SECTION 9

SCUBA TANK

NAS120v, Section 9, August 2009
Copyright© 2009 MSC.Software Corporation S9-1




SCUBA TANK

e Topics covered Iin this section

e Axisymmetric modeling techniques
Importing Geometry

Mesh Density Control

Perform quality checks on stress results
Create and manipulate viewports
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SCUBA TANK

e Problem Description

e Scuba tanks are designed to withstand cyclic pressurization and
depressurization loads. They must also survive loads induced during
transportation and actual service. You are asked to analyze a new
scuba tank design.

e Analysis Objectives

e Determine stresses in the scuba tank under an internal pressure of
3000 psi. The maximum stress must be below the yield point of the
tank material.
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SCUBA TANK

e Getting started on the scuba tank analysis

e The scuba tank is a thick shell structure. We expect the state of
stress to be 3 dimensional in the tank shell. Solid elements should
be used.

e Solid element models tend to get large and take a lot of CPU time to
solve. This is especially true for non-linear or transient analysis. It is
often advisable to simplify the model in order to speed up the
analysis process.

e Several ways to simplify finite element models are presented next.
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SCUBA TANK

e Simplifying Finite Element Models

e Finite element models can be simplified by using a 2D (planar)
representation of a 3D model. There are three ways to do this:

e Plane Stress
e Plane Strain
e Axisymmetric
e Finite element models can also be simplified by taking advantage of
symmetry. There are two primary types of symmetry - reflective
symmetry and cyclic symmetry. Symmetry techniques will be
presented in detail in the advanced course.
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SCUBA TANK

e The Plane Stress Model

e Assumptions:
e Z stress is zero
e Stresses do no vary
through the thickness
e One way to identify a
plane stress model is to
look for structures in which
the thickness is small

compared to the other two LR
dimensions. '
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SCUBA TANK

e The Plane Strain Model

e Assumptions:
e Z strain is zero
e The depth of the plane strain model

IS large compared to the cross Retaining Wall Earth Dam
section.
e Plane strain problems are common =0 g -ty - 0
In civil engineering and are used to
model retaining walls or dams. Kl s r;” Do ]
Lj} WGea-291 5 o 4o, T';
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SCUBA TANK

e The Axisymmetric Model

e Assumptions:

e The geometry, loads, and
boundary conditions are
not a function of q.

e Another way to state this is
that the geometry, loads,
and boundary conditions
do not vary in the
circumferential direction.

e Axisymmetry is commonly i ST T AR
used to analyze pressure g I
vessels and tanks.
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SCUBA TANK

e Simplification of the scuba tank model

e Since the scuba tank is axisymmetric and the pressure load is
axisymmetric, we can simplify the problem using axisymmetry. We
will solve this problem using two different axisymmetric methods:

e Build a sector of the tank using 3D solid elements
e Build the tank cross section using 2D solid elements
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SCUBA TANK

e Creating the geometry for the tank

e A geometry file for the scuba tank generated by a CAD package is
available so there is no need to re-create the geometry.

e Use File/Import to import the geometry file directly into PATRAN.
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SCUBA TANK

I_EEiIe Group  Viewport  Viewing Display Preferences Tools Help  LWHilities

Open Recent...

Close
Save
Save a Copy... I Import =] i
Utilities » Lok in: IE] M&5120_Files j L |‘=_“F Ed- ot
| Import... | &) strut.semt ACLS
\ support_bracket.xmt Current Group Parasalid xmk
Export... tank.xmt |defaun3roup |
Simkana ger r [ Parazolid xmt Options... ] ICELT:‘S
session ' Pro/ENGIMEER

. File name: e -Apply- . .
Print... £ (et | Unigraphics
Files of type: IParasoIid Transmit Files {%4°t"} LI Cancel |

Images... Express Meutral
Report... IGES
) MO Maskran Inpuk
Cuit
ML Patran DB
Meutral
STEP
Select the file type to be 3;;
imported
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SCUBA TANK

e Models created by the following CAD packages can be
imported into PATRAN:
o CATIA
e Unigraphics
e Pro/ENGINEER
e EUCLID 3
o |I-DEAS
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SCUBA TANK

e Additional types of geometry files can also be imported into PATRAN

e ACIS solid geometry files
e Typical file extension is .sat

e Generated by CAD systems such as Autocad, SolidEdge, and Mechanical
Desktop

e Parasolid solid geometry files

e Typical file extension is .xmt

e Generated by CAD systems such as SolidWorks
e IGES geometry files

e Typical file extension is .igs

e Generated by most CAD systems
e STEP geometry files

e Typical file extension is .stp

e Generated by CAD systems such as CATIA
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SCUBA TANK

e The scuba tank geometry file we have is a parasolid solid
geometry model. Let’s import this file into PATRAN.
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SCUBA TANK

EEiIe Group  Viewport  Viewing Display Preferences Tools Help  LWHilities

Open Recent...
Close

Save

Save a Copy...
Utilities 3
| Import... |
Export...
simManager b
Session 4
Print...

Images...

Report...
Qhuit

I [mport : =%
Look jn: | [ NAS120_Files v e @i E- Ohect:

.
EI struk,xmk
support_bracket, xmk
kank, xmk

File name: |".x"t"

Apply- I

Files of lype: IParasoIid Transmit Files {*#7t"}

LI Cancel |

Current Group

| default_group

[ Parazolid xmt Options...

Import the parasolid

model tank.xmt

~N
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SCUBA TANK

Import Options =
Impart Options: |
B [mport '_:' o= t@ @.
Loak jn | [25) MAS120_Files ~| & @ ek B Obiect:  [Model ~ | Ertty Types
5- . xmt_txt Source: Parasolid xmt s
strut.xmt
support_bracket, xmk Current Group
2 tank. xmt
an.xm default_group
[ Paraszolid xmt Options... ]\ Geometry Prefarence

Solid Type
\‘I Parametrized Salid =
File name: |",:-:"tx -Apply- Trimmed Surface Type
General Trimmec w.d
Files of lpe: |F'araso|id Transrit Files {*.#7t7} j Cancel

Eritity Lavvers
Al Layers

[ Group Classification... ]
/ \ Model Units = :
) ) L Model Urits... |
Select Parasolid xmt_optlons import Optians | Model Units T r—
and select Model Units. Morkel Uit Overide Sevw Sheet Bodies
_|z9370078 grches) 7| ClraTRAN S2w

Select Inches. This converts / [ verity Boundary
the units in the parasolid hlone

v 30, 370079 I:II'IE"IESZI DEqui\raIence Edge Yertices

model from meters to inches. 1.0 (Meters) Lo ] [ llow Duplcate CAD Hodkl
1000.0 (Millimeters)
Custarmize

Ok ] [ Cancel
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SCUBA TANK

[ Finish importing the parasolid model ]

Q
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SCUBA TANK

Q E @1 .@‘; ﬁ.‘ wr 'ﬂﬂ' ¥ Home Geometry Properties Loads/BCs Meshing Analysis Results

|0 ||| (|| S| | %) 952 ||| |- || e | e s e [ e || || 520 | 9P| A o
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Defaults Transforms Viewport Display Orientation Misc. Web

[Rotate and shade the model ]
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SCUBA TANK

