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Chapter 1. A. Reference Manual



Chapter 2. Foreword

This reference manual contains technical descriptions of the entire VariCAD interface, and consists
mainly of detailed descriptions of modules and functions. If you need only brief basic information, read
Getting Started (page 8) or Tips and Tricks (page 160). We recommend that you read this manual while
simultaneously using VariCAD.

To learn how to work with VariCAD, use the Tutorial section of this documentation. You can also work
with Quick Demonstration, which is at the end of Tutorial. Both Tutorial and Quick Demonstration are
available separately from VariCAD pull-down menu Help. The Quick Demonstration Flash movies are
obviously not available in the printed version of documentation. If you are not able to run Flashes on
your computer, select a version of Quick Demonstration with a VariCAD own animation viewer.



Chapter 3. Introduction to VariCAD

Designed for use in mechanical engineering, VariCAD contains the following modules:
» 2D drawing

» 3D solid modeling

« Libraries of mechanical parts

« Libraries of 2D symbols

« Bill of material, automatic filling of title blocks
« 3D parameters

» Geometric constraints

» Mechanical part calculations

» Sheet metal unbending (surface development)
 Crash tests (interferences)

* Pipes

* Thick shells

» Import from and export to other CAD systems
» Support for 3D threads

All of these modules are included with the standard VariCAD package; there is no additional cost for
any module.



Chapter 4. VariCAD Installation

VariCAD is distributed on CD’s or as downloadable files from our FTP or website. To install VariCAD,
follow the installation instructions. When installing on Windows, VariCAD uses InstallShield routines,
and for Linux the installation is created according to Linux distribution. To uninstall VariCAD, use the
functions of your operating system. See also Trial Versions, Online Purchasing (page 81)).

Installing Upgrades

Upgrades for one year are included in a maintenance package. After the upgrade period expires, you can
purchase another one-year upgrade within another maintenance package. During the upgrade period, you
can simply install the new version over the old one, and all system files will be upgraded properly. Your
own 2D/3D model files will either remain unchanged or will be automatically upgraded when you start
the upgraded version of VariCAD. If you attempt to upgrade after the upgrade period has expired, the
installation routine will not work.

Hardware and Software Requirements

For Windows users, we recommend Windows Vista over older versions. For Linux users, we
recommend Kubuntu or openSUSE.

The minimum recommended RAM is 128 MB for working in 2D, and 256 MB for working in 3D. Large
3D assemblies need at least 512 MB. Working with insufficient memory can cause swapping problems
and a significant decrease in operation speed. For optimum performance, a graphics card that supports
OpenGL is required, with a minimum RAM of 16MB. With insufficient graphics card RAM, the 3D
display is forced to use software emulation and may be slow. For color settings, use true color mode;
256-color mode or high color mode is insufficient.

There are no special requirements for printers or plotters. Under Windows, VariCAD uses the device
drivers. You can also use VariCAD print drivers. VariCAD supports output to all standard output
devices - ink, pin, pen or laser. VariCAD drivers support PostScript, HPGL, PCL or EPSON. For Linux,
VariCAD uses KDE drivers, or you can choose to use VariCAD drivers.

32-bit and 64-bit Versions

VariCAD is available as a 32-bit or 64-bit version. The 64-bit version requires, of course, a processor
working in 64-bit mode and an operating system supporting 64-bit mode (like the 64-bit version of
Windows Vista).

The 64-bit version is recommended especially for work with extremely large assemblies.

For Linux operating systems, you should choose the correct version of VariCAD before installation. For
Windows, the correct version is selected automatically during the installation process.
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Running VariCAD the First Time

On Windows, VariCAD is installed by default to the Program Files directory. On Linux, the default
installation directory is “/opt/VariCAD”. The installation directories contain all system files. When
running VariCAD the first time, the configuration directory is created under your working directory.
Configuration files are copied to this directory, in which system settings are stored. A second directory

is also created automatically after VariCAD startup; this directory will contain your data such 2D/3D
drawings, additional data structures, bills of materials, etc. You are always informed when new
directories are created. The only file in the work directory is one that contains definitions of directories
used or created by VariCAD. To change the working directory, right-click on the VariCAD desktop icon,
select Properties, and edit the line “Start in.”

Default VariCAD Files

The files you create are stored as the following file types:

» *.dwb - 2D/3D files containing 2D drawings and 3D solids
» *.bkb - block files containing 2D objects (obsolete)

« *.sym - symbol libraries containing 2D symbols (obsolete)

If you need to transfer VariCAD projects to another VariCAD user, be sure to include all files of these
types. If you have to provide data created in a BOM import or export for another system, see Bill of
Materials (page 149). For Linux, VariCAD file extensions must be lowercase.

Converting 2D/3D Objects to and from Other Formats

VariCAD supports the following formats:
* *STP - STEP 3D, import or export.
» *STL - Stereolithography 3D, export.

+ *DWG - AutoCAD 2D, import or export. The DWG translator supports files from AutoCAD 9
through the latest AutoCAD. For AutoCAD 12 through the latest Autocad, you can load DWG files
created as a result of VariCAD export.

* *.DXF - Same as DWG. The DXF format should be used for all systems other than AutoCAD.
* *1GS - IGES 2D, import or export.

» *IGS - IGES 3D, export. If you save IGES file while VariCAD is in 2D mode, only 2D objects are
converted. If VariCAD is in 3D mode, only 3D objects are converted.
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To import a specific file type, use the Files of Type field in the File-Open window. To export the active
file to another format, use File / Save As. You can also export only the selected objects to any supported
file format or import objects from any supported file format to the active 3D space or 2D drawing area.

Batch File Conversion - FCO

Use File / Batch File Conversion to convert multiple files of a selected format in a specified directory.
The converted files are written to another defined directory. You can also customize settings for data
translation. For DWG/DXF conversion, you can set units to inches or millimeters, or set the units to be
detected automatically. The default IGES settings should be sufficient for most 2D IGES conversions.
For STEP format, you can select an application protocol and usage of NURBS vs. analytic types of
curves or surfaces. Use the options in the Tools / System Settings menu to specify conversion settings.

How 3D Objects Are Converted to STEP or IGES

In general, 3D Objects are described as NURBS patches trimmed by NURBS curves. For some objects,
curves and patches can be described analytically. These objects are:

* Line

« Circle
 Plane
 Cylinder
« Cone

» Torus (created by rotating a circle around an axis) - spheres are included but not lemon-shaped
surfaces.

In most cases, the NURBS description is sufficient. However, analytic description can be faster and
more accurate, and may require less memory and less storage space when saved. The following com-
mands enable you to set parameters for converting 3D objects to IGES or STEP:

«ite| STEP Export Settings - STPO

iik:| 1GES Export Settings - IGSO

When exporting to IGES, you can also select the method of patch boundary description. You may want
to change this setting if the input for the created IGES file works inefficiently.

Creation of STL format

STL Export Settings - STLO

STL format contains triangles covering surfaces of all exported objects. You can select accuracy of such
approximation, a format of coordinates of triangle vertices, whether the objects are transformed to
ensure all coordinates are positive and whether the coordinates are expressed in millimeters or inches.
VariCAD exports all objects from the current file, or all selected objects, if the “Save Selected Objects”
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function is used. Some systems can require only one object in one file. In such case, use “Save Selected
Objects” and select only one desired object.

Sections in Exported 3D Objects

You can choose export to STEP, STL or IGES formats with sections. Normally, export of sections is
meaningless because sections are only used for display and do not describe geometry of the actual parts.
However, exporting with sections can be useful if you want to render 3D objects in a visualization
application. If the export with sections is not selected and the exported file contains any objects in an
active section, warning message is displayed and export is cancelled. You can export the sections only
when converting a single file, not in the batch files conversion.

Directories
Directories - PTH

This function is used to set directories of VariCAD backup files. We recommend not to use network
directories for backups. This directory is used also for work and temporary files created by VariCAD.

You can also define whether a directory of a particular file type is the same for both files loaded or
saved or is different for load and save operations. You can also define a different or same directory for
loading/saving complete files vs. loading file into the current file or saving only selected objects.

User Data Directories (2D/3D Files)

Directories used for user data saving or loading are by default the last used. Changing the directory
when the file is saved or loaded, you change the default directory for the next usage.
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VariCAD User Interface

The VariCAD window is divided into three parts. The largest part is the 2D drawing / 3D modeling area.
The part above the modeling area contains the Menu Bar. Below the modeling area is the Status Bar.
Toolbars are docked in various places on the screen, and toolbars can be undocked to become floating
windows.

2D/3D Area

This area contains the 2D or 3D objects you create. You can switch between 2D and 3D at any time, and
menus and toolbars will change accordingly.

Status Bar

For functions that do not require a window for input, all messages and prompts are displayed in the
Status Bar. The following items are displayed on the right side of the Status Bar:

* In 2D and 3D, current units in millimeters or inches
« In 2D, Ortho mode and Increment mode

* In 2D, cursor coordinates. Coordinates can be measured relative to a user-defined origin, as dX, dY
from the last point, or as an angle and radius from the last point.

Toolbar Icons

Toolbars can be docked to sit above, below, or to the side of the drawing area, or they can be used as
floating windows. Toolbars typically contain groups of icons for related functions, such as drawing
functions, basic solids, dimensioning, etc. We recommended not to remove the following toolbars:

» Switch to 2D/3D
» 2D layer selection box
» Command box

You can right-click on any toolbar to invoke a menu enabling you to add, delete, or reconfigure toolbars.
You can also manage toolbars by using the following function:

Toolbar Settings - TLBS

Function Windows - Cancel and Back Buttons

Most VariCAD windows have buttons for “Cancel” and “Back.” See Finishing VariCAD Functions
(page 9) or Stepping Back within a Function (page 9). Right-clicking while the cursor is inside the
window is equivalent to clicking OK.
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Mouse Buttons

For both 2D and 3D, the default mouse settings are as follows:
« Left button - used for selecting objects or defining position
» Middle button - proceeds one step back within a function

* Right button - completes a selection, equivalent to pressing Enter or OK

Invoking and Running VariCAD Functions

To invoke a function, you can:

* Click the toolbar icon. To help you recall icon meanings, tools tips appear when you hold the cursor
over an icon. A short tool tip appears next to the icon; a more detailed description appears in the
Status Bar.

+ Use the Menu Bar. Some functions are embedded in several menu layers.

 Enter the command in the command box. A command history list is created, in which you can access
previously used functions.

» Use hotkeys. Ctrl, Shift, Alt, and F-keys are used, sometimes with other keys, to invoke functions.
When Ctrl is used, the current function ends and is replaced by the new one. The F-keys only interrupt
the current function temporarily.

Some functions always behave as the embedded ones — current function is interrupted temporarily
regardless the method of embedded command calling. For instance, you can change a view or measure
distances without the necessity of finishing the current command. Measuring distances is especially
convenient. You can “Cut and Paste” results — use them as input for any values.

For a list of all embedded functions, see Embedded Functions (page 182)

Finishing VariCAD Functions

Many VariCAD functions are “continuous.” For example, when drawing a line, you define two
endpoints. After the line is finished, you can begin creating a new line. To end and exit a function, you
can:

* Invoke a new function
¢ Press Esc
» Click Cancel, if the function uses a window

If you exit a function by pressing Esc, the Status Bar displays “Ready.” If the cursor is still within the
drawing area, you can right-click to invoke the previous function.

Stepping Back within a Function

Functions are typically performed in steps. For instance, when drawing a line, Step 1 is to define the first
point, and Step 2 is to define the second point. To go one step back, you can:

 Click the middle mouse button, or press Ctrl + Backspace
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* Ifthere is a window, click “Back”

Stepping back enables you to repeat or correct previous input without having to exit the function. Using
Undo and Redo does not have the same effect; these functions actually change the 2D/3D object
database. See Undo and Redo (page 14)

Additional Options within Functions

Many functions provide additional, temporary options. If you need to select an object or define a loca-

tion, toolbars will appear with options relevant to the current situation. For example, when creating di-

mensions you have the option of changing the dimension text or style while defining the dimension po-
sition.

Selection
Mo oaBRozar BeHrSE= R Y% [

Example of standard 2D selection toolbar

Selection %]
Mooz amZBWADSFE =i BT

Example of 2D selection toolbar with additional option icons

For a list of all functions and commands, see List of All VariCAD Functions (page 161).

For a list of all hotkeys, see Hotkeys (page 180)

Creating, Opening and Saving VariCAD 2D/3D Files
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Create a New File — DOP, Ctrl + N

VariCAD always starts with a new, empty file. This file has the default file parameters, and is assigned a
preliminary name of “NONAME” plus new file’s serial number (for instance NONAME 1). In order to
save this file, you must assign a valid filename. If you want to create another new file, you can confirm
or change its parameters. Defined parameters of new file are:

 Units - choose between inches or millimeters. If you change these units later, existing 2D dimensions
will not change.

» Drawing format - choose layouts such as A, B, C, A4, A3, A2, etc. You can also define a custom
format, and the format can be changed at any time. The drawing format is relevant when printing, if
you select “Print according to format,” and for the Zoom Drawing Format tool. In addition, the 2D
sheet border is created according to the selected format. In 3D, the format is only used for the initial
dimensions of 3D space projection.

» Drawing scale - used only for 2D drawing. Dimensions, arrows, texts and other annotations are
created according to the defined scale. The scale can be changed at any time, but be aware that this
will change the existing annotation objects.



 Grid - spacing of the rectangular grid in 2D area.

LI New File Properties

e file units:
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X|

Current scale s 1:1

~ Millimeters (rmirn) Select scale:
" Inches (") 1:1

1.2
Currentformat is A3, 420« 257 1150
First 30 wiewpaort is defined accarding to 20 format 21
Select farmat: o1 ]

User Defined
Format | wwictth | Height |
Ad 210 297 Current 20 grid setting:
A3 420 297
AZ 594 420 Fropery Distance
Al 841 5494 Crx far snap g
Al 1189 841 Cvy for snap 5
A3 630 297 Display Ox B
A a1 297 Display Dy 5
Adxh 1051 2497 Highlight Dx 50
Adx3 a91 420 Highlight Dy 50
Adxd 1194 420 _ -
User Defined v Display grd in 20 area

Stattin 3DI Startin 20

Set grid spacingl

New file creation window

Current File Attributes as Default - DEF

This function enables you to set the defaults for all new files. The dialog is similar to the creation of a

new file (see the previous function).

The mode (3D/2D), units (millimeters or inches), sheet border format, scale and 2D grid distance can be
defined in a window. Predefined 2D layers, 2D default line attributes (current layer, color and line style)
and angles of the construction lines are copied from the current file.

Open an existing file — DAD, Ctrl + O

Opens an existing file. You can also open an existing file by pressing Tab, if the previous function is fi-

nished and “Ready” is displayed in the Status Bar.

Open Recent Files

This function allows you to open a file from the list of recently used files rather than from the standard

file dialog.

11
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Close — CLO, Ctrl + F4

Closes the current file. Next current file is the file which was active previously. If only one file is open,
you are asked whether to exit the session or to create another new file with the default parameters.

Listing 2D/3D Files

When viewing a list of VariCAD files, a 2D or 3D component of the file is displayed in the preview
window. You can select whether the 2D or 3D will be displayed. By default, the component that was ac-
tive when the file was saved will be displayed.

List 2D/3D Files - DRV

This function lists file content in a window larger than standard preview window of the file dialog.

Saving and Inserting 2D/3D Files

Save - DSV, Ctrl + S

Saves the current file. If the file was created as new or copied to new document window, you must de-
fine a valid filename.

Save As — SVA

Saves the current file. You can select a different filename or different file type, like STEP, DWG etc.

Save Only Selected Objects - DPS

Select objects first. Then define a filename. You can savea selected objects to any other supported file
type.

Insert Objects From File - DPO

Inserts all objects from the selected file to the current file. If you are in 2D, only 2D objects are inserted.
If you are in 3D, only 3D objects are inserted.

Selection of 2D objects is described at Selecting, 2D Objects (page 29). Selection of 3D solids is
described at Selecting Solids (page 97). 2D objects from another file are inserted similarly as 2D blocks
—see Insert Block (page 66). 3D objects from another file are inserted the same way as the solids are
transformed and copied — see Transforming and Copying Solids (page 110).



Chapter 6. Getting Started

Backing up Your Files
Backup - BAK

Backup saves 2D/3D files after a specified number of changes. If the session ends unintentionally, you
can recover your backup data the next time you use VariCAD.

Working with Multiple Files

Changing Active File

To change the current (active) file, you can always use pull-down menu “Windows” and select the file to
be active from the list. The list of open files is limited to 10 items. If the number of open files is greater,
use the following function instead:

Windows — WIN, Ctrl + 3

This function offers you a clearly arranged list of the open files. You can save or close any selected file
or activate selected file from the list.

Previous Document Window — SWD, Ctrl + TAB

Activates a previously active file. Repeatedly used, this function allows you to easily switch between the
two files.

Save All Changed — SVALL

Saves all changed open files to VVariCAD native format. If the file is created as new or copied to a new
document window, you must always define its real name. If the file is imported from another format,
you must confirm or redefine the file name. If the current files are all from the native format, no dialog
is displayed.

New Document from Current Document - NDW

Creates a new file, copies all objects from the current file and activates this file.

Settings of Work with Multiple Files - WMF

You can configure:
» Whether the last open files are open automatically in the next session startup
» How the 2D objects are inserted from another file

» How the 2D objects are inserted from clipboard

13
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Copy and Paste

VariCAD works with separate clipboards for 2D objects and for 3D objects. During work with VariCAD,
you can store objects to a corresponding clipboard and whenever insert them to any open file.

Copy - CPY, Ctrl + C

Stores selected objects to the clipboard.
Paste — PAS, Ctrl +V

Insert objects from the clipboard to the current file.

Switching between 2D and 3D

Switch to 2D - 2D, Alt + 2

Switch to 3D - 3D, Alt + 3

You can switch between 2D and 3D at any time. To switch, you can:

 Click the 2D or 3D icon
» Use hotkey Alt + 2 to switch to 2D, and Alt + 3 to switch to 3D.

Switching between 2D and 3D also changes the available toolbars and menus. There is no direct link

between 2D and 3D data, but you can update 2D views after making changes in 3D by using 3D View
Exports (page 131).

Undo and Redo
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Undo — UND, Ctrl + Z
Redo — RED, Ctrl +Y

When creating 2D or 3D data, you can use Undo to return backward step-by-step to previous states of
your 2D/3D objects. You can also return to where you began work, or to the point at which the file was
loaded. Once Undo has been used, Redo can be used to step forward. Undo/Redo history is separate for
2D and 3D objects. When working with assembly connections, this history is lost after parts are reloaded

into the assembly after changes have been made. If this occurs, you will receive a message informing
you of the problem.
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Dragging Objects

Many 2D functions, and some methods of 3D transformation, use dragging. In Windows and Mouse
Settings (page 16) you can choose between two methods of dragging. In both methods the cursor defines
the position of the reference point or insertion point.

« Dragging without clicking - position change is defined by cursor movement. If the cursor approaches
snap points (such as endpoints), the reference point will “stick” to this point until the cursor is moved
by at least half the aperture size. Left- or right-clicking ends the dragging movement.

« Clicking and dragging - objects are moved while the left button is pressed. If this button is not pressed,
you can define any location simply by clicking on it. Right-clicking or pressing Enter ends the
dragging movement.

Listing System Information
Information — INFO

Lists directories currently used by VariCAD.

2D Drawing vs. 3D Modeling
This section contains a comparison of 2D and 3D. For more detailed descriptions of specific functions,
see 2D Drawing (page 18) or 3D Modeling (page 82).

When starting a new design project, you need to decide whether to work in 2D or 3D. While there are
advantages to both methods, 3D modeling is usually more efficient.

Working in 3D allows you to:

» Create 2D drawings by exporting 3D views

» Update 2D views after 3D changes

+ Calculate volume, mass or surface area of solids
+ Check for interference between solids

» Use common Boolean and blending functions, such as automatic drilling of holes for screws, and
filleting

« Create an exact bill of materials by exporting solid attributes
» Enjoy a clearer display of your work

Working in 2D has advantages as well. Hardware requirements are smaller, and work is faster. If you
only need to create a few small drawings that won’t be updated or changed, working in 2D is more
efficient.

15
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All system settings are available in the Tools menu. If you change 2D drawing parameters such as text
height or dimension style, the settings are saved when the session is finished. If you change system
parameters such as colors, warning sounds, or file backup, the settings are saved immediately.

In most cases, new settings take effect immediately. There are a few settings, such as directories, that do
not take effect until the VariCAD session is finished. In these cases, you are informed of this by a
message.

This section describes a few functions for general system settings. Functions used to manipulate settings
are described in greater detail in other sections of this help system.

Windows and Mouse Settings
Windows and Mouse - WPST

Sets the position of windows and method of dragging.

E Windows And Mouse @

Windows created by VanCal:
(@ Firstat cursor location, others in cascade

(" Always at cursor location

To drag an object:
(" Keep left mouse pressed

(e Pelease left mouse button

After closing awindaw, nexd window:
(Wil be selected from list
O Wil be defined automaticall,

m Eiack| Cancel|

Windows and Mouse Settings window

Sound
. Sound - SOU

Turns on or off warning sounds. Warning sounds are used when you enter invalid data, if you attempt to
close a modified file without saving, etc.

16
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Colors

Colors - COL

All colors used by VariCAD can be madified, such as colors of 2D or 3D objects, colors of 2D drawing
in 3D, colors used for auxiliary images, and highlighting colors. You can save a modified color scheme
as a new palette. There are predefined palettes as well.

The following colors can be set:

« Colors for 2D objects. You can modify color 1-9 for 2D objects. You can also set colors for auxiliary
objects, the grid or construction lines used in 2D.

« Colors for 3D objects. You can modify colors 1-32 for 3D objects. Using this option, you can also set
colors for auxiliary objects used in 3D, a color for the background and a type of the cursor used for
objects selection.

« Colors for 2D drawing in 3D. You can modify all colors used for 2D drawing in 3D (this drawing is
used, when you define or edit a profile for extrusion, rotation etc...).

Except of 2D colors, all settings allow you interactive changes of a selected color. You can change a
selected color’s coordinate dynamically, dragging a scrollbar associated with the red, green or blue color
coordinate. A pattern drawing is displayed and you can visually check changes of the color. For rough
settings, you can use a standard color dialogue.

Important note: If you change the background color, change, or at least, check the color of the crosshair
cursor and other colors, which may be inexpressive on the changed background.

Palettes - PAL

This function allows you to define a new color scheme (palette), rewrite an existing palette or select a
defined palette as current. If you created your own color settings previously and if you want to select a
new palette, the current settings will be rewritten. We recommend saving the current settings as a new
palette, if you want to use them again in the future.

Other Settings
Miscellaneous Settings - OST

Turns on or off the following warning messages:

« |f the loaded file contains invisible objects

17
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Displaying the 2D Drawing Area

18

To change the view, you can use the zoom functions or use the corresponding combinations of mouse
buttons and keys.

Changing the View Using the Mouse and Keyboard

The following keyboard and mouse combinations can be used to manipulate the view:

« Zoom - Shift + left mouse button, or right then center mouse buttons. Moving the cursor up enlarges
the objects; moving down shrinks them.

» Zoom — using mouse wheel

» Pan - Ctrl + left mouse button, or center then left mouse buttons. Moving the cursor shifts the view.

Display Functions

All functions controlling the display are available in the Display menu. Zoom functions can also be
invoked by pressing F5.

Rebuilding Functions

Redraw - F6

Quickly refreshes the 2D area.

Regenerate - REG

Regenerates and redraws all 2D objects.

Zoom Functions

You can change the size of the view by using the following zoom functions:
» Window - the view is defined by the two opposite corners of the desired view window.

» Move View Window - the entire 2D area is displayed in a small window and you can define the new
view size and position.

» Zoom All - the view is sized so that all visible 2D objects will fit inside.
» Zoom Format - the view size is set according to current drawing format.

 Previous View - the display returns to the previous view.
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E,E View Window R|

Select new location of window, change window size

Largerwinduwl Smallerwinduwl Define windaw by corners
Elackl Cancell

View Window

Saving Views

The Save View function enables you to save the current view for future use. To display a saved view,
use the Restore View functions. You can save up to eight views. The Predefined Views toolbar makes it

easy to switch between saved views. See also Saving Views (page 84).

2D Display Settings
Screen Settings

Circle Drawing - SCR

Enables you to increase the number of segments used to draw 2D circles. When the number of segments
is high, circles will always appear smooth even when zoomed closely. Increasing the segment number is
only available within the current session. A high number of segments can slow drawing speed.
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Cursor Settings and Coordinate Listing

Cursor — APE, F7

Sets the type of crosshair cursor, aperture size, and the type of coordinates listed in the 2D Status Bar.
The crosshair cursor is used for creating selection windows or when automatic detection of 2D objects is
turned off. Coordinates can be measured relative to a user-defined origin, as dX, dY from the last point,
or as an angle and radius from the last point.

E,E Cursor g

Aperure size in pixels:
20 40 B g (=
me 120 140

Crasshair cursor size:
(@ Entire screen

(" 2REx2EE pixels
(7 3232 pivels

Coordinate entry:
(o X ghsolute
(" D, Dy increments
(" Radius and angle

m Elack| Cancel|

Cursor window

Types of 2D Objects
In 2D drawing you work with basic objects. These objects behave like individual entities when selected,
and they can later be combined into blocks. The basic 2D objects are as follows:
 Point - used mostly as construction aids

« Line - includes single lines defined by two points, multiple (chain) lines, and curves such as splines or
ellipses

 Arc - includes arcs and circles

« Arrow - similar to lines, with arrowheads at endpoints

« Hatch - for filling closed areas

+ Text - single-text lines or a note containing up to ten text lines

» Symbol - can contain lines, arcs, arrows and/or texts

20
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» Dimension - can contain lines, arcs, texts or arrows

For more information about creating blocks, see 2D Blocks (page 66).

2D Drawing Attributes - Units, Formats, Scale

File attributes can be defined when creating a new file (see Creating and Opening VariCAD 2D/3D
Files (page 10) (page 8) ). This section describes the functions used to change 2D drawing parameters
such as drawing units, format and scale. Attribute functions can be found in the Tools menu.

Units

Change Units - CHU

Change units in the current file by toggling between inches and millimeters. For example, an object
defined to be 1” long will convert to 25.4 mm. Dimension text values do not change, nor do attributes of
inserted mechanical parts. For example, Screw M10 will always have the same attributes, even if units
are changed.

Format and Sheet Border

Drawing Format - FMT

Changes the current drawing format. The format controls the view area, sheet border, and print
attributes.

Sheet Borders Definitions - SBD

You can define custom sheet border formats, modify existing formats, and define the method of drawing
sheet borders.

[ 7 Sheet Borders Definition

illimeter (mm) fl:urmatsl Inch ("jfurmatsl Sheetburder5|

DKl EiEu:kl Canl::ell

Formats window
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E Sheet Borders

X

Sheet borders

Current format is defined; 840 x 594

Frames:

Outerframel Innerframel Frame of drawing areal

Sheet horder attributes:

Center marks | Avuxiliary marks | Scale |

Cutting rarks | Gridl |

lse defaults |
Sa\.fel Backl Cancel |

Sheet Border window

Sheet Border - BOR

Creates a sheet border around the 2D drawing area. The lower left corner of border corresponds to the
origin in global coordinates. Border width and length are determined by the drawing format. Border
drawing method setting is defined in Units and Sheet Border.

2D Drawing Scale

Drawing scale only affects 2D annotation objects such as text, dimensions, symbols and arrows. The
scale affects the proportions of these objects. For example, with a 1:2 scale, a 100 mm line will print as
50 mm long. Text 3 mm high will print as 3 mm high. Changing the scale does not affect dimensions.
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Change Drawing Scale - SCH

Changes the 2D drawing scale. The scale is defined when the file is created, and this function can be
used to change the scale. All objects in the file remain unchanged. New annotation objects such as
dimensions and text are created in different proportions. We recommend finalizing the drawing scale
before starting to assign dimensions.

Attributes of 2D Objects

2D objects have the following attributes:
« Layer

+ Color

 Line Type

« Visibility (blanked or unblanked)

Working with 2D Layers

You can define up to 250 layers in each file. Each file contains one predefined layer named “0.” In 2D
assembly, layers can be used to distinguish between separate details. For detail views or 3D view
exports, layers should be used for distinguishing outlines, axes, dimensions, hatches etc.

Each layer is defined by name, color and line type. New objects are always created in the active layer.
The active layer can be changed at any time, even during object creation. You can also change the
current color or line type without changing the layer. For each object, its layer, color or line type can be
changed at any time.

If objects from another file are inserted into the current file, objects from unknown layers are inserted
into Layer 0.

DEE & v | ~VYOadh o &

[ outline = | 24| | & A4 4 —
[ ] —o
] —
|:| - g
[ | — dimension
H hatrh
. “““““ help
Set only color
Set only line type

Setting the active layer

Layers - LAY

Creates new layers, and edits or deletes existing layers. You cannot delete the active layer, a layer con-
taining objects, or Layer 0.
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i Layers R|
Create, edit or delete layer:
L] 0
] outline
] —-—-- axis
] dimension
| hatch
[ R help

Add| Edit| Delete|

Ok Back Cancell

Layers window

Automatic Layer Changing - ALS

Automatic layer switching is useful for drawing 2D details. Layers are switched according to the
executed functions. Drawing functions like Line or Arc tools create objects automatically placed in
Layer “outline.” Hatches are placed in “hatches;” dimensioning are placed in “dimension.” Layer
changing works when you use the default layer setting from VariCAD installation. Otherwise, you must
turn Automatic Layer Changing off and select layers manually.

If Automatic Layer Changing is active, the following is the list of default layer names and their
behavior:

» The second layer is named “outline,” and is active during drawing functions
* The third layer is named “axis,” and is active while creating axes
* The fourth layer is named “dimension,” and is active while creating dimensions

 The fifth layer is named “hatches,” and is active while creating hatches

EI Change Layer - MLA

Changes the layer of selected objects to that of another object, or to a layer selected from the list of lay-
ers.

Highlight Layer - CHL

Shows all objects on a specified layer, enabling you to check that the layer contains the correct objects.
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For 2D and 3D objects, there are nine colors you can use. By default, the colors are set as follows:

Sample Number Color

[ ] 1 white
B 2 red

] 3 green
B 4 blue

[ ] 5 cyan
B 6 magenta
[ ] 7 yellow
B 8 dark red
] 9 dark cyan

Colors for each number can be redefined using the Colors (page 17) or Palettes functions. For printing,
line thickness is set according to color number. For color printers, you can map colors to other colors.

For traditional pen plotters, color numbers define pen numbers.

Change Color - MPE

Changes the color of selected objects.

Line Types
The following line types are available:
Sample Number Line style
1 continuous

........... 2 dotted
—_—— 3 centerline
_____ 4 short dashed
—_— 5 dashed
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s 6 dash-dot-dot

—_——— 7 dash-dot

Change Line Type - MLT
Changes the line type of selected objects.
Visibility of 2D Objects

|:| Blank 2D Objects - BLA, Ctrl + B

Makes selected objects invisible. You can blank temporarily redundant objects, or objects that cannot be
selected. Blanked objects are not printed, nor are they selected in selection windows.

@ Unblank 2D Obijects - UBL, Ctrl + U

Unblanks objects that were blanked, either in the entire drawing or in a specified area. You can also
unblank individual objects, or all objects on a specified layer.

Work Sets

Work sets can be used to hold 2D objects. Work sets are useful when you want to delete or translate an
entire set of objects. When inserting 2D objects from another file, you can place all new inserted objects
into their own work set.

The following functions are used to manage work sets:

Add to Work Set - ATW
Delete from Work Set - RFW

EI Clear Work Set - CLW

Deletes all objects from a work set

Highlight Work Set - CHW

Helps you verify objects in the work set

2D Coordinate System

VariCAD uses two types of coordinate systems. The absolute coordinate system has its origin at the
lower left corner of the drawing area. The user-defined coordinate system is, by default, identical to the
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absolute system until a new origin is defined. The user-defined coordinate system is unique for each file.
When 2D coordinates are used, they are always relative to user-defined origin.

Locates the user-defined origin while defining the locations of a 2D objects

User Origin - UCO

Locates the user-defined origin or resets to the absolute origin.

2D Drawing Aids

The following aids are available to help you while creating 2D objects:
 Grid

« Construction lines

+ Ortho mode

¢ [Increment cursor movements

Grid

The orthogonal grid provides better drawing orientation and enables snapping to grid points. The grid is
displayed in two levels of brightness. When the grid density is too high to display, the grid is
automatically turned off. Snap distances can be smaller than the grid spacing.

The grid can be especially useful when translating entire sections of a 2D drawing or inserting 3D view
exports. Grid snapping is available even when the grid is not displayed. Entered values are rounded to
the nearest multiple of the snap distance. If you want to use the same grid in subsequent files, save the
current settings as default.

Grid — GRI, Ctrl + G

Sets the grid spacing or turns the grid on or off.

Construction Lines

99 ¢

Construction lines are “helper,” “auxiliary,” or temporary lines, independent of any other objects. You
can create individual constructions lines or a mesh, and objects or other construction lines can be placed
at the intersection points of other constructions lines. Construction lines can be horizontal, vertical, or
diagonal according to two user-defined angles.

The number of construction lines is limited to 100 for horizontal or vertical, and 30 for diagonal. You
can define Angle 1 and Angle 2, but if any constructions lines using those angles exist, they must be
deleted before the angle can be changed. Construction line functions are available in the Construction
Lines toolbar, and from the Objects / Drawing Aids menu.
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Creating Construction Lines

You can create construction lines as:
« Single lines that pass through a selected point

» Groups of lines that have a specified distance from a specified origin (a negative distance creates new
construction lines in the opposite direction)

» Groups of lines that are offset at a specified distance from the previous line (a negative distance
creates construction lines in the opposite direction)

« Single lines that are tangent to a selected circle or arc

Deleting Construction Lines

You can delete all construction lines, delete individually by type (horizontal, vertical, diagonal), or de-
lete all lines by type.

Construction Lines

----- dak QPG W T A
W AR BRKEXBEKEX

Construction Lines toolbar

)
N/

Example: construction lines used to create a side view

Increment Cursor Mode

When not in Increment mode, the cursor moves smoothly and defined locations are based on display
resolution. When using Increment mode, cursor locations are rounded to the nearest multiple of the in-
crement distance. The square or arrow cursor movements are still smooth; only the resulting locations
are rounded. Crosshair cursor movements “jump” in the defined steps. Increment mode is indicated in
the Status Bar. Increment mode is especially useful when used in conjunction with a user-defined origin.

Increment Cursor Mode - STP, F9

Turns Increment mode on or off, or sets the xy increments of cursor movement.
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Ortho Mode

In Ortho mode, lines are always horizontal or vertical. You can also use Alternating Ortho mode, in
which lines alternate between horizontal and vertical, regardless of cursor position. Ortho mode is indi-
cated in the Status Bar.

Ortho On - F11

Turns on Ortho mode. If Ortho mode is already on, Alternating Ortho will be used. Pressing F11 again
will change the direction of the next line from horizontal to vertical or vice-versa.

Ortho Alternating H/V
Turns on Ortho mode, alternating horizontal and vertical lines. The first line is horizontal.

Ortho Alternating V/H

Turns on Ortho mode, alternating horizontal and vertical lines. The first line is vertical.

Ortho Off - Shift + F11

Selecting 2D Objects

While working with 2D objects, you almost always need to select other objects. In a typical function,
you must select one or multiple objects, finish the selection, and then the function processes the selected
set. For example, selection is used when deleting objects, translating objects, changing object color, etc.
Temporary toolbars provide selection options.

Methods of Selecting

The most direct way to include objects in the selection set is to left-click on them. Objects are selected if
they are within the cursor aperture, and selected objects are highlighted in a different color.

A temporary toolbar appears during object selection, which provides additional selection options. All
options are also available on the Select menu. You can select single objects, or groups of objects that
share attributes such as a particular color. You can select groups of objects from the entire drawing, or
you can use selection windows. You can also access selection options by entering the relevant command
keys (which are not case-sensitive). When using commands, the desired object must already lie within
the cursor aperture.

Selecting Types of Objects

These options enable you to select single objects of a certain type, that are found within the cursor aper-
ture. When using these selection options, automatic detection is irrelevant.
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Icon Key Use

L Selects a line

EI P Selects a point

A Selects an arc or circle

S Selects a symbol

Shift + 6 (V) Selects an arrow

i C Selects a hatch

N Selects text

D Selects a dimension

1-8 Selects objects in a work set

Selecting Groups of Objects

Icon Key Use

R Selects objects completely inside the selection window

I Selects objects completely or partially inside the selection
window

I Selects objects completely or partially outside the selection
window

@) Selects objects completely outside the selection window

\ Selects objects on a specified layer

B Selects objects of a specified color

Y Selects objects of a specified line type

TYPE T Selects a group of objects of a specified type. You can select from

the entire drawing, or use a selection window.
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Using Selection Windows (Marquees)

Selection Windows - 2RG

Use this function to determine when and how selection windows will be used. If, during a selection, you
click in the drawing and nothing is selected, you can set the system behavior to do one of the following:

« Display a warning message
 Start a selection window whose behavior must be determined

« Start a selection window whose behavior is defined by which corner the window starts (upper left,
lower right, etc.)

Selecting Objects Related to 3D Solids

Icon Key Use

E Selects a profile to be used to create a solid. The profile is
selected segment by segment.

F Selects a profile to be used to create a solid. The profile is
identified automatically.

M Selects all objects linked to a single 3D solid. These objects are
created by exporting a 3D view.

ik G Selects all objects belonging to a 3D view export.

Limited 2D Selections

Some functions, such as Fillet and Chamfer, require you to select a limited number of objects. In this
case, there is no need to finish the selection group. If you need to select two segments that share a corner,
you can select the segments individually or select the corner itself. To select by using the corner, click
when the V symbol appears on the corner. See also Creating Corners, Chamfers and Fillets (page 46).

Automatic Object Detection

With Automatic Detection, the cursor detects objects within the aperture. Press “+” to activate
Automatic Detection, and press “-*“ to deactivate it.

Deselecting Objects
To delete objects from a selection set, active Deselect and use the normal methods to select

objects - each selected object will return to its unselected state. Pressing X while selecting will
also deselect objects.
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Finishing the Selection

Press Enter or right-click to complete the selection set.

Selecting 2D Locations

Most 2D objects require geometric input in the form of X, Y coordinates. VariCAD makes it easy to se-
lect certain significant locations relative to existing objects. To select a point on an object, move the
cursor over the object so that it is highlighted. Clicking on the object will select the point closest to the
cursor. If cursor approaches a snap point, such as an endpoint or midpoint, a symbol appears next to the
cursor. Clicking when you see this symbol selects the point. The following letters indicate snap points:

Letter

Snap Point

Line endpoint

Line or arc midpoint

Arc endpoint

Intersection

Connection point of a symbol or block

Center of circle or arc

Pl || X|[>|Z]|r

0-deg point of a circle or arc

90-deg point of a circle or arc

180-deg point of a circle or arc

Al DN

270-deg point of a circle or arc

You can also use icons, keys, and Snap menu items to specify snap points or other geometric locations.
If you use the keyboard, the desired point must already be within the cursor aperture. The Snap menu
also enables you to permanently use certain snaps.

Automatic detection of a snap point

2D Snap Points

Icon Key Location
L Nearest endpoint of a line segment
M Midpoint of a line or arc
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Nearest endpoint of an arc

Center of an arc or circle

| @l [2

Intersection of two segments (intersection point must lie within
cursor aperture)

N

Intersection of two segments (select both segments, can also find
intersection of segment extensions)

Point (must lie within cursor aperture)

Insertion point of a block or symbol

Connection point or insertion point of a block or symbol

0-deg point of a circle or arc

90-deg point of a circle or arc

180-deg point of a circle or arc

4

270-deg point of a circle or arc

0

Nearest point on an arc or line

Spacebar

Nearest grid point

C

|| B D) | ) [ [ [

Nearest intersection of construction lines

Combination Location Points

Icon Key

Location

Defined distance from the nearest line endpoint

Intersection of a selected object and a line created from the last
point at a specified angle

Intersection of a selected object and a line created from the last
point, perpendicular to this object

Tangent point on a selected object, directed from the last point

Halfway between two defined points

Points Defined by Keyboard Inpu

t

Icon Key

Location

X K

Enter X, Y coordinates
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D Enter dX and dY from the last point
R Enter the distance and angle from the last point

Other Points and Functions

Icon Key Function

L w Redefine the user origin

N/A I Snaps to the center of the cursor aperture
N/A + Turns on automatic detection of objects
N/A - Turns off automatic detection of objects

Defining Angles and Directions

Some functions, such as symbol insertion or mechanical part insertion, allow you to determine the rota-
tion angle of inserted objects relative to line segments. Angles are measured counterclockwise from the
+X direction (to the right of the origin). Temporary icons and keys are provided to specify the method of
angle definition. The available angle directions are:

Icon Key Angle definition

L Direction is relative to the line proceeding to the left
R Direction is relative to the line proceeding to the right
D Direction is relative to the line proceeding up

U Direction is relative to the line proceeding down

In some cases, the angle can be defined perpendicular to a selected line segment.

Writing Special Characters

Special characters can be used in dimension text. When setting the dimension text location, you can
change the text itself.

34

Text Input - click this icon to write special characters directly from the window.

The following special characters are always available:

* %%c - diameter sign

* %%(d - degree sign

* %%p - plus/minus sign
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* %%% - converted to single %

If you use a US keyboard, you can use the following keys:
e ~1 - plus/minus sign

e ~2 - diameter sign

» ~3 - degree sign

Mathematic Expressions
If you need to specify a numeric value, you can enter a number or a mathematic expression. If either the
expression or number contains errors or invalid characters, a warning message is displayed.
Mathematic expressions can contain the following operators:
* +(plus)
e - (minus)
o * (multiply)
/ (divide)

» " (exponent)

Numbers and variables can be written in brackets or parentheses with unlimited insertion levels.
Mathematic expressions can also contain the following functions:
* sin, cos (sine, cosine)

« tan, atan (tangent, arc tangent)

* asin, acos (arc sine, arc cosine)

* log (decimal logarithm)

* In (natural logarithm)

* exp (exponent of )

* rtd (converts radians to decimal values)

« dtr (converts decimal values to radians)

* sqr (square)

* sqrt (square root)

You must enclose arguments in brackets or parentheses. Trigonometric function arguments are entered
in degrees.

Example of correct expression: 1+2*sin(30)+2*(2"2+sqrt(9))
The result is 16.

Calculator - CAL, Shift + F9

Enter and solve mathematic expressions.
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Checking Objects, Distance, Angle and Coordinates

Checking functions for 2D objects are accessible from the Objects / Check menu or from the 2D Check
toolbar.

2D Coordinates - COO

Displays X, Y coordinates of a selected point.

2D Distance - DIS

Displays the distance between two points.

Angle - ANG

Displays the measurement of an angle. You can define an angle by the following methods:
» By line direction

» By two points

» Between two lines

» By three points

Angles are always measured counterclockwise, and their values are displayed in degrees.
2D Object Information - ODT

Displays information about a selected 2D object. Object type, layer, color, line type, and work set (if
any) are always listed. The displayed data depends on the type of object:

» For apoint - X, Y coordinates

« For lines - endpoint coordinates, length and angle of each segment

« For circles and arcs - centerpoint coordinates, radius, start and end angles
« For text objects - font name and text attributes

» For symbols or blocks - connection points, insertion point and name

» For block - attributes

Drawing 2D Objects

36

This section describes the various 2D objects you can create. See Selecting 2D Locations (page 32) for
details on defining and selecting locations.

Drawing Lines

The following functions enable you to create lines and objects created from lines, such as rectangles and
polygons:
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Line— LIN, Ctrl + L

With this function you can create a single line, a multi-segmented line, or a freehand curve. While
creating lines, the following additional options are available:

Endpoints - the default mode, in which each mouse click defines a segment endpoint.

Close - joins the last point and the first point to close the line.

e B E

Local Ortho - uses Ortho mode only for the current line. Local Ortho enables you to use a
rotated coordinate system, as opposed to the standard Ortho mode invoked by pressing F11.

El

Freehand - creates a freehand curve by holding the mouse button.

Separate Objects - creates each line segment as a separate object.

One Object - creates one object that contains all the line segments.

Multi Line - MLL

& 2 [

A multi line is a group of parallel lines that acts as one line. Before creating multi lines, you can set pa-
rameters such as number of lines, line distance from the center, and rounding.

Multi Line Attributes - change properties during multi line creation.

