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Chapter 1

Surface Design Overview

This chapter serves as an overview of wirefram«: and surface design fundamentals and
the typical surface design process.

This chapter introduces:

v'Surfacir.g Tools in CATIA V5
v'Ger.e.ative Sinape Design Workbench
v'Surface De<cign Review

v'Lesign Intent

v'Tree Organization

1-1






Surface Design Overview

1.1 Surfacing Tools in CATIA V5

Surface features introduce additional flexibility to a model. Surfaces
can be used to define a complete part or to integrate a complex shape
into the solid part (in the Part Design workbench). As learned
previously, many parts can be designed directly using solid geometry.
However, when shapes become more complex, surface shapes must
often be used.

CATIA has several workbenches available tc ~re~te surface
geometry. The primary workbench is Generativ2 Shape Design
(GSD).

The GSD workbench contains the re‘juird tools for wireframe and
surface design. Other surfacing workb.enches available in CATIA are
shown in Figure 1-1.

T
- Q W
GEI‘IEII ~Hier Shape DF.:-.IQI'I Freestyle Imaaine & Shape
%,_,.
= I
Wire”«2.. and Surface Design
. [ 1730 not show this dialog at startup .E!.?.SEJ
i Figure 1-1

i The Wireframe and Surface Design workbench has basic wireframe
and ¢rifacing capabilities.

The Freestyle workbench provides design tools for an Industrial
Designer. Non-parametric wireframe and surface geometry can be
quickly developed and optimized around conceptual drawings and
models.

The Imagine & Shape workbench contains non-parametric surface
creation tools. The surfaces are NURBS based, enabling pushing and
pulling on a mesh. Organic and freeform type shapes can easily be
created.
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Access the GSD
Workbench

GSD User
Interface

1.2 Generative Shape Design
Workbench

Until now, you normally worked in the Mechanical Design area of
CATIA to develop part and surface models. Solid geometry was
created in the Part Design workbench. To access the advanced
surfacing functionality in CATIA, you must use the &SD workbench.
To access this workbench, select Start > Shape > Generative Shape

J
Design. The workbench symbol changes tc kll

The interface for the GSD workbench is siinilar to the Part Design
workbench. The primary difference is that the toolbar options change
to GSD-specific tools, as shown in Figure 1-2.

Slcanavs iskncarars X CAASS =
n Start  FEile  Edit  Miew Insert  Tools  Window b = |ﬁ||_)5j
NEE&L B E W

& s Workbench symbol —ggm. R
A plane
Py plane

Pz plane & :

ﬁ Working sunarts R,
Fardody

=75k ths
52, seometrical Set. 1

= ".BlacementGeom  Surfaced part
T * Poinf 1
T

r_
{ T— = Point2
= L Boal3

@,

_.-"'-" ' . / ; g‘

- * Pointd __ A g

e 3

~ .

Ov

Specification tree Workbench tools D

Prompt jneml tools -

a@@Asm@,@,@@ o3 ez @
I

Select an object or & command

Figure 1-2
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1.3 Surface Design Review

Designing surface features differs slightly from designing solid
features in CATIA. With solid modeling, you can often visualize the
final shape of a feature and create the geometry with individual
construction features (e.g., Pad, Pocket, Fillet, or Hole). With
surfaces, you must frequently create reference gecmetry (e.g., points
and curves) before creating a single surface featu/=. Planning ahead
is essential to achieving the desired results wh=an designing surfaces.

When creating solid features, all faces of the teature must be defined
in one step. The intersections of solid fectizres are immediately
calculated and consumed in the model Wiu1 surfaces, the contours of
the model can be individually createc as separate features. These
multiple surfaces can then be joined to generate a final solid feature.
As a result, simple surfaces have *he berefit of being able to yield
complex results.

General Steps Use the following general steps t >reate a model from surface
features:

1. Create wirefrarie ceometry.
2. Create surface georietry.

3. Perform suface of erations.
4

. Create <olid ziecmetry.

&%ep 1 - Create wireframe geometry.

Wircframe geometry is the backbone on which the surface features of
the model are created. You can use wireframe features to define
construction elements, intersections, and common boundaries of the
surfaces that define the shape of the model. Wireframe geometry can
consist of simple features, such as sketches, points, lines, and
planes, as well as more complex geometry, such as splines or helixes.

© 2011, ASCENT - Center for Technical Knowledge® 1-5
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Figure 1-3 shows an example of a group of wireframe features that
are used to develop a surface model.

Firare 1--3

Step 2 - Create curface geometry.

Once the wireframe geor.etry has been created, surface features can
be created to A« fine th< internal and external boundaries of the
model. Surface features an be created independent from the rest of
the mode: o by usirg existing wireframe and surface geometry as a
referenc=. Common surface types include:

e Extruded

e QRrnvolred

.« Spher.zal
O¥set

1-6 © 2011, ASCENT - Center for Technical Knowledge®



Surface Design Overview

The boundaries of the model shown in Figure 1—4 are completely
defined. Although the surfaces appear to form a closed shape, they
still need to be joined before making the solid model.

Figure 1-4

Step 3 - Perform surface operations.