QE @.@fﬂﬂ'ﬂﬂ'; Home Geometny Properties Loads/BCs Meshing Analysis Results
‘_’f . Z o Z
9 o ' )i T I n & ||~ m "—lf’:] E f?E_,'_f] g g
Select Select Select Select Select Select Select Select |'||_L,||,_1.||t| Show Edit Verify | Renumber | Delete | Associate | Disassociate
Points Curves || Surfaces|| Solids ||Coordinates|| Planes || Vectors ||P-Shapes Transform Geometry Actions
Geometry =
Geometry |
actirt )
Method;
Solid D List
2

Delete Original Sofids

Auto Execute
=olid List
Solicd 1

Break Plane List
Coord 0.1

Break the solid into
two halves

-Apply-
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_ SCUBA TANK

Q E @1 .@f ﬁ, = $ = Home Geometny Properties Loads/BCs Meshing Analysis Results

D~ 2| LD | >~ S &R | &

Select Select Select Select Select Select Select Select |ﬁ|,7—-i|-.-1-.||t| Show Edit Verify | Renumber || Delete || Associate | Disassociate
Points Curves || Surfaces|| Solids ||Coordinates|| Planes || VMectors ||P-Shapes Transform Geometry Adcions

Geomekry =

Geometry |
[] &uta Execute
Solid List
Solid 2
-Apply-

[ Delete half the tank ]
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_ SCUBA TANK

Q E @1 .@f ﬁ, T ﬂ§ = Home Geometny Properties Loads/BCs Meshing Analysis Results
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Select Select Select Select Select Select Select Select |"||_L,||,_1.||t| Show Edit Verify | Renumber | Delete | Associate | Disassociate
Points Curves || Surfaces|| Solids ||Coordinates|| Planes || Vectors ||P-Shapes Transform Geometry Actions
Geometry |
Auction: Edit ¥ [ﬂ
Ohiject: <

Methiod: Ereak ™

Solid IT List
4

Delete Original Solids
Auto Execute

Solid List
Solid 3

Break Plane List
Coord 0.2

Break the remaining
tank into two halves

-Apply-
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SCUBA TANK

Q@"’ @@fﬁ2$= Home Geometny Properties Loads/BCs Meshing Analysis Results
I [ i i _ = - ;
|~ = Ny _J-- gﬁ I n |@||~{|=| o uﬁi @- @ X Eﬁ @
Select Select Select Select Select Select Select Select ﬁ|_L,i|,:1_.|| tl Show Edit Verify | Renumber Delete; Associate | Disassociate
Points Curves || Surfaces|| Solids ||Coordinates|| Planes || VMectors ||P-Shapes Transform Geometry Adions
Geomekry =
Geometry |
ction ]
DAutoExecute
Solid List
Salid 4
]

Delete the upper
guarter of the tank
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SCUBA TANK

QE @@fﬁ.ﬂ%? Home
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rrr =

Geometry

Properties
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Analysis Results
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1L | 4%

| Surface | Auto Hard || g fi= - : o Edit: | SuperBlement (== =T DOF Spot | Fastener
= IE2N e |61 I ] (k][] | %]l ]| 5[] List || Weld
Mesh Seeds Mesh Control Meshers FEM Actions MNode Element MPLC DOF List Connector
Finite Elements =
Firte Elemerts |
ét’s create a coarse\ B8
mesh. Otject
Select Tet10 elements. oDt
Select TetMesh
Parameters and 0.521in
deselect curvature thick
check N ——
Select the solid.
Global Edge Length L
Use a global edge AL,domaticCalculatmn 1
length of 0.521 to
create one element .
through the thickness. J\
[ Selzct Existing Prop...
ﬁlick Apply. / = [ Create hew Property...
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SCUBA TANK

e

[ A relatively coarse mesh is created ]
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SCUBA TANK

e Create Boundary Conditions

e Since the scuba tank is axisymmetric, we need to create a cylindrical
coordinate system to define the symmetry boundary conditions.
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SCUBA TANK

Q E @1 .@f ﬁ, = $ = Home Geometny Properties Loads/BCs Meshing Analysis Results
™~ - & | e - -
3 —~ by 'ET'_‘ 1 n | ||| A (2 @- I %"1 @
Select Select Select Select Select Select Select |~‘ |,T—-i|-.-'-. || 1 | Show Edit Verify | Renumber | Delete | Associate | Disassociate
Points Curves || Surfaces|| Solids |[Coordinates|| Planes || VMectors ||P-Shapes Transform Geometry Actions
Geometry |
Action: ad
Ohject: Cootd. ™
i
Coord D List
1
Type:
Refer. Coordinate Frame
Coated 0
Au‘[o Execute
Origin
[ooo
Pairt on Axis 3
q q [oo1]
Create a cylindrical
Pairt on Plane 1-3
(oo =

coordinate system
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SCUBA TANK

Q E @1 % ﬁ, sy $ = Home Geometry Properties Loads/BCs Meshing Analysis Results

I_,i;" . 1 ]‘,ﬁ h— LoadBoundary Condtions
| {| [ Action: Creste ™ [ﬂ
Displacement | Force | Temperature | Velocty | Acceleration || Element | Element || Contact Initial LBC Create LBC
Canstraint Unifarm = |'-Iariable ~{{Bodies ~||Conditions = ||Actions ={| Load Case ||Fields = Ohject:
Maodal | Load Cases | T
Current Load Caze:
Detault...
Type: Static
T
R Exizting Sets 'E
. Mewy Set Name
Create a symmetric sym_theta
constraint in the tangential
(theta) direction
[ Input Dt .. ]
[ Select Application Region... ]
: (ae)
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SCUBA TANK

Q E @1 % ﬁ, sy $ = Home Geometry Properties Loads/BCs Meshing Analysis Results
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Displacement | Force | Temperature | Velocty | Acceleration || Element | Element || Contact Initial LBC Create LBC
Constraint Unifarm = |'-Iariable ~{|{Bodies =||Conditions =||Adions =|| Load Case ||Fields ~ —
e | |

|LnadJEIoundary Conditiors | Impt Dtz

Load/BC Set Scale Factar
1.

Tranzlations =T1 T2 T3= ~
= 0=

Rotations =R1 R2 R3=
= =

Trans Phase <Tpl Tp2 Tpa=

(c

onstrain translation in\

R:tati:n Phaze =Rpl Rp2 Rp3=
the theta direction and = v
select coordinate Splilaﬁal = EY

system 1 as the
analysis coordinate

Q/Stem J

Lnalysis Coordinate Frame
Coord 1

ok || Reset
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SCUBA TANK

QE @%ﬁ\ﬂ%? Home

MNodal

Geometry

Properties

'*’f el l*ﬁ-,
[
Displacement | Force | Temperature | Velocty | Acceleration || Element
Canstraint Unifarm =

Loads/BCs Meshing Analysis Results
| | | 1 I
Element || Contact Initial LBC Create
Variable ~{{Bodies ~||Conditions = |[Actions ={|| Load Case
Load Cases

LBEC
Fields =

Select the two surfaces
located on the planes of
symmetry
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SCUBA TANK

QE @%ﬁ\ﬂ%? Home

Canstraint
MNodal

Geometry Properties Loads/BCs Meshing
k3 . e
Displacement | Force | Temperature | Velocity | Acceleration || Element || Element || Contact Initial

Unifarm = |'-Iariable >
[}

Analysis

LBC
EBodies ~||Conditions = |[Adtions =

Results

h.

