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IMPORTANT NOTICE!

PLEASE READ THIS STATEMENT AND THE SOFTWARE LICENSE AGREEMENT COMPLETELY BEFORE USING THIS
SOFTWARE.

BY CONTINUING TO USE THIS SOFTWARE, YOU (EITHER AN INDIVIDUAL OR A SINGLE ENTITY) INDICATE YOUR
INTENTION TO BE BOUND BY AND ACCEPT THE TERMS AND CONDITIONS OF THIS SOFTWARE LICENSE. IF YOU DO
NOT AGREE TO THESE TERMS AND CONDITIONS YOU MAY NOT ACCESS OR OTHERWISE USE THIS SOFTWARE AND
WILL IN FACT BE PROHIBITED FROM DOING SO. THIS COMPUTER SOFTWARE MAY BE USED ONLY PURSUANT TO THE
TERMS AND CONDITIONS SET FORTH BELOW, AND SOLELY IN CONJUNCTION WITH THE ACCOMPANYING SECURITY
MECHANISM (UNLESS OTHERWISE SPECIFIED IN THE “EXCEPTIONS TO SECURITY MECHANISM REQUIREMENTS”
SECTION OF SUCH TERMS AND CONDITIONS) WHICH MUST BE PRESENT ON YOUR COMPUTER (OR NETWORK AS
APPLICABLE) AT ALL TIMES DURING SUCH USE.

Software License

CNC Software, Inc. (“CNC”) a Connecticut corporation with its principal place of business at 671 Old Post Rd., Tolland, Connecticut,
06084 hereby grants to you a non-exclusive, non-transferable license (the “License”) to use (and, if applicable, to permit your authorized
employees to use), solely in accordance with the terms and conditions of this Software License Agreement, this software program (the
“Program”) and any accompanying documentation (the “Documentation”) solely for your internal business purposes and solely in
conjunction with the accompanying hardware or software device, method, scheme or other security measure provided by CNC which allows
a user to access the Program and prevents unauthorized access to the Program (the “Security Mechanism™). (The Program, any updates to
the Program, and the Documentation shall hereinafter collectively be referred to as the “Software”).

Restrictions

You may not use the Program without a Security Mechanism provided by CNC or CNC’s suppliers. When CNC or CNC’s suppliers provide
you with a single-user Security Mechanism, the Program may only be used (in executable code form only) on a single computer to which
the Security Mechanism is directly attached. In the event CNC or CNC’s suppliers provide you with a multiple-user Security Mechanism
for use over an internal network (a “Network Security Mechanism”), the Program may be used: (a) in executable code form only; (b) only
on end-user computers that are connected to the internal network to which the Network Security Mechanism is attached; and (c) only by the
number of users and accessed by the number of end-user computers for which licenses were purchased and as further allowed by the
Network Security Mechanism. You may physically transfer the Program from one computer equipped with a single-user Security
Mechanism to another only if the Security Mechanism is included in the transfer and is installed with the new computer.

You shall not: (a) copy (except as provided below), adapt, modify the Software; (b) publish, display, disclose or create a derivative work
from the Software or any part thereof; (c) de-compile or translate, disassemble, create or attempt to create, by reverse engineering or
otherwise, the source code form of the Program from the executable code of the Program; (d) remove any proprietary notices, labels or
marks from the Software; (¢) rent, lease, distribute or transfer all or any part of the Software to any person or entity without the prior written
consent of CNC; (f) use the Software to provide outsourcing, service bureau, time sharing or other services to any third party; or (g)
sublicense, assign, delegate or otherwise transfer your rights in the Software, under the Software License Agreement or any of the related
rights or obligations for any reason without the prior written consent of CNC. You shall not circumvent, bypass, modify, reverse engineer,
disassemble, disable, alter, enhance or replicate the function of the Security Mechanism in any manner whatsoever. Any attempt to do so
shall result in automatic termination of this License without prejudice to all other legal rights and remedies of CNC.

Copying Restrictions

You may make one (1) copy of the Software for backup or archival purposes, provided that you reproduce all proprietary notices of CNC on
any such copy.

Non Transferable

You may not transfer or assign the Program or this Software License Agreement or any rights or obligations hereunder. Any attempt to do
so will be void and shall result in automatic termination of this License without prejudice to all other legal rights and remedies of CNC.



Intellectual Property Rights

The Software is and includes intellectual property of CNC. All associated intellectual property rights, including, without limitation,
worldwide patent, trademark, copyright and trade secret rights, are reserved. CNC retains all right, title and interest in and copyrights to the
Software, regardless of the form or media in or on which the original or other copies may subsequently exist. This Software License
Agreement shall not constitute a sale of the Software and no title or proprietary rights to the Software are transferred to you hereby. You
acknowledge that the Software is a unique, confidential and valuable asset of CNC, and CNC shall have the right to seek all equitable and
legal redress, which may be available to it for the breach or threatened breach of this Software License Agreement including, without
limitation, injunctive relief. Unauthorized copying of the Software or failure to comply with the above restrictions shall result in automatic
termination of this License and this Software License Agreement without prejudice to all other legal rights and remedies of CNC.

Confidentiality

You acknowledge that the Software contains proprietary trade secrets of CNC and you hereby agree to maintain the confidentiality of the
Software using at least as great a degree of care as you use to maintain the confidentiality of your own most confidential information. You
agree to reasonably communicate the terms and conditions of this Software License Agreement to those persons employed by you who
come into contact with the Software, and to use reasonable best efforts to ensure their compliance with such terms and conditions,
including, without limitation, not knowingly permitting such persons to use any portion of the Program for the purpose of deriving the
source code of the Program or defeating the Security Mechanism.

Enforcement Obligations

In the event you become aware that any person or entity in your employ or under your control in a manner not authorized by this Software
License Agreement is using the Software, you shall immediately use reasonable best efforts to have such unauthorized use of the Software
immediately cease. You shall promptly notify CNC in writing of any unauthorized use of the Software of which you become aware.

Limited Warranties

CNC WARRANTS THAT THE MEDIA ON WHICH THE PROGRAM IS DISTRIBUTED WILL BE FREE OF DEFECTS IN
MATERIAL OR WORKMANSHIP FOR A PERIOD OF THIRTY (30) DAYS AFTER PURCHASE. THE FOREGOING LIMITED
WARRANTY EXCLUDES DEFECTS ARISING OUT OF ACCIDENT, NEGLECT, MISUSE, FAILURE OF ELECTRIC POWER AND
CAUSES OTHER THAN ORDINARY AND AUTHORIZED USE. EXCEPT FOR THE FOREGOING LIMITED WARRANTY, THE
SOFTWARE IS PROVIDED “AS IS.” YOUR SOLE REMEDY AND CNC’S SOLE OBLIGATION HEREUNDER SHALL BE, AT
CNC’S SOLE OPTION, REPLACEMENT OF THE DEFECTIVE MEDIA OR REFUND OF THE PURCHASE PRICE OF THE
SOFTWARE. ANY USE BY YOU OF THE SOFTWARE IS AT YOUR OWN RISK. THIS LIMITED WARRANTY IS THE ONLY
WARRANTY PROVIDED BY CNC REGARDING THE SOFTWARE. TO THE MAXIMUM EXTENT PERMITTED BY LAW, CNC
DISCLAIMS ALL OTHER WARRANTIES OF ANY KIND, EITHER EXPRESSED OR IMPLIED, INCLUDING, WITHOUT
LIMITATION, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. CNC IS NOT
OBLIGATED TO PROVIDE ANY UPDATES TO THE SOFTWARE. SHOULD THE SOFTWARE PROVE DEFECTIVE FOLLOWING
ITS PURCHASE, YOU (AND NOT CNC, ITS DISTRIBUTOR, OR RETAILER) ASSUME THE ENTIRE COST OF ALL NECESSARY
SERVICING, REPAIR OR CORRECTION AND ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES.

Limitation of Liability

IN'NO EVENT WILL CNC, OR ITS EMPLOYEES, SHAREHOLDERS OR SUPPLIERS BE LIABLE TO YOU FOR ANY INDIRECT,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES (INCLUDING WITHOUT LIMITATION, SPECIAL, PUNITIVE, OR
EXEMPLARY DAMAGES FOR LOSS OF BUSINESS, LOSS OF PROFITS, BUSINESS INTERRUPTION, OR LOSS OF BUSINESS
INFORMATION) ARISING OUT OF OR IN CONNECTION WITH THIS SOFTWARE LICENSE AGREEMENT OR THE SUBJECT
MATTER HEREOF EVEN IF CNC HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. CNC’S ENTIRE LIABILITY
WITH RESPECT TO ITS OBLIGATIONS UNDER THIS SOFTWARE LICENSE AGREEMENT OR OTHERWISE SHALL NOT
EXCEED THE AMOUNT OF THE LICENSE FEE PAID BY YOU FOR THE SOFTWARE. SOME JURISDICTIONS DO NOT ALLOW
THE EXCLUSION OR LIMITATION OF IMPLIED WARRANTIES OR LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL
DAMAGES, SO THE ABOVE LIMITATIONS OR EXCLUSIONS MAY NOT APPLY TO YOU.

Indemnification

You shall indemnify and hold harmless CNC, its officers, directors, employees, suppliers and agents from and against all losses,
settlements, claims, actions, suits, proceedings, judgments, awards, damages, liabilities, costs and expenses including, without limitation,
reasonable attorneys’ fees (collectively “Losses”) which arise out of or as a result of any breach of this Software License Agreement by you
or your employees, agents, resellers, dealers or sub-dealers and shall reimburse CNC for any and all legal, accounting and other fees, costs
and expenses reasonably incurred by any of them in connection with investigating, mitigating or defending any such Losses.



Educational Pricing

If you received this Software under or in accordance with a CNC “Educational Pricing” plan, option, schedule or program you shall not use
this Software to conduct any computer aided design, computer aided drafting or computer aided machining activities that intentionally,
incidentally, directly or indirectly result in the receipt, derivation or generation of profit to or by you.

Termination

This Software License Agreement is effective until terminated. You may terminate this Software License Agreement at any time by
returning to CNC all copies of the Software under your control and by returning the Security Mechanism to CNC. CNC may terminate this
Software License Agreement if CNC finds in its sole discretion that you have violated the terms of this Software License Agreement. Upon
termination of this Software License Agreement, you agree to immediately return to CNC all copies of the Software and return the Security
Mechanism to CNC, and to certify to CNC in writing that all known copies, including backup copies, have been returned. All provisions
relating to confidentiality, proprietary rights, indemnification and non-disclosure shall survive the termination of this Software License
Agreement.

