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1.  Introduction  
 

FRANC3D is a program that inserts cracks and/or voids in pre-existing finite element (FE) 

meshes.  This manual describes the components of the graphical user interface of the program, 

specifically for Version 8.  It also includes underlying concepts and theory where appropriate; 

the Userôs Guide provides more details on concepts, and the (future) Theory Reference will 

provide more details on theory.  A separate FRANC3D Command Language & Python 

Extensions reference provides a listing of all the commands to run in batch-mode along with the 

corresponding Python functions and a description of the Python user-crack-growth capabilities. 

 

There are four FRANC3D Tutorial documents that describe the program usage when combined 

with the three supported commercial FE codes: ANSYS, ABAQUS and NASTRAN.  There are 

preliminary Tutorials for each of the three analysis codes to describe the interface between 

FRANC3D and the analysis codes.  A more generic Tutorial#2-14 document describes additional 

example simulations.  

 

There is also a FRANC3D Benchmark document that describes crack configurations for which 

there are analytical or handbook solutions for stress intensity factors (SIFs), and the FRANC3D 

SIFs are compared to these values.  

 

To get started using FRANC3D, one can choose one of the preliminary Tutorials and follow the 

steps.  You can consult this Reference document for more details at any of the steps in the 

tutorial.  You should also try to reproduce the Benchmark models or choose your own models for 

validation. 

 

In this document, menu buttons, dialog or wizard panel titles, and buttons on these panels are 

indicated by bold text.  Fields, labels and selectable options inside the dialog or wizard panels 

are indicated by underlined text.  Model and file names will be indicated by italic text.  

 

 

2.  General and 3D View Manipulation 
 

An image of the main FRANC3D window is shown in Fig 2.0.1.  Most of the window consists of 

a 3D graphics space that displays the current model. 

 

When a model is first displayed, the 3D view is set such that the viewer is looking toward the 

center of the model from a position in the positive z direction.  The distance from the viewer to 

the model is set so that the full model is visible. 

 

The 3D view is changed by moving the mouse in the graphics window with the appropriate 

combination of mouse buttons and keyboard keys depressed.  There are five basic functions for 

view manipulation.  A unique combination of mouse buttons and keyboard keys is defined for 

each of the functions.  The button and key assignments can be changed using the 3D View tab in 

the Preferences dialog box (described in Section 5.4). 
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Figure 2.0.1  FRANC3D main window. 

 

 

 

The view functions are (using FRANC3D default mouse and keyboard key assignments): 

 

Rotate (left mouse button, no keyboard keys): Mouse motion rotates the model on the screen.  

The mouse can be moved in any direction.  The axis of rotation is defined to be perpendicular to 

the mouse motion and passes through the current center of rotation.  The center of rotation is 

defined as the horizontal and vertical center of the graphics window at a location midway 

between the front and back clipping planes (described below).  The center of rotation can be 

changed, Fig 2.0.2, using the Ctrl key and left mouse button (or with the Recenter button). 

 

Pan (center mouse button or wheel, no keyboard keys): Mouse motion pans or drags the model 

around the screen. The mouse can be moved in any direction, and the model moves in such a 

way as if it were following the mouse. 

 

Zoom/Spin (right mouse button, no keyboard keys):  These are two distinct types of motion 

activated by the same mouse key.  If the mouse is moved up or down, it will appear as if the 

viewer is getting closer or farther, respectively, from the model.  If the mouse is moved left or 

Menu Bar

3D Model 
View Window 

Camera 
Positions

and 
View 

Controls

Status Bar

Orientation 
Axes 
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right, the model rotates about an axis that is perpendicular to the plane of the screen and passes 

through the horizontal and vertical centers of the window. 

 

  

Figure 2.0.2  Recenter. 

 

 

Front Clip (center mouse button or wheel plus shift key):  A cutting (or clipping) plane can be 

moved parallel to the screen from the viewer toward the model.  This can be used to clip away 

the front of a model to see internal features such as cracks.  Moving the mouse upward "pushes" 

the clipping plane away from the viewer toward the model, cutting away the portion of the model 

closest to the viewer.  Moving the mouse downward "pulls" the plane away from the model and 

toward the viewer. 