The advz ntage of usir.g surface features is being able to control how
individual surface fe atures connect and interact with other parts of the
modzl. Surface nperations are used to control this interaction by
enabung yecu to manipulate existing surface features. Common ways
*0 ‘nanipule. e surfaces include:

|« Join
e Solt

e Trim

* Extract

e Transform

© 2011, ASCENT - Center for Technical Knowledge® 1-7
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The model shown in Figure 1-5 uses the Join option to define the
resulting surface shape.

Hidden wireframe and surface
features used to construct join

Lo
% Sketch, 3
# 7 Linet
// Line,7

.. Connect.S

-

%ﬁ Join.&

#-0 Join.7
¥ Sweep.4
#5851 1oin.a

sJoined surfo e shape

Figure 1-5

Step 4 - Create solid geometry.

When you firish creating surface features, you are ready to create
sclin ceomet /At this point, your model contains a surface
represenieuon of the 3D model. This can be a closed surface or an

+ open surface depending on your design intent.

If the mass properties of your model are required or you intend on
performing additional solid modeling, you must create solid geometry
from the surfaces. You must take the model back to the Part Design
workbench and use the Surface-Based Features toolbar options to
create solid geometry from the skin. These options include Close
Surface, Thick Surface, Split, and Sew.

1-8
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The solid geometry is added to the PartBody, as shown in Figure 1-6.

2316851

L o ﬂi PartBody
4 CloseSurface.1
i—@ Geometrical Set.1 %

Figur< 1-6
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When designing surfaces.
decisions should always
be made to drive the
design intent of the
finished model.

Surface
Modeling
Methods

1.4 Design Intent

The key to building parametric, feature-based, surface models is to
construct them so that their behavior is flexible and predictable. This
process is known as capturing design intent.

You should already be familiar with several methods of capturing the
design intent with a solid part model. These methoc!c are applicable to
the creation of surface features, which include the following:

» Dimension sections and features so that you, model updates
based on your design intent.

» Select Depth options for your featurzs to drive your design intent.

* When applicable, use symmetry co.~ditions to drive the design
intent.

Surface features introduce addi.iunal flzxibility into the model because
of the different ways in which a surface wiodel can be created.
Modeling methods includz the follcwu . g:

* Boundary

« Slab
*  Hybrid
Boundary

The gezmetry of a moudel can be defined by a series of curves, known
as a c."ve netwcrk. The curve network is the backbone on which

meav surfac2s are created. It can be used to define the intersections
or coramen boundaries of surfaces that define the shape of the model.

|\ curve r.atwork is used to create the model shown in Figure 1-7.

Figure 1-7

© 2011, ASCENT - Center for Technical Knowledge®
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The advantages of boundary modeling are:

* Enables precise control over shape and continuity.
* More complex shapes can be created from the curve network.

The disadvantages of boundary modeling are:

* Longer setup time for required reference geometry.
» Can be time consuming to update necessary dasign changes.

Slab

Models can be defined by creating simple surfaces. Once these
surfaces have been created, they can be (-irnmed, split, or joined to
create the desired shape. This methca cf construction is frequently
used when the surface geometry can =zsily be broken into simple
geometric shapes. These surfaces =re typically called Slab or Blocked
surfaces. Simple slab surfaces are shov/r in Figure 1-8. A more
complex example is shown ir. i ‘zure 1-9.

Figure 1-8

Figure 1-9

© 2011, ASCENT - Center for Technical Knowledge® 1-11
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The advantages of slab modeling are:

» Simple surfaces take less time to create than a network of curves.

» Slab surfacing is easier to make design changes to downstream,
than curve networks.

The disadvantages of slab modeling are:

» The order in which the surface operations is performed can create
undesired results.

« Cannot always capture the design intent with simple surfacing
techniques.

Hybrid

Models can be defined by combining tt.= boundary and slab surface
methods. This is the most commor: m~thod of creating surface
models in CATIA. Slab surfaces are gene’a.i; used to start the model
and curve networks are generz w2, as neeued, to complete the
geometry. Three simple, extruded, slal st.rfaces and a curve network
are shown in Figure 1-10 This ex&.anle shows the two techniques
used to generate the recuiied geometry.

Figure 1-10

© 2011, ASCENT - Center for Technical Knowledge®
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Bou ndary A boundary representation refers to the selection of any sub-element

. when defining references for a feature. This means that a feature in
Representations | the specification tree is not directly referenced. Instead an entity
belonging to a feature, such as the edge or vertex of a surface, is
selected. Whenever a boundary representation is selected, CATIA
reports the reference using <feature>\<sub-element>. For example,
Sweep.1\Edge is shown in Figure 1-11.

Point Definition 4 i P
Point type: |Or, ~urve | @l
On curve point created referencmg feve: [Snceo, 1\Edge )
a Boundary Representation

Distar_e ta reference
() Dis’=.1ce on curve

¥ atio of curve length

Ratio: I':'-?5 E

> @ G- Hesic O Eudidean
Mearest extremity l Middle point l
“éfﬁ:ence
Point: |Default (Exctremity)
Reverse Direction l
[] Repeat object after OK
@ OK l W Cancel l Preview l
Figure 1-11

Selecting a boundiary epresentation makes the model less stable.
Modificatioris to 1zatures can cause the deletion of a sub-element,
resuitr. in errors. The best practice is to reference non-boundary
represznta*tons, also known as explicit elements. These display
directly in ti.e specification tree. Referencing explicit elements
promot 25 a more stable model that you have more control over.

