punch file for this analysis. Review the pattern of contact.

MSGC



Step 1. Import the Model

Open a new database.

a. Pull down File > New

b. Enter tee-clip.db for File name
c. Click OK.

d. Click OK on the New Model
Preference form.

T —
|Mew Model Preference

File | Help [N New Database
New, .. @ | Mew Model Preference
Template Database Name
CIED... | CASC Softwars\Patran_x64120130template. db oo éve favepin B
: ; tee-clip.db
Open Recent...
Change Template ...
Tolerance
@' Based on Model
Modify Preferences... 'C}' Default
Set Working Directory to Database Location
Utilities L4 : :
Approximate Maximum
port Look in: | | Workshop 5 ;‘ &= £ EEv Model Dimension:
Ma items match your search., A0 =
SimXpert..,
simManager » Analysis Code:
A, N MSC.Nastran b
Analysis Type:
Structural
File mame: |tee-c|ip @ ;j 0K ! c) =
Quit Fles of type: | Database Files {* db} | Cancel i g @ Heset

MSGC ASoftware



Step 1. Import the Model (Cont.)

Import the model.
a. Pull down File > Import.

b. Pull down MSC Nastran Input
for Source.

c. Select tee-clip_fe.bdf as the
file to import.

d. Click Apply.

e. Review the MSC Nastran Input

File Import Summary then click
OK.

f. Orient the model to Iso 1 view

g. Click Smooth shaded in the
Display group
h. Click Fit view.

File | Group Viewport Viewing Display Preferences Tools Help  Utilities

Mew...
Open...
Open Recent... _ . —
& Loak in: ] | training _:_i = & E- Dikec
ose
Name Type Si KR MSC.Nastran Input @
Save
. |2 tee-clip_fe.bdf @ EDF File
Save a Copy... Current Group
Utilities .4 default_group
Impaort... [ MSC.Nastran input Options...
Export...
L™ 1 | 3
SimXpert...
_ Flename:  liee-clip_fe bof | Apply
Session 4
: - - Cancel
S Files of type: [ MSC.Nastran Input Files {*bef} =l nG ]
Images...
Report...
Quit
[N Nastran [nput File Import summary: - tr'?
y Y 2 u
| IZ_H || }ﬂ g || II.I_H || |Q | Imported Imported with Warning Mot Imported
. ; e o Nodes 180 0 0
|Hl |%/L”| z||z"(H||’iJ“’-| Bloments 1076 0 0
T T Coordinate Frames . o U U
Material Propertie | 1 ] ]
~ Element Properties | 2 0 0
Load Sets 2 ] 0
| @ | | oo | Subcases | o o o
oo
MPC Data 0 o o
Ex || -0 ="M i |~ 1 0 0
|q3|| I:I”l':D” = ”@' Comment Lines |

Display

o &g\l

Reject Cards... ]

MSGC



Step 2. Define Two Deformable Contact Bodies

|E File Group Viewport WViewing Display Preferences @ Tools | Help  Utilities

Define Contact Bodies using the
Create Contact Body/Pair Tool:

MSC.Fatigue
Laminate Modeler
Random Analysis...

Analysis Manager...

»

3

nad,f Boundary Conditions

Luaﬁfﬁuun&ary Conditions |

a. Pull down Tools > Modeling > S e
Contact Bodies/Pair TS NEE e

> rdonn Hethodto IRl —

onnectivity. 4 ey

c. Select 2D for Elements Display Sl e

d. Click Apply and Cancel. e i

e. Under the Loads Tab, select ooy
Color Code Bodies in the S
Contact Bodies Group S

f. Highlight Existing Sets 2D_bdy @
and 2D_bdy1 . Home  Geometry  Properties | loads/BCs | Meshing  Analysis  Results  Durability

g. Select Group Color £ (o g ) B & = =

h. Click Apply (not shown)

Create

Deformable Bodies x

Method Er‘ tivity = i . v Connectivity
» Element Type :

Create From

Groups:
(%) Entire Model () Current Group Properties
i Materials

(O Current Viewport
Geometry

Elements

J3p

Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Element || Element |Contact Create Initial LBC Create LBC |
Constraint |Unifarm =||Variable ~| [Bodies = Body Pair ||Conditions ~||Actions ~|| Load Case ||Fields =
Modal | Body Pairs ‘ Load Cases
M Ny %
Deformable | Rigid |/Color Code
= Eﬂ .. Bodies
. 1 Contact Bodies

z [
Action: Piot Contours ¥ F
Option: Deformable Body 5.4

Current Load Case.

[ Default... J
Type: Static =
Existing Sets.

20_bdy

20_bdy1

) Entity Hil@(-‘)emun Color b

MSGC




Step 3. Create Body Pair

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
¥ s
X |=e| ) 2 B & 1
Displacement | Force | Temperature | Velocity | Acceleration | Crack{VCCT) | Element || Element '|C0ntact Initial LBC Create LBC |
Constraint Uniform ~||Variable ~||Bodies = onditions ~||Actions || Load Case ||Fields =
Modal Load Cases

Create a New Body Pair:

a.

Under the Load/BCs tab click
Create Body Pair in the Body
Pairs group.

. Enter plate_tee_contact for

New Set Name.
Click Input Data...

. Check Glued Contact(IGLUE)

and Stress free
InitCont(ICOORD).

. Select Double Sided for

Contact Detection (ISEARCH).
Click OK

. Click Select Application

Region

Geometric Contact Parameters:

Property Set Name: E
Distance Tolerance(ERROR)

Bias Factor(BIAS)
£

Interference Closure{CINTERF)
0.0

0.0
Hard-Soft Ratio (HARDS)
20

Glued Contact{IGLUE)
[[] Retain Gaps/Overlaps(IGLUE)
[ Retain Moment{IGLUE)
|:| Allow Separation(JGLUE)
Stressfree InitCont(ICOORD)
[ Delayed Siide Off{ICOORD)

Select: |Node To Segment .

Contact Detection(ISEARCH)
O Automatic

() single Sided

(%) Double Sided

[ 01(@[ Defautts | [ cancel |:|’I|

Load/Boundary Conditions

Action:

Create ¥

Current Load Case:

Type: Element Uniform =
Option: Body Pair ¥

Default...

Type: Static

Existing Sets

New Set Name

plate_tee_contact

(b) |

[ Input Data... LC
L Select A Region... {

E S
I‘L!rI

Msc)QSoftware



Step 3. Create Body Pair (Cont.)

Select Application Region:
a. Click in the Body1 Name text box

b. Select FEM and then QUAD Elements in the
Picking Toolbar

c. Select any element in 2D_bdy1 (the plate).

d. Repeat steps b and ¢ with Body2 Name and
in 2D_bdy (the tee).

e. Click OK
f. Click Apply

M'{ee clip.db - defaull viewport - default_group - Enfity"

<
e
S

Body Pair Application Region z

~Body PairAppication Region | R

Mode: —Existing Bodies =

Body1/Master/Touched ‘E

Body1 Name:
20_bdy1 @

[]self Contact

Body2/SlaveTouching E

Body2 Name:
2D_bdy

(] I

1% 1+ 0 &

~ [
-3

000 oog

s 4

MR A N+ O 8

7

0\ §=N e ol =

L)
et

0

= 7| -

W

Load/Boundary Conditions

Load/Boundary Condtions |
.

o

|
Action: 1
Type: Element Uniform =
Option: Body Pair ¥
Current Load Case:
Default... J
Type: Static
Existing Sets lE
New Set Name
| piate_tee_contact

l Input Data... J

l Select Application Region... l

e f)
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Step 4. Set Up and Run the Analysis

e

Geometry Properties Loads/BCs

Meshing

B 3 b . N ~
4z - E] I:f | ] T A

Analysis Results Durability

=

B
S

b |
“ﬁ; e ||
£ L) D

Groug | Analyss

Entire || Selected Load Analysis Read | Submit | ¢||@| | 1"”@| ¥DB Output2 | MASTER/ | t16/119 | d3plot | !
Model | Group | sim¥pert || Deck = ! DBALL At L]
Analyze Create Existing Deck Optimize | [Toptomize Access Results Bbject

— Wathod Ful Bun ™
Set Solution Type to 101 Linear e —
Static _Arﬁ‘ﬂ SOREOn:Iype |— Code:  MSCMastrsn
. . MSC.Mastran I:_I
a. Under the Analysis tab click Solution Type il bt
Entire Model in the Analyze
. Bwslable Jobs e
grou p Solution Type:
. %) LINEAR STATIC
b. Enter tee-clip_contact for Job SRR
Name . ) NORMAL MODES
c. Click Solution Type. O BuckLme Job Hame
Click S . ) COMPLEX EIGENVALUE bty _contact
d. Click Solution Parameters. O FREIENCY RESPONSE Job Descripton (TALE)
) TRANSIENT RESPONSE E:c :4;:::: E.ﬁ“"’“"’“ =
) NOMLINEAR TRANSIENT |
) IMPLICIT NONLINEAR 7 —
) DDAM Solution
LASEL
| Select ASET/GSET... ]
| Translsion Farameiers.,,
[ Solution Parameters... [ ey T— |
[ Sawt Superslements_ |
Solution Seguence: 101 | p— |
| Subcase Seiect |
Lok | [ cance | |
(3] =
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Step 4. Set Up and Run the Analysis (Cont.)

Change the Bias on Tolerance.

a. Click Contact Parameters.

b. Click Contact Detection.

c. Change Bias on Tolerance (BIAS) to 0.0. T
d. Click OK. Statc Souion Paraneters
e
f
g

b

¥| Database Ri
atabase Run (Sohity n Type I

) CIICk O K' D SY N, | ;\I’Iﬂh’&i& | _E'EH.IHE‘I_{'}ID_& |
e ~ e L
Click OK.

. CI'Ck O K‘ CONTACT Control Parameters
- |:| Alternate Reduction

[ S Tsn 2 Solution Type:
N Contact Detection Control Method: [Node to Segment = []50L 600 Run ¥

(%) LINEAR STATIC
Conaotleternn Camaeler=HoCtiatin Deformable-Deformable Method: [isoL700fun i e O NONLINEAR STATIC
(%) Double-Sided O Single-Sided

Automatic Constraints

MSC Nastran i_‘.\,l
[ inertia Reliet Solution Type

Shell Normal Tol. Angle = () NORMAL MODES

i [ optimize Constraint Equations Mass Calculation: O BUCKLING

| 0.0 @ O COMPLEX EIGENVALUE
Data Deck Echo:

[ Contact Detection... (@j sl Tesihene

Distance Tolerance (ERROR):

Bias on Tolerance (BIAS):

[[] Suppress Bounding Box Check (ICHECK) _ (O FREQUENCY RESPONSE
[ Separation.. ] Plale Re Siifiness Faclor = LIl () TRANSEENT RESPONSE
Shell Elements (ISHELL) o Maximum Printed Lines =
[ Friction... | (O NONLINEAR TRANSIENT

Check Layers: SR — B e e T Ta ' ) IMPLICIT NONLINEAR

! . Wt.-Mass Conversion = [10 {O) DDAM Solution
I:‘IgnureThlckness Yiial Contact Paraniers ass Conversion

[ Enable Initial Contact Hooe Lo oot Coter L L Select ASET/QSET... J

Quadratic Elements Default Initial Temperature =

|:| Activate Quadratic Contact (LINQUAD) Default Load Temperature =

Rigid Element Type: LINEAR ¥ .
Solution Parameters...
Beam Elements Increment Control

Penetration Check: fax p-Adlar 3= L2 |
Contact Parameters... ( a > Solution Sequence: 101
Other Parameters

[] Reduce Printout of Surface Definition [ Fatigue Parameters... J

Results Output Format... J ‘—DK@ s

I Defaults ] 1 Cancel |

D Activate 30 Beam-Beam Contact (BEAMB)

Glue Opticns

]

|:| Permanent Gluing (NLGLUE} [
[ OK @ [ Defaults ] [ Cancel ] l OK@

[ OK@ Come] oo
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Step 4. Set Up and Run the Analysis (Cont.)

Request a punch file that contains the MPCs used to model the glued contact. = =
a. Click Direct Text Input. Anaysss | .
b. Select Case Control Section. e &

Object: Entire Model ™

. Enter NLOPRM MPCPCH=BEGN in the Case Control Section textbox.
c. Enter in the Case Control Section textbox o

d. Check CASE Write To Input Deck.

e. Click OK. Code:  MSC.MNastran

f. C“Ck Apply Type:  Structural
] Available Jobs B
| poal_fe

Case Control Section

| NLOPRM MPCPCH=BEGN @

Job Name:

tee—cliﬁ_cn nta c1

NOTE: The Case Control Command entered here will create the Job Descrpton (TTLE)
*.pch file containing the MPCs used to model the glued contact.
We will look at this to help determine the quality of the glued

contact. SUBTITLE
LABEL
") Nastran System Cell Section System Cell Write to Input Deck Write At: (%) START () END [ Translation Parameters. . |
() File Management Section [ FMs Write To Input Deck Write At &) sTART (O END | Solution Type... |
) Executive Control Section [ EXEC Write To Input Deck Write At: &) sTART (O END [ Dirgct Text Input... (\a %
b @ Case Control Section @ CASE Write To Input Deck Write At: @ START .G. END I Select Superalements. .
) Bulk Data Section [ BULK Write To Input Deck Write At: () START (JEND [ Subcases... |
[ Subcase Select .. |
ST G e
e £)

2]
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Step 5. Attach the Results File

Durability

Home Geometry Properties Loads/BCs Meshing Analysis

op2 F ! LE - . ! e
2 s R Y Y -
Entire | Selected Load Analysis Read | Submit | | Output? | MASTER/ | 116/£19 | d3plot 3 t‘| £
Model | Group | SimXpert || Deck |la] () |la)l=] DBALL I L IIES Action:
Analyze Create Existing Deck Optimize | [Toptomize Access Results Delete Actions -
Object: AftachxDB ¥

Method: Result Entities =

Attach the XDB analysis result file.
a. Click XDB in the Access

Code: MSC. MNastran

Results group
b. Click tee-clip_contact under hpe:  (SEaaed
Available Jobs.
c. Click Apply. ki e | g
!Iz: EE:’c:dud : @
Job Mame

f&&-cliﬁ_cn nta ct

Job Description (TITLE)

SUBTITLE

LABEL

( Select Resuls Fik.. |
I Translation Parameters. .. J

Apply

MSGC ASoftware



Step 6. Post-Process Results in Patran

Results

Properties Loads/BCs Meshing Durability

& [+ &% i 2 &

Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive

Geo Analysis

B

Fringe/Deformation

Home

-:,!’ ;E' el |
(2|56

Result Actions

I

Result Plots In

Cuick Plot

Review the deformation results

a. Under the Results tab click Fringe/Deformation in the Quick Plot group.

b. Highlight Displacements, Translational under Select Fringe Result.

c. Highlight Displacements, Translational under Select Deformation Result.
d. Click Apply.

Fringe: Default, 41:5tafic Subcase. Displacements. Translational. Magnitude, (NON-LATERED)

Deform: Default, Al Static Subcase. Displacements, Translational,

default_Fringe :
Max 9.21-001 @Nd 1289
Min 0. @Nd 491
default_Deformation
Max 9.21-001 @Nd 1289

|| Results |

Object: Quick Plat ™

Select Result Cases
Default, A1:5tatic Subcase

Select Fringe Result

Constraint Forces, Rotational
Constraint Forces, Translational
Displacements, Rotational

Principal Stress Direction, Zero Shearsrs I
2] | [2]

Magnitude ¥

Quantity:

Select Deformation Result

Constraint Forces, Rotational
Constraint Forces, Translational
Dizplacements, Rotational
Displacements, Translational

D Animate

()]

MSGC

Software



Step 6. Post-Process Results in Patran (Cont.)

Review max principal stress.

a.

~ 0o a0

Highlight Stress Tensor under
Select Fringe Result.

Pull down Max Principal for
Quantity.

Click Position ... (At Z1)
Highlight At Z2
Click Close

Highlight Displacements,
Translational under Select
Deformation Result.

Click Apply.

|Results | Select... |
Positions [4}}
.
(ae]

esults.

Object: Cluick Plot 4

il

Select Result Cases
Default, A1:Static Subcase

Select Fringe Result

|
J

7

| Stress Invariants, Minor Principal

| Stress Invariants, Von Mises r
|| Stress Tensor, ’

[£3) L J 3

I Position...(At Z2) g C ) I

Quantity: Iax Principal @

Select Deformation Result

Constraint Forces, Rotational
| Constraint Forces, Translational

| Displacements, Rotational
| Displacements, Translational

[ Animate

)

| Stress Invariants, Major Principal e

& Ju

MSGC



Step 6. Post-Process Results in Patran (Cont.)

a. Rotate the model and zoom in to focus
On the areas Of Interest Fringe: Default, Al Static Subcase, Stress Tensor, , Max Principal, At Z2

Deform: Default. A1:Static Subcase. Displacements, Translational,

default_Fringe

Max 2.28+003 @Nd 689
Min 0. @Nd 4
default_Deformation
Max 3.21-001 @Nd 1289

NOTE: The stress results
on the flange are spotty,
with concentrations

7
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Step 7. Import the Punch File

Import the *.pch file that contains

the MPCs used to model the glued
contact. This will help to check the
contact status.

a.
b.

Click Reset Graphics.

Pull down Display > Entity
Color/Label/Render.

Select Entity Type under

Entity Coloring and Labeling.

Click Apply.
Click Cancel.

File Group Viewport WViewing | Display | Preferences Tools Help Wilities

Entity cmc.r_;LabeuRender@

Plot/Erase...
Highlight...
Geometry..

Finite Elements...

Load/BC/Elem. Props...

Mamed Attributes...
Coordinate Frames..,
Titles...

Spectrums...
Ranges...

Color Palette..,
Shading...

Light Sources...

;.ﬁesari;é | Entity Color/LabelRender |

Entity Coloring and Labeling

_(_J (¥} Entity Type

{} Group

Render Style:

"
Shade Color: —{

Entity Type Colors and Labels

[]Label
[]Label
[JLakel
TSurf; [ Label
Solid: [ Label vl
< ] I ||l]

| Show All Entity Labels |
| Hide All Entity Labels |

Label Font Size:

Point:

ME3

Curve:

Surface:

111N

Reset

[ Apphy @ I Cancel @L;l

MSGC

Software



Step 7. Import the Punch File (Cont.)

Specify to keep the original node
numbering when importing the .pch
file.

a. Pull down File > Import.

b. Make sure Object and Source
are set to Model and

MSC.Nastran Input respectively.

c. Click MSC Nastran Input
Options.
d. Click Define Offsets.

Click in the cell in the Nodes row
and Offset/Maximum column.

f. Enter 0 for the Input Offset Value
and press Enter.

g. Click OK.
h. Click OK.

File | Group Viewport WViewing Display Preferences Tools Help LWHilities

MNew...

Cpen...

Open Recent...
Close

Save

Save a Copy...
Utilities *
Import...

Export...

SimXpert...

Session L4
Print...

Images...

Report...
Quit

Look in: | |} training ;1 kel £ Efv
MName Type Sic
| tee-clip_fe.bdfrej REJ File

| tee-clip_fe.bdf.log Text Document

= tee-clip_fe.bdf BDF File

|2 tee-clip_contact.bdf BDF File

4 | m

File name: I' b

| 3
| -Apply- l

Files of type: | MSC.Nastran Input Files {*baf}

~| Cancel I

Source: MSC.MNastran Inpu =

Current Group

tee_clip

[ MsC.Nastran lnput Options... @

Define Label Offsets for Seleck

Automatic Offset

|Resuts | Entity Selection

‘Entity Packets

Element Properties
Coordinate Frames

Comment Lines

Select Hone

Entity Existin
Mininum
Nodes 1
Elements 1

Material Properties

Element Properties

Coordinate Frames
Load Sets
Subcases
MPC Data

Comment Lines

— )

Cancel

Define Offsets...

[ create Prop. & Matl. Groups

Retrieve Mames From Comments.

[ OK® [ cancel | —

v
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Step 7. Import the Punch File (Cont.)

i] "Nastran Input File Tmport Summary”

Look at the pattern of contact

Imported Imported with Warning Not Imported

a. Enter tee-clip_contact.pch for File name. Nodes 0 o 0
. Click Apply. z
c. Review the MSC Nastran Input File Import e 0 o 0

Summary to verify that the MPCs have been Element Properties | 0 | 0 0

imported. Load e | E | E E
d. Click OK. | ] : u
e. Change the display to Wireframe. ol | ° ’ °
f. Observe the MPC pattern between the tee-

clip and the plate. Note that single MPCs
connect the two components and the edges
of the flange are unsupported.