 

Back Clip (right mouse button or wheel plus shift key):  A cutting plane can be moved parallel to 

the screen from behind the model toward the viewer.  This can be used to clip away parts of the 

model that might be making the view confusing (this is especially useful when the model is 

displayed in "wireframe" mode without polygons).  Moving the mouse upward "pushes" the 

clipping plane away from the viewer.  Moving the mouse downward "pulls" the clipping plane 

toward the viewer, which will cut away the back portion of the model. 

 

 

2.1 View Controls 
 

The view controls box, along the right-hand side of the FRANC3D main window, provides 

additional options for manipulating the view of the model, Fig 2.1.1. 

Recenter 

Point 
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Figure 2.1.1  View controls side panel. 

 

 

 

Graphical Element Toggles: Graphics in 3D display windows consist of a combination of 

markers, vectors, polygons, and text.  The toggles in this box will turn these items on or off 

independently.  The surface mesh and crack fronts can be turned on or off as well. 

 

Named camera positions: The list of named camera positions is displayed in the list box. There 

should always be a reset view provided as the default (d) view.  A crack view will be saved 

automatically after a crack is inserted. User-named camera positions can be Saved to a file and 

Read from a file.  

 

Preset Controls: These preset camera position icons provide quick access to preset views that 

place the viewer along one of the Cartesian axes.  The two icons on the right switch the view 

between perspective and orthographic. 

 

View Options:  This button displays the dialog in Fig 2.1.2.  In this dialog, the Show Axes turns 

the Cartesian axes display on or off.  The Different Front/Back Colors turns the front/back 

coloring on or off.  By default, the front and back sides of a surface are shaded differently.  This 

toggle is useful when looking at the crack surface, where the two surfaces are coincident. The Set 

Speed sliders allow one to control the rotation, translation, zoom and spin speeds independently. 

The Cutting Planes option allows one to define cutting planes normal to the global Cartesian 

axes.  These will cut away a portion of the model.  These are independent from the front and 

back clipping planes.  

Graphical Element Toggles

Named Camera Positions

Preset Camera Positions

View Options
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Figure 2.1.2  View Options dialog. 

 

 

 

Recenter:  This button displays the Set Rotation Center dialog, Fig 2.1.3.  One can specify the 

center of rotation interactively, using the dialog in Fig 2.1.4.  A node id or Cartesian coordinates 

can be specified also.  In the Setcenter View dialog, Fig 2.1.4.  The center of rotation can be set 

by dragging the red boxes left or right and up or down.  The new center of rotation is the 

intersection of the three lines that have the red-box-handles.   

 

 

 

 

Figure 2.1.3  Set Rotation Center dialog. 

 

 



 14 

 

Figure 2.1.4  Setcenter View dialog. 

 

 

 

Capture:  This button displays the Save File As dialog, Fig 2.1.5.  The current view of the 

model is captured and saved to a file.  Either a .png or .jpg file can be saved.  

 

 

 

Figure 2.1.5  Save File As dialog. 

 

 

The bottom of row of icons, Fig 2.1.6, allow one to do a box-zoom, to take measurements on the 

model surface, and to define front and back clipping planes. 
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Figure 2.1.6  Bottom row of icons: box-zoom, measurements, and clipping planes. 

 

 

Box Zoom: This allows one to zoom-in on a portion of the model by dragging a box, Fig 2.1.7.  

Press the Box Zoom button and then, using the left mouse button, click and hold, then drag the 

mouse to create the box, and then release the mouse button. 

 

 

 

Figure 2.1.7  Box zoom used to zoom-in on a portion of the model. 

 

 

 

Measurements: This allows one to find the Cartesian coordinates of a point on the model 

surface, or to find the distance between two points on the model surface, Fig 2.1.8.  Using the 

left mouse button, click on the model surface to view the coordinates; click and hold and then 

drag the mouse to obtain the distance between two points on the model surface. 

 

 

Zoom box
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Figure 2.1.8  Surface measurement. 
 

 

 

Clipping:  This icon displays the Clipping View dialog, Fig 2.1.9.  The front and back clipping 

planes can be moved by dragging the red boxes left or right.  This is an alternative to the mouse-

keyboard combinations described previously. 

 

 

 

Figure 2.1.9  Clipping view dialog. 
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3.  Menus 
 

A summary of the menus, from the menu bar shown in Fig 2.0.1, is provided here.  In general, 

selecting a menu item leads to a wizard or dialog.   

 

The Help menu is described here, while all other menu options are described in more detail in 

Sections 4 through 14. 

