Implicit Nonlinear Analysis using
MSC Nastran and Patran

NAS400 Workbook

January 2015

NA*V2013.1*Z*Z*Z*SM*NAS400-WBK




Legal Information

MSC.Software Corporation reserves the right to make changes in specifications and other information contained in this
document without prior notice. The concepts, methods, and examples presented in this text are for illustrative and
educational purposes only, and are not intended to be exhaustive or to apply to any particular engineering problem or
design. MSC.Software Corporation assumes no liability or responsibility to any person or company for direct or indirect
damages resulting from the use of any information contained herein.

Copyright © 2015 MSC.Software Corporation. All Rights Reserved. This notice shall be marked on any reproduction of
this documentation, in whole or in part. Any reproduction or distribution of this document, in whole or in part, without the
prior written consent of MSC.Software Corporation is prohibited.

The MSC.Software corporate logo, Adams, Dytran, Easy5, Fatigue, Laminate Modeler, Marc, Mentat, MD Nastran, Patran,
MSC, MSC Nastran, Mvision, Patran, SimDesigner, SimEnterprise, SimManager, SimXpert and Sofy are trademarks or
registered trademarks of the MSC.Software Corporation in the United States and/or other countries. NASTRAN is a
registered trademark of NASA. All other trademarks belong to their respective owners.

MSGC ASoftware



CONTENTS

Workshop

© 00 NO OB~ WON =

W W =
N - O

Linear and Nonlinear Analysis of a Cantilever Beam
Rubber Door Seal

Deformable to Rigid Contact

Interference Fit

Contact Pairs

Plastic Deformation

Solid Shell Composites Modeling

Delamination of a Composite Solid Shell Beam
Restart

Bolt Modeling

Normal Modes Analysis of a Pre-stiffened Blade
Dynamic Collapse of a Cylinder

MSGC



NAS400, Workshop 0, January 2015
Copyright© 2015 MSC Software Corporation

WSO - 4

MSGC



WORKSHOP 1
LINEAR AND NONLINEAR
ANALYSIS OF A CANTILEVER BEAM

Nonlinear

Linear

L. R .

MSGC



NAS400, Workshop 1, January 2015
Copyright© 2015 MSC.Software Corporation

WS1-2

MSGC



Workshop Objectives
— Small vs. large displacement analysis.
— Linear elastic theory.

Software Version
— Patran 2013
— MSC Nastran 2013.1

Files Required
— No supporting file is required.

Problem Description

— The simulation is to use 3D solid finite elements. The elements are
uniformly spaced along the length of the beam (i.e. a mesh 100 elements
wide and four elements deep).
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* Problem Description (Cont.)

— In this exercise, a cantilever beam is subjected to a static load. The beam is
initially analyzed using small deformation theory. However, after reviewing
the results, it becomes apparent that small deformation theory is not
appropriate for this problem. Subsequently, a large deformation analysis is
performed and its results are compared to the small deformation analysis.
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Section A-A

(Data in next page)
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* Problem Description (Cont.)

i —a
— Y b
Section AA

Length, L 100.0 in 2.54m
a 1.0in 25.4 mm
b 2.0in 50.8 mm
Young’s Modulus 30.0 x 1081b/in3 207 GPa

Poisson’s Ratio 0.3 0.3

P 6000 Ib 27200 N
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« Suggested Steps

1.
2.

8.
9.

Create a new database called tip_load.

Create simple cantilever beam solid using XYZ vector coordinates
<100, 2, 1>

. Apply a mesh seed to the model.

« Select number of elements as 100 along the curve oriented in the X
direction.

« Select number of elements as 4 along the curve oriented in the Y direction.

. Mesh the solid using an isomesh with hex8 topology and a global

edge length of 1.0.

. Create an isotropic material with an elastic modulus of 30e6,

Poisson’s ratio of 0.30, and a density of .00074.

. Create 3D solid physical property for entire model and apply isotropic

material.

. Fix translations in all directions along the left surface to create

cantilever.
Apply load of 1500 in the -Y direction to points on right end.
Create and run a linear static analysis.

10. Attach the .op2 when the analysis is completed.
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« Suggested Steps
11.Create a quickplot with fringe and deformation of displacement results.
12.Create and run an implicit nonlinear analysis.
* In Solution Parameters select SOL400 Run.

« Select .op2 as results output format.

« Create a my_nonlinear subcase.
— Change the increment type to Adaptive stepping

« Run analysis with the my_nonlinear subcase.

13.Attach .op2 result file.

14.Create a quickplot with fringe and deformation of the y component of the
displacement results.

15.Compare the linear and nonlinear results.
16.Try to improve results.
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Step 1. Create New Database

To make this exercise as easy as

| File Group  Viewport  Viewing Display Preferences Tools Help  Utilities possible to fO”OW, the Iocation on the
New... @ ﬁﬂ- | Home Geometry Properties Loads/BCs Meshing Analysis Results form where the operation will be
Open... . . c
carried out will be pointed out by a
& | crs| =il ({1 B« =l =l LL R
| i S8 ||| BR| || |4 || o ||| | | | e o || [ B | e ||| % | 50 .;’nﬂlilﬁl red-circled letter that corresponds to
1 _ |t (|G| ||| || |2 || ||| B || M || B[] | 23 || 2| ek || e ]| W (2] | B the exercise step letter.
] : Transforms Viewport Display Crrientation Mist, Web Where pOSSib'G the fOfmS W|” be
_ Utilities > T
shown as they will appear after the
instructions have been correctly
SimXpert... fO||OW6d
SimManager 4
Session r
[N New Database
._ ¥ Template Datzbase Name Blx
Quit CAMSC Softe are\Patran_x641201 30te nplete.db Merwy Model Preference ( : }

hodel Preference far:

Change Tenplate .. Tip, Lo db
Create a new database. Name it || 5.y Freferences Tolerance
H N @ Bazed on Model
Tip_Load.db. o _
- . | Set Worsing Directoy to Databzse Location O Default
a. Pull down File > New.
H H Loak in: Traini - [+£] e b - -
b. Enter Tip_Load as the File ok |} Tairing ) MR BoRrmate Mamum
name. MName Date medified Ty 100

Muilerns maleh your search,

c. Click OK.

d. Wait a few seconds until the
New Model Preference opens.

e. Confirm MSC Nastran as the " T

| i
) [rotura > ]
Analysis Code. Flegame:  [Tn_tomd (b)) =]
f. Click OK. Fles of tpe: [Database Fies {dbl <] e Lo (F)[ et ]

Analysiz Code:
SC.Mastran = e

Analysiz Type:
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Step 2. Create Cantilever Beam

i File Group Viewport Viewing Display Preferences Tools Help  Utilities
Q E @ .@,’ ﬁ = ﬁ§ s Home Geometry Properties Loads/BCs Meshing Analysis Results

A - = = o o R
=~ o] b 1|0 |~ ] & || e &
Select Select Select Select Select Select Select Select |“’.||’L||TL‘|| 1 ||| Show Edit Verify | Renumber | Delete | Associate | Disassociate
Points Curves || Surfaces|| Solids [|Coordinates|| Planes || Vectors ||P-Shapes Transform Geometry Actions
Create the solid. M) | surface ol x|
a. Under the Geometry tab, |® & Mew Model Preference | Geometry |
pull down Select > XYZ W Decompose Action: i
in the Solids group. = i Object:
b. Enter<10021>asthe |2 b et
Vector Coordinates List. i O
C| kA | WP Extrude a Solid ID List
C. IC .
PPly B | clide 1
d. Under the Home tab, ., [—
H H Refer. Coordinate Frame
_cllck on the Isp 1 V_|ew & Revove T
icon in the Orientation
group_ “Yectar Coardinates List
=10021=
[v] auto Execute =
Qrigin Coordinates List
[aoa]

[ [ (| w2l || 5% || lin || bz |
|28 |2 Beh | k|

rientation
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Step 3. Apply Mesh Seeds

Home Properties Loads/BCs

i

Auto Hard
Paints

Mesh Control

Geometry Meshing Analysis

[ PP =
=]

Surface
Mesh Seeds

(=)

[ |||t || 0 I1E. [| %5 || || 87 || 7|

@f-u@uvn’ﬁl'l

Meshers

FEM Actions

[ || | o | |5 | 3

Results

T =)=
||| ::!Iﬂl’li:,"’l‘

Hode

Create the finite element mesh seeds.

a. Under the Meshing tab, click Uniform in the Mesh
Seeds group.

Enter 100 as the Number.

Click in the Curve List panel.

Select Edge from the Picking Filters tool bar.
Pick one of the bottom edges on the solid.
Enter 4 as the Number.

Uncheck Auto Execute.

Click in the Curve List box

Pick, on the left end of the solid, a vertical edge.
Click Apply.

S@ ™o ao00C

— —

See note on

next page-J

Object: Mesh Seed ™

[ Dizplay Existing Seeds

Element Edge Length Data

@ Number of Elements
() Elemert Length (L)

‘l Auto Execute |

Curve List
Solid 1.3.3

Humber = 100 @

-Apfly-

TR B A -

EB;
&)

Olaject: Mesh Seed ™
[ Dizplay Existing Seeds ]

Elemernit Eciie Lengh Dt

I

@ Mumber of Elements
() Elemert Length (L)

Mumber = 4

|:| Auto Execu‘t@
Curve List
Solid1.1.2 @

] (D

After first -App|y_ the mesh 6-.-.
seeds will look like these:

After second -Apply- the mesh

seeds will look like these:
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Step 4. Apply IsoMesh with Hex8 Topology

¢ File Group  Viewport Viewing Display Preferences Tools Help  Utilities

DE0LhRo8-

Home Geometry Properties Loads/BCs Meshing Analysis Results
; ; jr— — . . ; " .
rd"d"d - m || (3] | H@ (||| | |67 || &% IEMIC el )] 8% Ei
* -
| ||| 4| | urface “-U;D_Htafd (G| || || P ||<ne | R | st ol 52 || 5[] 3¢ || "5z || 44 ||io")|| Edlit | SuperElement
aints
Mesh Seeds Mesh Control IMeshers FEM Actions Mode Element

e || & || moes

(Mo || A || A&

Create the finite element mesh.

a. Click Solid in the Meshers
group.

b. Select Hex for the Elem Shape,

IsoMesh for the Mesher, and
Hex8 for the Topology.

c. Enter 1.0 as the Global Edge
Length Value and uncheck
Automatic Calculation.

d. Click in the Solid List box.
e. Select the Solid in the view

Auto-Execute Option

The Auto-Execute option will
automatically apply the operation when
the last field is filled in. In this case, the

user can enter the number of elements for
the mesh seed and then select the edge.
Once the edge is selected, the operation
will be applied. There is no need to click
on the -Apply- button.

port.
f. Click Apply.

Ot D List
Made 1
Element 1
Elem Shape o W
vester [saiesn_~ ()
[ Izobesh Parameters... ]
[ Mode Coordinate Frames... ]
Solid List
Solid 1

Glokal Edge Lencth

[] awtomatic Calculation
Walue 1.0
[ Select Existing Prop... ]

Create Mewy Propetty... ]

-Apply- e
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Step 5. Specify Material Properties

Home Geometry Properties Loads/BCs Meshing Analysis Results
| Materialz |
B\ | || N F=DD | (D] ||l N 0 ot g
sotopic | (gg| || [p| || Fuid ||| Z]l&] [ n]|| (10 ||[D]0 [ w (% || ][0 ]||  Sold
Wethod: Manual Input v
Isotropic | |(Orthotropic| |Anisotropic)| Fluid Composite 0D Properties 1D Properties 2D Properties ||3D Properties
. e T ET Existing Waterials E _
Create the material property: steel r AR —
. . Constitutive Model:
a. Under the Properties tab, click ErEs
Isotropic in the Isotropic Property Hame Walue
group. Elastic Modulus = | 30e6 @
b. Enter steel as the Material B 030 @
Name. Shear Mocdulus = ' =
c. Click Input Properties. e TITe @ :
d. Enter 30e6 as the Elastic Thermal Expan. Caetf =
MOdUIUS- Structural Damping Coeff = ' _H!a_terial Nam@
e. Enter 0.30 as the Poisson Reference Temperature = KL
Ratio.
B Description
f. Enter 0.00074 as the Density. Tempersture DepiModel VerisblaGiaikic =
g. Click OK. Make sure that after you
h. Click Apply. apply, steel appears in the
existing materials box [ T @1
[ Change Material Status ... ]
Ccurrent Constitutive Madels:
. (h)
——)
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Step 6. Specify Solid Properties

Hame Geometry Properties Loads/BCs Meshing Analysis Results
o

B e ||| N FEEDD || (@ |l SN =] e e8] |2 e im)
lsotropic || |dig) || Puid || ] | (|| T e | [ RRE (] (SR]|ER || | e |

Isotropic | |Orthotropic| |Anisotropic|| Fluid Compaosite 0D Properties 10 Properties 20 Properties | |30 Properties| |Property Actions Fields

'S'e"lé"::f"ﬂﬁ"t'e"'r"ﬁl'

Create the prOpe rtIeS Of the 'Su\id(CHEXAV). e i
bea m. Praperty Name Yalue Value Typs .
H =3 Material Name: iesteel Mat Prop Name A~ Ohject: -3[:| hed

a. Click Solid in the 3D o ) B— g

Propertles grou p‘ [Integration Network]
b. Enter beam as the Tty tn S

_ Sets BY: [Name ¥ e
Propeﬂy Set Name. [Dutput Locations]
. [Monlinear Formulation(SOL4007] —
c. Confirm Homogeneous J £
< J [2]

/ Standard . '

Formulation for

Options. m——
d. Click on.lnput roparty et Hame

P ro pe rtles . Enter the Material Name or select & material with the icon. beam @
e. Click on the Mat Prop _

Name icon. O:t"’”s' @

e ] @ [ clear [_concat |
f. Choose steel from the :
L. . [Standard Farmulation s ]

Select Existing Material

IISt' [ Input Properties ... (:a)]
g. Click OK.

' ] [ Select Application Region ... ]
[ External Materials ]
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Step 6. Specify Solid Properties (Cont.)

. Click on Select Application

Region.

. Select the Solid from the

viewport.

. Click Add.
. Click Ok.
e. Click Apply.

Application Region

Select Members
Solicd 1

[ #a @[ Remove |

Application Region

Action:
Ohject:

Sets By:

:

2

Property Set Mame

beam

Options:

Homogeneous =

[Standard Formulation = ]

Input Properties ..

Select Application Region ...

(2)
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Step 7. Create Displacement Constraint

Home Geometry Properties Loads/BCs Meshing Analysis Results

0 CF [ ! X P LA
lk’ — -b‘ b 14’. Ix' @6 -51 r',.., “h | E::| Ll - il T | Ll 1-;.
_ o .| ' ol o IS % % ol
Displacement|] Force | Temperature | Velocity | Acceleration || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Deformabile | Rigid | Color Code | LBC Create || LBC |
Constraint Load Load Load Load [+ Bodies |8| |Acti0ns*' Load Case ||Fields |
\ a Madal Element Uniform Element... Contact Bodies Initial .|| | Load Cases

LosdBoundary Conditions | IrpLt Data Action:
Load/BIC Set Scale Factor =

Fix the left side by creating a

displacement boundary. 1 Type:
a. Click Displacement Cption:
Constraint in the Nodal group. Translations <T1 T2 T3= ~ Currert Lo coo
. :CD D D} @ ’ Lirrel 03 T:)S:,r.aun
b. Enter Fixed as the New Set T —— - -
Name. S | -
c. Click on Input Data. Trans Phase =Tp1 Th2 Tpi3=
< > = F -
d. Enter 0_ 0 0> for the Rotation Phase <Rpl Rp2 Rp3s Existing Sets =
Translations. S
e. Click OK. [ae]
< ] i | [)]
Spatial Fields
Mewy Set hame
[ FEM Dependert Data... oo @

Analysis Coordinate Frame
Coord 0

O, e Reszet

| Inut Data.. (:a

’ Select Application Region... ]
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Step 7. Create Displacement Constraint (Cont.)

. Click on Select Application
Region.

. Verify Geometry is chosen for
Select.

. Click in Select Geometry
Entities box.

. Select Surface or Face in the

Picking Filters tool bar.

. Select the Left edge of the
surface.

. Click Add.
. Click OK.
. Click Apply.

Action:
Ohject:
Type:

Opation:

Displaceme rit =

Current Load Caze:

Defautt...

Type:

Static

Existing Sets E

Select Application Region

A pplication Region

Select Geometry Entities
Salicd 1.1

5

[ Al (@ [ Remaowve ]

Application Region

m+ 0 oa

.5:

] il

=0

A
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Step 8. Create and Apply Force

Home Geometry Properties Loads/BCs Meshing Analysis Results Drurability
B |l g || B |2 | B (&% P e P LosaiBe set Scale Factor = | =lAls
Dgop:sﬁ;ril:{wt d Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature Ir[;::ja\ D‘St&t ObjEC‘tZ rma 1 ;rdeact:ie i@\!@llg\
Modal Element Uniform || d Cases LBC Fields
(&)
Faorce =F1 F2 F3= .
=0 -1500 0=
Create the load to be placed on Current Load Case:
: : Default... homent =1 b2 W=
the right tip.
- . Type: Static = F =
a. Click Force in the Nodal group. Force Phaze =Fp1 Fp2 Fp3=
b. Enter Tip_Load as the New = =
Set Name. Existing Ssts 3 Momment Phaze =Mp1 Mp2 Mp3=
c. Click on Input Data. S ]
d. Enter <0 -1500 0> for the < | i | &
Force. Spatial Fields
e. Click OK.
Mewy Set Matne
Tip_Load @ FEM Dependent Data. ..
Analyziz Coardinste Frame
Coord 0
[ InpLt Deta... {c) i o (éD [ Reset

[ Select Application Region... ]

-Apply-
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Step 8. Create and Apply Force (Cont.)

Select Application Region 4 »

. . . (s
a. Cllck_ on Select Application oot Oject
Region. ] e
b. Verify Geometry is chosen for +
Se/eCt o X Current Load Caze:
. . Application Region - Defaut.. |
c. Click in Select Geometry Select Geometry Entities (=] e st
Entities bOX. Solid1.22212311212121° — '
. , 4
d. Select Point or Vertex in the — @[ Remove ] | — .

Picking Filters tool bar.
e. Select the Vertices on the Right

Application Redgion

Edge by clicking each while (ep

holding down the shift button. -
f. Click Add. | ﬁﬁD
g. Click OK. | i =
h. CI'Ck Apply L |::| Mew Set hlame

——) o1
; | Infout Dsts... ]
v [ Select Application Region... (@‘)
J\x @
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Step 9. Analysis: Create Linear Static Job

Home Geometry Properties Loads/BCs Meshing Analysis Results MSC.MNastran
Analysis | ] Solution Type
1% L 8 L B s, o
1 1 1 o e e - B R ] |
Feaisd E “iad ) = = = : ; s Solution Type:
Selected (| Analysis || Read | Submit |||[ 5 |[[ | (el d | Ourern sraTc @
i | L e atic Solution Parameters b Full R -
Group Deck S el L (CINGNLINEAR STATIC
Analyze Create Existing Deck Optimize ] eyetc Symmety é . g ) NORMAL MODES
Code: MSC.Nastran
H H Automatic Constraints O g
Run a linear analysis. = Type:  Structural () COMPLEX EIGENY ALUE
Inertia Relief
a. Under the Analysis tab, click i OFREQLENCY RESPONSE
Enti Model in the Anal ernale Recucton Available Jobs e () TRANSIENT RESPONSE
ntire Model in the Ana yze [soL 800 Run (I MONLINEAR TRAMSIENT
group. [50L 700 Run ) IMPLICIT MONLINEAR
b. Enter Linear_Job1 as the Job St Nomai Tl Angle = ; #0EE)EN T
Name. Mass Calculation Job Name : [ Select ASET/RSET. . ]
Linear_Job1
c. Click on Solution Type s Job Description (TITLE)
d V f L. St t. th Plate Rz Stiffness Factor = 100.0 |
. eri Inear atic as (he
S I t}l T Maximum Printed Lines = Solution Parameters... (:e>
olution i1ype. ; . r -
. . Maximum Run Time = ST
e. Click Solution Parameters WiMass Conversion = 10 - Soltion Sequence: 101
. i LABEL
f. Click Results Output Format Nicie Rell Caoe - - |
Default Initial Temperature =
g. Uncheck XDB _ Lo« ® | cancel |
Default Load Temperature = | [ Tr Parameters... ]
h. Check OP2 Rigid Element Type [ Solution Type... (\ c
i. Cllck OK. b B e 3 l Direct Text Input... ]
[ ] [ Select Superelements... ]
. . Contact Parameters...
J. CIICk OK- [ Subcases... ]
. \_ Fatigue Parameters.... ] [ T ] |:| MASTER Unl‘y l:l MASTERDBALL
k. Click OK. { @
Results Output Format..
[. Click Apply. — OUTPUT2 Requests:
5 ) 0K i [ Defaulis ] [ Cancel ]
= OUTPUTZ Format,
i ok (1) [ Defaults ] ’ Cancel ]
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Step 10. Analysis: Access Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

= N e 1 1 1 [ R 7R - B 2

£t | [ 5 ) a {81 | = % . =

Entire | Selected || Analysis Read | 5ubmit & = ¥XDE | Output2 | MASTERS

Model | Group || Deck || 2| | (]| 2] DEALL
Analyze Create Existing Deck Optimize | [Toptomize Access Results

Analysis |

Object: Attach Outputz ¥

Attach the results file, when the
analysis job is completed.

a. Under the Analysis tab, click
Attach Output2 in the Access
Results group.

Click Select Results File
Select linear_job1.0p2.
d. Click on Apply.

Look in: I , Training

File name:

oK I
Cancel !

|Iineau'ob'| op2 _"_j
=l

Files of type: IFiIes op2}

Wethod: Result Entities =

Code: MSC.Nastran

Type: Structural

Available Jobs
| Linear_Job1

i

Job Name
I Linear_Job1

Job Description (TITLE}

SUBTITLE

LABEL

[ Select Results File... @

[ Ti ion Parameters... J

e (d)
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Step 11. Create Fringe Deformation Plot

Home Geometry Properties Loads/BCs Meshing Analysis Results
1| o 2 . » |z e 31| Q@ :
= —ba 1 < 2 ‘ il || - = o 1 - 2
3 % & % | % Wi, ¢ A A | g | == Ll R = L N [
Fringe/Deformation eformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive |B||%| Insight |\'§§'”E|”ﬁ|l Spectrums | Ranges | Titles | Colors Toggle
! Spectrum
Quick Plot Result Plots Result Actions|| Insight XY Plots Imaging
Results Results
Hil | | u 2 o i
e[| 0| ey I | | acton cton
oo | u LRL y Il Chiect: Giuick Plot
|G| | (TR, | ||| BB || || = ||| 2 || 2l | " | Ak || a2
=] =
Viewport Display Crrientation =3 =

Post-Process the linear job results.
a. Under the Results tab, click Fringe/Deformation in

b.

@ o

the Quick Plot group.

Select Default A1: Static Subcase from the Select
Results Cases.

Select Displacements, Translational from the Select
Fringe Result.

Select Displacements, Translational from the Select
Deformation Result.

Click on Deform Attributes icon.

Select True Scale.

Click Apply.

Under the Home tab, click on the Front View icon
Click Fit View to get a view of the entire beam.

Select Rezult Cases

Default, A1: Static Suk

< 1il }

Select Fringe Resutt

Constraint Forces, Rotstional
Constraint Forces, Translational
Displacemerts, Rotstional

(MEY

cements, Transkational
Principal Stress Direction, Intermed Pree®|
< I >

Magnitude

uantity:

Select Deformation Result
Constraint Forces, Rotational
Constraint Forces, Tranzlational
Dizplacemerts, Rotational
Displacemerts, Translkationsl

|:| Animmste

Apply

Show Viewpar Legend

Deformed: J

Scale Factor

Show Undeformed

Line Style: : :
Line Yvicth: : :

Scale Interpretation

O Model Scale @ True Scale @

10

|

[ Title: Eciter .. |
Show Title [CLock Title

Show Maximum Lakel

[

Lahel Styls... |

L Apply

@ [ FResst |

MSGC
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Step 11. Create Frlnge Deformation Plot (Cont.)

D8 Tip-Load.db - default  viewport - default group - Entity

Fringe: SCT:DEFAULT. Al:Static Subcase, Displacements, Translational. Y Component. (NON-LAYERED]) o
Deform: SC1:DEFAULT. Al:Static Subcase. Displacements. Translational, -6.65+000)

IEH:HH% :zomm
e The maximum Y deflection of the beam can be taken directly off
ssod of the displayed spectrum/range. The largest value should
o correspond to a magnitude of 99.8, which is in fair agreement with
5994001 our hand calculation of 100. You may still improve this by
After you apply your ool remeshing using a finer mesh. (You will be asked to do this after

graph should look 7 g8e001 you have run a nonlinear analysis of present mesh.)

like this 8851001 Linear beam theory assumes plane section remain plane and the
55001 deflection is small relative to length of the beam. As can be clearly
seen by this analysis, the deflection is very large and this analysis
is in violation of the underlying assumptions used for linear beam

theory.

default_Fringe

Max 0. @Nd 1

Min -8.98+001 @Nd 101
98+001 default_Deformation

Max 9.98+001 @Nd 101

Linear beam theory predicts the maximum beam

These results match the linear hand calculations and also show

deflection in the Y-direction and stress to be: , Sy |
that the small deformation assumption is not valid and therefore, a

3 3 non-linear, large deformation analysis needs to be performed. In
U — (PL ) — 4PL large deformation analysis, the bending and axial stiffness are
e 3EI Exab’ coupled. Thus, as the cantilever beam deflects, a portion of the
6.000 x (100) applied load puts the beam in tension which tends to stiffen the
U = 100 beam in bending (i.e. “geometric stiffness”). Thus, one would
- 30 x 10° x (1) X (2) expect to see a much smaller deformation in the large
M x b 6 PL deformation analysis as compared to the small deformation
O max = ma+ = a(b)2 analysis. To set up a large deformation analysis, one needs to
change the analysis set-up and re-submit the job to MSC Nastran.

o = 6 x 6,000 >2< 100 — 900,000

1 x (2)

MSGC ASoftware



Step 12. Analysis: Create Implicit Nonlinear Job

-

Home Geometry Properties Loads/BCs Meshing Analysis
B |8 M e
2 | 5 Acton: e |||l | | ot |45

R R IR soo]| @] = :

Entire lected || Analysis || Read | Submit || [ || = .y|||__"‘:|l XDE | O ot |I_EG'||E.I|E.I [ || |
Maodel oup Deck Method:

Analyze Create Existing Deck Optimize | | Toptomize Delete Actions
Code: MSC. Nastran
MEC Mastran
. . Type:  Structural Solution Type
Run Nonlinear analysis.
, . . . Solution Type:
a. Under the Analysis tab, click Entire Model in the Analyze | e s B e
group. e on (O NONLINEAR STATIC
. O MORMAL MODES
Enter Nonlinear_Job2 as the Job Name. e
. Click Solution Type... : : © COMPLEX EIGENYALLE
Job Name (O FREQUENCY RESPONSE
d. Select IMPLICIT NONLINEAR. NonLinear_Jab? @ O TRANSIENT RESPONSE
Job Description (TITLE) O NONLINEAR TRANSIENT
| ] O
0 DDAM Salution

[ Select ASETIQSET .

SUBTITLE

LABEL

Solution Parameters...

Translation Parameters... Solution Sequence: 400

Solution Type...

Direct Text Input...

l ik, I [ Cancel

Select Superelements...

Subcases...

E JE JE JE |JE |
©)

Subcase Select...

MSGC ASoftware



Step 12. Analysis: Create Implicit Nonlinear Job

(Cont.)

Run Nonlinear analysis.

a.
b.
C.

@ ™o

Click Solution Parameters
Verify SOL 400 Run is checked

Verify Assumed Strain is
checked

Click on Results Output
Format.

Check op2.
Click OK.
Click OK.
Click OK.

The assumed strain
formulation improves the
bending behavior for

plane stress, plane strain
and solid elements
(CQUAD and CHEXA)

0 Parameters.

Contact Parameters... ]

Direct Text Input... ]

Restart Parameters... ]

I

Domain Decomposition ... I

Aszumed Strain

Default Initial Temperature:

Default Load Temperature:

|:| Shell Shear Correction
SOL 400 Run

[

User Defined Services...

[

J
@),

Results Output Format...

| oK @[ Defauts | [ cancel |

[Cxos

] MASTER Only
OUTPUTZ Reguests:

QUTPUTZ Format:

k=i d
Print |:| Punch

MASTER/DBALL

[ 0K® [ Defauts | [__cancel |

MZC Mastran
Solution Type

Solution Type:

(I LINEAR STATIC

) NONLINEAR STATIC

() NORMAL MODES

) BUCKLING

() COMPLEX EIGENY ALLE
() FREQUENCY RESPOMSE
() TRANSIENT RESPONSE
) NONLINEAR TRAMSIEMT
©WPLICHT HOLIERR
{2 DDA Solution

[ Select ASETIQSET... |

Solution Parameters... (a i

Solution Sequence: 400

OF, h cancel
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Step 12. Analysis: Create Implicit Nonlinear Job
(Cont.) =

Wl Static Solution Parameters

Analysis x Solvers f Options... ]
| Analysis |

a. Click on Subcases. Acton

b. Enter My_Nonlinear as the Gt
SUbCGSG Name e Available Subcases @

Default

Solution Sequence: 400

Monlinear Geometric Effects:
Monlinear Geometric Effects:
[Large DisplacementLarge Strains @

Faollowwer Loads: [CIFaliower Forces

[Loads Fallowy Deformations X ]

c. Click on Subcase Parameters.| c.e uscuasia

d. Confirm that Nonlinear Dp= | Simicnd
Geometric Effects is set to —— &
Large Displacements/Large | |t Supease tame [ Load ncremert Params__ @
. My _Monlinear
Stl"a I nS . = @ l ttetation Parameters.. ]
) Available Losd Cases E
e. Click on Load Increment b l el I
Pa ra m ete rs 7":1 :E::Er bz [ ActiveDeactive Elements... ]
' s [ 1

Job Description (TITLE) Brake Squeal Parameters...

f.  Pull down Increment Type to
Adaptive.
g . Cllck o K_ oLl Analysis Type:
1 LABEL Subcase Options @ |
h . CIICk OK. [ Subcase Parameters. ..

[ Qutput Reguests... J
]

[ Ok, (h [ Defaults ] [ Eanoel 4

Increment Type:

Adaptive Increment Parameters.
[Trial Time Step Size:]

i. Click Apply

Translation Parameters.

\_ Direct Text Input..

[ ]

j C“Ck Can cel [ SalponTvpe ] Time Step Scale Factor: 12
[ Dirgct Text nput... ] el [Minimum Time Step:] [1eo0s
[ Select Superelements... ] (Mascimum Time Step:] a5
T — ()
[ = Ta I 1 B max#of stepsy

Subcase Select..

[Total Time:] 1.0

[# of Steps of Output:]

Apply

Inertial Damping | Nastran Default =

[ Criteria. |

[ oK @ [ _pefauts | [_Cancei

MSGC ASoftware



Step 12. Analysis: Create Implicit Nonlinear Job
(Cont.)

Analysis x

Object: Entire Model ¥
Method: Full Run ¥

r ——— — 'ﬂ' ] Code:  MSC.Nastran
da. CI'Ck on Schase Select Load Steps For Solution Sequence: 400 T:E EE IR
b. Deselect the Default SubaseStep Configuration Avaiable Jobs s
subcase from Load Steps Ee g Nominear Jobo I Linear_lob1

Selected (by clicking on it)

c. Select My_Nonlinear from
the Existing Subcases. _ Job Name

: NonLinear_Job2
d . C||Ck OK. [ Fiter ] B Job Description (TITLE)
Click Apply O Select &1 O Unselect A1
Load Steps Sel = :
Default @ SUBTITLE
Iy _Monlinea [

LABEL

Tr ien P

Soluticn Type...

Direct Text Input...

Select Steps for Neww Subcases

_OK @ __Canc:el

Subcases...

Subcase Select.. O
a

Apply e

[
[
[
[ Select Super
[
[

MSGC ASoftware



Step 13. Analysis: Access Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
| @ ‘;j | B 7, A
| 1 HI I | xdb 2 . t ol ———
j & L L L ! - OP‘ O”; “ Analysis |
Entire | Selected || Analysis (| Read | submit [T |[[([5(®||| *0B |outputz | MasTER/ t16/119 | d3piff| Acto
Model | Group Deck || DBALL Object:
Analyze Create Existing Deck Optimize | Toptomize Access Results Vethod:
Access the Results of the P i
H H Type: Structural
nonlinear analysis. todkcel] [ Traig <] & & ok B
a. Under the Analygls tab, click Dttt e I
AttaCh 0Utput2 N the ACCGSS I_inonlinear_jobz,upz@ hinef_r_.lnhil i I
Results group. ) |
Click on Select Results File. 2 |
c. Select the file, f‘%hu—:fi:?ma
nonlinear_job2.op2. Job Deseription (TITLE)
d. Click OK. legame:  [op2 =] ok (d |
Click on Apply. Fles of typo:  [Fies {"0p2} <] G
SUBTITLE
lLAElEL"
| |
| Select Results File... @
[ Tranglaticn Parameters... ]
am(e)
NAS400, Workshop 1, January 2015
P y WS1 - 27 MSC ASoftware

Copyright© 2015 MSC.Software Corporation



Step 14. Results: Create Displacement Plot

Home Geometry Properties Loads/BCs Meshing Analysis Results __ i
: S| | 2 » 2 | == al " |
B % sl - W w L.l ¢ Al B 72 A REIEINE O, (LT -~ | -
Fringe/Deformation ||| Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive |M||%| Insight I@,@nﬁ”iﬂ| Spectru Obiect
Quick Plot Result Plots Result Actions| | Insight XY Plots

Post-Process the nonlinear
results.

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

Click on the Select Results
icon.

Select the final non-linear
result case.

Select Displacements,
Translational from the
Select Fringe Result.

Select Y Component for
the Quantity.

Select Displacements,
Translational.

Click Apply.

@

8 Tip-10ad-db - default Viewport - default group - Entity.

Fringe: SC1 Step 1. A2Time = 1., Displacements, Translational, v Component, (NON-LAYERED)

Deform: SC1:Step 1. A2 Time = 1., Displacements, Translational.

[.60+003
50+003

-3.15+001
-3.62+001
-3.91+001
-4.30+001
-4 69+001
-6.08+001

-6.47+001
-b.86+001
default_Fringe
Max 0. @Nd1
Min -5 86+001 @Nd 606
default_Deformation
Max 6.28+001 @Nd 506

lC

Select Result Cases

| SC1:Step 1:, AZTime = 0.20798%1

SC1:Step 1:, A2:Time = 0.2595869
| SC1:Step 1:, AZTime = 0.3215043
| SC1:Step 1:, A2:Time = 0.3958052
| SC1:Step 1:, AZTime = 0.4849562

SC1:Step 1:, A2:Time = 0.5919595
| SC1:Step 1:, A2:Time = 0.7203513
| SC1:Step 1:, A2:Time = 0.8744217
1:, A2Time=1.

Select Fringe Result

| Constraint Forces, Rotational
Constraint Forces, Translational

:[_< ] 1l |

Select Deformation Result

Constraint Forces, Rotational
| Constraint Forces, Translational

|:| Animate

(o)

Dizplacements, Rotational
Displacements, Translational
| Nonlinear Strains, Creep Strain

]
g
<]

2

Quantity: " Component e

Displacements, Rotational
Digplacements, Translational 6
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Step 15. Compare Your Results

e Finally get the maximum Y deflection from the fringe

spectrum/range. Enter that value into the first table below. Also

compare the quickplots obtained with both jobs.

Small Deflection

Large Deflection

MSC Nastran

Small Deflection

Large Deflection

MSC Nastran

-99.80

-60.70

Theory

-100.0

-58.59

Compare with these

MSGC



Step 15. Compare Your Results (Cont.)

As shown in the results obtained, inclusion of large

deformation effects are very important in realistically
modeling the physical behavior of the cantilever model.

Linear_job1

I Tip-Load.db - default_viewport - default_group - Enfity

Fringe: SC1.DEFAULT, Al Static Subcase, Displacements, Translational, v Component, (NON-LAYERED)
Deform: SCT:DEFAULT. Al Static Subcase, Displacements, Translational,
I:EH:BE%

2 66+001

-2.00+001

-3.99+001
-4 B6+001
-B6.32+001
-5.99+001
-6.60+001
-7 32+001
-7.98+001
-5.65+001

-9.32+001
-9.98+001

default_Fringe
Max 0. @Nd 1
Min-8.88+001 @Nd 101

98+001 defautt_Deformation
Max 9.98+001 @Nd 101

Nonlinear_job2

[T onth.db  Gefauli_Viewport - default_croup. Entity

Fringe: SC1:Step 1., A2Time = 1., Displacements. Translational. ¥ Companent, (NON-LAYERED)

Deform: SC1:Step 12 A2 Time = 1., Displacements, Translational,

-2.74+001
-3.13+001
-352+001
-3.91+001
-4.30+001 I
-4.63+001
-5.08+001

-5.47+001
-5.36+001
default_Fringe
Max 0. @Nd 1
5 .86+001 Min -5.86+001 @Nd 505
default_Deformation
Max 6.28+001 @Nd b0B

Notice the horizontal displacement

in the nonlinear solution

MSGC



Step 16. Try and Improve Your Results

* If you have time, do the following:

1.
2.
3.

Detach both result files (use Analysis, Delete Results Attachment).

Delete the existing mesh.

Create a new finer mesh to compare with the results of the previous
analysis.

Since you applied the element properties and LBC’s to the geometry you
do not need to update or change them.

Run both linear and nonlinear jobs again.

Note: You might also want to try using the ‘Large Strain’ nonlinear formulation in the
Input Properties Form... this might be more important than refining the mesh. We
will cover this in the Nonlinear Elements Section.

MSGC ASoftware



Step 16. Try and Improve Your Results (Cont.)

6. Attach the result files and make quick plots as before. Compare
the Y-displacements with the ones obtained before and the
theoretical values (previous page). See if the results improved with
the finer mesh... it isn’t required that they do so, but is often
expected.

Small Deflection | Large Deflection

MSC Nastran

Enter your new results

Small Deflection

Large Deflection

MSC Nastran

-99.80

-60.70

Theory

-100.0

-58.59

Compare with these results

MSGC ASoftware



WORKSHOP 2
RUBBER DOOR SEAL

Fringe: Default. A1 Mon-inear: 100. % of Load, Cauchy Stresses. . von Mises. (NON-LATERED) 3R2+4002
Deforrn: Default, &1:Nor-linear: 100, 24 of Load, Displacements, Translational, 320+002
II\IIIIIIIIIIIIIIIIIIIIIIIIIIIJ;“H 5 05+002

Ly, ; 2.82+002
2 53+002
2 35+002
2114002
1.88+002
164+002
1.41+002
1.17+002
9.40+001
7.05+001
4.70+001

| 33-004
2 35+001

: 1.33-004
default’ Frings :

Max 3 B2+002 @Nd 1900
Min 1.33-004 @Nd 1738
default_Deforrmation

Max 9.08-001 @Nd 918

MSGC
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Workshop Objectives
— Large displacement/ large strain analysis.
— Contact analysis using rigid-deformable contact.
— Hyperelastic material model.

Software Version
— Patran 2013
— MSC Nastran 2013.1

Required Files
— rubber _seal.ses

Problem Description

— In this Exercise we analyze a trunk door seal. The purpose of the
analysis is to examine the stresses and deflections created during the
closing of a door. The seal is made of a rubber material and therefore
will be modeled using hyperelastic material properties. The trunk door is
considered very stiff relative to the rubber seal and can be modeled as a
rigid body.

MSGC ASoftware



- Suggested Exercise Steps

1.
2.

S*’

N o ok

8.

Q.

Open a New Patran Database
Run the rubber_seal.ses

Mesh the top three surfaces using Isomesh and use Paver Mesher for the
Bottom Surface

Verify the Element for Cracks
Remove the Duplicate Nodes by Equivalence
Re-Verify the Element for Cracks

Align the Element Normals by Selecting any Element with a Positive Z-
Direction Normal

Fix the Bottom of the Seal by Applying a Displacement Constraint
Define the Deformable Contact Body for all Four Surfaces

10.Define the Rigid Contact Body for the Curves Representing the Door
11.Preview the Rigid Body Motion

12.Create Hyperelastic Material Properties

13.Apply 2D Solid Properties

14.Set up SOL400 Analysis

« Request OP2 Output
« Request Element Strains Output

MSGC ASoftware



Suggested Exercise Steps (Cont.)
15. Attach the OPZ2 File Attachment

16. Plot Results
- Plot Logarithmic Strains and Displacement Translation Results
- Plot Cauchy Stress and Displacement Translational Results

17. Quit Patran

MSGC



Step 1: Open

a New Database

i| Eile | Help

-

Open.. A EE e S =

Open Recent...

sforms Viewport

E . { L |
-1 || ||| 20 || |2 || ||| B | | ] 2| | ]2

Display

[ T [ Wez=all -

{8 || ] || | 2| |**”,y|!;aw!|§:i§1|1é1|!ﬁ
|

Crrientation

Misc. Web

Utilities 4

SimXpert..
SimManager 3
Session 13
Quit

Open a new database named
door_seal.db:

a. Pull down File > New.

Type door_seal as File name.

b.
c. Click OK.
d. Click OK to select

MSC.Nastran as the Analysis
Code.

PO TIEIME T atoin wour Searci.

Mewy Maodel Preference

Model Preference for:
door_seal .db

Talerance
'@' Baszed on Model

{:} Defautt

Approximate Maximum
Maclel Dimensian:

100

Analysiz Code:

M=C Mastran v
Analysis Type:

Structural

(e ]

[

Reset

MSGC



Step 2. Run the Provided Session File

EEiIelgroup Viewport Viewing Display Preferences Tools Help Utilities

roperties Loads/BCs Meshing Analysis Results
| St 1] |2 | o | | | o | e | | | e | B |»§»i|@il3!!ﬂi'l |
| | close | 6™ (|| || 12X || ||| 33 ||| =3 || 2% | | ] || Lo f]=% 2% oR00|
L Save sforms Wiewport Display Orientation Mise, Web
Save a Copy...
Utilities k
= Run the provided session file. (W Play Session File
ol a. Pull down File and select Session Flaie
:::::nt-;er v and click Play. ) [¥] Commit Commands
= - — b. Select rubber_seal.ses as the File |
Brint... Record.. ;i name. Look jri |E}Training Lj & eF B
Images.. c. Click Apply. (This action will run Y lnibher se @
Report.. the session file. Please do not
Quit interrupt it.)

"G00 Seal db " default viewport - default group = Entty

File name: |rubber_seal -Apply- 0

T TR Files of tupe: | Session File Files {* ses” ~| Cancel
/" 3 \ V‘\\ \\"

//’ /7 R A

-
/ 74 \ \;‘
{ { L 1
[ 2 |
b [
Voo e
% .

vg When the session file is done the viewport will

contain all the geometry for the rubber seal and
| trunk rigid body.
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Step 3. Create the Mesh

EEiIe Group  Viewport Viewing Display Preferences Tools Help Wilities

Home Geometry Properties Loads/BCs Meshing Analysis Results
-
-

pm—— *
|| m I.f”lli-'.i'_.nwn,xnyii@oi M el 1 EH |G| | v s | < [~ ||| [4,28) r__,/—|_E &g

|3 [ | Surtace | Auto Hard | (G| g (PR o] e €| 5|3 [ ][ ]| Bt | Superblement | [ ]| 4 [ 4[] [ 4] ][] [seo]|| ©OF || Spot | Fastener
aints is e
Mesh Seeds Mesh Contraol Meshers

FEM Actions MNode Element WMPC DOF List Connector

B8G00r _Seal-db - default_viewport - default_group - Entity

Finite: Elements |

action: 2]
Ohject:
Usfest

Mesh the seal.

a. Under the Meshing
tab, click Surface in
the Meshers group.

Cutput 10 List
b. Select IsoMesh as e[
the Mesher. Element 1

c. Pick all three (Green)
surfaces (Surface
1:3).To select
multiple surfaces,

Elem Shape
Mesher —_Isornnesh - 0
Topalogy _Z-:uadﬂt =

h0|d the SHIFT key [ Izahdezh F.‘arameters... ] )
down Wh|le pICkIng [ Mode Coordinste Frames... ]
d. Uncheck Automatic Srice Lt ‘
Calculation. =
e. Enter.015 as the S E:TjoEr::t.::LCe;?uTaﬂon@
Va.ilue. alue s @
f. Click Apply.
We use IsoMesh to mesh the top three surfaces since they
are simple (Green) surfaces. [ — ]
Continue working in Elements SN ——
form on the next page. e
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Step 3. Create the Mesh (Cont.)

EEiIe Group Viewport Viewing Display Preferences Tools Help Utilities

Home Geometry Properties

g —
Fa[PaPd =) & ElEEr s
+*

Loads/BCs

Meshing Analysis Results

(EMIEC )]s

|3 ||| || surface | Auta Hard | |[g| 48| o || || )| o ]| K ||| || |1 |||

Points

Mesh Seeds Mesh Control

Meshers

FEM Actions Mode

¢ b

Edit | SuperElement

Element

[+ || || o | | moea | mm |~ || N[ |

[ || || A ||SF|| Bel| 2|2 388 [Ei?tF

|

Spot | Fastener
Weld

Connector

a. Select Paver as the
Mesher.

b. Select the bottom
(Magenta) surface
(Surface 4).

Uncheck Automatic
Calculation.

Enter 0.015 as the
Value.

Click Apply.

LN door_seal.db - default_viewport - default_group - Entity’

o
S
S
SRR
s
R

4
2
5
e
e

S

o,

&
5
i
5
X

4
S5

n
&5
o

s

5

2
2
%

%
)
(i

We use Paver to mesh the bottom part

since it is a complex (Magenta) surface.

Firite: Elements |

Action:
Ohjsct:

Output 10 List
Mode 1603
Element 1401
Elem Shape

Mesher

Topology

@

[ PaverMHybrid Parameters...

[ Mode Coordinate Frames...

Surface List
Surface 4

Global Edge Length
[] Automeatic Calculstion

Yalue 0.5 @

[ Select Existing Progp...

[ Create Mewy Property..

=0

MSGC

Software



Step 4. Verify the Element for Cracks

EEiIe Group Viewport Viewing Display Preferences Tools Help Utilities

Home Geometry Properties Loads/BCs Meshing Analysis Results

b

" " :<I{ E I]|E5] | @ ]| || %] ]| @2)|6?)  (IEMIC] ] ]]] 1 Ei || | oo e || S | | ||| 19,28) E d‘
|._.}!I|%||ﬁi| Surface AuFt‘githTd !@“ii@il’liml |.;41|ﬁ|@?{|!%i [52|"sa|| j#|[;s")|| Edit |SuperElement I\II&JI&II\%{?‘“‘:H Sl [|J_i?tF \i&:lj; Fastener
IMesh Seeds Iesh Contral Meshers FEM Actions Mode Element MPC DOF List Connector
|.Fin'rte Eletments |
Verify the Element Action:
Boundaries. Object
a. CI'Ck Verify |n the Test: Boundaries ¥
FEM Actions group
. Display Type
Click Apply (%) Free Edges
When done, click Rt
Reset Graphics. [ e @
[ (b)

This option will show where there are
free element edges. Free element
edges are essentially ‘cracks’ in the

model where duplicate nodes exist.

Patran W|" not automatica"y remove These IineS ShOW ‘CraCkS’ in the FE MOdel.

They need to be removed before the
Analysis can be performed.

duplicate nodes when meshing
congruent surfaces like the ones in this
model. Step 5 will show the
Equivalence option to remove
duplicate nodes.
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Step 5. Remove the Duplicate Nodes

EEiIe Group  Viewport Viewing Display Preferences Tools Help  Utilities

Home Geometry Properties Loads/BCs Meshing Analysis Results

[ 1 S— W [ 1 ! y - — ‘ . -

7 || Eﬁ ] 51 0l T 03] S % Fii 16 - e | |§ q
* - :

| ||| ||| Surface L Hoee || 28| == | "H| 4[| |[€]| 2[4 ||;o7)|| Edit |SuperElement ||| || & || & || &P || 4| ¥|| S|B9 e || e

aints is Ne
Mesh Seeds Mesh Control Meshers FEM Adtions MNode Element WPC DOF List Connector

Equivalence the model.

a. Click Equivalence in the FEM Actions group.
b. Click Apply.

El door_seal.db - default’ viewport - default_group - Entity

2
250,
ettt
LRt
R
e

Equivalence any duplicate nodes created during meshing.

This process will delete all the overlapped nodes (where
the pink circles are), and have only one node left.

Finite Elements |

Ohject:
hethad:

[Tolerance Cube

v

Mode Id Options:

[Retain lovwer niode i

M

Collap=ed Mode Options:

[AIIDW Tolerance Reduction s ]
Modes to be excluded
Equivalencing Tolerance
0.005 =
Element Boundary erify
Display Type
@ Free Edges O Free Faces
[ Nerify ] [ Reset ]
Previgswy Maces
[ Presvieun: ] [ Rezet ]

e (b)

MSGC

Software




Step 6. Re-Verify the Element for Cracks

EEiIe Group  Viewport Viewing Display Preferences Tools Help Lilities ;“g\
Haome Geometry Properties Loads/BCs Meshing Analysis Results
PP\ e :<Z>: ﬁ ||| e || @ | |..||w,||,@|sﬂ| [TMIC ]| x Fﬁ |G| £ || mae || e o || S | 5 ||~ |11 [1,2,8) E G‘
|3 ||| A || Burface | Auto Hard | 485 oo | ) |-:4||ﬁ1-n:}-=’;|im [X ][] s |[r]]| Bt | sueerttement \[[[| A || & ||| 4)[ @||S|[@]|| OF || Spot | Fastener
IMesh Seeds IMesh Contral Meshers FEM Actions Mode Element MPC DOF List Connector
R V f h El B d . -Fﬁamlgl.emerds |
e-Verify the Element Boundaries. o ]
a. Click Verify in the FEM Actions group. bt
b. Click Apply. Test
c. Click Reset Graphics.
. Display Type
[ door_seal.db - deraUlLViewpor L - derault_group ~Entity @ Free Edues
()Free Faces
[ Reset Graphics @
P Y ey b)
} P // ¥ ‘\_\\ 5 5 1
7 g b 3
£ o \ \
/ ' X Y
/ ,’/ % B\
/ / \ \
[ \
| + |
| |
| \ / /
L A
\\\ 5. b / .//
b s . After the
I Equivalence
Operation, the
‘cracks’ are now
ag
MSGC _ASoftware




Step 7. Align the Element Normals

EEiIe Group Viewport Viewing Display Preferences Tools Help Utilities ,.}\

Home Geometry Properties Loads/BCs Meshing Analysis Results

(O =) ||| || 2| | 2| 5 (||| || | e || )| | oL || | | e || e |||| | 50 90|
(Ba o || M ||or| || |67 | 2% ||| o || B || || R[] |28 w5 B Iu‘il”kz”ll@l"zl | Lo |[@%)|2% || %

Defaults Transforms Viewport Display Ol1s0 1 View Misc,

| fat

Web

[N door_seal.db - default_viewport - default_group - Entity = 1% .Fini‘te Elementz |
L

7 |
Action: []]
e fomee v)(a)

Display Control
) Color Code Elements

@ Drrawy Mormal Yectors

Test Contral
] Display Cnly
[ Fringe Attributes... ]
[ Reszet Graphics ]
Apiply 6

Verify the element normals.

a. Select Normals for Test.
Since this is a 2-D solid model, all element

b. Select Draw Normal Vectors. o " o

. normals must point in the positive Z-direction.
c. Click Apply. Verify the element normals, and correct those
d. Under Home tab, Click Iso1 whose normals point in the wrong direction.

View in the Orientation group.
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Step 7. Align the Element Normals (Cont.)

Efile Group  Viewport Viewing Display Preferences Tools Help Utilities

Home Geometry Properties Loads/BCs Meshing Analysis Results

TN I ) P AR slamal
(B x| M| | BR[| 121122 ||| 0|2 B | )2 ]| ]| e [ B

Defaults Transforms Viewpaort Display Orientation Misc. Web

Icon . .Guldln.g Element | 3
| Bim 2635
[ Fringe Attributes. . ]
[ Reset Graphics @
FWdoor_seal db ~ detaule viewport - default group = Entity
6

(N door_seal_db - default_viewport - default group - Enfity =] Finite Elements |

a. Click on Reverse
Action: -\.l'erif - AJ
Elements. -

b. Pick any element Test:

pointing in the positive
Z-direction as the
guiding element.

c. Click Apply.

d. Click Reset Graphics.

