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External Analysis

Advanced analysis typically is done in problem-spec ific packages

»

25 SIMuULIA

-

ABAQUS

NANSYS
MSC A Software

aimulating Reality, Delivering Lertainty

Adams
Multibody Dynamics

MSC Nastran LS - DYNA@.

Accurate, Efficient & Affordable Finite Element Analysis




Structural Analysis
Utility and Applications

 Structural Analysis is used to predict the response of a solid to an applied
load

* Response is typically linked to some performance cr iteria of component
* Yield
 Fatigue
* Rupture
» Frequency response
 Predictions need to capture correct physics

 Correct predictions (or “virtual prototyping”) can ha ve a huge impact on
product development




Structural Analysis
Key Concepts

» Solids and structures are analyzed in terms of stres ses and strains
» Stress — measure of the internal forces acting in a solid
« Strains — describes deformation of a solid

» Stresses and strains provide a mathematical languag e to quantify material
response




Structural Analysis
Finite Element Method

 FEM uses a divide and
conquer approach

» Approximate the
geometry using a
collection of nodes
and elements

 Satisfy equilibrium
on each element

* Displacements are
calculated directly

» Stresses and strains are
calculated from
displacements




Structural Analysis

Finite Element Method — Process layout

 Establish the geometry (CAD)
* Pre-processing
» Material definition
* Discretization (meshing)
 Establish boundary conditions (loads and displaceme nts)
» Solver settings
 Solution
» Post-processing
 Evaluating the results
e Interpreting the results — MOST IMPORTANT PART!




Structural Analysis

Finite Element Method — Packages

 Many CAD systems come with internal analysis softwa  re
* Typically very limited

* True mathematics and physics are often “package” to b roaden
number of potential users

» There are very strong third party packages availabl e that specialize in this
type of analysis

« ABAQUS

* ANSYS

* ALGOR

e ....many others

» These types of codes provide the largest flexibilit y and versatility




EXERCISE - Structural Analysis
Employing Finite Element Method

» Using FEM assess _
= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuff\teaching\en174\Lecturelinclass_examples\proelinclass\abaqus\pipe_flange.cae [Viewport: 1]
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Q The job "Job-1" has been created e
The job input file "Job-1.inp" has been submitted for analvsis

== Job Job-1: Analys=is Input File Processor completed successfully.
\‘ Job Job-1: Abagus-Standard completed successfully.

| Job Job-1 conpleted successfully.




EXERCISE - Structural Analysis

@ PIPE_FLANGE (Active) - Pro/ENGIMEER Education Edition
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EXERCISE - Structural Analysis
De-feature CAD model
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EXERCISE - Structural Analysis

De-feature CAD model

* Round 2 will definitely

have a non-negligible effect
on the stress in the
component

» Can't get rid of this!
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EXERCISE — Structural Analysis
Symmetry

) Wh e N p OSS| b I e : Sym m etry & PIPE_FLANGE (Active) - Pro/ENGINEER Education Edition
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EXERCISE - Structural Analysis

Symmetry

» This should be all that's
left

* If you're here, you're
ready to export the model

& PIPE_FLANGE (Active) - Pro/ENGINEER Education Edition

Elle Edit ‘iew Insert Analysis Info  Applications Tools Window Help

DEE&qLivay REFER D BRFa’Osfeh 8000
AT g

|4l

o Select stark paint,

= When canstraint is displayed: Right click to-disable it, Press shift + right click to lock it, Use Tab key to toggle active constraint,
o Select a sketch, (I an internal sketch is preferred, the "Edit" option can be found in the Placement panel.)
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EXERCISE — Structural Analysis

Export Geometry

& PIPE_FLANGE (Active) - Pro/ENGINEER Education Edition

. -8 Edit view Insert Analysis Info  Applications Tools window  Help
e File > S C T e e —
e > Save a Copy... ™ ten.. an o - Breaals el 86 9o
= Open... Chrlo = - — — |
Set working Directory. ..
: E Close Window -
» Select STEP as the file — :
ol ol 0D
type e
Copy Fram GESaveaEnpy
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» Keep the same file name : Ty
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Security r
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Quick Print. .,
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1 T:hBrown_Skuffh...\pipe_flange.prt
2 ilws: ffegr-prd-eng-01/springflayer00.prt
3 T:hBrown_Stuffiteachingl. .. \hw?.prt
4 T:\Brown_Skuffy, .. \pist-crank. asm
Exit
- Folder Tree -~
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—
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EXERCISE — Structural Analysis

Export Geometry

* From the Export STEP
options dialog box

Un-check Shells

Make sure Solids
are checked

Keep all other
default preferences

e Click OK

& Export STEP

E wpaort
[ | wireframe Edges
[ ] Surfaces
Solids

[ ] Diatum Curves and Points
[ ] Facets

| Custormize Layers. .

