NONLINEAR MECHANICS OF STRUCTURES
EXERCISE 2




PROBLEM DESCRIPTION

610mm

- _— directlon of
Rﬂ\lﬁw movement symmetry plane
rigld body

aluminum element '
thlckness 5mm

N

N

GQDUmm

1220mm

A thin-walled element (a pipe) is crushed by two cylindrical rigid bodies. Due
to the symmetry of the task only half of the pipe (with appropriate boundary
conditions) is modeled. The goal of this exercise is to perform a nonlinear
analysis, which includes high plasticity of the used material, and assess the

obtained results.
Units: mm, N, MPa
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Home & i@] Options ~
DEaee @ BEEe @neER BEphEE a2 | =
Ba e || M | of F| | 2RS4 | E|HE R & B e @ o [ e [ (e | |

Defaults Transforms Viewport Display Orientation Misc. Web | Model Tree

: Filer Group~ Viewport~ Viewing~ Display~ Preferences- Tools~ Insight Control- Help~ Utiities

—
= RHS Window
File b New. .. a | culan
3 Open... orno [ Mew Model Preference ]
b Template Database Mame Mode! Preference for:
b OpenRecent...  CHl4R D:YM5C. Software\Patran/template. db Ex_1.db
k l Change Template ... —Tolerance
3 (71 Based on Model
b | Modify Preferences... (%) Default d
3 Utilities " | Set Working Directory to Database Location
Help 3 ~ — Global Model Tolerance:
5 Look in: . D:VEMMIK_|ab\Ex_2 M G (=] 0 ﬁ E] [%] 0.005
"& My Computer Mame Size Type
Session 3 Analysis Code:
B‘ ansys
) MSC.Nastran =
- Desktop
e Analysis Type:
'+ Documents
K Structural =
Quit Cirl+0Q

Create a new database:

a. File /New...
b. Enter Ex_2.db as the
File name
Click OK 4]
. Select Default
e. Click OK

o

[oN

File name: Ex_2.db b

Files of type: | Database Files (*.db)
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Home Geometry Properties Loads/BCs Meshing Analysis/lesults ] ':@:' Options ~
DeeNe §y ez aleEn s »asa @ E
m oM R B B HEAR BEEe 2 B R | ||| |

Defaults Transforms Viewport Display Orientation Misc. Web | Model Tree

Home Geometry Properties Loads/BCs Meshing Analysis Results

g~ oy L h O~ wE & DR o= |

Select| | Select | Select | Select Select Select | Select Select Llleh 1 Show  Edit Verify Renumber Delete Assodate Disassodate i
oot | st skt | st | st | S hcton:
Solids | Coordinates | Planes | Vectors | P-Shapes Transform Geometry Actions
1§ .| ArcCenter Ex_2.db - default_viewport - default_group -Entity 22
(") Extract Method:
[ Interpolate . .
- F Point ID List
| Intersect 1
2| Offset
M| Pierce Refer. Coordinate Frame
~ N
|l Project Coord 0

n Auto Execute

Point Coordinates List

Point2 Point1 [305 100 0]
+
¥ a. Change Background Color to Black (click on the Cycle
Background icon)
b. Clickon the Pointsize icon atran®

Hant Fdltan
Create geometry points:

Click on the Geometryicon (Points tab): Select/XYZ
Uncheck Auto Execute

Enter [305 100 0] as the Point Coordinates List

Click Apply

Create one more point using coordinates: [-305 100 0]

mho oo
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Home Geometry Properties Loads/BCs Meshing Analysis Results & ':@3' Options =

S~y S hl Qe ~FTa P wF F
Select | |Select| Select | Select Select Select | Select Select Ll 1 Show  Edit Verify Renumber Delete Assocate Disassodate
Points '}; Point bordinates | Planes | Vectors | P-Shapes Transform Geometry Actions
: Filer G (‘ Arc3Point a ay~ Preferences~ Tools* Insight Control- Help Utilities=
[P _ i X
otec
Method:
Curve ID List
1
Point2 Auto Execute b
G Starting Point List
Point 1
Ending Point List
Point 2
+
v Create a curve:
. a. Clickon the Geometryicon (Curvestab): ®
Select/Point Patral'l
b. Option:2Point Studant Edition

Uncheck Auto Execute

d. Select Point 1 as the starting point and
Point 2 as the ending point

e. Click Apply

o
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Home

File

Group
Viewport
Viewing
Display
Preferences

Tools

Help
Utilities

Geometry Properties Loads/BCs
&8 | E | B

Create...

Post...
Modify...
Move/Copy...

Set Current...
Transform 3
Delete...
Attributes. ..

* v v w v v w v |w|w

Expand...

SuperGroups. ..

Hierarchy...
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Meshing Analysis Results

2| o R e

Display Orientation

W B e (5
] |Ee.2 L

s @

1M
o o

Misc.,

Web

=

Model Tree

Create a group:

Group / Create...

Click Apply
Click Cancel

@000 T W

Group: Create/Select Entity

Enter pipe as the New Group Name
Check Make Current
Uncheck Unpost All Other Groups

Remark: Mesh of the cylindrical element
will be assigned to this group.

& 9 Options -

" RHS Window

odel Preference Geometry  Group E]

Method: |Select Entity =

b

Existing Group Mames

default_group

| Filter ON/OFF
=

Mew Group Mame
pipe

| Make Current
Unpost All Other Groups

Group Contents:
Add Entity Selection ~

Entity Selection
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Home Geometry Propertjfs Loads/BCs Meshing Analysis Results & ':éz' Opfions =
A7 B e e | s Al e | RN SR
» % f;i Surface Auto Hard @. & = = E [t | [ 10| 36 3 || "wa || I |¢( Edit SuperElement \ AllA q{? | P BB DOF Spot  Fastener
Paints : - 8 List weld
Mesh Seeds Mesh Control Meshers FEM Actions MNode Element MPC DOF List Connector
[PPSR ——
Action: El
obect
=
Output ID List
Mode 1
Element 1
Curvel d Topology b
Mode Coordinate Frames. ..
Curve List
Curve 1 c
—Global Edge Lenagth
Automatic Calculation
+ Value 20
A
Mesh the curve: Prop. Name: - None -
' Prop. Type: - MN/A -
. . Patran® —
a. Clickon the Meshingicon/Curve [ Select Existing Prop...
icon (Meshe rs tab) Student Edltion [ Create Mew Property...
b. Topology:Bar2
c. Clickonthe Cu.rve List panel g m—
d. Select the horizontal curve
e. Uncheck Automatic Calculation
f. Enter 20 as the Value of the Global
Edge Length
g. Click Apply
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Home

File
Group
Viewport
Viewing
Display
Preferences

Tools

Help
Utilities

Geometry Properties Loads/BCs Meshing Analysis

== .i.‘*—lp"&@‘"‘

= | B e - %

Modify...