Create LBC
Load Case (|Fields =
Load Cases

Finish creating the theta
symmetry boundary
condition
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SCUBA TANK

Efife Group  Viewport Viewing | Display | Preferences Tools Help  Utilities :}\
Q E ﬂ'b <l [ i &+ Ho Entity Color/Label/Render.., lds/BCs Meshing Analysis Results
= S Plot/Erase... i i T E ; |
=it 301~ =R | I — |l || | e[| 2 ||| || 5501 9904
B[Ol O] (S8 ||| | ceomet.. B A R R
Defaults Transforms) | | Finite Elements... Grientation Misc, Web

Load/BC/Elem. Props...
MNamed Attributes..,
Coordinate Frames..,
Titles...

Spectrums...

Ranges...

Color Palette...
Shading...

Light Sources...

Select Display - Load/BC/Elem.
Props to change the display to show
on FEM only. Also turn off LBC/Prop
values to simplify the display.
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SCUBA TANK

QE @%ﬁ\ﬂ%? Home

Geometry Properties Loads/BCs Meshing Analysis Results
L #P | | | |
Displacement | Force | Temperature | Velocity | Acceleration || Element || Element || Contact Initial LBC Create LBC
Canstraint Unifurn‘l*|'-.|fE|riE|l".|Iev Bodies ~||Conditions =|[Actions =|| Load Case ||Fields =
Maodal | || | | Load Cases |

Next, create a
symmetry constraint in
the radial direction.
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SCUBA TANK

QE @%ﬁ\ﬂ%? Home

[ K

Displacement
Canstraint

— - i

Force

MNodal

Geometry

Temperature | Veloaty | Acceleration

e

Properties Loads/BCs Meshing Analysis Results
| | | I
Element || Element || Contact Initial LBC Create LBC
Unifurn‘l*|'-.|fE|riE|l".|Iev EBodies ~||Conditions = |[Actions =|| Load Case ||Fields ~
| || | | Load Cases |

Constrain the radial
translation
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SCUBA TANK

Q E @1 @ ﬂ sy $ = Home Geometry Properties Loads/BCs Meshing Analysis Results

o || 2 || 3 r

Displacement | Force | Temperature | Velocty | Acceleration I Element || Element { Caontact Initial LBC || (Create LBC
Constraint Unifurm" Variable -{|Eodies ~||Conditions - #cticurls"l Load Case |Fieludsv
MNodal | |! |[Load Cases||

SEIect Application Region =
Select Application Region [ 4 I 3 ]

Application Region
Select Geometry Entities
Solid 5.1.5

[ Acd ] [ Remave

Application Region

Select the edge along the
tank centerline.
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SCUBA TANK

Q E @1 @ ﬂ sy $ = Home Geometry Properties Loads/BCs Meshing Analysis Results

X L B LoadBoundary Conditions
1or: -Create -
Displacement | Force | Temperature | Velocty | Acceleration I Element || Element || Contact Initial | LBC || (Create LBC
Canstraint |Unifurm" Variable ~||Bodies ~||Canditions ~ #cticurls"l Load Case |Fie|ds" Object:
MNodal | I ” |[Load Cases|| Type:
Current Load Caze:
Default...
Type: Static
Existing Setz E
syim_theta
Mew Set Mame
SY_E
Finish creating the radial
constraint.
[ Input Data... |
’ Select Application Region... ]
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SCUBA TANK

QE @%ﬁ\ﬂ%? Home
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Displacement | Force | Temperature | Velocity | Acceleration || Element || Element || Contact Initial LBC Create LBC
Canstraint Unifurn‘l*|'-.|fE|riE|l".|Iev Bodies ~||Conditions =|[Actions =|| Load Case ||Fields =
Maodal | || | | Load Cases |

Create a final constraint

in the Z direction.
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SCUBA TANK
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Element || Element || Contact Initial LBC Create
Unifarm = |'-Iariable ~{|Bodies ~||Conditions = |[Actions =|| Load Case
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Fields =

Constrain the z
translation
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SCUBA TANK

Q E @1 % ﬁ, sy $ = Home Geometry Properties Loads/BCs Meshing Analysis Results
£ || 2 L I
L #P | | | |
Displacement | Force | Temperature | Velocity | Acceleration || Element || Element || Contact Initial LBC Create LBC
Canstraint Unifurn‘l*|'-.|fE|riE|l".|Iev Bodies ~||Conditions =|[Actions =|| Load Case ||Fields =
Maodal | || | | Load Cases |

Select the cylindrical
surface at the valve
interface.

—X

NAS120v, Section 9, August 2009
Copyright© 2009 MSC.Software Corporation

S9 - 38

f A apn n
'_'_,,,|; m_@_ = —n—a
L Y

X "—ﬂ’.*

Select Application Region =

Select Application Region | 4 | |3

Application Region
Select Geometry Entities
Solidd 5.12

[ A ] [ Remaove

Application Region




SCUBA TANK

QE @%ﬁ\ﬂ%? Home

Geometry Properties Loads/BCs Meshing Analysis Results
k3 . e
Displacement | Force | Temperature | Velocity | Acceleration || Element || Element || Contact Initial LBC Create LBC
Canstraint Unifurn‘l*|'-.|fE|riE|l".|Iev Bodies ~||Conditions =|[Actions =|| Load Case ||Fields =
Maodal | || | | Load Cases |

Finish creating the z
constraint.
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SCUBA TANK
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| 3000
Current Load Case:
Default..
[ ] Type: Static
Existing Sets E
a | @
Spatial Fields
Mewy Set Mame
internsl_pressure
FEM Dependent Data... |
Target Element Type: |30 7
[ i ] [ B ] [ Ingautt Dt
[ Select Application Region
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X | po -»x l,r. l;r @, -»1 r ”h ) :[ :
ﬁ-P il ¥ i
L K - »r z
Displacement | Force | Temperature | Velooty | Acceleration || Displacement ||Pressure| Temperature | Inertial | Distributed | JOD Distributed | Total

Constraint Load Load Load Load
Modal Element Unifarm

14

Select Application Region =
Select Application Region 4 | »

Application Region
Select Solid Faces

[ Add ] [ Remove ]

Application Region

Solid 512513 514515516517
51835149

Select all the internal
wetted surfaces.
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Displacement | Force | Temperature | Velocty | Acceleration || Displacement Pressiire| Temperature | Inertial | Distributed | COD Distributed | Total
Constraint Load Load Load Load

Modal Element Unifarm

B

Type, Element Unifarm =

Currert Load Case:
Default..