Look in: | |, training j & ¥ BB~ e
MName = Type Si SOuoe :
|| tee-clip_fe.bdf rej RE File ;
| tee-clip_fe.bdf.log Text Document et Lo
T tee-clip_fe.bdf BOF File tee_clip
18] fee Chip contactbdf BOREE [ MSCastraninput Options... |
4 1 | b
7N\
File name: |lee-dip_c:ontact.pch @ :_i -Apply-
Files of type:  [MSC Nastran Input Files {* baf} =l Cancel ]
€
I ML
oo
Elx || #-0 [
o=l =

Display




Step 8. Modify Body Pair

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
D@ 6B |9 Enlldlle| @] ()0 mles] |[E] ]|k %3l Load/Boundary Conditions | -
B2 || 1 ||| 5 |%‘-|i_%@*| sl e L S e = e e e e e e e = b Action: lex]
Defaults Transforms Viewpaort Display Crientation Misc, Web||Maodel Tree Object:
EECeyAY3
- - S 1104l Browse: e - 2
Modlf?/ the chip_3_pcb body pair: B@ rcs Natural Fre ooy Gonsiors | v | Corrent Load Case
a. Click Undo to remove the : - —req el Defaut. ]
MPCs HEY materials(3) : Type: Static
. : . Geometric Contact Parameters:
b. Under the Home tab, click (% Properties(7) S
Show/Hide Model Browser -8 Fields BL ek s ity T
Tree in the Model Tree Group. 4 LBCs(1) Pk e P e, —
c. Double click on Bis Fector(EaS)
l_:_"' Contact({9 089999938
plate_tee_contact under J' & -
-_— -_— Interference Closure{CINTERF)
Contact > Body Pair @l Deformable Body D
d. Setthe Contact =l Body Pair(4) o
DeteCth”(lSEARCH) to ..h Ehil‘J_E_th @ Hard-Soft Ratio (HARDS)
. 2.
Automatic. [l chip_2_leads
H Glued Contact{iGLUE) Rename Set as
e. Click OK ._h leads_PCB [ Retain Gaps/Overlaps(IGLUE) plate_tee_contact
f. Click A | g [] Retain Moment(IGLUE)
pp y .-h ChIPS_PCE [[] allow Separation(JGLUE)
Stressfree InitCont(ICOORD)
I—i—l” Load CEISES(I) [ Delayed Siide OFf(ICOORD)
@ Groups(+) B -
s ,
@ AHEI?SES(E) > CumamDeteF,mn(ISEARCH) I jlodiy Datn, ]
¥ Results ( g’::;:zt:w [ Modify Appication Region... |
) Double Sided
< oo )
9] e Defaults. Cancel ’
], )}
) |
MSC ASoftware



Step 9. Reverse the Search Order and Resubmit

the Analysis

Change the Contact Table to
reverse the contact search order.

a. Under the Analysis tab click

Entire Model in Analyze group.

b. Enter tee-clip_contact_2 for
Job Name.

c. Click Apply.

Home Geometry Properties Loads/BCs Meshing Analysis
- Lf] b i i dls-
= 1 O g
Selected || Analysis || Read | Submit ||| [3 || B ||| [& || 2 ||| DB
Group Deck
nalyze Create Existing Deck Optimize | |Toptomize]

Results Durabili

%. B
e A
Output2 | MASTER/
DEALL

Access Result:

-.;fxnarysi-é_l

Object: Entire Model ™
S

Code: M3SC.Nastran

Type: Structural

Available Jobs @
| tee-clip_contact |
tee-clip_fe ['E ]
()

Job Name
| tee-clip_contact_2 @

Job Description (TITLE)

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

,—._,—.—.—.—
I JE e

Subcases...
Subcasze Select...
Camlc) ||
MSGC ASoftware



Step 10. Attach New Results File

Properties Loads/BCs

s || [
— —_— — - <
Entire | Selected Load Analysis Read

Model | Group | SimXpert Deck
Analyze Create

Home Geometry

2

Existing Deck

Meshing Analysis

submit ||| (]| =]|||[@l| =]

Optimize | [Toptomize

Drurability
Y | B
op i

* P
Output2 | MASTER/ | t16/119
DBALL

Access Results

Post-process the analysis results.

a. Click XDB in Access Results
group.

b. Select tee-clip_contact_2
under Available Jobs.

c. Click Apply.

% |

Analysis |

Object: AftachXDB ¥
Resuft Entities =

RMethod:

Code: MSC.Nastran

Type: Structural

Available Jobs g

tee-clip_contact
tea—clip_cuntact_Z@

tee-clip_fe

Job Hame
tee-clip_contact_2

Job Description (TITLE)

SUBTITLE

LABEL

[ Select Resuls Fie...

[ Translation Parameters...

(o)

MSGC



Step 11. Post-Process Results in Patran

Fringe/Deformation

Home Geo Properties Loads/BCs

Quick Plot

Meshing

Analysis Results

R [Ba + || w2l #

Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive

Result Plots

Durability

A

A ig | == st

Results |

>

| Ohject: Qwick Plot hd
B/ 3 || FTTEN

Review the max principal stresses.

a.

Q ™" 0 Q

Under the Results tab, click
Fringe/Deformation in the
Quick Plot group.

. Highlight Default, A2: Static

Subcase under Select Result
Cases.

Highlight Stress Tensor under
Select Fringe Result.

. Click Position ... (At Z1)
. Highlight At Z2.

Click Close.

. Pull down Max Principal for

Quantity.

. Highlight Displacements,

Translational under Select
Deformation Result.

Click Apply.

Result Actions|| In =
El

e

Positions

At 71 G

:

Close e

[s]
1)

Select Fringe Result

Stress Invariants, Major Principal [A]
Stress Invariants, Minor Principal

Stress Invariants, Yon Mises
Stress Tensor,

= (=] I | [z

[ Fosiion..¢at 72) ( d
Quantity: iz Principal =

Select Deformation Result

Constraint Forces, Ratational
Constraint Forces, Translationsl
Displacemerts, Rotational
Dizplacemerts, Translational

|:| Animate

(i) ®
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Step 11. Post-Process Results in Patran (Cont.)

el P D P ae AtV eWporr teane

Fringe: Default, A2:Static Subcase, Stress Tensor, , Max Principal, At Z2

Deform: Default, A2:Static Subcase, Displacements, Translational,

2.28+003

NOTE: The stress pattern on the flange
is much smoother and the peak stress
has fallen by nearly 50%.

2.28+00
2.13+00
1.98+00:
1.82+00:
1.67+00:
1.52+00:
1.37+00:
1.22+00;
1.06+00:
9.12+00
7.60+00
6.08+00
4.56+00
3.04+00
1.52+00;

0/

It Fringe :

Min 0.@Nd 4
default_Deformation :
Diax 9.24-001 @Nd 1289

MSGC
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Step 12. Import the Punch File

File | Group Viewport Viewing Display Preferences Tools Help  Utilities

Look at the updated MPC pattern.
a. Click Reset Graphics.
b. Pull down File > Import.

c. Make sure Object and Source are
set to Model and MSC.Nastran
Input respectively.

d. Click MSC Nastran Input
Options.

e. Click Define Offsets

f.  Verify that Input Offset Valueis 0
g. Click OK.

h. Click OK.

MNew..,

Cpen...

Open Recent...
Close

Save

Save a Copy...
Utilities
Import...
Export...
SimXpert...
Session
Print...
Images...

Report...
Quit

®

Object:

WSC.Nastran Input

Source:

B En efinition =1
Input Offzet Value
L ] Automatic Dffset |
i Analysis Entity Selection Define Label Offsets for Selected Entities:

Entity Existing ID Range in Db New ID

Entity Packets
Mininum i Maximum f fizet/Maximum
Nodes 1 1460 ]
I'éllaterlatl :‘rnpexlres e 1 1288 o
EMENT Fropertcs
Ceordinate Frames gatuabopsto: £lin
Load Sets Element Properties Auto l
Subcases Coordinate Frames Auto
'[':'PC Dat? Li Load Sets 2 Auto
OMMENT LINES
Subcases Auto
MPC Data | Auto
|
Comment Lines i 12 12 o
Select None
O
Canc

Lookin: | |, training _j L =k B
Name = Type Si
|| tee-clip_fe.bdfrej REJ File
| tee-clip_fe.bdf.log Text Document
|Z| tee-clip_fe.bdf BDF File
|2 tee-clip_contact_2.bdf BDF File
|2 tee-clip_contact.bdf BDF File
1 T | r
Fie pame:  [-pgr | -Apply-

LI Cancel |

Files of type: lMSC_NastlEln Inputt Files {~bdf}

Current Group

| tee_clp

|
[ msCHNastran input Options... (/d\

Define Offsets.. 6

\—/

|:| Create Prop. & Matl Groups

Retrieve Names From Comments

[

[ cancel

NAS133, Workshop 5, March 2014
Copyright© 2014 MSC.Software Corporation
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Step 12. Import the Punch File (Cont.)

Look at the updated MPC pattern
(cont.)

a. Enter tee-clip_contact_2.pch
for File name.
Click Apply.
Review the MSC Nastran Input
File Import Summary to verify
that the MPCs have been
imported.

d. Click OK.

r "Nastran Input File Import Summary

Look in: | training

MName

|| tee-clip_fe.bdf.rej

_ tee-clip_fe.bdf.log

=] tee-clip_fe.bdf

|Z| tee-clip_contact_2.bdf

' | tee-clip_contact.bdf

<] « & cf B Obieet

Source: [MSC.Na.stran Input e ]

Type Si

REJ File

Tant Dotiiaant Current Group

BOF File tes_clip

BDF File [ msC.astran input Options...
BDF File

o
4

I

| b

7\
File pame: ]lee-dip_corrtad_zpch \y

| -Apply-

Files of type: | MSC.Nastran Input Files {* bdf}

:j Cancel

Nodes
Elements
Coordinate Frames
I'.'Iateriall Propertie
Element Properties
Load Sets
Subcases

MPC Data I

mgn ol o] of o| o] o

Comment Lines

ol o| o]l ol el o o el o

Imported Imported with Warning

Not Imported
o

a|l ol a|lala]o] o &

Reject Cards...

MSGC ASoftware



Step 12. Import the Punch File (Cont.)
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NOTE: The MPC pattern is much more extensive. The edges of the flange are now fully supported.
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WORKSHOP 6
CURVED SURFACE CONTACT

-
8 window_detail.db - d=fault_viewport - _cdb_2D_bdy - Group
20_hdy

20_hdy?2
20_hdy3

20_hdy5
20_hdy6
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 Workshop Objectives
— Demonstrate how fine-meshed parts can be included in coarser-meshed
models.

— Demonstrate Patran Automatic Contact Body and Body pair detection that
can detect multiple contact bodies with one click.

— Use the Distance Tolerance (ERROR) to achieve glued contact between
surfaces with gaps.

* Files Required
— wingskin_fe.bdf

- Software Version
— Nastran 2013.1
— Patran 2013

MSGC ASoftware



Suggested Steps:

1.
2. Import the Nastran Input file, wingskin_fe.bdf.
3.

4. Define Contact Pairs

© 0N OO

Create a new Patran database.

Define Contact Bodies using Patran auto detect tool.

« Contact Pair between the Panels with tolerance of 0.003 and glued contact.
« Contact Pair between the Rib and panels with tolerance of 0.02 and glued

contact.
Verify the Boundary Conditions

Set up a linear static analysis with Contact results. Run the analysis.

Attach the MASTER/DBALL results
Review the Deformation shape.
Verify contact status.

MSGC



Step 1. Create a New Database

| File | Help

Mew...
Open... il 1 1 f 1 1 ey |
(15 | ]| || | G0 | )| | ] | e e ]| 5 || 5300 | 598
Open Recent.., ; : {nt
[[55™] ||| 20| B |2 || ||| BB ||| | || 2] | | o] |20 )
kforms Viewport Display Crientation Mist, Web
Utilities ]
Mews Model Preference
Model Preference for:
Sim¥pert... seinclove_detail ok
SimManager 4 Tolerance
R » @ Based on Model
ODefauﬂ
Approximate Maximum
M_?Figl Dimension:
Quit 100
Create a new database. Name it Lookn: | & Training ~|=E= Kb Cade @
window_detail.db hic
a. Pull down File > New. Anelysis Type: @
_—Strudural X
b. Enter window_detail as the . N
File name. [ ok }\f/{ Reset
c. Click OK.
d. Pull down MSC.Nastran as the File reme:
Ana/ySiS Code. Files of nae: i Cancal |
e. Pull down Structural as

Analysis Type.
f. Click OK.

MSGC



Step 2. Import the Model

il File Group Viewport Viewing Display Preferences Tools Help UWtilities ""j‘.\
F
operties Loads/BCs Meshing Analysis Results
_ ; — _ W window detail db - default viewport - defaull group tnity
et 16| ||| B el | ||| |0 | || e ||| (s || e | I%I@H#i!ul!ﬁ'
PEN KRECENT... I |
itk {15 ||| | B | || @y ||[| B2 ) || =[] 2] |2t | ek [ o] || T |20 2% B = =
Save sforms Viewport Display COrientation Misc. Web EE EE
Save a Copy... | ==
e : s maEEcEmiEEEREERaERa=cEREEzazzEn
- n z T Oiaject
e sk [ Tarwe,__ o emm e MSMNSNccSmSmSsamay
omgisal C ) i Seurce: b = mm
ExpDI‘t... bl 5 S v :: - ::
Sim¥pert... Currsnt Group M E:: M
SimManager 4 el ) o EH B
s , [ mscauzsran mput optio1s. ™ HOHR
int T e T e
mages... Plemsme:  [ungskn febd Ep @) ESEEaEEEE:=aEsEmEsEESEREsscussEssEEaE
Repart... Files of typs: | MSC Nastren nput Files [*bdf-" dat} =] m == B
Quit h =2 ==

Import the Nastran Input file,
wingskin_fe.bdf.

a. Pull down File > Import

b. Pull down MSC.Nastran Input
for Source.

c. Select wingskin_fe.bdf
d. Click Apply

Review the Import Summary
and click OK

MSGC ASoftware



Step 2. Import the Model (Cont.)

i File Group Viewport Viewing Display Preferences Tools Help  UHilities
Home Geometry Properties Loads/BCs Meshing Analysis Results
=~ = MR -$-||jS =1 T e ;%.@umgllhﬁ”
B[] Mo ||t | R ||| % | NN | |u“=l| :llaJL“z: [T |[= =] =
Defaults Transformﬂ‘ Viewport Display Orientation Misc, Web

a. Click Iso 1 View in the

Orientation group.

b. Click Fit View in the Viewport
group.

c. Click Smooth Shaded in the
Display group.

/NOTE: Notice that here\

we have an airframe
model that has a very
fine mesh in the window
and some of its panels.
Other panels have a
comparatively coarser

@esh. /
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Step 3. Define Contact Bodies

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

Define Contact bodies using
Create Contact Body/Pair tool.

a. Pull down Tools > Modeling >
Contact Bodies/Pair

b. Pull down Method >
Connectivity

c. Check 2D for Elements.
d. Click Apply

e. Under the Loads/BCs tab, click

Color Code Bodies, in the
Contact Bodies group.

f. Highlight all three sets for
Existing Sets.

g. Select Group Color
h. Click Apply

~

/AII Contact bodies will be
detected generated with one
click. Alternatively to
Connectivity Method, you can
use Properties and Contact will
be generated based on their
Properties and named

\accordingly.

/

MSC.Fatigue
Laminate Modeler
Random Analysis...
Analysis Manager...
List

Mass Properties...
Beam Library...
Regions...
Modeling

Design Study
Results

User Defined AOM...

L

3

L Maodel Contents...
L2 Properties Import...
L Load Tools...

Model Variables...

Create

uenoa

Create Cram

() Entre Model
O Currcat Vicwport

Elementz

Os=o [¥]2o

@

[N Create Contact Bodies/Pairs

De‘ormeble Eodies s

/ v | Connectivity
Element Type
O turrent Group e
Properties
Materials
i Geomnetry

Pre-Belease [3 Element Quick Create...
Property Data Plots...
Mass Property Management..,
Assembly b
Experimental Diata Fitting...
Bolt Preload...
Rotor Dynamics...
MSM Properties...
Feature Recognition..,
Contact Bodies/Pairs... m
Loads/BCs Meshing Analysis Results Durability
Velocity | Acceleration | Crack[VCCT) || Element || Element || Contact| Create Initial LEC Create
Uniform ~||Variable = Bad-es'_ Body Pair |Conditions ~(|/Actions ~|| Load Case ||Fields ~
ial Body Pairs Load Cases
M| N K
Deformable | Rigid ||Color Code

Bodies
Contact Baodies

Load/Boundary Conditions |

Flot Contours. Pt E

Action:
Option: Deformable Body x

Current Load Case:

[ Default... ]
Type: Static
Existing Sets

@

@ Group Color

) Entity Hilight

[ Reset Graphics J

@

MSGC

Software



Step 3. Define Contact Bodies (Cont.)

—
[N window_detail.cb - defaLlt_viewport - _cdb_?D_kbdy - Group

2U_bdy

2D bdy?
20_bdy3

20_badys
20_bdys

You can modify the light on the
view by Pulling down Display >
Light Sources and select more
Light Sources and click Apply

MSGC



Step 4. Define Contact Pairs

| Load/Boundary Conditions | Select...

Existing Bodies:

Define Contact Pairs using Create Contact
Body/Pair tool.

a. Pull down Create > Body Pair.

b. Select Select Bodies in Create From.
c. Click Select Existing Bodies icon.
d. Highlight all Sets in Existing Bodies, except
2D bdy5 and 2D _bdy6 (The Ribs).
e. Select Specify in Contact Properties Sets
f. Enter Panel_prop in Geometric Property.
g. Enter Panel_phy_prop in Physical Property. L
h. Click Apply.
i. Click OK to close the Auto Creation Summary. r S 1
Create Body Pair ¥ e
r Auto Creation Summary : E 1 Distance Tolerance:

Contact Body Pair Name Body! Name Body2 Name (& anBodies O Deformable Only

2D_bdy_2D_bdy3_pair 2D_bdy 20_bdy3 Create From

AL AR LR LR () Entire: Modal () Current Group

20_bdy1_20_bdy4_pair 2D_bdy1 2D_bay4 O Current Wiewport @ Select Bodies @ E@

2D_bdy1_2D_bdy7_pair 2D_bdy1 2D_bdyT

ST TR T 2T e Contact Property Set

() Defautt ) Indiividual
@ @ Specify
5 Contact Body Pairs created for given distance tolerance. Geometric Property:| Panel_prap @ E
@ Physical Property: | Panel_phy_prop ( é) 'E
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Step 4. Define Contact Pairs (Cont.)

Defining contact pair between the rib and
all the panels.

a. Enter 0.008 for Distance Tolerance.
This is a gap between the rib and @
panels. of o ]

b. Select Entire Model in Create From.
c. Enter Rib_prop in Geometric Property.

d. Enter Rib_phy_prop in Physical
Property.