Coordinate System

| h | D efalt

(o




EXERCISE — Structural Analysis
Open ABAQUS

TahbagusfChE Version 5.8:4 [V 11
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EXERCISE — Structural Analysis

Import our geometry

= Abaqus/CAE Version 6.8-4 [Viewport: 1]

E:Eile Model  Viewport  Yiew  Part  Shape Feature  Tools  Plugins  Help K? G =L <

 File > Import > Part il .. oo (ENE AR — dE@ORel@ITS 0 @me R.A
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Exit 40
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[LoBcs
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>
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EXERCISE — Structural Analysis

Import our geometry

 Create Part... Dialog
POPS up

 On Name — Repair
dialog check
Convert to precise
representation

» Keep the defaults on the
other pages, but look over

what is available

* Click OK
e STEP is loaded

 This will take a
minute

B Create Part from STEP File

Mame

Part name:; ' pipe_flange

Fepair Options

iConvert bo precise representation

Topology
(%) Solid

Part Filker

rshel (O wire

(%) Import all parts
{3 Import part number | 1

X

: Mame - Repair | Part attributes | Scale |

Bl Create Part from STEP File

Scale

{%) Do not scale

B Create Part from STEP File

Mame - Repair || Part Attribures §| Scale

Madeling Space
(#1300 O 2D Planar ) Axisymmettic

Twpe Opkions
(%) Deformable
) Discrete rigid

{7 Eulerian

Mone available

X

| Mame - Repair | Part Attributes 'Scale|

{3 Use transForm Fram file, including scale

) Mulkiply all lengthis by |1

X

Cancel




EXERCISE — Structural Analysis

Get familiar with the interface

* POSSIBLE THE MOST USED
FUNCTION — Spin, Pan, Zoom
is DIFFERENT!

» For either Spin, Pan or
Zoom start by holding
the Crtl + Alt Key

o Spin — Crtl + Alt + LMB
e Pan - Crtl + Alt + MMB
e Zoom - Crtl + Alt + RMB

* Try this until comfortable

= Abaqus/CAE Version 6.8-4 [Viewport: 1]

[E Ale Model Viewport  Wiew Part  Shape  Feature  Tnols ug-ins  Hel
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. i L B
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5B Sections @
H - B Profiles 1
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?}E{ History Qutput Requests +ﬁ
I Time Points
- Bn ALE Adaptive Mesh Constraints E@

- [ Predefined Fields
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o pnnotations
n;uﬁ Analysis
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Iz | 3

p;lM ULIA

‘E A new nodel database has been created.

The model "HWodel-1" has been created
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EXERCISE — Structural Analysis

Get familiar with the interface

 The ABAQUS/CAE interface
Is broken up into a number of
modules

* Definitions established in
these modules set necessary
parameters and options for an
analysis

» Working through these one at
a time makes the setup
process very orderly

— Abaqus/CAE Version 6.8-4 [Viewport: 1]
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: f‘} . Part defaulks V_I v

| Model | Results

;% Model Database Vi By Q'

= #3 Models (1)
= Model-1

[ Parts (1)
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¥| model: | Madek1
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EXERCISE — Structural Analysis

Part Module

 Importing the STEP file
completes everything we need
in the part module

» Expand the Model Tree to see
the STEP file name

» Take a look at the geometry
tools in ABAQUS

 You can create solid
models right in
ABAQUS

« If you know Pro/E, don’t
do this

— Abaqus/CAE Version 6.8-4 [Viewport: 1]

=] File Model Viewport ‘Wiew Part  Shape  Feature Tools  Plug-ins  Help &P

DEE® b <LRBENBAIRN &
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| Model | Results

IE Model Database  w i e Ql
= A3 Models (1) ol
¢ B Model-1

¢ Bl pipe_flange
: # L Featy
i Sets
iih? Surfaces

@ Skins

ﬁ Skringers

ﬁ!',_r.'+ Section Assignments
g B, Composite Layups

[+ ﬂg Engineering Feakures
: “ Bg Mesh (Empty)

i E Materials

ﬁ!j& Sections |
@' Profiles

l'*:j' ﬁ Assembly
ol Steps (1)




EXERCISE — Structural Analysis
Property Module

» Define material properties

Material > Create

Rename the material
1018-steel

For Material
Behaviors select
Mechanical >
Elasticity > Elastic

= Abaqus/CAE Version 6.8-4 [Viewport: 1]

E Ele Model  Viewport  Miew .M-a't.gr'i.;i. Section  Profile  Composite  Assign  Special  Feature  Tools  Flug-ins  Help

.- Ul____,}"‘ E "I" C l'J\I Managet. .. g gEiC

;g | .-.':- i
E :(giiProperty defaults v | ;grd -

| Madel | Resulks | Material Library |

I, S| - O
. Model Database vl = E W

= Madels (1)
¢ = Model-1

= @5 Parts (1}

. [# pipe_flange

I [dit Material

% | & i@l B FE

i roperty w | Model: !Mcu:lel-l vl Part:lpipe_ﬂange v|

Marme: |[steel-1018

Descripkion:

Material Behaviors

Elastic

iGeneral  Mechanical

Thermal — Other




EXERCISE — Structural Analysis
Property Module

Mame: |stee|—1l2|18

Ed

* Define parameters e
Material Behaviors
* Leave Type as
Isotropic
* Enter 29.766 pSI aS General  Mechanical  Thermal — Other
Young’'s Modulus —
Tvpe: |Isotrn|:uiu: V|

* E nte r : 29 aS PO I SSO n ’S [] use temperature-dependent data

Ratl O Murnber of Field variables:
Maduli tirme scale (For viscoelasticity )
* NOTE: ABAQUS does NOT [ o compression

- y |:| o bension
keep track of units. It's your .
responsibility to make sure T | Bebr
the units are coordinated i 2emono




EXERCISE — Structural Analysis

Property Module
» Define Section properties

A Section is a set of
parameters that
defines how a
geometry should be
treated

« Solid, homogeneous,
material, etc.

