CW10

Modeling and Meshing with CUBIT

CUBIT full documentation and code access instructions at
http://cubit.sandia.gov.



http://cubit.sandia.gov/

Simulation Workflow

1) Model generation and meshing with CUBIT
Build model Use symmetry to reduce Mesh geometry

Po A

2) Apply ACE3P solver

Run Omega3P

3642 Jul 22 09332 logfile,output
233044 Sep 3 11:59 mode, 10,1,19120B8E+09,m0

233544 Sep 3 11:59 mode,10,2,064482E+09,ml
288212 Sep 3 10141 modell,ncdf

450 Jul 10 08:47 o3p,in

7511 Sep 3 11:59 output

5280 Jul 22 09:26 sample,input

512 Sep 3 11:59 wectorls

3) Visualize with ParaView
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CW10

CUBIT basics
Model generation - Pillbox cavity

- Model generation and meshing with journal files

Meshing

- Mesh quality checking



Creating Geometry in CUBIT

o CUBIT can create many analytic geometries from
scratch and in decomposition

o Seven geometry primitives types are available and
accessed with the Create button

o CUBIT creates the geometry with the GUI
or with command line syntax: CUBIT> help create

CW10 P o o



Geometry Booleans & Webcutting

o Geometry Booleans define the shape of a Body based on
overlapping regions

= Subtract - Remove regions of overlap
= |ntersect - Delete all except regions of overlap
= Unite - Combine all regions

o  Webcutting slices 1 Body into 2 Bodies

"  Plane

= Cylinder

= Extended Surface

= |ntersection with “Tool”

CUBIT Basic Tutorial
el A
CW10 Dl AN



Working with the CUBIT GUI

Drop Down Menus

Toolbar Commands

CW10

File Edit ‘iew Display Tools Help

IDNF NP RIIIIRIELSARAQLIEE i[9 9(p/o + ~ 1 A 3 D

SIEXE.

2| ¥

Full Tree

M ame | oD/ | Properties

g--ﬁAssemblies

% Bioundary Conditions
.{ S Groups

@ valumes

Entity Tree

| |

&

—Perform Action

| 2| ]| B8 R| 2>

Property | Walue

Properties
Page

‘
b
i

Graphics Window

—Mode - Geometry

EX: B )

—Enity

o | +|ap

Command
Panel

CUBIT=
CUBIT=
CUBIT=
CUBIT=
CUBIT=
CUBIT=
CUBIT=
CUBIT=
CUBIT=
CUBIT=
CUBIT=

CUEBIT

.
“ Script A _Command A Emor A History

Command Line

‘Working Directory: D:,l’projects-a,l’high-gradient-xband,l’choke-mode-cell,l’coaxial-coupIer-celI-v‘I,l’coaxiaI-coupler-ci




Tool Bar Commands & Command Panel

Tool Bar Commands

Display modes Zoom in, out, and fit Toggle scale
‘ s ’ Ch bber band
= * — == — = = + Chose rubber ban
Pe STIIIRILSAQAIEE I | et moce
T \ X
Check point save/undo Redraw Perspective on/off

Entity Selection Filter @@Q / o —+— | A @ o(])

Command Panel oo e =
|~ —Mede - Geomety m A | ~a |a:|$2|
Action - Create: ’Q&ml =&
a === =]
= lcreae] | 3K

CW10 .
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CUBIT basics
Model generation - Pillbox cavity

- Model generation and meshing with journal files

Meshing

- Mesh quality checking



Configuration Options

il Cubit12.1

O TO O | S— >O pt i O n S Fle Edt View Display  Took | Help

o History

D @ E E S‘ Journal Editar

» Play Journal File
Sower Tools —

A . ? Components., .

Options. ..

o Uncheck “Use Starting Directory”

o Change to work directory

olLayout->Cubit Layout

oCheck “Use Labels on Buttons”

Past Processor
4 Quality Defaulks

CW10

@ COptions

Cystom Taols Command Line History
Display
General Maximum Number of Commands | 200 |3
Geormetry Defaulks

/- History i Filter Cut Comment Lines

Cubit Command Input

Label Defaulks

+- Layout Limit Input Window Text
Mesh Defauls Maximurn Nurnber of Lines | 1024 5
Mause =

Journaling

Journal Command Histary:

Directory:  and Settings/cwl0fMy Documents/CUBIT 12,1

|:| Use Starking Direckary
File Mame: |histary01 jau
Use Defaulk Filz Mame

%]

@ COptions
gystlom Tools Command Line Workspace
isplay
General [] Show Seript Tab
Gfanmetry Defaults Look and Feel
=) Hiskary
Cubit Use Labels on Buttons
Label Defaks Preferred Location
=I- Layout
Cubit Layaut Under Construction. ..
Mesh Defaulks
Mause

Post Processar
#- Quality Defaulks
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Create CUBIT Model for a pillbox cavity with GUI

—Mode - Geometry

a2 9

Geom. Mesh| BC | Export| Post
—Entity - Yaolurme
Q| /x| @
"olume Surface] Curve | Wertex | Group
e 0=
== | R
Fref.. | List | Delete

CW10

—Mode - Geometry

2 9

Geom. Mezh| BC | Export| Post
—E ntity - alume

Q| /7| x| @

Waolume Surface| Curve | Wertex | Group

—A&chion - Create
<.

[ —

a— 33
Lizst | Delete

| Brick =]

Brick Dimenzions

¥ [width] [10

Y [height) |

Z [depth] |

gc‘? Apply

10

—Mode - Geometmy
W | 2
Geom.. Mesh | BC | Export| Post
—Entiby - Yalume
Q| 71| @
Wolurne Surface] Curve | Wertex | Group
—Action - Create
P2 | O =—
m A Sy i= | &R
Create Modifp| Tran. | Pref.. List | Delete
| rprint |Boolean Weh-:u|
I Cylinder \ ;I
Height |30
" Circula Elliptical
Fadiuz (100
N
E2 D N gy
el A
ad e "\
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Using the 3 button Mouse

=0l x|

(7l Cubit 11.0
Fle Edit Wiew Display Tools Help

IDSE NEXIPr 99993922 EE |
@9 @@ /|0 + - 10 A% . @

! | | | | —Mode - Geometry
Pl LD L IEEIE
Full Tree Geom. Mesh| BC | Esport| Past

E2icae - @) | Left-button to Pan

Mamne I [ I Properties
é--%Assembhes
: %Boundar}l Conditions

‘olume Surfacs Wertex | Group

“‘Ifﬁmuﬂs —ction - Creat

+ T =] = o—

[ g olumes ﬂ- ﬂ <0 =
Create Modify| Tran. | Pref List | Delete
Imprint [Boclean\webcul

| _I I Cylinder LI
4 3
!I Ha\ghtlﬂﬂ
J * Circular i Eliptical

Perfarm Action Fadiuz |1 oo |
PFENEEE T —
Property I alug I ek l

Destoring previous working directory: ;I
'DIACTOSNo3p-pillbox-2°

CUBIT= create Cylinder height 20 radius 100

Successfully created cylinder wolume 1

Journaled Command: create cylinder height 20 radius 100

-

Mid-button to Rotate

CUBIT=

_Script_A_Command A Emor A History f

Working Directory: DifCW09/03p-pillbox-2 I @ (§ :

Right-button to Zoom

i
CW10 " D o .