Recornmended practices

» Create Extract and Boundary curves instead of directly referencing
an edge.

» Use Sketch Profiles and Sketch Outputs when a sketch element
needs to be referenced.

« Create points manually instead of selecting a vertex.
+ Use the Replace tool when design modifications are needed.

© 2011, ASCENT - Center for Technical Knowledge® 1-13



CATIA: Advanced Surface Design

« Use contextual menus to easily create proper reference geometry
as shown in Figure 1-12.

13| Wl point Definition X
Mo | Pointsl Tangents Dir. | Tensions | Curvature Dir, | Curva Paint type: Icu-. curve j!l

= Create Point oA 1o selection e
. Distance to reference / Srenle Line
~" Create Midpoint jE R

s () Distance on curve
Create Endpoint ;
i ol @ Ratio of curve length EJQ:II Axis

4 | @ Create Intersection | _PI Rtio: m Ejlﬁ 2%

et -
—. Create Projection . = S
@ Addp ) Replace Point # Geodesic ) Eudidean % N kil
[] Geometry on support |No selection Mearest extremity | 1. ﬁ Create Intersection
[] Close spline Reference —————————— I'fg Create Join
Remove Point | Remove 7ot | Reverse Tat | Remove cir ] Point: [Default (Extre nity) ¢ Create Boundary
Show parameters > -
= I feverse by 220 () Create Extract

— GOKI

: Repeat objec. af*_, OK
Breview l [IRepe J @ Create Extract (in point)
: ; F;ﬁl Create Exiract (in tangency)

% Create Multiple Extract
f@ Create Parallel Curve

Fioure 1-12
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1.5 Tree Organization

The specification tree can become very long and messy in large
models. You should already be familiar with some techniques to
organize the tree, including inserting and changing geometrical sets to
help separate and order like elements. Renaming features and
geometrical sets also makes updating and investigating a model
easier. The Autosort command is also helpful in 1.,anaging the
feature order in a geometrical set. Other tools ~xist to help organize
the specification tree.

Grou ps Groups enable you to control the display ¢! features within the
specification tree and can be used as a fi'ter. Groups are created from
an existing geometrical set. Features rom that geometrical set are
added to the group. When the G oy is collapsed, only features
added to the group are shown in the speciization tree. When the
Group is expanded, all featuros -om the geometrical set are
displayed as shown in Figure -13.

|— Parte vy |— PartBody
i"r;fj &l Jup-Geometr, 7al Set. 1 E‘lr:-} Group-Geometrical Set.1
 ~J Spline. 1 -Ih- " Point. 1
Group creted to T" * Point.2
only displa, spliite T— * Paint.3
T‘ " Point.4
Expanded group
. = * Paint.5
displays all features .
o Spline, 1
= * Paint.6
Collapsed Group Expanded Group
| Figure 1-13

Use the following steps to create a group:

1. Right-click on a geometrical set from which to create the group.
2. Select &/ object > Create Group in the contextual menu.

3. Enter a name for the group.
4

. Select features from the geometrical set to place in the group. Any
added feature is shown in the group when collapsed in the tree. All
other features of the geometrical set are not shown in the
specification tree.
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AutoSort

5. Click to complete the creation of the group.

To collapse or expand a group, right-click the group in the
specification tree and select &/ object > Expand Group or &/ object
> Collapse Group.

Grouping is a very useful option. With Groups, insignificant
construction or reference elements can be hidden in the specification
tree. This makes the specification tree very concise and easy to
review, which improves the effectiveness of the editing process.

If a group was the active geometrical set, any 1.2w feature added to
the model would not be displayed in the spzcification tree until the
group was expanded. For example, a point .z added to the model, but
not as an input to Group-Geometrical Set.?. The point is not displayed
unless the group node is expanded.

There is an option that enables you fo autor »atically add new features
as input to the active group. Tc a-tivate thic option, select Tools >
Options > Shape > Generative Shage L esign, select the General
tab, and enable the Integration of zreated feature as group inputs
option, as shown in Figu.e 1-14.

General | ‘Wi kOn Support I

Tolerant Madeling (. Fault values at creation)
= Inputs .arz neters

A
Merning distance: |EI.EIE|1mm E

[ Trier ant laydown

Oukputs pararneters
Ci nikinuiky Type: @ None () Tangency ) Curvabure

Mazimum deviation: |D.DDlmm

*wes Yisualization

= o Axes visualization limited to the bounding box of the input

EEmn

Groups
@ 4 iInkeqration of created Features as group inputs | ’

Figure 1-14

All new features are now added to the active group. Features can be
removed from the group by right-clicking on the group node and
selecting Edit Group. This only applies to features created in the
Generative Shape Design workbench.

