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(Tutorial 3 — Deep Fry Basket)

Infrastructure

Sketcher

Part Design (Solid-modeling)
GSD (Surface-modeling)
Assembly Design

Generative Structural Analysis

Product Engineering Optimizer
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CATIA V5R16 Design with Analysis — Deep Fry Basket Overvi ew Of Tas kS

Tutorial 3A - Modeling Linked Children

Build a Master Model of the basket handle Master Model
Create the upper & the lower parts from the Master Model %
Build the mechanical features on the both parts :>

Get the both parts auto-updated after modifying the outlook of the
master model

Tutorial 3B - Modeling

Tutorial 3C — Structural analysis

Tutorial 3D — Structural analysis (By Nastran)

Build the metal arm

Build the basket

Add material texture onto all components
Assemble components

Parts

Simplify the model for analysis

Create Meshes onto two components and create a connector between
them

Create boundary conditions & define properties

. Won Mises Stress (nodal value:s
Analyze displacements & stresses s
9.02e+007
8.12e+007
7.22e+007
- - 6.31e+007
%« S4le+007

4.516+007

Repeat Tutorial 3C with the use of Nastran L\glfmwm
2,7 1e+007
1.81e+007
I 9, 1e+006
. . . . . 9.06e+004
Tutorial 3E — Design optimization on Boundary
Create a user parameter “volume” Structural
Run optimization to get the minimum volume of the metal arm with the analysigf

smallest part deformation
A-2
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CATIA V5R16 Design with Analysis — Deep Fry Basket Genel'al

Change the view with the mouse

A. Panning enables you to move the :
model on a plane parallel to the Middle button
screen. Click and hold the middle :
mouse button, then drag the Right button
mouse.

B. Rotating enables you to rotate
the model around a point. Click
and hold the middle mouse button
and the right button, then drag the
mouse.

C. Zooming enables you to increase
or decrease the size of the model.
Click and hold the middle button,
then click ONCE and release the
right button, then drag the mouse
up or down.

A-3
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Tutorial 3A

. Enter CATIA by double-clicking its icon on the desktop

. (If a license menu pops up), select ED2 and close CATIA.
Then reopen again

. By default, a empty “Product” file is created. But now, you .
; PR i ” G e —
don’t need this, just select “File/Close” on the menu 1 e

ETdll Sl= Edt  Vew Insert  Tools  Window  Help

Analysis & Simulation * b skotcher
el &' Product Functional Tolerancing & Annotation
Machining » 2{“‘
tﬁgita\ Markun » < Weld Design
Equipment & Systems » = Mold Tooling Desian
Digital Process for Manufacturing 3 iﬁ Structure Design
Machining Simulation b (5120 Layout For 30 Design
Ergonomics Design & Analysis b 5% Drafting

. Select ‘Start/Mechanical Design/Part Design”on the I "B ooty

1 Excavator..Product J Healing Assistant

w. Funictional Molded Part

2 Body_a. Part
m e n u b ar 3 Fr.;ni_:rmjr.Part gshget IMetal Design

4 back_arm_a. .Part 252 Sheet Metal Production
5 Exhaust_a. Part % Composites Design
Eut 5> Wireframe and Surface Design

tfzﬂgenerative Sheetmetal Design
@“ Functional Tolerancing & Annotation

. Uncheck “Enable Hybrid Design” and then click “ok” et =

. An empty part is now created on “Part Design” workbench. Eterpartname partl
You can see a specification tree at the upper left-hand

[ create a geametrical set

corner and xyz datum planes in the middle of the screen D0 Creste on srdered geometrial set

[J ba not shaw this dialog at startup

W Cancel I

A-4
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To reset the layout of workbench (optional):-

. Sometimes the workbench may not be tidy
before you use; some toolbars are missing and
some are at wrong positions. To reset the layout,
select “View/Toolbars/Customize” and select
“Toolbar/restore position” on the pop-up
window; Close and exit

To rename the tree:-

. Single-click “Part1” on the tree, right-click it, and
then select “Properties”

Center graph
Reframe On

Customize

Modeling

Start Menu I User Warkbenches | Toolbars | Commands I Options |

Toolbars

New, ..
Workbench
Graphic Properties Rename. .,
Knowledges DElete
View
3Dx Device _Restore contents .|
warkbenches -
Toak Palette Restare position I
ErrorLog
EnoviaPM
PICS Statistics add d
EncvialCA __add commards..._|
Mobile Session Remave commands. ., I

Instant Collaboration
Advanced Dress-Up Features

Analysis LI

?Use this page to add or delete a toolbar ta the current warkbench,
The Commands page allows drag&drop to add/remove commands.

£ || Hidefshow

2 rties Al+Enter

. Modify Part Number as “Master_handle” on the Bomsere

11 ” Define In Wark Object

tab page “Product o = —
. Bz Copy Chro
. Select “ok” to exit B o
Delete el

ParentsjChildren. ..

@ Local Update
Replace. ..

Partl object

A-5
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2x

Current selection : IF‘artl

Mechanical | Mass | i3raphic | Product |

— Product

Part Mumber Master_handle

Revision

Definition

Momenclature

Source Unknown j

Descripkion
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Tutorial

To build 1st sketch:-

click “Sketch” icon and select xy plane

Ensure “Dimensional Constraints” & “Geometrical
Constraints” are activated in the Toolbar “Sketch
tools”

Modeling
3A >
Dimensional constraints ’. —
' | Iév Sketch
Geometrical constraints
i3 A al
Draw arc

Draw an arc with one end touching y-axis
Add a dimension constraint onto the circle by

clicking “constraint” icon and then selecting the circle.

Double-click on the dimension and modify the radius
as 380mm; the arc will be resized automatically

Draw an axis along the x-axis

Click “Mirror” icon and then select the arc and the
axis to duplicate the arc on the opposite side

Version 1h- Mar08

J

Constraint

Profile N
laso e 0o/

Draw axis
#
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Tutorial 3A

TO bl.“ld 1St SketCh (Cont,):' Draw arc
. Draw an arc (R35) connecting the bigger arcs, on

the positive-x side, which is NOT tangent to them J
. Similarly, Draw another smaller arc (R10) connecting

the bigger arcs on the negative-x side

Constraints defined in dialog box L2l

. Multi-select the arc (R10) and the upper arc(R380) ==

by pressing and holding “ctrl” key on the keyboard [ Angle
. Then select “Constraints defined in dialog box” ézzi'lﬂj"::j” 7 Tangeney

icon [ semiminor axis (1 Perpendicular
° Select “Tangency” and “Ok” [ symimetry (1 Harizonkal

[ Midpaint [ wertical
[ Equidistant poink

. Add another Tangency constraint between the arc _— @ ok | & cancel

thig S<::1nd the lower arc(R380) by repeating the above R 380 Not Tangent

Tangent \ © &
\ R_35
R 10
Tangent I
A-7 Not Tangent

Version 1h- Mar08 Non Commercial Use Written by Dickson Sham
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Tutorial 3A

To build 15t sketch (Cont’):- Constraints
. Click “Constraint” icon and then select the arcs

R10 & R35
. Modify the value to 120mm
. Similarly, Click “Constraint” icon and then select e

the end points of arc R35
. Modify the value to 36mm 0 o@ RIS
. (After that, the sketch color should become green i AT

since it has been fully constrained.) 99 HO /

& 3%
R 107 e
] ®
[ =
. Exit the workbench by clicking “Exit” icon uE S
Py {1 |:|_Iane
e
i"PartBDdz
. # [P sketch. 1

. Now, you are back to Part Design Workbench (3D

environment) and “Sketch.1” is created on the tree.

A-8
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling
To build a solid:- Sketch-Based Features
. Select “Sketch.1” on the tree / directly
click on the geometry
. Click “Pad” icon i 2%
. Enter 20mm as the length of First Limit g e e
] X plane Type: |D|men5|0n j
. Select “Mirror extent” "ffaﬂ Length;  [20mm
. C“Ck “Oku En;irto:ﬂleisurfl:; selection
. A SOlid iS Created ] Selection: [Sketch.1 @l
1207 | Thick
( [ Mirrored extent 5
Reverse Direction I
Maore = I
k] & Cancel I Previcy I

.Master_handle

To round the sharp edges:-

. Add a “Edge Fillet” R5mm onto the i
vertical sharp edges *Bratsody

; @Pad.l
te

EdgeFillet. 1

2wy plane
£=7 vz plane

&
\

R5 R5

A-9
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Tutorial 3A

To draft both sides of the solid:-

. Click “Draft angle” icon
. Enter 1deg as Angle
. Select a vertical face as “Face to draft”

(after that, all tangent faces will be
automatically selected and turn red)

. Click the selection box of “Neutral
element” and then select xy plane

. Click “More”
. Check “Parting=Neutral”

. Check “Draft both sides”
. Click ok to complete

Draft Definition

Draft Type: Iﬁﬁl

o2

Angle

Face(s) to draft: IEdgeFillet. 1\Face.1

[ selection by neutral Face

Modeling

+1deg Neutral

<« Element .&
also parting
element

21 x|

m

d Parting = Meutral

= Draft both sides

[oefm

hg element

Seleckion: Jrio selection

—Meutral Element
Selection: Ixy plane @I Lirniting Element(s): |Nu:| selection EI
) Propagation: INu:-ne j Draft Form: Im
Vertical face —Pulling Direction
(Face to draft) Selection : |2y plane
4 Contralled by reference
< zless I
Neutral Element '__ @ ok | @ cancel | Preview |
& also parting A- 10

element

Version 1h- Mar08 Non Commercial Use
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Tutorial 3A

[®]CATIA ¥5 for Student
Fle  Edi
.nfrastructure
Mechanical Design

To change the workbench:-

. Select ‘Start/Shape/Generative Shape
Design”on the menu bar

Wiew

i ape
analysis & simulation
“ . ” AEC FPlank
. Select “Insert/Geometrical Set” on the menu Machining
bar and click ok to complete (Now a new branch @&l vockp

Equiprent & Swskems
Digital Process for Manufackuring
Machining Simulation

“Geometrical set” is created on the part tree,
which is used to store all reference curves and

Insert

Modeling

Tools  Windomw  Help
3 lk?
3
» Q Ereestyle
¥ FE Sketch Tracer
g g Imagine & Shape

Digitized Shape Editor

1_;' Generative Shape Design

» "-- Cuick Surface Reconstruckion
b jede Shape Sculpbor

Plane Definition

Plane type: IOFFset from plane

2|
gl

Surfaces) Cremmmmrnice Pimmioam &0 Ae=hoeis » handie
A

To create a reference plane:- J 'v/‘g SR “*@,| O, &,
. Click “plane” icon & Mester_bandio
. Select “Offset from plane” as plane type :z::;':n“:
. Select “yz plane” as Reference n—_;xptl;ndey
. Click “Reverse Direction” in the command Flrad.1

window gvzda&:"tl
. Enter 38mm as Offset value =2 geometrical et.1
. Click ok to complete T Penet

A-11
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Reference: h.n'z plane

Offset;  f38mm =
| Reverse Direction I

[] repeat object after 0K

@ cCancel | Preview |
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" Sketch
To build 2nd sketch:-
. click “Sketch” icon and select zx plane =
Draw axis

Draw a horizontal axis as shown

Multi-select the endpoint of the axis and plane.1 by
pressing and holding “ctrl” key on the keyboard

Then select “Constraints defined in dialog box”
icon
Select “Coincidence” and “ok”

Draw another two arcs (R450 & R270) and add the
corresponding constraints as shown

Exit the workbench by clicking “Exit” icon
Click on an empty space to deselect the sketch

Tangent & coincided

Plane.1
A-12
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Tutorial 3A

To build 3rd sketch:-

Version 1h- Mar08

Click “Sketch” icon and select plane.1
Draw an arc as shown

Multi-select the endpoints then the y-axis by
pressing and holding “ctrl” key on the keyboard

Then select “Constraints defined in dialog box”
icon

Select “Symmetry” and “ok”

Add Constraint R30 onto the arc

Rotate the model by mouse to have an isometric
view

Multi-select the arc and the point ik by
pressing and holding “ctrl” key on the keyboard.
Then select “Constraints defined in dialog box”
icon

Select “Coincidence” and “ok”

(Now the arc should be coincided with Sketch.2)
Exit the workbench by clicking “Exit” icon

Sketch.2

3 f A- 13
Sketch.3

Modeling

Draw arc

Constraints defined in dialog box 2%

[ pistance O Fix
[ Length [ coincidence
1 Angle (] Concentricity

[ radius [ Diameter [ Tangency

[ semimajor axis (] parallelism

[ semiminor axis [ Perpendicular
g —— i

] wertical

(] Equidistant: point

Non Commercial Use

@ oK I ‘Cancell

Written by Dickson Sham
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Modeling

Tutorial 3A

To build a Surface:- Sweep
. Click “Sweep” icon

. Select “Explicit” as Profile Type

. Select “Sketch.3” as Profile

. Select “Sketch.2” as Guided Curve
. Click ok to complete

2x|
. (On the trge, this surface is stored in . |_ 3 |é|f@|

“Geometrical Set.1”, so it will not be mixed with
solids.)

Subkvpe: IWlth reference surface j

Profile: |Sketch,3

Guids curve: |Sketch,2

Sketch.2

Surface: Defaulk {mean plane)

Angle: FdEQ E La. .. I

.Master_handle

L7y plane Angular seckor:  Previous I Il— 14 [k I
&7 ve plane Sketch.3 —Optional elements
£ zx plane [ Projection of the guide curve as spine
%tﬁudy Spine: |Default [Sketch. 2)
‘ﬁzzz;illet.l Relimiter 1: Mo sslection
':fj Draft.1 Relimiter 2: Mo selection
-'%W Smoath sweeping
r%Plane.l [ angular correction: F.Sdeg E
rE;i:z:i [ Deviation From guidets): F.Dﬂlmm E
'%Sweep.l Twisted areas managenment
I3 Remove cutters on Preview
Fositioning parameters
[ Position profile  Show parameters == ]

L Cancell Presview I

A- 14 -
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Modeling

Tutorial 3A
To change the workbench:-

. Select ‘Start/Mechanical Design/ Part Design”
on the menu bar to go back to solid-modeling
environment

To cut the solid with this SURFACE:-
. Click “Split” icon

. Click OK on the warning window
. Select the Yellow Surface “Sweep.1” Eg?gﬂet.l
. Click on the arrow so that it is pointing ﬁfﬁg-

downwards el e
. : i shatch,

Click ok to complete E%g:z:z

’@Sweep.l
Hide/show

To hide the surface & its curves:-
. Select the surface “Sweep.1” and click view |

hide/show” icon | S [ rm®E S B ‘@

. Hide Sketch.2 & Sketch.3 too

A- 15
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Modeling

Tutorial 3A

) . Guide-curve
NOW, we are going to create a Multi-

section surface for the bottom face.
Before that, we need to construct
three guide curves and three
different sections Section

Guide-curve

To change the workbench:- Guide-curve

. Select ‘Start/Shape/ Generative Shape
Design” on the menu bar to go back to
surface-modeling environment

Section
To create a reference plane:- Section
. Click “plane” icon
13 ” b
. Select “Offset from plane” as plane type J .
- =
. Select “xy plane” as Reference WA AR=N> ‘5@.| 0O, e,
. « . . 9 - - T TEEE
. Click “Reverse Direction” in the command 2
window (The arrow points to negative Z) Poe
@EdgeFillet.l 21x
. Enter 2mm as Offset value Horafer
. - Iﬁ”iﬂm Flane type: IOFFset Fram plane - l
® CIICk Ok tO Complete r%{GJEDPT:::Tl st Reference: [xyplane
r{,};%ﬁsketchz Offset; Pmm E
E};{%}Sketch.S Reverse Direction I
oweep.1 [] Repeat object after OK
A_ 16 7 Plane.2 | & cancel I Preview I

Xy plane
Version 1h- Mar08 Non Commercial Use Written by Dickson Sham
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Tutorial 3A

To create a intersection curve:-

Click “intersection” icon

Right-Click on the entry box of First
Element

Select “Create Extract”

Select “No propagation “ for Extract
Definition

Select the Face i\(

Select Plane.2 as Second Element
Click ok to complete

To create another intersection curve on
the opposite side:-

Version 1h- Mar08

Repeat the above steps but select the

face opposite to Face X as First Element

Wireframe

Second Element : |N0 selection

A-17

Non Commercial Use

Intersect.?

Modeling

Intersection Definition 2=l

2|

Create Ling
[ Extend linear supports For intersectior / -
[;.E @ s

First Element :  [agE=]=a g}

EJL':‘ ¥ Axis
[ Extend linear supports For intersectior 2 i
i Z Axis

Curves Inkersection With Common Area —
Result: @ cirve O Paints % Create Compass Direction
& Create Plane

Surface-Part Intersection
Resul: @ contour O Surface &7 %Y Flane
Extrapolation options —————— .= %% Plane

[ Extrapolate intersection on first eleme = Z¥Flane

[ tntersect non coplanar line segments ﬁ Create Intersection

Support :|No selection
[ Complementary mode
I Federation

Shaw parameters = I

Intersect.1

Written by Dickson Sham
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Tutorial 3A

", Sketch
To build 4th sketch:- @f
. Click “Sketch” icon and select zx plane =

Draw axis

. Draw a horizontal axis as shown

. Multi-select the endpoint of the axis and plane.1 by
pressing and holding “ctrl” key on the keyboard.

. Then select “Constraints defined in dialog box”
icon

. Select “Coincidence” and “ok”

. Draw another two arcs (R300 & R150) and add the
corresponding constraints as shown

. Exit the workbench by clicking “Exit” icon
. Click on an empty space to deselect the sketch

R 300

R130 Tangent & coincided

Horizontal axis A-18
Version 1h- Mar08 Non Commercial Use Written by Dickson Sham
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Modeling

" Sketch

Tutorial 3A
To build 5™ sketch:-

. click “Sketch” icon and select plane.l

C : . Construction/stan
. Click “Construction/Standard element” icon so dard element

that the coming elements will be considered as
construction (reference) elements

. Rotate the model by mouse to have an isometric
view
Intersect 3D
. Click “Intersect 3D elements” icon —gements
. Select the curve “Intersect.1” (A point is created)
. C o« . Intersect.2
. Similarly, click “Intersect 3D elements” icon
. Select the curve “Intersect.2” (A point is created)
. Click “Construction/Standard element” icon

again to deactivate this mode.