Select One or a Group of Surfaces

55 =] 3] W i Cubit 11.0 P [ S|
File Edt ¥iew Display Tools Help File Edit Yiew Display Tools Help
s WIISEE P Y9IIRIE AP EE I |6 9 a\uﬂl./\ +-nase| IDSENENIFASIFIDITRIR AR EE o8 olp /- + ~ 1 A%
SR | | | | | ag I | | | | Mods - Geomelry
Bl Pick surface icon 12 bie i LY
Full Tree Eeum Mesh Bc Export| Post Full Tree Geom.. Mesh| BC | Export| Post
Name IID / |F'mpemes Entity - Walume Name: |\D / |Pmparllas Entity - Vol
9 trssemblies ’ < | 7 * Y B Assemblies ’ < / >+< u
B8 Boundary Conditia 'Valume Suiface] Curve | Vertex | Group 35 Boundary Conditior Valume Surface| Curve | Verter| Gror
5 Group Acton-Create—————————————— 25 Groups Aclon-Cieate————————————
o | % = - Vham: w A Sy @|E|“|
Create Modiy | Tran. | Pref. | List [ Delete Create Modfy| Tran. | Pref.. | List [ Del
B (@ EIES
nprint [Boclearfwieb wpiit
. s o 3| Lo L o =
Sutsce 3 B Surface 1 e
“““““ & & Cicuer  Elipical L % Gl ® EL=d
erform Action Fladus [100 ‘ Fladius [100 ‘
e
= g@ ‘ Apply i@ Apply
ropert alue -
eneral
13 urface L e
ame uface
Color NotSet =
B Geometry _[
lsMeiged  |No .
Is Virtual Mo
Engine a05
Sufacebrea |31415.0
Anabtic Tupe ] =
working Directary: DiJCWOS/oap-pilbox-2 | @l Warking Directory: D:/C09/od3p-pilbox-2 | QI

Put curser on surface
Left button click to pick Ctrl +

Similarly for 1. Aselection box appears when move the mouse

Fully cover the surfaces to be selected

3. (curves and vertexes also selected if the curve
and vertex icons on top selected)

N

selecting a curve

ol A
CW10 e A\
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Done Selecting
Select Other...

Insert Selection

ID Input Fields

Right
Click %

Reject Selection
! Select Al
Clear Selections
Highlight )
Zoom To
Draw
Visibiity Off
Measure
] Mesh
Delete Mesh

List Info av.
Delete

Mostly use
“Visibility off”
“All visible”

CW10

These options
only apply when
something is
selected in the
graphics window

13

Right clicking in the input field will
display an additional command menu

Done Selecting — Move to next field
in dialog

Select Other — Used when picking
from graphics window. Cycles
through nearby entities

Insert Selection - Add a new
selection without changing existing
selection

Reject Selection — Removes most
recently added id

Select All — Select all input type
entities

Clear Selections — Remove all ids
from input field



Adding beam pipe to pillbox cavity

(i Cubit 11.0

[l [ I (7 Cuibit 11.0 _10f x|
File Edt Wiew Display Tools Help File Edit ‘iew Display Tools Help
= \ i) =0
T . DSR NP2 $9TIIRIE QRS H s L
4 L |® @ @/t /]0 + - 1 A BB
= |b |ﬂ 2 |§{ | —Made - Geomel
2, 0 @ —Mode - Geomel
Full Tree Geom. Mesh DB=cé EEn 3 Ih |ﬂ ?3 | & | ‘ g fi& m
Name [0/ [Fropertics Enlity -Volume Full Tres Geom.. Mesh | BC | Ewport| Post
@ tssembl <> : —_—
%thi:a:scund“mm L SMEDJ e Grﬁp =Name |ID / |Prnpertles Enfity - Yalum
Groups - ;ﬂAssemhlles ’ <> /f * “
:VD‘WES 7?;”{%3 S a— 88 Boundary Conditiors Wolume Surface] Curve | Vertex | Group
Creale Modity TraE Pref. | Uit |Delete hclion Boslean———————————|
=) @ i [ 6 Valumes ﬂ l‘-’i 8=
Imprint |Boolearebout Create | Maodify| Tran.. | Pref. List | Delets
& *
l 1 |Cyhm:|el =l Imprint ﬁan\m"ebcu
!ﬂ Height [300
& Ciroular  Eliptical | — [Urite =]
4 »
Perfom Action Radius [35 | !I Wolume ID(s] [al
TR o 1. —_ |
E Apply A e gty |
Praperty |Va|ue | v Perfarm Action T f
L, & 2]
- CUEIT> unite volume all :I

s lzo

= 35

CUBIT»

%_Script _A_Command

ellicoaxial-coupler-cell-vd\coasial-coupler-cell' 4]
CUBIT> create Cylinder height 100 radius 120
Successfully created cylinder volume 1

Tournaled Command: creats cylinder height 100 radiu

CUBIT» creats Cylinder height 300 radius 35
Successfully created cylinder volume Z
Journaled Command: create cylinder height 300 radiu

Working Directory: D:fpru1ects—afh\ghrgrad\Ent—xbandf:hukermude—ceHﬂ:oax\a\rcuuplerr:ell—v‘?f\:l

Pill box:
Height = 90

Radius =100 Radius

CW10

New cylinder:
Height = 300,
35

Updated wolume{s): 1

Destroyed wolumeis):

CUBIT* compress ids
Preserving

Journaled

Preserving undo information...done

TNION completed. Created wolume 1
Journaled Command: unite wvolume all

information. .. done
and: compress ids

|”

llal

* Then type “compress ids”

In command window

Good to compress ids after
“unite” or “delete” entries

Command A Ermror A History
L
Working Directory: D:/projects-ashigh-gradient-xband), ke-mude-celljcuaxial-cuupl / @I
« “« ) - s a— [ g%
° Use Boolea to U nite Create | Modfy | Tran.. | Pref. | List | Delete