General

This Software License Agreement shall be construed, interpreted and governed by the laws of the state of Connecticut, without regard to
conflicts of law provisions. The sole jurisdiction and venue for any litigation arising from or related to this Software License Agreement or
the subject matter hereof shall be in an appropriate state or federal court located in Hartford, Connecticut, and you hereby submit to the
jurisdiction of such courts. This Software License Agreement shall constitute the entire agreement between you and CNC with respect to the
subject matter hereof. Any waiver or modification of this Software License Agreement shall be valid only if it is in writing and signed by
both parties hereto. If any part of this Agreement is found invalid or unenforceable by a court of competent jurisdiction, the remainder of
this Agreement shall be interpreted so as to reasonably effect the intention of the parties.

U.S. Government Restricted Rights

The Software provided hereunder is a “commercial item,” as that term is defined in 48 C.F.R. 2.101, consisting of “commercial computer
software” and “commercial computer software documentation,” as such terms are used in 48 C.F.R. 12.212. Consistent with 48 C.F.R.
12.212 and 48 C.F.R. 227.7202-1 through 227.7202-4, the Software made available to the United States of America, its agencies and/or
instrumentalities, is provided with only those rights set forth in this Agreement. Use, duplication or disclosure of the Software by the
government is subject to the restrictions as set forth in subparagraph (c)(1) and (2) of the Commercial Computer Software-Restricted Rights
clause at 48 C.F.R. 52.227-19, as amended, or any successor regulations thereto.

Export Restrictions

You represent and warrant that you will not, without obtaining prior written authorization from CNC and, if required, of the Bureau of
Export Administration of the United States Department of Commerce or other relevant agency of the United States Government, export or
reexport, directly or indirectly, the Software from the United States to (i) any country destination to which export is restricted by the Export
Administration Regulations of the United States Department of Commerce; (ii) any country subject to sanctions administered by the Office
of Foreign Assets Control, United States Department of the Treasury; or (iii) such other countries to which export is restricted by any other
United States government agency. You further agree that you are solely responsible for compliance with any import laws and regulations of
the country of destination of a permitted export or reexport, and any other import requirement related to a permitted export or reexport.

Exceptions To Security Mechanism Requirements

CNC software programs MASTERCAM DRAFT and MASTERCAM DEMO do not require the use of Security Mechanisms, and the
provisions in this Software License Agreement relating to Security Mechanisms do not apply to your use of such programs, provided,
however, that such provisions shall apply to your use of all other Software provided hereunder.

Survival

All provisions of this Software License Agreement relating to confidentiality, non-disclosure, CNC’s proprietary rights, disclaimers, and
limits of liability, or indemnification by Customer shall survive termination of this License for any reason.



Reservation of Rights
All rights not expressly granted are reserved by CNC.

Trademarks

Mastercam is a registered trademark of CNC.
Windows, Windows 95, Windows 98, and Windows NT are registered trademarks of Microsoft Corporation. Mastercam Verify is created in
conjunction with LightWork Design Ltd.

Printed in the United States of America.

" This book was printed on recycled paper.
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Introduction to Mastercam

1 Introduction to Mastercam

Welcome to Mastercam Version 9. Mastercam Design is a full-featured
modeling application that combines 2D and 3D wireframe geometry and
surfacing abilities with powerful editing and transformation tools.
Mastercam Mill builds on Mastercam Design by letting you create and
manage a wide variety of machining operations. Mastercam uses a feature
called associativity to link machining operations to the geometry so that
toolpaths can be automatically regenerated when part geometry changes.

To help you learn Mastercam, this tutorial and extensive online help
accompany the product.

+ Use this tutorial as a self-training aid to orient yourself to the
Mastercam program and interface. After completing the tutorial, you
will have a good introduction to accomplishing common drafting and
milling operations with Mastercam. However, the tutorial does not try
to cover every Mastercam feature.

+ Use the online help as a reference for specific "How to..." or "What's
this..." questions, like "How do I machine an open pocket," "What's a
Coons surface,”" or "How do I create a new tool definition?" This
tutorial shows you how to use online help.

Using the sample parts

The sample parts for all the exercises in this tutorial are located in the
C:\Mcam9\Tutorials\Mill Tutorial\Metric folder. The sample parts are
read-only, so you do not accidentally write over them. You should create a
separate working folder where you can save your own parts as you
complete the tutorial.
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Chapter 1

Note: The parts for the exercises in this tutorial were created using metric
units of measurement. When you open one of the tutorial parts, if you are
using a configuration file based on different units of measure, Mastercam
will automatically switch configuration files to match the units in the
current file. For example, if you are working with the metric configuration
file for Mastercam Mill (Mill9m.cfg) and you open an inch part, the

system switches to the inch configuration file (Mill9.cfg).

If you need more help

Online help

Online help contains the latest and most up-to-date information about
Mastercam. The following pictures show how to use the online help.

Choose the Help

iZjMasterram Mill Yersion

toolbar button to

get information on Anal
the current menu. Analyze
Create
Click on the
7\ question
Translate | K] mark then
./ :
Tip: You can also click on any
press [Alt + H] Operation fle%ld fortmore
ithi information.
anywhere within & Move
Mastercam to get
additional help. C Copy
¢ Join
™ Use construction attributes
Press the
Murnber of steps: I1 Help button
to get
QK Cancel Help Intf)orr;];’:lr;[lon
about the
~ dialog box.
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Introduction to Mastercam

Dealers

If you have a question about Mastercam and have not been able to locate
the answer in this tutorial or the online help, contact your local Mastercam
dealer.

Technical support

If your dealer is unavailable, you can call CNC Software Support Services
Monday through Friday, 8:00 a.m.—6:00 p.m., USA Eastern Standard
Time.

When calling CNC Software, Inc. for technical support, please follow
these guidelines:

€ Be sure you have already tried to contact your Mastercam dealer.

4 Be ready to describe the problem in detail. Write down what
happened, particularly if you cannot call immediately after the
problem occurs.

L 2

Be in front of your computer when you call.

& If possible, try to duplicate the problem before calling. Our Support
Services technician may require you to duplicate the problem while
you are on the phone.

€ When you call, have ready a complete description of your hardware,
including your operating system (OS), central processing unit (CPU),
mouse, and memory.

You can also leave a message for CNC Support Services twenty-four
hours a day, seven days a week via our e-mail or web site addresses or the
BBS. A member of our technical support staff will return your e-mail or
call you on the next business day.

Keep the following information on hand in case you need to reach us:

Mastercam Version 9 Mill/Design Tutorial 3
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Important Information

Address CNC Software, Inc.
671 Old Post Road
Tolland, Connecticut, 06084-9970

USA
Phone (860) 875-5006
Fax (860) 872-1565
BBS (860) 871-8050

TELNET and ftp:/ ftp.mastercam.com or
172.16.100.100

Internet Address http://www.mastercam.com

E-mail support@mastercam.com

Additional resources

4 For information on training, contact your Mastercam dealer.

4 For an ongoing discussion of Mastercam-related topics, visit the
Mastercam online forum at http://www.emastercam.com.
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Getting Started

2 Getting Started

This chapter introduces you to the Mastercam interface. You will learn
about some major Mastercam features, create and delete some simple

geometry, learn how to access the online reference material, and save
files.

Exercise 1 — Learning the Mastercam interface

This exercise shows you how to navigate through Mastercam. You will
learn the following skills:

¢ Starting Mastercam

¢ Learning about the different areas on the screen

¢ Creating a point

¢ Displaying the construction origin and coordinate axes

> Starting Mastercam

1. Double-click the appropriate Mastercam icon on your Windows®
desktop:

L7
E‘-;S for Mastercam Design

W for Mastercam Mill

The following picture shows you some of the main features of the
Mastercam workspace.
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Main Menu
You will select
most of your
commands
here.

Menu buttons
Use these two

buttons to navi-
gate menus.

Secondary
Menu

Use these 10
buttons to
organize and
control drafting
operations

Toolbar
Each button is a shortcut to a common menu command.
Hold the cursor over a button to see what it does.

2 j Mastercam Mill Version 9.0 =1 I
T

Main Menu:
Analyze
Create
File
Modify
Hform
Delete
Screen
Solids
Toolpaths
NC utils

BACKUP
MAIR MENU

Z 0.0000
Color. 10
Level: 1
Attributes

Groups

Mask: OFF

WS T

_wes T |
Tplane: OFF
_ Cplane: T _|

Cplane: T

Grigw: T

Prompt area Graphics window
Mastercam uses this space to Your part and toolpaths
tell you what information you appear here.

need to enter. Whatever you
type also appears here.

P Learning about the HASP and NetHASP

Mastercam uses two types of licensing: single-user licensing and
network licensing. If you are using single-user licensing, you need to
have a special piece of hardware called a HASP (sometimes called a
dongle or SIM) attached to your parallel or USB port. If you get an
error message like the following:

0 “wharning - HASP not found
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this component is either missing or not configured properly. Refer to
your installation instructions (included in a separate document) or
contact your dealer for assistance.

If you are using network licensing, then a NetHASP must be installed
on a computer on your network. If you see any of the following
messages, see your network administrator:

¢ Error checking out a Mill license. No licenses have
been purchased for this product.

¢ Active NetHASP server not found.
¢ All available licenses are in use.

For more information on NetHASP installation, see Mastercam
Network Licensing.doc in your main Mastercam folder.
Creating a point

The Main Menu is where you will start most tasks in Mastercam.
1. Choose Main Menu, Create, Point, Position.

Notice that the prompt area at the bottom left of the screen
displays the message Create point: specify a point.

2. Without moving your mouse, type 25,50.

Notice that the values you type (the coordinates) appear in the
prompt area as you type.

IEnter coordinates: 25,50 |

Tip: You can also enter coordinates as XY-pairs, for example, X25,Y50

Press [Enter] to display the point at position 25,50.

4. Press [F9] to display the construction origin. The graphics
window should look like the following picture.

Mastercam Version 9 Mill/Design Tutorial 7
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Y

L

Tip: Press [F9] again to clear the axes from the screen.