Click the Front View

Display Control
O Color Code Elements

() Dravy Normal Vectars

Test Contr
EL

Reverse Elemerts

After all operations, your model should look like

the image to the left
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Step 8. Fix the Bottom of the Seal

Results

Home

1

Geometry Properties

3 =@

Loads/BCs

‘:E

Meshing

7

Analysis Durability

=

=

Displacemen Temperature | Velocity | Acceleration | Crack(VCCT) || Element || Element | Contact Create Initial LBC || Create LBC |
Constraint |Uniform ~||Variable v||Bodies ~|| Body Pair ||Conditions ~||Actions ~|| Load Case ||Fields |
Modal | Body Pairs | | Load Cases |
Create the Boundary Condition =
. LoadBoundary Condtions | Nput Data
fixing the bottom of the rubber Load/HC Set Soale Factor ~
seal. 1.
a. Under the Loads/BCs tab click Transiains <T1 T2 Ta= -
Displacement Constraint in <00, =
Rotations =R1 R2 R3=
the Nodal group. < -
b. Enter Fixed as the New Set = e
Name_ Raotation Phase =Rp1 Ep2 Rpd=
c. Click on Input Data. - | [>]M
{111}
d. Enter <0,0, > forthe Spatial Fields
Translation.
e. Click OK.
[ FEM Dependert Deta... | 3
Analyziz Coordinste Frame
Coord 0
[ ox @ [ FResst |

LosdBoundary Conditions

~

Chject: Displacement hd
Currert Load Case:
Default...
Type: Static
Existing Sets lE

Mewy Set Mame
Fixed @

[ Input Data...

(©)

[ Select Application Region...

]

B

MSGC
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Step 8. Fix the Bottom of the Seal (Cont.)

PerT AN grour TR

a. Click on Select
Application Region.

b. Select the Curve or
Edge icon from the
Picking Filters tool bar.

c. Select the bottom curve i

of the seal. I | | :
d. Click Add. : \—X
;

Select |Geometry ™

Click OK.
f. Click Apply.

After the Fixed constraint is applied, the
model should look like the image to the

right.

Application Region

O

Select Geometry Entities
Surface 4.1

[ aad @[ Remove |

Application Region

o (e)

+ 0 &l

I

ez -

LoadBoundary Conditions |

Action: Creste ¥
Ohject: Dizplacement
Type: Modal ¥
COption: Standard ™

Current Load Caze:
Default. .. ]

Type: Static

I}

) xisting Sets
b

Mewy Set Name
Fixed

[ Input Dt |




Step 9. Define the Deformable Contact Body

Home Geometry Properties Loads/BiCs Meshing Analysis Results Durability
Displacement | Force | Temperature | Velocity | Acceleration | Crack[VCCT) . Element || Element || Contact Create | Initial LBC || Create LBC |
Constraint |Unifarm ~||Variable ~|| Bodies ~|| Body Pair ||Canditions ~||Actions ~|| Load Case ||Fields =|
MNodal | || ‘ Body Pairs ‘ || | Load Cases |
o1 =)
Create the deformable contact _~ h oy LoadBoundary Condlons | Select App <2 Acton:
(a: | setect [Goomeiy 7] _
body. Deformable|] Rigid | Color Code Skt |geomely Object:
: . Bodies ’ . .
a. Click Deformabile in the : Type:
, Contact Bodies
Contact Bodies group Option:

b. Enter Seal as the New Set
Name.

c. Select 2D as the Target
Element Type.

d. Click on Select
Application Region form.

e. Select all four surfaces. To
select multiple surfaces,
hold the SHIFT key down
while picking.

f. Click Add.
g. Click OK.
h. Click Apply.

After you click Apply, you will

see the contact markers (pink
circles) in viewport.

Application Region

Select Surfaces
Surface 1:4

[ Add

J

Remove

]

( f) Master Region

EN"G00r seal db = Gefaull Viewport - default group - ENGty

Current Load Case:

Default... J

Type:

zeal

Existing Sets

New Set Name

Target Element Type: E@

Static

|
(d)

Input Data... ]
Select Application Region... ]
(h) e

MSGC ASoftware



Step 10. Define the Rigid Contact Body

Home

li

Displacement

Loads/BCs

’E

Geometry Properties

"1-#

%

—

Force

Constraint

Modal

Meshing

7

Temperature | Velocity | Acceleration | Crack(VCCT)

Analysis Results

Durability

=

P

Create the rigid contact body.

a.

Under the Loads/BCs tab, click
Rigid in the Contact Bodies group.
Verify Rigid Body is set for
Option.

Enter Door as the New Set Name.
Select 1D as the Target Element
Type.

Click on Input Data.

Check Flip Contact Side (Flipping
the Contact Side is needed,
because of the orientations of the
curves representing the door)

Enter <-0.1, -0.7, 0.> for the
Velocity.

Click OK.

| Element || Element | Contact| Create || Initial LBC || Create LBC |
|Unifarm ~|[Variable | Bodies ~|| Body Pair ||Conditions 'Ilrlctions ~|| Load Case ||Fields ~|
| Body Pairs ‘ | | Load Cases
Flips Cortact Side
4
ok | LosdBoundary Conditions | D Symmetry Plane
Tk A -~
Deformable || Rigid || Color Code Action: [l il btion
Bodies .
tation Contral “elocty ¥
Contact Bod Q _— i 1on onte
. ~
oot gason_<(b) ety k) .
«01,-07,0. E
ehmentiCoadlEess) Angular Velocity (radstime)
Default... ]
Type: Static
“elocity vs. Time Field
Friction Coefficient (ML)
Existing Sets E
(v]
= < I e
Rotation Reference Point
Mewe Set Name
Doar @ Axiz of Rotation
Target Element Type: @
@ Input Data... ]
[ Select Application Redgion... ]
[ Previewy hotion... ]
[ o h [ Resst |
-Apply-
MSC A Software



Step 10. Define the Rigid Contact Body (Cont.)

a. Click Select Application Region.

b. Select all three curves defining the
rigid surface (Curve 2:4). To select
multiple surfaces, hold the SHIFT
key down while picking.

c. Click Add.

d. Click OK.

e. Click Apply.

o
T
e

el

4%
St
S

S

2o

o
nt
e

e

Select Application Region |

Geometry Fiter
(%) Geometry

(IFEM

Anplication Region

Select Curves
Curve 243

20 @[ Remave

Master Region

@

LoadBoundary Conditions
Action:

Ohject:
Type: Element Uniform =
Option: [RigidBody ¥

currert Load Case:
Default... ]

Type: Static

Existing Sets E

Meswr Set Mame

Doar

Target Element Type:

[ Input Data...

rd
[ Select Application Region... k a

[ Preview Mation. .. ]




Step 10.

The rigid contact
markers point toward
the inside of the rigid

body. Think of them
as tick marks
representing a wall. If
the tick marks are
reversed, Modify the
Contact Body and flip
the contact side on
the Modify Data
Form.

oot _seal db " delatil viewporl - defaull group - Eriity

Define the Rigid Contact Body (Cont.)

You should now see the contact (pink) markers in the viewport and the name of
the object in the Existing Sets panel.

LoadBoundary Conditions |

Action: ~
Ohject:

Current Load Case:
Defautt... ]

Type: Static:

Existing Sets lE
Doar

Mewy Set Mame

Doar

Target Element Type:

[ Input Data... ]

[ Select Application Region... ]

[ Previesy hiotion... ]

gy e




Step 11. Preview the Rigid Body Motion

Preview the Rigid Body
Motion.

a. Click Preview Motion.
b. Select Door.

c. Click Preview Motion.
d

The Rigid Body should
display the prescribed
motion that was entered
on the Input Data form.
e. Click OK when finished
examining the motion.

Rigicd Bocky Motion Presviesw : ]

Existing Sets

Start Time: ujin]
End Time: 10
Mumber of Increments: 10

Delay Time (msec): =00

[ oK @ [ Feset |

T HErauTE group T En

Load/Boundary Conditions

Action:

Type: Element Liniform h.d

Optior Rigid oty ¥

current Logd Case:

Default...

Type: Static

Existing Sets E
Door

Mew Set Mame
Door

Target Element Type:

[ Irput Dit...

[ Select Application Region...

Previgsy Mation...
a

-Apply-
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Step 12: Create Material

EEiIe Group Viewport Viewing Display Preferences Tools Help Utilities

Home Geometry Properties Loads/BCs Meshing Analysis Results

&5 E | N FEEE | (@ || =] Q | w2l
e I || Pud ||| =) f| || (010 (||| ]l |||~ W] Sotd | (R | R ||| | s || )
Isotropic | |[Orthotropic| |Anisotropic)| Fluid Compasite 0D Properties 1D Properties 2D Properties ||13D Properties||Property Actions Fields

To create an isotropic Mooney-
Rivlin material:

a. Under the Properties tab, click
Isotropic.

b. Enter rubber for Material
Name.

c. Click Input Properties.

d. Hyperelastic > Nearly
Incompressible > Coefficients >
Mooney Rivlin MATHP > 1.

e. Enter 80 for Distortional Def.
Coef. A10.

f. Enter 20 for Distortional Def.
Coef. AO1.

g. Enter 100000 for Vol.
Deformation Coef. D1.

h. Click OK.
i. Click Apply.

Constitutive Model:

Hyperelastic X

Current Constitutive Models:

o (h)

Compressibility: [early Incompressinie -]
Strain Energy Potertial: [Mogney Rivin MaTHP -]
Order of Polynotmisl:
Property Mame =y “alue
Distartional Def. Coef. A10 = ':80 e EA]
Distortional Def. Coef. &01 = |20 ’El
Wol. Deformation Coef. D1 = | 100000
Density RHO = |
“ol. Thermal Exp. Coef, AW =
Reference Temp. TREF =
Structural Damp. Coeff GE =
v

Clear

Cancel

Materials |
=
Method: Manual Input =
Existing Materialz 'E

Material Name
| ubber

Description

)

( Change Material Status __

Input Properties ... ]

()

MSGC ASoftware



Step 13: Apply Properties

i File  Group Viewport WViewing Display Prefe
Home Geometry Properties Loads/BCs
BB b | M
Isotropic |%| Iﬁﬁl Fluid

Isotropic | |Orthotropic| |Anisotropic)| Fluid

=] =l =]

||| ||| ] e

rences  Tools Help Utilities

Meshing Analysis

& I
| |||

Composite 0D Properties

Results

L IEairIr-ARN im@
|63 |8 7w || 1 3|

O

Solid

1D Properties

(58|38 ||| ||| || 2 | |lem|
|25 R K ||| 2| ||

20 Properties ||3D Properties| |Property Actions

Fields

To apply properties:

a. Click 2D Solid in the
2D Properties group.

b. Enter seal for Property
Set Name.

c. Change Options to
Hyperelastic
Formulation.

d. Click Input
Properties....

e. Click the Mat Prop
Name Icon.

f. Select rubber.
g. Click OK.

r ‘Select Material

Select Existing Material

==

[ “Input Properties
Hyp. Plane Strain Solid{CAUADS)

k=

< ]

Enter the Material Mame or select & material with the icon

Clear

Property Mame Walue Value Type
Material Name T Mst Frop Name
I[P\ane of Deformation] =

[Output Locstions] String

Cancel

[ External Materials

Cancel

Element Properties |

Action:

Ohject:

Type:

Sets By:

——

=

Property Set Mame
zeal

®

Options:

Plane Strain s

l‘-!yperelastic Farmulation

(©

[ It Properties ... @

[ Select Application Region ...

|

Apply

MSGC




Step 13: Apply Properties (Cont.)

To apply properties:

a. Click Select Application Region.

b. Click in the Select Members text box.
c. Select all the surfaces.

d. Click Add.

e. Click Ok.

f. Click Apply.

II\H\I\\HIH\IHHIH\IHHH/[HH

Element Properties | Select Application Region

Select:

Application Region
Select Members

Surface 1:4 b
Add ] /(?Remove

Application Region

Element Properties
Action:

Ohject:

Type: 20 S

Setz By:

:

Property Set Mame

=eal

Options:

iHypereIastic: Formulation s ]

[ Input Properties ... ]

a ) Select Application Region ... ]

Apply

MSGC




Step 14. Set up Analysis

¢ File Group Viewport Viewing Display Preferences Tools Help UWilities
Home Geometry Properties Loads/BCs Meshing Analysis Results
% [+ B % B s b : =
“wdb op2 o] (| g =
—[a ' =23 * |‘L‘ '.! - IJlil- 4“#;- 63; ﬁé Ll-”:h L=
Entire ected Load Analysis Read | Submit XDB Qutput? | MASTER/ | Attach | t16/119 |kj"-|||1;| |Lﬁ|ih|
Model]|l Group | Sim¥pert Deck DEBALL | Qutput? - z
Analyze Create Existing Deck Access Results Delete Actions
. Analysis | Solution Type
Set up the non-linear
.. MZC Mastran
AnalyS|S JOb Solution Type
a. Under the Analysis tab, S oia s ek soution Type

click Entire Model in
the Analyze group.

b. Enter door_seal as the
Job Name.

Open Solution Type.
d. Select Implicit
Nonlinear as Solution
Type.
e. Click on Solution
Parameters...

f. Confirm SOL400 Run,
and uncheck Assumed
Strain.

g. Click Results Output
Format.

[ Contact Parameters.. ]
[ Direct Tesd Input... |
[ Restart Parameters... ]
I Diomain Decompasition ... ]

D Aszsumed Strain @

D Shell Shear Correction
@ ;

Default Intial Temperature =

Default Load Temperature = |

@ Results Output Format... ]

[ oK, ] |

Defauts ] I Cancel

(O UMNEAR STATIC

() NONLINEAR STATIC

() NORMAL MODES

) BUCKLING

() COMPLE X EIGENY ALLE

() FREQLIENCY RESPOMSE
() TRAMSIENT RESPONSE

) NONLINEAR TRANSIEN

() MPLICIT MOMNLINEAR @

() DDA Solution

[ Select ASETAQSET... |

@) Solution Parameters...

Solgtion Sequence; 400

Cancel

Analysis |

Action:

Object: Entire Model hd
Method: Full Run ~*

Code: M3C.Mastran

Type: Structural

Avallable Jobs e
Job Name

door_seal @
Job Description (TITLE)

SUBTITLE

LABEL

Translation Parameters... ]

Solution Type...
(c
Direct Text Input...

Select Superelements...

Subcases...

,—._.,—.—.—.—

Subcase Select...

Apply
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Step 14. Set up Analysis (Cont.)

© a0 TP

Check OP2.
Check Print.
Click OK.
Click OK.
Click OK.

...........

[ ] MASTER Only
OUTPUTZ Requests:

OUTPUTZ2 Format:

[ 1Punch

MASTER/DBALL

|@) ok | [ pefauts | [ cancel |

r b

[ Contact Parameters... ]
[ Direct Text Input. |
L Restart Parameters... ]
l Domain Decomposition ... ]

[ &ssumed Strain

[ shell Shear Correction

Default Intisl Temperature =

Default Load Tetmperature = |

[ Results Qutput Format... ]

|

@ Ok ] [ Defautts ] [ Cancel

Analysis | Soltion Type

M=C MNastran
Solution Type

Solution Type:

(JLINEAR STATIC

(I NOMLINEAR STATIC

() NORMAL MODES

I BUCKLING

() COMPLEX EIGENY ALUE
() FREQUENCY RESPOMSE
() TRANSIENT RESPONSE
() NOMLINEAR, TRANSIENT
(%) IMPLICIT NOMLINEAR
() DDA Solution

[ Select ASETAQSET...

Solution Parameters...

Soltion Sequence; 400

| O, (@[ Cancel

MSGC ASoftware



Step 14. Set up Analysis (Cont.)

s @ ™o

Click on Subcases.

Click on Default under Available
Subcases.

Click on Subcase Parameters.

Verify Large Displacement/Large Strains
is chosen under Nonlinear Geometric

Effects.

Click on Load Increment Parameters.
Pull down Adaptive for Increment type.

Click OK.
Click Iteration Parameters.

Increment Type:

= e ™= .
e <I( 1)

Adaptive Increment Parameters

[Trial Time Step Size:] oo
Titne Step Scale Factar: 12
[Minimum Time Step:] 1e-005
[Mzximum Time Steg:] 05
[Maxc # of Steps:]

[Total Time:] 10

[# of Steps of Cutput]

Inertial Damping | Mastran Defautt =

[ Criteria.

@A
\ gz OH [ Cefaulls l I Cancel

[~

(W Static Solution Parameters

Linearity:

Nonlinear ¥

[ Sobwers { Options...

Nonlinear Geometric Effects:

Nonlinear Geometric Effects:

[ Large Digplacement/Large Strains.

Follower Loads:

[ Loads Follow Deformations. e ]

D Use Contact Table

Load Increment Params. ..

fteration Parameters...

e
@)

l Brake Squeal Farameters. .

O] |

Defaults ]

[

Cancel

'S'u i

Solution Sequence: 400

Action:

Subcase Name
Default

Auvailahle Load Cazes

Analysis Type:

Subcaze Optj

C ) Subcase Parameters..

[

Output Reguests ...

[

Direct Text Input...

i Apply i

cancel

Analysis |
Object: Entire: Model =
Method: Full Run
Code: M3C.Mastran
Type: Structural
Avallable Jobs e
Job Name
_duur_seal

Job Description (TITLE)

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcases...

e s

Subcase Select...

Apply

MSGC

Software



Step 14. Set up Analysis (Cont.)

Select Pure Full Newton as
Matrix Update Method.

Enter 4 as Max # of Bisections.
Click OK.
Click OK.

eration Parameters

teration Parameters
Min & of kerstions per Increment:
sz # of kerations per Increment:

Mumber of terations per Update =

25

1

Matrix Update Method: e Pure Full Meyvtan =

[ sutomatic Switching

Desired # of terations per Incr

|:| Displacement Error

|:| Load Errar

[CJwark Errar

|:| “ector Componert fMethod

[]Lencth Method

sz # of Divergence Conditions:
fdzx # of Caorrection Wectors:
Idax # of Line Searches:
Fraction of Effective Stress:
Line Search Tolerance:

Iz # of Bisections:

Mz Incrementsl Rotation:

23

0z

.0,5-

200

@ O ] [ Defaults J [ Cancel I

MSGC




Step 14. Set up Analysis (Cont.)

a. Click Output Requests.
b. Select Element Strains.
c. Click OK.

"S"t"}ihc'lérc"l' Results

SUBCAZE NAME Defaul
SOLUTION SEQUENCE: 400

Faorm Type:

Select Result Type

| Mutti-Point Constraint Forces (]
| Elemert Forces B
| Applied Loads

| Element Strain Energies
{Element Strsi

| Gtid Poirt Stresses
| Grid Poirt Force Balance

| Mon-Linear Stress |.V.J_

Output Requests

| DISPLACEMENTCSORT1 REAL )= FEM

STRESS(SORTI REAL YOMMISES BILIN=2)| FENM;PARANM Mo
SPCFORCES(SORT! REAL)=AI FEM

(& m ] B

[ Delete ]

TITLE

Thiz iz & default subcase.

[CI=suBTITLE

[CJLasEL

I OK@ [ Defaults ] [ Cancel

r ‘Stbcases
Solution Sequence: 400

Action:

Available Subcases E

Subcaze Mame
Default

Availahle Load Cazes E

Analysis Type: -

Subcase Options

Subcase Parameters.. ]

[ Output Recuests... @

L Direct Text Input... |

cancel

MSGC



Step 14. Set up Analysis (Cont.)

a. Click Apply.
b. Click Cancel.
c. Click Apply.

(0 Sibcases =k

Solution Sequence: 400

Action:

Availahle Subcazes E

Subcase Name
| Detfautt

Available Load Cases E

Anslysis Type:

Subcaze Options
Subcasze Parameters... ]

[ Output Requests... |

l Direct Text Input... ]

b
#a

Analysis |

Object: Entire Model ¥

Wethod: Full Run ~

Code: MSC.Nastran

Type: Structural

Available Jobs @

Job Name

door_seal

Job Description (TITLE)

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcases...

— — — | —

Subcase Select...

aam ()

MSGC



Step 15: Access the Nonlinear Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

[ [ L. D D s, <8 - P
“wdb 2 i iyl !
- o g ), | | ||| N‘ 'UP‘: ‘,a; 4 nlI::A .
Entire | 5elected || Analysis Read | Submit | ’“E” | *|||E| ¥DE | Output? | MASTERS H6/419 | d3p nalysis |

Madel | Group Deck : DEALL Action:
Analyze Create Existing Deck Orptimize | (Toptomize Aecess Results Object:

et

Read (Attach) results. :

a. Under the Analysis tab, click Codic; || MECTbuk:
Attach Output2 in the Access Type:  Structural
Results group.

b. Click Select Results File... e g

c. Select door_seal.op2.

d. Click OK.

e. Click Apply Job Mame

. | door_seal
Loak i_n:! , Training j e £ " Job Description (TITLE}
| N
i |door_seal.op? \C) !
SUBTITLE
LABEL ~
r@ Select Results File...
[ Translation Parameters... ]
File name: door_seal.op? e oK (d
[Boor_sealop =] ——e)
Files of type:  |Files {".0p2} | Cancel |

MSGC



Step 16: View Results

EEiIe Group Viewport Viewing Display Preferences Tools

Home Geometry Properties Loads/BCs

B

Fringe/Defarmation

o=

Deformation

L|i|®

Cuick Plot

Meshing

Help  Utilities

Analysis Results

Wi, 4

Result Plots

A

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

A ;E ENE
|65 | 3|

Result Actions

Derive

@ P

13471 @
i |

Insight |<§ﬁ|iﬁ||a| Spectrums | Ranges | Titles

Insight

XY Plots

Imaging

o il

Colars Tog
Spect

To create a fringe results plot:

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

Select the last result case.
Select Logarithmic Strains,
as the Fringe Result.

d. Select Displacements,
Translational.

e. Click the Deform Attributes
icon.

f. Change the Scale
Interpretation to True Scale.

g. Click Apply.

| Resutts |

Object:  |Guick Pt ¥

[#] Showe Wiewvport Legend

Deformed: J

Line Style: : :
Line Wictth:

Scale Interpretation

OModeI Scale @ True Scale @

Scale Factor 10

Show Undeformed ﬂ

(Wireframe 7

(=2
—

[ Tite Ecftor... ]

Render Style:

Line Style:

Line Wicith:

Showy Title [ Lock Titke

[¥] Sharw Maximum Label

[ Label Style... |

@ v R

| Results

Object. Quick Plot. ¥

Select Result Cases

SC1:Step 1:.DEFAULT, A1:Time = U.ZUTLAi
SC1:Step 1:DEFAULT, A1Time = 0.259
SC1:Step 1:.DEFAULT, A1:Time = 0.321
| 5C1:5tep 1.DEFAULT, A1.Time = 0.355
SC1:Step 1:.DEFAULT, A1:Time = 0.484/
SC1:Step 1:.DEFAULT, A1 Time = 0 591/
SC1:Step 1:DEFAULT, A1:Time = 0.720, 2
SC1:Step 1:DEFAULT, A1:Time = 0.87
SC1:Step 1:DEFAULT, A1:Time = 1.

(=1 | B

Select Fringe Result

Consiraint Forces, Rotational EA]
Constraint Forces, Translational
| Displacements, Rotational

Select Deformation Result

Constraint Forces, Rotational
| Constraint Forces, Translational

| Displacements, Rotational
|| Displacements, Translational

|:| Animate

Apply

MSGC



Step 16: View Results (Cont.)

I"door "seal-db = default viewport - default group - ENtity

Fringe: SC1:Step 1:DEFAULT, A1 Time = 1., Logarithmic Strains. . . (NON-LAYERED) 5.81-001
Deform: SC1:Step 1:1DEFAULT. A1:Time = 1., Displacements, Translational, 5.42-001

I OO IO O e L e ¢ 5 04-001|

4.65-001

4.26-001—

%
35?.%::‘2’; 3.87-001
"'73‘3:32 ot
Rt

3.49-001
3.10-001
2.71-001

2.32-00

1.94-001
1.5b-001
1.16-001
7.75-002

3.87-002
35-007 7.38-007
default_Fringe
Max b 81-001 @Nd 1900
Min 7 .38-007 @Nd 1749
default_Deformation :
Max 905-001 @Nd 918

MSGC



Step 16: View Results (Cont.)

Click the Select Results icon

Select Cauchy Stresses as
the Fringe Result

Click Apply.

— |

| Results |

Object: Quick Plot ¥

P

Select Result Cazes
| 5C1:Step 1:DEFAULT, A1:Time = 0.207|a |
| 5C1:5tep 1:DEFAULT, A1:Time = 0.259
SC1:Step 1:DEFAULT, A1:Time = 0.321
| SC1:Step 1:DEFAULT, A1:Time = 0.395
| SC1:Step 1:DEFAULT, A1:Time = 0.484(
| 5C1:Step 1:DEFALLT, A1:Time = 0.591
SC1:Step 1:DEFAULT, A1:Time = u.mi
| SC1:Step 1:DEFAULT, A1:Time = 0.874|

v

[« n | [

Select Fringe Result

[ Cauchy Stresses,

| Cauchy Stresses, NonLinear Output
Constraint Forces, Rotational

| Constraint Forces, Translational

| Displacements, Rotational
£ I} ] [2)

Select Deformation Result

| Constraint Forces, Rotational
Constraint Forces, Translational

| Displacements, Rotational

| Dizplacements, Translational

[ animate

Apphy Q

| Results |

Ohject: __@uick Plat ™

S()

[#] show vieveport Legend

Deformed: J

Scale Interpretation

O Model Scale @ True Scale

Soale Factar 1.0

Show Undeformed

| |

[ Title Ecltor ...

Show Title [JLack Title

[] Showe Maximum Lakel

[ Lakel Style...

L ool ] [

Reset

MSGC



Step 16: View Results (Cont.)

“door seal-db = default viewport - derault_proup - Entity

Fringe: SC1:Step 1:DEFAULT, A1 Time = 1., Cauchy Stresses, . von Mises, (NON-LAYERED) 4.30+002

Deform: SC1:Step 1.DEFAULT. A1 Time = 1. Displacements. Translational. 4.01+002
8 A G 5 S50 00 O

2.58+002
2.29+002
2.01+002
1.72+002
1.43+002
1.15+002
8.59+001
5.73+001

2.86+001
1.73-004
default_Fringe :

73-004

Min 1.73-004 @Nd 1738
default_Deformation
Max Q.08-001 @Nd 918

3.44+002—
3.15+002—

2.86+002

Max 4.30+002 @Nd 1300

MSGC



Step 17. Quit Patran

EEilelgroup Viewport Viewing Display Preferences Tools Help Utilities

roperties Loads/BCs Meshing Analysis Results

[ I || | e ||| o | [ || || 5501 901 AL

Open Recent..
| Close I 2 (][R ||| B8 ||| = |22 "] ||| L | 2] |27

Save sforms Viewport Display Crientation Misc, Web

|12
uf|

Save a Copy...
Utilities 3
Import...

Export...
SimXpert...
SimManager .3
Session ¥
Print...

Images...

Report...
Quit

MSGC
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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

Mechanism surface 1 —
Clip

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 OP2 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 OP2 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
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Step 3. Create Two Rigid Contact Bodies

es Loads/BCs Meshing Analysis Results Durability

% ; X B !
» | @2 K\ & 9P
re | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Di
Load

odal Element Uniform

it
Group !

Action:

Object:

Create rigid contact bodies for the 2 mechanism
surfaces including prescribed motions from the
Problem Description:

Click Rigid in the Contact Bodies group.
Enter side for New Set Name.

Click Input Data.

Pull down Motion Control to Force/Moment
Select Node on Corner of Side Surface
Click OK.

Click Select Application Region.

Select the side surface.

Click Add, [ s
Click OK.
Click Apply.

SQ@ "0 o0 T

= — -

Note the direction of
the normal vectors

Type:

Option:

Lead/Boundary Conditions |
Create ¥
Contact ¥

Element Uniform =

Rigid Body ¥

Current Load Case:

Default... J

Type:

side

Static

Existing Sets E

New Set Nami

Target Element Type:

-

Input Data... (

(@]

I

Select Application Region..

[

Preview Motion... J

abie

—
()

Input Data

[ Flip Contact Side

|:| Symmetry Plane

| Load/Boundary Conditions

iWIn put Data |

Motion Cnntrnl@

Friction Coefficient (MU}

Subdivisions for Curves

<]

1|

)

[
E

Subdivisions in U Direction

Subdivisions in V' Direction

s

First Control Node
Node 10001

| /

©

el

Second Control Node

Axis of Rotation

Reset ]

Geometry Filter
@ Geometry

I FEM

Application Region
Select Surfaces ‘

[ Add @ I Remove ]

Master Region

| Surface 20
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Step 3. Create Two Rigid Contact Bodies (Cont.)

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

Pull down Motion Control to Position

Enter 0.5 for Angular Position.
Select Node 9999 on the corner of the

-0 00T D

bottom surface for the Rotation Reference

Point.
g. Enter <0 0 1> for the Axis of Rotation.
h. Click OK.
i. Click Select Application Region.
j. Select the bottom surface.
k. Click Add.
[.  Click OK.
m. Click Apply.

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

Note the
direction of the
normal vectors

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

Action: il
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)

1
| (|

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)
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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 5. Apply Loads & BCs (Cont.)

Apply Node Force <-1,0,0> to the
Control Node of the Side Surface

[ select Application Region | [sl=] -Luaﬂfﬁ-nun&ary-t-:cin&fti]:ms [
. | = = =
a. Pull down Object > Force Select PO ——— e |
b. Enter Name Side_force ' 1. S @
" JECT Force
c. Click Input Data
Application Region fForce <=1 F2 F3» ”~ Type:
d. Enter <-1,0,0> for Force Select Nodss 1.0, 0-
Cl k OK | Mode 10001 Moment <M1 M2 M3=
e. IC L
f. Click Select Application [ Add@ [ _Remove | Force Phase <fpi Fpz Fp3- Currant Load C;Eef: rt
Region... Hii U Mament Prase <Hpi Np? Mpts e
Type: Static
g. Pull down Select to FEM ] u ][v]
L 4 il »
h. Select Control Node of Side
. . 3patial Fields
l. CI|Ck Add Existing Sets 'E
j_ Click OK | Side_force
k. Click Appl !
PPy —a )
[ [TM Copendent Data... | Neit St i
Side_force @
Anahyziz Coordinate Frame
Zoord (1
(e)loos | [ meser |

7\
l Input Data... @ I
CD[ Select Application Region... J

s |
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Step 6. Set Up and Run the Analysis

Action.  |Analyze *
Home Geometry Properties Loads/BCs Meshing Analysis Results Durability ; I'_'L_]
, —— = = Object
| i | 2 IL'LI UIZUHIEL [ Faaed | op2 7 £ “"“E ‘;’;l: ||| | bt |8] Method:  [Full Run =]
Selected || Analysis Read | Submit B | ||| XDB | Output? | MASTER/ | Attach | t16/£19 | d3plot ||| RS || [es || B |
roup Deck | "“E” | "'”@I DBALL | Output2 ||_I||LI||E-'| [ ||
fze Create Existing Deck Optimize | [Toptomize Access Results Delete Action Code:  MSC.Mastran
SC astra Type:  Structura
Set Solution Type to SOL400: SRR
a. Under the Analysis tab, click [ Contact Parameters. ] Solution Type: Available Jobs B
Entire Model in the Analyze [ Direct Text It ] O LNEAR STATIC latch
g rou p . [ Restart Parameters... ] 8 SLLLTERIERLE
NORMAL MODES
Click Solution Type... : ] ) BUCKLING
.. . Dopainler - () COMPLEX EIGENVALUE
Seleqt Implicit Nonlinear for oo S Job Name
Solution Type Hmec =t (") TRANSIENT RESPONSE latch
d. Click Solution Parameters. [ Shet Shear Correcton 2 i s Job Description (TITLE)
S0L €00 Run (_) DDAM Solution
Select the Results Output Format and Defaut infial Temperature
. [ Select ASET/QSET... ]
run the anaIySIS. Default Load Temperature: SUBTITLE
e. C“Ck ReSU|tS output Format. [ User Defined Services... ] LABEL
f. Check OP2 and Print [ Resutts Output Format... | € [ Solution Parameters... @
g. Close all sub-menus by clicking — (@ [oems ] [cance_]| | Solution Sequence: 400
oK. | Translation Parameters..
| , ' G D | Solution Type.. (:E
le 0 ] Print [JPunch =L [T | Direct Text Input__
] MASTER Only [ MASTERMDBALL | Select Superelements, |
OUTPUT2 Requests: | Subcases... |
| Subcase Select. |
OUTPUTZ Format;
QK @ Defaults J I Cancel I m
MSC A 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.

[ERSEnear nesite
SUBCASE NAME: Default
SOLUTION SEQUENCE: 400
Form Type:

Select Result Type

| Applied Loads b]
| Element Strain Energies i

Element Strains
| Grid Point Stresses

Output Reguests

| DISPLACEMENT({SORT1, REAL)=All FEM
SPCFORCES(SORT1 REAL)=All FEM
GPFORCE=AIl FEM

| NLSTRESS(SORT1)=All FEM

| BOUTPUT(SORT1 REAL)=AIl FEM

8L, u T

[_ Delete ]

Clrmie

| This is & defautt subcase.

SUBTITLE
[ De.fault
[ LaBeL

: This load case is the default load case that

| Grid Point Force Balance E
| Non-Linear Stress 7N\ 7
[Contact Aesuits [\ d )] e

@ oK ] [ pefauts | [ cancel |

Solution Sequence: 400

Action: Create ¥

g

Available Subcases
[ Default @ |

Subcase Name
Default

Avallahle Lnad Ca.ses IE

Analysis Type:

Subcase Parameters...

[ Output Reguests. .. (J]

[ Direct Text Input...

Subcase Options

(am

Action
Object
Method:

Analyze ~

Full Run ~

Code:  MSC.Mastran

Type:  Structural

Available Jobs
latch

Job Mame
latch

Entire Mode

|-

Job Description (TITLE)

SUBTITLE

LABEL

Translahon Parameters...

Direct Text Inpud....

|
Solution Type.., ]
|
|

Select Superelements, .,

Subcases

-
Subcase Select...

()

MSGC
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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

4 latch.bdf @

A latch.db
latch.DBALL
latch.fO04

1| latch.fOB @

latch.IFPDAT

latch.log
latch. MASTER
nurbtrans.log
sgmps.log

<« | 1l | b

*** USER INFORMATION MESSAGE 6193 (nl3con)
*** MAXIMUM NUMBER OF BISECTIONS OR MINIMUM TIME STEP HAS BEEN REACHED ***

*** JOB DOES NOT CONVERGE AT THE CURRENT TIME STEP OR INCREMENT.
*** SOLUTION DIVERGES FOR SUBCASE 1 STEP 1,

*** USER FATAL MESSAGE 9032 (SUBDMAP NONLIN)

RUN IS TERMINATED DUE TO MESSAGE (S) ABOVE

An error is encountered due

to the direction of contact for
the ‘side’ contact body.

MSGC ASoftware



Step 8. Correct the Direction of Contact

es Loads/BCs Meshing Analysis Results Durability
X n [ . Action: i hd
" & 2 li{' & 3 rﬂ i& > Zj |/ | Modify ¥ @
4 :
re | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Ternperature | Inertial | Distributed | CID Distributed | Total |8 ||| | Deformablg S5
Load Load Load Load i B T . =
odal Element Uniform Element Variable Bod Bo HEE ,_Element Uniferm ]
(\ ‘i Option: Rigid Body et
Load/Boundary Conditions | Input Dat; Current Load Case:
. [¥] Flip Contact Side @ ] l Default.. J
Reverse the contact side for the s —
. y e DSymmeir)r Plane Ype: atic
side’ rigid body:
a. Under the Loads/BCs tab, click in i
Rigid in the Contact Bodies . Select Set to Modify &
Friction Coefficient (MU} |*_i

i H bottom

Subdivisions in U Direction ( : ]

Subdivigions in V' Direction

group.
b. Pull down Action to Modify.
Pull down Object to Contact

c. Select the side contact body.

d. Click Modify Data. )

e. Check Flip Contact Side. ] |l

f.  Click OK. —

. Rename Set as

g. Click Apply. Note the side

Re-run the analysis (Repeat Step 6). normal vectors Frst Contraiode
nOW pOInt Mode 10001 .
away from the Second Contral Node b

clip

Axis of Rotation

Modify Data... @ |

[ Modify Application Region... |

s

[ Previgw Kotion... J
=== C=d v ()
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Step 9. Attach .op2 Result File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
5 ~% " b s <
| (I E T Feds op2 ¢ Hhe | "o
St e — £ E] \:‘ | — | - | - £ - 6‘}; £ L
Entire | Selected Load Analysis Read | Submit | *HE” | *“@| XDB Output? | MASTER/ 6419 | d3pl
Model | Group | Sim¥pert Deck DEBALL | Cutput2
Analyze Create Existing Deck Optimize | [Toptomize Access Results

Attach the Master result file:

a. Under the Analysis tab, click
Attach Output2 in the Access
Results group.

(T Sclect rile

b. Click Select Results File...

c. Select the latch.op2 result file. Look in: | J. Training
d. Click OK. chon2( )
e. Click Apply.

File name: ilatch.op?

Files of type: Iﬂles {*.o0p2} lj

~| & @ eF Er

Object: Aftach Qutputz ™
Method: Result Entities =

Code: MSC.Mastran

Type: Structural

Available Jobs s
| latch

Job Name
latch
Job Description (TITLE)

SUBTITLE

LABEL

( Selact Results File... @T

[ Translation Parameters... J

e
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Step 10. Plot the Deformation and Stress

Results

Home Geometry Properties

Fringe/Deformation

B @ &

Deformation

Quick Plot

| 4

Fringe

Loads/BCs

Vector | Tensor

Meshing

Results Durability

4 B

Cursor | Contour | Isosurface | Freebody

Analysis

Result Plots

=t

Graph | Animation | Report

£

Derive

EARA

B || |

Plot deformation and von Mises stress:
a.

>

Under the Results tab click

Fringe/Deformation in the Quick Plot

group.

Select SC1:...A1:Time = 1.0 for Select

Result Cases.

Select Nonlinear Stresses, Stress Tensor
for Select Fringe Result.

Select Displacements, Translational for
Select Deformation Result.

Click the Deform Attributes icon
Select True Scale and Uncheck Show

Undeformed

Click Apply.

When finished,

click Reset Graphics.

Results
(Resuts |

i

]

FEEY materials(1)
i properties(3)
B Fields
4 LBCs(2)
iy contact(s)
44 Load cases(3)
FEmEME croups(s)
@ Analyses(L)
I Results

,,,,,,,,,,

Fringe: SC1:Step 1:DEFAULT. A1 .Time = 1., Nonlinear Stresses, Stress Tensor, von Mises, At Z8+0)3]

Deform: SC1:Step 1:DEFAULT, A1Time = 1., Displacements, Translational.

Nonlinear Stre:

Object: _QuickPlut = @

Select Result Cases

SCO:, A1:Static Subcase
SC1:Step 1:DEFAULT, A1:Time = 0.1
SC1:Step 1:.DEFAULT, A1:Time = 0.22
SC1:Step 1:.DEFAULT, A1:Time = 0.34
SC1:Step 1:DEFALULT, A1:Time = 0.46
SC1:Step 1:.DEFAULT, A1:Time = 0.504
SC1:Step 1:.DEFAULT, A1:Time = 0.776
SC1:Step 1:DEFAULT, A1:Time = 0.954
SC1:Step 1:DEFAULT, A1 Time =1.

Select Fringe Result

Nonlinear Strains, Creep Strain

Nonlinear Strains, Plastic Strain
Strains, Strain Tensor
szes, Equivalent Stress
reszes, Stress Tensor

Position... (At Z2)

Quantity:

|:| Animate

von Mises ¥

Select Deformation Result

Constraint Forces, Rotational
Constraint Forces, Translational
Displacements, Rotational
Displacements, Translational
Grid Point Forces, Applied Loads

Apply

Object:  |[Quick Piot ¥

Show Viewport Legend

Deformed: !I

Scale Interpretation

O Model Scale @ True Scale®

Scale Factor 1.0

|:| Show Undeformed

[ Title Editor...

Show Title [ Lock Title

Show Maximum Label

[ Label Style... |

i Apphy @ [ Reset J
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Step 11. Creating Marker Plot of Contact Status

Create a Marker Plot of the Contact status:

e R

Pull down Create > Marker > Scalar.

Select SC1:...A1:Time = 1.0 for Select Result Cases.

Select Contact Status for the Scalar Result.
Click the Display Attributes icon.

Pull down Scalar Style and pick the Solid Sphere.

Click Apply.

The solid sphere markers appear on the clip as shown.

When finished, click Reset Graphics.

o £ -

|,
|5

fh

s

J\i default_Scalar :
) Max 1.00+000 @Nd 363

Min 1.00+000 @Nd 363

Action:  |Create ¥

Object: Warker ¥ @

Method: |[Scalar ¥
=
= N b

3|

@ Spectrum (:} Caonstant
Show Spectrum

Show VWiewport Legend

[ Spectrum... ] I Range...

Scalar Scale:

[Screen Canstant = ]

Scale Factor

0.1 |
scaiersive: [ @___Z)(e)

[ Title Editor... |

Show Title [ Lock Title

Show Max/Min Label
Show Scalar Label

[ Label Style... |

Show on Deformed

@ Apphy ] I Reset

]

Results |

Method:

Select Result Cazes EI

SCO;, Al:Static Subcase
SC1:5Step 1:DEFAULT, A1:Time = 0.1
SC1:5tep 1:DEFAULT, A1:Time = 0.22
SC1:5tep 1:DEFAULT, A1:Time = 0.34
SC1:5Step 1:DEFAULT, A1:Time = 0.46
SC1:Step 1:DEFAULT, A1:Time = 0.604
SC1:Step 1:DEFAULT, A1:Time = 0.776
N\ | 5C1:5tep 1:DEFAULT, A1:Time = 0.984
Cb 5C1:5tep 1:DEFAULT, A1:Time = 1.

&= | 3l

Select Scalar Result

Constraint Forces, Rotational iA‘!
}

Constraint Forces, Translational = ';
[ Q 1
Dizplacements, Rotational

Dizplacements, Translational ‘i_" J
([l m I3

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

[ Animate

L 2oply ] I Reset J
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Step 12. Plot Normal Contact Force

Results |

Action:

Plot the Normal Contact Force Vector A
for the clip: = f Hetnoa: @
Pull down Vector for Method D& o Bk & - :
a. ull aown vVector 1or Metno =] (] [@
o~
b. For the Vector Result select
Contact Force, Normal. =
’ Select Result Cazes =
c. Pull down Resultant for Show As. [sco:, A1:Static Subcase
. | 5C1:5tep 1:DEFAULT, A1 Time = 0.1
d. Click Apply. ESC'I:St:g'I:DEFAULT. Al ;ﬁﬁi: 0.22
. | 5C1:5tep 1:DEFALULT, A1 Time = 0.34
The Normal Force Vectors will | 5C1:5tep 1:DEFAULT, A1.Time = 0.46
. | 5C1:Step 1:DEFAULT, A1 Time = 0.604
appear on the clip as shown. | 5C1:Step 1:DEFAULT, A1:Time = 0.776
. ) | 5C1:5tep 1:DEFAULT, A1 Time = 0.984
f. When fInIShed, click Reset [SC1:Step 1:DEFAULT, A1:Time = 1.

(% 1. I ] (&

Graphics.
Select Vector Result

| Grid Point Moments, MPC Forces (]
| Nonlingar Strains, Strain Tensor
| Monlinear Stresses, Stress Tensor | =

| contact force, Friction —
{ contact force, Mormal [.‘f]

srowss: [esutan_v] ()

[] &nimate
::(D Apply | [ Reset |
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Step 13. Display a Fringe Plot of Contact Status

D& o Bl -

a REa R i AR T T e R el .o Resuﬁs

Action:
onect [Fmse (7))

= [0
Select Result Cases EI

SCO:, AT:Static Subcase

SC1:Step 1:DEFAULT, A1:Time = 0.1
SC1:Step 1:DEFAULT, A1:Time = 0.22
SC1:Step 1:DEFAULT, A1:Time = 0.34
SC1:Step 1:DEFAULT, A1:Time = 0.458
SC1:Step 1:.DEFAULT, A1:Time = 0.604
SC1:Step 1:DEFAULT, A1:Time = 0.776
SC1:Step 1:DEFAULT, A1:Time = 0.584
SC1:5tep 1:.DEFAULT, A1:Time = 1.
|< 1 m | ) 1

Display a Fringe Plot of the
Contact status for the clip: 1.00+00088

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.

1.00+000
1.00+000
1.00+000

-, 4 1.00+000
ZJ\X default_Fringe :
Max 1.00+000 @Nd 363

Min 1.00+000 @Nd 363

Select Fringe Result
Contact Status,
Dizplacements, Rotational
Dizplacements, Tranzlational
Friction contact force, Magnitude -
Grid Point Forces, Applisd Loads (%]
.< 1 {1118

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

|:| Animate

[ Apply @ I Resat
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Step 14. Display a Fringe Plot of Normal Contact
Stress

(Resuls — &

Display a fringe plot of Normal Contact Stress on the clip: R
. 0N Create ™
a. For the Fringe Result select Contact Stress, Normal. LR
b. Click Apply. Obect
c. The normal stress fringe plot will appear on the clip as @
shown =3 A
Select Result Cazes =I
SCO:, A1:Static Subcase
A Materials(1) Mringe: SCG1:Step 1 DCFAULT, &l Tme = 1., contact stress, Narmal, , (NON-LAYCRCD) — &.56+0C0 SC1-Step 1-DEFAULT, A1Time = 0.1
B4 properties(y) & 34600 SC1:5tep 1:DEFAULT, A1:Time = 0.22
B Fiolds : SC1:Step 1:DEFAULT, A1:Time = 0.24
Bl Lecs(2) & 304000 SC1:Step 1:DEFAULT, A1:Time = 0.46
& = I SC1:Step 1:DEFALILT, A1:Time = 0.604
Dby Contact(5) 770400 S5C1:Step 1:DEFAULT, A1:Time = 0.776
¥ Load Gases(3) I SC1:Step 1:DEFAULT, A1:Time = 0.984
FmfE Groups(s) #07+00 'I SC1:Step 1:DEFAULT, A1:Time = 1.
B analyses(1) K Ahatil (<] | | 2]
B Results I
I |
£.83+0C0 Select Fringe Result
£.27+0C0 contact force, Friction [ ]
contact force, Mormal
4.59+0C0) contact stress, Friction 1
AR contact stress, Friction 2
¢.96+000 e
#3440 I %] I
2724000
.7 04000 [ Position. . ((NON-LAYERED))
1.45+0C0
J\ ; 864001 ] Arimate
231001
. default_Frirge : O
- % —
o f Wz 0.56 1000 @Nd 350 \h) ] [zt
S s win 231001 @he 522
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WORKSHOP 4
INTERFERENCE FIT




Workshop Obijectives:

Perform interference fit analysis using deformable-deformable contact
Modify contact table parameters

Understand the two methods of modeling interference fit

Switch between Node to Segment and Segment to Segment contact

Software Version:

Patran 2013
MSC Nastran 2013.1

Files Required:

interference _fit.igs

Problem Description

Two types of interference fit modeling are demonstrated in this workshop.
The interference can be modeled geometrically, or you can use congruent
geometry and specify an Interference Closure in the contact table. This
workshop will show that the same results are achieved for both methods.

MSGC ASoftware



- Suggested Exercise Steps

1.
2.

AN

Create a new database called Interference Fit.

Import the Geometry interference_fit.igs.
« Uncheck Import to Parasolid.

. Create a 0.1 inch Mesh with 8 noded quads.
. Fix the left edge of the lug in the X and Y direction.
. Define deformable contact bodies for the lug, upper pin, and lower pin with

friction coefficients of 0.3.

. Define Contact pairs

« Turn off all self-contact and contact between the Upper and Lower Pin.
» Create a Distance Tolerance of 0.015 between the Lug and Lower Pin.
« Create an Interference Closure of 0.01 between the Lug and Upper Pin.

. Define material properties for steel with an elastic modulus of 30E6 and a

Poisson’s ratio of 0.3.

. Define plane strain element properties.

« Select Large Strain for Nonlinear Formulation (SOL400)

MSGC ASoftware



« Suggested Exercise Steps (Cont.)

9. Set up and submit an implicit nonlinear analysis.
« Do not use Assumed Strain.

» Define Contact Parameters
— Distance Tolerance (ERROR) of 0.015.
— Activate quadratic contact (LINQUAD).
— Friction type is bilinear coulomb.

« Use OP2 for the results output format.

« Define Subcase Parameters
— Use Adaptive Increment Type and Trial Time Step Size = 0.1.
— Use Pure Full Newton for the Matrix Update Method.

« Select to Output Element Strain and Contact results.
10.Attach the .op2 Results File.

11. Plot the Cauchy Stress Fringe Results superimposed on the true scale
deformed shape for the final load increment.

12. Plot Contact Status and Contact Force results.
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« Suggested Exercise Steps (Cont.)

13.Run the analysis again using Segment to Segment contact in place of
Node to Segment contact

14. Attach the Segment to Segment .op2 Result file

15.Plot the Cauchy Stress Fringe Results superimposed on the true scale
deformed shape.

16. Plot Contact Status and Contact Force results for Segment to Segment
Contact

17.Quit Patran.
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Step 1. Create a New Database

| File | Help )
L
Mew.., a
Open...
Open Recent... ; 1 i i 7
e (1165 || 5) [| |0 || || 40 || e ||| G20 ) 0| o0 || B ‘|-5x||x%I!;Hn%nlﬂle'g'iE:'%' | |
|fed]| La || ™) '
" N e M e S A o = Mew Model Preference |
Sy i e
! i » || [Transforms Viewpor] | Model Preference f-.:ur:
] e Template Databaze Mame Bl Iriterference Fit.ob
: CAMSC.Software\Patran_x641201 30/ template. db 1 Toleranee
Sim¥pert... Gheeo i ] (%) Bazed on Model
simManager 4 {:}Defaurt
SESSIOR " Modify Preferences...
Set Working Directory to Database Location Approximate Maximum
o Model Dimension:
. Look in: ] , Training _'j IC:F EHr 10.0
Mo iterns match your search,
Create a new database. Name it .
Interference_Fit.db. Analysis Code:
W= Nastran '@
b. Enter Interference_Fit as the
[ N
Fllle name. File name: IIrrterference_Frt @ _:j 0
c. Click OK. = e —
d. Confirm MSC Nastran as the i d e B Detatcic Bl b} Bl =
Analysis Code.
e. Click OK.
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Step 2. Import the Geometry

C-J;;leln Recent... E| |%x||%fj| |

| [ T T R | ||@||
||| |I®|I“ | || || % || e || iz | |22

o == i - = &L '\*I @)l (]
e IS S A N N S = | T | B
i Utilities » Transforms Viewport Display Orientation Misc, Web||Model Tree
_| Import... Ca)
SimXpert... S
SimManager  * Lock in; IE} Training __v_i = cF Ef- Sl
Ze.sstion ' ﬁ interference_fit.igs Source: @
rint...
:;Zi:" Current Group
Quit [Eefaurt_qrcuup |
Import th i [ IGES Options... |
mpo e geometry.
b 9 ry [ limpott to Parasalid @
a. PU" down Flle > Import File mame: !interference_fit.igs -Apply- S e >
b. Pull down Source to IGES.
c. Uncheck Import to Parasolid.| Fiesoftee [IGES Fies {"ias’ = gl |
d. Navigate to and select
interference_fit.igs.
e. Click Apply.
NAS400, Workshop 4, January 2015 WS4 - 7 MSC ASoftware

Copyright© 2015 MSC.Software Corporation



Step 2. Import the Geometry (Cont.)

rl U IGES Import Summary”

Start Time End Time: Elapsed Time CPU Time

05-Mar-14 12:00:43 05-Mar-14 12:.00:43 00:00:00 00:00:00

a. The IGES Import Summary form
shows the types and numbers of —
entities imported into the Patran [ CaTranngunererence_tigs
database. Click OK.