AutoSort is a command that organizes the features in a geometrical
set. When AutoSort is performed on a geometrical set, the features
are reordered by the order in which CATIA updates the features.
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Use the following steps to use the AutoSort command:

1. Select a geometrical set, as shown in Figure 1-15.

77 Seanctical sot.1 <@— Select a
® Paint.1 geometrical set.

f‘ ® Paink.2

T‘ " Point.3

&= " point,4
|—r\) Spline. 1

&= = paint,5

Figure 1-15

2. Right-click and select &/ object > Autosort as shown in
Figure 1-16.

Geometrical Set. 1 object Edit v pu =...

() Achsate components
.» Deactivate components
%; Change Geometrical Set...
Reorder Children

QL Create Group...

QE Show Components
QE Hide Components

Reset Properties

Figure 1-16

| 3. The result displays as shown in Figure 1-17. Spline.1 was moved

' he!law Point.5. This is because Point.5 was used to create
Spine.1.

" Poink. 1

f‘ ® Paink.2

T‘ " Point.3

ilh- " Point.4

&= " point,5
Lr\) Spline. 1
Figure 1-17
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Mask | The ability to create a mask was added to the R16 version of the
Generative Shape Design workbench. A mask is used to simplify the
display of a part model.

o (Mask) has been added to the Tools toolbar, as shown in

Figure 1-18.
=
J @ @ }’ “EE ﬁv @v @ %ﬂ: g %n gi:;lv % @»IGeometrical Set.3 j
Figure 1-18
Alternatively, select Tools > Mask in the menu bar, as shown in
Figure 1-19.
Tools [ U o}
f(x] Formula. .
Image 3
Facro 4
L iliby,
EGJ Shiow L4
@ H.e 3
In Work Object L4
Parameterization Analysis. ..
FarentsiChildren, ..
:EE Show Hiskorical Graph. ..
HH arid b

@ Catalog Browser ., ..

Figure 1-19
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CATIA displays a bounding box around the part when a mask is
created, as shown in Figure 1-20. The box has six sides, each of
which has a green dot. The dot represents a handle that can be
moved by selecting and dragging it with the cursor.

Figure 1-20

The part updates tr, exclude any surface or reference geometry that is
completely outside =f the bcunding box, as shown in Figure 1-21.

Figure 1-21
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The symbol of an active
mask displays in red and is
visible within CATIA.

You can place the bounding box using the Coordinates or Position &
Dimensions option in the Mask Type pull-down menu, as shown in
Figure 1-22. With the Coordinates option, you place the box relative
to selected points or vertices from the model.

Jd B
Mask Type : ICDDrdinates j

R |Global axis system

Point2 :|N|:| selecon

Max

-"'=| 21.139mm

=] =]
= ‘f=| 169.887mr. =
= =

Point1 : [{E=Daiy]

o 132 594mm

I _ﬂ CanEeI_j Preview l

Fivtie 1-22

You can create multiple masks for a1 :ingle part. CATIA lists all masks

under the Masks node o: *ne specification tree, as shown in
Figure 1-23.

?149'?_.10t0r

L2z plane
—. > y¥2 plane
—...> Zx plane
=~ [} Masks
[0 Linked to current axis system
— PartBody
—@j Group-Geometrical Set.1

Figure 1-23

Only one mask can be active at a time. The symbol of an active mask
displays in red. The active mask is circled in Figure 1-24.

= [ Masks
r@ Linked to current axis system
#- [ Mask.1
(*—' Mask.2 )

Figure 1-24

1-20
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Exercise 1a | Hybrid Surface Modeling

In this exercise, you will investigate tangency conditions of curves and
surfaces. The Boundary method of surfacing will be used. The slab
method of modeling produced the surfaces provided for you to start
with. You will work through a typical surface-based modeling process,
from wireframe to the creation of solid geometry from a surface.

The completed model is shown in Figure 1-25.

Figure 1-25

Goal | After you complete this exercise, you will be able to:

v Inves{iyate curve tangency conditions

v Creeate a curve with tangency

. v Create a surface from curves

v' D&fine tangency conditions for a surface
v' Organize surface data

v Create a solid from surfaces
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Task 1 - Open a part file.

1. Open Y_Pipe.CATPart. The model displays as shown in
Figure 1-26.

el

Figurr: 1-26

2. In the specificatior tree, not= "hat the geometry has been
organized into ge:om 2trical sews. Also note that NewSurfaces is
the work object as sho'vn in Figure 1-27.

fjv Pipe

“*@} PartBody
T—"" > NewSurfaces

% Planes
*‘% OriginalSurfaces

T‘% Points
*’W Curves

Figure 1-27

1-22
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Design
Considerations

Task 2 - Change the display of bodies.

1. Hide the OriginalSurfaces geometrical set.

2. Show the Curves geometrical set. The specification tree will
display as shown in Figure 1-28.

#3Y_Pipe

— 2 xy plane

— = zx plane

—% PartBody

%5 Nowsi rfaces
*‘% Plenes
f—%;()rigmalSL.;'fa:es
*‘@ Doints

- lmh Cu s

Fic ure 1-28

The model displays =s shown in Figure 1-29.

The visible 22ymetrv can be referred to as a curve network. Creating
a curve nztwork providzs a wireframe structure that permits the
creatior. o: surfa‘:e Teatures.