. Draw an arc by selecting the two intersection
points as the endpoints %

A- 19
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To build 5t sketch (Cont’):- Constraints defined in dialog box

To create a reference plane:-

Tutorial 3A

Multi-select the arc and the point i\( by
pressing and holding “ctrl” key on the keyboard.

Then select “Constraints defined in dialog box”
icon.

Select “Coincidence” and “ok”.
Exit the workbench by clicking “Exit” icon.

. Intersect.1
Wireframe

Click “plane” icon

Select “Parallel through point” as plane type
Select “yz plane” as Reference

Select a Endpoint%> of the curve “Intersect.1”
Click ok to complete

Plane Definition ilil
Flane type: IParaIIeI through paint j

Reference: |~;.n'2 plane

Poink: |Intersect. 1ivertex.1
z plane @ cancel | preview |
yzp Make a plane at the
A- 20 endpoint of curve

“intersect.1”

Version 1h- Mar08 Non Commercial Use Written by Dickson Sham
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Modeling

Tutorial 3A

To build 6t sketch:-

Version 1h- Mar08

click “Sketch” icon and select plane.3

Click “Construction/Standard element” icon so
that the coming elements will be considered as
construction (reference) elements

Rotate the model by mouse to have an isometric
view

click “Intersect 3D elements” icon

Select the curve “Sketch.4” (A point is created)

Click “Construction/Standard element” icon
again to deactivate this mode.

Draw an arc with the endpoints near the
extreme points of Intersect.1 & Intersect.2

Add three Coincidence constraints to align the
arc onto the points

Exit the workbench by clicking “Exit” icon.

A-21

Sketch

Intersect.2

Intersect.1

Plane.3

DraWwee
three points

Non Commercial Use Written by Dickson Sham
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Modeling

Tutorial 3A

Wireframe

To create a reference plane:-

. Click “plane” icon _ _
. Select “Parallel through point” as plane type AR AR M : Hove
. Select “yz plane” as Reference
. Select another Endpoint +of the curve
“Intersect.1” _?I
. Click ok to complete e B

Paink: IIntersect. 1ivertex

i @ Ok I ) Cancelj Preview J

To build 7t" sketch:-

. Draw an arc with the endpoints near the
endpoints of Intersect.1 & Intersect.2

. Add three Coincide;/ge Constraints to align the
arc onto the points

. (Refer to the steps of building 6™ sketch)

A- 22
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Tutorial 3A

To create a Multi-sections surface:-

21

Version 1h- Mar08

Click “Multi-sections surface” icon

Select “Sketch.6”, “Sketch.5”, & “Sketch.7” in
order (They will then be inserted into the entry
box of Section)

If any red arrows are not pointing to the same
direction, click it once to reverse.

Then click the entry box of Guides once
Select “Intersect.1”, “Sketch.4” & “Intersect.2”
Click ok to complete

2l

| Tangenk | Closing Poink |

Mo | Seckion
1 Sketch.6
2 Sketch.5

Guides | Spine | Coupling |Relimitata 4|>|

Io | Guide | Tangent |
1 Inkersect.1
z Sketch.4
3 Inkersect.2
Replace l Hemove l Add I
Smooth parameters
Dnngular correction: F.Sdeg E
All red arrows should point [ Deviation: 607 =]
to the same direction, . B o] @icanca| reusa |
otherwise the created —
surface will be twisted A- 23

Non Commercial Use

Modeling
Multi-sections

Sketch.4

Sketch.7 (guide)
(section)

Intersect.?

(guide
Sketch.5

(section)

Intersect.1
(guide)

Sketch.6
(section)

Written by Dickson Sham
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Tutorial 3A

As seen, the multi-sections surface is not big

enough to cover the whole solid...

To hide the solid:-
. Right-click on “PartBody” on the tree
. Select Hide/Show

To extend the surface:-
. Click “Extrapolate” icon
. Select “Sketch.6” as Boundary

. Select “Multi-sections surface.1” as “Extrapolated”
. Enter 20mm as Length

. Enter Tangency as Continuity

. Select “Assembly Result”

. Click Ok to complete

£

Lengh

‘Master_handle

27 xy plane
s vz plane
L7z plane
’ Pad. Center graph

Reframe On

SEdoe i py Alt+Enter
g Draf [&] open Sub-Tree
Esgc.-\lil-

Modeling

The multi-sections face is not
big enough to cover the solid

extrapolate

—_ 1

Version 1h- Mar08 Non Commercial Use

Bourdary: | Sketch.6

Extrapolated: |Mu|ti—secti-:ns Surface. 1

Limit
Tvpe: ILength j
Length: IZUITII'ﬂ

[] constant distance optimization

Up to: Mo selection

Conkinuity: Tangent

[~
Extremities: Tangent j
Propagation mode: |Mone j
Internal Edges: |Default (None) @ |

"4 Assemble result

[JExtend extrapolated edges

@ oK I L) Cancell Previe l

Written by Dickson Sham
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Modeling

Tutorial 3A

To extend the surface on the other end:- v(gb g .
o

. Click “Extrapolate” icon | =@ 8 2 Sy . T
. Select “Sketch.7” as Boundary — b= L
. Select “Extrapol.1” as “Extrapolated” T —
*  Enter 20mm as Length — = :
. Enter Tangency as Continuity A W@:
. Select “Assembly Result” S
. Click ok to complete - 2o | Scme| e |
To change the workbench:- “Master_hands
. Select ‘Start/Mechanical Design/ Part Design” gl

on the menu bar to go back to solid-modeling 7 2x plane

environment

. Unhide “PartBody”

F‘rg:ertles

a Draf [E Open Sub-Tree
Wc.—d

Alk+Enter

A- 25
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Modeling

Tutorial 3A

To cut the solid with this extended

surface:-

. Click “Split” icon.

. Click OK on the warning window.

. Select the Yellow Surface “Extrapol.2”

. Click on the arrow so that it is pointing Eggj'j;fj'et-l
upwards. gﬂ;

. Click ok to complete Geemetrica set. 1

£ Plane.1

L7 sketch.2 )
%smtch-a Result after Split by
wowesp. | the extended
27 Plare. 2

tﬁlntersect.l Surface

To hide the surface & its curves:-

=N

. Hide Everything except “Partbody”, xy plane, ggdg;l"tl
yx plane and zx plane. FPoier
3 ol

S Geometrical et
2 Plane.1

: b—wffﬂ Sketch.2

1

iy
All reference i?gskgtchj I
curves & surfaces —» ;;;EE:ZP; :

7 cketch, 4
£7 Sketrh.5 s

1
1
1
are now hidden :
1
1
1

A- 26
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

Next, we are going to create a curve-based
pocket on the top face:-

To change the workbench:-

. Select ‘Start/Shape/ Generative Shape
Design” on the menu bar to go back to the
surface-modeling environment

Create a plane
To create a reference plane (plane.5):-

. Click “plane” icon
. Select “Offset from plane” as plane type 2| xI
. Select “yz plane” as Reference Plane type: [Offsct from plare. 7]
. Click “Reverse Direction” in the command R
window (The arrow should point to negative X) Offset;  [pamm =
. Enter 23mm as Offset value _Reverse Direction |
. Click ok to complete i el
F @ carcel | Preview |

Modeling

yz plane

A-27
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Tutorial 3A

To build 8t" sketch:-

Click “Sketch” icon and select plane.5

Draw an arc (R24, endpoints symmetric about
y-axis)

Add a Constraint (9mm) to define the distance

between the arc and x-axis

Exit the workbench by clicking “Exit” icon

Click on an empty space to deselect the sketch

To build 9t sketch:-

Version 1h- Mar08

Click “Sketch” icon and select zx plane
Draw an axis

Add a coincidence constraint between the axis
and plane.5

Draw an arc (R28, endpoints symmetric about
the axis)

Add a Constraint (9mm) to define the distance
between the arc and x-axis

Exit the workbench by clicking “Exit” icon
Click on an empty space to deselect the sketch

A- 28

Draw an axis and
add a coincidence
constraint with
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Modeling

Tutorial 3A

To build a Surface:-

. Click “Sweep” icon

. Select “Explicit” as Profile Type
. Select “Sketch.8” as Profile

. Select “Sketch.9” as Guided Curve ~
. Click ok to complete

To change the workbench:-

. Select ‘Start/Mechanical Design/ Part Design”
on the menu bar to go back to solid-modeling
environment

To cut the solid with this SURFACE:-
. Click “Split” icon.

. Click OK on the warning window.
. Select the Yellow Surface “Sweep.2” s
i gketch,
. Click on the arrow so that it is pointing s;g”éﬁ“;ﬁﬁet.f
downwards. Foraft.1
) P split. 1
. Click ok to complete i sl 2
15 i3
-k Geometrical Set.1
To hide the surface & its curves:- ﬁ;«;tﬂe:
i Sketeh,2
. Select “Sweep.2”, “Sketch.8”, “Sketch.9” & i sketch.3
“Plane.5” and click “hide/show” icon. A-29 o
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Modeling

Tutorial 3A

Edge fillet

To add Edge Fillets:-
. Click “Edge Fillet” icon

. Enter 3mm as Radius
. Select Tangency as Propagation
. Select the three sharp edges
. Click ok to complete
To save the new part in a Project Folder:- o [ Popet b R
It is a good practice to store all part files of a "
product in one specific folder.
. Create a folder wherever you can save (by MS
window technique).
. Save your current part as
‘master_handle_a.CATPART” into the folder.
. Add “a” after its name to remind us its version.
lerare Mot bandis_aCaTPan o [ |
veastpe  |CATPan I
FER— )
A- 30
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Tutorial 3A

-@:Master_handle

. — i I
To create the upper body:- ew Part = —._—,j:;:::
. Select File/New on the menu bar ToE e — <7 2x plane
. Select Part as type R : TH %‘rr et
reate an ordere: EOMELrICal Sel - F R F 0
. Enter Upper_body as part name *.;{.;g;;f;“hiw”
[ bo not shaw this dislog at startup - il " - ;
. Click ok to complete _ — BJE B2y Properties Alt+Enter
P - B PEm = ifj C &) Open Sub-Tree
] ] ] _ﬁgf Define In Work Object
. Select Window/Tile Vertically (we can see — (i < ey =<
Master_handle & Upper Body at the same time) BAEE=. Copy Chrh+C
. . “ ] — {-:E' |
. Right-click “PartBody” of master_handle_a.CatPart; i_@"’ =i =
— — Geqr  Paste Special.. -
. and then select “Copy”;
‘Upper_bndy
oy (T
. . RT « ” 2= vz plane 23 Hideishaw
Right-click “Upper_body” of tr]e tree of Upper_body plii P@emes .
and then select “Paste Special...” 53 patgog, [ Open Sub-Tres
. Select “As Result with link”; O
# cut Chrl+
. Click ok to complete. . B Copy £
P Upper_body E‘ o Siiaal
= wy plane 1
£ vz plane I
= 7 plane : Paste Special 2=
PartBody @ Paste . document
T (2 Paste with link [as Resulk

A' 31 @ 0K | ﬂCanceIJ
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To make the solid hollow:-
. Click “Shell” icon

. Enter 2mm as Default inside thickness
. Click ok to complete.
. (the material inside the solid is removed)

To cut the solid with a plane:-
. Click “Split” icon.

. Select xy plane
. Click on the arrow so that it is pointing upwards.
. Click ok to complete

To Save the new part in a Project Folder:-

. Save your current part as
“‘Upper_body a.CATPART” into the folder.

A- 32
Version 1h- Mar08

Non Commercial Use

Modeling
Shell
Dress-Up Feakti:as ] |
B 5hell Definition ed |
Cefault inside thickness: IZITIITI E
Cefaule outside thickness: PITIITI| E

Mo seleckion

Faces ko remove:

Cther thickness Faces:  |Mo selection (ﬁl

‘Llpper_l:uud';.-'
2=y plane
= vz plane
Lo 7w plane
F‘artBu:u:Iy
=2 Body 2
Tl selid. 1
£ shell. 1
i Sl 1
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Tutorial 3A

-@:Master_handle

[~ o wy plane
To create the lower body:- rewrat S ! - <> y2 plane
) Enter part name W b .
* SeIeCt FI Ie/NeW [ Enable hybrid design : Z}C plane
o dgParl
. [] Create a geometrical set Cenker graph
SeIeCt Part as type [ Create an ordered geometrical set :> ?@’F Reframe On
. Enter Lower_body as part name *=.. [&]tide/show
. [] Do not show this dialag at startup — i:l’-aE Properties Alt+Enter
. Click ok to complete — 5 [E Open Sub-Tree
@ 0K | & cancel | =L
. _ﬁgf Define In Waork Object
. Select Window/Tile Vertically (we can see :ﬁgf % cut Crl+¥
Master _handle & Lower Body at the same time) Bty Cor Quhc ]
) . R/ E R, Paste Chrl+Y
. Right-click “PartBody” of master_handle_a.CatPart ®-Tceo  Paste gpecial..
. and then select “Copy” . @
Lowpes Rerdu
Center graph
i xf _ Eeframeg Oi
. Right-click “Lower_body” of the tree of Lower_body TR
and then select “Paste Special...” % p;[E] Open5ub-Tree
. . Define In Work Object
. Select “As Result with link” o "
. H go_ Ctr+-C
Click ok to complete Lo b B pone o
- Paste Special. ..
2= oy plane
£ vz plane . ‘
e |:||E|I‘|E Paste Special — e
PartBady O et
Gﬂ O Paste with link As Result
0] salid.1
A' 33 @ oK | -l CanceIJ
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Shell
To makg the sol |.d hollow:- Dress-Up Featizas, |
. Click “Shell” icon # shell Definition 2] x|
. Enter 2mm as Default inside thickness ﬁv@ i . Defaut inside thickness: P =
* Click ok to Complete' v Cefaule outside thickness: PITIITI| E
. (the material inside the solid is removed) MG No seloction
Cther thickness Faces:  |Mo selection EI
@ ok | @ cancel|
ariCel

To cut the solid with a plane:-

. Click “Split” icon. Lower_bady
27wy plane

. Select xy plane = y2 plane
. Click on the arrow so that it is pointing £7 2 plane
downwards. Erarteody

. == Body. 2

. Click ok to complete W solc.1
& shell. 1
ozl

To save the new part in Project Folder:-

. Save your current part as
‘Lower_body_a.CATPART” into the folder.

A- 34
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling

Tutorial 3A

Building mechanical features on Upper Body:- Upper_body Body.2 i
7y plane added onto
£ y2 plane Partbody

To add two Bodies together:- =7 zx plane

L g PartBody
. Right-click “Body.2” on the tree _._5,2, Add.t
. Select Body.2 object/add... (Body.2 will become a = Bﬂdv-?
branch of PartBody) [ solid. 1
&9 shell.1
A <plit. 1

To get a boundary curve from the solid:- Boundary

. Select ‘Start/Shape/ Generative Shape Design” on .
. Operations
the menu bar to go back to surface-modeling
environment
. Click “Boundary” icon
. Select “Point continuity” as propagation type <5
. Select the parting surface (both inner & outer edges Multple Element:  [poundaryl
WI" be hlghllghted) Reference Element: [ eRee =]
. Click ok to complete o Scnee| oo |
. Select “Keep only one sub-element by a Near” in the
message window “Multi-result management” Parting
* Click ok surface
. Select an inner facei% as Reference Element
. Click ok to complete

A- 35
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Modeling

Tutorial 3A

To remove material from the boundary:- Sketch-BaserlEtu
. Select ‘Start/Mechanical Design/ Part Design” on

the menu bar to go back to solid-modeling

environment
. Click “Pocket” icon _ _ 2 x|
. Click OK on the warning window. :.::t = [Dimensian =] ::pe::md LTDtm =
. Select the curve “Near.1” Depth;  [1.5mm Bl| pepth:  m il
. Select “Reverse Direction” i”;tﬂ,sfw i -
. Enter 1.5mm as First Limit selection: [flear1 59| |/ Normalto profie
. Select “Thick” option e e e
. Enter 1mm as thickness.1 Y Ottt thiness1 i =
+ Enter 1mm as thickness.2 — LT
. Click ok to complete

@ ok | @ concel | Freview |

Result
A- 36
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A .o

Pocket

To build a sketch:-

. Click “Sketch” icon and select the bottom face of
Pocket.1

. Draw 4 lines (two horizontal & two vertical)

. Add a Symmetric Constraint between two horizontal
lines

. Add 3 more dimensional constraints (28mm, 8mm &
14mm)

. Exit the workbench by clicking “Exit” icon

Sketch-Based Feaku

To build a solid from the open profile:-
. click “Pad” icon

. Click ok on the warning window

. Select “Thick” option

. Select “Neutral Fiber”

. Enter Imm as thickness.1

. Select “Merge Ends” so that the lines will
until they touch the solid face "

. Select “Up to Next” as First Limit

. Click ok to complete

A- 37
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Pad Definition

r—First Limik
Tvpe: IUp b0 next j
Lirnit: [no selection |

Offset: me E

Modeling

21x]
— Second Linnit
Type: IDimension j
Length: me E

Lirnit: IND seleckion

—ProfilefSurface ———————————
Selection: W@I
I3 Thick

Beverse Side ]

[ mirrared extent

Reverse Direction I
< <l ess I

— Direction

I3 Normal ko profile

ReFerence:INo selection

r— Thin Pad

Thickness1 Il mm E
Thickness2: Ilrnm E

I3 Meutral Fiber [ Merge Ends

@ oK I - Cancell Preview I
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To build another sketch:-