IGES Geometric Entities imported

Entity Type Number | IGES Entity Type Quantity
M6 Point | 8
142 | Curve on a Surface 5
144 Trimmed Surface =

PATRAN Entities Created

Modsl Space Scale PATRAN Entity Type Quantity
A Point g
£ | Trimmed Surface I 3

( The imported geometry consists of 3 surfaces:
one large lug with 2 pins. The lower pin has an
interference of 0.01 inches built into the

geometry. The upper pin geometry is congruent
with the Lug geometry. The interference fit in
this case will be created by the Interference
Closure contact parameter which will force a

gap between the two bodies.
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Step 3. Create the Elements

: File Group Viewport Viewing Display Preferences Tools Help Utilities 2
Finite: Elements
Home Geometry Properties Loads/BCs Meshing Analysis Results 3
— —e, A Action Create ¥
ol | P O m i.f"ll_"',l@l_‘ (|2 || % || &2 || 62| [TMIEC =]l i ||| @ || moee || oz e[|~ [| ]~ ||| 14,28) ]
|M| || || Surface ﬁ-upto,Htard 1=RIE: A L ' o ||| | e | |52 | 9] || 5| ::||,°'I'||-.,'°|‘ Edit | SuperElement ||| % || & || &l ||$E| %|| =2 |30 EE,OtF § HH=
oInts is W
Mesh Seeds Mesh Control Meshers FEM Actions Node Element MPC DOF List||__| Type:
. . Output IO List
Create a 0.1 inch Mesh with e T T T R 1
8 noded quads.
Element 1
a. U!"Ider the Me-.Shlng tab, ‘ ” { H H H [ ]I TTT Elem Shape T
click Surface in the - H H
b H hesher O
Meshers group. =4+ r -
b. Pull down Paver for s - fouas > ()
Mesher. E [ PaverHybrid Parameters...
C. PU” dOWﬂ Quad8 fOr ‘: I Mode Coordinate Frames. .
Topology. Quad8 = i u
. — Surface List
elements are higher- o e
order elements with mid- 1 SEENENEEE = .
side nodes. \ mE u Global Edge Length
d. Click Pick All on the 3 mEESERESEL, (&) automstic Caluieton
Picking Filters toolbar to - : - Value 0.1 @
select all three Surfaces. 5 =
e. Uncheck Automatic y u -
Calculation. T 1T
f. Enter 0.1 for the Global I Select Existing Progp...
Edge Length Value. Sl [ Create hevy Property, .
g. Click Apply.
)

MSGC

Software



Step 4. Fix the Left Edge of the Lug

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
—| 9 || I | @ = I
Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Element || Element || Contact Create || Initial | EBC Create ; LBEC
|Uniform *i!'«fariahle *IEBodies ~|| Body Pair ||Conditions ~||&ctions "i Load Case ||Fields =
Modal | { || Body Pairs | |[Load Cases
Fix the left edge of the lug in the | Load/Boundary Condtionss | Input Data |L°admundary| .
. . — Action: Create ™
X and Y direction. Load/BC Set Seale Factor onpet
1.
a. Under the Loads/BCs tab, click —
Displacement Constraint in Translations =T1 T2 T3» I 1] corent Losd cose
the Nodal group. (=00, = ! Defaut_
. Rotati R1 R2 R3 & i
b. Enter Fixed as the New Set e z Tpe: Sl
= = —
Né?me' Tranz If'hase :Tm. TpETpr i
c. Click Input Data. P . Existing Sets e
d. Enter <0,0, > for the Rotation Phase <Rpl Rp2 Rp3s R | |
Translations. 2 = =
. |
e. Click OK. <l | @
Spatial Fields
Mew: Set Mame
Fixed @
| FEM Diependent Data... |

Analysis Coordinate Frame
| Coord 0

Reset

R ON

[

Input Data...

[ Select Application Redgion

-Apply-




Step 4. Fix the Left Edge of the Lug (Cont.)

o

&S00 Q

. Click Select Application

Region.

. Confirm the Select filter is set to

Geometry.
Click Curve or Edge on the
Picking Filters toolbar.

. Select the left edge of the lug.
. Click Add.

Click OK.

. Click Apply.

@

[T

Select Application Region

Application Region

Select Geometry Ertities
Surface 1.2

Application Region

W2

M AR

- O

T T T

| @of

LoadiBoundary Conditions

. ]
Ohject: Digplacement -
Currert Load Case:
Drefault...
Type: Static
Existing Sets e
Mewy Set Name
Fixed
[ Input Data... |
[ Select Application Region... @
-ApRly- 9
MSC ASoftware




Step 5. Define the Deformable Contact Bodies

|Fi|e Group Viewport Viewing Display Preferences | Tools | Help Utilities|

Create three deformable contact bodies

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

b. Pull down Method to Geometry
c. Select Surface under Geometry
d. Click Apply

e. Click Cancel

il

After you click Apply, you will
see the contact markers
(magenta circles) in the viewport.

MSC. Fatigue 4
Laminate Modeler 4
Random Analysis...
Analysis Manager...
List 4

Mass Properties...

Beam Library...
Regions...

Modeling 4
Design Study 4
Results 4

User Defined AQM...

Pre-Release 4

et [Geonsiy_ )

Create From

@ Entire Model O Current Group

) Current Viswport

[ create Rigid Bodies
Geometry

|:| Curve Surface |:| Solid

Madel Contents...

Properties Import...

Load Tools...

Model Variables...

Element CQuick Create..,
Property Data Plots...

hass Property Management...
Assembly L4
Experimental Data Fitting...
Bolt Preload...

Rotor Dynamics...

MSM Properties...

Feature Recognition...
Contact Bodies/Pairs... < a

MSGC ASoftware



Step 5. Define the Deformable Contact Bodies

(Cont_) (Lond/soundary condions % |

‘Loat/Boundary Condtions |
o : ; [a]
Home Geometry Properties Loads/BCs Meshing Analysis Results Crurability LD Il
e ; . — ey Object: -
SRS = = et i = i =R s A eSS = N EEN L |€;|@n3uﬂ|:ﬁl- - - : |
; ; |_ Ype. Element Uniferm =
B || M| ||| |57 ]S || 0] || || || 2| o (2| 2]’ || ]| Ta ]2 2% -
_ _ . _ _ _g? Option:  [Deformable Body ¥ |
Defaults Transforms Viewport Display Crrientation Misc. Web||Model Tr
I — LoadBoundaty Condtions | A 0ot | Current Load Case:
Rename the deformable e —— [ Defaut.. |
contact bodies: EH8 Interference_Fit Fiten osfert (1) @ . Type:  Static
03 3
--Ef Materials
a. Under the Home tab click -{&3 Properties L
Model Tree . Fields Select Setto M.D-ﬂif)' @
b. Right-click on FY LBCs(1) S ecn, by
Surface_bdy1 under El0W Contact(3) . | [)][vl Surface_bdy3
gogtaCtaDefO;maAbﬂled I E.* Deformable Budv(s} Time-Dependert Fields
BO ygroupdln tle ¢ oae ..h Surface bdyl Create
rowser and selec -
Modify B surface bdyz| e (b
c. Enter 0:3 for the Friction @y Surface_bdy3 :‘Z'::mmri Dfo
Coefficient. B4 Load Cases(1) okt N
i H Groups(2 b
d. Click OK. W& croups(2) e R i (o)
e. Enter Lug for the Rename | @ Analyses
Setas. | I Results
f_ Clle Apply Target Element Type:
I Modify Data... |
[ Contectoptons.. | [ Modify Application Region... |
al(d) e Lo ()
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Step 5. Define the Deformable Contact Bodies

[Load/Boundary Conditions x|
(CO nt ) | Load/Boundary (;nndmnns! Input Data ! Load/Boundary Conditions |
Friction Coefficient (MU) e o Aachon, B
v (M G =
Ren_ame the deformable contact S s —y
bodies (cont.): ,
Option:  |Deformable Body |
a. Click Surface_bdy2 under Current Load Case: |
. Default...
Select Set to Modify. *
. . Type: Stati
b. Enter Upper_Pin for the _ = = o
Rename Set as. < u J (@
c. Click Modify Data Time-Dependent Fields : =
; : Select Set to Modify E

d. Enter 0.3 for the Friction

g Lug |
Coefficient. Surtace boy2 (@)
e. Click OK. L | Surface_bdy3 @

f. Click Apply Define: |
g. Click Surface_bdy3 under T — [
Select Set tO MOdlfy Boundary Type:

h. Enter Lower_Pin for the
Rename Set as.
i. Click Modify Data

Rename Set as
j. Enter 0.3 for the Friction Festurednge  [B00 o @ @
Coefficient. = :
k. Click OK.
[. Click Apply SElee: Disosd i Target Element Type:

@ Medify Data. . @]

[ EauiactOptens.. | [ Modify Application Region... |

Ea® o= ()
[se] . -

MSC R Software




Step 6. Create Contact Pairs —

ies Loads/BCs Meshing Analysis Results Durability

—_— . P
- | Load/Boundary Conditions | Input Data | Action: I
» | & | &

— b ject: ontact ¥
N X pg | o (e

re | Velocity | Acceleration | Crack{VCCT) iEIement | Element iIContact | Initial I Type: [ElementUnifurm v]
Uniform ~|[Variable ~||Bodies = Conditions = = ; -
Modal Body Fairs Geometric Contact Parameters: Option:
. Property Set Mame: 'E

I Pair Application Region ] Current Load Case:

; " Body Pair Appication Region '
Create Contact Pair between || e e | Defaut
Lower pin and the Lug: = 0.015 @ l Type: Static
o .
EIE..‘.’-_: Ea-:'tur(Bl-ﬁ«S]

a. Under the Loads/BCs tab \ 08 L
CIiCk Create BOdy Pair in Body1/Masterouched E = Ir.|telr"ference Closure(CINTERF) i Existing Sets 'E
the Body Pairs group =2

b. Enter Lug_Lower_Pair for Body1 Name: Sicle Off Distance(SLIDE) A

New Set Name Lug 0.0

c. Click Input Data.
d. Enter 0.015 for the
Distance Tolerance @ [[] Glued Contact(IGLUE}

Hard-Soft Ratio (HARDS)
(] self Contact 20

e. Click OK Body2/SlavelTouching onl
f. Click Select Application etain Momeai(GLUE -
Region Body2 Name: Allow Separ =2 New Set Name
g - ClICk Select Existing ;_L_Qb\fn_errpin_ | Stres.sfree. InitCont{ICOORD) Lug_Lower_Pair @
[] Delayed Siide OFf(ICO0ORD)

Touched Body icon near

Body1/Master/Touched o [Node To segment___ |

and select Lug 1
h. CI|Ck Select EXiSting 0 [Vi Contact Detrac:tinn(ISEARCH}

- . L | I_! O Automatic

Touching Body icon near sonnel | input Dats...

Body2/Slave/Touching and (& Double Sided [ select Application Region.

select Lower_Pin
i CI|Ck OK I 0K @ I_Defaurts ] l Cancel I!vl ﬂ ™
j. Click Apply = B
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Step 6. Create Contact Pairs (Cont.)

Create Contact Pair between
Lug and the Upper Pin:

a.

Enter Lug_Upper_Pair for
New Set Name

Click Input Data.

Enter Lug_Upper_Pair_g
for Property Set Name.
Enter 0 for the Distance
Tolerance

Enter 0.01 for the
Interference Closure

Click OK

Click Select Application
Region

Click Select Existing
Touched Body icon near
Body1/Master/Touched and
select Upper_Pin

Click Select Existing
Touching Body icon near
Body2/Slave/Touching and
select Lug

Click OK

Click Apply

I Body Pair Application Region

| Body Pair Application Region |

Mode: Existing Bodies A
Body1/Master/Touched @

Body1 Mame:

|Upper_Pin

[ self Contact

©
Body2/Slave/Touching E

BodyZ Name:

o< (j)

| Load/Boundary Conditions ! Input Data |

Geometric Contact Parameters:

Property Set Name:
Lug_Upper_Pair_g

@uﬂ“

Distance Tolerance(ERROR)

Bias Factor(BIAS)
0.89559998

Interference Closure(CINTERF)
0.01

© | ©

0.

Hard-Soft Ratio (HARDS)
2.

[ Glued Contact(IGLUE)

|:| Stressfree InitCont(ICOORD)
[ oelayed Siide OffICOORD)

Select [Nude To Segment "

Contact Detection(ISEARCH)
() Automatic

(") Single Sided

(%) Double Sided

| DK@ [ Defauts | [ cancel | v

Load/Boundary Conditions

Load/Boundary Cnndi‘tiugl
! -3
=
Action: ||
Type: [Element Uniform ¥ |
Current Load Case:
Default...
Type: Static
Existing Sets IE
Lug_Lower_Pair
New Set Name
Lug_Upper_Pair @
L Input Ciata. .. @7
[ Select Application Region... @
SO
MSC ASoftware



Step 7. Define the Material Properties

! File

Isotropic

Home

Group Viewport Viewing Display Preferences Tools Help  Utilities
Geometry Properties Loads/BCs Meshing Analysis Results Durability
s || = 1 e | R )|
|8 ||

Orthotropic| |&nisotropic) | Fluid Cohesive

4 oo

S 1000 s

| IR NIE sl
Fluid || Cohesive ||| || =26 | .|| all| |67 40P ||| GD0]|40F|| T | ||| |~ ¥

aoL o L

Define material properties for steel with
an elastic modulus of 30E6 and a
Poisson’s ratio of 0.3 :

a.

oo

SQ ™o

Under the Properties tab, click
Isotropic in the Isotropic group.
Enter Steel for the Material Name.
Click Input Properties.

Confirm Linear Elastic is selected
for the Constitutive Model.

Enter 30e6 for the Elastic Modulus.
Enter 0.3 for the Poisson Ratio.
Click OK.

Click Apply.

I nput Uptions:

Constitutive Model:

Property Mame

Elastic Moduluz =

Poizzon Ratio =

Shear Moduluz =

Density =

Thermal Expan. Coeff =
Structural Damping Coeff =

Reference Temperature =

Temperature DepMlodel YWariakble Fields:

Current Constitutive Models:

Clear

Cancel

Materials. |

Method: IManual Input =

=

Existing Materials

] [

Waterial Name
| Steel

®

Description

i Input Properties .. @

[ Change Material Status .. |

[z (h) o
MSC A Software



Step 8. Define the Element Properties

F

i File Group Viewport Viewing Display Preferences Tools Help  Ufilities

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

% 8| ] . ‘P ||| =l =] Lo JIPERL dlCd (PR N e IE O |0 3802 ||| | e bem|
lsatropic || || @) || Fluid || Cohesive ||| ([Tl || o] L]l [42]10F) |||D)|B| ]| ][ i:,e ||| selid ) [alES|| K] ||| %8| )| )
Isotropic |[Orthotropic) |&nisotropic|| Fluid Cohesive Compaosite 0D Properties 1D Properties 2D Properties | (3D Properties| |Property &ctions Fields

o

Define Plane Strain element
properties:

Click 2D Solid in the 2D
Properties group.

Enter Steel for the Property
Set Name.

Confirm that Plane Strain and
Standard Formulation are
selected under Options.

Click Input Properties.

Click the Mat Prop Name icon.

Choose Steel from the
Existing Material list.

Pull down Large Strain for
Nonlinear Formulation
(SOL400).

Click OK.

Plane StrainfCTRIAZE CQUADAE)

21 % | Element Properties

Select Existing Material

<]

Property Mame “alue Walue Type
hiaterial Mame m: Steel hiat Prop hame

[Plane of Deformation] | c X
[Cutput Locations] | String ¥ ) ‘
[Nonlinesr Formulation(SOLA00)] | arge Strain @ !

S0L 400 Cnly! Automstic or Blank: Wites PEHLMRPELDMA entries if associsted to contact body or
plastic material | Large Strain: forces entries to be written ; Small Strain: forces entries MOT to be
written

| 2]

:

Element Properties |

Action:
Object:

Type:

sesy

.Lu g_.Luw er_Pa.ir_g
Lug_Lower_Pair_p
Lug_Upper_Pair_g

)

Property Set Name
Steel

® \

Options:

Plane Strain =X @

[Stanﬁarﬂ Formulation = ]

[ External Mateials:

@) Input Properties ...

Cancel

L Select Application Region .

o

Apply

MSGC




Step 8. Define the Element Properties (Cont.)

. Click Select Application
Region.

. Drag a rectangle to select all
three Surfaces.

. Click Add.
. Click OK
. Click Apply
sz Aibbos _viewport - default_group -
T

T

@)
&
I

] |
i i I

[T,

—

Application Region
Select Members ‘

Surface 1:3

l Add @ [ Remaove ]

Application Region

[ Element F‘.rupei'.t.iés
Action:
Object:

Sets By:

=

[ ]
L)

Property Set Name
Steel

Options:

Plane Strain X

[Standard. Formulation =

Input Properties ...

Select Application Region ..

2w ()

]
.(a

[]

MSGC



Step 9. Set up and Submit the Analysis

Haome Geometry Properties Loads/BCs Meshing Analysis Results Durability
b : B B B B b E
2 H 3
W0 e 5 O - R /0 R R
Selected Load Analysis Fead | Submit [ .;|-|||_LLI| | ¥|||__,':|| XDB Qutput? | MASTER/ | Attach | t16/419 | d3pl
Group | SimXpert Deck \ ‘ DEALL | Qutput2
nalyze Create Existing Deck Optimize | |Toptomize Access Results

=

=

Analysis | Solution Type

Set up the Analysis:

Q

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

group.

b. Enter Interference_Fit as the

Job Name.
Click Solution Type.

Qo

Solution Type.
. Click Solution Parameters.
Uncheck Assumed Strain

SQ ™o

. Uncheck MASTER/DBALL.
Select OP2
Click OK

—— —

. Select Implicit Nonlinear for

. Click Results Output Format...

MSC Mastran

|:|1' Solution Parameters

[ Contact Parameters... ]
[ Direct Text Input... |
[ Restart Parameters... ]
[ Domain Decomposition ... ]

[] shell Shear Correction
SOL 400 Run

Default Initial Temperature:

Default Load Temperature:

[ User Defined Services... ]
[ Results Output Format... @
Lok ] [ pefaus | [ cancel |

Solution Type

Solution Type:

(CILINEAR STATIC

() NONLINEAR STATIC

() NORMAL MODES

() BUCKLING

() COMPLEX EIGENY ALLE
() FREGLUENCY RESPONSE
() TRANSIENT RESPONSE
() NONLINEAR TRANSIENT
(&) IMPLICIT MONLINEAR
() DDAM Solution

[ Select ASET/ISET... ]

I Solution Parameters.. @

Solution Seqguence: 400

M Results Qutput Format kel |
--OPQ @ Ij.XDE Print D Punch

[ MASTER Onty I MAS‘I‘ERJ'DBALL@
OUTPUTZ Reguests: __P3 Built In -4

QUTPUTZ Format:

Forms &)

Sk |
: Py
2
Object: Entire Model ™
Method: -_Full Run ¥
Code: MSC.Nastran
Type: Structural
Available Jobs E
Job Name
Interference_Fit
Job Description (TITLE) =
SUBTITLE
LABEL
l Translation Parameters...
r 4
[ Solution Type... & C
[ Direct Text Input. . |
[ Select Superelements... ]
l Subcases... ]
[ Subcase Select... ]
Apply [v}]
|

0K @[ Defauts | [ cancel |

MSGC ASoftware




Step 9. Set up and Submit the Analysis (Cont.)

Define Contact Parameters:

a. Click Contact Parameters.

. Click Contact Detection.

c. Enter 0.015 for Distance
Tolerance (ERROR).

d. Check Activate Quadratic
Contact (LINQUAD). Uncheck
Permanent Gluing

e. Click OK.

Click Friction.

g. Pull down Bilinear Coulomb
for Type.

h. Click OK.

i. Click OK.

j. Click OK.

k. Click OK.

o

—h

Distance Tolerance (ERRORT

Bias on Tolerance (BIAS) L]

|:| Suppress Bounding Box Check (ICHECK)

Shell Elements (ISHELL)

Top and Bottom =

Check Layers:

|:| lgnore Thickness

Guadratic Elements:

[litsctivate Quadratic Cortact (LINQUAD) @

Beam Elements

[[] Activate 30 Beam-Beam Cortact (BEAMB)

Glue Options

|:| Permanent Gluing (MLGLUE) @

N
{ OK \\eji Defaults l I Cancel ]

Friction Parameters for Contact Analysis

Type: Eilinear Coulomk = @

)
Coulormb Friction Models
Modal Force ™

[Slip Threzhald]: oo
Bilinear Model
Friction Force Tolerance: 0035
Heat Generation Conversion Factar: 10

Cancel i

oK @[ Defauts | |

COMTACT Control Parameters

Control Methad: |rode to Seament b4

Deformable-Deformakble Methaod:

(%) Double-Sided () Single-Sided

[l optimize Constraint Equations

[ Cortact Detection ..

[ Separation.. ]

Friction... ( f j

Initial Contact Paramters

[CIEnatie Initisl Contact

Incremert Cartrol

Penetration Check:

Ciher Parameters
DReduce Printout of Surface Definition

l Qi @ l Defaults ] | Cancel i

[ Cortact Parameters...

el

[ Direct Test Input

[ Restart Parameters...

{ Domsin Decompostion ...

[ Azsumed Strain

|:| Shell Shear Correction

Default Intisl Tetmpetature =

Default Load Temperature =

{ Results Cutput Format...

[ ok /D{ Detauts | |

cancel |

Arialysis | Solution Type

MEC Nastran
Solution Type

Solution Type:

O LINEAR STATIC

(O NONLINEAR STATIC

(O NORMAL MODES

(O BUCKLING

(O COMPLEX EIGENWALUE
(O FREQUENCY RESPONSE
(O TRANSIENT RESPONSE
(O NONLINEAR, TRANSIENT
(3 IMPLICIT NORLINEAR
() DDAM Solution

[ Select ASET/QSET ..

i Solution Parameters... i

Solution Sequence: 400

i ()

MSGC

Software



Step 9. Set up and Submit the Analysis (Cont.)

Define Subcase Parameters:

. Click Subcases.

. Click Subcase Parameters.

a
b. Click Default under Available Subcases.
o}
d

. Confirm Large Displacement/Large Strains is
selected for Nonlinear Geometric Effects.
e. Click Load Increment Parameters.

'S'Téﬁii Solution Parameters

Solvers { Options... ]

Monlinear Geometric Effects:

Monlinear Geometric Effects:

@

|:| Follovwwer Forces

[Large Displacement/Large Strains

Follower Loads:

[Loads Fallowr Deformations . ]

[ Load Increment Params... @
[ Heration Parameters. |
[ Contact Table... |
[ activeDeactive Elements... |
[ Brake Squesl Parameters... |

mSubcases
Solution Seqguence: 400

Action:

Available Subcaszes E

Subcase Mame
| Defautt

Available Load Cases E

Analysis Type:

Subcaze Options

i Subcase Parameters... @

[ Cutput Reguests... ]

[ Direct Text Input... |

[ Ok ] [ Defautts ] i Cancel

Cancel

[ Apply ]

Analysis |

Action: Analyze ¥

Object: Entire Model =

Wethod: Full Run

Code: MSC.Nastran

Type: Structural

Available Jobs &

Job Name
Interference_Fit

Job Description (TITLE) =

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

|
|
|
Select Superelements...
Subcases... (j

Subcase Select.. ]

—— — — — —

,rv-h

MSGC ASoftware



Step 9. Set up and Submit the Analysis (Cont.)

Set Increment Type to Adaptive
and Trial Time Step Size = 0.1 :

a. Pull down Increment Type to
Adaptive.

b. Enter 0.1 for Trial Time Step
Size.

c. Click OK.

d. Click Iteration Parameters.

r Static Solution Parameters

MonLinear ™

Linearity:

Solvers [ Options. .. ]

Monlinear Geometric Effects:

Monlinear Geometric Effects:

[Large Displacementlarge Strains =X ]

Followwer Losds: [CIFalloacer Forces

[Loads Followy Deformations = ]

Load Increment Pararms... ]

lteration Parameters... @]

Contact Table... |

ActiveiDeactive Elements... ]

—_— o o o

Brake Sgueal Parameters... ]

[ Ok ] [ Defaults ] i Cancel

Increment Type;

Adaptive Increment Parameters
[Trial Time Step Size:]

Titne Step Scale Factaor:

[Minitnum Time Step:]

[Maximum Time Step:]

[Max # of Steps:]

[Total Time:]

[# of Steps of Cutput:]

s 1 r Load Increment Parameters

e <) ()

o (®)

[12

1e-003

|05

1.0

Inettial Damping |_Nastran Diefault

w

ke

’_ Criteria...

o (c) |

Defaults

| |

Cancel

MSGC



Step 9. Set up and Submit the Analysis (Cont.)

ion Parameters. ‘]

teration Parameters

Select Pure Full Newton for the Matrix Update Method || """ e"tersters perinerenert -
a. Pull down Pure Full Newton for the Matrix Update Me: # of eretiors per Increment. 28
Method. Number of terations per Update = [10 . r Subc

b . Cl |Ck OK Matrix Upciate Method: @F‘ure Fuall MWesvtan - ] Solution Sequence: 400
c. Click OK on the Static Solution Parameters form. T ction

d. Click Output Requests.

- ! 10
Desired # of fterations per Incr | Available Subcases @

|:| Displacemert Errar

r Static Solution Paramelers: e 1

: : |:| Load Errar

Solvers [ Cptions... ] |:|W0rk Errar Sihtasa Nare
| Defaut
Monlinear Geometric Effects: @
Available Load Cases
Monlinesr Geometric Effects: |:| Wector Component hethod

[Large DizplacementiLarge Strains =¥ ] D Length Methar
Followver Loads: [CIFalower Forces
[Loads Fallowy Deformstions > ] Max # of Divergence Conditions: 3
Mar # of Correction Yectors: |25
Maix # of Line Searches: | 4
[ — — ] Analysis Type:
ogd Increment Params. .. : : :
Fraction of Effective Stress: 02 = \brase Giliens
I teration Parameters. . ] — i Subcase Parameters... 1
Line Search Talerance: 05
I Cortact Table... I . [ Cutput Reguests... @
] N 0
[ ActiveDeactive Elements... ] e i e ' l ]
; Direct Text Input...
[ Brrake Soueal Parameters... ] M Incremental Rotation: 200

o\ C [ Defaultz ] | Cancel | [ o]’ (@[ Defaults ] i Cancel i [ apply

MSGC ASoftware



Step 9. Set up and Submit the Analysis (Cont.)

For

Analysis |
P
r Standard'Resulis = - 1 r Subcases Object: Entire Modsl ™
SUBCASE NAME: Default

Solution Sequence: 400 =
SOLUTION SEQUENCE: 400 i Wethod: Full Run ¥

Faorm Type: Action:

Code: MSC.Nastran

Select to OUtpUt Element Strain Select Resutt Type _ Aailable Subcases =
and Contact results (cont.): E‘:""'E Lgdfg ey = Type:  Strucura
:G::d PE:m Sgessﬂeziance @
a. Select Element Strains and | i s ‘ ikt g
Contact Results. 2
b. Click OK.
c. Click Apply. DISPACEVENT SORT1 REAL =41 PN T |
d. Click Cancel. e e B0 E i -
e- Clle Apply- STRAINCSORT1 ,REAL,VOMISES,STRCUR,EIILINJ=AII FEN : ; Interference__Frt

Job Description (TITLE)

i( ] m J [#]
[ Delete ] SUBTITLE
Analysis Type: .LABEL .
Omme . Subcase Options
Thiz i Subcase Parameters... i
T lation P ters...

[F]SUBTITLE [ Cutput Requests... ] |‘ fans R Tarameers I
[ Defautt | L Solution Type... ]
[JLapEL [ Directleinot., ] " Direct Text Input... |
. [ Select Superelements... ]

[ Subcases... ]
I Ok @ [ Defauts } [ Cancel o Cancel d [ Subcase Select . ]

[0 (¢ ) v

¥l

MSGC ASoftware



Step 10. Attach the .op2 Results File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability SRR
Analysis |
' i T 74 A O f -
S 1 5 0 el 2l i (R
Entire | Selected Load Analysis Read | Submit | ¢-||@| | \'||@| ¥DE | Output2 | MASTERS || Attach | t16/119 Object
Model | Group | Sim¥pert Deck L DBALL [|Output2 Method
Analyze Create Existing Deck Optimize | [Toptomize Access Results
Q E = @' é ﬁ\ '$' “%F Code:  MSC Mastran
Type: Structural
Attach the .OP2 Results file.
a. Click Attach Output2 in the — ’j“j“j"“““ﬁ =
Access Results group. IECUTIE 1 ==
b. Click Select Results File... ook in:| [l Trairing | « & cf B
c. Select interference_fit.op2 =2 e
d. Click OK. i |interference fit.op2 @ obName
. Interference_Fit
e. Click Apply Job Description (TITLE)
SUBTITLE
File name: i*_opg ;I 0K d LABEL
Files of type:  |Files {*.0p2} | Cancel I _ |
L Select Resutts File... @
[ Translaticn Parameters... I

=0




Step 11. View Deformation and Stress Results

= Elb -{ ﬁ s 'ﬁﬂ‘ 5 Home Geometry Properties Loads/BCs Meshing Analysis Results fp-es”“s
e " + Action: Create ™
- S MOl Ny g NESRIEE
Fringe/Deformation| || Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody Graph Animation | Report | Derive | |B||*| | Insight |,|\§,,||F_||_ e
Quick Plot a Regy | Resuts Resutts of = .
=3
Plot the Cauchy Stress Fringe Object Obiect: Select Resut Cases
Results superimposed on the true % ; — |i 5CO0:, A1:Static Subcase
. III 5C1:Step 1:DEFAULT, A1:Time = 0.1
scale deformed shape for the final =% @ = e T i

load increment.

a.

>SQ ™Mo

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

. Select the final result case.

Select Cauchy Stresses for
Fringe Result.

. Select Displacements,

Translational for Deformation
Result.

. Click Deform Attributes.

Select True Scale.

. Uncheck Show Undeformed.
. Click Fringe Attributes.

Pull down Element Edges for
Display.

Select Black for Fringe Edges.

Click Apply.

Showy Spectrum
Showy Wiewport Legend

[ Spectrum... ] [ Range... ]

Style: Dizcrete/Smooth =

Shading:

0o 1.0

¥

Element Shrink Factor
Fringe Edges !@
lemert Edges = @

Dizplary:

wan [——_3]
[ Tile Editer. . |
Show Title [JLock Title

Sheray Maxmin Label
sk Frings Lakel

[ Label Style...

Shivwe on Deformed

Apply (@ [ Fesst |

Showe Viewort Legend

Deformed: J

Scale Interpretation
O Model Scale

@ True Scale @

Scale Factor 10

|:| Show Undeformed @

[ Ttle: Ecltarr ...

Show Title [JLock Title

Shovw Waximum Lakel

[ Label Style... |

T

Reset ]

SC1:Step 1:DEFAULT, A1:Time = 0.364

SC1:Step 1:DEFAULT, A1:Time = 0.536

SC1:Step 1-DEFAULT, A1 Time = 0.744
‘Step 1:DEFAULT, A1:Time = 1. 0

Cauchy Stresses MonLinear Output | =-.J-
Constraint Forces, Rotational e
Constraint Forces, Translational g
Contact Status, 1)
il ] | il

von Mises. ¥

CQuantity:

Select Deformation Result

Constraint Forces, Rotational §A:

Constraint Forces, Translational
Dtsplacements Rutatmnal

contact force, Fru:hun

[] Animate

Apply

MSGC

Software



Step 11. View Deformation and Stress Results
(Cont.)

i.' g :'"""_'" e ,.: . A% .I.i i .'_.-_--;.v.i,.,.i-----.b\. -.:-'__-. 'i:r -':-.-“:;' ; " ey :-:.; E@w

1.41+0086

Fringe: SC1:Step 1:DEFAULT, A1:Time = 1., Cauchy Stresses, , von Mises, (NON-LAYERED) 1.31+006%
Deform: SC1:5tep 1.DEFAULT, A1.Time =1., splacements, Translational, 1?3:33
' i 1.03+006
9.39+005
8.45+00
7.51+00
6.58+00
5.64+00
4 70400
3.76+00
2.82+00
1.88+00

8.34+60

default_Fringe :
Max 1.41+006 Nd 1712
Min 2.25+002 @Nd 1531

default_Deformation :
Max 1.14-002 (@Nd 251

MSGC ASoftware



Step 12. View Contact Results

Home Geometry Properties fBCs Mezhing Analysis Results Durability _ |
L LY s ek 4 A 2 |Gy (B [~ e
|Fringe.Def-:|rn1ati-:|n| Deformatior | Fringe || Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive I & * 'I Insight E‘ Object:
||
| Quick Plot ‘ Result Plots | Result-ﬂ || [nsn;ht || X
- B A
FFOrLYE = & 2 [
Plot Contact Status results. Select Resutt Cases
H H SCO:, A1:Static Subcase
a. C“Ck Reset Graphlcs to 3C1:Step 1:DEFALLT, A1:Time = 0.1
clear the current results plot. I‘ 5C1:Step 1:DEFAULT, A1.Time = 0.22
. . . Fringe: SC1:Step 1:DEFAULT, A1 Time = 1., Contact Status, . . (NON-LAYERED) 1.00+000f 3C1:5tep 1:DEFALULT, A1:Time = 0.364
b. Click Fringe in the Result 55001 SC1:Step 1:DEFAULT, A1-Time = 0.536

Plots group.

5 67-001F
c. Select the final result case. 8000011
d. Select Contact Status wszoor| | | . 2l
under Select Fringe Result. 867001
. 5.00-001k Select Fringe Result
e. C“Ck Apply £ 55-001 Cauchy Stresses, NonLinear Output ||

—h

Censtraint Forces, Rotational
ust n ces, Translational

Note the range from 0 to 1.
Zero indicating the master

4.67-001

4.00-001 Displacements, Rotational )
body and 1, the slave body. ool | €T >
2.67-001
zoo-cor [ Position...((NON-LAYERED )}
1.33-001
he 6.67-002)
\_x u [ Animate

default_Fringe

@ Max 1 00+000 @Nel 251
Min 0 @Nd 295 [ Apply ( ) Reset

MSGC ASoftware



Step 12. View Contact Results (Cont.)

Plot contact friction force.

a. Select contact force, Friction @
under Select Fringe Result. N

b. C“Ck Apply Select Result Cases EI

SC0:, A1l:Static Subcase
SC1:Step 1:DEFAULT, A1:Time = 0.1
SC1:Step 1:DEFAULT, A1:Time = 0.22

Fringe: SC1:Step 1:DEFAULT. A1:Time = 1., contact force, Friction. Magnitude, (NON-LAYERED) 1.10+003] SC1:Step 1:DEFAULT, A1:Time = 0.364
SC1:Step 1:DEFAULT, A1:Time = 0.536
1.03+00%3 SC1:Step 1:DEFAULT, me = 0.744

[SC1:5tep 1:DEFAULT, AlTme =1. |
9 5E+002—

8.82+002— < 5
8 08+002—

Select Fringe Result

7.36+002—] Wolumetric Strains, e
T - je@:ﬂ
cE=tERRERER R R

6.52+002 contact force, Normal

contact stress, Friction 1

b.68+002 ‘contact stress, Friction 2 b
4 *

515+002

4.42+002

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

3.68+002 -
Quantity: Magnitude ¥

2.95+002
DAnimﬂt&
2.21+002
1.48+002 L__Apaly (b ) [ Reset J
7.43+001
1.48+000)

default_Fringe
Max 1.10+003 @Hd 17285
Min 1 48+000 @Nd 275

MSGC ASoftware



Step 12. View Contact Results (Cont.)

Plot contact normal force. Resuits
a. Select contact force, Normal Action:
under Select Fringe Result. Object:
b. Click Apply. _ =
=
Fringe: SC1:Step 1:DEFAULT. A1 Time = 1., contact force. Normal, Magnitude, (NON-LAYERED) 2.38+004 gl
Select Result Cases
2.28+004 SCO:, A1:Static Subcase
|| SC1:Step 1:DEFAULT, A1:Time =
2.17+004 SC1:Step 1:DEFAULT. A1-Time =
|| SC1:Step 1:DEFAULT, A1:Time =
2.06+004 SC1:Step 1:DEFAULT, A1-Time -
SC1 Ste 1:DEFAULT, A1 Tme 5
1.96+004— E dﬁimﬁ@& 1°Tir
1.85+004—
1.75+0040 (s [
1.64+004 Select Fringe Result
Touched Body, Third ~
1.65+004 Volumetric Strains,
contact force Fr|ct|on
1.43+004 contact force, Normal E
contact stress, Frlcmn |
1.32+004 : -
1.21+004
1.11+004 | Position._((NON-LAYERED)) |
Lovsoodl | cuamty
5 8 96+003 CJAnimate
7.90+003
default_Fringe I' Apply (Bl Reset |
Mawx 2. 38+004 @Nd 4601
Min 7.90+003 @Nd 243

MSGC ASoftware



Step 13. Run Analysis with Segment to Segment

Ho Geometry Froperties Loads/BCs Meshing Analysis Results Durability _
b - T, -9 -4 I by, e e Analysis |
&l | = 3 [4‘"‘ 2% o | | = R P ﬂﬁé Bt |||l |-|;,g,!|;,g§| i L = ]
Entire | Selected | Load Analysis || Read | submit ||| [l [5|(||[g|[#]|| XDB | Qutput2 | MASTER/ | t16/t19 | d3plot |||k |[tg|| B!l || e || 5 | S 7l
Model | Group | Sim¥pert || Deck - s DBALL LI : it - =
Analyze Create Existing Deck Crptimize | [Toptomize Access Results Delete Actions SRhE
O M o F &= Method:
Run the Analysis using Segment to S it
Segment contact in place of Node —— — — Type:  Structura
tO Segment Contact r SOOI MEIETE: L'-—'Ew Solution Type
a. Under the Analysis tab, click Avaiable Jobs e
Entire Model in the Analyze [ Contart Parameters. (£ Solten Type e @
_ \ (O LINEAR STATIC
group. [ RrecIoiied, ) NONLINEAR STATIC
b. Select Interference_Fit from [ NI S ] () MORMAL MODES
the list of Available Jobs. S EUSLTE Job Name
c. Change the Job Name to [ Doman Decompostien... | O conpLEx BoENvALLE interference Fit_sts
N O FREGIJENCY RESPONSE Job Description (TTTLE) =
Inl!:e rfe rence_Flt_sts . [ Assumed Strain () TRANSIENT RESPONSE
d. Click Solution Type... () NOMLINEAR TRAMSIENT
e. Click Solution Parameters... [ shell Shear Correction (3 IMPLICIT NONLINEAR
f. Click Contact Parameters... IS0t 400 Ren O ooam Sobtion susTmLE
Detfault Intial Tempersture: [ Select ASETIGSET.. ] T
Default Load Temperature: | [ |
I Results Cutput Format... ] [ Solution Parameters.. (:e) l Translation Parameters... I
[ Solution Type... (@
[ oK | [ petsuts | [__cance ] Solution Seguence: 400 [ Direct Text Input... I
[ Select Superelements... ]
| Ok, | ’ Cancel ] l Subcasesy I
|_ Subcase Select... ]
|
&
MSC ASoftware



Step 13. Run Analysis with Segment to Segment

(Cont.)

Run the Analysis using Segment
to Segment contact in place of
Node to Segment contact.

a. Pull down Control Method to
Segment to Segment.
Click Friction

Pull down Type to Coulomb
Click OK

Click Augmentation...

Pull down Augmentation
Method to Bilinear.

Click OK on all forms.

Click Apply.

~0Qo0oT

= Q@

Type:

(ostomt 7))

Coulomb Friction Models

Friction Parameters for Contact Analysis

Method:

Bilinear (Displacement) ~ ]

Bilinear (Displacement)
I Non-Symmetric Matrix

Sliding
@ Finite © Small

[Sliding Threshold:]

Parameters

L_ox(d) |

Defaults ]

I

Cancel

on Parameters

Auvgmenstion Parameters for Cortact Analysis

Augmertation (Marmal)

[Penatty Factaor:] 0.0

[Pentatrion Distance:] o0

Augmentation [ Tangential)

CONTACT Control Parameters

Cortrol Method: |Segment to Seament

[ Cortact Detection... |

[ Separation... ]
7

[ Friction... k\];))

[ Auvgmentstion... @]

Initial Contact Paramters

[]Enable Initisl Contact

Increment Cortrol

Penetration Check:

Cther Parameters
|:| Reduce Printout of Surface Definition

i Ol (@[ Defauits ] [ Cancel

@ oK | [ pefauts | [ cancel |

Object: Ertire Model 7
Method: Ful Run
Cocle: MSC Nastran

Type: Structural

Available Jobs E

Irterference_Fit

Jokr Mame
Irterference_Fit_sts

Job Description (TITLE)

SLBTITLE

LABEL

Translation Parameters... ]

Solution Type... (,(D

Select Superelements...

SubCases...

Direct Text Input... ]
|
|
|

Subcase Select...

o (h)

MSGC ASoftware



Step 14. Attach Segment to Segment Result File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability ___|
Analysis
. T 5% <% A 9 b .
Iil1 5 | H | [ H || i | -xdb op2 ‘}t "J‘ ﬂg: Action: _\cce&sRe&uns -
| & L * ‘ . ;I Object  [Attach Qutpuiz__ ¥ |
Entire | Selected Load Analysis Read | Submit | *H E—H | *“ @| XDE | Output2 | MASTER/ | Attach ||t16/
Model | Group | SimXpert || Deck DEALL | Output2 ctind,
Analyze Create Existing Deck Optimize | | Toptomize Access Results
Code: MSC.Nastran
O =« . ﬁ '$' Seis
—_ [Th % Type: Structural
Attach the Segment to _
. Available Jobs E
Segment .op2 Result file terfarance_Ft
a. Click AttachOutput2 in the it
Access Results group.
b. Click Select Results File...
Job Name
c. Select l] ——— “nterference_Fi_sts
interference_fit_sts.op2. = : Job Deseripton (TITLE)
d. Click OK. Lok i_n:] | Training :_I . 30 FEEE
e. Click Apply | interference fit.op :
¢ |interference fit sts.opl (@; SUBTITLE
LABEL
[ Select Resulls Fie.. @
i Translation Parameters. .. I
File name: iimerferen-:e_f'rt_sts.opz _:j @
_A Iy
Files of type: iF”ES {*opZ} _vj Cancel 2
MSC ASoftware




Step 15. View Segment to Segment Results

]

Fringe/Deformation

E M o B -

e | % |l W

Tensor | Cursor | Contour

Home Geometry Properties

Deformation | Fringe | Vector

Quick Plat

Loads/BCs

Resu

Plot the Cauchy Stress Fringe Results
superimposed on the true scale deformed
shape.

a.

oD KQ o

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

group.

. Select the final result case.
. Select Cauchy Stresses for Fringe

Resuilt.

. Select Displacements, Translational

for Deformation Result.

. Click Deform Attributes.

Select True Scale.

. Uncheck Show Undeformed.
. Click Fringe Attributes.
Pull down Element Edges for Display.

Select Black for Fringe Edges.
Click Apply.

Meshing Analysis Results
J @ 1 B I Il [ % % Il :I&II&IIIEH:
o 1l |
Isosurface | Freebody | Graph | Animation | Report | Derive | |B||*| |[n5|ght|i|\.§§h||ﬁ||a|
Resuts Resutts

Ohject: GCuick Plat - ™

Showy Spectrum
Showy Wiewport Legend

[ Spectrum... ] [ Range... ]
Shading:
U;D 000

¥

Element Shrink Factor

[0

Fringe Edges

Dizplay: lement Edyes - @
wen (=]

[ Tile Editer. . |

Show Title [JLock Title

Sheray Maxmin Label
sk Frings Lakel

[ Label Style...

Shivwe on Deformed

[ appy (i() [ Fesst |

Ohiject: Ciick Plot v

03 E

Showe Viewort Legend

Deformed: J

Scale Interpretation
O Model Scale

@ True Scale @

Scale Factor 10

|:| Show Undeformed @

[ Ttle: Ecltarr ...

Show Title [JLock Title

Shovw Waximum Lakel

[ Label Style... |

ts

— S I N - A

T

Reset ]

Action:
Object:

Select Result Cases

1:Step 1:DEFAULT, A1:Time = 0.f»|
1:Step 1:DEFAULT, A1:Time =01
1:Step 1:DEFAULT, A1:Time = 1.
1:Step 1:.DEFAULT, A2 Time=0."_
1:Step 1:DEFAULT, A2.Time =02
1:Step 1:.DEFAULT, A2Time =04 _|
1:Step 1:DEFAULT, A2 Time =05 |
1:Step 1:DEFAULT, A2 Time = 0.7

1-Step 1:-DEFAULT, A2 Time = 1. @)
@)

€ | :

Select Fringe Result

(Caucl 'SII- : [a]
Cauchy Stresses, NO ear Outp =/

Constraint Forces, Rotational
Constraint Forces, Translational

Contact Status, [se]
£ i fm 1 [2]
Quariiy.

Select Deformation Result

Constraint Forces, Rotational [~ ]
Constraint Forces, Translational | |
Displacements, Rotational
Displacements, Translational
contact force, Friction

CJAnimate

Apply

MSGC

Software



Step 15. View Segment to Segment Results

(Cont.)

=

T g e o i o T o e G e N =18 i
LH arfere 2 Fit.db - detault viewpao - dertau group - v

Deform: SC1:Step 1:DEFAULT, A2:Time = 1., Displacements, Translational,

=%

1.50+006

Fringe: SC1:Step 1:DEFAULT, A2:Time = 1., Cauchy Stresses, , von Mises, (NON-LAYERED) 1.40+006™

1.30+006
1.20+006}
1.10+006}
1.00+006}
9.01+005;

default_Fringe :

Max 1.50+006 (@Nd 248
Min 2.25+002 @Nd 1531
default_Deformation :
Max 1.14-002 (@&Nd 251

MSGC ASoftware



Step 16. View Segment to Segment Contact

Results

Home Geometry Properties fBCs Mezhing Analysis Results Durability
5 Lb | Al | W2 ; (3] .
= % & .’ 12& k- L j ,ﬂ — E=H ZE Imii*' @ |
Fringe/Defarmation || Deformation | Fringe || Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive || Insight il
Quick Plot a Result Plots |Result &...|| Insight H_
OE o 0K -
Plot Contact Status results. [ - " e, Bk

a. Click Reset Graphics to 3 Bl

Clear the cu rrent reSUItS Fringe: SC1:Step 1:DEFAULT, A2:Time = 1., Contact Status, , . (NON-LAYERED) 1 00+00

plot_ 1.00+000

. . . 1.00+000

b. Click Fringe in the Result A B

Plots group. 1.00+000

c. Select the final result 1.00+000

case 1.00+000

. 1.00+000

d. Select Contact Status 1.00+000

under Select Fringe 1.004000

1.00+000

R?SUH' 1.00+000k

e. Click Apply. 1.00+000

f.  Note the range is now 1:88+800

uniformly 1. For segment
to segment contact, there
is no slave and master
relationship.

default_Fringe :
Max 1.00+000 @Nd 225
Min 1.00+000 @Nd 225 |

Resulis

Action: ]
Object:

%h“. h"l\;;

Select Result Cases :

1:Step 1:DEFAULT, A1:Time = 0.4
1:5tep 1:.DEFAULT, A1 Time =0
1:Step 1:.DEFAULT, A1:Time = 1.
1:Step 1:DEFAULT, A2 Time =0
1:5tep 1:.DEFAULT, A2 Time =0
1:Step 1:.DEFAULT, A2.Time=0.
1:Step 1:DEFAULT, A2 Time = 0.4
1:Step 1:DEFAULT, A2 Time = 0.]
1:Step 1.DEFAULT, A2.Time = 1.} @
(%] 2 :

Select Fringe Result

Cauchy Stresses, ()
Cauchy Stresses, NonLinear Qutp| =
Constraint Forces, Rotational
Constraint Forces, Translational
e S

I Position...((NON-LAYERED)) J

CJAnimate

| Apply a Reset L |
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Step 16. View Segment to Segment Contact

Results (Cont.) PE——
Object:
Plot contact friction force.

a. Select contact force, Friction under = [ 4]
Select Fringe Result. @
b. Click Apply. =
Select Result Cases
Fringe: SC1-Step 1:DEFAULT, A1 Time = 1._ contact force, Friction, Magnitude, (NON-LAYERED) 6_84+001I 1:5tep 1:DEFAULT, A1 Time = 0.4
6.39+001

1:5tep 1:DEFAULT, A1:Time =0.
1:5tep 1:.DEFAULT, A1 Time = 1.
1:5tep 1:.DEFAULT, A2 Time =0
5-95+001F 1:Step 1:DEFAULT, A2:Time = 0.
5 47+001— 1:Step 1:DEFAULT, A2 Time =0..
1:Step 1:DEFAULT, A2.Time =0.!
B.02+001— 1:5te 1 DEFAULT A2 Time =0

wrTy
i‘&’(w« -.w..l. M&fﬁmélﬁfgu _&ﬁ |

£ |

4.56+001—

411+001 7

Select Fringe Result
3.20+001 contact force, Normal
contact stress, Friction 1

3.65+001

2.74+001 contact stress, Friction 2
2 204001 contact stress, Normal vl
< 2
1.83+001
1.38+001 i
| Position..((NON-LAYERED)) _|
9204000 Quantity: Magnitude ~
4.65+000) .
951-002 LJAnimate

default_Fringe

Max B.84+001 @Nd 1699
Miar:{9.51—002@Nd251 l Apply @ l Reset J

MSGC ASoftware



Step 16. View Segment to Segment Contact

Results (Cont.)
Object:

Plot contact normal force.

a. Select contact force, Normal @
under Select Fringe Result.
b. Click Apply. Select Result Cases )
Fringe: SC1 Step 1 -DEFAULT, A1 -Time = 1., contact force. Normal, Magnitude, (NON-LAYERED) 2 424004 1:Step 1:DEFAULT, A1:Time = 0./
1:5tep 1:DEFAULT, A1 Time = 0.
2.32+004 1:5tep 1:DEFAULT, A1 Time = 1.
1:5tep 1:.DEFAULT, A2 Time =0
221+00455 1:Step 1:DEFAULT, A2:Time = 0.
o 10+004— 1:Step 1:DEFAULT, A2:Time = 0.
1:Step 1:DEFAULT, A2:Time = 0.1
1.99+004—] 1: Ste 1:DEFAULT A2T|me 0.
1 88+004—| il Suie
< >
1.77+0045
1.66+004 Select Fringe Result
. contact force, Friction i
1.55+004 Ac e Tone
1.43+004 contact stress, Friction 1
contact stress, Friction 2
1.82+004 contact stress, Normal v
1.21+004 £ ?
1.10+004
3.93+003 | Position...(NON-LAYERED)) _|
8.83+003 Quantity: Magnitude ~
7.73+003 _
default_Fringe : L1Animate
Maw 2 43+004 @Nd 4601
Min 7.75+003 @Nd 243

| Apply @I Reset I
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Step 17. Quit Patran

| File

Group Viewport Viewing Display Preferences Tools Help  Utilities

operties Loads/BCs Meshing

s (e | % WL 4 A

Analysis Results

Open Recent...

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

Save Result Plots

2|
L %

SRR

|5

Result Actions

@ (el W | §®
Insight |@9||§||ﬁ| Spectrums | Ranges | Titles

Insight XY Plots Imaging

3
o f

Colors | Toggle
Spectrum

Save a Copy.
Utilities r
Import...

Export...
SimXpert...
SimManager 3
Session L4
Print...

Images...

Report...
Quit
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WORKSHOP 5
CONTACT PAIRS

-
M window_detail.db

20_udly

20_bdy?2
20_bdy3

20_bdy5
20_bdy6

- default_viewport - _cdb_2D_bdy - Group
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- Objective
— Include a fine mesh locally in a coarser-meshed model.

— Use Patran’s Automatic Contact Body and Body Pair detection to detect
and create multiple contact bodies.

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

* Files Required
— wingskin_fe.bdf

- Software Version
— MSC Nastran 2013.1
— Patran 2013

MSGC ASoftware



Suggested Steps:

1.
2. Import the MSC Nastran input file, wingskin_fe.bdf.
3.

4. Define Contact Pairs.

8.
9.

Create a new Patran database.

Define Contact Bodies using Patran’s 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.

Modify the Load Case
Verify the Boundary Conditions.

Set up an implicit Nonlinear analysis (SOL400) with contact results. Run
the analysis.

Attach the OP2 results.
Review the deformed shape.

10.Verify contact status.

MSGC



Step 1. Create a New Database

| File | Help
Mew...

Open...

(152 (| 1E0 ] Ea ( een||] | G )| o || |
(| (| |czn|| EE |2 || R ||| B8 || || 2|

kforms Viewport Display

S| ) || 1| B | Bz |]] 5 | ) |90 |||

R R | P o Rt T e

Open Recent..,

Qrientation Misc. Web

Utilities ¥
Mews Model Preference
Model Preference for:
Sim¥pert... seinclove_detail ok
SimManager 4 Tolerance
R » @Elased on Model
(:) Default
Approximate Maximum
Model Dimension:
Quit 100

. Analysis Code:
Create a new database. Name it

window_detail.db S
— nalysis Type:
a. Pull down File > New.