Exercise 2 — Designing a rectangle

This exercise shows you how to design a simple rectangle. You will learn
the following skills:
¢ Changing the current color
Creating a rectangle
Resizing the screen
Zooming and panning
Saving the part for later use

L 2K 2R R 4

Before you begin, you should create a working folder where you will store
your parts as you are working on them. Choose a different folder than
C:\Mcam9\Tutorials\Mill Tutorial\Metric so you will not mistakenly
overwrite the original parts.

> Changing the current color

You should make the rectangle a different color so you can
distinguish its corner from the point you created in the last exercise.

1. Choose the Color button: Coler: 0. It tells you that the current
color is bright green.

Tip: Every color has a corresponding number (green is number 10).

8 Mastercam Version 9 Mill/Design Tutorial
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2. Change the current color to magenta by clicking on the magenta
button and choosing OK.

Color HE
Current calar; ||'| 3 - Select | Custamize. .. | 16/256 colors |

ok | LCancel | Help |

The Color button changes to show the new color. From now on,
everything you create will be in the new color.

> Creating a rectangle

In this task, you will create a rectangle with its bottom-left corner at
X25,Y50. The rectangle will be 240 mm wide by 125 mm high.

1. Choose Main Menu, Create, Rectangle, 1 point.
2. Enter 240 for the Width.

3. Enter 125 for the Height.
4

Choose the lower-left Point Placement box as shown in the
following picture.

Rectangle: One Point HE

“wiidth |240.u
Height |1 250

Paint Placement

5. Choose OK.
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10.

1.

Drag the cursor near the point you created earlier until you see a
small white square appear around the point. Notice that the cursor
"snaps" into position when you come near the point; this is
Mastercam's AutoCursor feature.

Click the mouse button. This positions the rectangle so that its
lower left corner is at the coordinates 25,50. Notice that the
rectangle function is still active; every time you click the mouse,
you will create another rectangle.

Press [Esc] to exit the rectangle function.

Note: If you accidentally create more than one rectangle, choose
the Undo button ()| from the toolbar. It will undo the most recent
rectangle.

Choose the Screen—Fit button |5#] on the toolbar so you can see
the entire rectangle.

You can pan the screen by pressing the arrow keys (Left, Right,
Up, and Down). Press the arrow keys to try it.

Press the [Page Up] and [Page Down] keys to zoom in or out.
Each key press zooms in or out by 5%.

Your part should look like the following picture.
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> Saving the file

You will save the part in the working folder you created earlier. If
you have not created a working folder yet, do so now.

1. Choose Main Menu, File, Save.

2. Save the file as firstpart.mc9 in your working folder.

Note: It is a good idea to save your file frequently as you work.
This way, if you make an error, you can choose File, Get to open
a recent version of the file. Make a practice of saving your file
every time you successfully complete an exercise.

Exercise 3 — Deleting the rectangle and using help

The Create Rectangle function has several useful options. You can learn
about them in the online help. In this exercise, you will:

¢ Delete the rectangle

L 2
2
L 2

> Delete the rectangle

&

Chain

When you click on an entity, Mastercam ———
automatically selects geometry that

connects to it like a chain.

Window

Lets you select several entities by
drawng a rectangle or polygon around
them.

Use Help to learn about rectangle options
Set rectangle options and create a new rectangle
Use AutoSave to quickly save your work

1. Choose the Delete button on the toolbar. You will see the menu
shown in the following picture. The different options give you
different ways of selecting what geometry you want to delete.

Delete: Select an enti
Chain
Window

Area
Only

All

Group
Result
Duplicate
Undelete

Tip: To delete a single entity, click on it; you don' t need to choose anything from

the menu.

Mastercam Version 9 Mill/Design Tutorial 11
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2. Choose Chain from the menu.

Click anywhere on the rectangle. The whole rectangle highlights,
telling you that it is selected.

4. Choose Done. The rectangle is deleted.
r') 5. Choose the Undo button on the toolbar. The rectangle reappears.

— Tip: Choose the Undelete-Single button to make the rectangle reappear
one segment at a time.

6. Choose the Delete button again. This time, instead of choosing
Chain from the menu, click on the rectangle. Without chaining,
Mastercam only selects one line at a time.

7. Delete the remaining lines.

> Using Help to learn about rectangle options

1. Choose Main Menu, Create, Rectangle.

Iy 2. You can see the three options on the menu: 1 point, 2 point, and
= Options. Choose the Help button on the toolbar to learn more
about them.

3. The following help screen displays. Every time you choose the
Help button while a menu is active, you get a topic about that
menu.
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Choose this tab
to search the
index.

Choose this to
see the Table
of Contents for
the entire help
system.

The currently
displayed topic
is highlighted.
Click on any
other topic in
the Table of
Contents to
read about it.

>+ Mastercam Help

Choose this tab to search the
help system.

Fil=\ Edit Bockmark DOpfion: Help
Help Nopics Back /I Frint I o I D |
R | é4" | Creating rectangular-shaped geometry

- @ Entering data

-@ Point enty

@ Entity selection

(- Chaining

-@ Operations Manager
@ B ackplotting the taalpath
@ Soreen menu

-@ I anaging files

@ Carpressing and uncarr
@ Communicating with athe
@ M program utilities
-\ Mastercam Design
Elm Creating geometric €
- [F] Overview

@ dics

Q Bounding box ge
- Chamfers
=@ Elipses

@ Fillets

@ Geametric text
@ Lines

@ Pattern enfities

@ Paints
Fectangles:
ie

@ Creating rec

Creating rec

<]

@ Setting Mastercam defa

@ Spials and Helis
| »

The Rectangular Shape menu gives you options
for creating rectangles and other geometric
shapes (Obround, Single D, Double D, and Ellipse)
that are composed of lines and/or arcs and are
defined within a rectangular boundary.

In addition, you have the option to create a point
at the center of the rectangular shape, fillets at
sharp corners on the rectangular shape, and/or a
surface within the boundary of the rectangular
shape.

To access the Rectangular Shape menu, choose
Main Menu, Create, Rectangle. Click on the menu
and topics below for more information.

Rectangular Shape:
1 point
2 points

Options

32l Creating rectangular-shaped geametry with
ohe defined placement point

3l Creating rectangular-shaped geametry with
two defined placement points

MNote: For information on creating an ellipse that
is composed of a single MURBS spline, see

Creating an ellipse.
Related Topics

Note: You can also press [Alt + H] at any time to get help.

Read through the topic to learn about the different kinds of
rectangle-related shapes you can create. The help topic also gives
you links to instructions for specific procedures and related

topics.

5. Close the Help window.

Mastercam Version 9 Mill/Design Tutorial
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> Setting rectangle options and creating a new rectangle

According to the help topic, you can use the Options command to
automatically create rounded corners and a center point on the
rectangle. You will create a new rectangle with these options.

1. Choose Options from the menu.

2. Select the Corner Fillets—On check box and enter a Radius of
12.

3. Select the Create Center Point check box. Your dialog box
should match the following picture.

Rectangle Options HE
— Rectangular Shape
—Corner Fillete—————— [~ Surface Creation
¥ On  Radius: [120 [T 0n & HURES € Farametric
r— Fotation
[T On  Angle ID.D W Create Center Paint
LCancel | Help |

4. Choose the [2] button on the title bar of the dialog box and notice
how the cursor changes shape. Click on one of the fields in the
dialog box and you will see a short description of what it does.
This "What's This" help is available on almost every dialog box in
Mastercam. Use it whenever you need a quick explanation of
what a dialog box option does or means.

5. Choose OK to close the dialog box.

6. Choose 1 point from the menu.
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7. Enter the values shown in the following picture and choose OK.

Rectangle: One Point HE

wfidth |24D.D
Height |1 250

Paint Placenment

8. Move the cursor over the point you created earlier until it is
highlighted. Click to place the rectangle.

9. Press [Esc]. You can see the rounded corners and center point that
were automatically added.

> Using AutoSave to quickly save your work
1. Press [Alt+ A] to open the AutoSave dialog box.

2. Choose OK to quickly save the file with the same name and in the
same location. This will overwrite whatever version is already
saved to disk.

Tip: You can choose the Active checkbox and type in a time interval.
Mastercam will then automatically save your work at the set times.

3. Choose Yes to confirm the overwrite.
Now that you've seen how to get around in Mastercam, you're ready to
create your first part. The next chapter will show you how to use

Mastercam's design features to draft a part from a blueprint. Then, you'll
create a complete operation to machine it.
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Creating a 2D Part and Contour
Toolpath

This chapter introduces you to the major steps that typically go into
making a part:

& Drawing the part
+ Creating a toolpath
& Previewing the toolpath
« Editing the toolpath
# Posting the finished toolpath
Along the way, you will see how Mastercam's associativity feature links

the different parts of your operation. You will create a basic 2D part and
cut it with a contour toolpath.

Exercise 1 — Designing the part

This exercise introduces you to some basic drawing functions. You will
learn the following skills:

¢ Creating a new file

¢ Creating points, lines, arcs, and fillets

¢ Mirroring and rotating lines

¢ Trimming lines and arcs

The following blueprint shows the part you will create.
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R 14 typ 3 places

R 10 typ 5 ploces

|

5 Tvp.

> Creating a new file
If necessary, follow these steps to create a new, blank Mastercam
drawing.
1. Choose Main Menu, File, New.
2. Choose Yes when prompted to create a new drawing.

3. Ifthe current file has had any changes made to it since the last
time it was saved, you will be asked whether or not you wish to
save it. Choose Yes again if you wish to save it.

> Creating construction guides
The first step is to create some construction guides to properly locate
and orient the drawing.

1. Create the center point of the elbow. Choose Main Menu,
Create, Point, Position.

2. Enter the coordinates 75,75. As soon as you start typing, the
numbers will appear in the prompt area.

Tip: Press [Enter] after entering the number(s) in the prompt area.

+
+C1+| 3. Choose the Screen—Fit button on the toolbar to center the point in
the graphics window.

4. Next, draw the center lines for the two arms. Choose Main Menu,
Create, Line, Polar.
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5. Click on the point to select it as an endpoint.

Tip: Pass the cursor over the point. When a square displays, click the mouse
button.

In the prompt area, enter an angle of 0.

Enter a line length of 90. The guide for the horizontal arm
appears.

8. Mastercam automatically prompts you to select an endpoint for
another polar line. Click on the same point as in step 5.

