Chapter 3

Creating Base

> Features

Learning Objectives

After completing this chapter you will be able to:

* Use default datums for the base feature. \
* Create a solid feature using the Extrude Tool.

* Create a thin feature using the Extrude Tool.

* Create a solid feature using the Revolve Tool.

* Create a thin feature using the Revolve Tool.

* Specify depth of extrusion to a solid feature.

* Specify angle of revolution to a revolved feature.

* Orient the datum planes.

* Understand Parent Child relationships.
* Understand nesting of sketches.
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CREATING BASE FEATURES

The base feature is the first solid feature created while creating a model in the Part mode.
The base feature is created using the datum planes. However, they can also be created without
using the datum planes. But in that case, you do not have proper control over the orientation
of feature and direction of feature creation.

While creating the base feature of a model, the designer should be extra careful in selecting
the attributes to create it. This is because if the base feature is created wrong then the features
created on it are also created wrong. This results in waste of time and effort. Although,
Pro/ENGINEER provides you with the options to redefine a feature, doing that also consumes
additional time and effort. To create the base feature, you need to enter the Part mode.

Note

a’a#\r It is recommended that you set the working directory before you open a new file.

INVOKING THE PART MODE

To invoke the Part mode, choose New from the File menu or choose the Create a new object
button from the File toolbar. The New dialog box is displayed with various modes of
Pro/ENGINEER. The Part radio button in the Type area and the Solid radio button in the
Sub-type area is selected by default in the New dialog box. The default name of the part file
also appears in the Name edit box. You can change the part name as desired and then choose
the OK button to enter the Part mode.

In the New dialog box, the Use default template check box is selected by default. This means
that you have selected to use the default template provided in Pro/ENGINEER. This template
has certain parameters that will be assigned to the part file that you will create. For example,
the units of this model will be Inches Ibm Second. The length is in inches, mass in b, time in
seconds, and temperature in fahrenheit. If this check box is not selected, and you choose the
OK button, the New File Options dialog box is displayed, as shown in Figure 3-1.

From the New File Options dialog box you can select the required template file. If you want
the default system of units to be mmNs (millimeter Newton sec), then select the
mmns_part_solid template and choose the OK button from this dialog box.

The Part mode is the most commonly used modes of Pro/ENGINEER Wildfire 2.0. This is
because solid modeling is done in this mode. It should be noted that a solid model is the start
of a product development cycle. Product development cycle refers to the development of a
product from scratch to its prototype. If you have created a solid model then it can further be
used to generate its drawing views, numerically controlled (NC) machining codes, core and
cavity extraction, analysis of the solid model, and so on.

The two-dimensional (2D) sketch drawn in the Sketch mode can be converted into a
three-dimensional (3D) model in the Part mode. The Part mode contains the same sketcher
environment with similar options to sketch as those available in the Sketch mode. There are
some sketcher options in the Part mode that are not available in the Sketch mode because
they do not have any use in the Sketch mode.
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Figure 3-1 The New File Options dialog box

Figure 3-2 shows you the initial screen appearance in the Part mode. The display consists of
Model Tree, three default datum planes, and different toolbars.

THE DEFAULT DATUM PLANES

Generally, the first feature in the Part mode are the three default datum planes. These datum
planes are used to create the base feature. Also, these datum planes are used to draw a 2D
sketch and then convert it to a 3D model by protrusion. The base feature you create is referenced
with the default datum planes.

é Note
ﬂ’ﬂf"'\r Although it is said that the three default datum planes are the first feature in the Part mode, in
the Model Tree the RIGHT, TOP, and FRONT datum planes appear as separate features. If
you delete any one of them, only that datum plane is deleted.

J . Tip: 1t is recommended that you always use the datum planes to create a base feature.
This is because the model created using the datum planes can be easily oriented. The
uses of datum planes arve discussed in Chapter 4.

These three default datum planes are mutually perpendicular to each other. They are not
referenced to each other and are individual features. When a solid model is created, the
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Figure 3-2 The initial screen appearance in the Part mode

datum planes adjust their size to the size of the model. You can create any number of datum
planes as per your requirement. The creation of additional datum planes is discussed in
Chapter 4.

In the releases prior to Release 2000i* of Pro/ENGINEER, you had to create the default
datum planes. But in recent releases, a default template is provided, with the three default
datum planes. However, if you do not need the default datum planes, then at the time of
creating a new file, you need to clear the Use default template check box in the New dialog
box and select the Empty template.

4~ Note
5 In this chapter, you will learn to use the three default datum planes to create the base features.
It is important to remember the feature-based nature of Pro/ENGINEER while you are working
on this chapter. The feature-based nature of Pro/ENGINEER has been discussed in the
Introduction.

It is important to create a model in the correct orientation. Its correct orientation is the one in
which it will be later used either in assembly or other modes. For example, the Casting component of
the Plummer block is modeled in such a way such that it always stands vertical.
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CREATING A PROTRUSION

Protrusion is defined as the process of adding material defined by a sketched section. In
Pro/ENGINEER, there are various options of adding material such as Extrude, Revolve,
Sweep, and so on. These options can be selected from the Insert menu in the menu bar.
Figure 3-3 shows the options available in the Insert menu.

The Base Features toolbar shown in Figure 3-4 can also be used to invoke the protrusion
options. This toolbar is available in the Right Toolchest when you are in the Part mode.

Extrude Tool
Revalve
Tool
Variable Section
Sweep Tool
Boundary
Eeir=ier SrEE= Blend Tool
Style Tool
Figure 3-3 Options in partial view of the
Insert menu Figure 3-4 The Base Features toolbar

Extruding a Sketch

7| The Extrude Tool button in the Base Features toolbar adds material defined by a
R sketch drawn on a sketching plane. The material is added in the direction of feature
creation.

The procedure to create a base feature using the Extrude Tool button is explained next.
1. When you choose the Extrude Tool button from the Base Features toolbar or choose
Insert > Extrude from the menu bar, a dashboard is displayed below the graphics window,

as shown in Figure 3-5. This dashboard has all options to define the extrude feature.

2. Select the Placement tab to display the slide-up panel. Choose the Define button from
the slide-up panel to display the Sketch dialog box, as shown in Figure 3-6. You are
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Figure 3-6 The Sketch dialog box

prompted to select a sketching plane. Select the datum plane named FRONT from the
graphics window.

In the Sketch dialog box, the name of the plane that you have selected appears in the
Plane collector. At the same time, the reference plane is also selected automatically. The
name of reference datum plane appears in the Reference collector of the Sketch dialog
box. Pro/ENGINEER also sets the orientation of the reference plane automatically.

After selecting the sketching plane and the reference plane, choose the Sketch button in
the Sketch dialog box.

Now, you have entered the sketcher environment. You will notice that the References
dialog box is displayed on the top right corner of the screen. The status displayed under
the Reference status area is Fully Placed. This suggests that the references are selected
by default. The FRONT datum plane is the sketching plane and is oriented parallel to
the screen.

Close the Model Tree by clicking the sash on its right edge. This increases the drawing
space in the graphics window and its appearance is similar to that shown in Figure 3-7.

Close the References dialog box by choosing the Close button. Now, choose the Create
2 point lines button to draw the right half of a I-section and then draw a vertical center
line aligned with the RIGHT datum plane. Select all lines in the right half of the
I-section and choose the Mirror selected entities button. You will be prompted to select
a center line. Select the center line to mirror the right half and to create the I-section, as
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Figure 3-7 The graphics window afler entering the sketcher environment and the References dialog

shown in Figure 3-8. Assume the dimensions. After the I-section is sketched, choose s |
the Continue with the current section button from the Sketcher Tools toolbar.

After doing so, the dashboard is enabled and displayed below the graphics window. The
model is created by assuming some default attributes and it is displayed in yellow color.
The attributes that a model has are available on the dashboard and are discussed later in
this chapter.

On the dashboard, there is a drop-down list containing some default value. This value is
the depth of extrusion of the sketch you have created. Enter an appropriate value in this
drop-down list and press ENTER. You can also hold and drag the handle, displayed on
the model, to dynamically specify the depth of extrusion. This drag handle will be visible
only after the model is rotated slightly using the middle mouse button.

From the dashboard, choose the green button. The required 3D model is displayed
in the graphics window. However, it appears as a 2D entity. You need to change i‘
the display such that you can also view the depth of the model. Change the
display of the part from the View toolbar by choosing the Saved view list button RE
and selecting the Default Orientation option from the drop-down list that I:L
appears. Figure 3-8 shows the I-section after extruding it to a certain depth.

Figures 3-9 and 3-10 show some models created using the Extrude Tool button.

Evaluation chapter. Logon to www.cadcim.com for more details
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Extrude

Section

Figure 3-8 The I-section extruded to a certain depth

(] [ ] | —
Extrude .
Q '
L L L = Exfrude
Section
Figure 3-9 Model created using the Extrude Figure 3-10 Model created using the Extrude
Tool button Tool button

The above steps explain how to construct a 3D model using the Extrude Tool button. The
Extrude dashboard, the Sketch dialog box, and the Reference dialog box that you came
across while creating the 3D model from an I-section are discussed next.