& @

b. Enter window_detail as the

| oK Reset

File name.

c. Click OK.
d. Pull down MSC.Nastran as the :
Analysis Code. — —— =
e. Pull down Structural as
Analysis Type.
f. Click OK.

Hie rame:

MSGC



Step 2. Import the Model

il File Group Viewport Viewing Display Preferences Tools Help UWtilities

operties Loads/BCs Meshing

Essiiil=lit= =NiE= TSl |

Analysis Results

[ ||l || || e | Bz ||| 2 || 5000 2900 )| |

W window_ detail db - defaull viewport - defaull_group - Entily

Open Recent.., Iﬁl

Close (2] 1] B || B 2| R [ B ] 0 | ||| |22 B | = =

Save sforms Viewport Display COrientation Misc. Web EE EE

Save a Copy... | ==

e : s maEEcEmiEEEREERaERa=cEREEzazzEn

. R o — Oaject

e Lo [ T Hemtm = =
g C ) = source: b = BB

Expart"l o 5 5 b e :: exe ::

Sim¥pert... Currsnt Group M E:: M

simManager 3 e 5 0 nm| HH

i : [ MSC.NESTan Input OptioTs... m B M

it e e

images.. lemame:  fungskn fobik Ep @) e e e e e e e e

Report... Files of typ=: | MSC.Naetrzn nput Filbe {*bdf;* dat} ;] Cancel B EH

Quit i = =

Import the MSC Nastran Input file,
wingskin_fe.bdf.

a.
b.

Pull down File > Import.

Pull down MSC.Nastran Input
for Source.

Select wingskin_fe.bdf
Click Apply.

Review the Import Summary
and click OK.
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Step 2. Import the Model (Cont.)

i File Group Viewport Viewing Display Preferences Tools Help  UHilities

Home Geometry Properties Loads/BCs Meshing Analysis Results

IS0 = == ) el
@ e

(B || M| |gt| || [ 7] | 52
Viewport

Defaults Transforms

||| [ || o || B || s |) Wiz |

ECICQC e B Ca ot

Display Orientation

[ |5 [0 4T ]| . |
| fa3/|
Y Bt et

Misc.

_ ] _ B window_detail.db - default_viewport - default_group - Entity
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 mesh.
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Step 3. Define Contact Bodies

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

Define Contact bodies using the
Create Contact Body/Pairs tool.

a.

Pull down Tools > Modeling >
Contact Bodies/Pairs.

. Pull down Method to

Connectivity.

. Check 2D for Elements.
. Click Apply.

e. Under the Loads/BCs tab, click

Color Code Bodies in the
Contact Bodies group.

Highlight all sets under Existing
Sets.

. Select Group Color.
. Click Apply.

All Contact bodies will be
detected and generated with
one click. As an alternative to
the Connectivity Method, you

can use Properties and
Contact bodies will be
generated based on their
associated Properties and
named accordingly.

MSC.Fatigue 3
Laminate Modeler r
Random Analysis...
Analysis Manager...
List 4

Mass Properties...

[N Create Contact Bodies/Pairs

Create

Create Cram

() Entre Model

De‘ormeble Eodies s

uenoa

O Currcat Vicwport

Elemznt: _
O=o [Flzo i

Connectivity

E

Groups
() Lurrent Goup B

Properties
Materials

Geomnetry

Element Type

Carcel

Beam Library...
Regions...
Modeling L3 Model Contents...
Design Study L5 Properties Import...
Results 4 Load Tools...
User Defined AOM.., Model Variables...
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 || LBC
Uniform =||Variable =||Bodies || Body Pair ||Conditions =||Actions || Load Case ||Fields =
al |Body pairs| |Load c.msJ
N || %
Deformable | Rigid ||Color Code
Bodies
Contact Badies

Load/Boundary Conditions |

Flot Contours. Pt

Action:
Option: Deformable Body x

Current Load Case:

[ Default...
Type: Static

Existing Sets
[20_bay

@

@ Group Color

) Entity Hilight

[ Reset Graphics

@

]

MSGC
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Contact Bodies Defined

Return to the Home tab and

click Smooth Shaded in the
Display group. You can modify
the lightening on the view by
Pulling down Display > Light
Sources, select more Light
Sources and click Apply.

i
I
ik /

i
:

MSGC



Step 4. Define Contact Pairs (Cont.)

Define Contact Pairs using Create Contact Body/Pair

tool.

a. Pull down Create to Body Pair.

b. Select Select Bodies on the Create Contact

Bodies/Pairs form.

c. Click the Select Existing Bodies icon.

d. Highlight all Sets under Existing Bodies, except

2D bdy5 and 2D _bdyé6 (the ribs).

e. Select Specify in the Contact Properties Set group

f. Enter Panel_prop for Geometric Property.

g. Enter Panel_phy_prop forPhysical Property.

h. Click Apply.

i. Click OK to close the Auto Creation Summary form.
Contact Body Pair Name Body1 Name Body2 Name
2D_bdy_2D_bdy3_pair 20_bdy 2D_bdy3
2D_bdy1_2D_bdy3_pair 2D_bdy1 2D_bdy3
2D_bdy1_2D_bdy4_pair 2D_bdy1 2D_bdy4
2D_bdy1_2D_bdy7_pair 2D_bdy1 2D_bdyT
2D_bdy2_2D_bdy4_pair 2D_bdy2 2D_bdy4

5 Contact Body Pairs created for given distance tolerance.

@

If you closed the Create
Contact Body/pair tool
earlier, you can reopen
it by pulling down Tools
> Modeling > Contact
Bodies/Pairs...

| Load/Boundary Conditions | Select.. |

Existing Bodies:

=
)

r Create Contact Bodies/Pairs

Create Body Pair ¥ 9

Distance Tolerance:

(%) All Bodies (") Deformable Only
Create From
() Entire: Modal () Current Group
O Current Wiewport @ Select Bodies @
Contact Property Set

() Defautt O Individual

@ @ Specify

Geometric Property:| Panel_prap

Physical Property: | Panel_phy_prop @

Cancel

MSGC



Step 4. Define Contact Pairs (Cont.)

Define the contact pair between
the rib and all the panels.

a. Enter 0008 for Di. stance Critical Decisicn requested from application LOADS_BCS
Tolerance_ Th |S |S a gap Load/BC "2D_bdy_2D_bdy3_pair” already exists. Do you wish to overwrite? @
between the rib and panels.

b. Select Entire Model in Create
From.

c. Enter Rib_prop for Geometric
Property.
d. Enter Rib_phy_prop for
Physical Property. r Create Contact Bodies/Pairs ey 1

e. Click Apply. Create

f. Click No on all the Messages

for dupllcate pairs. Distance Tolerance:| 0.008 @
g. Click OK.

h. Click Cancel.

(#) 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

20_bdy_2D_bdy5_pair 20_bdy 20_bdyS

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
20_bdy1_2D_bdy6_pair 20_bdy1 20_bdy&
20_bdy2_2D_bdyS_pair 2D_bdy2 2D_bdy5 Geometric Property;| Rib_prop @ E
b
Physical Property: | Rib_phy_prop @ g1
10 Contact Body Pairs created for given distance tolerance.
(2)
ok \P
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Step 4. Define Contact Pairs (Cont.)

Home Geometry Properties Loads/ECs Meshing Analysis Results Durability @ '.Luad.i'Buundﬂry Conditions

X —pe . | g ’r° S : Action: i - ,
Di Il- t| F T -1t T ity | A & C ﬁ[? El t || El t || Contact Ctt-l I it LoeoBoundany CIJI'IdﬂiOI'ISE et .. - @
Constraint | | | FEOSH | ACEETON | EREEEEE uniform ~|[Variable +||Bodies -|| Body Pair ||Cond _ g Object: (c)
Nodal | Body Pairs | : Type: [Elernent Uniform > J
= = Geometric Contact Parameters: Option: @
Modify the contact pair parameters. Load/Boundary Conditions | Input Data e e e
i : Current Load Case:
a. Click Create Body Pair Panel_prop [ Defaut.. J
b. Pull down Action to Modify. ; “*‘““T”"‘”@”“‘E““”“’ Type: Static
0.003
c. Pull down Object to Contact. S oy iMaster e |
d. Pull down Option to Body Pair. o et Cotact oot OEIEEEER SR i
. . - il EMEnN ontas ons: =
e. Highlight 2D_bdy1_2D_bd3_pair. e S ;A ]
i . ; ; : 20 _bdy1_2D_bdyd4 pair T
f. Click Mochfy Data... [#]Include Outside  [#] Include Outside S 20_pdy1_20_bdyS_pair ‘
. me b bttt 2D_bdy1_2D_bdyS_pair |=
g. Enter 0.003 for Distance 5 20 byt 20, bay7_por \
igh i = 3 _boye U bays_pair =
Tolerance(ERROR) bl b sl Hard-Soft Rato (HARDS) 20_bdy2_2D_bay5_pair
. 2 2D_bdy2 2D bdyG pair
h. Check Glued Contact, Retain [#] Include Outside  [+] Include Dutside 20_bdy3 20 _bdyS_pair =
. f— 2D bdy3 20 bdvé pai (e
Gaps/Overlaps, and Retain e Chac Laigaes (h) [7] Glued Contact(IGLUE) X et -
Moment - : ™~ Retain Gaps/Overlaps(IGLUE)

ITnpr!nttnm '] lTnp:'Bnﬁnm "J

Retain Moment(IGLUE}
|:| Allow Separation(JGLUE)
1 ) Stressfree IntCont(ICOORD)

Rename Set as
20_bdy1_2D_bdy3 pair

i. Check Stress Free InitCont. C)
j.  Select Automatic under Contact

lgnore Thickness

. N= .
Detection. Edges Contact Options: [l Delayed Slide Off{ICOORD)
k. Click Contact Optlon' Include Edges Include Edges Select: [Node To Segment ~|
|.  Check Ignore Thickness for both
Bodies Check For: Check For: ( -\ Contact Detection(ISEARCH)
) IE!&aranlar - J [E!eamrE!ar hd ] @ Automatic [ Modify Data... (:fE
m. Click OK. () single Sided
. () Double Sided i l Modify Application Region... J
n. Click Apply.
/n’\l) QK i l Defaults l [ Cancel J @
K, I OK ] lDefauIts ] I Cancel ]
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Step 4. Define Contact Pairs (Cont.)

Modify the contact pair parameters
for Ribs

a.

Highlight
2D_bdy1_2D_bdy5_pair
Click Modify Data...

Enter 0.02 for Distance
Tolerance

Check Glued Contact, Retain
Gaps/Overlaps, and Retain
Moment.

Check Stress Free InitCont

Select Automatic under
Contact Detection

Click OK
Click Apply

Load/Boundary CnndﬂiunsJ' Input Data |

Geometric Contact Parameters:
Property Set Name: E
F{ib__pru p

Distance Tolerance(ERROR)

O™

Bias Factor(BLAS)
0.89999993

Interference Closure(CINTERF)
0.

0.

Hard-Soft Ratio (HARDS)
2

Glued Contact{iGLUE)
Retain Gaps/Overlaps{IGLUE)
C(D Retain Moment(IGLUE)
|:| Allow Separation(JGLUE)
e ) Stressfree InitCont(ICOORD)
[[] Delayed Slide Off(ICOORD)

Select: [Nu.ue To Segment v

Contact Detection{ISEARCH}
f () Automatic

O single Sided
(") Double Sided

(Ia ok_] [petas] [Lcance]

[
\

'-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...
J
Iodify Application Region...

@
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Step 5. Modify the Load Case

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
X X, — O
I— —_e | = | & = ¢ i
Displacement | Force | Temperature | Velocity | Acceleration | Crack{VCCT) || Element || Element ;!Cnntact Create Initial LBC Create ||| LBC |
Constraint Uniform =||{Variable ~||Bodies ~|| Body Pair ||Condition ctions =|||Load Case |Fie|d5"
MNaodal || Body Pairs ! Load Cases ||
EE

Modify the default load case to add
Displacement and Load applied to
the current loadcase. (They have
been previously defined in the
input deck imported in this
workshop)

a. On the Loads/BCs tab, click
Create Load Case.

b. Pull down Action > Modify.
c. Select the Default load case.

Click on the Displ_spc1.1 and
Press_pload4.1.2D
Loads/BCs. They should
appear on the list of Loads/BCs
below.

e. Click OK.
Click Apply.

Select Individual Loads/BCs

Conta_22_bdy_20_bdy3_pair
Conta_22_bdy_20_bdy5S_pair
L e L) b

gnia b dys_gair
Displ_spct.1
Fress_poad4.l.z0

Select Loads/BCs from Existing Load Cases

[A] DEFAULT.SCY
Defaut

Additional Loads/BCs Confrols ...

Assigned Loads/BCs Luad.rBC Type: Displazemert
Type Scale Factor Prority )
spct.l Displacement il Add
pload4.1.20 Jressure 1 Add
2D_bdy Contzct 1 Add
20_bdy1 Contsct 1 Add
20_bdy2 Contzct 1 Add 3
20_bdy3 Contzct 1 Add
2D _bdy4 Contzct 1 Add
20_bdy5 Ccontzct 1. Add
3D_bdy6 Cnntact 1 Add
2D _bdy7 Contzct 1 Add
2D _bdy1_2D_bdy3_pair Contzct 1 Add
2D _bdy1_2D_bdy4_pair Contzct 1 Add
ZU_bdy1_2U_bdys_par Cunleul 1 Ak
20_bdy1_20_bdyS_pair Contect 1 Add
20_bdy1_2D_bdy7_pair Contzct 1 Add =
[ Remove Selected Rows ] [ Remcve AllRows | [ Undo Spr
o 1(e)

Light Sources | Load Cases !

e @ [

Existing Load Cases E
DEFAULT.SC1

Rename Load Case as
Default

|:| Make Current

Description

This lnad case is the default load
case that always appears

[ Input Data... ]

Load Case Scale Factor
1.0

0 -Apphy-

[w
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Step 6. View Boundary Conditions

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

D= @ | =& || |€F(|2° ||| g ||| ||| |cal| | i) 88| B | o1 || B || Bz ||| 5 || 500 29| L | ﬁ| 4
; : _ Nt . il |
By || 1 ||| || (2 ||| 8| ||| || B || T2 | o |[2]| 2| 2] B ||| Ta ||| | B
Defaults Transforms Viewport Display Crrientation Misc, Web|[Model Tree

0@ o o g -

()
Create a pinned constraint on

' Window_detail b - detaull \iewport - coarse - Group

the axial edges: E;@
a. Click Reset Graphics. ﬁ:’ Materials(1)
b. Click on Model Tree in ‘*"E’ Properties(8)
Home tab. @ Fields
c. Click Displacement in émcs(?)
Model Tree to view this BC @ I Displacement(1)
on model. @ l.‘ spcl.1
+
d. Click Press_pload4.1.2D. __h:mt':c‘i:::;e(”
in Model Tree to view this “ Lond .
BC del. FH# Load cases
. on mode . E‘.E Groups{1)
e. Click Reset Graphics. L@l default_group
-Q aAnalyses(1)

------ b~ Results
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Step 7. Set up Implicit Nonlinear Analysis

Home Geometry Properties
k-2 ) -

Selected Load Analysis

Group | SimXpert Deck

Analyze Create

Loads/BCs Meshing
b =%
<] [ [»] |[[L]]
Read

Existing Deck

submit (|| (21 [ (||| (]| =]

Cptimize | [Toptomize

Analysis Results Durability

b b
L || :d‘b'_ upi_ 'f;

-
| =%

¥DB | Output2 | MASTER/ | Attach
DBALL

Access Results

4

Output2

||| |

= a
Heo | @
L3 it

Delete

{| ket 5 ||

t16/t19 | d3plot i?'|!|i§i|g"-| || |

Actians

Set up the Nonlinear 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.

o

Solution Type.

sa ™o

Click OK.
Click OK.
j. Click OK.

Select Implicit Nonlinear for

Click Solution Parameters.
Click Results Output Format.
Uncheck XDB and check OP2.

N"Solition Parameters =

[ Cortact Parametes... ]

[ Direct Text Inpuit ]

[ Festart *a-ameters... ]

[ Domzin Decompoeition ... ]

Assamed Strain

D Saell Shear Correction

[#]30L 420 Run

D=faul Initial Temperature:

D=laul Luad Tenperalure.

[ Jzer Defined Services.. ]

3
@ Results Outpr Farmat ]

ok ]

Defeuks ]

I Cancel l

[CIMASTER Oniy

OUTPUTZ Reguests:

OUTPUTZ Format:

Print |:| Punch

[ MASTER/DBALL

oK @ [ Defaults ] i Cancel I

@d

MSC.Nastran
Solution Type

Solution Type:

) LINEAR: STATIC

) NONLINEAR STATIC

) NORMAL MODES

() BUCKLING

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

() DDAM Solution

[ Select ASET/QSET.. |

[ Solution Parameters. .. @

Solution Seqguence: 400

Cancel

J/) 0K LI

| “Ana lysis . |
Object: Entire Model ™
Method: FulRun ™
Code: MSC.Nastran
Type: Structural
Available Jobs 'E
wingskin_fe
Job Name

cu rve:r_g_ll_.!eﬁ_cu nta ct @

Job Description (TITLE}

SUBTITLE

LABEL

[ Translation Parameters...

C ) Solution Type...

Direct Text Input...

Select Superelements...

[
[ Subcases...
[

Subcase Select...

e L
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Step 7. Set up Implicit Nonlinear Analysis (Cont.)

Request Contact output.

a.
b.

Click Subcases.

Highlight Default under
Available Subcases.

Click Output Requests.

Highlight Contact Results
under Select Result Type.

Click OK.

Click Apply on the Subcases

form.
Click Cancel.

Analysis |

-
[N Standard Results ] 1 r Subcases

SU3ICASE NAME: Default
SOLUTICM SEQUENZE: 400

Sekct Result Type

Element Strain Energies
Element Strains

Grid Point Strzsses

Grid Point Force Belance

Nnn-l inear STess
I Contact Results

Cutput Reguests

FISPI ACFMFNT(SORTT RFA J=AIFFM

STRESS(SORT1 REAL VONNISES BILIN)=All FEM;PARAN N(
SPCFCRCES(SORTY, REAL J=All FEM

EQUTPUT{SORT1 REAL)=AIIFEM

[(] il |>]

[ Delele ]

Ormes

This is a default subcase.

SUBTITLE
Defaut
[JLaBeL

This load case is the default lnad case tat always appears

N

€ ) ok | [ oefaus ] [ Cancel

Applied Loads lA

3 T

Solution Sequence: 400

Auction:

Available Subcases @ E
Default

DEFAULT.SCH

Subcase Name

Default
Available Load Cases E
DEFAULT.SC1
Analysis Type: -Static —

Subcase Options

Subcase Parameters... ]

[ Output Requests... @

[ Direct Text Input... ]

f Apply

h=|

@ Cancel

Object: Entire Model ¥
Wethod: Full Run ™

Code: MSC.Nastran

Type: Structural

Available Jobs 'E

-w ingskin_fe

Job Name
curved_glued_contact

Job Description (TITLE}

SUBTITLE

LABEL

Translation Parameters...

|
Solution Type... ]
]

Direct Text Input...

Select Superelements...
{
Subcases... a

Subcase Select... ]
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Step 7. Set up Implicit Nonlinear Analysis (Cont.)

Run the analysis:
a. Click Subcase Select.

b. Highlight Default in the top
pane. Ensure Default is the
only subcase present under
Load Steps Selected.

c. Click OK.
d. Click Apply.

The job is written to
curved_glue contact.bdf and
the analysis is run.

r Subcase Select

Subcase/Step Configuration

+- 4 curved_glued_contact

Load Steps For Solution Seguence: 400

Default
DEFAULT.SCA

O Select All () Unselect Al

Load Steps,Sgfected:
Default

k=

Select Steps for New Subcases

Cancel

!"Anah.rsis |

Wethod: Ful Run ~

Code: MSC.Mastran

Type: Structural

Available Jobs
wingskin_fe

Job Hame
curved_gll_.led_cunt_gct
Job Description (TITLE)

SUBTITLE

LABEL

Object: Entire Model ¥

Translation Parameters...

Solution Type...

Direct Text Input...

|
J
|
J

Subcases...

Subcase Select...

I
I
I
[ Select Superelements. .
[
[

(2]

(D
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Step 8. Attach the OP2 Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Drurability
—h : b b, b b e = -
i % 0 Py i O - R @ |4 ms [l e
ﬁTé'S Sél:j:ﬁ;d Si;?\{apdm ArEJaelzliis Read | submit ||| [S/[8]||[[3/[B[|| *0B |Output2 M;BSLEE\: 619 | d3plot |||y e B[ | & | OPF
Analyze Create Existing Deck Optimize | | Toptomize Access Results Delete Actions B ot
Code: MSC. Mastran
Attach the OP2 results:
Type: Structural
a. Click AttachOutput2 in the Access
Results group. avioesobs W
b. Click Select Results File T
Select curved_glued_contact.op2
from the list of Available Jobs. =
. . Job N
d. Click Apply. Patran will look for the .
results file with a name that matches Job Description (TITLE)
the Job Name. Laook i_n:l . Training _v_l - cf B~ [
MName Date modif... Type Size
| |board_thermo_struc.op2  7/7/20141.. OP2 File 640 KB
|7 board_thermo_struc.op... 7/7/2014 1. 2File 639 KB e
C I_,cuwed__glued_contact.o... 1/7/2014 1... OP2File 491 KB | .LABEL
__|latch.op2 7/7/20141.. OP2File 122 KB :
[ Select Results File... @
Bl icuwed_qlued_contad.opl ;! _IOK L Translatien Parameters... ]
Files of type: iFiIes {*op2} __j Cancel
= = ()
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Step 9. Post Process with Patran

i File Group  Viewport Viewing Display Preferences Tools Help  UWilities
------ Properties Loads/BCs Meshing Analysis Results Durability

™ —— | .

—a ;'. N ? ’ e ..— | o || o= 1l | = "\ ti | ’\Q -

a7 & Wy 4 AL B 4y = @ eme ® IS gl
Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive |m!|%| Insight |§=”E|||‘£§| Spectrums | Ranges | Titles Colars Toggle
: : Spectrum

Result Plots Result Actions|| Insight XY Plots Imaging

0

&,

KT

t

e s
Review the deformation results: a
Click Reset Graphics.
Under the Results tab, click Fringe/Deformation in the Quick Plot
group.

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

(c

~ o a0

Click Apply.

Check that the results
are reasonable. Note
that the displacement

contours flow across
the glued boundaries
with different mesh
sizes.

e->

Results |

Object: Quick Plot ™

Select Result Cases
\ SC0:, A1:Static Subcase

SC1:Step 1:DEFAULT, A1:Non-finear: 1|

B3

Select Fringe Result
[ Constraint Forces, Rotational

| | Constraint Forces, Translational

)' Displacements, Rotational

| Displacements, Translational L |
v

7 | Nonlinear Strains, Creep Strain
[ 1M

3] m |

Magnitude ™

Quantity:

Select Deformation Result

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

D Animate

Apply e

El

[2]

[
(=
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Step 10. Verify Contact Status

[ = « . =
_E_ﬂ'b-@‘,’h i

Verify the contact status for each of the
contact bodies

a.

Pull down Create/Marker/Scalar for

Action, Object, and Method, respectively.

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

Select Contact Status under Select
Scalar Result.

d. Click Display Attributes.

g.
h.

Enter 0.03 for Scale Factor.

Pull down the Scalar Style to your
preference.

Uncheck 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:

| Results |

- Action: -

= pracs)
= ¥ 2
{E} Spectrum {:} Constant
Show Spectrum
|:| Show Viewport Legend

I Spectrum... ] I Range...

Scalar Scale:

IScreen Constant = ]

Scale Factor
o0 (o)

Scalar Style:

[ Title Editor...

Show Title

Show Max/Min Label
|:| Show Scalar Label

| Show on Deformed

[] Lock Title

I

Reset

ovect [iaer_<( a)
Method:

= @I:Ts
Select Result Cazes @

SC1:5tep 1.DEFAULT, A1:Non-linear; 1

[« | @

Select Scalar Result 6
| Contact Status, . [ |

Friction contact force, Magnitude f.‘
| Normal contact force, Magnitude Bl
Touched Body, First =
Touched Body, Second L)

( Position. . ((NON-LAYERED)) |

|:| Animate

| Apply | [ Reset
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Step 10. Verify Contact Status (Cont.)

-
B wingskin.db - default_viewport - default_group - Group

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

o+Co0

Patran will place a scalar symbol on

every node that is in contact.

MSGC



WORKSHOP 6
PLASTIC DEFORMATION

ON tip_load.db - default_viewport - default_group - Entity

Fringe: Default, A1 Nordinear 200 % of Load, Displacemens, Translational, ¥ Camponent, (NON-LAYERED) -1.0E+000

-1.58+001

-1.47+001
-1.6&+001
dafault_Fringe
Max 0. @Nd 1
X Min -1.68+0C1 @Nd B0B
dzfault_Deformation
Max 1 68+001 @Nc BB
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 Workshop Objectives
— Plastic Deformation

- Software Version
— Patran 2013
— MSC Nastran 2013.1

* Required Files
— Tip_load.db

* Problem Description

— The simulation is to use 3D solid finite elements. The elements are uniformly
spaced along the length of the beam (i.e. a mesh 100 elements wide and
four elements deep).

MSGC ASoftware



* Problem Description (Cont.)

— A cantilever beam is subjected to a static load. In the previous workshop, the
beam is initially analyzed using small deformation theory. However, after
reviewing the results, it becomes apparent that small deformation theory is
not appropriate for this problem. A large deformation analysis using plastic
properties is performed.

g —

o

Section A-A

(Data in next page)
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* Problem Description (Cont.)

i —a
— Y b
Section AA
Length, L 100.0 in 2.54m
a 1.0in 25.4 mm
b 2.0in 50.8 mm
Young’s Modulus 30.0 x 1081b/in3 207 GPa
Poisson’s Ratio 0.3 0.3
P 1200 Ib 5338 N

MSGC



Suggested Steps

1.

a s b

Open the database tip_load from the Linear and Nonlinear Analysis of a
Cantilever Beam workshop.

Create a Plastic Property Table.
Add Plastic Property to the material, steel.
Change the element properties of the beam to use reduced integration.

Modify the Boundary condtions:
» Load tip load to 300 in Y direction. Applied to 4 nodes, 300x4=1200Ibs.
« Create a 2" loadcase for Unloading. Set scale factor of tipload to 0.

Create and run an implicit non-linear analysis.

« Select SOL400 Run in Solution Parameters.

« Select .OP2 as the result output format.

* In Load Increment parameters, set increment type to Adaptive
* Run the analysis.

 Attach the .OP2 result file.

Post-processing with Patran.

« Create a quickplot with the fringe of Plastic deformation to see where and if
Cantilever beams goes plastic.

« Create a quickplot with the fringe and deformation of the y component of the
displacement results.

MSGC ASoftware



Step 1. Open the Database

| Fite-| Group  Viewport Viewing Display Preferences Tools Help  Utilities
Mew... B-; Home Geometry Properties Loads/BCs Meshing Analysis Results
Open... @
Open Recent... %X||%U| |@“|$”'$'“r¢j| i@“ ! ||-| ||§_H||=ﬂ|||§—x|||s_ﬂl||x_2| |€;’||ﬁ||”“u|l
_ == | : ey
for| | &% ||| ||| |2 ||| || BB ||| | 3| "] Rk e ||| T |||
ansforms Viewport Display Crientation Misc. Web
Litilities ¥ [
|
[N Open Database = = 1
Set Working Directory to Database Location
Session »
Look in:l , Training j £
Ftipdoaddb (H) :
=S
Quit

Open the database Tip_Load.db.
a. Pull down File > Open.

b. Select Tip_Load as the file
name.

c. Click OK.

File name:

;| CJ) oK
;I Cancel |

If you deleted Tip_Load.db, you may download
a copy of it in the Files folder of this course.

|tip_load.db

Files of types: IDatabase Files {=.db}

MSGC



Step 1. Open the Database (Cont.)

R v e

1500.0000
500.0000

Change the viewport
display of the beam to
front view. Press the

Front View icon in the
Home tab under the
Orientation group.

MSGC ASoftware



Step 2. Create Plastic Property Table

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
B | = NP FEEE | (@ || Q | )=
Farkenit |11 i g || Fluid || Conesive || 22 I | | G || |67)4BF] |||GD0) || T | | | |REC] |~ [ W) SOMA || (B K]
Isotropic | [Orthotropic| |[Anisotropic|| Fluid Cohesive Composite 0D Properties 1D Properties 20 Properties | |30 Properties| |Property Actions
Create the Plastic Property Table.
a. Under the Properties tab, click Fields |
Material in the Fields group. Actions (]
b. Enter plastic_s_e as the Field Obiect =
name.
c. Uncheck the Temperature (T). o . "
Existing Fields @ = =
d. Check Strain (e). = -
e. Click Input Data. ==
f.  Enter the data shown in the o —
table. e ss (D) -
g. Click OK. e '
h. Click Apply. | [ Temperature (T) @ =
(d) Strain (g) &%
I [ strain Rate (er)
[Citme ()
(65000 is Yield Stress and 30E6 is [ Freauency i)
Young Modulus, considering [ magnetic incuction (8)
plastic range slope as 10% slope Elvecinc post ety 1) -
of Elastic range so another point [ reoete (e Strain Stress
on the curve can be calculated as [ foetne.. ] 0 65000
follows for the table Camd(h) ™
(0.1*30E6*0.5+65E3 = 1.565E6) 0.5 1.565E6

MSGC




Note on Material Plastic Property entry.

- Elasto-Plastic material property can be entered in two ways:

— True Plastic Strain vs. True Stress: (Figure 1)
« Starts from Yielding Stress with zero plastic strain.
— Total True Strain vs. True Stress: (Figure 2)

- Starts from Zero Stress and Strain. Note that the 2"d point in the table definition has
to be the yield point and the slope should match exactly with the Young Modulus.

wl}l} L | e g/ 1[}')3 T | T T T
© 9ot
” 0.0 [ o 80 |
D a0k _ » .
£ i '| 2 6.0 Slope =E -
D ?I:::-'U [ - »
E ol i ,§ B I .

ok | | l 20,0 -

K i o ol - g — o | 1 i | :

JI}'G::.IE- 09 04 5 0.4 0 0.0 | | ' | | | !

0.0 0.2 .4 15 03 1.
True Plastic Strain gP True Strain €
(Figure 1) (Figure 2)
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Step 3. Apply Plastic Property to the Material

O

ﬂr_h .@f ﬁ. S ﬂﬂ' ¥ Home Geometry Properties Loads/BCs
[ R = e W Y
k] || Fuid ||| =]/8]] ] || |64

D[ 7| || |||~ | %Y

keshing Analysis Results Durability
|| || 85| 7 || ||| ||| | O
Solid

|00 |5 | || |2 | = e |
E AR M R

Isotropic | |Orthotropic| |&nisotropic|| Fluid Composite 0D Properties 1D Properties 2D Properties | |30 Properties| |Property Actions Fields
H . . . [ ——)
Modify the existing material. ( AN e = 1
a. Under the Properties tab, click o [a] Constiutive Modet
ISOtrOplC in the ISOtrOpIC ol Monlingar Data Input: [stressfstrajn Curve ']
Method: anual Iy -
grOUp. o “ield Funztion:
b. Select steel from the Existing Exeting Mot B . [sotrope_~ ]
: SEL S k : otropic
Materials = i @
. . Strain Rale Method: Pi ize Li -
c. Pull down Constitutive Model to [peceuise ncar
E|aStOp|aStiC. A Property Name Walue
d. Pull down Strain Rate Method Stress/Strain Curve < Dlastic_s_e
to Piecewise Linear.
e. Select plastic_s_e from the o -
- -, B Temperature/Strain/Strain Rate Dependent Fields:
Temperature/Strain/Strain Rate :
Dependent Fields. pooane
Click OK
g. Click Apply —_
Current Censtitutive Models:
Linear Elstic - [,,,,] - [Active]
L Input Properies . ]
[ Change Material Status ... ]
e (g)
[se
MSC A Software




Step 4. Modify Physical Properties

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability Element Froperties |
Action: ( :) ]
FL | m || m A | P FEEE | ([ |l )N =] i -
otropic || - (gg| || (g || Fuid || Conesve ||| [Tl | ][ || ()10 |||@0][a@|[ ][] | [RE[[wA]|| | o] | e
Isotropic |[Orthotropic||Anisotropic|| Fluid Cohesive Composite 0D Properties 1D Properties 20 Properties | |3D Properties|
Sets By: [Name ¥ E

Now modify the properties :

of the beam. Select.

a. Under the Properties T _
tab, click Solid in the Scloctembers 1 Tox| :
3D Prope’-ties group- T :m::g:aﬁnn(HF!(mﬂ,'lTlﬂ) 5 - T:w Property Set Name ‘ =

mperty Heme Welie ne Type B

b. Pull down Action to [aga ] [Remwe ] —

. Matenal Name mstael Wt “rop Namz &
MOdlfy. Application Regio e et — [ oA

c. Select the property set -‘ fouputLocarons) |
name beam. - . | [)][V] \d:lﬂeducen Integration 'l

d. Pull down Options: _ :

. [ Wodify Properties. ... ]
Red uced Integ ratlon - Enler Lhe Maleral Mame v selecl a maenial wih e icon.

e. Check that steel is the L SelcAoptostor Regon . @
Material Name and m 0
press OK. (em—

f. Click Select
Application Region.

g. Select Solid 1.

h. Click OK.

i. Click Apply.

=
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Step 5. Modify Loads/BCs

Create a 2" Load Case

a. Right click Default in the Model Tree and
select Create.

b. Enter Name: Unloading

c. Click Input Date

d. Select Displ_fixed and Force_tip_load
from Select Indivudual Loads/BCs

e. Select Scale Factor for tip_load

f. Enter 0 for Scale Factor of tip_load.

g. Click OK

h. Click Apply

-
LN Input Data : B 1

Select Individual Loads/BCs Select Loads/BCs from Exsting Load Cases

Disal|_fixed @ D=fault

Force_tip_lxad

[ Additional Loads/BCs Controls .. ]

(f)

Sort By Priority  |Scale Mactor:

Assignsd Loads/DCs

El@ tip_load

Etﬂ' Materials{1)

%QEJ Properties{1)

8 Fields(1)

=iy LBCs(2)
.{ Displacement{1)
E‘.l‘ Force(1)

.l- tip_load
----- 4 Contact

[—]H Load Cases{1)

Type Scale “acior Prioriy
txed Displacemenl Add
tip_load Force

1
0 @ Add

Removz Selected Rows. ] [ Remove All Fows ] [ Urdo Spreadsheet

——

@

------ Mosiu]
H#FE Groups(1 hee @
----- @ Analyses Modify
----- ¥~ Results Delete
Show
Make Current

7 N

Load Cases |

Action:

Defﬂurt'

:

oad Case Name
b _Unluading

Wake Current

Description

This lead case is the default load
case that always appears

Existing Load Cases 'E

Input Drata...

(c)

Load Case Scale Factor
1.0

O

MSGC
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Step 5. Modify Loads/BCs (Cont.)

Modify the applied tip load to each

node to be -300 wE
a. Double click tip_load in Model ‘Load/Boundary Condions | -
Tree Action: =
b. Modify Force <0,-300,0>. Object
c. Click OK s
d. Click Apply e =
Current Load Case:
Unloading... ]
E@ tlp_lﬂﬂd Type: Static
El:' Materials{1) pY
é"ﬁ Properties{1) TSeIectSettDMuﬁify IR E
. Fields(1) L 3
=4 LBCs(2) '
.J, Displacement{1) \
E‘.{ Force(1) =
i TN -
..... .h Gontact RgnameSeta.s
=4 Load Ccases(2) tip_load
----- 4 Default
- # Unloading
H@ERE Groups(1) S
..... (? A:nal‘fSES I' —— ii l Wodify Data... ]
_____ & Results i s trame : [ Modify Application Region... |

(D=

Dasst i 1

Hezst i e | |
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Step 6. Analyze the Model

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
(a) D X B ™ | o B
kb 2 1 : H <
J | |- NI ) | e |l | ) | |
Entire || Selected || Analysis Read | Submit | *HE-” | *||@| XDE Output2 | MASTER/ | Attach | t16/119 | d3plot
Model || Group Deck DBALL | Output2
Analyze Create Existing Deck Optimize | | Toptomize Access Results
MEC Mastran
. . Solution Type
Run a nonlinear analysis.
a. Under the Analysis tab, Click Soltionlvee
. . (O LNEAR STATIC
Entire Model in the Analyze 5 S
group. (C MORMAL MODES
. .. (O BUCKLING
b. Enter Job Name: plastic_job3. S oni leoE AL
c. Click Solution Type... (O FREQUENCY RESPONSE
) TRANSIENT RESPOMSE
d. Select IMPLICIT NONLINEAR. Sitsee e e
e. Click on Solution Parameters.

Q DDAM Solltion

[ Select ASET/QSET... |

[ Solution Parameters... (:e)

Solution Sequence: 400

.l oK, ] |

Cancel ]

An ﬁl;f.'sls |
Acti ]
Object __Entire Model >
Methed -_Full Run ¥
Code: MSC.Nastran
Type: Structural
Available Jobs E
Job Mame
plastic_job3
Job Description (TITLE}
SUBTIMLE
LABEL
[ Translation Parameters...
[ Solution Type... (,E
L Dirgct Text Input...
[ Select Superelements. . ]
[ Subcases... ]
[ Subcase Select . |
Apply
[v]
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Step 6. Analyze the Model (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durakbility
. | % Al S b b =
(T et | A | 9. (|
[ I J || ] - 1T | e | e | | e ||
Entire | Selected || Analysis Read | Submit | =l [ XDB Cutput?2 | MASTER/ | Attach | t16/419 | d3plot ||i$‘
Model | Group Deck [o|=]||[&]|=) DBALL | Output2 L
Analyze Create Existing Deck Optimize | | Toptomize Access Results

Run Nonlinear analysis.
a. Confirm SOL 400 Run.
b. Confirm Assumed Strain.

c. Click on Results Output
Format.

d. Select OP2.

e. Click OK.

f. Click OK.

g. Click OK.

h. Click on Subcases.

-

N Results Output Format
: [JxoB

[JMASTER Only

Prrint [JPunch

] MASTER/DBALL

Defaults ] I

OUTPUTZ Requests:

OUTPUTZ Format:

(e |

Cancel I

[ Contact Parameters... ]

[ Direct Text Input... ]

L Restart Parameters... ]

l Domain Decomposition ... I

Assumed Strain @

[[] shell Shear Correction
SOL 400 Run

Default Initial Temperature:

Default Load Temperature:

® User Defined Services.. ]

©

[ Results Output Format...

Cancel

Cf;l ok ] [Lpeus ] |

]

MZC Mastran
Solution Type

Solution Type:

(CILINEAR STATIC

() NONLINEAR STATIC

() NORMAL MODES

) BIUCKLING

() COMPLEX EIGENYALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPORNSE
() NONLINELR TRAMSIENT

() DD AM Solution
| Select ASET/ASET... |
[ Soltion Parameters..

Solution Secquence: 400

@) Ok, i [ Cancel

Analysis |
Action: J
Method:

Code: MSC.Nastran

Type: Structural

Available Jobs lE

Job Name
plastic_job3
Job Description (TITLE}

SUBTITLE
LABEL
[ Translation Parameters... ]
I Solution Type... l
L Direct Text Input... ]
[ Select Super

{
[ Subcases... \h
[ Subcase Select... ]

Apply
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Step 6. Analyze the Model (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durakbility
. 18 |9 | s s | % = =1kl
“xdh op2 T f T i |
" Eﬁ B L b p2 2 £ {‘E plot | g || i | b |15 |
Entire | Selected || Analysis Fead | Submit - - [ ¥DE | Output? | MASTER/ | Attach | t16/419 | d3plot ||F‘-|| i"-| = ({1 ||
Model | Group Dreck | 4 lI_E” l "'”El DEALL | Output2 L L'lg'l || & |
Analyze Create Existing Deck Optimize | [Toptomize Access Results Delete Actions

Change Increment Type to
Adaptive

[N [oad Increment Parametzrs

T X | N emem—
a. Select Default Subcase r Static Solltion Parameters

Increment Type:
b . C I I Ck O n S u bcase Adaptive Increment Parzmetere Llicaiy
[Trial Tme Step Size] 0.
Parameters. _
lIne Siep Scale Facor: 1.2 Solvers f Options..

c. Confirm that Nonlinear

. . [Mnimum Time Step:] 1e-005 crlinear Geometric Effects:

Geometric Effects is set to ’ i
[Maximum Time Step] o0& Monlinear Geometric Effects:

Large [Large Dizplacement/Large Strains = ] @

- [Max #of Steps] 0
Dlsplacements/Large - I[-'Dllawer Loads: DFDHDJWEF Forces
N [Total Time:] - Loads Followy Deformations: X
Stra I ns ) [# of Seps of Outpu:]
d. Click on Load Increment
Parameters. Inertial Damping ‘m@

fteration Parameters

e. Pull down Increment Type

I J
is set to Adaptive. 2 [ Cortact Tati.. ]
f. Click OK. —
g. Click OK
h. Click Apply @ e rre— — C g) o [wosteats | [Cocana

[ Subcasas s 1

Solution Sequence: 400

Awailable Subcases E
Default e

Unleading

Action:

Subcase Name

Default
Awvailable Load Cases E
Default
Unlzading
Analysis Type: -Static =

Subcagse Optionz
[ Subcase Parameters... kb

[ Cutput Reguasts. .. ]

[ Direct Text Input... |
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Step 6. Analyze the Model (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durakbility
. 18 |9 | s s | % = =1kl
2 Eﬁ > bl b || (] [ b op2 #A £ ““E "%u:: | g|| | b |15 |
Entire | Selected || Analysis Fead | Submit % - [ XOB | Output? | MASTER/ | Attach | H16/H19 | d3plot ||| || [ || (||| |
Model | Group Deck | ‘*HI_E” l “'”Bl DEALL | Output? l'—.“L'HE.'l |5 |
Analyze Create Existing Deck Optimize | [Toptomize Access Results Delete Actions
Change Increment Type to —
Adaptive RS ZEX)
. [N [oad Increment Parametzrs ﬁ? r P, Solution Sequence: 400
a. Select Unloadlng p— S Static Solltion Parameters
X _ aptive Action: -Create =
su bcase Adaptive Increment Parzmeatere Llicaiy
b. CI'Ck on Schase (el Tme Step sizel = T ] Available Subcases E
Paramete rs ) line Sep Scale Facior: 1.2 = Defaun
H H L LT 20 1e-005 Monlinear Geometric Effects: — 9
c. Confirm that Nonlinear _ ;
. . [Maximum Time Step] o0& honlinear Geometric Eifects:
Geometrlc EffeCtS IS Set tO o 2 [Large Dizplacement/Large Strains '] @
Large fiaorSiees] - '[’D"DWEV Loads: DFoI\oner Forces Subcase Name
. [Tetal Time:] - Loads Follovy Deformations > Unloadin
Displacements/Large )
- [# of Seps of Outpu:] i E
Stralns_ A;a:lab;e Load Cazes
d. Click on Load Increment nertaiDanona Sasran et Y] e (d) Unioading
Parameters. ————: ]
. . 0.0002
e. Confirm Increment Type is l fatioilatioe |
Set tO Adaptive yp Criteri... [ ActiveDeactive Elements... ] Analysis Type:
. ) [ Brake Soueal Parameters... ] Subcase Options @
f_ Cllck OK_ [ Subcase Parameters...
g. Click OK @ rm—|——— —— C g) ok | [_oeteuts | [ Canea [ Output Request |
h. Click Apply [ Direct Text Input... |

h )
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Step 6. Analyze the Model (Cont.)

Add both Steps for analysis, and
run the job.

a. Click Subcase Select

b. Select Unloading

c. Click OK

d. Click Apply to run the job.

Analysis |
Action: J
Wethod:

Code: MSC.Nastran

Type: Structural

Available Jobs lE

Job Name
plastic_job3
Job Description (TITLE)

SUBTITLE

LABEL

L Tr ion Parameters... ]
I Solution Type... l
L Direct Text Input... ]
[ Select Superelements... ]
[ Subcases... ]
[

Subcase Select... @

(d)zem ]

MSGC ASoftware



Step 6. Analyze the Model (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results
S R e e 7
=3 h— E e | - - -
Entire | Selected || Analysis Read | Submit | 5 XDE Output2 | MASTER/
Model | Group || Deck o|2])||[&]| =) DBALL
Analyze Create Existing Deck Optimize | |Toptomize

Durability

o
plat
L L

TN
S
Attach
Dutput2

Access Results

||| % |

®)

uemo | aplot ||| kG| i B e || &

Delete

=7

Actions
Analysis |
Wethod: _-Full Run ¥
Code: MSC Nastran
Type: Structural
Available Jobs E
|
I
|
Job Name:
| plastic_job3 |
Jab Description (TITLE)
|
SUBTITLE
|
LABEL
[ Translation Parameters... ]
| Solution Type. |
s Direct Text Input ]
[ Select Superelements. . ]
[ Subcases.. ]
[ Subcase Select. ]

Run the Job. ey
a. Click Apply. Acion  [uomror_~ ]
b. Click Moni
iS done Code: MSC.Nastran
Type: Structural
d. Check Job terminate normally. Exit
number to be 0. A i a
plastic_job3 |
|
|
———— | _| |
Job Name
= 2 J 37 © N J © oS- - . 25 £+ - PEN 6 - 7/ o~ 1 . 3p E—— 1
2 5 6 0 0 103 0 0 0 0 2.4879E-02 1.2637E+00 8.00 7.86 -2.7432E+01 disp | plastic_jo
2 6 9 0 o0 112 0 0 0 0 2.9854E-02 1.2935£+00 8.00 8.13 -2.7006€+01 disp o e
2 7 9 0 o0 121 0 0 0 0 3.18456-02 1.3254E+00 8.00 8.31 -2.6549E+01 disp ob Description (TTLE)
2 &8 19 0 o0 140 0 0 0 0 3.82136-02 1.3636E+00 8.00 8.67 -2.5993e+01 disp
2 9 6 0 o0 146 0 0 0 0 2.3516E-02 1.3871E+00 9.00 8.88 -2.5648e+01 disp
2 10 7 0 0 153 0 0 0 0 2,82196-02 1.4153€+00 9.00 9.11 -2,5231E+01 disp
2 11 10 0 0 163 0 0 0 0 3.38636-02 1.4492€+00 9.00 9.39 -2.4725€+01 disp
2 12 11 0 o 174 0 0 0 0 3.38636-02 1.4830£+00 9.00 9.61 -2.4215e+01 disp
2 13 9 o0 o 183 0 0 0 0 3.0100E-02 1.5131E+00 10.00 9.86 -2.3756E+01 disp
2 14 10 0 0 193 0 0 0 0 3.6121E-02 1.5492€+00 10.00 10.25 -2.3200€+01 disp SUBTITLE
2 15 10 0 0 203 0 0 0 0 3.0417€-02 1.5797€+00 10.00 10.55 -2.2728€+01 disp :
2 16 11 0 0 214 0 0 0 0 3.04176-02 1.6101€+00 10.00 10.76 -2.2252E+01 disp |
2 17 12 0 0 226 0 0 0 0 2.70386-02 1.6371E+00 11.00 11.04 -2.1825e+01 disp LABEL ™
2 18 o 0 232 0 0 0 0 2.2768£-02 1.6599E+00 11.00 11.25 -2.1462e+01 disp
2 19 9 0 o0 241 0 0 0 0 2.73226-02 1.6872£+00 11.00 11.43 -2.1025e+01 disp ‘
2 20 12 0 0 253 0 0 0 0 3.2787e-02 1.7200E+00 11.00 11.68 -2.0495e+01 disp
2 21 7 0 0 260 0 0 0 0 2.7610E-02 1.7476E+00 12.00 11.92 -2.0045e+01 disp
2 22 14 0 0 274 0 0 0 0 3.31326-02 1.7807€+00 12.00 12.20 -1.9501e+01 disp
2 23 7 0 0 281 0 0 0 0 2.5243e-02 1.8060E+00 12.00 12.42 -1.9083e+01 disp I View FO6 Fi... ]
2 24 11 0 0 292 0 0 0 0 3.02926-02 1.8363E+00 12.00 12.67 -1.8578E+01 disp
2 25 8§ 0 o0 300 0 0 0 0 2.6926E-02 1.8632£+00 13.00 12.90 -1.8126€+01 disp [ View F04 File... |
2 26 7 0 0 307 0 0 0 0 3.2311E-02 1.8955£+00 13.00 13.15 -1.7579e+01 disp
2 27 8 0 o0 315 0 0 0 0 3.8774E-02 1.9343£+00 13.00 13.40 -1.6917e+01 disp L View log Fle |
2 28 8 0 o0 323 0 0 0 0 4.43136-02 1.9786E+00 13.00 13.63 -1.6153e+01 disp =
2 29 7 0 0 3 0 0 0 0 2.14026-02 2.0000E+00 13.00 13.77 -1.5781€+01 disp [ ——— = |
Job ends with exit number : ] KEEEIE
total wall time: 16.00 =
total cpu time: 16.36 View STS File... C ‘
exit DEFINITION -----
= 0 job terminates norma11¥
=1 Jjob terminates abnormally (check Fatal Error Message in F06)
NAS400, Workshop 6, January 2015
WS6 - 20

Copyright© 2015 MSC.Software Corporation
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Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
b, @ b b b b .‘L_ 43 Analysis |
‘ I I 1 | xdb op2 iy ploy
LU s 2 | IR B R e P ey
Entire | Selected || Analysis Read | Submit SHSTTEERST XDB | Output2 | MASTER/| Attach | t16/t19 | d3pl o
Analyze Create || Existing Deck || Optimize Toptomize‘ Access | Method:
Access the results from the cate | et
nonlinear analysis.
i i Type: Structural
a. Under the Analysis tab, click
Attach Output2 in the Access
Available Jobs IE
Results group. plastic_job3 h
b. Click on Select Results File.
c. Select the file plastic_job3. [ Select File
. Click OK. :
d C.C o Lock i_r:l | lraining j & of EEr el
e. Click on Apply. T
|| plastic_job3.op2 @ Bt
fl:-b Desc_r!ptiun ('ITI'LE}
SUBTITLE
LABEL
Fila nama: Im j d 0K l
Files of ype: IFIaE{‘.cpZ} ;I Caneel | [ Select Results File... @
L Translation Parameters. . J

Step 6. Analysis: Access Results

MSGC

Software



Step 7. Create a Fringe Deformation Plot

Home Geometry

| &

Fringe/Deformation | | Deformation

Properties

Quick Plot

Loads/BCs

s

Fringe

i

-

r

Vector

Meshing

Analysis

ks

Tensor | Cursor | Contour | Isosurface | Freebody | Graph

Result Pl

Results

Durability

A

#

ots

&nimation

f

£
A | ZE

Report | Deri

Dot ®alh

Post-process the job results.

a. Under the Results tab, click

Fringe/Deformation in the Quick Plot group.
b. Select Default A1: Non-linear: 100. of Load

from Select Results Cases.

c. Select Nonlinear Stress, Plastic Strain from

Select Fringe Result.

d. Select Displacements, Translational from

the Select Deformation Result.

Select True Scale.
Click Apply.

S@a ™o

beam.

Click on Deform Attributes icon.

Click Fit View to get a view of the entire [

Scale Interpretation
) Model Scale

Object: Quick Plot ™

Show Viewport Legend

Deformed: |
Render Style:
Line Style: E]
Line Width: E]

Scale Factor 1.0

Show Undeformed !I
Title Editor... |

Show Title [ Lock Title

Show Maximum Label

I

Label Style... |

L Apply@l Reset |

(

Results |
Action: -E‘.reate = :“Il
b ||
Object: __ﬂuick Piot ™ |
(| Ik
= = E
Select Result Cazes
Default, A1:Mon-linear: 25,9587 % of L[| _
Defautt, A1:Non-linear: 32.1504 % of L. 1
Default, A1:Non-linear; 39.5805 % of L
Default, A1:Non-linear: 48 4866 % of LE|
Default, A1:Nen-linear: 59.1959 % of L|__|
Default, A1:Non-linear: 72.0351 % of L
Default, A1:Non-linear: 87 4422 % of L
Default, A:Nun—linear: 101. % of Load |4 |
(3 P 2]
Select Fringe Result
Displacements, Translational |AI =
Monlinear Strains, Creep Strain = :i 1
Monlinear Strains, Plastic Strain .=
Nonlinear Strains, Strain Tensor —
Nonlinear Stresses, Equivalent Stress [
£ I lit E3)
Select Deformation Result
Constraint Forces, Rotational
Constraint Forces, Translational
Displacements, Rotational
d
|:| Animate
Apply —|
[a]|
MSC ASoftware



Step 7. Create a Fringe Deformation Plot (Cont.)

