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CATIA V5R16 Design with Analysis — Deep Fry Basket Overview of Tasks

Tutorial 3A - Modeling
. 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

. Build the metal arm

. Build the basket

. Add material texture onto all components
. Assemble components

Linked Children

=

Tutorial 3C — Structural analysis
. Simplify the model for analysis
. Create Meshes onto two components and create a connector between

them
. Create boundary conditions & define properties
«  Analyze displacements & stresses o
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9.06e+004
On Boundary

Tutorial 3D — Structural analysis (By Nastran)
. Repeat Tutorial 3C with the use of Nastran

Tutorial 3E — Design optimization
. Create a user parameter “volume”

. Run optimization to get the minimum volume of the metal arm with the
smallest part deformation

Structural
analysi§
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CATIA V5R16 Design with Analysis — Deep Fry Basket Genera’

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 Right b
mouse button, then drag the Ight 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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CATIA V5R16 Design with Analysis — Deep Fry Basket

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
don’t need this, just select “File/Close” on the menu

. Select ‘Start/Mechanical Design/Part Design’on the

menu bar

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

. An empty part is now created on “Part Design” workbench.
You can see a specification tree at the upper left-hand
corner and xyz datum planes in the middle of the screen

Version 1h- Mar08

T File Edit  Wiew [nsert Tools  Mindow  Help

rfrastructurs v
: B Pairt: Design

shape ¥ @0 pssembly Design
Analysis & Simulation L Sketcher
AEC Plant % 1P[oducl: Functional Tolerancing & Annatation
Machining ]
'gig\ta\ Mockup p [§r Wield Design .
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Exit &= WireFrame and Surface Design
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NewPart X
Enter park name Fartl

LiEnable hybrid design |

[Jcreate a geometrical set

[ create an ordered geometrical set

[] Do not show this dialog at startup
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

Tutorial 3A

To reset the layout of workbench (optional):- o

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

. Sometimes the workbench may not be tidy

before you use; some toolbars are missing and Grahic Prseres

Knowledge

Mew. ..
Rename...

i

some are at wrong positions. To reset the layout,

Waorkbenches
Tools Palette

select “View/Toolbars/Customize” and select

EnovialfPl

“Toolbar/restore position” on the pop-up cronlch e

Restare position I

Mobile Session
Instant Collaboration

window; Close and exit A e .

?Use this page to add or delete a toolbar to the current workbench,
The Commands page allows dragidrop to addjremove commands.

To rename the tree:-

. Single-click “Part1” on the tree, right-click it, and T— | |
“ = L] 2 Reframe On . k Ei : |Parkl
then select “Properties Bl thrmren .
. J Properties Alt+Enter Mechanical I Mass | 13t aphic | Produck |

. Modify Part Number as “Master_handle” on the gHometn

tab page “Product” e ot

. Bz Copy ChH+C

. Select “ok” to exit Beste Cuey

Paste Special...

Delete Del

Farents Children. ..
) Local Update —Praduct

Replace. ..
Part Mumber  paster_handle

Part1 object 4

Fevision

Drefinition

Momenclature

Source Linkriovan j
Description

A-5
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling

Tutorial 3A 3

To build 1st sketch:- Dimensional constraints ’ —
0 click “Sketch” icon and select xy plane ‘ i Sketch
Geometrical constraints

. Ensure “Dimensional Constraints” & “Geometrical

Constraints” are activated in the Toolbar “Sketch A al

tools” =

Draw arc

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

clicking “constraint” icon and then selecting the circle. 00 = O @ $
. Double-click on the dimension and modify the radius

as 380mm; the arc will be resized automatically
. Draw an axis along the x-axis Draw axis
. Click “Mirror” icon and then select the arc and the Profile =

axis to duplicate the arc on the opposite side | AOm OO/

SIS = Mirror
R TD
— -
. _.__.__4A.w®___ . _
-.-""'--.__ -
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To build 1st sketch (Cont’):-

. Draw an arc (R35) connecting the bigger arcs , on
the positive-x side, which is NOT tangent to them J 00
. Similarly, Draw another smaller arc (R10) connecting oxes

the bigger arcs on the negative-x side

Constraints defined in dialog box

[Fix
[ Coincidence

. Multi-select the arc (R10) and the upper arc(R380) B
by pressing and holding “ctrl” key on the keyboard = Eb, 2. e
. Then select “Constraints defined in dialog box” — ___
icon
. Select “Tangency” and “ok”
. Add another Tangency constraint between the arc
R10 and the lower arc(R380) by repeating the above —
steps

Modeling

Draw arc

21|

[ pistance
[ Length
|:| .ﬁ.ngle

[ semiminor
] Swrmekry
O Midpaint

] Semimajar axis

[ Equidistant poink

axis [ Perpendicular
[ Hotizonkal
[ wertical

@ oK I iaCancell

Not Tangent

\‘ﬂ#

Tangent

Version 1h- Mar08
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling

Tutorial 3A

To build 1st 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
the end points of arc R35

Modify the value to 36mm

(After that, the sketch color should become green
since it has been fully constrained.)

B =
Exit the workbench by clicking “Exit” icon [ .

Master_handle

7wy plane

. £ vz plane

Exit £ 2 plane

I"F‘artBu:u:Ig
#Eﬁketcm

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 ooy 21x
. . .. = vz plane —First Lirnik
Enter 20mm as the length of First Limit ey e =
. Select “Mirror extent” i o g o
« Click "ok’ e —
. A solid is created sctiors BT )
[ Thick.
|_perereert=—4
4 Mirrared extent
TER o

‘Master_handle

To round the sharp edges:-

. Add a “Edge Fillet” R5mm onto the = 2 plane

vertical sharp edges = Bpartsody
@Pad.l

i EdgeFillet. 1

27wy plane
=7 ve plane

8
R5 \
A-9 RS
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CATIA V5R16 Design with Analysis — Deep Fry Basket

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

Vertical face
(Face to draft)

Neutral Element
& also parting
element

Version 1h- Mar08

Tutorial 3A

To draft both sides of the solid:-

Modeling

Neutral

<«— Element &
also parting
element

2]

Draft Tyvpe: IE eﬂl /_) S e

"4 Parking = Neutral
Angle : JEE R

s & Draft both sides

Faceis) to draft: |EdgeFillet. 1Y Face. 1 ﬁl

et g element
[ selection by neutral face

Selection: [ND seleckion
—Meutral Element
Selection: |3 plane @l Limiting Elementis): [Mo seleckion al
Propagation: INUFIB ﬂ Ciraft Form: |Cnne ‘*l
— Pulling Direckion
Selection |>q.n' plane
s Controlled by reference

<<less I

@ ok | & cancel | preview |
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To change the workbench:-

File  Edit
. Select ‘Start/Shape/Generative Shape Bl -rastructurs
Design”on the menu bar fHbchonicallbes or
o hape
Analysis 2 Simulatio
“ . ” AEC Plant
. Select “Insert/Geometrical Set” on the menu Machining
bar and click ok to complete (Now a new branch ~ @italtockup

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

| .
To create a reference plane:- L ot

Equiprient & Swstems
Digital Process for Manufackuring
Machining Simulation

Crmmrmmrmics Pimmiam O A =lo-i-

Modeling

[%]CATIA ¥5 for Student

Tools  Window  Help

3
2
3 l"k
r Q FreeStyle
4 Sketch Tracer
r Imagine & shape
Digitized Shape Editar

Wies

Inserk

n

-

b

enetative Shape Design

-

b I_al-:l. uick Surface Reconstruckion
ke Shape Sculptor
& nandle

]
SR O

Click “plane” icon & Moster_hendie

. Select “Offset from plane” as plane type g
. Select “yz plane” as Reference 7 2x plane
. « . . - T2 PartBod

. Click “Reverse Direction” in the command 5

Wl ndOW iﬂEdgeFilIet.l
il orafe.1
. Enter 38mm as Offset value =5 Geometrical Set 1
#= 2 Plane. 1

Click ok to complete

A- 11
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N

g

21
: Flarne type: IOFFset from plane j
Reference: |vz plane
Offset: fzdmm E
| Reverse Direction I
[] repeat object after K
| & cancel | preview |
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

Tutorial 3A

Sketch

To build 2" sketch:-

. click “Sketch” icon and select zx plane

. 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”

Eunsl;rainl:

. 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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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To build 3rd sketch:-

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

ﬁ i

Sketch.3

A- 13
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- Sketch

Constraints defined in dialog box

mojeraSeley

—

Constraint Definition 2

Modeling

Draw arc

[ pistarce (I Fix

[ Length [ Coincidence

[ anale [ Concenkricity

[ radius | Diameter [ Tangency

[ semimajor axis U1 Parallelism

[ semiminor axis [l Perpendicular
''''''''''''''''''''''''''''''''''''''''''''''''' [ Herizontal

I ridpeme O wertical

[ Equidistant point

@ oK I QCancel]
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CATIA V5R16 Design with Analysis — Deep Fry Basket

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

surfaces

° C“Ck Ok to Complete Swept Surface Definition ﬂﬁl.
. (On the tree, this surface is stored in o ¢ | S]]
“Geometrical Set.1”, so it will not be mixed with i I_ S e— 7

solids.)

Profile: |Sketeh,3

Guide curve: |Sketch.2

EICEC I O ol (meanplare) |
ange: [ JUETI |

Sketch.2

Master _handle

£ wy plane Angular sechor:  Previous I [1_ I8 [de=t ’
< vz plane Sketch.3 ~ Optional elemernts
.J'zx plane [] Projection of the guide curve as spine
E3partsody Spine: [Defaulk (Sketch.2)
@Pad.l
@EdgeFillet.l Relimiter 1: Mo selection
'\i Draft.1 Relimiter 2: |No selection
=¥ Geometrical set 1 Smooth swesping
<7 Plane. 1 [ angular coreection;
[\ sketch.2
E ketch, 3 s [] Deviation from guide(s): F.DDlmm E
1'] Sweep, 1 Twisted areas management
"4 Remove cutters on Preview
Positioning parameters
[ Position profile  Show parameters == ]

A- 14 — | @ cancel | preview |
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CATIA V5R16 Design with Analysis — Deep Fry Basket

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”

Click on the arrow so that it is pointing
downwards

Click ok to complete

To hide the surface & its curves:-

Select the surface “Sweep.1” and click
“hide/show” icon

Hide Sketch.2 & Sketch.3 too

A- 15
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EiEdgerilet. 1
S oraft.1
L s
*%Geometrical Sek.d1
= s> Plane. 1
f‘ESkﬁtchE
tESketch.s

'%Sweep. 1
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

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

To change the workbench:-

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

To create a reference plane:-

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

Click “Reverse Direction” in the command
window (The arrow points to negative Z)

Enter 2mm as Offset value
Click ok to complete

A- 16

Version 1h- Mar08

Guide-curve

Section

Guide-curve

Section

=]
: -_/E: A% 040

Modeling

Guide-curve

Section

i o -
L7z plane
PartBody

EPad.l
ByEdgeFilet. 1
St

P st
“"f?gGeometrical Set.1

£F Plane. 1

7 Skatch.z
Fsketeh 3
@Sweep.l

27 Plane.2

xy plane

‘-___ Plane Definition _7151
Plane type: |OFFset from plane j
Reference; |xy plane

Offset:  Emm

Reverse Direction |

[[] Repeat object after OK

& Cancel | Preview |
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

Tutorial 3A

Wireframe

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 *

. Select Plane.2 as Second Element

. Click ok to complete

To create another intersection curve on

the opposite side:-

. Repeat the above steps but select the
face opposite to Face 1 as First Element

A-17

Version 1h- Mar08

Intersection Definition I! Kf
First Element ; [ TESeT— 25 |

Create Line
[] Extend linear supports for interseckior /I o

2 i
Cwr”  Second Element: IN-: selection
i At s

Bixis

[] Extend linear supports Far interseckior jt 2 s
Curves Intersection Wwith Common Area — :

Result: @ curve O Poirts % Create Compass Direction

Surface-Part Intersection 7 Create Plans
Result: @ Contour O Surface 7 Y Plane
Extrapolation options ———————— = 42 Plane

[ Extrapolate intersection on first eleme‘? 73t Flane

[ tntersect non coplanar line segments a Create Intersection
B8 Create Join

#7 Create Boundary

&4 Create Extract (in ooint}

i type:INo propagation
Element{s) to extract S RNEE

Support : [Mo selection
[ complementary mads
[ Federation

Shaw parameters >§I

Intersect.1

Intersect.2
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling
Tutorial 3A
To build 4t sketch:-
. Click “Sketch” icon and select zx plane — _
. Draw a horizontal axis as shown Draw axis
. 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”

Eunsl:vral‘nl:

% Ak RS o+ S1E

. 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

R. 150 Tangent & coincided

Horizontal axis A-18
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling

Tutorial 3A

= Sketch
To build 5 sketch:-
. click “Sketch” icon and select plane.1 -
: . _ Construction/stan
. Click “Construction/Standard element” icon sO 45/ 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 et
. Select the curve “Intersect.1” (A point is created)
_— _ " 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 %7

A-19
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CATIA V5R16 Design with Analysis — Deep Fry Basket

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

To create a reference plane:-

Modeling

Tutorial 3A

Multi-select the arc and the point ii? 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

P | R, T R A

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 M

Plane type: [Parallel through point fjﬂ

Reference: |yz plane

Paint: |Intersect, 1ivertex. 1
yz plane Make a plane at the -
A- 20 endpoint of curve
“‘intersect.1”
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

Tutorial 3A

To build 6t" sketch:-

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 Yy

Exit the workbench by clicking “Exit” icon.