The Extrude Dashboard

The options and buttons in the Extrude dashboard shown in Figure 3-11 are used to extrude
the sketch and to specify certain attributes related to the model. These attributes can be
assigned to the model before or after the sketch of the model is drawn. The tabs and the tool
buttons that are available in the dashboard are discussed next.

E[FJ Placement Options Properties

B~ Y o) - R
Figure 3-11 The Extrude dashboard
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Placement Tab

When you choose the Placement tab, the slide-up
panel is displayed, as shown in Figure 3-12. The
collector in this slide-up panel displays
Select 1 item because the section has not been
defined yet. You can select a sketch that is drawn
using a datum curve or you can choose the Define
button to draw a sketch. When you choose the

Sketch

|0 Select 1item Define... |

Figure 3-12 The Placement tab
slide-up panel

Define button from this slide-up panel, the Sketch dialog box is displayed.

Options Tab

When you choose the Options tab, the
slide-up panel is displayed, as shown in
Figure 3-13. This slide-up panel is used to
specify whether you want the sketch to extrude
to one side of the sketching plane or to both
sides of the sketching plane. It has Side 1 and

Depth

Side 1 | =Lk Bind M |21 651 v

Side 2 None j

Side 2 drop-down lists. The options in the I™ Capped ends

Side 1 drop-down list are explained next.

Figure 3-13 The Options tab slide-up panel

The Blind option is one of the most commonly used options to define the extrusion
depth of the sketch by specifying a depth value. When you select this option from the
Side 1 drop-down list, a default value appears in the dimension box that is adjacent
to the Side 1 drop-down list. You can enter a value in this dimension box and press
ENTER. The depth of extrusion created by this value can be modified if needed.

Symmetric

If you choose the Symmetric option from the Side 1 drop-down list, the material is
added equally in both the directions of the sketching plane. When you select this
option, the Side 2 drop-down list becomes inactive. This means that you cannot
choose any option from the Side 2 drop-down list.

To Selected
The To Selected option allows you to select a point, surface, plane, or a curve up to
which the section is to be extruded.

The options in the Side 2 drop-down list are similar to the options available in the
Side 1 drop-down list. The None option in this drop-down list allows you to extrude
the sketch in the first direction only. The Blind and To Selected options give the
depth of extrusion to the sketch in the second direction.

Properties Tab

When you choose the Properties tab, the slide-up panel is displayed. This slide-up panel
displays the feature identity in the Name collector. The i button in the slide-up panel
when selected opens the browser and all information about the feature you are creating
is displayed in it. The browser is discussed in the Introduction chapter.

Evaluation chapter. Logon to www.cadcim.com for more details
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Note

Tip: The features created using the To Selected option do not have a dimension
associated with them, and hence, they cannot be modified by changing the dimension
value. However, changing the terminating surface changes the depth of the feature.
You will understand this better when you learn the modification of an existing feature.

The extrusion depth given using the Symmetric option does not appear when you
generate the dimensions in the drawing views of the model. The drawing views of the
model are generated in the Drawing mode of Pro/ENGINEER and ave discussed in
Chapter 10 of this book..

Extrude as solid Button
This button is chosen by default and is used to create a solid by adding material
gl to the section. When you select a sketch to extrude using this button, the sketch
should be a single closed loop.

Extrude as surface Button
This button is used to create a surface by adding material to the section. Using
= this button, you can create surface models. The sketch that is drawn for the
surface model need not be a closed loop. Surface modeling is discussed in
Chapter 13, which can be downloaded from the authors Web site.

: Note
g The tabs and the tool buttons that are available on the Extrude dashboard can either be used
before drawing the sketch or after drawing it.

Change depth direction of extrude to other side of sketch Button
. This button is used once the sketch is completed. When you choose this button, it
| é‘ toggles the direction of extrusion with reference to the sketch plane. The direction
of extrusion is defined as the direction in which the feature is created with respect
to the sketching plane. This direction is displayed by a yellow arrow in the graphics
window. You will notice that when you choose this button, the yellow arrow points in the
reverse direction, suggesting that the direction of feature creation has been reversed.

Note

The direction of the yellow arrow depends on the type of extrude being created. If material has
to be added to a featwre then the arrow by default points in the direction toward the user; that is,
out of the screen. But, if a cut feature is being created in which material has to be removed from
a feature, then, by default the arrow points into the screen.

If you spin the model using the middle mouse button then the direction of the arrow can
be easily recognized.

Remove Material Button

ﬂ The Remove Material button is available on the dashboard only after the base
feature is created. This is because this button is used to remove material from an
existing feature. Therefore, when you create a base feature this button is not

available. The use of this button is explained in later chapters.
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Thicken Sketch Button
E The Thicken Sketch button is used to create thin parts with specified thickness.
When you choose this button, the Change direction of extrude between one
side, other side, or both sides of sketch button and a dimension box appear on
the right of this button.

The Change direction of extrude between one side, other side, or both sides of sketch
button is used to set the direction with respect to the sketch where the thickness should
be added. This button appears on the dashboard only when the sketch is completed and
you exit the sketcher environment. This button serves three functions. It is used to set
the thickness direction to either side of the sketch and even to both sides of the sketch
symmetrically. When the sketch is completed, the preview of the model is displayed in
the graphics window. By default, the thickness to the sketch is applied on one side. Now,
when you choose the Change direction of extrude between one side, other side, or both
sides of sketch button, the thickness is applied to the other side of the sketch. When you
choose this button for the second time, the thickness is applied symmetrically to both the
sides of the sketch.

The dimension box that appears when you choose the Thicken Sketch button is used to
enter the thickness value of the feature to be created. This edit box is available only when
you exit the sketcher environment.

Figure 3-14 shows the arrow pointing away from the side of the section wall where the
material will be added. If you want to change the direction of the arrow, choose the
Change direction of extrude between one side, other side, or both sides of sketch
button. Figure 3-15 shows the thickness of the material added to one side of the wall
pointed by the arrow.

You can choose the Change direction of extrude between one side, other side, or both
sides of sketch button such that the material is added symmetrically to both the sides of
the section wall, as shown in Figure 3-16. Figure 3-17 shows the model created using the
Thicken Sketch button.

Pause tool Button
This button is used to pause the current feature creation. After you choose this
i button, you can access other available tools such as Datum Plane tool. To resume
the current feature creation tool, you can choose the Resumes the previously
J paused tool button that appears in place of the pause tool.

Geometry preview/Feature preview Button
S This button has two functions. When the check box on this button is selected,
the temporary preview of the created geometry is visible along with its
dimensions. When you choose the Feature Preview button, the system allows
you to preview the feature.

Note that the preview of the feature appears to be a solid model where as in the
temporary preview the feature appears yellow and translucent.

Evaluation chapter. Logon to www.cadcim.com for more details
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Figure 3-16 Adding thickness to both the sides Figure 3-17 Model created using the Thicken
of the sketch Sketch button

-~ Note
: N By default, the check box in the Geometry Preview/Feature Preview button remains selected.
Nt [f this check box is cleared then the temporary preview of the feature will not be displayed.

Build feature Button
This button is used to confirm the feature creation and exit the current feature
creation tool.

Close Button
This button is used to abort the feature creation. When you choose this button,
X the dashboard is closed.

The Sketch Dialog Box

The Sketch dialog box is displayed when you choose the Define button from the Placement
slide-up panel. The Sketch dialog box is shown in Figure 3-18. This dialog box is used to
select the sketching plane and to set its orientation. As soon as you select the sketching plane,
the reference plane and its orientation are selected automatically.
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Figure 3-18 The Sketch dialog box

If you want to change the sketching plane that is already selected, hold Placement
down the right mouse button in the graphics window to display a g yiew Orientation
shortcut menu shown in Figure 3-19. There are three options in this
shortcut menu. In the figure, the View Orientation option is selected. Clear
If you choose the Clear option, the reference plane and its orientation,
which were selected automatically, are cleared and now you can manually
select them. Similarly, to change the sketching plane, select the
Placement option in the shortcut menu. Again invoke the shortcut menu
and choose the Clear option.

Figure 3-19 Shortcut
menu invoked when
the Sketch dialog box
is displayed

.

Tip: You can also remove the selected item using the Sketch dialog box. 1o remove a
selected item in the Sketch dialog box, select the item in the dialog box and right-click
to mvoke a shortcut menu. From this shortcut menu, choose Remove.

However, after you select the sketching plane, no matter which reference plane is selected
automatically, you can select the reference plane manually. The reference you select manually
replaces the old reference. If the background of Plane collector or any other collector is
displayed yellow, it indicates that you can select its reference from the model. This point
should be remembered because this is true with other dialog boxes available in Pro/ENGINEER
and this you will learn later in this book.