[N tip_load.db - default_viewport - default_group - Entity

Fringe: Default, AT:Norlinear: 100, % of Load, Norlinear Strains, Plastic Strain, . (NOM-LAYERED) 1.04-002
9 68-003
Plastic 5 30-003—

T.61-003—
5.92-003—

§.23-003

b hiE-003
4.54-003
4.15-003
3.46-003
277003
2.08-003

1.38-003

6.92-004
.

default_Fringe
Max 1.04-002 @Nd 407
Min 0. @Nd 39

default_Deformation :
A Max 3.14+001 @Nd 505

MSGC ASoftware



Step 7. Create a Fringe Deformation Plot

Create Fringe deformation plot with deformation to better
evaluate the deformation after loading and unloading

Click on Select Results icon.

Select A1:Non-linear: 200. % of Load

Select Displacement Translational in Fringe results
Pull down Quantity to Y Component.

. Click Apply

Create Plot at 100% of Load (At complete Loading) and
compare the plots (Next Page)

® oo o

r tip_load.db - default_viewport - default_group - Entity

Fringe: SC1:Step ZUNLOADING, A1Time = 2. Displacements, Translational, v Component, (NON-LAYERED) 0
Deform: SC1:Step 2. UNLOADING. A1 Time = 2., Displacements. Translational, -1.06+000)
—2.10+000)

-316+000)

i
-4.21+000
i

_{ 5e+0n1 1. 16+001

Does Not go Back to original Location -1 474001

after unloading due to plastic

deformation. Max 0. @Nd |
Min-1.58+0071 @Nd 1010
default_Deformation

default_Fringe

(LR i bl 1 RS M0 A 1010

Results |

Actin
Object: [QuickPiot_ ~ |

=

Select Result Cases

SC1:5tep 1:DEFAULT, A1:Time = 0.259(a ]
SC1:Step 1:DEFAULT, A1:Time = 0.321

| SC1:Step 1:DEFAULT, A1:Time = 0.395
SC1:Step 1:DEFAULT, A1:Time = 0.484
SC1:Step 1:DEFAULT, A1:Time = 0.591, |
5C1:Step 1:DEFAULT, A1:Time = u.Tan ‘

| SC1:5tep 1.DEFAULT, A1.Time = 0.574| =
SC1:5tep 1:DEFAULT, A1:Time = 1. |
> SC1iStep ZUNLOADING, A1:Time = 2. || I

=] ] @

Select Fringe Result

Constraint Farces, Rotational !'AJ'
Constraint Forces, Translational [= |
Displacements, Rotational o

Displacements, Translational 8
Menlinear Straing, Creep Strain I_V|
[ | 2

Quantity: v Component =

Select Deformation Result

Constraint Forces, Rotational
Constraint Forces, Translational
| Displacements, Rotational

) Displacements, Translational

|:| Animate

MSGC ASoftware



Compare Results of Deformed shape

Loaded

Unloaded

tip_load.db - default_viewport - d=fault_group - Entity

Fringe: SC1:5tep 2:UNLOADING, AlTime = 2., Displecements, Translational, ¥ Component, (NON-LATERED) v
Deomn: 5L Step 2UNLUADING, A1 ime = 2., Lisplacements, Iranslatonal -1.26+00¢]
-2.1 0+000]

-3.16+000]

-4.21+00(]

-5 .26+00(]

default_Frirge
Max 0. @Hd 1
Mir -1 53+001 @Nd 1010

detault_Uetormation
Mo 1 B30 @A 1010

MSGC ASoftware
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WORKSHOP 7
SOLID SHELL COMPOSITES
MODELING
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 Workshop Objectives
— Become familiar with setting up a solid composite shell model

- Software Version
— Patran 2013
— MSC Nastran 2013.1

* Files Required
— solid_shell.db

MSGC



Problem Description
— Simulate a three-point-bending composite test specimen using solid composite shell elements
— Due to symmetry, only a quarter of the specimen is modeled.

3 - point
Flexure test
Luading Foree
pin
4 4
Specimen

Supporting pins
' 1
{r fiber diraction g.: :ggj
& o1
L AN ! 11 T
. i i : 10 ,
] 1 0.4 f=2u)
X - I
=2 01 o
[+— 10 —=| =——15 | 15 - 10 —=| L L
10 Nimm ' T 'E
z C .
) ‘' ]
-,.-.x = - - ] 4 all dimenséons in mm
A B T

MSGC ASoftware



* Problem Description (cont.)
— You will build a laminate by entering each ply thickness as a percentage of the

total thickness

— Two very thin outer plies are used to pick up stresses at the outside faces of

the part.

Stress recovery ply

coo
afq

v

[l

Y15

/

can
et

=
—= || =l | | |—
g

all dimenséens in mm

Stress recovery ply

|

Material Name | % Thickness | Orientation
Ortho1 1e-3 0

Ortho1 9.999 0

Ortho1 10 90

Ortho1 10 0

Ortho1 40 90

Ortho1 10 0

Ortho1 10 90

Ortho1 9.999 0

Ortho1 1e-3 0

MSC



« Suggested Steps

1.

© ©® N Ok WD

Open solid_shell.db

Review load and boundary conditions by plotting markers
Verify element coordinate systems

Create Orthotropic material properties

Create a laminated composite

Create a 3D solid properties

Set up the Analysis

Attach OP2 results file

Plot Deformation and Fringe results

MSGC



Step 1. Open an existing Patran Database

Home @

mEAEEEE R E RO R PR EE T 5
HEOELEREERE LR R R

Start Patran and open a database
Defaults Transforms Viewport Display Orientation Misc, Web

containing the composite coupon:
a. Click File Open in the Defaults

group.
b. Select solid_shell.db as the r—
File name. B Open Database
c. Click OK. Set Wiorking Directory to Databsse Location
Laak. ir: |E,'|Training ;] = = ER- 5,_;;_
[=]scid_shell. &b Q)
File narme: lcnmpnsite_wing_u:upt.db
Files of type: | Database Files {* db} ] Cancel |
NAS400, Workshop 7, January 2015 WS7 -7 MSe A Software:

Copyright© 2015 MSC.Software Corporation



Step 2. Review Loads and Boundary Conditions

(a)
/
Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
" e S o 1
|_"" el B ’_X' ' l_x g | ¢ ri'r' i'Ll
Displacement | Force | Temperature | Velocity | Acceleration || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed
Constraint . Load Load Load
(\ MNodal Element Uniform
. 9

DE o Bk

Plot loads and boundary
conditions:

a.
b.
c.

Click the Loads/BCs tab.

Set Action to Plot Markers.

Select Displ_simple_bc
and click Apply. This plots
the simple support in the
vertical direction.

. Select Displ_sym1 and

click Apply. This plots the
X symmetry constraints.

Select Displ_sym2 and
click Apply. This plots the
Y symmetry constraints.

Select Force_force1 and
Force_force2 and click
Apply. This plots the
applied load.

Click Reset Graphics to
clear the markers.

| LoadiBoundary Conditions |
Action: Flct Markers b

| |:| Modify Vectar Display

Current Load Caze:
I Drefault...
Type: Static

Sezigned LoadBC Sets

Dizpl_zyml
Displ_symZ (
Force_forcel
Force_force2

Group Fitter
3 &1 Groups

@ Currert Wiewport

Select Groups

| ciefanit_group

Al I

fware




Step 3. Verify Element Coordinate System

(\y Finite: Elements |
Home Geometry Properties Loads/BCs keshing Analysis Results Durability

Action: -gh.;.w - b
> l—IL y e
| Pl 2 | | * )
I 1171171 e | m FadlESIEIIE AN RIR PRI did IEMIEC =l Tiw Ohject:
oot || B | | | Surface | Auto Hard || [{p |88 | PR || D] | i || R ||| D || 2| o )| B Infa:

Mesh Seeds I'y'/é\ Control IMeshers FEM Actions Mode E Display Options
W] dir [+] 3 label
D& o o2k E-

¥ dir Y label

Verify the element coordinates
Z dir 7 label

L N

systems:
a. Click the Meshing tab.
i Coordingte Syatem Definition
b. Set action to Show. (CIMEC Patran
c. Set Object to Element. (3) MSC Naztran
A

d. Set Info to Coord. Sys. -~ <X
e. Click on any element to & Origin Display Location

review the element = O centroid

coordinate system. . (&) Analysis Code Definition

f. Click on a few more
elements to review the Use Bieam Element Offeet
element coordinate system.

Auto Execute
Make a mental note of the .S —
element Z direction. ;Em ements ‘
M

g. Click Reset Graphics.

[ Reset Graphics ]

A pply
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Step 4. Create Material Property

Home Geometry

8 || (sl lﬁ
Isotropic (b )

. a
F‘ropertie\.\x/ Loads/BCs

||
|

Isotropic OrthntmpiaTAnisntrnpic

Meshing
b ===
Fluid ||| = |4 || <, ||

Fluid Composite

Analysis Results

|55
it

0D Properties

L JEIF PRI
L I IR R

10 Properties

Create a material property:
a. Click the Properties tab.
Click 3D in the Orthotropic group.
Name the Material ortho1
Click on Input Properties
Enter the values shown.

Click OK.
Click Apply.

@ "o a0

Ohiject: 3d Orthotropic ™
hethac: Manual Input -
Existing Materialzs E

:

haterial Mam
otthat @

De=cription

(d)

[ Input Properties T 7

[ Change Material Status ...

7

!

- ‘Input@ p:'iﬁ ns

Constitutive Maodel:

FProperty MName

Lingat Elzstic =

Salle

Elastic Moduluz 11 =
Elastic Moduluz 22 =
Elastic Moduluz 33 =
Paoizzon Ratio 12 =
Poiz=son Fatio 23 =
Poizson Ratio 31 =

Shear Modulus 12 =

Shear Modulus 23 =

Shear Modulus 31 =
Censity =

Thermal Expan. Coeff 11 =
Thermal Expan. Coeff 22 =
Thermal Expan. Coeff 33 =
Structural Damping Coeff =

Reference Temperature =

Current Constitutive Models:

| 10023
| 5e3

| 563

oz
363
| 28_3
|2e3

=

Temperature Deptodel Yariable Fields:

Clear

Cancel

MSGC ASoftware



Step 5. Define the Composite Layup

Haome Geometry Properties

0 | m | [ |
e ||

Orthotropic||Anisotropic

Isotropic

Isotropic

Loads/B Meshing Analysis Results

. £ 0 [+ 11l L [N
Fluid || ||| 450 [| €, ||| |42 [||D(| | w!l%
Fluid Compaosite 0D Properties 1D Properties

reate a Laminated Composite:
a. In the Properties tab, click
Laminate in the Composite
group.
Name the Material lam1.

c. Click on ortho1 9 times to
create 9 rows in the table

d. Select “Total-%thickness”
from the Stacking Sequence
Convention

e. Click in the first %thickness cell

f. Click in the Input Data field and
enter 0.001 and press the
Enter key.

g. Repeat step f to enter all ply %
thickness values as shown on

the right. Make sure the tot%<

percentage is 100 when you
are done.

h. Click in the first Orientation cell

i. Enterthe ply angles one at a
time as shown.

j- Click Apply.

.
Stacking Sequence Convertion [Total - thicknesses v ]<d> Oitset
Stacking Sequence Definition -
Input Data [l auto Highliaht
@ </\ < . > Import/Expott...
g, !
Material Mame % Thickness Orieritation Glokal Ply 1D
1 orthol 1 .DDDDDDE-DDS( e D.DDDDDDE+DDD( h
S S A
2 orthol 9.993000E+000 0.000000E+000
3 arthot 1™ 1 oooone+om 9.000000E-+001
4 orthol 1.000000E+001 0.000000E+000
5 orthol 4 000000E+001 9.000000E+001
[ arthol l 1.000000E+001 0.000000E+000
7 arthal 1.000000E+001 9.000000E+001
] orthol 9.999000E+000 0.000000E+000
g orthol 1.000000E-003 0.000000E+000

Set Thickness = | far ALL Layers of "orthaol"

% Thickness of Stacking Sequence = 100,

I Delete Selected Rows ]

;

Plies in Stacking Sequence = 9

@ Ahove

O Belowy

Rows

l Showy Laminate Properies .. J I

Clear Databoxes

Existing Matetizls

=

arthial <§>

Laminsted Composites

:

Material Name -~
latm 6)

Material Description

‘ -Applky- [ Reszet

MSGC ASoftware




Step 6. Create Solid Property

Isotropic ||Orthotropic) |Anisotropic)| Fluid

Home Geometry Properties Loads/BCs Meshing Analysis Results
B w | =M FEDZZD |l
Isotrapic || |ghg| 1] Fluid ||| | 2| |8 | 40| 2a|| |45°)|40F|

Composite 0D Properties

||| 8|65 || ||| || £
({1 T | ||| |~ N

Solid

1D Properties 20 Properties

=20 Properties

P

0 || |5 ||| | e || tem ||
B AR E AR =UE ]

roperty Actions

Fields

Create 3D solid property:

a.

In the Properties tab, click
Solid in the 3D Properties
group. (you may have to
move the Laminated
Composite form out of the
way).

For Property Set Name, enter
3d-comp.

Change Options to Laminate.
Click Input Properties...

Click Material Prop Name icon
and select lam1.

Click in the Material
Orientation box, then screen
select Coord 1.

For Thickness Direction 3D,
select Element Z Direction.
In SCOMP Integration
Scheme, select Assumed
Strain.

Click OK.

=

Input rnper's
Composite Solid (PCOMPAGLE)

[Thickness Direction 30] [ Blement 7 Direction

[SCOMP Integration Schems] [ #==umed Strain

<]

% thickness plies.

Property Mame Walue “Walue Type (a
: : - |
taterial Mame melamm Wat Prog Mame % i
|[Material Orientstion] [ coord 1 K f ) ‘ ‘ ‘
[Laminate Cption] I =|

| Select the value of the Integration Scheme - Assumed Strain valid for Z-Dir Select Material

Element Z Direction g\"—‘ ‘

| [2J

Action:

Object

Sets By:

Fitter *

i

Select Existing Material

S

f

hd

7 .
g
£

I External Materizls ]

Cancel

7

Property Set Mame
Gd-comp KB\
Va

Options:

foniwe_~] (¢

4 d
Input Properties ... .o/

Select Application Region ... ]

Apply

MSGC ASoftware



Step 6. Create Solid Property (Cont.)

Properties

B
||

Home Geometry
& | =
Isotropic |%|
Isotropic |[Orthotropic| |Anisotropic

Loads/BCs

LY

Fluid

Fluid

i B

Meshing
Z|=]

|| [ ||| .| 2a

Composite

Analysis

|G ] s8] ||| |85 || N ]| ||
(&[0 | | ||| (][~ &N

|47 |||

0D Properties

Results

1D Properties 20 Properties

O

Solid

=20 Properties

|8 |30 % ||| %8| 2 |[em |
Bl F AN

Property Actions Fields

Create 3D solid property:

a. Click Select Application

Region ...
b. Rectangle select both solids.
c. Click Add.
d. Click OK.
e. Click Apply.

Application Region

Select Members

7

Cc)
| add [ Remave

Application Region
Solid 1 2

s

Action:

Ohject:

Type:

Sets By:

#*

Filter

i

Property Set Mame
Sd-comp

Options:

Laminate ™

Ingut Properties ...

Select Application Region ...

7

ﬁ
[ Apply iie 4

MSGC



Step 7. Set up Analysish

‘a,
Anal].-‘sis}“J Results

Home Geometry Properties Loads/BCs Meshing Durability
1 s I e R 7 R - 2 2
E aop
&l e o || 4] (> (== | Y| W |
Entire | Selected || Analysis Read | Submit (|| ’”E‘“ | *H@! ¥DB | Output? | MASTER/ | Attach
Model | Group Deck DEBALL | Qutput2
Analyze Create Existing Deck Optimize | [Toptomize Access Results

t16/419 | d3plot

|l el
Y
Delete Actions

Select solution type:
a.
b.

e

- Solution Parameters

Click the Analysis tab. [

Contact Parameters. . ]

Enter I Direct Text InjLt... ]
three_point_bending for [ B ]
Job Name.

Click on Solution Type. I
Select Implicit Nonlinear.
Click Solution
Parameters.

Check Shell Shear
Correction and SOL 400
Run.

Domain Decomposition ... ]

Aszumed Strain

SOL 400 Run

Default Initisl Temperature =

Default Load Temperature = |

I Resultz Output Format... ]

I ik I [ Defaults J [ Cancel ]

MSC.Mastran
Solution Type

Solution Type:

() LINEAR STATIC

) NONLINEAR STATIC

) NORMAL MODES

() BUCKLING

(") COMPLEX EIGENVALUE

() FREQUENCY RESPONSE

() TRANSIENT RESPONSE

() NONLINEAR TRANSIEN ™
(%) IMPLICIT NONLINEAR (Y
() DDAM Solution

d)

[

Select ASET/QSET... |

(e

=

Solution Parameters...

Solution Sequence: 400

ok | [ cancel

Analysis |
Object: Entire Model ™
Iethod: Ful Run ¥
Code: MSC.Nastran
Type: Structural
Available Jobs geu|
Job Name

| three_point_bending ( b
Job Description (TITLE}

SUBTITLE

LABEL

Translation Parameters

|
Solution Type... kch
J
|
|
|

Direct Text Input...

Select Superelaments. .

Subcases...

Subcase Select...

B

Apply

MSGC ASoftware




Step 7. Set up Analysis (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
i i s — : : = b s i T || — —=
W 4 o ‘H 3 T \ [e ]
S 2 2 - 2 R /- 8 B Y Y 3
Entire | Selected || Analysis Read | Submit |||[% % ¥DB | Output? | MASTER/ | Aftach | t16/19 | d3plot - | || B |||
Model | Group Dreck | *|||E| | '3'”@| DBALL | Output? |ﬁ|lt-| E' |!||b’|
Analyze Create Existing Deck Optimize | |Toptomize Access Results Delete Actions

a. Select Results Output

|:| Punch

Format.... opz@ Flie -
b. Check OP2 and uncheck
MASTER/DBALL. [ IMASTER Only @D MASTER/DBALL
c. Click OK.
OUTPUTZ Requests: P23 Buitin ™
d. Click OK.

OUTPUTZ Format:

QK 7\ [

. {c)

Defauts |

[ Cancel ]

/

NAS400, Workshop 7, January 2015
Copyright© 2015 MSC.Software Corporation
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[ Contact Parameters... ]

[ Direct Text Input.... |
[ Restart Parameters. .. ]
ed Job Control
( Domain Decomposition ... |
Assumed Strain Constant Dulatation

ane Siress Reduced Integratiorn
Creon Shell Shear Correction
[+] soOL 400 Run

_—
Default Initial Temperature: | |

Default Load Temperature: \:I

( User Defined Services. . |
( Results Output Format..| @
Hg T ok ] [oemuts | [cancs ]
MSC A Software



Step 7. Set up Analysis (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results
| bs | LLI L| % %
[ | [ I e Rl opi
=4 =4 L ‘ b - l L 3 g
Entire | Selected (| Analysis Read | submit ||| [ || & (]| g/[=]]]] X2B
Model | Group Deck o D [ D
Analyze Create Existing Deck Optimize | |Toptomize

Durability

7h
e

-9 i : L ==
I ) ||
_ 2| | e sl
Cutput? | MASTERS | Attach | t16/419 | d3plot
DBALL

Output?
Access Results

IS

Delete

Actions

(|| tesh |15 |

Define subcase parameters:

a. Click Subcases.
b. Select Default

c. Click Subcase
Parameters.

d. Set Linearity to Linear.
Click OK.

Click Apply.
g. Click Cancel.
h. Click Apply.

The analysis will take less
than a minute to run.

- Static Solution Parameters
Linearity:

Cumulative Loads

7
d)

[ Solvers § Options...

Monlinear Geametric Effects:

Large Displacement/Large Strains k:d

Loads Follovy Deformations .

Load Incremert Params. ..

[ Active/Deactive Elements...

(e

/

0K Defautts | |

=~

Cancel

Solution Sequence: 400

Action:

Subcaze Mame
| Default

Available Load Cases

Available Subcazes /7 b : E

!

B [ —— =

Analysiz Type:
Subcaze Options /C
1 Subcase Parameters...

[

Output Reguests... ]

Direct Text Input... ]

7

Action:

Chject: Ertite Mocel =
tethod: Full Run =
Code: MSC Mastran

Type: Structural

Available Jobs

Job Mame
three_point_bending
Job Description (TITLE)

MSC Mastran job created on 16-
Jan-12 at 16:27:59

SUBTITLE

LABEL

Translation Parameters... ]

Solution Type...

Select Superelements...

SUbCASEs...

Subcase Select... [ Q

]
Direct Text Input... |
|
|

Analysis Manager ...

I Apply ;E] .>

MSGC ASoftware



Step 8. Attach Results

Home Geometry Properties Loads/BCs Meshing Analysis

i | | i % 0 s o 7%
= | = a <] [ LSS et

Entire | Selected || Analysis Read | Submit [||[2 3 ¥DB
Model | Group Deck |*H@| |,||@|

Analyze Create Existing Deck Optimize | |Toptomize

Cutput? | MASTER/

t6/19 | d3plot |Eif-||kf-||g'| ||| 5 |

Attach the results file:

a. Click Attach Output2 in the
Access Results group.

~| « @ £ E-

Date modified

10/30/2014 10:12 ..,

b. Click on Select Results File. e
c. Select the results file i
three_point_bending.op2. Name
d. Click OK. ¢ three point_bending.op2 [ ¢ )
e. Click Apply.
< |
File name:

d)ok_|

Ithree _point_bending

Files of type: IFiIes *.0p2}

Analysis |

Action: [Access Resuts ¥ |

Object: _mﬁgc_h Outputz ¥
Method: Result Entities x

Code: WSC Nastran

Type: Structural

Available Jobs ee!
three_point_bending

Job Name

! three_point_bending |

[ Select Resuls File... [ b/Z]

NAS400, Workshop 7, January 2015
Copyright© 2015 MSC.Software Corporation

[ Translation Parameters... l

[ e )
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Step 9. Plot Results

: File

Group  Viewport Viewing Display Preferences Tools Help  Utilities

a
Home Geometry Froperties Loads/BCs Meshing Analysis Results - Durability

{4

® [ & [ [%| w k| 4|m

Ham H

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

Quick Plot e — Result Plots

\D=farmating |

2|t

Report | Derive

Plot deformation:

a.
b.

Click the Results tab.
Click the Deformation icon.
Select Displacement,

Results |

Tra ns I ati ona I fo r [N solid_shell-db - default_viewport - default_group - Entity
Deformation Result.

Click Apply.

Deform: Detault, A1:Non-linear: 100. % of Load, Displacements, Translational, . (NON-LAYERED)

u&as;anwn-

default_Deformation
Max 1.06+000 @Nd 160

=1

Select Resut Cases

Non-linear: 100

(€] 1l | [2]

Select Deformation Result

Constraint Forces, Rotational

Constraint Forces, Translational

Dizplacements, Raotational 2
mer 0 C)

Position... ((MOMN-LAYEREDT) l

|:| Animate

l Apply @ [ Reset l

MSGC ASoftware



Step 9. Plot Results (cont.)

: File

Home

Fringe/Deformation

Group  Viewport WViewing Display Preferences

Properties

&

Deformation

Geometry

B0

Quick Plot

Loads/BCs

Tools Help Utilities

Meshing Analysis Results

al = || w? .

ot | % | 2 k| 2
Fringe ¢tor | Tensor | Cursor | Contour | Isosurface
Fringe

Result Plots

Durability

AL

Freebody | Graph

Animation

7 | ig

Report | Derive

lot stresses:

a.
b.

Click the Fringe icon.

Select Composite Stress, Ply

Stress for Fringe Result.

Set Position to Layer 1 at
middle.

Set Quantity to

X Component.

Click Apply.

N solid_shell.db - default_viewport - default_group - Entity

Fringe: Default, A1:Non-linear: 100. % of Load, Composite Stress, Ply Stress, X Component, Leyer 1 At Middle
Defarm: Default, Al1:Non-linear: 100, % of Load, Displacements, Translational, , (NON-LAYERED)

default_Frings :
Max 6,83+002 @Nd 75
Min-1.12+000 @Nd 5
default_Defarmation :
Max 1.06+000 @Nd 150

Fezuts |

Action:
Okject

o

=

Zelect Result Cases

Detault, A1:Mon-linear: 10

a &)

Select Fringe Resuft

Composte Stress, Min Strength Ratio fl[Al
Composite Stress, Min Strength Ratio fi
Composite Stress, Min Strencth

i f =

™

£ e I

¢

[ Position...(Layer 1 &t Midd= .~

® Component ( d )
[ ] &nimste

i Apply @ [ Reset ]

Guantity:

MSGC ASoftware
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WORKSHOP 8
DELAMINATION OF A COMPOSITE
SOLID SHELL BEAM

Fringe: SC1:Step 1:DEFALLT. A1 Time = 0.6579891, Damage Value, . . (NON-LAYERED) 1.02+000
Deform: SC1:Step 1. DEFALLT. A1 Time = 0.6579891, Displacements. Translational,

9.49-001

8.80-001

§.10-001—

7.40-001—

6.70-001—

6.01-001

5.31-001

4.61-001

3.91-001

3.21-001

252-001

1.82-001

1.12-001

4.23-002)
-2.74-002

default_Fringe :
Mape 1.02+000 @Nd 1801
Min -2 74-002 @MNd 1885

default_Deforrnation :
Max 6 58-002 @Nd 713

MSGC ASoftware
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 Workshop Objectives

— Perform a CZM delamination analysis.

— Create contact pairs.
— Create cohesive material
— Create interface elements.

- Software Version
— Patran 2013
— MSC Nastran 2013.1

* Required File:
— build_shear.czm.ses

MSGC
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1. Two composite plates are glued together with a adhesive layer.
3. The exponential cohesive material model is used the interface elements.

* Problem Description
2. One end of the plates is fixed and pulling on the other end.



Suggested Exercise Steps

ok b=

7.

8.
9.

Create a new database.
Play session file “build_shear_czm.ses.”

Review the model boundary conditions with the model tree.

Review the contact bodies in the model.
Create the composite material and layup.

Create the contact pairs.
Check Glued Contact
Master = plate_lower
Slave = interface
Repeat for the upper plate
Create cohesive material.
Select exponential for the Constitutive Model
Enter 3 for Cohesive Energy
Enter 0.0002 for displacement

Create cohesive interface element property for all wedge elements.

Set up the analysis job.
Implicit Nonlinear for Solution Type
Uncheck Permanent Gluing
Request op2

MSGC



« Suggested Exercise Steps (Cont.)
« Use an adaptive increment type with a maximum time step of 0.05
*  Output Nonlinear Stresses
10. Review the sts file.
11. Attach op2 results file.
12. Plot interface damage.

«  Set all time increments to display Element Edges and show True
Scale

«  Plot damage at Time = 0.6579891

13. Graph load vs. x-deflection curve of the independent node of the
RBE2s to view the constraint forces at all time increments.

MSGC ASoftware



Step 1. Create a New Database

Home Geometry Properties

iii‘l!Eli@! BRI
Byl || | Lot | R || | 5|62 ||

Defaults Transforms

Create a new database called
CZM:

a. Under the Home tab, click New
in the Defaults group.
Enter CZM as the File name.
Click OK.

d. For the New Model Preference,

accept all defaults by clicking
OK.

Template Database Name
CAMSC.Software\Patran_x54\201 30/template.db

Change Template ...

Modify Preferences...

Set Working Directory to Database Location

Look in: ] ) Training

Ma items match your search,

_vj « & cf E-

File niame: JCZI'U'I @

Files of type: | Database Files {*.db}

Mew Model Preference -

Model Preference for:
stiffened_plate.db

Tolerance
(%) Based on Model

() Defautt

Approximate Maximum
Model Dimension:

10.0
Analysis Code:
WMSC.Mastran X
Analysis Type:

Structural ¥

o (@) |

Reset

MSGC



Step 2. Play Session File

Play session file:

a. Select File > Session > Play.
b. Select build_shear_czm.ses.

c. Click Apply.

| File | Group Viewport Viewing

Mew...

Cpen...

Open Recent...

Close

Save

Save a Copy...

Utilities
Import...
Export...
5es5ion
Print...
Images...

Report...

Quit

Display Preferences Tools Help LUHilities

=0

Record...

i:n i
[]single Step

Commit Commands.

Look: in: I ; Training

2 build shear_czm.ses (b\

| patran.ses.01 b
File name: |bui|d_shear_czm.ses _'_J -Apply-
Files of type: ISession File Files {* ses™} ;! Cancel
MSC A Software



Step 3. Review the Model Boundary Conditions

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

D@l | & |18 9 || Bl id| 4 ||| | o) o[B8 ||| e || || || e || ez | I‘i‘}l@ii@!iﬂl'l
B[ || M || ||| S| [62] ||| 3] BRI @ || ||| 2| T2 = ([2]|| 2h] |2 [ Reg |2 |[| o |2 (B =

Drefaults Transforms Viewport Drisplay Crientation Misc. Web |IModel Tree

Review the model boundary conditions with the model tree :
a. Under the Home tab, click Show/Hide Model Tree in the Model Tree group.

b. Expand LBCs and check the box next to Displacements. @& cim

c. Observe the loads and boundary conditions. EL:' Materials{2)

d. Uncheck when done reviewing the boundary conditions. ;qa Properties{2)
M Fields

EH, LBCs{2)
.{ Displacement(E)l@
-.h Contact{3)
H Load Cases{1)
.@ Groups{4)

E G Analyses

MSGC ASoftware



Step 4. Review the Model Contact Bodies

Home

-

Geometry Properties

-

i

- ou

<t

Loads/BCs

@

Meshing

A

Analysis

Results

e

Durability

& 8

-

F:| k=

Load/Boundary Conditions 2 E

Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Dist] LT
Constraint Load Load Lo Object
Modal Element Unifarm
~
g&ﬂﬂéﬁﬂ?; Option:

Review the contact bodies:
Under the Load/BCs tab, click Color Code Bodies in the Contact Bodies group.
Set Object to Contact.

Select all the Existing Sets.

@ -0 o0 oTo

Select Group Color.
Click Apply.

Observe the contact
Click on Reset Grap

bodies.
hics.

interface

plate_upper

Piot Contours —

e ~1( b )

[

Default... ]

Type:

interface

plate_lower
plate_upper

() Entity Hilight

Static

Existing Sets

Reset Graphics @

@

Deformable Body =

Current Load Case:

[

29

Color Codg
Bodies

|_ontact Bodies

MSGC




Step 5. Crgate the Composite M

. a
F‘ropertie\.\x/ Loads/BCs

Home Geometry Meshing

B wm | =M FERZZ

Isotropic (b || Fluid (||| == 14 || 4, ]| %a]
/

Isotropic OrthntmpiaTAnisntrnpic Fluid Composite

Analysis

| |8
& ||

0D Properties

Results

10 Properties

L RGP PARN|
s 16 IR A

Create a material property:
a. Click the Properties tab.
b. Click 3D in the Orthotropic
group.

c. Name the Material ply

d. Click on Input Properties
e. Enter the values shown.

f. Click OK.

g. Click Apply.

Action:
Object:

Method:

Existing

3d Orthotropic hd
Manual Input =

o

Materials

Pl

Material Name

¢

NS

Description

Input Properties ... \\q :

Change Material Status ... |

—atc)

&

aterial and Layu

r'-  Input Options

Constitutive Model:

Property Name

Elastic Modulus 11 =
Elastic Modulus 22 =
Elastic Modulus 33 =
Poisson Ratio 12 =
Poisson Ratio 23 =
Poizson Ratio 31 =

Shear Modulus 12 =

Shear Modulus 23 =
Shear Modulus 31 =
Density =

Thermal Expan. Coeff 11 =
Thermal Expan. Coeff 22 =
Thermal Expan. Coeff 33 =
Structural Damping Coeff =

Reference Temperature =

Temperature Dep/Model Variable Fields:

Current Constitutive Models:
Linear Elastic - [,,,.] - [Active]

f)

0K

18000000.
1600000,
1600000,
0.28

0.40000001

0.025

S00000.

£00000.

“Boo0oo.

MSGC




Step 5. Create the Composite Material... (Cont.)

Create a Laminated Composite:

a.

In the Properties tab, click
Laminate in the
Composite group.

Name the Material
composite.

Click on ply 8 times to
create 8 rows in the table

Select “Total” from the
Stacking Sequence
Convention

Click in the first thickness
cell

Click in the Input Data field
and enter 0.01 and press
the Enter key.

Repeat step f to enter all
ply thickness values as
shown on the right.

Click in the first Orientation
cell

Enter the ply angles one at
a time as shown.

Click Apply.

Stacking Sequence Convention @

Home Geometry Properties

[ |Ed .

|EEE| Fluid

Isotropic ||Cthotropic) |Anisotropic

Loads/BCs

Fluid

Meshing

) [E5==

Cohesive ||| || ==/ || @, || 4|

Analysis

Cohesive Composite

Offset
Stacking Sequence Definttion
Input Data DAutu Highlight
\\ . i [ Import'Export...
FAGH D)
Orientation Global Ply ID

Material Name Thickness
ply @ 1.000000E-002

1
2 | ply 1.000000E-002
3 ply | 1.000000E-002
i ply 1.000000E-002
el ply 1.000000E-002
6 ply 1.000000E-002
7 ply ' 1.000000E-002
8 ply ' 1.000000E-002

4.500000E+001 (\\h/
0.000000E+000
~4.50000E+001
0.000000E+000
0.000000E+000
~4.50000E+001
0.000000E+000

4.500000E+001

Set Thickness = for ALL Layers of "phy™

Total Thickness in Spreadsheet = 0.079959355%1
Total Thickness in Stacking Sequence = 0.079999551

[ Delete Selected Rows ]

l Show Laminate Properties... ]

Plies in Spreadsheet = 8
Plies in Stacking Sequence = &

@ Above

[_mser ] <y

Existing Materials

*
>

L_a minated Composites

=

Material Mame

composite @

Material Description

| -Appl}r—@ [ Reset |

I Clear Databoxes

MSGC ASoftware




Step 5. Create the Composite Material... (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results (a>

% | e 1] A [ZIEIZIE | (S]*] ||l 5%l 1 || ][] O |06 388 | &5C] || |28 e e ||
Isotropic || || || U ||| ] ]| [ || T | ]SO | R K ([ ]
Isotropic | |Orthotropic) |Anisotropic|| Fluid Composite 0D Properties 10 Properties 2D Properties |30 Properties]|Property Actions Fields

Create 3D solid property:

a.

In the Properties tab, click
Solid in the 3D Properties
group. (you may have to
move the Laminated
Composite form out of the
way).

For Property Set Name, enter
plate_lower.

Change Options to
Laminate.

Click Input Properties...

e. Click Material Prop Name

icon and select composite.

Click in the Material
Orientation box, then screen
select Coord 0.

. For Thickness Direction 3D,

select Element Z Direction.

. In SCOMP Integration

Scheme, select Assumed
Strain.

Click OK.

Composie Sobd (PCOMPAELE)

Property Name ahse Value Type —

e )
Material Hame e Mat Prop Hame —— @28 &
[Material Onentation] [Coord0 ‘/f\ | co ¥
[Laminate Optian] -

[Thickness Direction 30] Elemeant 7 Direction |Element Z Diraction Vg x t
[SLCOMP integration Scheme] Assumed Sirain |Assumed Strain /h \

[< ] ¥

L

Select the value of the integration Scheme - Assumed Strain vald for Z-Direction ply siack only

N
|
o

Object:

Sets By:

=

Action:

g

Property Set Name
late_lower |

Options:

~

Laminate C/)

d)

[ Input Properties i ]

o )

[ Select Application Region .. |

MSGC

Software




Step 5. Create the Composite Material... (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
D= @|E|S)| €97 |&|ds 4w 6|0 M][88] ||| Ex || || ¥ 6 || Ee || | 5|53 59| 43| A EKJ
' (| | | o [iz=|
EEUCITUNT A e ol S-S § ‘lﬁnﬁ'an'.-;:ll o (M| 28|25 | et [ e ||| T |22 || B
Drefaults Transforms Viewport Display Orientation Misc. Web|lModel Tree
Create 3D solid property: & =" -Hr Load Cases(1) e
a. Click Select q | [EementProperts | SelectApplcaton Regon | || 5 gyl Groups(4)
Application Region Select W default_group || e
+
.@ interface
b. Urlder the Ho_me tab, — Application Region .@ lower @ Sets By- &
click Show/Hide |:_| Select Members .@
Model Tree in the W Elm 1:300 HUpper
AN ] e @ Analyses
Model Tree group. ( @) T
c. Expand Groups and (tad ] [ Remowe ]
only check the box - :
Application Region
next to Lower. :
d. Select Solid element. il Property Set Name
e. Select Pick All. bi plate_lower
f. Click Add. Fil _
. ﬁI Options:
g. ClickOK. |
h. Click Apply. (d e
[ Input Properties ... ]
[ Select Application Region ... @
L

O

MSGC ASoftware



Step 5. Create the Composite Material... (Cont.)

Create 3D solid property:

a. In Property Set Name,
enter plate_upper.

Click Input Properties...

Click OK to accept
changes from the
previous property.

Composie Sobd (PCOMPIGILS)

Properiy Nams Vahse Value Type

Material Hame pr——— M2t Prop Name ﬁ 2]
:'iﬁéir;i Onentabon] [Cond 0 1 | to ~

[Laminate Option]

[Thickness Drection 30] Element Z Direction |Element 2 Direchon >]
[SLCOMP integrabion Scheme] Assumed Sirain I-‘-HHM Strain -d |

%]

Select the value of the integration Schemes - Assumed Strain vald for 2-Disection ply sisck only.

OK_| Clear
)

Action:
Object:

Type: Solid ¥

cons e y] B

| plate_lower

Property Set Nam
fplate_upper G}

Options:

[ Input Properties ... kb )

( Select Application Region ... |

MSGC




Step 5. Create the Composite Material... (Cont.)

Create 3D solid property:

a. Click Select
Application Region ...

b. Expand Groups and
only check the box next
to upper.

Select Solid element.
Select Pick All.

Click Add.

Click OK.

Click Apply.

Check the box next to
upper and interface

S@ ™o oo

0
\d

aiind + II::::l @

E
i

feijpeig=Ny-a:

| % (n |1

D=l

Element Properties | Select Application Region

Application Region

Select Members
_Elm 30:600

(elas ]

l

Remove

J

Application Region

0K

H Load Cases(1)
=EErE Groups{4)

-l default_group

@.@ interface
/@.@ lower

Sets By: 'E

plate_lower

:

Property Set Name
plate_upper

Options:

Laminate ™

Input Properties ... ]

Select Application Region ... (iaj

MSGC ASoftware




Step 6. Create the Contact Pairs

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

2 | Load / Boundary Conditions
£ | v ||
: Bl s
L -4 \{E . — [ LoadiBoundary Conditions | f&“_"'ll
Displacement | Force | Temperature | Velocity | Acceleration | Crackpvccrf| |Load/Boundary CE”'"i't":”"“”| ek s | rtial Create

' [l ll Contact
e Ixﬂ ad i ‘ﬁl Bodies =} Body Pair
s Linifo Dbject: Body Pairs

‘Geometric Contact Parameters:

Type:  [ElementUniform ¥ |

Create the contact pairs: Property Set Name: I ool
a. Under the Loads/BCs tab, click !

Current Load Case:

Create Body Pair in the Body EsEmeETe Defaut. ]
Pairs group. _ Type: Static
Bias Fac*tnr[_B_IAS"}l
b. Enter lower_glue for New Set 09
Name Interference Closure(CINTERF)
L ' ] Existing Sets e -

c. Click Input Data.

d. Check the box for Glued [o.
Contact(lGL UE) Hard-Soft Ratio (HARDS)

e. Click OK.

Glued Contact(IGLUE) @

|:| Retain Gaps/Overlaps(IGLUE)
[ Retain Moment(IGLUE}
D Allow Separation(JGLUE)

|:| Strezsfree InitCont(ICOORD)

New Set Name
|:| Delayed Slide Off(ICOORD) [ lower_glue @ i m

Select: |Node To Segment =

Contact Detection{ISEARCH)
() Automatic

) single Sided

@ Double Sided L input Data. . @T
: - [ Select Application Region... ]
[ ox (e )[ Defauts | [ Cancal | ™

' '

.....
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Step 6. Create the Contact Pairs (Cont.)

| Load /Boundary Conditions E-_]
Ed:l'aoundary Cund'rtqul
Action: 2
|Select— x| | Body Pair Application Region Eﬂ| :
- — Object: Contact ¥
. oo cassepcatn papen] St | skl | Body Pair Appiication Region | E1EY
Create the contact pairs Boay 1 ] E— Type:  [ElementUniorm ¥ |
(cont.): o s () ode: L
a. CI'Ck Se|eCt Appllcatlon REISEUPR, @ - Current Load Case:
Region. @ L Defautt. J
. . Body1i/Maszter/Touched : -
b. Click icon for eovilisstzrone A e Slc
Body1/Master/Touched Body1 Name:
and click plate_lower. plate_lower
o Existing Sets & s
c. Click icon for -
. Self Contact
Body2/Slave/Touching -
and click interface. @
d. Click OK. Body2/SlaveTouching
Click Apply. ‘ g o
- [« I | interface
New Set Name
lower_glue 1
-
1 A
l":! (=] I 2
Input Cata... ]
[ Select Application Region... @
] &) 1
W

MSGC ASoftware



Step 6. Create the Contact Pairs (Cont.)

Create the contact pairs (cont.):

a. Enter upper_glue for New Set
Name.

Click Input Data.

Check the box for Glued
Contact(IGLUE).

d. Click OK.

| Input Data

Load/Bou ndary Conditions | Input Data |

‘Geometric Contact Parameters:

Property Set Mame: @
Distance Tolerance(ERROR)

Bias Factor(BIAS)

Rk

Interference Closure(CINTERF)
0.0

[o0

Hard-Soft Ratio (HARDS)
2.0

Glued Contact(IGLUE) @

|:| Retain Gaps/Overlaps(iGLUE)
] Retain Moment({IGLUE}
|:| Allow Separation(JGLUE)

|:| Stressfree IntCont(ICOORD)

[ pelayed Slide Off(ICOORD)

Select: |Node To Segment =

Contact Detection(ISEARCH}
O Automatic

() single Sided

() Double Sided

ll oK @Defauﬂs] [ E‘.anc:ell][v

[

x|

| Load{Boundary Conditions

—
Action: ]
Type: Element Unifarm X
Current Load Case:

Defautt... ]
Type: Static
Existing Sets e =
iower_glue
New Set Name
| upper_glue @ 1
77N\
[ Input Data... Lb) ]
[ Select Application Region... ]
SApBly-
(]




Step 6. Create the Contact Pairs (Cont.)

Create the contact pairs (cont.):
a.

Click Select Application
Region.

Click icon for
Body1/Master/Touched and
click plate_upper.

Click icon for
BodyZ2/Slave/Touching and
click interface.

Click OK.
Click Apply.

|Select... =
!-Bndy Pair Application Reglnn.l Select... | |_‘]_’_|
Body 1 It:l
interface
plate_lower

plate_upper @

| Body Pair Application Region
| Body Pair Application Region | ]l
&)
Mode: Existing Bodies b
Body1/MasterTouched @
Body1 Name:
|plate_upper

[] self Contact

Body2/Slave/Touching

E©,

Body2 Name:

|interface

_L(_] 1l

2

Action: Create ¥

Object: Contact ™

Type: Element Unifarm X

Option: Body Pair ¥

Current Load Case:

%
| Load{Boundary Conditions x|

Default...

Type: Static

Existing Sets e

iower_glue

New Set Name

| upper_giue

[ Input Data...




Step 7. Create Cohesive Material

Home Geometry Properties Loads/BCs

B | m | = | N[
Isotropic |%| || Fluid Cohesive ||| ==
Isotropic | |Orthotropic) |Anisotropic|| Fluid Cohesive

Meshing

Analysis

=)= <]

Constitutive Madel:

Create cohesive material:

a. Under the Properties tab, click
Cohesive.

Enter Material Name cohesive.
Click Input Properties.

d. Select Exponential for
Constitutive Model.

e. Enter 3 for Cohesive Energy.

f. Enter 0.0002 for Critical
Opening Displacement.

g. Click OK.
h. Click Apply.

Stiffness Matrix:
“izcous Energy Dissipation:
Reference Rate:

Fully Damaged Elemernts:

Property Mame

Cohesive Energy =

Critical Opening Displacement =
Shear-Mormal Stress Ratio =
Shear-Mormal Energy Ratio =

Compression Stiffening Factor =

Current Constitutive Models:

?

[T |
el 5 |

Cancel

Action:

Kanual Input . 4

Exizting Materials. IE

Object:

WMethod:

Material Name

(b)

| cohesive

Description

[ Input Properties ... (@

[ Change Material Status ... |

2oy _(h)

)

MSGC

Software




Step 8. Create Interface Element Property

Home Geometry Properties Loads/BCs

BB || e | || NP
Isotropic |&¥| |§§| Fluid
Isotropic | |Crthotropic] [Anisotropic|| Fluid

Meshing Analysis

2 e
|l >l

Cohesive |§||:||&‘|| ‘“ Al

Cohesive

Compaosite

Results Durability
D8] (|| ]| |[5]] 7 || |||
& ||| {{| )] ]| ] |||~ %

0D Properties

10 Properties

O

Solid

a

2D Properties ||3D Properties

———————
|Element Properties =

Create cohesive interface
element property:

a. Under the Properties tab,
click Solid.

b. Enter Property Set Name
interface.

Select Interface option.
Click Input Properties.
Click material icon.
Select cohesive.

Click OK.

@ o ao

M Input Pro

Salid Interface CIFHEX CIFFENT)

<]

Property Mame “Walue Yalue Type

Material Name mecohesive Mat Prop Name %
[Interface Integration Scheme]

[Cutput Locations]

[Stiffness Matrix Scheme]

|

Enter the haterial Mame or select a material wit

Zelect Existing Material

' cuhesive®

composite
faly

_El.ement F‘rarties |
Object:

Solid ™

Type:

seasy B

lower_glue_g
lower_glue_p
plate_loweer
plate_upper

——

Property Set Name 2 |
[interface @
Options:

Interface ¥ 0

l Input Properties ... (;(i):]

[ Select Application Region ... |

Cancel

MSGC



Step 8. Create Interface Element Property (Cont.)

Create cohesive interface element
property (cont.):

a.

0 a0 0T

Click Select Application
Region.

Select Wedge Element filter.
Select all wedge elements.
Click Add.

Click OK.

Click Apply.

.Select Application Region

Application Region

Select Members
(Elm 601:1637

Law ||

Remove

Applicegiﬂn

i)

£l

A% n|1 o+

0/ 98 =N =

Element Properties

Action:
Object:

Type: Solid ¥

woofamy] B

lower_glue_g
lower_glue_p
plate_lower
plate_upper

——

linterface

Property Set Name ‘

Options:

Ilnterfac& = l

[ Input Properties. ... ]

| Select Application Region .. O
. . a

]

MSGC ASoftware



Step 9. Set up the Analysis Job

Home

(==
Entire
Model

Geometry Properties
a
Selected || Analysis Read
Group Deck
Analyze Create Existing Deck

Loads/BCs

submit || (|| 21 |||| (@] | [#1]

Optimize | |Toptomize

Meshing Analysis

1 s ey | B 72 B

Output? | MA

xDB

Results

D

Set up job parameters:

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

group.

Click Solution Type.

Select Implicit Nonlinear.
Click Solution Parameters.
Click Contact Parameters.

®oo0o

i:n i

[ Contact Parameters... @

[ Direct Text input.. |

L Restart Parameters. . ]

[ Diomain Decomposition ... ]
Assumed Strain

[] shell Shear Correction
SOL 400 Run

Default Intial Temperature:

Default Load Temperature:

L User Defined Services... ]

[ Results Output Format... ]

| oK | [ pefauts | [__ cance

Durability

Analysis |
. Iﬂ
- e — Action: A b4 12
| Analysis | Solution Type | [
— b)) oves
MSC.Mastran |# I}_ﬂ
Solution Type L[| Method:
Solution Type: Code:  MSC.Nastran
() LINEAR STATIC
Type: Structural
O NONLINEAR STATIC
) NORMAL MODES -
O BUCKLING Available Jobs
O COMPLEX EIGENVALUE
O FREQUENCY RESPONSE
O TRANSIENT RESPONSE
O NONLINEAR TRANSIENT 5 ol Mo
(%) IMPLICIT NONLINEAR @ 1 czm 4
(") DDAM Solution Job Description (TITLE)
! Select ASET/QSET... |
SUBTITLE
l LABEL
Solution Parameters. .. @J
Solution Sequence: 400 I_ Translation Parameters... ]
I_ Solution Type... ( b
b | L Direct Text Input...
[ 0K ] [ Cancel J [ ] I_ Select Superelements... ]
= b
| |_ I_ Subcases... ]
[ Subcase Select... JIS
[v]
v
MSC A Software



Step 9. Set up the Analysis Job (Cont.)

Set up job parameters (cont.):
a. Click Contact Detection.

b. Uncheck Permanent
Gluing (NLGLUE).

Click OK.
Click OK.

Click Results Output
Format.

f.  Only check OP2.
Click OK.
Click OK.

[N Contact Detec

[ Solution Parameters

[ Contact Parameters... ]

[ Direct Text input.. |

L Restart Parameters. . ]

|_ Diomain Decomposition ... I
Assumed Strain

[] shell Shear Correction

SOL 400 Run
Default Inttial Temperature:
Default Load Temperature:
L User Defined Services... ]

[ Results Output Format...

Contact Detection Parameters (BCPARA)

;’E‘?

Distance Tolerance (ERROR):
Bias on Tolerance (BIAS): o8

I:‘ Suppress Bounding Box Check (ICHECK)

Shell Elements (ISHELL)

Top and Bottom hd

Check Layers:

[ ignore Thickness

Quadratic Elements

|:| Activate Quadratic Contact (LINQUAD})

Beam Elements

I:‘ Activate 30 Beam-Beam Contact (BEAMB}

Glue Options

®)

[ oK @I Defauts__| [ cancel |

(W Contact Control Parameters

CONTACT Control Parameters

Control Method: |Node to Segment =

Deformable-Deformable Method:

(%) Double-Sided ) single-Sided

|:| Optimize Constraint Equations

L Contact Detection. . @

[ Separation... ]

L Friction ]

Initial Contact Parameters

[ Enable Initial Contact

Increment Control

Penetration Check:

Other Parameters
|:| Reduce Printout of Surface Definition

L OK@[ Defauts | [ Cancel |

nes (5 Lutpurt Format
0P2® [Nxoe

N 1
. [ Print
] MASTER Only

OUTPUTZ Reguests:

OUTPUTZ Format:

[ MASTER/DBALL

Ol

Defaults

] |

Cancel

MSGC




Step 9. Set up the Analysis Job (Cont.)
-

i:n ‘Subcases

; : dras | | ||| naysis | solution Type |
Solution Sequence: 400 e lﬂ _M;_CTES“E” l:J
= ot Sohion Typ
Available Subcases E it .
er— — | ' Solution Type:
) LINEAR STATIC
Code: MSC.Nastran
) NONLINEAR STATIC
Set up job parameters (cont.): e e ) NORMAL MODES
a. Click OK ) BUCKLING
) ) ’ || Available Jobs | () COMPLEX EIGENVALUE
b. Click Subcases. e ' ) FREQUENCY RESPONSE
c. Select Default under Available | >** _ O TRANSENT RESPONSE
Subcases Avalable Load Cases | |i=d] | () NONLINEAR TRANSIENT L
) T - (3) IMPLICIT NONLINEAR
d. Click Subcase Parameters. e SR () DDAM Solution
Job Description (TITLE} _ i
' ! Select ASET/GSET... |
Analysis Type: .SU BTITLE
iR OpBnS | } l Solution Parameters. . I
[ Subcase Parameters... (@ i
[ Output Requests... ] = . Solution Sequence: 400
[ Direct Text lnput ] L Tranglation Parameters... ] L8
[ Solution Type... ] ]
L Direct Text Input.. ] [ oK @ [ Ganssl J [l
_ [ Select Superelements. . L | _l_
T ,
i = [ Subcases... Kb
[ Subcase Select... JIS
v]

MSC A Software



Step 9. Set up the Analysis Job (Cont.)

Set up job parameters (cont.):

a.

Click Load Increment
Params.

Select Adaptive for Increment
Type.

Enter 0.05 for Maximum Time
Step.

Click OK.
Click OK.
Click Output Requests.