A- 21
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Sketch

Intersect.2

Intersect.1

Plane.3

DraWee
three points
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CATIA V5R16 Design with Analysis — Deep Fry Basket MO de lin g

Tutorial 3A

Wireframe

To create a reference plane:-

. Click “plane” icon a
. Select “Parallel through point” as plane type I Tl St Mo
. Select “yz plane” as Reference
. Select another Endpoint + of the curve
“Intersect.1” meos
. Plane type: [Parallel through point _-_}ﬂ
. Click ok to complete S —

Point: |Intersect. Liertex
@ ot | _diosion |

To build 7t" sketch:-

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

. Add three Coincidence Constraints to align the
arc onto the points i\(

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

A- 22
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CATIA V5R16 Design with Analysis — Deep Fry Basket MO de lin g

Tutorial 3A e

. . surface
To create a Multi-sections surface:-
o Click “Multi-sections surface” icon £ Sketch.4
11 bE) 13 M 11 ” J .__?_q _,H SketCh.7 (gL“de)
. Select “Sketch.6”, “Sketch.5”, & “Sketch.7” in & ﬁﬁ? ﬂ; - @ : (section)
order (They will then be inserted into the entry == = — = \
box of Section)
oL Intersect.2
. If any red arrows are not pointing to the same (quide /
direction, click it once to reverse. &
. Then click the entry box of Guides once Sketch.5
. Select “Intersect.1”, “Sketch.4” & “Intersect.2” (section)
. Click ok to complete

Mult- sections Surface Defialt 20 Intersect.1
No | Section [ Tangent [ Closing Paint | (guide)
1 Sketch.6
2 Sketch.5

Guides | Spine | Coupling |Relimitati o

o | Gue | Tangent | Sketch.6

1 Intersect, 1

2 Sketch.4 (Sectlon)

a Intersect, 2

Feplace l Remove ] Add l
— Smookh parameters

[ angular correction: ﬁ Sdeg E

., All red arrows should point (3 wiition: i
to the same direction, ] @] i |
otherwise the created 5
surface will be twisted A- 23
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

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

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

grﬂaster_handle

== xy plane
= ;=7 vz plane
— 2=z plane
T Beatood
; Pad, Center graph
ANy Reframe On
Rl - Hide)'Show
) Ecige Properties Alt+Enter
:-.‘{'j Draf [ open Sub-Tree
[=r S H O

extrapolate

| 88 7~ 5 ¢

g
. Select “Sketch.6” as Boundary iate Definition 2| ]
. Select “Multi-sections surface.1” as “Extrapolated” T s
Extrapolated: |Mulki-sections Surface,1
. Enter 20mm as Length Limi
. . Type:  |Length :J
. Enter Tangency as Continuity ik IP_Dmm =
d SeIeCt “ASSGmbly ReSUIt” [ ] Constant distance opkimizakion
. o o selection
. Click Ok to complete e B .
Conkinuiby: Tangent ﬂ
s Extremities: Tangenk j
I—engﬁ' Propagation mode: |Mone ;i
Internal Edges: |DeFauIt (Mone) El
'3 Assemble result
[ Extend extrapalated edges
@ ok | @ cancel | preview |

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

. Select “Extrapol.1” as “Extrapolated”
. Enter 20mm as Length

. Enter Tangency as Continuity

. Select “Assembly Result”

. Click ok to complete

To change the workbench:-

. Select ‘Start/Mechanical Design/ Part Design” gl
on the menu bar to go back to solid-modeling 27 2x plane
environment

. Unhide “PartBody”

Version 1h- Mar08

Tutorial 3A

To extend the surface on the other end:-
. Click “Extrapolate” icon
. Select “Sketch.7” as Boundary

J B oavug]

‘Master_handle

WCHI:L

Reframe On
=4 Hide/Show

Center graph

operkies
pen Sub-Tree

Alk+Enter

Modeling

2lx
Boundary: |Sketch. 7
Extrapolated: [Extrapol.1
- Lirnik
Type: ILength j
Length: IZDmm

[ Constant diskance optimization

p ko JNo selection

Conkinuity: Tangenk

Extremities: Tangent

Propagation mode: |Mone

Internal Edges: |Default (Mone) ﬁl

« Assemble result

|4|<|<|

[ Extend extrapolated edges

@ ok | @ cancel | preview |
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CATIA V5R16 Design with Analysis — Deep Fry Basket

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 Engjff“
upwards. %;.?E;;

. Click ok to complete a4

257 Plane. 1
{7 sketch.2 .
L shetch3 Result after Split by
-y the extended

tamﬁm " surface

anananananan

To hide the surface & its curves:-

. Hide Everything except “Partbody”, xy plane, F’g@f"ﬂl

':j Draft. 1
yx plane and zx plane. P spit. 1
i apli.2
b Geametrial Set. 1
i Plane, 1
: -L- } . Sketch, 2
| A sketch 3
1 “&Sweep 1
| et Plane. 2
|
|
|
|

All reference
curves & surfaces —»
are now hidden

FIntersect 1
FIntersect z
L Sketu:h 4
L L Sketu:h =
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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

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

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 23mm as Offset value
Click ok to complete

A- 27
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Create a plane

yz plane

Modeling

21x
Plane type: IOFFSEI: From plane :_IH
Reference: [N

Offset; P3fﬁm

& cancel | _preview |

Written by Dickson Sham



CATIA V5R16 Design with Analysis — Deep Fry Basket

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:-

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
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Modeling

R24 g

Draw an axis and

add a coincidence , Plane.5
constraint with

plane.5 : :
Written by Dickson Sham



CATIA V5R16 Design with Analysis — Deep Fry Basket

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” T
. Click on the arrow so that it is pointing It
downwards. — £l Draft. 1
. — (i spit. 1
. Click ok to complete L P soie.2
— (i split.3
== ) Geometrical Set.1
To hide the surface & its curves:- ?ﬁplem
. Select “Sweep.2”, “Sketch.8”, “Sketch.9” & s
“Plane.5” and click “hide/show” icon. ~ A-29 Hé....
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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:- B © P s 3 emoE
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.
RO R oo o e = [ e ]
Saveastpe:  [CaTPan C I - N
[ Save as new document 4
A- 30
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling

Tutorial 3A

@: Master_handle

[~ I
To create the upper body:- T X _:j‘“sla”e
. Select File/New on the menu bar Ton — <7 zx plane
. Select Part as type =t T Center graph
reate an ordered geametrical se! :> -@F EEFramE_- |:||'|
. Enter Upper_body as part name - (] ide/show
. Click Ok to Complete [ 0o nat show this dialog at startup _iﬁEPr@EI’tiES Alb+Entar
_— @ ox | @ cancel | n {:j C E Open Sub-Tree
. . . _ﬁgf Define In Work Objeck
. Select Window/Tile Vertically (we can see BULE oo o
Master _handle & Upper Body at the same time) _ﬁf Be, Copy Ctritc |
. . C ” . — B/ E [ Paste Chrl+y
Right-click “PartBody” of master_handle_a.CatPart; EGen Paste Specil..
. and then select “Copy”’; iyl
. . e o
. Right-click “Upper_body” of the tree of Upper_body o E:::: Eﬁfﬁf -
and then select “Paste Special...” 3 partping, [ Open Sub-Tree
. Select “As Result with link”; e
Uk rl+-
. Click ok to complete. . E Copy Ehl+C
4 Upper_body O
[~ = xv plane
— = vz plane I
= = o plane : Paste Special ed |

| @ Paste As specified in Part document
PartBDdF e As Result With Link
ﬁﬂ e 2 Paste with ink [As Result

A' 31 @ Ok I - Cancell
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

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

Dress-Up Feal:u:‘:iw # |

. 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
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Modeling
Shell
M ¥ shell Definition d |
——  Default inside thickness: IZI'I'II'I'I E
Default outside thickness: FITIITI| E
Faces to remove: Mo seleckion
Other thickness faces: |N|:| seleckion [ﬁl
‘ @ oK I o Cancel I
Upper_body
=7 wv plane
£z plane
7 zw plane
@Paftﬂody
Body:, 2
Solid. 1
& shell. 1
i ot
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To create the lower body:-

Select File/New
Select Part as type

Enter Lower_body as part name

Click ok to complete

Tutorial 3A

NewpPart =]
Enter part nare l ower_body,

[ Enable hybrid design

[1create a geomekrical set

[ create an ordered geometrical set :>

[1 0o not show this dislog at startup

@ oK I ﬂCanceII
.

Select Window/Tile Vertically (we can see

Master _handle & Lower Body at the same time)
Right-click “PartBody” of master_handle a.CatPart

and then select “Copy”

Right-click “Lower_body” of the tree of Lower_body
and then select “Paste Special...”

Select “As Result with link”

Click ok to complete

Version 1h- Mar08
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-@: Lower_hody

[~ = wv plane
— .7 vz plane
[~ =7 zx plane

_ PartBody

[ solid. 1

Modeling

@Master_handle
— <=7 wy plane

— =7 vz plane
— 227 7w plane
- r
’ Center graph

-'IiI’F Reframe Cn

- || Hide fShaw
— ‘:JE Properties Alt+Enter
- {_:'i r (=] Open Sub-Tree
_ﬁgf Ciefine In Work Object
— c

0 < Jf Cub Chrl+4
_WE Bp Copy Chrl+C |
— i/ R, Paste Chrl+
"@Gem Paste Special. ..

= Center graph
' Reframe On
7 vz [ ] HidefShow
£ 2: B2y Properties Alt+Enter
p; [=] Open Sub-Tree

Define In Work Object

4 Cut Chrl+3
Copy Chrl+C
ER Paste el

Paste Special. ..

As specified in Part document
As Resulk Wikh Link
2 Paste with ink [As Result

¥ Paste

@ Ok I ‘w8 Cancel I
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CATIA V5R16 Design with Analysis — Deep Fry Basket Modeling
Shell

To makg the sol!d hollow:- ——— A

+ Click "Shell” icon Bt Defmton B

. Enter 2mm as Default inside thickness i A Default inside thickness:  Emm =

. Click ok to Complete. S Default outside thickness: [orm| =

. (the material inside the solid is removed) AN Mo salsction

Other thickness Faces:  |Mo selection @l
@ 0K & Cancel
. | |

To cut the solid with a plane:-

. Click “Split” icon. Lawer_body
27wy plane
. Select xy plane =z plane
. Click on the arrow so that it is pointing 7 2% plane
downwards. Brartody
. =38 B0dy.?
. Click ok to complete T s0id.