L ¥ Multi Line

bulti line pararmeters:

Fillet radius |25

Distance of inner line from center |8

Distance of outer line from center |1 1]

" Zlines ® 4lines
[v Fillet edges [v Cwetlap
[v Draw centerline

[v Use centerling type

[~ Close (lock) lines

—
ﬁl Elac:kl Canc:ell

Multi Line window
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Example of multi lines created within one function

Shaft - SHAFT

Creates shafts or other symmetrical 2D objects. Before creating shafts, you can define coordinate display,
rounding, chamfering or creation of conical or cylindrical parts. When drawing shafts, coordinates are
displayed as dX, dY. You can choose whether dX is measured from the first shaft point (total length
from beginning) or from the last point (length of the created segment).

Shaft Attributes - change properties during shaft creation.

[ Vshaft X

Shaft parameters:

Founding radius |1

Chamfer distance |1

O measured frorm:

% Firstentry ( Lastentry

v Overpass rounding

(" MNa chamfer

(" Chamfer all edges

(& Chamfer start and end edges only
(" Charnfer anly at next step

|_ Canstant racing will follow

[T Cone will follow

lm Elackl Cancell

Shaft window
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i

Example of object created by Shaft

Axis - AXIS

An axis can be created in two ways:
» Two points - the axis is defined as a line between two points, with an extension past the points.

» Arc or circle - a set of two axes will be created at the circle/arc centerpoint.

N

Axes created at center of circle, and between two points
EI Rectangle - RECT

Creates a rectangle by defining two opposite corners.
@I Polygon - POL

A polygon is an object in which all sides have the same length. The polygon can fit inside or outside a
specified radius, and you can define the number of sides (vertices) and vertex location.

i Polygon ﬁ‘

Folygon parameters:

MNumber of wvertices |E

Leading circle radius |25

Leading circle placement:
® Inside ( Outside

Folygon orientation:
(" Defined by cursor & Atedge ( Atvertex

Elackl Cancel |

Polygon window
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Tangent Line - TAN

Creates a tangent line by selecting two circles or arcs. The tangent line endpoints are located where you
select the circles/arcs.

Arrows

Arrows - ARR

An arrow is a single- or multi-segment line that has an arrowhead at the end of its last segment.

Arrow Attributes Setting - ARA

This function is available on the Tools menu. You can set the following attributes:
« Style of arrowheads
* Length of arrowheads

* On which ends of line the arrowheads are created

EE Arrows z|

Define arrow parameters:

Aty length at line start |3.?5

Arrow length &t line end |3.?5

Create arrowhead at:
(" Startofline (@ Endofline ( Both ends ofline

Artowy stylel —-
’m Elackl Cancell

Arrows window

Example of various types of arrows (each arrow is a single object)
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Drawing Curves

Graphs - GRA

A graph is a curve defined by X, y coordinates loaded from a text file. Coordinate values stored in a text
file must be separated by spaces.

[:] Ellipse - ELL

An ellipse can be created by defining major and minor axes, or by projecting a circle. To create an ellip-
tical arc, you can define start and end angles. Identical angles will produce an entire ellipse. You can
easily specify identical angles by pressing the Space Bar once while entering the first angle, and again
(without moving the cursor) while entering the second angle.

Dr. Ellipse g‘

bethod of ellipse creation:

(" Projected circle

% hajor and minor axes

[ Axes defined numerically
[ Minor axis defined by circle projection

Length of major axis I

Lenath of minar axis |

Ei==

Angle of circle projection |

lm Backl Cancell

Ellipse window

small

SEMI—QXI5

Large End
SEMI—ax%I5 angle

Example of ellipse
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Spline - SPL

A spline is a curve defined by a series of points. The spline passes through the defined points. You can
choose to create an open or closed spline, and define the number of segments used for curve displaying.
Closed curve are connected smoothly — gap between first and last point is spanned. Splines are created
as B-spline curves.

Creating Points

Points are used in 2D as auxiliary objects.

E| Point - POINT

Creates single points by clicking on point locations.

Points on Arc - POC

Creates points along an arc. You can specify a number of equally-spaced points, or define the distance
between points.

Points on Line, Number - PLN

Creates a specified number of equally-spaced points along a line.

Points on Line, Distance - PLD

Creates points along a line, separated by a specified distance.

Points from File - PFF

Inserts points from a text file, listed as X, Y coordinates. Each set of coordinates in the text file must be
separated by a space.

Creating Circles and Arcs

Circles and arcs are actually the same objects; a circle is a 360 degree arc. Angles of arcs are measured
counterclockwise, with zero degrees along the positive X axis.

Circle Center Radius - CCR

Creates a circle defined by a centerpoint and radius.

Circle Center Point - CCP

Creates a circle by defining the centerpoint and a point on the circumference.
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(_J| Circle 2 Points - CR2

Creates a circle by defining two circumference points and the radius. The circle is created when you
specify the side of the circle center, relative to the line connecting the two circumference points.

Circle 3 Points - C3P
Creates a circle by defining three circumference points.
Circle Tangent to 2 Objects - CT2
Creates a circle tangent to two objects (lines, circles, arcs) with a specified radius.

Circle Tangent to 3 Objects - TG3

Creates a circle tangent to three objects (lines, circles, arcs).

Group of Holes - HOL2

Creates a group of holes (circles) along a circle or line.

Arc Center Radius - ACR

Creates an arc by defining the centerpoint, radius, and start and end angles. To create an entire circle, the
start and end angles must be identical. You can easily specify identical angles by pressing the Space Bar
once while entering the first angle, and again (without moving the cursor) while entering the second an-

gle.

Arc Center Point - ACP

Creates an arc by defining the centerpoint, point on circumference, and start and end angles. To create
an entire circle, the start and end angles must be identical. You can easily specify identical angles by
pressing the Space Bar once while entering the first angle, and again (without moving the cursor) while
entering the second angle.

Arc 2 Points - AR2

Creates an arc by defining the radius and two endpoints. The arc is created when you specify the side of
the arc center, relative to the line connecting the two endpoints.

Arc 3 Points - A3P

Creates an arc by defining the first endpoint, a point on the circumference, and the second endpoint.
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Arc Point Tangent - APT

Creates an arc by defining the radius, point on circumference, and a tangent line or arc. The arc is
created when you specify the side of the arc center.

Arc Tangent to 2 Objects - AT2

Creates an arc tangent to two lines or arcs, specifying the arc radius.

Creating Text Objects

There are several ways you can add text to your drawing: as single text lines, as notes of up to 10 lines,
or inserted from a text file. Text can be horizontal or drawn at a specified angle. See Editing Text (page
48) for details on modifying existing text.

Text Attributes - TXA

You can set the following text attributes:
» Text height

» Text angle - angle of the text line (single-line text or text file inserts are horizontal, but the angle can
be changed later)

» Text slant - the angle of individual letters
 Line spacing - relative to text height

» Text width - relative to text height

» Text insertion point

» Text font (most have fixed width, except for Simplex1)

EE Text B‘

Text attributes:

Text haight [
Text angle |D
Text slant ID
Width relative to height [1

Line spacing relative to height |1 7

Inserion paint | Lower left
Faont | simplex

Elackl Cancell

Text Attributes window
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Note (Multiple Lines) - NOTE

A note is a single object containing up to 10 lines of text. Notes are inserted by drag and drop, and you
can define text width as a ratio of two distances.

=21 Single Text Line - TEX

Single text lines are drawn horizontally. First locate the start point of the text, then type the text. Press
Enter to finish each line. Before selecting the text start point, you can also:

Copy Text Attributes - use attributes from a selected text object.

TERT
=t

Insert Text File - TXI

Inserts text from a file into the drawing. Select the file, then select the lower left point of the first text
line. You are asked to confirm each line, and you can interrupt insertion and redefine the position of
subsequent lines. You can also cancel the insertion before reaching the end of the file.

E Text File Insertion

Mext lines will be inserted:
Daown & g

Mext insered line (1 of 107 will be:

ogwadas

Copy line spacing | Text atiributes |

Insertlinel Newinsertin:unpn:uintl Finishinsertiu:nnl
Elackl Cancell

Inset Text File window

Editing and Deleting 2D Objects

This section describes how you can change the shape of selected 2D objects and text. For information on
how to select objects, see Selecting 2D Objects (page 29).

Deleting Objects
Delete 2D Objects — DOB, Ctrl + D

Deletes one or more selected 2D objects.
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Changing Objects Geometry
Trim - TBO

Removes sections of lines and arcs that lie on one side of a trimming curve. You can also define a tem-
porary trimming line by defining two points.

Remove Segment - RSG

Removes a segment from an arc or line. The removed segment is defined by two points.

EI Extend - EBO

Extends lines or arcs to a defined curve. You can also define a temporary extension line by selecting two
points.

Break Line - BLN

Creates break marks on a selected line, by selecting the location of each break mark.

Example of break lines

Circle from Arc - CEC

Creates a full circle from a selected arc.

Edit Spline - ESP

Edits the selected spline. Select one of the spline definition points and drag it to a new location. While
dragging, the spline shape updates dynamically. Press Enter or right-click to finish editing.

Creating Corners, Chamfers and Fillets

Each of these functions can be applied to line or arc segments. You can select both segments at once by
selecting the intersection snap point, indicated by a VV-shaped symbol at the cursor. If segments are se-
lected separately, you can choose to apply the function to the first, second, or both segments. If any
segments will be trimmed as a result of the function, select the segment on the non-trimmed portion.
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Selecting an intersection to be rounded

Q

Result of rounding

Corner - CCO

Creates a sharp corner at the intersection of selected segments. Segments will be trimmed or extended to
create the corner, so select the segment on the non-trimmed portion.

Chamfer 2D Corner- CHM, Ctrl + R

Creates an angled chamfer between two lines. You can define the chamfer by distance along each seg-
ment, or by distance and angle for one segment. You can choose whether to trim or extend segments.

Fillet 2D Corner — RND, Ctrl + F

Rounds the corner between lines or arcs. When applying a fillet to two arcs, you can choose a convex or
concave result. You can also choose whether to trim or extend segments.

Breaking and Dividing 2D Objects
Explode - EXP

Explodes selected 2D object into their basic elements. Objects are exploded according to their type as
follows:

« Lines, rectangles, polygons become single line segments
* Arrows become lines

» Hatches becomes lines

» Dimensions become lines, arrows, circles and text

» Text becomes single text lines

» Symbols become the objects they contain

 Blocks become the objects they contain; nested blocks become single blocks
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Divide by Point - BPO
Divides a line or arc at the selected location, creating two separate objects.
Divide by Curve - BBO

Divides a line or arc by a specified curve, creating two separate objects. You can define a temporary
curve by selecting two points.

Editing Text
=1 Edit Text - ETX

Modifies the selected text. The text lines appear in the editing window where they can be edited.

m=| Text Attributes - TAC

Changes attributes of the selected text. Before selecting text to change, define the new attributes and
whether the text parameters, font or insertion point will be changed.

Align Text - JITX

Moves text lines horizontally, aligned to a centerpoint or to another selected point.

| Text Width - TWD

Changes the width of the selected text width. The new text width is determined as ratio of two distances
you defined with the cursor.

Move Text Vertically - MTI

Moves text lines vertically. The move distance is a factor of line spacing, and you must enter the number
of lines to move. Text can be moved after text is deleted, or in order to insert text between lines.

EE Move Text B|

Mumber of lines to move:

Lines |2 :I

tove down ® boveup O
OKI Elan:kl Cann:ell

Move Text window
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Explode Font - BTF

Explodes 2D text letters into line segments. This is useful when you want to create a profile from a
single letter, to be used in Extrude, for example.

Transforming and Copying 2D Objects

Transformation functions enable you to change an object’s location or scale, and move, copy and rotate
objects. All functions allow you to either define transformation parameters first and then apply them, or
to perform the transformation dynamically. See Dragging Objects (page 15).

Translating, Rotating and Scaling

Translate or Copy 2D Objects— MOV, Ctrl + T

Moves or copies objects by first defining a translation vector. The vector is defined by two points and
indicates distance and direction. If objects are to be copied, you can specify the number of copies, and
the original object is preserved. Multiple copies are made along a row.

EE Vector Translate B|
Murmber of copies |1 E

" Move & Copy
[ Modity dimensions after move [ copy

Define number of copies by cursu:url

m Elackl Canu:ell

Vector Translate window

o O

Criginal Only Translation
abject translation and copying

Moving and copying
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Dynamic Translation - DRG

Moves or copies objects, with cursor movement defining the new object locations. Select the objects,
define their insertion point, and select new locations of the insertion point. If you choose not to delete
the original objects, copies will be made.

Rotate or Copy 2D Obijects - ROT

Rotates objects around a defined point by a specified rotation angle. You can choose to rotate only, or to
rotate and copy. If multiple copies are made, each copy is separated by the rotation angle.

AN
o T

O

Original Only Rotation
abject ratatian and copying

Rotating and copying

Dynamic Rotation - DRO

Rotates dynamically using the cursor. Select objects, define the center of rotation, and select a reference
point. The cursor movement defines the direction from the rotation center to the reference point. You
can choose to rotate only, or to rotate and copy.

Translate and Rotate - DTR

Both moves and rotates objects. Select objects and define the first and second reference points. Then de-
fine new locations of both reference points. If you choose not to delete the original objects, copies will
be made.

Scale - SCA

Rescales objects. Select the center of scaling and the scale value. You can choose to scale only, or to
scale and copy. If multiple copies are made, the scale value is applied to each copy progressively.

Dynamic Scaling - DSC

Scales dynamically using the cursor. Select objects, define the center of scaling, and select a reference
point. The cursor movement defines the scale value. If you choose not to delete the original objects,
copies will be made.
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Array Copy - CTA

Creates an array of copied objects. Define the origin of rows and columns, the direction and distance
between columns, and the direction and distance between columns. Then specify the number of copies
in rows and columns. This value is the number of new copies; the original object is not included. You
can also define the number of copies by using the cursor to select the location of the last objects in rows
and columns.

Mirroring Objects

. Mirror - MIR

Creates a mirror image of selected objects. The mirror axis can be an existing line, or you can define a
temporary line by selecting two points. You can choose whether to delete existing objects. If you use
non-isotropic mirroring, the mirrored object will be created on the same side of the mirror axis, and will
be scaled perpendicular to the mirror axis. Scaling is only possible for lines.

E,E Mirror g|
li

(@ Mdirror € Mon-isotropic mirraring
v Delete ariginal ohjects

[ Define mirrar axis

W Eiack‘ Cancel|

Mirror window

Offsetting Objects
Offset - OFFS

When offsetting objects, you can define an offset distance or create the offset so that it passes through a
specified point. You can offset to individual lines, arcs, and polylines, or you can create a continuous
offset curve by selecting a chain of connected objects. To do this, select the first line or arc in the chain
close to the beginning of the chain. In other words, do not select the segment close to where the next
segment is connected.
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EE Offset

Difset parameters:

Offset distance ﬁ

MNumber of copies |1 :I

Create offset:
® Atadistance ¢ Through point

Create offset from:
® Line, arc  Paldine ( Multiconnected ohjects
[ Offset single segrment only

m Elackl Canc:ell

Offset window

Stretching Objects
EI Stretch - SOB

Uses the cursor to define the new shape of selected linear objects. Use a selection window to encompass
the corners and endpoints of line segments you want to move. After selecting objects, select a reference
point and move the cursor to stretch the objects. To stretch horizontally or vertically, turn on Ortho
mode.

IEI Stretch to Direction - DST

Stretches objects along a defined direction. You can stretch objects horizontally, vertically or by a
diagonal vector defined by two points. Define the line dividing the preserved and translated parts of the
objects to be stretched, the objects, and the reference point. Move the cursor to move the reference point.
This type of stretching can only be done on lines; other types of objects are moved without being
stretched.

Dimensioning

52

Dimensioning enables you to describe geometry by displaying measurements. All dimensioning func-
tions can be found on the Dimensioning toolbar or in the Objects / Draw menu. To create dimensions,
select the objects to measure and drag the mouse to locate the dimension text (see Dragging Objects
(page 15) ). Dimensioning tools have several options for additional formatting and settings.

F &R L5 50 e 8 A

The figure above shows additional icons and the text change window in the toolbar.
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Once created, the dimensions can be easily edited (see Editing Dimensions (page 62) ). Format and style
of dimensions and dimension text can be modified using Dimension Attributes (page 57). Changing
dimension text height affects the length of leader lines arrows.

Single Dimensions - Horizontal, Vertical and Diagonal

Horizontal Dimension - HDI

Vertical Dimension - VDI
Diagonal Dimension - SDI

Single dimensions are defined by selecting start and end points, then locating the dimension text.

Dimension Format - Before the text location is defined, you can change the current dimension
format. You can also use Dimension Format to set the format of future dimensions.

Dimension Format provides the following options:
» According to defined input (default) - cancels all other previously selected options.

« Current Dimension Serial - select the dimension you want the current dimension to be aligned with.
For example, if you select a horizontal dimension, the current dimension will be in series with it, at
the same level. This creates a chain of aligned dimension at the same level.

» Current Dimension Baseline - similar to Current Dimension Serial, except that baseline dimensions
are created.

« All Dimensions Serial - similar to Current Dimension Serial, the current and future dimensions are
affected, until another option is selected.

+ All Dimensions Baseline - similar to All Dimensions Serial, except that baseline dimensions are
created.

» Toggle Points and Arrow - switches between points and arrows on the leader lines. This option is
useful when space is limited.

+ Center Dimension Text - for the current dimension, all texts will be automatically centered.

3 3

- ——y
| il

Dimension arrows changed
Dimension text is created automatically, and you can use Dimension Attributes (page 57) to define pa-

rameters. For the current dimension, you can change text directly in the text input window in the tempo-
rary toolbar. This toolbar contains the following additional options for text modification:
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Tolerance - modify the dimension tolerances.

Text Input - add text and special characters. Characters such as the degree sign, diameter sign,
or plus/minus sign can also be created directly from they keyboard - see Writing Special
Characters (page 34).

Dimension Text Attributes - controls the dimension text properties such as text height, angle,
and font. Leader line arrow size is controlled by dimension text height.

To change the text scale, use Dimension Attributes (page 57). This is useful when a rescaled detail is
dimensioned.

For diagonal dimensions, the dimension angle is defined by the start and end points. To change this, you
can use the following additional options:

Define Dimension Angle - enables you to change the dimension angle.

Automatic Dimension Angle - returns the dimension angle to the default.

Predefined Horizontal, Vertical and Diagonal Dimensions

Predefined dimensions contain standard text characters such as diameter symbols. These are useful when
dimensioning objects like circles or threads.

Horizontal Diameter Dimension - HDM

= [

Vertical Diameter Dimension - VDM

ﬁ

Diagonal Diameter Dimension - SDM

id

Horizontal Thread Dimension - HTH

Vertical Thread Dimension - VTH

~ e

Diagonal Thread Dimension - STH

30

@
Mo20

Example of predefined dimensions
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Serial, Baseline and Datum Dimensions

These functions create multiple dimensions. The first dimension in this group is defined as for single
dimensions (by 2 points), and subsequent dimensions in the group require only one point.

Baseline dimensions are a group of parallel dimensions that all start at the same point. The offset be-
tween parallel dimensions is defined in Dimension Attributes (page 57). Datum dimensions consist of a
line of points, at each of which the dimension defines the total distance from the start point. Serial di-
mensions are a chain of aligned dimensions that define the distance from point to point.

Horizontal Baseline Dimensions - HPD
Horizontal Serial Dimensions - HSD
Horizontal Datum Dimensions - HDD
Vertical Baseline Dimensions - VPD
Vertical Serial Dimensions - VSD
Vertical Datum Dimensions - VDD
Diagonal Baseline Dimensions - SPD

Diagonal Serial Dimensions - SSD

0 R 51 O A R E T =51

Diagonal Datum Dimensions - SDD

il Y il Y Pl Y

1 S WL 40 i W
U
{:: —
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'C:l“. S E:‘_j% w1 1 D ". e
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Example of baseline, serial and datum dimensions
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Angular Dimensions

IEI Angular Dimension - ADI

Angular dimensions define the angle between two lines. You have the same additional options as for the
linear dimensions, as well as the following:

EI Greater Than 180 - dimensions the angle greater than 180 degrees.
Less Than 180 (default) - dimensions the angle less than 180 degrees.
@ Complementary Angle On - dimensions the complementary angle.

Complementary Angle Off - turns off the complementary angle dimensioning.

135

Example of default angular dimensioning, complementary angle dimensioning and dimensioning of
angle greater than 180 degrees

Diameter and Radius Dimensions, Thread Dimensions

Radius Dimension - RDI

Diameter Dimension - DDI

These dimensions are defined by selecting an arc or circle and locating the dimension text. Additional
options for radius dimensions include:

Mark Arc Center On - creates a mark at the arc center.
Mark Arc Center Off - turns off marking.

Thread dimensions - THR

Thread dimensions behave like diameter dimensions, except the predefined thread symbol is used.
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Dimension Attributes

Dimension Attributes - DMA

Available on the Tools menu, Dimension Attributes enables you to change dimension styles and other
properties. The following properties can be modified:

» Text attributes - height, slant and font. Text height controls the size of leader arrows.

« Dimension attributes - distance between parallel baseline dimensions, distance between text and
leader lines, text centering, dimension scale, witness line creation, tolerance position, angle
dimensioning and number of decimal digits

» Arrow style

» Dimension Style - text angle, position with respect to leader lines, inch and foot representation and
definition of radius, diameter and thread symbols

.Y Dimensions R‘

Distance hetween text and leader ling

Distance between dimensions |?
YWithess line owvetlap |1
YWithess line gap to 20 objects |D
MNeg. tol. height, rel. to text height |—D.2
Fos. tol. height, rel. to text height |D.?‘
Felative tolerance text height |D.5
Hoariz tal. text location |D.B

Angle between v axis and text line |15

Dimension scale |1

MNumber of decimal digits:
C Mone 10 20 3¢ 4@ Optimized
Angular dimensioning:

® Degrees. minutes, seconds ( Degrees. decimal digits

I_ Center dimeansion texd

Text parameters Dtherseﬂingsl DKI Elackl Canu:ell

Dimensions window; basic settings
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EE Dimensions

[v Zero befare decimal point

¥ Puointinstead of comma

[ Dimension text always horizontal
[ Finish symbal text abways horizontal
[v' Drawinside leader

I_ Textinside leader ling

Inch format:

® Decimal O 176 C 1/32 C /64 © 1128 14256

Feetformat;
[ Feetinches
[~ Feetinches

Alternate radius marks IRAD Ll
Alternate diameter marks IDIA Ll
Alternate thread marks: ITH Ll

Alternate mark location:
Radius mark: (8 Defaull { Befaretexd { After tex
Diameter mark: (® Defaull  Beforetexd ( After tex
Thread mark: (@ Defaull ( Beforetexd ( After texd

Arrowhead style | —
Elac:kl Cancell

Dimensions window; setting dimension style

N R 10
Q_.
1 \/ f
70
f

30

20

lat—— 5] ——— -

i
Y

Example of dimension styles

Finish Symbols
Finish Symbols - FSY
Finish symbols are created by entering a roughness value, or by selecting a symbol for unmachined sur-

faces. Symbols can be attached to a line, arc or dimension witness line, or they can float. When attaching
to a 2D object, you can drag the symbol around the object before selecting its final position.
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N
"

Finish symbols example

Weld and Tolerance Symbols

Weld Symbols - WSY

The weld symbol includes a basic symbol, supplementary symbol, dimension of weld size, and weld
process symbol. When defining a symbol, you can change text and other attributes, and see a preview
before creating it. You can also save up to nine symbols for future use. To create a weld symbol, first
select the weld location and then select the symbol location.

E,E Weld Symbols

X

wWelding symhbals:

Connection: Wield style:

® Mot specified @ Mot specified

" “Welding process (" Perimeter

(" Other specifications (" Siteweld

" Reference numhet (" Alternated welds
Weld specification: Basicweld symbol Contour syrmbol

N NN/

Weldlength  [60 \/ \/‘ E_Z I_Z
Space [ Y ’/ Kr/ [ 2

Weld location: Edit. Text parameters: | Symbal parameters
® Dividing plane ® Arrow side

" Arrow side " Opposite

" Opposite

Sawvefrestore Symboll Redrawl Elackl Cancell Resetl

Welding Symbols window
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55 x 60

<

Example of welding symbol; this symbol was created within one function.

Weld Symbol Settings - SWS

Available on the Tools menu, allows you to choose whether the weld symbols will be created according
to ISO or ANSI standards.

Tolerance Symbols - TSY

Similar to welding symbols. Datum feature symbols can also be created.

E,E Tolerance Symbols g|

M —|Z|=
Z = >
otk Ol /e

& Tolerance: " Datum feature:

==

Line:1
Daturn feature symbol IA

Target area size I

|_ [Daturm feature

Tolerance value
Local tolerance

Frimary datum feature A
Text parameters: |

Secondary datum feature
Symbol parameters |

Tertiary datum feature

11T

Rezet |

MNext line | Frewvious ling |

Save,.“resturesymboll Redrawl Im Bac:kl Cancell

Tolerance Symbols window
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Creating Leaders

Leaders - POS

Leaders are typically used in 2D assembly drawings. Leader attributes are defined first, then the location
on a 2D object, and then the location of the leader text. Text positions must be defined for the first and
second leaders. The dX and dY values of the two leader texts are used to locate texts for the next leader.
After the first leader, you need only to define the 2D object for the next leader and confirm the text posi-
tion, and the value of each leader is automatically increased. As with dimensions, the leader value can be
modified in the text window of the temporary toolbar. While defining leader positions, the following op-
tions are available:

Leader Attributes - modify leader attributes

E Leader Distance - define distance between adjacent leaders. This setting is useful only when
dragging requires the left mouse button to be pressed.

Leader Text Attributes - modify leader text and text properties

¥ Leader Attributes S|

(" Arow on abject side

(" Shortling on object side
(" Filled circle an object side
® PMathing on abject side

® Flag an text side
(" Mathing an text side
(" Circle ontext side

Arraw [ength 375
Line [ength
Filled circle size |0.7

Flag size

Ak

Cirzle size b

Witness line l:CI|DI‘| -
Flag colar -

Text attributes |
ﬁl Elackl Cancell

Leader Attributes window
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- O
Example of leaders

Editing Dimensions
Edit Dimension Text - EDI

Edits the text of a selected dimension. The same text editing options are available as when you created
the dimension.

Move Dimension Text - MDT

Uses drag and drop to move the text of a selected dimension. Be careful when using this function, be-
cause if you create more dimensions after moving the text, you could have overlapping objects.

Edit Dimension - EDM

Change any attribute of a dimension. You can change everything about a dimension except for the orig-
inal dimension definition points and the 2D object itself. One additional option is available:

Edit Multiple Dimensions - modify multiple dimensions, according to the properties of the first

selected dimension.

For more information see Dimensioning (page 52)

Hatching

62

Hatching functions, typically used to identify sections, are used to fill a closed area. A simple hatch
consists of lines at a specified angle and separation distance. You can also select a predefined hatch
pattern and density, or create your own pattern. Hatch boundaries can be defined by selecting individual
segments, by automatic boundary detection, or by automatic detection of 3D section boundaries
exported to 2D. Hatch boundaries must be closed, and any entities that are partially inside the boundary
are not used. Hatch boundaries may contain islands.
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Solid Fill

To use a solid fill, choose the horizontal line pattern and define a hatch distance smaller than the
thickness of printed lines.

Hatching 2D Objects
Simple Hatch - HAT

Uses a pattern of straight lines. You can define the distance between lines and the line angle. Select each
segment of the hatch boundary. For segments that need to be trimmed for the hatch (such as overlapping
lines), reselect the segments that are to remain in the boundary. (This trimming is used for hatching only,
the original objects do not change.) The following additional options are available during boundary se-
lection:

Create Temporary Boundary Part - creates temporary lines and arcs for hatch boundary

segments. These objects will be removed after hatching. You can also select single segments
from a multi-segmented line.

Change Previous Hatch - change previously created hatches.

Pattern Hatch - PHA

Pattern Hatch is similar to Simple Hatch, except that you can select a predefined hatch pattern and spe-
cify the density.

Select hatch pattarn:

7

Increase density | Decrease density |

MNext pattern | Fresious pattern |

M Back | Cancel

Hatch Patterns Window

Simple Hatch - Find Boundary - AHB

Like Simple Hatch, the hatch pattern consists of straight lines. Rather than select each boundary segment,
click just one segment. Then select a point on the side of the segment within the desired boundary. You
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can continue selecting more boundaries, or add islands. Press Enter or right-click to finish the boundary
definition. The following additional options are available during boundary selection:

Set Boundary Detection - ignores any open segments crossing the area boundary, and ignores
any small gaps.

Remove Objects Temporarily - ignores selected objects. Select these objects first. Before
hatching, the objects will be removed temporarily, and will be reinserted after hatching is
complete.

Pattern Hatch - Find Boundary - APH
Similarly to Simple Hatch, Find Boundary, you can select a pattern to fill a detected boundary.

Hatching 3D Sections

Sections from 3D objects that are exported as views to 2D can be hatched the same way as objects
created in 2D. In addition, 3D section boundaries can be automatically defined.

Simple Hatch - 3D Section - HSE

The hatch pattern is the same as for Simple Hatch. Select a segment of the 3D section, and the entire
boundary is automatically identified. If a 3D section is created from more than one plane, it may be ne-
cessary to remove some of the automatically detected lines inside the boundary.

Add/Remove - removes objects from the temporary set. Because the boundary is selected
automatically, you can use this option to remove any restraining lines across the area.

For more information see Selecting 2D Objects (page 29).

Pattern Hatch - 3D Section - HPSE
Similarly to Simple Hatch - 3D Section, you can select a pattern to fill a detected boundary.
Creating a Hatch Pattern

Create Pattern - CHP

Create your own pattern or edit existing patterns. Each pattern is created as up to eight groups of lines.
Each group is defined by an angle and a basic distance. You can define some lines in the group to be
blanked. Each line can be assigned a line style, consisting of a number of line segments of specified
length.
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Symbols

Symbols are sets of 2D objects. Symbols are defined by:

« An insertion point

» Connection points - used after insertion for snap locations
* Name and comment

You can insert symbols from standard libraries and create your own symbol libraries. The standard
VariCAD package offers libraries for hydraulic symbols, pneumatic symbols, and electrical symbols.

Welding, tolerance and finish symbols are managed by other functions, see Dimensioning (page 52).

X:

]

L

4 H
4 H

| AN U VAR

Example of symbols

Insert Symbol - SLI

Inserts symbols from the open library. If no library is open, select the library first. When inserting sym-
bols from a library, you can use icons to select symbols. During insertion, the symbol automatically ad-
justs its dimension to the current drawing scale. The following additional options are available while in-
serting symbols:

Rotate Symbol - rotates the inserted symbol by a specified angle.

Scale Symbol - changes the scale of the symbol.

Open Symbol Library - SLA
If you want to create, edit or insert your own symbols, open the symbol library first.
Create Library Symbol - SLC

Create your own symbols and save them to the open library. Define the insertion point and connection
points, select symbol objects, and assign a name and comment. You can also choose whether inserted
symbols will use their original line attributes, or whether the attributes will depend on the current set-
tings.
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Edit Symbol Names - SYC

Edit symbol names and comments, or delete symbols from a library. To add or change the symbol itself,
use Create Library Symbol.

2D Blocks

66

Obijects created in 2D can be combined into blocks. Blocks behave and are selected as single objects.
The only time individual objects can be selected is when changing object color or line type. Connection
points are used to define snap points for the block. A block is defined by:

+ 2D objects, including nested blocks

* Insertion point

« Connection points (up to 32)

» Name and attributes

Blocks can be inserted into the current file, can be stored and inserted into other files.

There are libraries of mechanical parts (screws, bearings, threads, etc.) you can insert into your drawings.
These are inserted as blocks, with predefined attributes. For more information, see Libraries of
Mechanical Parts (page 68).

Creating and Inserting Blocks

Create Block - BLC

To create a block, define the insertion point, any connection points, 2D objects that comprise the block,
and block name and attributes. You can use one of the block attributes as the block name, and you can
select whether the attribute will be blanked or unblanked. For visible attributes, the location of attribute
text must be defined.

Save Block - BLS

Saves the selected objects to a file with the extension *.bkb. Enter the filename, define the insertion
point, and select the block objects to be saved. It is recommended to select only one object.

Insert Block — BLI, Ctrl + K

Inserts saved blocks into the drawing. You can select blocks from a list of saved blocks. Select the
location of the insertion point, and you can drag the block to new locations. Insert Block is also invoked
when you insert a part from a mechanical part library. This type of block is selected from an icon menu
and created according to predefined dimensions.

During block insertion, you have the following additional insertion options:

Rotate or Scale - enables you to:
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* Rotate the inserted block by a specified angle
« Scale the inserted block by a scale value

« Orient the X axis of the block along or perpendicular to a selected line. The X direction is
defined from the insertion point to the right

* Insert the block at the origin
« Scale the block according to the drawing scale (not available for library parts)

« Change units from mm to inches or vice-versa (not available for library parts)

F

| New Insertion Point - changes the block insertion point. Insert the block first into a temporary
position and then select the new insertion point.

Editing Blocks
Edit Blocks - BLE

If no block is open for editing and this function is invoked, you can select a block to edit. The selected
block is highlighted and you can use any 2D functions to create, edit, or delete block objects.

If a block is currently open for editing and this function is invoked, the block objects are highlighted and
inserted into a temporary work set. You can select other objects to add to the block, or select objects to
be deleted from the block. See also Selecting 2D Objects (page 29).

Change Block Insertion Point - BIE
Redefine the block insertion point.

Edit Block Attributes - BAE

Add, edit or delete attributes of the selected block. The attributes list appears after you select the block.
You can blank or unblank attributes as well, and for visible attributes you can change text position or
text attributes as well.
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All mechanical parts can be found on the Parts menu. The following parts are available:
» Screws (bolts)

* Nuts

» Washers

 Pins and splines

* Rings

* Rolled profiles (structural steel)

» SKF bearings

« Spline shafts (only for 2D)

» Threads (only for 2D)

The parts are created according to the following standards:
* ANSI

* DIN

 Other standards, including European standards and 1SO

All parts have predefined default names and attributes. The names indicate the part definition and basic
dimensions according to the chosen standard.

Selecting Mechanical Parts

68

Select a part (screw, washer, etc.) from the Parts menu. The icon menu appears from which you can
select a specific part, such as a hex bolt. To define the dimensions, you can select:

» One basic dimension from the list. The other dimensions will depend on this basic dimension. For
example, for defining a bearing, select the shaft diameter.

» One basic dimension from the list, then other dimensions from the list. For example, for defining a
screw, select the bolt diameter. Then a list of lengths appears, depending on the selected diameter.

» One basic dimension from list, then enter the other dimensions manually. For example, for defining a
rolled profile, select the profile dimensions and then enter the desired length of the beam.

Inserting Mechanical Parts into 2D

When defining part dimensions in 2D, you can also select the method of drawing or which view of the
part will be inserted. For example, when defining a rolled profile you can choose whether or not to hatch
the section. When defining a screw, you can choose to insert the front view, left view (axial view), and
head.

Mechanical parts are inserted as blocks, and have predefined connection points. For details on inserting
blocks, see Insert Block (page 66).
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* side view diarneter [mm] d 10 ~
" head, side view length [mm] | 25
- thread length [mm] b 32 3
el view head diameter [mm] dk 16
head height [mm] k10
ﬁl M ﬂl width across flats [mm] s 8 ~

Mechanical Part window - 2D

Inserting Mechanical Parts into 3D

When defining part dimensions in 3D, you can:

« Select whether the part is inserted as a new part, or replaces a defined part. An example of replace-
ment would be replacing one type of screw with another. If you define the parts to be replaced by
name, you can replace all instances of a part in the entire file. See also Selecting Solids (page 97).

¥ ding12 X
dimension length [mm)]
1.6 ~ |16
M2 20 &
M2 5 =N
M3 30 = @
B 35 =1
1 40 ) =
G = =2 = S
MG o H
h12 v ke
Replace selected objects | Wariahle values
diameter [mm] d 10 A
ﬂl length [rmm] | 25 i
thread length [mm] b 32 3
head diameter [mm] dk 16
head height [mm] k10
width across flats [mm] = 8 v

Mechanical Part window - 3D
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Working with Mechanical Parts in 3D

Mechanical parts are created according to respective standards and they should not be modified. If you
attempt to edit shape of library mechanical part, warning message is displayed. Rolled profiles can be
edited without any warning.

Smart Functions using 3D Mechanical Parts

If possible, some mechanical parts have defined method of cutting or trimming other solids. For exam-
ple, if you want to create hole for screw, you can use screw as “cutting tool” and create hole as exact
negative copy of cylindrical part of screw. This method corresponds with creating hole with thread. If
you select corresponding modification of counterpart, hole with diameter greater than screw diameter is
created. Hole’s diameter is created according to respective standard.

Example of 3D library parts.



Chapter 10. Mechanical Part Calculations

Part calculations can be accessed from Objects / Calculations. Only I1SO units (mm, N, MPa etc.) are
used for calculations. Values can be calculated for the following mechanical parts:

» Compression springs
 Tension springs

* Keys

* Spline shafts

» Screws

+ Pins

e Spur gears

« Straight bevel gears
* V-belt drives

+ Roller chain drives

» Beams or shafts (for bending and torsion)

X

E’_ Compression Spring Calculations

Define walues:

Maxirnurm farce F8 [N]

Initial force F1 [N] [ =2
Allowable torsion stress Tau [MPa] l— o E@ ¥ =4
Factor of safety kTau [-] l— h_l' n
tean diameter of coil D [mm] li \ \ \ \ \ \
Diameter ofwire d [mm] Ii M
Calculate | Adjust by Iistl Select fram Iistl l?ﬁ

(@ DTau->di( dTau->D0,i( Check Taud .

e P

Working stroke h [mim]

Torsional modulus of elasticity G [MPa]

MNumber of active coils n [-]

11
%
-

Caleulate n | AdjustD | Adjusth |

MNumber of end coils nz [-]

Calculate IminFl

Mumber of machined coils 20 [-] Resultsl Sa\.feresultsl Elackl Cancell

|

Iminf18 {18 >= IminF ) [mm]

Compression Spring Calculations window
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i Square Key Calculations g

Define values:

Wwiiidth af ke [mm]
Height of ke [mm]

MNumber of keys [-]

Tarsion moment [Nm) I Key fram list ITight = LI
Shaft diameter [mm] I
Allowable pressure [MPa] I

—

—
—
—

Results: Calculated pressure:
Length of kesy [mm)] I
Calculate | According to Iistl Fressure allowfcalc:

Cheu:kl Elau:kl Canu:ell

Square Key Calculations window

.7 Spline Shaft Calculations g‘

Define wvalues:

Spline shaft series [-] ILight LI
Torsion maorment [Mm] I—
Allowahle pressure [MFa] I—
Allowable stress [MPa] I—
tiner dizmeter d [rmrm] |23—
tajor digmeter D [mm] IEE—
Charnfer of splineswas f [mm] IDS—
MNumber ot splinewsys 2 [=] IE— Length of Jaint | [mm) I—
Splineway dimensions from list Im Length calculation |

Check:
Calculated pressure: Calculated stress:
Fressure allow/calc: Stress allow/calc:

Cheu:kl Elau:kl Canu:ell

Spline Shaft Calculations window
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E’. Bolted Connection Calculations

Define values:

Screwy dimensions fram list IM 1x026 = l

External force [M]
Allowakle stress [MPa]
tdinar digreter d3 (]

tiean digrmeter d2 ]

sicrew stiffiess [INimm]
Flange stiftness [mm]

Factor of safety [—]

Thread from list IMetricthread LI

Chapter 10. Mechanical Part Calculations

X

ledsd /§/

pd”

N

Check (static thrust):

Freload farce [] I

Axial load on balt [N]
@ ‘Without preload ¢ With preload

Calculate preloadl

Calculated stress:

Stress allow/calc:

Checkl Backl Cancell

Bolted Connection Calculations window

E,E Round Pin Calculations
Define walues:

Shear force [M]

X

Fin from list ICyIindrical pin LI

Allowahle pressure [MFa]
Allowable stress [MPa]
Fin digmeter d [fmm]

Length of jaint | [mm)]

1

Pin dimensions from list 06

@d

Check (pressure + shear):

Calculated pressure:

Fressure allow/calc:

Cheu:kl

Calculated stress:

Stress allow/calc:

Elac:kl Canc:ell

Round Pin Calculations window
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EE V-Belt Drive Calculations R

Define walues:

Transmittable power P [k I—
Speed of driving pulley nl [1/min] I—
Speed of driven pulley né [1/min] I—
Speed ratio =] I—
@ Definenl+nZ { Define nl+i
Cross sections of V-belt [-] I—L,
Design |

Diameter of driving pulley D1 [mm)] I
Diarmeter of driven pullesy: D2 [mm] I

@ Define D1 ¢ Define D2 ( Design

Design | Selectfrom Iistl

Center distance a [mm] I
Service factor cp [—] I

Calc:ulatel Sa\.fel Drawl Elackl Cancell

V-Belt Drive Calculations window

Dr_ Spur Gear Dimensions Calculations

Defing walues:

kadule [mm] |1 vl
Fressure angle [deg] IED—
Murnber of pinion teeth 21 [-] I—
Murmber of wheel teeth z2 [—] I—
Speed ratiol =] I—

Speed ratic fram Iistl

 z1+z2 ( zl+i 22+ ( Predefinedi

Helix angle [deq] ID vl
I—
I—

Calu:ulatic:nl Savel Drawl Elac:kl Canc:ell

X

Gearing:
(& External
(" Internal

tethod of correction:
® WWithout
" Individual
(" Undercutting
(" Relative sliding

(" Center distance

tdin teeth number:
& Practical
(" Theoretical

Spur Gear Dimension Calculations window




Chapter 10. Mechanical Part Calculations

EE Straight Bevel Gear Calculations R|

Define walues:

bodule [mm] m Method of correction:
Fressure angle [deg] |207 O Wi

" Undercutting
Ma. of pinian teeth 21 [-] Ii
Mo. of wheel teeth 22 [-] I— tin teeth number:

& Fractical
speed ratioi [=] I—

(" Theorefical

Speed ratio fram Iistl

® zl+z2 ( zl+i (O z2+i ( Predefinedi
Elau:kl Cancell

Calculate | SEE | [

Straight Bevel Gear Calculations window

EE Roller Chain Calculations

Define walues:;

Transmittable power P [kW] ||—
Turning mamentaf pinion kM [MNm] I—
Turning mament ofwheel k2 [Nm] I—
® DefineF (C Define Ml Define Mt2

Speed of pinion nl [1/min] I—
Speed of wheel n2 [1/min] [
Speed ratio i [—] I—

@ Define nl+n?2 ( Define n2+i ( Defing n2+i

Murmber of pinion teeth 21 [-] I

(® Perect lubrication

(" Insufficient lubrication without pollution

Nurmber ofwheel teeth 22 [ I (" Insufficient lubrication with pollutian

® Definezl ( Definez2  Define 21+22 " Without lubrication

Dirive service factar ' [—] I Type of roller chain [—] I

Center distance a [mm)] I Design | Select fram Iistl
Mumber of strands [—] I Fesults | awe results | Drawl Cancel |

Roller Chain Calculations window
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X

Dr_ Static Beam Calculations

Define wvalues: Geometry:

Beam propeniesl
Beam sections |
Beam suppors | Kf

Bearn loads |

Calculate | % /

Display results |

Save results | _ _

® Beamdiagram  Help diagram

Ba':kl Canu:ell " Deflections O Axialdispl. € Slope " Torsion

" Shearforce " txiglioree () Bend.moment © Tors. momend
" Reduced stress  Axial stress 0 Bend.stress (0 Tors. stress

Beam Calculations window

2D Area - 2DA

Calculates 2D surface area, bending section modulus and center of gravity of a selected 2D area. These
values can be used in mechanical part calculations. A closed boundary must be defined, and islands can
be included. You can define a boundary automatically or segment by segment. When the results are
displayed, you have the option to create construction lines at the center of gravity.
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For Windows users, VariCAD enables you to print to devices that use Windows drivers. Linux users can
use KDE print capabilities. All users can always use VariCAD print drivers as well.

Print Settings

Select the printer first. Then you can define how and what to print. By default, the 2D drawing format is
printed at a scale of 1:1.

Print Settings - WPS

Enables you to define the printed area, scale, rotation, and line mapping.

Defining the Printed Area
There are two ways to define the printed area:

» Entire drawing - the size of the printed area is the same as the current 2D drawing format (A1, A2,
etc.). Only objects within the format boundary are printed.

» Only displayed objects - prints only objects that are visible onscreen. You can change the zoom or the
view window for the desired print area.

Changing the Print Scale
By default, scaling is disabled, but you can select two scaling options:

+ Fit to sheet size - the printed area is scaled to fit the size of the printed sheet. If the ratios of the sides
of the printed area and the sheet dimensions are not consistent, scaling will still be isotropic (circles
remain circles).

» Desired area scaled - scaling is defined by a value.