« Sections are then
assigned to geometry

 Name the section steel-
1018

» Keep defaults of Solid and
Homogeneous

e Click Continue...

E| File

LEE®S -I-'(‘ . ==\|

— Abaqus/CAE Version 6.8-4 [Viewport: 1]

Madel 'n-'leml:-rt Wiew  Material .Séﬁtic.un Profile  Composite  Assign Special  Feature
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BL::-2Y Wl Create Section
= s P
. W opi
Sl Mame: |steel-101g
: g;S Category  Type
P
W EA A () 5olid Homogeneous
+oll 5 . )
B () shell Gene.rallzed plane skrain
By € Beam Eulerian
R Composite
Baoa () Other
: E I
==
jgi_l‘f l Continue. . ] [ Cancel




EXERCISE — Structural Analysis
Property Module

* In the next dialog

 Make sure steel-1018 is
selected as material M [dit Section
e Un-check Plane Mame: steel-1013
stress/strain Type: Solid, Homogeneaous

e Click OK

Material: | steel-1018 [Create. g

[ ] Plane stress)strain thickness: |1




EXERCISE — Structural Analysis
Property Module

= Abaqus/CAE Version 6.8-4 [Viewport: 1]
=] File Model Miewport  Wiew  Material  Section  Profile  Composite | an Special  Feature Tools Plug ins  Help A?

» Assign the Section DOE® + e .__4\_@\@ n g AalxH

Beam Section Crienkation

faterial Orientation

@? I Property defaults

Rebar Reference Orientation

[ ] Th e Secti O n [W| Results || Material Library | : : &ormal
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i T tm
applied to the e

. pipe Flange

geometry s

[+ ﬁ!ﬁ Sections (1)

_é-@'Profiles
 Assign > Section o

B= Field output Requests
% History Cutput Requests
Iﬂ Tirme: Points
E;g ALE Adaptive Mesh Constraints
E Interactions
E Interaction Properties
#§ contact Cantrols
'G] Canstraints
@ Connector Sections
# F Fields
[% Amplitudes
o[ Loads
5 BCs
[ Predefined Fields
Remeshing Rules
; I& Sketches
“d annotations
Big Analysis
: Jobs
@,E Adaptivity Processes




EXERCISE — Structural Analysis
Property Module

» Select the region as shown

. . = Abaqus/CAE Version 6.8-4 [Viewport: 1]

[ ) The Ed It Sectlon @ File  Madel V!eupnrt View  Material gect!nn P_r;lf\le. Composite  Assign E:aﬂ Feature ln?i.!i'\ug—ms Help K7 : ) )
_ : DEES +C A RRBUEA[ ifoe SR H0TS 0 @0 R,E

Assignment dialog comes Bl w6

| Maodsl ‘ Results | Maerial Library- Madule: |Property v‘ Madel: !Mode\-l vl Part: | pipe_flange vl
= Modeki

 Make sure the steel-1018 e
@ T sections (1)

section is in the Section i S

23] ﬂ Assembly

ol Steps (1)
b I 0 C k : - B= Field Qutput Requests
- Bet sty Quibout Reaue

. M Edit Section Assignment
e Click OK t

Section

Section: |steel-1018 V| [Create...]

!
IE Mote: List contains only sections
: % applicable to the selected regions,
: EI Type: Solid, Homogeneous
.“t\‘i Y Material: stesl-1018
2
Y Reqgion

Region: (Picked)

2S

SIMULIA




EXERCISE — Structural Analysis

Assembly Module

» Switch to the Assembly
Module

» Create an Instance of the
pipe_flange

» Instances allow for
multiple uses of
geometry in assembly

» If there’s only one
part, this isn't a
meaningful step

e Click on Instance Part icon

» Leave Instance Type as
Dependent

* Click OK

= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuffiteaching\en174\Lecture\inclass_examples\proelinclass\abaqus\pipe_flange.cae [Viewport: 1]

[==1ES

[E Al Model Viewport Wiew Instance  Constraint  Feature  Tools  Plugins  Help

DEES A RBUEAI LN (3@ o BO06 000 e R

:g} : Assembly defaults & | @ -

pipe_flange

Instance Type

(%) Dependent (mesh on part:

) Independent: {mesh on instance)

Mote: Tochange a Dependent instance's
mesh, wou musk edit its part's mesh,

,f' [] auko-offset from other instances jlag

ok | [ amely | [ cancel | Ip

nclasshabaguspipe flange.cae"




EXERCISE — Structural Analysis

Step Module

» Switch to the Step
Module

» Create a new Load Step
 Step > Create

» For Procedure type
select Static, General

e Click Continue

o We'll use the defaults for
the step > Click OK

= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuff\teachinglen174\Lecturelinclass_examples\proelinclassiabaqus\pipe_flange.cae [Viewport: 1]