=

Imprint §B ooleantebcu

3<

I LInite:

Welurne 1D(s) |al

| [~ Keep Onginalz

¥

14




Rounding the Iris of the pillbox with beampipe

[ Cubit 11.00

File Edit VYiew Display Tools Help

=10l x|

DB NeMH|[Fer FSTIIIAIELAQAR S HE

|@ @ @@ /] + —~ 0 A 3 b

58 2

2| ¥l

Full Tree

M ame

IID A IF'roperties

-9 & ssemblies

A Groups
1 6 Y olumes

|

% Eoundary Conditions

Surface 11

—Perform Action

e[ 22| ] R 2
Property | “Walue
B General
Id 1
Type Surface
Mame Surface 11
Color Mot Set
B Geomety
Iz Merged Ma
I Virtual Mo
Engine ACIS
Surface &rea |4EE1.ER
Analytic Type
B Meszhing
I3 Mezhed Mo

hd|

i

S

Current entity is Curwve &
Current entity is Curwe &_
CTUEIT=
CUEBIT> modify curwe & 5
FPreserving undo information. .. done
Tpdated wolums(=s): 1

Current entity is Surface 11.
CUBIT=

Journaled Command: unite wolume all

blend radius 12

Journaled Command: modify curve & 5 blend radius 12

Y Script A _Command A Emar A History f

—hode - Geomety

3 9

Geam.. Mesh

B8

—Entity - Curve

3 o

Volume| Surface) Curve

—Action -
o

Create

E=)

lerge

i

Yy
[ Blend/Chamfer 4 =1
Curve|Ds |5

* Blend 5
i~ Chamfer

Hadius|12‘~\( 6 \
=

“Working Directory; D:,l'projects—a,l'high—gradient—xband,l'chokﬁ—mode—celI,I'coaxial—coupler—cell—v‘i,l'cl

©

CW10
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Curve

Modify
Blend/Chamfer
Curve IDs [5 6]
Blend

Radius

Apply

N
)
o

1
z
:
:
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Use symmetry to reduce % of the cavity

([l Cubit 11.0
File Edit View Display Tools Help

=lol |

i Cubit 11.0

File Edit ‘ew Display Tools Help

~lojx|

DSE NEENPr FIF9TIIRIELAQUSOEE

oo @p /o +~11ASBS
S| @ 2|l

Full Tree
| D/ | Fioperties

Name

@2 ssemblies
% Boundary Conditions
.{jﬁrnups

[ v alumes

IDE N MNPy STTIIAIESAQ S H =

|8 @ ol o + 1A 52

—Mode - Geomety

2 8o

Mesh | EC

Export

Fost

—Action - Webcut

—EntityI
|’ | | K “|
olume Suface] Curve | Wertex | Group

=1 ik =

! =
Create | Modify | Tran.. | Pref.. Lizt | Delete
Imprint [Boolearfa/ebeut

I Plang

=

‘wiebcut Target
’:folume IDfs) [1 a

ALY IENEY
Full Tree
I\D A |Praperlias

Name
%ASSEMHIES
55 B ourdary Conditions
L Groups
I Y olumes

<

Modified/Created volumes: 1 2
Journaled Command: webcut volume 1 w
ith plane zplame offset 0 noimprint
nomerge

CUBETIT=

Y _Script A _Command

Perform Action

MEFERE

Current entity is Volume Z.

[~ Group Results

v
1y .
el Y ebout /it g
(G‘ Z Plane ZxPlane (XY Plane |
Perforning webout operation. ..
i Difset Yalue [0
| Preserving unde information. . done
Creasting the new {wesbcut) wvolu I~ Rotate Cutting Plane
mes. .. )
Created volume{s): 2 I~ Imprirk
TUpdated volume(s): 1 ™ Merge

=

7

‘Working Directory: D:fprojects-athigh-gradient-xbandfchoke-mode-celljcoaxial-coup

2l

| CUEIT=
CUBLIT= delete wolume Z
Preserving undo information...done

Property I Walue

Deleted wolume Z
Journaled Command: delete wolume 2

CUEIT: compress ids
Preserwving undo information. . done
Journaled Command: compress ids

CUBLT=

%_Seript A _Command

=l

—Mode - Geomet

a 9
Geom. Mesh| BC | Export| Post
—Entity - Valu

3 o/ | x|lw
olume Surface] Curve | Vertex [ Group
—Action - Delet

z =] o | B—
a| A Sy =
Create | Modifp | Tran. | Pref. [ List | Delete
Imprint |Boolean eboul

Yolume IDs) |2_27 ‘
5]

3

‘working Directary: D:fprojects-afhigh-gradient-xband/choke-mode-cellfcoaxial-coupl

. Volume

. Webcut

. Plane

Volume IDs [1]
. YZPlane

. Offset Value [0]
. Apply

CW10
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Delete
Volume ID [2]

Apply

1.
2.
3.

“compress ids” in command window



Reduce to ¥ with Webcut, XZ Plane and Delete

([fii Cubit 11.0

File Edit Wiew Display Tools Help

=10lx|

(i Cubit 11.0
File Edit View Display Tools Help

~10/x]

IDSE NHMN||P» ST9IIRIRSRAQLOEE

@9 o[ /o + 10 A @3
e |@|e|vl

Full Tree
I D/ I Properties

% Boundary Conditions
S Groups
[+ 6 Volumes

.
fez

| 22| o OB R [ 2

DS N

P ®999I2 IS ME

| ® @[ [o + 1 A 2o

& °‘| ;- | K “|
aolume Surface| Curve | Wertex | Group

—Action - W ebout
B =]

!
Tran..

o=
Create Pref. List | Delete

B

Imprint |Boolear

I odify

shcut

I Flane LI

—Mode - Geomets .

LLIEEE ila @2y

Geom. Mesh| BC | Erportt| Post Full Tree

—E nitity - 4 olu Mame |ID A |F’ropart\es
ﬁAssamhlles

=55 Boundary Canditions
[+ Groups
B Volumes

Wwiebout Target
’:/n\ume D) A ‘

¢

wlebout With
" YZFlane (¢ 2{Plane (" ¥ Plane ‘

(Pelfurm Action

Performing webcut operation. . .