Adaptive Increment Parameters

[Trial Time Step Size]] [0.01

Time Step Scale Factor: [12

[Minimum Time Step:] 1e-005
[Maximum Time Step:] | 0.05 @

[Max # of Steps]
[Total Time:] | 1.0

[# of Steps of Output]

Inertial Damping | Nastran Default hd

[‘0.0002

Criteria... ]

Lok @[ Defauts | [ Cancel

I"Static Solltion Parameters

Nonlinear Geometric Effects:

Nonlinear Geometric Effects:

Linearity:

o=tk

NonLinear ¥

[ Sobvers/ Options... ]

[Large Displacement/Large Strains =X ]

Follower Loads:

[Luans Follow Deformations ‘J

|:| Use Contact Table

[ Load Increment Params...

(a)

[ Brake Sgueal Parameters... ]

|_ tteration Parameters...

(

oK Defautts [ cancel |
@[ : J

I"Subcases

Solution Sequence: 400

Action: -W

Available Subcases E

'

Subcase Name
| Defautt

Available Load Cases E

Analysis Type:

Subcase Options

[ Subcase Parameters...
{(f
l Output Reguests...

[ Direct Text Input... ]

MSGC



Step 9. Set up the Analysis Job (Cont.)

|:n Standard Results
SUBCASE NAME: Default
SOLUTION SEQUENCE: 400

Koo lﬂ Solution Sequence: 400 Pt Ty
x Action: -

Object: Entire Model -

veves

alysis X

An alysis_| |] ‘Subcases

Select Result Type

_ [ Applied Loads [ﬂ_
AVEIIﬂhI_?- Subcases IE | Element Strain Energies

[EET N | (| eement Strains

| Grid Point Stresses
Code: MSC.Nastran |

Grid Point Force Balance:
Set up job parameters (cont.): f
p J p ( ) Type: Structural :Cnasu e

a. Select Non-Linear Stress

E3
150 Jmmlli|

under Select Result Type. i o &
. | 1 Subcase Name Output Requests
b. Click OK. [ Dafaut | DISPLACEMENT(SORT1 REAL J=All FEM
CI' k A I : E: STRESS(SORT1,REAL WONMISES, BILIN}=All FEM;PARAN N(
. B | . SPCFORCES({SORTY,REAL)=AI FEM
Cc IC Pply B 15 A Load Cases B NLSTRESS(SORT)=All FEN
d. Click Cancel. —— e
i o 1113
e. Click Apply. B | &l B
Job Description (TITLE}) | te—s = =
[ Delete ]
Al is Type: i
SUBTITLE ke
5 Subcase Options.
. Subcase Parameters... ] I;‘ 'I.'IT.LE
[ G J This is a default subcase.
[ Direct Text Input... ] SUBTITLE o
I_ Translation Parameters... ] . Defautt |
I_ Solution Type... ] [ LaBeL
L Direct Text Input... ] | This load case s the defautt load case that always appears
I_ Select Superelements... J
! Subcases... ] [ oK @ [ Defauts | [ cancel
[ Subcase Select.. |

MSGC ASoftware



Step 10. Review the sts Files

a. Open CZM.sts file to check the job status — normal completion if job ends with exit number 0.

information summary of job: .fozm
versgion: MS5C Nastran 2013.1.0, Built on Hov 27, 2013
subcase ine cycl =sepa cut cycl =plic separ cut rmesh time step total time wall time cpu time max resp. type
/step # # ¥ # ¥ ¥ ¥ # # 3 of of
1 | ——af the ine—|———F——F———— of the analysis———F——————— | the inc the jeob
1 4] o] 4] 1} 1} o] o] 4] 0 0.0000E+00 0.0000E+00 4.00 2.32 0.0000E+00 disp
1 1 1 [4] i} 2 o] o] [4] 0 1.0000E-02 1.0000E-02 9.00 5.77 -4.7638E-03 dis=sp
1 2 1 4] a 2 1] 1] 4] 0 1.2000E-02 2.2000E-02 11.00 7.55 -8.0557E-03 disp
1 3 1 [4] i} 4 o] o] [4] 0 1.4400E-02 3.6400E-02 13.00 9.34 -1.1124E-02 dis=sp
1 4 1 4] a 5 1] 1] 4] 0 1.7280E-02 5.3680E-02 15.00 11.14 -1.3806E-02 disp
1 = 1 [4] i} [ o] o] [4] 0 2.0736E-02 7.4416E-02 17.00 12.90 -1.6264E-02 disp
1 (3 1 4] a T 1] 1] 4] 0 2.4883E-02 9.9288E-02 18.00 14.70 -1.8665E-02 disp
1 7 1 [4] i} 8 o] o] [4] 0 2.89860E-02 1.2916E-01 20.00 16.47 -2.0870E-02 disp
1 2] 1 4] a a o] o] 4] 0 3.5832E-02 1.6495E-01 22.00 18.25 -2.3135E-02 disp
1 9 1 [4] i} 10 o] o] [4] 0 4,2998E-02 2.0798E-01 24,00 20.05 -2.5258E-02 disp
1 10 1 4] a 11 o] o] 4] 0 5.0000E-02 2.5795E-01 26.00 21.84 -2.T115E-02 disp
1 11 1 [4] i} 12 o] o] [4] 0 5.0000E-02 3.0798E-01 27.00 23.62 3.0T798E-02 disp
1 12 1 4] a 13 o] o] 4] 0 5.0000E-02 3.5795E-01 29.00 25.41 3.5T798E-02 disp
1 13 1 [4] i} 14 o] o] [4] 0 5.0000E-02 4.0798E-01 31.00 27.21 4.0T7T98E-02 disp
1 14 1 4] a 15 o] o] 4] 0 5.0000E-02 4.5795E-01 33.00 28.108 4 _5T798E-02 disp
1 15 1 [4] i} 1a o] o] [4] 0 5.0000E-02 5.0798E-01 34,00 30.75 5.0T7T98E-02 disp
1 16 1 o] a 17 o] o] o] 0 5.0000E-02 5.5795E-01 36.00 32.56 5.5T798E-02 disp
1 17 1 [4] i} 1g o] o] [4] 0 5.0000E-02 6.0798E-01 38.00 B3I 6.0T98E-02 disp
1 18 1 o] a 13 o] o] o] 0 5.0000E-02 &.5795E-01 40.00 36.13 €.5T90E-02 disp
1 19 1 4] 0 20 o] o] 4] 0 5.0000E-02 7.079SE-01 42,00 ST =l 7.0798E-02 disp
1 20 2 o] a 25 o] o] o] 0 5.0000E-02 7.5795E-01 50.00 46.24 7.5815E-02 disp
1 21 1 4] 0 26 o] o] 4] 0 5.0000E-02 8.0795E-01 52.00 4g8.02 8.0815E-02 disp
1 22 1 o] a 27 o] o] o] 0 5.0000E-02 8.5795E-01 54,00 49,81 8.5816E-02 disp
1 23 1 4] 1} 28 o] o] 4] 0 5.0000E-02 9.079SE-01 55.00 51.61 9.0816E-02 disp
1 24 1 o] a 239 o] o] o] 0 5.0000E-02 9.5795E-01 £57.00 D& -3 9.5817E-02 disp
_______,“ g T = = 30 o] o] 4] 0 4.2011E-02 1.0000E+00 59.00 55.16 1.0002E-01 disp
< Job ends with exit number : D @
[ —— toral wall time: o0
total cpu time: 55.63
exit DEFINITION —-———-
= 0 job terminates normally
=1 Jjob terminates abnormally (check Fatal Error Message in F0&)
MSC




Step 11. Attach MASTER Results File

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
e | @l “ | 'dl;* t‘: 7h
E o i
Entire | Selected || Analysis Read | Submit 2 i - ¥DE | Cutput? | |MASTER/|
Model | Group || Deck o|=)||[@]| 2] DBALL

Analyze Create Existing Deck

Optimize | |Toptomize

Access Results

Attach Results file:

a. Under the Analysis tab, click
the Attach Output2 in the
Access Results group.

Click Select Results File.

Browse to the working
directory and select czm.op2

d. Click OK.
Click Apply.

Lookin: | |, Training

Name

| | czm.op2

< | T *

File name: lczm @

Files of type: IFlIes {*.op2}

S ——————
i |

| Analysis
“Anciyss |
a
Object: Aftach MASTER ¥
Method: _Result Entities =
Code: MSC.Nastran
Type: Structural
Available Jobs E
| CZM
Job Name
CZK =
Job Description (TITLE)
SUBTITLE
LABEL
L Select Resutts File... @
[ Translation Parameters... ]
o)
=
£2)
J
MSC ASoftware



Step 12. Plot Interface Damage

Home Geometry Properties

B

&

Fringe/Defarmation | | | Deformation

Loads/BCs

B

Fringe

Vector

keshing

e

T
Tensor

Qluick Plot

C

Analysis Results Durability

. 4| M

Plot interface damage:

a.

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

Under the Select Result Cases,
select all increments except the
first one.

Select Damage Value under
Select Fringe Result.

Select Displacements,
Translational under Select
Deformation Result.

Click the Fringe Attributes
icon.

Select Element Edges for
Display.

Click the Deform Attributes
icon.

Select True Scale.

Uncheck Show Undeformed.

Click Apply.

Results |

Object: Quick Plot ™

Show Viewport Legend

Deformed: ﬂ

ovir [——]

Scale Interpretation
O Model Scale

(%) True Scale @
Scale Factor 1.0

|:| Show Undeformed @

[ Tile Editor...
[ Lock Title

Show Title

Show Maximum Label

L Label Style... |

L__Aeply @[ Reset ]

Results |

Object: _—Quick Piot ™

Show Spectrum
Show Viewport Legend

[_ Spectrum... ] [ Range... ]
Shading:

0.0 1.0
|

Element Shrink Factor

Fringe Edges !I

R
ww [ ——x3]

[ Title Editor.. ]
Show Title ] Lock Title

Show Max/Min Label
|:| Show Fringe Label

[ Label Style... ]

Show on Deformed

[ Apphy ] [ Reset ]

Object: |QuickPlot ¥

Select Result Cases
| SC0:, A1:Static Subcase

| SC1:5tep 1:DEFAULT, A1:Time = (.0
SC1:Step 1:DEFAULT, A1:Time = 0.074

[(J 1l .-l

| Crack Density,

| Damage Value,

| Displacements, Rotational

| Displacements, Translational ;
E2) | (2]

s

Select Deformation Result

| Constraint Forces, Rotational
| Constraint Forces, Translational
| Displacements, Rotational

| Displacements, Translational

[] Animate

Apply

Select Fringe Result @
| Constraint Forces, Translationa [ﬂ

l_é J

MSGC

Software




Step 12. Plot Interface Damage (Cont.)

i . w
2o Properties Loads/BCs Meshing Analysis Results SIELET

G
3 . Object
B | % & % v 2 &

Home

Fringe/Deformation | | Deformation | Fringe | Wector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph g
Quick Plot | Result Plots
Select Result Cases
S5C1:Step 1:, A1:Time = 0.507989 ||
. SC1:Step 1, Al Time = 05579881
Plot interface damage at SC1:Step 1:, A1:Time = 06079891
o . SC1:Step 15, !
speC|f|ed time: SC1:5tep 1:, A1:Time = 0.7075891
SC1:Step 1, Al Time = 0757988 [ |
a. Under the Results tab, SC1:Step 1., A1Time = 0.6079881 | =
. . . Fringe: SC1:Step 1.DEFALLT, Al Time = 0 8579891, Damage Value, .. (NON-LAYERED) 1.02+000 SClstep s, Atlme - (haraoil | ey
_C“Ck Frln_ge/Deformatlon Desform: SC1:Step 1:DEFAULT, AT Time = 06570891, Displacements, Translational, . Sclstepl Allme 0 00rdl g
in the Quick Plot group. .
b. Select results case at 510001 Select Fringe Resut
= — Constraint Forces, Rotational |
Tlme - 0-6579891 under 7.40-001 Constraint Forces, Translational |
Select Result Cases 6.70:01 oo o
. Damage Value, .
6.01-001 Digplacements, Rotational )
c. Select Damage Value (<] TT— B
. 531001
under Select Fringe ieo0n
Resuilt. o101
d. Select Displacements, 821001 Select Deformation Resul
TranSIationaI under 252-0M Constraint Forces, Rotational
Select Deformatlon Result 1 82-001 giunstrﬁlnt Forces, Translational
. 1.12-001 E
e. Click Apply. .
-2.74-002
default_Fringe |:|An R
Max 1.02+000 @Nd 1801
Min -2.74-002 @Nd 1885
default_Deformation 6
Max 6 58-002 @Nd 713

MSGC ASoftware



Step 13. Graph Load-Deflection Curve

Home Geometry Properties

Fringe/Deformation || Deformation

Cluick Plot a b
AETEPs X IR D
CAIEAEIENI=]

Display

Graph load-deflection curve:

a. Click Reset Graphics.

b. Under the Home tab, click
Smooth shaded in the Display
group.

c. Zoom in to the right edge of the

top plate.

NAS400, Workshop 8, January 2015 WSS - 33 MSC
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Step 13. Graph Load-Deflection Curve (Cont.)

Home Geometry

Loads/BCs

b

Properties

B &

Fringe/Deformation || Deformation | Fringe | Vector

Quick Plot

Meshing

W R &

™
i E
|
Tensor

Analysis Results

Cursor | Contour | Isosurface | Freebody || Graph || Animation | Report | Der

Result Plots

Graph load-deflection curve of the
independent node of the RBEZ2s:

Change the Object to Graph.
Change the Method the Y vs X.

Under the Select Result Cases,
select all increments except the first

a.
b.
C.

sa@ = o

one.
Select Constraint Forces

Translational under Select Y Result.
Pull down Quantity to X Component.

Pull down X to Result.
Click Select X Result.
Select Displacements,

Translational under Select X Result.
Pull down Quantity to X Component.

Click OK.

Resute | Select X Result

S&Iect X Resuft

Cumpusrte Etress, I"I|n Strength Ratlu A'
| Composite Stress, Min Strength Ratio
| Composite Stress, Min Strength Ratio
| Composite Stress, Maximum Ply Failu

Composite Stress, Maximum Phy Failu
| Composite Stress, Maximum Phy Failu
| Composite Stress, Ply Siress
| Interlaminar Stress, Shear
| Interlaminar Stress, Normal
| Failure Index, Failure Flag for elemen’
| Failure Index, Max of (DAaNM1, DAMZ,
| Failure Index, Phy ID corresponding to
| Failure Index, Min of (SR1, SRZ, SR3;
| Failure Index, Max of (FP1, FF2, FP3,
| Failure Index, Phy ID corresponding to
| Failure Index, Ply ID corresponding to
| Damage Valus,
| Strain Tensor,
| Stress Tensor,
| Constraint Forces, Rotational

Constraint Forces, Translational

| Dizplacements, Rotational -
| Displacements, Translational h |
[ —r— 2]

[KComponent__~{ i)

()]

CQuantity:

esse <)
Object:
et

= [
=
SelectF{esultCases

SE‘.D A'l Statu: Suhcase

[ SC1: .Jtep 1:DEFALLT, A1:Time
| SC1:Step 1.DEFAULT, A1:Time
| SC1:Step 1:DEFAULT, A1 :Time N
| SC1:Step 1:DEFAULT, A1:Time =

[ SC1:5tep 1:DEFAULT, A1:Time =

Select ¥ Result

| Composite Stress, Ply Stress
| Consgtraint Forces, Rotational

| Crack Density,
| Damage Value,
Bl w

s
=001 el

|

I

0.053
Uﬂ?

[ Pogition... ((NON-LAYERED})
Cluantity: X Component c

| Select X Resutt..

(2l

] e L
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Step 13. Graph Load-Deflection Curve (Cont.)

.I Resufts |

Action: [2]

Object:  |Graph ¥

'Results |
Action: [i]
Object

Method: |V wsX ¥

Method: (Y vsX ¥

B
S 1S =N
Select Result Cases -

Graph load-deflection curve
(cont.): % ﬁ E’E ':IT"/

a. Click the Target Entities icon. ;* ey F
, Target Entity: SC1:Step 1:DEFAULT, A1:Time = 0,022
b. Forthe Target Entlty select ki nv ':_.t:?; 1:DEFAULT, Al!’::: 0,036/
SC1:Step 1:DEFAULT, &1:Time = .05
Nodes. |5C1:Step 1:DEFAULT, A1:Time = 0.074
. . . Select Nod SC1:.Step 1. DEFAULT, A1.Time = (.09
c. Select the Node highlighted in e g 1:Step 1:DEFAULT, A1:Time = 0,128
: [Node3000 (C) | SC1:Step 1:DEFAULT, A1:Time = 016419
the image or enter Node 3000 = Pl . 2

in the Select Nodes box.
d. Click Apply.

=
I

Select ¥ Result

[ | Composite Stress, Ply Stress [Ji
| Constraint Forces, Rotational

Cnrl-stramt Forces, Translational [JI

. | Crack Density,

Damaue‘v’alue M
|L<_I i | m
[ Postion..(on-LavERED) |
Cluantity: CD .8
X: [Resut_~ |
e (d) s ] — :

v | Select X Resutt... ]

2oty | [ Reset |

E]._
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Copyright© 2015 MSC.Software Corporation S8 5s MSC A\Software




Step 13. Graph Load-Deflection Curve (Cont.)

Constraint Forces, Translational

1.20+004

1.00+004

8.00+003

6.00+003

4.00+003

2.00+003

MNode 3000: Constraint Forces, Translational, Xx

LEGEND

I
2.00-002

I I [
4.00-002 6.00-002 §.00-002

Displacements. Translational

I
1.00-001

I
1.20-001

MSGC



WORKSHOP 9
RESTART

B Model_1.db: 3 B Model_1.db: 3
LEGEND LEGEND
—— Mode 1: Displacements, Translational, 22 MNaode 1: Displacements, Translational, 22

5.50-004 5.00-004
G G
C c
S 0. S 0
@ @
2 i 2 J
§ -5.50-004 § -6.00-004
= =
wn - -
£ 1.10-003 £ 2000
@ @
£ | £ |
T -1.65-003 S -1.80-003
(] [
= =
& 2.20-003 & 240003
fa) )

25003 10 £0-0031.70-0022.58-0023.40-0024.25-0025.10-002 3000034 200002 4005002 EOCLODZ  @00002  1.005001  1.20-001

Time Time
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 Workshop Objectives
— Use Restart Parameter

- Software Version
— Patran 2013
— MSC Nastran 2013.1

* Required File:
— Model_run1.bdf

MSGC



* Problem Description

Steel Plate fixed on one side, force applied in the middle for 0.01 seconds and
the removed.

1. This is Dynamic Transient analysis and in the first run, the load is being
applied up to 0.05 seconds.

2. In the second run, the user restart the previous analysis, and runs the
analysis for another 0.05 seconds

=
N test.db: XY Hesult Window

LEGEND

Field.3594

1.20 7

1.00 7

500 7

B00 7

A00 7

200
>( “0 o2 0% o060 080 b0 120
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Suggested Exercise Steps

©® NN~

Review model _run1.bdf deck.

Run the analysis using MSC Nastran.

View the result in Patran

Copy the Master/DBALL result file and rename it.

Open the model_run1.bdf and modify it accordingly.

Save it as model_run2.bdf
Attach the result to the same Patran Database.
Plot displacement vs. time in Patran.

MSGC



Step 1. Review BDF file.

Open the model_run1.BDF file.
a. Click model_run.bdf

b. Review the file, make note its
SOL 400.

Organize -

MName

=" medel_runl.bdf @

NAS400, Workshop 9, January 2015
Copyright© 2015 MSC.Software Corporation

Type

BDF File

Elmodel_nun1bdt B3] R
1 S0L 400
2 CEND
3 TITLE = MSC.Nastran job created on 09-Feb-07 at 11:23:49
4 ECHO = NONE
5 $ Direct Text Input for Global Case Control Data
& SUBCASE 1
7§ Subcase name : Default
2 ANALYSIS = NLTRAN
9 SUBTITLE=Default
10 TSTEPNL = 1

11 spc=11 :
12 disp (plot)=all
13 velocity(plot)=all

14 stress(plot)=all

15 STEP 1

16 DLOAD = 2

17 BEGIN BULK

18 param,post, 0

12 PRRARM LGDISPF 1

20 TSTEPNL 1 50 .001 AUTO UP(-‘
21 PARRM PRTMAXIM YES

22 DLOAD 2 1.0 1.0 4

23 TLOAD1 4 2 999

24 FORCE 2 39 1] 150. 0. 0. -1.
25 TABLED1, 999,

26 ,0.0,.0,.01,1.0,0.02,.0,10.,0.,+

27 +,ENDT

28 § Direct Text Input for Bulk Data

28 spcl1,11,123456,45,46

30 § Elements and Element Properties for region : p2

31 PSHELL 1 1 .005 1 1

32 § Pset: "p2" will be imported as: "pshell.l"

33 CQUAD4 26 1 3 4 40 39
34 CQUAD4 27 1 39 40 42 41
35 CQUAD4 28 1 41 42 44 43
36 CQUAD4 29 1 43 44 46 45

37 § Elements and Element Properties for region :
38 PSHELL 2 1 .01

WS9-6 MSGC ASoftware



Step 2. Run the job

Submit the job to MSC Nastran.
a. Open MSC Nastran
b. Select model_run1.bdf

c. Click Open
d. Click Run
MSC/NASTRAN x

MSZ/MASTRAN Input Fle

IE:'\Traiﬂingxmndel_ll_m'l bdf Fik...

Optiond kewsords

K 5| <« LocalDisk(C:) » Training -

==

| Search Training £

|
Canzel | Cleer |

Organize = MNew folder

-

Marne Type

= model_runl.bdf @ EDF File

1L}

File name: medel_runl.bdf

Input Files (*.bdf;".dat)

Open iv] [ Cancel

MSGC ASoftware



Step 3. View the result in Patran

a. Open Patran.
b. Click New

c. Go to Working directory and create a
database called: Model_1

d. Click OK

Home

0| ar|| @)= =S
| Bar|| || My ||t || 5

Defaults

|58 |||
|h|| 2|

Transforms

D@ fhof -

L] Le

MSGC



Step 3. View the result in Patran (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
[t - b % b b
CH O | e | e (2 e | e |
Entire | Selected || Analysis || Read | Submit 'g“:l&l' ‘_,:;::. Output2 ?.1A5TER- Attach | t1
Model Group Deck DEBALL Output2
Analyze | Create |‘ Existing Deck .Oplimlze Tuptumm'l Access Results

D@0 B LR

Open the *.xdb result file in Patran

for post processing

a. Under the Analysis tab, Click
XDB, in the group Access
Results

| - E®
@"

Look ir: | ) Training

E_, model_unl xdb

b. Pull down Method > Both Fic pame:  |nodel_nun1xdb -

c. Click Select Result File Flesof yps:  |Hies {"xdb} | Cancel
d. Select model_run1.op2

e. Click OK

f. Click Apply

Analysis |

- oix |

Action:

Attach XDB ¥

Both ™

Object:

Method:

Code: MSC.Nastran

Type: Structural

Available Jobs

Job Name
Model_1
Job Description (TITLE)

SUBTITLE

LABEL"

Select Results File...

:
O

Translation Parameters...

MSGC



View the deformed shape using

Step 3. View the result in Patran (Cont.)

Home Geometry

P &

Fringe/Deformation || Deformation

Properties

Quick Plot J

Loads/BCs

&

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

Results

A

Meshing Analysis

Durability }

-+ || w2 | s

Result Plots

DEoBL R

quick plot in Patran.
Under the Result tab, click

a.

Quick Plot.

Select the last Result case,
Make nOte ItS at time 0. 05 r Model”1.db - default” viewport - default_group - Entity

Select Displacement,
Translational in Select
Fringe Result

Pull down Quantity > Z
Component

Select Displacements,
Translational in Select
Deformation Result

Click Apply

Fringe: SC1:DEFAULT, A1:Time = 0.05, Displacements, Translational, Z Companent, (NON-LATERED)
Defarrn: SC1.DEFAULT. A1.Time = 0.05. Displacements. Translational.

default_Fringe .
Max 1.38-003 @Nd 36

Min -2 B7-003 @Nd 1
default_Deformation
Max 2.67-003 @Nd 1

=

©

Action
Object:  |Quick Plot ¥

Select Resuft Cases

SC1:Step 1:DEFALLT, A1:Time = U.U-iz{nj
SC1:Step 1:DEFAULT, A1:Time = 0.043 |
5C1:5tep 1:DEFAULT, A1:Time = 0.044
SC1:Step 1:DEFAULT, A1:Time = 0,045
SC1:Step 1:DEFAULT, A1:Time = 0.045
5C1:5tep 1:DEFAULT, A1:Time = 0.047
SC1:Step 1:DEFAULT, A1Time = 0.048 |
SC1:Step 1:DEFAULT, A1:Time = 0.043( = |
5C1:5tep 1:DEFAULT, A1:Time = 0.05 [pwal

==
[l n J@ |
Select Fringe Result
Displacements, Rotational [l
Displacements, Translational E'i
Neonlinear Straing, Creep Strain -
Naonlinear Strains, Plastic Strain -
Nonlingar Strains, Strain Tensor ["'
£3 AL |E3]
auanty @

Select Deformation Result

| Displacements, Rotational
Digplacements, Translational
Velocities, Rotational
“Velocities, Translational

[] Animate

[ f)

MSGC ASoftware



Step 3. View the result in Patran (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability @

B % (R vk 2 &2 B |2

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

Quick Plot J Result Plots 4 Results |

QEE&%“*‘ Action:  |Creal [1‘_]

Object: Graph ¥

Mpr—~{ |[¥vsX ¥
Results | _ 6 -
E

o
"
4

&

. Action:  |Create ~ '5': l;?
Plot Graph of Displacement vs. = N R P

Time ot @.
‘EE g
. Wethod: _:’vs)( h SrECIREs e
a. Under the Result tab, click _ '

Graph 5 BEE C

SC1:DEFAULT, A1:Time = 0.042 "[)j
SC1:DEFAULT, A1:Time = 0.043 il
SC1:DEFAULT, A1:Time = 0,044

" b v SC1:DEFAULT, A1:Time = 0.045;
- R SC1:DEFAULT, A1:Time = 0.046;
Select View all result Cases SC1:DEFAULT, A1:Time = 0.047
Target Entity: :.;':C:TEDEFAIJLT, .A:l.:'ﬁme i 0.043: - [= |
Select All result cases e SCIDEFAULT A1 Tme <0 05, a5C
i 3 T 2] |
d. Select Displacement sLon
Translational oo

=
I

e. Pull down Quantity > Z Select Y Resu

fDispIacements, Rotational @ }
Displacements, Translational =
c om po n e nt ] | Honlinear Strains, Creep Strain

i Apply Resat onlinear Strains, Plastic Strain .|
f. Se|eCt Target Entlty tab [ PR ] [ _lrinf:ineargrains‘ Etra}n Titnsnr i )]IL‘ﬂ
g. Select Node 1 &, JB]

| ||

[ Position...((NON-LAYERED)) |
( e )Quant'rty: Z Component ™
X: [Global Variable ¥
Variable:

14: ] e

MSGC ASoftware



Time vs. Displacement in First Run
0 to 0.05 sec

arnslational

Displacements, Tr
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Step 4. Copy the Result file for Restart

Make a copy of *.DBALL file for

Organize » || Otpen E-mail »

Restart run.

a. Copy model_run1.DBALL, Hame
model_run1.MASTER and 7] Model_1.db.jou JOU File
model_run1.bdf paste it in . Model_1.db MSC.Patran Datab...
same folder. model_runl.DBALL DBALL File

b. Rename them to model_runl.f04 FO4 File
model_run1_r.DBALL, | model_runl.f6 FOG File
model_run1_r.MASTER and model_runl IFPDAT IFPDAT File
model_run1_r.bdf [ model_runl.log LOG File

c. Open model_run1_r.bdf =] model_runl. MASTER ASP.NET Master P...

rmodel_runl.sts 5T5 File
rmodel_runl.xdb #DB File
|| model_runl_r.DBALL DBALL File

=i
L]

= model_runl_r.MASTER ASP.MET Master P...
|=] model_runl.bdf BOF File

| = model_runl_r.bdf EDF File

8 Patran 2013 64-Bit Shortcut

I

3 items selected

MSGC



Step 5. Modify Restart file

a. Add the following lines:

Note that the original Step should

not be removed from the analysis.

Nonlinear Restart is not supported

in SOL 400 if advanced elements

are used.

ASSIGN MASTER='model_run1_r.MASTER'

RESTART
SOL 400

TITLE = MSC.Nastran job
ECHO = NONE

$ Direct Text Input for Global Case Control Data

SUBCASE 1
$ Subcase name : Default
ANALYSIS = NLTRAN
SUBTITLE=Default
TSTEPNL =1
spc=11
disp(plot)=all
velocity(plot)=all
stress(plot)=all
STEP 1

DLOAD =2
STEP 2

TSTEPNL =20

DLOAD =2
BEGIN BULK
param,post,1
PARAM LGDISP 1
TSTEPNL 1 50 .001 AUTO
TSTEPNL 20 50 .001

UPwW

MSGC

Software



Step 6. Run the Restart job.

Submit the job to MSC Nastran.
a. Open MSC Nastran

b. Select model_runi1_r.bdf
c. Click Open

d. Click Run

N

Organize = MNew folder

g

Name Type

= model_runl bdf BOF File
| =] model_runl_r.bdf BDF File

11l I

s
O RIACTEAR feol Dia = Filename: model_runl_rbdf - ’Input Files (*.bdf:*.dat)
i e TSN DU T g i=
i
— — — ' ,_ [ Open Iv] ’ Cancel
P AT ramngimodel_und bt Fila i B
i = =—— = i B - -
5
i
— i
U ptionial keywoids i
i i
r i
i i
i i
i
i
; 5 . IE
i = i i Cles i =
i i e i B
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Step 7. View the Result in Patran

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

Analysis |
b [TE | -% -9 b, b b
=t Lo ¥ - i t l I it l I m‘; op:. ,3; gf‘ Action: _\cces.s. Resuts ¥
Entire | Selected || Analysis | Read | submit ||[[3|[F||[Z](@]||l 08 | outputz | MasTER/ | Attach | 1 Object
Model Group Deck DEBALL Output2 Method:
| : |Both ¥
Analyze | Create | Existing Deck Optimize | Toptomize| | Access Results

Code: MSC.Nastran

DEo 6L R

Type: Structural

Open the *.xdb result file in Patran

for post processing ilamsiina E
a. Under the Analysis tab, Click
XDB, in the group Access
Results .
b. Pull down Method > Both Model 1
c. Click Select Result File 20 Descrvion (L)
d. Select model_run1_r1.xdb it = Lo ]
e. Click OK Fles ofpype:  {Files {b? = == | SUBTITLE
f. Click Apply -
[ Select Results File...
l Translation Parameters. ..

MSGC



Step 7. View the Result in Patran (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

o /
B &% &4 o x 4| B |2
Fringe/Deformation || Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph
m
| Quick Plot Result Plots | — Ol

DEnbdsRe- o o]

View the deforemed shape

using quick plot in Patran. =1
a. Under the Result tab, click ST
Quick Plot. | SC1DEFAULT, A1:Time = 0.042,SC. [
SC1:DEFAULT, A1:Time = 0.043;-M3C.1

SC1:DEFAULT, A1:Time = 0.044,-MSC.|

b. Select the last Result case, SC1:DEFAULT, A1-Time = 0.045,-MSC.1

Make note its at time = 0.1 D i il ]
. SC1EDEFAULT. Al ET!mei D.DQBE—MSC. Ir=\5

c. Select Displacement, ST
Translational in Select £2 [
Fringe Result ' _

Select Fringe Result

d. Select Di_splac.ements, [*'

Translational in Select TRE e

Nonlinear Strains, Strain Tensor
11|

Deformation Result
e. Click Apply

Cluantity: _agn tude ™

Select Deformation Result
Dizplacements, Rotational

Displacements, Tranzlational
Velocities, Rotational
Velocities, Tranzlational

[ Animate

Apply

MSGC ASoftware



Step 7. View the result in Patran (Cont.)

Home Geometry Properties

B &

Fringe/Deformation

Quick Plot J

Loads/BCs

B

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

Meshing

Results

¥ Ra| 4

Analysis

Result Plots

Durability

AA

Report

<

Plot Graph of Displacement vs.

Time

a. Under the Result tab, click

Graph

b. Select View all result Cases

Select All result cases

d. Select Displacement
Translational

e. Pull down Quantity > Z
Component

f. Select Target Entity tab

g. Select Node 1

D@L ,

Object: 3

Target Entity:

Select Nodes

Results |

Action:
wetos

=] [
X
Select Result Cazes EI

[ 5C1.DEFAULT, 42 Time = 0.092-MSC.
SC1:DEFAULT, A2:Time = 0.093;-MSC |

Create ¥

SC1:DEFAULT, AZ:Time = 0.094,-MSC.
SC1:DEFAULT, A2:Time = 0.085,-MSC.
| SC1:DEFAULT, A2 Time = 0.096,-M5C |

SC1:DEFAULT, A2:Time = 0.097;-MSC.|
SC1.DEFAULT, A2:Time = 0.098,-MSC. [l
SC1DEFAULT, AZ:Time = 0.098,-M3C.|B

Select ¥ Result

Displacements, Rotational
| Displacements, Translational |
| Monlinear Strains, Creep Strain
Meonlinear Strains, Plastic Strain —
| Monlingar Strains, Strain Tensor L\Ll,
|(_l 1l if >

[ Posttion...(NON-LAYERED)) |

Quantty.  [2Component 7]

X: |Global Variable ¥
Variable:

[W][ijMi
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Plot Displacement vs. Time

Disp acerm

Run1

MSGC



NAS400, Workshop 9, January 2015
Copyright© 2015 MSC.Software Corporation

WS9 - 20

MSGC



WORKSHOP 10
BOLT MODELING

NAS400, Workshop 10, January 2015
Copyright© 2015 MSC.Software Corporation

WS10 - 1

MSGC



NAS400, Workshop 10, January 2015
Copyright© 2015 MSC.Software Corporation

WS10- 2

MSGC



Workshop Objectives

- Software Version
— MSC Nastran 2013.1
— Patran 2013

* Files Required
— bolted_plates.xmt

* Problem Description

— Modeling Bolt preload using Patran and apply external load and analysis
using SOL400.

MSGC ASoftware



« Suggested Steps

. Create a New database, call it bolt_modeling

Import bolted_plates.xmt

Define groups for plates and bolts to ease the work for further steps.

Mesh the geometry one by one using TET10 elements.

Modify the groups by Group Reorganize to assign mesh to its corresponding group.
Define Material Properties: Steel. Elastic Modulus 30,000,000 psi, Poisson ratio 0.3
Define Geometric Property: Solid Homogenous with Standard Formulation

Define new Loadcase bolt_preload_step1

. Define 5 Deformable Contact Bodies based on groups.

10 Define contact Pairs. Between plates, and between plates and bolts. Use Friction
coefficient: 0.3

11.Modeling Bolt Preload using Patran tools. with 450 Axial Bolt Load for each bolt.
12.Define Boundary Condition, Clamp the lower plate

13.Define Implicit Nonlinear job SOL400, request op2 output, activate quadratic contact,
request output for all increments.

14.Post process preloading step. plot displacement and Stresses.

15.Define loadstep for Bolt_locking and make forces on bolts zero.

16.Lock the bolts.

17.Define a new loadcase for External load.

18.Apply Total load on the tip of Upper Plate.

19.Create a job implicit nonlinear for all three steps. preloading, locking, external loading.
20.Attach OP2 result file and deattach the old result file.

21.Plot Von Mises Stresses on bolts and plates after Appling the external load.
+ plot history of the reaction force on bolts

©CX®NOOR~WN =
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Bolt Modeling — 3 Steps

Step 1
Bolt Preload

Step 2
Bolt Lock

MSGC



Step 1. Create a New Database

Home

@)ﬁ'l!“@l |68 || &5 ||| || £

a. Click New in the Defaults B2 [ || M| || | ||| | (1552 ||| G20 || B
rou
Defaults Transforms \ig
group
b. Enter bolt_modeling for
File_name e Databwse |
Click OK
Template Databasze MName
PU” down AnalySIS COde > _-C:.Méé-.SDﬂ-{-varéiDé-{ran.\.Zﬁl'lQﬁ)’iempléfe.db
MSC.NaStran Chanoe Template ... J
e. PU” down AnalySIS Type > Modify Preferences...
Structural o :
Set Working Directory to Database Location
f. Click OK : -
Look in: 1@ training L] e CF v ik
. : ! C
File name: iholt_modehng

Files of type: 1Database Files {*.db} _'_j Cancel

|Mew Model Preference

Mewy Model Preference

Model Preference far:
bolt_modeling .db

Tolerance
@ Baszed on Model

) Default

Approximate Maximum
hodel Dimenzion:
(100

Analysiz Code:;

MsCHastran ¥ ](d )

Analysis Type:

| O (;f>[ Reset

MSGC



Step 2. Import the Model

File | Group Wiewport Viewing Display Preferences

Tools Help Hilities

Ltilities F
Import... @

Pull down File > Import Export...
SimXpert...

Pull down Source > s

Parasolid xmt Session 3
Print...

c. Select
bolted_plates.xmt

d. Click Apply
e. Click OK

[ ‘Import

SOUCE; Parazolid xmt =

Current Group

Laak jn: |L5lraining _j g cf B3~ Ohject

| =

TN

| Balt

[ Parazolid xmt Options...

EN Parasolid Transmit File Import Summary

Start Time

18-Jun-14 16:44:32

End Time

18-Jun-14 16:44:33

Elapsed Time CPU Time

00:00:01 00:00:00

Para=solid Transmit File Imported

CATraining\bolted_plates.xmt

Parasolid Geometry

Geometry Types
Solid Body

Quantity Imported
5

Imported Layers(0)

PATRAN Geemetry

Geometry Types
Solid

Quantity Created
5

‘e

Apply d /)
Cancel

File hame:

]bolted_plates.xmt LI
&

Files of type: |Parasolld Transmit Files {*#°t"}

MSGC



Step 3. Create Groups

Define groups for plates and bolts
to ease the work for further steps.

a. Pull down Group > Create
b. Enter Name: Upper

c. Uncheck Make Current and
check Posted

d. Click Entity Selection
e. Select Upper Plate (Solid 5)
f. Click Apply.

Do the same for the following
Lower: Solid 4

Left_bolt: Solid 2

Mid_bolt: Solid 3

Right_bolt: Solid 1

g. In the Model Tree, there should

be 6 groups.

El.@ Groups(6)

-l Left_bolt
- Lower

[l mid_bolt /é
- Right_bolt
- upper

-{JfE default_group

|5 File [ Group ] Viewport Viewing Display Preferences Tools

Help L.Itilitiesl

\9) Create:
Fost...
Modify...
Move/Copy...
Set Current...
Transform..,
Delete,..

Attributes...

Extras L4

| Analysis | Group |

Existing Group Names

:defﬂuit_gruup

=
o >New Group Name

b
=

.

- Upper

Method: Select Entity -

B

—
<C D Make Current (CJ) Posted

|:| Unpost &ll Other Groups

Group Contents:

Add Entity Selection

w

Entity Selection
\d |Salid 5

f\

Cancel ]

\nfl Appy- ] [

MSGC

Software



Step 4. Mesh The Geometry

Home Geumet_qf Properties laadsz[s(E eshing An;l?rsis Results Durability
I 2 2 P R R R S 2 £ B 2 Y R S N NN S A
| [EB )| urtace | Auto Hard ||| ]| e | P | B 5] [ 5k "] | o] | Bt | Superktement | || A J[ [ gP]| ]| | Offame) | DOF || Spot | Fastemer
Mesh Seeds Mesh Control Meshers FEM Actions Node Element MPC DOF List Connector
Finite Elements l
Mesh the geometry one by one S
using TET10 elements. oueet lashad,
. . Type: M
a. Under the Meshing tab, click e ]
H H Cutput ID List
Solids, in the Meshers group. i

b. Pull down Element Shape > Tet Element

c. Pull down Mesher > TetMesh e P}

d. Pull down Topology > Tet10 Mesher Tetwesn ] \.C4

e. Select the two plates Topology d)

f. Uncheck Automatic [ remesnparameters.. |
Caluclation and use Value [__tods Coordinate Frames.. |
0.25 Input List |

) € | Golid54 |

g. Click Apply.

Global Edge Length

h. Select Three Bolts. Ve cie i

i. Enter Global Length Value: Valve 025
0.15

. . [ Assembly Parameters... ]

j. Click Apply

Prop. Mame, - Mane -
Prop: Type: - RS -
[ Select Existing Prop... J
[ Creats New Property.. |
) =—=g)
9 J
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Step 5. Group Reorganize

Notice that the current group
is the default_group.

In the Model Tree, Uncheck
Groups and then individually
check each of 6 groups to
post and notice that the
elements are just assign to
the default_group.

Pull down Utilities > Group >
Group Reorganize ...

Select All in the Group
Selection.
Click Apply.

Repeat Step b to check
every group is associated
with its own elements.

(o)

[ Show Description...

] 2]

Remove From Group

[ Points [ curves
|:| Surfaces |:| Solids
[ nodes [1Elements
wmecs

Add To Group By Association
Points / Geometry

Elements / Geometry
Nodes / FEM

[¥] MPCs | FEM

Group Selection
) @ All O Current

) Posted () Select

| default_group
| Left_bolt

| Lower

| Mid_bolt

| Right_bott
Upper

Qewf l -Apphy- l I Cancel

[v]

W Left_bolt

B Lower

W vid_bolt

W& Right_bolt
W vpper

.@ default_group

Utilities

H DISCLAIMER ...

What is new ...

File
Group

Viewport
I View
Display
List

Geometry

Document Browser...

A o

L. ||~ *%| "

||

Create Multiple Groups ...
Groups From Properties ...

Group Elements With Mo Properties

SUpergroups ..
e

o

Group Extend + MPCs + Exclude ...

Group Reorganize ...

MSGC
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Step 6. Define Material Properties

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
L | = MNP HEDD | (| =~ O
Isotropic |%| = Fluid || Cohesive |§||:||&}|| L L |§‘r||#| |C’|i#||i-=||"l’||\| IH”*’“‘Lﬂ Solid

E=3E SR 4mE
|| IE5|| K] ||| |

Isotropic ||Orthotropic| |Anisotropic|| Fluid Cohesive Composite 0D Properties 1D Properties 20 Properties | 30 Properties| |Property Actions Fields
f P —
Define Material Properties =3
a. Under the Properties tab, click S
i Property Name Value

Isotropic Wethod
b. Enter Name Steel Elstic Modulus = d ) 30000000, E
C. C“Ck |nput Data Poisson Ratio = e ) 0.30000001 g_l'.'lat_eria_lg_ @

_ steet |

d. Enter 30000000 for Elastic srearfloduls =

Modulus Pty

E t 0 3f P . R t Therma Expan. Coeff=
e. nter ©. or Foisson atio Sructural Damping Coeff= .
f' C“Ck OK Rafererce Tenperature =
g. C“Ck Apply M Material Name

stesl
Current Constititive Models:
Lingar Elastic - [,,,,] - [Active] Description
!
?/() Input Properties ... ]
[ Change Material Status ... |
(\9 ) Apply I
(ae]
MSC A Software



Step 7. Define Geometric Properties

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability <a>

R || NP FETZ | (e || & WIFEENIEEE
PR |8 | Fluid || Cohesive ||| || == |dh || 2| “u || |&7(| 6| |(|@0||0)| )0 || ||| ||~ | %Y S |20 ES || ||| |||

Isotropic ||Orthotropic| |Anisotropic)| Fluid Cohesive Composite 0D Properties 10 Properties 20 Properties | 3D Properties| |Property Actions Fields
Define Solid geometric properties 'rﬁe‘-‘ Element Properties. |
aS SOIId' Property Name Value Value Type SR
a. Click Solid in 3D Properties — ——— Object.
group. alenial hame rmateel at Prop Name e
[Mater. Orientation] [m
b. Enter Prop for Name
. . [Integration Network] String ¥ |[! 2
c. Click Input Properties C fres 7] B Sets By: [ame 7 | 2
. . [Integration Scheme]
d. Click Material Icon 1 _
[Output Locations]
e. Select Steel + [Nonlinear Formulation(SOL400)]
f. C“Ck OK : [Surface Finish] _
g' C“Ck seIeCt Appllcatlon | - [Reduction Factor Kf] Real Scalar .
Region I 4 ] 1l | <b> _F‘rpperh.r Set Name
- [P
h . Select P[Ck All - % Enter the Material Name or select a material with the icof | Element Properties | Select Application Region | gy
h ope I . = o
i. Click Add thyE et Options:
o
J' C“Ck OK <R Application Region ’St s = v]
k. Click Apply f ~ el Select Members AnCar By
| [50id 15 | PR

B \c(:/ Input Properties. ... ]

g ) SelectApplication Region ... |

—

Remove ]

P

Application Region

TN,

(k) ]

Sigeig=n=-g=]

(i e

—
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Step 8. Create a New Loadcase

|Load Cases
Home Geomet Properties Loads/BCs Meshin Analysis Results Durabili P R
Ty p / g ¥ Ity | &nalysis Preference | Load Cases [e]2)
o || 9 | $ £ (@ (P e - 2 5
I Action: |
e 2 & : (! Jo
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed Initial || LBC Create |\
Constraint Load Load onditions ~||Actions =] Load Case | |Fields ~
MNodal Element Unifarm | [0ad Cases

a. Under the Loads/BCs tab, click Exlhe o ease =

. | Default

Create Load Case in the Load bot_preload_step?

Cases group

b. Enter bolt_preload_step1 for
Load Case Name

Check Make Current
d. Click Apply

] -

Load Case Mame —

| ooh_preload_step1 @)

Make Current (ﬁ>
\C

Description

Input Data... |

Load Case Scale Factar
1.0

£pply- [ d

(]

MSGC ASoftware




Step 9. Define Contact Bodies

|5 File Group Viewport Yiewing Display Preferences | Tools ] Help L.I'I:il'rties|
MSC.Fatigue 4 [= EE‘.—".—‘L
Define Contact Bodies using automatic Laminate Modeler > | Load/Boundary Condiions | Group | Sefect... |
tool in Patran. Random Analysis... MoHelEatdEnts; Existing Groups:
. 3 Properties Import...
a. Pull down Tools>Modeling> Contact . i S e
Bodies/Pairs List b S
Miss Prapertiess: Model Variables,.,
b. Pull down Method > Groups : Element Quick Create... |
Eeam Library... (e
c. Check Select Groups. e Property Data Plots... { default_group
. Mass P M o
d. Select the five created groups. | Modeling > AE‘“ b’l"p""“‘ PR
ssembly 3
i Design Study 3
fe | glrl\(;l;lf‘l?ﬂ‘:z/,el Tree, 5 Deformable R::fllt: - b e e
. , Bolt Preload...
. User Defined AOM... -
bOdy will be created. Ratar Dynamics...
Pre-Release L 1
MSM Properties...
E‘@ bolt_modleing Feature Recognition... (
[lg Materials(1) Contact Bodies/Pairs... 3)

Li_léﬂa Properties(1)

-8 Fields :

.14 LBCs (L8 Create Contact Bodie

Hlw contact(5s) Create  |Deformable Bodies - i
E#E Deformable Body(5) [

{f] Left_bolt_3D PR " _
L h Lower 3D BT 'GI'!JLLPS 4 p/ [ Filter J ‘

My Mid_bolt_3D Create From

-y Right_bolt_3D O Entire Model O Current Group

- [ f) Ocummveuper  @ssetoroms (¢ ) (¢ []

¥ Load cases(2)

e "
:
-0ty 5 -

- Results
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Define contact pair between two
plates.

Step 10. Define Contact Pairs

| Load/Boundary Condtions | Select... | Eﬂ—-'-'-T;:*-‘I
Existing Bodies:
| Lefi_bolt_3D
a. Pull down Create > Body Pair Lower 30 |
b. Select Select Bodies Eifﬁtbinu_rtsin
c. Select Lower_3D and S-
Upper_3D from Existing Bodies
list.
d. Select Specify in Contact
Properties Set
e.

Rename Geometric Property to
Plate_geom_prop
f.

Rename Physical Property to
Plate_phy_prop
g. Click Apply
h. One Contact Pair gets
generated
Click OK

|

—
o ]
CN" Auto Creation Summary e 1
l\ Contact Body Pair Name Body1 Name Body2 Name
h /) Lower_3D_Upper_3D_pair Lower_3D Upper_3D
1 Contact Bedy Pair created for given distance tolerance.

MSGC



Step 10. Define Contact Pairs (Cont.)

Define contact pair between two
plates.

a. Enter 0.1 for Distance Tolerance
b. Select Entire Model

c. Rename Geometric Property to
Bolt_geom_prop

d. Rename Physical Property to
Bolt_phy_prop

e. Click Apply

f. Click No on Message for
overwriting pair.

g. 6 Pairs gets generated.
h. Click OK

i. Click Cancel to close the Create
Pair window.

Create Body Pair ™
a
Distance Tolerance:| 0.1
(%) All Bodies () Deformakble Only

Create From

@ (%) Entire Model

N/

(:) Current Group

{:) Current Wiewport (:) Select Bodies
Contact Property Set

() Defautt ) Individual

@ Specify

Geometric Property:| Bolt_gecm_prop

Physical Property: | Boli_phy_prep [

N

Or-—mm

Contact Body Pair Name Body1 Mame Body2 Name
Left_bokt_3D0_Lower_3D_pair Left_bolt_30 Lower_3D
Left_bolt_3D_Upper_3D_pair Left_bolt_3D Upper_3D L
Lower_30_Mid_bol_3D_pair Lower_3D Mid_bolt_3D
Lower_3D_Right_bolt_30_pair Lower_3D Right_tolt_30
Mid_bolt_30_Upper_3D_pair Mid_bok_3D Upper_3D
[l
§ Contact Body Pairs- created for given distance tolerance.
MSGC _ASoftware




Step 10. Define Contact Pairs (Cont.)

Add friction coefficient between the
plates.

a. Double-click
Lower_3D_Upper_3D_pair

. Click Physical Prop.

Enter 0.3 Friction Coefficient

. Click OK

. Click Apply

Double-click
Left_bolt_ 3D Lower_3D_pair

-~ D Q0 T

Repeat step b, ¢ d and e to add
Friction coefficient of 0.3 between

L:_lh Contact{12)
bolts and the plates. '

E‘..h Deformable Body(5)
. L@l Left_bolt_3D
[ Lover_3D

[0y Mid_bolt_3D
-]y Right_bolt_3D

. M Upper_3D

Sl Body Pair(7)

W)

\J -l Left_bolt_3D_Lower_3D_pair

—_ ~[llM Lower_3D_Upper_3D_pair
)

) f -l Left_bolt_3D_Upper_3D_pair
g -l My Lower_3D_Mid_bholt_3D_pair
-]y Lower_3D_Right_bolt_3D_pair
-l Ay Mid_bolt_3D_Upper_3D_pair
Z..h Right_bolt_3D_Upper_3D_pair

Lead/Boundary Conditions
Action: Modify ™
Dbject: Contact ¥

Type: Element Uniform =

Option: Body Pair ™

Current Load Caze:

7 Lnad:'E!uundaryj.Dndﬂiunsi Input Data |

bolt_preload_stepi...

Type: Static

Select Set to Modify 'E

Left_boli_3D_Lower_3D_pair
Left_bolt_3D_Upper_3D pair
Lower_30_Mid_bolt_30 pair
Lower_30_Right_bolt_3D_pair
Lower 3D _Upper 3D pai
Mid_bol_30 Upper_3D pair
Right_bokt_30_Upper_3D_pair

Rename Set as

Luwer_BD__Upper_?:D__pair

,C 0.3

[ Modify Data. .

[ Modify Application Region...

O—

Physical Contact Parameters:
Property Set Name: IE
Plate_phy_prop

Select: |Structural *

0.
Friction Coefficient(FRIC)

Fric Stress Limit (FRLIM}
1E+020

Select a Field

@ ok_| lDEfﬂUﬂS‘ ’ Cancel ]
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Step 11. Modeling Bolt Preload

E érnup '-I-_ua&E-uun&ary .(.;.nn;ift.iuns.-! Bolt Preload |
|: File Group Viewport Viewing Display Preferences | Tools | Help Utilitiesl Acton ——
Create..
=6 Regions.. IR ery N dRmEnT.. it
a . : —
Madify... Modeling Experimental Data Fitting... ethod:
Maove/Copy... ¢ d
o Balifieloads @ Existing Bolt Model Names
Set Current...
RD% bl 1
Transform... - bott_2
Delete... bott_3
Attributes...
Extras E
4 aew Bolt Model Name
a. Pull down Group > Post =/
b. Select Left_bolt, Mid_Bolt, Right_bolt.
C_ I|Ck A I Load/Boundary Conditions | ‘sroeup
PRl Action: (/1? Axial Bokt Load:
d. Pull down Tools > Modeling > Bolt Preload e N 450
e. Enter bolt_1 for New Bolt Model Names = | il s
- - S ot Direction Vector
. ele rou 0 FOSI T
f. Enter 450 for Axial Bolt Load @ <001
Lower
g. Enter <0 0 1> for Direction Vector Q) ) Vector Magnitude
Upper e
h. Screen select all of the elements of one bolt, st g
use the CTRL to draw arbitrary selection.
Do the same for every bolt. [latatve
i . & _Element List .
i. Click Cancel B [ —— | Elm 44264801
<h [ Select Al |
4k [ Select Current ] .
3 (il
&X 1 c | Apphy l [ Cancel ] i Apply I }_/ Cancel ]
NG

MSGC ASoftware



MSaSoftware'

Preloaded Bolt Defined



Step 11. Modeling Bolt Preload (Cont.)