9 shell. 1
(o smlit. 1

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
Building mechanical features on Upper Body:- “Upper_body Body.2 is
£ %y plane added onto
j‘“’z p:ane Partbody
H . 7 2w plane

To add two Bodies together: B
. Right-click “Body.2” on the tree = {7 add1
. Select Body.2 object/add... (Body.2 will become a = ;d:fd 1

branch of PartBody) @ el 1

FR spilie. 1
To get a boundary curve from the solid:- Boundary
. Select ‘Start/Shape/ Generative Shape Design” on 3
: Operations #

the menu bar to go back to surface-modeling | )

environment B2 A "%}*uﬂ*f{ﬁ
. Click “Boundary” icon
. Select “Point continuity” as propagation type i
. Select the parting surface (both inner & outer edges Mulipl Boments  [Boundaryd

will be highlighted) Reference Elenert: [N
. Click ok to complete e
. Select “Keep only one sub-element by a Near” in the

message window “Multi-result management” Bartin
. Click ok surfac?a
. Select an inner faceil7 as Reference Element
. Click ok to complete

A- 35
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

Tutorial 3A

Sketch-Based Features

To remove material from the boundary:-

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

|||||||||||||||||| — =

° C“Ck “Pocket” Icon Pocket Definition ?i -K'
. . . ~— Firsk Lirnit — Second Limit
. Click OK on the warning window. O ] B
. Select the curve “Near.1” Depth  L.5mm B pepth:  pom
" . C Limit: [No selection Limit: [hio selection
. Select “Reverse Direction e e
o Enter 15mm as FII’St lelt Selection: |Ne-ar.1 ﬂ 2 Mormal ko profile
“« . " . 2 Thick. Refermce:[Nm-selectimn
* SeleCt ThICk Optlon R-nraverse side | — Thin Pocket
. Enter 1Tmm as thickness.1 [ Mirrared extent Thickesst [Lrom =
. _Reverse Direction_| Thickriessz; {Lmm s
. Enter 1Tmm as thickness.2 0 5_2 I_
) - < | Meutral Fiber [] Merge Enids
Click ok to complete T

Result
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A s

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 Featu

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

. Click ok on the warning window

. Select “Thick” option

. Select “Neutral Fiber”

. Enter 1mm as thickness.1

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

. Select “Up to Next” as First Limit

. Click ok to complete

A- 37
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Pocket

Sketch

Modeling

—First Limik —Second Limit

Type: |Llp ko et _Yl Twpe: IDime.-nsion ﬂ

Lirnit:: W Length: 'Jmm E

Offset: Flmm E Lirnt:: W

—Profilefsurface ———— —Direckion

Selection: W@l ' Mormal ko profile.

4 Thick Refﬁrence:W
Reverse Side | —Thin Pad

O mirrored xtent Thickness1 {Lmm =

W Thickness2! |1m|'ﬂ' E

< <l ess

'3 Meutral Fiber & Mergs Ends

@ ok | & cancel | preview |
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To build another sketch:- Sketch
. Click “Sketch” icon and select xy plane @’

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

. Add a dimensional Constraint (20mm) o

Exit the workbench by clicking “Exit” icon

To build a solid:-

click “Pad” icon

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

Enter 5mm as Second Limit
Click ok to complete

Version 1h- Mar08

Sketch-Based Featu

A- 38

Modeling

T
Pad Definition ;
~First Lirni — Sacand Limit
Type: |LI1:| ko next - Twpe: |Dimension ﬂ
Lirrik: W Length: |5|Til'ﬂ E
Offset: Pmm E Lirnik:: W
—ProfilefSurface — Direction
Selection! |Sketch.2 @'[ 'S Mormal ta profile
[1 Thick ReFermce:W
Feyverse Side ] — Thin Pad
L] Mirrored extent Thickness1 llmm E
i Thicknessz2: FITIITI E
" I [ Meutral Fiber [ Merge Ends

(@ ok ]| & cancel | _preview |

= ——
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

Sketch-Based Features

To make a hole:-

Click “Hole” icon and select the top face of

the cylinder

Select “Blind” as Extension type
Enter 2.5mm as Diameter
Enter 13mm as Depth

Click ok to complete

To make a pattern:-

Multi-select Pad.2 & Hole.1
Click “Rectangular Pattern” icon

Click the box “Reference Element”

Select xy plane

Click “Reverse”

Enter 2 as Instance
Enter 62mm as Spacing
Click ok to complete

Version 1h- Mar08

Top face of
cylinder

= -
7 Sketch.2
=[] Hole.d|
"7 sketch,3
L = Geometrical Set, 1
ﬁ: " Boundary. 1

A- 39

Transformation F

ﬂﬁ.@_

Modeling

1ole Definition

Diameter | P5mm E

Depth:  fL3mm

Limit : W

i o selection PR

Offset ljrnrn @
— Direction Boktom

Feverse I |Flat :]
4 Marmal to surface Arigle :[lztldeg .
|rio selection
@ oK i @ cancel | Preview j

Rectangular Pattern Definition m

First Direction | “Second Direction |

Paramaters: lInstance(s) & Spacing _:l
Instancels) : P E
Spacing;  fp2mm ]
Length: @
— Reference Direction
Reference element:|xy plane
Reverse |
Ohject bo Pattern
Object: [2 elements EI
P Keep specifications
hwbb l
K| @ Cancel I Preview I
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CATIA V5R16 Design with Analysis — Deep Fry Basket

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 **

A- 40
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Cut part by sketch plane

YisualizaZion
i

| Sketch

Not too thick &

/ not too thin \

EDmm E
Lirnit:: IND selection

— ProfilefSurface
Selection: W@I
[ Thick

Rewrﬂd& |
4 Mirrored extent

No——

Mares> |
Jcml Presie 1 I
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

Tutorial 3A

Building mechanical features on Lower Body:- “Lower_body
L7y plane
=7z plane
To add Bodies together:- 7 2x plane
. . "F'artEn:u:Iw;.f
. Right-click “Body.2” on the tree = GPadu
. Select Body.2 object/add... (Body.2 will become a == ShEody.2
branch of PartBody) | 5olid. 1
§¥ shell 1
FE splie. 1

To get a boundary curve from the solid:-

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

Boundary

Operations #

. 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 faceil7 as Reference Element
. Click ok to complete
A- 41
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Tutorial 3A

To add material from the boundary:-

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

. Click “Pad” icon

. Click OK on the warning window.
. Select the curve “Near.1”

. Enter 1.5mm as First Limit

. Select “Thick” option

. Enter Omm as thickness.1

. Enter 1mm as thickness.2

. Click ok to complete

To Offset a solid face:-

Sketch-Based Features

Modeling

Pad Definition

— First Limnit

IDimension :I
Il S E
IN-:u selection

Tywpe:
Length:

Limnit:

2

~—Secand Limik

|Dimensi0n j

—

Type:
Length:

Lirnit:

— ProfilefSurface

= —

" Thick

Feverse Side I

[ mirrored extent

£<less

Ir\m selection
B ~—
'3 Normal to profile

Reference:lhlo selection

— Thin Pad

Thickness1 me E
Thicknessz: |I|'ﬂ|'ﬁ E

] Meutral Fiber [] Merge Ends

ok | & cancel | preview |

. Click “Thickness” icon :

. Select the parting surface e —

. Enter -0.5mm as Default thickness _ .
. Click ok to complete PRy |

Version 1h- Mar08

Default thickness faces

Pad.1Face, 3

Other thickness Faces 1 [Mo selection

(8]4 I ﬂCanceIl
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Modeling

Tutorial 3A

Sketch

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 20 x|
° H H H —First Limik —Second Limit

Click ok on the warning window e —— Sl 3
° SeleCt “ThiCk” OptIOn Lirnik:: [Fio selection Length:  fmm =]
. Select “Neutral Fiber” i o I
. Enter Imm as thickness.1 seection: Gt | | Nomalto profe

. “ . . » 4 Thick Refﬁrence:lr‘-}oselectiulj

. Click “Reverse Direction e skt
. Select “Merge Ends” so that the lines will &8 I s ——— !

until they touch the solid face . i o -

. ; ) o —— 4 Meutral Fiber & Merge Ends

. Sglect Up to Next” as First Limit e
. Click ok to complete
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CATIA V5R16 Design with Analysis — Deep Fry Basket

To make a pocket:-

Modeling

MJ

Tutorial 3A

Click “Sketch” icon and select yz plane Sketch
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

Exit the workbench by clicking “Exit” icon

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

Click “Pocket” icon

Enter 50mm as First Limit
Check “ Mirrored extent” option
Click ok to complete

_ {Pocket Definition

—Firsk Limit
- (Type: IDimmsiorr _'J
Depth:  f5omm =
Lirnit: |No selection

—Profilefourface ———
Selection: _@I
[ Thick

Reverss Side |

3 Mirrored extent

il

Result - RS

A- 44 ;__},. ‘ pro=p i TR N
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Tutorial 3A

To make a pad:-

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

. 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

Modeling

. Click “Pad” icon T _
. . — Firsk Limik — Second Limit
. Click ok on the warning window Type:  [Uptonex =lirpe:  [omension =
. Select “Thick” option P o lacion____ 1 i e
] ., Offset:  fomm Lmit:  [Noselection
. Select “Neutral Fiber “ProfiejSutace —Twection
. Enter 1mm as thickness. 1 seecton: [Shetc.3 | ek i
: “ . . ” = Thick Reference: Mo selection
. Click “Reverse Direction P— 2 Ty
. Select “Up to Next” as First Limit kit Mdowasd o =l
. M.H ection. Thicknessz: [Lmm E
. Click ok to complete g FL P
@ o | & cancel | Preview |
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Modeling

Tutorial 3A
To make a pocket:-
. Click “Sketch” icon and select the face of Sketch

Pad.3 Yy
. Click “Cut Part by sketch plane” icon to

view the sketch plane —

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

. Add a dimensional constraint R1.5 on the arc Yisualizalion

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

. Exit the workbench by clicking “Exit” icon

. Click “Pocket” icon _
: Enter 10mm as First Limit el Bk =& o :
. Check “Mirrored Extent” option peprh flow [
. Click ok to complete

Lirmit: |No selection

—Profile/Surface ——————————

Selection: [Sketch.4 @l
[ Thick
4 Mirrored extent
R Directi I
More > I
@ ok | @ cancel | Preview |

-
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CATIA V5R16 Design with Analysis — Deep Fry Basket

Tutorial 3A

To create a reference plane:-

. Click “plane” icon

. Select “Offset from plane” as plane type

. Select “xy plane” as Reference

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

. Enter 5mm as Offset value

. Click ok to complete

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
. Click “Reverse Direction” bad
. Select “Up to Next” as First Limit Type c%etch-Based Featu
. Click ok to complete ) ACAE

Version 1h- Mar08

2/

Modeling

Plane type: |OFFset fFrom plane ;J

Reference: [xy plane

Offset;  [mm =
Reverse Direction I

[] Repeat abject after CK

@ ok | @ cancel | Preview |
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To make a pocket:-

Click “Sketch” icon and select the top face of

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 Featu

Modeling

- R -
APocket Definition = .TJE.!E]

— Fitsk Limit —Second Linit

Type: ILlp ko last :l Tupe: IDimens'rnn :]

Lirnt: frioselection Depth:  f2.5mm &

CiFfset: 'Jmm |Lirrift:: W

— Profilefsurface — Direction

Selection; |Sketch. 6 @I I3 Mormal to profile

[ Thick Reference:W

Reverse Side | — Thin Packet

[ mirrred extent Thickness1 I.lmrn E

W_’ Thickness2: |.lmm
& I O Meutral Fiber [ Merge Ends

@ oK l "Cﬁnﬁ&lj Prewiem l

. T
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CATIA V5R16 Design with Analysis — Deep Fry Basket