FEM Actions

Move/Copy...
Set Current...
Transform

» Delete. ..

» Attributes...
Expand...

SuperGroups...

Hierarchy...
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Results

)

e

& @ Options -

N | &[] e[| (S ][N~ ] | 1,29 E q

3 || "sa || Jo Mf Edit  SuperElement

u

Node Element

N Alla

Post only the pipe group:

a. Group / Post...
b. Select pipe
c. Click Apply
d. Click Cancel

Fastener

Action:

Current Viewpaort

default_viewport

Select Groups to Post

default_group | b |

| Filter ON/OFF
Filter

Select None

Select All

Select Current
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Home  Geometry  Properties  Loads/BCs  Meshin Analysis  Results ] '3@3' Options ~
e e -~ - - “Fr £ '
A7 s | s | ] | 0/l m | N NI 128 TF dg
1
Ly % f;i Surface  Auto Hard @. @ o | FE ﬁ Ea - ;':-:_; ) S || sz || [ |,_’ Edit SuperElement | |*w || 4 | A éf} Bl B DOF Spot  Fastener
Points List Weld
Mesh Seeds Mesh Control Meshers FEM Actions Mode Element MPC DOF List Connector

B o [<])] —

Action:

Method: .
CObject:  |Element =
Sweepthe elements: Element ~|

Method: |Arc ™

F

a. Meshing:Sweepicon (FEM Actions tab)
b. Click Mesh Control... ~Mesh Control Data OutoutDDs
c. SelectElementLength (L) =
d. Enter 20 as the Length _

X Mode ID List
e. ClickOK —=

{1 Mumber of Elements
e

(#! Element Length (L) [ FE Parameters ...

20 [ Mesh Control ...

Length =

Refer. Coordinate Frame
Coord 0

Axis
Coord 0.3

Ok

Sweep Angle
360

Offset
0.0

Delete Original Elements

Base Entity List
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Home  Geomeiry  Properties  Loads/BCs ~ Meshing = Analysis  Results & '3@3' Options ~

=t o a - E - ...- 1 2, '
A B el s sl el pd % (O] mm N[N 129 TF Ag
&
ME A | surface Au;::irl;::rd E| % o =g | [E & - K K || s || = | [ Edit Superflement || || 4| 4 |&F % @&/ = [Ij-gi ipe(?é Fastener
Mesh Seeds Mesh Control Meshers FEM Actions Mode Element MPC DOF List Connector

ezt 55\

Action:
Object:
Method:

Output IDs
E Element ID List
I 32

MNode ID List
33

+ [ &

[ FE Parameters ...

[ Mesh Control ...

Refer. Coordinate Frame

i Coord 0
L. |
f. Enter Coord 0.1 as the Axis (of revolution) ran® ?::rd o5
g. Enter 360 as the Sweep Angle it Edition j
h. Check Delete Original Elements a o ||l Sesp Angle
i. Clickon the Base Entity List panel — 0
j. Selectthe Elementicon k |- o || Offset
k. Selectthe Beam elementicon A 0.0
I. Select all visible elements by clicking and dragging the Z /| Delete Original Elements
mouse )
H i Base Entity List
m. Click Apply a f a1
Remark: Coord 0.1 means the X-axis of the global coordinate
system.
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Home Geometry Properties Loads/BCs Meshing Analysis Results ] 9 Options ~
DeeEe Fy Rese @ @sn LepnE sasa @ =
mofhygf ¢ BEHARKA 5K -2 IR T e

Defaults Transforms Viewport Display Orier Misc. Web | Model Tree

b

Home Geometry Properties Loads/BCs Meshing Analysiz Results BHE Window
m— ey } - . * 1 . .
| P | g Oy ||| @ ||| ] P[P |RR) | TN )] :'.5*: G | & mn | me e NN S (1,2.3) r_|§ Finite Elements
- * - F 1
Surface  Auto Hard 3 | | e || 2 *wa || 4 [ Edit SuperElement ! B DB || s DOF Spot F . _
Y:={F 8 pore &« B || R X ||z |2 | NI NIE IR S . | o Action:  |Equivalence ~
Mesh Seeds Mesh Control Meshers FEM Actions Node Element MPC DOF List Conne

Obiject:
[Pe] Ex_2.db - default_viewport - pipe -Entity 52 \
Method: |Tolerance Cube ~

Mode Id Options:

[F‘.emin lower node id "]

Collapsed Mode Options:

[Allow Tolerance Reduction ']

Modes to be excduded

Equivalencing Tolerance
0.005

Element Boundary Verify

Display Type
*! Free Edges Free Faces

Verify ] [ Reset

Preview MNodes

[ Preview

A a. Clickon the Smooth shadedicon

from Home icon
Delete duplicate nodes: Patran®

Studant Fdltlon

b. Meshing: Equivalenceicon (FEM
Actions tab)
c. Click Apply
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Home Geometry Properties Loads/BCs Meshing Analysis Results [~] @ Options ~
-
-

I EZ;' m | (@] | 0] ][ x| [22] (][] |[EMC =] :':-*E Ei || @ |[mons || anea | mses [~ | [~ [ | | (1,230 E “

A B | | suface AutoHard | B 42| o FE| B & |G K S || " | = ||or” Edit SuperBlement | |*w || A A | F % T 2| DOF Spot  Fastener
Points = - = - List weld

Mesh Seeds Mesh Control Meshers FEM Actions Node Element MPC DOF List Connector

[Pe] Ex_2.db - defauit_viewpert - pipe ~Entity  £3 \

Finite Elements |

Object:  |Element ~

—Display Control
Color Code Elements

*) Draw Mormal Vectors

—Test Control

E]:ﬂ Display Only

Fringe Attributes...