Critical Decision reguested from application LOADS_BCS

Load/BC "2D_bdy_2D_bdy3 pair” already existz. Do you wish to overwrite? @

e. Click Apply. r Create Contact Bodies/Pairs :'EI"R'
f. Click OK. Create
g. Click No on all the Messages for
duplicate pairs. Distance Tolerance: | 0.008 @
h. Click Cancel to close the window. @ All Bodies ) Deformable Only

Cre-ate From

—
o =
N Auto Creation Summary = = 1 Entire: Model (3 Current Group

Contact Body Pair Name Body1 Name Body2 Name [ O Current VIEWDD” O Select Dodies
2D_bdy_2D_bdyS_pair 20_bdy 2D_bdy5
20_bdy_20_bdy8_pair 20 _bdy 90 _bdy8 3 Contact Property Set
() Defautt () Individual
20_bdy1_2D_bdyS_pair 20_bdy1 2D_bdys
= @ Specify
2D_bdy1_2D_bdy6_pair 20_bdy1 2D_bdy6
20_bdy2_2D_bdyS_pair 2D_bdy2 2D_bdy5 Geometric Property;| Rib_prop @ E
W
Physical Property: | Rib_phy_prop @ g1

10 Contact Body Pairs created for given distance tolerance.
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Step 4. Define Contact Pairs (Cont.)

ies Loads/BCs Meshing Analysis Results Durability '.Luad.i'Buundﬂry Conditicns
s .- — : Action: —
= E g | el |Load/Boundary Conditions | IputData | o @
re | Velocity | Acceleration | Crack(VCCT) || Element || Element :-Con’ract Create Initial LB ; Object: ( C )
|Uniform =||Variable ~||Bodies = || Body Pair || | Conditions ~||acti i : :
_ i nirarm || ariagole !I odres | Boﬂd;P:ilrrs | anaimns I! 1an T)"DE. [Elernent Unifarm ‘J
= = Geometric Contact Parameters: Option: @
Modify the contact pair parameters |Load/Boundary Conditions | Input Data Bty et & N
i urrent Load Case:
a. Click Create Body Pair = [ Defautt. j
b. Pull down Action > Modify i D:t;;;ETD'm@”CE(ERRUR} Type: Static
c. Pull down Object > Contact e Sy Bias Facior(BIAS) _
d. Pull down Option > Body Pair ok Eoment Contact gt Do Select Set to Modify o
il EMEnN ontas ons:
e. Se|eCt 2D_bdy1 _2D_bd3_pair In;erferenc:e Closure(CINTERF) AJ
f. Select Modify Data [¥] Include Outside  [7] Include Outside = o ig:iﬂﬂég:iﬂi;:ﬁ::; ‘
) 20_bdy1_20_bdy6_pair ‘-
. Enter 0.003 for Distance i 20_bdy1_2D_bdy7_par
9 Rigid/Shell Element Options: T o AT 2D_bd‘f2_2D_bd¥‘4_I}ﬂ?l' -
Tolerance SRR ) 20_bdy2_20_bdy5_pair
. 2 2D_bdy2 2D bdyG pair
h. Check Glue Contact, Retain [#] Include Outside  [¥] Include Outside 20_bdy3_20_bdyS_pair ;
) —~ 20 bdy3 20 bdvB pair £
Gaps,overlaps’ Retain Check Layers: Check Layers: ( h) Lt
Moment - = : = ™~ [¥] Retain Gaps/Overlaps(IGLUE)
. ) ] ITDNE gliom ] ’ananﬁnm J Retain Moment(IGLUE}
i. Check Stress Free InitCont CD [ ignore Thickness (213 i e R;;a:: E;etz =
j. Select Automatic in Contact E) [ e kee it CE R B
Detection Edgcs Contact Ontione: [l pelayed Slide OfFICOORD)
k. Click Contact optlon Include Edges Include Edges Select: [Node To Segment z]
|. Check Ignore Thickness for ,
b th Bodies Check For: Check For: ( -\ Contact Detection(ISEARCH)
0 IE!&aranlar - J [E!eamrE!ar hd ] g’e‘”t"maﬁc [ Modify Data... (:fE
1 Single Sided
m'Cl!Ck OK () Double Sided 7 [ Modify Application Region... ]
n. Click Apply A~
(mioc] [eemss] [emea]| | (5] (] (o] (n) =
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Step 4. Define Contact Pairs (Cont.)

Modify the contact pair parameters

a.
b.
c.

Select 2D_bdy1_2D_bd5_pair
Select Modify Data...

Enter 0.02 for Distance
Tolerance

. Check Glue Contact, Retain

Gaps/Overlaps, Retain
Moment.

. Check Stress Free InitCont

Select Automatic in Contact
Detection

. Click OK
. Click Apply

Load/Boundary Cunﬁitiuns-J' Input Data |

Geometric Contact Parameters:
Property Set Mame: E
P.it:-_.prup

Distance Telerance(ERROR)

0.02 @

Bias Factor(BlAS)
0.89999998

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: [Nu.u.e To Segment x I

Contact Detection(ISEARCH) @

(%) Automatic
) Single Sided
() Double Sided

[ OK @[ Defaurtsl I Cancel ]

'-Luad.n'Euundary Conditions |

Type: [Element Unifarm

A

Option: Body Pair ¥

Current Load Case:

Default...

Type: Static

Select Set to Modify

2D_bdy1_2D_bdy3_pair
20_bdy1_2D_bdy4 pair
20_bdy1_2D_bdyS_pair
2D _bdy1_2D_bdyS_pair
2D _bdy1_2D_ bdy7_pair
2D0_bdy2 2D_bdy4 pair
2D_bdy2 2D_bdyS pair
2D _bdy2_2D_bdyS_pair
2D _bdy3 2D bdyS_pair
2D bdy3d 2D bdyS pair

Rename Set as
2D_bdy1_2D_bdyS pair

s

b Madify Data...
yi
Iodify Application Region...

@

MSGC
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Step 5. View Boundary Conditions

i File Group Viewport Viewing Display Preferences Tools Help  Utilities

Properties Loads/BCs Meshing Analysis Results Durability

Load/Boundary Conditions x

= i X I | | 39
- i 4 e —— —
-% - L i_. 5 l.l + E |l—||ﬁ=‘! * Op Load/Boundary Conditions |
Temperature | Velocity | Acceleration || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total =1 | | Deformable | Rigid | Color Code : [A
Load Load Load Load | Ll H-” Bodies I Ao, P L - 1
Modal Element Uniform Element Variable Contact Bodies In

of o6 -

[[] Modify Vector Display

Current Load Case:

L Defaut... |

Create a pinned constraint on the |k o e s L i)
axial edges:
a. Click Reset Graphics.

b. Click Displacement
Constraint in the Nodal group

c. Pull down Action > Plot
Markers

Select Displ_spec1.1
Select Default_group
Click Apply

Select Press_pload4.1.2D
Click Apply

Type: Static

Assigned Load/BC Sets

Conta_2D_bdy4_2D_bdy5_pair [l

Conta 20 bdys |

Conta_2D_bdy6

Conta_2D_bdy7

Conta_2D_bdy_2D_bdy3_pair

|| | Conta_2D_bdy_2D_bdyS_pair |
Conta_2D_bdy 2D _bdy6 pair TN
Displ_spct.1 = ‘ 7
Press_pload4.1.20( O ’

<) l

=)

Group Filter
) Al Groups
@ Current Viewport

\ Select Groups
< e ) -default_group

sSa ™o o

=met(h) &

MSGC ASoftware



Step 6. Set up Linear Static Analysis

i File Group Viewport Viewing Display Preferences Tools Help Utilities
Home ometry Properties Loads/BCs Meshing Analysis Results Durability
-9 { I1 =% =% B =% I =% - - b

)| o < op2 e | el | ||| el | boeh || 5|
&4 ElN a || ¥ B I k. = P 13 pet |||'m||'w b4 |
Entire || Selected || Analysis || Read | Submit (||[Z)|[#1]|[][5/|[#]|]| ¥DB |Output? | MASTER/ | t16/t19 | d3plot |||k ||fis || Fel||| || G |
model | Group || Deck [e)|E]) |s] | DBALL b U L ES
Analyze Create Existing Deck Optimize | [Toptomize Access Results Delete Actions

Set up the linear static analysis.

a. Under the Analysis tab, click
Entire Model in the Analyze

group.
b. Enter curved_glued_contact
for Job Name.

c. Click Solution Type.

d. Select Linear Static for
Solution Type.

e. Select Solution Parameters.

f. Select Results Output
Format.

g. Uncheck XDB and select
MASTER/DBALL

h. Select OK
i. Select OK
j. Select OK

Print |:| Punch

[ MASTER Gnly MASTER/DBALL

Defaults ] l Cancel l

N\
=X

r" Solution Parameters ; - 1

Statie: Snbifinn Pa-ameters
Datazase Run

D Cyulic Syminzliy

[#] Automatic Constrants
[ hertia Telief

|| Attemste Redurtnn
[ scL g0 Rur

[JscL 700 rur

Shell Norma Tol. Angle =

M3ss Calculaton:

Data Deck Echo:

Piate Hz Stittness Faco” = 100.0
Maxirrum Prated Linzs =

Maxirum Run Time =

Wt. Maee Convereion - 10

Nodc .d. for Wi. Cone” =
D Tl hilial Teriperalae =
Default Load Temperature =
Rigid Elernzil Tyoe.

3

l Contzcd Paramatere... ]

[ Faligue Paianiele s . ]

@ | Reaults Output Farmat. |

<1) K [ pefauts | [ Cencal |

Group | Aralysis | Solution Type

MD Masztran
Solution Type

Solution Type:
(®)LINEAR STATIC @
O NONLINEAR STA

() MORMAL MODES

O BUCHLING

() COMPLEX EIGENVALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE

() NONLINEAR TRANSIENT
O IMPLICIT HONLINEAR:

() DDAM Solution

[ Select ASETIGSET ]

Solution Parameters... ( e )

Solution Sequence; 101

@ Ok, ] [ cencel

| [ Analysis |
Action:
Method:
Code: MSC.Nastran
Tvpe: Structural

Available Jobs

wingskin_fe

Job Name
cu rvetr_g_IL!ed_cu ntact

Job Description (TITLE}

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcases...

Subcase Select...
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Step 6. Set up Linear Static Analysis (Cont.)

Define glued contact between all
contact bodies, adjusting the
distance tolerance as required.

a. Click Subcases.

b. Highlight Default under
Available Subcases.

c. Click Output Requests on the
Subcases Form.

d. Highlight Contact Results for
Result Type.

e. Click OK.

Click Apply on the Subcases
form.

g. Click Cancel.

h’ i
SUBCASE NAME: Default
SOLUTION SEQUENCE: 101

Form Type: Basic ™

Select Result Type

Element Strain Energies ||
Element Strains il
Grid Point Stresses

Grid Point Force Balance

| Grid Point Stress Discontinuities. | _l
Element Stress Discontinuities 3
Contact Results =

&)

Output Reguests — —
DISPLACEMENT(SORT1,REAL)=AIl FEM

STRESS(SORT1 REAL WONMISES, BILIN)=All FEW,PARAM,N(
SPCFORCES(SORTY REAL}=AIFEM

‘GPFORCE=All FEM

BOUTPUT(SORT1,REAL)=AIl FEM

{ Delete ]

CJTme

This is a default subcase

SUBTITLE
Default
[ LaBEL

This load case is the default load case that always appears

r i

Solution Sequence: 101

Action:

Available Subcases

Subcaze Mame
Defautt

Available Load Cazes

Untitled. SC1

Subcasze Options

Subcaze Parameters...

l Output Reguests...

[ Direct Text Input...

J
J
J

Select Explict 10-

.Anarysis-|

Object: Entire Model ™
Wethod: Full Run ™

Code: MSC.Mastran

Type: Structural

Available Jobs 'E
wingskin_fe

Job Name

curved_glued_contact

Job Description (TITLE)

SUBTITLE

LABEL

Translation Parameters...
r 4
Solution Type... \ a

Direct Text Input...

T Select Superelements... ]
L~
Yok ] [ oemuts | [ cancel | f @
e/ Subcases... ]
Subcase Select... |
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Step 6. Set up Linear Static Analysis (Cont.)

Run the analysis.
a. Click Subcase Select.

b. Highlight Default in the top
pane. Ensure Defaultis the
only subcase present under
Subcases Selected.

c. Click OK.
d. Click Apply.

The job is written to
curved_glue_contact.bdf and
the analysis is run.

Subcases For Solution Sequence: 101

D-efau.rt
Untitled. SC1

[ Fiter |

O select Al O Unsgict Al

Subcases Selected:
Default

[ analysie |

Object: Entire Model ¥
Method: Full Run ™

Code: MSC.Mastran

Type: Structural

wingskin_fe

Job Hame
curved_gll_.led_cunt_gct
Job Description (TITLE)

SUBTITLE

LABEL

Available Jobs =

Translation Parameters...

Solution Type...

]

Direct Text Input...

Select Superelements. ..

Subcases...

@

Subcase Select...

e T e

|
|
|

(D
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Software



Step 7. Attach the MASTER/DBALL Results

Home Geametry Properties Loads/BCs Meshing
BB [oooo
S 1 1 e e
Entire | Selected || Analysis || Read | Submit ||| [ (||| [ &)
Model | Group Deck - I__LI | 1=]
Analyze Create Existing Deck Cptimize | [Toptomize

Analysis

b
xdh

L
XDB

Results

b
opl

*

Qutput? | [MASTER/

a

Durability
b b
.~
Attach
DBALL || Output2

Access Results

%
114
L

d:lL"' 2 | [
= | s || |

|| et 5 |

t16/419 | d3plot |&”k’“@" [ || 5 |

Delete

Actions

Attach the MASTER/DBALL results:

a. Click MASTER/DBALL in the Access
Results group

b. Select curved_glued_contact from the
list of Available Jobs

c. Click Apply. Patran will look for the
results file with a name that matches
the Job Name.

Analysis |
Object: Attach MASTER =
Method: Result Entities .4
Code: MSC Mastran
Type: Structural
Available Jobs E

| curved_glued_contact @
wingskin_fe

Job Name
curved_glued_contact

Job Description (TITLE}

SUBTITLE

LABEL

[ Select Results Fils... |

[ Translation Parameters... ]

()
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Step 8. Post Process with Patran

i File Group  Viewport Viewing Display Preferences Tools Help  UWilities
----- Properties Loads/BCs Meshing Analysis Results Durability
= . E = P | Q& :
o R ? 4 i | |- = o~ o 3
ka4 W i ¢4 AL B 2 al @@ ) & RS gl
Fringe/Dreformation ||| Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive i&u%i Insight |§)|i§”‘£§| Spectrums | Ranges | Titles Colors Toggle
: Spectrum
Result Plots Result Actions|| Insight XY Plots Imaging
i i - D& o Y of & o -
Review the deformation results: L= o, i ——y
a | R, 36 L

-0 a0

. Click Reset Graphics.

Under the Results tab, click Fringe/Deformation in the Quick
Plot group.

Select the second subcase SC1:DEFAULT, A1 Static Subcase
Highlight Displacements, Translational for Fringe Result.
Highlight Displacements, Translational for Deformation Result.

)

Click Apply.

/Check that the results\
are reasonable. Note
that the displacement
contours flow across

the glued boundaries
with different mesh

Qizes. /

)

Object: CQluick Plot. ™

Select Result Cases
| SC0;, A1l:Static Subcase

| SC1:DEFAULT, A1:Static Subcase

Select Fringe Result

| Constraint Forces, Rotational

| Constraint Ferces, Translatienal
Displacements, Rotational

Displacements, Translational f

Grid Point Forces, Applied Loads
(. ]

Quantity:

Select Deformation Result

| Constraint Forces, Rotational
Constraint Forces, Translational
Displacements, Rotational
Dizplacements, Tranglational

(| Grid Point Forces, Applied Loads

£

L1 i

|:| Animate

6 Apply

Magnitude ¥

(2]

o]

]

EY)
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Step 9. Verify Contact Status

[N}

¥,

< o M -

Verify the contact status for each of the
contact bodies

a.

Ta ~o o

Select Create/Marker/Scalar from the
Results menu.

Select the first Result Case SCO:,
A1:Static Subcase which contains the
contact results

Select Contact Status under Select
Scalar Result.

Click Display Attributes.
Set the Scale Factor to 0.03.

Set the Scalar Style to your preference.

Turn off Show Scalar Label.
Click Reset Graphics.
Select Apply.

The contact status plot for the fine mesh is

displayed on the next page.

Resutts | PiotErase

[ e
Object:
Method:

= [N

{E} Spectrum {:} Constant
Show Spectrum

63|

|:| Show Viewport Legend

I Spectrum... ] I Range...

Scalar Scale:

IScreen Constant = ]

Scale Factor
o0 (o)

Scalar Style:

[ Title Editor... |

Show Titls [ Lock Title

Show Max/Min Label
|:| Show Scalar Label

| Show on Deformed

Apply ( 1) Reset

Resuftz | Piot/Erase

Action:
Object: _arker hd ( : )

Method:

Select Result Cases

SCO:, Al 5tatic Subcase
SC1:DEFAULT, A1:Static Subcase

Select Scalar Result ‘

Contact Status, ]
Friction contact force, Magnitude =
Mormal contact force, Magnitude

Touched Body, First —
Touched Body, Second ]

[ Position...((NON-LAYERED))

|:| Animate

l Apphy ] I Reset
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Step 9. Verify Contact Status (Cont.)

r wingskin.db - default_viewport - default_group - Group

Scalar: SC0:. Al:Static Subcase, Contact Status, . (NON-LAYERED)

02+000

Patran will place a scalar symbol on
every node that is in contact.
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WORKSHOP 7
INTERFERENCE FIT

'Pipe " Model. db - default"viewport - default_group - Entity’

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

1.31+001
6.01+001
4.71+001

3.40+001
2.10+001
default_Fringe
Max 2.17+002 @MNd 28740
Min2.10+001 @Nd 4644
default_Deformation
Max 1.60-002 @Nd 10727
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 Workshop Objectives
— Perform an interference fit using both a fitted closure and geometric overlap

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Files Required
— Pipe_Model_Input.bdf

MSGC ASoftware



« Suggested Steps

1.
2.
3.

Create a new database.
Import the MSC Nastran input file Pipe_Model _Input.bdf.

Apply following boundary conditions:
« Constrain the plane of symmetry
« Fix both ends of the cylinders

Create deformable contact bodies for each of the following property set:
* Psolid_Fitted Inner

« Psolid_Fitted_Outer

« Psolid_Overlap_Inner

« Psolid_Overlap_Outer

Define a contact pair such that the fitted inner and outer cylinders are
touching and the overlapping inner and outer cylinders are touching.
Run a Linear Static analysis:

« Set solution type to 101

« Select output format to be Master/Dball

* Request contact results

« Select subcase and create analysis deck

« Run the analysis using MSC Nastran

MSGC ASoftware



« Suggested Steps Continued
7. Attach Master/Dball results file.

8. Post-Process using Patran:

« Create a fringe plot of von Mises Stress plot superimposed on the deformed
shape.

« Create a fringe plot of Contact Force

MSGC ASoftware



Step 1. Create a New Database

Create a new database:

a.

b.
C.
d

i:n e

Pull down File > New
Enter Pipe_Model for File Name
Click OK.
Click OK on the New Model Preference
form to retain the default tolerance.
| Fite | Help
Mew..{ g
Open

Open Recent...

Utilities 4
SimXpert...
SimManager r
Session r
Cruit

Template Database Name
'. CAMSC. Software\Patran_x64201 30template.db

[ Change Template ... J

Modify Preferences. ..

Set Working Directory to Database Location

Look i_n:l .. Training _Vj o E‘F "

Mo items match your search.

File pame: |Pipe_|‘v'lodel @ ;] DK C
Files of type: IDatabase Files {* db} _:J _C.EM

New Model Preference

Wodel Preference for:
Pipe_Wodel db

Tolerance
{¥) Based on Model

) Defautt

Approximate Maximum
Model Dimension:

100

Analysis Code:
WSC.Nastran b

Analysis Type:

Structural *
I QK (:)

Reset
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Step 2. Import the Model

| File Group Viewport Viewing Display Preferences Tools Help  Utilities n!\
o

operties Loads/BCs Meshing alysis Results
|| €52 ||| | | || e || | || o8| 0 || e || W2 {41550 901 1|

Open Recent...

Close [l |||/ B SY ||| 55 || m | [Ba ||| bl ||| R ||l ||| Ta |2 ]| 2 || B

Save sfarms Viewport Display Crientation Misc, Web

Save a Copy...

