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Chapter 1

Sketch-Based Features

How to create sketch-based Features
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6 CHAPTER 1. SKETCH-BASED FEATURES

1.1 LESSON: Pad Features

1.1.1 Introduction

In this lesson you will learn about /Pad features, their requirements and their parameters.
/Pad features are used to create material by sweeping a contour or a surface in a de ned direction.

1.1.2 /Pad Feature
Description of the /Pad feature

A /Pad feature is a solid feature used to produce material by sweeping a contour or a surface in a
speci ed direction. The feature is sketch-based because th e contour used for sweeping is de ned in a
sketch.

The propagation is de ned by length inputs or by using an exis ting geometry for reference.

/Pad features are very similar to /Pocket features except that /Pad features produce material while /Pocket
features remove material.
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1.1. LESSON: PAD FEATURES 7

1.1.3 /Pad Types
Different Types of /Pad Features

The /Pad feature has three subtypes: the classic /Pad , the /Thin Pad and the surface-based Pad.
The classic /Pad (A) creates a simple full body in an extruding direction starting with a sketch contour.

The /Thin Pad (B) is also based on a sketch contour, but allows thickness to be added at the same time
as the extrusion.

Surface-based /Pads (C) - which, as the name suggests, are based on surfaces and not on sketches -
enable solids to be extruded from curved or planar surfaces. This lesson deals exclusively with classic
pads (A).

1.1.4 Standard procedure

The following procedure is recommended for creating /Pad features:

1. Preparations: Create the contour sketch ( if necessary produce a direction reference).
2. Select the sketch

3. Activate the /Pad icon

4. De ne the panel settings: propagation length, propagati on direction

5. Accept the panel de nition

@ Pad Definition [ .?-.I..EI

- First Limit = Second Limit

Type: Type:

Length: Length:

—ProflejSurface — [ Direction

Selection: [Sketch, 1 @ [idormal to profile

[ Thick Reference:[sketch. 2\Edge. 1
Heverse Siie I [~ Thin Pad

[ Mirrored extent

Rmm&nl
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8 CHAPTER 1. SKETCH-BASED FEATURES

1.1.5 Sequence: Procedure for Using /Pad Features
Preparations, contour sketch

The contour is described with a sketch placed on a plane.

Preparations, direction reference

If the direction of propagation is not perpendicular to the sketch plane, you will need a reference direction.

Create a line either in a sketch or as /Reference Element specifying the direction.
You can, if it is available, select straight edges as well as direction reference.
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1.1. LESSON: PAD FEATURES

Select a sketch and activate the icon

Once you have selected a sketch, click on the /Pad icon. The /Pad panel is then opened.

Panel settings

To be able to use all panel settings, expand the panel by clicking on the /More button in the panel.

¢ 2001-2006 UNICO GmbH



10 CHAPTER 1. SKETCH-BASED FEATURES

Panel settings, length

You should de ne the end surfaces with length values. Select the /Dimension type and enter a value for
the length.

Repeat the procedure for the second end surface also. The corresponding feature is displayed schemat-
ically.

Panel settings, direction

Selecting the direction reference with marked /Reference input box, the option /Normal to prole  should
be deactivated.

You could as well deactivate the option /Normal to prole  rst and then select the direction reference.
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1.1. LESSON: PAD FEATURES 11

Accept the panel settings

The result of the panel settings is schematically displayed. You can obtain a better representation by
clicking on the /Preview button.
If you are satis ed with the result, con rm the panel de niti on with the /OK button.

With /Cancel the entry is rejected and the panel closes.

Result

The /Pad feature has been created and the corresponding entry added to the tree.
Once the feature has been created, the contour sketch is automatically hidden in /Hide status.
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12 CHAPTER 1. SKETCH-BASED FEATURES

Changing the de nition

You can change the de nition of a /Pad feature any time.
The panel opens by a doubleclick on the geometry or tree entry, where you can change any parameter
you like.
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1.1. LESSON: PAD FEATURES 13

1.1.6 Sketch
Sketch conditions for /Pad features

The /Pad feature requires a sketch in which the contour of the feature is described.

The sketch can have one or more contours. However, it is usually better to use simple contours and
create multiple features.

You should avoid using llets and chamfers in contours. It is better to create them afterwards using /Fillet
and /Chamfer features.

Following contours are possible:
An outer contour

An outer contour with inner contours

Multiple outer contours

Multiple outer contours with inner contours
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14 CHAPTER 1. SKETCH-BASED FEATURES

1.1.7 Open Sketch

Using open sketch contours in /Pad features

Open contours can also be used if a solid already exists.
The ends of the contours must then join the bodies in a clearly de nable way.