Reset Graphics

Verify element normals: Patran®

Meshing: Verifyicon Qt1idant Erltlan
. Test:Normals

Select Draw Normal Vectors

. Click Apply

o 0 T oo

Remark: To reverse element normals use
Elements: Modify/Element/Reverse
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| Constraint

Home Geometry Properties oads/BCs Meshing Analysis Results

- 7Y E &2 & 41 K

Displacement | Force Tempera Welocity Acceleration Crack(VCCT) | Displacement Pressure Temperature Inertial Distributed

Modal

Applythe boundary conditions:

Loads/BCs: Displacement Constraint
Enter fixas the New Set Name

Click Input Data...

Enter <0,0,0> for the Translations and
for the Rotations

e. Click OK

o o0 oo

i HUMAN CAPITAL
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CID Distributed ~ Total H_'

Load Load

Load/BC Set Scale Factor
1.

S [ Load /Boundary Conditions ]

Element Variable | Contact Bodies | Initial §

Action: Create ™

Object:  |Displacement ~

Type: Modal =

Translations <T1T2T3>

<000 >
Rotations <R1R2R3= | o

Option:  |Standard =

—Current Load Case:

Default...

Type: Static

<000 =
Trans Phase <TplTp2 Tp3=
< =

< F

Rotation Phase <Rpl Rp2 Rp3=

1|

Spatial Fields

Existing Sets

Mew Set Mame
fix

FEM Dependent Data. ..

Analysis Coordinate Frame
Coord 0

Input Data...

Select Application Region. ..

0K

-Apply-
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Home Geometry Properties Loads/BCs Meshing Analysis Results

‘i —e -’i e 1& ) !i @} -’1 rﬁ L& > 4 Ej &8 : . = Load,Boundary Conditions

Displacement | Force Temperature Velocity Acceleration Crack(WCCT) | Displacement Pressure Temperature Inertial Distributed CID Distributed Total u_ "‘ Acti
an. rea

Constraint Load Load Load Load B
Modal Element Uniform Element Variable | Contact Bodies | Initial §
~

f. Click Select Application Region... — : dal ~
g. SelectFEM {Conditions | Select Application Region E]D‘ TP
h. Clickon the Select Nodes panel Select: W g Option:
i. Select the nodes (belonging to the left free —Current Load Case:

i icki i Default...
edge of the pipe) by clickingand dragging the Auto Select... :
mouse - Type: Static

j Click Add —Application Region
k. Click OK Select Nodes h
I. Click Apply Existing Sets

[Pe]Ex_2.db - default_viewport - pipe ~Entity 53 \ add ] [ Remove

cation Region

New Set Mame
fixe

Input Data...

Select Application Region. .

-Apply-

Patran®

Shidant FrAlklan
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Home Geometry Properties
X o

Loads/BCs Meshing Analysis Results

& kL & 47 K

z::| k@ :

Displacement | Force Temperature Velocity Acceleration Crack(WCCT) | Displacement Pressure Temperature Inertial Distributed CID Distributed Total l_{_

| Constraint |
Modal

n. Enter symmetryas the New SetName

0. Click Input Data...

p. Enter<0,, > for the Translations and
<,0,0> for the Rotations

g. ClickOK

HUMAN CAPITAL
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Load Load
Element Uniform

15

Load Load B

Element Variable | Contact Bodies | Initial g

Load/BC Set Scale Factor
1

w5

Translations <T1T2T3=
=0,, =
Rotations <R1R2R3 p
2,00 =
Trans Phase <TplTp2 Tp3»

“ =

Rotation Phase <RplRp2Rp3=
= =

1|

Spatial Fields

FEM Dependent Data. ..

Analysis Coordinate Frame
Coord 0

q oK

& @ oOptions -

[ LoadBoundary Conditions ]

e

Option:  |Standard ~

—Current Load Case:

Default...

Type: Static

Existing Sets

fix

MNew Set Name
symmetry

Input Data...

Select Application Region...

-Apply-
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Home Geometry Properties Loads/BCs Meshing Analysis

Results

k- o e 4l E

Displacement | Force Temperature Velocity Acceleration Crack(WCCT) | Displacement Pressure Temperature Inertial Distributed CID Distributed Total u_

Constraint
Modal

Load
Element Uniform

Click Select Application Region...
Select FEM
Clickon the Select Nodes panel

c &+ v =

v. Click Add
w. Click OK
x. Click Apply

Select the nodes (belonging to the right free edge of
the pipe) by clicking and dragging the mouse

Load
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NATIONAL COHESION STRATECY

Patran®

Shidant Fdltlan
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W ) el :@. -

Element Variable | Contact Bodies | Initial §

Load Load

I'RHS Window

{Condiions | Select Application Region E]P

Select: [FEM - S

Auto Select...

—Application Region

Select Modes E

Add ] l Remove

Application Region

Load/Boundary Conditions

Action: Create ™

Object:  |Displacement ~

Type: Modal =

Option: |Standard ~

—Current Load Case:
Default...

Type: Static

Existing Sets
fix

MNew Set Mame
symmetry

Input Data...

Select Application Region. ..
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Home Geometry Properties Loads/BCs Meshing Analysis

I i Y e -

Isotropi

Isotropic

Fluid Cohesive : &‘ ol £

hotropic_/Anisotropic | Fluid Cohesive Composite

a

Define amaterial:

a.