. Click “Sketch” icon and select xy plane

. Draw a circle (Dia6.0) on x-axis

. Add a dimensional Constraint (20mm) -
. Exit the workbench by clicking “Exit” icon

To build a solid:- Sketch-Based Feaktu

. click “Pad” icon

. Select “Up to Next” as First Limit
. Select “More”

. Enter 5mm as Second Limit

. Click ok to complete

A- 38
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Sketch

Modeling

20 |

| _ Pl |
r—Firsk Limnit moecondLint
Type: |U|:| ko nexk j Type: IDimensiDn j
Lirnit: W Length: Fl‘ﬂl‘ﬂ E
Offset:  omm Limit: [rio selection |
—Profilefaurface —————————————— — Direction
Selection; W@I I3 Mormal to profile
[ Thick Reference:|Na selection |

Reverse Side ]

[ mirrored extent

Rewverse Direction I

<zl ess I

— Thin Pad
Thickness1 [tmm
Thicknessz: |1mm

[ meutral Fiber [ Merge Ends

Ok & Cancel _I Preview ]

.
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling

Tutorial 3A

To make a hole:- Sketch-Based Features

1ole Definition

Extension | Tvpe | Thtead Definition I

. Click “Hole” icon and select the top face of 7)) | 90 (@& [C))E7 # B
i . T @
the cyllncller | Top face of Diameter :p.oom [l
. Select “Blind” as Extension type cylinder i Eh
. Lirnit IND selection -
. Enter 2.5mm as Diameter o Eestionns Sﬁh
. Enter 13mm as Depth ~Direction Iamm =
] Reverse I Flat i
L] CIle Ok tO Complete I3 Mormal ko surface Angle:m
[re selection

@ 0K I @ cancel | Preview |

To make a pattern:-

. Multi-select Pad.2 & Hole.1 21
° CIICk “Rectangular Pattern” |Con First Direckion | Secand Direction |
Parameters: IInstance(s) % Spacing j
. Click the box “Reference Element” Instance(s): B =
Spacing : Fme E
Select xy plane e = =@
o CIiCk “Reverse” : —Reference Direction
. Reference element:lxy plane
o Enter 2 as Instance *?Genmetrical Set.1 Reverse |
. g BEILII'IEIEIF';.". 1 Object to Pattern
. Enter 62mm as Spacing [ - Fbm |
. Click ok to complete I Keep specfications

Mare == I

) Cancell Previgw l
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Modeling

Tutorial 3A

To check the depth of holes:-

Click “Sketch” icon and select zx plane
Click “Cut Part by Sketch Plane” icon

Visual Check whether the holes are too deep
or not deep enough (for this case, they are
accepted)

Exit the workbench by clicking “Exit” icon

To make a pocket:-

Click “Sketch” icon and select yz plane
Draw a circle (Dia3.0) at (-12.0mm, 0)
Select the circle, click “Mirror” icon, and then
click y-axis

Exit the workbench by clicking “Exit” icon

Click “Pocket” icon

Enter 10mm as First Limit
Check “ Mirrored extent” option
Click ok to complete

** SAVE THE FILE AGAIN **

Version 1h- Mar08
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Cut part by sketch plane

¥YisualizaZion
S

: ,Sketch

= Not too thick &

/ not too thin \
£

_ Sketch

Pocket

—Prafile/Surface

Selection: ISketch.Q @I
[ Thick.
Reverse Side ]

19 Mirrored extent

Reverse Direction




CATIA V5R16 Design with Analysis — Deep Fry Basket Mo de Iin g

Tutorial 3A

Building mechanical features on Lower Body:- Lower_body
= ny plane
=7 vz plane
To add Bodies together:- £7 2 plane
: . “« ” "'F‘arthu:Iy
. Right-click “Body.2” on the tree r&?m
. Select Body.2 object/add... (Body.2 will become a = Body.2
Solid. 1
branch of PartBody) B ool
i split. 1
To get a boundary curve from the solid:- Boundary
. Select ‘Start/Shape/ Generative Shape Design” on .
. Operations #
the menu bar to go back to surface-modeling ¥
environment , ‘E‘}'uﬂvrfﬁ
. Click “Boundary” icon
. Select “Point continuity” as propagation type
. Select the parting surface (both inner & outer edges
will be highlighted)
. Click ok to complete
. Select “Keep only one sub-element by a Near” in the
message window “Multi-result management” ,
. Parting
. Click ok surface
. Select an inner facei% as Reference Element
. Click ok to complete
A-41
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Modeling

Tutorial 3A

To add material from the boundary:- Sketch-BascrlEtu
. Select ‘Start/Mechanical Design/ Part Design” on
the menu bar to go back to solid-modeling
environment 20
° i “ " —First Limit ———————————————— —Second Limit
CIICk Pad Icon Type: IDimension d Type: IDimension j
. Click OK on the warning window. Longth: [FSm g m =
“ ” Lirik: [hoselection | ||Limit: [t selection
® SeleCt the CU rve Near.1 — ProfilefSurface r— Direction
1 1 H elecl ion:l Eat, @3 IS Mormal ko profile
* Enter ]"Sﬂ a'S FIrSt lelt -'S:llTl':ck s _I REF:rence:tIN':selT
° € H ” H Heverse Side I —ThinPad ——————
SeIeCt ThICk Optlon [ Mirrored extent Thickneslemm E
. Enter Omm as thickness.1 —Reverse Directon | Thickness2:fimm =]
. oy [ Weutral Fiber [] Merge Ends
. Enter Imm as thickness.2 ;‘1 R : l
Ok Cancel Preview
. Click ok to complete

To Offset a solid face:-

. Click “Thickness” icon ./
. Select the parting surface |
. Enter -0.5mm as Default thickness
. - Default thickness : m =
. Click ok to complete

Default thickness faces ; [REWREIEE =9

Other thickness Faces 1 [Mo sslection (ﬁl

@ Ok l aCancell
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Tutorial 3A

To build a sketch:-

. Click “Sketch” icon and select the top face of Pad.1

. Draw 4 lines (two horizontal & two vertical)

. Add a symmetric Constraint between two horizontal
lines

. Add 3 more dimensional constraints (28mm, 8mm &
14mm)

. Exit the workbench by clicking “Exit” icon

To build a solid from the open profile:-

* Click “Pad” icon Pad Definition 2] x|
. Click ok on the warning window L e -
® SeleCt “ThiCk” Optlon Lirniit:: INo selection Length: me E
“ . 1] set: M innit: o seleckion
. Select “Neutral Fiber ff:m:“ewlm - T o=
. Enter 1mm as thickness.1 selectons [Fetcht )| | Nomelto profie
. “ . . ” & Thick ReFerence:INo seleckion
. Click “Reverse Direction Smm—— e
. Select “Merge Ends” so that the lines will B Bl Micknesst =
. g ) Reverse Direction I Thickness2:|1ml'ﬂ E
until they touch the solid face 5 L e
. . . < =less I
. Select “Up to Next” as First Limit N —
. Click ok to complete
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Tutorial 3A

To make a pocket:-

. Click “Sketch” icon and select yz plane

. Draw a Profile as shown (you can use
“Profile” command to draw the straight lines
continuously, and then click “Tangent Arc”

option in the toolbar “Sketch tools” to draw the

arc.
. Select the profile, click “Mirror” icon, and then
click y-axis ,

. ke e s Profile
. Exit the workbench by clicking “Exit” icon
. Click “Pocket” icon
. Enter 50mm as First Limit
. Check “ Mirrored extent” option
. Click ok to complete

Version 1h- Mar08

Non Commercial Use

Modeling

Sketch

3 options of
“Profile”: line,
tangent arc &
three- point arc

Pocket Definition
Rttt e
Type: IDimension b l

Depth: Omm

Lirriit: |N0 selection

—Profilefsurface

21x

Selection: 1Ty E_ﬂ.‘

[ Thick.

Reverse Side ]
=

I3 Mirrored esxtent

Reverse Direction I
More=>= I
@ K - Cancel] Preview ]
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Tutorial 3A

To make a pad:-

. Click “Sketch” icon and select the top face of 1 Sketch
Pad.l

. Draw 3 lines (three horizontal lines)

. Add a symmetric Constraint between two -
horizontal lines

. Add 2 more dimensional constraints (50mm,
& 7mm)

. Exit the workbench by clicking “Exit” icon

Skctck-Based Feabtul [pad pefinition

. Click “Pad” icon

— Firsk Limnit — Secaond Limik

. Click ok on the warning window Rt o e [ =] rvpe: [oimension =]
“ H ” H it o seleckion b
. Select “Thick” option it [Noscld e, fron =
“ . ” OffFset: Pmm E Lirnit: IND selection
® Select Neutral Flber —Profilefaurface ————————————— [~ Diraction
. Enter 1mm as thickness.1 Selection: [Sketch.3 2] | nommaloprofie
. « . . » I3 Thick ReFerence:an selection
. Click “Reverse Direction Reverse Side | —Thin Pad
. Select “Up to Next” as First Limit s s fifent | O =}
. Reverse Direction I Thicknessz:llmm
. Click ok to complete & Neutral Fber [ Merge Ends
< =Less I

@ oK I - Cancel] Presiew I
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Modeling

Tutorial 3A

To make a pocket:-

Click “Sketch” icon and select the face of 1 Sketch \

Pad.3 Yt -

Click “Cut Part by sketch plane” icon to Ris=iE
view the sketch plane :

Draw a Profile (two vertical lines, one
horizontal line & an arc)

Add a dimensional constraint R1.5 on the arc

Add another dimensional constraint (45mm)
between the circle centre and the y-axis

Exit the workbench by clicking “Exit” icon

Sketch-Based Feaku -

Click “Pocket” icon :
Enter 10mm as First Limit Ay AR e [
Check “Mirrored Extent” option ooy fom =

Lirvit: [roselection |
Click ok to complete

—Profilefsurface ——————

Selection: |Sketch. 4 @
[ Thick

Reverse Side l
=

I3 Mirrored extent

R.everse Direction I
More== I

@ K & Carcel Preview
3 | | |
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Tutorial 3A

To create a reference plane:-

. Click “plane” icon
. Select “Offset from plane” as plane type )
. Select “xy plane” as Reference 2]
. Click “Reverse Direction” in the command Pl type: [Offset Fromplare =] )
window (The arrow should point to negative 2) Reference; [xy plan
. Enter 5mm as Offset value Offseti [ =
. — Reverse Direction |
. Click ok to complete [ Repeat object after OK
_a‘l ot | @ cancel | Preview |

To make a pad:-

. Click “Sketch” icon and select Plane.1
. Draw a Circle (Dia9.5mm) ., Sketeh
. Add a dimensional constraint (20mm) between @/
the circle center and the y-axis
. Exit the workbench by clicking “Exit” icon —

. Click “Pad” icon

: . . Pad
. Click “Reverse Direction”
. Select “Up to Next” as First Limit Type
. Click ok to complete

A- 47
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To make a pocket:-

Click “Sketch” icon and select the top face of J

the cylinder
Draw a circle

Add a Concentric Constraint
Add a dimensional constraint (1.5mm)
Exit the workbench by clicking “Exit” icon

Click “Pocket” icon

Select “Up to Last” as First Limit Type

Click “More” option

Enter -2.5mm as Second Limit

Click ok to complete

Version 1h- Mar08

Tutorial 3A

Sketch

Sketch-2ased Feaku

Non Commercial Use

Modeling

Pocket Definition 2=
r—First Lirnit —Second Limit
Tvpe: |U|:| ko lask j Type: IDimensiun j
Limit: [Noselection | Depth:  [2.5mm =
Offset:  fImm = Lirrit: [roselection |
—Profile/3urface ———————— — Direckion
Selection: |Sketch.6 @l I3 Marmal ko profile
[ Thick Reference:[No selection
Reverse Side I — Thin Pocket
[ Mirrored esxkent Thickness1 |1|'ﬂl'ﬂ =]
Rewverse Direckion I Thickriess2: |1mm =
celoss I O] Meutral Fiber [ Merge Ends
s @ oK I & Cancel I Presiien I
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Tutorial 3A

Sketch-Based Features

To make a hole:-

. Click “Hole” icon and select the top faceof | F} [}
the cylinder

. Select “Up to Last” as Extension Type

. Enter 3.2mm as Diameter

Click ok to complete

To make a solid by an used sketch:- Sketch-Baseiir i

. Click “Pad” icon

. Select “Sketch.5” as Profile (Sketch.5has *x—o—
been used before and it is now hidden)

. Enter 1.5mm as First Limit

. Check “Thick” option

. Enter 1.5mm as Thickness.1

. Enter Omm as Thickness.2

Click ok to complete

Version 1h- Mar08 Non Commercial Use

Modeling

Extension | Type I Thread Definition I

Up To Last

=

Limit :

Diameter m él
Ciepth : m@
Offset ¢ m

Positioning Sketch ‘

&

|

[ Direction

Revetse I

= Mormal to surface

Bottorm

ITrimmed j
Angle : IlZDdeg E

JMa selection

@ o l ] Cancell Previgw l

2
% |Pad Definition 2 x
r— Firsk Lirmit r—Second Limik
Type: IDimension j Type: IDimension j
Length: |1-5mm E Length: me E
Limit: [moselection | |[Limit: [hosslection |
— ProfilefSurface ———————— — Direction
Selection; |Sketch.5 @I S Mormal ta profile
I Thick Reference:[No selection
Heverse ﬁe I —Thin Pad
[ mirrored extent Thickness1 Il'Srm‘n—E
Reverse Direction I Thicknessz:m
Reileee | [T mevtral Fiber [ Merge Ends
] & cancel I Preview I
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Tutorial 3A

To make a pattern:- o
. Multi-select Pad.4, Pocket.3, Hole.1 & Pad.5 ﬂ_ﬂ“ @ ol 20
. Click “Rectangular Pattern” icon FirstDiection | second prection |
. Click the box “Reference Element” e fntancets) 8 spacng =l
. Select xy plane £ 7 Sheteh 3 ;ptg()tz g
+ Click*Reverse’ B o
. Enter 2 as Instance --;’T_IF Referenca dementixy pae |
. Enter 62mm as Spacing 2. Sketch.S e |
. Click ok to complete Emttﬂ:t |
[T Keep specifications

807 shetch,7 tare2> |

r@- [ ’W] ) Cancel] Previgw I
#07 sketch.5
To hide a plane:-
. Right-click on Plane.1
. Select “Hide/Show”
**SAVE THE FILE AGAIN**
A- 50
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Tutorial 3A

Now we have three part files:

Master_handle (which controls the handle outlook)

Upper_body (which is a child of Master_handle
and has its own mechanical features)

Lower_body (which is a child of Master_handle
and has its own mechanical features)

To modify Master Handle:-

Single Click “Sketch.1” in Master_handle
Change R380 to R250

Change R10 to R12

Exit the workbench by clicking “Exit” icon

To get Upper & Lower bodies updated:-

Version 1h- Mar08

Activate the window of Upper_body
Click “Update” icon

After a few second, the model turns from red to
blue; by then the model is updated in shape

For Lower body, the steps are the same.

update

A-51

Modeling

@Master_handle
[~ 2= xy plane

120

= 2= vz plane
[~ 2= zx plane
“"PartBDdy

- pad.1
[, Sketch 1
- i EdgeFilet.1
— £l Dttt ;
sl - — - —
=i <plc. 2
— i split. 3
— S EdgeFilet.3
“‘@Geometrical Set.1

ELDwerihodyia.EnTPart

£z plane

?’é} PartBody

&= ) Gecmetrical et 1
i :Boundary. 1
"+ Near, 1

#=_ Plans.1

Modify Master model

oo 2
AT
y il

[

< ve plane
£ zx plane
r.é}PartBody
=
= wed Geometrical Set. 1
"+ tBoundary. 1

.;::‘}';' Mear.1

EN

\D o

Non Commercial Use
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Tutorial 3B

Building the basket:-

We are going to use Surface-modeling

technique to build the basket... Newpart x|
Don’t Enter part name Paru

. Select File/New on the menu bar check ——#JEnable hybrid design
. Select “Part” in “List of T pe “Hybrid [ Create a geometrical set

y Design” [ create an ordered geometrical set
. Click ok to complete
. Enter “Basket” as Part Name [ oo not show this dialog at startup
. Click ok to complete @ ok | @ concel |
. Select ‘Start/Shape/Generative Shape Design’on

s o bar

File  Edit  Wiew Tools  Window  Help

HE i 2@, o
. Select “Insert/Geometrical Set” on the menu bar body
_ B Geometrical Set. .
and click ok to complete (Now a new branch — :
. . Y . . lane g Ordered Geometrical Set...
Geometrical set” is created on the part tree, which is e o 3
Skek
used to store all reference curves and surfaces) e i
Bady Axis Syskem
Wireframe g
Lawy ]

A- 52
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T t - I B Centered
UtOria rectangle
To build a sketch:- ' Sketch ‘>\‘ﬂ
. Click “Sketch” icon and select xy plane BECAZITRORY, 6
. Draw a centered rectangle (center at origin, 170mm x  —
130mm)
. Exit the workbench by clicking “Exit” icon — -
 5vrept Surface Definiton 7| x
Prafile type: QII“ éloﬂ)l
i Subtype: IWith draft: direction j

Guide curve 1t |Sketch. 1

Draft direction: va plane

Draft computation mode: @ Sguare 'Z) Cone

To create a swept surface:-

_ _ = oty deined | Gi-Corstant | Locaton vakes |
. Click “Sweep” icon o, N - O
. Select “Line” as Profile Type = Angulr sector:_Previous |14 _text |
. Select “with draft direction” as subtype
. Select “Sketch.1” as Guide Curve.1
. Select xy plane as Draft Direction Length e 1
. Enter 10 deg as Angle 12 Wlt
. Enter 60mm as Length.1 .
. Click the arrow as shown (angular sector =2) Lenghz; 3]
. Click ok to complete eIy ek 2o seecion