¢ 2001-2006 UNICO GmbH



1.1. LESSON: PAD FEATURES 15

1.1.8 Panel
Overview of the /Pad feature panel

/More /Less : The panel can be expanded or condensed by clicking on the /More or /Less button respec-
tively.
[First Limit : The propagation type and its length de nition are de ned in these section of the panel.

/Second Limit : If none of the end surfaces of the feature match the sketch plane, the propagation type
is also de ned with the associated length de nition for the e nd surface.

/Pro le/Surface : In this part of the panel the contour de ned sketch or the sur face is listed.
[Thick : If this button is activated the sketch contour get a material thickness.

/Thin Pad : In this part of the panel the material thickness is de ned in both directions.

IMirrored extent : These / button causes the feature to extend symmetrically to the sketch plane.
/Reverse Direction : These button changes between the rst and second direction s.

/Direction : The propagation direction is de ned in the these section of the panel.
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16 CHAPTER 1. SKETCH-BASED FEATURES

1.1.9 Pro | Selection
Selecting a pro le with the /Selection panel box

You select the sketch for the feature in the /Selection box of the /Pro le/Surface panel section. If the box
is marked (A), you can select a sketch in the geometry or from the tree. A sketch that is already entered
can be adopted or replaced by selecting another sketch.

A context menu is provided if a sketch must rst be created or e dited.

/Go to pro le de nition  : You can select closed partial contours (see the next step in the lesson).
ICreate Sketch : You can create a new sketch.

/Create Join : You can create a contour or surface using the /Join function.

/Create Extract : You can extract a contour or surface using the /Extract function.

You can use the panel icon (B) beside the /Selection box to create a new sketch (no selection), or activate
and edit the entered sketch.
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1.1. LESSON: PAD FEATURES 17

1.1.10 /Go to pro le de nition
Using the /Pro le De nition panel

The /Go to pro le de nition  context menu function can be used however to select a closed partial contour
of a sketch. The /Pro le De nition  panel opens when the menu function is called. Also the /Running Com-
mands panel appears showing the history for informational purposes. Two option buttons are provided
in the upper section of the panel /Pro le De nition

/Whole geometry : The enabled option indicates that the entire sketch is used with all of its sub-elements.

/Sub-elements : If the option is enabled, the de nition of the contour can be limited to sub-elements.
Any number of sub-elements can be selected, but they must belong to the same sketch and have to be
closed. Con rm the panel after making the de nition. The de nition is named /Complex in the /Selection
box. Two variants can be used to select the sub-elements (see below). See next step.
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18 CHAPTER 1. SKETCH-BASED FEATURES

1.1.11 Selection types
The two selection types for partial contours in the Panel /Pr o le De nition

Variation 1 : /Sub-elements are selected in succession by selecting an element from each contour. The
selected elements are then marked in green. A partial contour can be removed from the de nition by
selecting it a second time.

Variation 2 : Press the /Add button before selecting each contour. Each selection then has its own entry.
To remove a partial contour, select the corresponding list entry and press the /Remove button in the
panel.
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1.1. LESSON: PAD FEATURES 19

1.1.12 /Create Sketch
Creating a sketch with the contextmenu /Create Sketch

You can also create the sketch for the feature even after opening the /Pad De nition panel.

To do so, select either the context menu item /Create Sketch (A) or the panel icon (B). The /Pad De nition
panel disappears and the /Running Commands panel (C) showing the history of the pad appears for
informational purposes. Next, select the sketch plane (D) from the tree or in the geometry to open the
sketcher.

If you exit the sketch with the /Exit workbench icon (E) after creating the contour, the generated sketch
will already be entered in the /Selection box of the panel.
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20 CHAPTER 1. SKETCH-BASED FEATURES

1.1.13 Limits
Propagation limits for /Pad features

The following de nitions for the propagation limits can be m ade in the /First Limit and /Second Limit
sections. You can choose different limit de nitions for the rst and second directions (e.g., /First Limit
/Dimension , /Second Limit : /Up to last ).

/Dimension : The propagation is de ned with a length input.

/Up to next : The feature extends until it encounters material.

/Up to last : The feature extends until the last occurrence of material.

/Up to plane : The feature extends to a plane or planar face de ned by selec tion.

/Up to surface : The feature extends to a surface de ned by selection of a sur face or face.
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1.1. LESSON: PAD FEATURES 21

1.1.14 Sequence: Propagation type, examples

/Type: Dimension

For the type /Dimension the length is de ned with a length value in the panel. After se lecting the /Dimen-
sion alternative, you can enter the length in the /Length box.

You can also de ne the length by dragging the /LIM# label with the cursor in the desired direction while
holding down the left mouse button. The length value in the /Length box changes accordingly.

If the propagation direction is oblique, the speci ed lengt h is applied parallel to that direction and not at
right angles to the sketch plane.

/Type: Up to next, A

With the /Up to next type the feature is extended until it encounters material (A).