The Flip button in the Sketch dialog box can be used after you select the sketching plane and
its orientation. This button is used to set the direction of viewing the sketching plane. When
you choose this button, the yellow arrow that is displayed on the sketching plane changes its
direction.

In the Sketch dialog box, the options in the Orientation drop-down list are used to specify
the orientation of the horizontal or vertical reference for the sketching plane. Generally, the
view is normal to the sketching plane you have selected. In order to orient the sketching
plane normal to the viewing direction, you have to specify a plane or a planar surface that
is perpendicular to the sketching plane. For example, if you select the RIGHT datum plane

Evaluation chapter. Logon to www.cadcim.com for more details
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as the reference plane and then select the Top option from the drop-down list, then the
RIGHT datum plane will be placed at the top while sketching. The options in this drop-down
list are common to other feature creation tools and are available whenever you need to draw
a sketch.

.

Tip: Remember that if you are creating a protrusion (a material addition process)
then no matter what the direction of viewing you choose, the protrusion takes place in
the direction toward the user, that is, out of the screen.

Before you proceed further, you need to understand the three default F "
datum planes that are displayed when you open a new part file. You L H i (&

can view the feature that you have created from different directions Standard Orentatic
using the Saved view list drop-down list shown in Figure 3-20. This gfg;“ View
drop-down list is available in the View toolbar present in the Top BOTTOM
Toolchest. In this drop-down list there are some standard preset views FRONT
that are provided by Pro/ENGINEER. If you see the feature from the LEFT

. L . . . RIGHT
right then your viewing direction is normal to the RIGHT datum Top
plane. If you see the feature from the top then your viewing a

direction is normal to the TOP datum plane. Similarly, if you see
. T Figure 3-20 The Saved

the feature from the front then your viewing direction is normal to = 3™ " .

the FRONT datum plane. view list drop-down list

The options in this drop-down list are used to set the orientation of the model in the
graphics window.

The options in the Orientation drop-down list are very important and you need to select the
reference plane very carefully, especially for the base feature. The importance of selecting the
reference plane is explained using Figure 3-21. This figure shows two cases where the sketching
plane for both the solid models was the same, the same sketch was extruded, and the same
option Top was chosen from the Orientation drop-down list in the Sketch dialog box but
different reference planes were selected. The same sketch was used to extrude both the
models and the top curve in the sketch was on the top while sketching. Note, the difference in
orientation of the resulting models in their default trimetric orientations. The model can be
oriented in its default orientation using CTRL+D or by selecting the Default Orientation
option from the Saved view list drop-down list.

Once a plane has been selected for sketching and the reference plane is oriented, you can
enter the sketcher environment. To enter the sketcher environment, choose the Sketch button
in the Sketch dialog box. Now, you enter the sketcher environment. The References dialog
box is displayed on the right of the main window.

.

Tip: The Orientation dialog box that is displayed when you choose the Reorient

+ view button from the View toolbar is used to orient the model in the

graphics window. This dialog box provides some advanced options to orient

the model and also allows you to save the orientation of the model. Using

the options in this dialog box, you can dynamically orient a model, orient by selecting
references, and orient by using other options.
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Figure 3-21 Importance of selecting reference planes
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References Dialog Box

When you enter the sketcher environment, the References dialog box is displayed, as shown
in Figure 3-22. This dialog box is used to specify the references for dimensioning the
sketch. Pro/ENGINEER by default selects the references, but you can change the references
by deleting the default references. Sometimes when Pro/ENGINEER is not able to determine
the references, you need to select the references manually. You can select datum planes,
edges, axes, datum curves, and so on as references. Generally, two references are required for
a sketch. But if you select a vertex or a datum axis, then they alone are enough to determine
the references.

When you draw a sketch, the weak dimensions are applied to the sketch with references
selected in the References dialog box. For example, if you select the two datum planes as
references, then the sketch is by default dimensioned with the two datum planes. If you force
a dimension and dimension the sketch with an axis then the axis is also displayed in the
References dialog box. The References dialog box in the sketcher environment can be invoked
by choosing Sketch > References from the menu bar.

Evaluation chapter. Logon to www.cadcim.com for more details
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Figure 3-22 The References dialog box

Revolving a Sketch

i The Revolve Tool button allows you to revolve the sketched section through the
*l specified angle about a center line. By revolving a sketch, you can add material

(protrusion) and you can even remove material (cut). Here, you will learn to use the
Revolve Tool to add material. The revolved feature can be revolved on one side of the sketching
plane or on both the sides of the sketching plane. This and the other attributes can be specified
to the sketch by using the Revolve dashboard. The Revolve dashboard is shown in
Figure 3-23 and it is displayed when you choose the Revolve Tool button from the Base
Features toolbar in the Right Toolchest. Some of the points to be kept in mind while creating

a revolve feature are given next.

1. If the revolve feature is a base feature, then the section drawn should be a closed section
for revolving the sketch as a solid.

2. The sketch of the revolved feature will not be completed until you have drawn a center
line.

> Flacemert Optians Fropetties

[ml =1 I = AN N = n Ve v|x
Figure 3-23 The Revolve dashboard
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The section drawn should be on one side of the center line.
4. If there are more than one center lines in the sketch, then Pro/ENGINEER uses the
center line that is drawn first and considers it the axis of rotation.

Revolving a Sketch as a Solid
n The Revolve as solid button in the Revolve dashboard is used to revolve the sketch as
a solid. To revolve a sketch as a solid, the sketch should be a closed loop. Figures 3-24
and 3-25 explain the use of Revolve as solid tool to revolve a sketch.
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Le—"_ axis of revolufion OX‘S of revolution
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\ [Cosed section \ @
| |
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| |
o [ Revolved to 270°
! Revolved to 360 Closed section
Figure 3-24 Revolving a sketch as a solid Figure 3-25 Revoluving a sketch as a solid

Revolving a Sketch with Thickness
E The Thicken Sketch button is used in combination with the Revolve as solid button
_J to create revolved features having a certain thickness. Unlike in revolving the sketch
as a solid, when you revolve a sketch with thickness, the section need not be a closed
loop. When you exit the sketcher environment after the section is created, you can specify the
side of the section where the material will be added. After specifying the side for the
material addition, you can enter the thickness value in the edit box that appear on the

dashboard.

Revolving the sketch with thickness is explained in Figures 3-26 and 3-27.

‘ Centerline or the
Centerline or the ast of revolution
axis of revolution

(//ﬁ Section ‘ Section
-y |

\ \

| |

| |

| I

\ o

R [ved th h 360
evolve roug Revolved through 270°

Figure 3-26 Revolving a sketch with thickness — Figure 3-27 Revolving a sketch with thickness

UNDERSTANDING THE ORIENTATION OF DATUM
PLANES

Consider a case where you need to revolve a sketch through an angle of 270-degree. The
trimetric view of the solid model is shown in Figure 3-28. Now, when you start to create the solid
model, the first step is to decide the datum plane on which you need to create the sketch.

Evaluation chapter. Logon to www.cadcim.com for more details
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Figure 3-28 Default trimetric view of a shaded model

As evident from the model, the axis of revolution of the model is perpendicular to the TOP
datum plane. Therefore, the TOP datum plane will be selected to be at the top while drawing
the sketch. Now, only two options are left for selecting the sketching plane, the FRONT and
the RIGHT datum planes. You can draw the section of the revolve model on any of the two
planes. This is because when you view the model, you notice that the cross-section of the
model is parallel to the RIGHT datum plane as well as to the FRONT datum plane.

To draw the cross-section sketch on the two datum planes to achieve the desired orientation
of the model is discussed next.

Case-1
Drawing the Sketch on the RIGHT Datum Plane

1.

When the Sketch dialog box is displayed, select the RIGHT datum plane as the sketching
plane.

The selected datum plane gets highlighted and the TOP datum plane is automatically
selected as the reference plane. The yellow colored arrow also appears on the sketching
plane. This arrow indicates the direction of feature creation. You can change the direction of
arrow but at this stage accept its default direction.

From the Orientation drop-down list, select the Top option.

Now, when you draw the sketch, the RIGHT datum plane will be parallel to the screen
and the TOP datum plane will be at the top.

Choose the Sketch button from the Sketch dialog box to enter the sketcher environment.

After closing the References dialog box, draw the sketch of the cross-section, dimension
it, and then modify the dimensions, as shown in Figure 3-29.

Exit the sketcher environment by choosing the Continue with the current section button.
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Figure 3-29 Sketch with dimensions and constraints

6. The model appears translucent and in yellow color. The dashboard under the graphics
window again becomes active.

7. In the drop-down list that is present on the dashboard, select a value of 270.

8. From the Saved view list button, choose the Default Orientation option. The model
orients in its default orientation, that is, trimetric view, as shown in Figure 3-30.

Figure 3-30 Default trimetric view of the model

But the view that is shown in Figure 3-30 is not the view that is needed. The model is not
oriented correctly. This means that the direction of feature creation that was selected was
not correct in order to get the desired orientation.