9. Enter an angle of 105.
10. Enter a line length of 85.

11. Press [F9] to show the construction origin and XY axes. The part
should look like the following picture.

12. Press [F9] again to clear the axes from the screen.

> Drawing the arcs
Use arcs to create the curved ends and outside bend of the part.

1. Choose Main Menu, Create, Arc, Polar, Sketch.
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Select the center
point for the first
arc. Click on the
line endpoint at
position 1, as shown
in the picture to the
right.

Type the radius of

the arc: 16

Specify the
approximate ending
positions of the arc.
Click at position 2
then at position 3.

2

A/‘l

&
f\ 9
Eav

f !

6

~

. Repeat steps 2 through 4 to create the second and third arcs. Click

on points 4, 5, 6 and 7, 8, 9 to create the other arcs.

If necessary, choose the Screen—Fit button again to fit the part
completely in the screen. It should look like the following picture:

~

b
> Rotating lines to create the arms

To create the outside edges of the arms, you will rotate the center line
guides you created earlier.

Choose Main Menu, Xform, Rotate.
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10.
11.

Select the line at /_\
—

4
1

position 1.
Choose Done. /
Select the endpoint 3 2
at position 2.
b

Enter the values shown on the following dialog box and choose
OK.

Hotate HE

Operation
 Move
* Copy
 Jain

[ Use construction attributes

Murmber of steps: I'I
I—

Rotation angle: 5.0

LCancel | Help |

Select the line at position 3.

Choose Done.

Tip: Instead of choosing menu items with the mouse, you can type the shortcut
letter. For each item on the menu, the shortcut letter is underlined.

Select the line endpoint at position 4.

Enter the values shown on the following dialog box and choose
OK.
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Rotate HE

Operation
' Move
& Copy
" Join

[ Use construction attributes

Mumber of steps: I'I
Fotation angle: IJS.EI

ok | LCancel | Help |

i 12. Whenever you do a Xform operation, Mastercam changes the

- colors of the original geometry and the new geometry so you can
clearly see the results of the operation. Choose the Screen-Clear
colors button on the toolbar to return the lines to their original
color. The part should look like the following picture.

~

klj”“/

> Moving the lines to the proper position

You've created the lines at the proper angle and orientation. Now, you
need to move them to the proper position tangent to the arcs.

1. Choose Main Menu, Create, Line, Parallel, Arc.
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Select the line at
position 1.

Select the arc at position
2.

Mastercam shows you
two possible lines. Click
on the bottom line to
keep it.

To create the second
line, select the line at
position 3.

—

Select the arc at position 2 again.
Click on the left line to keep it.
Choose the Delete button on the toolbar.

Click on lines 1 and 2 as shown in the following picture to delete

them.

~

=)

10. Finally, create the other side of the arms by mirroring the lines
around the construction guides. Choose Main Menu, Xform,

Mirror.

Mastercam Version 9 Mill/Design Tutorial
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11. Select the line at
position 1.

12. Choose Done.

13. Select the line at
position 2.

14. Choose Copy and OK
from the Mirror dialog
box.

15. Repeat steps 11
through 14 for lines 3
and 4.

16. Clear the screen colors. Your part should look like the following
picture.

~

e

> Creating the fillets

Create fillets to join the lines and arcs. You will also see how
Mastercam can automatically trim lines to the base of the fillets.
Complete the part by deleting the remaining construction guides.

1. Choose Main Menu, Create, Fillet, Radius.
2. Enter the fillet radius: 10

24 Mastercam Version 9 Mill/Design Tutorial



Creating a 2D Part and Contour Toolpath

3. Select the line at position 1 and the arc at position 2.

The fillet should look like the following picture.

=

4. Select the lines and arcs in the order shown in the following
picture to create the remaining fillets.

The part should look like the following picture when you are
done.

Mastercam Version 9 Mill/Design Tutorial
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Tip: To turn off the automatic trim feature, choose Trim from the Fillet menu so
that it is set to N.

5. Trim the last arc to the adjoining lines. Choose Main Menu,
Modify, Trim, 3 entities.

6. Select the lines at positions 1 and 2, then the arc at position 3.

2

7. Delete the lines at positions 4 and 5.
8. Delete the point at position 6.
The completed part should look like the following picture.
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> Saving the file
1. Choose Main Menu, File, Save.

2. Save the file as elbow1.mc9 in your working folder.

Exercise 2 — Creating the contour toolpath

This exercise shows you the basic steps for creating a toolpath and posting
it to an NC file that can be read by your machine tool. In this exercise, you
will create a contour toolpath. In a contour toolpath, the tool follows the
shape of a curve or chain of curves. You will use the part you created in
Exercise 1.

In this exercise, you will learn the following skills:

¢ Creating a contour toolpath
Chaining geometry
Choosing a tool and setting toolpath parameters
Selecting a tool library
Using the backplot function to preview a toolpath
Posting the toolpath to an NC file

L K R R R 2
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> Choosing the toolpath and chaining the geometry

Chaining is the process of selecting geometry for a toolpath or other
Mastercam function. A chain is a set of curves (lines, arcs and/or
splines) that have adjoining endpoints (points can also be chained). A
toolpath can have more than one chain.

1. If necessary, open the file from the previous exercise,
elbowl.mc9.

2. Choose Main Menu, Toolpaths, Contour.

3. Select the line at position 1 to start the chain. You should see the
whole part highlight.

To help you select the right geometry, Mastercam highlights the
line when the cursor is close to it. After selecting the line
properly, you will see an arrow display as shown in the following
picture.
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Tip: The arrow
indicates the
chaining
direction. This is
the direction the
tool will move
when you create
the toolpath.

4. Choose Done.

> Selecting a tool

As soon as you finish selecting geometry for the toolpath, Mastercam
automatically prompts you to select a tool and enter parameters. Each
toolpath can use only one tool. Mastercam organizes tool definitions
into libraries. You can have as many libraries as you wish. In this
procedure, you will also learn how to select a different tool library.

1. Mastercam automatically shows you the Tool parameters tab.
Right-click in the large white area and choose Get tool from
library as shown in the following picture.

Tool parameters | Contour parameters I

Left ‘click' on tool to select; right 'click' to edit or define new tool

Get taal from library. ..

Create new tool...
Get operations from library....
Feed and speed calculator. .

Tool name Job setup... Cormer radius ID.D

I'I—
Head # I-'I Feed rate IE.41?B Frogram # ID Spindle speed I'IDES

| Flunge rate |5-4WE Seq. start |'IDD Coolant m
2. Right-click in the tool list and choose Change library.

Tool #

Dia. offset |1
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i#i Tools Manager - C:\MCAM3\MILLATOOLSATOOLS_MM_TLY

Filter... ¥ Filter &ctive

— 243 of 243 tools dizsplayed
Toal Humnber I Toal Type I Diameter I Toal Hame | Corner Radius | Radius Type I;I

-5 1 Center Dirill 5.0000 mm 5 CEMTER DRILL 0.000000 mirm Mone

¥ 2 Center Dl 10,0000 ram 10. CENTER DRILL 0000000 mm MNone
[ 3 Center Dl 15.0000 ram 15. CENTER DRILL 0000000 mm Mone
¥ y Center Dril 20,0000 — 0.000000 Nane
] 5 Center Dril 25,0000 rm % 0000000 mm Mone
¥ 11 Dl 1.0000 i Create a librar 'I'flmm te:-;t” 0.000000 . Mane
¥ 12 Dl 2.0000 mm Do fls 4 0000000 mm Mane
¥ 13 Ol 3.0000 mm Detail d'" i 0000000 mm Mone
¢ 14 Dil 40000 rrm Sl 0000000 Nore
¥ 15 Dl 5.0000 mm 5. DRILL 0000000 mm Mone
¥ 16 Dl E.0000 rm E. DRILL 0.000000 mm MNone
¥ 17 Dl 7.0000 mm 7. DRILL 0000000 mm MNone
-] 12 nel 2 AANA rem a nent ANANANM e Kena

3. Select the file MetricSTS52.t19 and choose Save.
4. Select the 12 mm HSS (high-speed steel) flat endmill as shown in

the following picture.

{7 Tools Manager - C:\AMCAMI\MILLATOOLSAMETRICST52.TL9

Filter. . ¥ Filter Active
— 174 of 174 tools displayed
Toal Hurber | Tool Type | Diameter | Toal Mame | Corner Radius | Radius Type |;|

944 Endmilll Flat £.0000 mm

23 Endmilll Flat £.0000 rrm

964 Endmilll Flat 8.0000 mm

34 Endmill Flat 8.0000 mm

934 Endmilll Flat 10.0000 mm

35 Endmilll Flat 10.0000 mm
Endmilll Flat

36 Endmill Flat 12.0000 ram
40 Endmill Flat 12.0000 ram
10... Endmilll Flat 16.0000 ram
37 Endmill Flat 16.0000 rarm
41 Endmill Flat 16.0000 rarm
10... Endmilll Flat 18.0000 rarm
38 Endmill Flat 18.0000 mm
42 Endmilll Flat 18.0000

6. FLAT END MILL HSS

E. FLAT END MILL CRE

8. FLAT END MILL H5S

8. FLAT END MILL CRE

10, FLAT END MILL HSS
10. FLAT END MILL CRE
12 FLAT EMD MILL HS55
12, FLAT END MILL CRE
12 FLAT EMD MILL CIN
TE. FLAT EMD MILL HSS
16, FLAT EMD MILL CRE
16, FLAT EMD MILL CIN
18, FLAT EMD MILL HSS
18, FLAT EMD MILL CRE
18 FLAT EMD MILL CIM

0.000000 ram Mare
0.000000 am — Mone
0.000000 mm MHane
0.000000 mm Mane
0.000000 rm Mane
0000000 mm  Mone N
MHaone
0.000000 rm MHane
0.000000 rm MHane
0.000000 rm MHane
0.000000 rarn Mare
0.000000 rarn Mare
0.000000 rarm Mare
0.000000 ram Mare
0.000000 am — Mone LI
Ok I LCancel | Help |

5. Choose OK. The tool appears in the tool display area as shown in

the following picture.