Note: If part of the sketch contour covers the solid, the feature will continue to extend (B). The /Up to
next de nition applies after a full contour was in open space and t hen met material.
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22 CHAPTER 1. SKETCH-BASED FEATURES

/Type: Up to next, B

If the projection of the sketch contour is partly outside the material for /Up to next , the feature continues
to extend until all the material has been covered (A).

If complete coverage cannot be obtained with the material, the feature cannot be created. This case is
a common source of errors during modi cations (B).

/Type: Up to last

For the type /Up to last the last projection fully covered with material is used as the limit.
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1.1. LESSON: PAD FEATURES 23

/Type: Up to plane , A

A planar reference has to be selected for the /Up to plane type. The reference name is entered in the
/Limit box of the panel.
You can select planes or planar faces as references.

/Type: Up to plane , B

You can select not only planes, but also planar faces for the /Up to plane type.
These faces do not have to cover the projection of the sketch contour.
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24 CHAPTER 1. SKETCH-BASED FEATURES

/Type: Up to surface , A

Curved surfaces can also be selected as limits for the feature with the type /Up to surface .
The projection of the sketch contour has to be covered by the surface.

/Type: Up to surface , B

Surface elements can be selected for the type /Up to surface .
The projection of the sketch contour has to be covered by the surface.
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1.1. LESSON: PAD FEATURES 25

/Offset: Up to plane/surface

You can enter an offset value to the reference in the /Offset box for the types /Up to plane and /Up to
surface .

Positive as well as negative values are permitted.
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26 CHAPTER 1. SKETCH-BASED FEATURES

1.1.15 Direction
De ning the direction of the /Pad feature

You can de ne the direction in which the feature is to be created in two ways. The two options are
provided in the /Direction box of the panel.

/Normal to pro le

With the /Normal to pro le  option, the /Pad feature extends at right angles to the sketch plane.

/Reference

If the /Normal to prole option is disabled, you can select an axis, a straight edge or a line with /Reference
. The feature extends parallel to the speci ed direction. Th e length values input for /Dimension refer to
this direction.

There can be only one direction de ned, even if you work with t wo limits.
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1.1. LESSON: PAD FEATURES 27

1.1.16 /Mirrored extent
Symmetrical length with regard to the sketch plane for /Pad f eatures

If the /Mirrored extent option is active, the length value in the /First Limit box is applied to both sides of
the sketch plane.

Note: The length is not distributed symmetrically but rather is applied twice, once on each side. For
example: a length value of 100mm results in a total length of 200mm for the feature.

1.1.17 /Reverse Direction

Changing propagation direction

After selecting the sketch and activating the icon, an initial propagation direction (corresponding to /First
Limit ) is proposed.

You can reverse this direction easily by clicking on the /Reverse Direction button or by selecting the
direction arrow.
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28 CHAPTER 1. SKETCH-BASED FEATURES

1.1.18 Replace Sketch
Replace a sketch with another sketch

The /Pro le section of the panel contains the /Selection box. The sketch name is entered in the box. You
can replace the sketch by marking the box and selecting another sketch.
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1.1. LESSON: PAD FEATURES 29

1.1.19 Modifying Sketch Contours
Modifying the sketch contour from the feature panel

The /Prole section of the panel contains the /Sketch icon. Pressing the icon activates the contour
sketch and enables it to be changed. Modi cations made are tr ansferred to the /Pad feature by closing
the sketch with the /Exit workbench icon.

1.1.20 Selecting Sub-Elements
Selecting a Sub-Contour of a sketch

If a solid feature is de ned with a sketch comprising differe nt sub-contours, the selection of sub-contours
can be changed.

Click on the feature to open the feature de nition panel. Wit h the cursor in the /Selection panel box,
invoke the /Go to pro le de nition ~ context menu with the right mouse button. You can select different
contours in the /Pro le De nition  panel.

If you wish to swap between the alternatives /Whole geometry and /Sub-elements , you should rst delete
all items in the list with the /Remove button in the panel.
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30 CHAPTER 1. SKETCH-BASED FEATURES

1.1.21 Context Menu
Context menu for /Pad De nition

In the panel /Pad De nition when de ning the types /Up to plane and /Up to surface , the panel box /Limit
becomes active for selection. Then with a rightclick in the box context menu can be retrieved to de ne
the selection. See (A) and (B) respectively.

In case the direction for the /Pad is not /Normal to prole , the direction /Reference can be de ned by
context menu. With a rightclick in the panel box the context menu is displayed (C).

1.1.22 Tips

Ambiguous sketch contours

In the case of ambiguous sketch contours, the /Go to prole de nition ~ context menu can be used to
de ne the contour required.