3. Creates Local B
Coordinate Frame

NAS400, Workshop 10, January 2015
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Step 12. Define Boundary Conditions

Help LUtilities

Tools

Display Preferences

Group | Viewport Viewing

File

| Load/Boundary Conditions i Group | Bolt Preload

port

Current Viewport
- default_view

Select Groups to Post

| default_group

2
g
o
5
T
<
©)
4| &8
%S
g e =
- 0
8 5
o 9
2 A o
(0]
5 S 2
OOf
rre
c —
..hanua
Y -
O © O
””b
S > O
..&D.S
o . .
o o© o

ity

i port - Right_bolt - Enti

£ wiew|

g.db - defaul

=HE bolt_modleing

8 bolt_modlein

I

EY Materials{1)

Fs: properties(s)
[—:H_ LBCs(6)

E{ bolt_3
-@ ¢ bolt_1_LateralDisp

i
1 AW%»“H»N“«
iy

% &iﬂaﬁmﬂ

»“ _..ﬁéﬁmw_
DR
Kb

4
s
Y

A
W

A‘»

-4 bolt_2_LateralDisp
=B bolt_3_LateralDisp

E. { Displacement(3)

EEY Force(3)

44 Load cases(2)

My Contact{12)
F @ Groups(6)
- @ Analyses

-~ Results

c. Click Apply

|

Cancel

MSaSoftware'

Select None
Select All
Select Current
N
oty () |

Fitter

.saa.%m%

Wiy
Eg«%%.
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Step 12. Define Boundary Conditions (Cont.)

metry Properties Loads/BCs Meshing Analysis Results Durability

—e| ] | B & = & | -} rﬂ IL Ejrllillﬁih =

|78 || 3]

Displacement|] Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total Cc-ntacti| Initial [ LBC Create | LBC
Constraint Load Load Load Load [#] Bodies v||Conditions =||Actions =|| Load Case ||Fields =
Modal Element Uniform Element... | Load Cases

a. Under the Loads/BCs tab, click Group | Load/Boundary Conditions _
Displacement Constraint in Action:
the Nodal group Object
b. Enter plate for New Set Name L
. i T4 T2 T3 Option: =
c. Click Input Data... fransigtions 717273 o
. =0, 0 0 (d) Current Load Case:
d. Enter <0,0,0> for Translations = boll_preload_step1..
e Clle OK Type: Static
Hotation Fhase <Hp| HpZ Rod= i =i T @
[bott_1_LateraiDisp
— : bolt_2_LateralDisp
£SH e ! bot_3_LateralDisp
wNew Set Mame
e —— , D /pite
| : (E 3 Input Data... ]
: [ Select Application Region... |

MSGC ASoftware




Step 12. Define Boundary Conditions (Cont.)

. Click Select Application Region...

b. Pull down Select > Geometry

. Click Surface or Face from the Picking
Filters toolbar

. Screen select the edges the lower plate
(Solid 4.8)

. Click Add

Click OK
. Click Apply

b
—

Application Region

Select Geometry Entities
d |[soidasg
AL
<
? 2 Add ] [ Remove

|

Application Region

Lok

Gruup- “Luad!Bnundary Conditions

Action: Create ™
Object: Displacement v

Type: Modal ¥

Option: Standard ¥

Current Load Case:

bolt preload_stepi...

Type: Static

I}

Existing Sets
bolt_1_LateralDisp
bolt_2_LateralDisp
bok_3_ LateralDisp

New Set Mame
| plate

[ Input Data... ]

[ Select Application Region. .. /a
™ N/

e\ 9

MSGC ASoftware




Step 12. Define Boundary Conditions (Cont.)

Home Geometry Properties Loads/BCs Meshing A
x =
'__ —0 s Xe :@
Displacement | Force | Temperature | Velocity | Acceleration | Crack[VCCT)
Constraint
Modal
a. Click Create Load Case in the

Load Cases group

Click bolt_preload_step1 for
Existing Load Cases

View the Assigned Loads/BCs
there should be 5 contacts, 4
displacements, and 3 force

Click OK when done

ot Preload | Load Cases |piotiErase || 412 ]

Exizting Load Cases
| Default

:

Lozd Case Mame

bot_preioa,_stept
Make Current

Description

it Dt |

Load Case Scale Factor
10

-Apply-

[ || |
73| |

| (s

=

ial | Distributed | CID Distributed | Total Contact“ Initial | LBC Create
d Load Load Load [#| Eodies =||Conditions =||Actions =|| Load Case | |Fields =
nifarm Element... | Load Cases
r—
I eohsd]
Select Individual Loads/BCs Select Loads/BCs from Existing Load Cases
Conta_Left_Bolt_3D | Default
Conta_Left Bott_3D_Lower 3D pair bolt_preload_stepi
Conta_lLeft_Bolt_3D_Upper_30_pair
Conta_Lower_3D
Conta_Lower_3D_Mid_Bolt_3D_pair =
Conta Lower 3D Right Bolt 3D pair =21
[ Additional Loads/BCs Controls .
Assigned Loads/BCs Sort By Priority  |Load/BC Type: Displacement
Type Scale Factor Priority !’:
bolt_1_LateralDisp Displacement # Add
bolt_2_LateralDisp Displacement 3 Add
bolt_3_LateralDisp Displacement | 1z Add
piate Displaéament | 1.. Add
bolt_1 Force 1 Add
/\ bolt_2 Force 1 e Add =
&C J bott_3 Force i Add
" Letbora Contact | T Add
Lower_3D Contact 1 Add
Mid_Bok_30 Contact | 1 Add
Right_Bolt_3D Contact | 4 Add
Upper_3D Contact | 1. Add
Left_Bolt_3D_Lower_3D_pair Contact 1 Add
Left_Bolt_30D_Upper_30_pair Contact e Add
Lower_30_Mid_Bolt_30_pair Contact 1 Add ;
|2
[ Remove Selected Rows ] [ Remove All Rows ] [ Undo Spreadsheet
7 \
o1 d
N~

MSGC

Software



Step 13. Define Job

Analysis |
Home Geometny Properties Loads/BCs Meshing Analysis 2 | Solution Tl-'l . ] At [_“II
B | l L‘ t_‘ | “ Iiimt l dlg‘ |PlctBrase | Analysis solution Type [ — 1 Object:
x
—|a = s || 4 |™ M=l % ||| MsChastran &) Method
Entire || 5€lected | Load Analysis Read | submit ||| *||@| | 9”@| XDB Solution Type ;
Model]l Group | SimX¥pert Deck x .
Analyze Create Existing Deck Optimize | [Toptomize Saltion Type: Code:  MSC.Nastran
(I LINEAR STATIC Type:  Structural
{:} NOMLINEAR STATIC
. . NORMAL MODES :
Define a job named bolt, to run the SEUCHLING Auailable Jobs =
Implicit Nonlinear analysis SOL400.
{:} COMPLEX EIGEMY ALLE
a. Under the Analysis tab, click I FREGUENCY RESPONSE
Entire Model in the Analyze tab () TRANSIENT RESPONSE
. . MOMLINEAR TRAMSIENT shaliad
b. Click Solution Type... 2 | bot_molding
- . Job Description (TITLE)
Select Implicit Nonlinear () DDAM Saltion =
Click Solution Parameters... [ Selact ASET/QSET ..
SUBTITLE
LABEL -
Solution Parameters... (\(’jj
Solution Sequence: 400 [ Translation Parameters...
l Solution Type... ( b
[ Direct Text Input... i ]
[ zancel J [ Select Superelements.... ]
[ Subcazes... ]
L Subcase Select... J
Apply L
||
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Step 13. Define Job (Cont.)

Click Results Output
Format...

Check OP2
Click OK

Click Contact Parameters

[ Solution Parameters

Direct Text Input... |

@ \/ Contact Parameters.... ]
[
[

Restart Parameaters... ]

[ Domain Decomposition ... ]

Assumed Strain

|:| Shell Shear Correction

SOL 400 Run

Default Inftial Temperature:

Default Load Temperature:

[ User Defined Services..,
L\ a,

i Results Output Format. ..

[ 0K | [ befauts | [ cancal

[N Results Output Format

I MASTER Only

QUTPUTZ Format:

[1xoe

OUTPUTZ Reguests:

Print D Punch

MASTERDBALL

%9) ok | | opefauts | [ cancel |

|Solution Type

| Plct/Erase Ei -Analysis Solution Type [

MEC Mastran [
Solgtion Type

Solution Type:

(JLINEAR STATIC

() NONLINEAR, STATIC

(I NORMAL MODES

) BUCKLIMNG

() COMPLEX EIGENYALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE

() DDAM Solution

( Select ASET/QSET...

Saolution Parameters...

Solution Sequence: 400

’_ Cancel

MSGC ASoftware



Step 13. Define Job (Cont.)

Activate Quadratic Contact
LINQUAD.

a. Click Contact Detection.

b. Select Activate Quadratic
Contact (LINQUAD)

c. Click OK.
d. Click Friction

e. Pull down Type > Bilinear
Coulomb

f. Click OK
Click OK on all preceding forms.

N Friction Parameters

fl oo | |

L

Type: lEliIinc:ur Coulemb

Friclion Parameters fo- Contact Analysis

Coulemb Friction Models
MNodal Force ™%

|Slip Threshold): 0.0
Diinear Model
1e-00E
1.05
Friction Force Tolerarce: 0.0s
Hea: Generation Convarzion Factor: 10

peus | [

Cancel

Contact Detection Parameters (BCPARA)

Distance Tolerance (ERROR):

Bias on Tolerance (BIAS): 05

|:| Supprcaa Bounding Box Chock (ICHECK)

Shell Elements (ISHELL)

Check Layers: Top and Bottom =

|:| Ignore Thickness

Quadratic Elements

Activate Quadratic Contact (LINGUAD)

Beam Elements

|:| Activate 3D Beam-Beam Contact (BEANB)

Glue Opticns

Permanent Guing (NLGLUE)

~
N Contact Detection : E 1 r Contact Control Parameters

COMTACT Control Parameters

Deformable-Defermable Methed:
() Double-Sided ) Single-Sided

|:| Optimize Constraint Equations

-
[ Contact Detection... @)

ok

[ Separation...

]

Friction...

]

d)

—

Initial Contact Parameters

[] Enable Initial Contact

Increment Control

Penetration Check:

Other Parameters
Reduce Printout o f Surface Definition

[ ok | |

Defaulis ]

Cancel

Cancel

MSGC



Step 13. Define Job (Cont.)

Request for outputs
. Click Subcases

S0 O O T O

. Select botl_preload_step1

. Click Output Requests...

. Switch Form Type > Advanced

. Pull down Intermediate Output Option > All
Check Displacement, Stress and SPCFORCES and

Applied Load are requested in Output Requests.

. Click OK
h. Click Apply
i. Click Cancel

(o]

[ Standard Results

SUBCASE NAME: bot_preload_step!
SOLUTION SEQUENCE: 400

Select Result Type SN
Applicd Loads d /-IQI
Element Strain Energies N

Element Strains.

Grid Point Stresses

Grid Point Force Balance
Non-Linear Stress
Contact Resulis

Output Reguests
DISPLACEMENT(SORT1,REAL)=AI FEM

STRESS(SORT1, REAL VONKISES, BILIN}=All FEM;PARAN M(
SPCFORCES(SORT1,REAL j=AIl FEM
OLOAD(SORT1 REAL)=All FEM

<] B

[ Delete ]

ClTme

This is a default subcase.

SUBTITLE
bok_preload_stepl
[CJLapeL

This load case is the default load case that always appears

—C)

Bl=k3

Select Group(=)/SET

All FEM

Left_bott

Lower

Wid bolt

Options

Sorting: By NodeiElement =
Format: Rectangular

Von Mises ¥
Biinear ¥
Plane & Curv. hd

Ply Streszes hd

D Suppress Print for Result Type

Intermediate Output Option:

EIER

fz)

e

Cancel

I8

:Grnup |.Aﬂﬂh’515 |"En|t Preload
Action [
Method:

Code: MSC.Nastran

Type: Structural

Available Jobs E
bott_modieing

Job Name:
bolt_modieing

Job Description (TITLE}

SUBTITLE

LABEL
L Translation Parameters... ]
[ Solution Type... ]
L Direct Text nput.. ]
J\ Select Superelements... ]
&h a / Subcases... ]
[ Subcase Select. . ]

Apply L

[e]
]

MSGC ASoftware




Step 13. Define Job (Cont.)

Analysis |
Action: Ae - :..
Select Cor_rect Subcase and run S p———
the analysis. Hethod
a. Click Subcase Select...
b. Unselect Default and select =
bolt_preload_step1 [
Click OK
— Available Jobs E )
Click Apply ) ' i
Load Steps For Solution Sequence: 400 ‘:‘ta . !
| |
S t:ll:lﬂj:lI'E|I:|if1lj_:5:tl3|::l1 - ___!
[+ 4 bolt_madeling Defautt Job Name
! bok_molding
Job Description (TITLE) E
[ e K . ISUElTITLE .
| |
) Select Al ) Unselect &1 SHEES
Load Steps Selected: | |
bok_preload_step @ [ R R ]
[ Solution Type... ]
[ Direct Text Input.. |
[ " Select Superelements... ]
[ Subcases...
- [ Subcase Select. [ A |
Select Steps for Mew Subcases
Py —rT— g =
NAS400, Workshop 10, January 2015
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a.

Step 14. Attach Result File

Home Geometry Properties Loads/BCs heshing Analysis Results Durability \j
a
b ‘j _“-] 7h, b, D, P 7 S g N
a < g Lt i} || ] flsl !‘__ 'DP“ !;‘ !“‘ tJi;.; nl:f
Entire | Selected || Analysis Read | Submit ||| #|||E| | *” @| XDE | Output? | MASTER/ || Attach || tie/19 | d3plot
Model Group Deck DEALL | Qutput2
Analyze Create Existing Deck Optimize | [Toptomize Access Results
! File Group Viewport Viewing Display Preferences | Tools | Help  Liilities
Attach OP2 result file ™ : —
FERTE Dt | Load/Boundary Conditions | Group |
Under the Analysis tab, click Basts @ Acton
Attach Output2 in the Access i Eat et
Results group IR ORR | dereut_vewport
Set Current... i -
Click Select Results File... Transfiem. o e v
Lower 4
Select bolt_modeling.op2 i
_— . ight_bolt
Attributes.., Upper
C“Ck OK Extras = default_group
Click Apply

@ ™o a o T

Pull down Group > Post E

. = — [ Select None J
Select Left_bolt, Mid_Bolt, , .
. — - Leck in: | 1) test ..'_1 e ¥ B~ [ Select Al |
Right_bolt. - = :
- Mame . Date modified Ty
. i " [ Select Current ]
C“Ck Apply i bolt modeling.op2 { C ) 10/30/2014 3:49PM O ]
L__aeehe | h) [ cancel ]
4 1l | r

File name: lbolt_rnodeling

Files of type: 1F|Ies {~op2}

.An alyzis |

Object: Aftach Output2 ™
Method: Result Entities >
Code: MSC.Nastran
Type: Structural
Available Jobs B
bolt_molding
Job Name
bok_molding

Job Description (TITLE)

SUBTITLE

LABEL

&b | Select Results File... |

[ Translatien Parameters... J
€ | apply
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Step 14. Post Processing (Cont.)

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

= S R R D 7|6

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

Quick Plot Result Plots q

Plot fringe plot Displacement on
Bolts

a. Under the Results tab, click
Fringe, in the Results plots

group.
b. Select all increments in SC1
c. Select Stress Tensor
d. Click Apply

-Results |

Action:
Obiect

N
Select Result Cases =

SC1:Step 1:B0LT_PRELOAD_STEF1, AN

SC1:5tep 1:BOLT_PRELOAD_STEP, A
SC1:5tep 1:BOLT_PRELOAD STEPY, A
SC1:Step 1:BOLT_PRELOAD_STEP, A
SC1:Step 1:BOLT_PRELOAD_STEPY, A

SC1:Step 1:BOLT_PRELOAD_STEPY, A
SC1:5tep 1:BOLT_PRELOAD_STEP, A
SC1:Step 1:BOLT_PRELOAD_STEPT, AR
SC1:Step 1:B0LT_PRELOAD_STEP1, Af¥Y

Select Fringe Result
Stress Invariants, Mean Pressure ]
Stress Invariants, Minor Principal
Stress Invariants, Von Mises

Ii
2. . | @)

B3

[ Position...(NON-LAYEREDY) |

von Mises ¥

Quantity:

[] &nimate

L_zety ] [ Reset |

MSGC

Software



Step 14. Post Processing (Cont.)

Plot Graph of applied load on
bolts.

a. Under the Results tab, click
Graph, in the Results plots

2 & &

Quick Plot

Ak ARY

ks

Result Plots

P

—
Home Geometry Properties Loads/BCs Meszhing Analysis Results Durability &a\

AL

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

£ g

Report | Derive

group.
b. Select all increments in SC1

c. Select Applied Loads,
Translational

d. Set X: to Global Variable,
Percent of Load

e. Click Target Entities

f. Pull down Target Entity >
Nodes

g. Select the control nodes of the
bolts.

h. Click Apply

g1t

| Resutts _|

Action:
Object:
Method:

Target Entity:

Select Nodes
| Mode 10532 10906 10863

\"—/[ Apphy ] [ Reset

D
CYE
$ehc1 Result Cazes EI

[SC1:Step 1:BOLT_PRELDAD_STEPT, 4

Select ¥ Result

| Applied Loads, Rotational ]

| Applied Loads, Translational 63 [g]

| Constraint Forces, Rotational =
Constraint Forces, Translational

| Displacements, Rotational |v|

s IT— R

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

Magnitude ¥

X |Global Variable bl
Variable: |Percent of Load =

Quantity:

O Zeply | [ Reset |

MSGC ASoftware




Preloading the Bolts.

LEGEND

— Mode 10868: Applied Loads, Translational, MAG
—— Mode 10906: Applied Loads, Translational, MAG
—ode T0932; Applied Loads, Translational, MAG

Applied Loads, Translational
1

0 2n 40 ] g0 a0 120

Percent of Load
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Bolt Modeling — 3 Steps

Step 1
Bolt Preload

- Displacement Constraints

- Contact Bodies (3)

- Bolt Pretension Load

- Bolt Control Node Lateral
Displacement Constraint (x,z)

Step 2
Bolt Lock

- Displacement Constraints
- Contact Bodies

- Bolt Control Node Lock
Displacement Constraint (x,y,z)

- Displacement Constraints
- Contact Bodies
(3 Interference Fit)

- Bolt Control Node Lock
Displacement Constraint (x,y,z)

- External Load

MSGC ASoftware



Step 15. Define New Loadcase

i File Group Viewport Viewing Display Preferences Tools Help Utilities
Home Geometry Properties Loads/BCs Meshing Analysis Results Durability G>
N
o | = | =
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Element || Element || Contact Create Initial LBC Create LBC |
Canstraint Uniform ~|[Variable ~||{Bodies ~|| Body Pair ||Conditions ~||Actions *|| Load Case ||Fields =|
Modal | | || Body Pairs | | Load Cases || | Load Cases |
Action:
. N Tuput Dala - ion -Create X
Define new loadcase for Bolt lock
select Indrrdual LoadsHUs Select LoadsHUs from ExXsing Load Leses
a. Under the Loads/BCs tab, click CmaLern o [
ovta_Lef_ach_30_Lowsar_SD_pair E SCO0:
Conta_Lef_oct_30_Lpoer_3D_pai SC1:Siep 1:BOLT_PRELOAD_STEP
Create Load Case ContoLover 3 botlork step2
Conta_Lower_33_Nid_bolt_30_pai- bot_prebad_stepl Existing Load Cases @
b C“Ck bOIt preload step1 Cotta Lower 23 Right bot 30 pair v Defautt
- - SCh:
1 H — SC1:Step 1:BOLT_PRELOAD_STEP1
C. C“Ck Input Data [ Additional Lozdz/30s Contros ... b bun_przlr;ad stepi -
-
d. Make sure all the boundary
conditions and contact bodies e T i
are ||Sted @) Ivpe scale actor Frianty i
bul_1_LaleralDisy Disalacemen: T Add [ i | >:
e. Enter 0 for Forces values bot_2_1 steraisg Disolacemen T Ak
bul_3_LaleralDisy Dizaloccmen: 1. Add s
f. Rename Load Case to — T ad il |
bolt lock Step2 | — bul_1 Farce 0 Add Load Case Name
- - \?) bot_2 Farce 0. Add = bott_preload_step2
g. Make sure Make Current is w3 Farss 0 pen [¥] Hake Current
_eft_bot_3D Conact 1. Add
also checked. . — - o i
h. Click Apply Wd_bot_3D Comact 1. A3d Descrigin
Righ_balt_30 Conzazt 1. Add
l. Cl |Ck O K Upper_30 Conzact 1. Add
Lett_polt_30_Lower_3D_J&ir Cencast 1. Add
Left_bok_3D_Jpper_3C_pair Frn-ast 1 A
Lower_3C_MH_boh_3C_palr Cencast 1. Add
[w C ) Input Data.... ]
Load Case Scale Factor
Ramove Salacted Rawe RemoveAll Jowe. Undo Sprazdzhest ke
1.0
| — — 0=~
N g -
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Step 16. Lock Bolts

J Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Element || ElementiContact; Create || Initial Il EBC || Create || LBC
1

Constraint Uniform =|[Variable 'iiBodies 'i Body Pair iConditions'i!Actions ~|| Load Case IFieIds 'i i Load/Boundary Conditions |
Modal Eody Pai Load '
oda o0y Fairs 03 dses Action:
Define new Boundary condition to fix (I—' i
. . elect: - LoadBC Set Scale Factor
the control node in their local y e @ i Type:
direction — T Option:
. ranslations <T1 T2 T3= -~
a. Under the Loads/BCs tab, click Atk (\d [ Ta— St e
Displacement Constrain in the el ‘ - bolt_lock_step2... ]
Nodal group. L Trans Phasz <Tp1 Tp2 Tp3- | Type: Static
b Enter Lock_left for Name. / l )i Add | [ Remove | R?tatinn Phase <Rp1 Rp2 Fp3>
. Application Region —= A
c. Click Input Data e s — -
i ) - Existing Sets E
d. Enter <,0, > in Translations Spatis Fields bot_1_LateraiDisp
. bolt_2_ LateralDi
e. Select Coord 2 from the viewport on bot_3_L ateraDisp
the left bolt N Pl
% 0K
f. Click OK (K
g. Click Select Application Region | | Anetysis Coordinatz Frame
h. Pull down Select > FEM \e [W — ]
oK Mcac:
i. Select Control Node of the left bolt. (f e )
. . Lock_left -
j. Click Add - -
k. Click OK 0 c) I
. Click Apply i ¢ puDela,
Q{/ Select Application Region... |
Do the same for the other two bolts
and fix them in their local Y axis. <
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Step 17. Loadcase for External Load

: File Group  Viewport Viewing Display Preferences Tools Help  Utilities
Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
IA" " 7 —
i ‘;‘I"‘"" g 5 f
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Element || Element | Contact Create | Initial
Constraint Uniform =||Variable ~||Bodies ~|| Body Pair |Conditions |
MNodal | | Body Pairs ||

a
=

LBC Create

Actions ~|| 'Load Case
Load Cases

LEC
Fields =

Create a new Loadcase called
External_Load_step3

a. Under the Loads/BCs tab, click
Create Load Case

b. Click bolt_lock_step2
c. Click input Data

d. Make sure all the boundary
conditions and contact bodies
are listed.

e. Rename Load Case to
External_load_step3

f. Make sure Make Current is
also checked.

g. Click Apply
h. Click OK

= o
CE [nput'Data = EY

Select Individual Loads/BCs Select Loads/BCs from Existing Load Cases
Displ_Lock_left (=] Defauk ~
Displ_Lock_mid External_lpad_stepd
Displ_Lock_right SCO: =
Displ_boft_1_LateralDisp [ §I SC1:5tep 1:BOLT_PRELOAD_STEP1
Displ_bott_Z_LateralDisp bolt_lock_step2
Displ bot 3 LateralDisp ["] bot preioad stepl ["]
[ Additional Loads/BCs Controis .
Agsigned Loads/BCs Load/BC Type: Displacement
Type Scale Factor Priority ]
e Lock_left Displacement 1 Add
Kd Lock_mid Digplacement 1 Add
- Lock_right Displacement 1. Add
bolt_1_LateralDisp Displacement 1. Add
bolt_2Z_| ateralDisp Displacement 1. Add =
bolt_3_LateralDizp Displacement 1 Add
plate: Displacement 1 Add
bott_1 Force 0. Add
bok_2 Force 0. Add
bolt_3 Force 0. Add
Left_bot_30 Contact 1 Add
Lower_3D Contact 1 Add
Mid_bot_2D Contact 1. Add
Right_beft 30 Contact 1. Add
Upper_3D Contact 1 Add
[»
[ Remove Selected Rows. ] l Remowe All Rows: ] [ Undo Spreadsheet ]
Cﬁ‘)
—

| Load Cases |
Existing Load Cases E
| Defautt
External load_step3
SCO:

oft_lock_step2

}?(:1 ‘Step 1:BOLT_PRELOAD_STEP1
r— bolt_preload_step

|(_ i 111

] [*

~~\ Load Case Name
&e)_ External load_stepd

m Make Current
_

Description

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

C \j Input Cata...

Load Case Scale Factor

[ 1.0
E\gﬁﬂﬁpw— i
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Define External load applied to the

Step 18. Define External Load

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
X || g || 3 (a)
Lo » | & a) | = | .
Displacement | Force | Temperature | Velocity | Acceleration | Crack[VCCT) || Element || Element I'Contacti Create || Initial || LEC | Create | LBC
Constraint Uniform ~||Variable ~||Bodies = Body Pair ||Conditions ~||Actions ~|| Load Case ||Fields =
Nodal Body Pairs | | Load Cases |

=

& |

Po| = | M

x)

lates. Displacement | Pressure | Temperature | Inertial | Distributed | D Distributed || Total
Y
. . Load Load Load Load
a. Click Total Load in the Element T /5
Uniform group. —
b. Enter Tip_load for Name [somacon g | | —
c. Click Input Data Select @ Load/BC Set Scale Factor
d. Enter <, ,500> : T
e. Click OK
f CI k S I tA I- t- R - Application Region Lzl HF;%
. IC elect Application Region Select Soid Faces <, 500 @
g. Pull down Select > Geometry |
h. Select the tip of upper plate —red i)L — . . ||Ll
i- CIICk Add Application Region . X
_ Spatial Fields
j. Click OK Sol .
k. Click Apply
( FEM Dependent Data... |
Analysis Coordinate Frame
Coard 0
[ m{\ej Reset

Load/Boundary Conditions |

[E}ernent Unifarm

Action:

Object:

Type:

z

Current Load Case:
[ External_load_stepd... J

Type: Static

Existing Sets

New Set Mame —
tip_load < b)

Target Element Type:

Input Data... l

Lc)
[ Select Application Region.... j’)

TN
(k]

MSGC
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> a ™ o

Step 19. Define Job

Enter bolt_3steps for Jon
Name

Click Solution Type
Click Solution Parameters.

Click Results Output
Format...

Check OP2
Click OK
Click OK

Click OK

r Solution Parameters : = 1

Centact Parameaters... ]

Direct Text Input... |

Restart Parameters... ]

[

Domain Decomposition ... ]

Assumed Strain

|:| Shell Shear Correction
SOL 400 Run

Default Initial Temperature:

Default Load Temperature:

[

User Defined Services... ]

Results. Output Format...  \ d/

[ Defaults ] [

|Solution Type

MSC Mastran
Solution Type

Solution Type:

(I LINE&R STATIC

) NONLINEAR STATIC

I NORMAL MODES

) BUCKLING

() COMPLEX EIGENY ALUE
() FREQUENCY RESPONSE
() TRANSIENT RESPONSE

) NONLINEAR TRANSIENT
@i

) DDAM Solution

[ Select ASETIQSET... |

(c)

[ Solution Parameters. .

Solgtion Seqguence: 400

('B) oK ] |

napss |
a
Object: __Entire Model hd
Method: FullRun ¥
Code: MSC.Nastran
Type: Structural
Available Jobs =
| bot_modieing
Job Name /w
bolt_3steps @/
Job Description (TITLE} i
SUBTITLE
LABEL
[ Translation Parameters...
[ Solution Type... K b /
[ Direct Text Input.. |
[ Select Superelements... J
[ Subcases... J
l Subcase Select.. ‘
a
(]
MSGC ASoftware



Step 19. Define Job (Cont.)

Run Analysis with all three steps of
bolt modeling.

a.
b.

Click Subcase Select...
Unselect Default and select

bolt_preload_step1
bolt_lock_step2
External_load_step3

Click OK
Click Apply

I

¥ Subcase Select

Subcasesstep Loaniguraton

+- A bolt_3steps

_oad Steps For Solution Seguence: 400 LEE

bok_leck_stca2
bul_prefuad_slepl
Lesauit

External load_step3
SC)
SC1-Step 1°ROI T_PRFI OAN_STFP1

'

() Selzc Al ) Unselect Al

Load Steas Selected:

bok_prelnad_stepi -
bol leck stea2 b)
Futernal_lnad_step?

Selzc: Steps for N2w Sub

Cancel

Analysis |

Object: Entire Model ¥
Method: Full Run ¥

Code: MSC.Nastran

Type: Structural

Available Jobs @
| bolt_modieing

Job Name

Job Description (TITLE)

SUBTITLE

LABEL

o]

Translation Parameters. ..

Solution Type...

Direct Text Input...

Select Superelements...

Subcases...

— —— —— ] —— ——

Subcase Select..

)

MSGC
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Step 20. Attach Result File

Home Geometry Properties
A e
Entire | Selected || Analysis Read
Model Group Deck

Analyze Create Existing

AR

Loads/BCs kleshing Analysis Results Du;ahllit}rﬁa
P o 7~ - A TR R | B
a 1 !
" L L ] LS :‘__ P‘._ A !‘; & nl:
Submit 2 XDE Output?2 | MASTER/ || Attach || t16/419 | d3plot -
sl ))& B T B |

Deck Optimize | [Toptomize

Access Results

Attach OP2 result file

a.

o

@ = o o

Under the Analysis tab, click

Attach Output2 in the Access

Results group.
Pull down Action > Delete

Pull down Object > OP2
Attachment

Select Bolt_modeling.op2
Click Apply
Click Yes For All

|~ & ek
Date modified T

10/31/2014 1:56 PM O
10/31/20141:29PM O

Look in: | |, test

Name

|| bolt_3steps.op2 &D

|| bolt_modeling.op2

4| 1 |

File name:

k
oK |
Cancel !

i'.opZ

|
5]

Files of type: iHIes {*op2}

Click Attach Output2 in the

Access

Click Select Results File...
Select bolt_3steps

Click Apply

Question from application Resufts

Detach from Direct Results Access file: "C:\Training\bolt_modieing.op2”. This operation cannot be undone. Do you want to continue? [n}l

k)

& || Analysiz |

Action: @@

Object:  [Qutput2 Attachment (G
A

Code: MSC.Nastran

Type: Structural

Existing Files

jmas\Desktopitestibol_modeling. op2 d>

2 ——

Ho For Al

Analysis |
Object: Attach Qutput2  ®
Wethod: Result Entities =
Code: MSC.Nastran
Type: Structural
Available Jobs 2|
| bolt_3steps
bolt_modleing
Job Name
bott_3steps

Job Description (TITLE)

SUBTITLE

LABEL

S~
Select Results File... | hD

Translation Parameters... J

e )

MSGC ASoftware




Step 21. Post Processing =
Al:'til:m:_
= Object:

Home Geometry Properties Loads/BCs Meshing Analysis Results Durabil'm'l

//é) § % & -';:' ,'_i%c’ k? EE 4 @ Action:

Fringe/Deformation | || Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Obiect:  |Quick Plot. =

i

a
Quick Plot Eesult Plots = ~— Select Hesult Cazes .
=9 SC1:Step 1:BOLT_PRELOAD_STEPT, &a
Plot fri lot Displ ¢ SC1:Step 1:BOLT_PRELOAD_STEP1, &
otiringe plo ISplacement on : 5C1:Step 1:BOLT_PRELOAD STEP1, &
Bolt gep P (] Show Viewport Legend 5C1:Step 1:BOLT_PRELOAD_STEP1, &
o owomes [ b 0 e
. Step 1 2l o A=
a. Under the Results tab, click Render Style: sc1:5tep1:BOLT_PRE|_0AD_5TEP1,,&! |
Fringe/Deformation, in the @ SR AR AR L '} |
Line Style: — ™
Results pIo.ts group. o (2 F—— B
b. Select last increment E——l
Scale Interpretation Select Fringe Result
c. Select Stress Tensor ; kb e -
@ ModelScale (O True Scale Stress Invariants, Major Principal []
d. Select Displacement Stress Invariants, Mean Pressure
. | [ Stress Invariants, Minor Principal
Translational ot i o g w Stress Invariants, Von Mises =
. . . "¢ \[] Show Undeformed P stessTensor, 0 [d
e. Click Deformation Attribute (f Jsrow tndstom = il m N

f. Uncheck Show deformed sty
g. Click Apply

[ Tilz Editor.. ] bt Pk o
Constraint Forces, Rotational

Show Title [ Lock Tl Constraint Forces, Translational
| Digplacements, Rotational

Digplacements, Translational

Show Maximum Label

o)

[ Label Style. . |

@ Apply ] [ Rezet ] D Animate

Apply

MSGC ASoftware



Von Mises Stress

I8 bolt_modleing.db - default_viewport - Left_bolt - Entity

Deform: SC1:Step 3 EXTERNAL_LOAD_STEP3, Al Mon-inear: 300. 24 of Load, Displacements, Translational,

Fringe: SC1 Step 3 EXTERNAL_LOAD_STEP3, A1-Nordinear: 300. % of Load, Stress Tensor, . von Mises, [NON-LAYEREH I3 +009

4.60+005

5.55+004

2.29+4004
8.24+001
default_Fringe :
Maw 4 93+ 006 @Nd 9786
Win 8.24+001 @Nd 2152
default_Deforrnation
Maw 7.24-001 @Nd 5498
Frame: 9

MSGC



Step 21. Post Processing (Cont.)

Post Bolts for post processings

a.
b.

Pull down Group > Post

Select Left_bolt, Mid_Bolt,
Right_bolt.

Click Apply

! File

Group Viewport Viewing Display Preferences | Tools

| Help Utilities

Create..,

Post... -~
Maodify... <§>
Mave/Copy...

Set Current...
Transform..,
Delete...
Attributes..,

Extras |

ILnadenundary Cnru:i'rtiuns-| Group |

Action;

Current View port

: default_viewport

Select Groups to Post

Left_bokt |

Py Lower

Right_bolt
Upper
default_group

)

[ Select None

[ Select Al

[ Select Current

%\C | Apply l [ Cancel

MSGC




Step 21. Post Processing (Cont.)

Plot Graph of applied load on
bolts.

a. Under the Results tab, click
Graph, in the Results plots
group.

b. Select all increments except
SCO

c. Select Constrain Forces,
Translational

d. Set X: to Global Variable,
Percent of Load

e. Click Target Entities

f. Pull down Target Entity >
Nodes

g. Select the control nodes of the
bolts.

h. Click Apply

—
Home Geometry Properties Loads/BCs Meszhing Analysis Results Durability &a\

- | % W

2 & &

Quick Plot

¥

Result Plots

| &

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

AL

Derive

g1t

| Resutts _|

Action:
Object:
Method:

Target Entity:

Select Nodes
| Mode 10532 10906 10863

Results |

Object:
ethos

= [
=
Select Result Cazes =

SC1:Step 1:BOLT_PRELOAD_STER1, APR|
SC1:Step 1:BOLT_PRELOAD_STEP1, Al
SC1:Step 1:BOLT_PRELOAD_STEP1, A

SC1:Step 1:BOLT_PRELOAD_STEP1, 48
SC1:Step 1:BOLT_PRELOAD_STEP1, A
SC1:Step 1:BOLT_PRELOAD_STEP1, 4
SC1:Step 1:BOLT_PRELOAD_STEP1, A
SC1:Step 2:BOLT_LOCK_STEPZ, A1 !
SC1:5tep JEXTERNAL LOAD_STEP, [

2 F—T— i~

v [Resut_~]

Select ¥ Result

Constraint Forces, Rotational 'LAJ
| Constraint Forces, Transhational S|
Dizplacements, Rotational =
Displacements, Translational =
Nonlingar Strains, Creep Strain L‘.’..J:
< Im | (2]

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

Magnitude ¥

X: | Global Variable A
Variable: |Percent of Load =

Quantity:

T
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Step 21. Post Processing (Cont.)

Step 1

Bolt Pretension

Step 2
Bolt Lock

v

Constraint Forces, Translational

2.70+003

2.25+003

1.80+003

1.35+003

5.00+002

450+002

e ®
© l®)
O 1
Y I
- =
= )
(@) -
m X
LLI
| | [ [ |
R.O0+0M 1.00+002 1.650+002 2.00+002 2 R0+002 3.00+002

FPercent of Load

MSGC

Structural Load
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Workshop Objectives

— Perform a nonlinear static analysis and a normal modes analysis. Plot von
Mises stresses and normal modes.

— Define a stress-strain curve for material plasticity.

Software Version
— Patran 2013
— MSC Nastran 2013.1

Required
— Blade model.bdf

Problem Description

— In this exercise you will simulate the vibration of rotating fan blades of a jet
engine . The FEM nodes and elements will be imported as a MSC Nastran
data file. The model length unit is a meter.

— The analysis will be performed in two steps. In the first step, a nonlinear static
analysis will be performed to compute the stresses in the blade due to a
rotational speed of 133.3 revolutions per second. In the second step, the
normal modes and frequencies of the pre-stressed blade will be computed.

— Once the analysis is complete, the stresses and the normal modes will be
plotted.

MSGC ASoftware



- Suggested Exercise Steps
Create a new database called blade.

1.
. Import model blade_model.bdf
Fix all translations and rotations at the left end of the blade.

2
3.
4. Create an inertial load in the Z direction where the rotational velocity is

133.3.

Create a stress vs. strain field for plasticity with the following values:

. Plot the field.

Strain

Value

0

2e8

0.691

5e8

1

6e8

Create a steel material with 2.1e11 Elastic Modulus, 0.3 Poisson Ratio, and

7800 density.

« Define an elastoplastic constitutive model and apply the plasticity field.
. Create a 2D shell property for the model.

« Apply steel material.
« Thickness = 0.0025

« Select Large Strain for Nonlinear Formulation (SOL400)

« Apply to entire model.
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« Suggested Exercise Steps (Cont.)
9. Create and run an implicit nonlinear analysis.

In Solution Parameters select Solution Type SOL400 and Assumed Strain.
Select .op2 as results output format.

Create a NL_static subcase.

In Load Increment Parameters, set the number of increments to 10.

Select to output element strains.

Create a modes subcase with a normal modes analysis type and 5 desired
roots.

Deselect the default subcase and select the NL_static and modes subcases.
Run analysis.

10.Attach .op2 result file.

11.Plot the von Mises stress superimposed on the deformed shape for the
final nonlinear result case.

12.Plot the deformed shape of the first mode.
13.Quit Patran.
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Step 1. Create a New Database

| Eite | Hetp

New.., a
Open...

N CUESIEIIET
Y

hsforms Viewport

Open Recent...

(| e ] || | e | )| 5 ) |0 |
e T e e e el

Display Qrientation Misc, Web

{al|

Utilities 4
Sim¥pert...
SimManager B
Session b
Quit

Create a new database.
Name it blade.db.

a. Pull down File > New.

b. Enter blade as the file
name.

c. Click OK.

d. Confirm MSC Nastran as
the Analysis Code.

e. Click OK.

Model Preference for:
blade db

Tolerance
@ Bazed on Model

) Defautt

Approzimate Maximum
Mocel Dimension:

100

Analysizs Code;

MESC.MNastran = @

Analysis Type:

Structural

| o (@[ Reset
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Step 2. Import the FEM Mesh

| File Group  Viewport Viewing Display Preferences Tools Help  Wilities

mport
Cpen...
P I i = ] y Chject:
Open Recent... Loak jn: |tj Training ﬂ cF ER- s s
= o
Close E lade_mode @ S0UrGE: [MSC.NaSiran Infout = @
e Current Group
Save 3 CopY.. | d.efault_qro-up

Utilities 3 -
I MEC Mastran Input Options...

Import... @

Export... '
R Fie name:  [blade_mode [ (d)
simManager 3 Files of type: lMSC.Nastran Input Files *.bdf} :_I Cancel

Session r

Print...

Images...

Report...
Quit

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

b. Select MSC Nastran Input as
the Source.

c. Select blade_model.bdf.

d. Click Apply (click OK on the
File Import Summary).




Step 3. Create the Displacement Boundary
Condition

- try Properties Loads/BCs Meshing Analysis Results Durability
‘i —. 1 el ’ﬁ P li @ 1 rg & zj 4|68 | .~ * ’o‘K o FEAES ilg‘.ll"*:\ i‘x‘ !Imlﬁrx\lm!
DgopLasﬁ;ril:{lt Force | Temperature | Velocity | Acceleration | Crack[VCCT) || Displacement | Pressure | Temperature [anl;t‘ijal DistLr;k;udted CIDD[;tarijbuted 'Il:gtaad\ |"‘|i¥'-'!| | || Deformable | Rigid Coéoord?:sde ngi-a;:ir ‘G!|-.‘|ie| |@“ a|| K| Local:act:se |Eﬁ|i@1|ﬁ|
Nodal Element Uniform Element Variable Contact Bodies Body Pairs | |Initial Conditions|| LBC Adtions || Load Cases LEC Fields
a Load/BC Set Seale Factor Action:
Create the fixed boundary ' L
gt Type: -
condition at the left edge. Transiations =11 T2 T3 el |
i 000 Option: _Standard hd
a. Under the Loads/BCs tab, click B e~
. . . 1ons = = Current Load Caze:
Displacement Constraint in 000 ) [ Defaut..
the NOdal grOUp Trans Phase =Tp1 Tp2 Tp3= Type: Static
Enter fixed for New Set Name. Rutation Phase <Rpl Rp2 Rp3s
. Click Input Data. e ] Existing Sate =
d. Enter <0 0 0> for the <] i | )

B Spatial Fields
Translations.

e. Enter <0 0 0> for the Rotations.
f. Click OK.

g. Click Select Application [
Region.

FEM Dependert Data... |

Analysis Coordinste Frame
Coard 0

Mewy Set Natme
fixed @
[ ok @ [ Resst |

| InpLi Data... (:(D
[ Select Application Region...O

-Apply-
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Step 3. Create the Displacement Boundary

Condition (Cont.)

a. Pull down Select to FEM.

b. Drag a rectangle to select the nodes at the root of the
blade.

c. Click Add.
d. Click OK.
e. Click Apply.

Select: @

Application Region

Select Modes
Mode 1:11

Action: -Crea‘te =
ject Displaceme rit -

=

Current Load Case:

[ Default |

Typ Static

Existing Sets E

Mewy Set Mame

fixed

| Infout Data... ]

[ Select Application Region. .. ]
-Apply- 6

MSGC ASoftware



Step 4. Apply the Inertial Load

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

X r . i, y X i P x| 29 = ] |
‘— = g @ ‘— & > ; | e My O || =] || Action: e
Displacement | Force | Temperature | Velocty | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature D Distributed | Total \"‘H;EH | || Deformable | Rigid | Color Code Create |g\
Constraint Load Load Bodies Eody Pair Ohject: \nertial Load -
Modal Ele Element Variable Contact Bodies Body Pair: lds

Type: Element Linifarm -

. . . . . . Load/BC Set Scale Fact
Create an inertial load in the Z direction where the rotational - e S

velocity is 133.3. Defaut..

Type: Static
a. Click Inertial Load in the Element Uniform group. Trans Acce] <AT A2 A%
b. Enter spin for New Set Name. R:t V;Ioc'rt\,r < w2 w3
c. Click Input Data. L0180 Existing Sets 2
d. Enter <0, 0, 133.3> for the Rot Velocity. = =
e. Click OK.
f. Click Apply <l W | @
Spatial Fields
#93

Mewy Set Mame
[ FEM Dependent Data... ] spin @

Analysis Coordingte Frame ‘

Coord 0

[ ok (@ [ Resst |

[ Input Data... @

[ Select Application Region... ]

e -Apply- e
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Step 5. Create a Field for Stress vs. Plastic

Strain

Q E [Th .@ ﬁ e $ 5 Home Geometry Properties Loads/BCs Meshing Analysis Results
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3D Properties||Property Actions
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Field

Define the Stress vs. Plastic Strain field for the
steel material.

a. Under the Properties tab, click on Material
in the Fields group.

b. Enter Plasticity for Field Name.

c. Uncheck Temperature (T) under Active
Independent Variables.

d. Check Strain (e).
e. Click Input Data...
f. Enter the following data as shown:

Strain(e) Stress
0.0 2.0E8
0.691 5.0E8
1.0 6.0E8
g. Click OK.
h. Click Apply.

Input Dta ] &t Highlight
I ImportExpart...
Data
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Ohject: Material Property d
Method: Tabular Input ¥
Existing Fields E
Figld Matme

Plas=ticity @

Tahle Definition
Active Independent Wariables
)jTemperature T)
Strain (&)
|:| Strain Rate (er)
[ Time: ¢ty
|:| Frequency (1)

[ Input Data ...

e

[ [Options...]

e h)
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Step 6. Plot the Stress vs. Plastic Strain Data

Independent Yariable Range
MiritriLarm Maximum Mo. of Paoints

A | e . Select Figld To Show
& on 1.0 3

Plot the Stress vs. Plastic Strain Data.

a. Pull down Action to Show.
b. Select Plasticity.
c. Click Specify Range.
d. Check Use Existing Points.
Select Independent Yariakble
e. Click OK. @e
f. Click Apply [ Specify Range... (@
. M blade.db: XY Result Window
g. CI!ck Cancel on the Plotted Curves form. B
h. Click Unpost Current XYWindow when finished plasticity
viewing the data.
-"l'olt'e"'urves o ey 1 6000000007
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Cancel
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Step 7. Create the Steel Material Property

Haome Geometry Properties Loads/BCs Meshing
XLl w | = (| N FEZZ
isotropic|| (sl (el Fluid ||| g0 || 22|40 | 24| %
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Create material properties for steel.

a.

o

sa ™o

Click Isotropic in the Isotropic
group.

Enter steel for Material Name.
Click Input Properties.

Enter 2.1E11 for the Elastic
Modulus.

Enter 0.3 for the Poisson Ratio.
Enter 7800 for the Density.
Click OK.

Click Apply.

1D Properties 2D Properties | |30 Properties| |Property Adtions Fields _Hi-éi;i'a"lé_l
] ) [
I i e o St Action -C te ¥ s
r Input’ Options e 7]

Constitutive Model: Linear Elastic k. Method: _mum nput ¥

Property Mame Yalue Existing Materials B

Elzstic Modulus = .2'.1 E1 1 @

Poiszon Ratio = I33 @

Shear Modulus =

Density = 7a00 @

Thermal Expan. Coeff = =

Structural Damping Coeff = [*

Retference Temperature =

Material Name
;steei @
Temperature DepModel YWariable Fields:
Description
[ Input Properties . @
Current Constitutive Madels: [ Change Waterial Status ]
e (h)
e (g) |
) ™
MSC ASoftware



Step 7. Create the Steel Material Property (Cont.)

Select steel under the Existing
Materials list.

Pull down Elastoplastic for
Constitutive Model

Verify that Stress/Strain
Curve is selected for Nonlinear
Data Input.

Click in the Stress/Strain
Curve box.

Select Plasticity
Click OK.
Click Apply.

Constitutive Model:

Elastoplastic = @

vJ@

Monlinear Data Input: [S‘tress.l’S‘train CLirve

won Mises ¥
lzctropic. ™

Fropetty Mame Value

Plastic'r_tl\,f_l @

TemperaturesStrainiStrain Rate Dependent Fields:

“ield Function:
Hardening Rule:

Strain Rate Method:

StressfStrain Curve =

Current Constitutive Models:

Linear Elastic - [,,,.] - [Active]

Cancel

| Pot/Erase | Materils |

Method: Manual Input =

Existing Materials E

=

o]

Iaterial Hame
Stesl

Description

[ Input Properties ...

Change Material Status ...
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Step 8. Create the Element Properties

Q E @ .‘é ﬁ, 2 Hﬂ- 5 Home Geometry Properties Loads/BCs Meshing Analysis Results A ction:
% ™ [ b (=== D[ ||l N O e 2| c) || n) | omgect
lotopic | (g || ] || P ||| ]| | || (00| e || LT [0 S0t || (IS K] (||| ryme:
Isotropic ||Orthotropic) |Anisotropic)| Fluid Composite 0D Properties 10 Properties 20 Properties | 3D Properties| |Property Adtions F|
. L Sets By

Create a nonlinear shell element | S fonogeneous Pasccousos s By e
property with steel as the material | rrosetyane Vate Vel Type pshell 1
and thickness of 0.0025. Mieterel Name e Met rop Nae %C(D
a. Click Shell in the 2D PrOperﬁeS [IMaterial Orertatior B

g rou p . Thickness 0.0025 @ %
b_ Enter blade for the Property [Monstructural Mass] Real Scalar | .

[Plate Offzet] Real Scalar

Set Name. - Property Set Mame

c. Click Input Properties. et e Sesr blacle
. [Fiber Dist. 2] Real Scalar

d. Click on the Mat Prop Name

: [Monlinear Formulation(SOL400Y] | Large Strain —Large strain T o Opti ;

Icon. g 2 ptions
e. Select steel. <] i ' SElect Wateral
f.  Enter 0.0025 for Thickness. T [Homegenseus v |

o Material

g. Pull down Large Strain for |tandsrd Formuistion ¥ |

Nonllnear FormUIation .Enterthe Thickness or select a field with the icon. Specify Element Modal by sele

dropoovwn.

(SOL400) i l Input Properties ... (:(-;)

h. Click OK.

I External Materials

Cancel

[ Select Application Region ...

|

Apply
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Step 8. Create the Element Properties (Cont.)

@ -0 o0 oTp

Click Select Application Region.

Click Shell element on the Picking Filters toolbar.
Select all the elements.

Click Add

Click OK.

Click Apply.

Click on YES for ALL on the pop-up Message form.

Application Region
Select Members ‘

Elm 1:200

[ Add@[ Remove |

Application Region

mir+ 0 &

o= 0

Ohject

Sets By: 'E

pshell 1

:

Propetty Set Mame
hlade

[Slandard Farmulation .4 ]

-‘uas'sagé"
[ Critical Decision requested from application ELEM_PROPS

Element 1 already has been associsted to an element property region. Overwrite the association’?

@ s For Al Yes
)

Mo For Al

o )|Id

Input Properties ... ]

Select Application Region ... (a)
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Step 9. Set up the Analysis

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

B b N N N b A =
TS ) (S | e | TR TR | | B | A

Selected || Analysis || Read | submit |||[2|([&|[|[[g|[[®]|| *0B |Outputz |MASTER/| Attach |ti6mia | d3plot ||| —  eeddent
Group Deck - DEALL | Output? Method  [FulRun

Analyze Create Existing Deck Optimize | | Toptomize Access Results
) o B Solution Parameters T &b Solution Type Code: M=C . Mastran
Create and run an implicit e == gl E—
. . Solvers | Opf MSC Nastran Type: Structural
nonlinear analysis: [ ] Solution Type
Cortact Parameters...
a. Under the Analysis tab click on [ D —— ] sonion Type T &
Entire Model in the Analyze [ Restart Parameters... | () LINEAR STATIC blace_model
group. noed Job Cortrol .. O NONLINEAR: STATIC
omain Decomposition ONORMAL MODES
b. Enter blade for Job Name. L_ponen peconpeaten | O BUCKLNG
c. Click on Solution Type. Assum?d s B & SO BRI Joh Mame
il P () FREQUENCY RESPONSE ol
) . V= Jok Description (TITLE)
e. Click Solution Parameters. g:T?NL'NEAR TRANS'ENT FEM MODEL OF A BLADE
. Default Initial Tempersture = ;M :
f. Click Results Output Format. ot ot Tomprne ) DDAM Solution
——re— @ [ Select ASETIQSET.. ] SUBTITLE
I Ok I l Defaults ] I Cancel ] LABEL

[ Solution Parameters... @

Solution Sequence; 400

Translation Parameters... ]

7
Solution Type... ( C )

Direct Text Ingput...

i [l I [ Cancel Select Superelaments ...

|
|
Subcases... ]
|

Subcaze Select...