Utilities X Import the MSC Nastran Input file ' import |

Import... @

Pipe_Model_input.bdf: Look v [ T T e mokEe L | o

Export... N OUIFCE:! astran Iny
a. Pull down File > Import... ®© sor. fcbanied (D)
SimManager b. Pull down MSC.Nastran Input o
i default_ogroup
Sessien ¥ for Source.
Print... . [ MESC Mastran Input Options...
o c. Select Pipe_Model_Input.bdf
ges... — —

Report... as the file to impOrt- Filename:  [Pipe_Madel_Input bel
Quit d . CIICk Apply. Files of tupe: |MSC.Naslran Irput Files {* bdf} LJ Cancel
W Pipe_Madel.db - default_viewport - defa... = B e. Check the Nastran Input File

Import Summary and make
sure there are 46864 Nodes,

33858 Ele me ntS " 'N’é'sfFli'ri' nput File Tmport Summary
T—[ f. Click OK. _
g. Shade the model by clicking Hodes ’ | = @ 0 ‘ ;
Smooth shaded in the Display Sl =

Coordinate Frames 2

g ro U p . Material Propertie

Element Properties

1
4
Load Sets o
Suboases 1
MPC Data [ o

Comment Lines 12

a| o of 2| 2| o =f
ol o o 2| 2| of =| =

[ Reject Cards... ]
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Step 3. Apply Boundary Conditions

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

]

Load/Boundary Conditions
[ e T M A =T i W T
. ) i -_:fn{.- ‘krl fg 3 7 LoadBoundary Conditions |
E |
. »
s A ctian: ICreate ™ l;

Create Initial

Displacement] Force | Temperature | Velocity | Acceleration | Crack{WVCCT) | Element |. Element iiCnntact
Constraint Unifarm ~||Variable =||Bodies || Body Pair ||Conditions || object
Modal | || Body Pairs | | Type:
Create displacement constraint to Optiory
constrain the plane of symmetry _ Current Losd Case:
a. Under the Loads/BCs tab, click [outvata % Wl Defat. J
Displacement Constraint in W Pipe, Model.db - defaull viewporl - defa . :n;? :_EDad-'EUUHdaW Condtionz ! Iriput Dt !_ . Type: Static
LoadBC Set Scale Factor |
the Nodal group [
b. Enter New Set Name: Existing Sets g 3
Fitted Symmetry Translati@ﬁ T2 T3= l:]_ T
) - "< :D, =
c. Click Input Data Rotations <R1 R2 R3=
d. Enter Translations < ,0, > < _» ERE
. . . . Trans Phaze =Tp1 Tp2 Tp3= | T
Click in the Analysis Coordinate < » |
Frame ||St bOX Raotation Phase =Rp1 Rp2 Rp3=
f. Select the coordinate system at @ . : | ,}.,'i."]
{11}
the center of the bottom i e -
l. d Lx =l Rl 1 Mewy Set Name
cylinaers. Fn-tec_:i____Symmetry_@
g. Click OK
h. Click Select Application
Region

C
Analysiz Coordinate Frame [ Imput Dats... O_‘
. C.F'Dr!:“ @ [ Select Application Region... @

o @ [ Resst | A ™
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Step 3. Apply Boundary Conditions (Cont.)

a. Pull down Select to FEM

b. Screen Select the Nodes as
shown

c. Click Add
d. Click OK
Click Apply

[ Pipe. Model.db - defaull_viewpor! - defaull_group - Entily

|Select aApplication Region %

| Zelect Application Region |

el

setect: [rEm v (@ )

Anplication Region

Select Modes
| dode 1:4 181:188 365:372 549:55 |

)

L Acld @ [ Remove

Application Region

o (d)

|Load/Boundary Conditions

Action: WCreste
Object: Displacement
Type: Modal *

Option: Stancard ¥

Current Load Case:

I

Drefault...

Type: Static:

Existing Sets

Mewy Set Matne
F'rrte_qéymmetry_

i3

L InpsLtt Dit...

[ Select Application Region... ]

-Apply- G

[

MSGC
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Step 3. Apply Boundary Conditions (Cont.)

LosdBoundary Conditions |

a. Enter New Set Name: Acton: ]
Overlap_Sym metry |Select Application Region J Object
b. Click Select Application Region | Select Agpltation Regien |—"ll’—|| Type:
Select: - | : ]
c. Screen Select the Nodes as shown i Option
d_ CI|Ck Add Currert Load Case:
. Luto Select [ Defalt... ]
e. Click OK _ .
) Application Region {ET3: Lot
f. Click Input Data e
B Pipe_ Modal.db - defaull viewport - defaull_group - Enfity | Node 2343323436 23613:23820 2
= —— etk S Existing Sets 2| 2

,_ o @ [ R ] Fitted _Symmetry

Application Region

—Mevy Set Mame =
(a) CHeHER e .

o (e)

[ Input Deta... @

[ Select Application Region... @
-Apply- [Vl
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Step 3. Apply Boundary Conditions (Cont.)

a. Click in the Analysis Coordinate
Frame list box

b. Select the coordinate system at
the center of the top cylinders.

c. Click OK
d. Click Apply

|:|| Pipe_ Model.db - default” viewport - default group - Entity

|input Data = I

| LoadBoundary Conditions | Input Detar |

Load/BC Set Scale Factor [
1,

Translations =T1 T2 T3= [A]
= D 3 ;
Ratations =R1 B2 R3=

s =

Trans Phase =Tp1 Tp2 Tp3=

= =
Rotation Phase =Rpl Rp2 Rpa-
[ = =

()

< ] 1l | [_} |
Spatial Fields

Anglysis Cootdinate Frame

coord2 (g

Ik ( C ’ Feset IV|

Action:
Cihject:
Type:

Orption:

Standard ¥

Current Load Caze:

Defautt...

Type:

Existing Sets
Fitted_Symmetry

Static

®

Menee Set Mame

averlap_Symmetr

—

Inpaut et

Select Application Region...

[

MSGC
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Step 3. Apply Boundary Conditions (Cont.)

Home Geometry Properties

D@2 | |€°$°] |88 ||| & 0] ]| B
(Bl x| M ||| ||| | 25 &% || |20 ||| &R

Defaults Transforms

Loads/BCs

Viewport

Meshing Analysis Results
|1 || B || Wz ||| 4 || 50| 29m] | 4| ﬁ’

| (a) | Il

ERIEEEE ) e R R e R G

Display Crientation Misz. Web

Durability

Create a Displacement Constraint

to fix the ends of the cylinders

a. Under the Home tab, click
Right side view in the
Orientation group

b. Enter New Set Name:
Fitted_Fixed

c. Click Input Data
d. Enter Translations<0,0,0 >

Click in the Analysis Coordinate
Frame list box

f. Select the coordinate system at
the center of the bottom
cylinder.

g. Click OK

h. Click Select Application
Region

Input Data = ]

| Load/Boundary Conditions | Inpout Dita |

LoadiBC Set Seale Factor [#]
1.

Translations =T1 T2 T3=

| ;DII:!-IDb @ 3
Fotations = 2R3=

ol

—r

Trans Phaze <Tpd Tp2 Tp3=
[ = =
Rotation Phase <Rp1 Rp2 Rp3-=

= =

w ] [3)

Spatial Fields

&l £

[ FEN Dependzrt Dts... ]

Arnalysis Coordinste Frame ‘

:Cnoi'd‘lm
oard 1 (
o

[ ok @ [ FResst | [l

LoadBaundary Concitions | |

Action: Create ™

Ohject: Displacement

Type: Modal ¥

I

Option: Standard ¥

Current Load Casze:
Default...

Type: Static:

Existing Sets
Fitted_Symimetry
overlap_Symmetry

Mewwy Set Mame
Fitted_Fixed

I Input Data... @

[ Select Application Region(h

=
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Step 3. Apply Boundary Conditions (Cont.)

Y |
a. Screen select the Nodes on the left end Selec - | S— den &
of the lower cylinders as shown. jiseleE pglistionagtn | Y Chesd
Click Add Select )
. Option: -
Screen select Nodes on the right end of
the lower cylinders as shown. Curvent Load Case:
I_ Detaut... ]
d . C|ICk Add Applicatiu:nn Regiun Type: Static
Click OK Select Modes
f. Click Apply Py Existing Sets = =
(b Fittedl_Symmetry )
. : — - _ [ dcd [ Remove avetlap_Symmetry
B Pipe_Model.db - default_viewport - default_group - Entity i .ok d
Application Region =
[ Mode 1045910672 2321523452
Mew Set Mame
- Fitted_Fixed 1
| (e)
7 S !
e s I Inout Dt . ]
jEEE: : = [ Select Application Region... ]
L: sssssssssssesisess === sssssssssasasisec: 6 g 1
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Step 3. Apply Boundary Conditions (Cont.)

oo oo

Enter New Set Name: Overlap_Fixed
Click Input Data
Verify the Translations are < 0,0 ,0 >

Click in the Analysis Coordinate
Frame list box and select the
coordinate system at the center of the
top cylinders.

Click OK

Click Select Application Region

M Pipe_Model.db - default_viewport - default_group - Entity

Load/BC Set Scale Factar
1.

| LoadBioundary Condtions ! Input Datar |

Translations <T1 T2 T3=

[ I:I,I:I,Ij =

Rotations <R1 R2 Fa=

2 =

Trans Phase «=Tpl Tp2 Tp3=

= =

| = =

I _] il
Spatial Fields

Rotatilu:un.l';‘hase :i‘x;p1 Rp;?' Rpé:

AnalyBie Coordinste Frame
|Coord 2 (d

| Ok, (:é) [ Resst

]
|

Load/Boundary Conditions

LoadBaundary Condtions |
L = =
|
Action: l‘.‘..i
Ohiject: Dizplacement -4
[] ot
Current Load Case:
Default... J
Type: Static
Existing Sets e =
= Fitted_Fizeed
Fitted_Symmetry
Orverlap_Symmetry
Mewy Set Mame
Crverlap_Fixed @
L Input Data..\bj ]
V: I Select Application Region... @
|
-Apply- [



Step 3. Apply Boundary Conditions (Cont.)

a. Screen select the Nodes on the left end of
the upper cylinders as shown.
Click Add

Screen select Nodes on the right end of
the upper cylinders as shown.

d. Click Add
. Click OK
f. Click Apply

|5elect Application Region 3

| Select Applcation Region |

Select:

Application Redgion

Select Modes

b\ Acdd @ [ Remave ]

Application Region

[ Maode 33821:34104 4664546364

LoadiBoundary Conditions |
Action: lAJI
hject: __Displacement =
Al
|_ 4 _> | 2 _
o oser
—
Current Load Case:
Defaut. .. ]
Ty pe: Static
Exizting Sets 'E =
Fitted_Symmetry
ovetlap_Symmetry
Mewe Set Mame
F'rt'teq__l_:ixed
[ae]
| L Input Data... ]
[ Select Application Region... ]
Can(f)
MSGC ASoftware



Step 4. Create Contact Bodies

Define four deformable bodies for
elements associated with each of
the four property sets.

a.

Pull down Tools > Modeling
and select Contact
Bodies/Pairs...

Pull down Method to
Properties

Click Apply
Click Cancel

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

_

List

MSC.Fatigue »
Laminate Modeler k
Random Analysis...

Analysis Manager...

Mass Properties...

Beam Library...
Regions...

| Modeling b
Design Study b
Results »

User Defined AOM...

Pre-Release b

/[N Create Contact Bodies/Pairs

Create [Defurn'l._able Bodies

&l

et (roperies < b)

Create From

{*) Entire Model
{:1' Current Viewport

Madel Contents...

Froperties Import...

Load Tools...

Model Variables...

Element CGuick Create...
Property Data Plots...

Mass Property Management...
Assembly 4
Experimental Data Fitting...
Bolt Preload...

Rotor Dynamics...

M5M Properties...

Feature Recognition...

Contact Bodies/Pairs...

(a)

O Current Group
() Select Properties

NAS133, Workshop 7, March 2014
Copyright© 2014 MSC.Software Corporation

WS7 - 16
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Step 5. Create Contact Pairs

ies Loads/BCs Meshing Analysis Results Drurability

= | & | @&

re | Welocity | Acceleration | Crack(VCCT) |Elemer1t Element || Contact

| Load/Boundary Conditions

| LoadBoundary Conditons | It Data | ‘Load/Boundary Condiions |
L i
Adt Dhieck

Unifarm =|[Variable ~||Bodies =
Geometric Contact Parameters:

I i Type: Element Uniform b
H . I Body Pair Application Region ; PrDPeny kaion E ; l ]
Create touching Contact Pair between s pic @ option

Initial
Conditions =

Modal

|| Body Pairs ||

R . Aoty Pair Annlication Begion Body Pair ¥
Fitted Inner and Outer cylinders e =)l U
. ] - Current Load Case:
a. Under the Loads/BCs tab click Hoge: [ Defautt_
Create Body Pair in the Body Pairs : o e @ Type:  Stati
group 095 |
b. Enter Fitted_pair for New Set Name| =™ g 1 ln;i;mm CWFEWNMFGD : =
c. Click |nput Data. :Em1 Name: Slide Off DistanceSLIDE) E Existing Sets o
. | Pzolid_Fitted Quter_bdy 0.
d. Enter pair1 for Property Set Name - _
. Hard-Soft Ratio (HARDS)
e. Enter 0.95 for the Bias Factor (BIAS)|  [sei contact 0
f.  Enter 0.02 for the Interference ® [ Glued Contact(GLUE)
Closure Body2/Slave/Touching @ 1eta /0 3
g. Select Automatic under Contact
. BodyZ Name:; 5
Detection Psolid_Fitted_Inner_bdy [ stressfree IntCont(ICOORD)
h . C“Ck OK [ pelayed Slide Off(ICOORD)
. . M . . N SetN
i. Click Select Application Region o e e
i i . Select: [Nude To Segment g ] Fitted_pair @
j.  Click Body1/Master/Touched icon 0 1
and Se'ect LVJI Contact Detection(ISEARCH)
. . - @Autnmaﬁc
Psolid_Fitted_Outer_bdy O Singie Sided

k. Click Body2/Slave/Touching icon © Double Sided

and select @j
L ok @ [pefauts | [ cancel | el [ Input Data...

Psolid_Fitted_Inner_bdy ;
- - - Select Application Region. ..
. Click OK | s, ()
m. Click Apply [ (m) vl

Msc)QSoftware




Step 5. Create Contact Pairs (Cont.)

Load/Boundary Conditions
opwroars “LoadBoundary Condtions | B
— |
Create touching Contact Pair |LosdfBoundary Condlions | Input Data | = LN =
. = = Object: Contact ¥
between Qverlapplng Inner and
Outer cylinders ) Type:  [Element Uniform |
a. Enter Overlap_pair for New : o — S Opton:  [Body Par ¥
Set Nanme [ ] | oo sane |
] | Body Pair Application Region | |_<__[L| pair2 Current Load Case:
Click Input Data. sl Distance Tolerance(ERROR) ’ felak
Enter pair2 for Property Set Mode: i @ e A
Name - Bias Factor(BIAS)
) 0.94999939 @ 3
d. Enter 0.03 for the Distance Body1/MasterTouched & = B 7
Tolerance Interference Closure(CINTERF) . E.)_cisting 5,_:?:.55 'E
. Body1 Name: 2 @ : Filted. ok
e. Enter 0.95 for the Bias Factor [Pcid Overep, Dulsr_bdy |
(BIAS) =
f. Enter 0 for the Interference F Tk Gonit Hard-Soft Ratio (HARDS)
Closure ® :
g. Select Automatic under Body2/Slave/Touching T [[] Glued Contact{IGLUE)
Contact Detection tetain Gaps/Overla
. .BI:H.’!)Q Name:
h. CI|Ck OK Psolid_Overlap_Inner_bdy :
. . . . ; New SetMN
i. Click Select Application [[] stressfree IntCont(ICOORD) ;\:Erlap :::: @
Region [ Delayed Slide OFf(ICOORD) "_"
j. Click Body1/Master/Touched
) ) y 0 v Select: [Node To Segment___ ~ |
icon and select I Lo
Psolid_Overlap_Oute r_bdy Contact Detection{ISEARCH) @
. . (=) Automatic 71\
K. _Cllck B(édyZI/Slfve/Touch/ng O snge Siged [ nput Daia. \D) |
|Con an Se eC ODDIJNE Sided f)
. Select Application Region...
Psolid_Overlap_Inner_bdy | —csiecpppleaton Regin. { 1
| Click OK [ 0K® [Defautis | [ _cancel | [v_]: @ ™
m. Click Apply 2

MSGC ASoftware



Step 5. Set Up and Run the Analysis

Home Geometry ies Loads/BCs Meshing Analysis
2 1 s e R
&
—_— — L ] 4 PJ — W
Entire | Selected || |Analysis Read | Submit = - ||| *DEB
Maodel | Group Deack l "l'l_:‘.” l "”Ia'
Analyze Create Existing Deck Optimize | [Toptomize

DL RE®-

Set Solution Type to 101 and request

output format as MASTER/DBALL.

a. Under the Analysis tab, click
Analysis Deck in the Create
group

b. Enter Job Name:
Pipe_Model_Interference

Click Solution Type...
Click Solution Parameters...
Click Results Output Format

Uncheck Print and check XDB
and Master/DBALL

g. Click OK on all forms

"o Qo0

r Results Output Format
[Jarz OB

[ Print

|:| Punch

[ IMaSTER Cnly

DB Butfer Size:

Ok @ [ Defauts ] I Cancel ‘

Results Durability . |
R R - [e—— e |
oz | T ady | el s (&l sl i
- * L] L] i
Analysis |
Output2 | MASTER/ | 116/t19 | d3plot ||| | (g |Bas! (| e || S | =
ol dsdb g
Access Results Delete Actions
Method: _nal}rsis Deck ¥
T Code: MSC.Nast
I Solution Parameters i =
Static Solution Parameters Type: Structural
[¥] Database Run = ete: e A =
[ cyclic Symmetry ?Analysis ! Solution Type ! |
Automatic Constraints MSC Mastran lAJ! Available Jobs @
i Pipe_Model_Input
[ inertia Retief SR AREE R
|:| Alternate Reduction
Solution Type:
[Pl (BILIMEAR STATIC
[JsoL 700 Run O MOMLINEAR STATIC Job Name
Shell Normal Tal. Angle = (IMORMAL MODES Pipe_Model_Interference
Mass Calculation () BUCKLING Job Description (TTTLE) =
pokiemay
Plate Rz Stiffness Factor = 100.0 O TRAMSIENT RESPONSE
St S d e () MOMLINEAR: TRAMSIENT = SUBTITLE
WMaximum Run Time = () IMPLICIT NOMNLINEAR
Wt.-Mass Conversion = 10 O DDA Solution .LABEL
Mode i.d. for Wt. Gener. = [ Select ASET/QSET... ]
Default Initial Temperature = l T Jati 3 4
ranslation Parameter:
Default Load Temperature = L Solution T i’CF(
olution Type. .
Rigid Element Type:
[ Solution Parameters... @—I [ Direct Text Input... |
- [ Select Superelements... ]
[ Colact Pacameters., ] Solution Sequence: 101 [ Subcases... ]
[ Fatigue Parameters... ] [ Cubcase Select ]
Results Output Format... e
Ok ( é ) ’ Cancel ] |V| _—h v ol
1 oK | [ Defaults I [ Cancel ] = il = ]l
2
MSC A Software



Step 5. Set Up and Run the Analysis (Cont.)

Modify the Default subcase to
include contact results.

a. Click Subcases.

b. Under Available Subcases
highlight Default

Click Output Requests
Highlight Contact Results
Click OK

Click Apply

Click Cancel

@ "o a0

Analysis |
=
2
r ‘Output Requests Object: Entire Model ¥
SUBCASE NAME: Defautt Method: Analysis Deck ¥
SOLUTION SEGQUENCE: 101
Form Type: Basic ¥
e e Code: MSC . Nastran
Subcases
Select Result Type Solution Sequence: 101 Type: Structural
| Elemert Strain Energies | o
|Element Strains T Action:
| Grid Pairt Stresses
| Grid Point Force Balance E Available Jobs E
| 5rid Poirt Stress Discontinuities Sysilable Subcases E -
| = S Pipe_Model_Input
Detault
DEFALLT.SC1
Ouput Requests Job Name
'DISPLACEMENT(SORH JFE&LI=AN FEM PI - MI:IC‘FEI Interference
STRESS(SORT1 REAL WONMISES BILIN)=Al FEM;P ARAM Mt PE_ = :
SPCFORC L)=A1 FEM Subcasze Name Job Description (TITLE) 3
: Defautt |
Available Load Cases E
<l m | B
|l i £ DEFALILT SC1 SR
[ Delete ] LABEL
[C]TimLE I Translation Parameters... I
Subrase Options L Solution Type... ]
Subcasze Parameters.. Direct Text Input...
SUBTITLE ] [ np |
T R [__Sclect supercemens.
r 4
D HAEEs [ Direct Texdt Input... ] [ supcases..  { @
[ Subcase Select... ]
[ Select Explict MPCs... |
I Ok @ Defautts Cancel Al e cancel \ O Apply IY|
[ ] [ [coceA & Inel




Step 5. Set Up and Run the Analysis (Cont.)

Analysis |
- [o]
Action: - i
Select the Default subcase and
. Object: i -
create an analysis deck. :
. Method: _’.\nal}rsis Deck e A
a. Click Subcase Select.
b. Make sure Default is selected "S'uhéa;r;é"ﬁéléé'i" Code:  MSC Nastran
c. Click OK Subceses For Solution Sequence: 101 s S
d. Click Apply
| Defautt | Available Jobs IE
DEFALLT SC1 Pipe_Model_Input
Job Name
.i?'i.pe_Mn&élﬁlnterfe-rence
Job Description (TITLE) 3
[ Fiter B
) Select Al O Unzelect Al
SUBTITLE
Subcazes Selected | _
| Detautt @ [ :LABEL
[ Translation Parameters... J
L Selution Type... ]
L Direct Text Input... |
[ Select Superelements... ]
[ Subcases...
[ Subcase Select... ( a
—_— 1
u |v|.
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Step 5. Set Up and Run the Analysis (Cont.)