Smooth sweeping

O Angular correction: F-5deg E
[ Deviation from guide(s): m

Twisted areas managament

3 A Remove cutbers on Preview
A-5 '
| @ ok | @ cancel || Preview I
-
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Tutorial 3B

Modeling

To create a surface from a closed boundary:- surfaces
. Click “Fill” icon
. Select all the four edges i% of the smaller opening
. Click ok to complete (a surface will be created to
fill the opening)

To Join surfaces into one:-

. Click “Join” icon
. Select surfaces “Sweep.1” & “Fill.1”
. Click ok to complete (a new surface is created to

represent both surfaces; They are hidden now) Operations

Basket

iy plane
=7 vz plane
£z plane

F‘artEiu:udy

-_ﬂ ! iGeormetrical Set. 1 .
= A new surface is created; the
F[Fisketch.1 L .
original surfaces are hidden

e
F -zSWEEp'l‘/ after this creation
Es } in. A' 54

Version 1h- Mar08 Non Commercial Use

Fill surface Defi 21X

Boundary:
Nol CUrves I Supports I

1 Sweep, 11Edge.1
2 Sweep, 11Edge. 2
3 Sweep.l\Edge.3

4 Swesp.l\Edge.d

Addafter I Replace I Remove I
AddBefore I ReplaceSupport I RemaveSupport I

(Cantinuity [peine -

T oy —

[ Flanar Boundary Gy

@ ok | @ concel | preview |
-

il

Elernents To Join

Add Mode I Remove Mode I

Parameters | Federation | Sub-Elements To Remave |

[ check tangency & check connexity [ Check manifold
[ simplify the result

O Ignore erroneous elements

Merging distance m E
[J angular Threshold F.Sdeg E

@ ok | @ cancel | preview |
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Modeling
To add a Fillet on surface edges:- = e
] W ] " - (F\.'- pport; i,
° C“Ck Edge Fl"et Icon % Q i Extremities: ISmooth ﬂ
. Select all the four Vertical edges > fele pomm =
. Object(s) to filet; EEEEEE
. Enter 15mm as Radius : R e e r
. ; [ Trim ribbans
Click ok to complete &g = i
ﬁ Mare>> I
— ! 1 @ cancel | Preview |
Basket
. c xy plane
To add another Fillet on surface edges:- e
' “ : » L5 zx plane
. Click “Edge Fillet” icon Broroo,
. Select an edge of the bottom face *fw
. Enter 15mm as Radius wmepl
. Click ok to complete j!',nll

EdgeFlIIet 1

T- L‘Radlus—lSmm
Y3EdgeF|IIet z

|§| Radius=15mm

A- 55
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Modeling
Tutorial 3B

To hide a sketch:-
. Right-Click on “Sketch.1”
. Select “Hide/Show”

Boundary

To get a boundary from a surface:-

Operations
. Click “Boundary” icon
. Select “Point continuity” as propagation Select the edge
type
. Select an edge of the opening
. Click ok to complete
Propagation type:IF‘Dint conkinuity j

Surface edge: |EdgeFiIIet.2'l,El:Ige.5

Lirnit1: Mo seleckion

Lirnik2: |Ma selection

n w Ok - Cancell Prewview I

A- 56
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To create a swept surface:-
. Click “Sweep” icon

. Select “Circle” as Profile Type

Tutorial 3B

™ Profile bype: ﬂ

. Select “Center & Radius” as Subtype

. Select the curve “Boundary.1” as Center
Curve
. Enter 1.5mm as Radius Baste
. Click ok to complete ot
B

To hide a curve:-
. Right-click on “Boundary.1”
. Select “Hide/Show”

Version 1h- Mar08

r%Geometrical Set.1
P Sketch 1
@Sweep.l
“FlL
dlr% Join. 1

iEdgeFilet. 1

=

[5JF F.adius=15mm
.,

“WEdgeFillet, 2
Radius=15mm
7 Boundary 1

""ﬂSweep.Z

Radius=1 5

A- 57
Non Commercial Use

Modeling

Swept Surface Definitio
4 :
v |&

2 x

Subkype: ICenter and radius

Center curve: |[Eiailps Egap!

=

Radius: |1-5|T"Tl E Lawe, ., I

— Cptional elements

Spine: |DeFauIt [Boundary. 1)

Relimiter 1: Mo selection

Relimiter 2! Mo selection

Smoath sweeping

[l Angular correction: F-EdEg E
[] Dewiation from guideds): m

Twisted areas management

4 Remove cutters on Preview

@ ok | @ cancel |

Previgw l
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To create a reference plane:- wireframe

Modeling

Tutorial 3B

Create a
new plane

Click “plane” icon
Select “Offset from plane” as plane type
Select “yz plane” as Reference

Click “Reverse Direction” in the command
window (The arrow should point to negative X)

Enter 150mm as Offset value
Click ok to complete

To make a point on a new sketch:-

Click “Sketch” icon and select plane.1 ~ Sketch
Draw a point (x=20, y= - 40) I ;’\?‘“20
Exit the workbench by clicking “Exit” icon
- B
.\T
Create a
point

A- 58
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Tutorial 3B

To make another point on a new sketch:-

Click on empty space to deselect “Sketch.2”
Click “Sketch” icon and select plane.1
Draw a point %>>(33mm above the previous
point)

Exit the workbench by clicking “Exit” icon

To project a point onto a surface:-

Version 1h- Mar08

Click “Projection” icon

Select “Along a direction” as Projection Type
Select the point “Sketch.2” as Projected
Select the surface “Edgefillet.2” as Support
Select Plane.1 as Direction

Click ok to complete

A- 59
Non Commercial Use

Sketch

Wireframe

e o oot

A new point is projected
on the surface from
Sketch.2

Modeling

20

Create a point
on another new
sketch

Sketch.2

Sketch.2
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Tutorial 3B

To project another point onto a surface:-
. Click “Projection” icon again

. Select “Along a direction” as Projection Type
. Select the point “Sketch.3” as Projected

. Select the surface “Edgefillet.2” as Support

Wireframe

e o oot

. Select Plane.1 as Direction
* Click ok to complete A new point is projected

on the surface from

Sketch.3 Sketch.3
To make a mirror copy:- Dperations

. Click “Symmetry” icon

. Select the point “Project.1” as Element Symmetry.2
. Select zx plane as Reference

. Click ok to complete

. Click “Symmetry” icon again Symmetry.1
. Select the point “Project.2” as Element Project.2

. Select zx plane as Reference

. Click ok to complete

A- 60 Project.1
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Modeling

Tutorial 3B

To hide all reference elements:- | Crausmt.som

. Multi-select Plane.1, Sketch.2 & Sketch.3 *,"'C-;'- e
- - *- ~

. Right-click on anyone s o

. Select “Hide/Show”

;}JPFD]EEt' r@ertles
7= Project E Open Sub-Tree
1.4,

Alk+Enker

=

To add Material Texture:- Metal

. Download a texture from a shared library at
http://www.planit3d.com/source/texture_files/metal/metal.html

. Save the texture file into the project folder
. Click “Apply Material” icon 2 plane
. Click B&W Tiling rartgody
» : ” = wah Geometrical Set. 1
. Select the surface "EdgeFillet.2” on the tree f 1
. Click ok to complete $- Dsweep.1
IDeFauIt Material Catalog _-./'\FI"].
Construckion | Fabrics | Metal I Cther *"%Jnin 1
. I -..'rf
m x| Apply Material T~ . sEdgeFillet. 1

J ey LaRadlus—IEmm
= i 7~ VedaeFilet 2

-
[BIP F.adius=15mm

‘ BRW Tiing Bathre Tt Boundary 1
== {']Sweep z2
e = |
A- 61 LﬁRadlus—l =
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To view the material texture:- o Ed

To modify the texture:-

Modeling

Tutorial 3B

Click “Shading with material” icon & B0 6 EG

E bl
Shading with

@ material -
Double-click “B&W?” Tiling (under Edgefillet.2)

on the tree

Select the tab page “Texture”
Select “Image” as Type

Click “...” icon of Image Name
Select the downloaded texture file

Properties

Current selection b&'-.-'-.-' Tiling

Rendering | Inheritance I Feature Properties I analysis |Dra{ 1|>

Select “Cubical Mapping” e
) ) Material sme:ED iy E
Enter 30mm as Material Size E‘”;g” 5|
Click ok to complete = O @a
N
Lighting | Texture |
T',.fpellmage j |

A- 62
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Tutorial 3B

Apply Material

To add another material texture:- I F ST
= < zx plane Default Material Catalog - =]
° C“Ck “Apply Materlal ” ICOﬂ J Y .—::::::cals.am I Cfnnlstructinnll F.:hrics | Metal | other | Panting | ShepeReview | Stni
“ ” “ ” -, " sketch, 1 .
. Select “Iron” in the tab page “Metal = E«» e -
. Select the surface “Sweep.2” + m . .
1 P radine=15mm bssing Copper Erodad met
. Click ok to complete rngF?.at.z "
= A . .
@ 2w Tiing
Lead IMagnesiul
;’;:gh\sketchj .m ' .
-.::Pml:ed-l Shiry briushed metal Silver Steel _
G, | I o
m Symmetry 2 [ Link to File
_— -] Ok I Apply Material I Close I
Basket
To save the new part in Project Folder:- e
7 zx plane
. Save your current part as I S
“Basket_a.CATPART” into the folder. ¢

JE3

“PEdgeFillet.2
Material=Ba¥ Tiling
Radius=15mm

@ sauw Tiling
+Boundary.1
'ﬁSweep.Z

] Iron

=2

[BFRadius=1.5mm

Material=Iron

.2 Plane. 1
7 sketch.2

A- 63
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Tutorial 3B

Building the metal arm:-

We are going to learn how to build 3D curves to
represent the metal arm...

Pl
- " Don't Enter part name l\ﬂetal_arm
. Select “File/New” on the menu bar K
. . check — 3 [ | Enable hybrid design
. Select “Part” in “List of Type “Hybrid [ Create a gecmetrical set
. Click ok to complete Design” [ Create an ordered geometrical set
. Enter “Metal_arm” as Part Name
. Click ok to Complete [] Do not shows this dialog at startup
- Ok I wd Cancel I
-
. Select ‘Start/Shape/Generative Shape Design’on
the menu bar.
File  Edit  Wiew Tools  Window  Help
« : » HE ¢ 2@ 2
. Select “Insert/Geometrical Set” on the menu bar Body
and click ok to complete ook i et
lane [g Ordered Geometrical Set...
lane Sketcher L4
lane
Body Axis Syskem
Wireframe g
Lawy ]
A- 64
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Tutorial 3B

To create a reference plane:- J Hetal_arm
. . u i 2= wy plang

. Click “plane” icon X )  veplne

. Select “Offset from plane” as plane type ey
PartBUdy

. Select “zx plane” as Reference b Geometrical set.|
= o dlane

. Enter 20mm as Offset value OFFset=20mm

. Click ok to complete

_ Sketch

To make a Sketch:-

. Click “Sketch” icon

. Select Plane.1 E_

. Draw the Profile as shown (You can use “Profile”

command to draw the profile continuously)
. Add dimensional constraints
. Exit the workbench by clicking “Exit” icon

eference

Mo
Offs

Modeling

Profile

R40

A- 65
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To create another reference plane:- J
Click “plane” icon "Ll C:Fj%*\
\ - L =R eference
v .

Tutorial 3B

Select “Offset from plane” as plane type e

Select “zx plane” as Reference = .
Enter 12mm as Offset value [J
Click ok to complete

_ Sketch ik

To make the 2nd Sketch:- —

. Click “Sketch” icon @/

. Select Plane.2 — A

. Draw a straight line as shown bu'

. Multi-select the line i% in the previous sketch and “Metal_arm
the current line; and add a Coincidence Constraint. e .

. Add two more dimensional constraints (remark: to g 30 - j
have a horizontal dimension, right-click and select e o
“Horizontal Measure Direction” while creating the Offset=2°mm
constraint) Lo

w- G ketch 2

Version 1h- Mar08 Non Commercial Use Written by Dickson Sham

Exit the workbench by clicking “Exit” icon
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling
[utorial 3B
Wireframe £ Curve
To create a connecting 3D curve:- . /=2l 288080
. Click “Connect Curve” icon lodo
. Select the endpoint of Sketch.li% \J =X 2| |
. Select “Tangency” as Continuity of First Curve Sketch.2 Ave. Sl T 7]
. Select the endpoint of Sketch.2 A\ Z°‘”“ [Shetch. (ertex.
1] ” H H y e | ch.
. Select “Tangency” as Continuity of Second Curve Aﬁ-mt_z chunuitwﬁ::;:—;j
. Click “Preview” to have a preview et ] =)
. Click “Reverse Direction” if the curve is flipped \ D
. Click ok to complete Sketch.1 int_1 _ o [Bketch. 2iertex.2
\ 5 Connecting [ [Seiche
Curve Continuity:m
Tension: II—E
Reverse Direction I
[ Trim elements
To create a reference plane:- [S o ] 8 cone | _prevew |
. Click “plane” icon
. Select “Parallel through point” as plane type
. Select “xy plane” as Reference 2

Select the endpoint of Sketch.1 %

Click ok to complete

Version 1h- Mar08

Plane type: IF'araIIeI through poink j@

Reference: |xv plane

Pioink: |Sketch. 1iVertex

@ ok | @ cancel | Preview |

A- 67
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To create a reference plane:-

To create an intersection point:-
Click “Intersection” icon

Click “plane” icon

Select “Offset from Plane” as plane type
Select “plane.3” as Reference

Enter 33mm as Offset
Click ok to complete

Tutorial 3B

A=A =W s Doy

Plane Defin

Modeling

2=

Plane tvpe: IOFFSEI: From plane j@

Reference: QaERERS

Offset:  [33mm =

Rewverse Direction I

[] Repeat object after Ok

w OK I @ Cancal | Preview |
eference

Select “Plane.4” as First Element
Select “Sketch.1” as Second Element

Click ok to complete

Version 1h- Mar08

Plane.4

Sketch.1

A- 68
Non Commercial Use

-

-I ond Element
First Element :  [Plane.4 @l
[J Extend linsar supports for intersection
second Element ¢ [sketch, 1 fﬁl

[] Extend linear supparts For intersection
Curves Intersection With Common Area
Results @ curve O Paints

Surface-Part Intersection
Result: @ contour O Surface
Extrapolation options

O Extrapolate intersection on first element

[ mntersect non coplanar line segments

@ oK I - Cancell Preview I
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Tutorial 3B

To duplicate elements by mirroring:-

To create a line in 3D space:-

Version 1h- Mar08

Multi-select “Sketch.1” , “Sketch.2” & “Connect.1”
Click “Symmetry” icon
Select “zx plane” as Reference E
Click ok to complete ,f‘_

-7, Sketch. 1
" 7 Plane.2

. . . “ y - . -—l_cl;ﬁ:fsketmz
Similarly, click “Symmetry” icon again [

{ﬂ Symmetry. 1
W symmetry.2

Select the intersection point as Element E

{ﬁ Symmetry.3
L it symmetry.4

Select “zx plane” as Reference
Click ok to complete

A

BB A s

Here is the

Click “Line” icon

Select the Endpoint of Sketch.2 i%
Select the Endpoint of its mirrored image
Click ok to complete

A- 69
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Modeling

Symmetry Definition

i

Element: |3 elements

]

Reference: |zx plane

Hide/Show initial element I
Result: @ Surface ) Volume
@ cancel | Preview |

intersection point

Line bype :IPoint—Point

Point 10 |Sketch.2iWertex.4

Paint 2: |Symmetry.2'l,\-'ertex.5

Support: |Default {None)

Start: l:lmm

Up-to 1: [Mo selection

End: l:lmm

Up-to 2: [Mo selection

Length Type
@ |ength O Infinite Skart Poink

O Infinike ) Infinite End Point
[ Mirrored extent

@ oK I - Cancell Preview I
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To create around corner between two lines:-

Version 1h- Mar08

Tutorial 3B

Wireframe
| ._/_E| ﬁ@;@J ~

Click “Corner” icon

Select “Line.1” as Element 1
Select “Trim element 17

Select “Sketch.2” as Element 2
Select “Trim element 2”

Enter 5Smm as Radius

Click ok to complete

Similarly, click “Corner” icon again
Select “Corner.1” as Element 1
Select “Trim element 1”

Select “Symmetry.2” as Element 2
Select “Trim element 2”

Enter 5mm as Radius

Click ok to complete

A-70

ent 2

Non Commercial Use

Modeling
A
V
lement 1
Corner Type: ICorner On Suppoark j
! [ Corner On Yertex
R
Element 1: [Line. 1
o Trim element 1
ent 2 Element 2: [Sketch.2
& Trim element 2
Support:  |Default (Plane)
Radius: me E
fenk Solution |
@ ok | @ cancal | Preview |
i
Corner Definition 2x|
Corner Type: ICorner On Support j
[ Corner on Vertex
et 1 Element 1: [Cormer.1
A Trim element 1
Element 2: |Symmetry.2
& Trim element 2
il uute O [ a0k (Flane)
Radius: m E
[dexk Solution I
@ ok | @ cancel | Previen |
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20 x|

To group all lines & curves:- N e
. Click “Join” icon 887 4T
. Select all lines & curves in the screen, which T~

includes: “Sketch.1”, “Connect.1”, “Corner.2”, Add Mode | Removerse |

“Symmetry.3”& “Symmetry.*]” Parameters | Federation | Sub-Elements To Remowve |
. CI|Ck Ok to Complete [ check tangency & Check connesxity & Check manifold