Preserving undo information...done
Property I

| Valug

Creating the new (webcut) wolu

mes. ..
Created volume(s): 2

Updated volume(si: 1
Modified/Created volumes: 1 Z
Journaled Command: webcut wolume 1 w
ith plane yplane offset 0 noimprint
nomerge

CIBIT=

Y _Seript A _Command

Difset Yalue [0
I~ Rotate Cutting Plane
I Imprint

I~ Merge

I~ Group Results

Freview

o

e

’7Perfarm Action

| 2| n] B R|2

I Yalue

Current entity is Volume L.
I CUBIT>

CUBIT> delete wolume 1
Preserving undo information. .
Deleted wolume 1
Journaled Comnand: delete volume 1

Property

_done

CUBIT> compress ids
Preserving unde information...done
Journaled Command:

compress ids

CUBIT>

Y _Seiipt A _Command

‘Waorking Directory: D:/projects-afhigh-gradient-xbandjchoke-maode-cellfcoaxial-coupl

—Mode - Geor

b

3 9 2
Geom. Mesh| BC

Export| Post

—Entity - Yalu

3 o | e | »
‘olume Sufacel Curve | Yerex | Group

—Action - Delet
b =] o | o=
a =R
Create | Modify| Tran.. | Pref.. | List | Delste

@

Iraprint |Boclean#ebcul

Volume 10(5) |

Apply

‘Working Directory: D:jprojects-afhigh-gradient-xband/choke-made-cellicoaxial-coupl

CW10

“compress ids”
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Save the Model in ACIS (.sat) Format

[t \Cubit 11.0

File Edit “iew Display Tools Help

=0l x|

|:||:
F =)

el

I
ik

=i ”ll E|Li

Save ir: |&) OO M odel

x| = ®E e E

S = NP el & ol . o 6 <A < -l m [l = @

2

2 0HE

H
]
Lo_s

e

Property

chose .sat format

Imndﬂ1jat

IAEIS [* zat” * aciz” *.2ab”]

de - Geometry

Bl

orn..  Mesh Export| Post
ity - W alum
< E
lurne Surface] Curve | Vertes | Group
tiar - Deleh
= = T |
A | Sp =R
ate | Modify | Tran. | Pref. | List § Delete
5| @ X
print (Booleanw'ebcu
e D] | ‘

|

LT e

Preserving undo information. . . done

Deleted wvolume 3
Journaled Command: delete volume 2

CUBIT> compress ids
Preserving undo information. .. done
Journaled Command: compress ids

Current entity is Surface Z.
CUBIT=

‘Working Directory: D:,l'projects—a,l'high—gradient—xband,l'choke—mode—cell,l'coaxial—c0u|:|

-

Y Scipt A Command A Enor A Historw —

Apply

1. File
2. Export
3. Save

4. Finish

[ ACIS Export Dptions - C:/../Desktop/CWDO-Mo;

[~ Exportézfetifact [~ Export Attributes

Wolurme 0[] I

Surface ID0); I

Curwe Dz]; I

Wertes [D[s]: I

_@ | Cancel | Firish I

CW10
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File Edit View Display Tool} Help

Journal Files

[

IDNE NEXIPA FPIIIIRIELAQAIME 09 o/ o

o+~ A %D

3| @

Name

ﬁAssen
% Boun
.{' S Group
i‘.\ﬁduw

j

F'e_rf_orm A
|2

Property

E;

|

& 1ournal Editor
File Edit Tools

=1ol ]

DNE XD el

Untitled

reset

create Cylinder height 30 radius 100
create Cylinder height 300 radius 35
unite wolume all

compress ids

modify curve € § blend radius 12

delete wolume Z

delete wolume 1
compress ids

webout wolume 1 with plane xplane offset 0 noimprint nomerge

webout wolume 1 with plane yplane offset 0 noimprint nomerge

#xport, acis "D:/CWOS/03p-pillbox-E/modell. sat" owverwrite

Exported: 1 Volume

ite

CUEIT=

|

Journaled Command: export acis "D:/CW0S/03p-pillbox-Z/modell. sat" overwr

_Seript A_Command A Emor A History f

=

‘Working Directory: D:fCW09/o3p-pilbox-2

—Mode - Geometry

Geom. Mesh [ BC

3 92 H

Export

—Entity - “olum

3 o

Yolume Surface] Curve

Wertex

—Action - Delet
a| Al sy

Create | Maodify | Tran.

Pref..

B @&

Imprint B oolear'»eboul

Wolume (D(s) |

Tools
->Journal Editor

In Journal Editor window
-> File

-> Import

-> From “Command Tab”

Then save to a file (.jou)

“reset” at top is added to
clean up the workspace
when “play” the .jou file
(see next page)

CW10
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Same CUBIT Model with Parameterized Journal File

B modell.jou - WordPad (=] P}

File Edit Wiew Insert Format Help
N EE A EEEEE
IEourierNew j I‘ID j IWestern j Bl[lgl@l = %l%l

GGE@E 2R ¢HM

L |
|69 0\ ~o A md

A\ =
QEI | |N Mode - Geomety —————————— g---.---1---|---2- 3 A g
3@ e
Full Tree Geom, Mesh| BC | Esport| Post reset -
Name I\D / |Prnperties" rEntity-VnIume Py 1 n o
X b— ! ! . cav_length =
 Brormeon el Hewrans - 10 Parameters
5 Boundary Conditions -
- bp length = 300}
Lack in: |\ odel | = - #{bp_
[ Groups I J & E . 4 #{bp_radius = 35 }
i foumes X = x #{iris_rounding = 12}
[ <3 List | Delete
create Cylinder height {cav_length} radius {cav_radius}
create Cylinder height {bp_length}! radius {bp radius}
unite volumwe all
— compress ids
1|
modify curve & 5 blend radius {iris_rounding}

export acis "modell.sat™ overwrite

My Dacuments

Peform Action
i Q @ ﬂ x @ I f'l webhcut volume 1 with plane xplane offset 0 noimprint nomerge
hisslaRe L. | select file

Praperty IVa\ue e delete volume 2

compress ids
webcut wvoluwe 1 with plane yplane offset 0 noimprint nomerge

File name: Imodeﬂ.iou j Open | delete wvolume 1
- compress ids
Ll IJoumaI Files [*joul] j export acis "modell.sat™ overwrite

4

7 |
CUBIT»
CUBIT= j modify curve 26 27 blend radius 45 —
\_Seript A_Command A_Enor A Histor export acis "modell-rtop.sat™ overwrite J
-

=]

‘ For Help, press F1 l_ v

Working Directory: C:jDocuments and Settings/lizh/Desktop/CW09-Made! I

1. Have modell.jou saved Define Variables #{cav_length = 90} #{cav_radius = 100}
Click the “play” button Create Cylinder height {cav_length} radius {cav_radius}

2.
3. Select the .jou file T
4. Open -> will run through commands Replace numbers with variables in { } brackets
in .jou file, model generated o1 AL
CW1i10 d b I\
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Checking Model Dimensions

o Find coordinate of a vertex

Select Vertex Filter
Pick a vertex
In command window: type “list vertex <#>”"

o Lists the coordinate

o Measure distance

Pick two vertices
Right click window area and chose “measure”

Distance is shown in command window

o Measure length of line segment

CW10

Select Line Filter

Pick a line
Right click window area and chose “measure”

21

e

Current entity is Curwe L7.
Current entity is Vertex 15.