To make a hole:-

. Click “Hole” icon and select the top face of
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:-
. Click “Pad” icon

. Select “Sketch.5” as Profile (Sketch.5 has
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

Tutorial 3A

Sketch-Based Features

Sk=tch-Based Featu

Modeling

2ix|

Extension | Type | Thread Definition |

up Ta Last |

Diamneter : F2ﬁ"m E ﬁr

Depth @

bt [Noselection | -

— Positioning Sketch
Offset : ﬁmm E | @ ‘
— Direction Battom
w’ ITrlmmed bd
"4 Mormal to surface Angle =|520deg .
|N0 selection
@ ok | & cancel | _preview |
o
Pad Definition 7 | _)(l
— First Lirnit — Second Lirik
Tewpe IDimensinn ﬂ Type: IDimension ll
Length: |1 = k21 | Length: Pmm =
[Lirnit:: INc- selection L i ¢ |Nn.- selection
— Profile/surface —————— ~ Direction”
Selection: [Sketch.5 @l 13 Mormal ko profile
2 Thick Reference: [No selection
Reverse Side | — Thin Pad
[ Mirrored extent Thickniess1 |I 8=y H
_Reverss Dirsction_| Thickness2: fimm =]
4| Wewtral Fiber  [] Merge Ends
< <less
! d @ concel | Freview |
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Tutorial 3A

To make a pattern:-
Multi-select Pad.4, Pocket.3, Hole.1 & Pad.5

Click “Rectangular Pattern” icon
Click the box “Reference Element”
Select xy plane

Click “Reverse” *[;LE:I;

Enter 2 as Instance
Enter 62mm as Spacing
Click ok to complete

To hide a plane:-

Right-click on Plane.1
Select “Hide/Show”

**SAVE THE FILE AGAIN**

Version 1h- Mar08

E-0 7 spetch.3
Pocket.2

"7 Sketch.4

" sketch.g

= (o] Faled

7 sketch, 7

A- 50

Transformation F

Modeling

Rectangular Pattern Befimtion _‘r_L}ﬂ
First Diection. | Second Direction |
Parameters: Ilns.tance(s) & Spacing 1'
Instanceds) ; P
Spacing i f2mm =
Length : Fzmm E l-'
—Reference Direction
Reference elment:lmiT
Bevere |
Object to Pattern
Cbject: |4 elements EI
I3 Keep specifications
Mare > > I
- [@ ok | @ cancel | Preview |
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Modeling

Tutorial 3

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:-

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.

J@I:

Mas

ter_handle

227wy plane

2= vz plane
£ zx plane
"‘PartBody

=

ﬁ

A- 51
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updat

&[4 sketch 1
— S EdgeFilet. 1
— 23 Draft. 1 .
gl - — 0 —
—FF spit 2
—fF spit, =
— ‘:ﬁEdgeFillet.S
'F%Geumetrical Set.l

120

Pad.1

ElLower_body_a.l:ATPart

‘Lower_body
£y plane
£ vz plane

27z plane

e Mear.1
- Plane. 1

Bl=ES[3|upper_body_acatpart

Modify Master model
ole _R°

=lol x|
‘Upper_body
257wy plane
£ vz plane
25z plane

f’é} PartBody

=24 Geometrical Set 1

utorial 3A
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Tutorial 3B

Building the basket:-

We are going to use Surface-modeling

Modeling

technique to build the basket... hewpart x|
Don't Enter part name Partl

. Select File/New on the menu bar check —EE”*"E hybrid design
. « yor ol e “Hybrid Create a geometrical set

Select "Part” in "List of Type Design” [ Create an ordered geometrical set
. Click ok to complete
. Enter “Basket” as Part Name [ Do nat: show this dialog at starkup
. Click ok to complete . @ ok | @ cance |
. Select ‘Start/Shape/Generative Shape Design’on

o ar

) Fle  Edit  View Tools  Window  Help
(== e - L

S Select “Insert/Geometrical Set” on the menu bar i Body

and click ok to complete (Now a new branch
“Geometrical set” is created on the part tree, which is
used to store all reference curves and surfaces)

A- 52
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B’ Geometrical Set...
lane & Ordered Geometrical Set...
lane Sketcher k
lane
Body Bz Swskermn
Wireframe k
Law 3
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T " I B Centered
u O rl a rectangle
To build a sketch:- Sketch L
. Click “Sketch” icon and select xy plane @ BICAZIOLRY, 6
. Draw a centered rectangle (center at origin, 170mm x  —
130mm)
. Exit the workbench by clicking “Exit” icon .
T 2
Profile type: élﬁlﬂ élﬁl
4 Subtyvpe: |With draft direction ﬂ

Guide curve 1; |Sketch.1
Draft direction: |xy plane

Draft computation mode: @ Square ) Cone

To create a swept surface:-

whally defined | al-Constant | Locakion values I

. Click “Sweep” icon T

. Select “Line” as Profile Type Angulr secter:_previous | B 14 _test |
. Select “with draft direction” as subtype

. Select “Sketch.1” as Guide Curve.1

. Select xy plane as Draft Direction Doy

. Enter 10 deg as Angle (L =

. Enter 60mm as Length.1 T“g:;plzul

. Click the arrow as shown (angular sector =2) P

. Click ok to complete T [ seectar

[ angular corvection: |1 5950

[ Deviation from quideds): FJ 001 mm E

Twisted areas management

A 53 < Remaove cutters on Preview
- |
i @ 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 * of the smaller opening =

. Click ok to complete (a surface will be created to

fill the opening)

To Join surfaces into one:-

. Click “doin” 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

L7y plane
vz plane
L7z plane

F'arI:Eh:u:I';.f

-"ﬂ ' Geometrical Set,1 .
C’@— A new surface is created; the
-r-l__,SketchJ - .
: original surfaces are hidden

o .
F : / after this creation
F 10in, A- 54
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Ii Em:» :z'k' 2| %
Boundary:
N | CUrves | Supports I

1 Sweep, 11Edge. 1

2 Sweep, 11Edge.2
3 Sweep, 11Edge. 3

Addafter I Replace I Remave I
AddBefore I ReplaceSuppart I RemaveSupport I
Continuity: [pgise -

Fassing paint: |Ma selection

[ Planar Boundary Orily

@ oK I ) Cancell Presview l
-

(]

Elements To Jain

Add Mode | Remove Mode |

Parameters | Federation | Sub-Elements To Remave |

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

[ 1gnore erronenus elements

Merging distance m

[ angular Threshold P.Sdeg

@ of | @ cancel | Preview |
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Modeling

Tutorial 3B

i 21|
To add a Fillet on surface edges:- oEmRe
® C“Ck “Edge F|”et” ICOn Extremities: ISn'u:u:uth j
- Select all the four Vertical edges R:d‘”sl’” ) 'M =
. Objectis) to Fillet: SEX=ENEE
. Enter 15mm as Radius Propagation: | Tangency =]
. Click ok to complete Lo
IS Trim suppart
Mare == I
— ] @ cancel | Freview |
Basket
. 2= v plane
To add another Fillet on surface edges:- i
. Click “Edge Fillet” icon oy
. Select an edge of the bottom face *%ﬁ
. Enter 15mm as Radius Fﬁ%eep.l
. Click ok to complete rw\,j"ll
EdgeFillet. 1
TL‘gRadlus 15
'riEdgeFlllet 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 t':."l:IEIIF'I:IiI'It conkinuity j

Surface edge; |E|:IgeFiIIEI:.2'I,E|:Ige.5

Limit1: Mo selection

Lirnit2: |Mo selection

- - Caru:ell Preview l

A- 56
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To create a swept surface:-

Click “Sweep” icon
Select “Circle” as Profile Type

Tutorial 3B

Select “Center & Radius” as Subtype
Select the curve “Boundary.1” as Center

Curve
Enter 1.5mm as Radius
Click ok to complete

To hide a curve:-

Right-click on “Boundary.1”

Select “Hide/Show”

Version 1h- Mar08

Biasket

2=y plane

2= vz plane

L7 2w plane

F‘artBody
r%Geometrical Sek.1

i Sketeh.1

‘.l.’y}'Sweep.l
SRl
1,.%5} Jair, 1

¥ EdgeFillet. 1
R
[5JF F.adius=15mm

..
“WEdgeFillst. 2
Radius=15mm

7 Boundary, 1
f'@Sweepz

Radius=1 JSrmim

A- 57

Frofile type: ﬂ 'qhi Idl o@l
Subbype: ICenter and radius j

Modeling

— Cptional elements

Spine: |DeFauIt (Boundary, 1)

Reliriter 1: [Mo selzction

Relimiter 2: Mo selzction

Smooth sweeping

|:| Angular correction; F-Edﬂ';l E
[] Deviatian from guide(s): F.Dﬂlmm E

Twisted areas management

& Remove cutkers on Presiew

@ Ok l - Cancell

Fresview l
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Tutorial 3B
new plane
To create a reference plane:- Wireframe
. 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 ;’\
N

‘E—'H-H_E[:.

\T
Create a
point

. Draw a point (x=20, y= - 40)
. Exit the workbench by clicking “Exit” icon

A- 58
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Tutorial 3B S

Create a point

To make another point on a new sketch:- Sketch on another new
. 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

Sketch.2
To project a point onto a surface:- Wireframe
i Click “Projection” icon =4 =0 5 1.7
. 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

Sketch.2

A new point is projected
A- 59 on the surface from
Sketch.2
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To project another point onto a surface:-

Modeling

Tutorial 3B

Wireframe
Click “Projection” icon again

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

S Bt N P

Select the surface “Edgefillet.2” as Support lane. 1
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:- Operations

Click “Symmetry” icon

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

Click ok to complete

Symmetry.2

Click “Symmetry” icon again
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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Tutorial 3B

()
o
P

! i,
AR

Building the metal arm:-

We are going to learn how to build 3D curves to

Modeling

represent the metal arm...

o ” ) Entet part name petal_.
- Select “File/New” on the menu bar Don't *Hreta_arm
. . check —»[]Enable hybrid design
. Select “Part” in “List of Type “Hybrid [ Create a geometrical set
° Clle ok to Comp|e’[e Design” [] Create an ordered geometrical set
. Enter “Metal_arm” as Part Name
. Clle Ok to Complete [ ] Do not show this dialog at startup

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

. Select “Insert/Geometrical Set” on the menu bar
and click ok to complete

A- 64
Version 1h- Mar08

|ﬂ (8] I 'ﬁCanceII

.
5 for Student - [Basket]

File  Edit  Wigw Tools  Window  Help

= i Dbjeck
H&E r =R B By

B’ Geometrical Set...
lane & Ordered Geometrical Set...
lane Sketcher k
lane
Body Bz Swskermn
Wireframe k
Law 3
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To create a reference plane:- J /E 5 etalorm

: “ 5 - - sy 277wy plane
° C“Ck p“lane ICOoN ) gvz plane efezfgﬂce
. Select “Offset from plane” as plane type -Parmudy ﬁmm
. Select “zx plane” as Reference ¥ geometrical set Offy

= Blaigdd
. Enter 20mm as Offset value Offset=20mm -
. Click ok to complete e
Profile
Sketch
To make a Sketch:-
. Click “Sketch” icon
. Select Plane.1 —
. 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

A- 65
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Tutorial 3B
To create another reference plane:- m
. Click “plane” icon A T {@@rem
N\

. Select “Offset from plane” as plane type 12 .
. Select “zx plane” as Reference };@h .
. Enter 12mm as Offset value [J
. Click ok to complete
Sketch *
To make the 2" Sketch:- —
. Click “Sketch” icon @/ o
A line in
. Select Plane.2 — B Sketch. 1
. Draw a straight line as shown bu'
. Multi-select the line * in the previous sketch and Metal_erm
the current line; and add a Coincidence Constraint. gl o
. Add two more dimensional constraints (remark: to f;i:f; 20 j
have a horizontal dimension, right-click and select ¥ szl T(—) | o
“Horizontal Measure Direction” while creating the o J—
constraint) |
w5 sercn 2

Exit the workbench by clicking “Exit” icon

A- 66
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Tutorial 3B
wireframe x Curve
To create a connecting 3D curve:- . /=lz2n8] 00
. Click “Connect Curve” icon "'odo
. Select the endpoint of Sketch.1 Ae \4 21
. Select “Tangency” as Continuity of First Curve Sketch.2 | s T -
. Select the endpoint of Sketch.2 A\ Z”‘““ [Sketch, ivertex.
. U [oketch. 1
° SeleCt “Tangency” as Con’[anIty Of SeCOI’]d Curve Continuity:l;wj—cyll
. Click “Preview” to have a preview el =
. Click “Reverse Direction” if the curve is flipped e thedon |
. Click ok to complete Sketch.1 1 50 i et et 2
Connecting e [Sauhez
Curve Conti””itV:ITangency ...I
Tension:
It =
Rewverse Direckion I
[ Trim elements
To create a reference plane:- [0 o | 3 coue | _meven |
. Click “plane” icon
. Select “Parallel through point” as plane type
. Select “xy plane” as Reference 21X
. Select the endpoint of Sketch.1 % Pl type: [Parslel though pont 7] )|
. Click ok to complete e plane

Version 1h- Mar08

Paint: | Skekch, 1ertex

@ CK I - Cancell Prewview I
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Tutorial 3B

To create a reference plane:-

To create an intersection point:-

Click “plane” icon

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

Enter 383mm as Offset

Click ok to complete

.