. Enter 70000 as the Elastic Modulus

. Click OK

Click on the Propertiesicon:
Isotropicicon

Enter aluminum as the Material
Name

Click Input Properties...

and 0.33 as the Poisson Ratio

Click Apply
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Results
oo EoleeN el Q@ ([ #lais
T (0w~ Solid &IE (R =

0D Properties 1D Properties 20 Properties | 3D Properties | Property Actions Fields

Constitutive Model:

Property Mame Value

Elastic Modulus =

Poisson Ratio =

Shear Modulus =

Density =

Thermal Expan. Coeff =
Structural Damping Coeff =

Reference Temperature =

Temperature Dep/Maodel Variable Figlds:

Current Constitutive Models:

Materials

Action:

Existing Materials

| Filter OM/OFF

*

Material Mame
aluminum

Description

Input Properties ...

17

Change Material Status ...
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Home Geometry Properties Loads/BCs Meshing Analysis Results

B Wity mm 5 p =TT | we EelEeN | =rE Q |l (&= Materials |

Isatropic Fuid | Cohesive | ==/ /.|| v & (Tl ~» Solid =E R | 2= .
— C L oAl Action:  |Modify ~
Isotropic | Orthotropic | Anisotropic Fluid Cohesive Compaosite 0B Properties 10 Properties 20 Properties | 3D Properties | Property Actions Fields . -
g. Change Action to Modify Constitutive Model: Elastoplastic ~
h. Select aluminum Nonlinear Data Input: [Perfectly Plstic -] Existing Materials
i. Change Constitutive Model to
. Yield Function: Von Mises ~
Elastoplastic
j. Nonlinear Data Input: Perfectly Hardening Rule:
Plastic Strain Rate Method: Piecewise Linear ~
k. Enter 350 as the Yield Point
. Click OK Property Name Value
m. Click Apply Yield Point =
+ | Filter OM/OFF
Temperature/Strain Rate Dependent Fields: e

Mew Material Mame

aluminum

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

.

Input Properties ...

Change Material Status ...

m
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Home Geometry Properties Loads/BCs Meshing Analysis Results
L by mim o P SDEE| #e mlEeN e @ | (e [
Isatropic Fluid | Cohesive | [==|Ida |, & [Tyl ~w Solid A= E T
Isofropic | Orthetropic | Amisotropic | Fluid Cohesive Composite 0D Properties 1D Properties 2D Properties | 30 Properties | Property. Actions Fields

Select Existing Material

Stan. Homogeneous Plate(CQUAD4E)

Property Mame

Value

aluminum

Assignthe properties:

a. Propertiesicon:Shellicon (2D
Propertiestab)

b. Enter shell as the New Set
Name

c. Click Input Properties...

d. Click on the Mat Prop Name
icon

e. Selectaluminum

Enter 5 as the Thickness

g. Click OK

bl

Material Name

o,
N
e

m:aluminum Mat Prop Name

[Material Crientation] | cID ~
Thickness 5 f Real Scalar ~

ni

14

[Nonstructural Mass]
[Plate Offset]
[Fiber Dist. 1]

[Fiber Dist. 2]

Real Scalar

Real Scalar

Real Scalar

Real Scalar

| |
i | [ 2

memliom = Cmermms dm im0 ANAY

ter the Thickness or select a field with the icon. Specfy Element Modal by selecting it from the
bpdown.
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o @ Options =

l Element Properties ]

Action:
Object:

Type:

Sets By: |[Mame ~

| Filter ON/OFF

E—

Property Set Mame
shell

Options:

’S'ﬁndard Formulation ']

Input Properties ...

Select Application Region ...
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Home Geometry Properties Loads/BCs Meshing Analysis Results
90 My mim 5 ) SDZE | #e e\ mrE @ | (&
Isatropic Fluid | Cohesive | [==|Ida |, & [Tyl ~w Solid AEIEARE™F
Isofropic | Orthetropic | Amisotropic | Fluid Cohesive Composite 0D Properties 1D Properties 2D Properties | 30 Properties | Property. Actions Fields

izt e sty 55 e

2] "@' Options =

k - Select Application Region EIP]

[ Element Properties ]

—Application Region
- Select Members

m

Remaove

w |1 [ e |

Application Region

Action:
Object:

Type:

Sets By: |[Mame ™

o_ﬁo
i €
B«
Patran® g /| Filter ONJOFF
Student Edition
= [ me -
Property Set Mame
i shell
h. Click Select Application Region... O
i. Click on the Select Members panel A (e OK Options:
.CcoteSeectc_abespae i |o m .
j. SelectShellelementicon |
k. Select all shell elements by clicking and
dr,aggmg the mouse ’S'ﬁndard Formulation ']
[. Click Add
m. Click OK
n. Click Apply Input Properties ...
Select Application Region ...
| n [ ey |
20
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Home Geometry Properties Loads/BCs Meshing Analysis Results

= B s B#d & i@ B8 N R R @ E Select Application Region  Group E]
GIWUF' ’ Create... @)\ Sl @’ | M | | HE Action:
Viewport ' Post... d Display Orientation Misc. Web | Model Tree
Display 4
Preferences P I:o:szopyt...
1 urrent...
Tock r Transform » Existing Group Mames
Help » Delete. .. default_aroup
Utilities » Attributes. .. pipe
Expand...
Create one more group:
SuperGroups. ..
Hierarchy... a. Menu/Group/ Create...
Enter rbody as the New Group Name
Check Make Current and check Unpost All
Other Groups
d. Click Apply
e. Click Cancel e

=

Remark: A movingrigid body (half of a cylinder) will

New Group N
be assigned to this group. = SO

rbody b

| Make Current
+ | Unpost All Other Groups

Group Contents:
Add Entity Selection *

Entity Selection

21
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Home Geometry Properties Loads/BCs Meshing Analysis Results [ '-'9-' Options =

DEeEe ¢ aese a wEe LYy ren sasa @ =
el R &8 @EQA fEEe 2 |2 1 e e | || P B
Defaults Transforms Viewport Display Qrientation Misc. Web | Model Tree