30 Mastercam Version 9 Mill/Design Tutorial




Creating a 2D Part and Contour Toolpath

Tool parameters | Contour parameters I

Left 'click’ on tool ta zelect: right 'click' ta edit ar define new taal

I'I T ool name I 12 FLAT | Tooldia 120 Corner radius IU.U
Head # I-'I Feed rate |4EI.EI Program # Spindle speed IBBD
I'I Plunge rate |4EI.EI Seq. start 100 Coalant ID" vl

Len. offset I'I Retract rate |4EI.EI Seq. inc.
Change MCI... |
Comment

d r Homgpos...l [~ Bef paint.. | u Misc.galues...l

1

Dia. offzet

:

LI I HDlal}'aﬁiS...l rd T.n"EQIane...l v Toolgispla_l,l...l

™ Tobatch [~ Cannedlest...

0K I Cancel Help

> Entering toolpath parameters

Mastercam automatically fills in many of the fields with default
values. For this toolpath, you will use the default values for all the
Tool parameters, and edit the Contour parameters.

1. Choose the Contour parameters tab.
2. Enter a Retract height of 10.

3. Enter a Feed plane of 2.
4

Enter a Depth of —10. Make sure your other parameters match the
following picture.

Mastercam Version 9 Mill/Design Tutorial 31



Chapter 3

Tool parameters Contour parameters I

C li
[~} Clearance,.. | I'IUU.U tylojnew:pensa 1an ICDI‘npuler ‘I
& Abeoluter 0] Reremental - d
Compenzation Iﬁv
I | sz cleararze only atthe direction: Left
startiatid etid o e EeratE I= | Optitmize
v Retract. . I'IU.U Tip comp Tip - I\ /I
& Absolute  © Incremental Fioll cutter
Feed plane | lzu— around comers ISharp j'
— IV Infinite ook ahead
— " ashzolute % Incremental Lirnsariaation
¥ Rapid retract tolerance ID'D25
| ID.D
Top of stock... \f:flae:;n; I”lclceepth IF
& Absolute  © Incremental - "
stoc
ID.D
Depth.. | |.1 [ili] to leave
= apaol ol | Z stack i
zolute ncrementa T, I .
Contour type: |2D j [~ | Hultipasses.,. | I~ || Leadit/mut.. |
[Chamfer... | Hiame.... Hem_achining...l [~ Depthicuts,., | r FlEEr. . |
Ok, I LCancel | Help |

The parameters as shown in the preceding picture instruct the tool
to make the following motions:

*

*

Rapid from the home position to 10 mm above the starting
position of the toolpath (the Retract height).

Rapid straight down to 2 mm above the stock (the Feed
plane).

Plunge into the stock to a depth of —10 mm at the Plunge rate,
40 mm/min., as set on the Tool parameters tab. Because the
feed plane is set to 2 mm above the part, the total plunge
distance is 12 mm.

Feed around the part at the feed rate of 40 mm/min., as set on
the Tool parameters tab. Because the compensation is set to
Left, the tool will be offset from the part geometry by its
radius, 6 mm.

When the tool returns to the original starting point, it will
rapid to the retract height, since the Rapid retract check box
is selected.
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5. Choose OK to generate the toolpath. It should look like the
following picture.

Note: Remember that the online help has complete descriptions of
all the fields, buttons, and options on each dialog box.

4 Backplotting to view the toolpath

Mastercam has two functions that you can use to preview toolpaths
and operations and catch errors before you create the NC program:

& Backplot, which gives you a precise view of specific tool
movements.

+ Verify, which gives you a better view of stock removal.

This exercise will show you how to backplot your toolpath (you will
use the Verify function in the next chapter).

1. Choose Operations to open the Operations Manager.
2. Choose Backplot.

3. Make sure the settings on the Backplot menu match the following
picture.
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Backplot:
Step
Run

Tip: To change a setting :

from Y to N, click on the Display

menu option or type the Show path Y

underlined letter. Show tool Y
Show hold H
MCY name
Verify N
M9 file b

13. Choose Step from the Backplot menu or press [S] repeatedly.
Mastercam will step through the toolpath. It should look like the
following picture.

14. You will see a confirmation message when the backplot has
finished. Choose OK.

15. You can also preview the tool motion in 3D. Choose the green
@ Gview—Isometric button from the toolbar to look at the part in
— isometric view.

16. If necessary, choose the Screen—Fit button to fit the part in the

T
==+
+ screen.
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17. Press [S] again to backplot through the toolpath. Now you can see
the plunge and retract moves clearly. Notice that the rapid moves
are in yellow and the feed moves are in light blue.

18. When the backplot is complete, choose OK.

Exercise 3 — Making changes to the toolpath

This exercise shows you how to make changes to your part or toolpath and
automatically regenerate your operation. In this exercise, you will make
the following changes:

« Edit the toolpath parameters to add entry and exit moves
& Change the part geometry
+ Switch to a different tool

After you've made all the changes, you will post the toolpath to an NC
file. You will learn the following skills:
¢ Using the Operations Manager to edit toolpaths
Changing toolpath parameters
Regenerating operations
Adding entry and exit (lead in/out) moves
Using a selection mask
Posting a toolpath to an NC file

L K R R R 2
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> Adding lead in/out moves

For this part, you need to change how the tool enters the material.
Plunging directly into the part is not desirable because of the dwell
marks left behind at the tool entry spot. In this exercise, you add entry
and exit moves to the toolpath to eliminate the dwell marks.

1. Press [Esc] to return to the Operations Manager.

2. Choose the Parameters icon.

iﬁ j Operations Manager 2 x|

| 1 Operations, 1 selected Select Al

o0
EI---I:U:| u:u:nlpath Group 1 Regen Path

SR i - Contour (20
; -- Pa)ameters Backplat

NS - 112,00 ENDMILLT FL

E Geometry - (1) chainlz) Werify

B CMMCAMISMILLANCISELE

dild

Fost
Choose the Lead in/out check box and button.

4. The Lead in/out dialog box lets you specify entry and exit moves:
either lines, arcs, or a combination of both. For this part, you want
to use just arcs, so enter 0 in the Line—Length field in the Entry
section to disable line moves. (You will use the default arc
dimensions.)

5. Choose the = | button to copy the Entry arc dimensions to the
Exit section. Make sure your settings match the following picture.
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You can enter the
line length in either
of two ways. You
can type a
percentage of the
tool diameter
here...

...or type the
absolute length in
here. When you
type a number in
one field, the other
automatically
updates. (The Arc
Radius works the
same way.)

6.

Lead In/0ut HE
™ Erterfesit &t midpoint in closed contours
Owverlap: IU-D
™ Gouge check entiy/exit maotion G
\W_ Entry 7 I E it
- Line r Lire
gl ndicular ™ Tangent  Pependicular & Tangent
Lenath: |n.n = |n.u Length: |n.u % ID.D
Famp height: ID.D Fiamp height: ID_D
A0 A
/FM{ |1uu.u % I‘I2.D Fadius: 100.0 o I‘I2.D
A
/ Sweep: 0.0 Sweep: 0.0
Helix height: ID.D Helix height: ID.D
™ Use enty point ™ Use exit point
I | sz point demth I | sz point deptt
™ Enter on first depth cut anly ™ Exit on last depth cut only
Ok LCancel Help

Choose OK twice.

7. When you return to the Operations Manager, you will see a red X
as shown in the following picture. This means that some part of
the toolpath has changed (in this case, you've added the lead
in/out moves) and the operation needs to be regenerated. Choose

the Regen Path button.

i# j Operations Manager

| 1 Dperations, 1 selected, 1 need regen

E---EE Toolpath Group 1
ER:5F 1 - Contour [201]

t[2] Parameters

b @1 -M12.00 ENDMILLY FL

eometry - [1] chain(z)
u b CtabA SR ILLAMCINE LE

Select All
Heagen Path

Backplot

M

Werify

Post

8. Choose OK to close the Operations Manager.

9. Choose the green Gview—Top button from the toolbar. The new

toolpath should look like the following picture.
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> Changing the part geometry

In this procedure, you will make a design change to the part, changing
the 10 mm radius fillets to 6 mm fillets.

% | 1. Choose Delete from the toolbar.

2. Choose All, Mask.

3. The Selection Mask dialog box lets you describe which types
entities to delete. In the Entities list, choose Arcs.

4. Choose Same as.

. Select any of the 10 mm fillets. When you return to the Selection
Mask dialog box, you see that all of the fields are filled in with the
attributes of the 10 mm fillet. Mastercam will use this mask to
select all of the fillets and delete them.
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Selection Mask EHE
r Entities — Aabtribute:
r— Colar — Lewel
7 [ | EE| ~ i Select . |
; —Line Stle——————————— ~LineWidth———
Splinez
Curves on Surfaces T I_i vI ~ Ii ‘I

- Sufaces

Dirafting ot Shle————————— &Iz Diameter
: Solids = % 2D star - v IEU.D
Selectdll | Clearsl |
SelectAll | Clearal |
0K LCancel | Help |
6. Choose OK.

7. Choose Yes at the confirmation prompt. Your part should look
like the following picture.

=

8. Create 6 mm fillets in all of the gaps. (See page 24 if you don't
remember how to create fillets.) Your part should look like the
following picture.
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> Changing the tool

When you created the toolpath for this part, you used a 12 mm
endmill. Since the fillets are now smaller and the same radius as the
tool, you will switch to a smaller tool so you can get smoother tool
motion around the fillets.

1.
2.
3.
4. Right-click in the tool display area and choose Get tool from

Press [Alt + O] to open the Operations Manager.
Choose the Parameters icon.

Choose the Tool parameters tab.

library.
Select the 10 mm HSS flat endmill and choose OK.
Choose OK again to return to the Operations Manager.

Choose Regen Path to regenerate the toolpath with the new tool
and new geometry. The new toolpath should look like the
following picture.
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-

> Creating an NC program
In order to cut a part on a CNC machine tool, you need to give it a
program in a format that your control can read. The act of making this
file (called an NC program) is called post processing, or posting.
When you post a file, Mastercam runs a special program called a post
processor that reads your Mastercam file and creates an NC program
from it. Your original Mastercam file isn't changed.