Evaluation chapter. Logon to www.cadcim.com for more details
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- Note
e model is created but its orientation is not the desived one. This means that at the time of
W\" The model ted but it tat t the desired one. Th that at the t
selecting the sketching plane, when the yellow arrow appeared, it was pointing in the wrong
direction.

N Tip: You might have difficulty in visualizing the cross-section of a revolved model
that has an angle of revolution of 360-degree. This is because the cross-section of the
model is not visible. Therefore, you cannot decide the sketch to be drawn for the
cross-section of the model.

Whenever you come across a revolve model, just imagine that if you cut the model
along ils axis of revolution and remove one quarter of the revolved feature then the
section obtained in the one quarter of the revolved feature is the section of the revolved
model. Therefore, you need to draw this section in the sketcher environment to create
the desired model.

Figure 3-31 shows you the sketch that you have drawn on the RIGHT datum plane. The
sketch is always revolved in the clockwise direction. Remember that the arrow shows the
direction in which you will be viewing the sketching plane while in the sketcher
environment. Considering the mentioned facts, to orient the sketching plane correctly, the
arrow direction should have been flipped by using the Flip button in the Sketch dialog box.
Now, since you have not achieved the desired orientation of the model, exit this feature
creation tool, again invoke the Revolve Tool button, and this time after you select the sketching
plane, choose the Flip button to reverse the direction of viewing the sketch. Remember that
the case discussed here is when you select the RIGHT datum plane as the sketching plane.

Clockwise
direction

TOP

FROMT. iy \

NN/

Figure 3-31 Sketch drawn on the RIGHT datum plane

Figure 3-32 shows the sketch on the sketching plane and the arrow direction reversed. In this
case, the sketch when rotated in clockwise direction results in the desired orientation of the
model, as shown in Figure 3-33.
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Y/
Clockwise o
direction \\_/

Figure 3-32 Sketch drawn on the RIGHT Figure 3-33 Desired trimetric view of the
datum plane model

Tip: By default, when Pro/ENGINEER creates a revolved model, the material is
added in the clockwise divection. You can revolve the model in counterclockwise
durection by using the Change angle direction of revolve to other side of sketch
button from the Revolve dashboard. Also, to revolve the model in the anti-clockwise
durection you can enter a negative value for the angle of revolution.

Case 2

Drawing the Sketch on the FRONT Datum Plane

In this case, you will select the FRONT datum plane as the sketching plane and the TOP
datum plane will be selected as reference plane. It is advisable to decide the direction of the
arrow at this stage so that you create the model shown in Figure 3-28 in the required
orientation. Figures 3-34 shows the sketch drawn on the FRONT datum plane and the default
direction of viewing the sketching plane. Remember that the arrow points in the direction
along which you will view the plane in the sketcher environment. Figure 3-35 shows the
default trimetric view of the solid model created in this case.

TOP

FROMT. /

n?
-

Figure 3-34 Sketch drawn on the FRONT Figure 3-35 Default trimetric view of the model
datum plane
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This is not the desired default orientation of the model. You can still get the desired
orientation of the model by choosing the Change angle direction of revolve to other side of
the sketch button from the Revolve dashboard, but, you should understand the default
direction of the yellow arrow on the sketching plane. The desired orientation of the model is
shown in Figure 3-36.

TOF

o

Figure 3-36 Desired trimetric view of the model

Figure 3-37 shows the sketch drawn on the FRONT datum plane and the arrow is showing
the direction of viewing the sketching plane. The direction of the yellow arrow is reversed by
choosing the Flip button in the Sketch dialog box. Figure 3-38 shows the default trimetric
view of the model in this case.

In Figure 3-37, the sketch is revolved in clockwise direction to create the model shown in

Figure 3-38.

7

f’//

4HT z}HT

Figure 3-37 Sketch drawn on the FRONT Figure 3-38 Default trimetric view of the model
datum plane
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From the two cases discussed, the conclusion is that the arrow that is displayed when you
select the sketching plane is of great importance in orienting the model. Also, the direction
of feature creation can be changed once it is created, using the Change angle direction of
revolve to other side of the sketch button from the Revolve dashboard.

PARENT-CHILD RELATIONSHIP

Every model created in Pro/ENGINEER is composed of features that in some way or the
other are related to other features in the model. The feature that occurs first in the Model
Tree is called the parent feature, and any feature(s) that is related to this feature is called the
child feature(s).

There are two types of relationships that can exist between two features, Implicit relationship
and Explicit relationship.

Implicit Relationship

This type of relationship exists when the two features are related through equations. These
equations are formed using relations. Relations are explained in Chapter 8.

Explicit Relationship

The explicit relationship is developed when a feature is used as a reference to create another
feature. For example, one of the planar surfaces of a feature is used to create another feature,
or an edge of a feature is used to dimension the other feature. In this case, the first feature is
called the parent feature and the second feature is called the child feature of the first feature.
Another example of this type of relationship is, when a hole is referenced to the edges of the
surface it is placed on, or to the edges of some other surface. In this case, the hole is the child
feature of the feature it is referenced to.

Remember that if the parent feature is modified then the child feature is also modified.
Similarly, if the parent feature is deleted then the child feature is also deleted. For example,
if you have used the three default datum planes to create the base feature and you delete any
one of the datum planes, the base feature is also deleted. In Chapter 5, you will learn how to
break the parent-child relationship.

Tip: If you want to check the parent-child relationship of features in a model, choose
Info > Parent/Child from the menu bar. You are prompted to select a feature. After
you select the feature, the Reference Information Window is displayed. The child
features of the selected feature are displayed in the Children of Current Feature
area and all parent features are displayed in the Parents of Current Feature area.

NESTING OF SKETCHES

If more than one closed loops are drawn one inside the other in the sketch of a single feature,
it is called nesting of sketches. These sketches are drawn in the sketcher environment.
Figure 3-39 shows a sketch in which the two circles are created on the base profile.

Evaluation chapter. Logon to www.cadcim.com for more details
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Advantages of Nesting the Sketches

1.

One of the advantages of nesting of sketches is that the number of features used to create
a model is reduced. In Figure 3-40, the model has two features. The base feature is the
base plate and the second feature are the holes. But, when you nest the two sketches to
create the model, you are using only one feature to create the model.

Figure 3-39 Nested sketch

Figure 3-40 Solid model of the sketch

There is no parent-child relationship that exists in a nested sketch.

The depth of the hole is equal to the depth of extrusion of the base feature. This is
because the two circles and the base profile are part of the same sketch. This depends on
the designer whether he wants to use the nested sketch to create a part.

Disadvantages of Nesting the Sketches

1.

In nesting, since the two features on the model are combined into one feature, therefore
there is no flexibility in editing the features of a model.

If at a later stage, the designer needs to convert the circular holes into elliptical holes
with depth as half the depth of extrusion of the base feature, it consumes a lot of time to
edit the model.

After understanding the advantages and disadvantages of nesting of sketches, it is
recommended to divide a model into separate features. Draw all features as individual features
so that the created model is flexible. However, it depends on the need of the designer and
the need of the model how the model is approached for creating.
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TUTORIALS

Tutorial 1

In this tutorial you will create the model shown in Figure 3-41. The dimensions for the model

are shown in Figure 3-42.

S

(Estimated time: 30 min)

R26/ *654 LUA

Figure 3-41 Isometric view of the model Figure 3-42 Front view and the right-side view
of the model with dimensions

The following steps are required to complete this tutorial:

Set the working directory and create a new object file in the Part mode.

First examine the model and then determine the type of protrusion for the model.
Select the sketching plane for the model and orient it parallel to the screen.

Draw the sketch using the sketching tools and apply constraints and dimensions, refer to
Figures 3-43 through 3-47

Exit the sketcher environment and define the model attributes, refer to Figures 3-48 and
3-49.

Setting the Working Directory

When Pro/ENGINEER session is started, the first task is to set the working directory. A
working directory is a directory on your system where you can save the work done in the
current session of Pro/ENGINEER. You can set any directory existing on your system as
the working directory. Since this is the first tutorial of this chapter, you need to create a
folder named ¢03, if it does not exist.

Choose File > Set Working Directory from the menu bar. The Select Working Directory
dialog box is displayed.

Browse and select C:\ProE-WF-2.0. It is assumed that the ProE-WF-2.0 folder exists.

Choose the New Directory button in the Select Working Directory dialog box. i
The New Directory dialog box is displayed. =

Evaluation chapter. Logon to www.cadcim.com for more details
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4. Type c03 in the New Directory edit box. Choose OK from the dialog box. You have
created a folder named ¢03 in C:\ProE-WF-2.0.

5. Choose OK from the Select Working Directory dialog box. You have set the working
directory to C:\ProE-WF-2.0\c03.

Starting a New Object File
Solid models are created in the Part mode of Pro/ENGINEER. The file extension for the
files created in this mode is .prt.

1. Choose the Create a new object button from the File toolbar. The New dialog box is
displayed. The Part radio button is selected by default in the Type area and the Solid
radio button is selected by default in the Sub-type area of the New dialog box.