Figure 1-29
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3. Show OriginalSurfaces as shown in Figure 1-30.

4. Show NewSurfaces as shown ‘i Figure 1-31.

Figure 1-31

Design | Currently, the NewSurfaces geometrical set contains four fill
Considerations | surfaces. Later in the exercise, you will develop additional surfaces to
create a complete skin for the Y-Pipe.

5. Hide NewSurfaces.
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6. Hide OriginalSurfaces as shown in Figure 1-32.

Figure 1-3C

7. Hide the appropriate curves so that o1ly the seven shown in
Figure 1-33 are visible.

?@ Curves

— ~J Spline.1

— . Spline.?

— ~2 Spline 4

— . Spline.

— .- Spline 6

— ~.' Spline 7

(— 7™ Bound=y.1
— - : bourdary.2
—- " : Boundary.3
-=: Boundary .4
I—ﬂ Boundary.5

| —™ Boundary .6
—- " : Boundary.7
—- " : Boundary .8
— ™ Boundary .9
—-: Boundary.10
—- " : Boundary.11

—- " : Boundary.12
Figure 1-33
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Task 3 - Investigate tangency options for a curve.

1. Select the yz plane in the specification tree and show it.

2. Edit the curve shown in Figure 1-34.

N

Double-click on this curve

Figurc 1--34

3. The curve is a spline curve v ith a ta:icency condition applied to
both ends. This is shown in the Tangents Dir column, as shown in
Figure 1-35.

Spine el , ¥ 2
Points II &l 'gents Dir, “Eﬂsmns | Curvature Dir. | Cu

Ex TEmum. & I Diretion I

iK% | ol

@ Add Point After ©_) Add Point Before ) Replace Paint

L1 Geometry on support II-J::- selection

L Close Spline

Remove Puintl Remove Tat. l Reverse Tat. l Eemoye Z0r, l
Show parameters == l

o Cancel l Preview l

Figure 1-35

4. Click -Shewparameters >> | 45 view the tangency references.
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Design
Considerations

5. Select Extremum.6 in the Points column in the Spline definition

dialog box, as shown in Figure 1-36.

For this end of the curve, a plane is used to defined tangency. If a

plane is used as a Tangents Dir reference, the curve is normal to the

selected plane at that end.

Tangents Dir.
Extremum.& Direction
Extremum.10  Direction

| - I

@ Add Point After ) Add Paint Before (' Rr glar= Paint

[ Geometry on support |I-lc- selection

[ Close Spline

Tensions | Curvature ¥..

Constraint type: IEprin:it hd

Tangent Dir. Im Ta . 1t Tension Iﬂ E
Curvature Dir, Mo select Curvature R ~"ws) i E

- -
Remove Point | Reme e Tgt. I Fe'\u';.__’, Tgt. § Remove Cor, ]

Hide parameters << I
= ] C..Z_»] @ cancel |  Preview |

Fi¢p.re 1-36

6. Select Extremum.10 in the Points column.

7. Right-click on Plane.3 in the Tangents Dir field and select

Hide/Show, as shovwn in Figure 1-37.

Paoints | Tangents Dir. | Tensions | Curvature Dir. | Cu

Extremum.o Direction

Extremum.10 Direction

1

| o

@ Add Point After () Add Point Before () Replace Point

Right—click in | Geometry on support |H|:- selection

Tangent Dir field [ Close Spiine

Constraint type: |Explicit
Tangent Dir.

Curvature Dir, [ Center Graph

Reframe On
Eemoyve Poink ] FEmT i foh
Hide parameters << L=
E Properties
[ . Other Selection...

Tangent Tension [H E

-

/Cre_ateLine
Figure 1-37
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8. Click (@2 ]

9. Ensure that the two reference planes are visible in the model, as
shown in Figure 1-38.

These two reference planes should be visible.

Figure 1-38

Task 4 - Create a spline curve with tan_gency.

1. Show the following froi.» the points geometrical set, as shown in
Figure 1-39:

+ Extremum.1
 Extremum.8

r@ Points

—,:'f{\, Extremum.1
—. . Extremum.2
—.  Extremum.6
—.  Extremum.7
—,:'f{\, Extremum.S
—-  Extremum .9

—. " Extremum.10
Figure 1-39

2. Show the NewSurfaces geometrical set.

1-28
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Y _Pipe

— 7 ¥Z plane
— i zx plane
T‘?f?} PartBody

*‘% Planes

£ Points

B2

4. Click
been shown.

- ointl

6. Click @2 |

*‘% NewSurfaces

#-__ OriginalSurfaces

3. Ensure that Curves is the active work object. The specification
tree and model display as shown in Figure 1-40.

.

*_% - Define in work object

Figure 145

(Spline) und select the two Extremum points that have

5. Select the appinpriate reference planes to define tangency for
each of the two poin*:, as shown in Figure 1—41.

| Tangents Dir. | Tensions | Curvature Dir. | Cun
Direction
Direction

Points
Extremum. 1

Extremum.8

1| | i

@ Add Point After ) Add Point Before () Replace Point

| Geometry on support IH::: selection

[ close spline

Remove Pointl Remove Tgt. I Reverse Tgt. I Eemoye Z0r,

Show parameters = l

o Cancel l Preview l

Figure 1-41
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Task 5 - Create a surface from curves.