Vertex Entity (Id = 1L}
Hane Id Meshed ¥-coor d T-coor d
Vertex 1E& 15 No 0.ogoooo 100. 000000

In Curwe 16, Curwe 17, Curve Z7.

45000000

ooooo

[

e

Curzent entity is Curve L17.
CUBIT=
CUEBIT® measure between vertex 16 15
DX = 0.00000000000000
DY = 0.00000000000000
2 = 50.00000000000000
Distance from Vertex 16 to Vertex 15 is 30.00000000000000

Journaled Command: measure between wertex 16 15

CUEIT*

(N

;
:
i



CW10

CUBIT basics
Model generation - Pillbox cavity

- Model generation and meshing with journal files

Meshing

- Mesh quality checking

22



Meshing with CUBIT GUI

P[] 53 | O Cubit 1.0 =lolx|

File Edit Wiew Display Tools Help

DNE NEEN[Fr FOTIIRIELSRASHE

File ENt View Display Tools Help

EﬁIESEnlﬂﬁml@wﬁmlﬁﬁlﬁ@a@;&omm
@ Ei| T T . . N . . |

== 2 @8 9p[sfo + oA w D
i = 1

=R Look in: [ () CWI-Model = « & eF E-  Mode - Geomet wp I | | | Mode - Geametry

lTY 3 9 dlel?lx

. Geom, Mesh | BC | Expont| Post Full Tree Geom,Mesh

Name: g —Entiy Name [iIo_/ [Fropetties Enil

P ssembles Qe | £ Assemblics | &|le| @
EEEnundaw[ Yolume|Suface] Curve | Vertex | Group %Euundawtmd\tims (il ACIS Import Dptions esktop,/CW09-Model/modk 21x Ime|Surface| Curve | Vertex | Group
1434 Groups 3.4 Groups

9 Vokimes Golumes I~ lgnare Bodies I~ Shaw Each Whike Impotting

I~ Ignore Fiee Suifaces ¥ Separate Mulivolume Bodies
I Ignore Fiee Curves ’—riﬁlealeﬁluupl

T lgnore FreVetos .. | ‘

™ Import & Artifact

4 | _’H ¥ Import Atiibutes

T I—

Petform Action
File name [madeft.sat =l Gpen | = | 2|3 R
Journaled Command: undo on
a— Filss o type: [Ac15 st %.acis™ % sab") | Cancel
[Pty 7| Froperty [alue ] Restoring previous working directory:
‘D:i\projects-alhigh-gradient-xband)choke-mode-cellie 'D:iprojects-athighog i 1lhe
paxial-coupler-cell-vd4icoaxial-coupler-cell’ oaxial-coupler-cell-véicoaxial-coupler-call’
CUBIT* cd 'C:/Documents and Sertings/lizh/Deskeop/CU03-H CUEIT= cd 'C:/Documents and Settings/lizh/Desktop/CU0S-HM
odel’ odel’
Current directory is "C:\Documents and Settings)lizhiles Current. directory is "C:3Documents and SettingshlizhiDes
ktop) CWOS-Model " ktopi CW0S-Model"
CUBIT» CUBIT=
Seript_A_Command A Error A Histon Seript b _Command A Error A Histon
Working Directory: C:/Documents and Settings lizh/Deskkop/CW09-Model | D wiorking Directory: C:fDocuments and Settingslizh/Desktop/Cw09-Madel | @l

= |mport solid model (modell.sat, e.g.) Select “Separate Multi-Volume Bodies”
= File

-> Import

-> click the file name (in default directory)

-> 0Open

CW10

(N
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Import Solid Model & Choose Tetmesh

(i Cubit 11.0
File Edt View Display Tools Help

=10 x]

(i Cubit 11.0
File Edit View Display Tools Help

=121

D& NP 9T9IIAIE LR HE

|® @ =]/ -

+ o TT A D
3|a @]y
Full Tree

Name [I0_ 7 [Froperties
P2 hssemblies

EE Boundary Conditions

[+ Groups

I 5 Volumes

4] Iiﬂ

pra s
Peiform Action

DB NN P STTFIIIIEL2ALACQHEME!

|e® s[es o + -0 A4Hs

| o | % 2

Property | Walue |

CUEIT> undo group end

CUBIT>

%_Seipt A_Command

ngs/lizh/Desktop/CU09-Model fuodell . sat"

CUEIT> separate hody all
Journaled Command: separate body all

CUBIT» set attribuce off
Journaled Command: set attribute off

Journaled Command: unde group end

—Mod
| 5 3
Geormn.. Mesh

et

EIEXE.

2| ¥

Export Pusl Full Tree

CEnti Mame [0/ JPropeties
<@ | /7| | 9% tssemblies

Wolume|Suface] Curve | Vertex | Group HEE Boundary Conditions

1.4 Groups

ey
] 1V olume

[l 1=

1

~Mode - Meshing—————————

Geom..| Mesh  BC | Export| Post

—Entity - Yolume:

- /|

olume Suface| Curve | Yertex | Gioup

Ll S

Hew | Tet

Fefing | Renu..

Se\ecl Entities to
aH

Select Meshing Scheme
—

Property | Value

CUBIT> undo group

CUBIT: wolume all

CUBIT

_Serpt A_Command

Working Directory: C:/Documents and Settings/lizhiDeskkopjCWoS-Model

Journaled Command:

Journaled Command:

Journaled Command:

separate body all

CUBIT> set attribute off
Journaled Command:

set attribute off

end

unds group end

scheme Tetmssh
wolume all scheme tetmesh

[ Tetmesh =

™ Advanced

(&

¥ Check For Dverlapping Surfaces

Mesh

Scheme: Default

Working Directory: CxiDocuments and Settings/lizh/Desktop/CW03-Model

=]

CW10

24

1. Mesh
. Volume
. Mesh

. Select Meshing Scheme {Tetmesh}
. Apply Scheme

2
3
4. Select Entries to Mesh {all}
5
6

[ ad_| Al~
ﬁJl.rﬂho
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Set Element Size & Generate Mesh