Home Geometry Properties Loads/BCs Meshing Analysiz Results

%F’Eﬁlﬂ}xﬁi D e-ee ~ e P ®F &

& (@ options -

Select | Select Select Select | Select Select Lol 1 Show  Edit

- - - -

Verify Renumber Delete Associate Disassocate

Solids | Coordinates | Planes | Vectors | P-Shapes Transform

o

ect
=2 Geometry Actions
5

- C
| select precenter b Ex_2.db - default_viewport - rhody - Entity  £%
g Extract

Interpolate | Geometry I

Intersect

J4 | Pierce

a Project
JL Method:

Point ID List
3

TR N

w

. Refer. Coordinate Frame
Point3
Coord 0

Auto Execute
Point Coordinates List
[100 202.5 250]

-Apply-

a. Clickonthelso 1Viewicon
b. Click on the Wireframeicon

ZJ\X Create one additional geometry point: _Patr_aniE

c. Clickon the Geometryicon (Pointstab)/Select/XYZ Shirdant Editian

d. Uncheck Auto Execute

e. Enter[100 202.5 250] as the Point Coordinates List
f. Click Apply

22
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Home  Geometry = Properties  Loads/BCs  Meshing  Analysis  Results @ ':@:' Options =

H~ D | hl D T RE B

Select | Select Select | Select Select Select | Select Select L .-L 1 Show Edit  Verify Renumber Delete Assodate Disassodate
Poi;ts Cur:'es Surf;ces SD;EIS @Tﬁ' p-Shapes Transform Geometry Actions
@xis a c . ]
T Eu reate alocal coordinate system:
]% ’::fm:o' a. Geometryicon (Coordinatestab): Select/3Point @
;!‘. w;:v;cmr b. Type:Rectangular Action:  |Create ~
- E—‘w—_ ¢. Uncheck Auto Execute N Object: |Coord ~
d. Enter[0202.5 250] as the Origin (of the system) vethod: (ot ~
e. Enter[0202.5 300] as the Pointon Axis 3
f. Enter[10202.5 10] as the Pointon Plane 1-3 Coord ID List
¥ g. Click Apply !
h. Click on the Fit viewicon fromthe Home panel Type:

Refer. Coordinate Frame
Coord 0

Auto Execute

Origin
[0 202.5 250]

Paoint on Axis 3

Point3 [0 202.5 3001

Point on Plane 1-3
[10 202.5 10]

J\x Patran® LB

Sturdant Frlitinn
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Home Geometry Properties Loads/BCs Meshing Analysis Results

o~ o SO EEE = R

Select | |Select| | Select | Select Select Select | Select Select Lk 1 Show  Edit

Foints 2| Pont Coordinates | Planes | Vectors | P-Shapes Transform

Select |-\rc3Point [P2] Ex_2.0b - default_viewport - rbody - Entity 52

Chain Coord 1

Conic

Extract ¥

Fillet
Fit C, f

Intersect

Manifold

Mormal

Offset

Project

PWL

Spline

TanCurve

TanPaint

LineByXYZ ZJM
Invaolute

Revolve a

TARNRNLEZACENLED N

&6

Create an arc:

Geometryicon (Curvestab): Select/Revolve
Click on the Refer. Coordinate Frame panel
SelectCoord 1 (orjust enterthe Coord 1)
Click on the Axis panel

Select Axis3icon

SelectCoord 1

Enter -180 as the Total Angle

Uncheck Auto Execute

Click on the PointList panel

j. SelectPoint3

k. Click Apply

i HUMAN CAPITAL
NATIONAL COHESION STRATECY

S h0 Q0 T W

Geometry Actions

24

v & ® g @

Verify Renumber Delete Assocate Disassodate

o

Point 3
(]

Patran®

Studant Edition

Action:
Object:
Method:

& 'igi' Options =

Curve ID List
2

Refer, Coordinate Frame
Coord 1

Axis
Coord 1.3

Revolve Para
Total Angle

-180
Offset Angle
0.0

Auto Execute

Paoint List
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Home @ Geometry = Properties  Loads/BCs  Meshing  Analysis  Results & I@] Options ~

F~ Oy S hl DeEe-Ee ~TaF ®F &
Select | Select Select Select Select | Select Select Lok 1 Show  Edit  Werify Renumber Delete Assodate Disassodate
Points | Curves | 9 3| curve ates | Planes | Vectors | P-Shapes Transform Geometry Actions
Select FU"“DUS”E [Pe] Ex_2.db - defauit_viewport - rbody - Entity 52
r Decompose
by Edoe | Geometry l
B Extract ¥ _ A
Action: |Create ~ i
8| o
B Match Object:
M| Offset
B Trimmed Surface ID List
I:I Vertex i
A= | xvz
’% = a Refer. Coordinate Frame
‘_Q:_ Glide Coord 0
W | Hormal e Origin of Scale and Rotate =
ﬁ Revalve [oada
B | Mesh
8 Midsurface Translation Vector
ZJY\X <0 0 -500 b
_P_atr_a_n@ —Sweep Parameters —————————————
Studant Editinn Scale Factor
1.0
Angle
0.0 L4
Create a surface (half of a cylinder):
. C Auto Execute
a. Geometryicon (Surfacestab): Sfelect/Extrude E——
b. Enter <0 0-500> as the Translation Vector d
¢. Uncheck Auto Execute
d. Clickon the Curve List panel £ | Aooly-
e. Selectthearc -
f. Click Apply 4 il | » |
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C

Geometry Properties Loads/BCs Meshing Analysis Results

WE o
i o 4 =

Displacement Force Temperature Velocity Acceleration Crack{VCCT)
Constraint

E #» k& 4 F K

Load

Modal Element Uniform

Ex_2.db - default_viewport - rbody - Entity £ \

N

Lo

a. Posttwo groups: rbody and pipe
b. Clickon the Smooth shadedicon

Define the contactbetween the rigid body and the cylindrical
element:

Click on the Loads/BCs icon

Loads/BCs: Contact Bodies tab/Deformable icon
Enter pipe as the New Set Name

Target Element Type: 2D

Click Select Application Region...