[elione

|G K I - Canl:ell Presvigwy I
eference

wireframe £

|2 /o588 Q0

Click “Intersection” icon

Select “Plane.4” as First Element
Select “Sketch.1” as Second Element
Click ok to complete

Version 1h- Mar08

A- 68

Plane.4

Sketch.1

Modeling

Plane tvpe: IOFFSEt Fram plane j

Reference: [EERENS

Offsek: |33|T"Tl

Reverse Direckion I
[ 1 repeat object after 0K

=

ond Element

Intersection Definit

2]

First Element :  [Plane.¢

[ Extend linear supports For intersection

L]

Second Elemert : [Sketch, 1

[ Extend linear supparts For intersection
Curves Intersection With Common Area
Result: @ Cueve ) Points

&

Surface-Part Intersection
Result: @ contour () Surface

Extrapolation options

[] Extrapolate intersection on first element

[ irtersect non coplanar line segments

@ oK I - Cann:ell

Presvigw I
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Tutorial 3B

A

To duplicate elements by mirroring:-

. Multi-select “Sketch.1” , “Sketch.2” & “Connect.1”

. Click “Symmetry” icon

. Select “zx plane” as Reference

. Click ok to complete

. Similarly, click “Symmetry” icon again

. Select the intersection point as Element
. Select “zx plane” as Reference

. Click ok to complete

To create a line in 3D space:-

. Click “Line” icon
. Select the Endpoint of Sketch.2 *
. Select the Endpoint of its mirrored image

Click ok to complete

Version 1h- Mar08

" Mstal_arm

7wy plane
27 yz plane
7z plane
Frarttiody

v‘%aeumetncal Setl

7 Plane.1
TOFFset:ZDmm
Frfisketcha
rﬂPlane.Z
Frsernz

4. Connect. 1

Plane.d

< Plane.4

i nkersect.1
= i Multi OutpLE. 2 (Symmetry)

Al Symmstry. 1

il Symmstry. 2

{1l symmetry.3
it symmetry. 4

A- 69

Elernent:

Modeling

Symmetry Definition el |

|2 elements @l

Reference: |zx plane

HideShow initial lement I

Resul: @ Surface O Yalume

& Cancel I Preview I

Here is the
intersection point

ot 2
it

Line Definitio 2=l
Line type :IPoint—PDint j .:-::

Poink 1: |Skekch,2\Wertex, 4

Paink 2: |Symmetry.2‘|,\-'ertex.5

support: |Defaulk (Mone)

Start; Iilmm E
Up-to 1: [Mo selection

End: Pmm E

Up-to2: [Mo selection

Length Type
@ Length O Infinite Start Point

(2 Infinite ) Infinite End Point
[ mirrared extent

@ oK I =] Cancell Preview I
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Tutorial 3B

To create a round corner between two lines:-

Click “Corner” icon

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

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

Enter 5mm 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

Version 1h- Mar08

A-70

ent 2

=]
54 C::Ja

Modeling

= P N

lerment 1

ent 2

ent 1

-

Carnet Type: ICorner on Suppork j
[ Corner On Werkesx

Elemnent 1: [Line.1

o Trim element 1

Element 2: [Sketch.z

o Trim elemerk 2

Suppark: |DeFault {Plane)

Radius: |5|TI|TI E

[ext Salution ]

@ oK l o Cancell Presview l
—

Corner Definition ed |

Cornet Type: ICu:urner On Suppork j
[] corner on Wertex

Element 1: [Corner.1

& Trim element 1

Element 2: |Svmmetrv.2

a Trim element 2

Suppart: [ =)

Radius: M E

Mlext Solubion l

@ oK l . Cancell Presiew l
T -
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Tutorial 3B

To group all lines & curves:- Ozerations L
. Click “Jdoin” icon B
. Select all lines & curves in the screen, which < Symmetry. 1
includes: “Sketch.1”, “Connect.1”, “Corner.2”, Aod Mork | Femovemos |
“SymmetryS”& “Symmetry-l” Parameters | Federation I Sub-Elements To Remove I
. |:| eck tangency A eck connexi = eck manifo
. Click ok to complete eulhkal e
Draw a
circle here
Corner.2 o
To make a sketch:- Symmetry.3
. Click “Sketch” icon and select zx plane
. Draw a c!rcl.e (Dia 3.0) | | Symmetry. 1
. Add a coincidence constraints between the circle

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

Connect.1

N

Sketch.1
03

Draw a circle
here

A- 71
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To make a solid:-

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

. Click “Rib” icon

. Click ok on the warning window
. Select “Sketch.3” as Profile

. Select “Join.1” as Center Curve
. Click ok to complete

To add material texture:-

. Click “Apply Material” icon

. Select “lIron” in the tab page “Metal”
. Select “PartBody” on the tree

. Click ok to complete

To save the new part in Project Folder:-

. Save your current part as
“Metal_arm_a.CATPART” into the folder.

a £ Plane 4
- 72 xa Intersect. 1

Version 1h- Mar08

Tutorial 3B

Sketch-Based Featur:s

| 5@ =

b Definion 2

* Prafilz

Apply Material

b, 2

Metal_arm
£ wy plane
L vz plane
27 2 plane

- (23 PartEod

W 1ron
1Dl
L‘@ Material=Iron

rw Geometrical Set.1

.’E Plane. 1
G offset=20mm
iy

-7 sheteh 1
F= = Plare.2
£7 Sketeh2

:'_\ *Conmect, L
L Plane. 3

Modeling

— Profile control

IKeep angle

Selection: Mo selection

[ merge rib's ends [ Thick Profile

— Thin Rib
Thickness1: |1|TIITI
Thickness2: F"T"Tl

(] Meutral Fiber [ Merge Ends

|a ok | @ cancel | Preview |

ihrary (ReadOnly )
|Defau|t Material Catalog j =
Construction | Fabrics | Metal | Other I Painting Shape Review | Stone I Wood |
Alumirium Brass Bronze
arma Copper Eroded metal 1
Lead MagresiLim

Shirry brushed metal

Steel
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Assemble components together...
In the folder, you should have five part files;

Tutorial 3B

- 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:-

TO rename the tree - Machining Simulation ¥ 5% 2D Layout For 30 Design
. . « ’ . . . Ergonomics Design & Analysis ¥ E Drafting
. Single-click “Product1” on the tree, right-click it, and Krowlednsware b R v 8 it P

Select ‘Start/Mechanical Design/Assembly Design” JEEm e e ew st fook &nabes Window Help

nfraskructure k|
on the menu bar. T E— o

You may need to reset the layout of the toolbars if the Q= issembly Design

Analysis & Simulation Y b Sketcher

i ’ . b, s
workbench isn’t tldy r':EQh?l‘?'nt r % Product Functional Tolerancing & Annatation
achiring : .
'gigital Mackup p fls Weld Design

Equipment & Syskems p = Mold Tooling Design

Digital Process For Manufacturing s m Structure Design

then select “Properties”.

Modify Part Number as “Basket_assm” on the tab )

page “Product”. {} asket_assi
Select “ok” to exit . Applications

A-73
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Tutorial 3B

To insert existing parts into a product:-

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

. Multi-Select all part files except
“Master_handle_a.CATPART «§ asket_assga
. “ ” Applications Center graph
¢ C“Ck Open Reframe on
HideShiow
Propetties

E Qpen Sub-Tree

4t Cut
Copy

E Paste

iasket_assm

-Llpper_l:ucudy {Upper_body, 13

Modeling

File Selection I 71 x|
Lok ir: | ) Project_basket j L] e B~
e ecarar 1 OU €N Multi-
select the parts
Desktop by hOId i ng “Ctrl ”
S on keyboard
My Documents
) 8
by Computer
File harme: |"U pper_body aCATPart" "B asket_a.E.&TPart"j Dpen
Files of type: { &0l Fles ) =] Cancel |
[ Open az read-only
™ Shaw Preview y:

Paske Special, . .

 Baskst (Basket. 1) Delete

bl

Lower_body (Lower_bod. 1)

Basket _assm object L4

Metal_arm (Metal_arm. 1)
‘Applications

Components
Representations

g Mew Component
b 288 pew Produck

Seleckion Mode

N [ew COM Component
Tew Part

You should see all
inserted parts are
mixed together and at
wrong positions. It is
normal because the
system puts all the
parts’ origins onto the
product’s origin.

A-74
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B Ezxisting Component. ..
E’ Existing Component With Positioning. .,
EE Replace Component In Session. ..
EE Replace Component. ..
Isalake Park
Define Contextual Links

&, Load
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Modeling

Tutorial 3B

Compass

To move a part by “Compass”:-
. Click and hold the RED dot of the compass

. Drag it onto the part that you want to move Er:?f ;h;aff MPaSS
. The compass will then turn into green and

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

NEpARLY at degired positionz %ES?&?S:I&"??”’M ﬁ,
. Now the parts are separated. It is easier for Ap-&"%?i’éﬁfﬁfﬁ:ﬁ.”ff 3

us to select part features later p ﬁ?
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.
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Modeling
Tutorial 3B

To assemble parts by adding constraints:-

Offset constraint

(1) Fix “Basket” in space

. Click “Fix” icon Fix
. Select “Basket” on tree; Now the part “Basket” Contact constraint
is fixed in position. Coincidence constraint
(2) Link “Metal Arm” to “Basket” = T
. Click “Coincidence Constraint” icon g e ™ >
. Check “Do not prompt in future” and click 8 GEReT Ehldcempenents
“close” to close the message box. & B atHE e
. 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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(Cont

Tutorial 3B

Constrainks

)

Click “Offset Constraint” icon
Select the point of Metal Ar *
Select the point of Basket<2/(“>
Enter 2mm as Value

Click ok to complete s

Click “Update” Icon | to update the
position. j

UNHIDE the curve “doin.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 s

Click “Update” Icon | to update the
position. é

HIDE the curve “Join.1” of Metal Arm again
A-77
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Tutorial 3B

Cor=strainks

(3) Link “Lower Body” to “Metal Arm”
Click “Coincidence Constraint” icon

. Select the axis of Metal Arm

. Select the axis of Lower Body A\ Coincidence constraint

. 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

. Click “Update” Icon IF" to update the
position. i

. (Remark: when the mouse cursor points on

a circular face, the axis can be detected)

result

A-78
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Tutorial 3B

Cor=strainks

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

. Select the axis of Upper Body

. Select the axis of Lower Body A\

Coincidence 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

[ =

. Click “Update” lcon | @ to update the

position.
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Modeling

Tutorial 3B

To hide aII constraints:_ ;LU\“-'EI_I.FLI:.' LLIYRIS] Ly, L

. Just single-click “Constraints” on the tree and
right-click to show the contextual menu; then
select “Hide/Show”

x|
To hide all datum planes:-
. Select “Edit/Search..” on the menu bar and then - " ?pgjjfj;‘;fje“w
click “Load all type” icon | . =
. Select “Plane” Z: Type Hide/Show |
. Click “Search & Select” icon ?:larcih &
. Click “Hide/Show” icon

e 3
Query:DInclude topology [ Published elements only o
To Save all files:- by e
. 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 “Basket_assm_a.CATProduct” as filename e mmm——
and save it in your project folder. T =
*CLOSE ALL 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

Translatonal displacement

_ (~1500g) <@ AL g
Assumptions: o e '956%7
. Linear Behavior of the material i
- Displacements will be small such that a linear hes
solution is valid I 38,7
29

- The spot weld joint between the basket and the 19.3
metal arm will not break under the load I 09.6?