[ sclect MSC.NASTRAN Input File

(I | » Computer » LoaiDie(C) » Taining___+ 45 | seor g
Run the Organize » Mew folder 4= - E;' @
Pipe_Model_Interference.bdf file
using MSC Nastran.

w0 Favorites Mame Dlate modified Type

Bl Desktop |Z] Pipe_Model Input 9/3/2013 4:43 PM BDF File
a. Click the MSC Nastran 2013.1 ] Recent Places 2] Pipe_Model Interference @ 1/20/2014 10:55 AM  BDF File
icon on your Desktop.  Bownloads
b. Browse to and select 3 Libraries
Pipe_Model_Interference.bdf. g Pocurmert
c. Click Open. = Pi::l:es
d. Under Optional keywords enter: B videos
memory=50m to allocate more 8 Computer
memory for running this analysis. ‘
e. Click Run. R

1| |

File names: - ’InputFiIes(*.bdf;*.datj ']
@ @ Open ] [ Cancel ]

IE MECHNASTRAMN [nput Fil
MSC Mastran ! Eatels

20131 IC:\Training\Pipe_MDdeI_Interferenc:e.bdf Elen |

Optional keywords

N
|memury=50m @

Cancel | Clear |
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Step 6. Attach Results File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
B D Iy 1 b, % ALY < Fa N gy e ey
xch 2 ¥ ! i 3
3 1 1 e - 2 o = R T
Entire | Selected Load Analysis Read | Submit g f- ¥DE | Output? [|MASTER/| t16/419 | d3plot 2| o ||
Model | Group | Sim¥pert Deck | .’-|||B| |"'H@| DBALL |E§-|L’”EI| |"||tk|
Analyze Create Existing Deck Optimize | |Toptomize Access Results Delete Actions

Attach result file:

a. Under the Analysis tab, click
MASTER/DBALL in the Access
Results Group.

Click Select Results File.
Browse to and select
pipe_model_interference. MASTER.

d. Click OK

Click Apply '-'selec'r File

Laok jr: J Traiving

pipe_rodel_interference. MASTER

File name: 1pipe_model_interference.Mﬁi‘n.STEFH

Files of type: | Files {" MASTER}

hysis

| Fipe_Model_Input
Pipe_Model_Interference

Job Name
_F Pipe_Wode|_Interference

Job Description (TITLE)

SUBTITLE

LABEL -

L Select Resuls Fie... @
L Translation Parameters... ]

Apply 6

Analysls_|
. A
2l
Object: _tach MASTER ¥
Method: Result Entities =
Code: MSC. Nastran
Type: Structural
Axailable Jobs E

[

MSGC
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Step 7. Post-Process with Patran

Home Geome

Fringe/Deformation

Properties

P T

Juick Plot

Loads/BCs Meshing

w® | By 4

Deformation | Fringe | Vedtor | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive

Analysis Results

Result Plots

Durability

AL

A\ig | =
B4l %] | !

Result Actions|| In

Create a fringe plot of von Mises
Stress plot superimposed on the
deformed shape.

a.

Under Results tab, click
Fringe/Deformation in the
Quick Plot group.

Highlight SC1:DEFAULT,
A1:Static Subcase

Under Select Fringe Result,
highlight Stress Invariants,
von Mises

Under Select Deformation
Resuilt, highlight
Displacement, Translational

Click Apply

Object: _uck Plot

Select Result Cases
| SCo:, A1:Static Subcase
| SC1:DEFALLT, A1:Static Subcase

Select Fringe Result

| Stress Invariants, Major Principal
| Stress Invariants, Mean Pressure

|l J 1l |

Select Deformation Result

Constraint Forces, Rotational
| Constraint Forces, Translational

|:| Animate

se ()

| Stress Invariants, Minor Principal El
| Stress Invariants, Von Mises )
:fStr&ss Tensor, |V_|

Displacements, Rotational |
Displacements, Translational @
|co ntact force, Friction

MSGC
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Step 7. Post-Process with Patran (Cont.)

r S B e e

Fringe: SC1:DEFAULT, Al:Static Subcase, Stress Invariants, Won Mises, . (NON-LAYERED) 1.65+005
Deform: SCT1:DEFAULT. A1:Static Subcase, Displacements, Translational, 1 54+005

1.32+005
1.21+005

1.10+005—

9.91+004
881+004
7.71+004

; 6.61+004
002 5514004
4 41+004
3.31+004
2 21+004

1.11+004
1.23+002
default_Fringe :

Max 1 65+005 @Hd 34154
Min 1.23+002 @Nd 46170
default_Deformation :
Max 1.60-002 @Nd 10712
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Step 7. Post-Process with Patran (Cont.)

Create a fringe plot of Contact

Force

a. Under Select Fringe Result,
highlight Contact force,
Normal

b. Click Apply

Results |

Ohject: Guick Plct - ™

i

Select Result Cazes
Default, &1:Static Subcase

Select Fringe Result

contact stress, Friction 1
contact stress, Friction 2
contact stress, Mormal [

(<] I | (2]

Select Deformation Result

Constraint Forces, Rotational FY
Constraint Forces, Translational E

Dizplacements, Rotational i

Dizplacements, Translstional

contact force, Frictian [V]

[ animate

)

MSGC



Step 7. Post-Process with Patran (Cont.)

Fringe: SC1:DEFAULT, Al:Stafic Subcase, contact force, Normal, Magnituds, (NON-LAYERED)
Deform: SC1:DEFAULT, A1 Static Subcase. Displacements, Translational,

1.74+002—

1.61+002—

1.47+002—

1.33+002
1.20+002
1.06+002
9 24+001
T.88+001
6.51+001
5 15+001
3.79+001

2.42+001
1.06+001
default_Fringe :
Max 2. 15+002 @Nd 28756
Min 1.06+001 @Nd 4604
default_Deformation
Max 1.60-002 @Nd 10712
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 Workshop Objectives
— Compare SOL 101 and SOL 400 analyses for a bolted joint.

— Note that in SOL 101 bolt preload cannot be applied whereas in SOL 400
bolt preload can be applied.

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Files Required
— bolted_joint.db

MSGC A Software’
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« Suggested Steps

— PART 1, SOL 101

1. Open and review starting model.
2. Create three deformable contact bodies using the Contact Body/Pair Tool :

Upper_fitting
Lower_fiiting
Bolt

3. Create a glued body pair between Lower_Fitting and Bolt and two touching body
pairs between Upper_Fitting and Bolt and Upper_Fitting and Lower_Fitting.

4. Set up one load case, called loadcase_sol101, to apply the external load.

5.Setup a

SOL 101:

Set Solution Type to Linear Static, SOL101

Set up Separation Criterion to Stresses and Derivation to Extrapolation
Select the Results Output to be XDB

Set up Load Increment Parameter to 1 fixed increment

Create Output Request for contact results

Apply changes to Loadcase_sol101

Select Loadcase_sol101 and run the job

6. Review the MSC Nastran input file.

7. Review the MSC Nastran results file.

8. Attach the MSC Nastran results file.

9. Review analysis results, both stresses and deformation.

MSGC A Software’



- Suggested Steps (Cont.)

— PART 2, SOL 400

1. Create Bolt Preload:
» Axial Bolt Load = 2000 Ibs.
* Vector Magnitude = 0.6
Direction Vector=<0 0 1>
2. Create SPC for Locking the Bolt Preload:
Constrain the Bolt in the Axial Direction
3. Set up three load cases:
One to preload the bolt
* One to lock the bolt in position
One to apply the external load
4. Setup a SOL 400. All parameters for the three loadcases are same as SOL101
except the Load Increments as defined below:
Preload = 2
* Bolt_lock=1
External_Load = blank for default
Review the MSC Nastran input file.
Review the MSC Nastran results file.
Attach MSC Nastran results file.

Review analysis results, both the stresses and deformation.

© NOo O
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Step 1. Open and Review the Starting Model

Open the starting model.
a. Pull Down File > Open.
b. Select bolted_joint.db.
c. Click OK.

File | Help

Mew...

Open.. @

Open Recent...

Utilities k
Sim¥pert...

Session L4
Chuit

Set Working Directory to Database Location

Look, jr: | [=7 Training

P boled_ioint @)

File name: |I:u:-|teu:|_iu:uint

Files of type: | Database Files {%.db}

MSGC



Step 1. Open and Review Starting Model (Cont.)

Constrained @

Review the model.

a. The Lower Fitting is fixed at the
bottom.

b. The Upper Fitting is
constrained in all degrees of
freedom except axial
translations.

c. The Upper Fitting has an
applied load of 1000.0 Ibs. in
the Z direction. To see the load
value, click the Wireframe
icon.

d. Click Smooth Shaded.

_~" in DOF 12456

Lower Fitting

—1fixed bottom

@

(d)
EDe

|R||%a )] - |2

Display

MSGC



Step 2. Define Three Deformable Contact Bodies

Define Contact Bodies using the Create Contact
Body/Pair Tool:

a. Pull down Tools > Modeling > Contact
Bodies/Pair

Turn on the Model Browser Tree

Double click on 3D_bdy under Contact >
Deformable Body

h. Click OK (not shown)

i. Enter upper_fitting for Rename Set as.

j.  Click Apply

k. Rename 3D_bdy1 as lower_fitting and 3D_bdy2
as bolt

b. Pull down Method to Connectivity
c. Check 3D for Elements.

d. Click Apply

e. Click Cancel

f.

g.

Create Deformable Bodies e d

R e T

Create From Element Type
Groups

@ Entire Model O Current Group Properties

O Current Viewport Materials
Geometry

Element:

0 =20 1o

|Fi|e Group  Viewport Viewing Display Preferences | Tools | Help Utilities|

T_D_ﬂ_d}B_ULII'IﬁE ry Conditions |
Action: Modify ¥
Object: Contact. ™

Type: Element Uniform X
Option: Deformable Body b

Current Load Case:

Default...
Type: Static
Select Set to Modify. E
30_bdy
30_bdy1
30_bdy2

Rename Set as
upper_fitting @

Target Element Type: (3D ¥

[ WModify Data...

[ Modify Application Region...

ﬂ

Load/Boundary Conditions x

||

M5C.Fatigue
Laminate Modeler
Random Analysis...
Analysis Manager...
List

Mass Properties...
Beam Library...
Regions...
Maodeling

Design Study

Results

Pre-Release

o

Model Tree

User Defined AOM...

Model Contents...

Properties Import...

Load Tools...

Model Variables...

Element Quick Create..,
Property Data Plots...

Mass Property Management...
Assembly L§
Experimental Data Fitting...
Bolt Preload...

Rotor Dynamics...

MSM Properties...

Feature Recognition...

Contact Bodies/Pairs...

(a)

=& bolted_joint
Eu'.' Materials(2)
EH% Properties(3)

- Fields

¥ LBCs(3)

E‘-h Contact(3)

Ell_.l. Deformablg-agdy(3)
N O

Fw 30_bdy1

El“ Load Cases(1)
E‘t-@ Groups{7)

----- @ Analyses
F~ Results

MSGC



Step 3. Create Body Pairs

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

£ (= % 2 B @

Displacement | Force | Temperature | Velocity | Acceleration | Crack[VCCT) | Element |! Element hContact ! Initial || LBC | Create || LBC
Constraint |Unifarm ~|(Variable =||Bodies = Conditions = |f3«ctinr15 ~|| Load Case ||Fields~
Modal | ” | Load Cases
. : ol | e oundary Condiione.
Create Three New BOdy Pairs: [ Load/Boundary Conditions | mputData | <[] it o li
e ' —— Action: L)

a. Under the Load/BCs tab click A o
Create Body Pair in the Body “ ee:

Geometric Contact Parameters:

Pairs group. == z

Body Pair Application Region ‘ Select... ! ij i} | Body Pair Application Region | ij i} | | b;:lt_luwer_.f.rﬂing._g

b " Enter bOIt—Iowe r_fitti ng for Body 1 - ) 7 7L’TJ Distance Tolerance(ERROR) lcurrem — C?:lg:f:aun... J
New Set Name. (k bot @ Mode: . - Type: Static
. s :fw:;_ﬂn::g Bias Factor(Blas)
c. Click Input Data... prerTEne I —
H = oiisicaiciciss IEI h 3 Interference Closure(CINTERF} o
d. Enter bolt_lower_fitting_g for e e : Existng Sets Y
Property set name. ewer_ftng
[0 1

e. Check Glued Contact(IGLUE) s - rw—
f. CI|Ck OK : 20

7N\
. . . Body2/Slave/Touching ‘E )E
g. Click Select Application - N [l Retai Gaps/Overiaps(GLUE)
Reg i on H E:::’z e [ Retain Moment(IGLUE)
DAHDW Separation(JGLUE) New Set Name
h. Click Select Existing Touched e bol_inwer_itng @
[Delayed Side OF(ICOORD}

Body _
i. Select lower_fitting ai bol] || oo atadasemmete]

i Click Select Existing S —rr )
H () single Sided
Touching Body e

k. Se|eCt bOIt @l ok_| [pefuts | [[‘ance\.]i.v\l @
. Click OK

m. Click Apply

MSGC A Software’



Step 3. Create Body Pairs (Cont.)

Create Three New Body Pairs:
a.
b.

—— —

Ta ~ oo

Enter bolt_upper_fitting for New Set Name.
Click Input Data...
Enter bolt_upper_fitting_g for Property set

name.

Uncheck Glued Contact(IGLUE)

Click OK

Click Select Application Region

Click Select Existing Touched Body
Select upper_fitting
Click Select Existing Touching Body

Select bolt
Click OK
Click Apply

v 3

‘Body Pair Appiication Region | Select... | [<[>
Enige o]
boit
lower_fitting
upper_fitting

o

Body PairiAppIicatiun Region |

Mode: Existing Bodies ¥

Body 1/MasterMouched

3

Body1 Name:
| upper_fiting

[[] self contact

Body2/Slave/Touching ‘E

i

Body2 Name:
bolt

Ir:put Data

Geometric Contact Parameters:

f

Diztance Tolerance(ERROR)

Property Set Mame:
bot_upper_fitting_g

Biaz Factor(Bl&S)
0.89999993

Interference Closure{CINTERF)
..u =
0.
Hard-Soft Ratio (HARDS}
2

(d [[] Glued Contact(IGLUE)

|:| Stressfree InitCont(ICOORD)
[[] Delayed Slide OFf(ICOORD)

Select: [h&u-de To Segment = ]

Contact Detection{ISEARCH)
) Automatic

() single Sided

() Double Sided

[

el

@ oK | [Defauts | [ cancel

Load/Boundary Condtions |
Action: lAJI
Object:
Current Load Case:
Default... J
Type: Static
Existing Sets 'E

Load/Boundary Conditions =

i:m It_low er-_frr.tin.g

New Set Name
boit_tpper_Hiting

@

I Input Data... kb

[ Select Application Region. f

(1)

vl
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Step 3. Create Body Pairs (Cont.)

Create Three New Body Pairs: putDate X | i |Load/Boundary Condition -

< ;'Lnadranundary Cnndi‘tiunsi Input Data | Load/Boundary Conditions
a. Enter lower_upper_fitting for New Set ] o r— [

Name. Object: Contact ¥ -

Click Input Data...

m
s
E

4

Geometric Contact Parameters: Type: Element Uniform .4

Enter lower_upper_fitting_g for New Property Setame: B T

Set Name lower_upper_fitting_g @ '
d. Click OK RSt ) e
e. Click Select Application Region Bias Factor(@iAS) __ Type: Static
f. Click Select Existing Touched Body Sricimnion

mggn Interference Closure{CINTERF)

g. Select upper_fitting i ] Existing Sets B
h. Click Select Existing Touching Body -

DistancelSLIDE) | bolt_upper_fitting

Select lower_fitting

. ClickoK =2 | T || s oo
J : .Eudy Pair Application Reg\un.l_s_éé;-.?| I_ﬂ_’_| Hody Pair Appdcation: Region |_ i—ﬂ-,—‘ =
k. Click Apply | = o -
Mode: [] Giued Contact(IBLUE)
n bolt
lower_fitting 3N =aps/ilve 2 el UL
- upper_{itting,
Body1/Master/Touched ‘E
Body1 N New Set Hame
b e 2 [[] stressfree IntCont(ICOORD) -
| | upper_fitting | lower_upper_fitting
= [[] Delayed Slide OffICOORD) i
[] self contact i .
Select: |Node To Segment ¥
Body2/Slave/Touching IE @ | = |
F Contact Detection{ISEARCH )
Fiodhd B ) Automatic @1
L3 lower_fitting
= ) single Sided l iyl Date.,

() Double Sided [ selectAppication Region. @:]

|@ ok | [pefauts | [ cancel v @

MSGC A Software’




Step 4. Set up Load Case

Home

E3
Displacement
Constraint

Loads/BCs

1_«_5";

Geometry Properties

3 =»

e ]

Force

Modal

Meshing

e

Temperature | Velocity | Acceleration | Crack{ViCCT)

Results

=

Analysis

&

Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed

Durability

% ¥ =)

Total
Load

|

Load
Element Uniform

Load Load

[ || |
||
]

Contact
Bodies =

| mitial
|Conditions =

|| LBC
|Actions =

Set up a second load case to

apply the bolt lock.

a. Under the Loads/BCs tab,
click Create Load Case
from the Load Cases
Group.

b. Enter loadcase_sol101 as
the Load Case Name.

c. Click Input Data.

d. Select all the Loads/BCs
list under Select Individual
Loads/BCs.

“Load Cases |
Select Individual Loads/BCs Select Loads/BCs from Existing Load Cases = J
Conta_bolt ] Default Action: Create ¥ o
Conta_bolt_lower_fitting [
Conta_bolt_upper_fitting ‘ =
Conta_lower_fitting B |
Conta_lower_upper_fitting
E:_omafuppepﬁmng [
Existing Load Cases E | |
[ Additional Loads/BCs Contrals ... ] | Defaut U
Assigned Loads/BCs Sort By Priority |
Type Scale Factor Priority 3
Load Case Name
| Iuaﬂcase__snl101
Make Current
Description
Input Data...( C )
Load Case Scale Factor
[ Remove Selected Rows ] [ Remove All Rows I [ Undo Spreadsheet ]
| 8
MSC A Software




Step 4. Set up Load Case (Cont.)

Set up second load case continued.
a. The table should now look like the
b. Click OK.

one shown below.

c. Click Apply.

Select Individual Loads/BCs

Conta_bolt
Conta_bolt_lower_fitting
Conta_bolt_upper_fitting
Conta_lower_fitting
Conta_lower_upper_fitting
Conta_upper_fitling

Select Loads/BCs from Existing Load Cases
&) Default

[]

Additional Loads/BCs Controls ...

Assigned Loads/BCs LoadIBC Type: Displacement
Type | ScaleFactor | Prionty
fixed_end Displacement 1 ‘ Add
guided_end Displacement 1 Add
applied_load . Force 1 Add
bott Contact [ 1. ' Add
lower_fitting @ . Contact [ il Add
upper_fitting Contact il Add
bolt_lower_fitting li Contact 1 Add
bolt_upper fitting _ Contact 1 Add
lower_upper_fitting . Contact 1 Add

I Remove Selected Rows ] [ Remove All Rows I I Undo Spreadsheet
o (b)

Load Cases |

Action:

Existing Load Cazes
Drefault

:

Load Case Mame
loadcase_sal101
Make Current

Dezcription

Input Data...

Logd Case Scale Factor
10

-Apply- Q

MSGC

Software’



Step 5. Set up SOL 101 and Run Analysis

Geometry Properties Loads/BCs

Entire || Selected Load Analysis Read
Model | Group | SimXpert Deck
Analyze Create Existing Deck

Meshing

Optimize | |Toptomize

Analysis Results

B [ f | b =Y
1% 8 T 1 2

submit ||| 5| B[] =] *08

Durability

N
S

DEALL

Access Results

s
%

“2.:?.: MY

Cutput2 | MASTERY | t16/t19 | d3plot |ﬁi|l§;||g;|

Delete

Set the Solution Type to 101,
Linear Static.

a.

Under the Analysis tab, click on
Entire Model in the Analyze
group.

Click Solution Type.

Confirm that LINEAR STATIC
is selected for the Solution
Type.