Draw a
circle here
Corner.2 <

To make a sketch:- Symmetry.3
. Click “Sketch” icon and select zx plane
. Draw a c!rclfe (Dia 3.0) | | Symmetry.1
. Add a coincidence constraints between the circle

center and the line Connect.1
. Exit the workbench by clicking “Exit” icon \

Sketch.1
03
/ Draw a circle
3' here
/
A-71
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2] x|
TO m ake as OI | d e ketch—Based Featur:s * Profile E‘n
. Select ‘Start/Mechanical Design/Part 21 ] 90 (8 &) & &f 2 M & conteraurve [
Design”on the menu bar to go back to solid- — —Profile control
modeling environment |keep angle =
. Click “Rib” icon Solid is created ;lecmn: o SEHU;
. . . M ib's end Thick, Prafil
. Click ok on the warning window o g ic e
. Select “Sketch.3” as Profile Thickness1; [imm
. Select “Join.1” as Center Curve Thickness2: [imm
. Click ok to Comp|ete [ meutral Fiber ] Merge Ends

@ K I & cancel | Preview |

To add material texture:-

. Click “Apply Material” icon Apply Material | Resdonke -
Default Material Catalog hl E
. Se|eCt ulron” |n the tab page “Metalu E EI Construction | Fabncs"\ Metal | other | | Shape Review | Stone |—Wood |
. Select “PartBody” on the tree | iy ke Aunin orss orarce
. Click ok to complete L ® . .
. Iran
. . t ii::na‘:mn Tiek: Copper Eroded metal 1
To save the new part in Project Folder:- "Pome . '
. Save your current part as fiowar e ocpesn
“Metal_arm_a.CATPART” into the folder. {m . —“—l '
7 Plane.3 I i
A- 72 %:‘;‘:ZZ:CL] Shirry brushedmsneta\ : _Sllx_/er_ : Steel
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Tutorial 3B

Assemble components together...
In the folder, you should have five part files;
— Master _handle _a.CATPART
— Upper_body a.CATPART
- Lower_body a.CATPART
— Basket _a.CATPART
— Metal _arm_a.CATPART

To go to a new Workbench:-

® SeleCt ‘Start/MeChanlcal DeSIgn/ASSGmb|y DeS|gn” ! File  Edit iew Insert  Tools  Analyze  Window  Help
on the menu bar. frere 3

& Part Design

. You may need to reset the layout of the toolbars if the e - e sssentty e
[ i e £- Sketcher
WorkbenCh on t tldy ;E%;::; : 1’5’; Product Functional Tolerancing & Annokation
igic=l Mockip p 7 Weld Design

Equipment & Syskems b = Mold Tooling Design

Digital Process For Manufacturing » 'kﬁ Structure Design

TO ren am e th e tree - Machining Simulation b (9% 2D Layout For 3D Design
. . “ ” . . . Ergonamics Design & Analysis 4 :ﬁ Drafting
. Single-click “Product1” on the tree, right-click it, and Knowledaewars b R e 2, st racion
then select “Properties”.
. Modify Part Number as “Basket_assm” on the tab i
page “Product”. > EENE
Applications

. Select “ok” to exit .
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Tutorial 3B

File Selection 21

To insert existing parts into a product:- Lok [ P i 3 e @

. Right-click the highest icon of the Product
tree “Basket_assm”, then select
“Components/Existing component...”

You can multi-
select the parts
by holding “ctrl”

. Multi-Select all part files except on keyboard
“‘Master_handle _a.CATPART a@ Fashet asge
. “ ” Applications Cenier graph
. Click “open Reframe Or
HideShow

Properties £
Cpen Sub-Tree

File name: I"U pper_body_a CATPart" "Basket_a CAT Part"j Open I

b Cut Files of type: J & Fles %) | Cancel |
Copy I Open as read-orly
A BB Paste _
<§ Paste Special... [~ Show Preview 4
sy Upper_body (Upper_body. 1)
Dy, Basket (Basket.1) Delete Del
5 .Lower_body {Lower_body.1) Eiasket_assm object 4
'Met'al_arm (etel.am.L) Components [ Mew Compaonent
Applications Representations 4 E Mew Product
: Mew COM Compansnt
Selection Mode 4 Hew Part
K. Existing Component..,
You ShOUld see a” @ Ezxisting Component With Positioning. . .

Eg Replace Component In Session. ..
E% Replace Component. ..

mixed together and at Tsplate Part
wrong pOSitiOﬂS. Itis Define Contextual Links

inserted parts are

& Load

B3 Unload

normal because the
system puts all the
parts’ origins onto the
product’s origin.
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Modeling

Tutorial 3B

Compass

To move a part by “Compass”:-

. Click and hold the RED dot of the compass
Drop the compass

. Drag it onto the part that you want to move onto a part g
. The compass will then turn into green and I
its axis labels will be v-u-w
. Drag along the green lines/arcs of the
compass to move the part to a desired
position
. Repeat the steps so that all parts are e
NEpAR LY at desr,)ired positions ?;- S @Q
. Now the parts are separated. It is easier for Ilbd<('bd> p
us to select part features later G'l?

To reset “Compass” as original:-

. Click and hold the red dot of the compass.

. Drag it onto the coordinate system at lower
right-hand corner of the window and then
release.

. It will be auto-reset.

A- 75
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Tutorial 3B |

To assemble parts by adding constraints:- W
' @@

=
(1) Fix “Basket” in space il - & %@ e o B
. Click “Fix” icon \ Fix

Contact constraint

. Select “Basket” on tree; Now the part “Basket”
is fixed in position. Coincidence constraint
(2) Link “Metal Arm” to “Basket” == BN X
. Click “Coincidence Constraint” icon N ggpfptéﬂld“pt“t“tjwpt
. Check “Do not prompt in future” and click “close” o e e cemeenents
to close the message box. el ot
. Select zx plane of Metal Arm
. Select zx plane of Basket
. Click ok to complete

(If you want to delete a constraint, just click the
constraint either on the model or on the tree,
and then press “Delete” key on keyboard.)

A- 76
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Modeling

Tutorial 3B

Offset constraint

H
(Cont ) Constraint=
. Click “Offset Constraint” icon
. Select the point of Metal Ar
. Select the point of Basket<r\§‘>
. Enter 2mm as Value
. g:lcllz oLIJ< tc; complete o | i
. ick “Update” Icon | to update the
position. &

. UNHIDE the curve “Join.1” of Metal Arm

. Similarly, Click “Offset Constraint” icon again
. Select the point of Metal Arm
. Select the point of Basket<>
. Enter 2mm as Value
. Click ok to complete T
. Click “Update” Icon | @ to update the
position. _
. HIDE the curve “Join.1” of Metal Arm again
A- 77
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Tutorial 3B

Cor=trainks

(3) Link “Lower Body” to “Metal Arm”

Version 1h- Mar08

Click “Coincidence Constraint” icon
Select the axis of Metal Arm

Select the axis of Lower Body VAN
Click ok to complete

Similarly, Click “Coincidence Constraint” icon
again
Select the axis of Metal Arm
Select the axis of Lower Body
Click ok to complete

H 13 [1] mﬂ
Click “Update” Icon

|
position. &

to update the

(Remark: when the mouse cursor points on
a circular face, the axis can be detected)

A-78
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Tutorial 3B

Corstraints |

(4) Link “Upper Body” to “Lower Body”
Click “Coincidence Constraint” icon

. Select the axis of Upper Body
. Select the axis of Lower Body VAN Coinci .
oincidence constraint

. Click ok to complete
. Similarly, Click “Coincidence Constraint” icon

again
. Select the axis of Upper Body
. Select the axis of Lower Body
. Click ok to complete
. Similarly, Click “Coincidence Constraint” icon

again
. Select xy plane of Upper Body
. Select xy plane of Lower Body
. Click ok to complete

l'!! |

. Click “Update” Icon @ to update the

position.
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Tutorial 3B

To hide all constraints:- g sy e oy
. Just single-click “Constraints” on the tree and — T

right-click to show the contextual menu; then
select “Hide/Show”

i d |
To hide all datum planes:- SRR e s
[ s displayed in graph

. Select “Edit/Search..” on the menu bar and then o 1 T =] D e e

click “Load all type” icon e T -‘ =

“ , Hide/Show o pemduee] )
. Select “Plane” as Type e[ N .|
s 0w ” - Search &
. Click “Search & Select” icon select
. Click “Hide/Show” icon = =
O Intlude topology [ Published elemerts anly
. Querv:|

To Save all files:- —
. Select “File/Save all”
. Click OK to close this message box (because you

have to define the file location of the new Product

file)
. Click “Save As...” icon
. “« ’” . |1l |

Enter Bag,k_et_assm_a_.CATProduct as filename T —

and save it in your project folder. . Crtlindpendae soes

[ @ ok ﬂCanceII
*%* *%* .
CLOSEALL FILES A- 80 END of Tutorial 3B
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Tutorial 3C

We are going to estimate the deflection of the
basket under the maximum load by
Finite Element Analysis...

Max Load 15N Translational displacement.
. (-15009) <y ey
Assumptions: I g7
- Linear Behavior of the material o
- Displacements will be small such that a linear g
solution is valid I 7

- The spot weld joint between the basket and the ,
metal arm will not break under the load I 09.6?

- Loading rate should be sufficiently low on Boundary

- Load is uniformly distributed on the bottom faces
of the basket

- The deformation of the basket is much lower than
that of the metal arm

Yon Mises Stress (nodal values
N_m2
9.02e+007
I 8.12e+007
7.22e+007
6.31e+007
5.41e+007
4.51e+007
3.61e+007
2.71e+007
1.81e+007
I 9. 1e+006
3.06e+004
On Boundary

o
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Tutorial 3C

File/Open/ Basket_assm_a.CATProduct

[%]|CATIA ¥5 for Student

File  Edit  Wiew Insert Tools  Window  Help
.nFrastructure 4 *9
. Mechanical Design 4 E
To go to a new Workbench:- Shape ' |

Simulation

finalysis &
AEC Plant
Machining

r & Advanced Meshing Tools

¥ '# Generative Struckural Analysis
P

Select ‘Start/Analysis/Advanced Meshing
Tools” on the menu bar.

Select Static Analysis and then click ok

New Analysls Case

Frequency Analysis
Free Frequency Analysis

Analysis by CATIA

r{-w e e e e g 1y

[JKesp as default starting analysis case #@ Upper_bl:ldy
& cancel | ?@Baskﬂt (Basket. 1)
- - Basket
. . . ooy plane
(1) To simplify the model for analysis:- kil ariager e
. Click “+” next to “Link Manager.1” on the tree S T — 2 2 plane
. - o i i"?’,‘} Link.1 -= Ci\Documents and Settings PartBudy
. Click “+” next to “Link.1” on the tree e _ S o e
. Hide Upper_body.1 & Lower_body.1 1" &per_budv iseseape— Nide -0 sketch.1
: . “ o =% |Upper_body - sieep.1
. Hide the surface “Sweep.2” under Basket.1 ?@Easmmamm e
. Hide “PartBody” under Metal_arm.1 - 37y IBasket o #-2% Join. 1
“ . » 3 \ iae “'_-'-r?; illek.
. Show the curve “Join.1” under Metal arm.1 T GlLower_body (Loer_body.the— EdgeFilet. 1

*"@ Lower_body

Ry,
Radius=15mm
e
“J EdgeFillet. 2

Ty Metal_arm (Metal_arm. 1) =
#@ Metal_arm hide — Material=B2M Ti
t _____ i Constraints N _ Radius=15mm
applications — @ Bauw Tiling
R T P W s BDUndar}" 1
¥ @Sweep 2
B . Iron
_ﬁ M=divim—1 Crar
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CATIA V5R16 Design with Analysis — Deep Fry Basket AnaIySiS by CA TIA

Tutorial 3C )

Now, we should see the below elements only: (Grouped)

. One surface
. Six points (4 points on surface, 2 points on curve)
. One Curve (grouped) One Surface
- Sixpoints
(2a) To create a 2D mesh:- B 2] x|
* Click"Surface Mesher® icon ek 12 s || Geonety
. Select the surface — Constraintsag  Jorm =
. Select “quadrangle” as Shape BB | C7coretraints indeperdant Framimesh sizs
. Select “Linear” as Type Chesh | Geometry |
. Enter 5mm as Mesh Size shape: B[S B e A e
. Leave all the rest default options Tvpe: 9 Linear 1 Parcbo Mipeles e v omm =
Mesh size Ermm El Cffset Jornm EI
UnCheCked . L] Default method [] Automatic curve capture
. Enter Omm as Constraint sag WS e captie
. Click ok to complete
@ ok | & cancel|
dnce
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Tutorial 3C

(Cont’):-
. Click “Project External Points” icon (so that nodes =

are created on the positions of spot welding) i & @*
. Select the four points on the surface 7 BB .
. If you select a wrong element accidentally, B Remove | Remove sl |

click | @ and then remove it from the list Er(:ject | B .y
. Enter 0.01mm as Tolerance xterna T
. Select “Project on geometry” Pomns - 2l
. Click ok to complete (Now 4 red dots appears on e Support @

the surface) Tolerance J0.01 =]

A Project on geometry
\‘ @ Ok I ¥ Cancel I
g

. Click “Mapped Method” .icon | jﬁ’,{'—. @
. Select the surface on which 4 red dots have been —

just created
. Enter 5mm as Mesh Size BT X

. . . vpport PR

. Click ok to complete (Meshing this surface DEfOre  rros ssrede

other surfaces will result in an uniform mesh Clinsactor donans

distribution on this surface) e =

e @ oK I 'ﬂCanceII
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(Cont’):-
. Click “Mesh the part” icon (The system will mesh
the remaining surfaces according to the

specification you defined, i.e. linear quadrangle
mesh with 5mm size)

(2b) To create a 1D mesh:-
Click “Beam Mesher” icon

Click “Exit”

Select the curve

Analysis by CATIA

Tutorial 3C

Beam Mesher

Click “Add Isolated points” on the command

window

Select the two points on the curve (so that nodes
are created on the positions of spot welding)

Enter 0.01mm as Tolerance

Click ok to complete

Version 1h- Mar08

A- 85
Non Commercial Use

Exercukior

(=)z (8

Exit

“Mesh the part”

Element kvpe: I__I

Element size: |5IT|IT| EI
[] Sag contral

Sag: p.ESmm EI
Min size: | EI
[] Aukamatic mesh capture

Tolerance: Jornm EI

angle between curves pdeg

Add isolated points

.........

) -/

External Point Conskral 2|

3|

Toleranceﬁ.ﬂlmm El
H §| & Cancel l

Suppart
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Tutorial 3C

Now, we have already created two meshes:
Surface Mesh.1 (for the basket)
1D Mesh.1 (for the metal arm)

Select “Start /Analysis & Simulation/

Generative Structural Analysis”
L4 %,ﬂdvanced Meshing Tools

Analysis & Simulation

AEC Plant Ll At Generative Structural Analysis

(3) To Create a constraint:-

. Click “Clamp” icon
. Select the two straight lines as shown
. Click ok to complete

A- 86
Non Commercial Use

Version 1h- Mar08

Analysis by CATIA

B Analysis Manager

EP%}Links Manager, 1
*“E’{,}Link.l -= CiiDocuments and Settin
=~ gl Finite Elem
- odes and Elements
$i5urface Mesh. 1
% Geometry Specifications. 1
zi_.‘ Projected Point. 1
T=[=F Mesh Specifications. 1
@ Mapped Mesh, 10
=4 1D Mesh.1
"'HT:JF Geometry Specifications,
i > Projected Poi

—,5; Properties. 1

Mame |C|arr||:|.1

Supports [pEgl

@ ok | @ cancel |

-
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by CA TIA

(4) To Create a Force:-

Tutorial 3C

. Click “Distributed Force” icon | el & TN ﬂ_%-
. Select the bottom faces (9 faces) of the surface — x
as shown
. Enter -15N as Z Force
. Click ok to complete
(5) To Create a User Material:- :
. Click “User Material” icon ‘r' «:b ) < @ 2 ala
. Select “Iron” from the catalog
. Click ok to complete (it will be created on the tree) Properticy
|_5 F‘rnpertles | " Current selection ¢ [ron
. Double-click it on the tree to view its properties T‘% Materials. 1 Feature Properties | Rendering | Inheritance |
. Leave everything unchanged -f,'j5tat|c — Materia'llsc;trl:lpic Material =
. . —Structural Properties
* CIICk Ok to qUIt gfes:alrts : Yaung Mn:u:lulus|1.2&+lilllr'-.l_n12
03ds
Bt static Case !, | POISSON Ratiofl. 251
o= & sensors.1 Density[7870kg_m3
Thermal Expansi-:unll 21e-005_Kdeg
A- 87 Yield Strength3. 1e-+008N_mz
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by CA TIA

Tutorial 3C

1D property

(6a) To define Properties of Surface Mesh.1:- 2D property
. Click “2D Property” icon Model Manager

. Select the surface

. Select “User-defined material” option (because

the original material is used for rendering only, not
the actual material of the basket)

. Click the entry box “No selection” once 0l

. Select “User Material.1” on the tree Dee D Property.

. Enter Lmm as Thickness Suppn_rts JLrace _ e

» Click ok to complete e — _igix
Thickness [tmm Mame |1D Property, 1

(6b) To define Properties of 1D Mesh.1:- Wb =T B

* Click “1D Property” icon ; || @ cancel | Material [T

. Select the curve ___ 3 User-defined material

. Select “User-defined material” option BB yincrical beom =] #]

. Click the entry box “No selection” once Orientation geometry [No selection ‘V?