- Loading rate should be sufficiently low Gn 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

Von Mises Stress (nodal vallies
MN_mz
9.02e+007
8.12e+007
7.22e+007
5. 31e+007
5.41e+007

4.51e+007
3.61e+007
2.7 1e+007
2. 1e+0085

9,062 +004
20 Boundary

o

I 1.81e+007
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Tutorial 3C

File/Open/ Basket_assm_a.CATProduct

[#]CATIA ¥5 for Student
Eile Edit  Wiew  Insert  Tools  window  Help
.nfrastructure

Analysis by CATIA

. gL
Mechanical Design L4
To go to a new Workbench:- R > |
Analysis & Simulation * L%, Advanced Meshing Tools
. Select ‘Start/Analysis/Advanced Meshing * ecrer 7 YT |
Tools” on the menu bar. B =
. Select Static Analysis and then click ok
e R L s e ey
*‘@ Upper_body
-""':'@;]Basket (Basket, 1)
== [Basket
- - . ety plane
(1) To simplify the model for analysis:- J Wiy sis Mianager e
. Click “+” next to “Link Manager.1” on the tree 1. Manager. | . 2x plane
==Lnslink. 1 -= Ci\Docurments and Settings
H [TERR L) “| - ” ?"‘} PartBDd':-"
e Click “+” next to “Link.1” on the tree r@P hide &5 Geonstia et
. Hide Upper_body.1 & Lower _body.1 T* F -7 sketch.1
H'd h f “S 2” d B k 1 L Upper_body &- ﬁSWEED 1
Ide the surface "Sweep.2” under Basket. __{g};]Basket (Basket. 1) - R
. Hide “PartBody” under Metal _arm.1 #- 30y Ipasket hid 15 i1
AT RE &iLower_body {Lower_body. 1ie— NI T # EdaeFilet,
. Show the curve “Join.1” under Metal arm.1 T € LE'EF'".Et 1
#@aner_bndv ‘_?_ Radius=15mm
L 8 @Met&l_&rm {Metal_arm, 1) ' "FEI'JEFi"Et-E
¥ &8 IMetal_arm hide Material=EBa Ti
t ._ Constraints N Radiu5f15mm
Applications \ N . B2 Tiling
S M o e _Lwas a1 s lz: : Boundary. 1
TP sweepa
. Iran
Iﬁn:.—li. 1ie—1 Erarm
A- 82
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Tutorial 3C

Now, we should see the below elements only:

One surface

Six points (4 points on surface, 2 points on curve)

One Curve (grouped)

(2a) To create a 2D mesh:-

Click “Surface Mesher” icon
Select the surface

Select “quadrangle” as Shape
Select “Linear” as Type

Enter 5mm as Mesh Size

Leave all the rest default options
unchecked

Enter Omm as Constraint sag
Click ok to complete

Version 1h- Mar08

One Surface

th.. 5
| fi‘ﬁiia%

Global Parameters

Shape: B I‘@

Type: @ Linear O Parabolic

Analysis by CATIA

One curve
(Grouped)

— Six points

Global Parameters 21 x|
Mesh | Geometry
Constraint sag Iilmm El

ﬂil [ Constraints independart From mesh size

Mesh size Erirm

[ pefault method

[] &dd sharp edges
Min holes size |1I:|mm El
E| Offset lJmm El

[ sukamatic curve capkure

[] autamatic mesh capture

A- 83
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(Cont

Tutorial 3C

!):_
Click “Project External Points” icon (so that nodes
are created on the positions of spot welding)

Select the four points on the surface

If you select a wrong element accidentally,
click | @| andthenremove it from the list
Enter 0.01mm as Tolerance

Select “Project on geometry”

Click ok to complete (Now 4 red dots appears on
the surface)

Click “Mapped Method” icon

Local specifi

E

External

Project e
Points

Local Specifif

Jjﬁ.{.

Select the surface on which 4 red dots have been
just created

Enter 5mm as Mesh Size

Click ok to complete (Meshing this surface before
other surfaces will result in an uniform mesh
distribution on this surface)

A- 84
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NS

Mapped Mesh

. |G (8] % I JCanceIl

x|

support FREE A

[ split quadrangles
[ Impact neighbor domains

Mesh Size M EI
@ ok l & Cancel l

Analysis by CATIA

Geometry Selector - O] x|

Selecked Geomekries

L1

Support &
Tuleranceb-ﬂl )

External Point Constrain 7| %]

= Project on geomekry
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(Cont

(2b) To create a 1D mesh:-

Tutorial 3C

!):_
Click “Mesh the part” icon (The system will mesh
the remaining surfaces according to the
specification you defined, i.e. linear quadrangle
mesh with 5Smm size)

Click “Exit”

Click “Beam Mesher” icon
Select the curve

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

A- 85
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Analysis by CATIA

“Mesh the part”

Element bype: I__l

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

Sag: IJ.EEmm EI
Min size: IJ.Smm EI

[] &utomatic resh capture

&

Tolerance: Ijmm

angle bebween curves Ijl:leg

External Point Constrainl

Add isolated points| ) @ Support
. Tolerance [0.01mm
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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”

Bnalysis & Simulation

BEC Plank

¥ % Advanced Meshing Toaols

Q€1 Generative Structural Analysis

== ‘lFinite Elemen
=

(3) To Create a constraint:-

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

Version 1h- Mar08

Analysis by CATIA

tnalysis Manager
%Links Manager, 1
*"E".,}Link.l - Ci\Documents and Setti

nodes and Elements

-"gTﬁi—SurFace Mesh, 1
% Geometry Specifications, 1
j;- Projected Poink. 1
=¥ Mash Specifications. 1
@ Mapped Mesh. 10
=4 1D Mesh.1
r? Geometry Specifications, 1
:-, Projected Pgj

—ﬁ Properties. 1

Mame |C|am|:u.1

Supporks s

@ K I 'ﬂCanceII
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(4) To Create a Force:-

Tutorial 3C

. Click “Distributed Force” icon | g4 poae @‘&
. Select the bottom faces (9 faces) of the surface —
as shown —
. Enter -15N as Z Force
. Click ok to complete
(5) To Create a User Material:- :
. Click “User Material” icon | o ‘-*i D < @- 2 afla
. Select “Iron” from the catalog -
. Click ok to complete (it will be created on the tree) Properiiss
|_§ Prnpeaes ; Current selection : |Ir|:|r|
. Double-click it on the tree to view its properties T‘% Materials. Feature Properties | Rendering | Inheritance ?::%ﬁ%iﬁ%:}|t’fa
: D User Materi: ; : : =
. Leave everythlng unchanged ..'_;ﬂﬂ:ati,: - Mater|a||15|:;tr0|3|c Makerial J
. . _— — Structural Properties
. Click ok to quit T @f‘es:a':ts'l Young Modulus|l, 2e+011N_m2
oads
D ctatic Case || POISSON Ratiall. 291
& & sensors. 1 Density[Fa70kg_ma
Thermal Expansinn'l 21e-005_Kdeq
A- 87 Yield Strenathfs. 1e+008M_mz2
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Tutorial 3C

(6a) To define Properties of Surface Mesh.1:-

2D property

Analysis by CATIA

1D pr

operty

. Click “2D Property” icon Model Manager |
- Select the surface | Jow s 4 ‘ o
. 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 01X
. Select “User Material.1” on the tree Noms 2D Praperty.
- Enter 1mm as Thickness SUppmtls Ji Foce | o

. Material (RE=HGEREEIR
° Click ok to Complete 4 User-defined material =101 %]
Thickness |1"'""'" Marme |1D Property, 1

(6b) To define Properties of 1D Mesh.1:- 5. mapoing

. Click “1D Property” icon %] | @ cancel |
. Select the curve L
. Select “User-defined material” option
. Click the entry box “No selection” once
. Select “User Material.1” on the tree
. Select “Cylindrical Beam” as Type
. Click the icon
. Enter 1.5mm as radius
. Click ok to complete
A- 88

Version 1h- Mar08

Supports |1 Edge

Ba

GEWCUEN Lser Makerial, 1

4 User-defined material

Type IC*;.fIinu:Irin:aI bear j !J
¢

Crienkation geometry |I'~.I-:| selection

Offset INI:II'IE j
Released DOF |r~1|:.ne j
[] variable beam Fackars

K] & Cancel |
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Tutorial 3C .o sases

i : Connection
(7) To build Connections between meshes:- e
. (We have four pairs of points and we are going to J ﬂ ’*ﬂ;’ﬂ_% ‘@,
build a connection for EVERY PAIR \4
independently)
R
. Click “General Analysis Connection” icon Neme [oeneral Andlysis Conmection 1
. Select point 1 as First Element Fitet component TR Bl
. Click the box “No selection” of Second Element _
] Second component Mo selection %
. Select point 2 as Second Element _ _
i Handler poink [Mo selection
. Click ok to complete
@ oK I - Cancell
C - a
. Repeat the above steps for the remaining three
pal rS B hnalvsis Manager
EP%}Links Manager, 1
r*"ﬁ'ﬁ}Link.l -= CDocuments and SettingsistaffiDeskiop)Fry_basketiBasket_assm_a CATProd
"@ Analysis Connection Manager, 1
~Analysis Connections, 1
#General Analysis Connection, 1
.&General Analysis Conneckion. 2
Four #General Analysis Connection, 3
connections gGeneral Analysis Connectig
are made = forins

5@ Modes and Elements

%Surface Mesh.1
"% Geametry Specifications, 1
| A= Frojected Point. 1

A- 89 rﬁﬂgsh Specifications, 1
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Tutorial 3C

(8) To define Properties of connections:-

Click “Rigid Connection Property” icon
Select ‘General Analysis Connection.1” on tree
Click ok to complete

Repeat the above steps for
‘General Analysis Connection.2”
‘General Analysis Connection.3”
‘General Analysis Connection.4”

*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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Analysis by CATIA

Rigid Connection
Property

=
| &3 (¢ )a @

5 - A\ 4
B nalysis Manager

-’%Links Manager, 1
*“E"._-}Link.l -z C\Documents and Settings)staffiDeskiop|Fry_basketiBasket_assm_a, CATE

-'@ Analysis Conneckion Manager, 1
Rigid Con ) ] S

Marne Figid Connection Property, 1

== A Analysis Connections, 1
&’:General Analysis Connection, 2
&’:General Analvsis Connection, 3
&’:General Analvsis Connection, 4

- #\_Finite Element Madel, 1

5@] Modes and Elements i

T'$§‘ Surface Mesh, 1

eyl 1 Analysis conneckion

[ Transmitted Degrees of Freedom

@ ot | @cance |

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

ONO O AN
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Tutorial 3C

(9) To start Computation:-

. Click “Compute” icon
. Select “All”
. Click ok
4
(10) To View the result:- Image | & S s E
. Click “Von Mises stress” icon | g, B, Ba 7
. Click “Shading with matferle.ll | 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 S
sheet) J%Eﬁ]@@@&%@@@
Won Mises tress (nodal value
M_mZ

. Click “Animate” icon to see the variations in
stress with different degrees of displacement

8.8%e+007
Be+007
7. 11e+007
0. 22e+007
5. 34e+007
4,45a+007
3.58e+007
2E6Te+007
1.78e+007
I £.97e+006
4.67a+004
N Boundary
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Analysis by CATIA

Tutorial 3C

(Cont’):-
Click “Displacement” icon

basket is about 96.7mm!)