= Fle Model Viewport  Wiew §tep Qutput  Other  Tools  Plg-ns  Help K7

Manager..,

NE DY

T T T
g‘?iﬂssembly defaults vl g'lé? *  Edi

2aRN v eOsRl@006 6 oo ei.B

[ Model e T e | Model: |Modsl-1

. Bl Create Step
Marne: |

Inserk new step after

£

Procedure type: | General

Crynamic, Temp-disp, Explicit ~
Gaeostatic

Heat transfer

Mass diffusion

Yisco

=

[Cu:untinue... ] [ Cancel ]

v | Step: Initia v

M Edit Step

Mame: Step-1
Type: Static, General

| Incrementation | Other

Description: |pressure lnad

@ off (This setting controls the inclusion of nonlinear effects

Migearn: Oon of large displacements and affects subsequent steps.)

Aukomatic stabilization: | Mane -

[ tnclude adiabatic heating effects

FEX

w [IE]]




EXERCISE — Structural Analysis

Step Module

» Select what variable
should be written to
output

e Field Output
Requests - written
at the end

e History Output
Requests - written
at sub-steps

e Click Field Output
Requests > Create

» Use pressure as the
name for the results set

* Click Continue...

+ Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown,_Stuff\teachinglen1 74\ ecturelinclass

[Z] Fle Model Wiewport View Step output Cther Tools  Plug-ins Help K

DEE®= $ ¢ L]

Eield Output Requests [

MManager...
Hiskory Oubpuk Requests -

%_.T_?n Aszembly defaults » | @ - Inteqrated Qutput Sections e Edit [
Restart Requests, .,
Model | Resulks . ; ; ; cor - Step: | 3tep-1
Diagnoskic Print, .. Renams W
|@ Model Database V| o DOF Monitor... Delete L
Tirne: Points Suppress
= A2 Modls (1) ~ . erzzme g
=l Model-1 —
= % Parts (1)
¢ [ pipe_flange

[+ IE Materials (1)

[# ﬂ'& Sections (1)

i @' Prafiles

= ﬁ fssembly

- @[ nstances (1)

i Position Constraints
Il-' & Features (1)

: P st ATl Fers

ﬂ&? Surfaces ;
B Conector Assignments || PYOCEdUre: Skatic, General

Mame: ||:|ressure

i &nﬁg Enginesting Features
~ fn — L

LCDntinue...J |_ iZancel




EXERCISE — Structural Analysis

Step Module

» There’s a lot of options
here — let’s stay general

e Domain — Whole
model

* Frequency — Last
increment

e Use Preselected
defaults for the
variable selection

I Edit Field Output Request

Mame: pressure
Skep: Skep-1

Procedure:  Static, General

Domain: Whale model b
Freguency! | Last increment b’

Timing: | output at exact times

Cukput Yariables
() Select from lisk below (%) Preselected defaults () all () Edit variables

CDISP,CF,CSTRESS,LE, PE,PEEC, PEMAG, RF, 5,1,

hd |:| Stresses
3, Stress components and invariants
|:| MISESMAX, Maxirum mises equivalent stress
[1T5HR, Transverse shear stress (For thick shells)
[1<TSHR, Transwverse shear stress in stacked continuum shels
[] ALPHA, Kinematic hardening shift tensaor
[] s, stress in the elastic-viscous network
[]Ps, stress in the elastic-plastic netwark,

b [E] Strains
4

Mokte: Error indicators are not available when Domain is Whole Model or Interaction.

[ oukput Far rebar

Qukput at shell, beam, and lavered section points:
(%) Use defaulks () Specify:

Include local coordinate directions when available




EXERCISE — Structural Analysis
Load Module

* |n this module we
establish loads and
boundary conditions

DETE® & ALf

(Rfn s
il
:rg‘?iﬁ\sssmbly defaults vl i -

[E At Model  Viewport  View  Load gc Predefined Field  Load Case  Feature  Tools  Plug-ins  Help K% -

wOwel@IT8 6 mwmer.B

| Model | Results.

~ | Step: iStEp—l

|

] | Model: !Mode\—l

[E oo B2 & % G
= 48 models (1
. B Madekl

B & Parts (1)

* BC > Create

* Rename if desired

© [H pipe_flange

2 |,E£ Materials (1)

2 i?,- Sections (1)

- E’ Profiles

23] ﬂ Assembly

& ofa Steps (2)

2 E!g’, Field Cutput Requests (2)
B History Outpuk Requests (1)
lﬁ Time Points

- Bp ALE Adaptive Mesh Canstraints
ﬁ Interactions

« Step is Step -1
» Category > Check

N : E Inkeraction Properties (“i!] ,L
Mechanical L
£ “G:l Constraints e

@ Connector Sections
& F Fields
IE Amplitudes
[ Loads
[ oecs
[ Predefined Fields
h Remeshing Rules
I skebches

; \‘f Annotations

(S EE dnalysis
.g. Jobs

% Adapkivity Processes

* Types for Selected Step
> Displacement/Rotation

e Click Continue...