Select FEM

Clickon the Select 2D Elements panel

j. Select the elements by clicking and dragging the mouse
k. Click Add

[. Click OK

m. Click Apply

S@E tho Qo0

HUMAN CAPITAL

NATIONAL COHESION STRATECY

Pat
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-

Displacement Pressure Temperature Inertial Distributed CID Distributed Total e

ran®

& 9 Options =

3 el .~ |=|[O] (==& AT
J | € Nk | ||

Load -]
Element Variable | Contact Bodies | Initial Conditions | LBC Actions | Load Cases LEC Fields

+ Conditions Select Application Region E] |

Select: W h Action:

Object:  |Contact ~

Load Boundary Conditions |

Create ™

Auto Select... Type:

| Element Uniform ~
Application Region

Option:  |Deformable Body ~
Select 2D Element

| Current Load Caze:

Default...
Add Remove

ster Region

Type: Static

Existing Sets

MNew Set Name

pipe e

Target Element Type:

Input Data...

Select Application Region.. .|

-Apply- ]

m
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Home Geometry Properties Loads/BCs Meshing Analysis Results & @' Options ~
£ o 4 » B 2 K & 4 F K L x| ren W k-0 ana g4
Displacement Force Temperature Velocity Acceleration Crack(VCCT) | Displacement Pressure Temperature Inertial Distributed CID Distributed Total l}_ I L -"‘ 8 n| K = | g ﬁ
Constraint Load Load Load Load =]
Nodal Element Uniform Element Variable | Contact Bedies | Initial Conditions | LBC Actions | Load Cases LBC Fields
n. Loads/BCs: Contact Bodies tab/Rigid icon RHS Window =
0. Enter crbody as the New Set Name *Conditions | Select Application Region @ Sadjoundary Condiions | tnputData [4] || FEFSGBRY Loac/Boundary Conditons
p. Target ElementType:2D Geometry Filter Fiip Contact Side Action:  [Create ~ |
qg. Click Input Data... &) Geometry v Symmetry Plane Object: W
. . FEM
r. Motion Control: Velocity Null Tnitial Motion r Type:
. <0 - > i ) — -
s En'ter 0 -80 0> as the Velocity (vector) T -
t. Cl ICk OK - Current Load Case:
u. Click Select Application Region... Velocity (vector) [ Default...
v. Geometry Filter: Geometry sopication Rect <0., 40,0.,> S Type: Static
K ication Reaion Angular Velodity (rads/time)
w. Click on the Select Surfaces panel ERE—
i w
X. Sglectthe surface (half of the cylinder) e —— .
y. Click Add g
z. Click OK ] [ Remave Friction Coefficient (MU)
aa.Click Apply Master Region
Suthdivicinne im 11 Dircr o
4| i

MNew Set Name o)
Rotation Reference Point arbody

s of Rotation Target Element Type:

Input Data...

Select Application Region. ..

Preview Motion...

-Apply-
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a

Run a nonlinearanalysis:

a. Clickon the Analysisicon/

Analysis Deck

b. Click Solution Type...
Select IMPLICIT
NONLINEAR as the
Solution Type

d. ClickSolution
Parameters...

e. CheckSOL 400 Run

f. Click Results Output
Format...

g. Uncheck Print and check
XDB

h. Click OK

i. ClickOK

j. ClickOK

HUMAN CAPITAL

NATIONAL COHESION STRATECY

| Assumed Strain
Plane Stress

Creep

| SOL 400 Run

Constant Dilatation
Reduced Integration

Shell Shear Correction

Default Initial Temperature:

Default Load Temperature:

e

[ User Defined Services...

[ Results Qutput Format. ..

oK | | Defauts |

l

Cancel

28

=) FREQUENCY RESPOMNSE
| TRAMSIEMT RESPOMSE

=) NOMLIMEAR. TRANSIENT
! IMPLICIT NOMLIMEAR. C
) DDAM Solution

[ Select ASET/QSET...

[ Solution Parameters. .. d

Solution Sequence: 400

Cancel

s ]

Action:
Object:
Method:

MSC.Mastran

Home Geome Properties Loads/BCs mhnalysis Results
™ D D 7B B b i T 8 ~ | e | [T fe | T
‘hs xdb 2 f i, = L
a <] > | | [l 3| [kl jor2l A @ piot IS | E || -
Entre Selected || Analysis || Read Submit HDF5  XDB Read  Attach ti5/t19 d3plot s | ||| | JobjView
Model  Group(s) Dedk — @ — @ Cutput? Output? ﬁ L' E' Cutput =
Analyze Create Existing Deck Cptimize | Toptomize Access Results Delete Manitor Actions
—
Pa) Results O = P:| Solution Pa = RHS Window
ar2 | ¥DB Print Punch Solution Type
Solvers / Options...
| HDF5 Compressed Mo Rot. DOFs / MSC-.NEWE”
[ Contact Parameters. .. ] Solution Type Code:
XDEB Buffer Size: g |
[ Direct Text Input... ] Selution Type: Type: | Structural
(0} LINEAR STATIC
[ Restart Parameters... ] =
h OK ] [ Defaults ] [ Cancel J r i  NONLINEAR STATIC
Advanced Job Contral ... ! NORMAL MODES Available Jobs
: (2} BUCKLING
[ Domain Decomposition ... ] | COMPLEY EIGEMNVALLE

Job Mame
Ex_2
Job Description {TITLE)

Translation Parameters. ..

Solution Type...

Direct Text Input...

Select Superelements. ..

Subcases...