Changing the Print Rotation

By default, the area is rotated so that the longer side of printed area will be parallel to the larger side of
the printed sheet. There are the following additional rotation options:

« Portrait - the shorter side of printed area is parallel to the longer side of the sheet
 Landscape - same as automatic rotation, can be used if the printer driver gives unexpected results

» Do not rotate - can be used if the printer driver gives unexpected results

Defining the Printed Sheet Size

By default, the sheet size is the same as drawing format, or the maximum size allowed by the printer.
There are the following additional sheet size options:

» Maximum possible format - the printed sheet size will fit the maximum size allowed by the printer.

» Format according to drawing - resets the default.

7
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» Select format from list - select a standard formats such as Al, A2, etc. The selected size is the sheet
size of printed sheet.

Color and Thickness Mapping

When using a color printer, you can map the display colors to printer colors. For standard printers, you
can always map display colors to print line thicknesses. The result is different if the colors are mapped
first. Line thickness and color mapping can be done within the Print Settings function, or by the Line
Mapping function (described below).

E,E Print §|

Printing method:

‘“What to print: Additional printed size scaling:
& Entire drawing (" Mo additional scaling
(" Only displayed objects (8 Fitto sheet size
Frinted area definition: (" Desired area scaled
Defined by view window | Defined by selection window Erint scale |1
Frint orientation: bdaximurm printer size 198.119 x 285458
@ Automatic (Do nat rotate Desired size 420x 237

(" Porail ¢ Landscape

Change printed sheet size: Colar and thickness mapping method:

Paperwidth |200 ® hap thickness first

_ (" Map color first
Faper height IE?‘D|

Maximurm possible format | Thickness mapping | Colar mapping |

Format according to drawing |

select format fram list | Previewl Printl Elackl Cancell

Print window
Line Mapping - LWD
Defines printed line thicknesses or colors.
Selecting a Printer

Print - WPR, Ctrl + P

Select a printer from the list of printers available in your operating system. The driver for each printer
must be installed and set properly.
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Print, VariCAD Drivers - PRN

Creates output to any device using PostScript, HPGL/2, HPGL, PCL5 or Epson formats. You can select
a printer listed in the window, or a printer compatible with any listed device. You can save your output
to a file, or you can change or define the printing command of your operating system.

During printing, the operating system sends a temporary file to the printing device. In the command, the
filename must be replaced by the sequence %s. For example, “copy %s LPT1 /b” is the Windows
command for sending data to the parallel port. Default commands are predefined for this method of
printing.

Batch Print

Batch printing means sending more files to print at once. First, select the files to print. Then define the
method of printing. Print settings can be defined for each file individually or for all files, and settings are
the same as for single prints. See Print Settings (page 77).

Once defined, batch print settings can be saved to a configuration file, which lists all printed files and
their settings. If you need to print multiple files again, you can use this batch configuration file.

Batch printing is handled by the following functions:

5| Batch Print, Predefined - BPRP
=% Batch Print - BPRW

5| Batch Print, VariCAD Drivers - BPRV

Exporting Images as Bitmaps
Bitmap File from 3D - BMP

You can create a bitmap file from 3D display. The image is saved to *.bmp format in true color mode
(24 bits per pixel). Bmp file can be used for printing or inserted into documents. Before the file is saved
to disc, the following properties can be set:

» Output of entire display or output of defined rectangular area.

+ Pixel density. The bitmap pixel density can be easily defined in relation to display. If the value equals
1, bitmap quality is the same as obtained from display scanning or “print screen”.

» Number of pixels for printing. The pixel density is defined approximately according to the printed
format. You can select paper size and number of pixels per 100 millimeters or per 10 inches,
respectively.

» Number of pixels defined exactly. Changing these values, you modify also the output height-to-width
ratio. This setting is available only for output of a defined rectangular area.
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Before the bitmap image is created, you can check objects displayed inside the output area (full screen
or defined rectangle). The display can be finally changed by standard functions like zoom, pan or view
angle. If you need to change displaying from standard to precise (allowing perspective, light position
changes etc) or if you need to change the color palette, perform these changes before the bitmap output
function is called.

If the bitmap file is prepared for printing, then consider color palette changes — especially the back-
ground color. The white background is usually the best option for printed 3D objects. The pixels number
(or dots number) for printing should be set according to the paper size, printer settings (dpi) or color vs.
grey scale printing. 1000 dots per 100 mm or 2500 dots per 10 inches give you reasonable sufficient
quality of the printed document.

L I High Resolution Bitmap Definition

To define image properies like perspective, light position or surface
reflectance use the "Precise Displaying" first. To change color palette
and especialky background calar, use the "Color Palettes" first.

Increasing bitmap pixel density in relation to display:

Improwvement: —— |

1 2 16

= pixels of output bitmap |?24

' pixels of output bitmagp |593

Size of output bitmap in B |1 L0550

If the bitrmagp is printed, then recommended pixel number for good
quality print is approximatelly 1000 pixels (dots) per 100 mm or 2500
pixels (dots) per 10"

Setforprinting | Set exact number of pixels |

£ Cutput of full screen

¢ Cutput defined by rectangular area

Before image output, wou can check or change zoom, pan or view
angle of 30 space. This allows wou to adjust wiew of 30 objects
exported to bitmap.

Define output area | Check or change wview ‘

m Elac:k| Canc:el|

Bitmap creation
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If your computer is connected to the internet, you can use the following tools to easily access VariCAD
web pages from within VariCAD.

Home Page - INH

Opens the VariCAD home page
What’s New Page - INN

Opens the page describing new versions

Upgrade - INI

Opens the page containing system upgrades and download links. See also Installing Upgrades (page 4).

Feedback - INF

Opens a page your can fill out with your feedback

IEI Web Browser Settings - INST

Define which web browser will be used to access VariCAD web pages. We recommend using your
default browser.

Trial Versions, Online Purchasing

You can download a 30 day trial version from the VariCAD website. After registration you will be able
to download a trial version for free. When you purchase a VariCAD license or upgrade, you receive a
license and keycode that will convert your trial version to a fully functioning version.

The following tools are provided for working with downloaded versions:

Online Purchase - PCHS

Purchase licenses or upgrades

Registration - TREG
License Code - ELCD

Enter your license and keycode
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3D Display

82

The 3D display provides the following features:

Shaded and wireframe views
Standard views (top, left, etc.)
Dynamic rotation, pan and zoom
Defining the center of view rotation
Rotate using arrow keys

Save and restore views

View undo and redo

Dynamic View Manipulation

You can use the following methods to change your view dynamically:

To rotate: press Ctrl, Shift key, and the left mouse button, and move the mouse to rotate. The speed of
view rotation is dependent on dimensions of all visible objects. This works well in most cases except
the large zooms.

To rotate: press Ctrl, Shift key, and the right mouse button, and move the mouse to rotate. The speed
of view rotation is dependent on dimensions of a displayed area. This works well especially if large
zoom is used.

To rotate: press the right mouse button, then the left button, and move the mouse. This is the same as
Ctrl, Shift and left mouse button.

To rotate: press the right mouse button, then the left button, Ctrl key and move the mouse. This is the
same as Ctrl, Shift and right mouse button.

To zoom: press Shift and the left mouse button, and move the mouse. Move the mouse up to shrink,
down to enlarge.

To zoom: press the right mouse button, then the middle button, and move the mouse.
To zoom: you can also use the mouse wheel.

To pan: press Ctrl and the left mouse button, and move the mouse.

To pan: press the middle mouse button, then the left button, and move the mouse.

To refresh view, press F6

For dynamic view rotation, zoom or pan all keys and/or mouse buttons must be held simultaneously, of
course.
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Rotating View Using the Arrow Keys

You can use the arrow keys to rotate the view around a specific axis. Press Shift, Ctrl, or both, and then
press the following:

« Left or right arrow to rotate around the Y axis
» Up or down arrow to rotate around the X axis

You can use the keys in combination to change the view angle.

3D View Tools
Left View - VLE

Right View - VRI
Front View - VFR
Back View - VBA
Top View - VTO
Bottom View - VBO

View to Plane - RNP

Sets the view perpendicular to a selected plane. This tool is useful especially when creating a 2D view
export.

Rotate View Around X 90 Deg - X90
¥3| Rotate View Around X 180 Deg - X180

Rotate View Around X 270 Deg - X270

Rotates the view by the specified angle around the global X axis

Rotate View Around Y 90 Deg - Y90
Rotate View Around Y 180 Deg - Y180

Z72] Rotate View Around Y 270 Deg - Y270
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Rotates the view by the specified angle around the global Y axis

Undo View - ZPR
Redo View - ZRD
Zoom Window - ZWI

Defines the zoom by specifying opposite display corners

Zoom All - ZALL

Adjusts the view to display all visible objects

Predefined View - PRV

Sets the view according to predefined angles.
Predefined View Settings - PVS

Predefined view is created from front view by rotation around X, Y and Z axes of display. This function
defines the rotation angles.

Saving Views

You can save up to eight views that contain rotation, zoom and pan settings. The Predefined Tools tool-
bar enables you to easily restore these saved views.

Save View - click this icon and select the number of the saved view.

The other icons on this toolbar restore the numbered views. Your views are saved with the file.

Both the 2D and 3D components of a file can each contain eight saved views.

Predefined Views

D3P DIZF DIP DISP DISP DISP DIGP  DIGP @l
145 20 50 48 5B ER 7iR B

Predefined Views toolbar
Shaded and Wireframe Display
Shade/Wireframe Entire Display - SHW

Switches the display from shaded to wireframe or vice versa.
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3D Display Settings
3D Shading and Edges Settings - 3DS

Enables you to change how 3D objects are displayed. You can define:

« Displaying edges. You can define shininess of edges, edges darkness and whether the tangent
connections of patches are displayed.

« Surface reflectance. Enables to set light attributes and defines method of surface shading. See Surface
Shading (page 87).

. Colors and Wires of Solids - SCO

This function defines:

« Density of nonplanar surface wires. Density setting affects solids displaying, if all space is displayed
as wireframed or if a particular solid is displayed as wireframed.

« If the entire solid is displayed in the same color. Otherwise each component added to the solid during
past Boolean operations is displayed in the original color.

» Colors of new solids. New 3D objects like a solid, hole, filleting etc are created in the selected color.

You may also select different colors for entire groups of objects. Thus, the objects are distinguished
easily from the rest. This option overrides objects' own colors, if turned on. Turned off, the objects are
displayed again in their own colors.

You may select a distinct color for:
* Filleting

+ Chamfering

 Threaded surfaces

» Mechanical parts inserted from libraries
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Wi Solid Colors

Density of nonplanar surface wires for wireframed solids:
® Low, per 30 degrees for cylindrical surface

" High, per 22.5 degrees for cylindrical surface

[+ Entire solid in same color, color according to root solid
Color of new solids:

Select colorl

All blendings, library parts or threads can be completely
distinguished by different colors independently of their own
defined colors

[ Fillets and charmfers are in different colars than other solids
[ Screw threads are in different colors than other solids

[ Library parts are in different colors than other solids

Color of fillets:

Select oolorl |:|

Color of chamfers:

Select oolorl |:|

Color of screvw threads:

Select oolorl -

Colors of library parts:
Select oolorl -

OKl Baokl Canoell

Solid display settings window
View Rotation - Arrow Keys - S3K

Sets the increments of view rotation when Shift, Ctrl, and arrow keys are used.

a Auto View Rotation Center - VCN

Sets the view rotation center to the center of gravity of all visible solids.

Define View Rotation Center - VCNI

Sets the view rotation center to a specified location.
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Precise Displaying

Precise Rendering - SRD

Renders 3D objects precisely. Smoothly rendered images are more realistic and can be used in product
presentation materials such as brochures. For this type of rendering, it is recommended to work in
true-color mode. You can use a graphics application to capture VariCAD screens. Once selected, precise
rendering persists until any 3D edit function is used. It means that you can use all functions working
with display, like standard views, view rotation etc. and precise rendering is still present. Some settings
are similar to standard display settings, however set values can be different for each display mode.

For precise rendering, you can set the following attributes:

« Surface reflectance. Enables to set light attributes and defines a method of surface shading. See
Surface Shading (page 87).

» Display perspective. You can turn perspective on or off. If the perspective is on, you can smoothly
change relative eye distance. This distance is defined as eye distance from nearest 3D space location
divided by 3D space dimension.

« Light position. Defines the light position by the cursor movement.
» Reset light position. Sets the light position above the center of display.

» Round surface smoothness. Each nonplanar surface is displayed as a certain amount of tiny planar
facets. If the number of facets is increased, displaying is more precise and slower. Facets are obvious,
for instance, on a cylinder in large zoom, if the sight line is parallel to the cylinder axis.

» Edges displaying. You can define shininess of edges, edges darkness and whether the tangent
connections of patches are displayed. These settings are similar to standard display settings.

 Threads displaying. Optionally, you may select a schematic display of threads. Threaded surface is
distinguished by a helix curve exactly corresponding to the thread pitch. We recommend turning off
the different color of threads if you want to display helixes at threaded surfaces.

Surface Shading

For surface shading, you can set the following attributes:

« Ambient reflectance. Defines darkness of the surface lighted under a great angle (diverted surface).
The angle of lighting is angle between ray of light and surface’s normal.

« Specular reflectance. Defines lightness of surface lighted under zero angle. If set to 0, no light spot
under light source is displayed and surface shininess setting is ineffective.

« Surface shininess. Defines contrast of the light spot under the light source.

« Light ambient intensity. Defines intensity of scattered light. This value can be set only for precise
displaying.

It is recommended to combine precise displaying with selection of the proper color palette. All values
can be easily changed, effect is seen immediately and values can be reset whenever.
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Ambient reflectance: ———
0 0.8 1
Specular reflectance: ——
0 0.6 1
Sutface shininess: —
0 0.339 1
Light ambientintensity: T,
1] 0.1 1
Feset | (0]% ‘ EIau:k| Cancel ‘

Shading surface settings window

Setting 3D Display Performance

OpenGl Settings - OGL

You can tune up performance of 3D objects displaying. This function allows you to select between two
different approaches to OpenGl display-lists:

+ Safe Mode. This mode is generally better, requires less memory, file open functions are faster and
activating any file from the open files is significantly faster.

« Alternative Mode. This mode can be faster in 3D objects redrawing, especially when you rotate,
rescale or pan the view dynamically. Alternative mode is not recommended for ATI-based graphic
adapters.

Other settings are related to the method of objects displaying. They can be commonly set to two levels:

» Maximum Performance Settings. This option is default and gives you more comfortable display of 3D
objects, especially highlighting detected objects. If the graphic adapter is set to antialiased display,
this option is necessary. Otherwise, the objects may not be detected properly (especially the edges
alone), or the objects are not displayed correctly, when they are highlighted under the cursor.

« Basic Settings. This option is better for slow computers without an accelerated graphic adapter.

Settings related to the method of displaying can be performed individually, according to the current
system behavior. For most of the hardware, the default settings are the best option.

Setting Graphic Adapter
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We recommend that you set the graphic adapter (graphic card driver) to obtain the best display of 3D
objects. The setting must be done from your operating system and depends on the currently used driver.
Usually, the accelerated adapters allow you a lot of settings. The following images show you settings of
a NVIDIA adapter. The other types (like ATI) allow you similar settings.



Feature

Anizotropic filkering

antialiasing - Gamma correction
antialiasing - Mode

antialiasing - Transparency
Conformant texture clamp
Errar reporting

Extension limit

Force mipmaps

rMulti-display /mixed-GPU acceleration

Stereo - Display mode

Texture filkering - Anisofropic sample opti...
Texture filkering - Megative LOD bias

Texture filkering - Quality

Texture filkering - Trilinear optimization

Threaded optimization

Typical default settings

Featre

Anisotropic filering

antialiasing - Gamma correction
Antialiasing - Mode

antialiasing - Setting
antialiasing - Transparency
Conformant texture clarmp

Error reporting

Extension limit

Force mipmaps

multi-display fmixed-GPLU acceleration

Stereo - Display mode

Texture filtering - Anisofropic sample opti...
Texture filtering - Megative LOD bias

Texture filtering - Quality

Texture filtering - Trilinear optimization

Threaded optimization

Recommended settings

Setting
Application-confrolled
Off
Application-controlled

Off

Lz hardware

Off

Off

Mone

Multiple display performance mode
=g vertical interlace monitaor
Off

Aoy

Quality

on

Auto

Sefting

application-contolled

Off

Cverride any application setting
e

Off

Lize hardware

Off

Off

Hone

Multiple display performance mode
Lize vertical interlace monitor
Off

Allawy

Quality

on
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Do not set Antialiasing-setting value to more than 8. Otherwise, detection of 3D edges may not work
properly. Without antialiasing, the edges and boundaries of shaded objects are jagged, if displayed under

an angle close to 0 or 90 degrees.
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Example of the aliased display method

Example of the antialiased display method
Test of Hardware - HWTEST

This function is useful if you want to compare performance of different hardware, like graphic adapters,
main boards, processors etc. You can also use this function for comparison of the safe and fast modes set
in “OpenGl Settings”. Basically, hardware test prepares solids for 3D display and displays them. Time
of both tasks is measured.

Results are only informative and can vary with different VVariCAD versions. To obtain correct values,
use rather large assemblies or more complex objects. For comparison of results, use always the same
unchanged file, 3D view, graphic resolution and settings.

2D Drawing in 3D
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If you create a new profile further used for rotation or extrusion to 3D or if you edit an existing profile
of solid, VariCAD uses 2D drawing functions directly in 3D space. 2D drawing in 3D uses the same
functions as the standard VariCAD 2D editor or 3D modeler, but the functions are limited only to
drawing, editing or display control.

You can select the drawing plane, if you create a new profile (see Creating 3D Solids from 2D Profiles
(page 92))
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Displaying Objects

The 2D profile is drawn in one color. You can switch display of objects using the following functions:

EI Toggle between thick and thin outlines display in 2D

Switch on/off the auxiliary grid in the drawing plane

Toggle all 3D solids display between shaded and wireframed

Work with zoom, pan or view rotation or undo-redo of view changes are the same as in 3D. There are
additional methods related to the 2D drawing plane:

Define zoom by two window corners in the drawing plane

Drawing plane perpendicular to a view

Zoom all in the projected drawing plane

Select a center of 3D view rotation in the drawing plane

2D Drawing

The functions are limited to drawing or editing lines, arcs, curves or points. 2D drawing in 3D does not
support any functions working with texts, dimensions, blocks or hatches. You can use Copy and Paste;
insert an existing drawing into the drawing plane or save selected objects to a file. If unsupported objects
(like text objects) are inserted from another drawing, they are automatically deleted.

Usage of construction lines is the same as in 2D. Auxiliary grid, however, can be switched between
sparse or dense pitch and switched off. The pitch is initially defined automatically according to dimen-
sions of edited profile. You can change the pitch in a command:

Parameters of Aux. Grid - AXGP

Working with 3D

During the definition of a location in the 2D drawing plane, you can select the location in 3D space. The
result is the nearest perpendicularly projected point in the drawing plane. Press the following icon in the
2D location toolbar to allow this:

3D location projected into the drawing plane

You can also create new 2D objects (lines, arcs or curves) as an intersection of a selected 3D solid and
plane:
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2D Object as Solid X Drawing Plane - SXDP

2D Object as Patch X Drawing Plane - PXDP

Creating Solids
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Many 3D solids can be created by extruding, rotating or lofting 2D profiles. Other basic solids such as
cylinders, boxes, cones or pyramids can be defined by entering dimensions. Nearly all mechanical parts
are comprised of basic solids, which can be joined and/or trimmed. Combining and subtracting solids
are called Boolean operations, and resulting solids are called “Boolean Trees.” VariCAD provides tools
to add solids and to use one solid to cut another, either keeping or deleting the cutting solid.
Commonly-used Boolean operations such as drilling holes, creating grooves, and cutting by a large box
are also available. Blending functions are provided for rounding and chamfering solid edges.

Creating 3D Solids from 2D Profiles

Using 2D profiles to create solids enables you to model a wide range of objects. The solid shape can be
edited by modifying the original 2D profile.

Defining a 2D Profile

When using a 3D function that requires a 2D profile as input, you will be optionally switched to the 2D
drawing area. You can stay in 3D and create the profile using 2D drawing in 3D. In this case, you can
define a drawing plane:

» As an existing plane at a solid

« Plane created by selected axes at a selected solid
* Plane defined by 3 points

« Plane created by selected axes of 3D space

If you create a new profile used for extrusion, rotation or other similar method of solid creation, the
created solid is pre-inserted according to the profile’s location in 3D space.

If you edit an existing profile of a solid, you will always stay in 3D and the profile will be edited with
2D drawing methods in 3D.

Profiles are comprised of 2D line, arc segments or NURBS 2D curves. There are two methods of profile
detection:

Detect Profile Segments (or press E) - define the profile segment by segment
Detect Profile (or press F) - select one segment and the entire chained profile is detected

Pressing Enter or right-clicking finishes the profile definition. When the solid is created, you return to
3D space in which you can define the object location. See Transforming and Copying Solids (page 110).



Chapter 13. 3D Modeling

Profiles used for 3D solids must be continuous. If multiple profiles are used, they cannot intersect; one
profile must completely encompass the other profiles. Profiles used in a Revolve operation cannot
intersect with the revolving axis.

Lines, circles or circular arcs can be selected for all type of solid creations. 2D splines (curves) can be
selected only for full or partial rotation or for extrusion.

Solid Insertion Point

Prior to selecting a 2D profile, most solid functions require you to enter the solid height or revolving an-
gle. Along with these parameters, you can also identify the solid insertion point and set the X axis direc-
tion. If you do not select an insertion point, the point at lower left point of profile will be used. If you do
not set the X axis, the default 2D X axis will be used. The insertion point and X axis direction are used
when inserting the solid into 3D space.

20 protile J0 extruded solid

—=*

20 insertion paint 30 insertion point

Example of Insertion Points

Solid Insertion Point Setting - IPST

This function is available under System Settings. Although this setting can be done within the profile
definition, not all functions offer this. Insertion point setting during profile definition is possible only
when the solid height or rotation angle is defined. You can use this function at any time, and it will set
the insertion point for subsequent solids. You can also choose whether to define the insertion point and
X axis direction automatically.

Revolving, Extruding, and Lofting Profiles

Full Revolve - RSO
Revolves one open or closed profile 360 degrees about a revolving axis. For an open profile, the axis is
defined by the profile endpoints. For a closed profile, you must define the axis. If the insertion point is

defined automatically, it is located at the first defined point of the revolving axis. When selecting closed
profiles, multiple profiles are allowed inside one outer profile - this will create holes in the solid.
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Example of Full Revolve using an open profile
Partial Revolve - RSOP

Similar to Full Revolve, except that you can enter a revolving angle less than 360 degrees.

7

Example of Partial Revolve using closed profiles

Extrude - ESO

Extrudes, or sweeps, a profile to a specified height, forming a solid. Profiles must be closed and multiple
profiles are allowed inside the outer profile - this will create holes in the solid.

Prismatic Loft - PYR

Creates a solid by lofting one closed profile, or one closed profile with one inner profile, by a specified
height toward another, similar profile or profiles. Lofted profiles must be similar - two circles, rectangle
of the same orientation, polygons of the same orientation, etc.

Loft Rectangle to Circle - PRC

Similar to Prismatic Loft, this function lofts a rectangle toward a circle or vice-versa. The rectangle can
have rounded corners.
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)%

Example of Extrude, Prismatic Loft and Loft Rectangle to Circle

Helical Surfaces and Coils

Coil (Rotated Profile) - PRR

Similar to Prismatic Loft, Coil creates solids by lofting one profile to another while rotating as well. The
2D profile can be open, in which case only one profile is used and the revolving axis is defined by the
profile endpoints. With closed profiles, multiple profiles are allowed inside the outer profiles - this will
create holes in the solid, and the revolving axis must be defined. The base and top profiles must be simi-
lar to one another, as in Prismatic Loft (page 93).

L

Example of solid coil, created by lofting and rotating profiles

@ Helix - HLX

Creates a solid by extruding and rotating a 2D closed profile. Multiple profiles are allowed inside the
outer profiles - this will create holes in the solid. You can choose whether the profiles represent the radi-
al, normal or axial section. For example, a spring uses a circle as the normal section. Using a negative
rotation angle will result in a helix with left ascent.
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Example of spring helix defined by a normal section

Basic Solids

Basic solids are easy to create; you only need to specify basic dimensions. Editing involves changing the
basic dimensions, or modifying any 2D profiles that are used. When entering solid dimensions, you have
the option of copying any or all dimensions from another solid of the same type. Primarily, dimensions
of solids are edited using spatial dimensioning. Optionally, you can select entering dimensions in panel.
In panel, you can also change basic shape, like chamfering cylinders etc.

Cylinders, Cones, Boxes, Pyramids, Pipes, Spheres

The basic solids are as follows:

Box - PRS
Cylinder - CYL

(with option of rounding or chamfering either end)

Cone - CON
Pyramid - TPY

(uses rectangular base)

Pipe Elbow - PEL
Pipe - PIP
Cone Pipe - CPI
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. Solid Elbow - ELW

Sphere - SPH

R Cylinder

w3 Diameter (d) £ Im LI
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OKI Back | Cancel | Copy all dimensions |

Solid colorl |:|

Cylinder window

Editing Solids

Solids can be edited by:

» Changing the location of their components (see Inserting and Transforming Solids (page 110) )

Deleting their components (see Deleting Solids (page 104) )

» Adding or removing volume (see Boolean Operations (page 100) )

Changing basic solid shapes (see Editing Basic Solids (page 105) )

+ Changing visibility, color, shading, or method of detection

Selecting Solids

Edit functions, like other functions, require you to select objects. You can select objects one at a time, or
use methods for selecting groups of objects. Many functions allow you to select an entire solid or only
its components. For example, you can delete entire mechanical parts, or only a hole or fillet.

Obijects are detected for selection when the cursor passes over them. If wireframed displaying is used or
if a particular solid is displayed as wireframed, object is detected if the cursor passes over an edge or
wire. The density of wires for automatic detection can be defined in 3D Colors and Wires of Solids
(page 85). Selected objects are stored in a temporary work set, and are highlighted and displayed in
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wireframe. You can add or remove objects from this set. Pressing Enter or right-clicking finishes the
selection and processes the objects in the set.

In some functions, only certain types of objects can be selected. In such situation you can’t detect all
objects. For instance, you can’t edit basic solid’s shape, if the solid is imported from STEP. Such objects
can’t be detected in solids selection for basic shape editing.

During object selection, a temporary toolbar appears. It contains the following selection options:

Icon Hotkey Selection

T Entire Solid - solid and its components will be selected.

S Single Elements - only the basic solid will be selected. This is
useful for selecting a basic solid added to another solid, such as a
rib or fillet.

Branches - components of solids (Boolean branches) will be
selected. Components are detected as the cursor passes over the
solid, according to how they are connected to the root solid.

]

N/A Selecting objects from a list of the Boolean tree.

All Solids - selects all visible solids in the file.

&[] b=
>

R Completely Inside - selects objects completely inside the
selection window.

I Inside - selects objects completely or partially inside the selection
window.

Outside - selects objects completely or partially outside the
selection window.

Bl & @l
cC

@] Completely Outside - selects objects completely outside the
selection window.

T
o

Previously Selected - once again selects objects selected in
previous action

3D Group - selects a group of 3D objects. The list of groups is
displayed and you can select the group.

B2

N/A Selects an entire constrained group.

Names or Attributes - select objects according to their names or
attributes

N/A Undo Selection — cancels last selection step

=] [E]|l&
m

&
1+
X

Select/Deselect - switches between adding and deleting objects
from the selected set.
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3D Selection Settings - SLS

For 3D objects selection, you can modify:
 To highlight wires of nonplanar patches, if the cursor passes over them. Edges are always highlighted.
« Size of the cursor aperture.

« If the wires of the selected solids are displayed always up. Otherwise they can be displayed as
partially hidden under other solids, if such solids are above them.

« Configure whether and how the selection window (marquee) is started, if you click the left mouse
button and no 3D object is under the cursor.

Visibility of 3D Objects

For large files, shading can be time-consuming, and you do not always need to have all items visible.
Blanking objects can improve system speed. When loading files, you have the option to be warned when
objects are blanked. Blanked objects, however, are not processed in any operations.

|:| Blank - BL3, Ctrl + B

Makes selected objects invisible.

Unblank - UB3, Ctrl + U

Unblanks objects that were blanked.

3D Groups Management — 3GR, Ctrl + F1

Among other possibilities, this function also changes visibility of 3D groups. See Groups of Solids (page
118) for details on solid groups.

Shading and Colors of Individual Solids

You can shade all solids or only selected solids. If the display is switched to shaded, all objects will be
shaded except those objects set to display in wireframe. Wires drawn on edges or surfaces are hidden
behind shaded objects. Turning off the shading of selected objects allows you to see inner parts of an
assembly.

B&|  Shade/Wireframe Selected Solids - SHC

First select shaded or wireframe then select the solids to display.

3D Groups Management — 3GR, Ctrl + F1

Among other possibilities, this function also changes shading of solid groups. See Groups of Solids
(page 118) for details on solid groups.
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Example of selective shading

Change Color - CS3

Changes colors of selected solids or their components. When solids are set to all be created in the same
color, changing a component color will not have any effect because components use the color of the root
solid. See Colors and Wires of Solids (page 85).

Boolean Operations - Adding and Cutting Solids
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Adding solids together and using one solid to cut volume from another are called Boolean operation.
These operations can be performed when solids have volume in common (overlap) or have at least one
common (or partially common) surface. In addition to Boolean operations described in this section, there
are other predefined Boolean operations including drilling holes, milling, creating grooves, filleting and
chamfering.

Boolean Operations

Add Solid — ADD, Ctrl + A

Combines two solids into one object. First select the solid to be added, then select the solid to be added
to. Although the final result is the same, the selection order can be important. If the solids have proper-
ties such as certain attributes or group membership, the final solid will have the properties of the second
selected solid - the root solid.

Cut, Delete Cutting Solid — CUT, Ctrl + W

Uses one solid as a cutting tool to remove volume from another solid. The cutting solid is then deleted.
For example, to create a conical hole, use a cone as a cutting tool to remove volume from a cube.
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-

Example of Cut, Delete Cutting Solid. The spline is the cutting tool, the pin is the root solid.

)

The spline is embedded into the pin.

-

The resulting cut solid. The spline is deleted.

Cut, Keep Cutting Solid - CUTS
Similar to Cut, Delete Cutting Solid, except that the cutting solid is not deleted.

Selective Add - ADDPC

Similar to Add, used to add solids that overlap or extend past the root solid. Select the added solid at the
section you want to remain; other sections will be trimmed.
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"

Example of Selective Add. The cylindrical pin is to be added to the U-iron. The pin is selected where
indicated.

The resulting added solid. Only the section selected was added, the rest of the solid was trimmed.

Using the same initial solids, the pin is selected at a different location.

The resulting added solid. The middle section only was added.
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Selective Cut, Delete Cutting Solid - CUTPS

Similar to Cut, Delete Cutting Solid. For the cut solid, only the section you select will remain; other sec-
tions will be deleted. The cutting solid is also deleted.

Selective Cut, Keep Cutting Solid - CPSS

Similar to Selective Cut, Delete Cutting Solid, but the cutting solid is not deleted.

Solid Intersection - SIN

The result of the solid intersection is a volume common for both selected solids.

Common Boolean Operations

Hole, Mill, and Groove all use a cutting tool to remove volume. The dimensions of the cuttings tools are
specified as for basic 3D elements; you can also copy dimensions from another object. For example, in
the Hole function, you can copy the dimensions of an existing hole.

Holes, Grooves, Cutting by Planes

Hole - HOL

Remove cylinders (holes) from objects. You can optionally create recesses, or use a chamfered or ta-
pered bottom.

X

d |10 il

I |30 il

15 L|

. | N

o 3T ol N

s ! | a | 2
A 12 — Copy all dimensions |

[ Chamfer [ Recess [ Tapered bottom .
Solid |:|:|IDr| [ ]
OKI Elackl Canu:ell

Hole creation window
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Mill - MILL

Removes volume by using a box as a cutting tool. If the box dimensions are large enough, you can, in
effect, cut by plane.

@ Groove - GRV

Removes volume by using a spline tool.

Resolving Solids

Explode Boolean Tree - TRX

Resolves a selected solid into its basic parts. Solids used for adding or cutting are changed back to their
original objects.

3D Filleting and Chamfering

When using these blending functions, first select the edges to be filleted (rounded) or chamfered.
Selected edges must be continuous. Then specify the fillet radius or chamfer distance. Rounded or
chamfered edges are kept if the solid changes during editing. The Fillet function resolves fillet
overhangs and undercuts in most cases.

For filleting, you can select optionally:

» Whether the rounded corners will be created, if two edges at the corner are rounded and the third edge
is rounded finally. You can suppress the creation of rounded corners if the surface of the solid will be
selected for further unbending. Edges rounded previously to version 2007 do not create rounded
corners. To change this, edit their properties.

« If the filleting of the edge will be cut in case when the selected edge segment has another adjacent
segment tangentially connected and not selected for blending (continuous edge is not selected com-
pletely, only some segments are selected).

3D Fillet - RN3, Ctrl + F
3D Chamfer - CH3, Ctrl + R

For chamfering, you can define a chamfer distance different for each side of the chamfered edge. If you
select an edge of a threaded surface (for instance, end of screw or edge of threaded hole), optionally, the
chamfer distance may correspond to the respective thread.

Deleting Solids
Delete Solids — RMS, Ctrl + D
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Deletes selected solids. You can select entire solids as well as their components. For example, you can
use this function to delete holes, fillets, ribs, etc. If such parts are selected, the solid will be regenerated,
which may take time for complex objects.

Editing Shape of Solids

Edit Solid Element Shape

Edit Solid - MSO

This function allows you to:

« Edit the shape of one or more similar basic solids together. This is the default option whenever editing

of basic solids is started.

» Change basic solids locations within the entire solid. See Transforming and Copying Solids (page
110) for more details how to change object’s location.

« Translate basic solids according to previously changed dimensions.

Method of solid’s shape editing is selected from toolbar:

Icon Key Use

N/A Edit shape of basic solids or blending

N/A Transform elements within solid

N/A Translate basic solids according to previously changed
dimensions

N/A Change diameter of pipe or wire

N/A Change thickness of shell

N/A Shell pattern edit

Enter Finish selection of elements to be edited

N/A Undo edit change

Enter Finish editing

The Enter key (finish) is available either for “finish selection” or for “finish editing”.

Edit Solid Element Shape

Select a basic solid to be edited. After selecting the first object, you can select more same basic elements
from solid. Then confirm selection. If more objects were selected, shape change is performed for all of
them at once. For instance, you can change several holes, fillets or any same elements together.
Following objects are considered as the same elements:
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« Basic shapes as boxes or cylinders, see Basic Solids (page 96).

» Holes, predefined cuts or predefined grooves.

Fillets or chamfers.
» Objects created by profile extrusion, rotation or lofting.

For instance, if the first selected object is a box, then other selected objects can be only boxes until the
selection is finished. If the first object is a fillet, then next can be only fillets, etc. To distinguish how an
object will be edited, the cursor is changed according a type of the object.

Cursor types:

Cursor Use
X Obiject cannot be selected — object belongs to different solid than first selected

T object or object is different than first solid

= Spatial dimensions will be used for object’s shape modification
aF @

=¥ Object is fillet
arF

£ Obiject is chamfer
2

20 2D creation profile will be edited

L
ar

3

Obiject is shell, thickness will be changed

Obiject is pipe or wire, diameter(s) will be changed.

*o

L

2% Object cannot be changed. Object is imported from STEP.
+ @
2 Object cannot be changed. Object is in active section.
+ &
=

Shell shape editing, spatial dimensions will be used.

=

L
ar
il

Shell shape editing, fillet radius will be changed.

L
ar
I

£F Shell shape editing, chamfer distance will be changed.
4 =
e [ Shell shape editing, 2D creation profile will be edited.
I =
2 Shell shape editing, element cannot be changed — object is different than first

AL
ar

selected object or object is imported from STEP
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@@ Pipe segment editing, shape of straight segment or elbow will be changed.
b

As a basic solid, you can select solids used in Boolean operations - a solid added to another solid, or a
cutting solid used to remove volume from another solid. As a basic solid, you cannot select any object
imported from STEP. If the solid to be edited was created from a 2D profile, such as an Extrude or
Revolve, you can edit the 2D profile. If the cursor passes over such an object during solid selection and
the object is highlighted, the creating profile is also displayed. Together with this profile, its axes are
displayed, too. This allows you easy orientation while editing the profile. After selecting the solid, the
system switches to 2D drawing in 3D, and 2D editing functions are available. The profile is displayed
with its original X and Y axes. When the editing is completed, click the icon on the Edit 2D Profile
toolbar. Then reselect the profile’s 2D objects. See also Defining a 2D Profile (page 92). When editing
2D creation profile, you can leave the task only by clicking any icon in 2D Edit toolbar. This toolbar
offers you to:

« Finish editing. After such an option, select a new profile and editing is completed.
« Step back to another solid selection.

« Edit solid using spatial dimensioning or table of solid dimensions, if the edited object was originally
created as a box, cylinder, pyramid, hole or another predefined 3D solid.

Rotated object created from a profile

Edit 2D Profile X

Click 0K to Finish o

Editing the object’s profile
Predefined solids (box, cylinder, pipe, etc.) or results of predefined Boolean operations (hole etc.) can be

comfortably edited using spatial dimensioning. Optionally, you can select dimensions definition in the
table (window). Such an option allows you to change also basic parameters, like add a recess to a hole.
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Solid Dimen... [X]
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Example of the solid edited using spatial dimensions

ET_ Blending

Fillet radius: |4|
lm Elackl Cancell

Example of fillet editing

After specifying changes, the entire solid is regenerated. It is possible that editing will cause a situation
in which the solid cannot be regenerated. Example: a 10mm hole drilled into a 20 x 20 x 20 cube. If the
diameter of the hole changes to 50mm, the solid cannot be regenerated. In cases like these, you will
receive an error message, and the Boolean tree remains unchanged.

Change Basic Solids Locations within the Entire Solid

See Transforming and Copying Solids (page 110) for more details how to change object’s location. For
changing the object’s location within entire solid, you can select object of any type (unlike the selection
for shape editing), except the blending.

Translate basic solids according to previously changed dimensions

This option is available only if the translation distance and direction can be exactly determined. For
instance, if you change height of a box, you can translate any other objects in direction of Z-axis of the
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box at a distance predefined as a difference of the previous and new height. Thus you can easily
preserve position of any objects relative to changed side of the box.

If the option is available, an arrow in a respective direction is displayed. You can select objects to be
translated and then click arrow or icon. You can also click the icon first and then select objects to be
translated.

If you need only to change the solid element’s location use Transforming and Copying Solids (page 110)
instead.

Editing of Shells

Shell is created as offset patches connected to selected patches at a given thickness. You can change:
 Thickness of entire shell (see edit options above).

 Shape of elements of solid the patches are selected from (shape of pattern).

+ Position of elements of solid the patches are selected from.

Selecting elements for a shape change, the cursor type is changed differently than for other ordinary
solids - see Cursor types (page 105).

The shape of the pattern can be changed separately. You may extract a copy of the pattern solid back
into 3D space. Then, you may perform any editing functions. After the all changes, select again the
corresponding shell for pattern editing. Confirm, add or remove patches. The shell will be rebuilt. This
method allows you to rebuild the shell, if you need:

« Pattern solid changed with Boolean operations.
» Work with geometric constraints within the pattern solid.

* Rebuild the shell from different pattern patches.

Solid shape Editing

Example of the shell editing
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Editing Pipes or Wires

Pipes or wires are created as a set of cylindrical segments and elbows.

You can change:

 Diameters of the entire pipe or wire at once (see the respective option above).

 Shape of selected elements of a pipe or wire. If used and more elements are selected, all dimensions
are copied to all selected elements. Do not use such a method if the only diameter is changed. Use this
method for more elements only if all elements should have the same lengths and diameters or in case
of elbows with the same angles and radii.

Transforming and Copying Solids
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Solid Object Coordinate System

When locating a solid in 3D space, it is placed by its insertion point. The insertion point of each solid is
defined during the solid creation. When solids are joined together, the default insertion point becomes
the point of the object to which the other object is added (the root solid). When inserting multiple
objects, the insertion point of the first selected object is used. You can redefine the insertion point
location at any time.

Each basic element has its own axes. These axes are displayed when the object is inserted, or whenever
its position changes. The origin of a solid’s axes is at its insertion point. These axes can be used for
translation and rotation for the attached solids, as well as for other solids.

3D Space Coordinate System

The global X, Y, and Z axes of 3D space are always displayed at the lower left corner of the 3D area.
These axes indicate only the axis directions; the origin may be elsewhere. When first inserting a solid,
the solid axes are identical to the global axes, until the solid position is changed.

Inserting and Transforming Solids

Translate, Rotate, Copy Solids - STC, Ctrl + Q

First select the objects to be transformed or copied. Then define their new location. You can select entire
objects as well as their separate components such as holes. If components are selected, some parts may
not regenerate after transformation. For example, if you move a hole outside its object, the hole cannot
be generated. In this case you will receive a warning message. Methods of insertion, translation, copying,
etc. can be selected from the 3D Location toolbar. This temporary toolbar appears whenever solids are
inserted or transformed. There are also case-sensitive hotkeys for most options.

Defining Vectors and Rotation Axes

Some functions require a predefined vector or rotation axis. You can define these by the following
methods:

» Two points
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 Axis of a rotation surface (for instance a cylindrical surface)

Selecting a point and normal plane

Selecting X, Y or Z axis of the entire solid

» Selecting X, Y or Z axis of a solid’s part. If this or previous option is selected, axes preview is
displayed whenever the cursor passes over each object.

Transforming Objects Using their Axes

Whenever transforming or inserting any objects, their axes are displayed at the location of the object’s
insertion point. Although you can use any transformation methods clicking icons in the panel (see in the
next sections), the most comfortable method is to use the axes directly:

« Click the outer section of the axis (arrow). Then you can define a translation distance for translation in
arrow’s direction. You can also make more copies in this direction.

* Click the rotation arrow. Then you can define an angle of object’s rotation. Rotation is performed
around the corresponding axis.

« Click the inner section of the axis. Pop-up menu appears and you can select dragging, axis direction
along or against the defined vector or additional rotation around the corresponding axis. Two more
options are also available for each object — inserting into the circle’s center or halfway between two
points.

|_¥ Transformation E|

Translation distance: |1 D| LI

MNegative walue means franslation against arrow

I” Make copies

[Humberof copies |1 :I

m Elackl Cann:ell

Example of solid’s transformation axes.
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The color of the axes could be different for color palettes. By default, for a dark background the X axis
is red, Y axis white and Z axis green. For a light background, X axis is red, Y axis blue and Z axis green.

Translating by Distance

Moves solids according to a specified axis and distance.

Icon Key Use

X Moves along the solid’s own X axis

y Moves along the solid’s own Y axis

z Moves along the solid’s own Z axis

t Defines a vector along which to move
T Moves along the predefined vector

Dynamic Translation

First define a location, which is projected to a dragging vector. The solid insertion point is translated
along the vector to the projected location. Move the cursor to translate objects dynamically. Press Enter
or right-click to finish translation. You can drag objects simply moving the cursor or the objects are
moved only if you detect a new location. See 3D Locations Settings (page 117).

Icon Key Use

N/A Moves dynamically along the solid’s own X axis
N/A Moves dynamically along the solid’s own Y axis
N/A Moves dynamically along the solid’s own Z axis
N/A Defines a vector along which to move dynamically
N/A Moves dynamically along the predefined vector

Rotating by Angle

Rotates solids around a defined rotation axis, by a specified angle.

Icon Key Use

@ u Rotates along the solid’s own X axis
IEI \Y Rotates along the solid’s own Y axis
IEI w Rotates along the solid’s own Z axis

112




Chapter 13. 3D Modeling

Defines an axis around which to rotate

r
R

Dynamic Rotation

First, define a reference point. The reference point is rotated to a plane, which is defined by a rotation
axis and a defined point. You can also use the cursor to dynamically rotate around the axis. Press Enter
or right-click to finish rotating. You can drag objects simply moving the cursor or the objects are moved
only if you detect a new location. See 3D Locations Settings (page 117).

Rotates around the predefined axis

Icon Key Use

@ N/A Rotates dynamically along the solid’s own X axis
IEI N/A Rotates dynamically along the solid’s own Y axis
IEI N/A Rotates dynamically along the solid’s own Z axis
N/A Defines an axis around which to dynamically rotate
N/A Rotates dynamically around the predefined axis

Additional Rotation around an Axis

VariCAD allows you to perform additional rotation of transformed objects around an axis. You can
select rotation from a panel containing transformation commands or from a pop-up menu after clicking
the inner part of the translation axis. Then enter a rotation angle and the objects are rotated around the
corresponding axis. Axes remain in the same position.