1. Define NewSurfaces to be the work object, as shown in
Figure 1-42.

#aY_Pipe

— i xy plane

C<7yzplane e in work object

T—@;%ﬂ} PartBody

T—%N&ﬂ&mﬁa&ea(

T'{mf} OriginalSurfeces

*—% Points
*- - Curves
Figure 1-42

2. Click = (Fill) end ¢ elect the four boundary curves shown in
Figure 1-43.

Fill Surface Definition 2=l

Boundary:
[} | CUrves | Supparks |
1 Boundary 1
2 5pline.1
3 Boundary.5
4 5Spline.8

Addafter ] F.eplace ] Remoyve ]

AddBefore I ReElaceSuEEDrt I RemaveSuppart I
CD”ti”'-'it‘f":lPaint - I

PR PO | selection

U] Planar Boundary Gnly

[ Deviation: | 0.001mm
o Cancel I Preview I
-
Figure 1-43

3. Show OriginalSurfaces.
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4. Define the support for the three fill boundaries, as shown in
Figure 1-44.

Fill surface Definition 2x|

R Boundaty:
et T' Mo | Curves | Supporks |
L N‘:‘ﬂ_‘:‘-. w1 1 Boundary. 1 Extrude.l
2 Spline.t Fill.3
3 Boundary.5 Extrude.2
4 Spline.&

Addafter l__ Replace Remove
AddBefare ’ Renl- —eSuppork | RemoveSuppart |
R ——..

Cuntinuity:lﬁnm

Passing aair.c:

o selection
[ ianar Boundary Cnly
L-| De akion: ID.DDlmm

'll'\ _' Ok, I 'Cancell Preview I

Figyure 1-44

5. Complete the fill surface. The r.cdel displays as shown in
Figure 1-45.

Figure 1-45
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6. Create another fill surface using the five boundaries shown in
Figure 1-46. Ensure that the adjacent surfaces are selected as
support references. Define Tangent as the continuity type.

Fill Surface Definition el |
Boundary:
o | CUrves | Supparks |
1 Spline. 5 Fill.5
2 Boundary.6 Extrude.?
3 Spline.? Fill.1
4 Boundary.9 Extrude.3
5 Spline.4 Fill. 4
Addafter ] Replace ] Remove ]
.ﬁ.ddBeFDrf_.] ReelaceSuEEDrt I RemoveSuppaort I
Cnntinuity.;v_,'ant - I

Passi g poink:

Mo selection

[ Plaar Boundary Only

T veviation: IIZI.DIZIImm
@ Ok l - Cancell Previgw l
(e
Figure 1-46

7. Complete the fill surfaca.

Task 6 - Create a sinEIe ~urface feature.

Design
Considerations

1.

Since your goal is to cre:7.e solid geometry from a surface model, all
surfaces ‘e.trude ur4 fill) need to behave as a single element for a
thick su=face feature creation to be successful. To help keep the
geomotry vrganized, you will insert a new geometrical set to hold the
Join feawre hat will be created in this task.

Select insert > Geometrical Set and enter the following as shown

in Fiqure 1-47:

« Name: JoinedSurfaces

Mame:

Insert geometrical set i P
JoinedSurfaces
¥ Pipe =]

Father:
Features:

1 & cancel I

Figure

1-47

1-32
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2 Click 2o 1

Design | The new geometrical set is positioned directly beneath the previously
Considerations | activated geometrical set.

3. Click (Join).

4. Select any of the surfaces of the model.

5. Right-click in the Elements to Join field and s=lect Distance
Propagation, as shown in Figure 1-48.

—Elements To Join — |

C.-..ter grapb

Ceframe on
s
Hide Sk~ w
Add Mode
Evop;. es
Parameter.  Fec

Qther Selection...

[ che « v ngency
[ sin.7ifv de result Clear Selection

[ Ignore err.n sous Replace Selection

Verging di-*ance

:E:E:E::.Lj Create Join

[ angular ~nreshol @ Create Extract

o @ Create Extract (in point)
[ .! @ Create Extract (in tangency)
% Create Multiple Extract

/:f; Create Extrapol

{F Create Extrude

Check Selection

Distance Propagation

Angular Propagation

Figure 1-48
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Design
Considerations

This propagation tool enables the system to automatically select all
surfaces that have boundaries that are within the Merging distance
parameter value.

All nine surfaces should be listed in the Join dialog box, as shown in
Figure 1-49. (Listing order might be different in your model.)

Join Definition

—Elements To Join

Extrude. 1
Fill.2
Fill.3
Fill.4
Fill.5
Fill. 1
Extrude. 3
Extrude.2

2 x|

Remove Mode |

Add Mode |

Parameters | Federation | Sup-Eleme, *: Tt Remove |

[ chedk tangency & Che % connex ty . ] Check manifold
[ simplify the result

[l Ignore errone sus elements

Merging distance | .00 1mm E
[ angular Threhold I':l- Sdeg
& Cancel I Freview I
[ - al
Figure 1-49

6. Clic.” cH m(_]. The join is added to the JoinedSurfaces body as
saown in “icure 1-50.

I—%‘E?} PartBody

% OriginalSurfaces

-1 points
#-£ Curves
Figure 1-50

1-34
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7. Hide all geometrical sets except for JoinedSurfaces as shown in
Figure 1-51.