Note

Before choosing the OK button from the New dialog box, make sure that the Use default
template check box is selected. If this check box is cleared then you will need to select the
template that you will use to create the model.

2. Enter the file name as c03tutl in the Name edit box and choose the OK button.

The three default datum planes are displayed in the graphics window. The Model Tree
also appears on the left of the graphics window in the Navigator.

3. Close the Model Tree by clicking on the sash present on the right edge of the Navigator.
Now, the drawing area is increased.

Selecting the Protrusion Option
The given solid model is created by extruding the sketch to a distance of 75. Therefore,
the sketch will be extruded as a solid to create the model. There are two methods to
invoke the Extrude option. The first method is to use the menu bar present on the top of
the screen and the second method is to use the Extrude Tool button present on the Base
Features toolbar.

1. Choose Insert > Extrude from the menu bar or choose the Extrude Tool button .=
present on the Base Features toolbar. The Extrude dashboard is displayed below :
the graphics window.

All attributes that are needed to create the model will be defined after the sketch is drawn.

Selecting the Sketching Plane
To create the sketch for the extruded feature, you first need to select the sketching plane for
the model. The FRONT datum plane will be selected as the sketching plane. The sketching
plane is selected such that the direction of extrusion of the solid model is perpendicular to
it. From the isometric view of the model shown in Figure 3-41, it is evident that the direction
of extrusion of the model is perpendicular to the FRONT datum plane.
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3.

Choose the Placement tab to display the slide-up panel. Choose the Define button to
display the Sketch dialog box.

Select the FRONT datum plane as the sketching plane. As you select the sketching plane,
the reference plane and its orientation are set automatically. The reference plane is
selected in order to orient the sketching plane.

The yellow arrow that appears on the sketching plane indicates the direction of viewing
the sketch.

In the Sketch dialog box, the Reference box displays RIGHT:F1(DATUM PLANE). This
indicates that the RIGHT datum plane is selected as the reference plane. In the
Orientation drop-down list, the Right option is selected by default. This means that
while drawing the sketch the RIGHT datum plane will be on the right.

The RIGHT datum plane will be perpendicular to the sketching plane and the sketching
plane will be parallel to the screen.

Choose the Sketch button in the Sketch dialog box.

Specifying References

Now, you have entered the sketcher environment and the References dialog box is
displayed on the top right corner of the screen. You will be prompted to select a
perpendicular surface, an edge, or a vertex relative to which the section will be
dimensioned or constrained. Pro/ENGINEER does not use any coordinate system, and
therefore it becomes necessary for the user to locate the sketch with some reference. The
reference can consist of part surfaces, datums, edges, or axes.

The status displayed in the Reference status area is Fully Placed. This indicates that the
references required for the sketch are automatically defined.

Choose the Close button from the References dialog box to exit it.

The FRONT datum plane is the sketching plane and is parallel to the graphics window.
This can be verified by performing the next step.

Spin the datum planes by holding the middle mouse button down and dragging the
cursor. Now, from this view of the datum planes, it is clear that the sketching plane was
parallel to the graphics window and the other two datum planes were perpendicular to
the sketching plane.

The above step is just to understand the orientation of the three default datum planes
when you enter the sketcher environment.

Choose the Orient the sketching plane parallel to the screen button from the el
Sketcher toolbar in the Top Toolchest. The sketching plane and the other two
perpendicular datum planes are reoriented on the screen.

Evaluation chapter. Logon to www.cadcim.com for more details
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Drawing the Sketch

You need to draw the sketch of the solid model that will later be extruded to create the 3D model.
1. Choose the Create rectangle button from the Sketcher Tools toolbar.

2. Draw a rectangle by defining its lower left corner and the upper right corner. J
The rectangle is created and weak dimensions are applied to it.

You will notice that strong vertical and horizontal constraints are applied to the lines
composing the rectangle. This is because drawing a rectangle is itself a constraint to the
lines composing the rectangle.

3. Choose the Select items button from the Sketcher Tools toolbar.

4. Select the right vertical line; the line turns red in color. Press DELETE to delete k
it. The sketch after deleting the vertical line is shown in Figure 3-43.

5. Now, draw the lines and the arc. Some weak dimensions and constraints are applied to
the sketch, as shown in Figure 3-44.
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Figure 3-43 Ouler loop of the sketch with weak  Figure 3-44 Sketch before modifying the
dimensions weak dimensions with all datwms twrned off

‘7~ Note

m#\r As evident from Figure 3-44, strong constraints are also applied to the sketch while drawing it.
However, if these strong constraints are not applied when you draw the sketch, you need to apply

these constraints manually.

The center of the arc and the TOP datum plane are aligned by default. In case, they
are not aligned, you need to align them. Choose the Create same points, points on

entity or collinear constraint button from the Constraints dialog box, which is
displayed afier choosing the Impose sketcher constraint on the section button form the Sketcher
Tools toolbar: Select the center of the arc and then select the TOP datum plane. Now, the center
and the datum plane are aligned.
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Applying Constraints to the Sketch

You need to apply equal length constraints to the sketch in order to maintain the design
intent of the model.

Choose Impose sketcher constraints on the section button from the Sketcher
Tools toolbar. The Constraints dialog box is displayed. i

Choose the Create Equal Lengths, Equal Radii, or Same Curvature constraint j
button and select the two vertical lines on the right of the sketch. The weak
constraint L, was applied when the two vertical lines were drawn. Now, the equal

length constraint L, is applied to both the lines. The constraint labels like L, or L, vary
from sketch to sketch.

Select the two horizontal lines that are connected to the arc to apply the equal length
constraint. The equal length constraint L, is applied to both the lines and the constraint

symbol L, on the two right vertical lines is changed to L, .

The sketch after applying the equal length constraints is shown in Figure 3-45.

Dimensioning the Sketch

Although some weak dimensions are applied to the sketch, you still need to add a
dimension to the sketch.

Choose the Create defining dimension button from the Sketcher Tools toolbar. =

Select the center of the arc and the upper right vertical line and place the dimension, as
shown in Figure 3-46.
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Figure 3-45 Equal length constraints applied to Figure 3-46 Dimension added to the sketch
the sketch

You need to dimension only these entities because the rest of the weak dimensions are
useful dimensions and will be modified directly.
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- Note
a’,g\r If the dimensions in your sketch arve different from those shown in Figure 3-46, add the missing
dimensions and delete the dimensions that are not required.

Modifying the Dimensions
You need to modify the dimension values of the sketch. You will notice that the default
dimensions shown in Figure 3-46 also include the length and width of the rectangle and
the distance of the sketched section from the selected references. It is recommended that

you draw the base feature symmetrical with the other two datum planes. Hence, the
distance from the RIGHT datum plane is 100 (200 divided by 2 is equal to 100).

1. Select the sketch and dimensions using CTRL+ALT+A.

2. Choose the Modify the values of dimensions, geometry of splines, or text —H
entities button from the Sketcher Tools toolbar. The Modify Dimensions dialog =~
box is displayed.

All dimensions in the sketch are displayed in this dialog box and each dimension has a
separate thumbwheel and an edit box. You can use the thumbwheel or the edit box to
modity the dimensions. It is recommended to use the edit boxes to modify the dimensions
if the desired value is not obtained using the thumbwheel.

3. Clear the Regenerate check box. If you clear this check box, then any modification in a
dimension value does not update the sketch during the modification. The dimensions
will be modified after you exit the Modify Dimensions dialog box. It is recommended to
clear the Regenerate check box when more than one dimension has to be modified.

4. Modity all dimensions one by one, as shown in Figure 3-47. You will notice that the
dimension you select in the Modify Dimensions dialog box is enclosed in a yellow box in
the graphics window.

5. After modifying the dimensions, choose the Regenerate the section and close the dialog
button from the Modify Dimensions dialog box. A message Dimension modifications
successfully completed is displayed in the Message Area.

6. Choose the Continue with the current section button to exit the sketcher e
environment.

Specifying the Model Attributes

Next, you need to specify the attributes to create the model.

1. Choose the Saved view list button from the View toolbar in the Top Toolchest. I:I;E
Choose the Default Orientation option from the drop-down list. T

The default trimetric view is displayed. This display gives you a better view of the sketch
in the 3D space. The model is displayed in yellow color and is translucent. The yellow
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colored arrow is also displayed on the model, indicating the direction of extrusion. The
model may not fit fully in the graphics window.

2. Press CTRL+middle mouse button and drag the mouse upwards in the graphics window.
Notice a red rubber-band line attached to the cursor. The length of the rubber-band line
gives an idea of the extent you need to zoom the model. After the model is in the graphics
window, release the middle mouse button and the CTRL key.

Note
= m\' Alternatively, to fit the model in the graphics window, choose the Refit object to fully display
on the screen bulton.