Additional rotation can be conveniently combined with geometrical constraints and parameters.

Icon Key Use

N/A Additional rotation around own X axis
N/A Additional rotation around own Y axis
N/A Additional rotation around own Z axis

Setting the Direction of Solids Axes

These functions can be used to reorient a solid by changing the direction of its axes.

Icon Key Use
N/A Sets solid X axis direction along defined vector
N/A Sets solid X axis direction along previously defined vector
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N/A Sets solid Y axis direction along defined vector

N/A Sets solid Y axis direction along previously defined vector

N/A Sets solid Z axis direction along defined vector

N/A Sets solid Z axis direction along previously defined vector

N/A Sets all solid axis directions along all axes of another entire solid
N/A Sets all solid axis directions along all axes of another part of solid

Positioning by Plane

These functions enable you to position solids relative to a selected plane. The solid axes can be directed
along or against the plane normal. See also Selecting Planes (page 117).

Icon Key Use
N/A Sets X axis against plane normal
N/A Sets X axis along plane normal
N/A Sets Y axis against plane normal
N/A Sets Y axis along plane normal
N/A Sets Z axis against plane normal
N/A Sets Z axis along plane normal
N/A Sets normal of any selected solid’s plane along another plane
normal
([l N/A Sets normal of any selected solid’s plane against another plane
normal

Additional Boolean Operation, Constraints Definition

After the final position of transformed or inserted objects is defined, you may optionally perform a
Boolean operation. Objects can be added to or cut from a selected root solid.

You may also select repeated Boolean operations. In such a case the operation is performed each time
you press Enter or click the corresponding icon (the Insert icon). The object is used as a Boolean
operation tool, the operation is performed and then the copy of the original object is transformed again.
Using this method, you may repeatedly insert and add solids to one selected root solid. You may also
add multiple solids to one root solid at a time.

You can also define geometric constraints. Constraints are defined after a Boolean operation. For more
information about the geometric constraints, see Geometric Constraints (page 121). Available options

are:
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Additional Boolean Operation after Location

Insert and add to a selected solid.

& [@]

Insert and cut from a selected solid.

B &

Insert and add to a selected solid repeatedly.

%

Insert and cut from a selected solid repeatedly.

ﬁ

Stop the repeated Boolean operations.

Define or Edit Constraints after Location

Insert and add to a selected solid.

5

Insert and cut from a selected solid.

Changing Insertion Point, Displaying Axes

You can redefine a solid insertion point at any time. If you are transforming multiple solids, the insertion
point of the first selected solid is used, but you can choose to use another insertion point. There are also
options for displaying solid axes. See also Solid Object Coordinate System (page 110).

Icon Key Use
n Defines new insertion point
N Defines solid whose insertion point will be used

Inserting and Copying

Transformed solids are inserted into their final position by pressing Enter or right-clicking. You can also
choose to copy instead of insert. In this case, you must insert the transformed objects first. After
insertion, the objects are copied and you can continue inserting. You cannot insert a copy into the
position of the original object.

When an object is copied, its attributes are copied as well. Therefore, we recommend assigning
attributes before copying. You can also create identical (linked) copies that share future edits (see Iden-
tical Copies of Solids (page 116).

Icon Key Use
Enter Insert - inserts object into their final position
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N/A Undo - goes one step back, undoes previous transformation
+ Copy

- Cancel Copy - turns off copying

N/A Copy, creates identical copies

Identical Copies of Solids

When copying solids, you can choose to create identical (linked) copies. This means that if any member
of the copy group is changed, the change is automatically implemented on all group members. When
one object in the group is selected, all identical copies are highlighted. Identical copies are also created
when inserting a part into an assembly.

When copying members of a group of identical copies to another location, newly created objects are
members of identical copies only if identical copying is turned on. In case of plain copying, these ob-
jects do not belong to a group of identical copies.

Break ldentical Copy Link - RSI

Enables you to select objects to be removed from the group of identical copies or from group of solids
inserted from a part (assembly-part connection). This breaks the link between the objects.

Break Identical Copy Group - RIC

Breaks connection between all solids and a corresponding identical copy group.

Defining 3D Locations

Using snap points and significant locations can be used when inserting and transforming solids, as well
as in other functions such as measuring and checking. You can use either toolbar icons or keyboard keys.
The cursor automatically detects solid edges and curves. If the cursor approaches a snap point, a symbol
appears next to the cursor. Clicking when you see this symbol selects the point. The following letters
indicate snap points:

» E - edge endpoint
* M - edge midpoint

To snap to an endpoint E, midpoint M, or arc/curve center of gravity point C, press the corresponding
key when the edge is highlighted. To use the toolbar icon, click the icon first and then click the edge or
object. If you click on an edge when no snap point is indicated, the location is defined at the point on the
edge nearest to the cursor.

If you select any specific location mode clicking icon in select toolbar, then the only selected mode is
performed. For instance, if you select location of midpoint of edge, whenever you approach any edge, its
midpoint is highlighted. The point can be detected clicking left mouse button wherever over
corresponding edge. Predefined location mode persists until any selection is performed, or until any
other mode is selected or until you click the same icon again.
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There is a difference between the center of gravity of a curve and the center of an arc. The arc center is
the point from which all arc’s points are at same distance. Only for a full circle are the center and center
of gravity identical.

Icon Key Use

m Midpoint of edge

e Edge endpoint

2 Circle or arc center

c Center of gravity of edge

N/A Snhap to nearest point on selected edge

k X, 'Y, Z coordinates

d Delta X, delta Y, delta Z from a specified point
d'mé g Between two points, at a defined distance from the first point
red b Halfway between two defined points

p Solid (element) insertion point

(= q Entire solid insertion point

N/A Intersection of a rotation surface axis and a plane
N/A Intersection of a line and a plane

Selecting Planes

The cursor automatically detects planes. If plane selection is required and the cursor moves over a plane,

all plane boundaries are highlighted. The plane is selected by clicking when the plane is highlighted. It is
possible to have plane boundaries common to more than one plane and select plane of wireframed object.
In such cases, approach the plane boundary from inside the plane, proceeding toward the boundary.

3D Locations Settings

3D Location Settings - 3DL

The following location options are available:

 Allow dragging by cursor - if used, you can dynamically change location by dragging the cursor. If
not used, location is defined by specifying the insertion point. See also Dynamic Translation (page
112) or Dynamic Rotation (page 113).
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» Allow detection of inserted or translated solids - if not used, you cannot detect any points or planes of
inserted or translated objects.

« Insert new solids at the location of the previous insertion (selected by default) - this is convenient for
most situations. However, when changing zoom and pan settings, you might not see the new object. If
this occurs, define the location at some specified point and the object will appear. If this option is not
selected, solids are inserted into the origin of coordinate system.

» Wires of transformed objects are displayed always up. Otherwise they can be partially hidden by other
solids above them.

Mirroring and Rescaling Solids

Mirror - MIRR3

The mirror plane must be defined first, by one of the following methods:

* An existing plane

» By three points

» By two axes (XY, XZ, or YZ) of a solid, or for Boolean solids, two axes of any element
» By two default axes of a solid, or for Boolean solids, two axes of its root solid

Then select the objects to be mirrored. The mirrored copies contain all attributes (if any) of the original
solids. If attributes are copied, you will receive a warning message and you can verify that names are
attributes are correct for the copies.

The copies are not identical (linked) to their originals. Therefore, some attribute names should be dif-
ferent. For example, the material can be the same, but the name “Right Side” should be changed to “Left
Side” for the mirrored copy.

Scale - RSSO

Rescales solids. Select the objects and define the scaling center and value.

Groups of Solids

118

Solid groups are identified by a unique name. Each solid can belong to any defined group. When select-
ing solids, you can also select objects from or in a group. Groups are also useful for changing visibility
or shading, and they can be used to define subassemblies.

3D Groups Management - 3GR, Ctrl + F1

Manages groups of solids. You can define new groups, change a group name, add or delete group ob-
jects, delete all group objects, or highlight objects belonging to a selected group. You can also change
visibility or shading of all objects belonging to a selected group.
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Wi3D Groups

Select group to change visibility of olijects or to edit group properties

Group Mame Solids in Gro... | Visible Solids | Blanked Solids | Shaded \Wireframed
Group 1 Defined es X Mo es X Mo
Group 2 Defined Yes X Mo Yes X Mo

Create news groug | Backl Cancel |

3D Groups window

Parameters

Parameters may be used whenever a 3D object requires defined values. The value input can be a
numerical constant, single parameter or mathematical expression, optionally containing parameters.
Parameters may define object's dimensions or position within a corresponding solid, if used together
with geometric constraints. Changing parameter values, all the affected 3D objects are rebuilt.
Parameters are not supported in 2D.

Definition of Parameters

Parameters may contain letters and numbers. A parameter must begin with a letter, not with a number.
Allowed letters are a..z and A..Z, usage of diacritical marks, Greek or Cyrillic letters or Japanese or
Chinese characters is not possible. Definition of mathematical expressions is described in: Mathematic
Expressions (page 35).

Parameters may be defined in the function PAR (see below), or may be written into the input field
instead of numeric values. If a parameter does not exist, you can confirm the creation of a new one. The
default numeric value for numeric input is also offered as a default value of the new parameter.

Parameters in File

Once defined, a parameter is stored in a parameter table. The parameter table is a part of 3D space.
Parameters are saved and loaded together with the corresponding 3D/2D file (document). If a document
contains objects inserted from part files (if a document is an assembly file), then each assembly group
has its own parameter table. The parameter table used for an assembly group is, in fact, the parameter
table inserted from the corresponding part file.

If a file is inserted into the current file (document), a parameter table of the inserted file is compared

with the current parameter table. If new parameters are not defined in the current table, they are accepted.
If they exist and have different values, they are rejected and corresponding dimensions are changed to
constant values.

Parameters in Scaled Solids

If you scale selected solids and the solids use parametric values, all such values are changed into
constants. Similarly, all parametric values are changed into constants if you change units of the current
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document (millimeters to inches or vice versa). In both cases you are acknowledged before the
operation.

Type of Parameters

Parameters are divided into three types:

« Linear parameters. These parameters are used for definition of length, diameter, thickness, fillet
radius etc. Linear parameters may be used in mathematical expressions. Value of a parameter
corresponds to current units (millimeters or inches).

» Angular parameters. These parameters are used for definition of angles. Angular parameters may be
used in mathematical expressions. Value of a parameter is related to angular degrees.

» Thread parameters. This type of parameter can be used for thread definition. For instance, you may
use the parameter “t” instead of “M10”. Whenever the parameter “t” is redefined, the correspondent
thread is changed. Thread parameters may be used only as single parameters and not in expressions.

Working with Parameters

Add, change or remove parameter values — PAR

This function allows you to work with all parameters used in the current 3D space and assembly groups.
You can:

 Define a new parameter. Select a type of the parameter; define a parameter name and value. Thread
parameter values are selected from a list of threads. If assembly groups are present, select a new
parameter location — 3D space or an assembly group.

» Change a value. Select a parameter and change its value. You may change values of multiple
parameters before the changes are applied to corresponding solids.

* Rename parameters.

» Delete parameters. If a parameter used in geometry is deleted, the corresponding parametric value is
changed into constant value.

After changing parameter values, system checks:

« If new values of objects comply. For instance, you cannot define the inner pipe diameter greater than
the smaller diameter.

« |If the mathematical expression can be evaluated. You cannot divide by zero or value close to zero,
you cannot calculate an angle if the sinus is greater than 1 or smaller than -1 etc.

Then, all affected parametric values are recalculated and solids are rebuilt. It is possible that element
shapes or positions are incorrect for new parameters and the corresponding Boolean tree cannot be re-
built. Such solids are highlighted and changes are not finished. You may correct new values and rebuild
solids again.
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l" Parameters

“q MNew FParameters %} Change Farameters xa Delete Parameters ab Rename Parameters

Click a parameter to edit or remowve

Farameter | “alue Type Changed | Usedin Geom.. | I | Sec.. |
- B Space (4) @
c 120 &y Linear 2 - -
d )] iy Linear =) =
i1 10 iy Linear 2 - -
ti b12x1 25 +& Thread — - =
- &= Agsembhy (3) 2
r2 3 iy Linear @ e e
d 12 iy Linear o - -
al a0 R Angular = e e

Farameters may be used whenewver a 3D ohject requires defined values. The walue input can be
nurmerical constant, & single parameter or mathematical expression, optionally containing parameters,
Farameters may define object's dimensions or position within & corresponding solid, if used together
with geametric canstraints. Changing parameter walues, the affected 30 okjects are rebuilt,

‘ Elack| Canu:e||

Parameter window

Geometric Constraints

Geometric constraints allow you to fix a position of an element inside the Boolean tree. Whenever a
shape of the solid is changed, the position of constrained elements is redefined according to a new
shape.

Definition of Constraints

Constraints may be defined:

If a new object is created and its location is defined
If objects are inserted from a file or clipboard and their location is defined

If an object is selected for transformation. In such a case, you may select an element from the Boolean
tree (for instance, a hole). Constraints are defined within an existing solid. Or, you may select one or
more entire solids. Then, the constraints may be defined only if you perform an additional Boolean
operation and these solids are add to or cut from an existing root solid. The constraints are defined
within such a complete solid.

Constraints cannot be defined:

If you select the entire solid and a solid element.
If you select multiple elements belonging to multiple solids.

If an object is inserted from a mechanical part library.
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« If the selected element belongs to a Boolean tree, but the other elements are only blendings.
« If you select multiple elements and they are already constrained in different groups.
« If you perform complex solid editing.

To define a constraint, click the inner part of corresponding object’s axes. Optionally, you may click an
icon in the Constraint panel. To edit a constraint, click the outer part of an axis. Then you may select:

+ Delete the constraint.
« Highlight the constraint.
« Edit a distance used in the constraint (not available for all types of constraints)

You may work with constraints within a function transforming solids or their elements, see Additional
Boolean Operation, Constraints Definition (page 114). The constraints can be created or edited after the
location is defined. Another option is to skip a location definition:

Geometric Constraints, CST

This function works with constraints without necessity to define a location.

Either for the function “Solid Transformation” or “Geometric Constraints”, transformations necessary
for a particular constraint are always performed. It is more convenient to define a location and then to
switch to constraints definition than to define a location only within the constraint definition. Transfor-
mation possibilities within the constraint definition are limited.

Constraints X

B
Y =
4 o
XL E
I(; Y L
2 2.+
2, Distance fram Solid's Insertion Point L E
[+ Distance from Patch X EREsBe B
T F AtPatch, Intersecton with Axis Y B3 Bz B
% Distance from Rotation Axds Z ERE3Be B
4
st Mormal X3 “‘_jf
+ ]+
= At Patch, Axis along Mormal Yo ?
+ ]+
Bz At Circle Center, Axis against Mormal zZ kB o
F At Circle Center, Axis along Mormal s
Ti 9 ok
[t Direction against Plane Mormal o

(I3 Direction along Plane Mormal
b Diirection according from Rotation Axis

Constraint definition, Constraint panel
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Constrained Objects

Constraints fix a constrained object in its movement along an axis or in rotation around the axis. The
constraining is performed for the insertion point of the object. You may change a location of the
insertion point until constraints are defined. Then you may change the location of the insertion point
only temporarily within the current function. The change is not accepted permanently.

Also, you cannot change permanently a location of the insertion point, if the corresponding element is an
anchor for another constrained object and this object is constrained right to the insertion point.

Selecting Constrained Objects

This option, which is available for objects selection, allows you to select an entire constrained
group.

If you select elements of a solid for transformation, the complete constrained group is detected. You
cannot change a location of a single element of the constrained group individually.

Automatic detection of a constrained object is displayed at the cursor:

Cursor Use

Q&E” A constrained group or constrained object is detected
ar

2 The already constrained object cannot be selected for the current constraint
2 definition

Constraining Multiple Objects

You may select multiple objects for constraining. The insertion point is the point of the first selected
object. If you need to add a new object into a constrained group, select the group and a new object (or
multiple new objects). They are added automatically.

This option, which is available in the Constraint panel, allows you to remove an object from the
constrained group.

Cancel All Constraints

This option, which is available in the Constraint panel, cancels all constraints of the currently
defined group.

Types of Geometric Constraints

All constraints are related to a specified axis. Direction of the axis may be selected along or against to a
normal or another axis in dependence on a particular situation.

Definition of a constraint rewrites all existing constraints whose fix any axis of the object the same way
as the new constraint. Fixed movements, fixed rotations or defined directions for the constrained object
are displayed in the upper part of the Constraint panel.
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Available Types of Geometric Constraints

ke
i

gy
=]

o4

Distance to solid's insertion point. Constrained object is at a defined distance from the insertion
point of a selected object (another solid element). Distance may be both positive or negative
(along or against the axis arrow), or zero. This type of the constraint is often used for definition
of a distance between holes or other solid elements.

Distance from a patch, the axis is not directed. Intersection between the axis and the selected
patch is calculated. The constrained object is fixed at a specified distance from the intersection.

Location at a patch, the axis is not directed. This constraint is similar to the previous, but the
distance is always zero.

Location at a patch, the axis is directed according to a normal. The nearest point at a patch is
found. Then the object is moved to the nearest point and the corresponding axis is directed
against or along the normal of the patch at the location. This type of the constraint fixes the
object at a surface and adjusts always its orientation. It can be used often for location of a hole
— the object is always at the surface and the axis is always oriented perpendicularly to the
surface.

Location at a circle center, the axis is directed according to the normal of a planar surface. This
constraint is especially usefull for joining pipe or shaft segments.

The axis is directed according to a plane normal. This constraint is performed always as first
before the other constraints. It defines orientation of the constrained object. Only one axis can
be oriented this way.

The axis is directed according to a rotation axis. The axis is parallel to the axis of the rotation
surface.

Object is constrained at a distance from a rotation axis. An axis selected from the remaining
two axes is simultaneously directed according to the rotation axis.

Removing Constraints According to Corresponding Axes

Clicking an outer part of object’s axes, you may select deletion of the corresponding constraint (see

=]

(<]

above). If you need to cancel the constraining of a selected axis, use following options:

Constraint fixing movement along the axis is deleted.

Constraint fixing rotation around the axis is deleted.

Constraint fixing alignment of the axis is deleted.



Chapter 13. 3D Modeling

Chain of Constraints

Constraints within a solid cannot be defined without a limitation. Basically, if an object A is constrained

to an object B, then the object B cannot be constrained to the object A. All objects can be constrained to
an object which is not constrained further.

If the object A is constrained to the object B (for instance, fixed at a distance from a patch of the object

B), and the object B is constrained to the object C, a sequence of objects A, B and C creates a
constrained chain.

Regarding the already existing constraints, you cannot anchor a constrained group at an object, if;
» The object is from a different solid.

» The object is from a different chain of constraints,

» The object is constrained at the currently defined group, not only directly, but also over multiple
constrained links.

System automatically blocks the selection of anchors, if the constraint is not possible. The cursor is au-
tomatically changed at such a situation (see Selecting Constrained Objects (page 123)

ll‘ Scheme of Links among Constrained Groups [7|

Click an objectto highlight the carresponding solids

) Objects | Curent | Fixed | Highlighted |
rl:““‘*-,_‘ % = T&, =] %
|II . T,I,
|II — qup o
1 + TJ, =]
I|I T T&,

Only the groups of constrained objects are listed.

Im Elack| Canu:el‘

Chain of constraints

Fixed Object within Constraints

When the position of constrained elements is redefined according to a hew shape, it may be moved in-
conveniently. For instance, you may define a chain of constraints within a shaft. After changing a length
of a segment, all remaining segments are moved. You may want objects to be moved in opposite direc-
tion. You can fix a selected element from the entire solid. Then the element remains always in the same

at the same location.

position — it is not translated or rotated. If no element is fixed then elements without constraints remain

This option, which is available in the Constraint panel, allows you to fix a selected element to
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the current location.

Constraining Angles

To constrain an angle, perform an additional rotation around an axis first.

See Additional rotation around an axis (page 113). As angular value, enter or define a new parameter.
Then constrain selected objects, if they are not already constrained.

If you change the corresponding angular parameter, the angle is recalculated and the constrained objects
are rotated according to the new angle. The necessary condition for fixing angles by parameters is that
the objects must be constrained at least once — no matter which constraining method is used. Otherwise,
after change of the angle the axes are rotated instead of the objects.

Another advantage of additional rotation around axes combined with constraint definitions is a possibil-
ity to constrain objects in any direction, regardless of the initial state of their axes. Objects are always
constrained in direction of X, Y or Z axis. The axes are directed according to how a solid was created,
and the direction may not be always convenient. After transformation of objects and additional rotation
around an axis, you may constraint objects exactly in desired direction.

Additional rotation around an axis

Constraints in Solid Creation 2D Profiles

You can change the shape of a solid created by rotation, extrusion or lofting of a 2D profile, when you
define constraints and parameters for objects of the profile.
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Constraining Objects in 2D Profile

You can define constraints for a group of vertexes. Vertexes are:
 Endpoints of a line curve or arc
« Centers of a circle or circular arc

« Interpolation points of NURBS curve

Vertexes of a solid creation 2D profile

If you need to work with 2D creation profile constraints and parameters, select a solid for editing. Then
click the corresponding icon in the edit toolbar — 2D edit mode is switched to profile constraint mode.
After performing a change, the profile is always edited in constraint mode. From constraint mode, you
can switch editing back to 2D edit mode similarly — clicking an icon in the constraint toolbar.

= htﬂ 9 NEIEDJOJ-’E} GROO>T LS IR
0,8 € & @@f@ il

Edlt 2D Proﬁle E]

T+

Click QK to Finish 05« 5] 14 ch

|Deﬁr‘|e Constraints or Parameters

Switching 2D edit mode to profile constraint mode
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Vertexes can be constrained at a distance to the center of coordinates or to another vertex (to an
anchoring point). The distance may be a constant value, parameter or an expression containing
parameters. If the corresponding parameters are changed, position of vertexes is relocated.

Vertexes can be constrained in direction of X axis, Y axis or in radial direction. Constraints can be
defined for X axis and Y axis independently. However, if vertexes are constrained in radial direction,
then constraints in x-direction or y-direction are not available and vice versa. Trying to define such an
unavailable constraint, you are informed that the existing constraint will be overridden.

A constraint is defined for a group of one or more vertexes. After selecting vertexes, define a referent
point. The constrained distance is a distance from the coordinate center or anchoring vertex to the
referent point (vertex). All other vertexes are moved together with the referent point, if the constrained
distance is changed.

List of Available Constraint Methods

Icon Method

Constrain objects in X direction to the coordinate center

Constrain objects in X direction to another object

Constrain objects in Y direction to the coordinate center

1<) L1 (3] (e

Constrain objects in Y direction to another object

@
o

17 Constrain objects under an angle and distance to the coordinate center
2 Constrain objects under an angle and distance to another object

£ Changes definition of an arc: 2 points, radius vs. 2 points, radius, center
= Change a chamfer distance

Change a radius of an arc, circle or fillet

Display constraints and coordinate systems

Check profile dimensions

Edit an existing constraint

Delete an existing constraint

Edit an existing coordinate system

£ | = = S A

Redefine the coordinate system for the created constraint. X-Y coordinates are
defined under an angle.

Selecting Vertexes

You can select vertexes clicking them one by one, or use following options:
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Select vertexes inside the selection window
Select vertexes outside the selection window

Toggle between adding and removing from the selection set

If certain vertexes cannot be selected, they are displayed in different colors. Selection of some vertexes
can be blocked, if:

» The vertexes have defined different coordinate systems than first selected vertex - if a constraint is
created.

» The vertexes belong to a different constrained group than the group selected for editing or deleting.

You can also pick a set of vertexes first, finish the selection and then select a following step from pop-up
menu.

Display Options

Working with a 2D solid creation profile, you can change display similarly as in edit mode:

IEI Toggle between thick and thin outlines in 2D

Toggle entire display between shaded and wireframed

Filleting, Chamfering and Radii of Circles or Arcs

Radius of a circle, arc or fillet can be defined as a parametric value. Chamfer distances can be also
defined as parametric values. It is not necessary to define a constraint to change a value of radius or
chamfer distance. Select an object and redefine the value.

Rounded or chamfered corners are detected as filleting or chamfering, if the blend operation was
performed in 2D edit mode in 3D environment. If the profile was created in 2D drafting module, only
filleting of two linear segments is recognized. In case of a rounded or chamfered corner, the end-point
vertex is at location of the original corner. Connection of a fillet arc or chamfer line to the original linear
or arc profile segments is displayed differently. The connection cannot be selected for constraint
definition, but can be selected for values measurement.

Constraining Circular Arcs

By default, arcs are defined by two endpoints and radius. If necessary, you can add the arc center to the
definition. In such case, the endpoints must be explicitly calculated if they are constrained - otherwise
they may not be at the radius distance from the arc center.

An exception of constrained endpoints of circular arcs is a situation when the endpoints are constrained
only in x-direction or in y-direction. For example: if an endpoint is constrained in x-direction, the
x-coordinate is exactly defined. If this point is an endpoint of a circular arc, its distance from the arc
center is also exactly defined. The y-coordinate of such an endpoint is recalculated after change of an
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x-constraint or radius of the arc. According to a corresponding geometry, there may not be a solution. If
the solution exists, a new arc endpoint location is defined.
Constraining NURBS Curves

NURBS curves are created as interpolation curves defined by a set of points. The shape of the curve can
be modified, if you change locations of the interpolation points. The interpolation points can be
constrained as other vertexes — either each point individually or the set of points as a constrained group.

Editing Constraints

To edit a constraint, select a vertex first. If the vertex is a member of two constrained groups (for
instance, a group constrained in x-direction and a group constrained in y-direction), select which group
is edited. Add or delete vertexes to or from the selected group. Finally, confirm or edit the constrained
distance. It is not possible to change the reference or anchoring point, if the edited constraint is
constrained to another vertex.

Deleting Constraints

Select a vertex from a constrained group to be deleted. Confirm removal of the selected group.

Coordinate Systems

By default, the world coordinate system is used. X axis is directed to the right, Y axis is directed up.
Location of the center of the coordinate system is defined during profile creation. If necessary, you can
redefine the coordinate system for a group of selected vertexes. The coordinate system can be defined
with following methods:

2| Center at a selected vertex, X-direction to a selected vertex
~=| Center at a selected vertex, X-direction under a defined angle
Center defined by XY, X-direction to a selected vertex
Center defined by XY, X-direction under a defined angle

Reset the coordinate system to default

If the center coordinate or X-axis angle is defined, you can use parameters instead of constant values. If
the center position or X-axis angle is changed, position of all vertexes in the group is recalculated, too.

If the coordinate system for a set of vertexes is redefined, you can create a constraint only for vertexes
with identical coordinate system.
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Exporting Views and Sections from 3D to 2D

You can create 2D drawings from your 3D model by exporting views. For each view export, you can use
all objects or only selected objects. Exported objects can be clipped to a defined rectangle, if you need to
create only a small detail from a larger part.

Creating 2D from 3D

2D View from 3D - 32E, Ctrl + X

The following options are available for exporting views:

« Visible lines - you can select the layer, color or line type of created lines. Colors can be copied from
the solids.

» Hidden lines - set to be removed by default, but you can turn this off. If hidden lines are to be created,
you can set their 2D line attributes.

+ Tangent connection lines - smooth connections of tangent surfaces, such as a fillet and its neighboring
surface. Tangent connections can be removed, or created in different 2D line attributes.

« Define whether the current view is exported or define export of selected basic views, like the front
view, left view etc.

» Optionally define a clipping rectangle, if the current view is exported.
« Select a method of insertion into 2D area.

« Select a method of creating threads. By default option, the threads are created according to common
2D drawing rules. If the threads are projected in the axial direction or direction perpendicular to their
axes, (threads are in basic views like a side view, front view...), you may select line attributes of
created 2D thread objects. You can distinguish ends of threads as well as secondary thread diameters.

» Define 2D colors. In 3D, you can work with 32 colors, while in 2D the number of colors is only 9.
This option maps colors of 3D solids to colors of 2D objects. Colors corresponding to this map are
used only if the 2D objects are created according to the color option.

Define the export method, and select the exported objects, if necessary. Define the view position in the
2D drawing. Optionally, you can define 2D position using drag and drop or by translation new objects.

If the latter possibility is used, define a translation vector (position “from”, position “to”’) and confirm
the insertion. 3D section outlines are exported to 2D as boundaries that can be detected as a single object.
This boundary can be easily used in hatching functions. See Hatching 3D Sections (page 64) (page 18).

You can also set a position of each view in 2D area:

 For created basic views, define a mutual position of the front view and other views. For instance, you
can define whether the left view is inserted into 2D to the right or to the left side of front view.

« Define gaps between each view and distances from 2D area margins.
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B Creation of 2D from 3D view(s)

" Create 2D drawing from current view

® Create 20 drawing from predefined views
[v' Front view [v Left view [v" Top wisw
[ Rightview [ Bottomview [ Back view

Settings of 30 views positions in 20 area ‘

® Create 20 drawing from all objects

" Create 2D drawing from selected objects only

r

Iv" In 2D, insert exported view(s) using drag and drop
After new 20 objects are inserted into 20 area:

® Stay in 20 editor

" Return back to 3D

30 - 20 connections management:

[ Add this view export to list of exports

tdanage list of 30 to 20 exports

Visible lines (edges) in 20:

[ Colors according to solid colors

Line attributes -

Hidden lines {edges) in 20

@ Mot to drawy hidden lines
" Draw hidden lines same as visible edges

" Draw hidden lines using specified line attributes

Tangent connection lines in 20

" Mot to dravs tangent lines
@ Draw tangent lines same as visible edges

" Draw tangent lines using specified line attributes

Drrawing threads ‘ Accuracy of created 200 curves

m Baok‘ Canoel‘

3D View Export window

List of 3D View Exports, Updating Views

The view export is added to a list of predefined exports, if during the export creation the option “Add

this view export to list of exports* is selected.

The view export list is used whenever you need to update 3D views after 3D changes. Each stored view

export contains:

If the view update function is invoked, each export from list is performed. For each export the view is

Export method - hidden line removal, attributes, etc.

List of exported objects (optionally)
Definition of corresponding 3D view

Definition of active sections (optionally)

Definition of clip rectangle, if any (if used, the window clips 3D objects before exporting is

performed)

2D position of exported view - if this position is changed, all such changes are stored in the 2D list of

transformations. You can translate, rotate or rescale the exported view. It is necessary to select all

objects created from one view. See Selecting 2D Obijects (page 29) (page 18) - selecting view. If only

some 2D objects are transformed, this change is not stored in the list of transformations.

set, the corresponding section is turned on, objects are selected and the 3D view is exported to 2D.

These objects are inserted into 2D. All this is done automatically. You can select whether the old 2D

objects will be removed or changed, to distinguish line attributes before and after the update.
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If you choose to change line attributes of old 2D objects, you can switch between old 2D objects and
new 2D objects. This switching always highlights changes, and you can see what is new or what was
deleted. Exporting a view creates only outlines. If there are any dimensions, hatches, or other 2D
annotations, you can adjust them according to the changes. When all additional 2D changes are
complete, remove the previous view export. If this view is not removed, the 2D update cannot be
performed.

3D section outlines are exported to 2D as boundaries that can be detected as one object. This boundary
can be used in hatching functions. See Hatching 3D Sections (page 64).

g Update 2D after 3D Changes - 32EN

Creates new 3D-to-2D view exports.

Old/New View Export, Updated 2D - SON

In 2D, switch between old and new 3D to 2D view exports to compare and update 2D after 3D changes.
This allows you to easily distinguish changes and modify the corresponding 2D objects — especially di-
mensions and hatching.

Remove Previous View Export - ROL

In 2D, remove all old 2D view objects exported before the last export. Perform the function after all
changes in 2D are finished.

L‘j,[ Update 2D from 3D View(s) E|

If some 20 ohjects were created by this expon presdoushy:

¢ Change their attributes to distinguish them from others

" Delete these ohjects

Line attributes of previoushy exported objects:
Line aftributes -

Manage list of 30 to 20 expons ‘

| Ferform predetined exports | Back | Cancel ‘

Updating 2D after changes in 3D
Update 2D after 3D Changes Setting — 32SET

Manages a list of predefined view exports. This function is available also from Update 2D after 3D
Changes or from Creating 2D from 3D. The view export can be selected from the list as well as from
corresponding 2D objects. You can:

» Redefine method of 2D creation for selected export
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Highlight corresponding objects in 2D

Redefine method of 2D creation for all exports together
» Remove selected export

» Remove all exports

D,[ View Exports Management §|
Select predefined 30 view export:
Type of Wiew | Exponed Solids | Sections | Exponed Display Area | 20 Rotation & Rescale |
Top Wiew All Mot used Full wiew Mo
Front “iew All Mot used Full wigw Mo
Leftwiew All Mot used Full wigw Mo
General View Selected Mot used Clip rectangle Yes
General View All Uszed Full wigw Mo

Detectview expaort in 20 | Change creation of all exports | Delete all view exparts | Elackl Cancel |

Management of defined view exports

3D Sections

With VariCAD you can create 3D sections. Sections can be turned on or off at any time. If a section is
active, displayed solids are cut by the sectioning tool. If the solid is part of an active section, some
functions cannot be performed. If this happens, you will receive a warning message.

Each section is defined by:

» Name

+ Section planes (sectioning tool)
+ Solids that are sectioned

If you need to change the color of the section planes, use function Change Color (page 99). Switch the
select mode to selection of single solids (single parts of Boolean trees) and select a section plane as an
object for color change.

For more information about exporting sections to STEP or IGES, see How 3D Objects Are Converted to
STEP or IGES (page 6) (page 5).

Section Planes, Sectioning Tool

Section planes are the planes of the sectioning tool. If the section is turned on, operation similar to Boo-
lean cut is performed and the sectioning tool cuts the sectioned solids. As a sectioning tool, you can se-
lect a box or any solid created by extrusion. If the extruded profile contains more lines, the section has
more section planes. Shape or location of sectioning tool defines how the solids are cut by sectioning.

3D Section Management - SEM

Turns on or turns off selected section. Allows you to define a new section, define the sectioned solids,
section planes or cancel definition of 3D section.
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3D section - the box is the sectioning tool

Sectioning results (rotated view)

BRI 3D Sections Management

Select section to turn onfoff or to edit properies:

Section MName | Status| Salids in Section | Section Plans(s) | Color |

Aoy dyan o Defined / Defined
B-B = Off + Defined X Undefined

Active section will be automatically turned off before editing, if necessary.

Create new section | Baokl Cancel |

3D Sections window

135



Chapter 13. 3D Modeling

3D Comprehensive Shapes
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Pipes and Wires

Pipes or wires are created as a set of cylindrical segments and elbows. Define diameters and the elbow
radius first. Then define a path of the pipe or wire in space. To define the path, you can use similar tools
as for solids insertions or translations. Location of the tri-axes tool defines a location of the pipe segment
endpoint. Before each confirmation of the location, you can easily redefine tri-axes tool position or
adjust this position according to other spatial objects. See Transforming and Copying Solids (page 110)
for basic location modes.

You can define straight segments, while each connection is automatically rounded by an elbow. You can
insert an elbow directly at the finished straight segment and define its rotation. You can also bend a pipe
around a corner in space as well as around or according to other pipe’s elbow. You can finish the pipe
selecting an axis (for instance flange’s axis or hole’s axis) - an elbow and straight segment is created.
The straight segment is finished right at the selected axis. The next location selected anywhere at the
selected axis allows you to create a pipe straight into the desired location under the desired direction.

For definition of pipes or wires in space, you have more additional options available than for locations
of solids:

Icon Use

Elbow radius redefinition

Diameter redefinition

Creates elbows between straight segments automatically, segments are defined by
endpoints

Creates single elbow defined by start tangent and point

Creates elbow and straight segment to intersect selected axis

Locate at intersection of two selected axes

Pipe/wire segment endpoint at current location

12| 2 =) [E]l@]| &

Clicking the inner part of the tri-axes tool, you can obtain more options for corresponding axis than for
locations of solids:

Icon Use
a$ Dynamic rotation around selected axis, reference point at end of X axis

Dynamic rotation around selected axis, reference point at end of Y axis

Dynamic rotation around selected axis, reference point at end of Z axis

Bend pipe around corner, start at direction of selected axis

||
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Bend pipe around another elbow or axes intersection, start at direction of selected

axis

While defining a path of a pipe or wire, Enter or right-click has different meanings according to the
given situation. If a segment is inserted and no new location of tri-axes is defined, Enter causes the pipe
creation is finished. All previously defined segments are merged into a single pipe or wire. If a segment
was created and a new tri-axes location is already defined, Enter defines new segment’s endpoint. Va-
riCAD uses different cursors to distinguish each situation:

Cursor Use of Enter Use of Step Back
- End point of If a segment was created before, tri-axes are located back at the
arF segment is endpoint of this segment. Otherwise back to geometry
defined confirmation
O Pipe or wire is | Last segment is removed
aF finished

Pipes - PIPES

Creates pipes in space. Radial intersection is ring — defined by outer and inner diameter.

Wires - WIRES

Creates wires in space. Radial intersection is circle — defined by diameter.

Creation of pipe
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Offset Patches — Thick Shells

Shell is created as the offset patches are connected to the selected patches at a given thickness. Select
patches on a solid first. Then define a thickness. You can select whether the resulting shell is created as
outer layer to the selected patches (creation in a direction of the normal), or the selected patches are
outer layer of resulting shell (creation against a direction of the normal). You can select also if the
original solid remains in space or is removed after the shell creation. In both cases, copy of the shell
pattern is stored in the shell object and remains available for further shell shape editing.

Selecting patches for shell definition, you can select patch by patch or use the following option:

IEI All solid’s patches are selected. Then you can some of them deselect.

Shell objects can be used as sheet metal parts.

IEI Offset Patches (Shells) - OFP

This function creates shell objects.

surface ... [%]
g G4 SEL IJOK

=

Creation of shell
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Shell defined in previous example

Threads in 3D

Threads can be created on an existing outer cylindrical surface, as a threaded hole or by inserting a
threaded cylinder (a threaded end of shaft, for instance). Once created, the threads are properly exported
into 2D drawing area or into STEP files. Checking interferences, the threads are correctly distinguished
not only according to their diameters, but also according to their pitches and types. If a solid containing
threads is to be rescaled, scaling values are limited to available standard thread diameters.

Parts inserted from mechanical parts libraries are correctly fitted with threads, too. The threads are
present at screws or nuts inserted from the libraries. Screws and nuts created in versions prior to
VariCAD 2008 are not automatically changed to objects fitted with threads.

If you create a threaded hole or outer threaded cylinder (a screw), you can select a thread from a list of
threads. There are two types of threads available:

» Metric Threads, for work with ISO units (millimeters)
» Unified Screw Threads, for work with imperial units (inches)

Type of an existing thread can be changed only after a change of the units in the entire document
(millimeters to inches or vice versa).

Functions available for thread creation:

Threaded Hole - THH
Threaded Cylinder (Screw) - THS

Outer Thread Cutting Tool - OTC

Outer thread can be cut only at a diameter equal to a standard thread diameter.
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B Metric Threads

Selectthread

| Thread | Diameter | Pitch | coarse/Fine Size| | Sizell | Sizell ~
hAg [ 1.25 <~ Coarse @ - -
hBx1 8 1 ~* Fing =] - -
kABx0.75 ] 075  Fing =] - -
A9 9 1.25 <~ Coarse = = @
b S 1 ] 1 ~* Fing = = =]
kA9x0.75 9 075  Fing = = =]
rA10 10 15 " Coarse @ — -_—
kA1 0x1.25 10 1.258  Fine @ - -

b1 01 10 1 ”* Fing @ - -
kA1 0x0.75 10 0,75  Fine =] - -
k411 11 15 - Coarse -_ -_ @
kA1 11 11 1 ~* Fing = = <]
kA1 10,75 11 0,75  Fine = = =]
k12 12 1.75 < Coarse @ -— -—
k121 5 12 15 ~* Fing =] - -
k12x1.25 12 1.2  Fing =] - -
kA1 2x1 12 1 o Fine @ - -
14 14 2 ~ Coarse — ] -_—
k141 5 14 15  Fing = =] - i

Thread from outer diameterl Thread from threaded surface | Elackl Cancel | a

Selecting a thread from a list of threads

Checking Functions and Calculations

140

Units of Calculation Results

*%| 3D Results Units Settings — RUS

You can select, whether the results of volume, mass, moment of inertia and surface area calculation will
be displayed in:

* 1SO units (meters, kilograms)
« Other units (inches, feet, pounds)

 Both unit systems.
Volume, Mass, Surface and Moment of Inertia Calculations
Volume, Mass Center of Gravity - VOL

Select the objects. The calculation provides object volume and coordinates of the center of gravity. You
can then select the mass density from the list of materials, or enter the mass density manually, to recal-
culate the mass. If multiple objects are selected, the calculation incorporates all objects into the results.
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Surface Area - SAR

Select the objects for surface area calculation. If multiple objects are selected, the calculation incorpo-
rates all objects into the results.

Moment of Inertia - MIN

Define the axis about which the inertia is calculated and select the objects. The moment of inertia is
calculated, and you can select or enter the mass density to change calculated result. If multiple objects
are selected, the calculation incorporates all objects into the results.

Checking and Measuring Geometry

Some of these functions require location input. For more information, see Defining 3D Locations (page
116).

3D Coordinates - 3DCO
Displays 3D coordinates of a selected point.

3D Distance - 3DD

Displays the distance between two selected points and dX, dY, dZ between the points.
Distance Point Plane - DPP

Measures the shortest distance between a point and a plane.

Distance Point Cylinder - DPC

Measures the shortest distance between a point and a cylindrical surface, as well as the radius of the cy-
linder and distance to cylinder axis.

Cylinder Dimensions - SCY

Displays dimensions of a cylindrical surface.

Angle between Planes - APL

Measures the angle between two planes.

3D Object Information - ODT3

Displays information about a selected 3D object, including name and attributes, membership in solid
groups and identical copy groups, and definition of any sections.
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3D Space Information - STAT

Displays information about all objects in the 3D space, including number of solids, number of blanked
solids, defined sections, assembly links and defined groups.

Interference between Solids

142

When inserting parts into an assembly, you may insert some parts incorrectly. This could cause solids to
overlap other solids. Interference checking enables you to check for situations like this. After each test,
the result of interference checking is displayed. Intersection curves of colliding objects are always dis-
played. The following options enable you to display more information:

Highlight all interferences together

This function is useful at the beginning of interferences solving. All objects are displayed as wireframed
and in no expressive color. Intersection curves, identical objects or objects engulfing smaller ones are
highlighted. Thus you can easily see any interference even within large assembly.

Highlight solids in selected interference

If the intersection curve is selected, corresponding solids are highlighted.

View rotation center to interference

Function allows you to move the view rotation center to the center of gravity of the selected intersection
curve. This is useful especially when the particular interference is solved and you need to change views.

Solid engulfing smaller solids

If any small solid is completely engulfed by a larger solid, the larger object is highlighted and smaller
object is displayed as wireframed within the larger one.

Identical solids

This option highlights two or more identical objects at the same location. Such identical objects can oc-
cur especially during blanking/unblanking.

Finish interference displaying
You can check interferences using these functions:

Interference between Groups - CRT

The interference check is done between two groups of solids. The groups remain defined, enabling you
to repeat the check after editing.
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Repeat Interference Check - CRTR

Repeats the interference check between the previously defined groups.

All Interferences - ASCH

Checks for interference between all solids.

Interference without Selected - ASCHN

Checks for interference between all solids except for those selected.

Interference Selected vs. Rest - ASCHS

Checks for interference between selected solids and the rest of the solids.

Interference within Selected - ASCHB

Checks for interference only within selected solids.
Display Interferences - CHRD

Displays previously calculated intersections among solids. You can calculate these intersections once,
and display the results repeatedly. If the objects in interferences are removed or blanked, corresponding
interference is not displayed. If they are unblanked or if removing is undone, then interference is
displayed again. On the other side, no edit changes affect displaying the interference. It is recommended
to recalculate interferences often, if the objects are edited.

3D Assemblies

VariCAD enables you to define connections between part files and assembly files. Parts can be created
and edited in their own files and then inserted into assemblies. If a part is edited, the change is
transferred to all assemblies that contain the part. In addition, you can change a part within the assembly
file and update the original part file, as well as other assemblies that contain the part. It is generally
faster and more efficient to edit parts in their own files, since there is much less data in these files. But
editing within the assembly can be handy if you need to edit only a small detail, especially a detail that
affects other parts.

If the current file contains any parts inserted from another files, the file becomes as assembly file, and
"Assembly" is displayed on the right side of the Status Bar. If the file contains a part used in an
assembly, or an object identified as a part, "Part" appears on the Status Bar.