The /Pro le De nition  panel opens after invoking the context menu. Enable the /Sub-elements button and
select an element on the contour. The program automatically searches the contour while one distinct
solution can be found.

If branches are detected, the program stops and marks the points with red points (A). The de nition can
be concluded by selecting the relevant alternative (B).
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1.2 EXERCISE: Brake Caliper with Pad

1.2.1 Brake Caliper
Objective

In this exercise you will design a brake caliper with different /Pad features.
Each feature shows a different property of the /Pad feature.

Open the starting part

Call up the following starting part.

Document: m1_400__ pad_exerciselOa.CATPart
Course: solidmodelingl

Chapter: sketchbased_features

The part document contains a sketch with the main contour of the brake caliper.
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32 CHAPTER 1. SKETCH-BASED FEATURES

First caliper side

You can create the side of the caliper with a /Pad feature. Select the sketch and then activate the /Pad
icon.

The side is 20 mm thick and is located in full on one side. The feature extends itself perpendicular to the
sketch plane.

Second caliper side, step 1

The second caliper side is also created with a /Pad feature perpendicular to the sketch plane.

Select the sketch in the tree because the sketch geometry was hidden when creating the rst /Pad
feature. Next select the /Pad icon.

The distance between the inner sides is 48 mm. The second side is 16 mm thick. Consider what panel
entries are correct.

The solution is shown in the next step.
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Second caliper side, step 2

In the gure you can check the panel entries for creating the s econd side.

Rear walls, step 1

The two sides are connected with two side walls. These are likewise created with a /Pad feature.
It is important that the walls adapt to changes made to the sides as automatically as possible.
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34 CHAPTER 1. SKETCH-BASED FEATURES

Rear walls, step 2

Generate the outer contours in a sketch located on the zx-plane.

The outer edges (A) can be projected onto the sketch plane. Open the sketch of the previous /Pad
feature. When projecting, select the sketch elements instead of the solid edge as this is more stable.

The inner radius is 124mm.
If you are familiar with sketching, also create the opening (60mm); otherwise, skip this opening.

Rear walls, step 3

The connecting walls are next to be created with a /Pad feature.

The panel is opened after you have activated the sketch and icon. The expansion is perpendicular to
the sketch level and is de ned in both directions with the Lim it type: /Up to next .

The feature changes automatically in accordance with changes to the distance between the sides (A).
You can also see that a /Pad feature can be generated with many contours.
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1.2. EXERCISE: BRAKE CALIPER WITH PAD 35

Cylindrical pad, step 1

You are now to create the cylinder pad with a /Pad feature. The cylinder is concentric and tangential to
the llet.

Cylindrical pad, step 2

Select the side face as the sketch plane. Create a circle and connect it to the circular arc of the sketch
with a /Coincidence constraint. The sketch is used as reference again.
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36 CHAPTER 1. SKETCH-BASED FEATURES

Cylindrical pad, step 3

The cylindrical pad is created with a /Pad feature perpendicular to the sketch plane.

The pad is 38 mm higher than the neighboring face.
Since the sketch was de ned on the face, the pad is automatica Ily adjusted whenever the face is moved.

Rib, step 1

The pad is to be stiffened with a slanted rib (A).

The rib contour is drawn with an arc and two lines with tangent continuity. The rib is tilted at an angle of
15 degrees to the cylinder's axis.

The upper face of the rib should coincide with the upper face of the cylinder.
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Rib, step 2

The outer contour of the rib is de ned in the same sketch plane (A) as for the cylindrical pad.

Rib, step 3

The rib's direction of expansion is de ned in a separate sket ch located on the symmetrical plane xy.
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Rib, step 4

Now draw the rib with a /Pad feature. The expansion limit is de ned with /Up to plane and the end face
(A) of the cylindrical pad is selected as the reference /Limit: .

Click on the /More button and select the slanted line (B) as the reference direction.

Fastening ange, step 1

Add a fastening ange to the part in conclusion.
The ange is 20 mm thick and should automatically adapt itsel f to changes to the adjacent face (A).
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1.2. EXERCISE: BRAKE CALIPER WITH PAD 39

Fastening ange, step 2

The ange contour is described in a sketch positioned on the s ide face (A).

Draw and add constraints to the contour. The geometrical constraints are hidden in the gure. The holes
aur not included.
They are better created with /Hole features, which can be handled independently.

Fastening ange, step 3

The ange is created with a /Pad feature perpendicular to the sketch plane (the ange is 20mm thick).
Since the sketch plane is on the adjacent face, the ange is au tomatically moved if the face is moved.
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40 CHAPTER 1. SKETCH-BASED FEATURES

Geometry modi cations

Try to change the geometry constraints and check the result. Before you close the exercise modify the
ange feature (A).

The ange should also be extruded 10mm upwards.
Do not give up the solution is easy.
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