1. Choose Post. (The Operations Manager window should still be
open.)

2. Select the Save NC file check box, and choose the Edit option.

Choose the Ask option (this means that it will prompt you for a
file name). Your dialog box should match the following picture.
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Post processors are machine- and [MPFAN.PST
control-specific. When you installed
Mastercam, you selected a default
post processor. The current post ™ Save MOl file 'l =i
processor is listed here. If you need

to, you can select a different one by < Duaniis
choosing Change Post. o fish
— MC file
v Save MC file
¢ Dwenarite ML extension

Post processing [ 2]

Active pogt Change Paost |

Tl (21 fifE

i+ Azk

= Send

I ne
[~ Send to machine (.. |
ok I LCancel | Help |

WARNING: Before running an NC program on your machine tool, you
MUST ensure that it was created with the proper post processor. If the
correct post processor was not used, you could crash your machine tool
and cause serious injury or damage. Do NOT assume that the post
processor shown in these examples is compatible with your own machine
tool.

Choose OK.

Type in a file name when prompted. If you wish, you can navigate
to a different folder; the default is Mcam9\Mill\N¢. Choose Save
when you are done.

Tip: Check your machine tool or control documentation to see what file names
are allowed. For example, you might be limited to 8 characters or less.

After you save the file, it will appear in a text-editing window so
you can review it or make changes, as shown in the following
picture.

42 Mastercam Version 9 Mill/Design Tutorial



Creating a 2D Part and Contour Toolpath

B MILLANCAELBOW.NC H= E
% =
00068 m

{PROGRAM NAME - ELBOW)

(DATE=DD-HH-¥Y - 29-81-82 TIME=HH:HM - 17:53)
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N182GAG17G4BGHOGBAGYH

{ 18. FLAT EWD MWILL HSS TOOL - 2 DIA. OFF. - 2 LEN. - 2 DIA. - 1
N1B4T2H6

N1B6GAGPOXLE6 . 207Y59 769A0.51909M3

N188G43H2Z218.

N11822 .

N112G12-18.F32.

N114G3X54 . 319¥71 . 353R10.F190.9

N116G1842 . 474Y138.5292
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N122X71.464Y147 . 099R21.
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N138G1X149 . 37VYB9 574

N132G3X158.164Y89.862R1. i

Al s

7. Close the NC program window to return to Mastercam.

8. Close the Operations Manager and press [Alt + A] to save the file.
> Setting the default tool library

The remaining exercises in this tutorial will use tools from the
MetricST52.t19 tool library that you selected earlier. In this
procedure, you will make this the default tool library, so that you do
not have to keep selecting it.

1. Choose Main Menu, Screen, Configure.
2. Choose the Files tab.

3. Choose Tool library in the File usage list.
4

Make sure that METRICSTS2.TL9 appears in the File name
field as shown in the following picture. If it doesn't, choose the

File | button and select it.
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System Configuration EHE
Toolbar/K.evs | NC Settings | CAD Settings | Start/E it | Screen | Status ... |
Allocations | Taolerances I Cormmunications Files | Flotter Settings pyer |
. S2Ig ...
—Data Path — File usage

ream [MCI]
]

Post processor Savehs |

Ch

ooks [OILL) Agzociative toolpath prm file
il tool files (TLS) Other MC parameters file Merge ... |
ML Parameters [FRM) Setup sheet template
ML Programs [MC]
Past files [PST) t aterial librar
ASCI Operation library
STEP files [STF)
Oi=F
IGES
Parazolids (<_T] .
sTL _m
WA,
SaT < IMETHICST52.TLS -
ProE files [PRT) ~
DG d|

Selected itern's D ata Path Canverters |
IE:\MEAMS\MILL\MCS\ “4,%|

Current configuration file

[MILLSM.CFG Metic) =l oK | Caricel | Help |

Choose Save As to save the setting to the configuration file.

6. The file in which it is saved is shown in the Current
configuration file field, MILLIM.CFG. Choose Save.

7. Choose Yes when asked to overwrite the current file.
Choose OK.
You've now seen all the major stages of creating a part and an operation to
machine it. In the next chapter, you will use the simple operation you

created in this chapter as a building block for more sophisticated
operations.
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Copying and Transforming
Operations

This chapter shows you how to use the simple toolpath you created in the
previous chapter as a building block for more sophisticated operations.
You will create the following new operations:

# Finishing and multi-pass roughing operations
# A chamfering operation

+ A mirrored copy of the operation

The part used in this chapter is the same one that you saved at the end of
Chapter 3. If you did not complete Chapter 3, use the file new elbow-
mm.mc9, in the folder C:\Mcam9\Tutorials\Mill Tutorial\Metric.

Tip: When opening this file, select the Restore entire NCI on file get option.

Exercise 1 — Creating roughing and finishing
passes

The 2D contour toolpath you created in the previous chapter only has a
single cutting pass. You decide that it takes off too much stock for a single
pass, so you decide to rough out the part in multiple passes with a larger
tool. You will complete the part with a separate finishing operation. In this
exercise, you will use the following skills:

¢ Copying operations

¢ Creating multiple passes

¢ Creating finishing operations

¢ Changing tools and feed rates

> Copying operations

To create the separate operations for roughing and finishing with the
minimum number of steps, you will copy the current 2D contour
operation and then edit the parameters for each copy.
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1. If necessary, open the part file you saved at the end of Chapter 3.
If you did not complete Chapter 3, choose File, Get from the
menu, and open the file new elbow-mm.mc9 from the folder

C:\Mcam9\Tutorials\Mill Tutorial\Metric.
2. Press [Alt + O] to open the Operations Manager.

Right-click on the Contour folder icon and drag it below the NCI

icon.

i# i Operations Manager

| 1 Operations, 1 zelected, 1 need regen

4_____________

4. Release the mouse button and choose Copy after.

b ove after | !

A copy of the operation appears as shown in the following

picture.

E"'EE Toolpath Group 1
S .
[ Parameters

1 - Cartaur [20)

¥ #4-M10.00 ENDMILLT FL
Geometry - [1] chain(z)
2= CWMCAMIWMILLAHCINELE

w1 -%‘?nlour 20

Copy before
b ove before

Cancel

Select Al
Regen Path
Backplot
Werify

Post

diddid-

Highteed

i? i Dperations Manager

| 2 Operations, 1 zelected, 2 need regen

EEE Toolpath Group 1
=22 1 - Contour [20]

----- 57 Parameters

----- ¥ #4.-M10.00 ENDMILLT FL
g Geometry - [1] chainlz]

----- 2= CAMCAMIWMILLAHCINELE

E% 2 - Contour [2D)

----- 21 Parameters

----- # 4 -M10.00 EMDMILLT FL
-l Geometry - [1] chairz]

----- == ChWMCAMSWMILLAMCINELE
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Click on the name of the first operation until it highlights for
editing, and type in a new name: Rough

Repeat for the second operation and type the new name: Finish.
The operations should look like the following picture.

i# 1 Dperations Manager [ 2] ]
| 2 Operations, 1 selected Select Al
[m[w]
E-om Toolpath Group 1 Begen Path
8= 1 - Contour [20] - Fough
[ - [ Parameters Backplot
----- ¥ #4-M10.00 EMOMILLY FL

: -- Geometry - [1] chain(z] Werify
----- £ CAMCAMIWMILLANCINELE

BT Contour (20) - Frish RN
----- [] Parameters
----- @ 4 -M10.00 EMDMILLY FL Highfeed
g Geametry - [1] chain(s]

----- 2 CAMCAMINMILLANCINELE

dddd 8

> Setting the roughing parameters

To make the first operation a true roughing operation, you will select
a bigger tool for it and specify multiple passes.

1.
2.
3.

Choose the Parameters icon for the Rough operation.
Choose the Tool parameters tab.

Right-click in the tool display area and choose Get tool from
library.

Select the 25 mm HSS flat endmill and choose OK.
Choose the Contour parameters tab.

Since this is a roughing pass, you should leave some stock for the
finish operation. Enter 1 in the XY stock to leave field. Your
contour parameters should match the following picture.
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[Ehanter...

7. Select the Multi passes check box and button.

8. Enter 2 for the Number of Roughing passes and select Keep tool
down. The rest of the values should match the following picture.

Multi Passes
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9. Choose OK.
10. Choose Lead in/out.
11. Enter an Overlap of 5. This means that the entry and exit arcs
will overlap by this distance.
12. Change the Entry Arc—Radius % to 50.
13. Choose the = | button to copy the settings to the Exit section.
Your values should match the following picture.
Lead In/0ut
[ Enter/exit at midpoint in closed contaurs
Overlap: |5-U
[ Gouge check enty/esit motion HEEE
= —Entry = — Exit
rLine rLine
" Pependicular % Tangent " Pempendicular % Tangent
Length: 0.0 s ID.D Length: 0.0 s |u.u
Ramp height: ID.D Ramp height: ID_D
—Arc s
Radius: 50.0 % |12.5 Radius: 50.0 % |12.5
Sweep: 0.0 Sweem: 0.0
Helix height: ID.D Helix height: IEI.EI
™ Use entry point ™ Use exit point

= | Uze point depth
™ Enter on first depth cut anly

™ | Use point depth
™ Exit on last depth cut only

QK LCancel Help

14. Choose OK twice.

> Setting the finish parameters

Since the second operation will be a finish operation, you will keep
the original tool, but will use a slower feed rate. Also, you will edit
the lead in/out moves so they have the same overlap as the roughing
cuts.

1.

Choose the Parameters icon for the Finish operation.

2. Choose the Tool parameters tab.
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3. Enter a Feed rate of 20.
4. Choose the Contour parameters tab.
5. Choose Lead in/out.
6. Enter an Overlap value of 5. Make sure the other values match
the following picture.
Lead In/0ut HE
™ Enter/exit at midpaint in closed contours
: |5.D
[~ Gouge check entydexit motion Overlap:
v —Entry I — Enit
r Line rLine
" Perpendicular & Tangent " Perpendicular & Tangent
Length: ] 4 ID.D Length: oo 4 IU.U
Famp height; ID.D Famp height: ID_D
G _>I rAC
B 100.0 % |1D.D Radius: 100.0 % |1u.u
Sweep: 0.0 Swieep: 0.0
Helix height; IU.U Helix height; ID.D
[ Use entry paint [ Use exit point
I= | s paint depth I= | Uz poitt depth
I Enter o first depth cut omly [~ Exiton last depth cut only
ok | LCancel | Help
7. Choose OK twice to return to the Operations Manager.
Choose Select All.
9. Choose Regen Path to regenerate both operations with the new

parameters. The new toolpaths should look like the following

picture.
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4 Backplotting the new toolpaths

1. Choose Backplot. Make sure both operations are still selected as
shown in the following picture.

Tip: The blue check
marks indicate which
operations are
selected.