Using links between parts and assemblies provides many advantages. However, you do not have to use
links when working with multiple solids. Unlike other CAD systems, VariCAD provides freedom and
flexibility when working with assemblies.
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Creating Part Files, Assembly Files and Assembly Links

There are several ways to create assembly-part links:

+ Inthe current file, select an object and use the Create Link from Part function. Define the filename for
the part, and the object is saved to this file. The current file becomes the assembly file

« Inthe current file, select an object and use the Create Link to Assembly (Assemblies) function to
"mark" the part to be used later in an assembly. Only one object in a file can be identified as a part.

» Make the current file as assembly by using File / Insert Objects from File and insert a file containing
the defined part.

Saving and Loading the Assembly Files

While editing an assembly file, changes can be saved to part files as well as to the current assembly file.
When opening an assembly file, the parts are loaded as they were last saved then the parts are updated
from the part files. Therefore, if parts are changed after the assembly was saved, the changed parts will
be used.

If part files cannot be located, a list of broken assembly links is displayed and you can use the following
methods to resolve them:

» Leave the part as it was saved in assembly, and you can resolve links later. If you know the part file
has not changed since the assembly was closed, this is the best option.

» Break the link permanently.

« Search for another file or directory. If there are parts in another directory, you can select one of them
as a replacement. The new directory is identified, and you can change all links to use this path.

If you choose not to resolve any links, the parts will remain as they were saved last in the assembly.

Simultaneously Open Assembly and Part Files

VariCAD allows you to work with multiple open files. While working in the assembly file, you can
open part files from the assembly. Transferring changes between parts is managed by the following
function:

Assembly Changes Transfer Settings - DSO

This function enables you to define links between open files - from part to assembly, assembly to part,
or both. When changes are transferred, undo-redo history is lost when the file becomes active (windows
are switched).

Open Part File from Assembly - EDE

Select the part, and its file opens. If the part in an assembly is changed, changes are transferred into a
newly open file automatically only if the transfer is allowed (see above).
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Managing the Assembly Connections

E Create Link from Part- DIA

Defines an object as a part and exports it to its own file. The current file becomes the assembly, and the
part-assembly link is established.

Break Link from Part - CSI

Breaks the assembly link for one group defined by the selected solid.

Break All Links from Parts - CAl

Break all part-assembly links in the current assembly. The current document loses the assembly status.

Create Link to Assembly (Assemblies) - DEE

Defines the selected object as a part. The current document becomes a part file.

Break Link to Assembly (Assemblies) - CDE

Break the part definition. The file is no longer a part file.

Change Link to Assembly (Assemblies) - ROI

If a file has a defined part, use this function to define a different part. Corresponding parts in all
assemblies are changed according to this selection.

Surface Development (Unbending)

Surface Development enables you to create an unbent (flattened) version of a 3D surface and transfer it
to a 2D drawing. This enables you to represent parts created from sheet metal. Moreover, you can create
these parts as filled objects, if you only need to obtain a developed surface. Each bent surface can be
created as an outer or inner shell.

You can develop only surfaces through which lines can be laid, such as cylindrical or conical surfaces.
Planes can also be developed, but they are displayed with no change in 2D. You can select more than
one surface to develop. For multiple surfaces, the function resolves connections of developed patches.

These unbent objects are created in the 2D drawing at a 1:1 scale, and can therefore be used as template,
if 2D drawings are plotted. Surface outlines are lines or curves approximated into short line segments.
The XY coordinates of outline points can be saved to a text file. Leaders can also be placed at outline
points.

If the sheet is thin enough, you can ignore its thickness. Otherwise, the thickness must be defined and its
value is incorporated while calculating the surface development.
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Surface Development - SDE

The following properties must be defined before selecting the surfaces to develop:
» Whether the text file with outline points will be created

» Whether the origin and leaders will be created in 2D development

 Material thickness (if undefined, zero is used)

« Line attributes used in the 2D drawing

EE Surface Development ﬁ

"Unbent points" are endpoints of line segments representing
unkent sheet outline. Manlinear unbent cutlines are replaced
by defined amount of short linear segments.

¥ Create leader at each "Unbent paint”

Leader style definition |

¥ Create axes at center of "Unbent points” coordinates

Center style definition |

I “Write =" coaordinates of "Unbent points" ta text file

Define filenarme |

File: Undefined

"Unkbent points" distance (for nonlinear curves): |5

Bending coefficients correct dimensions of unbent sheet if
sheet thicknessfbending radius is significant.

Defoult| Change | iew/Edit|

Bending coefficients: default

Linbent sheet outlines in 20:

Line aftributes | -

As surface to be developed (unfold), wou can select either
entire solid created from sheet metal or surface of any salid.
In second case, such surface will be considered as surface
of sheet metal with given thickness.

CIKl Eiau:kl Cancell

Surface Development window
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After defining these properties, select the surfaces to be developed. Press “Enter” or right-click to finish
surface selection. The following are additional options:

Select the entire solid created from a sheet metal. This option is available only if no other
patches are selected. If the entire solid is selected, you can deselect some of its patches, if
necessary.

Other available options allow you to switch between select and deselect mode, undo previous selection
or finish selection and perform unbending.

After selecting surfaces, define the material thickness. If the selected surfaces are surfaces of a sheet
metal, the thickness is calculated automatically and you can confirm its value. Otherwise, define
whether the thickness is significant. If yes, then define thickness value and select if the surface is an
outer surface of the sheet metal or if the sheet metal is an additional layer of the surface.

The final step is to drag to insert the unbent surface in the 2D drawing. If necessary, define the surface
origin and leader positions.

Selection of surface to be developed (unbent)

2D display of developed surface
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Selection of more surfaces

—

A

2D display of developed surfaces
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This section describes how to work with BOM’s, attributes of 3D objects and assemblies, and methods
of how to create a list of parts, automatically fill title blocks and how to manage other non-graphical
data.

Object Attributes

Each solid or assembly can have a defined name and attributes. Mechanical parts such as screws, bear-
ings, and rolled profiles have predefined attributes and names. Attributes and names can be used as a
method of selecting solids (selecting solids according to their attributes). Attributes can be inserted into
title blocks in 2D area, can be listed in files containing the list of assembly parts and can be exported in-
to files suitable for other systems, like spreadsheets. The object name is, in fact, a sort of attribute.

BOM, Attributes and Title Blocks Settings

This function allows you to define new attributes, edit or delete existing attributes, manage attribute
groups, title blocks and create files suitable for other systems. Attributes and their properties are de-
scribed below.

W Edit Solid Attributes

Click the aftribute to define, right-click the attribute to edit or delete

Sl Adtribute | “alue | Fequired | Tvpe | E.. | In... | T... | LS

@ name Base Alwrays Ab Mame of ohject > WA

= guantity 388 Number of chjects 3> = 4§

@  manufactured TvES manufactured Alirays 7 Manufactur... 8 = =

@ weight 0.341 @ Mass > 4 g

@ matetial E335 & Material - o %5

= date o3 Date - o g

= surface g Surface area —_ = -

- type F Standard ... > = I

= duwg. filename (&= File - = -

@ dwg. no. 1-100-31 lfmanufactured (O General > 5 g ¥

Extra aftributes according to atribute group(s): IFDr all ohjects Selectgroup |
If some status is marked as missing, data will not be exported to BOM carrectly. To manage your work with attributes,
redefine BOM, attributes and title blocks seftings.
Elackl Cancell a

BOM, Attributes and Title Blocks Settings
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Attribute Definition

Attribute Name

Each attribute has its own name. The name must be unique among all defined attributes. The name
should represent the meaning of the attribute value. For instance, if the attribute defines material of a
solid, then the attribute should be named “material” or similarly.

If the attributes are defined in different configurations, their names are used for recognition of
compatible values — see Compatibility of Defined Attributes and Attribute Groups (page 154)

Attribute Type and Attribute Value

The type of attribute determines the method of attribute definition or other attribute behavior. Although
each attribute may be defined as an attribute of “General” type, it is always better to consider the best
type of given attribute. You may use the following types:

B

ooo
ooo

ad

Name of Object — defines name for object recognition (for instance “Shaft 32-150” etc...).
Defined names are usually demanded for the list of parts. If the name is not defined, the solid
cannot be processed in BOM. Only one attribute of the type “Name of Object” can be defined
among all available attributes.

Mass — value is mass (weight) of the solid. If defined, VariCAD allows you to calculate mass of
the solid using the same method as in the function “Volume, Mass, and Center of Gravity”.
After calculation, you may select the result in various units (kg, g, Ib, oz etc...).

Surface Area — value is the surface area of the solid. If defined, VariCAD allows you to
calculate surface area of solid using the same method as in the function “Surface Area”.

Manufactured / Purchased — value defines if the part is manufactured (documentation is
created) or if it is purchased. According to this attribute, other attributes may be required as
mandatory or may not be required at all. Manufactured objects may require other different
attributes (like, for instance, drawing number) than the purchased ones (like, for instance,
purchase code).

Number of Objects — for a single solid, the value is always equal to one. In BOM, the value is
automatically counted as a sum of the same objects in the assembly. For the assembly, you may
obtain the value as a sum of the number of objects of all parts.

Date — value contains a day of the month, month and year. You may configure the format of
date representation, using the function BOM, Attributes and Title Blocks Settings (page 149).
You can select the same representation as in the operating system or you may define your own.

File — value contains an existing file, usually the file containing the corresponding part or the
assembly file. You may select the file name from directory listing or you may choose it from
the current file or file of a part defined in the assembly link.

Material — value contains material of the corresponding part. If defined, you may select from
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previously used values or you may copy the material from another solid.

Standard specification — value usually contains specification of standard, like DIN, ANSI etc...
This attribute is automatically defined for solids inserted from mechanical parts libraries, like
for screws, nuts, bearings etc...

Attribute of a general type — can be used always if the previous types are not the best option.
For the general attribute, you can also define more methods of value definition - see below.

Attribute values can be:

» Text value — can contain any sequence of letters and digits (used for name, file name, description...)
* Integer value — contains whole numbers (used for a number of objects...)

 Real value — contains numbers with the decimal point (used for mass, surface area ...)

» Date value - contains a date

Value from 3D Solids or 2D Area

If the attribute is defined as attribute of a general type, you may select an additional method of its value
definition. You can obtain value also as:

 Length measured in 3D

* Sheet thickness measured in 3D
 Cylinder diameter measured in 3D
* Any value measurable in 3D

« Scale of 2D area

» Format of 2D area

Other Definitions of Attribute
For each attribute, you can define also:

» When the attribute is required. If defined as required and value is missing, the warning sign appears in
the corresponding line during attribute definition. You may check for missing attributes using the
function "Check Attributes".

» Copy value from assembly. Value of the attribute can be copied from the attribute of the assembly the
object belongs to (for instance Assembly Number).

« Sort criteria.
« If value is countable and how to create sum of objects.

+ Additional definition for type "file" - whether the attribute of the file type means a file containing the
corresponding part.

Group membership, output to formatted text, title blocks or output to export files is described in
following paragraphs.

If the attribute is listed in the Solid Attributes definition window or in BOM, Attributes and Title Blocks
Settings window, you can always see usage of the attribute:
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The attribute is used in the list of parts (in formatted text files, suitable also for insertion into
2D area)

The attribute is inserted into title block (or more title blocks).

The attribute is used in text file suitable for import into other systems.

Groups of Attributes

You may create a new attribute group, or rename or delete an existing one. For an attribute, you can
select or deselect a group the attribute belongs to. In the function "Solid Attributes”, you can assign (or
detach) the selected attribute group for the corresponding solid. The same can be done for an assembly
or file in the function "Assembly Attributes, Title Block Filling".

Attribute group allows you to define different attributes for different objects. If the attribute group is
defined for an object, extra attributes from this group are demanded.

For instance, you can define a group named "Sheet metals™ and an attribute named "Sheet metal
thickness". If you assign the group "Sheet metals” for a solid created as sheet metal, then during attribute
definitions for this solid the attribute "Sheet metal thickness™ is required. On the other side, the attribute
"Sheet metal thickness" will not be required for a shaft.

Output to Formatted Text (List of Parts)

From BOM, you can create a formatted text file that contains a list of parts. Formatting is correct if the
text file uses fixed-width font. If the file is inserted into 2D VariCAD area, columns are formatted
properly for the fixed-width fonts. In 2D area, you can insert such a file into predefined tables using the
function "Insert Text File - TXI".

Name and attributes of each part in the list can be divided into more lines.
For an attribute, you can define:

« |f the attribute is printed into a formatted text file

Width of the column in characters

If the text is left or right aligned

If a new line is created after the attributes value

Optional insertion of spaces before the attribute value

Order of attributes written into such a formatted text file is the same as order in BOM, Attributes and
Title Blocks Settings.

Title Blocks

You can define one or more title blocks. For a title block, you can define the corresponding 2D file with
the title block itself. For an attribute, you can define its insertion into the title block.
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Title Block Definition

Define a title block name. The name must be unique among other defined if you use more than one title
block.

For title block automatic insertion into 2D area, define:

« 2D file with objects representing the title block. Prepare the file first. You can select a corresponding
file from the list of files. In this case, the title block must be created with its insertion point at
x=zero/y=zero coordinates. You can also select objects of the title block from the current file and then
define the insertion point. In this case, open the file with objects first and then define the title block.

« Title block's insertion point relative to one of four corners of the drawing area.

« Title block for assemblies, parts or documents having no defined assembly-part status. Before
automatic title block insertion, you have to select a title block from the list. If the current document
has a defined assembly-part status and the title blocks are predefined differently for each such status,
the selection is narrowed or skipped (in case of the only one option).

Once properly defined, VariCAD inserts the title block automatically into the desired 2D location
whenever necessary.

Attribute Insertion into Title Block

For an attribute, you can select the title block the attribute is displayed in. One attribute may be
displayed in more title blocks. Then define:

» Text properties like text height, slant, font or color (color can be mapped into line width for output to
printer).

» Text location relative to title blocks insertion point. You can easily locate text using the cursor in 2D
area, if the current file contains the corresponding title block.

B Edit Attribute [material]

= Attribute Selecttitle block current atribute will be displayed in ar removed fram:
- Atibute name Display.. | C.. | Tile Block [
- Type and Yalues o Yes @  Title block part

-“Wwhen Reguired
- Dutput to Formated Text
- Group Membership

Cupy\-.’alge from Assembly Define location of attribute intitle black: Title block part

- Sort Criteria

~Malue fram 30 Solids or 20 Area v Display aftribute in selected title hlock

- Countable Yalue and Sums

- Display “alue in Title Blocks Textinserion paoint Ox |-124.774 Dy |23.9146

- File Aftribute Yal . . . . . .
1 AlinouiE Valies Locations are relative totitle block insertion point. X values less than 0 are to the

left, ¥'walues less than 0 are down.

Settext attributes | - Text height: 2.5, text fant: stand

To define the location ofthe text in 2D area, the current document's 2D part must
contain corresponding title block. Then the location is defined interactively by
cursor.

Define text lacation in 20 areal

ﬂl Back | Cancel |

Attributes to title blocks
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Export to Other Systems

From BOM, you can create a text file suitable for other systems, like spreadsheets. Order of attributes
written into such a text file may be different than the order in BOM, Attributes and Title Blocks Settings.
From the list of attributes, you can define if the selected attribute is exported or define its order among
the other exported attributes.

The name and attributes of each part in the file are written into one line. For export, you can also select
an extra object - a level of insertion. In such case, the value determines whether the object in the line
represents a part or assembly.

You can define a format of the text file:

« If the attributes are written into fixed-length records or if they are separated by selected characters
(usually by ";" or by "|'")

» How the value of the attribute “"Manufactured - purchased" is represented

Compatibility of Defined Attributes and Attribute Groups

Before you will use the attributes, BOM and title blocks permanently, you should consider their proper
configuration and change the settings according to your customs. The file containing the settings is a

part of VariCAD distribution, but take it rather as an example. First time used, the settings are initialized.
From then, the attributes are recognized automatically. You may change their names (not only their
values) and VariCAD always accepts them properly.

To allow such behavior for more users in one company, you must use the only one configuration file.
The best option is to save the settings into location accessible via local area network. In the function
"BOM, Attributes and Title Blocks Settings" select the option:

Change Path. You can load the settings from the selected directory (or LAN site). Next time
you work with BOM, attributes or their settings the configuration is loaded from or saved to
this directory. You can also redefine the configuration site saving the configuration into a
selected path.

If you work with files created according to other attributes settings, the attributes match your settings
only if they have identical attribute names (lower/upper cases are ignored).

If the solid attributes in files are defined according to an old attribute mask (in VariCAD versions older
than 2007-3.00), they are recognized properly, too.

Compatibility of defined attribute groups follows the same rules as compatibility of attributes.

Working with BOM

BOM contains a legible list of assembly parts, their names and attributes. BOM allows you:
» To edit solids' attributes easily within one function
» To list, open or activate files associated with selected part

» To create files containing the list of parts, files suitable for other systems or to copy attributes into
part files to be later used for title block filling
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You can create BOM using three following methods:

IEI Create BOM at Basic Level - BOM, Ctrl + E

Each BOM object is a part belonging to the current assembly (to the current file).

“I#[ Create BOM Containing Assembly — DSS3

The first object in BOM is the current assembly; next objects are the parts belonging to this assembly.

Create BOM from 3D Assembly Group - BOMG

Each BOM obiject is a part from the current assembly (from the current file), same as the BOM creation
at basic level. Only parts belonging to the selected solids group are inserted into BOM.

BOM Objects

BOM obiject is either the current assembly or a part of the current assembly. It is listed in one BOM line.
Object's name and attributes are arranged in corresponding columns. Right clicking an object, you can:

« Edit its attributes
« List the corresponding file (if defined)

+ Open the corresponding file

Activate the corresponding file (if already open)
« Highlight the corresponding part or parts

Left clicking an object, you can edit its attributes.

B Bill of Material

[ Output to Files [[I] Display 1 Attributes to/ffrom Assembly € Undo ) Fedo
Left click objectto edit attributes or righ click object for more actions:
| narne —| quantityl ranufactured | weight | raterial | type ). no. "

==} CLAMPER 1 YES manufactured 0-300-67

— @ BarTal 1 NOT manufactured DiM EM 10 055

— (@ Base 1 YES manufactured  0.341 E335 1-100-31

— @ Clamper 2 YES manufactured  0.0149  EZ95 1-200-56

— @ Connection Z YES manufactured 0.0335 C1BE 1-200-48

— @ Fork 1 YES manufactured  0.223 E335 1-100-32

— @ Handle 1 YES manufactured  0.043 FE1000 1-100-24

— & Lever 1 YES manufactured  0.371 E335 1-100-21

— @ MNuttd12 2 MNOT manufactured DM 934

— @ MNuthdd 4 MOT manufactured Dl 334

— @ PFin10-20 1 YES manufactured 0.0123  C45

— @ Pinl0-22 1 “ES manufactured  0.0135 45 R

Elackl Cancel | a

Bill of materials

155



Chapter 14. Bill of Material, Object Attributes and Title Blocks

156

Displaying, Filtering and Sorting BOM Objects

To sort objects according to selected attribute values (or alphabetically according to names) left click the
header of the attribute column.

You can use more options to define how the objects are displayed:

Display Columns. This function can be selected from the pop-up menu, or performed after right
click the list header. You can select an attribute to display values in the column or deselect an
attribute from displaying values in the column. You can also select the attribute the entire list is
sorted according to.

2| Filtering Objects to Display. It is possible to define filters for displaying objects. Filter allows
you to display objects with a certain range of attribute values or to display objects with attribute
values containing defined character sequences. For instance, if you want to create a list of all
screws in the assembly, define a filter for object's name containing sub-text "screw".

Creating Files from BOM

You can create output to following files:

EI Output to Formatted text, see Output to Formatted Text (List of Parts) (page 152).

Attributes Output to Part Files. Data are suitable for the title block filling. To fill part title
blocks after attributes export, perform function Assembly/Part Attributes, Fill Title Blocks
(page 158) for each file containing the corresponding part.

Output to Text Files. The output is suitable for other systems, like spreadsheets. See Export to
Other Systems (page 154)

Copying Data from Assembly into Parts and Vice Versa

If the BOM is created as BOM containing an assembly, extra options are available:

L8| Attribute Values from Assembly. Some attributes may have defined option “Copy Value from
Assembly". For instance, a value of the attribute "drawing number" from the assembly is a
value of the attribute "assembly number" in the part. This function copies the attribute value
from the assembly into the corresponding attribute of each part.

it

Sum of Attribute Values. For attributes with the corresponding option, value in the assembly is
sum of values from all parts. Weight of the assembly is obtained as sum of all weights of parts.
This function defines attribute values of the assembly as sum of corresponding attributes of the
parts.
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Supplementary Objects

Supplementary Objects - SPO

You can define supplementary objects for the current document. Supplementary objects are all objects
not created as 3D solids. Typical example is oil, paint, welding electrodes etc. In BOM, all
supplementary objects are at the same level as the other 3D solids. They are correctly listed in the BOM
exports, a list of parts or wherever assembly parts appear.

Working with supplementary objects interface is similar to working with BOM. You can add, delete or
edit a selected object.

Solid and Assembly Attributes
Solid Attributes

Solid Attributes - SAT

Define new attributes, change existing attributes or delete attributes of a selected solid. Attributes are
defined according to the BOM, Attributes and Title Blocks Settings (page 149). If you need to define
mass or the surface area, there are geometric calculation functions available. Using the “Number of
Items” attribute is not relevant when creating a BOM from 3D. In 3D, the number of items is defined
automatically as the exact number of currently existing parts.

You can also define an attribute group or groups for the selected solid. Then you may define extra
attributes belonging to the selected attribute group.

W Edit Solid Attributes

Click the aftribute to define, right-click the attribute to edit or delete

Sl Adtribute | “alue | Fequired | Tvpe | E.. | In... | T... | LS

@ name Base Alwrays Ab Mame of ohject > WA

= guantity 388 Number of chjects 3> = 4§

@  manufactured TvES manufactured Alirays 7 Manufactur... 8 = =

@ weight 0.341 @ Mass > 4 g

@ matetial E335 & Material - o %5

= date o3 Date - o g

= surface g Surface area —_ = -

- type F Standard ... > = I

= duwg. filename (&= File - = -

@ dwg. no. 1-100-31 lfmanufactured (O General > 5 g ¥

Extra aftributes according to atribute group(s): IFDr all ohjects Selectgroup |
If some status is marked as missing, data will not be exported to BOM carrectly. To manage your work with attributes,
redefine BOM, attributes and title blocks seftings.
Elackl Cancell a

Solid attributes definition
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Attributes from List - ATL

Define attributes from the displayed list of solid names or attributes. The solids that use a selected value
are highlighted. From the highlighted group, select the object whose attribute you want to change. This
function changes attributes of each object individually.

Change Identical Attributes - MTC

Changes one attribute value to a new value for all objects. First, select the attribute from the attributes
list. Then select the old value, enter the new value, and all old values will be replaced with the new ones.
For example, you can select the attribute “material” and replace all instances of one material with
another.

Check Attributes - ATC

You can choose to check for missing names, missing attributes, or missing attributes according to their
definition — see BOM, Attributes and Title Blocks Settings (page 149). If objects with missing desired
values are found, attribute definition is performed. You can exclude objects from attribute checking, so
that these objects are ignored during next checking.

Assembly Attributes, Title Block Filling

Assembly/Part Attributes, Fill Title Blocks - AAT

Define new attributes, change existing attributes or delete attributes of the current file — either assembly
or part file. Attributes are defined according to the BOM, Attributes and Title Blocks Settings (page 149),
the same way as in the function "Solid Attributes™, described above. If you define attributes of a part file
containing a part from assembly links, the attributes are defined exactly for this part. Otherwise the
attributes are connected to the current file instead to a solid. This function also allows you to fill title
blocks.

Fill Title Block, Define Attributes - AAT2

Similar function as the previous - available in 2D.

Filling Title Blocks

Select a title block first. If you have defined only one title block, then the selection is skipped. If the title
block has no corresponding file defined or if the corresponding file was not found, then you cannot
insert the title block into 2D. You can only insert 2D text objects representing attribute values (name,
date, material etc...) relative to title block's insertion point.

Automatic insertion of the title block is possible, if you need the title block always at the same location
relative to one of four corners of the drawing area. Insertion of attributes uses 2D text properties defined
in BOM, Attributes and Title Blocks Settings (page 149). The title block location and location of texts
are defined in the same function.
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Fill Title Block — only fills the selected title block. If started in 3D, VariCAD switches itself
into 2D. Then select a title block's insertion point. All defined attributes are inserted into
predefined locations in the title block area — 2D text objects are created.

Update Title Block — fills or updates the selected title block. If the title block was filled
previously, the old objects are automatically removed first. The other is the same as in the
previous option.

Insert Title Block - if the selected title block does not exist, then it is inserted automatically. All
defined attributes are inserted also automatically into predefined locations relative to the title
block's insertion point. If the title block is already filled, the old objects are removed first.
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Although most of the interactions within VVariCAD are obvious, the system provides some additional
conveniences you may not know about.

160

Display Changes

To pan, press Ctrl and the left mouse button while moving the cursor. You can also press the middle
and then left mouse buttons simultaneously.

To zoom, press Shift and the left mouse button while moving the cursor. You can also press the right
and then middle mouse buttons simultaneously.

To zoom, you can also use the mouse wheel.

To rotate the view around the center of rotation, press Shift, Ctrl, and the left mouse button while
moving the cursor. You can also press the right and then left mouse buttons simultaneously. For large
zoom, press Shift, Ctrl and then right mouse button simultaneously. If the left mouse button is used,
the speed of view rotation is dependent on dimensions of all visible objects. If the right mouse button
is used, the speed of view rotation is dependent on dimensions of a displayed area.

These view shortcuts are always available.

More tips

To go one step back in a function, press the middle mouse button or Ctrl + Backspace.

You can open a file by pressing Tab, if you are not currently in a function and “Ready” is displayed in
the Status Bar.

If the current function does not use a window, right-clicking is the same as pressing Enter.

If the current function uses a window, right-clicking while the cursor is inside the window is the same
as clicking OK.

You can invoke last command (function) by right-clicking the drawing area, if you are not currently
in a function and “Ready” is displayed in the Status Bar.

If you need to enter any value, like distance or angle, you can enter a mathematical expression instead
of a single value.
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Drawing Lines and Curves

Icon Command Hotkey Description

LIN Ctrl + L Line

ARR N/A Arrow

GRA N/A Graph

AXI N/A Axes

@ RECT N/A Rectangle

@ POL N/A Polygon

TAN N/A Tangent Line

@ ELL N/A Ellipse

BOR N/A Sheet Border

MLL N/A Multi Line

SHA N/A Shaft

SPL N/A Spline

LAX N/A Axes

CAX N/A Circle Axis
Drawing Circles and Arcs

Icon Command Hotkey Description

CCR N/A Circle Center Radius

ACR N/A Arc Center Radius

CCP N/A Circle Center Point

ACP N/A Arc Center Point

CR2 N/A Circle 2 Points

AR2 N/A Arc 2 Points
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] C3P N/A Circle 3 Points
A3P N/A Arc 3 Points
APT N/A Arc Point Tangent
AT2 N/A Arc Tangent to 2 Objects
CT2 N/A Circle Tangent to 2 Objects
TG3 N/A Circle Tangent to 3 Objects
HOL2 N/A Group of Holes
Creating 2D Text
Icon Command Hotkey Description
NOTE N/A Note (Multiple Lines)
= TEX N/A Single Text Line
i TXI N/A Insert Text File
Creating Points
Icon Command Hotkey Description
(-] POI N/A Point
POC N/A Points on Arc
PLN N/A Points on Line, Number
PLD N/A Points on Line, Distance
PFF N/A Points from File
Hatching
Icon Command Hotkey Description
2] HAT N/A Simple Hatch
CHP N/A Create Pattern
AHB N/A Simple Hatch, Find Boundary
PHA N/A Pattern Hatch
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APH N/A Pattern Hatch, Find Boundary

HSE N/A Simple Hatch, 3D Section

HPSE N/A Pattern Hatch, 3D Section
Dimensioning

Icon Command Hotkey Description

HDI N/A Horizontal Dimension

VDI N/A Vertical Dimension

SDI N/A Diagonal Dimension

RDI N/A Radius Dimension

DDI N/A Diameter Dimension

IEI ADI N/A Angular Dimension

FSY N/A Finish Symbols

HPD N/A Horizontal Baseline Dimensions

HSD N/A Horizontal Serial Dimensions

HDD N/A Horizontal Datum Dimensions

VPD N/A Vertical Baseline Dimensions

VSD N/A Vertical Serial Dimensions

VDD N/A Vertical Datum Dimensions

SPD N/A Diagonal Baseline Dimensions

SSD N/A Diagonal Serial Dimensions

SDD N/A Diagonal Datum Dimensions

HDM N/A Horizontal Diameter Dimension

VDM N/A Vertical Diameter Dimension

SDM N/A Diagonal Diameter Dimension

HTH N/A Horizontal Thread Dimension

VTH N/A Vertical Thread Dimension
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STH N/A Diagonal Thread Dimension
THR N/A Thread Dimensions

POS N/A Leader

WSY N/A Welding Symbols

TSY N/A Tolerance Symbols

Editing 2D Objects

Icon Command Hotkey Description

DOB Ctrl + D Delete 2D Objects
ROL N/A Remove Previous View Export
|:| BLA Ctrl + B Blank 2D Objects
EI UBL Ctrl+U Unblank 2D Objects
ETX N/A Edit Text

MTL N/A Move Text Vertically
e TWD N/A Text Width

it TAC N/A Text Attributes

L EDI N/A Edit Dimension Text
MDT N/A Move Dimension Text
F EXP N/A Explode

BLN N/A Break Line

E MLA N/A Change Layer

MPE N/A Change Color

MLT N/A Change Line Type
BPO N/A Divide by Point

BBO N/A Divide by Curve

TBO N/A Trim

EBO N/A Extend
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CEC N/A Circle from Arc
cco N/A Corner

RSG N/A Remove Segment
CHM Ctrl+R Chamfer 2D Corner
RND Ctrl + F Fillet 2D Corner
E JTX N/A Align Text

EDM N/A Edit Dimension
ESP N/A Edit Spline

BTF N/A Explode Font

Transforming and Copying 2D Objects

Icon Command Hotkey Description

MOV ctrl+T Translate or Copy 2D Objects
ooh DRG N/A Dynamic Translation

ROT N/A Rotate or Copy 2D objects
DRO N/A Dynamic Rotation

SCA N/A Scale

DSC N/A Dynamic Scaling

DTR N/A Translate and Rotate

MIR N/A Mirror

OFFS N/A Offset

@ STRVECT N/A Stretch by Vector

CTA N/A Array Copy

EI DST N/A Stretch to Direction

IEI SOB N/A Stretch
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Grid, Construction Lines

Icon Command Hotkey Description

GRI Ctl+G Grid

HCL N/A Horizontal C.L.

HCI N/A Horizontal C.L. Offset

HCF N/A Horizontal C.L. from Point

HCT N/A Horizontal C.L. Tangent

VCL N/A Vertical C.L.

VCl N/A Vertical C.L. Offset

VCF N/A Vertical C.L. from Point

VCT N/A Vertical C.L. Tangent

1CcL N/A Angle 1 C.L.

1ClI N/A Angle 1 C.L. Offset

1CF N/A Angle 1 C.L. from Point

1CT N/A Angle 1 C.L. Tangent

1CS N/A Define Angle 1

2CcL N/A Angle 2 C.L.

2CI N/A Angle 2 C.L. Offset

2CF N/A Angle 2 C.L. from Point

2CT N/A Angle 2 C.L. Tangent

2CS N/A Define Angle 2

D1H N/A Delete Horizontal Construction Line
D1V N/A Delete Vertical Construction Line
D11 N/A Delete Angle 1 Construction Line
D12 N/A Delete Angle 2 Construction Line
DAH N/A Delete All Horizontal Construction Lines
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DAV N/A Delete All Vertical Construction Lines
. DAl N/A Delete All Angle 1 Construction Lines
e DA2 N/A Delete All Angle 2 Construction Lines
DACL N/A Delete All Construction Lines
2D Check Functions
Icon Command Hotkey Description
CoO0 N/A 2D Coordinates
DIS N/A 2D Distance
ANG N/A Angle
oDT N/A 2D Object Information
CHL N/A Highlight Layer
2DA N/A 2D Area
2DA N/A 2D Drawing Area Properties
2D Work Sets
Icon Command Hotkey Description
ATW N/A Add to Work Set
RFW N/A Delete from Work Set
EI CLW N/A Clear Work Set
CHW N/A Highlight Work Set
2D Settings
Icon Command Hotkey Description
TXA N/A Text Attributes
e ARA N/A Arrow Attributes
DMA N/A Dimension Attributes
] FMT N/A Drawing Format
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DCC N/A Displayed Cursor Coordinates

e ORTH N/A Ortho, Next Horizontal

ORTV N/A Ortho, Next Vertical

LAY N/A Layers

STP F9 Drawing in Increment Mode

L ORT F11 Drawing in Ortho Mode

T uco N/A User Origin

OMO Shift+F11 | Turn off Ortho Mode

STO N/A Increment Mode Off

SWS N/A Weld Symbol Settings

4 SCH N/A Change Drawing Scale
System Settings

Icon Command Hotkey Description

. IGSO N/A IGES Export Settings

IGSI N/A IGES 2D Import Settings

STPO N/A STEP Export Settings

STLO N/A STL Export Settings

DWGI N/A DWG/DXF Import Settings

OFIS N/A Old 3D Files Import Settings

WMF N/A Working with Multiple Files Settings

PTH N/A Directories

sou N/A Sound

BAK N/A Backup

SCR N/A Circle Drawing

APE F7 Set 2D Cursor

CcoL N/A Colors
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SBD N/A Sheet Borders Definition

e CHU N/A Change Units

WPST N/A Windows and Mouse

2RG N/A Selection Windows

ALS N/A Automatic Layer Changing

PAL N/A Palettes

SET OST N/A Miscellaneous Settings

=y TLBS N/A Toolbar Settings
2D Blocks

Icon Command Hotkey Description

BLS N/A Save Block

BLI Ctrl + K Insert Block

BLC N/A Create Block

BLE N/A Edit Block

BIE N/A Change Insertion Point

BAE N/A Edit Block Attributes
Symbols

Icon Command Hotkey Description

SLA N/A Open Symbol Library

SLC N/A Create Library Symbol

SLI N/A Insert Symbol

=] sYc N/A Edit Symbol Names
Files and Windows

Icon Command Hotkey Description

DOP Ctrl + N New
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DAD Ctrl+0 Open

CLO Ctrl + F4 Close

|m= DSV Ctrl +S Save

SVA N/A Save As

- DPS N/A Save Selected

DPO N/A Insert Objects from File

SVALL N/A Save All Changed

& TXV N/A List Text Files

DRV N/A List 2D/3D Files

RCFA N/A Open Recent Files

EXT N/A Exit

WIN Ctrl +3 Windows

g|":| NDW N/A New Document from Current Document

SWD Ctrl + TAB Activate Previous Window

e FCO N/A Batch File Conversion

DEF N/A Current File Attributes as Default
Printing

Icon Command Hotkey Description

WPR Ctrl + P Print

WPS N/A Print Settings

PRN N/A Print, VariCAD Drivers

=% BPRP N/A Batch Print, Predefined

= BPRW N/A Batch Print

= BPRV N/A Batch Print, VariCAD Drivers

LWD N/A Printed Lines Mapping

BMP N/A Bitmap File from 3D
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Icon Command Hotkey Description
INFO Shift + F3 Information
RED Ctrl +Y Redo
UND ctrl+2 Undo
CAL Shift + F9 Calculator
2D Views
Icon Command Hotkey Description
ZPR N/A Undo View
ZRD N/A Redo View
RDR F6 Redraw
SON N/A Old/New View Export, Updated 2D
REG N/A Regenerate
@ ZOOM F5 Zoom
ZWI N/A Zoom Window
@ ZCS N/A Dynamic Zoom
PAN N/A Pan
ZALL N/A Zoom All
EAV N/A Move View Window
ZFO N/A Zoom Drawing Format
ZMM N/A Zoom Window Coordinates

Saving and Restoring 2D or 3D Views

Icon Command Hotkey

Description

Zsv N/A

Save View

ZRE N/A

Restore View

DIk RS1 N/A

Restore View 1
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o RS2 N/A Restore View 2
P RS3 N/A Restore View 3
i RS4 N/A Restore View 4
o RS5 N/A Restore View 5
P RS6 N/A Restore View 6
o RS7 N/A Restore View 7
o RS8 N/A Restore View 8
3D Views
Icon Command Hotkey Description
ZPR N/A Undo View
ZRD N/A Redo View
2D Alt +2 Switch to 2D
3D Alt+3 Switch to 3D
VLE N/A Left View
VRI N/A Right View
VFR N/A Front View
VBA N/A Back View
VTO N/A Top View
VBO N/A Bottom View
PRV N/A Predefined View
VCN N/A Auto View Rotation Center
VCNI N/A Define View Rotation Center
X90 N/A Rotate View Around X 90 Deg
X180 N/A Rotate View Around X 180 Deg
X270 N/A Rotate View Around X 270 Deg
Y90 N/A Rotate View Around Y 90 Deg
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= Y180 N/A Rotate View Around Y 180 Deg
e Y270 N/A Rotate View Around Y 270 Deg
ZRD N/A Redo View
EE SHW N/A Shade/Wireframe Entire Display
RNP N/A View to Plane
PVS N/A Predefined View Settings
SRD N/A Precise Rendering
T OGL N/A OpenGl Settings
HWTEST N/A Hardware Test
2D Drawing in 3D
Icon Command Hotkey Description
SXDP N/A 2D Object as Solid X Drawing Plane
PXDP N/A 2D Object as Patch X Drawing Plane
AXG N/A Aux. Grid On/Off
AXGP N/A Parameters of Aux. Grid
(1] THL N/A Thick/Thin 2D Outlines
ZALLP N/A Zoom All in Drawing Plane
DPV N/A Drawing Perpendicular to View
ZWD N/A Zoom Window in Drawing Plane
571_% VCNI2 N/A Define View Rotation Center in Drawing Plane
Creating Solids from 2D Profiles
Icon Command Hotkey Description
RSO N/A Full Revolve
ESO N/A Extrude
RSOP N/A Partial Revolve
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PYR N/A Prismatic Loft

PRC N/A Loft Rectangle to Circle
HLX N/A Helix

@ PRR N/A Coil

Creating Basic Solids

Icon Command Hotkey Description
PRS N/A Box
cYL N/A Cylinder
PEL N/A Pipe Elbow
TPY N/A Pyramid
PIP N/A Pipe
CPI N/A Cone Pipe
CON N/A Cone
ELW N/A Solid Elbow
SPH N/A Sphere
Editing Solids
Icon Command Hotkey Description
STC N/A Translate, Rotate, Copy Solids
PAR N/A Parameters
CST N/A Geometric Constraints
RMS Ctrl+D Delete Solids or Blendings
b= CS3 N/A Change Color
[ BL3 Crl +B Blank
UB3 Ctrl +U Unblank
MSO N/A Edit Solid or Blending
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o5 SHC N/A Shade/Wireframe Selected Solids
e MIRR3 N/A Mirror Solid
RSSO N/A Scale Solid
3D Comprehensive Shapes
Icon Command Hotkey Description
ml OFP N/A Create Offset Patches (Shells)
PIPES N/A Create Pipes in Space
WIRES N/A Create Wires in Space
THH N/A Threaded Hole
B THS N/A Threaded Cylinder (Screw)
oTC N/A Outer Thread Cutting Tool
Boolean Operations
Icon Command Hotkey Description
CUT N/A Cut, Delete Cutting Solid
ADD ctrl + A Add Solid
CUTS N/A Cut, Keep Cutting Solid
TRX N/A Explode Boolean Tree
CUTPS N/A Selective Cut, Delete Cutting Solid
= ADDPC N/A Selective Add
CPSS N/A Selective Cut, Keep Cutting Solid
SIN N/A Solid Intersection
Common Boolean Operations, Blending
Icon Command Hotkey Description
HOL N/A Hole
MIL N/A Mill
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IEI GRV N/A Groove
RN3 Crl +F 3D Fillet
CH3 crl +R 3D Chamfer
Interference between Solids
Icon Command Hotkey Description
CRT N/A Interference between Two Groups
CRTR N/A Repeat Interference Check between Two
Groups
CHRD N/A Display Interferences
ASCH N/A All Interferences
ASCHN N/A Interference without Selected
ASCHS N/A Interference Selected vs. Rest
ASCHB N/A Interference within Selected
Assemblies and Identical Copies
Icon Command Hotkey Description
DIA N/A Create Link from Part
Csl N/A Break Link from Part
CAI N/A Break All Links from Parts
Pis DEE N/A Create Link to Assembly
ROI N/A Change Link to Assembly
CDE N/A Break Link to Assembly
O EDE N/A Open Part File from Assembly
== DSO N/A Assembly Changes Transfer Settings
RSI N/A Break Identical Copy Link
RIC N/A Break Identical Copy Group
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Icon Command Hotkey Description
32E Ctrl + X 2D View from 3D
= 32EN N/A Update 2D after 3D Changes
32SET N/A Update 2D after 3D Changes Setting
SEM Ctrl + F2 3D Section Management
3D Groups
Icon Command Hotkey Description
3GR Ctrl + F1 3D Groups Management

Bill of Materials, Object Attributes, Title Blocks

Icon Command Hotkey Description

EI BOM Ctrl+E Create BOM at Basic Level

DSS3 N/A Create BOM Containing Assembly

IEI BOMG N/A Create BOM from 3D Assembly Group
SPO N/A Supplementary Objects

SAT N/A Solid Attributes

MTC N/A Change Identical Attributes

ATL N/A Attributes from List

ATC N/A Check Attributes

AAT N/A Assembly/Part Attributes, Fill Title Blocks
£4 AAT2 N/A Fill Title Block, Define Attributes

:'E ATM N/A BOM, Attributes and Title Blocks Settings

3D Calculations and Check Functions

Command

Hotkey

Description

RUS

N/A

3D Results Units Settings
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3DCO N/A 3D Coordinates
3DD N/A 3D Distance
VOL N/A Volume, Mass, Center of Gravity
SAR N/A Surface Area
b MIN N/A Moment of Inertia
STAT N/A 3D Space Information
ODT3 N/A 3D Object Information
DPP N/A Distance Point Plane
DPC N/A Distance Point Cylinder
SCY N/A Cylinder Dimensions
s SDE N/A Surface Development
APL N/A Angle between Planes
CPP N/A Check Pipes
PATCHI N/A 3D Patch Information
CURVI N/A 3D Curve Information
3D Settings
Icon Command Hotkey Description
3DL N/A 3D Location Settings
3DS N/A Shading and Edges Settings
SCO N/A Colors and Wires of Solids
iy SLS N/A 3D Selection Settings
o S3K N/A View Rotation - Arrow Keys
IPST N/A Solid Insertion Point Settings
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Icon Command Hotkey Description

TSP N/A Tension Spring Calculation

IEI CSsP N/A Compression Spring Calculation

SQK N/A Square Key Calculation

SSC N/A Spline Shaft Calculation

RPC N/A Round Pin Calculation

BCC N/A Bolt Connection Calculation

BEN N/A Shaft and Beam Calculation

FDC N/A Spur Gear Calculation

CDC N/A Straight Bevel Gear Calculation

@y VBE N/A V-Belt Calculation

RLC N/A Roller Chain Drive Calculation

B SKF N/A SKF Bearings Calculation
VariCAD on the Web

Icon Command Hotkey Description

ELCD N/A License Code

TREG N/A Registration

PCHS N/A Online Purchase

IEI INST N/A Web Browser Settings

INH N/A Home Page

g INN N/A What's New Page

INI N/A Upgrade

INF N/A Feedback

=3 FAQ N/A FAQ
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Hotkey Icon Command Description

Ctrl + A ADD Add Solid

Ctrl+C CPY Select Objects to Clipboard
Ctrl + E [E] BOM Bill of Material

Crl + G GRI Grid

Ctrl + K BLI Insert Block

Ctrl + L LIN Line

Ctrl + N DOP New

Ctrl + O DAD Open

Ctrl +P WPR Print

Ctrl +S DSV Save

Ctrl+T e MOV Translate or Copy 2D Objects
Ctrl+V PAS Objects from Clipboard
Ctrl + W cuT Cut Solid

Ctrl + X 32E 2D View from 3D

Ctrl +Y RED Redo

Ctrl+Z UND Undo

F1 HFU Context-Sensitive Help

F2 [ DSV Save

F5 al ZOOM Zoom

F6 RDR Redraw

F7 APE Set 2D Cursor

F9 STP Drawing in Increment Mode
F11 L ORT Drawing in Ortho Mode
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Shift + F3 INFO Information

Shift + F9 CAL Calculator

Shift + F11 OMO Turn off Ortho Mode

Ctrl + F1 3GR 3D Groups Management
Ctrl + F2 SEC 3D Sections Management
Ctrl + F4 CLO Close

Ctrl +3 WIN Windows

Ctrl + TAB SWD Activate Previous Window
Alt+2 2D Switch to 2D

Alt+3 3D Switch to 3D

Hot Keys Common for both 3D and 2D Edit Functions

Hotkey Icon Command Description

Ctrl + B |:| BLANK Blank Objects

Ctrl +D DELETE Delete Objects

Ctrl + F FILLET Fillet Edge/Corner
Ctrl +R CHAMFER Chamfer Edge/Corner
Ctrl + U UNBLANK | Unblank Objects
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Icon Command Description

nize RS1 Restore View 1

RS2 Restore View 2

o RS3 Restore View 3

oz RS4 Restore View 4

RS5 Restore View 5

oz RS6 Restore View 6

o RS7 Restore View 7

ougF RS8 Restore View 8

Zsv save View

ZALL Zoom All

ZWI Zoom Window
ZFO Zoom Drawing Format
ZPR Undo View
ZRD Redo View
VLE Left View
VRI Right View
VFR Front View
VBA Back View
VTO Top View
VBO Bottom View
X90 Rotate View X 90 Deg
X180 Rotate View X 180 Deg
X270 Rotate View X 270 Deg
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Y90 Rotate View Y 90 Deg

5 Y180 Rotate View Y 180 Deg

e Y270 Rotate View Y 270 Deg

RNP View Perpendicular to Plane

PRV Predefined View

VCN Auto View Rotation Center

VCNI Define View Rotation Center

g SHW Shade/Wireframe Entire Display
ODT3 3D Object Information

SON Old/New View Export, Updated 2D
STP 2D Drawing in Increment Mode
L+ ORT 2D Drawing in Ortho Mode

:1 ORTH Ortho Alternating Horizontal/Vertical
ORTV Ortho Alternating Vertical/Horizontal
OMO Turn off Ortho Mode
GRI 2D Grid

s uco 2D User Origin

STAT 3D Space Information
3DD 3D Distance

3DCO 3D Coordinates
DPP Distance Point Plane
DPC Distance Point Cylinder
APL Angle between Planes

SCY Cylinder Dimensions
HFU Context-Sensitive Help
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Using Tutorial

184

In this section of manual there are examples of 2D drawing and 3D modeling. Each example contains an
animated flash, set of related images and description. Some of the flash frames or separate images
contain labels displaying which key or mouse button will be pressed in the next step. Clicking only the
VariCAD objects is described; obvious behavior like a left click icons or buttons is omitted. Description
of zoom, pan or 3D view rotation is omitted, too. The printed version of the manual contains only static
images and description.