Click Solution Parameters.

| Solution Type 5

M3C.Nastran
Solution Type

Solution Type:

(2) LINEAR STATIC @
() NONLINEAR STATIC

) NORMAL MODES

() BUCKLING

() COMPLEX EIGENVALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE
() NONLINEAR TRANSIENT
() IMPLICIT NONLINEAR
() DDAM Solution

[ Select ASETIQSET... |

[ Solutien Parameters. .. @

Solution Sequence: 101

Cancel

“Anaysis |
vaos
Code: MSC.Nastran
Type: Structural
Available Jobs |
Job Name
| bolted_joint
Job Description (TITLE)
SUBTITLE
LABEL
Translation Parameters... ]
N
b ) Solution Type... J
[ Direct Text Input... |
[ Select Superelemants... J
[ Subcases... I
[ Subcase Select.. |
(]
MSGC ASoftware



Step 5. Set up SOL 101 and Run Analysis (Cont.)

Set up Separation Criterion.

a. Click Contact Parameters. O Solition Parameters
b. Select Separation. _ _ Elosmaserun
c. Select Stresses for Separation SEEEEEE——— : e
Criterion ‘ CONTACT Cartral Parameters Eiomaic Cozuners
[ nertia Relief
d. Select Extrapolation for Cortrol Methost ] Akernate Reduction
Derl Va tlon ) Deformable-Deformahble Method: | [Fposume
e. C| ICk O K (%) Double-Sided ) Single-Sided [soL 700 Run
f C | |Ck o K |:| Optimize Constraint Equations Shell Normal Tol Angle =
: : 1 Mass Calculation:
r e [ Cortact Detection.. | i
Separation... ( b )
& 1000
Separstion Control Parameters for Contact [ Friction... ] e
Maximum Printed Lines =
Maximum Separations: | 9993 l : 1 Haxmam Run Time =

I:‘ Retain Yalue of NCYELE Initial Cortact Paramters it Mo DAt aan 10

[CIEnabie Initial Contact Node i.d. for Wt Gener. =

Increment: Chattering:

(&) Currert %) Allawred nitial Cor Defautt Initial Temperaturs =

O MNext O Suppressed | Default Load Temperature =

Separation Criterion: Drerivation: | Rigid Element Type: LINEAR ¥

Increment Contral
OFaorces O Forceitrea Penetration Check: Mon P ARt oies 3
@Stresses @ |

|_ Contact Parameters... ( a

(%) Relative : 1 | Cther Parameters | :
et 1 |:| Reduce Printout of Surface Definition l Fatigue Parameters... ]

) Absolte Stress Value:

L Results Output Format.. ]

ok (@) [ pemuts | [ cance [ ox @ [ Detauts | [ cemcel | r— e m—re——

MSGC A Software’



Step 5. Set up SOL 101 and Run Analysis (Cont.)

Select the Results Output Format

a.

©®oo0o

Select Results Output
Format.

Check XDB.
Click OK.

Click OK.
Click OK.

.
|:| Punch

[(ImasTERDBALL

[ImasTER Only

*DB Butfer Size:

l Ok, @ l Defaults I | Cancel |

on' Parameters:

Static Solution Parameters
Database Run

D Cyclic Symmetry
Automatic Constraints
I:‘ Inertia Relief

I:‘ Alternate Reduction
[]s0L 600 Run

[]s0L 700 Run

Shell Normal Tol. Angle =

Mass Calculation
Data Deck Echo:
Plate Rz Stiffness Factor = 100.0
Maximum Printed Lines =
Maximum Run Time =
Wi.-Mass Conversion = [10
Node id. for Wt. Gener. =
Default Initial Temperature =
Default Load Temperature =
Rigid Element Type: LINEAR *
3
[ Contact Parameters... J

I Fatigue Parameters... J

Results Output Format... ( a )
oK @[ Defauts | [ Cancel |

Analysiz | Soldion Type

WZC Mastran
Solution Type

Solution Type:

(3) LINEAR STATIC

(I NOMLINEAR STATIC

) NORMAL MODES

) BUCKLING

() COMPLEX ERSENY ALLIE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE
() NOMLINEAR: TRAMSIEMT
) IMPLICIT NOMLINEAR
() DDAM Solution

[ Select ASET/QSET ..

ZSolution Parameters..

Salution Seguence: 101

i Ok, @ [ Cancel

MSGC



Step 5. Set up SOL 101 and Run Analysis (Cont.)

Set up Load Increment el

Analysis
a. Click Subcases. A:m |
b. Click on loadcase_sol101 Obiect
under Available Subcases. Wethod:
c. Click Subcase Parameters.
d. Select Load Increment [ Sihcases Code:  MSCMastran
Params. Sobon Sectience: 101 Type:  Structural
e. Enter 1 for Number of -
Increments. xin Sk & Avalabie Jobs B
Click OK.
g. Click OK
Job Namgm
botted_joint

Subcasze Mame _.Iub Description (TITLE}

loadcase_sol 01

[N Stibcase Parameters el Available Load Cases &

SUBTITLE

Perform Error Analysis

Default Load Temperature = | | LABEL

‘r.saa Therement Parameters.

Increment Type: W Rotor Dynamics
- |:| Enable Rotor Dynamics.

Fixed Increment Parameters =
[Mumber of Increments:] 1 I Translation Parameters. . I
e I Solution Type... ]
[]use Contact Table Subcase Options -
___________________________________________________ [ Sbcase pwranter.. { C l tcalerioni, J
Load I it P,

=L I Select Superelements... I

[ Cutput Reqguests.. ]
l lteration Parameters... ] i o e (,aE
[ Direct Text Input... | I s — A\ ]

ubcase

[ Select Explict MPCs... |

|_ Solvers / Options... ]
I OK @ I Defaults ] I Cancel ]

Apply
=)

MSGC A Software’



Step 5. Set up SOL 101 and Run Analysis

Create Output Request for contact
results.

a. Click Output Requests.
b. Select Contact Results.
c. Click OK.

SUBCASE NAME: losdoase_sol101
SOLUTION SEQUENCE: 101

Form Type:

Select Result Type
|Element Strain Energies |
| Element Strains
| Grid Poirt Stresses

| Grid Point Force Balance

| Grid Point Stress Discontinuties
Element Stress Dizcontinuties

Bl w]

Output Regquests
| DISPLACEMENT(SCORT1 REAL)=AI FEM
STRESS(SORT1 REAL YOMMISES BILIN)=1 FEM,PARAM Me

BOUTPUT)

:( ] I | I) ]

[ Delete ]

CImTLE

SUBTITLE
| loadcase_sal101

[CLaBEL

l O @ [ Defaults ] [ Cancel

k=]

[wsi

Solution Sequence: 101

Action:

Available Subcazes E
| Detautt

Subcaze MName

loadoass_sol 01

Available Load Cases E
Default

Subcase Options

Subcaze Parameters

r—
[ Output Reguests. . @
|

[ Direct Text Input...

[ Select Explict MPCs... |

MSGC



Step 5. Set up SOL 101 and Run Analysis (Cont.)

Apply changes to the subcase.
a. Click Apply.
b. Click Cancel.

'§uhf:"éi§é-'s

Solution Sequence: 101

Available Subcases

Subcasze Name

loadcase_sall 0

Available Load Cases

Subcaze Options

Action:

Subcase Parameters...

Output Reguests...

Direct Text Input...

[
l
[

|
J
|
|

Select Explict MPCs ...

[ o)

b
|

MSGC



Step 5. Set up SOL 101 and Run Analysis (Cont.)

Analysis |

Select the subcase and submit the e

analysis job. Object:
a. Click Subcase Select. Method:

b. Select loadcase_sol101.

[mSUbcase setect
Subcases For Solution Sequence: 101

Code: MSC.Nastran

c. Select Default from the T

Subcases Select to remove it lgaccase_sal1D1 (b) i | el

from the list.
4. Click OK. Available Jobs 2
e. Setthe Job Name to

bolted_joint_101. -
f.  Click Apply to submit the job. [ Fier | B Job Name

() Select Al () Unselect &1 'Jzz“sz;o[;;;‘;:;nT@

Subcases Selected:

Ioadcase_sall0l

SUBTITLE

LABEL

Translation Parameters...

| |
Blect Steps Tor Mewy Sl == [ Solution Type ]
| Direct Text Input... ]
@ [ Select Superelements... ]
I Subcases... ]
|

Subcase Select

7wy ( f)

MSGC A Software’



Step 6. Review Input File

While the job is running, review the MSC Nastran input file.

a. Locate the file bolted_joint_101.bdf.
b. Open bolted_joint_101.bdf with any text editor.

——]

e —

| |« Local D.. » Training v

File Edit View Tools Help

SOL 101
CEND

$ Direct Text Input for Global Case Control Data
ECHO = NONE

Organize » » £E -

| | bolted_joint _101.bd1(@
bolted_joint.bdf

7 bolted_joint
bolted_joint.db.bak
bolted_joint_101.DBALL
bolted_joint_101.f04
bolted_joint_101.f06
baolted_joint 101.IFPDAT
bolted_joint_101
bolted_joint_101.MASTER
bolted joint_101.sts
bolted_joint_101.xdb

0 e

BCONTACT = 0

SUBCASE 1

SUBTITLE=loadcase s0l101

NLPARM = 1

BCONTACT = 1

SPC = 2

LOAD = 2

DISPLACEMENT (SORT1, REAL)=ALL
SPCFORCES (SORT1, REAL) =ALL

STRESS (SORT1, REAL, VONMISES, BILIN) =ALL
BOUTPUT (SORT1, REAL) =ALL

$ Direct Text Input for this Subcase
BEGIN BULK

$ Direct Text Input for Bulk Data

PARAM POST 0

PARAM PRTMAXIM YES

BCPARA 0 NLGLUE O IBSEP 4
NLPARM 1 1

BCTABL1 O 8007 8008 8008
BCONECT 8007 3004 1 2
BCONECT 8008 1 3
BCONECT 8005 2 3
BCONPRG 3004 IGLUE 1

BCTABL1 1 8007 8008 8009

MSGC



Step 6. Review Input File (Cont.)

Review the MSC Nastran input file

continued. PARAM
a. Check the BCPARA Entry. PARAM
b. Check Subcase 1. BCPARA

POST

0

PRTMAXIM YES

0

NLGLUE O IBSEP 4

c. Close the input file.

SUBCASE 1
SUBTITLEzloadcase_sollDl
NLPARM = 1 Contact

BCONTACT = 1 _ -
SpC = 2 /leed Conditions

LoaD = 2 «—— Applied Load
DISPLACEMENT (SOET1, RERAL)=ALL
SPCFORCES (SORT1, EERL) =ALL
STEESS (SORT1, REAL, VONMISES, BILIN)=ALL
BOUTPUT (SORT1, REAL)=ALL
$ Direct Text Input for this Subcase
BEGIN BULEK
$ Direct Text Input for Bulk Data

Relative stress based separation criterion

MSGC




Step 7. Review Results File

After completion of the run, review the .f06 results file.
a. Locate the file bolted_joint_101.f06.
b. Open bolted_joint_101.f06 with any text editor. Findwhat: B\ C

“wQ/ » . Conditions: Direction:

c. Search for “%” and scan the .f06 file. e Jrecton
1@ Text ) Hex [ Up

d. C|Ose the .f06 f||e Match whole words @) Down

Match case
|:| Regular expression D Extend selection
[¥]wrap searches ["]1n all documents

®

0 SUBCASE 1
0 NON-LINEAR ITERATION MODULE OUTPUT
=t STIFFNESS UPDATE TIME-1892160000.00 SECONDS SUBCASE 1 STEP
Kl | < LocalD.. » Training ’
€™ P T U i 3 ITERATION TIME 3.67 SECONDS
File Edit View Tools Help LOAD NO. - - ERROR FACTORS - - CONV ITR MAT NO. AVG TOTL, - - - - - DISP - - - - - -
LINE_S NO. TOT TOT
Organize *  » EE ~ [l 9 STEP INC ITR DISP LOAD WORK RATE DIV DIV BIS R _FORCE WORK AVG MAX AT GRID C FACT

NO ONV KUD ITR

balted_joint _101.bdf %1.00000E+00 1 1 1.00E+00 1.13E-10 1.00E+00 1.000 0 1 0 7.86E-09 7.562E-01 1.84E-04 1.512E-03 10794 3 1.00
e 6 0 o0 1
bolted_jomt.bdf *%* SYSTEM INFORMATION MESSAGE 8137 (NL3CON)
-} bolted_joint SEPARATION condition has been detected. Additional iterations will be performed.
. %1.00000E+00 1 2 1.41E-03 4.67E-13 3.98E-07 0.004 0 1 0 1.22E-09 7.562E-01 1.84E-04 1.512E-03 10794 3 1.00
bolted_joint.db.bak 00 o0 2

**x* SYSTEM INFORMATION MESSAGE 8137 (NL3CON)

bol‘[ed_jomt_l[)l.DBALL SEPARATION condition has been detected. Additional iterations will be performed.

bolted_joint_101.f04 %1.00000E+00 1 3 8.27E-01 2.49E-11 6.69E-01 0.225 1 1 0 3.20E-08 3.815E+00 6.76E-04 -5.547E-03 11568 2 1.00
0o 0 0 3
| | bolted_joint_101.06 | *#** SYSTEM INFORMATION MESSAGE 8137 (NL3CON)
-__bolted_joint 10LIFPDAT SEPARATION condition has been detected. Additional iterations will be performed.
= ' %1.00000E+00 1 4 2.72E-01 1.30E-12 2.35E-01 0.603 0 a b 0 1.87E-07 5.220E+00 8.79E-04 -7.182E-03 11568 2 1.00
bolted_joint_101 o0 0 4
*#% SYSTEM INFORMATION MESSAGE 8137 (NL3CON)
bolted_joint_ 101.MASTER SEPARATION condition has been detected. Additional iterations will be performed.

o %1.00000E+00 1 5 8.77E-02 4.45E-13 4.50E-02 0.067 1 sk 0 5.24E-06 5.501E+00 9.15E-04 -7.706E-03 11568 2 1.00
bolted_joint_101.sts 0o 0 o 5
bolted_joint_101.xdb *** SYSTEM INFORMATION MESSAGE 8137 (NL3CON)

SEPARATION condition has been detected. Additional iterations will be performed.
%1.00000E+00 1 6 2.53E-02 5.68E-13 5.26E-03 0.558 0 1 0 4.08E-07 5.534E+00 9.19E-04 -7.707E-03 11568 2 1.00
0 0 0 6
%1.00000E+00 1 7 6.31E-03 4.67E-13 1.88E-04 0.602 0 i 0 3.36E-09 5.S35E+00 9.19E-04 -7.707E-03 11568 2 1.00
[ 0
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Step 8. Attach Results File

Haome Geometry Properties Loads/BCs Meshing Analysis Durability
0 1 3 s o m
Mg — — - = z = L
Entire | Selected Load Analysis Read | Submit [ '|| | Cutput? | M
Model | Group | Sim¥pert || Deck || 2] | (]| 2] D
Analyze Create Existing Deck Optimize | |Toptomize Aecess

Post process analysis results in

Patran.

a. Under the Analysis tab, click
XDB from the Access Results

Group.

b. Select bolted_joint_101 from
the Available Jobs.

c. Click Apply.

Analysis |

Acton
Object:  |Attach XDB ~

Method: |Result Entities ~

Code: MSC.Nastran

Type:  Structural

Available Jobs e
|bolted_joint_101 @

Job Name
bolted_joint_101

Job Description (TITLE)
MSC Nastran job created

SUBTITLE

LABEL

oot 15|
EHEHEEY

Actions

[ Select Results File...

I Translation Parameters...

Apsly_{¢)

MSGC



Step 9. Review Analysis Results

Home Geom Properties Loads/BCs Meshing Analysis Results Durability
1 -ﬁ 2 + ’ + =
- = i i 3 4 = || -
B b &4 % x 4 A BE 4\ig =
Fringe/Deformation ||| Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive |g!i%| I

Result Actions|| In

Cuick Plot Result Plots

Examine von Mises stresses.

a. Under the Results tab, click Fringe/Deformation from the Quick Plot group.
b. Select loadcase_sol101 from Select Result Cases.

c. Select Stress Tensor for Fringe Result.

d. Click Apply.

Fringe: lnadcase_sol101, A1:Static Subcase, Stress Tensar, , von Mises, (NON-LAYERED) 7 97+00
7.44+00
6.91+004
6.38+004—
5.85+004I
5.32+004
4. 78+004—
4 26+00

Kl'he model’s display

has been changed to

Wireframe through

the Display option 22:33
deer the Home tab. J 266400

2.13+00
1.60+00.
1.07+00.

5.40+00
9.10+001
default_Fringe :
Max 7.97+004 @Nd 12780
Min 9.10+001 @Nd 19394

A

Object: |Quick Plot ~
Select Result Cases
loadcase sol101, A1:Static Subc: b

2 —— 6

Select Fringe Result

Stress Invariants, Major Principal [~
Stress Invariants, Mean Pressure
Stress Invariants, Minor Principal

Stress Invariant: Mises Bl
Stress Tensor, O J
[l | @ |

von Mises ~

Quantity:

Select Deformation Result

Constraint Forces, Rotational
Constraint Forces, Translational
Displacements, Rotational
Displacements, Translational

Results
| Results |

Ol Animate
Cam (D) o
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Step 9. Review Analysis Results (Cont.)

Results |

Examine deformation.

a.

Unselect Stress Tensor by
double-clicking on it.

Select Displacement,
Translational for deformation
result.

Click the Deform Attributes
icon.

Select Shaded for the Render
Style.

Make sure that Model Scale is
selected.

Uncheck Show Undeformed.
Click Apply.

Plot again, but this time select
True Scale to see the
difference between the two.
Both plots are shown on the
next page.

Click Smooth Shaded.

Nl‘fﬁln @;E|

(™3 || B E2 )| 2 ||

Display

Resuttz

Object: _@uick Flct .

Showy Yiewvport Legendd

Deformedt: !

Render Style: @
Line Style: E
Lime Wiclth: E]
Scale Interpretation

) (%) Model Scale (O True Scale @
Scale Factor 0.1

®

[ Title Ecitar...

Show Title [JLock Title

Shiowy Maximum Lakiel

[ Label Style... |

[ ey (@[ Resst |

Select Result Cases

Select Fringe Result

Stress Invariants, Major Principal [#]
Stress Invariants, Mean Pressure
Stress Invariants, Minor Principal

Stress Invariants, Mises =l
Stress Tensor, [ve]
: ! |

51 B)

von Mises ¥

Quantity:

Select Deformation Result

Constraint Forces, Rotational
Constraint Forces, Translational
Displacements, Rotational
Displacements, Translational

[JAnimate

Apply el

MSGC A Software’



Step 9. Review Analysis Results (Cont.)

Deform: loadcase_sol101, Al:Static Subcase, Displacements, Translational, Deform: loadcase_sol101, Al:Static Subcase, Displacements, Translational,

-

default_Deformation : default_Deformation :
Max 9.94-003 @Nd 11180 Max 9.94-003 @Nd 11180
Model Scale True Scale

MSGC A Software’
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Step 1. Create Bolt Preload

EFiIe_Group Viewport Viewing Display Preferences Tools Help Wilities
Hom Create... erties Loads/BCs Meshing Analysis Results Durability
Paost... @ e
0| Modify.. ML= [E250) c:aiCh it ST T (B[] || e | e || Bz | i@i;@nmml i
i} |
B/ o Move/Copy... k| || 1| || |©, || @ || || w3 || Za || 52| | o ||E)||| b || 2] || 3ed | [l f||| Lo || 7% ]2 | B5|
Set Current.., ) : ) : ,
rms Viewport Display Orientation Misc. Web| |V
Transform... —
Delete...

LoadBoundary Conditions | Group |

Attributes..,

Extras g

First show only the bolt.

a.
b.

Pull down Group > Post.

Select Bolt from the Select
Groups to Post list.

Click Apply.
Click Cancel.
Click the Fit View icon.

Action:

Currert Viewwpoart

detault_viewpart

Select Groups to Post

Bolt

Lowver _Fitting
Upper_Fitting

detault_group

)

:

l

Zelect Mane

l

Select Al

Zelect Current

Anply (@ [ Cancel (@
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Step 1. Create Bolt Preload (Cont.)