| ¥

A

r

“T:“Brown_Stuf f\teachingenl74lecturesinclass ezanplessprod
The model database has been saved to
"T:~Brown_Stufif“teaching~enl?4~Llecture~inclass exanples“prog
The model database has been saved to
"T:“Brown Stuff-teaching“enl?4“lecture“inclass exanples’prog

B

v
¥

B Create Boundary Condition

Marne: | BiC-1

Step: |Step-1 - |

Procedure: Static, General

Cakegory Types for Selecked Skep
(@ Mechanical | Symmetry/antisymmetry Encastre
) Other Displacement/Raokation

Welocity/Angular welociky
Connector displacement
Connector velocity

Continue, ., Cancel




EXERCISE — Structural Analysis

Load Module

 Select the highlighted
regions

* Click Done

» Specify the following
BC's:

» Displacement u3=0

* Rotations about
ul, u2=0

* Click OK

B Edit Boundary Condition x|
Mame: BC-1
Type: DiSplaEE:mEnt.llRl:ltatil:ln 4\Lecture\inclass_examples\proelinclass\abagqus\pipe_flange.cae [Viewport: 1]

Skep:
Region: (Picked)

Csvs: (Global)

Diskribution: |LIniF|:|rm hd | [Create...]
Out: |
Cuz: |

|

|
us |0 |
URL: D | radians
URZ: D | radians
[Jur3: | | radians
amplitude: |{Ramp} w | [Create...]

Mote: The displacement value will be

bols  Plug-ins  Help  K? T

Step-1 (Skatic, General) —————— FrE———
: R e 0TS 0 @m0 .5

:| Step: | Step-1 -

raintained in subsequent skeps,

| Select regions For the bolgdary condition

"T \Brown_Stuf f\tea:hing\enl?4\Iel:ture\inclass_est\ahaqus\plpe_E1ange cae” o
The model database has besn saved to

"T:~Brown_Stuff“teaching~enl7?4~Llecture~inclass exanples pros-inclass~abagqus~pipe flange.cas".

The model databass has been saved to =
"T:~Brown Stuff“teaching~enl?4“Lecture~inclass examnplesprose~inclassabagus pipe flange.cae". ] I




EXERCISE — Structural Analysis

Load Module
 Select the opposite side
* Click Done

» Specify the following
BC's:

» Displacement u2=0

 Rotations about
ul, u3=0

* Click OK

X

B Edit Boundary Condition

Mame: BC-2
Type:  Displacement/Rokation

Skep:  Step-1 {Static, General)

\Lecturelinclass_examples\proelinclass\abagqus\pipe_flange.cae [Viewport: 1]

ls  Plugins Help  k?

Region: (Picked) RO #E@ #9098 0 ®wei.B
Csvs: (Global) T |

Distribution: | Uniform v | [create...]
ST |
Muz o |
us | |

URL: |0 | radians
[]urz: | | radians
UR3: |0 | radians

arnplitude: | (Rarmp) w | Create, ..

Mote: The displacement walue will be
maintained in subsequent. skeps.

Cancel

IE3 — | Reselect regions for the Bgundary condition

|E T \Brc\wn_Stuff\tea:hing\en1?4\Iel:ture\inl:lass_est\ahaqus\plpe_Elange cae”
The model database has besn saved to
"T:~Brown_Stuff“teaching~enl7?4~Llecture~inclass exanples pros-inclass~abagqus~pipe flange.cas".
‘ The model databass has been saved to

"T:~Brown Stuff“teaching~enl?4“Lecture~inclass examples™proe~inclasshabagus~pipe flange.cae". ] I




EXERCISE — Structural Analysis
Load Module

y SeIeCt the ﬂange face B Edit Boundary Condition [E|

L4 CIiCk DOne Name: BC-S Tools  Plugins Help k% ) :
Type:  Displacement/Rotation |8 & B T8 0 oo e R.B

~ | Step: |Step—1 »

» Specify the following Step:  Step-1 (Static, General)

) Region: (Picked)
BC's:
Csvs: (Global)

o DISpIacement ul:O Diskribution: |LIniF|:|rm Vl [Create...]
Fut: o

|

e Rotations about Cuz: | |
u2, u3=0 Ow | |
|

|

|

CJurt: | radians

* Click OK Mz [0 radians
UR3: ||:| tadians
amplitude: | (Ramp) w | [Create. o ]

Mote: The displacement value will be
raintained in subsequent skeps,

Cancel
2
= | ey \ ) %Em tA

[ T Brown_Stuffwteachingwenl?dIectureninclass SEERPTEswbros™inclasstabagqusipipe. flange cas’ B
The model database has been saved to

—— "T:~Brown_Stuf f~teaching“~enl?4~lecture~inclass_ezanples pros~inclass abagqus~pipe_flange.cas". =
‘ ‘ The model database has been saved to =
L "T:“Brown Stufif“teaching“enl?4“lecture~inclass examplespros~inclass abagus~pipe flange.cas". M| .




EXERCISE — Structural Analysis
Load Module

» Create a pressure load
on the inside of the pipe

anager. g A mau ls '} LAJB'@l @@@ﬁ 0 ®weR.E

e Load > Create i

( ? [ Assembly defaults

Maodel Results

g Model Database vl
= i Models (1)

M Create Load

ad v| Model: |Madel-1 | Step: |step-1 v‘

rvYyvvwyew

» Select Pressure for
Types..