2. Set the Verify optionto Y.

i? i Operations Manager

[ 2 Operationsz, 2 selected Select Al

- BEFaglpath Group 1

A1 Parameters

~“[2] Parameters

=B:"s3 | - Contour [2D] - Rough

¥ #3-M25.00 ENDMILLT FLAT - 25.
Bl Gieometry - (1] chainfs) Werify
CAMCAM AMILLAMCIMNELBOWT . MC
P - Contour [2D] - Finish Post

@ 4141000 ENDMILLT FLAT - 10, Highfeed
m Geometry - [1] chain(s)
- B CAMCAMBWMILLAHCIMELROW NT

Regen Path

Backplot

duddd

3. Press [S] to step through the toolpath. Notice how the stock is
removed after each pass, and how the finish tool cleans out the
areas that the roughing tool cannot reach.

The following picture shows you a snapshot midway through the
final finish operation. You can see the stock left by the roughing
operation and how the finish operation is cutting right to the

blueprint dimension.
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finish tool cuts right

/to part dimension

-/

stock left by
roughing operation

4. Press OK when the backplot is finished.

Choose Backup to return to the Operations Manager, and choose
OK to close it.

6. Choose Main Menu, File, Save and save the file in your working
folder as elbow2.mc9.

Exercise 2 — Creating a contour chamfer

Next, you would like to add a chamfer to the contour. Mastercam has
contour toolpath options that let you easily create a chamfer by specifying
some simple dimensions. You will create a separate operation for the
chamfer that uses a chamfer tool. You will learn the following skills:

¢ Creating 2D chamfer operations

¢ Using the Verify feature to preview stock removal

> Creating the chamfer operation

You will create the chamfer operation in the same way that you
created the finishing operation in the previous exercise, by copying an
existing operation and editing its parameters.
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o

A S B S

10.

11

. Press [Alt + O] to open the Operations Manager.

Make a copy of the Finish operation and name the copy Chamfer.
(See page 45 if you don't remember how to do this.)

Choose the Parameters icon for the new Chamfer operation.
Choose the Tool parameters tab.

Select the 10 mm HSS chamfer mill from the tool library.
Choose the Contour parameters tab.

In the Contour type drop-down list, select 2D chamfer.
Choose the Chamfer button.

Enter 1 for the Width, and 2.5 for the Tip offset. Your selections
should match the following picture.

Chamfering

Width |1-D

Tip offset |2-5

Cancel | Help |

Choose OK to return to the Contour parameters dialog box.

. Enter 0.0 for the Depth, and choose Incremental. The actual

cutting depth achieved by the chamfer mill is determined by the
width and tip offset you entered in step 9. Your contour settings
should match the following picture.
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Tool parameters Contour parameters |
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i Linearization
¥ Rapid retract tolerance

Top of stock. .. | ID.D tax. depth

& Absolute ) |ncremental

0025

d comners | Sharp hd
Feed plane... |2.E| afaun
‘ 4' V¥ Infinite look ahead

vanance

1118

1 stock

to leave

£ stack

to leave
Cantour bype: |2D chamfer j N Multigasses...l I~ Leadiﬂ.n’out...l
Charnfer ... | Eramm..... Hem_achining...l r Dept_hc:uts...l r Flter.. |

Ok I LCancel | Help

12. Choose OK to return to the Operations Manager.
13. Choose Regen Path to create the toolpath.

> Using the Verify feature to preview stock removal

In previous exercises, you used the Backplot function to preview
toolpath motion. In this exercise, you will use the Verify function in
the Operations Manager instead. This function gives you a better
picture of the 3D part.

1. While inside the Operations Manager, choose Select All so you
can verify all the operations.

2. Choose Verify.

3. Choose the E button to set the Verify configuration.

4. Enter 0 for the Z-Max point. Your values should match the
following picture.
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Yerify configuration: Current MC9

oty |
T m__
-

5. Choose OK.

6. Choose the ’i button. The part should look like the following
picture.
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7. Choose the | %] button on the Verify toolbar to end the Verify
session and return to the Operations Manager.

8. Choose OK to close the Operations Manager.

Exercise 3 — Mirroring the part and toolpath

You are required to manufacture both left-hand and right-hand versions of
the part. You can do this by mirroring the part and toolpath. This lets you
maintain the original toolpath parameters and machining direction for all
the operations, ensuring that the duplicated part has the identical finish
and size as the original. In this exercise, you will learn the following
skills:

¢ Creating mirror images of parts and toolpaths

¢ Re-ordering operations in the Operations Manager for

greater machining efficiency

> Mirroring the part

1. Press the [Page Down] key several times to zoom out from the
part.

2. Right-click anywhere in the graphics window and choose
Dynamic Pan from the menu.

£ 00 wWindaw
Unzoom 50%

Diynamic Spin

Dyramic Zoom [!

Fit zcreen
Bepaint

Top
Front
Side
lzometric

v AutoHighlight
v AutoCurzor
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3. Click and drag to the right until the part is at the right edge of the
screen.

Click again to exit dynamic panning.

Press [F9] to display the coordinate axes.

Choose Main Menu, Toolpaths, Next menu, Transform.
Choose Toolpath Group 1. This selects all the operations.
Choose Type—Mirror.

A P I AT A

Choose Create new operations and geometry. Make sure your
other selections should match the following picture.

Transform Operation Parameters EHE

Type and Methods | Translatel Hotatel Mirrar |

T Source Operations
E‘"'EE Toolpath Group 1 ¥ Create new operations and geometns
) Trersito B @ 1 - Contour (2D] - Rough ™ Keep this transform operation
r Tao| | plare [-@#] 2 - Contour (2D) - Finish P ?
it il - . . .
- Ig) ) 7] 3 - Contour (2D charnfer] - Chamfer ™ Copy source operations
Figfitts [isable posting it selested
& Miror SOUTEE DEEratiins:
™ Subprogram
~Method—————— & Ehsoiite £ [heremerita
" Tool plane = Wk affset numberg
' Coordinate & [0

) W Eirtait souree operation s
— Group MCI output bpy———

) Lesiarnew
' Dperation order
Stk IU
r igue Comment
subpragrams ;I [rerement IU
" Operation tupe LI = | Fatchexisting offsets

oK I LCancel Help

10. Choose the Mirror tab.

11. Choose Reverse toolpath. The original toolpath used climb
milling; selecting Reverse toolpath means that the mirrored part
will also use climb milling, so the finish on both parts will match.

The Mirror tab should match the following picture.
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Transform Operation Parameters

12. Choose OK. The part and toolpaths should look like the following
picture.

ss%
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> Reordering operations to minimize tool changes

Because you selected Create new operations and geometry when
you mirrored the part, Mastercam added three new operations to the
operations list: a separate roughing, finishing, and chamfering
operation for the mirrored part. The way the operations are ordered
now, Mastercam will rough the first part, then finish and chamfer it
before roughing the second part, resulting in unnecessary tool
changes. In this procedure, you will rearrange the operations so that
the roughing, finishing, and chamfering operations are grouped to
minimize tool changes.

1. Press [Alt + O] to open the Operations Manager, and scroll down
to the bottom of the list. You can see the new operations 4, 5, and

6.

i? j Operations Manager

E Dperationz, 3 selected

4

o =] C:'\MCAMS\MILL'\NCI\ELBD‘;'
=-E% 3 - Contaur (2D chamfer] - Charfe

----- 1 Parameters

----- ¥ 47 -M12.00 CHAMFER MILL
g Geometry - (1] chainz)

----- E CAMCAMIWMILLANCINELR O
4 - Contour [201] - B ough
----- (3 Parameters

----- ¥ 43-M25.00 ENDMILLT FLA
m Geometry - (1] chain(z)

----- E CAMCAMIWMILLWNCINELB O

[=I-f@8®% 5 - Contaur [20] - Finish

----- B3 Parameters

----- ¥ t4-M10.00 ENDMILLT FLAT
Geometry - (1] chain(z]

----- B CAMCAMIWMILLYNCINELB O

[=-f##% 6 - Contour [2D chamfer] - C

----- 21 Parameters
----- ¥ #7-M12.00 CHAMFER MILL
m Geometry - (1] chain(z)

----- E CMCAMIMILLHCINELE O
b

el

EE
Select &l
Regen Path
Backplot
Werify

Fost

dilddds

Highteed

Help

({A%

2. Click and drag the corner of the Operations Manager window as
shown in the preceding picture to make it larger, so you can see
all the operations.

3. Click on the second rough operation (Operation 4) and drag it on
top of the first rough operation.
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4. Click on the second finish operation and drag it on top of the first
finish operation. Your operations should be in the following
order.

i# i Operations Manager

| B Operations. 1 zelected Select Al |
== 1 - Contour (20 - Rough ;l Regen Path |
----- 3 Parameters
----- ¥ #3-M25.00 ENDMILLT FLAT Backplot |
Geometry - 1] chain(z)
----- £ C\MCAMBMILLANCINELED Werify |
== 2 - Contour [20] - Rough
----- 57 Parameters Post |
----- # #3-M25.00 ENDMILLY FLAT
Geometry - 1] chain(s) Highfeed |

----- B CAMCAMINMILLANCINELR DY
== 3 - Conkour [201] - Finish

----- 1 Parameters

----- # 4. M10.00 ENDMILLT FLAT
Geometry - 1] chain(z)

----- % CAMCAMSLMILLYHCINELB DY
4 - Conkaur [207] - Finizh
----- 21 Parameters

----- # 410,00 ENDMILLT FLAT
Geometry - 1] chain(s)

----- B CAMCAMINMILLANCINELR DY
-2 5 - Contour [2D chamfer] - C
----- 1 Parameters

----- # #7-M12.00 CHAMFER MILL
Geometry - 1] chain(z)

----- % CAMCAMSLMILLYHCINELB DY
== 6 - Conbaur (20 chamfer) - Chamfe

----- 21 Parameters

----- # #7-M12.00 CHAMFER MILL
Geometry - (1] chain(s)

----- B CAMCAMIWMILLAWNCINELB OV

a | e Help
Choose Select All, Backplot.