 

 

3.1  Help 
 

The Help menu, Fig 3.1.1, is on the far-right side of the menu bar and has options for accessing 

the FRANC3D documentation either locally, if installed, or on-line from FACôs web site 

(http:\\www.fracanalysis.com/software.html).  The appropriate documentation will be displayed 

in a web browser if the files have been installed locally and the file path set.  If the file path has 

not been set, the user is presented with a dialog box, Fig 3.1.2, and the appropriate .pdf file can 

be selected.  Alternatively, if the FRANC3D Website menu option is selected, FACôs web site is 

accessed, and the appropriate documentation can be selected there.  

 

 

 

 

 

Figure 3.1.1  Help Menu. 

 

 

http://www.fracanalysis.com/software.html
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Figure 3.1.2  FRANC3D documentation file location dialog. 

 

 

3.1.1  License Status 

 

The second last menu item displays the License Status dialog, Fig 3.1.3, which shows the 

current license expiration. 

 

 

 

Figure 3.1.3  License status dialog box. 

 

 

3.1.2  About Dialog 

 

The last menu item displays the About dialog, which contains the version number, the build 

number and date, acknowledgements, and a list of supporting agencies, Fig 3.1.4.  We also 

appreciate the help, support, and contributions of our users.  
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Figure 3.1.4  FRANC3D About dialog box. 

 

 

 

 

3.2  File 
 

The File menu is shown in Fig 3.2.1.  Each of the menu items is listed below. 

 

 

Fig 3.2.1  File Menu. 
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Open ... - Displays an Open File dialog box that allows a user to read a FRANC3D restart file; 

see Section 4.1.   

 

Work Directory ... - Displays a dialog box that allows a user to set the working directory; see 

Section 4.2.   

 

Close - Closes the current model so that a new model can be read or imported; see Section 4.3. 

 

SaveAs ... - Displays a Save File As dialog box, which allows a user to save the current model to 

a FRANC3D restart file; see Section 4.4. 

 

Import ... ï Allows a user to import an uncracked FE model file.  The file types that can be read 

include:  .cdb, .inp, .bdf.  The .cdb files are ANSYS database files in ASCII format.  The .inp 

files are ABAQUS input files.  The .bdf (or .nas) files are NASTRAN database files; see Section 

4.5. 

 

Export ... ï Allows a user to export a FE model file.  ANSYS .cdb, ABAQUS .inp and 

NASTRAN .bdf file formats can be written; see Section 4.6. 

 

Read Results ... - Invokes the Read Results File dialog; see Section 4.7. 

 

Playback ... - Invokes the Playback Session File dialog, which allows a user to read in a session 

log file and reproduce the commands in that file; see Section 4.8. 

 

Quit - Closes the model and exits the program; see Section 4.9. 

 

 

3.3  Edit  
 

The Edit  menu is shown in Fig 3.3.1.  Each of the menu items is listed below. 

 

 

Figure 3.3.1  Edit Menu. 

 

 

Unit Conversion... - Invokes the Model Units dialog box; see Section 5.3. 

 

Preferences... - Invokes the Preferences dialog box; see Section 5.4. 

 

 

3.4  Cracks 
 

The Cracks menu is shown in Fig 3.4.1.  Each of the menu items is listed below. 
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Figure 3.4.1  Cracks Menu. 

 

 

New Flaw Wizard ... - Invokes the New Flaw wizard; see Section 6.1. 

 

Flaw From Files ... - Invokes the Locate Flaw File dialog, described in Section 6.2, followed by 

a subset of the New Flaw wizard.  This option allows a user to select a flaw description from a 

file, or from multiple files, and insert it into the current model. Note that one cannot insert a 

crack into an already-cracked model. 

 

Multiple Flaw Insert ... Invokes the Multiple Flaw wizard; see Section 6.3. 

 

Compute SIF's ... - Invokes the Compute SIF's wizard; see Section 6.4.  Note that 

displacements from a completed analysis must be available for this option to be enabled. 

 

Grow Crack ... - Invokes the Crack Growth  wizard; see Section 6.5.  Note that displacements 

from a completed analysis must be available for this option to be enabled. 

 

Read Crack Growth ... - Invokes the Read Crack Growth wizard; see Section 6.6.  

 

Grow/Merge Cracks ... - Invokes the Crack Growth/Merge wizard; see Section 6.7.  

 

Edit Crack Geometry ... - Invokes the Edit  Crack Geometry dialog; see Section 6.8.  