. Select “User Material.1” on the tree Offset [rone =l

. Select “Cylindrical Beam™ as Type Released DOF [ione ]

. Click the icon

[] variable beam Factors

. Enter 1.5mm as radius
. Click ok to complete -

A- 88
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by CA TIA

Tutorial 3C  ..ccmanee

(7) To build Connections between meshes:- connection
. (We have four pairs of points and we are going to
build a connection for EVERY PAIR
independently)
101 x]
. Click “General Analysis Connection” icon hame [eeneral Analysis Connection.
. Select point 1 as First Element e Bl
. Click the box “No selection” of Second Element :
) Second component |Mo selection %
. Select point 2 as Second Element - :
] Handler point [Mo selection
. Click ok to complete — PP—
04 Zance
" - =
. Repeat the above steps for the remaining three
pa| Is B Binalysis Manager

E{Sﬂ}Links Manager. 1
*"'E"..-}Link.l - Ci\Documents and SettingsistaffDeskiopiFry_basket\Basket _assm_a CATProd
@Analysis Connection Manager, 1
P Analysis Connections, 1

gGeneral Analysis Conneckion, 1
.@General Analysis Connection. 2

Four éGeneral Analysis Connection. 3
ConneCtionS ~General Analysis Connectiops
are made =l Frice TR

Modes and Elements

S Surface Mesh. 1

-"% Geometry Specifications, 1
| j-,,—_- Projecked Point. 1

A- 89 -’ﬁﬂgsh Specifications, 1
Version 1h- Mar08 Non Commercial Use Written by Dickson Sham



CATIA V5R16 Design with Analysis — Deep Fry Basket AnaIySiS by CA TIA
I u to r I aI 3 ‘ Rigid Connection
Property
(8) To define Properties of connections:- "
. Click “Rigid Connection Property” icon
‘ . . 3 'I'|:|| sis Manager
. Select ‘General Analysis Connection.1” on tree Ersff““‘@ Mansger.
. Click ok to com p|ete T-*" .}Llnk 1 -= Ci\Documents and SettingsistaffiDeskiop\Fry_basketiBasket_assm_a, CATE
F‘@Analyﬂs Conneckion Manager. 1
- F'.nal',-'5|s Conneckions, 1 m _ ||:||5|
° &f,General Analysis Connection. 1
Repeat the qbove steps for " ceneral Anslysis Connection 2 Name [Rigid Connection Froperty. 1
‘General Analysis Connection.2” &fzgenerd Analysis Connection.3 SeLlliEg | Analysis connection
‘General Ana|ysis Connection.3” & eneral Analysis Connection. 4 [ Transmitted Degrees of Freedaom
‘General Analysis Connection.4” flarnite Ferent ol @ o | & cancel |
Nu:udes and Elements [

lis

** SAVE ALL FILES**

. Select “File/Save all”

. Click OK to close this message box (because you
have to define the file location of the new Product
file)

. Click “Save As...” icon

. Enter “Analysis_a.CATAnalysis” as filename and

save it in your project folder.

A- 90
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5urFace Mesh, 1

What we have already done...
1.

Simplify the model (Hide
unnecessary parts & features)
Create Meshes (2D & 1D)
Create a constraint (Clamp)
Create a force (distributed force)
Create a User material

Define Properties of Meshes
Create connectors

Define Properties of Connectors
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by CA TIA

Tutorial 3C

(9) To start Computation:-

. Click “Compute” icon
. Select “All”
. Click ok
E
(10) To View the result:- Image R | ESimEEE T
. Click “Von Mises stress” icon | & M, Ba _/‘
. Click “Shading with matfarlgl | T Animate Shading with
. (We can see the stress distribution on the basket. ~ Von Mises stress material
The stress value is not the same as the real case / =
because we simplify the metal net as a metal 4
shee) In@menaqsBolE)Es
Won Mises Stress (nodal value
. Click “Animate” icon to see the variations in N o0

Se+007
7.11e+007
5.22a+007
5.34e+007
4.452+007
3.56e+007
2.67a+007
1.78e+007
I 8.93e+006

4.672+004
On Boundary

stress with different degrees of displacement

A-91
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by CA TIA
(COI‘It’) =" _ m = Translational displacement
. Click “Displacement” icon | % B, Ps Displacement m;ne i
. (We can see the maximum displacement of the 3 I a7
basket is about 96.7mm!) 77.4
7.7
s a8
Py 48,4
: : : . 38.7
The Displacement is too big to accept. . I 29

Now we are going to shorten the
length of the metal arm and make it thicker...

i" ? L| Mngr 1
To edit the part “Metal Arm”:-

. Right-click “Metal arm” on tree
. . *"@ Upper_bodyw
. Select Metal _arm.object/Open in new f-qg]ﬁaskﬂt (Basket. 1)

i‘?{_}Llnk 1 - C\Documents and Settir

i‘%gﬁ- Upper_body (Upper_body,

19.3

I L7
o

On Boundary

.'1

window i"%&;ﬁ Lower_body (Lower_body,

Lower_body

“@Metal arm (Metal_arm. 1)

Mekal_arm
e 0y plane

et w2 plane
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by CA TIA
Tutorial 3C v
O
(Con’t):-
. Double-click “Sketch.1” on tree 40 v
. . . " AN
. Modify the dimension 100mm to 50mm 507
. Exit the workbench by clicking “Exit” icon } S— )
i . Valueﬁ’—g [ reference
. (The metal arm is automatically updated) Jn_:: m 8
More == I
-. @ oK w Cancel I
To increase the diameter of Metal Arm REEES I°°']’*
(L] Hew i {
(1 D' MeS h ) : = %i_:e :articallif ’
. . " Cascade
. Select “Window/Analysis1” on the menu bar o T
to go back to the analysis workbench (The TN
metal arm in the assembly is also updated)
"'_rl" 10 Mesh. 1
. . “'l;]_zg (Eeu:umetry Specifications, o] x|
. Double-Click “1D Property.1” icon on tree » A Projected Point.l e
. . . — I Rigid Connection Mesh, 1 supports TR [
CIICk the ICOI"’I _IﬂJRigid Conneckion Mesh. 2 [ T
° Change Radius from 1.5to 1.7 ﬂﬂjRigid Connection Mesh, 3 User-defined material ol
° CI'Ck Ok to Complete —.|ﬁRigid Connection Mesh.4 Type ICinndricaI beam j % '\7 Radiusm ‘
e Properties. 1 Crientation geometry Jro selection
@ oK
OFFsetINone j ‘-«
R alrazad MME In.lnnﬂ- vl

Version 1h- Mar08
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by CA TIA

Tutorial 3C

To Compute Analysis again:- Image  E |
. Click “Compute” icon \ I8 n, Pa, Displacement
. Click ok -~
Ea -
Translational displacement »
. Click “Displacement” icon to view the update mim
displacement Pa e
- I 22.2
. (The maximum displacement is now _ﬁ’x% s 12:‘;
decreased to 27.8mm after the modification of %{_ S 13.9
the metal arm) ¥ 5y I 111
R 8.33
-, 5.55
y 3

I 278
o

N Boundary

** CLOSE ALL FILES WITHOUT SAVING**

A- 94 END of Tutorial 3C
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CATIA V5R16 Design with Analysis — Deep Fry Basket AnaIySiS by Patran

Tutorial 3D

We are going to estimate the deflection of the
basket again by another FEA tool, MSC
PATRAN...

Assumptions: (Same as Tutorial 3C)
- Linear Behavior of the material

- Displacements will be small such that a linear
solution Is valid

- The spot weld joint between the basket and the
metal arm will not break under the load Max Load 15N Translational displacement

- Loading rate should be sufficiently low (~15009) & i

- Load is uniformly distributed on the bottom faces
of the basket

- The deformation of the basket is much lower than
that of the metal arm

I 2.67
0

N Boundary
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CATIA V5R16 Design with Analysis — Deep Fry Basket Analysis by Patran
(1) To prepare the 3D model for analysis:-
. Enter CATIA
. File/Open/ Basket _assm_a.CATProduct One curve
(Grouped)

Now, we should see the below elements only: T~ Upper_body (Upper_body. 1)
ity Basket (Basket, 1)

. One surface | -y Bkt o
. Six points (4 points on surface, 2 points on iz Lower_body (Lower_body. 1) Six points
cu rve) ii‘ﬁrﬂetal_arm (Metal_arm.1)
L ‘Metal_arm
. One Curve (grouped) iy plane
2wz plane
] e 22 plane
. Hidden elements are:- L partEody
. Iron
Upper_body.1 & Lower_body.1 Matoridlron
- “Sweep.2” under Basket.1 - Rib.2
“ ” #'ﬂl i .
—  “PartBody” under Metal_arm.1 L 2 Goametica et
- = 3 Constrainks

—Applications

One Surface

A- 96
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3D

Export the file in an IGES file:-

. File/Save as |
. Select “igS” as File Type Filz narne: IBasket_assm_a.igs
. Enter “Basket_assm_a.igs” as File Name Saveastype:  |igs
. (Keep the file folder unchanged) " Save as new document
. Click “Save” to complete
; askek_assm
File/Close/Basket_assm_a.Catproduct f;;xytplane
s vz plane
i 2 plane
Check and Re-save the IGES again:- &5 Partsody
a-‘.,“ér, Geometrical Set |

Version 1h- Mar08

Analysis by Patran

j Save I
j Cancel |

4

File/Open/Basket_assm_a.igs

(From the file, we can see that all elements are
stored in the same level of the tree, and the
product structure has been eliminated)

Select “File/Save as” on the menu bar

Select “igs” as File Type

Select the file “Basket_assm_a.igs”

Click “Save” and then “yes” to overwrite the file

A-97

£ EdgeFillet. 2
£ EdgeFillet. 2
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Tutorial 3D

*Close CATIA**

**Enter MSC Patran™*
(1) Double-Click “Patran 2005 r2” icon on the desktop

Maoclel Preference far:

(2) To Create a NEW Database: e — il Baskel b
- [cMEC SoftwareMSC Patran2DSAemplate.db — Tolerance
. File/New = Based o1 o]
. Select Your project folder oty et &
® Entel’ “baSket.db” as F|Ie Name Lock n: | ) Project_basket x| & @ e E- Approximate Maximum
Model Dimenszion:

. Click OK fioo ]
. Select “Based on Model” as Tolerance i s Gl
. Select “MSC Nastran” as Analysis Code [isecson o]

I y . Flensne:  [pade &l Analysis Type:
. Select “Structural” as Analysis Type Flsciie: [DatsboseFis {1 o stuctual_ v |
. Click OK

T o | Reset
(3) Import the model geometry:- SiEi
o File/l mport Ohbject: Model ¥ | Model Unit Crverride
. Select “IGES” as Source soue:joes | 10000 atimeters) |
° C||Ck “lGES Options” Current Group Rezet |
. Click “Model Unit” and select “millimeters” Jeefat_groun |
. ons... 0.4 Cancel

. Click Ok then YES to accept A- 98 — | |
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Tutorial 3D

. Select your project folder
. Select the file “Basket_assm_a.igs”

. Click APPLY

. (all elements in IGES have been imported; the

white “+” is the model origin)

PATRAN Geometry

Geometry Types | Cuantity Created
Paint G
Curve 13
Surface 17
. To correct surface gaps, Click the icon
“Geometry” - REMINDER
* Select "Edit/Surface/Sew ‘ c *The unit of the imported model is mm. To
eomekry . . .
. Select all surfaces have the unit consistency in Patran, remember
. to use the SI(mm) units as shown
.+ Click APPLY e ca <] (mm)
. Click “Yes for all” Okiect  Surtace ¥ | Quantity
Method:  Sew ¥ | Length mm
Force N
Surtace List Mass tonne (10°kg)
| Furtace 1:17 Time S
—— Stress M Pa (N/mm?)
Energy mJ (10—3])
Density tonne/mm?®
A- 99
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Tutorial 3D

. Click “Smooth Shaded” icon to switch to Yiewpor: Displayiis
the shading mode (W 3
N4

. Use the middle mouse button to rotate the =]
model %ﬂ %ﬂ %T- %&
]

rotate

pan Zo0m
. Click “Wireframe” icon to switch to the viewport DisplayhE
wireframe mode [l ﬂ cl o
. Click “Point Size” icon to increase the e
p0|nt.5|ze so that we can see all locations 7 Lo B
of points = o4
N’
A- 100
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Tutorial 3D

(4a) To associate points to a curve:- P = . 2:::: l-
. Click “Geometry” icon on the top menu @aements Loads/BCs S—
. Select Action/Associate —l
. Select Object/Point WV &uto Execute
. Select Method/Curve IF'PD'DFI"mLI';‘
. Click the Entry Box of Point List Once, then

select a point on the curvel fg;:jf
. Click the Entry Box of Curve List, then select

the curvel
. (If Auto-execute is checked, it is not

necessary to click Apply)

curvel3

. Click the box of Point List again curvel — Aetion

. Select another point on the curvel3 _ Object  Point ¥ |

. Click the Entry Box of Curve List, then select Method:  curve ¥ |
the curvel3

. (If Auto-execute is checked, it is not 'i:‘r:tfi::em
necessary to click Apply) [Pont 70

Curve List
| Curve 13

A- 101
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Tutorial 3D

(4b) To associate points to a surface:-

Version 1h- Mar08

(Keep Action/Associate)
Select Object/Point
Select Method/Surface

Click the Entry Box of Point List Once, then
select a point on the surface

Click the box again
Press and hold “SHIFT” key
Select another point on the surface

(Repeat the steps until all 4 points are
selected)

Click the Entry Box of Surface List, then
select the Surface (on which the 4 points are
located)

(If Auto-execute is checked, it is not
necessary to click Apply)

A- 102
Non Commercial Use

Analysis by Patran

Action: Azzociste ™

Ohject: Poirt ™

L]

hiethod: Surface ™

¥ Zuto Execute
Pairt List
| Point 56 63 65 &7

Surface List
| Surface 2

-Apply-
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/\ Action: Creste ™ |

(5a) To create a 1D Mesh:- P = . Ofect  esh < |

. Click “Elements” icon on the top menu Geometry \ Elements Jloads/BCs M Type:

. Select Action/Create e ——

. Select Object/Mesh . |7N|:|de [

v o
. Select Type/Curve 5&5&«9 P Element K
‘\_\/“'0' .g‘{/‘)
° i i .
Select Bar2 as Topology y&sy fj& Tapolagy Bar2 ~ |
9_55}559 9559'9& Mode Coordinste Frames...

y

Version 1h- Mar08

Click the Entry Box of Curve List Once, then F A
select all the curves on screen (Do not select _ff”
any surface edges)

Deselect Automatic Calculation
Enter 5 for the Global Edge Length

Click Apply

n to make the nodes
D'E' T'ﬁ @n

(If we look closer to the nodes, we can see f
that a node is created on the location of the
associated point) A- 103

Non Commercial Use

Click “Node size” i
bigger 7 L

&

Curve List

|Curve 1:13

—Global Edge Lenith

[ Automatic Calculstion;

Malle ]

Prop. Mame: - Mone -
Prop. Type: - s -
=elect Existing Prop...

Creste Mewe Propetty ...

-Apply-
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Tutorial 3D

(5b) To create a 2D Mesh:- N\
. Click “Elements” icon on the top menu ] i
. Select Action/Create Geormetry \ Elements JLoads/BCs
. Select Object/Mesh
. Select Type/Surface
£
@ | HM| \@E
. Select Quad as Element Shape
. Select Paver as Mesher

. Select Quad4 as Topology

. Click the Entry Box of Surface List Once, then
Click the Surface icon under Picking Filters i%

. Select all Surfaces on screen :
Surface List
|Surface 1:17
. Deselect Automatic Calculation S
. Enter 5 for the Global Edge Length I~ Automatic Calculstion
e s
. Click Apply
. (If we look closer to the nodes, we can see
that a node is created on the location of the
associated point)
A- 104
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Analysis by Patran
Action: Create vl

Ohject: tesh v|

Type: Surface "l

Outpurt D List

Made 108

Element |1 03
Elem Shape Quad ™

Mesher Paver

L

Topolocy Cluadd ™

Paver Parameters...

Mode Coordinate Frames...