Finish creating the =
pressure load

internsl_pressure

Target Elemert Type: |30 ¥

[ Ingautt Dt ]
Ji [ Select Application Region ]
P
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SCUBA TANK

e Create the scuba tank material properties

e The tank is made from 17-4 PH stainless steel forging, heat treated
to the H1025 condition.
e E =28.5x 106 psi
e v=0.27
e Ultimate strength = 155 ksi
e Yield strength = 145 ksi
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tsotropic|| g || Pl ||| ] || ()] || | ][] e | (R R |||

&

Isotropic | [Crthotfropic) [Anisotropic| Fluid Composite 00 Properties 10 Properties 2D Properties | |30 Properies| |Properiy Adiions Fields
m Input Options Materials =
Materials
ar. I MOCE] Linear Elastic = P [#]
Property Mame “alue Cleet
Elastic Modulus = [ 28505 | Method:  [vanualinout v |
Poizzon Ratio = 027
| | Existing Materialz E
Shear Modulus = | |
Density = | |
. . Thermal Expan. Coeff = | |
Create an ISOtrOpIC Structural Damping Coeff = | |
. Fiter | [+
material named 17-4PH. Reference Tempersture = I |
) o Material Marme =
Tempersture DepModel Variable Fislds: ‘ 17-4PH
Description
Diate: 06-Apr-10 Time:
2:54:27
Current Constitutive Models:
[ Input Properties ... ]
[ Change Material Status .. ]
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lsotropic || || L Flutd ||| 2] | 2a] 2a ||| [46°]140F) ||| )1 | T 1| || ||| 1) [~ % IR |7 )N
Isotropic | |Orthotropic) [Anisotrapic|| Fluid Compaosite 0D Properties 10 Properties 2D Properties | |30 Properties| |Properiy Adtions Fields
W' Input Properties ’: 'S¢ | [Element Properties X
Solid { CHEX ) Element Properties |
Property Mame Walue Yalue Type Action: .:
~ Ohbject:
Material hame Mat Prop Mame ﬁ — :
[Mater. Orientation] l—‘ String ¥ e
[Integration Metwork] ’—‘ String ¥ | SeREy W &
[Integration Scheme] ’—‘ W
[Cutput Locations] l—‘ String ¥
[Moninesr FormutiongsoLdony || [atring + ] -
[v]
< L I (2] [ Fiter B |
Property Set Mame
| solid |
Options:
|
. [Standard Formulation .d ] ]
C rea:te a 3 D So I I d Enter the Material Mame or select a material with the icon.
phys|ca| property set [ Input Properties . ]
for th e tan k [ Select Application Region ... ]
8
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SCUBA TANK

Select the solid and
apply.
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| Entire || Selected || Analysis Read | Submit ||| % : ¥DB | Dutput? | MASTER/ | 116419 | d3plat & | |'1E”=' A

Maodel || Group Deck | '”EH | "'Hl_tLll DEALL ’ |ﬁ||._'| &l |$ﬁ|l!‘”§|

Andlyze Create Existing Dreck Optimize || Toptomize Access Results Defete Actions
Analysis |

Object Ertire Model ¥
Methock Full Run ¥

Cade: WD Mastran

Type: Structural

Available Jobs E

Jaok Mame

scuba

Jok Description (TITLEY

MO Mastran job crested on
0B-Apr-10 &t 21:58:30

Submit the model to MD
NASTRAN for a static
analysis.

SUBTITLE

LABEL

Translation Parameters.

Solution Type...

Direct Text Input.

Select Superelements. ..

Subcases...

Subcaze Select
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SCUBA TANK

Attach the analysis
results into Patran
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Model | Group Breck A '”I__LH | *“l_!Lll DBALL |ﬁ“'—' &l |ﬁ”*”q‘|
Analyze Create Existing Dreck Qptimize | |Toptomize Access Results Delete Actions
Analysis|
Code: MD Mastran
Tpmer Structural
Ayailable Jobs E
scuba
Job Mame

scuba

Job Descrigtion CTITLE)

MWD Nastran job created on
06-Apr-10 at 21:39:30

SUBTITLE

LABEL

[ Select Resuts File... ]
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Fringe/Deformation || Deformation|| Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Beport | Derive |H||‘ﬁ|

Cuick Plot Result Plots Result Action

Resuts |
Ohject: __Deformation hd

Deform: Default, A1:5tatic Subcase, Displacements, Translational, . (NON-LAYERED)

i
)
]
&

éreate the \

deformation plot.

Select Result Cases El

The maximum
deformation is 0.0065
in, which is

Gasonable. J

(= I | (]

Select Deformation Result

Constraint Forces, Translational
Displacemerts, Translationsl

Pasition...((NOM-LAYERED)) ]

default_Deformation :
Max 6.57-003 @Nd 1893 [ animste

I Apply l [ Reset
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SCUBA TANK

EEiIe Group Viewport | Viewing | Display Preferences Tools Help Uilities

Create.

Past...
Modify... ¥Yiewport Create
Delete... Wigwport Creste
Tita Existing Viewpaorts m

detault_vieweport Results

Ohject: __Deformation hd

= [
3 2

I

Mesy Vieswport Mame

Create 3 additional
viewports to display the
results. —_——

| wigwl

(€] I | (]

Select Deformation Result

Existing “iewports

default_viewport
wiews ]
wienn 2

Pasition...((NOM-LAYERED)) ]

Meswy Yievwport Mame

|:| Animate

l -Apply- I [ Cancel ] l Apply I [ Reset
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SCUBA TANK

; File Group Viewport | Viewing | Display Preferences Tools Help UHilities
Create...
Post...
Modify...
Delete... . .
_ Tile the 4 viewports.
Tile
Deform: Default A1:Static Subcase, Displacements, Translational, . (MON-LAYERED) Defarm: Default A1:Static Subcase, Displacements, Translational, , {(NON-LAYERED)
T
\lﬁ 57-003
2
N N
M default_Deformation : Lx default_Deformation2 :
Max § 57003 @Nd 1883 Max 6.57-003 @Nd 1893
Defarrn: Defaul, A1:Static Subcase, Displacements, Translational, , (NON-LAYERED) Deform: Default, AT:Static Subcase, Displacements, Translational, . (NON-LAYERED)
T
.5?—@93
4 3 il
L
¥ hd
Q(Z default_Deformation3 : ﬂx default_Deformationd :
Max 6§ 57-003 @Nd 1883 Max 6.57-003 @Nd 1893
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SCUBA TANK

e Next, let’s plot the stresses

e By default, the solid element stresses are computed in the basic
coordinate system.

e For the scuba tank, we are interested in the radial, hoop, and axial
stresses which are defined in a cylindrical system. We need to
transform the stresses from the basic coordinate system to the
cylindrical coordinate system no. 1.
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& 4 % .| 2 M B2 ES

Fringe/Deformation || Deformation 'Fringe Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive Insight xy Imaging
Plots = i
Quick Plot Result Plots Result 4...]| Insight !
fessis &
Results | m|
Action: Action:
E [ X ‘
= W =0 [ &
/ \ = = I & [
Click the Plot Options G s
3 Select Result Cazes =
icon. .
Select Coordinste Frame JETE 1
Coard 1
Select CID and
coordinate system no. Seale Factor 1L
1. This transforms the
stresses into —— (3 T [2)
Avweraging Definition:
Select Fringe Result

coordinate system 1. Domain
Constraint Forces, Translational
ittne Dizplacements, Translationsl

S0,

Extrapolation : |Shape Fn. ¥

[use PCL Expression

[ Postion. cnon-LaYERED) |
Save Fringe Plot As: Guuantity: won Mises ¥

[ tnimate

[ Apply J [ Reset ] [ Apply J [ Reset ]
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® | Y |k vl 2| @[] B 2]RED9

Fringe/Deformation || Deformation !Frlnge Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive Insight xy Imaging'