(i Cubit 1.0 8 [=]

Fle Edt View Display Took Help

DY@ NEXH [P PTTIIRIELAQLOEM -
89 o 4o+ OATD

7 Cubit 11.0 o ] oS

Fie Edit Wew Display Tools Help

[DNENEMHPFe 99999 SR 6 HE
|9 s[e|sls + -0 ASD

s | | | | | Mode - Meshing ., | | | | | Mode - Mashing
al®|e|w (.I—g@égal ial®|e|v [Tﬂsma
Full Tree Geom.| Mesh  BC | Export| Post Geom..| Mesh  BC | Export| Post

Full Tree
Harme [i0 [ Froperies CEndy Vome Name 10/ [Fropetties CEnfy Vokme
[ —" D e e 9 Assemblics
8 Boundary Conditions \iclume Suface] Curve | Yertex | Group - Boundary Conditions Wolume Surface| Curve | Wertex | Group
[ Groups $ s Hl A~ |+ [+, Groups $ 0y oA — | 4+
[ Volumes Hex | Tet | Quad| Tri | Bar | Mode +| 0 Volume Hex | Tet | Quad| Ti | Bar | Node

[ Action - Intervals

o R 22 @ R
inte. Mesh | uality| Smosthy Copy. | Delets
=

Refine | Renu

94 &
Smooth Copy.

Delete

—ction - | 1

o

@ i. ?
Inke.. h | Quality
5]

Refine | Renu

4 |

s
3

Selest Yalumes
ﬁa\\
Pertoim Action Perform Action | <
. Geomely-adaptive -~ : B[ 52| Geomelry-adaptive -
: | Coarseness Coarseness
Propeily Valie A Properly Yalue R
1 | 10 I | — 1
. . R
Acewacy 7 Aceuracy
i . ) . \( . ) i
z z |
: il 2 2 ! :
= sy it Mt = Mirimum Masimum
- joa Limit - Size Limit
CUBIT+ volums all schems Tetussh suta 12 auto 12
Journaled Command: volume all scheme tetmesh ) . Dl werrreerrEnd CA M AL - TETHESH sessiontrrsreees ik
Sizing Gradent Limit --rLoading neff coordinates Sizing Gradient Linit
CUBIT> volume all sizing fusction type skeleton scale § 1.2 -->Loading 12
tine accuracy level Z min_size awto max_size 12 max_grad Advanced Tetmesher flapsed time: 0.422 seconds Advanced
ient 1.2 Generatedfl1e4? tets for Volume 1 (Wolume 1).
Journaled Command: wvolume all sizing function type skele (Volume 1) meshing completed using scheme: tetn -
g vpe she [v Check For Overlapping Surtaces o eonp o % Check For Overlapping Sufaces
ton scale § time_sccuracy_level 2 min_size awto max_size
12 max_gradient 1.2 Previem Journfled Command: mesh volume all Preview
cuBIT- ~ ZI 2
_Seiipt_A_Cammand feript_A_Command A Enor A Histon =

Working Directary: CifDacuments and Settings/izh/Diesktap/CWaS-Madel Working Directary: C:fDocuments and Setnngsmzw?ékmpfcwue-mme\

=]
Intervals g Click “Mesh”
Select Volume {all} Smaller mesh size

Select {Geometry-adaptive} around curved surfaces to mesh
Coarseness {5} {adaptive}
Accuracy — middle {=2}

Advanced:

Size Limit — Maximum->12

Sizing Gradient Limit {1.2}

Apply

=

© O ~NOU A~ WN

(N

CW10

1
z
:
:
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Apply BC at Interior & Exterior Surfaces

11,

(i Cul
Fle Edt View Display Tools Help

P 9TIIBIELAQGEHE

File Edit View Display Tools Help

~=lolx|

hSE NP 999

a9 SHE

@9 (f s o 4+ = 1A

Mode - Materials and BCs

& 9z H

SIEYE IR

Geom.| Mesh | BC  Evport| Fos Ful Tree
Entity - Sidsels Mame [Io 7 [Praperies
8 o 5] P Q3 fissemblies
Made..| Side  Blocks Rema Boundary Condiions
3 Groups
[ add | Volumes
SideSetID [1
"
& Suface  Face
© Curve © Edge
© Group tal 1 4 o
105s) [3 Suface 1 E

[~ With Respect Ta
[~ Direction

[~ Reset Al SideSets

Reset

Working Directary: C:jDocuments and Settingsflizh/Desktop/CWO3-Model

Generated 11643 tens for Volume 1 (Wolume 1), A
Velume 1 (Volume 1) meshing completed using schems: tetm

DNE NeH
89 9 s o+~ ABD
B @2
Ful Tiee
Name [ID_/ [Propsies
B bssemblies
75 Boundary Conditions
|+ Groups.
£ Volum
< |
Suiface 3
Ferform Action
o e 3¢
Propeily [ alue
B General
14 3 L
Type Suiface \41
Narie: Surface 3
Celr Mot Set
& Geomety
IsMerged |llo ach
Is Virtual Mo Journaled Command:
Engine ACI5
Surface Area 191391 Current entity is Surface 3.
CUBIT*
Analplic Type — CUBIT> Sideset 1 surface 8
B Meshing Added Surface 3 to Sidafer 1
IsMeshed  |Tes Journaled Counand:
Mumber of Ele._ 126
Intervals 1 =l CUBIT>
Seiipt

mesh volume all

sideset 1 surface 3

Apply

| 2| ]| | R
Propeity [ Value |-
Bl General
Id 1
Type Surface
Name Surface 1
Color Hot Set . B
B Geomety CUBIT> Sideset 1 surfacs 3
Is Merged No hdded Surface 3 no SideSen 1
Is Wirtuial Mo Journaled Comnand: sideset 1 surface 3
Engine 2015
PR Current emtity is Surface 1.
CUBLT=
Analytic Type — CUBIT: Sideser 2 surface 1
El Meshing Rdded Zurface 1 to SideSen Z
Is Meshed Ves Journaled Comnand: sideset Z surface 1
Nurmber of Ele._.|433 JE—
=
Intvals |1 I e Command

Mode - Materials and BCs
”@5%

Geom..| Mesh | BC

Exporl

Post

Enlity - Sidesels

B

[

| add
Sideset ID [2

Select
@ Surface
7 Curve
" Group

" Face
© Edge
ol [

1D(s) f1

I ‘With Respect To
™ Direction

I~ Reset &l SideSets

Fieset

Working Directory: CxjDocuments and Settings/lizh/Deskkop/CW0S-Madel

CW10

. Add
. SideSet
Surface

Apply

ID {1}

. IDs {all except 1 7}
(all the surfaces except the two symmetry planes)

26
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Check Boundary IDs

e Add surface 1 to sideset 2
e Add surface 7 to sideset 3

* Draw sidesets e aé{i’.lu—

Seom|Mesh| BC Expo.| Post

—Entity - Sidesets

HE 9

Mode.|Side.. Bloc..