All images were scanned in 800x600 resolution. Generally, we don’t recommend working in such
display resolution. It is the lowest possible for VariCAD. This resolution was selected because all
tutorial images can be displayed completely in any higher resolution.

Location of toolbars can be different from your settings — partially because in 800x600 resolution the
amount of toolbars is limited and partially because you may change the position or configuration of
toolbars.

If the system requires user input like a button click or key press, corresponding text is displayed in the
drawing area. Omitted are descriptions of obvious inputs like clicking the icons or panel buttons. In
some cases, you can click an icon, press Enter or right click elsewhere (usually if you have to finish
selection, etc). Not all possibilities may be displayed in such situations.

Working with Flash Examples

To use Flash examples, you need the proper plug-in in your web browser. For the help system under
Windows, the proper plug-in must be installed in Microsoft Internet Explorer - regardless of your default
browser. Windows HTML help system works with Explorer core.

If you have not installed any plug-in yet, and if your computer is connected to the Internet, it should be
installed automatically. If automatic installation fails or if your browser is not able to run flash examples
properly, visit the www.macromedia.com and download the flash plug-in.

Controlling Flash Examples

LGD to End |— Position Slider
Go to Beginning Tracking Button

MNext Frame
Previous Frame
Stop

Play

Buttons controlling flash behavior
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The Flash examples used in the tutorial can be controlled with the following elements:

» Tracking Button. The best method to explore each Flash example is to drag the tracking button. Left
click the tracking button, hold the mouse button down and move the mouse. Dragging right displays
the next frames (images), dragging left displays the previous frames. Thus you can easily change
frames as fast as you need and easily return back, if necessary.

« Position Slider. Click to the left side of the tracking button to display the previous frame. Click to the
right side of the tracking button to display the next frame.

* Other buttons. You can also use “play”, “stop”, “next”, “previous”, “to beginning” or “to end” buttons.
If you play a sequence continuously (click “play” button), each frame is displayed for 1.5 second and
then changed.

Objects Created in Tutorial, Corresponding Files

Example 1

A\

Example 2
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The examples displayed above are built from scratch. The tutorial shows each step of the creation. 2D
drawing is demonstrated when creating 2D profiles, which are used for 3D extrusion later. After
finishing the creation of the 2D profiles, 3D editing is demonstrated.

Other examples, like creation of 2D from 3D, sheet metal unbending, assemblies or shells use the
existing files.

2D drawings and 3D objects created in the particular steps are available in the directory samples¥tutorial
in VariCAD installation. File names of the corresponding files appear in the VariCAD window upper
frame. The paths of files can be different, however.

Examples of 2D Drawing
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Using Construction Lines

i —

{8
-
~|
R
.

: .] Construction Lines |X| :

| Distance to next construction line §E4| JJ

[ Use negative distance (left or down)

Elackj Canceli

| dx -0.02, dy 0,034

Creating grid of construction lines

When creating any 2D drawing, you can use a grid of auxiliary construction lines — see Construction
Lines (page 27). Here, each new vertical construction line is defined by a distance from the previously
created construction line. Horizontal construction lines are defined by a distance from the fixed point in
the following step. Location of the origin (first point or fixed point) is defined at the cursor nearest grid
point in both cases.
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To define a location at the grid point nearest to the cursor, simply press the spacebar. The auxiliary mesh
of points is useful for initial location of objects. Coordinates of such a location are rounded according to
the grid settings. See Grid (page 27).
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Drawing lines using a grid of the construction lines

To define a location at the intersection of construction lines nearest to the cursor, you can press the key
“c”. In this example, a line is created and each segment’s endpoint is located at the intersection of the
construction lines. Generally, you can select a method of 2D location from “Snaps” toolbar. Automatic
detection is available in many cases.
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2D Automatic Detection, Drawing Lines, Filleting, Offsets

l‘ C:\varicad\samples\example 1-1.dwb - VariCAD 2008 2.01 _
File Edit WView Objects Parts Tools Window Help _)_(_j
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2D filleting
To fillet corners, you can detect them automatically or select both line or arc segments individually. The

automatic detection is used in this example. Similar methods are available also for chamfering and crea-
tion of corners. See Creating Corners, Chamfers and Fillets (page 46).
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Y] C:\varicad\samples\example 1-1.dwb* - VariCAD 2008 2.01
File Edit View Objects Parts Tools \Window Help
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2D offset, a curve is temporarily integrated from arcs and line segments

Define an offset distance before the offset is created. In this case, offset is created to the object which is
temporarily integrated from line segments and arcs. Click the first segment near its outer endpoint. Then
a side of the offset is defined. The side is relative to the first selected segment. Such a segment is marked
with the star at the endpoint. See also Offsets of Objects (page 51).
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Y] C:\varicad\samples\example 1-1.dwb* - VariCAD 2008 2.01

File Edit View Objects Parts Tools \Window Help
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Select segment endpoint

Drawing a line, automatic 2D location

Finally, both curves (original and offset) are connected at the ends. The location of the points of the
connecting lines is detected automatically.

To learn more about various methods of 2D location (definition of line endpoint, arc center, arc endpoint,
point on 2D NURBS curve etc), see Selecting 2D Locations (page 32).

190



Chapter 19. B. Tutorial

Drawing in Cursor Increment Mode and Keyboard Location
Input

ll C:\varicad\samples\example 2.dwb - VariCAD 2008 2.01

File Edit Wiew Objects Parts Tools \Window Help
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Select segment endpoint,press Enter or right-click to finish dx 8.000, dy 0.000 D= DY | mm

Drawing in the cursor increment mode

The cursor increment mode is a very convenient method of 2D drawing. Located positions are rounded
to the defined values. The cursor increment mode can be set, turn on or off whenever you click the cor-
responding icon. If used, the increment mode is signaled in the status bar as highlighted “DX DY”. You
can check the exact cursor position in the status bar when drawing a line or defining a 2D location. Con-
sider, whether you need to display the distance from the last 2D enter or relative to the user defined
coordinates origin. In this particular example, the cursor increments are set to 1 mm and displayed coor-
dinates are x and y distance from the previous enter.
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.j-C:\varicad\samples\example 2.dwb - VariCAD 2008 2.01
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Keyboard location input

If you need to define a 2D location as x-y distance from the last enter, in the absolute coordinates, or at
the distance and angle from the last enter (like in this example), select the corresponding mode from the
toolbar or press an accelerating key (D, K or R) — see Selecting 2D Locations (page 32). It is necessary
to finish the keyboard input before line drawing itself is finished.

192



Chapter 19. B. Tutorial

2D Mirroring, Creating Corners

Y| C:\varicad\samples\example 2.dwb* - VariCAD 2008 2.01 = |BX
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Select objects to mirror, press Enter or right-click to finish

Mirroring

To create the right side of the profile, the left side is mirrored. Still in the cursor increment mode, you
can easily define the vertical mirror axis.
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Y] C:\varicad\samples\example 2.dwb* - VariCAD 2008 2.01
File Edit View Objects Parts Tools \Window Help
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Creating a corner

Exceeding segments are cut off by creating a corner. Automatic detection of the corner is similar as in
the fillet or chamfer functions ( Creating Corners, Chamfers and Fillets (page 46) ).
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Creating a corner

The inner part of the profile is created as a line offset to the outline. Again, the exceeding segments are
cut off by the Corner function. Another method how to cut off such segments is, for instance, trimming
by a line or arc segment. After trimming the segments, the exceeding segments are cleared from display.
If any other objects are lying under them, they are temporarily blanked. To fix this, redraw the display
by pressing “F6” or, very easily, by turning the mouse wheel one notch forward and backward.
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Examples of 3D Modeling

Creating Solids, Profile Extrusion
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Solid’s insertion point definition relative to the extruded profile

To create a solid by the profile extrusion, prepare a corresponding 2D profile first. Select 2D objects to
define the extruded profile; then define the height of the extrusion and the insertion point. Automatic
detection of the entire profile is used as a method of the profile selection in this example. For more
information about the profile selection, see Defining a 2D Profile (page 92). For more information about
the solid insertion point, see Solid Insertion Point (page 93).
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Inserting New Solids into 3D Space
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Insert objects

New solid insertion

When inserting objects into 3D space, you have a lot of functions allowing you to define the object
position. Some of them are described in the next examples. By default, the objects are inserted into the
same location the previous objects were inserted into. Then you can transform them to another desired
location. Transformation of the solids is described in the reference manual at Inserting and
Transforming Solids (page 110).

In this case, there are no previously inserted objects. Thus the solid is inserted into the coordinates’
center (0, 0, 0). In some situations, new solid can be inserted out of the viewport (displayed area). This
can happen if you perform any solid insertion and then change the angle of the view, zoom or pan. For a
beginner, this can be confusing. In such a situation, simply perform “zoom all”, or locate a new object
insertion point at any visible or desired location. Then the new objects will be transformed, and at least a
part of them will be displayed in the current viewport.

If you work in 3D, you need to change the display frequently. See Tips and Tricks (page 160) or 3D
Display (page 82) how to perform this.
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Selection of another solid profile

The file containing 2D profile for another solid is open as a second file in this case. The solid profile is
selected by a rectangular area - all objects completely inside the defined rectangular area will be
extruded.

To work with multiple files (or, by another word, documents) is always convenient. The documents

were switched from menu “Window” in this example. If you work only with two documents, you can
switch between them pressing “Ctrl + TAB”. In this case, each file contains 2D profile. Solids are ex-

truded from both profiles.
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Selection of the solid for copy and paste

Another extruded solid was created. This solid is inserted into the clipboard to be used later for the
“paste” function. Then the files are switched again and this solid is inserted from the clipboard into 3D
space.
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Changing Solid Insertion Point
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Changing the solid insertion point

The solid is inserted at the location of the previously inserted object. In this situation, it is convenient to
change the location of the insertion point of the inserted object before the inserted object is transformed.
Here, the location of the new insertion point is at the automatically detected end of the highlighted edge.
All next transformations will be relative to this new insertion point (until the next insertion point
change).

This insertion is performed within the function “paste”. Insertion of a new solid or solids, insertion of
objects from other file, function paste and transformation of the selected objects use similar methods.

201



Chapter 19. B. Tutorial

202

Y] C:\varicad\samples\example 1-2.dwb* - VariCAD 2008 2.01
File Edit View Objects Parts Tools \Window Help

[ESHE @9 ¢98s000FRPD 2 H% B oA .

FES | TP ERL IO RRE PSPk QAQR TH ¢ 11

7 2 e

=t Vel et v ol

T atively right click) b Pl |

17 5 Y 22

7. zZ &

g | DDLD

TN K ==

ER R Won L

gt 2

& @ G Lo

& b N

) Y o4

O z %

i

g @ §
% PR
XYZ ScAn)

Command: [pas || [@GLBED| |Ghik-dd sy 88 T &S iﬂql@j
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Inserting and copying solid

The solid is inserted into a new location after the change of the insertion point. Here, the location was
automatically detected at the endpoint of the edge. Because of the necessity to insert the solid again to
another location, copying solids was selected — in a panel on the right side, click the copy icon before
inserting objects. In this example, the identical copying was selected. All objects copied in this mode
share future editing changes. The insertion is confirmed by pressing “enter” key or by the right click.
The solid is inserted, a new one is created automatically at the same location and you can insert the new
solid to another location. All procedures are repeated similarly for the insertion on the right side in the
following steps.
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Selecting Solids
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Selecting solids

While working with multiple solids in 3D space, you may need to change colors of some objects. The
entire scene is then more legible. In this example, the cross bar is changed to yellow color and the two
beams to blue color. Here, the solid selection is a part of the function changing colors of the solids. The
most simple selection is used — selection of the entire objects by their automatic detection. For more
information about solid selection, see Selecting Solids (page 97).
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Checking the distance

The cross bar will be attached to the beam with a bolt connection. You need to know the distance be-
tween the two opposite planes before the correct screw dimensions are selected. Here, the distance be-
tween the upper and lower planes is important. The distance is measured from a point which is at the
lower plane edge to the upper plane.
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Transforming Solids
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Changing the direction of the axis

Some important methods of solid transformation are demonstrated in the example of screw insertion.
For more information, see Inserting and Transforming Solids (page 110).

X axis of the screw (red color of axis) must be oriented against the normal of the upper plane. Left click
the inner part of X axis of the inserted object, select the direction against plane’s normal and then select
the plane.
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Inserting between two locations

The screw is located at the half width of the yellow cross bar. Both locations on the sides of the cross bar
can be detected automatically; the screw is inserted between them.

Inserting between two locations, inserting at the circle center (center of circular edge) or changing the
insertion point of the inserted object are the often used functions. Because of this, you can reach them by
left clicking the inner part of any axis of the inserted object. These functions are not specific for the par-
ticular axis.
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Dragging along an axis
To define the location in Y axis direction (blue-color axis), you can drag the inserted screw along this

axis. While dragging, all selected locations are projected perpendicularly to a point on the dragging line
(axis) and the object is located to this point.
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Dragging along an axis, location definition

The screw will be inserted exactly at the half of the blue beam width. To achieve this, select the
midpoint of the highlighted edge. The blue beam is symmetric; the midpoint of this edge is at the beam
half width. Confirm the insertion of the screw. The nut is inserted similarly in the following steps.
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Copying Solids
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Copying solids

Lol
Copyingll

The screw and nut were selected. To allow copying, click the icon copy, then the icon OK (insert) or
right click. Objects are copied and you can define their new location. Unlike in the previous example,

there was used the plain copy mode. Objects do not share any future editing changes.
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Translation of solids

The translation of copied solids is defined by two points in this case. In the next step, the translation
distance is defined. The distance between the two points is offered by default. Click OK to accept the
default value and the objects are translated. Then confirm the insertion.
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Boolean Operations - Cut
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Cutting solids — creation of a hole for the screw

To create a hole for the screw, the screw was selected as a cutting tool. The hole was cut into the upper
part (yellow cross bar). In this step, the screw is selected as a cutting tool again and the solid to be cut is
the blue beam. If the cutting tool is a library part (like this screw) with the defined ability to modify the
counterpart, a pop-up menu is displayed and you can select the option. In this example, the hole is
created according to the respective standards — with the exactly defined diameter for the screw diameter.
For Boolean cut, the function “Cut, Keep Cutting Solid” was selected. Because the two blue beams are
identical copies, the hole is created into both of them at once.

VariCAD allows you to modify solids in any files regardless of how many other solids are in the partic-
ular file. There are no exactly defined assembly files or part (detail) files. One of the major advantages is
the fact that you can modify any part according to other part, like in this example. On the other side, you
may define assembly links to make editing changes at once for more identical objects. See 3D Assem-
blies (page 143).
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Drilling hole — shape definition

Drilling a hole, cutting material off with a box tool and creating a groove are so-called predefined Boo-
lean operations. This example demonstrates the creation of a hole. To define depth of the hole (dimen-
sion ), measuring distance in 3D is performed. The thickness of the cross bar is measured in the follow-
ing steps and then the certain excess is added to the result. The extension of the measured thickness al-
lows drilling through the entire material.
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Drilling hole — tool insertion
The tool creating a hole was transformed similarly as other inserted objects were transformed in the

previous examples. The hole is created after confirmation of the tool position. For more information
about Boolean operations, see Boolean Operations (page 100).

214



Chapter 19. B. Tutorial

Editing Solids Created from 2D Profiles
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Selecting a solid to be edited

The function “Edit Solid or Blending” is selected to change the shape of the profile which creates the
blue beam. If the cursor hovers above any object created by the profile extrusion, rotation or lofting, the
profile is highlighted. 2D mode in 3D space is activated after the selection, and you can change the
shape of the profile. See Editing Basic Solids (page 105). Editing solids created as basic shapes (box,
cylinder, hole etc) is demonstrated in Editing Basic Solids (page 228). Here, the second beam is
highlighted too, because it was created by identical copying. Editing changes will be applied to both
profiles equally.

Solid’s profile is always edited by 2D tools in 3D space. For more information about 2D drawing in 3D
space, see 2D Drawing in 3D (page 90) or 2D Drawing in 3D, Tutorial (page 421).
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Stretching a part of the profile

To make the lower profile part wider, the function “Stretch” was selected. The parts of the objects to
stretch are inside the defined rectangular area. The stretching reference point is selected. In the next
steps, a new position of the reference point is defined by entering dx and dy relative to the original posi-
tion. Line segment endpoints lying inside the rectangular area are moved according to the defined x and
y distance. Similar steps are used for moving the left part of the profile to the left.
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Finish profile editing

After finishing profile editing, the height of the extrusion is defined (remains the same for this example)
and objects creating the profile are confirmed, added or removed.
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Confirm the editing change for both original and identical copies
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Basic Solids
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Creating a box
In this example, the box dimensions are defined, the box is inserted similarly as in the previous exam-

ples, and then the hole drilling is selected. For more information about basic solids, see Basic Solids
(page 96).

219



Chapter 19. B. Tutorial

220

FEHE BRE oe | JOJLWDALA |+ HS HGHIPITD | ©E
5% 50 F%P 18106 RER FIF|QAAR 2

[.Y Transformation ﬁ|
Translation distance: |25 ﬂ

Megative walue means translation against arrow

[ hake copies

RSO BRI BLBTLL By 5 EE

: =
%&3 i Back | Cancel
T
CDmmand:lﬁ[sc e g g Zds LTy de et Win 7y

Translation of the tool drilling the hole

The tool drilling the hole was directed against the normal of the selected plane, moved to the lower left
corner (automatically detected the end of the highlighted edge) and then the translation in Y direction
was selected. To perform such translation, click the end arrow of the respective axis. Here, the transla-
tion distance is defined. In the next steps, translation in Z direction (green axis) is performed the same
way and the position is confirmed. The second hole is created and inserted similarly. All used methods
of transformation were already demonstrated in the previous examples.
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Define new insertion point of transformed or inserted solids

Insertion of the second box

The second box was defined and initially inserted at the location of the previous object (the second hole
in this example). The insertion point of the new box is redefined.
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Confirmation of the final box position

The box was moved to the upper right corner, the location was automatically detected at the edge’s

endpoint.
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Boolean operation — add

To join the second box to the previously created solid to create one single object, the function “Add” is
used. Select a solid to add and solid the previously selected solid will be added to. Both objects are
joined into one new shape.

For more information about Boolean operations, see Boolean Operations (page 100).
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Cutting Material with Box Tool
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Transforming the position of the cutting tool

Function “Mill” allows you to cut material with a box-shaped tool. In this example, the tool’s dimen-
sions were defined and the tool was moved to the edge to be cut. Then the tool was rotated around X
axis. The angle between the tool Y axis (blue) and the upper plane of the solid is 20 degrees. In this ex-
ample, the translation against Z axis arrow will create the cut at the distance of 15 mm from the original
edge, measured on the left side of solid. As you can see, mathematic expressions can be entered instead
of single values. For more information about entering mathematic expressions, see Mathematic Expres-
sions (page 35)
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Chamfering 3D edge

Chamfering edges allows you to cut an edge under 45 degrees. Selecting the edges is similar to selecting
edges for 3D filleting.
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Transforming the position of the cutting tool

Another box-shaped cutting tool was inserted, directed according to planes and moved to the midpoint
of the edge. Drag along X axis to move the tool exactly under the axis of the hole. Dragging was de-
scribed in the previous example Dragging along axis (page 206).
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Dragging along the axis to a position

For exact definition of the tool position under the axis of the hole, the center of the circular edge of the
hole was selected as the location to drag to. Then the position was confirmed, material was cut off and
the second position was selected similarly. After selection and confirmation, material will be cut off at
the second location, too.
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Editing Shape of Basic Solids
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Editing a hole

If the solids are created as basic shapes (box, cylinder, hole etc), you can edit them very easily with spa-
tial dimensions, as shown in this example. Editing shapes created from the profile is demonstrated in
Editing Solids Created from Profile (page 215)
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Copying the shape

Select copying the shape to copy the exact shape of the right hole to the left hole.

229



Chapter 19. B. Tutorial

Transforming Parts of Solids
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Selecting a hole and groove for transformation
If you need to change the position of any basic parts creating 3D object, switch the object selection to

select the single elements or to select the branches of Boolean tree. See Selecting Solids (page 97). In
this example, the hole and groove are selected as single objects.
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Transformation of the objects

After selection of a solid’s part for transformation, the original shapes (in this example the tool creating
the hole and the tool creating the groove) are displayed and you can define a new location. After
confirmation, the objects are moved to the new location.

For transforming parts of solid, you can use also a respective option of the function “Edit solids”. The
edit function allows you to transform only sub objects from one solid at once and allows you to change
shapes, too. The function “Solid transformation” used here allows you to transform entire parts as well
as their sub parts at once, but does not allow to change shapes.
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Removing Parts of Solids
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Selecting parts of the solid to be deleted

If you need to delete any part or parts of the solid, switch the object selection to select single elements or
to select branches of Boolean tree. See Selecting Solids (page 97) - selection is the same as in the
previous example demonstrating transformation of the parts of the solid. The groove and the chamfer of
the edge are selected to be deleted in this example. The chamfered edge will be rounded in the next steps.
Selecting edges for filleting and fillet radius definition is similar to the methods of chamfering,
demonstrated previously in Chamfering (page 224)
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Transforming parts of solids after changes of their dimensions
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Selecting part of the solid to be edited
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Shape after the dimension change

You can conveniently translate any parts of solids together with a change of the shapes. In this example,
the box, which creates base, is wider after the editing. A new shape spreads to both sides in X-direction.
Select the translation in the predefined direction and the box translates to the left — the same position of

edges at right side is preserved. For more information about editing solids, see Editing Solids (page 105)
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Selecting parts of the solid to be translated
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Defining translation

The box is edited and translated. Then, the left hole and cutting tool creating the chamfer are selected. In
the next step, the selected objects are translated along X-axis to the left at a distance of 20 mm (box is 20
mm wider). The left hole and groove are again at the same distance from the left side after the editing
change.

You cannot select filleting at the left side for translation. All blendings are automatically rebuilt after
shape or position changes.
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Filleting Edges
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Filleting, selecting edges if two edges in a vertex are sharp and one is obtuse
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Filleting, selecting edges to create a rounded corner
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Filleting, final state

If you need to blend an edge created from more segments continuously as one object, select all these
edges together. Especially filleting will be done more efficiently. Moreover, in some cases the edges
selected separately cannot be rounded. On the other side, you cannot select three edges in one vertex
together.

If you need to create a rounded corner, select two edges in this corner (preferably at once), perform
filleting and then select the remaining edge and perform filleting on it. If you need the edges rounded
with different radii, then select and round each edge separately.

If one edge in a corner has a radius significantly greater then other two edges, you must round this edge
first and then select and round remaining two edges together with a new edge at the end of the
previously created fillet (see example in the image above).

Similarly, if you need to round edges in the vertex containing two sharp and one obtuse edge, round the
obtuse edge first and then select and round remaining edges with the edge at the end of the previously
created fillet (see again the example in the image above).

It is better to have displaying of all edges (including the tangent ones) turned on. First impression could
not be the best, but you can always use different settings for precise display. In the work mode and

especially while filleting edges, it is always clear where the edges have their ends and if some edge is
created from more segments.

For more information about blending, see Blending (page 104)
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Editing Fillets
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Selecting fillet to be edited
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Selecting another fillets within one function

You can select and define change for more separate fillets at once. After all changes are defined, the
solid is rebuilt.

For more information about editing solids, see Editing Solids (page 105)
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Creating Pipes

Pipe according to Other Solids in Assembly
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Definition of a pipe start point

Define each location of pipe segment’s endpoints similarly as in the function 3D Transformation (page
110). You have more methods available for definition of a pipe path, see Pipes (page 136). In this ex-
ample, the pipe start point is adjusted according to the edge of the blue beam, than the point is dragged
along Y (blue) axis down to the selected location and finally lifted up to the desired distance from the
foot. Here the end point of the straight segment is defined.
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Dragging a pipe segment end point
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Lifting a pipe segment end point to a desired distance

You can easily bend pipes around corners, as shown below.
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Defining pipe direction, elbow will be created around corner
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Selecting planes of the corner the elbow is created around
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Pipe bent around a corner

If you create straight segments, an elbow with a defined radius rounds each vertex of the pipe path. Press

Enter, click the corresponding icon or right-click to complete the pipe creation.
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Pipe according to Other Existing Pipe

In this example, the pipe start point is adjusted according to other pipe endpoint. Then the locations of
endpoints of segments are defined according to the existing pipe. Select the direction pointing to the
next location. If necessary, rotate the axes properly first. Select the first and second pipe segment con-
nected by the elbow. The new elbow is created around the existing elbow. Thus, you can create a new
pipe parallel to the existing one.

[.¥Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 7-2. dwb*]

“ File Edit Wiew ©Objects Parts Tools \Window Help ¥ o= =
DEHd @ ex 9080 LDSL +F F% G AIEID| Y 11
a&fe 0 FXL I llaa BEE PHSE QEEJ e
— S AT A
B e i s | e
& X 33
- Y @
'2(: Left click 2 &8
A D000
o W= =
N Y1 1.
57 zZ S A
ﬁ* @ P by
= X P
%EI -y
& Y aldd
zZ A%
‘A 1 4 49 | e
7 i -
# b 6
(7 &
e
| Command: [opes | =@ L & E RG|557 Y @t wwp| =T
S L bece O el U il 8 U e i it e i o I i ) = ok
Select location of end of pipe straight segment, press Enter or right-click to finish segment

Definition of a pipe start point
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Selecting a location at other pipe to create an elbow

251



Chapter 19. B. Tutorial

252

[.¥Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 7-2. dwb*]

Pipes and Wires[X]

“ File Edit Wiew ©Objects Parts Tools \Window Help
DEEE 2R oo P30 0DSL 0 % B HAISAS

K o= =

Yol
2o

(=) Insert at Circle Center
i< Insert Halfway Between Two Points

&8 070 FERL iaglaa AEE PP E QO
a°
B
2 _ e
- = Dragging along this axis
H 3 Dynamically rotate around this axis (\.. i
e JF Dynamic Rotation, Referent Point at X W (n
g 3§ Dynamic Rotation, Referent Point at 2
57 [ Direct against selected plane's normal
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i
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Y
z &&
290D

Defining pipe direction, elbow will be created around other elbow
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[.¥Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 7-2. dwb*] 7
“ File Edit Wiew Objects Parts Tools \Window Help = |:|"
DeEdd 2R 2o | dO903LUDLLA |0 % BRAIFPDDI | @G
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Ready mm

A pipe created parallel to the existing one
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Editing a Pipe

You can edit the shape of the pipe similarly as shapes of other solids — see Editing Solids (page 105).
First, the diameter of the entire pipe is changed. Next, the angle of the elbow is changed and the adjacent
pipe segment is rotated to a new correct position. A point defining rotation is at the center of segment’s
end circular edge. The new location of this point is at the center of the end circular edge of the changed
elbow.

[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 7-1.dwb] |:||E|g
“ File Edit WView Objects Parts Tools Window Help - |8 %
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i
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§
XrZ
CDmmand:lﬁ[sc e g g Zig LraTy dg e Win 7y
Select pipe or wire to change diameter mm

Selecting a pipe to change its diameters
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[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 7-1. dwb*]

_m File Edit ‘“iew Objects Parts Tools Window Help . . x
D o il i | QOO LUDSL |42 FB B EHAIRAIOD @6
1B UE6E BRER(9:FHF CQEER 20
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REPR Bh 3 BHgR TR HY [

| Commend: [ms || |@GL|LE A% 75 @TW® G| R
|Select dimension to be changed |7| mm

Changing an angle of the elbow
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|—_r' VariCAD 2007 2.00 - [C:\varicad\samples\example 7-1.dwb*]
“ File  Edit  Wiew Objects Farts  Tools  Window  Help
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" Auxis of rotation surface
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(" Selected axis of part of salid

" Selected axis of entire solid

% Rotation axis of elbow
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fom

Rotation of an adjacent segment to the correct position
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[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 7-1. dwb*]
ﬂ File Edit Wiew Objects Parts Tools \Window Help
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[Command [ms || |@ O LG % R% 4755 @TR® om B

|Select point defining rotation, center of selected circle |7| mm

Sticking the point, which defines rotation (center of rotated segment) to new location
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Creating 2D from 3D

Creating 2D, First 2D Definition

You can export 3D views to the 2D drawing area. In this example, the basic predefined views are ex-
ported (left view, front view, top view). Then the area clipped by a rectangle is exported. This export is
enlarged as a detailed view in the 2D area. Finally, the general view is created. While exporting, the op-
tion “Add this view export to list of exports” is active. This enables you to change 2D drawing after
changes in 3D. For more information, see Exporting Views and Sections from 3D to 2D (page 131).

o O e [

[T creation of 2D from 3D view(s)

(" Create 20 drawing from current wiew

(@ Create 2D drawing from predefined views

[v Frantview v Leftview  [v Topwiew

[ Rightwview | Bottomwiew | Backwiew

Settings of 30 wiews positions in 20 area |

(@ Create 20 drawing from all objects

(" Create 20 drawing from selected objects only

r

[ In2D, inser exparted view(s) using drag and drop
After new 20 ohjects are inserted into 20 area:

& Stayin 20 editor

(" Beturn back to 3D

30 - 2D connections managerment:

[v Add this view exportto list of exports

Manage listof 30 to 20 exports

EEHEF 2R o dEa 0
= s | A Ml (] ™ i

P |+® F% HAIPIII @&

Yisible lines (edges)in 20:

[ Colors according to salid colars

Line aftributes -

Hidden lines (edges) in 20:

(® Mot to draw hidden lines

(" Draw hidden lines same as visible edges

(" Draw hidden lines using specified line attributes

Tangent connectian lines in 20

(" Mot to draw tangent lines
(@ Draw tangent lines same as visible edges

" Draw tangent lines using specified line attibutes

Accuracy of created 20 curves |

Back | Cancel

Selecting method of 2D creation
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Inserting 3D views into 2D
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[.¥Y variCAD 2007 2.00 - [C:\varicad\samples\sample4. dwhb*] g
“ File Edit Wiew Objects Parts Tools \Window Help = [i= s
DzEE 28 oo | d83LDSL T FS B HAIIIET P | @6
&8 00 FERXL Ialaa AEEPHE QEEJ 2D 30
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B
e Left click
b
-
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L
@ P
Gt
& il EN i
.
@
o
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CDmmand:_[sc Ml e, & AL 2737y & Gm% @k @A
Select area the 20 drawing will be created from - select second corner mm

Selecting area to create detailed view in 2D
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[.¥Y variCAD 2007 2.00 - [C:\varicad\samples\sample4. dwhb*]

“ File Edit Wiew Objects Parts Tools \Window Help = [ s
DEEHE & BR e YOdgt - 00023 0D D i

|. dimensions v|§$ Ao b OEE 3DOHF QEHEFE 2D 3D
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o=
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Diefing selection window - select second cormer dx 73.41, dy -58.4 Fm

Scaling objects exported from selected area

After the 2D objects from the corresponding 3D view are created, you can translate, rotate or rescale
them. Select all objects from the particular export. Thus the connections between 3D and 2D remain and
2D is properly updated after changes in 3D. Transformed 2D objects are updated at their new locations.
As shown here, area clipped by rectangle is scaled by factor 2. All 2D objects are selected by 2D rec-
tangular area before scaling.

261



Chapter 19. B. Tutorial

262

[.¥Y variCAD 2007 2.00 - [C:\varicad\samples\sample4. dwhb*]

“ File Edit Wiew Objects Parts Tools WWindow Help - g %
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Ready dx 2,718, dy 0.000 mm

Completed 2D drawing
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Updating 2D after 3D Changes

[.Y variCAD 2007 2.00 - [C:\waricad\samplesiexample 8-1. dwb*]

“ File Edit View Objects Parts Tools Window Help - || x
Dedd & 2R oo | /Odhgy s - @000 3 DD 0 Wik
|. dimensions V|§I Ao e OEE 3DHF QEEEFE
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=
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Switch to 30 modeling space dx 305.8, dy 823.7 mm

2D drawing before 3D change
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|—_r' VariCAD 2007 2.00 - [C:Avaricad\samples\example 8-1. dwb™]

ﬂ File Edit Wiew Objects Parts Tools \Window Help
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|Select location of solidis) or define transformation of solid(s)

Performing one of editing steps in 3D
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ﬂ File  Edit Wiew Objects Parts Tools  Window  Help

DEHE 2@ g

FOBOLDSL %% % BHAISAROD 0E

FES|TA FE%L 16106 R PBP

aeea IEEY

R ORI BLT TR B

L

L

J Cormmand: Iﬁ

If some 20 ohjects were created by this export previously:

" Change their attributes to distinguish them fram others

® Delete these ohjects

Line aftributes of previously exported objects:
Ling attributesl -

hdanage list of 30 to 20 exports |

| Ferform predefinedhexportsl Elackl Cancel |
L

SRS

fm

Updating 2D according to predefined exports

Performing 2D update after 3D changes, you can select whether the old 2D objects are deleted (as used
here), or if they remain and their 2D line attributes are changed — this allows you to easily distinguish
changes in 2D drawing.
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[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 8-1.dwb*] _ | B
x

“ File Edit Wiew Objects Parts Tools \Window Help 2
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Adjust zoom to defined drawing format mm

Detail of 2D updated after 3D changes
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Changing Predefined Method of 2D Creation

You can change or delete particular predefined exports of 3D views. This can be especially useful if you
need to change the 2D attributes of created views (color or line type), or if you need to stop the creation
of 3D view you do not need any longer. In this example, the change of the color of tangent connections
in the selected general view is performed. Generally, the colors of the lines in 2D corresponds with line
thickness for printing.

DeEdd 2R 2o |d8 30 LUDSL % FHH B AIIITI | A6
Fae g ERXL ipléaa ARE | PH P CEES 2D I
o

&

2

.}‘?

9...

[

R

[ Vview Export Management

a
i Select predefined 30 view export:
B | Tvpe of view | Exponed Solids Sections Exponed Display Area 20 Rotation & Rescale
& FrontView All MNotused Full wiew Mo
v ) Lettview All Motused Fullwigw Mo
i P Top View All Matused Fullwigw Mo
{4 | ® General view All MNatused Clip rectangle r'es
i @ General View All MNotused Full view Mo
58 | B
Dietect view exportin 20 | Change creation of all exparts | Delete all view exponts | Biack | Cancel |
Lx

mm

List of predefined view exports
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[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 8-2.dwb] .
“ File Edit View Objects Parts Tools Window Help £
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Command: |32en vl L oenn v @ & | BlmtHEE T e ™ e e
dx 1254, dy 347.9 Fm

Selecting a predefined export for change
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ri'llVariCAD 2007 2.00 - [C:\waricad\samplesiexample 8-2. dwb]
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e iy :
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Changing predefined export attributes
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[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 8-2. dwb*]
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2D after changed attributes of export
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3D Shells

Creating 3D Shells

You can create a shell as connected offset patches and selected original patches. Sheet metal parts can be
created initially as shells. See Offset Patches — Thick Shells (page 138). In this example, the patches for

offset are selected by the option “All except detected”. Otherwise, you have to click each patch sepa-
rately.

VariCAD 2007 2.00 - [NONAME 1*]

Bl File  Edit  View Objects  Parts  Tools  \Window  Help
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Creating a solid as a shell pattern
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VariCAD 2007 2.00 - [NONAME 1*]
. File Edit Wiew Objects Parts Tools \Window Help
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|Select sUrface to create offset |7| mm

Selecting patches
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Manif AR AART 3 AN TRIAKIALE a®1

Thickness Definition

Sheetthickness: |1| Ll @D@D@éf”% @|H§‘§§||ﬁ”g GaPAPI | E@,@

@ Shellis additional layer of selected surfaces

- Shell is created in normals' direction

" Selected surfaces are outer surface aof shell

- Shell is created against normals' direction

[v Remove original part

Elackl Cancell

REAG | L hD

J Command: |Dfp vI [sc“’ﬁ& UmH@:u e | A Eﬁ“'%q

Shell thickness definition

273



Chapter 19. B. Tutorial
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Result
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Editing 3D Shells

You can edit either the shell thickness or the shape of the shell pattern solid. In this example, thickness
is edited separately.

[.¥Y VariCAD 2007 2.00 - [C:\varicad\samplesiexample 9-1. dwb] |:||E|g
H File Edit View Objects Parts Tools Window Help -8 x
SolidShapeEditing Q@D@D@? 0 | B HIPIOIT & E
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@ ’_‘L
XY 2

Command: |mts vl M0 L & % R TR T W e |y
Select shell to change thickness mm

Selecting a shell for thickness change
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[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 9-1. dwb*] ﬁ
“ File Edit Wiew Objects Parts Tools Window Help - 8| x
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|5 8 2 3% dk e AR E FPH QEER 2D 30
a°
B
B Left click
b
(=
a*
5
g7
Gt
€5
&
@
i
{
g ”(
XrZ
Command: [mis | [ME L[ &% A% 5 @CLE 0k ®
Select solid element or single solid to change shape or dimensions, press Enter or right-click to finish selection mm

Selecting fillets of the shell to be changed
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VariCAD 2007 2.00 - [C:Avaricad\samples\example 9-1. dwb®*]
. File Edit Wiew Objects Parts Tools \Window Help
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|Select dimension to be changed |7| mm

Changing dimensions of the box creating base of the shell pattern
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[.Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 9-1. dwb*] . g
x

“ File Edit Wiew Objects Parts Tools \Window Help 5
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Ready mm

Changed shell

This example demonstrates how to change a shape of a pattern solid the shell was created from. If you
need to change the pattern with Boolean operations, work with constraints or create the shell from dif-
ferent patches, you need to extract the pattern solid into 3D space. After all changes, select patches again
and the shell is rebuilt.
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Selecting a shell
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After extracting the pattern into 3D, blank the shell or move the pattern away. Otherwise the editing
may be difficult — the shell would interfere if you select objects.
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C:\varicad\samples\example 9-1. dwb* - VariCAD 2009-1.02
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|Unblank {make visble) sclid objects |_| mm

The pattern solid was edited. A box was added and connection between the original solid and the new
box was chamfered. The shell will be unblanked.
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B c:\varicad\samplesiexample 9-1.dwb* - VariCAD 2009-1.02
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L mm

The shell is selected again. If the corresponding pattern was extracted into 3D space previously, you

have to reselect patches for the changed shell.
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B c:\varicad\samplesiexample 9-1.dwb* - VariCAD 2009-1.02 |
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|Select sUrface to create offset, press Enter or right-click. to finish |_| mm

Selection of additional patches
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C:\varicad\samples\example 9-1. dwb* - VariCAD 2009-1.02 |
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Changed shell




Sheet Metal Unbending (Surface Development)

Detecting Sheet Metal Automatically

Chapter 19. B. Tutorial

For unbending, you can detect sheet metal automatically. This works if detected objects have the
thickness significantly smaller than the other dimensions. Surface development (sheet metal unbending)
uses the bending coefficients. These coefficients correct the unbent dimensions according to the sheet
thickness. For more information about surface development, see Surface Development (page 145).

In this example, the entire solid is detected at once. Then confirm the thickness and locate the unbent

shape in 2D area.

07 2.00 - [C\ .. Bend

V] @ Editselected line
DeEdd 2R .fl'l " Delete selscted line @F 6
3<- é- %3 i @ ﬁ % & | Bending coeficients 2D 3D
o7 1 Inner radiusfthickness ratio | Bending coefficient
o 01 0.23
& 0.2 0.29
22 [ |025 0.31
? 0.3 0.325
;; 0.35 0.34
0.4 0.35
a M {05 036
5 0.5 0.366
&7 0.6 0.38
N 039
ot 0.8 0.4
& 1 0.413
x 1.2 0.425
. B (1.3 0.43
D sl |15 0.44
&y 2 0.45
3 0.46
i B |4 0.47
& 5 0.48
\J/ U |65 0.495
| When bent radius of neutral layer of sheet equals "inner
XY 2 radiug + thickness * bending coefficient’
Command: |zde o i
— Add coefficient | Sawe and finish | Elacl«{sL Cancel |
mm

Table of bending coefficients
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VariCAD 2007 2.00 - [C:Avaricad\samplesisample3. dwb]
. File Edit Wiew Objects Parts Tools \Window Help
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|Select entire solid created from sheet metal |7| mm

Selection of the option to detect the entire solid at once
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[Command: s <o |[MEGL|LE A% 55 @E®S & H R

 fm

Thickness confirmation
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[.Y variCAD 2007 2.00 - [C:\varicad\samples\sample3. dwhb*] ﬁ
“ File Edit View Objects Parts Tools Window Help - |8 x
DeEHd & 2R va | /Ohg g - (8000200 02 #im

|. outlines v|§$ Ao OEEg 3DHF QEHEFE 2D 3D

55 3 X

.

i 5l T

=

g

1=
&

B OB

==
=

Command: |&] vlelm Eern vy @ e (B EL@ e e e
Ready dx 108.2, dy -53.0 mm

Outlines of the unbent solid in 2D area
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Selecting Surface for Unbending

You can select each patch of the solid for unbending. After the selection, define the sheet thickness. In
the following example, the file containing XY coordinates of unbent surface is created. Coordinates are
listed for outline points in 2D, where leaders mark their locations.