Apply
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Step 9. Set up the Analysis (Cont.)

oo oo

Select OP2
Click OK
Click OK
Click OK

Results Output Format

[

@ [Ixoe

[ ImasTER Only
OUTPUT2 Reguests:

OUTPUTZ Format:

Print [

MaSTERDBALL

Binary. *

Punch

O (]5)) | Detauts | |

Cancel

'S'n‘i'liﬂ"i n Parameters

[ Contact Parameters. . ]

[ Direct Text Input... ]
L Restart Parameters.. ]
I Diomain Decomposition ... ]

Aszumed Strain

[ shel Shear Correction

Detault Inttial Temperature =

Default Load Temperature = |

I Reszults Qutput Format... ]

I k. @ [ Defaults ] [ Cancel ]

Analysis | Soltion Type

MSC Mastran
Solution Type

Soalution Type:

(ILINEAR STATIC

() NONLINEAR: STATIC

(I NORMAL MODES

() BUCKLING

() COMPLEX EIGENWALUE
() FREGILENCY RESPONSE
() TRANSIENT RESPONSE

() NONLINEAR TRAMSIENT

() DDAM Solution

( Select ASET/QSET .. ]

[ Solution Parameters... ]

Solution Sequence: 400

l 9,1 (/\(—1) [ Cancel

MSGC



Step 9. Set up the Analysis (Cont.)

a. Click on Subcases.

b. Enter NL_Static for
Subcase Name.

c. Click on Subcase
Parameters.

d. Pull down Large
Displacement/ Large
Strains for Nonlinear
Geometric Effects.

e. Click on Load
Increment Parameters.

arameters

‘Static Solution F

Linearity:

MonLinear ¥

Solvers J Options...

Monlinesr Geometric Effects:

Monlinear Geometric Effects:

ILarge DisplacementLarge Strains

= (@

Fallowwer Loads:

[Loads Fallawe Detformations = I

|:| Follower Farces

Load Increment Params...

©®)

teration Parameters...

ActiveiDeactive Elements..

{
[
[ Cortact Table...
l
I

Brake Squeal Parameters...

|
|
J
]

ke | [ Defauts |

l Cancel

Solution Sequence: 400

Action:

Available Subcases IE
| Default
Untitled.SC1

Subcase hMame
| hL_Static @

Available Load Cazes 'E

Untitled SC1

Analysis Type:

Subcaze Options
[ Subcase Parameters... @

[ Output Reguests... J

[ Direct Text Input... |

Analysis |
Action:
Methiac:
Codle: MSC Mastran
Type: Structural

Available Jobs

blade_mocel

Job Mame
hlade

Job Dezcription (TITLE)
FEM MODEL OF & BLADE

SUBTITLE

LABEL

Translation Parameters...

Salution Type...

Direct Text Input...

Select Superelements..

Subcazes...

Subcase Select...

l

l

J
1
(a)

]

Apply

MSGC
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Step 9. Set up the Analysis (Cont.)

Pull down Fixed for Increment
Type

Enter 10 for Number of
Increments

Click OK

Click OK Increment Type: @ Linearity:

r Load Increment Param 1[ Static Solution Paramelers.

Fixed Increment Parameters

[Mumber of Increments:] [ 10 @ Solvers { Options... ]
[Total Time:] |1.0 - ;

Monlinear Geometric Effects:
D Conztant Time Step Monlinear Geometric Effects:

[Large Dizplacement/Large Strains "J
Automatic Cutback

Fallowwer Loads: [ Follower Forces
Mumber of Cuthacks: 10 [Loads Fallowy Defarmations = ]

i (8.4 (a I Defaults J I Cancel J

Load Incremert Params...

teration Parameters...

ActiveiDeactive Elements...

Brake Sgueal Parameters...

et e AV [t AL L

i
|
Cortact Table... |
|
J

Ok, (@ l Defaults J l Cancel J
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Step 9. Set up the Analysis (Cont.)

o0 oo

Click on Output Requests.
Select Element Strains.
Click OK.

Click Apply.

-‘S'iériilér' Resulls
SUBCASE MAME:  ML_Static
SOLUTION SEQUENCE: 400

Basic ¥

Form Type:

Select Result Type

| Element Forces
| Applied Loads
|Elemert Strain Energies

| Grid Point Stresses
| Grid Point Force Balance
|Mon-Linear Stress

Output Requests
DISPLACEMENT{SORT1 REAL)=AIl FEM

STRESS(SORTA REAL WONMISES BILING=1 FEM,PARAM N
SPCFORCES(SORTY REAL)=AI FEM

STRAIN T1 R

B ] I 2]

Mubi-Point Constraint Forces |

Solution Sequence: 400

Action:

Available Subcases
| Default
Untitled. SC1

Subcasze Mame
| ML _Static

Availahle Load Cazes
fault

Urtitled SC1

1 Subcase Parameters... 1

Output Reguests... @

Direct Text Input... |

[ Delete |

Analysiz Type:

e Subcasze Cptions

This i & default subcase.

[C1sUBTITLE [

[CLagec [

[ (c) ) | (d)

Ok, Defaultz Cancel Apply
\C/

Cancel

Analysis |

Ohject: Ertire Madel -]
tlethod: Ful Run ™

Codle: MSC Mastran

Type: Structural

awvailable Jobs |
blade_mocel

Job Mame
hlade

Job Dezcription (TITLE)
FEM MODEL OF & BLADE

SUBTITLE

LABEL

Tranzlation Parameters...

Salution Type...

Direct Text Input...

Select Superelements..

Subcazes...

Subcase Select...

Apply

MSaSoftware'



Step 9. Set up the Analysis (Cont.)

Click on Default under
Available Subcases.

Select Normal Modes as
Analysis Type.

Enter Modes for Subcase
Name.

Click on Subcase Parameters.

Enter 5 for Number of Desired
Roots.

Click OK.
Click Apply.
Click Cancel.

r Subcase'Parameters”

REAL EIGENY ALUE EXTRACTICRN

Fregquency Range of Interest
Lowwer =

Upper =

Mumber of Desired Roots =
Diagnostic Output Level:

Resutts Mormalization
Mormalization Method:

Default Load Temperature =

Extraction Methiad:

[ Contact Table...

0

Cancel

=k [ Siicases

Solution Sequence: 400

Action:

Available Subcazes lE

PEER
ML_Static e

Unititledd SC1

Subcaze Mame
| Modes: @

Available Load Cases lE

Unititled SC1

Analyzis Type: _Normal hlodes = @
Subcaze Options
i Subcaze Parameters. .. (@

[ Cutput Regquests... ]

[ Direct Text Input... |

) h




Step 9. Set up the Analysis (Cont.)

"m0 o0 T

Click on Subcase Select.

Select NL_Static.
Select Modes.
Unselect Default.
Click OK.

Click Apply.

SubcazelStep Configuration

[+ A blade

Load Steps For Solution Sequence: 400

Diefautt e
L Static

[ Filter |

() Select &l ) Unselect Al

Losd Steps-sglectect:
Detautt @
NL_Stat

hoces

[ Select Steps for Mew Subcases

Cancel

Be sure to select NL_Static before Modes

(Analysis Chaining: nonlinear static analysis
followed by normal modes analysis).

Analysis |

Ohject: Ertire Mozl =
Metho: Full Run ™

Code: MSC Mastran

Type: Structural

Available Jobs @

blade_model

Job Mame
hlade

Job Description (TITLE)
FEM MODEL OF & BLADE

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcases...

Subcase Select...

D)

|
1
1
1
1
(a)

MSGC
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Step 10. Attach the Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Durakbility
| ks T b - ] | <% Al /I 8
| “wdh op2 & 7 H# ﬂl
= « % I g ||| A 2 g !’; 12 blat
Entire | Selected || Analysis Read | Submit | e'|||_£|| | *||@| XDEB QOutput? | MASTER/ | Attach | t16/1% | d3plot
Model | Group Dreck = DEALL | Output2
Analyze Create Existing Deck Optimize | [Toptomize Access Results

Once the analysis is complete, r 2zlain il

attach the results to the database. Look jn: [ &3 Training

a. Under the Analysis tab click
Attach Output2 in the Access
Results group.

Click Select Results File.
Select blade.op2.

Click OK.

Click Apply.

®oo0o

lade, op2

File name:

]blade.up2

[ o (d)

Files of bype: JFiIes * op2}

_:_] Cancel

Analysis |

Object: Aftach Outputz = ¥

Method: Result Entities =
Code: MSC Nastran

Type: Structural

Available Jobs lE
| blade

| blade_model

Job Name

| blade

Job Description (TITLE)
| FEM MODEL OF A BLADE

SUBTITLE

LABEL -

| Select Results File... @

[ Translation Parameters... J
(o)

MSGC




Step 11. Plot the Stress Results

DED LR 8-

Fringe/Deformation

Juick Plot

Home Geometry Properties Loads/BCs Meshing Analysis Results
i e ; ’ £
—n = i 7 > =
L &% vl ¢ &L B 2k
Deformation | Fringe | Vector | Tensor | Cursor | Contowr | Isosurface | Freebody | Graph | Animation | Repart | Derive

Result Plots

B ]
|aval| ™

(B || 3|

Result Actions|| Insig

Y

Insig

Post-process the von Mises
stresses.

a.

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

Select the Non-linear Result
Case.

Select Stress Tensor, for the
Fringe Result.

Select Displacements,
Translational for the
Deformation Result.

Click Apply.

Fringe: SC1.Step 1:DEFAULT, Al:Non-linear: 100. 22 of Load, Stress Tensor, . von Mises, At Z1
Deform: SC1:Step 1:DEFAULT, Al:Non-inear: 100. 24 of Load, Displacements, Translational,

Resuts |

Ohject: Quick Plot ™

I

Select Result Cazes

Default, Mode 1:Freg =1538.5;-FEM MOC
Detault, Mode 2:Freq.=165.42-FEM MC
Detault, Mode 3:Freq.=455.75;-FEM MC
Cefault, Mode 4:Freq =552 92;-FEM MC
Default, Mode 5:Freqg =1263 ;-FEM MOE

+ Default, Mon-linear : 100, % of Load,-F
3 —— B
Select Fringe Result
Monlinear Stresses, Eguivalent Stress | A
Monlinear Stresses, Stress Tensor
Strain Tensor, 5
Stress Tensor, @ [ =
v
default_Fringe
\Z_J Max 2.50+005 @Nd 1 £ i |[i2]
Min 4 99+006 @Nd 126
default_Deformation ™
ey May 5.78-002 @Nd 128 [ Pastion.. (At Z1) ]

Select Defarmation Result

Constraint Forces, Translational
Displacements, Translational

[ &nimate

com_(e)
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Step 12. Plot the Modes

Post process the normal modes.
a.

Select the Mode 1 Result
Case.

Unselect Stress Tensor, for
the Fringe Result.

Select Eigenvectors,
Translational for the
Deformation Result.

Click Apply.

Deform: SC1:Step ZDEFAULT, Al:hMode 1: Freq. = 159.58, Eigenvectors, Translational, ., (NON-LAYERED)

i
/]

LI ]
il

//
7

i
i
L0

b.86+000

77
Vderii

default_Deformation
Max 5.86+000 @Nd 126

Hold Ctrl to Unselect an Entry

Results

Ohject; __@uick Flat ™

il

Select Result Cases

Default, Mode 1:Freg.=155.5,-FEM h
Defautt, Mode 2 Freg.=163.42;-FEM
Defautt, Mode JFrec.=485.75;-FEM MC
Defautt, Mode 4:Frec.=552 .92 -FEM MC
Detfautt, Mode 5:Freq.=1263.; -FEM MOC
Defautt, Mon-linear : 100. % of Load;-F|

(<] I | (2]

Select Fringe Result
Constraint Forces, Translstionsl

Eigenvector s, Agnslational
Sress Ten

[ Position.. (At Z1) |

Select Deformation Result

Constraint Farces, Translational
Eigenvectors, Translational

Cuantity:

|:| Animate

=€)
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Normal Modes Results Summary

Mode Frequency Frequency
(Pre-Stiffened) (un-stiffened®)
1 1.59E2 8.83E1
2 1.65E2 3.00E2
3 4.89E2 8.44E2
4 8.53E2 1.15E3
5 1.26E3 1.98E3

* Obtained by changing the rotational speed to 1.E-6

MSGC



Step 13. Quit Patran

i| File Group Viewport Viewing Display Preferences Tools Help Utilities

Open Recent...
Close

Save

Save a Copy...
Utilities k
Import...

Export...
SimXpert...
SimManager k
Session 4
Print...

Images...

Report...
Quit
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WORKSHOP B2

DYNAMIC COLLAPSE OF A CYLINDER

Fringe: SC1:Step 1 TRANS_DYNAMIC, A1:Time = 0.0008. Cauchy Stresses. NonLinear Output, von Mises, (NON-LAYEBERFOU8
Deform: SC1:Step 1 TRANS_DYMNAMIC, A1 Time = 0.0008, Displacements. Translational, 5. 72+008

b.37+008
5.02+008
4 B87+008
4.31+008
3.96+008
3.61+008
3. 26+008
2.91+008
2 BE+008

2.20+008

984007 1.85+008

1.60+008

1.15+008
7.98+007

07+008 default_Fringe
+ Max 6.07+008 @Nd b7
Min 7.98+007 @Nd 260

default_Deformation :
Max 4.02-002 @Nd 401
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 Workshop Objectives
— Perform Nonlinear Transient Dynamic Analysis on a cylinder.
— Analyze the dynamic collapse of the cylinder. Examine the resultant
stresses and deformations
- Software Version
— Patran 2013
— MSC Nastran 2013.1

* Files Required
— cylinder_model.ses
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* Problem Description

— In this exercise, we analyze the dynamic collapse of a cylinder. The 0.08
meter long cylinder (radius = 0.02 m ; thickness = 0.0131 m) is compressed
axially by two rigid bodies, one of which is fixed and the other moving with a
velocity of 50 m/s. The purpose of the analysis is to examine the stresses
and deformations. The cylinder is made of an elasto-plastic material with
linear work hardening. We model the cylinder here with a 100x3 mesh of 4-
noded, 2D solid axisymmetric (CQUADX) elements.

— The non-linear material properties for the elasto-plastic material are as
shown:
 Elastic Modulus = 2.05E11. Poisson Ratio = 0.3. Density = 7800.

Strain(e) Stress
0.0 2.0E8
1.0 6.0E8
2.0 6.1E8
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- Suggested Exercise Steps
1. Open a New Database.
Run the cylinder_model.ses file.
Create a time dependent load case.
Define the cylinder as a Deformable Contact Body.

Define the two walls as Rigid Contact Bodies.
* Velocity of -50 for upper_wall.

Preview the rigid body motion.

Create material property with tabular input for plastic as shown in the
problem description.

8. Create a material with elastic and plastic properties.
« Elastic Modulus = 2.05E11. Poisson Ratio = 0.3. Density = 7800.

9. Apply 2D Solid properties to the cylinder.

ARl

N O
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« Suggested Exercise Steps (Cont.)
10. Set up and run the implicit nonlinear analysis.

11.
12.

13.

Set friction type to Bilinear Coloumb.
Select the .op2 results output format.

Create a Trans_Dynamic subcase and apply these properties: Time Step Size
= 2E-6. Total Time = 8E-4. Matrix Update Method = Pure Full Newton.
Number of lterations per Update = -1. Turn on Displacement Error and Vector
Component Method in load increment parameters.

Select Element Strains, Non-Linear Stress and Contact Results output request.
Unselect the Default subcase and select the Trans_Dynamic subcase.
Edit the exported input file.

Access the nonlinear results.
View Results.

Create a logarithmic strains fringe result and displacements, translational

deformation result quick plot for the final result case.

Create a Cauchy stresses, NonLinear Output fringe result and

displacements, translational deformation result quick plot for the final result
case.

Quit Patran.
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Step 1. Open a New Database

| File Group  Viewport  Viewing Display Preferences Tools Help  LWHilities

MNew... ( a) Properties Loads/BCs Meshing Analysis Results Durability
Open... : . .
e [l |60 |84 ||| ||| o | )| B8 | B || | % || B || Bz ||| 4 0] | 90| || ﬁ| e
& [t
Close 1| % || |20 (R[] || 2| o ||| |2 || Lo ) 27| B
Save hsforms Viewport Display Orientation tdisc, Web | [Model Tree
Save a Copy... =
— Utilities »
Import... [N New Database
Export... ey Maddel Preference
= Template Database Name
2Ecion 4 | C:\MSC.Software\Patran_x64120130/template.db Model Preference for:
_ flxkic Skl : * Lt | cylinder ds
Print...
Change Template ... T SRR
Images...
2 @' Bazed on Model
Report.. Modify Preferences... O Defaut
i Set Working Directory to Database Location . .
Approxzimate Maximum
; hodel Dimensian:
Open a new database named Look n: [ . Training - e @k Er 100
cylinder.db: - =
. MName Date modified Ty
a. Pulldown File > New. Mo items match your search, Analysis Code:
b. Type cylinder as File name.
c. Click OK. Analysis Type:
. -
d. Click OK to select
MSC.Nastran as the Analysis < [ m | r
Code [ Ok (ZD [ Reset
Files of type: | Database Files {* db} | Cancel

MSGC



Step 2. Run the Provided Session File

i File | Group Viewport Viewing Display Preferences Tools Help  Utilities

New...
Open...

[ Open Recent...
: Close

| Save

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

Repaort...

Quit

Properties Loads/BCs Meshing Analysis Results Dura

Fli= = = e S T V|| adl | | s ||
|h| || ||| G| ||| || || B | Ea || o [|E2D]]|] 28 || 2% ||| | ||

|| (Transforms Viewport Display Qrientation

r e

[ single step

Commit Commands

Play... a
Record...

Run the provided session file.
a. Pull down File > Session >

Play.

b. Select cylinder_model.ses
as the File name.

c. Click Apply.
(This action will run the
session file. Please do not
interrupt it.)

File narne: Icylinder_mndel.aea -Apply-

i

Files of lwpe: ISesaiDn File Files {*. ez} LJ Cancel
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Step 3. Create a Time Dependent Load Case

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability &a)

= ! L L
I be : A L + f . p—y !
«d -’1 b ‘ﬁ fg ‘—'X %’ -’1 rﬂ & > Ej [ | N Load Cazes | vl [7%] .i: || £ e |
Displacement | Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total =i |(Qe|| | || Deform s o~ Create 5 || || o |
Constraint Load Load Load Load l ‘”u—l | Action: ILxI%] Load Case 5| = ﬁ

Modal Element Uniform Element Variable LEC Actions || Load Cases LEC Fields
Existing Load Cases E
Create a Time Dependent Load Case. Detaut

a. Under the Loads/BCs tab, click on Create Load Case
in the Load Cases group.

Enter Trans_Dynamic for the Load Case Name.
c. Pull down Time Dependent for the load case Type.
d. Click Apply.

*

Load Caze Mame

Trans_Dynamic @

Make Currert

Type: |Time Dependsnt hd @
Description

[ Input Data...

Load Caze Scale Factor
1.0

e (d)
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Step 4. Define the Deformable Contact Body

TN\
Home Geometry Properties Loads/BCs Meshing Analysis Results Durability a
R AR AR IR AR =l || 2 || = |& == (=m0 | P |
> - g =]
Displacement | Force | Temperature | Velocity | Acceleration | Crack{VCCT) || Displacement | Pressure | Temperature | Inertial | Distributed | CID Distributed | Total =& || B | || ||Deformable || JRigid | Color Code Create | 118 || 1l Il IFA| Create | il 1| |
Constraint Load Load Load Load ) H- Def ol Bodies Body Pair G L 8 @ o Load Case & g
Nodal Element Uniform Element Variabl ol dies Bady Pairs | [Initial Conditions|| LBC Actions_||Load Cases|| LBC Fields

LoadBoundary Conditions

Create a deformable contact body Select Applastian Regtan E163] gy (S .
for the cylinder. select otiect

a. Click Deformable in the Type:
Contact Bodies group. optiors @)

b_ Ver|fy Deformable Body as Application Region Current LoaTc::naSS_eE:)ynamicm ]
the Option.

c. Enter cylinder as the New Set
Name. [ Add @[ Remove ]

d. Select 2D as the Target Master Region

Element Type. (D
e. Click Select Application

Region.

Select the cylinder surface.
Click Add. New Set I

C“Ck OK. cylincer @

C“Ck Apply. Target Element Type: @

Select Surfaces

Surface 1 Type: Time Dependert

Existing Sets lE

> Q o

[ Input Data...

]
[ Select Application Region... ( c

-Apply- 0
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Step 5. Define the Rigid Contact Bodies

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability \aj
I,i —re 1 b & 7 'i @a "1 rg I& 13 Ej [12]/@| M | N » | = | = ENEY ]‘t A
Dgs;asﬁ;rilﬁct Force | Temperature | Velocity | Acceleration | Crack(VCCT) || Displacement | Pressure | Temperature IT_;:LEI Disir;l;%ted CIDinsDtal'i‘;Juted [g;ac: \"‘Hy:“ | Deformable || Rigid Coé?jrd?:sde Eoc‘;;a;:ir \GH"I.HSI |@“ Rlﬁtl L;_-,ca:jeact:se |@“£”%|
MNodal Element Uniform Element Variable CofitaqRigidles Body Pairs | |Initial Conditions|| LBC Actions ||Load Cases LBEC Fields
[¥IFlip Cortact Side @
|:| Symmetry Plane
Create rigid contact bodies s reesBoumay G |
. ~

Click Rigid in the Contact Bodies group.
Verify Rigid Body as the Option.

Enter lower_wall as the New Set Name.
Select 1D as the Target Element Type.
Click Input Data.

Check Flip Contact Side (Flipping the Contact
Side is needed, because of the orientation of the
curve representing this wall).

Enter 0.1 for the Friction Coefficient (MU).
Click OK.

"0 a0 o

Motion Control :

“elocty ¥

>

“elocity (vector)

=0.,0,0.=

Angular Welocity (radsdime)
“elocity ws. Time Field

Friction Coefficient (MU
01

< I |

Time-Dependent Fields

Rotation Reference Point

Axiz of Rotation

oK @[ Reset

Current Load Case:

Action:
Ohject:
Option:

Rigicl Body = 9

Trans_Dwnamic...

Type: Time Dependent

Existing Sets

Mew Set hame

lovweer _wvall @

Target Element Type: @

[ ottt Dta...

[ Select Application Redgion...

[ Preview Matian...

-Apply-
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Step 5. Define the Rigid Contact Bodies (Cont.)

a. Click Select Application
Region.
Click in the Select Curves box

c. Select the bottom curve
defining the rigid surface
(Curve 1).

d. Click Add.
. Click OK.
f. Click Apply.

Select Application Region

Geotmetry Fiter
@ Geometry

(I FEM

Application Region

Select Curves

Curve 1 @‘

|

l Aclcd @ l Remove

Master Region

Load/Boundary Conditions

Action o]
Ohject: -Cuntad =
Option; __R\gid Body ¥

Current Load Case:
Tranz_Dynamic... ]

Type: Time Dependent

Existing Sets IE

hlews Set Name

lovwver_wall

Target Element Type:

[ Input Data. .
rd
[ Select Application Region k a

[ Previes hotion... ]

(e f)




Step 5. Define the Rigid Contact Bodies (Cont.)

a. Enter upper_wall as the New Set
Name.

Click Input Data.
c. Uncheck Flip Contact Side.

d. Enter 0.0 for the Friction
Coefficient (MU).

e. Enter <0, -50, 0> for the Velocity
(vector).

f. Click OK.

CIFilip Contact Side@

|:| Symmetry Plane

[ bauall il Btiory

Motion Cortral : Welocty ¥
“elocity (wector) ,A,
=0.,-50.,0.= =
Angulst Welocty Cradstime)
“elocity ws. Time Field
Friction Coefficient (MWL
0o —
.v.
:( 1l >:

Time-Dependent Fields

Ratation Reference Poirt

Axiz of Rotation

| Ok (/D [ FResst

LoadBoundary Conditions

Action:
Object:

Current Load Case:

3

[ Trans_Dynamic...

Type: Time: Dependernt

Existing Sets @

lovwver _wvall

Mewy Set Mame

upper_wall @

Target Element Type:

[ Input Dta... @

[ Select Application Region...

|

[ Preview Mation...

|

-Apply-
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Step 5. Define the Rigid Contact Bodies (Cont.)

a. Click Select
Application Region

b. Click in the Select
Curves box.

c. Select the top curve
defining the rigid
surface (Curve 2).

d. Click Add.
. Click OK.
f. Click Apply.

©

g

+ T rr'l'l'l{ijleTI'l T

| Select Application Region |

Geametry Fiter
@ Geametry

(IFEM

Anplication Region

Select Curves

Curve 2 @ ‘
I Al @ I Remaove ]

Master Region

o (e)

Load/Boundary Conditions

Type: Elemert Lniform v

Option: Rigid Body 7

Current Load Case:
[ Tranz_Crynamic... ]

Type: Time Dependent

Existing Sets |
lovneet _sovall

ey Set hame

upper_wal

Target Element Type:

[ Input Data... |

i Select Application Region. .. ( a )

[ Preview Maotion... ]

s (D

.
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Step 6. Preview the Rigid Body Motion

Preview the Rigid Body Motion.
a. Click Preview Motion.
Select upper_wall.

Enter 8e-4 for End Time.
Click Preview Motion.

Click OK after reviewing the
motion.

®© o o

Figid Body Motion Preview
Existing Set=
lowver _ovall
Lpper _wa @
Start Time: 0.a
End Time: ge-4 @
Mumber of Increments: 10
Delay Time (mseck: 500
l Presviewy hotion @
| ok (e) |  Reset |

LoadBoundary Conditions

. 4\.
Type: Elemert Linifarm =

Option: Rigicl Bocly ¥

Current Load Case:
Trans_Dynamic... ]

Type: Time Dependent

Existing Sets lE

lovwver _vall
upper _wall

Mevy Set Name

upper_wwvall

Target Element Type:

[ Irjout Dt

[ select Appication Region...

i Previesy Motion..

-Apply-

UL
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Step 7. Create Material Property with Tabular

Input

i File Group Viewport Viewing Display Preferences Tools Help Utilities HE'L.
Home Geometry Properties Loads/Bq ~Hem Results Durability -
st e
% | 88| || . J Methodt IR i AR e o E=AE AR 4R = S
Isotropic || | dal | Fluid || Coh & (&7 (10| |||l T || || ||| [~ S8 ]||  SOlid | CH K| |2 .|| |
Existing Fields
Isotropic | |Othotropic| |[Anisotropic|| Fluid Coh| D Propertles 1D Propertles 2D Propertles 3D Propemes Property Actions Fields
Create a field for the elastic- o
. . Input Diata [] &wta Highlight
plastic material data. - mperExport...
a. Under the Properties tab, G
CIICk on Matel"ial In the Field Mame e Data I\A Strain(e) stress
Fields group. Plastic_s_e @ o 0.0000000E+000 20000000E+008 | ‘
b. Enter Plastic_s_e as the ol | Bt 0.0 2.0E8
Fleld Name T &3 . 2.0000000E+000 £ .1000000E+005
Active Independent g e-4
c. Uncheck Temperature (T) DTemperimm = (D 1.0 6.0E8
under Active Independent [F]strain (e) e
Variables. [lstrain Rete (en) = | 2.0 6.1E8
. D ime
d. Check Strain (e). D;equ(:m o £
e-g [
e. Click Input Data. Lo
f. Enter the data as shown. : — @
nip c- T
g. Click OK. [ r— o (g)
h. Click Apply.
The 1D Material Scalar Table Data form needs to
be filled out as shown in the table. To fill in the
table, click on the cell you wish to edit, enter the
D) value in the Input Daz.‘a databox_and press
<Enter>. The table will automatically tab down.
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Step 8. Create the Material with Elastic and
Plastic Properties

i File Group Viewport Viewing Display Preferences Tools Help Utilities H\“-..
Geometry Properties Loads/BCs Meshing Analysis Results Durability
|85 | | r’ =< =|| =] ” (D[ 5% |i|.|!,—|!a¢i|§||\}\| L NIFad O || |25 |5 ||| | |||
: = | :
|| ] Fluid (| Cohesive ||| == |~ — [l |||~ %8]]| Solid 2% E5 K | ||| 28| || o |
Isotropic | |Orthotropic) |[Anisotropic | Fluid || Cohesive Com| A< trop| Input Options = 5
Object: || Constitutive Madel @
Create a material, with elastic and et
| t|C o ert|es Property Mame “alue
p as p p : Existing Materials. IE Elastic Modulus = 2_055E11. c !,A,!
a. Click on Isotropic in the P E El
Isotropic group. Shear Modus =
b. Enter Mat1 as the Material Density = 7800 @
Name_ Thermal Expan. Coeff =
c. Click Input Properties. AR R R
. . Reference Temperature =
d. Select. L||_1ear Elastic as the &
Constitutive Model.
. Tempersture DepModel Y ariable Fields:
e. Enter 2.05E11 as the Elastic e @
Modulus. LT
f. Enter 0.3 as the Poisson Ratio. —
g' Enter 7800 as the DenSity' Current Constitutive Models:
h. Click OK. _
i. Click Apply. @
i Input Properties ...
l Change Material Status ... ]
o (h)
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Step 8. Create the Material with Elastic and
Plastic Properties (Cont.)

[Fotere &
Click Input Properities. e =
. Action: -—crgate - |

Pull dc?wq Elastoplastic for s
Constitutive _Model and Hethos
Stress/Strain Curve for
Nonlinear Data Input. i 8 1
Verify that Strain Rate Method is
set to None. RLEELLERIOEE Elastoplastic @
Click in the Stress / Strain Curve Sl [stress/Strain Curve ¥ |
panel ield Function:
Select Plastic_s_e _ Sl
Click OK - - . Strain Rate Method: @
C||Ck Apply Property Mame Value

.Materiamame : ‘ StresziStrain Curve = Plastic_s_g @

St TemperatureiStrain/Strain Rate Dependent Fields:

l Input Properties ... @

[ Change Waterial Status ... ] e :

Current Constitutive Madels:
Linear Elastic - [,,,,] - [Active]
(o)
N ==
(e
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Step 9. Apply Properties

i File Group Viewport Viewing Display Preferences Tools Help Utilities F:}‘
Home Geometry Properties Loads/BCs Meshing Analysis Results Durability
% |88 | 1] — ' i (D5 ||| &7 ||| ™LL O 8| || |88 ||| )| e | |am|
: Bl Select Material _ ; :
Iotropic || | dg| | [ |l (69100 |||l | ] ||| R 6y|| Setie || [amI(ER]| K] ||| )|
Select Existing Material
Isotropic ||Orthotropic|[Anisotropic|| FlY e 0D Properties 1D Properties 2D Properties | |30 Properties| |[Property Actions Fields
poen @ I|Eh3mn3|‘rt Properties |
Apply properties: Aaizym Solid (CTRIAX, CQUADK) y Action i
a. C“Ck on 2D Solid In the Property Name Walue Walue Type @ Object
2D Properties group. (—
b. Enter cylinder for [Output Locations] ’
PI’ I’t tN m . etial Crientation | oo ¥ 1
ope ySe ame [eterial Orimntation] I EERd SetsEly: g
. . |
c. Modify Options to <] B J Bl
Axisymmetric and
PLPLANE.
d. Click Input Properties.
e. Click the Mat Prop -
Name Icon. Property Set Jame 3
Select Mat1. cyvlincer @
g. Click OK. ,
Options:
[ Enter the hMaterial Mame or select & material with the icon.
(©)
Calg) o] (o) | | bRt ©
= [ Select Application Region ... ]
[ External Materials
Cancel
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Step 9. Apply Properties (Cont.)

. Click Select
Application Region.
Click in the Select
Members box.

Select the cylinder
(Surface 1)

Click Add.
Click OK.
Click Apply.

|III|||II<‘Y:D|III|||II

Element Propetties : .Seled Application Region

Select

Anplication Region
Select Members

. Surface 1. @
|_ Add @ I Remove

Application Region

Elemert Properties

Ohject: -2D hd
Type: 20 Salid ™

Sets By: @

T

Propetty Set Matme ‘

cylinder

Options:

FLPLAME ™

Imput Propetties .. ]

Select Application Region ... @
sew ()
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Step 10. Set Up the Analysis

Haome Geometry Properties Loads/BCs Meshing Analysis Results Durability

- N N B b B | ey =y
l_-IL‘ > | m] ] || ] e x| opa] g i H{{:I; Bt g | | ot | 5|

Read Submit |'|| : [ DB Cutput? | MASTERS Attach 116/419 | d3plot ||E5-i|t_"-| '-|| [ |
a|[=(|[@] =] Sl |G || || B ||| || 5 |

Entire | Selected (] Analysis
Model Group Deck

Analyze Create Existing Deck Optimize | |Toptomize Access Results Delete Actions
Set up the nonlinear Analysis job. | 4webss : ;
: _ M Solution Parameters L
. . Action: nalyze ¥ n - =
a. Under the Analysis tab, click | = ===l lépdsgip | Solien Type r |
Analvsis Deck in th = MSC MNastran
on Analysis Deck in the e Soluon Type ——rrr—r ]
Create Group- Oria arameiers. ..
b. Enter cylinder as the JOb Code:  MSC.Nastran Solution Type: [ Direct Text Input... ]
fype: ructural E2313 AFMelers. ..
Name Type  Structura OLINESR STATIC I Restart Paramet ]
’ () NONLINEAR STATIC
Click Solution Type. Avsiable Jobs 8 (O MORMAL MODES : _
.. . OEIUCI-{LING I Domain Decomposition ... ]
Select Implicit Nonlinear as 3
. COMPLEX EIGENY ALUE @ Strain
Solution Type. () FREGLIENCY RESPONSE o R thie fegieo
e. Click Solution Parameters. e O TRANSIENT RESPONSE [ Shell Shear Corretion
Verify that SOL400 Run is JobDescrgton LS OMNONLIEAR TRA“S'E@ M55
checked () IMPLICIT NORNLINEAR:
’ : O DDAM Zalution Default Initial Temperature =
. Uncheck Assumed Strain. i
9 ke ’ Select ASETIQSET .. ] Default Load Tempersture = |
LABEL
[ I Results Cutput Format... ]
—— szenses (©) || o] Commi ] (o]
|_ Direct Text Input. =
[ Select Supereiements.. | Solution Sequence: 400
[ Subcases.. I
[ Subcase Select... I
l Ok, I [ Cancel
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Step 10. Set Up the Analysis (Cont.)

Click Contact Parameters.

r ‘Solution Parameters”

. Click Friction CONTACT Cortrol Parameters Silvers J O
c. Pull down Bilinear Coulomb Cortro Methos [ Cantact Parameters.. (@)
for Type. Direct Texd Input...
yp Deformable-Deformable Method: [ L2 SR J
d. C||Ck OK (%) Double-Sided ) Single-Sided [ Restart Parameters... ]
e CI'Ck OK I:‘Optimize Constraint Equations
2 I Domain Decomposition ... J
I Contact Detection... ]
[ Separation... ] [] Assumed Strain

Friction Parameters for Contact Analysis [ Friction. .. @
_ i Augmetstior [l =kell Shear Correction
Type: Bilinear Coulamb

Initial Contact Paramters

Coulamb Friction Mocels

Modal Force bd |:| Enahle Intial Contact
Default Inttial Temperature =

[Slip Threshold]: oo : : Cefault Load Temperature = |

Bilinear Made|
2 I Results Output Format ... J
Increment Contral

Penetration Check:

l Ok ] [ Defaufts ] [ Cancel

Friction Force Tolerance: 0.0s5 Cther Parameters
|:| Reduce Prirtout of Surface Definttion

Hest Generation Conversion Factor: 10

[ ok @[ pefauts | [ Cancel ] [ o @[ Defauts | [ GCancel
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Step 10. Set Up the Analysis (Cont.)

a. Click Results Output Format. ' Soluton Porarcters ' [natyes | Sotdion Tvee
b. Check OP2. i MSC Nastran
. Solution Type
c. Check Print.
d. Click OK. , Solution Type:
. : (CILINEAR STATIC
e. Click OK. - O MONLINESR STATIC
f.  Click OK. () NORMAL MODES
: ; ) BUCKLING
() COMPLEX EIGERY &LUE
e s ooy e T T B i (O FREGUENCY RESPONSE
B Results Output Format A - ) TRANSENT RESPONSE
5 () NOHLIMEAR TRAMSIENT
. @ [1xoe it @ []Punch e (3 IMPLICIT MONLINE AR
) DDA Solution
[ ] MASTER Onty MASTER/DBALL
[ Select ASET/OSET...
OUTPUTZ Requests: P3 Built In X
QOUTPUTZ Format: Solution Parameters...
. Hesuls Culpit Format.. (: a) Solution Sequence: 400
ok (d [ Defaults ] [ Cancel D
i ex (@) | oefaats | | cawa |

| oK @ [ cencel
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Step 10. Set Up the Analysis (Cont.)

Click Subcases. 'TF’ai-’i'i'é'i'-:‘t"'D";iﬁaiﬁiE Solution Parame... = T "X | Il poypmepssmpmosnye ' —
. . ) Action:
b. ClI |gk 0;\1 Tlfla rzj_Dynam iIC | Lineariy: acton:  [Greate 7] o
gr:lbecrasé/sal aple Time Integration Methack: S Sires % e
' | Detautt 1
= Trans_[ynamic i o
PU" down TranSIent Monlinear Geometric Effects: @ Sri |li=Ers
Dynamic for Ana/ySIS Monlinear Geometric Effects: e uchial
Type ’Large DisplacementLarge Strains v(@ o =
Click on Subcase Follower Loads: [Fallower Farces |
Pal"amete rs [Loads Fallowy Deformations A ] .SL_Jl_:!Case.Nam?
N | Tranz_Dynamic
e. Verlfy Large ..Available Load Cases lE I—
Displacement/Large - e
Strains IS SeleCted for [ Load Increment Params... ] e e
Nonllnear Geometrlc [ tteration Parameters... ]
Effects. [ Cortact Tahle... | GG
[ ActivelDeactive Elements... ] T O :LABEL
Subcase Options
i Sbcose Pomaes @ [ Translation Parameters... ]
[ Output Requests.. ] [ Solution Type... ]
[ Ok J l Defautts J [ cancel | [ RET—— ] L Direct Text Input... ]
[ Select Sup
L SUbCESES.. ka
[ Subcase Select ]
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Step 10. Set Up the Analysis (Cont.)

a. Click Load Increment
Parameters.

b. Verify that Increment Type is
set to Fixed.

Enter 2E-6 for Time Step Size.

Enter 8E-4 for Total Time.
e. Click OK.

M [oad Increment Parameters

Fized Increment Parameters

Increment Type:

Time Step Size:
[Tatal Time:]
Gamma [Meswmnark):

Beta (Mewwmark:

Time Integration Scheme:

[Single Step Houbalt X J

| 025

| ok (:) | Defauts

] [ Cancel

'TF’&ﬁ'fe'ht"B’fﬁa‘rﬁlé Solution Parame... = |

Time Integration Method:

Monlinear Geametric Effects:

Monlinear Gearnetric Effects:

[Large DisplacementLarge Strains = J

Follower Loads: [ Follower Forces

[Loads Fallasy Deformations = ]
[ Load Incremernt Patams... @
[ teration Parameters... ]
[ Corttact Table... |
[ |

Active/Deactive Elements...

[ Ok J [ Defaulis J i Cancel i
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Step 10. Set Up the Analysis (Cont.)

Click Iteration Parameters n Parameters | 'EI-'?

lteration Parameters

Pull down Pure Full Newton T _
el b Min # of terations per Increment: a

for Matrix Update Method.

Time Integration Method: Direct ™ Mz & of Rerstions per Increment; 25
Enter -1 for Number of
H i = -1
Iteratlons per Update Mumber of erations per Update Q))
Monlinear Geometric Effects: ]
. Mt Unidete Methodt @
Check Displacement Error. _ : bbbl
Monlinesr Geometric Effects: .
Automatic Switching
Check Vector Component lLarge DisplacemertiLarge Strains b I _
Diezired # of kerstions per Incr 10
Method. Follower Logds: [l Folloswer Forces < : )
. v | Dizplacement Error
C||Ck OK [Lnads Fallaw: Defarmations .4 I : -
. Displacement Tolerance: 0.0
Click OK.
|:| Load Error
[ Load Increment Params. . [ work Error
re :
I tteration Parameters. . d - -
( Cortact Table... |
L h Method
I ActiveDeactive Elements... l ElLerigt 7
Max & of Divergence Conditions: 3
M # of Correction Wectors: 25
M= # of Line Searches: 4
[ (o™ ( [ Defaults J =
Fraction of Effective Stress: 0.2
Iz # of Bisections: ':'
M Incremental Rotation: 200

Colf) Comnd] Lo

MSGC ASoftware



Step 10. Set Up the Analysis (Cont.)

a. Click OUtPUt Requests. SUE.t-:ASIE N"AME; Tr:.in.;_D)rnamic
b. Select Element Strains, Non- SRS

Linear Stress and Contact e R
Results under Select Result R Action
Type ggﬂi:i I:""*Utrﬁ;: Energies lﬁJ; Available Subcases =
Click OK. Elemeni Siains | freies
Click Apply. T ® - -
Contact Results [‘—']

e. Click Cancel.

OutputRequests
| DISPLACEMENT(SORT1,REAL )=All FEM | S e
STRESS(SORT1 REAL VONMISES, BILIN=All FEN; PARAM, N
SPCFORCES(SORTY REAL)=AI FEM
STRAIN(SORT1 REAL WVONMISES STRCUR, BILIN =4l FEM
| NLSTRESS(SORT j=All FEM Available Load Cazes 'E

'
| Default
= I | (2]

:‘TI‘"&HS_‘DYI‘ISI:I;HC

[ Deleie |

Analysis Type: [_Transient Dynamic A ]

Ormee
| This is a default subcase. AR OpEIDnS

Subcase Parameters. . i

v
SUBTITLE ] [ Output Requests... ( a ,

Trans_Dynamic

Direct Text Input... ]

[JLaBeL [

T A

) e m(q)

MSGC ASoftware




Step 10. Set Up the Analysis (Cont.)

Click Subcase Select. bl BEEl ==
R Load Steps For Solution Sequence: 400 DI:E
Select Trans_Dynamic — Action
. uURcaselsiep Lontiguration T

fsrorbn the Avallable [+ A cylinder :[:l'-.-'rnamin:: Ched.

upcases. Method:
Unselect Default by clicking
on it under Load Steps O (A
Selected L : Type: Structural

. :
Click OK. O select Al O Unzslect Al o dous H

C“Ck Apply. Load Steps Selected:

| Defautt

T:a:;_Dynamic @

Job Mame
cylinﬂ.er

Job Description (TITLE)

[ Select Steps for New Subcases |
o (d) sueme

LABEL

[ Translation Parameters... ]

[ Solution Type... ]

L Direct Text Input... |

[ Select Superelements. .. J

L Subcases... ]

L Subcase Select... @

o (e)
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Step 10. Set Up the Analysis (Cont.)

Modify the cylinder.bdf file.

a. Open the cylinder.bdf file in a text editor. It will be located in the same folder

you saved the Patran database file.
b. Locate the “BCPARA 0 NLGLUE 0 FTYPE 6” line.

c. Change the line to “BCPARA, 0, NLGLUE, 1, NBODIES, 3, FTYPE, 6”. Save
the file as cylinder.bdf. This will set the friction type to Bilinear Coulomb.

[l
@'\/ =[] + Computer » Local Disk (C) » Training + [ 43| Search Training o]
Organize *  Includeinlibrary = Sharewith v Bum  New folder =~ [ @
e Favories Name Date modified Type Size
B Deskiop ] cylinder model.ses 2/18/2014 210 P SES File 2
| Recent Places ] cylinder.dbjou 3/6/201411:00 AM 10U File 2
Downloads ] patran.ses02 141100 AM 02 File 23
rerlisciaseds 141100 AM  MSC.Patran.datab.. 3018
| Decuments . nurbtrans 3/6/2014 11:00 AM  Text Document 1
o) Music [ sgmps 3/6/201411:00 AM  Text Document 0
& Pictures
B videos
M Computer
€l Network
T n s
7 items

BEGIN BULK

$ Direct Text Input for Bulk Data

PARAM POST 1

PARAM PRTMAXIM YES

BCPARA 0 NLGLUE O FTYPE 6 t)

PARAM LGDISP 1

TSTEPNL 1 400 2.-6 PENT =1 uv
.01

A 4

BEGIN BULK

$ Direct Text Input for Bulk Data

PARAM POST 1

PARAM PRTMAXIM YES

BCPARA, 0,NLGLUE, 1, NBODIES, 3, FTYPE, 6

PARAM LGDISP 1

TSTEPNL 1 400 2.-6 PENT =1 uv
.01
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Step 10. Set Up the Analysis (Cont.)

Home Geometry Properties Loa
@]

[ EcT I 1) - > | >

Entire | Selected || Analysis Read | Subm

Madel | Group Deck

Analyze Create Existing Deck

ds/BCs Meshing Analysis

R P e
= il
|| B|[||[@]|®]|| *PB

Optimize | [Toptomize

|
it

Results Durability
o ; 7
T | Y% |
Output? | MASTER/ | Attach
DBALL | Output?

Aecess Results

e ———————————

Submit the modified job to MSC Nastran.

a. Click Submit in the Existing Deck

group.
b. Click Apply.

Job Description (TITLE}

SUBTITLE

LABEL

-Anarysis |
Object: Existing Deck ¥
Method: Full Run  *
Code: MSC.Nastran
Type: Structural
Available Jobs &
'cylinﬁer
Job Name
: cylinder

L Edit Input File

= (b

|||
IEY

ions

MSGC



Step 11. Access the Nonlinear Results

Home Geometry Properties Loads/BCs Meshing Analysis Results Durability

W T B O | | 2
[ A . ] (E] || () (e b 2 o

Analysis |

H o dlll Action: __Acces.sResultS =
L

Entire | Selected || Analysis Fead | submit | ﬂ-“l_:b” | ﬂ-”@l ¥DE | Output? | MASTERS t6/M419 | d3
Model | Group Deck — DBALL Metnod:
Analyze Create Existing Deck Crptimize | |Toptomize Access Results
Code: MSC.Nastran
Read (AttaCh) reSU|tS Type: Structural
a. Click on Attach Output2 in the
Access Results group. Avaiable Jobs =
cylinder |
b. Click on Select Results File. |
c. Select cylinder.op2. i
d. Click OK. .
e. Click Apply. e &= |
4 Job Description (TITLE)
S g
Look i_n:! | Training LI Lo £F Edv !
L_| cylinder.op2 @ SUBTITLE

[ Select Resuls File... @

I Translation Parameters... ]

LAy
File name: I*_ng ;! oK f d) 6
Files of type: |Fi|es *op2) -] Cancel l
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Step 12. View Results

¢ File Group Viewport Viewing Display Preferences Tools Help Utilities
Home Geometry Properties Loads/ECs Meshing Analysis Results
i o 2 . r 0
. - e 7 - =1
e | &% B )« 4 | B B2
Fringe/Deformation || Deformation | Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive
Quick Plot Result Plots | Resuts

Create a logarithmic strains fringe plot and a
displacements, translational deformation plot for the
final result case:

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

b. Under Select Result Cases, select the last result
case, Trans_Dynamic, A1:Time = 0.0008.

c. Select Logarithmic Strains, as the Fringe
Result.

Select Displacements, Translational.

Click the Deform Attributes icon.

Change the Scale Interpretation to True Scale.
Uncheck Show Undeformed

Click Apply.

Ta oo

Ohject: _uick Plat =

Shaw iewpart Legend

Deformed: !J

Scale Interpretation

O Model Scale @ True Scale @

Seale Factor 10

®

[ Title: Ecitor ..
Shaw Title

[ Lock Title

Showy Maximum Label

[ Label Styls... |

[ apply (@[ Resst |

[ 7%
L)

(B |||

(s |
Resutts |
In h

Result Actions|| Inj

Object: __Quick Plot ™

Select Result Cases

LANS_DYNAMIC, A1Time = 0.00072 |4
LANS_DYNAMIC, A1:Time = 0.000732
LANS_DYNAMIC, A1:Time = 0.000742
RANS_DYNAMIC, A1:Time = 0000754
LANS_DYNAMIC, A1:Time = 0.000764
LANS_DYNAMIC, A1:Time = 0.000776
[ZANS_DYNAMIC, A1:Time = 0.000785

LANS_DYNAMIC, A1:Time = 0.000795 |
ANS_DYNAMIC, A1Time = 0.0008 |

3] | 1l [> I‘

Select Fringe Result

Friction cﬁntad force, Magnitude

Normal contact force, Magnitude
Pressure,

Touched Body, First )
Cuantity: __\mn Mises. ¥

Select Deformation Result

Dizplacements, Rotational
Displacements, Translational @
contact force, Friction

contact force, Normal

|:| Animate

MSGC

Software



Step 12. View Results (Cont.)

Fringe: SC1:Step 1 TRANS_DVNAMIC, A1 Time = 0.0008, Logarithmic Strains, . . (NON-LAYERED)
Deforrn: SC1:Step T TRANS_DYNAMIC, A1 Time = 0.0008, Displacernents, Translational,

1.42+000
1.33+000
1.24+000
1.15+000
1.06+000—
9.68-001

8.77-001
7.86-001
6.95-001
5.04-001
5.13-001
4.23-001
3.32-001
2.41-001

1.50-001
5 853-002
default_Fringe
Max 1.42+000 @Nd 124
Min 5.83-002 @Nd 13
default_Ceformation :
e 4.02-002 @Nd 401
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Step 12. View Results (Cont.)

Click the Select Results icon.

Select Cauchy Stresses, NonLinear Output

as the Fringe Result.
Click Apply.

‘Results |

Object: Quick Plot ™

Select Result Cases

[LANS_DYMNAMIC, A1:Time = 0.00072
[TANS_DYNAMIC, A1-Time = 0.000732
[BANS_DYNAMIC, A1:Time = 0.000742
RANS_DYNAMIC, A1:Time = 0.000754
RANS_DYNAMIC, A1:Time = 0.000764
[TANS_DYNAMIC, A1:Time = 0.000776
RANS_DYNAMIC, A1:Time = 0.000736 |
[LANS_DYNAMIC, A1:Time = 0.000796 | =
RANS_DYNAMIC, A1:Time = 0.0003 lv}

(E3 I T 2]

Select Fringe Result

Cauchy Strezses, NonLinear Dutput
Contact Status,

Displacements, Rotational
Displacements, Translational '
Friction contact force, Maanitude i:l

Select Deformation Result
| Displacements, Rotatienal

| Dizplacements, Translational
contact force, Friction
contact force, Mormal

|:| Animate

——0

|RBSUﬂS |Spedrum3 Color Palette | Shading

Ohject: __Quick Flot ™

=@
Showy Viewport Legend

Deformed: J
Render Style:
Line Style: E
Line Wicth: —— =]

Scale Interpretation
) Model Scals (%) True Scale

Scale Factor 1.0

[ Shavw Undetarmed

[ Tile Editor...
Showy Title [JLock Title

Shaowy Maximum Label

[ Label Style... |

[ Apapaly ] [ Resct ]
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Step 12. View Results (Cont.)

Deform: SC1:Step 1. TRANS_DYNAMIC, A1 Time = 0.0008. Displacements. Translational,

98+007

07+008
+

Fringe: SC1:Step 1 TRANS_DYNAMIC, A1 Time = 0.0008. Cauchy Stresses. NonLinear Output. von Mises, (NON-LAYERSHTV0S

B 72+008
B 37+008
b.0Z+008
4 B7+008
4 31+008
3.96+003
361+008
3 26+008
291+008
2 bE+008
2.20+003
1.85+003
1.50+003

1.15+008
7.98+007
default_Fringe :

Max B 07+008 @Nd 57
Min 7 95+007 @Nd 260
default_Deformation
Max 4 .02-002 @Nd 401
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Step 13. Quit Patran

i| File Group Viewport Viewing Display Preferences Tools Help Utilities

Open Recent...
Close

Save

Save a Copy...
Utilities k
Import...

Export...
SimXpert...
SimManager k
Session 4
Print...

Images...

Report...
Quit

MSGC
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