 

SIFs Along a Path ... - Invokes the SIFs Along a Path dialog; see Section 6.9.  

 

SIFs For All Fronts... - Invokes the SIFs For All Fronts dialog; see Section 6.10.  
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3.5  Loads 
 

The Loads menu is shown in Fig 3.5.1.  Each of the menu items is listed below. 

 

 

 

Figure 3.5.1  Loads Menu. 

 

 

Crack Face Pressure/Traction ... - Invokes the Crack-Face Tractions dialog; see Section 7.1. 

 

 

3.6  Analysis 
 

The Analysis menu is shown in Fig 3.6.1.  Each of the menu items is listed below. 

 

 

Figure 3.6.1  Analysis Menu. 

 

 

Static Crack Analysis ... - Invokes the Static Crack Analysis wizard; see Section 8.1. 

 

Crack Growth Analysis ... ï Invokes the Crack Growth Analy sis wizard; see Section 8.2. 

 

 

3.7  Fatigue 
 

The Fatigue menu is shown in Fig 3.7.1.  Each of the menu items is listed below. 

 

 

Figure 3.7.1  Fatigue Menu. 

 

 

Fatigue Life Predictions ... - Invokes the Fatigue Life  dialog; see Section 9.1. 
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View/Edit Growth Parameters ... ï Allows one to open a growth parameters file and then edit it; 

see Section 9.2. 

 

Crack Front Fatigue Values ... ï Displays a plot of the crack growth data; see Section 9.3. 

 

 

 

3.8  Fretting 
 

The Fretting  menu is shown in Fig 3.8.1.  Each of the menu items is listed below.  Note that the 

Fretting menu is not turned on by default; it can be turned on in the Preferences dialog. 

 

 

 

Figure 3.8.1  Fretting Menu. 

 

 

Read Model and Results ... - Invokes the Fretting Model Import  wizard; see Section 10.1. 

 

Import Nucleation Data ... - Invokes the Fretting Data Import  wizard; see Section 10.2. 

 

Fretting Crack Nucleation ... - Invokes the Fretting Crack Nucleation wizard; see Section 

10.3. 

 

Region Color ... - Invokes the Region Color dialog; see Section 10.4. 

 

 

3.9  Display 
 

The Display menu is shown in Fig 3.9.1.  Each of the menu items is listed below. 

 

 

 

Figure 3.9.1  Display Menu. 

 

View Response ... - Invokes the View Response dialog; see Section 11.1. 

 

Create Animation ... - Invokes the Animation  dialog; see Section 11.2. 
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3.10  Single Crystal 
 

The Single Crystal menu is shown in Fig 3.10.1.  Each of the menu items is listed below. Note 

that the Single Crystal menu is not turned on by default; it can be turned on in the Preferences 

dialog. 

 
 

 

Figure 3.10.1  Display Menu. 
 

Resolved Stress Intensities... - Invokes the Resolved SIF's wizard; see Section 12.1.  Note that 

displacements from a completed analysis must be available for this option to be enabled. 

 

Resolved SIFs Along a Path... - Invokes the Resolved SIFs Along a Path dialog; see Section 

12.2. 

 

View Crystal Orientations... - Invokes the Crystal Orientations dialog; see Section 12.3. 

 

 

3.11  Electrical 
 

The Electrical menu is shown in Fig 3.11.1.  Each of the menu items is listed below. Note that 

the Electical menu is not turned on by default; it can be turned on in the Preferences dialog. 

 
 

 

Figure 3.11.1  Display Menu. 
 

Electrostatic Energy Release Rates... - see Section 13.1.   

 

 

 

 

3.12  Advanced 
 

The Advanced menu is shown in Fig 3.12.1.  Each of the menu items is listed below. 
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Figure 3.12.1  Advanced Menu. 

 

 

Edges Wizard ... - Invokes the Edge Extraction wizard; see Section 14.1. 

 

Display COD Data ... - Invokes the Display COD Data dialog; see Section 14.2. 

 

Write Template Data ... - Invokes the Write Template Data dialog; see Section 14.3. 

 

Create Growth History ... - Invokes the Create Growth History dialog; see Section 14.4. 

 

Export Crack Data ... - Invokes the Export Crack Data dialog; see Section 14.5. 

 

Read User Extensions ... - Invokes the Read User Extensions wizard; see Section 14.6. 