Phots = x
Quick Plot Result Plots Result &...|| Insight ||
Resutts |
Object.
= L& [
2 80+004 = @ B [
Fringe: Default, A1:Static Subcase. Stress Tensor, . » Component, (NON-LAYERED)
2 (8+004
1 854004 Select Result Cazes g
1.62+004
1.39+004
1.15+004
9.20+003
. 5.87+003
Plot the radial (x P T B
Component) StreSS. 2.22+003 Select Fringe Result
-1.03+002) Congtraint Forces, Translational
D emerts, Translational
-2.43+003 o,
-4.75+003
-7.08+003
v -9.41+003
-1.17+004
J\X default Fringe - [ Pasition.. ((MON-LAYERED)) |
Man 2 324004 @Nd 2089 Quantty: [ Componert 7 ]
Min -1.17+004 @Nd 10083 [ animete
I Apply I [ Rezet
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Fringe/Deformation || Deformation !Frlnge Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive Insight xy Imaging'
Plots = i
Quick Plot Result Plots Result &...|| Insight ||
Results |
Object.
= [+ [
2 80+004 = @ B 7
Fringe: Default, A1:Static Subcase. Stress Tensor. .Y Component, (NON-LAYERED)
2.09+004
1 864004 Select Result Cases
1.62+004)
1.39+004
1.715+004)
9.21+003
5.83+003
4 54+003 2 T (2]
220+003 Select Fringe Result
-1.33+002 Constraint Forces, Translational
ements, Translational
=2 47+0073 o,
Plot the hoop (y -4.81+003
component) stress. 7144009
v -4 48+003
-1.18+004
J\X default Fringe [ Pasition.. ((NON-LAYERED)) |
Mas 2 32+004 @Nd 2095 Quantty: [ compenent ¥}
i -1.18+004 @Nd 5 )
[ &nimate
[ Apply ] [ Reszet
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Fringe/Deformation || Deformation !Frlnge Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive Insight xy Imaging'

Phots = x
Quick Plot Result Plots Result &...|| Insight ||
Results |
F . . 2 49+004
ringe: Default, A1:Static Subcase. Stress Tensor, . Z Component, (NON-LAYERED)
2 27+004
2 05+004)
1.83+004
1.61+004
1.39+004
1.17+004
9.48+003
7274008 (2 TR @)
5.07+003 Select Fringe Result
o 87+003) Constraint Forces, Transkational
Dizplacements, Translational
5.63+002) or,
Plot the axial (Z -154+003
-3.74+003
mponen r
component) stress ) a0
J\X 5.15+003 [ Position.. ((NON-LAYERED)) |
default_Fringe ]
Max 2 40+004 @Nd 22 T "
Min -8.15+003 @ Nd 9672 [ &nimate
[ Apply ] [ Reszet ]
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Fringe/Deformation || Deformation 'Fringe Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive Insight xy Imaging'
Plots = i
Quick Plot Result Plots Result 4...]| Insight !
Rezutts |

Action: Create ¥

Onject:

= [ [
: : ; 2 70+004 =1 Ew o A7
Fringe: Default, A1:Static Subcase, Stress Tensor, . von Mises. (NOM-LAYERED)
2 B4+004
2 SR+004) Select Result Cases g
2.18+004 DL
2 00+004
1.82+004
ST 1.64+004
s
j aigsi : 1.46+004
Ky
[ %‘gﬁ‘% \ 128+004 Bl B
5% s 1104004
#l'; %‘;ﬁ% Select Fringe Resutt
. - E-' ““’?ﬂ i 9.24+003 Caonstraint Forces, Translational
Plot the Von Mises L& 7454009 Displceneris, andilond
] S or,
G 5.66+003
stress heResy
T 3.86+003
v 2 07+003
2 80+002
J\X default_Fringe : [ Pozition...((MOM-LAYERED)) ]
Map 2 72+004 @Nd 9875 Guartty: [ronises__v]
Min 2.80+002 @Nd 1893

[ tnimate

[ Apply J [ Reset ]
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Plots = i
Quick Plot Result Plots Result &...|| Insight ||
Rezutts |
Ofject
[ [ A [
(B [
Fringe: Default, A1:Static Subcase, Stress Tensor, . von Mises. (NOM-LAYERED) 2.72+004 &3 Ex 5
2 B4+004
/ \ o AFL00 Select Result Cases =
Detault, A1:Static S B
1 2.18+004 ’
Zoom in to the T
Cna 2 00+004
critical area near the L . 182004
Sl4002
base of the tank. 1,64+004
1.46+004
Notice that the 1284004 AR @l
H H 1.10+004
stress gradient is Seect Fringe Resu
U 9.24+003 Constraint Forces, Translational
hlgh th rough the 7.45+004 Displacements, Translational
Stress Tensor,
thickness of the 5.66+009
3.86+003
tank.
2 07+003
2.80+002)
default_Fringe : [ Position...((NON-L&¥EREDY) ]
Max 2 72+004 @hd 9875 Guantity: von Mises ™
[Mir 2.80+002 @MNd 1893
[ tnimate
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SCUBA TANK

Fringe/Deformation

Quick Plot

DEBLRoB- ron
: &

Deformation !Frlnge

&y

Geometry Properties Loads/BCs Meshing Analysis Results
- fﬁ w’ EE = m E,E_.E fr EN Il @ l | |
: i el el [ 1
Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive " Insight xy Imaging
Plots = i

Result Plots

Result &...|| Insight ||

qurn off stress
averaging.

fringes are “jagged”.
\ g Jagg

Notice that the stress

J
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AN
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-\‘,

Resultz |

T
Object.

=
5k

Coordinate Transfarmation:

Select Coordinate Frame

| Coord 1 |
Scale Factor
Filtter “'alues:

Averading Defintion:

Dormain: -NUnE =
Methool: |Derivessverage =

Extrapolation: |Shape Fn. =

I:l Usze PCL Expression

Define PCL Expression...

[ Existing Fringe Flats. .. ]

Save Fringe Plot As:
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0

default_Fringe :
bz 1 37+004 @Nd 1595 [
Min 0.@Nd 2

Q E ﬂ'b .@{ ﬁ S ﬂﬂ- ¥ Home Geometry Properties Loads/BCs Meshing Analysis Results
¥ i 2 i p E3 [ s | [ |
& | il Iy, I ¥’ & o | | *|
Fringe/Deformation || Deformation |[Fringe || Vedior | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive ; Insight (| XY Imaging|
| Plots - i
Quick Plot Result Plots Result A..| | Insight ! ||
Resuts X
Results |
Action:
Dhject:
S K
Fringe: Default, A1:Static Subcase, Stress Tensor, . von Mises. (NOM-LAYERED) 1.57+004
1.28+004 Cootdinste Transformation:
/I h . \ 1.18+004
P Ot t e Stress JumpS 1.09+004) Select Coordinate Frame
at eaCh node. 1 00+004 Coord 1
= 9.771+003
H 1.0
The difference 8.20+009 Seste Facter
between the 7.29+003 Fiter Values: e
. 5.38+003
maximum stress and 5474004 ——
B Ayt aging Defintion:
the minimum stress 4664009 Dot
i 64005 || etros
at each node is
2 73+003 -
I tt d Extrapolation :
p otteda. 1.52+003
911 +007] I:IUSB PCL Expression

Existing Fringe Flots. .. ]

Save Fringe Plot &=

NAS120v, Section 9, August 2009
Copyright© 2009 MSC.Software Corporation

Apply ] [ Reszet




SCUBA TANK

e Scuba tank coarse-mesh model analysis summary:

e The maximum Von Mises stress is 31,800 psi at the base of the tank
near the fillet radius.

e The stress gradient through the tank wall thickness is high. It ranges
from 31,800 psi on the inside wall to about 5,000 psi on the outside
wall. This stress gradient is captured by a single tet10 element
through the thickness.

e The un-averaged stress fringe plot is jagged, an indication that the
mesh is too coarse.

e The stress difference plot shows a maximum stress jump of 13,700
psi. This suggests that the mesh is too coarse in this area.

e This first scuba tank model was relatively coarse. It helped
us identify the critical area in the tank. We will now create a
second model with a finer mesh in the critical area.