—?‘E?} PartBody
r'{m?’? NewSurfaces

TS
-1 Planes

%’? OriginalSurface=
%2 Points
#- Curves
Figure " -5"

Task 7 - Create solid geometry.'

1. Activate the Part Design wcrkbench.
2. Define the PartBodv to be the wark object.

3. Use % (Thicn Surface) to create a 2mm thick solid from Join.1
in the direction shown in Figure 1-52.

A

Thicksurface Definition x|

First Offset: I By E

Second Offset: IUITIITI =

Cbiject to offset: I_'Il:nin.l—
Reverse Direction I

Mare = > I

@ Ok I ﬂCanceIIi
.

Figure 1-52
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4. Select Tools > Hide > All Geometrical Sets to hide all wireframe
and surface geometry that is still shown. The completed model
displays as shown in Figure 1-53.

Figure 1-_2

5. Save the file and clos< the window.
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Exercise 1b | Front Quarter Panel

In this exercise, you will create the front quarter panel of an
automobile as shown in Figure 1-54.

F qure (--24

Goal | After you complete thic exercise, y~u will be able to:

v' Use Slab surface modcling techniques
v" Perform surface operations

v Create s irface fillets

v" Project curves

v' Organize wireframe and surface data

Task 1 - Oozn a part file.

| 1. Ope: Front_Panel_Start.CATPart. The model displays as shown
' 'n Figure 1-55.

Figure 1-55
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(Extrude) is located in
the Surface toolbar.

@ (Offset) displays in
the Surfaces toolbar.

2. Ensure that the model units are set to [mm].
3. Hide the following elements:

 Base
* 1/4 Panel - Door Profile
» Front Project Sketch

Task 2 - Create wheel surfaces.

1. Create an extruded surface using the followina specifications:

* Profile: Wheel Well Sketch

» Direction: ZX plane

* Limit 1: 1010mm

* Ensure that the direction of the extrude is created towards the
existing surfaces.

2. Rename the completed extr.'de as (W'heel Extrude]. The model
displays as shown in Figure 1-56.

£

Figure 1-56

3. Hiu~: Wheel VVell Sketch.

4. <reate an offset surface using the following specifications:

- Surface: Swept Surface.1
o Offset: 45mm

The Offset direction displays as shown in Figure 1-57.

LF_SU’face

v<_/ Direction arrow

Figure 1-57

1-38
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5. Rename the completed offset surface as [Body Offset]. The model
displays as shown in Figure 1-58.

Body Offset
Figure 1-58

6. Create another offset surface using tne following specifications:

» Surface: Wheel Extrude
» Offset: 25mm

The offset direction needs te point outside of the Wheel Extrude
surface.

7. Rename the co:npieted ofis >( surface as [Wheel Offset]. The
model displays as shown in Figure 1-59.

| Wheel Extrude Wheel Offset
Figure 1-59

Task 3 - Split surfaces.

Click ——9%e=® 5 | 1. Hide Body Offset.

toggle which portion of the
surface is kept in the Split
operation.
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2. Click 5 (Split). Select Wheel Offset as the element to cut. The
cutting elements are Body Offset, Swept Surface.1, and Base.
The completed split displays as shown in Figure 1-60.

Split surface

Figure 1-90

3. Rename the split as |\Mheel Outsiue Split].

4. Split Wheel Extrade The cut.ing elements will be Body Offset,
Swept Surface.1, and Base. The completed split displays as
shown in Figure 1-61.

5. Rename the split ¢'s [Wheel Inside Split].

Wheel Inside Split

Figure 1-61
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6. Show Body Offset and Base.

7. Split Body Offset. The cutting elements will be Wheel Outside
Split, Wheel Inside Split, and Base. The completed split displays
as shown in Figure 1-62.

8. Rename the split as [Wheel Front Split].

heel Front Split
Firjure [ -62

9. If not already done, Fide Body Cffset, Base, and Wheel Inside
Split.

10. Split Swept Sur f=ce.1. Tne cutting element is Wheel Outside
Split. The completed split displays as shown in Figure 1-63.

11. Rename the spli s [Body Split].

/—Boay Split

* ——

Figure 1-63
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Task 4 - Use Project curves to split.

(Join) displays in the 1. Join Swept Surface.2, Wheel Outside Split, Wheel Front Split,
Operations toolbar. and Body Split.

2. Rename the Join as [Surface Join].

3. Show 1/4 Panel - Door Profile and Front Project Sketch.

=
=3

(Projection) displays 4. Create a projected curve using the following specifications:
in the Wireframe toolbar.

» Projection type: Along a direction

» Projected: 1/4 Panel - Door Profile

» Support: Surface Join

+ Direction: Y-Component or the ZX plane

5. Rename the completed project as [Projected Door Curve]. The
model displays as shown in Figurz 1-32.

Projected Door Curve /—‘
)

(|

]I
N

Figure 1-64

6. Repeat Sieg 4 using Front Project Sketch. Rename the projected
cu.ve as [Fiojected Front Curve]. The model displays as shown in
Figurc 1--65.