 

Initial Stress File ... - Invokes the Initial Stress File dialog; see Section 14.7. 

 

Initial Strain File ... - Invokes the Initial Strain File dialog; see Section 14.8. 

 

Plot CFT Stress File ... ï Displays mesh-based crack face tractions; see Section 14.9. 

 

Edit Retained Nodes ... ï Invokes the Edit Retained Nodes dialog; see Section 14.10. 

 

 

 

4.  File Menu Wizards and Dialog Boxes 
 

The wizards and dialog boxes for the File menu options are described in this section.  

 

4.1  OpenéCtrl-O 
 

The File ŸOpen menu option allows the user to read a FRANC3D restart file, with .fdb 

extension.  The Restart File dialog allows one to select a .fdb file, Fig 4.1.1. 
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Figure 4.1.1  Model File dialog box. 

 

 

 4.1.1  FRANC3D Restart (.fdb) Files 

 

FRANC3D reads the contents of the .fdb file along with reading any files that are referenced 

inside it.  The .fdb file is organized in blocks, with each block having a title and version number.  

The blocks and their content are summarized here: 

 
F3D_V8.1 ( 

Uncracked FE file name, type, and retained data. 

) 

HISTORY_SUMMARY ( 

Summary of the crack step file names. 

) 

STATICMETA ( 

Analysis type, and input and results file names. 

) 

FLAWSURF ( 

Description of crack geometry: surface patches, crack front vertices, and template parameters. 

Note that this block can be extracted and saved to a .crk file. 

) 

CRACKFRONTIDS ( 

List of crack front identifiers. 
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) 

TEMPLATENODES { 

List of crack front mesh template node ids. 

}  

TEMPLATENODECOORDS { 

List of crack front mesh template node coordinates. 

}  

SIF_COMP_PARAMS ( 

Stress intensity factor computation parameters. 

) 

GROWTH_PARAMS ( 

Crack growth model parameters. 

) 

TEMPLATE_PARAMS ( 

Crack front mesh template parameters. 

) 

CRACKFACENODES { 

List of crack face nodes with the local normal to the crack surface. 

}  

EDGE_EXTRACT_PARAMS ( 

Edge extraction parameters. 

) 

MESH_PARAMS ( 

Meshing parameters. 

) 

CRACK_GROWTH_DATA ( 

Crack growth history data. 

) 

UNITS ( 

Model units for length, stress, and temperature. 

) 

SUBMODEL_NODE_MAP ( 

Node id mapping between .fdb and FE model input. 

) 

SUBMODEL_ELEM_MAP ( 

Element id mapping between .fdb and FE model input. 

) 

SAVED_VIEWS { 

List of saved camera positions. 

}  

 

 

FRANC3D attempts to read all the files referenced in the .fdb file.  If a file is missing, the user is 

prompted to locate that file, Fig 4.1.2.  Note that FRANC3D needs to access the original 

uncracked FE model files as well as files associated with the current crack growth step.  
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Figure 4.1.2  Locate File dialog box for finding missing files. 

 

 

4.2  Work Directory 
 

The File ŸWork Directory  menu item allows the user to set a current working directory to save 

subsequent analysis files.  The dialog, Fig 4.2.1, allows one to select the desired folder; press 

Accept once the folder is highlighted.  This should be done first to ensure the session log and 

other files are saved to this folder. 

 

 

 

Figure 4.2.1  Set Working Directory dialog box for setting the current directory. 
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4.3  Close 
 

The File ŸClose menu item closes the current model without quitting FRANC3D.  If a model is 

open and has not been saved, the Save Model Warning dialog, Fig 4.3.1, is displayed.  If the 

user wishes to save the model, the Cancel button can be selected.  Selecting the OK  button will 

close the model without saving. 

 

 

 

Figure 4.3.1  Save Model Warning dialog. 

 

 

4.4  Save Asé 
 

The File ŸSave As menu item can be used to save the FRANC3D restart (fdb) file of a cracked 

model if the user does not want to perform an immediate analysis of the model.  In addition to 

the .fdb fil e, a FE analysis file will be saved; the FE file type will be the same as the original 

input file type.  The user is prompted to enter the .fdb file name, Fig 4.4.1, and press Accept. 

 

 

 

Figure 4.4.1  Save File As dialog. 
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Note that the files saved with the Save As option can differ from the files saved with the Static 

Crack Analysis and Crack Growth Analysis options (see Section 8).  The Save As option does 

not write the merged local-cracked + global FE file. 