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

) MSC.Fatigue 3 -
Home Geometry Properties Loads/BCs M R . Results Durability
i 1 I f |l Random Analysis... f V. Al
|0 ||| | 2| || 2° || (|0 | | g e ||ﬂ|1Is‘“|1|E_xlllx_z||||»‘}1@|lmﬂu = m
A e @@y = o2
(S| || M | gt || 5 | | 11 . Mogeftantznbi (]2 | e |
By M [ G| FE |2, ||, ||| [ NS e Ly || (7| [ | T
Defaults |Transforms Viewport Seamlibrang - L LR Misc, Web|[Model Browser
— Regions... Maodel Variables.., e
e R GRS, Existing Bolt Model Mames
Create bolt preload. Psers . ot ]
. i Mass Property Management..,
a. Pull Down Tools > Modeling > .
B It P I d UserDetmed AOM. . Experimental Data Fitting...
o reload... Pre-Release Bolt Preload.. @
H H Rotor Dynamics.,..
b. Verify that MPC Type is set to
Ove rclosure . Feature Recognition... Mevy Baott Model Mame
Contact Bodies/Pairs... bolt 4

c. Enter Axial Bolt Load of 2000.

d. For Control Node Offset, enter
<0 0 1> for the Direction Vector
and 0.6 for the Vector
Magnitude.

e. Click in the Element List box.

f. Rectangular pick all the bolt
elements and watch the bolt

Axial Bott Load:

2000, @

[Cartrol Mode Offset]

Direction Yectar
=001=

“Yector Magnitude

preload being created. / e
g. Click Cancel. /
Auto Execute

Watch out. The Auto
Execute box is checked.
So don’t click on Apply.

Element Lizt ‘

Elrm 14131:14830 @

l Apply l l Cancel (@
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Step 2. Create SPC to Lock Bolt Preload

Properties Loads/BCs Meshing Analysis Results Durakbility

1 - l*’. g | \ [ 1': LoadBoundary Conditions
Displacement|| |Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Element || Element I Contact Create Initial LBC Create LBC Action:
Constraint EUniform '||'v‘ariable':iBadies": Eody Pair !Conditions*i;-’-‘«ctions*| Load Case ||Fields =|
Nodal | | “ || Body Pairs] | I Load Cases|| | Ohject: Dizplacement

Type: Modal ¥

I

Option: Standard ™

Create an SPC to lock the bolt in

Current Load Case:
the second load step. Load/BC Set Scale Factor [ Defaul...
a. Under the Loads/BCs tab, click 1. Type: Static
on Displacement Constraint
in the Noda/ group_ Translatin@l T2 T3 ia\_!
< 0, = | .
Enter bolt_lock as name. T Exgting Sefs _ o
| holt_1_LateralDizp
. < = = fixed_end
Click Input Data... Trans Phase <Tp1 Ta2 Tpds b guided_end
Enter <,0, > to constrain the Y < > |
translation in the local bolt L o
coordinate system. el
o . . <] | [
Click in the Analysis Coordinate =
Frame box, then screen pick bz
Coord 2, the coordinate frame
. Mewy Set Mame
in the bolt. balt_lack
Click OK.
Click Select Application
Region.
[ Input Dat...
Anaysls Coordinate Frame ‘ [ Select Application Region...
Coord 2 e
[ ok f)[ Reset |
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Create an SPC to lock the bolt in
the second load step continued.

a.
b.

Set Select to FEM.

Screen pick the bolt preload
control node.

Click Add.
Click OK.
Click Apply.

Step 2. Create SPC to Lock Bolt Preload (Cont.)

'Se[ec"f';ﬂ'\pp'[i cation 'R'eg'ion |

Select: 9

Application Reqgion

Select Nodes
Mode 38931 @

I Add O[ Remove
C

|

Application Region

LoadiBoundary Conditions
Action: Create ¥
Ohject: Displacement

Type: MNodal ™

Option: Stanclard ¥

I

Current Load Caze:

Detault...

Type: Static

1)

Existing Setz

bolt_1_LateralDizp
fixed_end
guided_end

Mew: Set hame
bolt_lock

[ Input Data...

|

i Select Application Region...

()

MSGC A Software’




Step 3. Set Up Three Load Cases

Loads/BCs

“

Home Geometry

B | % |

Displacement | Force
Constraint

Properties

Modal

Temperature | Velocty | Acceleration | Crack[VCCT)

Meshing

2

Analysis

Results

Element || Element || Contact

Durability

Create || Initial LBC

Set up a load case to preload

the bolt

a. Under the Loads/BCs
tab, click Create Load
Case from the Load
Cases Group.
Set Action to Modify.

Select loadcase_sol101
from the Existing Load

Cases list

d. Click bolt_lock to select
this row.

e. Click Remove Selected
Rows.

f. Click Applied_Load to
select this row.

g. Click Remove Selected
Rows.

Boft Preload

Action:

Existing Load Caszes 'E
Defautt

:

Rename Load Casze as

Preload

[Imake Current

Description

Load Cazes
sy~ b)

Input Doata...

Load Caze Scale Factar

10

-Apply-

!Uniform ~||Wariable 'E,Badies b | EBody Pair !Conditions ~||Actions =
| I| | || Body Pairs | | || |
Select Individual Loads/BCs Select Loads/BCs from Existing Load Cases
Conta_bolt = Default
Conta_bolt_lower_fitting H loadcase_sol101
Conta_bolt_upper_fitting
Conta_lower _fitting
Conta_lower_upper_fitting
Conta_upper_fitting _ [
[ Additional Loads/BCs Controls ...
Assigned Loads/BCs LoadlBC Type: Displacement
Type Scale Factor Priority
bolt_1_LateralDisp Displacement 1 Add
m@ Displacement 1, Add
fixed_end Displacement 1 Add
guided_end Displacement i, Add
| Force T Add
bolt_1 Force 1. Add
bolt Contact i Add
lower_fitting Contact i Add
upper_fitting Contact 1 Add
bolt_lower_fitting Contact i Add
bolt_upper_fitting Contact i Add
lower_upper_fitting Contact 1. Add
@@ Remove Selected Rows ] I Remove All Rows ] [ Undo Spreadsheet
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Step 3. Set Up Three Load Cases (Cont.)

a. The table should look
like the one shown on
the right.

Click OK.
Enter Preload in the

Rename Loadcase as
textbox.

d. Click Apply.

This first load step is used to
preload the bolt. No
external load is applied.

Select Individual Loads/BCs Select Loads/BCs from Existing Load Cases
Conta_bolt [ Default
Conta_bolt_lower_fitting | ‘ loadcase_sol101
Conta_bolt_upper_fitting 1
Conta_lower_fitting
Conta_lower_upper_fitting
Gomtx aupper-filing; v
[ Additional Loads/BCs Contrals ...
Assigned Loads/BCs Sort By Priority |Load/BC Type: Displacement
Type Scale Factor Priority
bolt_1_LateralDisp Displacement 1 Add
fixed_end Displacement 1 Add
quided_end Displacement 1 Add
bolt_1 Force 1 Add
bolt @ Contact 1 Add
lower_fitting Contact 1. Add
upper_fitting Contact 1 Add
bolt_lower fitting Contact 1 Add
bolt_upper fitting Contact 1 Add
lower_upper_fitting Contact 1 Add
[ Remove Selected Rows ] I Remove All Rows ] I Undo Spreadsheet ]
—ox(b)

Biolt Preload | Load Cases |—
pet

Existing Load Cases IE
Defauft

:
Rename Load Casze 3

Preload @
D tlake Current

Deszcription

Input Data... |

Load Case Scale Factor
1.0

-Apply- @
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Step 3. Set Up Three Load Cases (Cont.)

Set up a second load case to

apply the bolt lock.

a. Select Default from the
Existing Load Cases list.

b. Click Applied_Load to
select this row.

c. Click Remove Selected
Rows.

d. Click
Displ_bolt_1_LateralDisp
and Displ_bolt_lock to
add them to the table
below.

Select Individual Loads/BCs
Conte ooor fifing (& Default

Select Loads/BCs from Existing Load Cases

Displ_bort_1__LateraIDisp Preload
Displ_bolt_lock B

CISpliixed_end |=
Displ_guided_end L
Force_applied_load ]

I Additional Loads/BCs Contrals .

Displacement

Sort By Priority |Load/BC Type:

Assigned Loads/BCs

Type | Scale Factor Priority
fixed_end Displacement 1 Add
guided _end Displacement 1 Add
Force 1 Add
bolt Contact 1 Add
lower_fitting Contact 1! Add
upper_fitting Contact 1 Add
bolt_lower_fitting Contact 1 Add
bolt_upper_fitting Contact 1 Add
lower_upper_fitting Contact 1 Add

[ Remove Selected Rows @ l

|

Remove All Rows I [ Undo Spreadsheet

Bolt Preload | Load Cazes

Existing Load Cases 'E

Predozd

:

Renames Load Caze as
Bok_Lock
|:| Make Current

Description

Thiz load casze is the default load
caze that always appears

Input Drata. .

Load Caze Scale Factor
1.0

-Apply-
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Step 3. Set Up Three Load Cases (Cont.)

The table should now
look like the one shown
on the right.

Click OK.

Enter Bolt_Lock in the
Rename Loadcase as
textbox.

Click Apply.

W ER L

Select Individual Loads/BCs

Conta_bolt
Conta_bolt_lower_fitting
Conta_bolt_upper_fitiing
Conta_lower_fitting
Conta_lower_upper_fitting
Conta_upper_fitting

Select | oads/BCs from Existing Load Cases

Default
Preload

Additional Loads/BCs Controls ...

k=]

Assigned Loads/BCs Load!BC Type: Displacement
Type Scale Factor Priority
bolt_1_LateralDisp Displacement 1 Add
bolt_lock Displacement 1. Add
fixed_end Displacement Al Add
guided_end Displacement 1 Add
bolt @ Contact i Add
lower_fitting Contact 1. Add
upper_fitting Contact 1. Add
bolt_lower_fitting Contact ¥ Add
bolt_upper_fitting Contact 1l | Add
lower_upper_fitting Contact 1 Add
[ Remaove Selected Rows I [ Remave All Rows I [ Undo Spreadsheet ]

Bolt Preload | Load Cases I—
acton

Existing Load Cases @

Ut
Preloacd

:

Rename Loadd £ az
Bolt_Lock
|:| Make Curre

Description

Thiz load caze is the default load
casze that always appears

Input Data...

Load Caze Scale Factar
1.0

oo (d)
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Step 3. Set Up Three Load Cases (Cont.)

(=) E 1 Load Cazes
Select Loads/BCs from Existing Load Cases Action: e

|| B

@

Set up a third load case to apply
the external load.

a. Set Action to Create.

b. Enter External_Load as the
Load Case Name Existing Load Cases @

. # Bott_Lock
c. Click |nput Data. [ Additional Loads/BCs Controks ... Preined
d. Select Preload from the
. O . ign oal Sort By Priori oa 8 Dizplacement
Existing Load Cases list. . e i ’
. . Type Scale Factor Priority
e. Click bolt_1 to select this row. S —— : —
Click Remove Selected Rows. i Dipecemect ! Add
fixed_end Dizplacement 1 Add
g. Click Disp_bOIt_IOCk to add to guided_snd @ i D'sp:acement 1 iz
table belOW .mbun o S Add Load Case Mame
h. Click Force_Applied_Load to lower_ting Contact 1 Add External_Load
add to table below upper_fitting Contact 13 Add [“Iske Current
’ bolt_lower_fitting ' Contact ? T Type: [static_~ |
bolt_upper_fitting | Contact 1 Add
Description
lower_upper_fitting Contact 1 Add
Input Data... ! C ’

Load Case Scale Factor

: ) 10
l Remove Selected Rows ( f { Remove All Rows I l Undo Spreadsheet I
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Step 3. Set Up Three Load Cases (Cont.)

a. The table should now
look like the one
shown on the right.
Click OK.

c. Click Apply.

Select individual Loads/BCs
Digpl_bolt_1_LateralDisp
Dizpl_bolt_lock
Displ_fixed_end
Displ_guided_end
Force_Applied_Load
Force bolt 1

Select Loads/BCs from Existing Load Cases

.A‘ | Bolt_Lock
3 | Preload

Additional Loads/BCs Controls ...

Asgsigned Loads/BCs

Sort By Priority  |Load/BC Type:

Dizgplacement

%

Type Scale Factor Priority
bolt_1_LateralDisp Displacement 1. Add
bolt_lock Displacement 1. Add
fixed_end J’)isﬁ\;acemer.lt. 1 ; Add
guided_end D‘i‘sp\é cement 1 Add
Appned._Luan Force i Add
bolt Contact i Add
lower_fiting Contact 1k Add
upper_fitting @ Contact 1 Add
bolt_lower_fitting Contact 1 Add
bolt_upper_fitting Cl".tnh.ic‘t 9 Add
lower_upper_fitting “C.DI'IlﬂUl 1.. Add
Remove Selected Rows l Remove All Rows J l Undo Spr t

—a(b)

Cancel

Load Cazes |

Action:

Existing Load Cazes E

Boft_Lock
Preload

*

Load Caze Name
External_Load
Make Current

Description

[ It Dists..

Load Caze Scale Factar
10

=50
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Step 4. Set Up SOL 400 and Run the Analysis

Hom Geometry Properties Loads/BCs Meshing Analysis Results Drurability
b l LI [+ [+ |9 b, : b, 3 : oy Blx|
0 e 8 £ op2 H o (g || P TP | I | —
=S = E * b_l - — L L "’i 1:49 F;E L' l ’. |hﬁ, ﬁ | Analysis
Entire || Selected Load Analysis Read | Submit [ 2 | {1 ([ [ | ¥DE Output2 | MASTER/ | 116/119 | d3plot ||(RS || e, 1| '-| e || & i i;\!i
Model | Group | sim¥pert || Deck o/ B]||[|= DBALL S T I Ation: =i
Analyze Create Existing Deck || Optimize | Toptomize Access Results Delete Actions Object:

Method:
Select the Solution Type.
a. Under the Analysis tab, click on

Entire Model in the Analyze Analysis | Solution Type

Code: MSC Nastran

Type: Structural

group. g;&ﬁ:?;?; Available Jobs |

Click Solution Type. botted_oint_101

Select IMPLICIT NONLINEAR, Sélutiﬂn Type:

LINEAR STATIC
SOL4OO . ONONLINEAR STATIC —
d. Click Solution Parameters. ) NORMAL MODES ey

O EUEHLIE Job Description (TITLE) L
OCOMPLE}{ EIGEMNY ALLE T 3
O FREGUEMNCY RESPOMSE
O TRAMSIENT RESPONSE
O WOMLINEAR TRAMSIEMT SUBTITLE

’ @ LABEL

() DDAM Solution
[ Select ASET/QSET... |

[ Translation Parameters... J

/7 .
I Solution Type... (\]:)ﬁ
[ Direct Text input... |
Solution Parameters.. (:(D l Select Superelements... I

[ Subcases... I

Solution Sequence: 400 I T I
_ !

i Ok, I [ Cancel m ™
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Set up Separation Criterion

a. Click Contact Parameters.
b. Select Separation.
c. Confirm Stresses for Separation

Criterion.

Click OK.
Click OK.

r o i

Separation Control Parameters for Contact

Maximum Separations: | 9999
[ Rretain *alue of NCYCLE

Increment: Chattering:

() Current () Allavwved

O Mext ) Suppressed
Separation Criterion; Detivation:

O Forces O Forcefires

® Stresses@ @
(%) Relative L4

O Absalute Stress Walue:

[ 838 (@i Defaults l [ Cancel

Confirm Extrapolation for Derivation.

‘ CONTACT Control Parameters

Control Method: |Node to Seament =

Defarmable-Deformakle Methodd:
(&) Double-Sided () Single-Sided

[ optimize Conztraint Equations

[ Contact Detection... ]
[ Separation... @
[ Friction... ]

Initial Contact Paramters

[IEnable Initial Cortact

Increment Control

Penetration Chick:

Cther Parameters
|:| Reduce Printout of Surface Definition

[ oK @ [ Dstauts | [ cancel

tion Parameters

Contact Parameters. .. ( a

Direct Text Input... |

Restart Parameters. .. J

I

Domain Decomposition ... ]

Aszsumed Strain

Default Initial Temperature:

Default Load Temperature:

|:| Shell Shear Correction
SOL 400 Run

I

User Defined Services.. J

I

Results Output Format... I

[ ok

J

I

Defaults I [ Cancel I
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Select the Output results format.
a. Select Results Output

Format.
b. Check XDB.
c. Click OK.
d. Click OK.
e. Click OK.

: ™ i
¥DB @ Print [CJrunch

Copz

CIMaSTER Only MASTERIDBEALL

DB Buffer Size: 1024 ¥

Ok, (@ [ Defaults ] [ Cancel ]

stion Parameters

i Contact Parameters... i

[ Direct Text Input... |

l Restart Parameters... ]

I Domain Decomposition ... ]

Aszumed Strain

|:| Shell Shear Correction

SOL 400 Run
Default Initial Temperature:
Default Load Temperature:
l User Defined Services... ]

I Results Output Format... \a

[ oK @[ Defauts | [ cancel |

Lnalysis | Tolution Type

MSC Mastran
Solution Type

Salution Type:

(ILIMNEAR STATIC

() NONLINEAR STATIC

() NORMAL MODES

() BUCKLING

() COMPLEX EIGENwALLE
() FREQUENCY RESPOMSE
() TRANSIENT RESPONSE

(@] T

[ Select ASET/ASET...

[ Solution Parameters... ]

Solution Sequence: 400

I Ok @ [ Cancel

MSGC



Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Set up Load Increment for the | ro—

Preload subcase. Acton: o]

a. Click Subcases. Object

b. Click on Preload under Method:
Available Subcases. (mSihce | '

.. C“Ck Schase Parameters Solution Sequence: 400 Code:  M3C.Nastran
Action: -Create - Type: Structural
d. Select Load Increment Co

Pal"amS . Available Subcazes lE _
Bott_Lock 1 Avallable Jobs B
e. Enter 2 for Number of Eterna Load @ botted_oini_101

Increments.
f. Click OK.

'§ i T e

Job Name

bolted_joint_101

Subcaze Mame
Solvers / Options.... ] = Job Description (TITLE}
Preload i T =
r L'oad'Increment Parameters sl i TR s Available Load Cases e
Nonlinear Geometric Effects: Bott_Lock
Increment Type: i b4 -
b Fixed [Large Displacement/Large Strains .4 ] External_Load SUBTITLE
Fixed Increment Parameters = @ Fiower Losis: i K
- 2
[Number of Incremerts:] [Luad.s Follow Deformations = ] LABEL

[Total Time:] 1.0
|:| Constant Time Step

Automatic Cuthack [[Juse Contact Table Analysis Type:
Load Increment Params. .. @

Subcase Options

Translation Parameters. ..

]
Solution Type... J
|

Mumber of Cuthacks: |10 l Direct Text Input...

e T

l tteration Parameters... J Select S ; =
£ Upersliements.
Co(f) Lo i | T — —=On
: ikl [ Direct Text Input... ] Subcase Select. ]
I Brake Squeal Parameters. J

Apply

[l

I oK | [ pemuts | [ Cancel
__-‘“\DDW Cancel
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Create Output Request for the
Preload subcase.

a.

b.
c.
d

Click Output Requests.
Select Contact Results.
Click OK.

Click Apply to finish setting up
the Preload subcase.

'S‘fa'rid'r' Resulls

|

SUBCASE MAME: Preload
SOLUTION SEQUENCE: 400

Form Type:

Basic ¥

Select Result Type

_Applled Loacds |A'
| Element Strain Energies
|Element Straing

| Gridt Poirt Streszes

Grid Poirt Force Balance
NUn Linear Stress

Output Reguests
DISPLACEMENT(SORT1 REAL)=2I FEM
STRESS(SORTY REAL YONMISES BILINI=AI FEM, PAR.AM Mo
SPCFORCES(SORT! REALI=4) FEM
[REAL)=A)l FEM

% ] 1l i [zl

[ Delete ]

Cmime

SLBTITLE
Preloac
CLaBEL

OK @ [ Defaults ] [ Cancel

Solution Sequence: 400

Action:

Available Subcases E

E.lolt._Loc:k
External_Losd

Subcaze Mame

.Preload

Available Load Cases E

Bolt_Lock
External_Load

Analysiz Type:

Subcase Parameters...

|_ Cutput Reguests.. Q]

[ Direct Texdt Input...