Mame: | Load-1

 Click Continue...

Step: | Step-1 b

Procedure: Static, General

Cakegory Types for Selecked Skep

(® Mechanical Concentrated force ~

<

Surface traction
(O Electrical Pipe pressure

Body Force

O Other Line load
Gravity

Balt load "

Continue, .. Cancel

F - — eshproe~inclasshabagqushpipe flange.cae”. ] I

esproeNinclass\abagushpipe flangs . cae

ezhproe~inclassvabagqus~pipe_flangs.cas".




EXERCISE — Structural Analysis

Load Module
 Select the face shown
Click Done

Use 500 for Magnitude
Click OK
SAVE!

= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuff\teachinglen174\Lecturelinclass_examples\proelinclassiabaqus\pipe_flange.cae [Viewport: 1]

[E Fle Model Viewport Wiew Load EC  PredefinedField Load Case Featwre Tools  Plugdns  Help  K? ~ |8 X

LEES e A RENEA K WY OWSIEOTS 60 ew e k.5

H :cg !Assembly defaults | () -

Step: |Stap-l

M Edit Load

Mame:  Load-1

Tvpe:  Pressure

Step:  Step-1 (Static, General)
Region: (Picked)

Distribution: | UniFarm W | [Create. . ]

Magnitude: | sod |

amplitude: | (Ramp) w | [Create. o ]

T
Select surfaces for the load |irvidually

| B

"T:“Brown_Stuff-teaching enl74~lecture~inclass exanples pros
The model database has been saved to

"T:~Brown_Stuff“teaching“enl?4~Lectureinclass esanples prosetinclasssabagushpipe flange.cae". -
The model database has been saved to =
"T:“Brown Stuff“teaching~enl?4“lecture~inclass examnples’pros-inclass“abagqus’pipe flange.cas". L

T Ss abaqus\pips_flange cae’ 5




EXERCISE — Structural Analysis
Mesh Module

» Switch to Mesh module

 Toggle to operate on the .
Part rather than Instance

Model  Viewport  View Seed  Mesh  Adaptivity  Feature Tools  Plug-ins  Help K7

Ol &9 T(@| 0|

i g@h‘desh defaults

Model ‘ @|

Module: |Mesh vl Model: ‘Mude\-l

Model Database v |

=
= 48 Madeks (1)
= Model-1
=5 Parts (1)
. ¥ pipe,_flangs
EJ E Materials {1}
23] ﬂ} Sections (1)
@’ Profiles
= ﬂ Assembly
# ol Steps (2)
B FEE Field Cutput Requests (2)
+ B2 History Qutput Requests (1)
b5 Time Paints
B; ALE Adaptive Mesh Constraints
E Inkeractions
H E Interaction Properties
ﬁ Contact Contrals
; =€| Constraints
h @ Zonnector Sections
# F Fields
g IE Aamplitudes
[ Loads (1)
& [ BCs (3)
[ Predefined Fislds
By Remeshing Rules
Iy sketches
~A annotations
Elii Analysis
.!. Jobs

%g Adaptivity Processes

P

£ | & SIMULIA

E T \Brown_Stuf f\teashing~enl74xlecture~inclass exanples\proshinclass\abaqusspipe flange. cae" A
The model database has been saved to

"T.~Brown_Stufi“teaching~enl?4“Llecture~inclass ezamnples“pros~inclass~abagus~pipe_flange.cae".
‘ The model database has been saved to
| "T:“Brown Stuff“teaching~enl?4“lecture~inclass examnples’pros-inclass“abagqus’pipe flange.cas". w




EXERCISE — Structural Analysis
Mesh Module

* Prior to creating mesh,
we need to tell ABAQUS
approximately how big

i Dljﬁ 5. .-P ( .\ Edge By Mumber..,
the elements should be Biehek S s

Edge

Model |Resuts | — - —
| Beshly Delete Part Seeds... _—— | Raiast— e cooilll =0 |

|g Model Database vl 2 [ % Delete Edge Seeds. .

582 Modsks (1) s 28

= Modelt

i =[5 Parts (1}
| [ pipe flange
& [Pz Materials (1)
38 Sections (1)
g Frofiles i
=] Assembly .
i Sheps (2) g

# B2 Field Qutput Requests (2) ;

i Bt g Quboulk Beoue

» Seed > Part

» Enter .2 as Approximate
global size

* Click OK

B Global Seeds

Sizing Conkraols

Approximate global size: |m |

Curvature control

Mairurm deviation Fackor (0.0 < hfL < 1.00:

(Approximate number of elements per circle: &)
Minirnum size Factor (as a fraction of global size):

(%) Use defaulk (0,13 ) Specify (0.0 < min < 1.0

[ Ik ] [ Apply ] [Defaults] [ Cancel ]

—
I‘ »)juThE: model database has been saved to

p=s abaqushpipe_flange.cae"

~abaqus~pipe flange.cae".