 

 

4.5  Importé 
 

The File ŸImport  menu item is used to import initial uncracked FE models into FRANC3D.  

The dialog shown in Fig 4.5.1 is presented.  The user can choose: 1) import a complete model 

into FRANC3D, 2) import and divide so that FRANC3D works on a local submodel, or 3) 

import an already divided model.  Depending on the radio button that is chosen, different dialogs 

will be displayed next. 

 

 

 

Figure 4.5.1  Select Model Import Type dialog. 

 

 

 

4.5.1  Import a Complete Model 

 

The dialog shown in Fig 4.5.2 is displayed.  The user chooses the FE model type: ANSYS, 

ABAQUS or NASTRAN using the radio button at the top.  If ANSYS is chosen, the user can 

also check the Extra load files box, if ANSYS load step files (.s##) are to be imported as well. 

 

If the ANSYS Extra load files box is checked, the dialog shown in Fig 4.5.3 is displayed. The 

user can select one or more .s## files.  Use the Shift or Ctrl key to select multiple file names. 
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Figure 4.5.2  Select Model to Import dialog. 

 

 

 

 

Figure 4.5.3  Select ANSYS Extra load step files dialog. 
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Once the FE model file has been selected, the Select Retained BC Surfaces dialog is displayed, 

Fig 4.5.4.  Any surface that has boundary conditions will be highlighted in blue.  These surfaces 

can be selected using the Select All button, and the blue surfaces will become red.  Node sets, 

element surface sets and surfaces can also be displayed using the Show Node Sets, Show Surf 

Sets and Show Surfaces buttons; these buttons allow sets/surfaces without boundary conditons 

to be retained.   

 

Note that cracks cannot be inserted into or propagated into a surface mesh that has been retained.  

If a surface has boundary conditions and a crack must be inserted into this surface, do not retain 

the mesh facets on this surface; the boundary conditions will be transferred to the remeshed 

surface.  If a crack will not be inserted into a surface with boundary conditions, it is more 

efficient and more exact to retain the mesh so that boundary conditions are transferred directly. 

 

 

 

Figure 4.5.4  Select Retained BC Surfaces dialog. 

 

 

4.5.2  Import and Divide Model 

 

If the user chooses to import and divide, the first dialog that is presented is the same as that 

shown in Fig 4.5.2.  Once the model file has been selected, the Submodel tool is displayed, Fig 

4.5.5.  There are options for selecting a portion or portions of the model, and these are described 

in the subsections below.  Once a sub-model is defined and cropped, press Next and this will 

lead to the Select Retained BC Surfaces dialog (see Fig 4.5.5) if the sub-model has boundary 

conditions or sets/surfaces. 



 33 

 

Figure 4.5.5  Define a Local Submodel dialog. 

 

4.5.2.1  Cropping Selection Options 

 

The first setting in the Cropping Options allows one to specify which ósideô of the selection plane 

or box is selected.  The top row of radio buttons in Fig 4.5.6 lets one choose the óleftô or órightô 

side (Fig 4.5.7); this is straightforward to describe when using the planar options below, but it 

also applies to the other options.  For instance, when using the Rubberband Box, the selection 

will be either inside or outside of the rubberband box depending on which radio button is 

selected. 

 

The second row of radio buttons allows one to select elements with either one or all nodes of the 

element collected.  Fig 4.5.8 shows a case where the cutting plane is half-way through the 

elements; choosing the first option includes these cut-elements, while choosing the second option 

discards the elements that are cut. 

 

Note that selected elements are colored red. 

 

 

Figure 4.5.6  Cropping Options selection options dialog. 
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Figure 4.5.7  Selection based on óleftô and órightô selection. 
 

  

Figure 4.5.8  Selection based on Retain if: óone node inô and óall nodes inô selection. 

 

4.5.2.2  Relative to a principal plane 

 

The first crop-type allows one to define a plane that is aligned with the Cartesian axes, Fig 4.5.9.  

The plane can be offset from the origin, and the elements on either the óleftô or órightô side of the 

plane are selected.  In this case and in all cases below, the radio buttons at the top (see Section 

4.5.2.1) are set to the defaults, which means left-side selection and one-node-in, Fig 4.5.10. 

 

 

 

Figure 4.5.9  Relative to principal plane cropping option. 
 




































































































































































































































































































































































































































