Subcasze Options

i (d)
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

[ Sibcases k|

Solition Sequence: 400

Set up Load Increment for the
Bolt_Lock subcase Actior;

a. Select Bolt_Lock from I =
B —_ _vallable Subcagse:
Available Subcases. (Eot_Lock
External_Load
Click Subcase Parameters. Prelosd
Click Load Increment 'S‘ atic Solution Parameters
ParamS Linearity:
d. Enter 1 for Number of -
Increments. Salvers | Options. ] Supcsse flame
| Bokt_Lock
e. Click OK.
Nonlinear Geometric Effects: Ayailable Load Cases @

Bualt_Lock
External_Load
Preload

Nenlinear Geometric Effects:

[Large Displacement/Large Strains . A ]

Folower Loads:

[Lnad.s Follow Deformations . I

r L'oad Increment Parameters"
Increment Type:
Fixed Incremert Parameters - @ [Juse Contact Table Analysiz Type:
1
Load Increment Params. .. @

[Murnbet of Increments:]

i Subcase Options
[Total Tim:] 10 [ Subcase Pararneterskb
CJconstent Time 5 [ lteration Parameters... J [ J
anstant Time Step Output Reguests..
Autaimatic Cuthack R [ Direct Test Inft... |
Humber of Cuthacks: 18 l Brake Squeal Parameters... J

i Ok @L Defaults J |_ Cancel J l e ] l S ] [ = I
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Create Output Request for the
Bolk _Lock subcase.

a. Click Output Requests.

b. Select Contact Results.

c. Click OK.

d. Click Apply to finish setting
up the Bolt_Lock subcase.

r Standard Results
SUBCASE NAME: Batt_Lock
SOLUTION SEQUENCE: 400

Faorm Type:

Select Result Type
| &pplied Loads |A'
Elemert Strain Energies
| Element Strains

| Grid Paint Stresses =

| Grid Paoirt Force Balance |

| Mon-Linear Stress |

Cortac s !.

1

Output Requests

| DISPLACEMENT(SORT1 RESL)=AIl FEM

STRESS(SORT! REAL,WONMISES BILIN)=Al FEM;PARAM N
SPCFORCES(SORT1 REAL)=AI FEM

BOLTPLUT(SORTT REAL)=AIl FEM

[ Delete |

Cmmee

SLBTITLE
Bott_Lock
[LeseL

| 0K® [ petauts | [ cancel

[mSibcases ot

Solution Sequence: 400

Action:

Available Subcazes E

ExtenaI_Load
Preload

Subcasze Name
| Batt_Lack

Available Load Cases IE

ExtenaI_Load
Preload

Analysis Type:

Subcaze Options

I Subcase Parameters... |
[ Cutput Reguests.. ( a
[ Direct Text Input... |
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Set up the Load Increment for the
External Load subcase

a. Select External_Load from
Available Schases. Solution Sequence: 400

Click Subcase Parameters. Action:
Click Load Increment

Available Subcases 'E
Params. SR ock
d. Note that the Number of R . = T

) - DM'Static Solution Parameters
Increments is not specified, [

therefore the default value of Lingarty:
10 increments will be used.

(See NLPARM in the Bulk Data [__sotvers: Optoce.. | 15—
Entries chapter of the MSC . | Extermal_Losd
NaStran QUICk Reference Nonlinear Geometric Effects: Ausilable Load Cases 'E
Gulde) [Large Displacement/Large Strains ... ] Bolt_Lock
External_Load
e. Click OK. Al Prelnad

[Lua.d.s Folow Deformations . ]

r Load'Increment Parameters
Increment Type:
Fixed Increment Parameters = @ [[Juse Contact Table

[Mumber of Increments:] Sl s
l Load Incremeant ParamsOT

[Tatal Time:] 1.0 Subcaze Options
) l lteration Parameters... [ i D k
|:| Constant Time Step
[¥] Automatic Cutback ; — : [ Output Reguests ..
Mumber of Cuthacks: j 10 I Brake Sgueal Parameters... J l Direct Text Input... ]

Ok @I Defauts J I cancel | [ - ] I e ] [ e I
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
T b % % . b - - T 7
2 i d3 . | |
L )| L 102 1 1 N R R~ =S Y Y Y ]
Entire || Selected Load Analysis Read | Submit | - | I[11 3 (f | ¥DB Cutput? | MASTERS | 116/119 | d3plot | -i|t"-|| ‘-| | (| |
Model | Group | SimXpert || Deck o B])/|[o]|E DEALL I IS
Analyze Create Existing Deck Optimize | Toptomize Access Results Dielete Actions

Create Output Request for the
External_Load subcase.

a. Click Output Requests.

b. Select Contact Results.

c. Click OK.

d. Click Apply to finish setting up
the External_Load subcase.

e. Click Cancel.

[ Stanaard Resuits ok=stei|

SUBCASE MAME: External_Load
SOLUTION SEQUENCE: 400

Basic ¥

Form Type:

Select Result Type

:Applled Loadds |A:
|Element Strain Energies T
|Element Strains

| Grid Poirt Stresses

| Grid Poirt Force Balance

Lingar Stress

Output Reguests

DISPLACEMENT(SORT1 REAL) ]| FEM

STRESS(SORTY REAL WOMMISES BILIN)=AIl FEM, PARARM M
SPCFORCES(SORT1 REAL)=2I FEM

BOUTPUT( 1

i( ] I ._' i'_>]

[ Delete ]

[CITiTLE

SUBTITLE
| External_Load
[CLaBEL

O @ [ Defaults ] L Cancel

[ Stbcases
Solution Sequence: 400

Action:

Availahle Subcases IE

| Bokt_Lock
External_Load

Prefoad

Subcaze Name
| Externial_Load

Avallable Load Caszes E
Bkt Lock

Preload

Analysis Type:

Subcasze Options

i Subcase Parameters...
[ Output Regquests.. Cb
[ Direct Text Ingput...

e (d) o (€
.
.
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Step 4. Set Up SOL 400 and Run Analysis (Cont.)

Select all three subcases
and run the analysis.

a.

Click Subcase
Select.

From the Load Steps
for Solution Sequence
400 list, select
Preload.

From the Load Steps
for Solution Sequence
400 list, select
Bolt_Lock.

. From the Load Steps

for Solution Sequence
400 List, select
External_Load.

Check that all three
load steps appear
under Load Steps
Selected in the order
shown.

Click OK.
For the Job Name,

enter
bolted_joint_400.

. Click Apply to submit

the job.

Load Steps For Solution Sequence: 400 D[:E

SubcazerStep Configuration

[#- A bolbed_joint

(C Bott_Lock
External_Load
Freloacd

[ Fiter | 1B

(O select Al O Unselect Al

Load Steps Selected:
Preload
Bualt_Lock
External_Load

[ Select Steps for Newe Subcases ]

Cancel

[Analysis |
Action®
Object:
Method:

Code:

Type:

LABEL

Available Jobs g
bolted_joint_101

Job Name

| bolted_joint_400 @

Job Description (TITLE) =
MSC Nastran job created

SUBTITLE

!‘A.i|
T
Entire Model =
Full Run ~

MSC Nastran

Structural

Translation Parameters. ..

Solution Type

Select Superelements._...

l
|
Direct Text Input... ]
|
Subcases... ]




Step 5. Review Input File

While the job is running, review the
MSC Nastran input file.

a.

Locate the file
bolted_joint_400.bdf.

Open bolted_joint_400.bdf
with any text editor.

File Edit View Tools Help

xg_ @ | | < Local Di... » Training v

=g X
[Sercr 2]

Organize = Open

bolted_joint.bdf

A bolted_joint
bolted_joint.db.bak
bolted_joint. DBALL
bolted_joint.f04
bolted_joint.f06
bolted_jointIFPDAT
bolted_joint
bolted_joint MASTER
bolted_joint.sts
bolted_jointxdb
bolted_joint_400.aeso
bolted_joint_400.aes0.1
bolted_joint_400.asm
bolted_joint_400.asm.1

| | bolted joint 400bd{ g

bolted_joint_400.becho

Burn > - O e

bolted_joint_ 400.becho.1
bolted_joint_400.DBALL
bolted_joint_400.f04
bolted_joint_400.f06
bolted_joint_400IFPDAT
bolted_joint_400
bolted_joint 400 MASTER
bolted_joint_400.0p2
bolted_joint_400.pch
bolted_joint_400.plt
bolted_joint_400.plt.1
bolted_joint_400.sts
bolted_joint_400.sts.1
bolted_joint_400.T2120_23.rcf
bolted_joint_400.T6536_8.rcf
bolted_joint_400xdb

patran_conf

SOL 400 =
CEND
$ Direct Text Input for Global Case Control Data
BCONTACT = 0
SUBCASE 1
STEP 1
SUBTITLE=Preload
ANALYSIS NLSTATIC
NLPARM =
BCONTACT
SPC = 2
LOAD = 2
DISPLACEMENT (SORT1, REAL)=ALL
SPCFORCES (SORT1, REAL)=ALL
STRESS (SORT1, REAL, VONMISES, BILIN)=ALL
BOUTPUT (SORT1, REAL) =ALL
S Direct Text Input for this Subcase
STEP 2
SUBTITLE=Bolt lock
ANALYSIS = NLSTATIC
NLPARM = 2
BCONTACT = 2
SPC = 6
LOAD = 3
DISPLACEMENT (SORT1, REAL)=ALL
SPCFORCES (SORT1, REAL)=ALL
STRESS (SORT1, REAL, VONMISES, BILIN)=ALL
BOUTPUT (SORT1, REAL) =ALL
$ Direct Text Input for this Subcase
STEP 3
SUBTITLE=ExXternal Load
ANALYSIS = NLSTATIC
NLPARM = 3
BCONTACT = 3
SPC = 6
LOAD = 5
DISPLACEMENT (SORT1,REAL)=ALL
SPCFORCES (SORT1, REAL) =ALL
STRESS (SORT1, REAL, VONMISES, BILIN)=ALL
BOUTPUT (SORT1, REAL) =ALL

=

1
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Step 5. Review Input File (Cont.)

While the job is running, review the MSC Nastran input file continued.

a. Notice the entry BOLT that defines a rigid bolt by a set of MPC

constraints.
b. Notice the three subcases that you set up.
c. Check the BCPARA entry.

Relative stress based separation criterion

BOLT 30002 38931

TOP 11688 11691 11701 11708 11869 12132 12155
12156 12157 12158 12159 12160 12205 12206
12207 12208 12209 12210 12211 12216 12255
12716 12728 12740 12754 12764 12776 12788
12802 12813 12825 12839 12849 12861 12873
12887 12897

BOTTOM 38932 38933 38934 38935 38936 38937 38938
38939 38940 38941 38942 38943 38944 38945
38946 38947 38948 38949 38950 38951 38952
38953 38954 38955 38956 38957 38958 38959
38960 38961 38962 38963 38964 38965 38966
38967 38968

Bolt Definition

BEGIN BULK

5 Direct Text Input for Bulk Data

PARAM POST 0

PARAM PRTMAXIM YES O

BCPARA 0 NLGLUE 0

PARAM LGDISP 1

SUBCASE 1

ITLE=P @
ANALYSIS = NLST
NLPARM = 1 Preload
BCONTACT = 1
SPC = 2
LOAD = 2

DISPLACEMENT (SORT1, REAL)=ALL
SPCFORCES (SORT1, REAL) =ALL

STRESS (SORT1, REAL, VONMISES, BILIN)=ALL
BOUTPUT (SORT1, REAL)=ALL

e Text Input for this Subcase

ANALYSIS
NLFARM =
BCONTACT
SPC = ©
LOAD = 3
DISPLACEMENT (SORT1, REAL)=ALL
SPCFORCES (SORT1, REATL)=ALL

STRESS (SORT1, REAL, VONMISES, BILIN)=ALL
BOUTPUT (SORT1, REAL) =ALL

S Direct Text Input for this Subcase

Bolt Lock

2

Il
[R8]

ernal Load

ANATLYSIS = NL

NLPARM = 3

BCONTACT = 3 External Load
SPC = 6

LOAD = 5

DISPLACEMENT (SORT1, REAL)=ALL
SPCFORCES (SORT1, REAL) =ALL

STRESS (SORT1, REAL, VONMISES, BILIN)=ALL
BOUTPUT (SORT1, REAL) =ALL
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Step 6. Review Results File

After completion of the run, review the .fO6 results file.

a. Locate the file bolted_joint_400.f06 and open with any text editor.
b. Search for “%” and scan the .f06 file

c. Close the .f06 file.

N
Find what: m @

2 Find Mext
Conditions: Direction:
B - Mark All
@ Text () Hex

Match whole words
[#] Match case
|:| Reqgular expression
[#]wrap searches

Close

[ | Extend selection
["]1n all documents

Kl < toca Dk © > Tramng <4y | oo

S

bolted_joint_400.DBALL
bolted_joint_400.f04

"”E.?eajoim,mi’m*sw@
bolted_joint 400.IFPDA
bolted_joint_400
bolted_joint_400.MASTER
bolted_joint_400.sts
bolted_joint_400.xdb

Organize * Open Burn

i e

7 bolted joint
bolted_joint.db.bak
bolted_joint_101.bdf [
bolted_joint_101.DBALL
bolted_joint_101.f04
bolted_joint_101.f06
bolted_joint_10LIFPDAT
bolted_joint_101
bolted_joint_101.MASTER
bolted_joint_101.sts
bolted_joint_101.sts.1
bolted_joint_101.5ts.2
bolted_joint_101.5ts.3
bolted_joint_101.xdb
bolted_joint_400.bdf

0 \sz/ SUBCASE 1 STEP 1
0 NON-LINEA AR ITERATTION MODTULE QCUTPUT
STIFFNESS UFPDATE TIME 0.01 SECONDS SURCASE 1 STEP 1
ITERATION TIME 3.84 SECONDS
LOAD NO. — — ERROR FACTORS - - CONV ITR MAT NO. AVG TOTL. - — - - - DISP - - - — — — 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 EKUD ITR
%5.00000E-01 1 1 1.008+00 2.79E-02 1.00E+00 1.000 O 1 0 4.07E-04 4.927E-01 2.47E-05 9.854E-04 38931 2 1.00 0 0 0 1
*** USER INFORMATION MESSAGE 4550 (nl3con)
*** THE STIFFNESS MATRIX IS UPDATING TO THE INITIAL STATE FOR NEW LMFACT=S5.725004E+02, PENFN=9.725004E+02 ***
%$5.00000E-01 1 1 1.00E+00 2.79%E-02 1.00E+00 1.000 O 1 0 4.07E-04 4.927E-01 2.47E-05 ©9.854E-04 38931 2 1.00 0 0O 1 2
%$5.00000E-01 1 2 4.80E-03 3.10E-07 3.53E-04 0.000 O 1 0 7.37E-08 4.924E-01 2.47E-05 9.850E-04 38931 2 1.00 0 O 2 2
%1.00000E+00 2 1 1.00E+00 1.39E-02 1.00E+00 1.000 O 1 0 4.08E-04 1.970E+00 4.95E-05 1.970E-03 38931 2 1.00 0 0 3 4
%1.00000E+00 2 2 1.06E-02 €.57E-07 5.72E-04 0.000 O 1 0 1.18E-07 1.969E+00 4.98E-05 1.969E-03 38831 2 1.00 0 O 4 5
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Step 7. Attach Results File

Home Geometry Properties Loads/BCs Meshing Analysis Durability
) b | | b i p i N e . s ;
ap2 i i ot g " !

U 6 i i | | | 8y |l (sl
Entire | Selected Load Analysis Read | Submit | e a1 Cutput? | MASTER/ | t16/419 | d3plot A==
Madel Group | Sim¥pert Deck |"'“E” l"'ll_tb“ DEBALL lﬁllblg" l'qu

Analyze Create Existing Deck Cptimize | [Toptomize Access Results Delete Actions
Post process analysis results in T =

Analysis |

Patran.

a. Under the Analysis tab, click
XDB from the Access Results
Group.

b. Under the Available Jobs,
select bolted_joint_400.

c. Click Apply.

Acion
Object  |Attach XDB ~
Method

Code: MSC Nastran

Type:  Structural

Available Jobs T

| bolted_joint_101
bolted_joint_400 @

Job Name

| bolted_joint_400

qob_Descri_ption (T \TLE_)
MSC.Nastran job created

SUBTITLE

LABEL

[ Select Results File...

J

[ Translation Parameters...

I

0
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Step 8. Review Analysis Results

! File | Group | Viewport Viewing Display Preferences

Tools

Help

Litilities

Create...
Post...
Modify...

Transfarm..,
Delete...

Attributes...

Extras

Move/Copy...
Set Current...

@

Post the entire bolted_joint model.

a.

b.
C.
d

Select Post from the Group menu.
Click Select All.

Click Apply.
Click Cancel.

Analysis | Group |

Action:

Current Viewport

default_viewvport

Select Groups to Post

:

[ Select Mone ]

| Select Al |

[ Select Current ]

@) Apply | [ Cance(@

MSGC



Step 8. Review Analysis Results (Cont.)
ey

+ ] + =
= —1 =~ el ||
B & Bal ¥’ 4 | [ |14 B ey | (=
Fringe/Deformation || Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive |m|i%| I
Quick Plot Result Plots Result Actions|| In Results !

ion; reate. ¥ '“}
Examine von Mises stresses. i =:

Object: _Luc . 3

a. Under the Results tab, click Fringe/Deformation from the Quick Plot group. J

Select 100% of Load. =1 |2
c. Select Stress Tensor for Fringe Result. Selct Resul Cases
1 Preload, A1:5tatic Subcase
d. Click Apply. Preload, A2 Non-linsar: -znn.anfl@
. “\ Preload, A2:Mon-li 1 200. % of Ld
e. Repeat for 300% of Load. This plot shown on the next page. (e>pF§|E:u,u;~ﬂﬁ-ﬁ§§§L 300, % of Loag
Fringe: Preload, A2:Non-linear: 100. % of Load, Stress Tensor, , von Mises, (NON-LAYERED) 6.48+00
6.08+00 (&1 m | 2]
5.61+00.
5.18+00 Seled Fringe Result
Stress Invariants, Mean Pressure iA.i =
4.75+00 | Stress Invariantz, Minor Principal i
Stress Invariants, Won Miges 1
4.32+00 Stress Tensor, i
3.89+00 & I ] [ >| i
3.46+00.
s .
U2+
2.59+00.
Select Deformation Result
216+00 | Constraint Forces, Rotational
1.73+00 Constraint Forces, Translational
Displacements, Rotational
1.30+00 Displacements, Translational
8.64+00.
4.32+00 :
1.48+00 [] Animate
v ) default_Fringe :
Max 6.48+004 @Nd 12780 @ ;
Min 1.48+000 @Nd 19338 'z
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Step 8. Review Analysis Results (Cont.)

Fringe: Preload, A2:Non-linear: 300. % of Load, Stress Tensor, , von Mises, (NON-LAYERED) 8.00+00

7.47+00
6.94+004
6.40+004—

587+ 004.
5.34+004

4.80+004—

4.27+00
3.74+00
3.21+00
2.67+00
2.14+00
1.61+00
1.07+00

5.40+00
7.05+001

default_Fringe :
Max 8.00+004 @Nd 12780

Min 7.05+001 @Nd 18478
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Step 8. Review Analysis Results (Cont.)

Examine deformation.

a.
b.

> @a ™

Select 100% of Load.
Unselect Stress Tensor by
clicking on it.

Select Displacement,

Translational for deformation
result.

Click the Deform Attributes
icon.

Select Shaded for the Render
Style.

Uncheck Show Undeformed.
Click Apply.
Repeat for 300% of Load.

Both plots are shown on the
following page.

Results |

Ohject: Cinick Plot b

Show Yiewport Legend

Render Style:

Deformed: !

Scale Interpretation
(%) Model Scale () True Scale

Scale Factor 01

[

Title: Eclitor...

Show Title [CJLock Title

Shiowy Maximum Lakel

[

Lakel Styls... |

e ()
g

rases ~{ )

Results |

Object: Quick Plot ™

Select Result Cases

Preload, A1:5tatic Subcase
Preload, A2:Non-linear: 100. %-nie
Preload, A2:Non-lingar: 200. % 0 D
| Preinad, AZ:Non-linear; 300. % of Load

=] | 2]

Select Fringe Result

Stress Invariants, Mean Pressure [l | =

| Stress Invariants, Minor Prin cipal

Stress Invariants, Won Mises =
| Stress Tensor, L=
e

[£] ] @

CQluantity: _—vun Mises ¥

Select Deformation Result

| Constraint Forces, Rotational
Constraint Forces, Translational

Displacements, Rotational
Displacements, Translational

|:| Animate

Apply

MSGC



Step 8. Review Analysis Results (Cont.)

Deform: Preload, A2:Non-linear: 100. % of Load, Displacements, Translational,

LY default_Deformation :

Max 1.13-003 @Nd 12861

Deform: Preload, A2?:Non-linear: 300. % of Load, Displacements, Translational,

L‘r default_Deformation :

Max 4.92-003 @Nd 11180

100% of Load

300% of Load
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