R

iemo.

L]

IDraw

SideSet ID(s) IaII

Pick Color... ||

¥ Clear Display

[T Reset All SideSets

2 Apply

(b
!b
)

5..
7

CW10

5
:
:
§
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Set “Block ID” for Material Attributes

=101 x]

—Mode - Materials and BCs

(i Cubit 11.0
File Edit Yiew Display Tools Help

DS NEENPr STTIIAIE2RQ ¢ HE

|6 @ @ #[o + 1 A%

s I&'ﬂ

2|y
Full Tree

Narne |ID / |Prnpemas

é--%Assemhlies

% Boundary Conditions
14 Groups

[+ E@Volumes

- Mode - Materials and BCsl—

& ¢ Lo Sidebet &
ace 4 to Zidefet &
ace § to Zidefet &
are £ tao SideSet 6
ace 7 to SideSet &
ace 8 to Sidefet &
ace 3 to Sidefer &
ace 10 to Sidelet &
ace 1l to Zidelet &
Journaled Commend: sideset & surface all except 3 1

CUBIT+ block 1 wolume all
Added Volume 1 to Elock 1
Journa. led Commeand: block 1 wolume all

CUBIT=

LI AEN:
Geom.| Mesh | EC  Export| Post
—Entity -Blocks———————————————
Node..| Side.. | Blocks 2 Remo..
[ add =
Block D [1 4
—Select
" Group  Tet
+ Volume £ Face
" Surtace 5 i
" Curve " Edge
 Vertex € Node
;I " Hex P
ID(s) [al
-
[~ ResetAll Blacks Feset

7

%_Seript A_Command A_Ermor A History /

‘wiorking Directory: DfCW0S fo3p-pillbox

LA AEN:

Seom|Mesh| BC Expo.

Post

—Entity - Blocks

=10 R

Node.|Side..|Bloc.. emo.
IEIement Type j
Block ID(s) |1

—Select

" Nodes  Curves

~ Surfaces @& Volumes
—Volumes

" Hex = Tetra

~ Hex8  Tetrad

" Hex9  Tetra8

" Hex20 & Tetral0

" Hex27 "~ Tetrald

[~ Reset All Blocks

[

2 Apply

CW10

BC
Blocks
Add

1
Volume
all

Apply

NouhkwbhRE

28

BC

Blocks
Element Type
Block ID(s): 1
Volumes
TetralO

Apply

Noubkwbn e

Use 10-point
Tet for curved
elements



Tips
e One should set the BC sideset and material IDs
(blocks) and “Element type” before the meshing

command (enables mesh quality checking during
meshing).

e But you can only “draw” the sideset “colors” after
the mesh is generated.

o1 AN
CW10 o e AN
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Check Mesh Quality

o Command (type in command window)

quality vol all distortion
qguality vol all distortion

-0.013

-0.172

high 0.0 draw mesh

-0.372

|

D

W

-0.551

-0.730

CUBIT> guality wol all distortion

Volume 1 Tet quality, 162324 elements:

Function Hame Average sta Dev Minimuw  {id) Haximuw (18]

Distorvion  9.867e-001  4.392e-002 -7.301le-001 {13373]  1.000e+000 (6234}

Journaled Command: gquality velume all distortion
CUBIT> euality vol all distortion high 0.0 drav mesh

Volume 1 Tet quality, 31 elements:
Distortion ranges from -7.301e-001 to -1.3052-002 (3l envivies)
Red ranges from -7.30le-001 to -6.277e-001 (4 entitiss]
Magenta ranges from -6.277=-00L to -5.2522-001 (0 entitiss)
DkYellow ranges from -5.252e-001 to -4.228e-001 (3 entities)
Yellow ranges from -4.228e-001 to -3.204e-001 (4 envities)
Green rangss from -3.204-001 to -2.1792-001 (5 entities)
Cyan ranges from -2.179e-001 to -1.15§e-001 (€ entities)
Blue ranges from -1.155e-001 to -1.305e-002 (% encities)

Journaled Command: quality velume all distortion high 0 drav mesh

CW10
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Scale Units

- =] ] (Tl Cubit 11.0 —

File Edit View Display Tools Help File Edit Yiew Display Tooks Help

0o olrs-+-HA®SD 89 o[/ +~ A3

P | | | Mode - Analysis S
=] —Mode -Gepgety————————————— i | & |2 ¥ Yk &
K a ﬁ 9} a l g& ﬁ u Ful Tree Geom.| Mesh | 9 i
Full Tree: Geom. B BC | Ewport| Post MName | D/ | Properties Operation - Export Mesh
- -3 ssembl
Hame [io 7 JPiopattes Erliy-Vohe 93 pocombies = o
B Condiions Export _Filer
=y v—r. 3 IdEIE) EGrovps
BB Boundary Condiions Wolume 5 Curve | Vertex | Group 1) | Genesis =]
{Broups ( Acton - Transform Flengme [modellgen
Vol A =
| = Browse:
Create | Modiy | Tran List | Delete —I
0 )78 Block ID(s) [al
Irnpint [Boslear{webiu 4 e | Di
d ki | > @ Defauk € 34 o
——
IScaIe = £ ™ Use Large File Format
4 *
| '-/ . Volume ID[s) [all Perform Action ¥ Overwite
gh R et |2« R 2 I~ Export As Artfact

Perform Action dded Surface & to Sidefet & ;l « Umlovm&g _@ Apply
i = Added Surface 7 to SideSet 6  Ayis-Dependent Scaling

i 2 @ I x il hdded Surface 3 to SideSet § Y

Added Surface 8 to SideSet 6

7
Scals Factor [0.001 7 | k’g
Property |\/a\ue | Added Surface 10 to SidaSet &

Added Surface 11 to SideSer & I K
eep Copy OF Driginal -
Journaled Command: sideser 6 surface all except 3 1 Humber of elements = 11643 A

[¥ Seale Mesh Huuber of nodes = 17845

Property [vale |

Finished writing modell. gen
CUBIT> block 1 volume all

Journaled Coumand: export genesis 'modell.gen’ block all
Added Volume 1 to Block 1 P Apply vermrite
Journaled Command: block 1 volume all —