The Displacement is too big to accept.
Now we are going to shorten the

length of the metal arm and make it thicker...

To edit the part “Metal Arm”:-
Right-click “Metal arm” on tree

Select Metal_arm.object/Open in new
window

Version 1h- Mar08

(We can see the maximum displacement of the

Translational displacement «
mm

%6.7

I a7
19.3
967

7r4
.I. ; E I
‘ :I-.'".._I D

Image
| & B By

Displacement

el
48.4
8.7
29

BF7
O Boundary

nalysis Manager

-"*g?; Links Manager. 1
*?{,}Link.l -= CHiDocuments and Settir

-:'-F:.Eet_a::-_:rn
-'%gﬁ Upper_body (Upper_body.:
*"@ Upper_body
T‘@Basket {Basket. 1)

r%;&;ﬁ Lower _body (Lower_bady,

Loweer _body

-'@Metal_arm (Metal _arm. 1)
w-3x | Metal St

ot wy plane

et plane
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TUtOriaI SC @Chlange to 50mm

— |
(Con’t):-
g Double-click “Sketch.1” on tree o
. Modify the dimension 100mm to 50mm - A
. Exit the workbench by clicking “Exit” icon | Ll
. (The metal arm is automatically updated) e o 8
Mere>> |
— 2 ok | @ cancel|
To increase the diameter of Metal Arm — ;
(1D- Mesh):- —_— e
. Select “Window/Analysis1” on the menu bar fakitpdt
to go back to the analysis workbench (The R SRR

metal arm in the assembly is also updated)

-',,rl"’ 10 Mesh, 1
r% meometry Specifications, 8 il 4.
H (11 o .: . .

. Double-Click “1D Property.1” icon on tree giJ e Profected Point. 1 (i

. . —IEW Rigid Connection Mesh, 1
. Click the icon Y b E e e I

. P Rigid Connection Mesh.2 Material [User Material, 1

d Change Radius from 1.5t0 1.75 —|ﬂJRigid Connection Mesh. 3 e e _io i

. | - . L
. Click ok to Complete .:|ﬂJFugu:.| Conneckion Mesh, 4 rype [Cyindrizalbeam =] PN |Radiusm_ |

e F PerEftIES. 1 Orientation geomekry |No selection TR
'. L F'FIIIIIIEI’ ' OFFsetINone ﬂ -
‘ g"ﬁ 1D F'FIIIFIEF'Z":.". 1 R elaazad MimE II'\.Innﬂ VI

A- 93
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Tutorial 3C

To Compute Analysis again:- Image B
. Click “Compute” icon | 5, o, o Displacement
. Click ok 4| k
Translational displacement
. Click “Displacement” icon to view the update mm
displacement Pa I 2;55
- 22.2
. (The maximum displacement is now ,ﬁxﬁ s r e
decreased to 27.8mm after the modification of ¥ Lo % 13.3
the metal arm) ¥ 5y I 1.1
¥ T 8.33
., 2 5.55
r I 2.78
' 0
o N Boundary
.ﬁi

**CLOSE ALL FILES WITHOUT SAVING™*

Ao END of Tutorial 3C
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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”:- L&l

. Click “Formula” icon
. Select “Volume” as Type
. Select “Single Value” i 1ls
. Click “New Parameter of Type” oo e menge
I11 7] “ ” Filter Type ! |AII j
* Rename V0|ume. 1 to Metal—arm—VO|ume Double click on a parameter to edit it
. Click “Add Formula” .
UDDEEVENBE"EPEH‘ {Plane. il

Thinl 1
Upper_body\PartBodyPocket. 14 ThickThin2 L
er_bodyiPartBodyl Pocket. 1\ Activity ke

Add Formula I
Delete Formula I

@ ok | @ apply | B cancel |

A- 121
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(Con’

Design Optimization

Tutorial 3E

t):-
Select “Part Measures” on the list of
“Dictionary”

Double Click “smartvolume(elem:solid,...)”

under the list of “Members of Part
Measures”

(now Metal_arm_volume=smartvolume())
Then click the space between two blankets

Formula Editor : Metal_arm

ﬁetal_arm_vnluw
Ernartyolumel &<

Maximize the product tree and maximize
the part tree of Metal Arm

Click “Partbody” under Metal _arm once

Double-click “Metal_arm/Partbody” on the
list of “Member of all”

Click ok to complete

Formula Editor : Metal_arm_volume

Netal_arm_volume =
martvalumed)

2 x|

L\t

Members of Part Measures

smartyolume (elem: Solid, ... 0 Yolume
smartw'etarea (elem: Solid, ...): Area

Plane Construckors
Analysis operators

-
[« [»

Canskant

@ oK I 'laCanceII

Formula Editor : Metal_arm_volume

I"ﬂetal_arm_volume =
IsmarI:'u'l:nIume(MetaI_arm'l,F‘artBde]l

Dickionar Members of Parameters
i

Design Table | Renamed parameters

Operakaors Skring

Painter on walue Function: Boolzan

2l x|

=)

Members of Al

a | [Metal_arm\PartBody\Rib, 21 ThickThinl ;l
Metal_armPartBody\Rib, 21 ThickThinz
Metal_arm|PartBodyRib. 2\ Activity
Metal_arm'\PartBody|Sketch. 3

Point Constructors CskAttr_Mode Metal_arm'\PartBody|Sketch, 3\ Coincidence, 15

Law Length
Line Construckors T Curve b
1| | 3 Constraink hd | Metal armtPartBody
@ oK I o Cancel I
-

A-122
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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

Dauble click on a parameter ta edit it

Pararmeter | Walue | Formula | Aickive |;|
“IrontIron. 1.1 Thermal Expansion” 1.21e-005_...

“TrontIron. 1. 13vield Strength” 3. 1e+003HM. ..

" Finite Element Model, 1\Distributed Force, 13Force Yeckor, 14, 0N

" Finite Element Model, 1\Distributed Force, 13Force Yeckor, 14, 0N

" Finite Element Model, 1\Distributed Force, 13Force Yeckor, 14, 40
" Finite Element Model, \EnergyviEnergy
olume

3.652e-006m3

Metal_arm_w

= smarkVolume{Metal_armip... wves
Edit name or walue of the current parameter

ﬁ fnalysis Manager
To minimize the tree:- 1 Lk anager .
- o - ” T‘@.ﬁ.nalvms Connection Manager, 1
. Click “+” next to “Link Manger.1 A Firie Element Hodel
T‘ I"-.Iu:ndes and Elernents
ﬁ-q“.t-‘:ﬂ SiwFara Mack 1
To Display the User-defined Parameter B O D
B et = _
. & Generate Report External Storage || General i| Graphics | Post Proces
. Select Tools/Options... on the menu bar e i Photo studio e _gc e o]
« . . . ”» . BN Cut Plane Analysis . = ane SIE. o : ]
. Select “Analysis & Simulation” on the left list s s ESRedl Time Render A [ oefine debakstarting anshss coe
« ” [&5 Information — & Part Infrastructur
. Select the tab page “General [& ez Extrema
'@Ezternal ?tnrage —| 0 DELMIA Infrastri
° “ ” = Historic of Compukat -
Select “Show parameters - ; ! 50 Arnotatons &
[ ] SeIeCt “ShOW relatlons” gglsii':;;-l..lgzenl —“Couaboraﬁon Infr SEIFIEatljnST':I:; i
isualizatian Filkers.. T" Mechianical Cesign = shaw relations
Sptions. +- Shape Load Management
ﬁa [ painted documents nok lnaded
| |7 Analysis & Simulatior
! [ Disable Product Structure cache systern
A- 1 23 1 e e mlee-
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(Con’t):-

Select “Parameters and Measures” on the left L

list

. Select the tab page “Knowledge”

. Select “With Value”

Tutorial 3E

1 Cptions

General

@ Displaty

LR cormpatibilty

. Click ok to complete (Now we can see the Tl rfastuctre

user-defined parameter “volume” with its value

on the tree)

¥ Mechanical Design

To Create a measurement senor:-

Knowledge | Units | Kniowle

Paramete

BY: Parameters and b e | [ Toun

g Devices and Yirty  Relations update in part context

~E
1]

R P ST

Copy
Paste

Paste Special. ..

a Creation of synchr

[ creation of relatior

Design Optimization

T‘Eﬂ} Lirks Manager. 1
T @ Analysis Connection Manager. 1
T ﬁ Finite Elerment Model. 1
== Modes and Elements
T‘?‘i Surface Mesh, 1
#7710 Mesh. 1
Iﬂj Rigid Connection Mesh. 1
Iﬂj Rigid Cannection Mesh,2
Iﬂj Rigid Connection Mesh,3
Iﬂj Rigid Connection Mesh. 4
- Properties, 1

@ User Material, 1
L Static Case
@ Restraints. 1

T‘@Loads.l

Static Case Solution. 1

¥k, Translational displacement vector, 1
‘on Mises Stress (nodal values). 1

of symbol, 1

ir@ Sensors, 1

T% Parameters

r% Metal_arm_volume=3,652e-006;
L ;% Relations

Chrl4-C

Chrl+Y

i

. Right-click “Sensors” on the tree
. i} ¥ rigid Con g
. Select “Create Local Sensor ‘ ¥ Rigid Cor
. Select “Displacement Magnitude” on the list l'E? Materials. 1
. r ﬂ Liser Mat
. Click ok to complete

Version 1h- Mar08

r‘i& Skakic Case

belete

Local Sensars

B [isplacerment Magnitude

T‘ @ R.estrainl

Static Cz &
.';13 Tran: @
.';.:la Vo M
.';.:L-, Stres

T‘@Lnads.l @

Update &l Sensors
Repork

f, Create Local Sensar

_reate Resulkant Sensor

1 Create Global Sensor

Displacement veckor
R.akation Weckor

Van Mises Stress

Errar

Stress Tensor
Principal Shearing
Principal Stress Tensar
Principal Strain Tensor
Strain Tensar ;l

=41 Senarsl
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Tutorial 3E

lcix
(Co nt ’) " Mame bisplacement Magnitude. 1
Supports BREE
o Double-Click “Displacement Magnitude.1” e |i
On the tree ;'v'.?‘ntl.ues
DA Mo (Frem solver) ¥
. Unhide the whole assembly vauz type! [rea =]
. Complax part: d
s Select the edge ¥ as Supports (Test point)
. Select “Maximum” as Post-Treatment ;:;'ﬁj;;tersmlml 5
. Select “Create Parameters” b system: [fone (Cartesian) =_I_|
. Companent: | . -
. Click ok to complete _ i e
B ‘- b “ W [ amina: |1 EO Ply id: | vl
- g mm j
| it oCrEss principal tensor symbol, 1 : @ ok | & cancel|
-"@ 2ensors, 1 .
T"ﬂ Energy
"qﬁ Displacement Magnitude, 1
@ " Displacement Magnitude ™ =94, 684mm
ymerperrerm  NOw we have a sensor to
result measure the maximum
...................... displacement of the basket

'
........