NAS120v, Section 9, August 2009
Copyright© 2009 MSC.Software Corporation S9-61




_ SCUBA TANK

Q E @1 .@f ﬁ, T ﬂ§ = Home Geometny Properties Loads/BCs Meshing Analysis Results

D~ L RO EEE | > | & (] e | &

Select Select Select Select Select Select Select Select |"||_L,||,_1.||t| Show Edit Verify | Renumber | Delete | Associate | Disassociate

-* - - - - -

Points Curves || Surfaces|| Solids ||Coordinates|| Planes || Vectors ||P-Shapes Transform Geometry Actions

Geate a new database \
and import the tank
geometry.

Break the solid into 90-
degree sectors as before
and create a cylindrical

@ordinate system. /
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Points Curves || Surfaces|| Solids ||[Coordinates|| Planes || Yecdors |[P-Shapes Transform Geometry Actions
Geomebry =
Geomeﬂy|

B

POI nt Methock _rranslata =
Paint 1D List
197

Type of Transformation
@ Cartesian in Retfer. CF

O Curvilinear in Refer. CF

Refer. Coordinate Frame
Coord 0

Create a point 1"
away from the fillet
radius.

Translation “ector
D Reverse Direction

Auto Update Magnitude:

Direction Yector
=001=

“ectar Magnituce
1.0

Tranzlation Parameters
Repeat Count

1
I:‘ Delete Origingl Points:

Auto Execute
Pairit List ‘

Fairt 163

-Apply-
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Select Select Select Select Select

-

Analysis Results

1 (O |~ |8 & | g &

Select Select |"

|,T—-i|-.-1-.i|t| Show Edit Verify | Renumber | Delete | Associate | Disassociate

Points Curves || Surfaces|| Solids ||Coordinates

Vectors | |P-Shapes Transform

Geometry Actions
Geametry |

Action: [ﬂ

Plane IO List
1

Create a plane at this
new point.

&40 Execite
Poirit Lizt
Point 197

“ector List
Coord 0.3

Al
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SCUBA TANK

RGPPSR

Select Select Select Select Select Select

- - v

Points Curves || Surfaces|| Solids ||Coordinates|| Planes
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110 |==l= | =

Select Select |'||_L,||,i|| 1 | Show

Vectors | |P-Shapes Transform

AL

L

Verify | Renumber | Delete | Associate | Disassociate

Geometry Actions

Use the plane to break
the solid.
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Solid List
Solid 5

Break Plane List
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Q E ﬂrh .@f ﬁ, a $ = Home Geometry Properties Loads/BCs Meshing Analysis Results
|.r"’||.rf||.-’}| E [~ :I‘il"*‘lE | = ||“,||;ux||ry| | T"”f“q' f"'”, ,:-:': r{i |‘é||@||““‘||“ﬂl|m||\| 1,2,3) j q
el 7~ |67 o]0 13K e N | €E8 SIS (] A &8 il
Y=l urface | Auto Har e | o | g f = e £ i uperElemen = = I : po astener
B4 e |61 I ] (k][] | %l #|| 5| 3 list || Weld
Mesh Seeds Mesh Control Meshers FEM Actions Mode Element MPC DOF List Connector
Finite Elements =
Finite Elements |
Action: )
Cbject:
Qutput ID List
MNode 1
Element 1
=1
Elem Shape
Mesher
Topology
I Tethesh Parameters
[ Mode Coordinate Frames...
. Irput List
Mesh the bottom portion
Of the tank With an :obalEdge Length L
. Automatic Calculation
element size of 0.125
In Ch - [ Azzembly Parameters...
[ Select Existing Prop...
[ Create Mew Property...
()
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[JReverse Direction
Auto Updste Magnituce

Direction Vectar
=00-1=

Wector Magnitude
1.0

Translation Parameters

Repeat Court
1

|:| Delete Crigingl Points

Auto Execute

Puoirit List
Pairt 207

Apply-

Break Plane List

Plane 2

-Apply-
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G4 = A | da =0 s w | ®| %
Select Select Select Select Select Select Select Select |ﬁ'|I,T—-i|=J—.|I 1 | Show Edit Verify | Renumber | Delete | Associate | Disassociate
Points Curves || Surfaces|| Solids | |{Coordinates|| Planes || Vecdors |[P-Shapes Transform Geometry Actions
f \ Geometry | Geometry | Geometry |
Move to the other end of the tank. al I A e o]
Object obiect: [plane_~ | Ohject -m
Create a point 1" away from the
. et . Feint ID List Plane 0 List T
dome/cylinder transition point and create a ;
Type of Transformation
plane there. S
. . . Poirt 240 [Z] Delete Criginal Solids
Break the solid using this plane. ’
/ Coord 0 Coord 0.3 AUBEERS
Solid List
Tranzlation Yector Solicd 6




SCUBA TANK

Loads/BCs Meshing Analysis

Results

Q E ﬂrh .@f ﬁ, a $ = Home Geometry Properties

A AT A5l I e | 8] e o e | | |
% = % 8 A Pl (a2 6 | el =il e €
= Is?‘*’ll_u‘r:ll{@%illhal X5 2N NS AN A Al % fostener

[ ||| Surface | Auto Hard || || g B feros : T Edit- | SuperBlement || == =
I ll:=F2N Points &= LIEHIES |4 ||js1] | %) =] 5| List || weld
MBRC DOF List Conngector

Mesh Seeds Mesh Control Meshers FEM Actions MNode Element
Finite Elements =

Finite Elemerts |

Mesh the dome portion of the tank
Object:

with an element size of 0.25 inch.

Output D List
Moche 65433

5

Elemert GO516

Eletn Shape
Mesher TetMesh =
Topalogy Tetlo ¥

[ Tethlesh Parameters ]

[ Mode Coordinate Frames ]

Input List
Solid &

Global Edge Length
Automatic Calculation

walue 023

[ Aszembly Parameters ]

[ Select Existing Prop... ]

[ Create Mew Property... ]