"T:~Brown Stuff“teaching~enl?4“Lecture~inclass examples™proe~inclasshabagus~pipe flange.cae". ] I




EXERCISE — Structural Analysis

Mesh Module

* We need to select the
element type

* Mesh > Element Type
» Select >

« Standard

3D Stress

e Quadratic

o« Tet

 Uncheck
formulation
options

* Click OK

B Element Type

Elemnent Library Family
(® standard O Explicit

Acoustic
Geometric Order Cohesive

O Linear (8 Quadratic | Cantinuum Shell

= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuffiteachingleni74\Lecture

[E Fle Model Viewport Wiew Seed ’r;ﬂgsr:y Adaptivity  Feature  Tools  Plugdins  Help K%

. ’ = " Controls...
o & L

£

Hex | Wedge |¥|

Element Controls
[ Hybrid Formulation

Distortion contral:

[]
[]

C3D10: A 10-node quadratic ketrahedron,

Note: To select an element shape for meshing,
select "Mesh-=Controls” from the main menu bar.

Cancel

<]

2
(1)

traints

Part...

Region...

Delete Part Mesh..,

Delete Region Mesh...

Create Bottom-Up Mesh,..
Associate Mesh with Geometry...

ekl

Edit...
Create Mesh Part...
Verify...

b, ey

A
R
[7(11]‘ A‘
A,

h o

et

a4 | =

- | Object: €




EXERCISE — Structural Analysis

Mesh Module

* We need to tell ABAQUS
to use this element type

 Mesh > Controls...
* Click Tet
e Click OK

= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuffiteachingleni 74\Le

Element Shape

Technigue Algorithmm
IUse defaulk algorithm

E} Free

[ ] Increase size of interior elements

I

[ ] Use mapped tri meshing on bounding
faces where appropriate

R

=] File Model vViewport ‘Wew Seed Mesh  Adaptivity  Feature  Tools  Plug-ins  Help
. " Conkrals, ..

D S ﬁ E + C - I:‘J‘ E ement Twpe. ..

%g?nhﬂesh defaults hal | @ - Part...

e Region,..
| Model | Results | Delete Part Mesh, ..

| Model Database V| oF Delete Region Mesh...

= ﬁ Madels (1) Create Boktom-Up Mesh, ..

Tekry. ..




EXERCISE — Structural Analysis

Mesh Module
» Create the mesh

 Mesh > Part

 Click Yes

[E] Fle Model Viewport View Seed Mesh  Adaptivity Feature Tools  Plugins  Help

DEEe s RRNEA D 8

i (_? [ Mesh defaults

Mode! | Resuls | Module: |Mesh v| Model: ‘Model-l
e —— ]
Model Database | = E:

= 8 Mocels (1)
= Model-1

= & Parts {13

% pipe_flange
@ [P Materials (1)
(5] ﬂE‘ Sections (1)
i @' Profiles

=] ﬁ Assambly

ol Steps (2)
Field Output Requests (2}
History Output Requests (1)

i

B
2 lﬁ Tirne Painks
Z

£

BB

BALE Adaptive Mesh Constrainks| =
Inkeractions Y 2)
E Interaction Properties : oy 3\‘
g:{ Contact Contrals J‘_""J ’:_+
% fﬂ Constraints
@ Connectar Sections
#= F Fields
[%5 amplitudes
# [ Loads (1)
& [ Bos (3
[l Predefined Fislds
Remeshing Rules
I&; Sketches
A annotations
= i? Analysis
5 Johs

%g Adaptivity Processes

& 2.
3 @ € K ko mesh the part? [ Preview boundary mesh [T 95
SIMULIA
"T:“~Brown_Stuff“teaching“enl?4~Lecture~inclass_ezamnples“proeinclass“abaqus-pipe_flange cas". e

l@ The nodel database has been sawved to

r "T:~Brown_Stuff~teaching~enl?4~Lecture~inclass examnples proe~inclass~abagus pipe flange cas".
| Global =zeeds hawve been assigned.

| Global seeds hawve been assigned.




EXERCISE — Structural Analysis
Mesh Module

=] Ele Model

LS HE

: i [
i

Viewport  Wiew Seed  Mesh  Adapbivity

FC<RBNEARN" v

Feature Tools Plugins Help K7

b Take a IOOk at the _ﬂﬁ?ﬂ@5@@@@§;ﬁ M ® B,

mesh we just
created

Mesh defaults |

Model | Results | Madhie: [Mesh

e e ——
Model Database

S 48 Models (1)
= Model-1
= g Parts (13
- [ pipe_flange
EJ lU@ Materials {1}
[e2] ﬂ} Sections (1)
@‘ Profiles
e2) ﬁ Assembly
ol Steps (2)
E! Dﬂ Field Qutput Requests (2)
E:! % History Output Requests (1)
I Time Points
B;g ALE Adaptive Mesh Constraints
T Interactions
E Interaction Properties
M contact Cantrals
Constraints
; @ Conneckor Sections
® f Fields
rj Aamplitudes
# [ Loads (1)
@ L BCs (3)
i [l Predefined Fields
Remeshing Rules
H Y sketches
\‘f Annotations
=] i: Analysis
.5. Jobs
B %ﬂ Adaptivity Processes

e v

» | Model: |Mude|-1 ~ | Ohject: ) Assembly (5 Part: lpipe_ﬂang |

* Save

< I |

R e e e

‘m Global =seeds have been assigned. 2%

Global seeds hawve been assigned.