Projected Front Curve

Figure 1-65

7. Hide 1/4 Panel - Door Profile and Front Project Sketch.
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8. Split Surface Join using Projected Door Curve and Projected
Front Curve as the cutting elements. The completed split displays
as shown in Figure 1-66.

Fionure 1-66

If a color does not display 9. Using the graphic properties, cnlor the surfaces gray.

in the list, select More
Colors. 10. Save the model.

11. Using the Edgq Filiet tool piace fillets on the edges of the wheel
well as shown in Figl.re 1-67.

35mm radius

15mm radius

Figure 1-67
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Task 5 - Organize the specification tree.

1. Right-click on Geometrical Set.1 and select Geometrical Set.1
object > Create Group. The Group dialog box opens as shown in
Figure 1-68.

CETEE 2ix

Support: | Geometrical Set. 1
Mame: |Group-Geometrical Set. 1
Inputs:

I activicy: _Remove groi= |

)
[y
Figure *-68

2. Select Wheel Extrude in the speciiication tree and every feature
after it, as shown in Fiqure 1-69.

T
4 Zanel - oo Frofile

Support: | Geometrical Set. 1
Mame: |Group-Geometrical Set. 1
Inputs: |Wheel Extrude i’

Body Offset

Wheel Offset

Wheel Qutside Split

Wheel Inside Split |

[ Activity: _Remove grougl

@ ok | @ apply | @ cancel |

Figure 1-69
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3. Click in the Group dialog box. The specification tree
displays as shown in Figure 1-70. Note that only the selected
features display in the group. This tool simplifies the specification
tree.

=xtude

+-

W eel Dutside Solit

W el [nside Solt

£ W neel =ront Solit

2% 30dy Solt

1i- Z-ojected D00 e
F Zojected S0t CuUnve
f-u« Zdgesilet..

) =dgrjete

Figure 1-70

4. The wireframe and surfaces not i tt e group can be shown by
right-clicking on Groiip-Geomsirical Set.1 and selecting
Geometrical Set.1 object > E¥rand Group. The specification
tree displays as shown in ~ijure 1-71.

- Sweot Suface. 1

: Sweot Su-face, 2

1 3ase

/4 =anel - oo >ofie
5 W el Well S<etcn
0t Froject S<etcn
Wiaeel =xtude

7 3ody Offset

2 wyneel Offset

* winedl Outside Solt
Py reel [side Solit

. 2rajected Doon Curve
- Projected =ront Cutve
* 50l 15

% Zdgesilet.5

#- Sdgesilet.s

Figure 1-71

#T?‘#‘!*—l—l—l—l—%—%-#-t*—%—%—?m?i

5. Right-click on Group-Geometrical Set.1 and select Geometrical
Set.1 object > Collapse Group. The specification tree only
displays the features placed in the group.

6. Save the model and close the file.
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Exercise 1c

Goal

Using a Mask

In this exercise, you will open a part that contains imported surface
data. You use the mask functionality to create two mask states of the
model. The third and final mask that you create will be used to return
the model to a state that displays all geometry in the part.

After you complete this exercise, you will be able t0.

v' Create masks for a part file

Task 1 - Open a part file.

1. Open 71499_Rotor.CATPart. The 1:cdel displays as shown in
Figure 1-72.

Figure 1-72

Task 2 - Create a mask.

(Mask) in the Tools toolbar, as shown in Figure 1-73.

#

@ IGeometricaI Set. 1 j
w

la@ . =8 Aa) T n s

Figure 1-73
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Surface Design Overview

A bounding box displays around the model. Each side of the box
has a green handle, as shown in Figure 1-74.

Your bounding box could :
have a different orientation Green handles on each side of the box

then the one shown. The
bounding box is displayed
relative to the orientation of
the model.

Figure 1-74
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2. Use the cursor to select the handle shown in Figure 1-75.

Select this handle

Figure: 1-75

3. Drag the handle to the ‘ocation shown in Figure 1-76.

Figure 1-76

4. Click L . Note that Mask.1 has been added to the
specification tree.

1-48
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Surface Design Overview

Task 3 - Create a second mask.

1. Create another mask that results in the display shown in
Figure 1-77.

Figuie 1-77

2. Click (881 to complete the sezond mask.

Task 4 - Set a mask to e cunent.

1. Right-click on Mask.1 and select Mask.1 object > Set As
Current. An active :nosk is indicated with a red icon, as shown in
Figure 1-78.

1] Masks
=~[@ Linked to current axis system
[l Mask.1
#- [0l Mask.2

| — PartBody

—@j Group-Geometrical Set.1
Figure 1-78
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The model display updates as shown in Figure 1-79.

Figure 1-79

Task 5 - Set a mask to not be ca.ren?.

1. Right-click on Mask.1 and selec:t M'ask.1 object > Set As Not
Current. The model ’splays as snown in Figure 1-80.

Figure 1-80

2. Save the model and close the file.
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