LAY
.-;?a “b‘i‘-u“‘lu

MR L T et
et
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Tutorial 3E

To Create a case of Optimization:- 45 body (U body. 1
. Select “Start/Knowledgeware/Product | _ Basif;iﬁj;ﬂ
Engineering Optimizer” on the menu bar 3y pasket
%%g]wer_budy {Lower_body, 1)
D Lowerbody
Cl k “o . . . s l-—@rﬂetal_arm {Metal_arm.1} Selecliy tersil
* IC ptimization” icon S-gp Metal_arm Filter On Sketch. 1
s — 7wy plane Filker Marme :F
. N\ v 4 .7 vz plane Filter Type : |4l
. (1) To define Free Parameters:- .27 2 plane i A
: 7~ &3 PartBiody Radﬁﬁsl.?l:ll,RadsiEs
- (For this case, we choose ® 1o Angle. 9\aingle
. . g - Offset, 1040FFset
- Diameter of the metal wire __E“a"lm” Angle. 11| Angle
- Length of a portion of the metal arm) rﬁkﬂtchﬂ
E4el Join.1
r% Geometrical Sek. 1
f'w/ Plane. 1
—  Click “Edit List” icon R — | |
— Maximize the tree so that we can see the EHEICERaraeters I I I I I
Geometrical set.1 of Metal Arm name vabe  Inf.Feree  owp.Range  Step
- 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
- C“Ck Ok '[O Complete Edit lisk I Edit ranges and/step

A- 126
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Tutorial 3E

© (Cont) 2
— (Now a parameter is added on the list
of Free Parameters)

Problem | Conskraints | Computations results |

Cptimization type: IMa:x:imizatin:nn j
— Optimized parameter
—  Single Click on this parameter F i _Select... |
—  Click “Edit ranges and step” Tavges vobe:

—Free Parameters

Marme

Inf. Range :
“Metal armizeome.,,  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)

Edit ranges and step I

— Select the box next to Step
— Enter 0.5mm as Step

40-100mm —

SN / Set Range

— Click ok to complete i
4 Inf. Range |4IIImm =
4 Sup. Range IlEIDmm E
d Step F5| =

@ Ok I JCanceIl

A- 127
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. (Con't):-

Version 1h- Mar08

Design Optimization

Tutorial 3E

Click “+” next to “Link Manger.1” to

minimize the tree

Click “Edit List” icon again

Maximize the tree so that we can see
the Properties.1 of Finite Element

Model.1
Click “1D Property.1” once

(only

related parameters are shown on the

list)

Click the one and the only parameter

on the left list, which is the
the 1D mesh

Click the arrow icon i”
Click ok to complete

radius of

A- 128

Praoblem | Conskrainks | Zompukatii

Cpkimization tvpe: IMinimizatiDl'l

— Dptimized pararmeter
Target walue; ﬁinimum E

—Free Parameters

Mare | Value | Inf

Select parameters to insert

Filter On 10 Property, 1
Filker Marme :

-

Filter Tvpe : (&l
Parameters

CustoBeamBC, 11 SAMRadius

'r ol S [ L [T RSN | L SR PR I Ry e [ L LS o) P N

==

1613

L

[ e I

Free parameters For optimization

| =

Finite Element Madel, 1

Modes and Elements

r‘%ﬁi Surface Mesh, 1

/1D Mesh. 1

Iﬁj Rigid Connection Mesh, 1
Iﬂj Rigid Connection Mesh, 2
|ﬂj Rigid Connection Mesh.3
|ﬂj Rigid Connection Mesh. 4

Y

perty. 1

#2 10 Pro

1 g Property. 1
Iﬂj Rigid Connection Property 2
|ﬂj Rigid Connection Property, 3
Iﬂj Rigid Connection Property .4

21|

1

" Metal_armiGeometrical Set, 1Y3ketch, 13CFfset, 10

| =

@ oK I 'ﬁCanceII
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Design Optimization

Tutorial 3E

Version 1h-

(Con't) :-
— (Now the 2nd parameter is added on
the list of Free Parameters)

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

- 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)

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

A-129

Mar08

Optinization

Problem | Conskrainks | Zomputations results |

2

Cptimization type: IMa:x:imizatiDI'I

=

— Optimized parameter
Targek value: ﬁaximum E

Select, ., l

— Free Parameters

Mame | Yalue | Inf. Range

Sup. Range

Skep |

100rarm
1.5mm

100rmm

1.798e4-3,

40
Orm

" Metal_armiGeome, .,
" Finite Element Mo, ..

0.5mm
Auko,

Edit lisk l Edit ranges and step I
Set Range
1.5 --2.0mm 2|
‘/ 4 Inf, Range m E
4 Sup. Range Pmm E
d Step l:l.lmm E
. ;. e @ oK I @ Cancel |
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Design Optimization

Tutorial 3E

. (2) To define Constraints:-

Version 1h- Mar08

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

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

Then add “<=20mm” after the words
Click ok to complete

"|ﬂ" Rigid Connection Property.4

| % Materials. 1
T- @ User Material, 1
=& static Case
Q Restraints. 1
@ Loads, 1
Skatic Case Solution. 1
&. Translational displacement wector, 1
.'-,L Von Mises Stress (nodal values), 1
.'-,‘a. Skress principal tensor symbaol, 1

==&l | Sensors. 1

r‘ﬂ Energy

*‘% Displacement Magnitude, 1

Parameters

Metal_arm_wvolume=3.652e-006m3
- \'a Relations

feaFormula, 3: Metal_arm_wolume=smartWolume(Metal_arm'

=4 o ptimizations. 1
A- 130

Optimization ﬂﬂ
putations results |
| Satisf. .. | Distance to satisf. ., | Precis. .. | Acti
pp— | i
Mews, ., l mw (derivatives provider) ] Delete ]
—mmnskraink AsFiniFinn

Optimization Constraints Editor j

* Finite Element Model, 1\ Displacement Magnitude. 1\Displacement Magnit§de” <=20mm|

Dickionar Members of Parameters Members of Al

Mﬂ "

Design Table Renamed parameters Displacement Magni
GPSPostProType

Operakors
Pointer on value funckion:

Paoink Construckors
-
| »

Law
Finite: Elernent Madel, 1\Displacement Magritude, 1\Displacement Magnitude |F'4.f:'-f~+mrr-

Length

I il (~anste cbars
di

@ ok | @ apply | & cancel |

Written by Dickson Sham




CATIA V5R16 Design with Analysis — Deep Fry Basket

Design Optimization

Tutorial 3E

. (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)

2]

i Wonstraints | Computations results l

11 Eype IDnI':.f constrainks j
— Optimized pararneter

— Free Parameters

Marme | Yalue | Inf, Range | Sup, Range | Skep |
"Metal_armliGeome. .. 100mm 40rnrn 100 0.5mm
"Finite Elerment Ma...  1.5mm 1.5 2 Q. 1

Edit list | Edit ranges and step |

—&vailable algorithms

Algorithm type : ISimuIated Annealing Slgorithm j:
— Selected algorithm settings

I Funmning Criteria
!C-:unvergance speed | Fast j
— Termination criteria -
iMaximum number of updates 100

' 4 Consecutive updates without improvements 20

| - .
| Maximum time {inukes) P

—Cptimization data

4 Save optimization data

< Run optimization without filing the Unda lag
Run optimization ID with update visualization # without update visualization

Version 1h- Mar08
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Tutorial 3E

optimization 2 x|
To RUN Optimization:-

Problern | Cnnstraints
° Click “Run OptimizatiOn” Icon ~ Constraints pricrities used to soFt EETEST

. Enter “Data” as file name (all the raw data fﬂmstfai”t-ﬂ
will be stored in this excel file)
° C“Ck “Save” to Start Computatlon Adjust priorities From weights I Reset priorities to ll
—Sektings of the results sork
& Historic sork: displavs the results in the computation order
(The Computer starts to SearCh a” pOSSible i) Lexicographic sort: displays the resulks from the best to the worst
values of the two free parameters so el [ =
that the constraint can be met) s — _ |
"Mb Evals | " Ainalysis ManageriRelationsiOptimizations. 14 Optimization, 1iProk = |
a 74.66425329 '
1 50.01586258 |
H Z 27, 7204062
(After 3 minutes) - e I
4 11.17807396 —
5 1942546994
. G 13.8995792
To review the results:- 7 11.17807396
. . 3 11.17807396
. Select the tab page “Computation 3 11.1780739%6
” 10 11.17807396
ReSU“S 11 19.5713574 =
. On the list, all attempts failed until #19 < T _.|_|
(le Result — Target = O) Bpply vallies to paramisters |
—iurves
Select parameters | Show curves, .. ‘

4 Run optimization without filling the Undo log

Fun optimization I':?' with update visualization # without update visualization

A- 132 @ ok | @ apply I *Canl:arl
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Tutorial 3E

(Cont’):-

. Select “Show Curve” icon T

. On the list, the four attempts failed but the (mm 'y 2/ MENAGErFNGE EEmENEHOcEL T Froperty TAcustaBeamise HSi
: P 2] - Wire Radius

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

Arm Length

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

. Select the tab page “Problem” again
. Select “Minimization” as Optimization type
. Click “Select” icon
2] Only a few can meet the
requirement. But which
u:nnstraints | Cornputations resulks | one can give the minimum
Cpkimization bype: IMinimizatiDn j volume?

Jpkimized parameter
|;arl;|et value: ﬁinimum E q

—Free Parameters
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Tutorial 3E

Problem | Caonskraints | Computations resulks |

(Cont’) :-

Select “Metal_arm_volume” on the list Optimizaton tyee [yarymization 3
¢ C“Ck Ok tO Complete Filker On Analysis Man: [ Optimized parameter

Filker Name :F !Netal_arm_v-:ulume [2.977e-006m3 Select. .. I
Filker Tvpe : |al ITarget value:ﬁinimum E

. Select “Gradient Algorithm with RN - -~ Fres Paramsters - —
Constraints” as Algorithm type” Upper_bodyiPartBody | Mame | value | Inf. Range | Sup. Range | Step |
Lower_bodyiPartBody *Metal_armiGeome.., 53.845mm  40mm 100mm 0.5mm
Loweer_bodyiPartBody “Finite Elemant Ma...  2mm 1.5mm 2 0. 1mim
) . . . :N.nu_:les and Elements),
. Set Termination Criteria: “Finite Element Madel,
Finite Element Model,
a. Enter 100 as Maximum number of tetaang s
updates | | Edit st | Edit ranges and step |
. 1 # .ﬁ.vailal:ule-ral:;::urithms — =
b. E.nter 20 as Consecutive updateS Plgarithn bype : |Gradient Algarithm With Constraink]s) j
without Improvements — —Selected algarithm settings — —
C. Enter 3 as Maximum Time (minutes) Rt osioncs _ |
! gence speed ; ik j!
(If any of these is fulfilled, the ' | Termination crieria ———————————— ‘:-'-'l
Mazximum number of updakes |1|:||:| i

computation will stop)

| « Consecutive updates without improvements IZ':'

E. o Maxirmum time {minutes}_ |3|
To RUN Optimization again:- ‘ —Optimzationdats ————————————————————————————
«  Click “Run Optimization” icon et it
R . 4 Fun optimization without filling the Undo log
fS|e|eCt YeS to Overwrlte the data Run optimization ID With update visualization ¥ ‘Without update visualization
lne

@ ot | @ spply | @ cancel |

-
A- 134

Version 1h- Mar08 Written by Dickson Sham



CATIA V5R16 Design with Analysis — Deep Fry Basket Design Optimization

Tutorial 3E

To review the result:-

. Select the tab page “Computation
RGSU"S” N Analysis ManageriFinite Element Model, 1415 FrLHllﬁlll‘llllh‘rllE.lHrirrl”E: 1NSAMR.adiLs
. Select “Select parameters” icon, then add /

“metal_arm_volume” onto the list
“parameters to be displayed”

. Select “Show Curve...” icon

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
smaller than 20mm)

To Save all files:-
. 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,
Department of Mechanical Engineering,
The Hong Kong Polytechnic University

Tel : (852) 2766 4507
Email : mmdsham@polyu.edu.hk
Website : http://myweb.polyu.edu.hk/~mmdsham
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