—1| 12635 elements have been generated on part: pipe_flange

| Warning: Some of the mid-sdge nodes were not projected onto the =
geomnetric boundarvy. in order to avoid forming bad elements. M|




EXERCISE — Structural Analysis

Job Module

* This module will
create an input file
and submit it to a
solver

* Job > Create
* Click Continue

» Accept defaults
and click OK

W LA B
= #& Modsls (1)
| = Model-1

B Create Job
Mame: |

Saource: | Model L

Wogelr |

[ Conkinue, ..

/[

12535 elements have been generated on
Warning: Some of the mid-edge nodes w

geomnetric boundary. in order
ThE: model database has been saved to
“T:“~Brown_Stuff“teaching“enl74“Lectur:

HE“
b

Mame: Job-1

d Model: Model-1

Descripkion: |[

Subrnission |General Memory | Parallelization

Precision

Job Type

(%) Full analysis

) Recaver (Explicit)
{:} Restart

Fun Mode

(%) Background ) Quewe: |:|

Subrmit Tirme

(%) Immediately

() it |:| his, |:| min.

Oat: | | [1ip...)

Cancel




EXERCISE — Structural Analysis

Job Module
» Solve the model

* Job > Submit >
Jobh-1

= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuffi\teachinglen174

=] File Model ‘Viewport  Wiew lEIl:l adaptivity  Tools  Plugins Help  K?

[ =L | Manager. ..
l:-i: E : - o
DAt

! Model | Results | Edit
— - TR Copry
‘& Model Database V| y W
= ﬂ Models (1) Delete

- = Model-1

= s Parts (1)
pipe_flange

[*E Materials {13

T Sections (1) Moriitor
E‘ Profiles Fles_ults

ﬂ Aszembly -

# oo Steps (23

Export
% Figld Qukput Requests (24

B AR vl

Write Input &
Diata Check, »

hb % | Model: i Model-1 w

% History Oukput Requests (1)
Iﬁ Tirne Poinks
Bm ALE adaptive Mesh Constraints
ﬁ Inkeractions
E Inkeraction Properties

Contact Controls

Conskraints

L




EXERCISE - Structural Analysis

Job Module

» Hopefully you see
this in the message
frame

- Elg Remeshing Rules
. ~I[Y sketches
\f annokations
Elti Analysis
3 1obs (1)
!,. Adaptivity Processes

£

i ] >

Rk

——1 Job

E Ioh
Jah

Ll e T A LSS FUFICEE S Py i Iy S S e S e e

job "Job-1" ha= been created.

job input file "Job-1.inp" has besen submitted for analvs=is.
Job-1: Analv=i= Input File Processor completed successfully.
Job-1: Abagqu=<5Standard completed success=fully.

Job-1 completed successfully.




EXERCISE — Structural Analysis

Visualization Module

Eéle Model  Wiewport  Wiew Resub  Plot  Animate Report  Options  Tools  Plug-ins  Help  K?

BuigaRF s eOn@lB099F 0 ®oe .B

n

* In this module you Ty
can visualize the = orn

| Set ok Dy
results just " D
s Il Open Database

computed "

Qrles [

@fport
b g 4 pirectory: | Temp v Al W JF=ET
* File > Open — 1
e .
Lot (2] abagqus
» Select Job -1.0db vlc_player
Eile Mame: |J|:|I:u-1.|:u:||:u | [ QK ]
File Filter: |Output Database (*.odb*) A | Read Cnly
2
—_— ——— I — 'pslaﬂﬂ.r‘ﬁ

| The job 'dob-1' has been created. A
The job input file "Job-1.inp" has been =subnitted for analysis

|Jc|b Job-1: Analysis Input File Processor conpleted successfully.

1

Job Job-1: Abaqus-Standard completed successfully. =
|Job Job-1 completed successfully. v|




EXERCISE — Structural Analysis

Visualization Module

* Click the contour
button to see the

= Abaqus/CAE Version 6.8-4 - Model Database: T:\Brown_Stuff\teachinglen174\Lecturelinclass_examples\proelinclassiabaqus\pipe_flange.cae [Viewport: 1]

reSu ItS [E Ale Modsl  Viewport  View  Result  Flot .animate @o_rtiptians Tools  Plug-ins  Help R{: !
DS EE e LLEINE AR vw ORI FITT: 0 v e R.E
%

| Mode! | Rasuls | Module: |visualization | 00B: |C:/Tempjiob-1.0db % | ™

——
| Wisualization defaults vI

-

- e T——
| Session Data vi =

; Qutput Databases (1)
] ﬂ Spectrums (7)

- wvplots

B8 wvData

L Paths
LJ:?:.[. Display Groups {1}

- B Free Body Cuts

i E Movies

& Images

e

DB; Job-1.0db y dard Ve g4 M 1 22 Eastern D

= = &
Q The jo [=) as been created e
The job input file "Job-1.inp" has been submitted for analvsis

T Job Job-1: Analys=is Input File Processor completed successfully.

\ Job Job-1: Abagus-/Standard completed sucoessfully. =
| Job Job-1 conpleted successfully. w