Subcase Select...

| ¥
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Home Geometry Froperties Loads/BCs Meshing Analysis Results
T | 7N b b b
E R R R RE g el g
Entre Selected | Analysis || Read Submit || [3| [H @ [#]| | HDFS DB  Read  Attach
Model Group(s) || Deck | Output? Output?
Analyze Create Existing Deck Optimize | Toptomize Access Results

Increment Type:

Default (Blank) ~

Analysis Pref. (CTRLDEF):

Y

t16/t19  d3plot

15|

. || el ||| | JobjView
ol B | orvew (s
Delete Manitor Actions

Linearity:

MNonLinear ™

—Adaptive Increment Parameters
[Trial Time Step Size:]

Time Step Scale Factor:
[Minimum Time Step:]
[Maximum Time Step:]
[Max = of Steps:]
[Total Time:]

[# of Steps of Output:]

Inertial Damping

Damping Ratio: 0.0002

( Criteria...

Solvers / Options...

Solution Sequence: 400

Available Subcazes

—MNonlinear Geometric Effects:

Monlinear Geometric Effects:

[Large Displacement/Large Strains ']

Follower Loads:
[Loads Follow Deformations ‘]

Subcase Name
Default

Available Load Cases

Use Contact Table

[ Load Increment Params. ..

[ Iteration Parameters...

] |

Defaults ]

k. Click Subcases...

I. SelectDefault

m. Click Subcase
Parameters...

n. Click Load Increment
Params...

0. Change Increment Type
to Adaptive

p. Click OK

a. Click OK

HUMAN CAPITAL

NATIONAL COHESION STRATECY

Contact Table...

Active/Deactive Elements. ..

Brake Squeal Parameters...

Default

Static ~

Subcase Parameters. ..

Analysis Type:

—Subcase Options

Output Requests...

’ Defaults ]

Direct Text Input...

Select Explict MPCs...

Action:
Ohject:
Method:

Code: | MSC.Nastran

Type: | Structural

Available Jobs

Job Mame
Ex_2
Job Description (TITLE)

Translation Parameters. ..

Solution Type...

Direct Text Input...

Select Superelements. ..

Subcases...

Subcase Select...

| ¥

29

EUROPEAN UNION
EUROPEAN
SOCIAL FUND




[ em|
‘m )
Home Geometry Froperties Loads/BCs Meshing Analysis Results !
r - -
b @ IE b b b b FA BD | j Action: =
“hs mdb 2 F ik i
el = - == == = s & % %'ﬂ:&%]& Gl _ - -
Entre Selected || Analysis|| Read submit [[3/[F| ||[3//[%| | HOFS DB Read Attach tis/tio diplot | (B[l Bl | lobMew |[g Object: | Entire Model
Model Group(s) || Deck | Output? Output? Output
Analyze Create Existing Deck Optimize | Toptomize Access Results Delete Manitor Actions Method: |Analysis Deck ~
P, Standard Resul FEC) | — J
r. Click Output SUBCASE NAME: Default Solution Sequence: 400 Code: | MSC.Nastran ‘
Requests'" SOLUTION SEQUENCE: 400 | ‘
. Action: -Create - Type: | Structural
s. SelectElementStrains Form Type: -
t. Click OK Available Subcases
u Click Appl ErtectResiine Default Available Jobs
: PPy Element Stresses a SEL
V. Click Cancel Constraint Forces
. Multi-Point Constraint Forces
w. Click Apply Element Forces =
H Applied Loads
x. Run Nastran anaIVSIS Element Strain Energies
using Ex_2.bdf file Element Strains S |
Grid Point Stresses b7 Job Mame
Subcase Name Ex_2
Default — =
—Cutput Reguests Job Description (TITLE)
DISPLACEMENT(SORT 1,REAL) =All FEM .
STRESS(SORT1,REAL VONMISES, BILIN) =Al FEM;PARAM,NOCQ Available Load Cases
SPCFORCES(SORT1,REAL)=Al FEM Default
STRAIN(SORT1,REAL VOMMISES, STRCUR, BILIN)=All FEM
SUBTITLE
4 il | 3 | |
[ — ] LABEL
(=
Analysis Type: | |
—Subcase Options
Subcase Parameters...
TITLE 3
‘ This is o default subcase. | Output Requests... [ Translation Parameters. .. ]
Direct Text Input... [ Solution Type... ]
7 SUBTITLE [ Direct Text Input... ]
Select Explict MPCs. ..
| Default | [ Select Superelements. .. ]
LABEL [ Subcases... ]
| This load case is the default load case that always appears | [ Subcase Select... ]
w| Ay | B
B

HUMAN CAPITAL

NATIONAL COHESION STRATECY

Defaults

J |

Cancel ]
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Home  Geometry  Properties  Loads/BCs  Meshing  Analysis = Results

) R BEOCoRBR R R B(EEE | e =

Entire Selected | Analysis | Read Submit HDF5 | XDB Read  Attach t15/t19 d3plot -S| B | | JobView L
Model  Group(s) Deck — @ — @ i | Qutput2  Qutput2 E |‘—' E' Output 5 Action: Access Results

Analyze Create Existing Deck Optimize | Toptomize Access Results Delete Monitor Actions i
Object: |Attach XDB ~
Method: |Result Entities ~

Code: | M5C Nastran

Type: | Structural

Attach the results file, when the analysis

job is completed: Available Jobs

Click on the Analysis tab/XDB icon Bx 2
Click Select ResultsFile...

Select Ex_2.xdb file and click OK
Click Apply

o 0 T

Job Mame
Ex_2
Job Description (TITLE)

Select Results File...

Translation Parameters. ..