The model appears, as shown in Figure 3-48. All attributes that are selected by default in
the Extrude dashboard will be used to create the model. You need to change only the
depth of extrusion.
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Figure 3-47 Sketch after modifying the Figure 3-48 Arrow showing the direction of feature
dimensions creation

3. In the edit box present on the Extrude dashboard, enter the depth of extrusion equal to
75 and press ENTER. The model in the graphics window is displayed with the specified
depth of extrusion.

4. Choose the Build feature button in the Extrude dashboard. v

5. Again choose the Default Orientation option from the Saved view list drop-down list.
The model appears, as shown in Figure 3-49.

75  Note
= m\r In Figure 3-49, the display of datum planes and coordinate system are turned off by choosing the
Datum planes on/off and Coordinate systems on/off buttons respectively.
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Figure 3-49 Default trimetric view of the model

Saving the Model

1. Choose the Save option from the File menu or choose the Save the active object
button from the File toolbar. The Save Object dialog box is displayed with the =l
name of the object file that you had specified earlier.

2. Choose the OK button from Save Object dialog box to save the file.

Closing the Current Window
The given model is created and is also saved. Now, you can close the current window.

1. Choose File > Close Window or choose the Window > Close from the menu bar.

Tutorial 2

In this tutorial you will create the model shown in Figure 3-50. The dimensions are shown in
Figure 3-51. (Expected time: 30 min)

100~
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Figure 3-50 Isometric view of the solid model — Figure 3-51 Front section view of the solid model
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The following steps are required to complete this tutorial:

Create a new object file in the Part mode.

First examine the model and then determine the type of protrusion for the model.
Select the sketching plane for the model.

Draw the sketch for the revolve feature and a center line to revolve it using the sketching
tools and apply dimensions, refer to Figures 3-52 through 3-54.

Exit the sketcher environment and define the model attributes, refer to Figures 3-55 and 3-56.

Setting the Working Directory

5.

The working directory was selected in Tutorial 1, and therefore there is no need to select
the working directory again. But if a new session of Pro/Engineer is started, then you
have to again set the working directory by following the steps given next.

Open the Navigator by clicking the top arrows on the left edge of the Pro/ENGINEER
main window. The Navigator slides out.

Choose the Folder Browser button in the Navigator to view the folders. %

Click on the plus symbol adjacent to the ProE-WF-2.0 folder in the navigator.
The contents of the ProE-WF-2.0 folder are displayed.

Now right-click on the ¢03 folder to display a shortcut menu. From this shortcut menu,
choose the Make Working Directory option. The working directory is set to ¢03.

Close the Navigator by clicking the sash on its right edge.

Starting a New Object File

1.

2.

Open a new object file in the Part mode. Name the file as c03tut2.
The three default datum planes are displayed in the graphics window. However, if the
default datum planes were turned off in the previous tutorial, then they will not appear

in the graphics window.

Turn on the display of datum planes by selecting the Datum planes on/off button.

Selecting the Protrusion Option

The given solid model is created by revolving the sketch through an angle of 360-degree
about an axis. Therefore, the Revolve Tool button will be used to create the model.
There are two methods to invoke the Revolve option. The first method is to use the
menu bar present on the top of the screen and the second method is to use the Base
Features toolbar present on the Right Toolchest.

Choose Insert > Revolve from the menu bar or choose the Revolve Tool button ik
from the Base Features toolbar. The Revolve dashboard is displayed below the !
graphics window.
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Some of the attributes like rotation angle and the direction of rotation of the sketch will
be defined after the sketch is created.

Selecting the Sketching Plane

To create the sketch of the model, you first need to select the sketching plane for the
model. Note that the axis of revolution of the revolved feature is normal to the TOP
datum plane in the model. Therefore, any of the other two datum planes other than the
TOP datum plane can be selected as the sketching plane. Here you will select the FRONT
datum plane as the sketching plane.

Choose the Placement tab to display the slide-up panel. Choose the Define button.
The Sketch dialog box is displayed.

Select the FRONT datum plane as the sketching plane. As you select the sketching plane,
the reference plane and its orientation are set automatically. The reference plane is selected
in order to orient the sketching plane.

In the Sketch dialog box, the Reference collector displays RIGHT:F1(DATUM PLANE).
This indicates that the RIGHT datum plane is selected as the reference plane. In the
Orientation drop-down list, the Right option is selected by default. This means that
while drawing the sketch the RIGHT datum plane will be on the right.

The RIGHT datum plane will be perpendicular to the sketching plane and the sketching
plane will be parallel to the screen.

3. Choose the Sketch button in the Sketch dialog box.

Specifying References

1.

Now, you have entered the sketcher environment and the References dialog box is
displayed on the top right corner of the screen. You will be prompted to select a
perpendicular surface, an edge, or a vertex relative to which the section will be
dimensioned or constrained. Pro/ENGINEER does not use any coordinate system, and
therefore it becomes necessary for the user to locate the sketch with some reference. The
reference can consist of part surfaces, datums, edges, or axes.

The status displayed in the Reference status area is Fully Placed. This indicates that the
references required for the sketch are automatically defined.

Choose the Close button from the References dialog box to exit it.

Drawing the Sketch

You need to draw the sketch of the revolved feature. The sketch that will be drawn is the
cross-section of the revolved feature, which will be revolved about the center line.

Choose the Create 2 point lines button from the Sketcher Tools toolbar. Draw N
the sketch, as shown in Figure 3-52. The sketch should be a closed loop and
the bottom horizontal line should be aligned to the TOP datum plane.
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As you draw the sketch, weak dimensions and strong constraints are applied to the sketch.

2. Choose the black arrow on the right of the Create 2 point lines button to display I
the flyout. From this flyout, choose the Create 2 point centerlines button. Draw i
the center line for the axis of revolution. The center line should be drawn such
that it is aligned with the RIGHT datum plane, see Figure 3-52.

Dimensioning the Sketch
The weak dimensions are automatically applied to the sketch. Since the model is a revolved
feature, therefore, you need to manually apply linear diameter dimensions to the sketch. The
linear diameter dimensions are applied using the center line that was drawn in the sketch.

.

Tip: Linear diameter dimensioning is necessary for all revolved features. This is
because mostly all revolved models are machined on a lathe. Hence, while machining
a revolved model it is necessary that the operator of the machine has a drawing of the
model that is diametrically dimensioned.

1. Choose the Create defining dimension button from the Sketcher Tools toolbar. &
2. Select the center line, the first right vertical line, and then again the center line.

3. Now, use the middle mouse button to place the dimension on top of the sketch. The
diameter dimension is placed.

The method for diametrically dimensioning a sketch has been discussed in Chapter 1.
4. Select the center line, the second right vertical line, and then again the center line.
5. Place the dimension below the sketch.

6. Select the center line, the third right vertical line, and then again the center line. Now,
place the dimension below the previous dimension.

Dimension the remaining entities in the sketch, as shown in Figure 3-53.

Modifying the Dimensions
When you dimension a sketch, default dimension values are applied to the sketch. You
need to modify the dimension values of the dimensions.

1. Select the sketch and dimensions using CTRL+ALT+A.

2. Choose the Modify the values of dimensions, geometry of splines, or text —
entities button from the Sketcher Tools toolbar. The Modify Dimensions dialog -
box is displayed.

3. Clear the Regenerate check box and then modify the values of the
dimensions, as shown in Figure 3-54. If you clear this check box, then any modification
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Figure 3-52 Sketch with weak dimensions Figure 3-53 Sketch after dimensioning

5.

in a dimension value does not update the sketch. It is recommended that you clear the
Regenerate check box when more than one dimension has to be modified.

You will notice that the dimension you select in the Modify Dimensions dialog box is
enclosed in a yellow box in the graphics window.

After modifying all dimensions, choose the Regenerate the section and close v
the dialog button from the Modify Dimensions dialog box. The J
message Dimension modifications successfully completed is displayed in the
Message Area.

Choose the Continue with the current section button to exit the sketcher environment.

Specifying the Model Attributes

When you exit the sketcher environment, the Revolve dashboard below the graphics
window is enabled again. Using this dashboard, you will specify the angle of revolution
for the revolved feature.

Choose the Saved view list button from the View toolbar. Choose the Default I:I;E
Orientation option from the drop-down list. i

Note

= If the model is not fully displayed in the graphics window, you may need to zoom out.

The feature will orient in its default orientation, as shown in Figure 3-55. This display
gives you a better view of the sketch in the 3D space. Model appears in yellow color and
is translucent. The drag handle is also available on the model which can be used to
modify the angle of revolution dynamically.

All attributes that are needed to create the solid model are selected by default in the
Revolve dashboard.
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dimensions default trimetric view

2. Choose the Build feature button in the Extrude dashboard. The model appears, as

shown in Figure 3-56.

Figure 3-56 Default trimetric view of the model

Saving the Model

1. Choose the Save option from the File menu or choose the Save the active object =
button from the File toolbar. The Save Object dialog box is displayed with the
name of the object file that you had specified earlier.

2. Choose the OK button.

Evaluation chapter. Logon to www.cadcim.com for more details

Closing the Current Window
The given model is completed and is also saved. Now you can close the current window.