-Apply-

NAS120v, Section 9, August 2009
S9 - 68

Copyright© 2009 MSC.Software Corporation

o——5F




SCUBA TANK

D E ﬂrh .@f ﬁ, a $ = Home Geometry Properties Loads/BCs Meshing Analysis Results
A1 S m = ) 1 R il 4 |t rﬂ O fmuimli= > | vz T | og
|__} |E |£i| ;I:.II'fE:E Auto Hard [‘E | @ o | Iﬁ |‘§,‘9|| : = ”RH %] .Edit SuperElement |\||‘\ ”xll&ll&“ﬁel DOF Spot | Fastener
| | [ a o " =, Wis
' points || 21| 2 PR 23 (5] ([ s |l List || Weld
Mesh Seeds Mesh Control Meshers | FEM Actions MNode Element MPLC DOF List Connector
Finite Elements =
Finite Elements |
Action: 1
Ohject:
.
Finally, mesh the R
cylindrical portion with an
element size of 0.521
. Topology
I n C h ' [ Tethlesh Parameters ]
Under assembly [Inpmu::decaordlnateFrames... ]
parameters, turn on Solid 9
Match Parasolid Faces to '\ K
match the mesh on two Solid 9 e |
nelghboring SOIidS. DCreate Duplicate Modes [ Azzemhbly Parameters...
3 Match Parasolid Faces
J\J SOlId 8 Neighbor Solid List [ Select Existing Frop . ]
Solid 7 & [ Create New Property... ]
|:| Preview Interface Mesh
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|-}|%|ﬁi| Surf Auto Hard E|$ |Iﬁ : Edit |5 El t | DOF Spot | Fast
| | urface Ut mar | |' ’ .—,r - - E3 | uperciemen P = e - po astener
I paints || [atlle (sl E>T RN P21 | %l #|| 5| 3 List || Weld
Mesh Seeds Mesh Control Meshers FEM Actions Mode Element MPC DOF List Connector
Finite Elements =
Finite Elemenits |
Chject:
hethoc: —Tolerance Cube =
Mode ld Options:
[Retain lovever node id = ]
Collapsed Mode Options:
[AIIUW Tolerance Reduction = ]
Moces to be excluded
[ Equivalence the model ]
Equivalencing Tolerance
0003
Elzment Boundary W erify
Dizplay Type
@ Free Edges O Free Faces
[ W erify ] [ Reszet ] =
Preview Modes
[ Previgwr ] [ Reset ]
, ()
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Q E ﬂr_ﬁ .@;’ ﬁ, = ﬂﬂ' *+ Home Geometry Praperties Loads/BCs IMeshing Analysis Results
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Entire || Selected || Analysis Read | Submit |||[3 || [ : ¥DE | OQutput? | MASTER/ | t16/t19 | d3plot ' il't"
Madel || Group Deck : "”_LL” | "'Hl_tLll DEALL |ﬁ|._'|

_L . |9 b T -k T2 - ; e

I

Andlyze Create Existing Dreck Optimize || Toptomize Access Results Defete Actions
Analysis |

Ohbject Entire Model ¥
Methoct Full fun ™

Cade: WD Meastran

Type  Structural

éinish creating load \ " B
boundary conditions,
material properties,
and element
Job Description ¢TITLE)

properties.

MWD Mastran job crested on
O7-Apr-10 &t 135726

Submit the model to
NASTRAN for static

@alysis. /

SUBTITLE

LABEL

Translation Parameters...

Solution Type...

Direct Text Input

Select Superelements...

Subcases.

Subcase Select

Apply
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Q E @1 .@f ﬁ = Hﬂ' = Home Geometry Properties Loads/BCs Meshing Analysis Results

| b e E - 7B N 77 1 1] N =
[ ay) 0l . |
08 3 s e > - LY
Entire | Selected || Analysis Read | Submit ||| : ¥DE || Qutput? | MASTERS | 116/419 | d3plot [ e (s ]
Model | Group Breck l '”I_!LH | *“l_!Lll DBALL |ﬁ“'—' &l |ﬁ”*”q‘|

Analyze Create Existing Dreck Qptimize | |Toptomize Access Results Delete Actions
Analysis |

Action: __Access Results =
Ohject: __Aﬂach DB ¥
T Metho: Resutt Entities o

Codle: WD Maztran

R Type: Structural

Avwailable Jobs E

zeuba_fine

Job Name

Attach the analysis results
into Patran

scuba_fine
Job De=scrigtion (TITLE)

MD Mastran job crested on
07-Apr-10at 135726

SUBTITLE

LABEL

[ Select Resuts Fie ]

[ Translation Parameters... ]
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SCUBA TANK

~

Geate the
deformation plot.

The maximum
deformation of
0.007 inch agrees
with the coarse

/

Qodel.

y e
Q =3 ﬂr_ﬁ .@{ ﬁ ac ﬂﬂ' = Home Geometry Properties Loads/BCs Meshing Analysis Results
F . ] g D e
=2 e 1~ £ ’ = ||
$ % | T x 4 | M A | g || =l
Fringe/Deformation || Deformation|| Fringe | Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Beport | Derive |B||ﬁ|
Cuick Plot Result Plots Result Action
1
lResuks x|
Resuns|
Deform: Default, A1:Static Subcase, Displacements, Translational, . (NON-LAYERELD) Actiort

3

Select Deformation Result

Constraint Forces, Translational

Displacemerts, Translationsl

Pasition...((NOM-LAYERED)) ]

Show As:

|:| Animate
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SCUBA TANK

Fringe/Defarmation

Quick Plot

QE @-@{ﬁﬂﬂg‘? Hame

L

Deformation iFringe

Geometry
i

—a

’
Vedor

Properties Loads/BCs

| W By

I
Tensar

#

Result Plots

Meshing

AL

Analysis

Results

B | £ g

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

|| ¥l ™5

B %

¥

Insight

xy Imaging
Plots = i

Result 4...]| Insight !

[Plot the Von Mises stress]
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5481089

default_Fringe
Max 2.96+004 @Nd 13614

Min 8.20+002 @Nd 47209

apn I
=
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[Resue &

Results |
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=l % o W
Select Result Cases =
Default

(=] m | (2]

Select Fringe Result

Constraint Forces, Translational
Dizplacements, Translationsl
=t or,

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

]

Quartey.  [ronMises 7]
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[ Apply ] [ Reset
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Fringe/Deformation || Deformation 'Fringe Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive Insight xy Imaging'
Plots = i
Quick Plot Result Plots Result 4...]| Insight !
Rezutts |
Action:
oiect  [Frings_~ |
Fringe: Default, &1:Stafic Subcase, Stress Tensor, |, von Mises, (NON-LAYERED)
2.77+004 = [ [ #
2.5?+oo4 =1 £ 2 M7
2.88+004
/ o OnO \ ) 2-]9+004 Select Result Cases =
Zoom |nt0 the Crltlcal 45:3 . Detault, A1:5tatic Subcase; -MD NASTH
]
area. =
e
|ﬂ|
g gl_
The maximum Von F
Ry
=iy

Mises stress is 29,500
psi.

Notice that there are 5
elements through the
thickness in the critical

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

Quartey.  [ronMises 7]

[ tnimate

N

. [i] 1l [L]

Select Fringe Result

<

Constraint Forces, Translational
Dizplacements, Translationsl

Stress Tensor,

[ Apply J [ Reset ]
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Fringe/Deformation || Deformation iFringe Vector | Tensor | Cursor | Contour | Isosurface | Freebody | Graph | Animation | Report | Derive '|| Insight

xy Imaging
| Plots = i
Quick Plot Result Plots Result &...|| Insight || |
Results |
Action:

Ohbject:

il
Y

Coordinate Transfarmation:

Turn off stress averaging. oo Seect Cocrinate Frame
= = Coord 1
: : = ERER
The maximum Von Mises '3’%"75 ag;i e
stress is 38,500 psi T = _
o 'gﬁ%ge% ?ﬁ% Filtter “'alues:
RS 7
s Vavam

Averading Defintion:

vay
24
e
.
25

v
W

Dormain: -NUnE =
Methool: |Derivessverage =

Extrapolation: |Shape Fn. =

I:l Usze PCL Expression

v
=

s
OIS

)
DAVAVAVARS.
_&VA"#}*_

[ Existing Fringe Flats. .. ]

Save Fringe Plot As:

ety | [ FResst

NAS120v, Section 9, August 2009

Copyright© 2009 MSC.Software Corporation S9-76




Analysis Results
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SCUBA TANK

e Scuba tank fine-mesh model analysis summary:

The maximum Von Mises stress is 30,300 psi at the base of the tank
near the fillet radius.

There are 5 elements through the thickness in this critical area. The
stress gradient is represented reasonably well through the thickness.