Here, the selected surface is the outer surface of the full cylinder. The result is the same as for unbend-
ing pipe.

ariCAD 2007 2.00 - [C:\varicad\samplesiexample 10-1.dwhb]

[ V' Thickness Definition |x o

Mo sheet metal detected from selected surfaces ?”% & | &7 %8 | @”g E | o @|
£ 990 QEAQS IE3ES

® Selected surfaces are outer surface of sheet metal

- Sheet metal is against normals' direction

(" Sheetmetal is additional layer of selected surfaces

- Sheet metal is in normals' direction

[¥ Shestthickness is significant

Sheetthickness: |1|

Elackl Cancell

2

REPR AH 2 BLRTLP BY /g

%

[

| Command: [sge L] (@G L (L BG4 5Y @ECRE @0 R

fom

Selecting a surface for unbending
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[.¥Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 10-1.dwb*]

“ File Edit View Objects Parts Tools WWindow Help o |:|"
Ded@@ & 2R e YOS L - 060600300 ) il
|. Outline v|§$ Aaded OEE 3N F QEHEFE 2D 3D

55 3 X

PR RN, P S S I

=
=
=

WA,

==
=

M fen vy g2 | BImHEEL et e
Ready dx 0,000, dy 0679 mm

Cormmand: |SEE

Outline of the unbent surface in 2D
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VariCAD 2007 2.00 - [C:\waricad\samplesiexample 10-1. dwhb*

[P coordinates. txt - Notepad

I—m File Edit Format ‘iew Help ’; D
ZEEZZZZIZZZZ x lf
Al 1 0.60 72.23
AL 2 68.45 72.23
- 3 68.68 67.96
B Y 69.28 62.78
™ 5 69.14 57.55
i 6 66.85 52.79
— 7 63.25 48.89
- 8 59. 44 45.14
3 56.15 41.05
§= 10 54 .60 36.11
o 11 55.87 31.68
ol 12 58.99 27.56
ol 13 62.68 23.89
ol 14 66.25 20.17
- 15 68.89 15.64
ol 16 69.36 10. 44
s 17 68.78 5.22
b 18 68.45 0.00
Sl e 0.00 0.00
T Command: |sde
Ready sy 0 | mm

File containing XY coordinates
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3D Assembly

Creating Assembly Connections

You can create assembly links between assembly files and files containing parts. If an object connected
with an assembly link is changed, the change is copied into all files where the object is present. On the
other side, it is not necessary to define assembly links whenever you work with more solids in one space
(in one file).

In this example, the assembly link is created, the part is open simultaneously and then edited. After
switching back to the assembly, the changes are automatically created for the corresponding solid. For
more information about assemblies, see 3D Assemblies (page 143).

[.¥Y' variCAD 2007 2.00 - [C:\varicad\samplesiexample 11-1 assembly. dwhb] x
x

“ File Edit ‘iew Ob]ects Parts Tools Window Hep g
|D rar EI (= RN =R

B000LDIP+7 BB BOINAOD ba
BUO6 RRE 999 QAQEA IEIE)

RES JhD

%glm?ﬁvq;ﬁ“{‘| o8 88
[Comment fan | ML L& A% S BCEE Gm B

|Se|ect solid to become part inserted from part file |7| mm

Selecting a solid to become a part linked to assemblies
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[.¥Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 11-1 part. dwb*]

“ File Edit Wiew Objects Parts Tools BENREEGEIE Help LA
W= = =] B oo F 3 5 470 NewDocument from Current Document e @
g & A ERS Y W& &k Previous Document Window Cirl+TAB 2D 3D
= & wWindows Cirl+3
a°
B Chwaricadisamplesiexample 11-1 part.chwb®
a el
ﬁ, MCGRAME 1
(-
&*
=
g7
Gt
+4F
=)
@
o
s
s |
X X | 99
xYZ I §F o=
Commandt [ | [ME L[ A% 45 @C0 0k R
Activate document Cwaricadysamplesiexample 11-1 assembly.dwb Part | mm

Part edited, switching back to the assembly
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[ ¥ varicAD 2007 2.00 - [C:\varicad\samplesiexample 11-1 assembly. dwhb*] 7
“ File Edit View Objects Parts Tools WWindow Help |:|"
|Diﬂﬁ|hi§.| ...... 68DG@D@D@Q’H%}Iu‘?%l&j”ﬁﬂ@@ﬁlﬁl@@\I

F & IM@F/QGﬁHGﬁmﬁ&Wﬁ?@@@®| I

%é%?h@%%

REAG LD

BB LEGLL D Eoes
JCDmmand:lm vl[sc|Jm&0L|J@D%|ﬁﬁ|nggq '?H@’f@t@[@“% |‘ﬁ|

|Ready | Assembly | mm

Changes in the assembly after the part was edited



Chapter 19. B. Tutorial

Changing Part

Part is edited, then saved and file is closed. Assembly file is open and the corresponding part is changed
automatically.

[.Y VariCAD 2007 2.00 - [C:\varicad\samplesiexample 11-1 part.dwb] |_—||§|&

_____ Window Help |

Hopes s % B PIRIOD @G
dle RRR (985 0QAQR 20

e

30 Assembly

. B% LE%%
Command: [imis vl [0 L 8 S 2 STETL I e e w R
Finish editing Part | mm

Editing a part
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[.¥Y variCAD 2007 2.00 - [C:\varicad\samplesiexample 11-1 part. dwb] .' .' R
x

“ File Edit ‘View Objects Parts Tools Window Help e

DEeEHE 2R oo I3 UDaA |+ |FH B AIIPATP |G
FES | TIFE%L 1D O6 RARR(9FP QAAR TS0

AT TLY B

REEe dh9

3D Assembly

I A
. & fe e
Command: [EEY vl MO L | 3% 47T H B Wn B

Ready Part | mm

A 4
o8 8

Closing a changed part file
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D

by Recent
Documents

Deskiop

My Docurments

9

Wy Computer

bl MeEtweork,
Flaces

Lookin: |3 samples

=

& cf Ev

[Hexample 1-1.dwhb
[Hlexample 1-2.dwb
[Hexample 1-3.dwb
B example 1-4.dwhb
[Hexample 1-5.cwh
B example 1-6.chwb
[l example 2-1.dwb
[l example 2-2.dwb
B example 3-1.dwh
[Hexample 3-2.dwb
[Hexample 3-3.dwhb
B example 3-4.dwhb
[l example 3.dwb

= example 4.dwhb

B example 5.dwb

[Hexample &-1.cwb

= example 7-1.dwb
[H example 7-2.dwb
[H example 7-3.dwb
& example 8- L.dwb
= example 8-2.dwb
= example 9-1.dwb
example 10-1.dwb
example 10-2.dwb

example 11-1 assembly.

example 11-1 part.dwb

= sample 1.dwb
= samplez.dwb
[E sample3.dwb
= sample4.dwb

i

B example &.dwb
File name: || j Cpen |
Files of type: |AII supported * dwh, * stp, * dwg, * dxd, *igs) ﬂ

xXrZ

Command: Im e (M G L ||

Ready

Cancel i

Open the assembly file
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I—r'r VariCAD 2007 2.00 - [C:Avaricad\samplesiexample 11-1 assembly. dwb] Y
%

“ File Edit ‘View Objects Parts Tools Window Help =

|Dwﬂﬁ|hi"§.| ...... 68D@@D@D@?H%}Iu‘?@mﬁﬂﬁﬂﬂaﬂﬁl@@J
a5 IM@W/QGﬁHGﬁmﬁﬁWﬁ?@QQQI IS

%é%?h@%%

REAGS | LD

BB LG Boied 2
JCDmmand: [sc|Jm&0L|J@D%|ﬁ%@|J§Qg7 7|J@’f@®’@|@ |‘ﬁ|
|Ready | Assembly | mm

Assembly file containing changed part
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Parameters and Geometric Constraints

Definition of Parameters

For more information about parameters, see Parameters (page 119).

Flz Edit View Objects Parts Tools Window Help 5[

DEEHE 2R(9¢)F000DDELD +F % B FIPPOD | LG
FELEEN TT EXL 1B NO6RARE PPHF & CARAR

|

B
2R DR BN RR s

i
X
Diameter |d1 Ll

Copry all dirmensions | Edit profile | Cefine changes in panel |

Eackl Cancell

".‘3}‘ B solid Dimensions
>4

RHEPS ORI VLB THLR BY

7
P

o Qo Q<

o e

J Command: Ih [sc”ﬂ GHLEBED

<

Bt gvpy EEE B @S ©E(®
[ mm

During solid editing, a parameter is defined instead of a constant value. The diameter value 12 is
offered as a default value of a new parameter.
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Bl c:\varicad\samplesiexample 13-0.dwb* - VariCAD 2009-1,

File Edit ‘iew Objects Parts Tools \Window Help e X
DEEHE 2RB(9¢F000DDELLD |+ H% B AIPPOD | G

Flg &% DD E% O] 8

HOE RRR #:9:9 p QAER |20/30

.] Definition of New Parameter

Defined parameter is used for definition of linear wvalues

Click a same-type parameter to copy its value

Farametear | “alue | Seleu:tedl hdatch | Twpe | Used in Geometry | Iris... | Sec.. |
i@.. Space (1) @ @
o1 12 @ v @By Linear ] = =

RHEPS ORI VLETLR | BY|

Farameter name: |a
\< Farameter walue: LI
vt XY Z | Create a newhparameterl Elackl Cancel |

J Cornmand: H|

4
L mm

Another new parameter is defined.
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B c:\varicad\samplesiexample 13-0.dwb* - VariCAD 2009-1.02

! solid Dimen...

& | %
17 { Alternatively right click)
(b=

g

N

=H

o

&=

o

@

]

U

g

XYZ

| Command: imts '1 £

Firish dimensionss changes_

Both holes will contain the changes. Diameter and chamfer values are changed from constant numeric
values to parametric ones. In the next step of this example, the width of grooves is also changed to
parametric value.
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Modification of Parameters

". Parameters

gga MNew Parameters %} Change Farameters Xa Delete Parameters ab Rename Parameters

Click a parameter to edit or remowve 3 2D | 3D
Farameter | Yalue | Type | Changed | Used in Geam... | I | Sac... |
- B Space (3) @

o F M

5 T Change Parameter value S

w 10 *a Delete Parameter - -
ab Rename Parameter

B Highlight Corresponding Solids

Farameters may be used whenewer a 30 abject requires defined values. The value input can be
nurnerical constant, a single parameter or mathematical expression. optionally containing parameters.
Farameters may define object's dimensions or position within a carrespanding solid, if used together
with geometric constraints. Changing parametervalues, the affected 30 ohjects are rebuilt.

| Elack| Cancel|

7 . TR B P
r
xXYZ
Carnmand: |nap | FLELEBED 204 | "TEEE J BT ®E WK

S @082, 063 2 Pl 28 PN HR

=

Checking solids containing the selected parameter
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Bl c:\waricad\samples\example 13-1.dwb - VariCAD 2009-1.02 F:E|z|
File Edit View Objects Parts Tools \Window Help ﬁ
DrEHE 2R 9¢ 020D DLLD % H% B AFTIDFP | @G
S5 5E% 1T EXRLSL I laa PR P80 &k CQEESR 2D |30
a° &
=t &
% 7
5 %
i %
= %
v a4+
=H =
o k %
& o
S =
) =
a o5
i o
L =
\< 47
%‘?
XYZ 47
CDmmand:lpar—v|53c DL EBED fee.d0F ) "HMEE F &% &is m
Obijects are highlighted - Click mouse bution mm

The solids are highlighted
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l" Parameters

2% Change Parameters 4 Unda

Click a parameter to edit

Farameter | Walue | Type | Changed | Usedin Geom... | .. | Sec. |
- B Space (3)

o1 16 — -

W 1 - -

B Highlight Corresponding Solids

Parameters may be used whenew ® Highlight Corresponding Elements Ie input can he
numerical constant, a single parameter ar mathematical expression, optionally containing parameters.
Farameters may define object's dimensions or position within a corresponding solid, if used together
with geometric constraints. Changing parameterwvalues, the affected 30 ohjects are rebuilt.

Apply changes to 30 objects | Back | Cancel |

/RS CROR
2D | 3D
2
2
%
%
G
%

=

13 A axi? LW

7 e b W
@
\< 5
57
XYZ 47
CDmmand:lpar—v|53c B LBED o208y "BEE § & e® Wi &
mm

Change of a parameter value is selected repeatedly.
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o

Defined parameter is used for definition of linear values

Chapter 19. B. Tutorial

Click & same-type pararmeter to copy its value

J Command: |par vI ESt ” GLBED

Farameter | Yalue Seleded| hatch | Type Used in Geometry | Inwis... | Sec.. |
B Space (3 @ @
d1 16 o By Linear o = =
a 2 @ @y Lingar o - e
wy 10 @ v @By Linear o = =

Farameter name: IEl

Farameter value: |1

2|

=

e

XrZ

Back | Cancel |
L

835 42

Ey BEEE G BT R R

59595 53 | & ¥R [ v R 3@

L mm

Definition of a new value
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B c:\varicad\samplesiexample 13-1.dwb* - VariCAD 2009-1.02

File Edit View Objects Parts Tools \Window Help T
DrEHE 2R 9¢ Id0200DDLLD % Hs B ATIDE | @E
&5 5% 0F ERS Y e Ay P00 Mk GEES 2D |30
% A
5 %
" %
= %
§
g5¢ %
gz
i %
* o
& o
) =
a o5
i o
L 22
\< 47
3%
a4
XYZ 47
Command: |0 Y DELBED| | LWy (EE | FEETR® e B
Add, change or remove parameter values mm

Solid after changes of parameters — diameter of holes, chamfer of holes and width of grooves are
changed.
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Example of Parametric Filleting and Chamfering

:\Wwaricad\samplesiexample 13-6.dwb - VariCAD 2009-1.02

B chamfer Distance |X| TG B AR e @|

Charrfer distance in arrow marked direction: £ I Ll 3 | o Q8 & @l|
Chamfer distance in unmarked direction: —z |1 1] Ll

Switch walues | Edge end and color seftings |

Copy distance frarm anotherchamferl Eackl Cancel |

REee AR [RLR

B
|1 [ RPN AR BN BR8]

XYz

Fommand: |Ch3 vI ESC “ﬂ LLBED

ki
G EE W B

Qe dEy BEE H

| [ [ mm

Chamfering the selected edge — the chamfer value is different for each side of the selected edge.
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File Edit ‘iew Objects Parts Tools

B Fillet Radius

g A AR IP7o - N

Window  Help

FO |+ H% E AP

BEOHD QG

aas®

Filletradius: = [r1=4

Rounded corer, edge end and color settings |

Copy radius from anotherfilletl Elackl Cancell

<Y JEED

T Distance between 30 Points

[+ Distance Foint to Flane

& Measure Cylindar Radius

& Distance Point: to Cylindrical Surface

REeS AHIRLRT

o R

J Command: Ih [sc”ﬂ GHLEBEDB

&4 Measure 20 Distance

|FadlO s "B BT ®

5229513 (3 iR [ P ORE QR LN BR8]

i

TR® ®n R

L mm

Defining the fillet radius. Parameter rl was selected for previous filleting. The new value will be

selected from a list of defined parameters.
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File Edit “iew Objects Parts Tools  Window Help X

Bl ettlas B adine-

.] Select Parameter

Select a parameter from linear parameters:

Parameter |\f"alue | b... |T pe | Ik | Ir... | S. |
d1 16 By Linear 9 = -
a 1 v @&y Linear @ = -
w 12 v By Linear o = =
t1 4 v @By Linear o = -
r% 2 J By Linear _ = -
a 15 By Linear 9 = =
b1 10 < @&y Linear ¢ = -
1 15 v By Linear - - -

Create a new parameter | Back | Cancel |

RHES A DLRT

52295133 iR |2 PR QR BN BR8]

ey

Eaias i

| Command: [m3 e |@GLLBED Rl ey MEE H§E&CE® ®h B
L mm

Selecting a new parameter from the list
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C:\varicad\samples\example 13-6.dwb* - VariCAD 2009-1.02

File Edit View Objects Parts Tools \Window Help X
DEHE 2R(9Y¢ | FSOODDERD|+& H% G FAISIID | Q@

FE5pa% 1F EXI I NEE RRR PPF b 3
at &,
= &
% 7
52 %
S %
& %
3 A
L .
gt i
# o
& s
@ z
O o3
i 0%
r =

C Qo Q<
it

<

| Command. [F§ =BG ULBED|[%%k-20ss (e E F®TT® @0 R
|Read\f |_|mm

Blending of edges is finished
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| -
Defined parameter is used for definition of linear values [CRE
: ; 2D 3D
A Click a same-type parameter to copy its walue
" | Farameter | Yalug Selected | tatch | Type Used in Geometry | Inwis .. | Sec. | &
- & Space (5) -] @ =
d1 16 o By Linear o - = o7
a 1 @ < @y Lingar o - - a5
wy 12 @ v @By Linear o = = af
I r1 3 @ v @By Linear o = = 2
re 2 @ v @By Linear o = =
al 15 o v @By Lingar o = o S
k1 10 ] By Lingar @ = o a:
fl 15 ] [ByLinear s - - g
= fi=
] %
H Farameter name: |r2 ey
3
Parameter value: 1| ﬂ X
=
=
" 05
@ a9
\< vy
Y
57
g1
Xr2Z 47
Comrmand: [nar ~e @G LBED Gl BEE §f TG B M
mm

Changing the selected parameter
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\varicad\samples\example 13-7. dwb* - VariCAD 2009-1.02

Ready mm

Blending after parameter changes
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Defining Geometric Constraints for New Objects

For more information about constraints, see Geometric Constraints (page 121).

Y| C:\varicad\samples\example 13-2. dwb - VariCAD 2009-1.02 F_||l'-|-||r¥._,|
3D Location  [X]

File Edit WView Objects Parts Tools ‘Window Help

DEEHE 2B(9¢[5900DDAFD|+® % B8 Y < 77
FE&E%| IO E%PL IBNOEBBR 900 b aQQH L } b
;’;"‘; \_A\, sACL D
bl | l;

T tﬁ /-\V Y @
bai z &8 i
fe oeoeﬁ

f;
8? Y ﬂ ﬂ+ L
o :
Gt o O Iy t
= ko
- a4
@ keI §
g E
: 3-8 b

- %
PCY Insert and Adc s0lid, Define Constr: ?x; S
Y2 - ) ]
i Iprs—v| s ALDBED :QE, I'r:':e'rl'f0 ar:? (f:it Eom Slglei:itedliSohc.jl,ﬂDeEr;e Constraints B ®

| mm

The box was selected and transformed into the current location. Instead of the definitive insertion, a
geometric constraint definition was selected. The box will be added to a selected root solid.
Geometric constraints can be defined only within a Boolean tree. Constrained location is the location
of element’s insertion point.
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B c:\varicad\samplesiexample 13-2.dwb - VariCAD 2009-1.02
File Edit View Objects Parts Tools \Window Help

D8 2R (9¢ 02000 FFA0 ¢ H%B B FIIIIIT | @QE
F5eEE% T ERXL Il ARE e b QEAY '

i
¢
X
b
g . Y
= Left click >
b 3
. X %60 lo
o iy
2 9,
5 - B
g7 X BrEB3BeBs }
= Y BeBiBeb: t
5 Z GeE3Bels
& - 4
& Rk a [
Y (3@
& .k
@ - e o
I i
T P 9 dk
\< e
g
3%
2
xXrZ 47
CDmmﬁnd:lprg—vIESC FLLBPED S22y "BEE | F &G e® Bk ®m
Click. the inner parts of axes to define or rewrite constraints, click the arrows o edit existing constraints | mm

Selecting an axis the constraint is defined for
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B c:\varicad\samplesiexample 13-2.dwb - VariCAD 2009-1.02
File Edit View Objects Parts Tools \Window Help
OSHS 2@ 9¢ IO DDLED ¢+ HBE B FAFIPIPII | RE

g5 6% T ERLS I laa BRE P80 kI CQEEST
of \_A\J
=1
< E >
‘\": . 2, Distance from Solid's Insertion Point
o " [+ Distance from Patch e P
g" E] f with [0:] ;ﬁi
& A
g Distance from Rotation Axis s
5§
g7 Bz AtPatch, Axis against Mormal o 4
a [ AtPatch, Axis along Merrmal B B t
o B At Circle Center, Axis against Mormal B B
daf B At Circle Center, Axis along MNormal 5 d
@ Ga 4
@ [l Direction against Plane Normal @
a ) (2 Direction along Flane Normal @ ‘
7 @ Direction according from Rotation Axis 9 B
& b 9 ok
\< e
g
3%
2
XYZ 47
Command: [pre > ELBPED |SGf208y "2 B |5 G Bk M/
|| mm

Selecting a type of constraint
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l‘ C:\varicad\samples\example 13-2.dwb - VariCAD 2009-1.02 |
File Edit View Objects Parts Tools \Window Help ﬁ
DEEHE 2R (9¢[300800DDFLD +% % B AIPPOD RE
A N R L Y L P I N e ————

i
¢
X
b
g . Y
= Left click >
b 3
. X %68 lo
o sy
2 2
5 - B
g7 X EeBiBebs b
= ; Ez E: %z %: t
- o 23 B B3
& ' ok
& N 2 S
Y k3@
D@ 2 Ei [ﬂli g L
o o
I < a8 9 &
T P 9 dk
L{ 47
3%
2
xXrZ 47
CDmmﬁnd:lprg—vIESC FLELBPED S22y "BEE | F &G e® Bk ®m
Select a patch, The object wil be constrained to this patch at a direction of the selected axis, | mm

Selecting a patch - this type of constraint fixes the movement of objects along the corresponding axis.
The object is fixed at the intersection of the axis and the selected patch. The rest of axes are
constrained similarly in the next step of this example.
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Bl c:\waricad\samples\example 13-2.dwb - VariCAD 2009-1.02 |:||E|g|
File Edit View Objects Parts Tools \Window Help ﬁ
DEEE 2R 9¢ 9833 0DFLD + % H% B APSIPIT | Q&

F5&E% IVT EXRS 1 NO6BLRE PP HF b QAAY '

Constraints

a°
X -
& P
75 ( Alternatively right click) Z
b o :
. X L f o
. v
2 4+
5 - B o
g7 X EeBiBels b
= ; Ez%:%z%: t
%; bral el e ,
= b (= SN [
Y [R3-@
D@ Z Ez []3 g .
7 % 51 5 B
4 9 6’[55
\Mg?
s
3
XYZ 47
Command: |prs A DELBED| -2y (EEE | F T 9 ®
Insert objects | mm

All defined constraints are confirmed. In the upper part of the Constraint panel there are icons
displaying constrained movements relative to axes X, Y and Z.
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Defining Geometric Constraints for Existing Objects

Rl C:\varicad\samples\example 13-3.dwb - VariCAD 2009-1.02

File Edit WView Objects Parts Tools Window Help
DEEd 2R (9¢[FO300DDFFPD | +2 % B FIEAID | e

g8, (1 (D[4 2% 2| 8 |

O RRR 908 & QAQARR IEEY

3

a° | =
8 %
@ | | Left click ol
Pl %
g -
g |8
o [ S
el [N %
o ) fa o]
ﬂ‘f = Ha
- %
g; Ab 9z
1% o
vl PN ax
= =
(g =: Eé
- 20
\< 5
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S it
| Command: [t L|w| @R LDED SRSV EEE F ETR® GE B
|Se|ect part{s) of solid to define, edit or delete geometric constraints |_| mm

Selecting an existing object the constraints will be defined for
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Y] C:\varicad\samples\example 13-3.dwb - VariCAD 2009-1.02
File Edit View Objects Parts Tools \Window Help

UEd 2@ 9e desdDDAFED |+ H% B AI&IID |06
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Selecting a constraint, in this case the object will be constrained at a distance from the selected patch.
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Defining a distance from the patch - a parametric value is selected instead of a constant.
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Selecting a constraint for another object, the selected method will constrain object at a distance from a
solid.

J Cormrmand: |Cst vI ESC ” LGLBPED
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Selecting a solid - the previously selected object will be fixed at a defined distance. The defined
distance is a distance between the two grooves.
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Selecting other solids for constraint definitions. Constraints may be defined for multiple objects. Any
changes of position within the Boolean tree are performed for the entire constrained group at a time.
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Finishing constraint definitions for a pair of holes. The holes are constrained with two types of
constraints. First, they are fixed at a distance from selected patches. Second, the axis of the hole is
directed against the normal of the selected patch and the insertion point of the hole is fixed on the
surface of this patch.
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Constraints defined in the previous example contain parametric values. Here, new values are selected.
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The solid was rebuilt after changes of parameters. The pitch between the grooves at the bottom is
defined by geometric constraint. After the change, the pitch is different. The pitch between the holes
remains constant. Moreover, both holes are constrained as one group. If you need to fix both holes at
the grooves below individually, the hole at the right side needs to be removed from the constrained
group. Then, define its constraints separately.
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Selecting a removal from the constrained group
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Selecting an object to be removed from the constrained group
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Definition of constraints for the second hole
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A constraint at a distance from the patch was selected. Because the detected patch belongs to an
object constrained in a different order, the selection is blocked automatically. If a constraint was
performed, such a solid would not be rebuilt properly.
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You may display a scheme of constrained links. The scheme highlights links between objects.
Blocked selections are more obvious, if you click an object in the list. You can see an anchored object
as well as an object the selected one is anchored at. Obviously, you cannot anchor an object A to an
object B if the object B is already anchored to the object A (directly or via a chain of multiple
constraints).
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Selecting a constraint to be edited
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Highlighting of constraint is selected — you may highlight a selected constraint to see either

constrained objects or anchors.
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Second constraint was selected for distance editing. This constraint defines a pitch between groves. A
new value of the pitch is defined.
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Constraint change also transforms corresponding objects.
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All constrained objects are transformed. Here, movement of the hole at the right side is constrained at
the groove below. After the groove changes its position in X axis direction, the hole is automatically

moved.
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A change of the dimension of the box is selected.
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The shape of the box is changed. It is extended to both sides in X axis direction. Without any
geometrical constraints, the rest of all objects would remain at the current positions.
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All shapes and positions were changed. The box at the right side is constrained also to the right patch
of the edited box. After shape changes, this object is moved to the right automatically. The holes and
grooves are constrained also to the left patch of the edited box. Consequently, they are moved to the

left after the shape changes.

341



Chapter 19. B. Tutorial

342

Constrained Angle

VariCAD allows you to perform additional rotation of transformed objects around an axis. Such rotation
may be beneficial for transformation of solids. Objects are rotated and the axes directions are not
changed.

Another very convenient usage of the additional rotation around axes is a possibility to constrain objects
under an angle. In such case you have to define an angle with a parametric value and the objects must be
constrained. Whenever the angular parameter is changed, the constrained objects are rotated according
to the new angular value.
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Function “mill” is performed. Cutting box is additionally rotated around the X axis.
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As value of rotation, a parameter named “angle” is selected.
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After location, corstraints are defined or edited |Define or Edit Constraints after Location|

Value 30 degrees was assigned to the defined parameter. Here, the object is already rotated around the
X axis with angle of 30 degrees.
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A constraint is defined — Z axis perpendicularly to a selected patch. The defined constraint allows
further proper rotation of objects, if the value of the angular parameter is changed.
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Solid cut under an angle as a result of previous operations.
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A new value of the angular parameter is defined. Other parameters in the parameter table cannot be
used for value copying — they are linear parameter, the changed parameter is of angular type.
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Solid after parametric change of the cutting angle



Chapter 19. B. Tutorial

Parameters and Constraints in Solid Creation Profiles

You can define constraints for a set of vertexes of a 2D creation profile. Vertexes can be constrained
relative to another vertex or to the center of the coordinate system. You can also define radius of circles
or arcs as a parametric value.

The vertexes are endpoints of lines, circle centers, intersections of lines or arcs (in case of filleting or
blending) or interpolation points of NURBS curves.

Using parameters and constraints in lines and circles
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To define constraints and parameters within a solid’s creation profile, first select a solid for editing.
Then switch 2D edit mode to constraints definition — click the corresponding icon in the edit toolbar.
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Selection of vertexes for constraint definition. Selected vertexes will be constrained to the coordinate
center at a distance.
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Reference point is defined. The constrained distance will be distance between the coordinate center
and the selected reference point.
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Distance is defined. Instead of a constant value, a new parameter named “length” is created. In the

following step, a numeric value will be assigned to this parameter.
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In this example, the circle center is constrained at X direction to the selected vertex (marked with the
anchor).

354



Chapter 19. B. Tutorial

Bl c:\waricad\samples\example 14-0.dwb* - VariCAD 2009-2.00 |:||E|g|
File Edit View Objects Parts Tools \Window Help ﬁ
UzH@ 2@ 96 Fd33000LL0D| ¢ HE B EFIIIII | @QQ

Y Solid Profile Selection [X] g B NEE BRE A ECIORERCONCOY 2D |3

e e m Ol 9 %] o
L 7
& |Undo Previols Selech‘on| =
% 7
b %
. %
. %
- a4
gt =
g
i %
£ =
& o
@ =
a o5
i o
. N e
%‘?
57
XYZ e
Command: [prafs i BLEBED (YA 5y "HEE G &% EH b
Undo the previous selection mm

After distance definition, the circle is moved. Distance from the center to anchoring point was defined
shorter than the previous distance.
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Circles and Fillets Radii
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Selecting a circle for radius change
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Radius definition, the parameter is used
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Definition of a radius of a fillet. The radius of the circle has been changed; the new value is smaller
than the previous value.
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Circle and fillets after changes
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Editing an Existing Constraints

Different method of selection is used in following examples. You can click an object (vertex, chamfer,
fillet, arc or circle) and then select an action from the pop-up menu.
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Selecting a vertex
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After finishing selection, an action is selected from the pop-up menu
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A new distance is defined for the group of constrained vertexes.
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The profile after change of the constrained distance. In this example, the two right vertexes are
constrained at a distance to the center of the coordinate system. The center of the circle is constrained
to the vertex from this group. If the constrained distance of the right vertexes is changed, the position
of the circle is changed together with the new length.
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Circular Arcs

By default, arcs are defined by two endpoints and radius. If necessary, you can add the arc center to the
definition. In such case, the endpoints must be explicitly calculated if they are constrained - otherwise
they may not be at the radius distance from the center.
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Selecting arc definition change

365



Chapter 19. B. Tutorial

366

File Edit Wiew Objects Parts Tools  Window  Help X

DEEHE 2R(9¢F000DDELLD +E % B AISPPOD | G
F &Y T RS IBUNOO BRR FEE p QAEEQ S 20|30
a° =
£ %
@ A
z %
c %
e %
*@ in
: %
.‘ Solid’s Profile Constraints g
Selected arc is defined by twao endpoints and a radius. After %5
o the change, the arcwill be defined by the center, two =

endpoints and the radius. The endpaints may not always fit
3
the arc so the profile may not be rebuilt L
[
fi=
oKl B kl C I|

acl ance o5
= ot
L]
« o

L 5
W
XY Z

| Command: [profs e | @GLEBPED S0 08y "8 & IEIJ@%QQIQE|§T

| [Tom

Confirmation of change after the arc was selected




Chapter 19. B. Tutorial

Y] C:\varicad\samples\example 14-5.dwb - VariCAD 2009-2.00
File Edit View Objects Parts Tools \Window Help
DrEHE 2R 9¢Id20DLLD % HE B AITIDFP | @E

N Solid Profile Selection [5] Z=aw=S0/AN BN I AN AlIRC R RN CRE-) I ONCRCORC! 20 3D
- -
ﬁ? Ii-’l EE DI @ I \ ?D
i %
=5 Left click P
ot %
- %
= %
¢ %
g
i %
= %
=il o
8 %
a o5
i o
7 L =
%‘?
57
XYZ A
L Jorofs e | FGLBED EMdvEy "EEE 4 ECTTE® Bk @&
Select vertexes completely inside a selection window - select second cormer mm

Selecting vertexes for a constraint in X direction to the coordinate center
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A new distance for the vertexes was defined. Because the vertexes are constrained in one direction,
the vertex common for the arc and the line is recalculated automatically. Distance in X direction is
defined for the constraint, the vertex must be also at the radius distance from the arc center. Location
of vertex is calculated automatically.
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Opposite vertexes were constrained similarly.
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NURBS Curves

NURBS curves can be modified by parameters and constraints, if you constrain the curves interpolation
points.
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The cam before change of the shape — value of parameters was not changed yet
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The cam after parametric change of the shape
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User Defined Coordinate Systems

You can redefine the coordinate system of vertexes to work more conveniently with them. The coordi-
nate system allows you to move the origin or to rotate XY axes.
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Selecting redefinition of the coordinate system
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Vertexes selected for change of the coordinate system
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.j Coordinate System Redefinition
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Method of coordinate system redefinition
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In previous step the coordinate center was selected (a corresponding vertex is marked with ‘0%). A
vertex defining direction of X axis is being selected.
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Selecting vertexes for constraint definition. If a vertex is selected and the vertex belongs to a group of
vertexes with redefined coordinates, you cannot select vertexes with different coordinate systems —
otherwise the constraints cannot be defined. In this situation, the not-selectable vertexes are redrawn
in different colors.
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Constraint distance is defined.
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Bl c:\waricad\samples\example 14-8.dwb - VariCAD 2009-2,00 |:||E|g|
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Command: |profs Y DGCLBED| |2 Ey ["EEE FETEH Bk

Select vertexes inside the selection window mm

The vertexes were moved according to the newly defined constraint.
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Another constraint is defined — this time for the right three vertexes. A new distance to the coordinate
center is defined as shorter than the previous distance.
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Y] C:\varicad\samples\example 14-8.dwb - VariCAD 2009-2.00
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Command: [profs PG LB ED| .2y (e e e® e ®
Finish definition of 20 profile constraints and parameters mm

After performing the new constraint, vertexes were moved. Because one of them defines direction of
X-axis from the previously redefined coordinate system, corresponding vertexes are transformed, too.
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Bill of Materials, Solid Attributes, Title Blocks

384

Title Blocks Definition

Before you will use the attributes, BOM and title blocks permanently, you should consider their proper
configuration and change the settings according to your customs. For more information about settings,
see BOM, Attributes and Title Blocks Settings (page 149.

Title Block Definition

First, create a title block in 2D as plain 2D objects. In this example, the title block is defined from such
an existing drawing.

B Fil= Edt view Objects Parts Tools  Window  Help

LJ 5

DEEH@ & @ ve ¥ OdsL: - GCEOOODIDRD HMm
m ouine - |H D2 &Z]|0nES 000 7/@an Q] 20 3
Al
AR itle Block
]
o : Title block narme: Ititle block par
_\] File name: |
=
E ki Selecttitle block from file dialog | Selecttitle block from 20 objects
iz lox
-;_ Fl To define atitle block in 20, wou rust have title block entities already prepared in 20
= _c area of the curentfile. (In 20, draw the title block as plain 2D entities)
— J
0o
L Insertion of title block into drawing area is relative to:
oo
e " Upperleftcomer  Upper right carner
P (" Lower left comer & Lawer right comer
1 .
o Cix from selected corner of drawing area [mm)]; |D
Ak 1 D from selected comer of drawing area [mm]: |D L2
] Megative values mean direction to the left (dx) or dawn (dy)
) Elackl Cancell

_EWEDI@

| | ormro | oxov | mm

Title block name definition
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@ File Edit Wiew Objects Parts Tools \Window Help SO ST e
DEA & 2@ 9¢ /Ohg & - CEROQ3RDRD #iE
[ ] Outline Yg BaeanNAdg 0FEE OO0 F QEQEHE 20 3D
Al P @ XESBD+GOOQUaXRF AL HLILLH
fﬁ Left click
o
Je e e e e
4=
I:I-E Mo be i m e s s e s e s ate e e S ainm adl s N o s R
oo | EvE g i e e e s s s Ten S el
o .ij.rfgce. s R B e el R R LD g
T
e ;
1 :
i
Ak
)
Command:,m[sc =l oAb oy et E ELE SO e e |E
Select tite block insertion point dx 1062, dy -1.19 mm

Title block insertion point definition

After the insertion point is defined, select objects of the title block.
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B

Fi I VariCAD 2007 3.00 - [C:Avaricad\samplesisamples of title blocks\title block 1.dwb]
File Edit Wiew Objects Parts Tools  Window  Help
DEE@ & @ ve | /¥Odg st - GCEOOODIDRDD (@i

m owine - |H 02N &Z]|00ES 000 7/@an Qg 20 3
Al

f'g :

m [= :

o Title block narme: Itltle hlock part

—\] File name: |C:\vancad'\samples‘-,tltle blocksititle block part.dwh

E Selecttitle block fram file dialog | Selecttitle block from 20 objects

o Fl To define atitle block in 20, you rust have title block entiies already prepared in 2D

#= _c area of the curentfile. (In 20, draw the title block as plain 2D entities)

— J

oo

La Insertion of title block into drawing area is relative to:

oog

e " Upperleftcomer  Upper right carner

] (" Lower leftcamer (@ Lawer right comer

1 .

o Cix from selected corner of drawing area [mm)]; |—'| ]

Ak | Dvirom selected corner of drawing area [mm)]; |1 0l 1 e

o egative values mean direction to the left (dx) or dawn

& Neg | d he left (cf d oy

Ed
Tood | Elackl Cancell
| Select objects creating titte block, press Enter or right-click to finish dx-9.01, dy -£.22 | ORTHD | D Oy | mm

Insertion point relative to the selected corner of 2D area

Selected 2D objects are saved into the defined file. Then the position of the title blocks insertion point
relative to 2D area is defined. The title block is ready for use.

386



Attributes Configuration
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In this example, a new attribute "dwg. no." is created. The attribute type is defined as "General" type,
value is "Text" value, the attribute is configured to be printed into formatted text and to be displayed in
the title block. The attribute will be required for all manufactured parts.

Wi Att

ribute Definition

=- Att

tibute

- Aftribute name

- Type and Values

;--When Feguired

- Qutputto Formated Text
Group Mermbership

- Copy Value fram Assemblhy
E--Surt Criteria

~Walue fram 3D Solids ar 20 Area
- Countahle Yalus and Sums
- Display Walue in Title Blocks
. File Attribute Values

Selecttype of attribute:

1 Type of Attribute

2 [ General

P hass

%, Surface area

17 Manufactured / Purchased
aea Mumber of objects

o7 Date

(&= File

& Waterial

§ Standard specification

Twpe: General

General purposes

Select type of wvalue:

. Textwvalue

" “Integer value (whole numbers)

" Realwalue (numbers with decimal point)
¢ Date

Elacki Cancel]

| mm

Attribute type and attribute value
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Bl variCAD 2007 3.00 - [C:\varicad\samplesisamples of title blocks\title block 1.dwhb]
@ File Edit ‘Wiew Objects Parts Tools  Window Help
ODEEE bR ve 805 DDAF

.] Attribute Definition

LB LB EIRDDD | &

= Attribute Selecttype of attribute:

- Attribute name | Type of Atiribute
- Type and Values O General
~When Required 7 Mass
- Outputto Formated Text 24 Surface area
- Group Membership 17 Manufactured / Purchased
- Copyvalue fram Assembly 228 Mumber of objects
- Son Criteria o7 Date

| - Walue from 30 Solids or 2D Area £ File

] - Countahle Walue and Sums &P Material

- Display Yalue in Title Blocks

) ) § Standard specification
- File Attribute Values

Twpe: General

General purposes

Select type of wvalue:

%Tenvalue
Integer walue fwhaole numbers)

(" Real value (numkers with decimal paint)
" Date (time)

1 Elackl Cancell

| ED

When a new attribute is required
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| varicAD 2007 3.00 - [C:\Wwaricad\samplesisamples of title blocks\title block 1.dwb]
@ File Edit ‘Wiew Objects Parts Tools  Window Help
CEHG 2R 9¢ | FdodDDAL

.] Attribute Definition

@y OB A DE B E

= Attribute Set attribute output to formated test file (to list of pans):

- Affribute name v Attribute is printad to text file
- Type and values : S
- When Reguired ® Tex ?s In.ef't allgned
- Cutputto Formated Text " Textis right-aligned
-~ Group Membership YWidth of column in characters |1E T :’
- Copyvalue from Assembly
- Son Criteria : : ; : ;
alus from 3D Solids or 2D Area If attnbute.s of ane object are printed into mare lines:

1 - Countahle Value and Sums [~ MNewline after text
Eillsep,*lkftlt)r‘;:uftlulgu\ef;r:uzltsle Blocks Freinserted spaces (heginning of next ling) ID :’

Farmating is correct if the text file uses ficed-width font. If the file is
insered to 2D WarCAD area, columns are farmated praperly for the
fixecwidth fonts.

1 Elackl Cancell

| ED

Definition of output to formatted text files (used as a list of parts)
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Attribute Definition

[=- Attribute

- Aftribute name

- Type and values

~hen Reguired

- Dutputto Formated Text

- Group Mermbership

- Copyvalue from Assembly
- Son Criteria

~Walue from 30 Solids or 20 Area
- Countable Walue and Sums
- Display Yalue in Title Blocks
- File Attribute Values

Selecttitle block current atribute will be displayed in or remowved from:

Display.. | €. | Title Block |
9 Yes @ Title block part

Define location of attribute in title block: Title block part
v Display aftribute in selected title block

Textingertion point O Dy

Locations are relative to title block insertion point. % values less than 0 are to the
left, v walues less than 0 are down.

- Text height: 5, text font: stand

To define the location of the text in 2D area. the current document's 2D part must
contain corresponding title block. Then the location is defined interactively by
cursor,

Define text location in 20 areal

23

ﬂl Elackl Cancell

[ mm

Definition of output to the title block
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Bl varicAD 2007 3.00 - [C:Avaricad\samplesisamples of title blocks\title block 1.dwb] EJE|S|
@ File Edit Wiew Objects Parts Tools \Window Help S [ e
DeEd & 2R 9v¢ V/Odbg & - CEROQ3RDRD #iE
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A2 AXH 8 0+C000 X7 Ak Sl Ll
fﬁ Right click -
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i
o
Sl e | et
i hew e DT
o0 | [ mMaterial i aneaRaline e RS Al ol s
sElwegnn G0 e 0 diwellighis 0 0 iansemnl e i e sembilte ne
—~ | | Surface [ Cats date
r ls.n;. s'ca'le ; ; ; : : ; : ; ; ] ; ; : : Horm
Py e e
of nan-
1
Ak
@
[

) am el Ah v A MmO EELSSS e FE O

Select location of atiribute in ttle block dx -0.22, dy 0.000 Fm

Attribute position in the title block

Attributes Groups

The attribute group allows you to define different attributes for different objects. If the attribute group is
defined for an object, extra attributes from this group are demanded.
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Fle Edt View Objects Parts Tools Window  Hep

EHE 2R 96 IO DDPPR |+ HF% B HAISPIIPE LG

5% T EXP Y

LOe BER|(#88

eae® % A%

£

REP G512 BL4R TN B |aT

|_.|I o 'y ik
— _|__,| Adtwihibn Meniime Cabbinas
] Wi New Attribute Group
Aftribute group name: |Sheet metal
B Ok| Back| Cancel E I B I lib: I i I o
| 59 o) oo E———
Far purchaszed Mot mandatory > = I T
Dimensions 3d Always Ox) o o0
Mot mandatany > 3 @
Mot mandatory - 4 g
Mot rmandatory — [y g
Mot rmandatory e
Mot mandatary > = g ~
] IRl=y grDupI OKl Elackl Cancell
T o UKl l:iackl Lancell a
| _Lmm

New attribute group definition
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.] Attribute Definition

= Aftrilbute Select group to add to/delete from defined attribute
- Affribute name hember | Attribute Group
- Type and valuss = Mg For purchased
- When Required = No Dimensions 3d
- Outputto Formated Text 2 Yas Cheet metal
- Group Mermbershig
- Copyvalue from Assembly
-~ Son Criteria

Ifthe attribute is a member of graup(s), then its definition is required only if the
same attribute group(s) is defined for given object. Such an object uses also

~alue from 3D Solids or 2D Area%
the extra attributes from groups beside the standard attributes.

1 - Countable Walue and Sums
- Display Yalue in Title Blocks
- File Attribute Values

1 Elackl Cancell

| ED

Group membership for the defined attribute
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Solid Attributes

This example shows you how to define solid attributes of various types.

B variCAD 2007 3.00 - [C:\varicad\samplesiclamp\clamp-assembly. dwb*] = B[S

Fle Edt Vew objects Parts Tools Window Help

DEHS 2R (9¢FO00DDFF +8 F% B AISIDD

fe 6

5% 0D E%P I 6

Edia e 12 Asaoib..ao o

B Edit Solid Attributes X
et it Or delete
dwg. no.: [1-100-31] Fequired | Type [E. [ [T ]|~
Abways Ab Name of object > 3 5
Elackl Cancal | o8R8 Mumber of objects > = %5
Ahirans 7 Manufactur... ¥ = = =
— weight P Mass > & @
= material &2 Material - 5 ‘g =
—  date o9 Date - & iz
= surface g, Surface area - = -
= tvpe g Standard 5. > = 1
= dwg. filename = File —_ - -
FOa no. If manufactured General g 4
Extra aftributes according to attribute group(s): |F0r all ohjects Selectgroup |

If some status is marked as missing, datawill not be exported ta BOM correctly, To manage yourwaork with attributes,
reclefine BOM, attributes and title blocks settings.

rmnc:. [sat

LA BRER(9PP QEER | LE FA%S | 2w
%

T

e

—

Definition of the attribute "dwg. no."

Attribute "dwg. no." was configured as "Required for Manufactured Parts". If such an attribute is miss-
ing, the warning sign is displayed in the first column of the attributes list. This attribute is the attribute of

the type "General", value is text.
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El variCAD 2007 3.00 - [C:\varicad\samplesiclampiclamp-assembly. dwhb*]

B Fie Edt view Objects Parts Took Window Hep

DEEE 2R(9¢FS0DDFPPR + ¢ H% B HISIAOS LA

N6 BRR PP P QEER|LE AL

£

F&5® 0T EXRP Y
o

.] Mass Definition
| Selectnumber of significant digits of result after decimal paint:
Ite MNane, if walue is greater than 1. Otherwise 1.