CUBIT> unde group end

CUEIT> volume all scale 0.001 Journaled Command: undo group end
Journaled Command: volume all scale 0.001
Changing directory back to: C:iDocunents and Settings)
comTT> =
Seript_j_Command f_Emor A Histon \_Seiipt_A,_Command AMM/—I
Warking Dirertory: D:{CWn9josnepilbox [ D[ workingirectory: ciibocuments and setngs/lehipeskopicives-Hode! [ =]

1. Geometry Use smaller units when creating the model and meshing, e.g. mm

) Volume Scale to meters for calculation - ACE3P uses standard units
. Transform

2

3

4.  Scale

5. “all”

6.  Uniform Scaling
7. “0.001”

8

Apply

!b

(N
5..
{

CW10

5
:
:
§
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Export the Mesh

o File->Export
o Save as type: Genesis (*.g* *.gen*)

o Finish

o Import “Command tab”

i

Cubit 12.1

File:
[

9
=l

Edit  Wiew
Mew
open...
Save
Save As..
Recent Imports

Import. ..
Export. ..

Set Directory

Exit

Display
Chrl+h
Chrl+0
Chrl+5

into Journal Editor

CW10

Export File

D

My Recent
Documents

r

Desktop

-

My Documents
tdy Computer
dy Networl
Places

Save in | = owl0_work j

® cf B~

il Mesh Geometry Export Opti... E]

Dimension

(® Defauk O a3d O 2d

[] Use Large File Format
[] Export As Artifack

Block IDis)

File name: |mndal1 gen

Save as lype: |Genesis [".g" ".gen”)

=
|

Save
Cancel

& Journal Editor =3l
File Edit Tools

IEEEIELE S Y

[ Driciea

undo group bagin =]

‘.

set actribute on
import acis
separate body all

set attribute off

undo group end

voluue all scheme Tetnesh
voluue all sizing

mesh velume all

Sideset 1 surface 3
Sideset 2 surface 1
Sideset & surface all except 3 1

block 1 volume all

block 1 elewsnt type tecrall

volume all scale 0.001

undo group begin

set large exodus fils off

export Genesis *modell.gen® block all overmrite
unds group end

"C:/Documents and Fettings/lizh/Desktop/CW0S-Model/modell.sat”

function type skeleton scale § time accuracy level 2 min size auto 1

el A
o b "\
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Convert and Check the Mesh

o In aterminal:

CW10

o Convert Genesis file to NetCDF format for ACE3P
acdtool meshconvert cubitq netcdf in.gen out.ncdf

o Check mesh connectivity and quality
acdtool mesh stats out.ncdf

o Check for inverted tetrahedra (if Tetral0)
acdtool mesh check out.ncdf

o Straighten inverted tetrahedra (if Tetral0)
acdtool mesh fix mesh.ncdf mesh_fixed.ncdf

33



acdtool mesh stats Output

TOTALS:
elements: 7530
coordinates: 1728

ASPECT RATIO:
min  =1.07028
max =2.32866
average = 1.55955
std dev =0.196946

SHAPE MEASURE:
min  =0.351915
max =0.996323
average =0.820372
std dev =0.100069

ELEMENT VOLUME:
min  =7.59101e-09
max =5.57899e-07
average =1.20845e-07
std dev = 7.88559e-08

CW10

BOUNDING BOX:
min =(0, 0, -0.15)
max =(0.1, 0.1, 0.15)

EDGE LENGTH:
min  =0.00357312
max =0.0227063
average =0.0102788
std dev =0.00300348

Euler Characteristic:
Surf Euler Char =2
Vol Euler Char=1
Euler Char is OK.

el A
o b "\
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acdtool mesh check Output

%k 3k 3k >k 5k 3k >k 5k sk >k 5k sk >k 5k sk >k 3k 5k %k >k 5k 3k Sk >k 5k 5k sk 3k 3k 5k sk sk 5k ok sk sk 5k 5k sk >k 3k 5k sk sk 5k 3k Sk sk 5k 5k sk >k >k 5k sk >k 5k 3k Sk >k 5k 5k sk >k >k 5k %k %k 5k %k %k %k 5k >k %k k k 3k

Reading the mesh and midpoints ...
kkokokkkkkokkkkskskkkkskkkskskskkkskskskskskskokskskskskskskskskskskskskskskskskskskskskskskskkskskskkkskkkskskkkskskkkkkkkkk

3k 3k 3k 3k 3k 3k >k 5k 3k >k 5k sk >k 5k sk >k 5k 5k %k 3k 5k 3k 3k sk 5k 5k sk sk 3k 5k sk sk 5k 3k 3k sk 5k 5k 3k sk ok 5k sk sk 5k 3k sk sk 5k 5k sk >k >k 5k %k sk ok 3k Sk >k 5k 5k sk >k 5k 5k %k %k 5k %k %k %k 5k 5k %k k ok k

Check whether there are invalid quadratic tetrahedral elements...
3k 3K 3k 3K 3k 3k 3k sk 5k 3k 5k 3k Sk 3k sk 5k Sk 3k sk 3k Sk ok 3k sk Sk 3k 3k sk 3k 3k 3k sk 5k 3k 3k sk 3k Sk 3k 3k sk sk 5k Sk sk sk 3k 5k sk 5k 3k Sk 3k 5k sk 5k 3k 5k sk 5k 3k 3k sk 5k %k 5k sk 3k %k ok 5k %k %k %k sk k ok k

3k 3k 3k 3k 3k 3k >k 5k 3k >k 5k 3k 3k 5k 3k 5k 5k 5k %k 3k 5k 5k 3k 3k 5k 5k 3k >k 5k 3k %k sk 5k 3k 3k sk 5k 5k 3k >k >k 3k %k sk 5k 3k 3k sk 5k 5k sk sk >k 5k %k %k 5k 5k 3k %k 5k 5k %k >k >k 5k %k %k >k %k %k %k >k %k k ok kk

Total Volume is 0.00133192

Total Number of invalid second order tetrahedral elements (ISOTE) is: O
3k 3k 3k 3k 3k 3k 3k 3k sk sk 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 5k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k 3k sk 3k 3k sk 3k 3k sk 3k 3k sk 3k 3k sk sk 3k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk

el A
CW10 & b AN
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Mesh Verification & Convergence

o Smooth transition from coarse to dense regions
o Small feathers have good mesh representation
o Use “Draw sideset #” to check boundary setup
o Do not start with very dense mesh
o Start with a reasonable coarse mesh

o Element size ~ 1/10 - 1/15 of wavelength

o Smooth mesh on curved surfaces
o Refine the mesh to check accuracy
o Check mesh quality every time

CW10
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