The un-averaged stress fringe plot is relatively smooth, indicating
that the re-meshing effort paid off.

The stress difference plot shows a maximum stress jump of 4300
psi. Is further mesh refinement necessary?

A total of 98,830 nodes and 66,504 elements were used to model
this problem.

e Let's analyze the tank again using 2D axisymmetric
elements.
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SCUBA TANK

e Using 2D Axisymmetric Elements

e This converts a 3D problem into a planar problem by using 2D
elements.

e Only half of the tank cross section is modeled.

e Geometry, boundary condition, and loads must all be axisymmetric.
e A much finer mesh can be used to solve this problem.
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SCUBA TANK

File | Group Viewport Viewing Display Preferences Tools Help LWHilities

Open Recent...
Close
Save
—T | S

Save a Copy.. M [mport o
Utilities b Look i [ ) NAS120_Fies =] « @ ok E- g

Ejoint.xmt bk Source: _Parasolid it -
— strutxmt ..........

support_bracket, xmk Current Groug
Export... tank. xmk | defaul_graup |
simMana ger b [ Parazolid xmt Options... ]
Session k

. File name: e -&pply-

Brint.. [ [ e |

Files of type: I Parazalid Transmit Files {5t} LI Cancel |
Images...
Report...
Quit

[

Open a new PATRAN database
and import the scuba tank

\parasolid model.
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SCUBA TANK
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= W . 1 ES(EN |
Select Select Select Select Select Select Select : - Geometry|
= = * ¥ = = | 1 | Actions -
Points Surfaces|| Solids ||Coordi.|| Planes || Vectors | |P-Shapes|| Transform ||
Geomekry =
Geometry |
actirs [
Ohject:
Methi,
/ Curve ID List
Use the existing solid 4
edges and 3 new I Auto Chan. |
curves to create an [#] Delete Constituent Curves
outline for the tank I\
eﬁoss Sectlon. / A041541641.22142Curve1:3
8
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SCUBA TANK

Q @ ﬂh .@’ ﬁ L $ = Home Geometry Properties Loads/BCs Weshing Analysis Results

o | ' ' =|~| =
D ~| =)l 1D
gl - (7] BR(EN
Select Select Select Select Select Select Select Select ([T Genmetry|
4 = - - - - - | I | Actions~
Points || Curves ||Surfaces|| Solids ||Coordh..|| Planes || Vectors ||P-Shapes|| Transform ||
Erase all geometry except
the chained curve.
v
A
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| Miewing |

Transformations...
Fit Wiew

Select Center
Select Corners
Zoom (o of View)
Angles..

View From/To...

Scale Factors...

Mamed View Cptions...

SCUBA TANK

Geometkry

Wiewy Angles |

4

hiethod
(%) Model Absolute

() Model Relstive
() Soreen Abzolute
) Screen Relstive

Clipping/Perspective...

Arbitrary Clipping...

Angles
-80-900
f l Apply I [ Cancel
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Q @ @1@/ ﬁ\ L $ = Home Geometry Properties Loads/BCs Meshing Analysis Results

2~ 2| L | h 0 |=~l= | = | & & | %
Select select ||| Select ||| Select Select Select Select Select |ﬁ||1_,||.1_£|| 1 | Show Edit Verify | Renumber | Delete | Associate | Disassociate

Points. || Cures ||Surfaces|| Solids ||Coordinates|| Planes || Veciors ||P-Shapes Transfaorm Geometry Actions
Geomekry X
Geometry |
Action: .:
Surface D List
[1
[ Auto Chain... ]
f \ Use Al Edge Yertices
Create a trlmmGd [] Dielete Cuter Loop
surface from the chained e
Curve 4
curve.
Delete Inner Loops
Inner Loop List L
|
Delete Constituert Surface
Surface List
|
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Q E ﬂrh .@f ﬁ, a $ = Home Geometry Properties Loads/BCs Meshing Analysis Results
1 il _ S A, x| | | 3 -"_- " | e .m f T
P P % 8 5] e il R - e VP B RS
[ [ Surface | Auto Hard @ o |f’ﬂ||':“:||{ﬁ”|ﬁl |‘. HR” ::l Tzdit SuperElement |\H\ ”\'”'&H&Hﬁel DOF Spot | Fastener
Y= lF2Y points || €111 <1 P90 ] (k| | | %l #|| 5| 3 list || Weld
Mesh Seeds Mesh Control Meshers FENM Actions Mode Eigment MBRC DOF List Conngector
view Angles =
Firite Elements |
Action: had
Okject:
Mesh the surface to
generate triangular ot [52
elements with a global
edge length of 0.0625 inch.
. . Topalogy
The axisymmetric elements [P paaneter.. ]
must Iie In the pOSItive X [ Not.:leCoordinateFramas... ]
half of the x-z plane of the
basic coordinate system co e ot
with the z axis as the vaws (0053
&enterline. J
[ Select Exizting Prog... ]
[ Create New Property.. ]
J
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Finite Elements |
Action: lad
Ohject:
Type: Surface ¥
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1 1 1+ v ¥ Lrtace
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YA“ I%}g?gag: Clobal Edge Length A
Qea 5 / “ﬁ%ﬁ%" Sutomatic Caleulation 1
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QTR
Pavave i
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SCUBA TANK

Q E @.@ ﬁ, sy $ = Home Geometry Propertias Loads/BCs Meshing Analysis Results

=

Displacement | Force | Temperature | Velocity | Acceleration || Element || Element || Contact Initial LBC Create LBC
Canstraint Unifarm =i[Variable ={|Bodies ~||Conditions ~||Actions ~|| Load Case ||Fields =
Maodal | Load Cases
Select &pplication Region 4 | » |Load.l'E|oundary Condtions | Input Data L= e 2 S LTS |
Load/BC Set Scale Factor Aetion: -
Select |Geometry *
B |
Type: -Nodal =
Auto Select Tranzlations =T1 T2 T3= -
e oven
Application Redion Raotations =R1 R2 R3= Current Load Case:
Select Geometry Ertities | =0,0,0- Default...
| Surface 1 | ;’rans Phaze =Tpl Tp2 Tpd= Tome Static
= 2
/ \ [ e | [ Femoe ] Rotation Phase <Rl Rp2 Rp3s
| = =
The T2, Rl, R2, and R3 Application Region [il i ] EhgEES E
degrees of freedom are Spatiel Fikds
not used in this
axisymmetric problem. New Set e
- unused_dof
Constrain these unused
[ FEM Dependert Data. . |
degrees of freedom.
Analysis Coordinate Frame
| Coard 0 |
[ Ok ] [ Resat | [ Input Dita.. |
[ Select Application Redgion... I
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Loads/BCs Results
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SCUBA TANK

area.

Note that the un-
averaged stress
fringes are relatively

qnooth.
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SCUBA TANK

e Scuba tank 2D axisymmetric analysis summary

The maximum Von Mises stress is 29,100 psi at the base of the tank
near the fillet radius.

There are 10 elements through the thickness in this critical area.
The stress gradient is represented reasonably well through the
thickness.

The un-averaged stress fringe plot is very smooth, indicating that the
mesh density is adequate.

The stress difference plot shows near zero values.

Using a 2D representation of the scuba tank, we were able to create
a smaller model with a finer mesh compared to the 3D model.
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EXERCISE

e Perform Workshop 9 “Support Bracket” in your exercise
workbook.

e Optional:
e Analyze the Scuba Tank covered in this section.
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