[0 2 e e 0

| " Unlimited

Mass density: 7.86 [ofom ® ], steel
Select Material or Mass Density

Select result of mass calculation to be walue of attribute:

Units | hass

Kg 0.341

g 341.39
5 Lk 0.753
0oz 12.042

i

Cancel |

red | Type [E ] |8
S Ab Name of ohject > & @

888 Mumber of objects > — 53
S 17 Manufacr... 3 = = =

- ¥

& Material - 4 g

47 Date - 5 g

ls.|. Surface area — - -

H Standard s.. +3> — g

[ File —= = =
ufactured (O General > 3 g v

Seledgroupl

T———

[
e T

Y

brrectly. Ta manage yaur wark with attributes,

ncel

e 32 i AN IR

-

| Assembly | mm

Definition of attribute "weight"

The attribute "weight" was configured as of the type "Mass". During its definition, you can use volume
and mass calculation from 3D module. Select the result from the list of results calculated for various

units (like kg, 1b ...)
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Pl variCAD 2007 3.00 - [C:\varicad\samplesiclamplclamp-assembly. dwb®]

| Fle Edit Yiew Chiscts Parts Tools  Window Help

DEEE 2R(9¢FS0DDFPPR + ¢ H% B HISIAOS LA
FES T FERL IO BERR PPL QEER LEFH%E 2w

° L

JEdia eoiid Rsacib.aaa

B Material Definition

—c e

: haterial: LI | Required I Type | B | In... | S | o |
Abweys Ab Name of object > & i@ ]
Copy material from other solid | Elackl Cancel | S5 Numberof objects > = g L
Al 7 Manutactur... > - — = L
*] Weight 0.3 ? Mass ') E% .I’E| &
- date &% Date - g 3 t
= surface s Surface area - - B
— type F Standard ... +> = g 4
= dwy.filename = File —_— - - |
@ dwg. no. 1-100-31 lf manufactured O General > 3 g v [
Extra attributes according to aftribute group(s): |F0r all ohjects Selectgroup | b

If some status is marked as missing, data will not be exported ta BOM correctly. To manage your waork with atfributes,

reclefine BOM, attributes and title blocks settings.
Elackl Cancell
rmnc:. [5at = W LT 0t el oY ol =

| | Assembly | mm

Definition of the attribute "material™

You can copy value of the attribute "material” from another solid (as in this example) or you can select
from previously used materials.
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P/ variCAD 2007 3.00 - [C:\varicad\samples\clamp\clamp-assembly. dwb*]
| Fle Edit Yiew Chiscts Parts Tools  Window Help

DEEE 2R(9¢FS0DDFPPR + ¢ H% B HISIAOS LA
FES T FERL IO BERR PPL QEER LEFH%E 2w

° L

JEdia eoiid Rsacib.aaa

B Edit Solid Attributes

|t or delete

scale: |111 Feguired | Type |E. . |T. [~
lf manufactured (O General > & @ o
Get 20 drawing scale | Eackl Cancel | O General - - .
O General -5 - =
= description O General - = 1 L

== purchase code If purchased O General D = -

= routing card no. O General 3 = t
= overall dimension O General - = = = b
— designer () General 3 = = 4
s General L Jfe =
= drawing format O General - == = il i
Extra attributes according to aftribute group(s): |F0r all ohjects Selectgroup | b

If some status is marked as missing, data will not be exported ta BOM correctly. To manage your waork with atfributes,

reclefine BOM, attributes and title blocks settings.
Elackl Cancell
rmnc:. [5at = W LT 0t el oY ol =

| | Assembly | mm

Definition of the attribute "scale" (scale of 2D area)

The attribute "scale™ was configured to obtain value from the corresponding file - from its 2D part
drawing scale.
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Pl variCAD 2007 3.00 - [C:\varicad\samplesiclamplclamp-assembly. dwb®]

| Fle Edit Yiew Chiscts Parts Tools  Window Help

DEEE 2R(9¢FIS00DFPPR + 2 H% B HISIAOS LA
FES T FERL IO BERR PPL QEESR LEFH%E 2w

Q-O
| &

JEdia eoiid Rsacib.aaa

Bl pate Definition

tanth: ISeptember LI Year: IZDD? LI ad | Type | E. | In... | T | A
L Ab Mame of object > & @ s
: 888 Mumber of objects > — 53 i
Man I Tue | W'ed I Thu | Fri I Sat | Sun | i Manufactur 3 — = = L
1 2 P Mass > & g .

3 4 ] B 7 8 9 &P Material - i ‘g —
I 10 1 12 13 14 15 16 t
17 18 19 20 21 22 23 e Surface area = = = £
24 25 26 27 28 29 @ 30 T Standard s... > — i ?
[ File = = = ]

factured O General > & g v

-

—

Elackl Cancell Seledgroupl

If some status is marked as missing, data will not be exported ta BOM correctly. To manage your waork with atfributes,

reclefine BOM, attributes and title blocks settings.
Elackl Cancell
rmnc:. [5at = W LT 0t el oY ol =

| | Assembly | mm

Definition of the attribute "date"
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Extra Solid Attributes from Attribute Groups

In this example, the attribute group "Sheet metal" is assigned to the solid the attributes are defined for.
Then the extra attribute "thickness" is required.

el e_1:d A

§ B Attributes Group Selection

L

M| Attributes group allows you to define extra attributes for | Type | E | T | = | w1l =
1 selected salids. Ab N - .
ame of ohject *F 0y L =
SelecEisssiealginys 388 Number of objects > — 3g
Selected | Aftributes Group 7 Manufactur... 23 = = =
- -
= Mo For purchased ? Mass. *> o .‘*EI B
= Mo Dimensions 3d & Material = = el ¢
@ Yes Sheet metal 41 Date = [ i
s Surface area nonnen o oen
Backl Cancell F Standard s.. > — I ,
[ File == e i
@ dwiyono. 1-200-56 If manufactured ) General L2 EEI °l>|§| L ’_
Extra attributes according to aftribute groupl(s): |F0r all ohjects Select grDupI

R

If some status is marked as missing, data will not be exported ta BOM corectly. Ta manage your work with atfributes,

reclefine BOM, attributes and title blocks settings.
OKl Elau:kl Cancell
e —

[ =

:
L
Xy Z

| command: oot || [@ L [GALVE|TEEE | F TR O B

| | Aszembly | mm

Definition of the attribute "thickness"

The attribute thickness was configured to allow sheet metal thickness measurement.
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El variCAD 2007 3.00 - [C:\varicad\samples\clamp\clamp-assembly. dwb*]
Fle Edt View Objects Parts Tools Window Hep

NEHE RB|(9¢|I0D00DDFR|+¢ §% B|AICAOF e
s 00 F%P IBIOO RER PBF QAARLEFE 2w

S | Bl Thickness

Thickness of detected sheet (highlighted patches)

Thickness: |2

| Accept detected thicknessl

Select an;%er sheet | Cancel |

I Y LT

e Q<
BERE

o

RHEPS ORI VLETLDR | BY|

_ R
| Command: [sat e [PHL [l Ns (EE F e ® R

| Assembly | mm

Sheet metal thickness measurement
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Working with BOM
Displaying BOM Objects, Filling Title Blocks

BOM contains a legible list of assembly parts, their names and attributes. BOM allows you to edit solid
attributes or export data to various types of files.

SWDLL |+ HB BHAIIPEOD @&

OO RER 9BP QAR LE A% 20 3
0 (e
=t L%
P
ill of Material
pEAR W Bill of Material
9"“
o = Outputto Files [ Display 518 Atributes to/frorm Assembly
g7 Left click object to edit attributes or righ click object for more actions:
| name A| quantity| manufactured | wigight | material | date | type | dwg. filename &
@t STETTTEDAMP i YES manufactured 279, 2007 Civaricadiearn
&= 7 Bar T80 1 NOT manufacturad DIH EM 10 0585
=} 7 Base 1 YES manufactured  0.341 E335 12.9.2007 Chwaricad\sarr
& Clamper 2 YES manufactured 00149 E295 30. 8. 2007 Chwaricadisar
D & Connection 2 YES manufactured 00335 CI1G6E 30, 8. 2007 Chyvaricadisar
) 9 Fork 1 YES manufactured 0.229 E335 30.8. 2007 Chwvaricadisan
ﬂ 7 Handle 1 YES manufactured  0.043 FE1000 16,8 2007 Chvaricadsarr
f F Lever 1 YES manufactured 0371 E335 12.9.2007 Chvaricadisar
) MNuthd12 z MOT manufactured Dl 334
9 MNut b Ll MOT manufactured DI 934
@ Fin10-20 1 YES manufactured 00123 45 10.9.2007 b
b » | 4
Ca Back | Cancel

Assembly | mm

BOM containing an assembly
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_._,_.,',,ariCAD 2007 3.00 - [C:\varicad\samplesiclampiclamp-assembly. dwb]
Q File  Edit  VWiew Objects Parts  Tools  Window  Help
DEEE 2R(9¢ IS0 0DFPPR +¢ HF% BSOS LA

FEe TP EXL IO BRRR PP QAR LE AL IEIEY
at
B
% |
J-? [y Click abject to displaw/hide or sart according to
(b= D| Sl Adtribute in column, data yes/no | e
o @ Assembly tree © Undo ¥ Redo
|l @ A 9 name
y 1@ = © guantity Htions:
E @ = O manufactured
] ] O A ) = | thwrg. no. | assembly no. | "
+ L weight —
) @ = O materal giclampiclamp-assembly.dwb  0-300-67
= % — O date
== T ST siclampibase.dwh 1-100-1 =
e © — O type 0 pshclampiclamper.dwhb 1-200-56
o] © — O dwg filename shelamphconnection.dwh 1-200-48 | |
) © = O dwg no. shclampifark. dwh 1-100-32
n — el i shclampihandle.dwh 1-100-24
f o - assembly no. sholamphlewver. dwh 1-100-21
b e description
e purchase code P
[ rauting card no. b | "“ | - (o
1o Elackl Cancell ﬂ Cancell

| | Assembly | mm

Display of columns settings

This function can be invoked by right click at column headers or from the pull down menu. You can also
left click the column header. Then the list will be sorted according to attributes in this column.
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! VariCAD 2007 3.00 - [C:\varicad\samplesiclamplclamp-assembly. dwhb]

Bl Fie Edt view objects Parts Tooks Window Hep

CEEHE 2@ 9 ¢

BODODDEE|+% HB HAPISADD @6

FER | IT ERD

NOE RERPPP QAORRX LE

7 %]

2w

Fin 16-30
Fin 10-30
Fin 10-22
Fin 10-20
Lewer
Handle
Foark
Connection
Clamper
Base
YWasher Ma

RHEPS AR VLETLR BY|

|
QLALLALRRRDQ@

Ty | Wfs!

o
18 sum of Attribute Values

YES manufactured
YES manufactured
YES manufactured
YES manufactured
YES manufactured
YES manufactured
YES manufactured
YES manufactured
YES manufactured
YES manufactured
NOT manufactured

[ WEIGNT [ 1S

0.0299
0.0184
0.0135
00123
0.371
0.043
0.224
0.0335
0.0143
0.341

45
C45
C45
C45
E335
FE1000
E335
C16E
E235
E335
DM 125-1a

Elackl Cancell

1-100-21
1-100-24
1-100-32
1-200-45
1-200-56
1-100-31

assembly no.

>

£

Assembly | mm

Copy of assembly attributes "dwg. no." to part attributes "assembly number"
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SWDLL % H B HAIIIOD @&
a6 BhE | FIPP

QQARLE A% 2
¢ Le
& %
P
b
g...
o = Outputto Files [ Display 18 Atributes toffrom Assembly @ Undo
B g Formated Text Files (List of Parts)
g7 = i —— ) « aobject far more actions:
=3 Export Data ured | weight | material | type dwy. no. | assemblyno. | A

gt T,y = TCo manufactured I
Ces & Pin16-30 1 YES manufactured  0.0299  C45 0-300-67
=) & Pin10-30 1 YES manufactured  0.0184 C45 0-300-67

& Pin10-22 1 YES manufactured  0.0135 €45 0-300-67
) & Pin10-20 1 YES manufactured  0.0123  C45 0-300-67
) @ Lever 1 YEE manufactured  0.371 E335 1-100-21  0-300-67
r 7 Handle 1 YES manufactured  0.043 FE1000 1-100-24  0-300-67 i
7 @ Fork 1 YES manufactured  0.229 E335 1-100-32  0-300-67

@ Connection 2 YES manufactured 00335 C16E 1-200-45%  0-300-67

7 Clamper 2 YES manufactured  0.0143  E295 1-200-56  0-300-67

7 Base 1 YES manufactured  0.341 E335 1-100-31 0-300-67

& Washer g 4 MNOT manufactured Qi 7350 0-300-67 53

Co Back | Cancel

Assembly | mm

Updating data of title blocks

All attributes are copied into corresponding part files. Then the files are ready for filling title blocks. If
the part files belong to part-assembly link, the data are updated always automatically. Attributes "as-
sembly number" are updated as a result from the previous step.
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! VariCAD 2007 3.00 - [C:\varicad\samples\clamplclamp-assembly. dwb*]

Bl Fie Edt view objects Parts Tooks Window Hep

DEEHE 2R(9¢ IS0 0DFPPR +¢ HF% B HISIPOS LA

FER | IT ERD

NOE RERPPP QAORRX LE

7 %G |Jm@

.‘ Bill of Material

= Outputto Files [ Display 8 Atributes toffrom Assembly @ Undo ) Pedo

Left click object to edit attributes or righ click object for more actions:

RHEPS AR VLETLR BY|

E Elackl Cancell

| name | quantity| manufactured v| wreight | rmaterial | tpe | dwgy. no. | assembl nD.l "
=2 CLAMPF 1 YES manufactured 0-300-67
— @ Pin16-30 1 YES manufactured 00299 C45 0-300-67
— @ Pin10-30 1 YES manufactured  0.0184 45 0-300-67
— @ Pin10-22 1 YES manufactured  0.0135  C45 0-300-67
& Pin10-20 1 YES manufactured  0.0123  C45 0-300-67
(1 il e 1-100-21 0-300-67
& Handle | %= Edit Atributes actured  0.043 FE1000 1-100-24  0-300-67 T
— @ Fork @mcmred 0228 E335 1-100-32  0-300-57
— @ Connectic 44 List File actured  0.0335  C16E 1-200-48  0-300-67
— @ Clamper . ) actured  0.0149 E295 1-200-56  0-300-67
3 Baee O Hgnightobjects  [ZF0 o o 1-100-31  0-300-67
— @ WasherMi 4 MNOT manufactured Qi 7350 0-300-67 53

Assembly | mm

Open the corresponding file containing a part
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406

Bl varicAD 2007 3.00 - [C:Avaricad\samplesiclampilever. dwb*] | ! ' z
x

@ File Edit View Objects Parts Tools Window Help (i
OUFE@ & @R ve /YOS 2 - GEOOQOARD #
|. kota.

35 3 X

Ml 14 113

T B

B O R T

=
=

M

Command:,ﬁ[sc p—qi(“[ﬁ\y,@"im MWHEEE@\{’@\/\ FE"N’EM?“I :EE%D

Add, edit or delete atiributes of cLrrent assembly or part fle, fil tite block in current file [Fil Title Block, Define Attributes|

In 2D, select the function "Fill Title Blocks"
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Rl
DEHS & Ba@al9e [ /oOodse - GROOIANDD Him
—o L Basad00FEE 0007 QAR 20 2

e R e o e e s oo

% Fill Title Block % Update Title Block 3% Insert Title Block

Click the attribute o define, right-click the attribute to {Insert and FillUpdate Title Block

i S| Attribute Yalue | Regquired |Type | i | i | il | a
9 name Lever Alwans Ab Mame of object > L
= quantity aoe Mumber of objects > = G
@  manufactured YES manufactured Abhways 17 Marnutactur... ) = -
o weight 0.371 @ Mass > 5 i3
©  material E335 &7 Material — [y s
o date 12.9.2007 o3 Date - i %
= surface g Surface area e
= type @ Standard =.. * == T.|§|
= dwg. filename [£= File = = =
@ dwy no 1-100-21 [fmanufactured (O General > ¥ @ 4
Extra attributes according to attribute group(s): |For all objects Select group

If some status is matked as missing, data will notbe exported to BOM correctly. Ta manage yourwork with aftributes,

redefine BOM, attributes and title blocks settings.
Back | Cancel

Insert tile block,, insert attributes into tile block, delete old attributes and old title block (if exist) Fm

Automatic title block insertion and filling

In this example, the title block is automatically inserted and automatically filled. If the title block was
inserted and filled previously, the old data are removed first.
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Bl varicAD 2007 3.00 - [C:Avaricad\samplesiclampilever. dwb*] z
@ File Edit Wiew Objects Parts Tools \Window Help | ST e
DxEE & 2R 9¢ VOhs2 -  CGEROO3DRDD @i

] kota JglpedddoEe 0007 |QAOQSE 20 3
Al
Al .
=i By
_\] TEXT
N e i
= . .. . . _ =
% e e T e P e e =
o 7 et e e sl e e e | AssenblNon s e 0 SEIDG BFl ¢
oo Surfoce Cote 2 ey

A R &
| e e o
2|

£1

i

Ak |

@

|

Cormmand: | S

sl S8 yE L m| B EELES O] E | O
Ready dx 4217, dy 7.710 mm

Title block automatically filled
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Working with Supplementary Objects

You can create a list of supplementary objects like paint, oil, grease, welding electrodes or other similar
items. Such objects cannot be created in 3D modeler, but they must appear in BOM.

File

Bl c:\varicad\samples\clamp\clamp-assembly. dwb* - VariCAD 2008 2.01

Edif  Wiew  Objects  Parts Tools Window  Help il
DEEHE 2R (9¢)F000DDELD +F % B FIPPOD | (G

F5S | T %P Y

OO RRR(S8H R QRAARAILE RS [2»

RHEPS Oh VLB THR BHY|

JCD

B supplementary Objects

“4 New Supplementary Objed| Display © Undo ) Fedo
|

Left click objectto ediew Supplementary Object}for more actions:

rame A| quantity' manufactured | chwrg. no. purchase codel customer
Harmmerite Blue 1 MNOT manufactured 002781 :

Supplementary objects may be all objects which cannat be created in 30 space and which must appearin BOM, like ail,

grease, paint. welding electrodes etc..
Elackl Cancel |

7.

|Creates A new supplementary obiject

| Assembly | mm

Creating a supplementary object
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410

Creating List of Parts

In this example, a list of assembly parts is created from BOM directly. You have to define only the in-
sertion point of the first line of the text table, the position of the last line and the table lines are inserted
automatically. If the list is longer than the defined space (the vertical difference between the two points),
you can continue to insert the remaining part of the table at a different location. Configuration of table
lines (records) allows you to change text attributes and text locations for each object separately. For in-
stance, a record may contain multiple lines and variety of text styles.

OUFEH® @R 9¢ O3 LUDLLD +8 H B FIFIII @G
FEp0U O E%L 16106 REE P88 5 QRACA 20 3
a5
&5
P B Bill of Material
b
e = Outputto Files [ Display
o e List of Parts
5 = Formatted Text Files k gh click object for more actions:
a7 3 Update Data of Title Blocks weight | rmaterial | e dw. no. assembly no. |
=3 Export Data DI EMN 10055 0-300-67
Ft — . 0.341 E335 1-100-31 0-300-67
e Clamper 2 0.0143 EZ295 1-200-56 0-300-67
2 Connection 2 0.0335 CI6E 1-200-48 0-300-67
& Fork 1 0.229 E335 1-100-32 0-300-67
) Hammerite Gray-Blue 1 0-300-67
& Hammerite Mawy Blue 1 0-300-67
Handle 1 0.043 PETO000 1-100-24 0-300-67 Ll
i Lewer 1 0371 E335 1-100-21 0-300-67
@ Mut k12 2 DM 934 0-300-67
Mut b8 4 DM 934 0-300-67
Pin10-20 1 00123 C45 0-300-67
Pin10-22 1 00135 C45 0-300-67 v
c Back | Cancel
]

Aszembly | mm

BOM, selecting output to a formatted text table
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T Y [ LV T W T Vo 1= 0 I e

e e ln_)_ln_nl = BD RS

Du{une" <12 E;E; o [ 50 6§00 ﬁ' | ®

PressSpacebar e e
H NAME ke S RES] U‘u'EIGHT " [MATERIAL ~ [ORIE ~  [STAMDAMRDSPEC. |ows. wo. o |0 0 0
E. ] E T T R [T SRR

£QMW

N

............

Ve

=
=
=

............

B0 R T

L=
=
L,

B

| Command [pom o] e e { @r_; y,@’i R MmHE E i é\*“-(“ Ll Em@'

Select start of ﬁrst Ilne (ref pomt) X O OOOO y 249,85 ORTHO '

Defining text insertion into the prepared table

411



Chapter 19. B. Tutorial
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Y] C:\varicad\samples\clamp\clamp-assembly. dwb* - VariCAD 2009-1.02 EE‘E|
File Edit View Objects Parts Tools \Window Help ﬁ
DrEH@ & 2R 9¢ | VO£ 2 - GEROO3RDD e QEHE B

|. outline V|§$ EE RS |y e L 5 | T BY PEE DO LT 2D 3D
x iy
i MARME PCE [WEIGHT MATERISL DATE STAMDARD SPEC. Lo . 1O
/g Ear TEO 1 DIk EM 10055 1
f'ﬂq Ease 1 0.34 E338 12. 8. 2007 1410051 =t
_._{ Clarn per 2 0.0149 E295 30. 8. 2007 120066 -
—| Connection 2 0.0335 C1GE 30. &, 2007 1-=200-45 IERT,
] Fork 1 | 0229 E335 30. 8. 2007 140032 bom
_\i Hammerite Grav-Flue 1 TERT
—\] Harmerite Mawy Blue 1 %
Handlle i 0.043 FE1000 15. 8. 2007 1410024 B
5 Lewer 1 0.371 E535 A el 1-100-21 E'TI
Tt 12 2 Dl 934
it G 4 Dk 954 fon)
Pir 10-20 i 0.0123 C45 10. 9. 2007
I:I-E Fin 10-22 1 0.0135 45 10. 9. 2007 g“
Pin 10-30 1 00154 c45 kel
I:IEE Fin 16-30 1 0.0239 45 10. 9. 2007 Sv
E Pin Bx40 1 DIk EM 223540
~ Sorew M12x80 1 DIk EM 24017
B | | Screw MEx30 4 DIM 912 i
fI iasher G 4 DIk A 28-1a E;?
ﬁI i asher G 4 Dk 7950 -
WY
o
B I3

ommond: i vl Ay E e WM EEL S e (RO

Ready ORTHO mm

Filled table

In this example, a list of assembly parts is created via a text file. BOM saves the list into a formatted text
file. The text file is inserted into 2D area. The 2D drawing contains a prepared table. Width of columns
and text attributes of text objects correspond to width of columns of solid attributes, see Definition of
output to formatted text files (page 386). The text file is available also for other programs. On the other
side, this method works correctly only for fonts with fixed width and configuration is more difficult than
in the previous example.
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File  Edit Wiew Objects Parts Tools WWindow Help il
DEEHE 2B (9¢)F00800DDFLD +E % B AIPPOD | LG
FEBWU O E%L IBNOORRE 989 & QAQEH 20/
a° =
B N z
=30 Wi Bill of Material
b
& Outputto Files [ Display 51 Atibutes tofrom Assembly & Undo ) Redo
(e p play b
o g List of Parts
5 = gh click ohject for mare actions:
g 3 Update Data of Title BIOCkS eight | material | Tpe | dwg. no. | assembly na. [
e => Export Data DIt EM 10055 0-300-67
it 341 E335 1-100-31 0-300-67
o5 Clamper 2 0.0143 EZ55 1-200-56 0-300-67
% Connection 2 00335 CI16E 1-200-48 0-300-67 -
@ Fork 1 n.229 E335 1-100-32 0-300-67
D Harmmetrite Blus 1 0-300-67
A Hammerite Gray 1 0-300-67
Handle 1 0.043 PE1000 1-100-24 0-300-67 28
I Lewer 1 0.371 E335 1-100-21 0-300-67
T MNut h12 2 DiM 934 0-300-67
ot MNut hg 4 Dir 934 0-300-67
Pin10-20 1 00123 C48 0-300-67
Pin 10-22 1 00135 C45 0-300-67 a3
F Elackl Cancel | 4
]

| Aszembly | mm

BOM, selecting output to a formatted text file

Select a file name, the list of parts is saved.

413



Chapter 19. B. Tutorial

Y] C:\varicad\samples\clamp\clamp-assembly. dwb - VariCAD 2009-1.02
File Edit View Objects Parts Tools \Window Help
OEEA & bR ve yYObg£ 2t - [ GOOOIDRD
|. outline V|§$ XS | by 1T | T B8

/_gEEEEEEE:::Z:Z::::ZZ:::ZZ:Z::Z:Z::Z:ZZ:Z:ZZ:Z::::Z::Z:ZZ:Z:::::::Z:

’% """" L e e T S e et L A S e e e P o = e STAMNDWRDSFEC. [Dwis.mo. | © °

.......................................................

AlhﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁZﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁZﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁg‘?
g e i el it e i e e e e
B e e R e e R S R T
Cammand: B vl A gL e B EELESS | EG O
Insert text fle as 2D text objects ORTHO mm

Insert the text file into 2D area

The drawing contains the prepared table. Select a location of the first line properly. In this example, the
lower left corner of the first inserted line is at the highlighted grid point.
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Bl c:\varicad\samples\clamp\clamp-assembly. dwb - VariCAD 2009-1. |l

[
|i ]
[ [td

File  Edit Wiew Objects Parts Tools WWindow Help
DSE@ & e@a e/ Ods s - ORO0O0 > ARD ik QARAARQ

J_. autline vl%i“EuEu“&'HIII*IH—»[} |-”ﬂ |@@ﬂﬁ|

e

|

m

=
%

’Jﬁ """" L S e e H B A = o e P = e o B H e = e STAMDWROSFEC. " |DWilG. MO~ 7 © °
i R B IR A EaEaas TaaE e

T

e

=]

=
]

L

-
gi

.
R

.] Text File Insertion

@ Mext lines will be inserted dawn

(" Mextlines will be inserted up

Mestingerned line (1 of 217 will be:
Bar T80 1 DIMEM 10055

@20

1
:iq

Copy line spacing | Text attributes |

N . ~
@y e e BacleanceIl

S = - = e

Mew inserion pDintl Finish insertiunl

. |¢c¢§4|;;5

J_Commandzlm—[tscur—n {(“D EJ,@"_VHI“’IHFII'IWHE E f@?p-{'\“"‘" I"""‘H-EI 5 |E|_|

| | x0.0000,y 25041 | ORTHO | 007 | mm

Inserting each line of the text file
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416

Y C:\varicad\samples\clamp\clamp-assembly. dwb* - VariCAD 2009-1.02

File Edit View Objects Parts Tools \Window Help
UE8 & 2R 9v¢ YOy & - O®CO3DRDD i QRO R
|. outline V|§$ XS | by 1T | T B8 otEE OO L7 2D 3D
K M Aam E FCS |WEIGHT MATERIAL DATE STANDARD SPEC. Dy . MO, %:
Bar TG 1 DIM EM 10 055 =&
/R, Bose 10,341 EJ3E 12. 9. 2007 1-1060-31 %5
f’g Clamper 2|0.0148 E25E 2. 8. 2007 1-2020-E6 =t
___{ Connection 210.0335 C16E 2. 8. 2007 1-200-48
Fork 1(0.229 E335 30, 8. 2007 1-130-32 [
—| Hommerite Alue 1 it
Hammer i te Gray 1 TEHT
= Hand | & 1|0.043 PE1CO0 15. B. 2007 1-130-24 TEAT
= Lewver 1|0.371 E335 12. 8. 2007 1-120-21 E
Nut W12 2 DIM 934 i
MWut MES 4 OIN 934 -
& Pin 10-20 1|0.0123 C45 10. 9. 2007 e
Pin 10-22 1|0.0135 C45 10. 8. 2007
Pin 10-30 1|0.0184 C45 10. 8. 2007 o
= Fin 16-30 1|0.0288 C45 10. 9. 2007
= Fin G40 1 DN EM 22340 57
il Scraw M1Z:80 1 DM EM 24017
e Screw MEx3D 4 OiN 912 4
oo Waosher M3 £ OIN 125-1a
Q Washer M3 4 OIN 7980
E‘g £
T Y
#F 7
Hy
Ak o
[
Command: [ff o |m|m L ABh Y gL [ EmeEE LSS O[O
Ready ¥ 00000,y 250,41 | ORTHD mm
Filled table
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Crash Tests (Interferences)

Checking interferences reveal colliding objects, more identical objects at a same location or smaller ob-
jects engulfed by larger ones. For more information, see Interference between Solids (page 142).

Bl c:\varicad\samples\clamp\clamp-assembly. dwb - VariCAD 2008 2.01 _
File Edit ‘View Objects Parts Tools Window Help X

| FEOODDFRRPY +¢ | H%B BEBEFISIOD REA

a° 1B NEE RER P9 H Rk QAR &FE A% 2w
H mighlight All Interferences] L)
B %
% %
- %
e %5
& %
& t‘
GH -
b Ha
i 5%
& o3
5 2
o 5
o 57
i &
f {------
aa XYZ i
JCDmmand:mzsc”%LE}EBJ?@%-&?«',@:P |"E & B | ”@ﬂ:@ Ty T | Q—ﬁ|%|
|Highlight all interferences together | Assermbly | mrm

Result of interferences checking
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C:\varicad\samples\clamp\clamp-assembly. dwb - VariCAD 2008 2.01

File Edit ‘iew Objects Parts Tools  Window Help il
DEES 2R(9¢ FODLDDFRFD % H% G AFSPDD | @G
FER I EXRL i A

QESS 4D

=i VariCAD

All interferences are highlighted (intersection curves)

Elackl Cancell

| Command: fasch | (@G LB ED fkovey MEE I @D ®h @

| | Assembly | mm

Highlighted interferences

After checking, you can zoom each situation and change colliding solids’ shapes or positions. In this
example, the two screws were inserted and no corresponding holes were created into the T-bar.
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3D Threads, 3D Sections, 2D Drawing in 3D

Creating 3D Threads

You can create threaded holes, insert threaded cylinders (used often as threaded ends of shafts) or create
a thread at an outer cylindrical surface. If the current units are millimeters, you can select threads
according to 1SO (metric threads). If the units are inches, the threads are selected from list of Unified
National Screw Threads (according to ANSI). For more information, see Threads (page 139).

This section of the tutorial shows you creation of a thread in the part used in the assembly example.

File  Edit View Objects Parts Tools  Window  Help il
DEEE 2R (9¢[FOAODDFFD %2 |H% G AP QG
gm0 | o o | =g
Select thread
| Thread | Diameter | Pitch | Coarse/Fine | Sizel | Sizell | Sizenr | A |
hA9x0.75 9 0.75 ~ Fine B e @ =
bA10 10 15 <~ Coarse @ e e
b1 025 10 1.25 = Fine @ = == ]
A1 01 10 1 ~ Fine =] = ==
AT 0. 75 10 0.75 ~ Fineg @ e e
K11 11 15 ~ Coarse e e @
MT1x1 11 1 ~ Fine B e @ —
hA11%0.75 11 0.75 = Fine e = = Ll
12 12 175 - Coarse @ - - i
M12x1.5 12 15 ~ Fine =] = == i
h123%1 .25 12 1.25 ~ Fine @ e = 3
M1 2x1 12 1 ~ Fing @ e = -l B
4
Thread from outerdiameterl Thread from threaded surfacel Elackl Cancell 4_ b
| O pon
o \|/ l e Fecess diameter (d2) 38 Iﬂ—Ll
Copy all dirmensions |
g Elackl Cancell Solid CD|DI‘| |:|
J Cammand: |thh
| | Fart | 1T

Selecting a thread
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Bl c:\varicad\samples\example 12-1 part.dwb - VariCAD 2008 2.01

File Edit ‘View Objects Farts Tools  Window Help il
ODEHd B@R(Ye ASBSDDLEPD ¢ % HE AIPIID QR
S & 0

o '
5 ] Thread = |M1U

g Thread diameter =] |1 ]

by Pitch 4 [is

g L

o d 5 Thread profile height I |u.311a

w 3 T

gt 3 b | o

? A 4 Diepth (1) I [0 s
. e

4E ] = Thread depth (I 1% [a0 pa

@ [~ Chamfer, value is specified Dilchioal oeans il f-}z—l IW— Ll

D ¥ Chamfer, value is thread profile height

A . Chamfer (=) % [o5471 S
o [~ Runout Recessdepth(2)  fH [0 s

E e Fecess diameter (d2) §8 ID Ll

\l/ Copy all dimensions |
iy S [0]8 Elackl Cancel | Solid C:D|Dr| |:|
J Cornmand: |thh

| Part | mm

Definition of a threaded hole
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Bl c:\varicad\samples\example 12-1 part.dwb - VariCAD 2008 2.01 |:||E||§|

File Edit WView Objects Parts Tools Window Help 3D Location  [X]

DEEE 2R (9¢ A0 DDRFD & H% E IS ., _,

FE&ES|IT E%RL BN BREFAF L QAR LY v ¢ ¢

7 2 &

& LA A

= X 33

i3 Y €2

b zZ &

& DDHD

& R =

g v 1L

= 2 /A

& @ G Lo

E X o o

o) Y o4

o 2 %

I @ g

@ —~@ €~
o 3-8
BN
O & i

e xXY2 LA

[Commend: [rh = ||@EGLUIDED|B%kansy |EE e Fee -

|Select solid the threaded hole wil be driled into

Insertion of a threaded hole
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422

2D Drawing in 3D

In 3D, you can draw a profile further used for extrusion or rotation to create a new solid. Such a solid is
pre-inserted into 3D space according to profile’s location. This method can be, for instance, used for
creation of a solid used as a section tool (like in this example). For more information, see 2D Drawing in
3D (page 90).

B c:\varicad\samplesiexample 12-2 part.dwb - VariCAD 2008 2.01 l=}E.9
File Edit View Objects Parts Tools  Window Help 5[
DEEE® 2@(9 e 68DO@D@)?Q‘)@J%»|£?§|@|JE@@Q@@I @,
590 E%O |18 1606 RRE(PPP & ACARLE Z% | ow»

Left click

QRS 4RI BLBRTLD BY|a,

|

i XYZ ]
JCommand:'ESD vIzsc 5mﬁgg\,_@:aq-}agE|:@|J@(®QQ|Q&|.&|

|Select plane | Part | mm

Selecting a drawing plane
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Y] C:\varicad\samples\example 12-2 part.dwb - VariCAD 2008 2.01

File Edit View Objects Tools Help |
| 30 Sna B C£2RD3 >

=2 ~—@ecxAdFAIF AR B E
K 0 Profile eatio n Q
A Click OK ta finish profile drawing g g“
’f Left click S
- :
o e
3 -
= =
oo
i
T i
o I
1 oy
1

Ak

@

o

.éméommand: i”n 'i

Select location in space; result wil be projected into drawing plane, center of selected circle

CARFSANEEFRAK

Location projected from 3D into the drawing plane

2D was switched to “Ortho” mode. Outline of the section tool is created right according to an existing
3D solid. To define profile’s location, use the projection of 3D points — here is the projection of a circu-
lar edge center (intersection of axis of the hole and the drawing plane, more exactly). The profile is
created as a multi-line and trimmed with the function creating a corner.

423



Chapter 19. B. Tutorial

424

e BB MR ~RPOOAXE+C000 7H AL SEAMBEVNLDRT

2 m@a9e [/ OdogZIGROO>CL[DIDRD A>(FF

FIEEX D% QeaR QR #7 AFSATIT QG

P Solid Profile Creation x] o
- -
- ]
- .

~ L
= e
= S
i
~ N
~ :

& o
€1 #
1

Ak

@

£

3

| Command: [jin e - F O I HEG /WY AN R U XXX X e K]

|Select segment endpointpress Enter or right-click to finish | dx 25,57, dy 0,000 | ORTHO | D Oy | mm

Drawing a profile
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Finishing a profile
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Inserting a new solid extruded from 2D profile
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Creating 3D Sections
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Section tool definition
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Selecting a section tool
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Selecting solids to be sectioned
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Sectioned solid

The thread was redrawn with the function “precise rendering”. Optionally, you can turn on drawing of
the thread helix at threaded surfaces during the precise rendering.
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2D Drawing from 3D Containing Sections and Threads

If a 2D drawing is created from 3D views with threads, the threaded surfaces are redrawn according to
the current configuration. The configuration is available in the 3D export dialogue window. This
example shows 2D creation of all outer or inner threads’ diameters according to ISO standards.

Active 3D sections are exported into 2D as cut solids. If the particular export is inserted into a list of
exports and if the 2D creation is repeated, the corresponding sections are turned on or off the same way
as they were switched during the first export creation.
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EEE
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3D view export definition

Front, top and left views were exported separately. Before the left view export, the section was switched
off. The exported views are positioned at intersections of construction lines in 2D drawing area.
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Hatching the sections
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Creation of axes
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2D Area vs. 3D Space, 14
2D Drawing in 3D, 90
3D Display Performance, Setting, 88

Add, 100

Add, Selective, 100

Angle, between Planes, 141
Angle, Definition in 2D, 34
Angle, Measuring in 2D, 36
Arcs, Drawing in 2D, 42
Arrows, 40

Assembly, 143

Assembly Connection, 144
Attributes of Solids, 157
Attributes of Text, 44

Attributes, Missing, Check in 3D, 158

Axes of Solids, Direction in 3D, 113
Axes, Creation in 2D, 39
Axis of Solid Rotation, 110

Backup of Data, 12
Bill of Materials, 149
Bitmaps, 79
Blending, 2D, 46
Blending, 3D, 104
Blocks, 66

Blocks, Creation, 66
Blocks, Edit, 67
Blocks, Insertion, 66
BOM, 149

Boolean Operations, 100
Box, 96

Break, 2D Objects, 47

Calculations, 2D Area, 76
Calculations, Mechanical Parts, 71

Calculations, Solids, 140
Calculator, 35

Center of Gravity, 140
Chamfer, 2D, 46

Chamfer, 3D, 104

Check Functions, 3D, 140
Checking Functions, 2D, 36
Circles, Drawing in 2D, 42
Coil, 95

Colors, 17

Colors, 2D Objects, 25
Colors, 3D Objects, 100
Commands, 161

Commands, Using, 9

Cone, 96

Constraints, 121
Construction Lines, 27
Construction Lines, Creation, 28
Construction Lines, Deleting, 28
Coordinates, 2D, 36
Coordinates, 2D System, 26
Coordinates, 2D, Listing, 20
Coordinates, 3D System, 110
Coordinates, Check in 3D, 141
Copy and Paste, 14

Copy, 2D Objects, 49

Copy, 3D Objects, 110
Copy, ldentical, 116
Corners, 2D, 46

Cursor, Setting, 20

Curves, 2D, 41

Cut, 100

Cut, by Plane, 103

Cut, Selective, 100

Cylinder, 96

Default File Attributes, 11
Deleting, 2D, 45
Deleting, 3D, 104

Dialog Box, 8
Dimensions, Creating, 52
Dimensions, Edit, 62
Dimensions, Setting, 57
Directories, 7

Display, 2D, 18
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Display, 2D, Setting, 19
Display, 3D, 82

Display, 3D, Setting, 85
Distance, 3D, 141

Distance, Measuring in 2D, 36
Divide, in 2D, 48

Dragging, 15

Dragging, 2D Objects, 50
Dragging, 3D Objects, 112
Drawing Area, 8

Drawing, Creation from 3D, 131
Drawing, Update from 3D, 132
DWG, 5

DXF, 5

Elbow, 96
Ellipse, 41
Evaluation, 81
Extend, 46
Extrude, 93

File, Assembly, 144
File, Exporting, 5

File, Formats, 5

File, Importing, 5

File, New, 10

File, Part, 144

Files, Batch Conversion, 6
Files, Listing, 12

Files, Multiple Open, 13
Files, Open, 11

Files, Recently Used, 11
Files, Save, 12

Fillet, 2D, 46

Fillet, 3D, 104

Format, 2D, 21
Functions, List of, 161
Functions, Using, 9

Geometric Constraints, 121

Grid, 27
Groove, 103
Groups of Solids, 118

Hardware, 4

Hardware, Testing, 88
Hatching, 62

Hatching 3D Sections, 64
Helix, 95

Hole, 103

Hotkeys, 180

Icons, 8

IGES, 5

Increment Cursor Mode, 28
Input, 2D Location, 32
Input, 3D Location, 116
Input, from Keyboard, 34
Insertion Point, 3D, 93

Insertion Point, 3D, Redefinition, 115

Installation, 4
Interference, 142
Internet, 81

1SO units, 140

Keyboard Input, 34

Layers, 23

Layers, Automatic Switching, 24
Layers, Changing, 24

Leaders, 61

Light, setting, 87

Line Types, 25

Lines, Drawing in 2D, 36
Location, 2D, 32

Location, 3D, 116

Loft, 93
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Mass, 140

Mathematic Expressions, 35
Mechanical Parts, 68

Mechanical Parts, Insertion into 2D, 68
Mechanical Parts, Insertion into 3D, 69
Mirroring, 2D, 51

Mirroring, 3D, 118

Moment of Inertia, 141

Mouse, Buttons, 9

Mouse, Setting, 16

Multiple Documents Interface, 13

Offsetting, 2D, 51
OpenGil, Setting, 88
Ortho Mode, 29

Pan, 2D, 18

Pan, 3D, 82

Parameters, 119

Paths, 7

Pipe, 96

Pipes, 136

Plane, Positioning according to, 114
Plane, Selecting, 117
Points in 2D, 42
Polygon, 39
Preferences, 16

Print, 77

Print, Batch, 79
Printers, 78

Profile Constraints, 126
Profile, Extruding, 92
Profile, Lofting, 92
Profile, Revolving, 92
Purchasing, On-Line, 81
Pyramid, 94, 96

Rectangle, 39

Redo, 14

Redraw, 18

Rendering, Precise, 87
Rescaling, 3D Objects, 118
Revolve, 93

Rotation, 2D, 50

Rotation, 3D, 112

Rotation, Dynamic, 2D, 50
Rotation, Dynamic, 3D, 113

Scale of 2D Drawing, 22
Scaling, 2D Objects, 50
Section, 134

Selecting, 2D Objects, 29
Selection, 3D Objects, 97
Settings, 16

Shading, 84

Shafts, 2D, 38

Sheet Border, 21

Sheet Metal Unbending, 145
Shells, 138

Snap Points, 2D, 32

Snap Points, 3D, 116
Solids, Add, 100

Solids, Attributes, 157
Solids, Calculations, 140
Solids, Colors, 100
Solids, Copying, 110
Solids, Creation, 92
Solids, Cut, 100

Solids, Editing, 97, 105
Solids, Groups, 118
Solids, Individual Shading, 99
Solids, Insertion Point, 93
Solids, Interference, 142
Solids, Intersection, 100
Solids, Selecting, 97
Solids, Transformation, 110
Sound, 16

Sphere, 96

Spiral, 95

Spline, 2D Curve, 42
Spline, Edit in 2D, 46
Status Bar, 8

STEP,5



Step Back, 9

STL, 5

Stretching, 2D, 52

Surface Area, 141

Surface Development, 145
Symbols, 65

Symbols, Creation, 65
Symbols, Finish (Surface), 58
Symbols, Insertion, 65
Symbols, Tolerance, 59
Symbols, Welding, 59

Tangent Lines, Creation in 2D, 40
Text Attributes, 44

Text Objects, 44

Text, Creation, 45

Text, Editing, 48

Thickness of Printed Lines, 78
Threads, 139

Title Blocks, 158

Toolbars, 8

Transformation, 2D, 49
Transformation, 3D, 110
Translation, 2D Objects, 49
Translation, 3D Objects, 112
Trial, 81

Trim, 46

Unbending, 145
Undo, 14

Units, 21
Upgrades, 4
User Interface, 8

Vector of Solid Translation, 110
View Export to 2D, 131

View Exports to 2D, List of, 132
View, 2D, Changes, 18

View, 2D, Predefined, 19

View, 3D, Basic, 83

View, 3D, Changes, 82
View, 3D, Saving, 84
Visibility, 2D, 26
Visibility, 3D, 99
Volume, 140

Window, 8

Windows, Setting, 16
Wireframe Display, 84
Work Sets, 2D Objects, 26

Zoom, 2D, 18
Zoom, 3D, 82
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