1. Choose File > Close Window from the menu bar.
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> Note

mts\r If you need to view the Model Tree of the model you have created then you need to open it. Click
on the sash present on the left edge of the graphics window. The Model Tree slides out. To

again close it, click on the sash again. The Model Tree slides in.

Tutorial 3

In this tutorial you will create the model shown in Figure 3-57. Figure 3-58 shows the
dimensions. (Expected time: 30 min)
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Figure 3-57 Isometric view of the model Figure 3-58 Front view and the right-side view

The following steps are required to complete this tutorial:

Create a new object file in the Part mode.

First examine the model and then determine the type of protrusion for the model.
Select the sketching plane for the model.

Draw the sketch using the sketching tools and apply dimensions, refer to Figures 3-59
through 3-61.

e. Specify the attributes to create the model and save the model, refer to Figures 3-63 and
3-64.

o ow

The working directory was selected in Tutorial 1, and therefore there is no need to select
the working directory again. But if a new session of Pro/Engineer is started, then set the
working directory using the Navigator.

Starting a New Object File
1. Open a new object file in the Part mode. Name the file as c03tut3.

2. If the default datum planes were not turned off in the previous tutorial, they will appear
in the graphics window. If the datum planes are not displayed, turn them on using the
Datum planes on/off button.



Creating Base Features 3-39

Selecting the Protrusion Option

The given thin solid model is created by extruding the sketch to a distance of 25. Therefore,
the Thicken Sketch tool button on the Extrude dashboard will be used to create the model.

Choose Insert > Extrude from the menu bar or choose the Extrude Tool button ]
from the Base Features toolbar. The Extrude dashboard is displayed below the

graphics window.

Most of the attributes that are needed to create the model will be defined after the sketch is drawn.

Selecting the Sketching Plane

3.

From the isometric view of the model shown in Figure 3-57, it is evident that the direction of
extrusion of the solid model is perpendicular to the FRONT datum plane. Therefore,
the FRONT datum plane will be selected as the sketching plane.

Choose the Placement tab to display the slide-up panel. Choose the Define button.
The Sketch dialog box is displayed.

Select the FRONT datum plane as the sketching plane. As you select the sketching plane,
the reference plane and its orientation are set automatically.

In the Sketch dialog box, the Reference collector displays RIGHT:F1(DATUM PLANE).
This indicates that the RIGHT datum plane is selected as the reference plane. In the
Orientation drop-down list, the Right option is selected by default. This means that
while drawing the sketch the RIGHT datum plane will be on the right.

The RIGHT datum plane will be perpendicular to the sketching plane and the sketching
plane will be parallel to the screen.

Choose the Sketch button in the Sketch dialog box.

Specifying References

1.

Now, you have entered the sketcher environment and the References dialog box is displayed on
the top right corner of the screen. You will be prompted to select a perpendicular surface, an
edge, or a vertex relative to which the section will be dimensioned or constrained.

The status displayed in the Reference status area is Fully Placed.

Choose the Close button from the References dialog box to exit it.

Drawing the Sketch

Using the sketcher tools, you need to draw the sketch for the thin extruded model.

1.

Draw the arc shown in Figure 3-59 using the Create an arc by 3 points or tangent to an
entity at its endpoint button from the Sketcher Tools toolbar. Complete the sketch, as
shown in Figure 3-59.
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Figure 3-59 Sketch for the thin extruded model

While drawing the sketch, weak dimensions are applied to the sketch. These dimensions
appear gray in color.

Applying Constraints to the Sketch
Some weak constraints are applied to the sketch while drawing, but you need to apply
the constraints using the Constraints dialog box.

1. Choose the Impose sketcher constraints on the section button from the Sketcher
Tools toolbar. The Constraints dialog box is displayed. £

2. Choose the Create same points, points on entity or collinear constraint button | g
from the Constraint dialog box.

3. Select the center of the arc and then select the RIGHT datum plane. The center of the
arc is aligned with the RIGHT datum plane.

4. Select the bottom horizontal line and then select the TOP datum plane. Now, the line is
aligned with the plane. If the two horizontal lines on the top are aligned with the TOP
datum plane, skip this point.

5. Choose the Create Equal Lengths, Equal Radii, or Same Curvature constraint =
button and select the two horizontal lines on the top to apply the equal length
constraint.

6. Choose the Make two entities perpendicular button and select the left horizontal iJ
line and the arc. The perpendicular constraint symbol is applied. Similarly, make
the right horizontal line and the arc perpendicular. If these constraints are already
applied, the Resolve Sketch dialog box will be displayed. Choose Undo from this dialog box.
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The sketch after applying the constraints is shown in Figure 3-60.

Note

When you apply constraints, some of the weak dimensions are automatically deleted. Also, some
constraints arve applied when you draw the sketch, and therefore you do not need to apply those
constrainls again.

Modifying Dimensions
You need to modify the dimension values of the weak dimensions.

1. Select the sketch and dimensions using CTRL+ALT+A.

2. Choose the Modify the values of dimensions, geometry of splines, or text —
entities button from the Sketcher Tools toolbar. The Modify Dimensions dialog e
box is displayed.

3. Clear the Regenerate check box and then modity the values of the dimensions, as shown
in Figure 3-61. When you clear the Regenerate check box, any modification in a dimension
value does not update the sketch. As mentioned earlier, it is recommended that you clear
the Regenerate check box when more than one dimension has to be modified.
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Figure 3-60 Sketch after applying constraints  Figure 3-61 Figure afier modifying the dimensions

You will notice that the dimension you select in the Modify Dimensions dialog box is
enclosed in a yellow box in the graphics window.

4. After modifying all dimensions, choose the Regenerate the section and close the dialog
button from the Modify Dimensions dialog box. A message Dimension modifications

successfully completed is displayed in the Message Area.

5. Choose the Continue with the current section button to exit the sketcher environment.

Specifying the Model Attributes

The attributes that will create the model needs to be selected from the Extrude dashboard.
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0418773

Choose the Thicken Sketch button from the Extrude dashboard. The model E
changes to a thin model of certain thickness, as shown in Figure 3-62.

Choose the Saved view list button from the View toolbar. Choose the Default
Orientation option from the drop-down list.

The default trimetric view of the model is displayed. The model appears yellow in color
and is translucent. If the model does not fully fit on the screen then you need to zoom
out. This display gives you a better view of the model in the 3D space.

On the Extrude dashboard, there are two drop-down lists. The drop-down list that is
present on the left is used to enter the depth of extrusion. The drop-down list that is
present on the right appears only when the Thicken Sketch button is selected. This
drop-down list is used to specify the thickness value of the thin model.

Enter a value of 25 in the left edit box and press ENTER.

Enter a value of 1 in the right edit box and press ENTER. The model appears, as shown
in Figure 3-63. The model is completed and now you need to exit the Extrude dashboard.

J 216.:T0000

L 25.000000

Figure 3-62 Arrow showing the direction of Figure 3-63 The default trimetric view of the model
material addition with respect to the boundary
of the section

5.

Choose the Build feature button from the Extrude dashboard. The model will be
displayed, as shown in Figure 3-64.

Saving the Model

1.

Choose the Save option from the File menu or choose the Save the active object button
from the Top Toolchest. The Save Object dialog box is displayed with the name of the
object file that you had specified earlier.

Choose the OK button.
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Figure 3-64 Default trimetric view of the solid model

Closing the Current Window
The given model is completed and is also saved. Now you can close the current window.

1. Choose File > Close Window from the menu bar.

In this tutorial you will create the model shown in Figure 3-65. Figure 3-66 shows the
dimensions of the model. (Expected time: 30 min)
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Figure 3-65 Isometric view of the solid model Figure 3-66 Front view of the solid model
The following steps are required to complete this tutorial:

Create a new object file in the Part mode.

First examine the model and then determine the type of protrusion for the model.
Select the sketching plane for the model.

Draw the sketch using sketching tools, apply dimensions, and modify dimension values,
refer to Figure 3-68 through 3-70.
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Specify the attributes of the model and then save it, refer to Figures 3-71 and 3-72.

The working directory was selected in Tutorial 1, and therefore there is no need to select
the working directory again. But if a new session of Pro/Engineer is started, then set the
working directory using the Navigator.

Starting a New Object File

1.

2.

Start a new object file in the Part mode. Name the file as c03tut4.

If the default datum planes were not turned off in the previous tutorial, they will appear
in the graphics window. If the datum planes are not displayed, turn them on using the
Datum planes on/off button.

Selecting the Protrusion Option

The given revolved thin model is created by revolving the sketch through a given angle.
Therefore, the Thicken Sketch button in the Revolve dashboard will be used to create
the model. There are two methods to invoke the Revolve option. The first method is to
use the menu bar present on the top of the screen and the second method is to use the
Base Features toolbar.

Choose Insert > Revolve from the menu bar or choose the Revolve Tool button from
the Base Features toolbar. The Revolve dashboard appears below the graphics window.