Surface List
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(6) To equivalence Nodes to connect 2D

Quad Elements:-

. Select Action/Equivalence
. Select Object /All
. Select Method/Tolerance Cube

. Click Apply

. Select Action/Verify action:
. Select Object/Element ...
. Select Test/Boundaries .,

Tutorial 3D

N\

Werify ¥
—I Before all surfaces

Eletnert ™

Boundaties hd |

. Click Apply

Display Type
. {% Free Edges
. Reset Graphics W (Fiee Feres

Reset Graphics

Version 1h- Mar08

Aty

A- 105
Non Commercial Use

Geormetry \ Elements

Analysis by Patran

Action: Equivalence ™ |

Ohiject: o |

htetto: Tolerance Cube &7 I

Opitior:

Retain lovwer node id s |

Modes to be excluded

Equivalencing Tolerance

j0.005
-Apply-
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Tutorial 3D o e
a2
(7) To create Rigid Joints between two meshes:- = = | TP Roaewg -
® CI|Ck “Elem entS” iCOﬂ on the tOp menu 'IE:tr';.-' @Lﬂadf Analzsﬂij:r;f;é?:;in
. Select Action/Create Type: Structura
. Select Object/MPC MPC ID
.. . 1
. Select Type/Rigid(Fixed) I
. Select “Define Terms..” Define Terms... |
. Select “Create Independent” and then te end node ‘g-g
AL (TS 55
. Select the node with A on the surface as™_ 4%0 |l _
Dependent Node iy o s R |
e T Tl o |
R ST TG
A 2N
. (If Auto-execute is checked, it is not necessar &W@%’A' s e

click Apply)
. Click “Cancel” i% on the submenu
. Click “Apply” on the top menu

. (NOW MPC.1 is created)

Version 1h- Mar08 Non Commerclal use

I"&I‘!"‘A"A’m
STIGHT T 7 A >
(TR T TALTT T C X

—Independent Terms (11

Modes (1)

103

-
= »

£ Modity
" Delete

{+ Creste Dependert
(" | Creste Indepemdent

| ¥ Auto Execute

| Mode List
| Jode 241

Apply I

Cancel ﬁ'

Written by Dickson Sham
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Tutorial 3D -

Dependent Terms (o e
Cont’):- actior; creste ¥ | Noces (11 =
( ] Ohject: MI = |
Type: Rigicd (Fixed) 7 | -
. Select “Define Terms..” Analysis Preferences: : i
. Select “Create Independent” and then another oo St e =
node of the curve PG D 8 |
. Select the corresponding node on the surface £
as Dependent Node : o
: (' Create Dependert " Modify
. (If Auto-execute is checked, it is not e l Conmn e
necessary to click Apply) '_NTLZ“
. Click “Cancel” i% on the submenu e 253

. Click “Apply” {}> on the top menu

. Repeat the steps until all four MPCs are
created
-~ MPC.1
-~ MPC.2
-~ MPC.3
-~ MPC.4

A- 107
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Selected Entities
To show the meshes only:- I
. Click “Smooth Shaded” icon to switch to the viewport Dis,\ayi
shading mode o \W %5 Bz Pl Erase |
N
. Click “Plot/Erase” icon coord. Franes |
° 11 ” -ﬂ .
Se.lect Erase” under Geometry AT _g:l:;?ndeﬁ;dmes
* CIICk Ok Plat Erase
. (Previously, the geometry and the meshes ‘\ —
were overlapped together, but now only Plot/Erase Pot | Erase |
meshes are shown on the screen) 2l
Plat | Erase |

Ik |

; A-108
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Analysis by Patran

Tutorial 3D
(8) To create a Constraint:- N\

E
. Click “Loads/BCs” icon on the top menu . @ 4‘
Geometry  Elements \ Loads/BCs /Mak

’ SeIeCt ACt_Ionlcr_'eate Action: Create ™ | LoadBC Set Scale Factar
. Select Object/Displacement _ [
Select T /Nodal Ohject: |Disp|au:ement - I
. elec e/Noda
yp Trype: Modal = | Tranzlations =T1 T2 T3= -
f=0.,0.,0=
. Click the entry box of New Set Name T'ﬂaﬂﬂnﬂ =R1 R2 R3=
e » - _ . =0.,0,0=
. Enter “fixed” in the box S i bt
Detault... |
Trype: Static
. Click “Input Data...” icon
. Mesne Set b -
. Enter <0 0 0> under Translation e — J | LIJ
. Enter <0 0 0> under Rotation SIS Spatial Fields
. Click ok ‘ =
ki _"I_I

Input Deta... |

FEM Dependert Data... |

Select &pplication Region... I

Analysiz Coordinate Frame

[coard o

(034 Reset

A- 109
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Tutorial 3D

(Cont’) :-
. Click “Select Application Region” icon Front view
. Select FEM under Geometry Filter Eﬁ)ﬂ e Mz ozd oMW AL L
. Click “Front View” icon __ Polygon pick
=] | B
. Click “Polygon pick” icon f..e'jg;rr:;:ter dﬁ
(+ FEM |
. Clickat 1,2, 3 u
. then Double-Click at 4 to select all E

nodes within the region

. Click*Add"icon [ 1
. Click ok |
ppl ; d — Remove
. Finally Click Apply [~ g
Ok | 4

A-110
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Version 1h- Mar08

Tutorial 3D

(9) To create a Distributed Load :-

Select Action/Create
Select Object/Total Load
Select Type/Element Uniform

Click the entry box of New Set Name
Enter “force” in the box

Select 2D as Target Element Type

Click “Input Data...”

Enter <0 0 -15> under Surf. Load (Patran
will distributed the 15N load evenly over
the area of the Application Region)

Click ok

A- 111
Non Commercial Use

Action; Create vl
Object: Total Load v|

Type  |EementUniform 7 |
—Current Load Case:
Detault...
Trype: Static
Existing Setz
=]
w
< Y
Meswy et Mame

fforce

Analysis by Patran

LoadBC Set Scale Factor

In.

Surf Load =F1 F2 F3= -
TTEFE j
Edge Load =F1 F2 F3=
Id. =
-
KN I LIJ
Spatial Fields
=
-
< _"I_I

FEM Dependent Data... |

Analysis Coordinate Frame
|Coord 0

0]34 I Reset
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Tutorial 3D

(Cont,) - ﬂ eametry Fitter E
. Click “Plot/Erase” icon )L o By + Geometry il
. Select “Plot” under Geometry —\ L Surface or =
. Click ok race \ —
Plot/Erase I
| o . 5 )

. Click “Select Application Region” icon
. Select “Geometry” under Geometry Filter ~ Application Region
. Click “Surface or Face” icon for Picking IS cloct Sufces or Fges

Filter

Al Remaoyve

. Press and Hold “Shift” key on the Application Region

keyboard
. Multi-select all bottom faces (9 faces)
. Click “Add” icon
. Click OK

. Click Apply

A- 112
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(10) To create Material Properties :- l —
. Click “Materials” icon on the top menu o
P its  LoadsBCs\ Materials
. Select Action/Create
Action: - .
. Select Object/Isotropic - ﬂl
Chigct: . = an ive Model: Linear Elastic 7 |
. Select Method/Manual Input ! ErE
hlethoc: Manual Imput - I Property Name Walue
Elastic Modulus = |1.2e5
. Enter “Iron” for Material Name Existing Meterisls Poisson Ratio - |
. Click on “Input Properties...” [ Shear Mol = [
Density =

. Enter 1.2E5 and 0.29 for Elastic
Modulus(N_mm2) and Poisson ratio
respectively

. Click ok
. Click Apply

Version 1h- Mar08

Thermal Expan. Coeff =

I
|
Structural Damping Coeff = |
|

Reference Temperature =

i Tempersture Depitodel Wariakble Figlds:
< :
Filter | [+ kil

Current Constitutive Maodels:

Non Commercial Use

Material Mame
|Ir|:-n|

Clear |
A- 113
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Tutorial 3D

11) To create Element Properties :- <
() P 7 A

-oads/BCs  Materials\ | Properties

(FOR 1D MESH)

. Click “Properties” icon on the top menu action;  Crests ¥ |
. Select Action/Create Object 10 7 |
. Select Object/1D Type:
. Select Type/Beam
. Enter “metal_arm” as Property Set Name Prop. Sets By ame ~ |
=)
. Click “Input Properties” icon B Input Properties
ﬂ General Section Beam [ CBAR )
Property MName Walue “alue Type
. Click the icon next to “Mat Prop Name” riter |F —
and then SeIeCt Iron Property Set Matme hiaterial Mame
|metal_arm —
IF_Iar Crientation
— I[Offse{ @ Made 1] I | Wectar
' 73 H . ” : = ode Wectar
. Click {Create Sections Beam Library General Section ¥ | [tset @ o 2 ! |

[Pinned DOFs i@ Mode 1] I String ™ |

[Firnned DOFs @ Mode 2] I String ™ |
Area | Real Scalar

Input Propetties ... « | 1

iIcon Standard Formulation 7 |

Beam Llbrary

A- 114
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3D

Enter “Cross_sect” as New Section Name
Click the arrow iconik

Select the cross-section with a solid circle
Enter1.5as R

Click ok

Enter <1 0 0> as Bar Orientation

Click the entry box of “Select Members”
and then select the curve on the screen

Analysis by Patran
| M Beam Library {0 ] 5 |
Action; M

Ohiect  Standard Shape - |

Wethoo:  NASTRAM Standard -

! Existing Sections

.Ix
|
I

L

Mew Section Mame

. Joross_sect =
Click Add =S : By
. Spatial Scalar Fields
Click Apply : =
(Optional) Display the cross-section by 1] +|H
selecting... Om|[] _ILI
. . i »
- Display/Load/BC/Elem. Props...using Beam
Display/3D: Full-Span +Offsets.
CalculateDizplay Write to Report File
General Section Beam ([ CBAR )
Froperty Mame “Walue Walue Type
[Section Mame] cross =e j i -
i | _sect Dimensions | j
1500 ) hdaterial MName |m:|ron izt Prop Mame
J l 3‘] - i< R
Ly 15_1050163_00 15f0 IElar e iEm |<1 00 | Yector ¥ | T
ljf W A- 115
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Tutorial 3D

¢ B =

-oads/BCs  Materials\ | Properties

(Cont’) :-

(FOR 2D MESH)

. Select Action/Create Action:  Creste ¥ |
. Select Object/2D Object: 2D ¥
. Select Type/Shell Type:

. Enter “basket” as Property Set Name

Prop. Setz By mame vl

*  Click“Input Properties” icon

Stan. Homogeneous PlatelCallAD4)

. . “ »” Praperty Mame Value Walue Type
. Click the icon next to “Mat Prop Name i "
and then select Iron (it has been selected Material Neme Iman et Prop Name XN
by default) Filer [iterial rientation] | | «°= |
Property Set am | Thickness N i Real Scalar ™ | %
. . Ib ket
. Enter 1 as Thickness and Click OK A | == e ks ! el Scale
[Plate Offset] | Real Scalar
Options:
. « »” [Fiber Dist. 1] Real Scalar
. Click the entry box of “Select Members Hamageneous !
= | [Fiker Dist. 2] Real Scalar
and then select all surfaces on the B E— !
screen T « I r
* CIICk Add Input Properties ... |

. Click Apply
A- 116
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Tutorial 3D

(12) To check assignment of Loads 7~ N\
Load Ca. ..

Action: Modify ™

and Boundary Conditions :- 4 2
rials  Properties

Existing Load Caszes
. Click “Load Case” icon on the top menu -
. Select Action/Modify
. Select Load case Default from “Select
Load Case to Modify”
. Check to see that the Total Load and the Il as
f|Xed ConStralnt are aSSIQned to the Select Individual Loads/BCs Select Loads/BCs from Existing Load Cazes
default load case Displ_tced = I CET
. Click Cancel

-
4 L4 4

Additional LoadsBCs Controls ... |

Azsigned Load=/BCs Sort By Priorty ' oad/BC Type: ISiSpBCEﬂTEﬂt

Type | Scale Factor | Pricrity
fized I Displacement 1. Acdd
force Total Load | 1. Add

A- 117
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Tutorial 3D

(13) To Run the Analysis:-
H B @

L . Load Ca...  Fields Analysis
. Click “Analysis” icon on the top menu
. Select Action/Analyze Acion  Analyze ¥ -
e e
. Select Object/Entire Model Obiect  Entremodel | ————
_Deta Outp
. Select Method/Full Run Metho:  Fulfun ¥ | [Torz ¥ ¥DB W Print [ Punch
[T MASTER Crily [T MASTERIDBALL
. Click “Translation Parameters...” Code: | MSCastran | XDB Buffer Size: 1024 v|
. Select XDB and Print Type: | Structural |
* Click OK : MSC Nastran
Available Jobs Salution Type
-
® CI|Ck “SOIUuon Type” Solution Type:
. Select “Linear Static” as Solution Type 4 | QL il
_ " MONLINEAR STATIC
. Click Ok Job Narme ™ NORMAL MODES
|loasket " BILCKLING
- ™ COMPLEX EIGENY ALUE
o . Jok Description
Click Apply MSC Mastran job created on 15 <] (" FREGUENCY RESPONSE
Dec-08 at 174727 L "~ TRANSIENT RESFONSE
™ MONLINEAR TRANSIENT
™ IMPLICIT NOMLINEAR
Translation Parameters. .. | ¢ DDAM Solution
Salution Type... |
Select ASET/QSET...
Direct Text Input... |

A-118
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Tutorial 3D R —

Ohject: Attach DB ™ |

(14) To Read the results:- Method  Resuf Entfies ¥ |
H EH G
. Load Ca... Fields Analysis Code: | MSCMastran |
. Select Action/Access Results : (Soicurn |
Ve ructura
. Select Object/Attach XDB e I
. Select Method/Result Entities o] « & ex - O Tl
basket ﬂ
. Click “Select Results File...” . ;ILI
. Select the file “basket.xdb” and Click OK
. Filename:  [basket.xdb [ o ] Jok Mame
* CIICk Apply Files of type: [ Files {".xdb} =] Carcel |bﬂSkE'f
Job Dezcription

MSC Mastran job created on 13- ﬂ
Dec-06 at 17:.47.22

Select Results File.. |

/~ \
£ G
. Click “Results” icon on the top menu 4= Analysis &7
. Select Action/Create

. Select Object/Quick Plot sction, Creste

TS
Cihject: Cuick Plat - ™

Tranzlation Parameters... I

Results

Zelect Rezult Cazes

A- 119 Default, &1:Static Subcase
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CATIA V5R16 Design with Analysis — Deep Fry Basket AnaIySiS by Patran

Tutorial 3D [

Bar Stresses, Minimum Cambined ;I
Constraint Forces, Translational

(CO n ,t) . ssTensar, ~
k

. Select “Displacement, Translational” for Fringe Result Quartity: Magritude |

. Select “Displacement, Translational” for Deformation Result

Select Deformation Result

Constraint Forces, Translational
Displacemerts, Translational

. Click Apply

9.81+00
9.16+00
8.50+00
7.85+00
7.19+00

5.54+00

MSC.Patran 2005 15-Dec-06 19:04:48 1
1
1
1
1

5.89+001 [~ Animste
1
1
1
1
1
1
1

Fringe: Default, A1:Static Subcase, Displacements. Translational, Magnitude, (NON-LAYERE

Deform: Default, A1:Static Subcase, Displacements, Translational,

5.23+00
4.58+00
392+00
3.27+00
262400
1 96+00
1.31+00
6.54+000)
0]

Apply

The maximum
Displacement = 98mm

L

Result by CATIA = 97mm

default_Fringe

Max 9.81+001 @Nd 15845
Min 0. @Nd 42
default_Deformation :
Max 9.81+001 @Nd 1845

END of Tutorial 3D
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Tutorial 3E

We know we can get a stronger metal arm by shortening its length and/or
increasing its diameter. But what are their best values so that we can use the
minimal material to support the load? (Less Volume Less Cost)

** File/Open... Analysis_a.CATAnalysis**

To Define a User Parameter “Volume”’:- owi=dge x

. Click “Formula” icon fmf 0 Bk @ 8

. Select “Volume” as Type =

. Select “Single Value” %I = :
. Click “New Parameter of Type” e

. Rename “Volume.1” to “Metal_arm_volume” e -

1 [ ”» 18 yhadd. 1 Activiey true
° C I I Ck Ad d F O rm u I a et _bodyiPartBody\Pocket. 13FirstLimit\Depth 1.5mm
Upper_bodywiPartBodyiPockst. 115econdLimitiDepth orarn
Uppet_bodyiPartBodyiPocket. 11Profile. 1\Plane. 1 Plane. 1
Upper_bodyiPartBodyiPocket, 11 ThickThinl 1mm
Upper_bodyiPartBodyiPacket, 1)ThickThinz tmm

Upper_bodyiPartBodyiPocket, 1 Ackivity true ;I
Edit name ar walue of the current parameter

Add Formula I
Delete Formula I

@ ok | @ oepeky | @ cancel |
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Version 1h- Mar08 Non Commercial Use Written by Dickson Sham



CATIA V5R16 Design with Analysis — Deep Fry Basket Design 0ptimization

Tutorial 3E
(Con’t):-

. Select “Part Measures” on the list of et L ' 2]

“Dictionary” % ﬂ

l‘\ﬂetal_arm_vnlume =

. Double Click “smartvolume(elem:solid,...)"  mawomed

under the list of “Members of Part Measures” s
. (now Metal_arm_volume=smartvolume())
. Then click the space between two blankets

Formula Editor : Metal_arm
@ oK I GCanceII

% -

ﬁetal_arm_vnluw

Emertvalumel 1€ 21
. Maximize the product tree and maximize % |2l
the part tree of Metal Arm retal_srm_vclume -
. i » Ismart\l'oIume(MetaI_arm'l,PartBodv)
® C“Ck PartbOdy under Metal_arm once Dictionar Members of Parameters Members of Al
| dyYRib, 24 ThickThi N
. DOUbIe'C“Ck “Metal arm/Partbody” on the Design Table Renamed parameters mzt:::::m%ﬁ::tgggﬁg:gth:El&h:gé _I
—_ Operakors Skring Metal_arm\PartBodyiRib, 23 Ackivity
i “ ” i e Funckion: | | dySketch,
list of "Member of all o e (Car e o S aodien Aconodne
. Laws Lengt Metal_armiPartBodyiSketch. 31Radius. 19
° CIle Ok to Complete Line Construckors AILI Curse Metal_armiPartBodylllRibE Ill
] iI | ¥ Caonstraint hd |l Metal arm /
I I
@ ok | @cancel |
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Design Optimization

Tutorial 3E

(Con’t):-

. (The system measured the volume of
“‘Metal_arm” and return the value as
3.652e-006m"3)

Click ok to complete

T‘Ef} Links Manager, 1
*" @ analysis Connection Manager, 1

4}. Finite Element Maodel, 1

To minimize the tree:-
Click “+” next to “Link Manger.1”

serk

To Display the User-defined Parameter
“Volume” on the tree:-

. Select Tools/Options... on the menu bar

. Select “Analysis & Simulation” on the left list
. Select the tab page “General’

. Select “Show parameters”

. Select “Show relations”

A-123
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Double click on a parameter to edit it

Parameter | Walue | Farmula | Active |ﬂ
“IroniIron. 1. 1\ Thermal Expansion” 1.21e-005_,..

“IrontIron. 1. 1 Yield Strength’ 3.1e+008M. ..