=
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a b
Analysis

m Home ometry Properties Loads/BCs Meshing Results
DEeRb @ nese B eEe BMpBE gase @ H
BelL AR ¢ THARKR BE 2 B | (I O

Defaults Transforms Viewport Display Orientation Misc. Web | Model Tree
Home Geometry Properties Loads/BCs Meshing Analysis Resultz

B L Liwswl 4 &

Fringe /Deformation

A ;

Deformation Fringe Vector Tensor Cursor Contour Isosurface Freebody Graph Animation Report De

Quick Plat Result Plots

tudert Edition] 31-Mar.21 10:57 22 6.72+00

% of Load, Displacements, Translational, ¥ Compaonent, (NON-EM@@
isplacements, Translational,

Fringe:
Deforl

a. Clickonthe Reset graphics iconand change Cyde
Background color to white

b. Click on the Smooth shaded icon

c. Postonlythe pipe group: Menu/Group/Post

Post-process the results:

d. Clickonthe Results icon/Fringe/Deformation icon (Quick
Plottab)

Select ResultCases: Al:Non-linear: 100% of Load

Select Fringe Result: Displacements, Translational
Quantity: Y Component

Select Deformation Result: Displacements, Translational
Click on the Deform Attributes icon

Select True Scale with the ScaleFactor equals to 1.0

k. Uncheck Show Undeformed

I. Click Apply

S@ -

—_— -

32
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Results

Object:  |Quick Plot ~

| RHS Window

Results

Action:
Ohject:  [Quick Plot =

M=o

E =

| Show Viewport Legend
Deformed: D

Wireframe ~

Scale Interpretation

Render Style:

Line Style:

Line Width:

Select Result Cases

Default, &1:Moninear: 32,1504 % of L &
Default, Al:Moninear: 39,5805 % of L
Default, AL:Moninear: 48, 4966 % of L
Default, ALiMoninear: 57,4127 % of L

Default, &1:MNoninear: 68.112 % of Le—

Default, &1:MNon-inear: 78.8113 % of L

Default, Al:Mondinear: 91,6505 % of L]

Default, Al:Mondinear: 100, % of Loag

4 m_ | »

e
|

(21 Model Scale # True Scale

Scale Factor 1.0

Show Undeformed

Select Fringe Result

Curvature Tensar,

Displacements, Rotational
Displacements, Translational f
Monlinear Strains, Creep Strain

4| i |

¥ Component ~

Quantity:

Title Editoar. ..

| Show Title Lock Title

| Show Maximum Label

Select Deformation Result

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

[ Label Style...
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Home Geometry Properties Loads/BCs Meshing Analysis Results @ @ Optons -

B Lyl 4 M 2y =7 @ Bme @ S g @

Fringe/Deformation | Deformation | Fringe | Vector Tensor Cursor Contour Isosurface Freebody Graph Animation Report Derive M Sﬁ Insight .@3‘ El a Spectrums Ranges Titles Colors  Toggle

Spectrum
Quick Plot n Result Plots Result Actions | Insight XY Plots Imaging ’
" RHS Window
Patran 2020 (Student Edition) 31-Mar-21 20:06 11 2.28-01 —
L _ - . g - - - - 2.13-01
Fringe: Default, A1:Mon-lingar, 100. % of Load, Monlinear Strains, Plastic Strain, | At £1 o Action:

Defarm: Default, A1:MNon-linear 100, % of Load, Displacements, Translational,

‘1-82:01 Object:
=

Select Result Cases

Default, AL:Noninear: 32,1504 % of L &
Default, &1:Moninear: 39.5805 % of L
Default, Al:Mondinear: 42,4966 % of L
Default, AL:Noninear: 57,4127 % of L
Default, AL:Noninear: 63,112 % of Le—
Default, Al:Mon-inear: 78.8113 % of L| =
Default, Al:Noninear: 91.6505 % of 1|
s

Aom ]

¥ 1.67-01

1.52-01
1.37-01
1.22-01
1.06-01

Select Fringe Result

Monlinear Strains, Creep Strain
Monlinear Strains, Plastic Strain
Monlinear Strains, Strain Tensor
Monlinear Stresses, Equivalent Stress

Max 2.28.01 @Nd 849 1 L) .
Patrafis.
faulil Deformation
n. Results: Create/Fringe icon hd 17 B2}
0. SelectResult Cases: Al:Non-linear: 100% of Load
p. Select Nonlinear Strains, Plastic Strain Animate
g. Position: AtZ1 (bottomlayer—in our case:innerlayer)
r. Click Apply |I
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Home Geometry Properties Loads/BCs Mashing Analysis Results & 9 Options =

K bR Bk 4 MIEEH S st @ eme mEeg "

Fringe/Deformation | Deformation | Fringe | Vector Tensor Cursor Contour Isosurface Freebody Graph Animation Report Derive M Sﬁ Insight ,@? ﬁ ﬁ Spectrums Ranges Tites Colors  Toggle

Spectrum
Quick Plot Result Plots Result Actions | Insight XY Plots Imaging
5520 | RHS Window " RHS Window
Patran 2020 (Student Edition) 31-Mar-21 20:11:10 e
Fringe: Default, A1:MNon-linear. 100. % of Load, Nonlinear Strains, Plastic Strain, , At Z2 2.64-01 Renis Results

Deform: Default, AT:MNon-linear;: 100, % of Load, Displacements, Translational, 24501 Action: Action:
226-01 _— . .
01 ¥ Object: Object:  |Fringe ™

207-01
1.88-01
1.70-01
1.51-01
1.32-01

t
{7

ELEUED Ilag@Em
Select Result Cases

Default, Al:Mondinear: 32,1504 % of L &
Default, A1:Mondinear: 39,5305 % of L
Default, Al:Mondinear: 43,4966 % of L
Default, AL:Mondinear: 57,4127 %% of L
Scale Factor : Default, Al:Mondinear: 68,112 % of Le—
Default, A1:Mondinear: 78.8113 % of L _‘

Filter Values: Default, A1:Mondinear: 91.6505 % of L
Default, A1l:Mondinear: 100. % of Load

ault_Fringe 1

M 2.83-01 @Elm 31.1 Aom | 3
@ 125 1 Averaging Definition:
Pmraformatio u i Select Fringe Result

Studadte FARHEM @Nd 1 Method: Monlinear Strains, Creep Strain
: < Nonlinear Strains, Plastic Strain

5. Change Position to At 22 (top e — Norinen Siresses, Eqavalentstress
layer —in our case: outer layer) 4| I | »

t. Clickon the PlotOptions icon

u. Domain: None

v. Click Apply Existing Fringe Plots. .. Pasition... (At Z2)

w. Save date base and close Patran Save Fringe Plot As:

e

Use PCL Expression

Define PCL Expression...
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