Choose the Thicken Sketch button from the dashboard. The Revolve as solid E
button is selected by default.

In this tutorial, the Thicken Sketch button is selected before drawing the sketch because
the sketch that will be drawn will be an open section. Therefore, with the default attributes
selected in the Revolve dashboard, it is not possible to draw an open sketch that can be
accepted by Pro/ENGINEER.

Choose the Placement tab to display the slide-up panel. Choose the Define button.
The Sketch dialog box is displayed.

Selecting the Sketch Plane

Note that in Figure 3-65, the imaginary axis of revolution of the revolved feature is
normal to the TOP datum plane. Therefore, the TOP datum plane will be selected to be
at the top while drawing the sketch. Now, you need to decide the sketching plane from
the datum planes RIGHT and FRONT. Any of the two datum planes can be selected as
the sketching plane. The RIGHT datum plane will be selected as the sketching plane.

Select the RIGHT datum plane as the sketching plane. As you select the sketching plane,
the reference plane and its orientation are set automatically.

In the Sketch dialog box, the Reference box displays TOP:F2(DATUM PLANE). This
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4.

indicates that the TOP datum plane is selected as the reference plane. But you need to
change the orientation of the plane.

From the Orientation drop-down list, choose the Top option.

The TOP datum plane will be perpendicular to the sketching plane and the sketching
plane will be parallel to the screen.

Change the direction of the yellow arrow that appears on the sketching plane by choosing
the Flip button. Now, the direction of viewing the sketching plane is reversed.

Choose the Sketch button in the Sketch dialog box.

Specifying References

1.

Now, you have entered the sketcher environment and the References dialog box is
displayed on the top right corner of the screen. You will be prompted to select a
perpendicular surface, an edge, or a vertex relative to which the section will be
dimensioned or constrained. The status displayed in the Reference status area is Fully
Placed.

Choose the Close button from the References dialog box to exit it.

Drawing the Sketch

You need to draw the sketch of the thin extruded model. The sketch can be a closed or an
open loop. Here, you will draw an open sketch.

Draw a center line and then draw the sketch, as shown in Figure 3-67. The center line is
the axis of revolution. To fillet the corners, choose the Create a circular fillet between

two entities button from the Right Toolchest.

While drawing the sketch, weak constraints are applied to the sketch.

Applying Constraints to the Sketch

Weak constraints are applied to the sketch while drawing but you need to apply the
constraints using the Constraints dialog box.

Choose the Impose sketcher constraints on the section button from the Sketcher
Tools toolbar. The Constraints dialog box is displayed. £

Choose the Create Equal Lengths, Equal Radii, or Same Curvature constraint =
button from the Constraints dialog box.

One by one select the two horizontal lines with the constraint symbol L, shown in
Figure 3-68 to apply the equal length constraint.

One by one select the two horizontal lines with the constraint symbol L, shown in
Figure 3-68 to apply the equal length constraint.
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Figure 3-67 Sketch for the revolved feature with Figure 3-68 Skeich afier applying constraints with
the weak dimensions twrned off for clarity the weak dimensions turned off for clarity

5. Select the vertical lines with the constraint symbol L, shown in Figure 3-68 to apply the
equal length constraint.

6. Select all fillets to apply equal radii constraint.

Applying Dimensions to the Sketch
The weak dimensions are automatically applied to the sketch. Remember that since the
model is a revolved feature, therefore, you need to apply linear diameter dimensions to
the sketch manually. The linear diameter dimensions are applied using the center line
that was drawn in the sketch.

1. Choose the Create defining dimensions button from the Sketcher Tools toolbar. [~

2. Dimension the sketch, as shown in Figure 3-69.

Modifying the Dimensions
You need to modify the dimension values of the weak dimensions.

1. Select the sketch and dimensions using CTRL+ALT+A.

2. Choose the Modify the values of dimensions, geometry of splines, or text —
entities button from the Sketcher Tools toolbar. The Modify Dimensions dialog -
box is displayed.

3. Clear the Regenerate check box and then modity the values of the dimensions, as shown
in Figure 3-70.

You will notice that the dimension you select in the Modify Dimensions dialog box is
enclosed in a yellow box in the graphics window.
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Figure 3-69 Sketch afier dimensioning with Figure 3-70 Sketch after modifying the

constraints turned off for clarity

5.

dimensions with constraints twrned off for clarity

After modifying all dimensions, choose the Regenerate the section and close e
the dialog button from the Modify Dimensions dialog box. The message
Dimension modifications successfully completed is displayed in the Message

Area.

Choose the Continue with the current section button to exit the sketcher environment.

Specifying the Model Attributes

After completing the sketch, you need to specify the side to which thickness of material
will be applied. The thickness can be applied outside the section, inside the section, or
symmetrically to both the sides of the section boundary. Here, you will apply the
thickness inside the section.

When you exit the sketcher environment, the model assumes some default attributes and
therefore it does not display in the graphics window.

In the drop-down list that is present at the right on the Revolve dashboard, enter the
thickness value as 1 and press ENTER.

In the edit box that is present at the left on the Revolve dashboard, the default value of
angle of revolution is 360. Enter a value of 270 and press ENTER.

Choose the Saved view list button from the View toolbar. Choose the Default EI;E
Orientation option from the drop-down list. <

The trimetric view of the model after specifying all attributes is shown in Figure 3-71.

Choose the Build feature button from the Revolve dashboard. The default trimetric
view of the model is shown in Figure 3-72.
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Figure 3-71 Model after specifying attributes Figure 3-72 Default trimetric view of the model

Saving the Model

1. Choose the Save option from the File menu or choose the Save the active object ]
button from the Top Toolchest. The Save Object dialog box is displayed with
the name of the object file that you had specified earlier.

2. Press ENTER to save the file.

Closing the Current Window
The given model is completed and is also saved. Now you can close the current window.

1. Choose File > Close Window from the menu bar.

Self-Evaluation Test

Answer the following questions and then compare your answers with those given at the
end of this chapter.

1. All features created in the Part mode are called the base features. ('T/F)
2. You can extrude a sketch to both the sides of the sketching plane symmetrically. (1/F)

3. When the sketcher environment is invoked, the references required for creating a sketch
are automatically selected. (T/F)

4. The Sketch dialog box is used to select the sketching plane. (T/F)

5. After selecting the sketching plane, the yellow arrow displayed on it shows the direction
in which you will view the sketching plane. (1/F)

6. The button is selected by default when the Extrude dashboard is displayed.
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7. The button in the Revolve dashboard is used to create a thin revolve model.
8. The Orientation dialog box is displayed when you choose the button.

9. After you exit the sketcher environment, the __ appears on the model to
dynamically modify the extrusion depth or the angle of revolution.

10. The Revolve Tool button revolves the sketched section about a through
the specified angle.

Review Questions

Answer the following questions:

1. By default a sketch is revolved about a center line in the direction.
(a) Clockwise (b) Counterclockwise
(c) Right (d) None of the above

2. Which of the following menus in the menu bar contains the Extrude option?

(a) Edit (b) View
(c) Insert (d) File

3. How many datum planes are available when you enter the Part mode?

(a) 4 (b) 3
(c) 2 (d) None

4. Which of the following toolbar is used to turn off the display of datum planes?

(a) View (b) Sketcher
(c) Model Display (d) Datum Display

5. Which of the following combination is used to change the orientation of the model to the
default orientation?

(a) CTRL+D (b) CTRL+left mouse button
(c) CTRL+right mouse button (d) None of the above

6. The features created using the Blind option do not have a dimension associated with
them, and hence they cannot be modified by changing the dimension value. (T/F)

7. Tt is recommended not to use the default datum planes to create the base feature. (T/F)

8. The section drawn for revolving as a solid should be a closed loop. (T/F)
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9. The revolved section should have a center line. ('T/F)

10. A revolved section can be drawn on both the sides of the center line. ('T/F)

Exercise 1

Create the model shown in Figure 3-73. The dimensions of the model are shown in Figure 3-74.
(Expected time: 20 min)
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Figure 3-73 Isometric view of the model Figure 3-74  Front and right-side views of
the model

Exercise 2

Create the model shown in Figure 3-75. The dimensions of the model are shown in Figure 3-76.
(Expected time: 30 min)
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Figure 3-75 Isometric view of the model Figure 3-76 Front view of the model
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Exercise 3

Create the model shown in Figure 3-77. The dimensions of the model are shown in Figure 3-78.
(Expected time: 30 min)
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Figure 3-77 Isometric view of the model Figure 3-78 Front view of the model

Exercise 4

Create the model shown in Figure 3-79. The dimensions of the model are shown in Figure 3-80.
(Expected time: 30 min)
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Figure 3-79 Isometric view of the model Figure 3-80 Front view of the model
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Answers to the Self-Evaluation Test
1-F2-T1,3-T,4-T,5-T, 6 - Extrude as solid, 7 - Thicken Sketch, 8 - Reorient view,
9 - handles, 10 - center line.