" Finite Element Model, 13Distributed Force, 1\Force Yector, 1%...  ON

" Finite Element Model, 13Distributed Force, 1\Force Yector, 1%...  ON

" Finite Elerment Model, 13Distributed Force, 1YForce Yector, 14, ., ol

" Finite Element Model, 1\Energy\Energy

Mekal_arm_swolune n3 /= smart¥olume(Metal_armiP...  wves

Edit name or value of the current parameter

nalysis Manager

Modes and Elements
o T T

s_a.CATAnalysis]

window  Help
-
R opions
Image
I —— B — e o — e | ; I
Generate Repart ) External Storage || G | Graphics | Posk Proce:
& trimate —m Fhoto Studio

Default Analysis Case
8 Cuk Plane Analysis i

k=1 Arnplification Magrit
A2 Information
[25 Image Extrema

=] Red Time Render & [ pefine a default starting analysis case

[~ £ Part Infrastructur

%@ External Storage —|  DELMIA Infrastr

E Histaric of Computat -

= B {f;}_*_ 30 Annotations 1
M‘?_'I_Cm - ) Specification Tree
Eﬂsltt?;mlze “Collaboratlon Infr 4 show parameters
Wisualization Filters. . L Mechanical Design 2 show relations

Load Management

Shape
&3 [ pointed documents not loaded

! Analysm & Simulatior [ pisable Product Structure cache system

[t PR
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(Con’t):-

Tutorial 3E

“ » -7 Options
. Select “Parameters and Measures” on the left L o coreral
I|St @Display
“ ” EH compatibiity

. Select the tab page “Knowledge

. Wf Farameters and I
® Se|eCt “W|th Value” PZ Devices and YirtLl
. Click ok to complete (Now we can see the Tllnfastucure

- Mechanical Design

user-defined parameter “volume” with its value

on the tree)

To Create a measurement senor:-
. Right-click “Sensors” on the tree

. Select “Create Local Sensor”

. Select “Displacement Magnitude” on the list

. Click ok to complete

Version 1h- Mar08

I:MJ Rigid Car
Iﬂj Rigid Cor

ﬁf_g Materials, 1
G Jser Mat

Design Optimization

=]
na

f‘ @ Analysis Connection Manager, 1

Enowledge | Units | Kniowle

Paramete

[ surrounded by the

¥ ﬁ Finite Element Model, 1
"%z‘ Modes and Elements

?‘?‘;’ Surface Mesh. 1

& 1D esh.1
Iﬂ" Rigid Connection Mesh, 1
Iﬂ" Rigid Connection Mesh.2
Iﬂj Rigid Connection Mesh.3
Iﬂ‘l Rigid Connection Mesh. 4

‘I"E@e Properties. 1

T‘? Materials. 1

@ User Makerial. 1

R_elations update in part context | == #Statlc Case
gg o Creation of synch ?— B Restraints. 1
[ creation of relatior f‘ @ Loads.1

R S

Copy
Faste

Paste Special, ..,

Ih=

L ;; Relations

ZErl+Y

Skakic Case Solukion, 1

¥y Translational displacement verkar .1

Yon Mises Stress (nodal values). 1

*’@ Sensors, 1

Parameters
@ Metal_arm_volume=3,652e-006;

CErlHC

== Skatic Case

Delete

Local Sensors

f‘@ Restrainl
f‘@ Loads. 1 (2
Static C= &S
5‘13 Tranz @
5‘1,-. Vo [
5‘13 Stres

- Sensors a

Ipdate &l Sensors
Repark

¢ Create Local Sensar

Create Resultant Sensor

Create Global Sensor

Displacement Yeckor
Raotation Yeckor

Van Mises Stress

Errar

Stress Tensar
Principal Shearing
Principal Stress Tensor
Principal Strain Tensar
Strain Tensar

[

*‘ﬂ Ernergy
A- 124
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CATIA V5R16 Design with Analysis — Deep Fry Basket Design Optimization

Tutorial 3E

(C o nt! ) ._ MName pisplacement Magnitude. 1
: Supports

. Double-Click “Displacement Magnitude.1” [~ Soltion

”Solution |Static Case Solution, 1 |

on the tree o
. Unhide the whole assembly '
. Select the edge‘/ﬁ? as Supports (Test point)
. Select “Maximum” as Post-Treatment
. Select “Create Parameters” i .
. Click ok to complete | o A

i @ Lamina: Il O Ply id: I

o + " *Treatrmen i

| it Stress principal tensar symbal, 1 , @ oK | |a'|<:an-:e||

f@ Sensors, 1

rﬂ Energy

l"% Displacement Magnitude, 1
@ " Displacernent Magnitude” =234, 664mm

Mode (fram salver) |
Value bype:  [pag) =
¥

Complex park:

Do mot combine

—Filkers

Show filkers For: I'q"

Auxis system: [None {Cartesian)

Now we have a sensor to
measure the maximum
......... displacement of the basket

ax = 94,664 3mm
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Design Optimization

Tutorial 3E

To Create a case of Optimization:-

. Select “Start/Knowledgeware/Product
Engineering Optimizer” on the menu bar

. Click “Optimization” icon

. (1) To define Free Parameters:-
— (For this case, we choose
- Diameter of the metal wire
- Length of a portion of the metal arm)

— Click “Edit List” icon
— Maximize the tree so that we can see the
Geometrical set.1 of Metal Arm

— Click “Sketch.1” once (only related
parameters are shown on the list)

— Click on the dimension”100” or click
“Offset.10” on the list (They are the same)

— Click the arrow icon
— Click ok to complete
A- 126

Non Commercial Use

[ g
"?&k Upper_body (Upper_body.1)
| #-3% |pper_body

¥y Basket (Basket, 1)

*’@Baskﬁt

%% Lowwer_body (Lower_body, 1)
*‘@Lower_bndv

Select parameters to i
iP‘%]r\’leml_arm (Metal_arm. 1)
==a0% |Metal arm Filker On Sketch. 1
— . sy plane Filker Marne :
-5y plane Filter Type : |all
Parameters

[~ .7 = plane
“" PartEody
® ron

Ry
(5l Material=Iron

COffset, BY0FFsat
Radius, 7iR.adius
Angle, 3Angle
OffFset, 1000FFsat
Angle, 11%Angle

"% Geometrical 9et, 1
7 Plane. 1

- BRetehI
[ o e P

|ICIII=]I5L '.'CIILII:.r'IIIIIIIILIIII = |

—Free Parameters

Name | Walue | Inf. Range | Sup. Range | Step |

Edit list | >

Edit ranaes and step

Written by Dickson Sham
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Tutorial 3E

Design Optimization

. (Con't):- 20
- (NOW a parameter IS added on the IISt Prablen | Caonstraints | Compukations resulks I
of Free Parameters) Optimzation type: [iarsmnatr =]
— Opkimized parameter
— Single Click on this parameter I P _Select |
Targek value:ﬁaximum E

- Click “Edit ranges and step”

—Free Parameters

Marne

“Metal arrnlGeorne, ., 100mm

— Select the box next to Inf. Range
— Enter 40mm as Inf. Range (lower limit)

— Select the box next to Sup. Range

- Enter 100mm as Sup. Range (upper
limit)

Set Range
- Select the box next to Step 40-100mm
- Enter 0.5mm as Step

— Click ok to complete

".'l'l i ,|l|||
"L:::':""_'!':'::::"-' !

A-127
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Auto,

N
‘ Edit ranges and skep )

Amwibhes

4 Inf, Range |4I2Imm =
4 Sup. Range |1EIEImm =
d Step |n.5| =

|ii K I 'ﬂ'CanceII
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CATIA V5R16 Design with Analysis — Deep Fry Basket Design 0ptimization

Tutorial 3E [ s e

L 4\_ Finite Element Model. 1

Problem | Constrainks I Compukati
ndes and Elements
e, ik = Mod d El L
i (Con t)' Clpl:|m|.2.aftu:|n L IMinimizatiDn f‘?‘i Surface Mesh. 1
—optimized parametey ———— *,.!r"' 10 Mesh. 1
—  Click “+” next to “Link Manger.1” to F P =¥ Figd Connection Hesh.1
min | mize the tree Target walue: ﬁinimum E ﬂﬂj Rigid Connection Mesh, 2
—Free Paramekers _Iﬁ" ngld Conneckion MES"I.S
HEm | value | 1nl ﬂﬂj Rigid Connection Mesh, 4
—  Click “Edit List” icon again 77 Properties. 1
— Maximize the tree so that we can see A
. o ( fﬁ 10 Property. 1
the Properties.1 of Finite Element ™~ - -
Model.1 ﬂﬂj Rigid Connection Property, 2
—  Click “1D Property.1” once (only related f¥!Rigd Connection Property.
. ﬂﬂj Rigid onnection Properky .4
parameters are shown on the list) LA
— Click the one and the only parameter fﬁ
on the left list, which is the radius of Edit it |
the 1D meSh Select parameters to insert ﬂﬂ
— Click the arrow icon Filter On 1D Property. 1
. Filker Mame :F
— Click ok to complete =::=-|| Fker Ty [Pl =
Parameters Free parameters For optimization
CustoBeamBC, 115AMRadius " Metal_armiGeometrical Set. 113ketch, 110FFset, 10
=
=
1] | 3l
_— @ oK I il Cancel I
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CATIA V5R16 Design with Analysis — Deep Fry Basket Design Optimization

Tutorial 3E

. (Con't) :- _ ;
. Problem | Constrainks | Computations resulks I
- (Now the 2nd parameter is added on Optinizaton tyoe: [iamizaton =]
the list of Free Parameters) b i g e
I_? p Select, .. I

Target value: ﬁaximum E

—Free Parameters

— Single Click on this parameter
— Click “Edit ranges and step”

I Inf. Range | Sup. Range | Step |
40rnrn 180rnrm 0.5mm
Orvirn 1.798e4+3,,, Auko,

I Yalue
100rarm
1.5

Marne
"Metal_armiizeome. ..
" Finite Element Mo. ..

— Select the box next to Inf. Range
— Enter 1.5mm as Inf. Range (lower limit)

— Select the box next to Sup. Range
— Enter 2mm as Sup. Range (upper limit)

Edit list |

Edit ranges and step

Set Range
1.5--2.0mm

— Select the box next to Step
- Enter 0.1mm as Step
— Click ok to complete

Modify the ranges and Eh d |
o Inf. Range lm E

“ Sup, Range Ime E

4 step Fl.lmm =

i @ Ok W Cancel

Lo o
i i
. f" | )
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CATIA V5R16 Design with Analysis — Deep Fry Basket Design Optimization

Tutorial 3E

Opkimization

. (2) To define Constraints:-

putations results |

| Satisf, .. | Diskance to satisf, .. | Precis. .. | Ak

— Select the tab page “Constraint”
— Click “New...” icon

— Select “Displacement Magnitude”
under Sensor.1 on the tree

— Then add “<=20mm?” after the words b | o
_ C||Ck Ok tO Complete Mew, .., Ihaw {derivatives provider) I Delete I

—i nnchraint definitinn

| ‘_lﬂ Rigid Cannection Property.4 Optimization Constraints Editor 2l
? Materials. 1
@ User Material.1 %@ >!< = Y d?l
-4 2hafi Case *Finite: Element. Model, 11Displacement Magnibude, 14Displacement. Magnitdde” <=20mm|
r@ Restrainks, 1

r@mads.l

Skatic Case Solution, 1
& Translational displacement wector, 1
Pl won Mises Stress (nodal values). 1

.';‘E, Stress principal kensor symbol, 1 Dictionar Members of Parameters Members of Al
"@ Sensors, 1 - " Finite Element Maodel, 11Displacement Magnit
' Design Table Renamed parameters " Finite Elerment Model, 1\Displacement Magni
r ﬂ Energy

Operators GPSPostProType

. . Painker on walue funckion: Length
= .
%_Dlsplacement Magnitude, 1 Paint Construchors

(3" Displacemert Magnitude =54.664mm Law .
Cnnckrockare I_I_I
3

Liny

Parameters 1 F I | _’I
2l Metal_arm_volume=3.652e-006m3 z
-_.'xa Relations Finite Element Madel, 1YDisplacement Magnitude. 1\Displacement Magnitude |94-664mm
iraFarmula.3: Metal_arm_volume=smartvolume(Metal_arm’ @ ok I @ Apply I 3 Cancell
=4 Optimizations. 1 e
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Design Optimization

Tutorial 3E

Version 1h- Mar08

(3) Define computation method:-
— Select the tab page “Problem”
— Select “ Only Constraints” as
Optimization Type
— Select “Simulated Annealing Algorithm”
as Algorithm type”

— Set Termination Criteria:

a. Enter 100 as Maximum number of
updates

b. Enter 20 as Consecutive updates
without improvements

C. Enter 3 as Maximum Time (minutes)

(If any of these is fulfilled, the
computation will stop)

— Select “Save Optimization data” (so
that we can see all raw data after
computation)

A-131

Optimization

onskraints | Compukations resulks |

2 x|

VR IOnIy conskraints

—Cptimized parameter
—Free Parameters

Mame | Walue | Inf. Range | Sup. Range | Step |

"Metal_armiGeome,,,  100mm 40mm 100rmm 0.5mm

"Finite Elernent Mo...  1.Smm 1.Smm 2mm 0. 1rmm

Edit lisk I Edit ranges and step
—fvailable algorithms
Algarithm bype : ISimuIated annealing Algorithm j
—5Selected algorithm settings

—Runming Criteria

Convergence speed ; Fast j

— Termination criteria

Maxirmum number of updates 100

4 Consecutive updates withaut improvements [0

 Maximum time (minukes)
—Cpkimization data

o Save optimization data

4 Fun opkimization without filling the Undo log

Run optimization IC‘ wWith update visualization & without update visualization

@ Ok I ﬂ.ﬁ.ppl':.-'l IﬂCann:eII

-
Non Commerclar use
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CATIA V5R16 Design with Analysis — Deep Fry Basket Design 0ptimization

Tutorial 3E

To RUN Optimization:- Problem | Cnnstraints
° Click “Run Opt|m|zat|0n” icon —iConstraints priorities used ko SOt TTETEST

. Enter “Data” as file name (all the raw data fﬂnstfc"int-ﬂ
will be stored in this excel file)
. Click “Save” to start Computation Adjust priarities From weights I Reset priorities to Il

—5ettings of the results sork

¥ Historic sork: displays the resulks in the computation order

(The Computer starts to SearCh a_” pOSSible () Lexicographic sort: displays the results From the best ta the worst
values of the two free parameters so Restlts fo display’ [ [
that the constraint can be met) E = =
Mb Evals | Analysis Manager|Relations\Optimizations, 110ptimization, 11Prok -
] 74.664253529
1 50.01586258
H 2 277204062
(After 3 minutes) : e
4 11.175073596 b
5 1942546994
. 2] 13.8995792
To review the results:- 7 11.17807396
y . " 8 11.17807396
. Select the tab page “Computation Results 2 11,17807396
. . . 10 11.17507396
. On the list, all attempts failed until #19 1 195713574 -
(i.e. Result — Target = 0) ] | LIJ
Apply values to parameters I
CUrvEs
Select parameters I Shiow curves, .,
4 Run optimization without Filling the Undo log
WID wWith update visualization ' Without update visualization
A- 132
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CATIA V5R16 Design with Analysis — Deep Fry Basket Design Optimization

Tutorial 3E

(Cont’):-
. Select “Show Curve” icon \nalysis Manager\Finite Element Model. 1,10 Propert
. On the list, the four attempts failed but the . |

s peesteespesssprpepoq Wire Radius
\ (S0

rest can meet the requirement
(i.e. Result — Target = 0)

|
|

! JI
—t
1 |

Arm Length

To Further optimize the parameters (for
the minimum volume of metal arm):-

',‘ii
[
'|

HDistance to satisfaction

. Select the tab page “Problem” again \
. Select “Minimization” as Optimization type | 2 ; :
. Click “Select” icon
21 Only a few can meet the
requirement. But which
Dnstraints | Computations results | one can gi\/e the minimum
Cptimization bype: IMinimizatiu:un j volume?

Opkimized parameter
|:arget walue: ﬁinimum E q

—Free Parameters
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CATIA V5R16 Design with Analysis — Deep Fry Basket Design 0ptimization

Tutorial 3E

Problem | Conskraints | Compukations resulks |

(Cont’) :-

. Select “Metal_arm_volume” on the list Optinization type [yinimzstion -
o C“Ck Ok to com plete Filter ©n Analysis Man: P mentparaimter

Filker Mame :F [etal_arm_valume [ 97Fe-006m3 Select... I
Filter Type @ Al Target walue: ﬁinimum E

* Select “Gradient Algorlthm with Parameters —Free Parameters
Constraints” as Algorithm type” Upper_body|PartBody || Name |value | inf.Range |Sup. Range [Step |
Lower _bodyiPartBody "Metal_armiGeome, ., 53.545mm 40mm 100rmm 0.5mm
Lower_bodyiPartBody " Finite: Element Ma..,  2mm 1.5mrm 2mm 0. 1rmm
"Modes and Elements),
. Set Termination Criteria: _Finite Element Mods.
Finite Element Model,
a. Enter 100 as Maximum number of e e e
updates Edit list | Edit ranges and step
i & I — Awailable algorithms
b' Enter 20 as Consecutive Updates Algorithm bype : IGradient &lgarithm wWith Constrainkis) j
W|th0ut improvements . — Selected algorithm settings
c.  Enter 3 as Maximum Time (minutes) Bl — o
(If any Of these iS fUIﬁIIed, the i — Termination criteria
Computation W|” Stop) Maximurn number of updates 100
4 Consecutive updates without improvements [E0
o Maximum timne {rminutes) |

To RUN Optimization again:- — Optimization data
. “ . . y 4 Save optimization data
. Click “Run Optimization” icon e
o . 4 Run optimization without Filling the Undo log
fSIeIeCt YeS to Overwrlte the data Run optimization IO with update visualization @ ‘Without update visualization
lne

o oK I \;F\pplyl ﬂCanceII

e
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Tutorial 3E

To review the result:-

. Select the tab page “Computation
ReS u ItS” 1D Property. 1NCustoBeamBC, INSAMRadius
minimum
. Select “Select parameters” icon, then add , ,
‘metal_arm_volume” onto the list oosl Lo | « Volume
“‘parameters to be displayed” e _ _
. Select “Show Curve...” icon S RECE

Gosbecatbosscdaese Arm Length

From the curve, the best values are:
Wire Radius = 1.9mm
Arm Length = 40mm

Its volume is the smallest but it is still
so strong that the deflection is lower
than the required limit.

In this revised optimization, all cases can meet
the requirement (i.e. deflection of basket is

To Save all files:- smaller than 20mm)
. Select “File/Save all”

A 135 END of Tutorial 3E
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For enquiries, please contact:

Mr. Dickson S.W. Sham
CATIA Certified Professional

Email - dicksham@sinaman.com
Website : http://www.youtube.com/dicksham
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