6. Choose Run. You should see the operations machined in the
proper order.

i)

7. When the backplot is finished, close the Operations Manager and
save the file.

In this chapter, you saw how to mirror parts and toolpaths. In the next
chapter, you'll learn techniques for rotating geometry and operations
around a center point so you can easily draw and machine circular parts.
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5 Rotating Geometry and Toolpaths

This chapter builds on the skills learned in previous chapters by focusing
on a circular part, showing you techniques for orienting and rotating
geometry around a center point. After you create the part, you will learn
how to rotate toolpaths as well.

Exercise 1 — Creating the geometry

In this exercise, you will design a wheel with three symmetrical slots as
shown in the following blueprint. You will use the following skills:

¢ Creating arcs, tangent arcs, and lines

¢ Rotating geometry

¢ Trimming geometry
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> Creating the inner and outer circles
1. Ifnecessary, create a new file. Choose Main Menu, File, New.
2. Choose Main Menu, Create, Arc, Circ pt+dia.
3. Enter 200 for the diameter.
4. Press [O] to select the origin for the center point.
Note: Press the letter "O," not zero.
Press [Esc] and re-select Cire pt+dia.
Enter 40 for the diameter of the inner circle.
Press [O] again to select the origin for the center point.

Press [Esc] to exit the Create Arc function.

A S AN

Right-click anywhere in the graphics window and choose Fit
screen from the menu.

4 Creating construction lines for the slot

To rough out the slot, begin by defining the vertical edges, then
rotating to the proper position.

1. Choose Main Menu, Create, Line, Vertical.

2. Select at position 1 then at position 2 (these are only approximate
positions) to draw the construction guide.

3. Enter 10 for the X coordinate of the line.
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4. Create a second vertical line by selecting near positions 1 and 2
again.

5. Enter —10 for the X coordinate of the line. The part should look
like the following picture.

6. Next, you will rotate one of the lines to form the other edge of a
slot. Choose Main Menu, Xform, Rotate.

7. Select the left line.
8. Choose Done, Origin.
9. Choose Operation—Copy.

10. Enter a Rotation angle of 120. Your values should match the
following picture.
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Rotate Ed |

Operation
" Move
' Copy
" Jain

[T Use constuction attributes

Mumber of steps: I-I
I—

R otation angle: 1200

LCancel | Help |

11. Choose OK. The line should rotate as shown in the following
picture.

> Creating the arcs for the slot outline

Create the inner and outer curves along with the fillet arcs for one of
the slots.
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b=

Choose Main Menu, Create, Arc, Polar, Sketch.
Press [O] to select the origin as the center point.
Type in the radius of the outer arc: 80

Click near positions 1 and 2 in the following picture to locate the
approximate starting and ending angles of the outer arc.

N

1

Note: Mastercam measures all arcs in a counterclockwise
direction. The 3 o'clock position = 0°.

To create the inner arc, type [O] again to locate its center point at
the origin.

Enter its radius: 40

Click near positions 3 and 4 in the previous picture to locate the
arc's endpoints. The part should look like the following picture.
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8. Now create 12 mm fillets at the four corners of the slot. Choose
Main Menu, Create, Fillet, Radius.

9. Enter 12 for the radius.

10. Click on the positions shown in the following picture in order.
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The part with the fillets should look like the following picture.

> Completing the first slot

To complete the first slot, you need to create the flat edge on the
outside radius. First you will create the horizontal line. Then you will
rotate it into position and create the arcs that connect it to the slot.

1. Choose Main Menu, Create, Line, Endpoints.
2. Enter the coordinates for the first endpoint: —12.5, 75

3. Enter the coordinates for the second endpoint: 12.5, 75. The line
should look like the following picture.
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Choose Main Menu, Xform, Rotate.
Select the horizontal line you just created.
Choose Done, Origin.

Choose Operation—Move.

© =N »n ok

Enter a Rotation angle of —120. Your values should match the
following picture.

Rotate HE

Operation
& Move
' Copy
" Jain

™ Use constuction atributes

Mumber of steps: |1
Rotation angle: |-1 20.0

9. Choose OK. The line should rotate into position as shown in the
following picture.
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10. Zoom in on the new line. Right-click anywhere in the graphics
window and choose Zoom window. Click once near position 1
and then near position 2.

/1
(\ﬂ
J/

2
I

.

B

11. Choose Main Menu, Create, Arc, Tangent, Point.
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12. Select the arc at position 1.

13. Select the endpoint of the line at position 2.

—_—

2

N

1\

14. Enter the radius of the arc: 12

15. Since there are several possible arcs through the endpoint of the
line and tangent to the arc, Mastercam asks you to select the one
you want to keep. Select the arc at position 1.

16. Repeat steps 12—15 to create the arc at the other endpoint of the
line.

17. Use Mastercam's Trim function to delete the segment of the outer
radius between the two arcs. Choose Main Menu, Modify, Trim,
Divide.

18. Select the arcs at positions 1, 2, and 3 as shown in the following
picture.
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19. Delete the construction line shown at position 4. Press [Page
Down] to unzoom, if necessary.

> Creating the other slots by rotating the first slot

Now that you've created the first slot, copy and rotate it about the
center point to create the other two slots.

Fit the part to the screen.

Choose Main Menu, Xform, Rotate, Chain.
Click anywhere on the slot.

Choose Done, Done, Origin.

In the Rotate dialog box, choose Operation—Copy.
Enter 2 for Number of steps.

A o e

Enter a Rotation angle of 120. Your values should match the
following picture.
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Rotate Ed |

Operation
" Move
' Copy
" Jain

[T Use constuction attributes

Mumber of steps: I2
I—

R otation angle: 1200

LCancel | Help |

8. Choose OK. The part should look like the following picture.

9. Save the file in your working folder as slotted wheel.mc9.
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Exercise 2 — Cutting the slots

In this exercise, you create a toolpath to cut the slots. You will cut around
the inside contour to cut the slot out completely, instead of cutting it as a
pocket. You will create a toolpath for the first slot, and then add the other
slots to it. You will learn the following skills:

¢ Cutting an inside contour

¢ Adding more geometry to an existing toolpath

> Creating the toolpath
1. Choose Main Menu, Toolpaths, Contour.
2. Select the start point for the chain at position 1.

—

The chaining direction arrow should point counterclockwise. If it
doesn't, choose Reverse from the menu.

Choose Done.

4. Right-click in the tool display area and choose Get tool from
library.

5. Select the 10 mm HSS flat endmill from the tool library.
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6. Select the Contour parameters tab.

7. Enter a Depth of —15. (The part is 12 mm thick, and you will cut
through an additional 3 mm.) Your other parameters should match
the following picture.

[Ehanter...

8. Select the Lead in/out check box and button.
9. Enter 0 for Entry Line-Length.
10. Enter 12 for Entry Arc—Radius.

11. Choose the button to copy the entry arc dimensions to the
Exit section.

12. Enter an Overlap of 5. Your values should match the following
picture.
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Lead In/Out HE
™ Enter/esit at midpaint in closed contours
. . Owerlap: |5-D
ouge check entrydexit motion
G heck enty/esit mot
v —Entmy v —Exit
r Line rLine
" Pependicular % Tangent " Pempendicular % Tangent
Length: 0.0 s ID.D Length: 0.0 %

Ramp height: ID.D Ramp height:
—Arc _I-> &

= = =
ra =} =}
o

R adius: 1200 4 |1 20 R adius: 1200 4
Sweep: 0.0 Swieep: 0.0
Helix height; IU.U Helix height; ID.D
[ Use entry point ™ Use exit point
I | W= point desth I | W= poitt desthy
[ Enter on first depth cut anly ™ Exit on last depth cut only
ok | Lancel | Help |

13. Choose OK twice. The toolpath should look like the following
picture.

Mastercam Version 9 Mill/Design Tutorial 75



Chapter 5

> Adding the other slots to the toolpath
1. Choose Operations to open the Operations Manager.
2. Choose the Geometry icon for the toolpath.

|
Regen Path

EEE Toolpath Group 1
=831 - Contour [20]

Backplat
f#1 - M10.00 ENDMILLT FLAT -
[Jeametry - [1] chainlz) Werify
= CAM AMILLYMCINSLOT TEL
Post

i

3. Right-click on Chain 1 and choose Add chain from the menu.
.ﬁi i I Select |
Change zide !

Rechain all
Rechain all af zalid
Rezpnc all
Analyze all

Delete chain
Bewerze chain

Rechain single
Start point

i

Change at point... Help
Fename
Analyze single
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4. Click on locations 1 and 2 in the following picture to add the
other two slots to the toolpath. After selecting each slot, the
chaining arrow should be pointing counterclockwise. If it does
not, choose Reverse from the menu1

5. Choose Done. The Chain Manager displays the chains for all
three slots.

I

Help

6. Choose OK.
7. Choose Regen Path.
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8. Choose OK after the toolpath has been regenerated. It should look
like the following picture. You can see how Mastercam has
automatically replicated the lead in/out moves in each of the other
slots.

Exercise 3 — Rotating a toolpath

The part shown in the following picture has 30 identical slots. In this
exercise, you will create a toolpath for a single slot and, instead of rotating
and copying the slot, you will rotate the toolpath. Using this approach to
machine the other slots means that you don't have to create geometry for
them.
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S
=

S

You will learn the following skill:
¢ Transforming and rotating toolpaths

> Creating the toolpath
1. Open the file rotation-mm.mc9.

2. Choose Main Menu, Toolpaths, Contour.
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3. Select the start point of the chain at position 1. The chain
direction should be counterclockwise.

v

4. Choose Done.

5. Select a 6 mm HSS flat endmill from the tool library.
6. Choose the Contour parameters tab.
7

Enter a Depth of —6. The rest of the parameters should match the
following picture.
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o= U]

8. Choose the Multi passes check box and button.

9. You will create a single roughing pass and a single finishing pass.
Enter 1 for the Roughing passes—Number and 1.5 for Spacing.

10. Enter 1 for the Finishing passes—Number and 1 for Spacing.

11. Select Keep tool down. Your values should match the following
picture.
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12.
13.
14.

15.
16.
17.

18.

Multi Paszes H |

— Foughing paszzes

Hurnber

Spacing 1.5

— Finizhing pazzes

M urnber

10

Spacing 1.0

— Machine finish pazses at
™ Final depth i il depthe

Choose OK.
Choose the Lead in/out check box and button.

Select the Enter/exit at midpoint in closed contours check box.
This ensures that the entry and exit move will take place in the
middle of the slot, instead of at the narrow end where there isn't
enough room.

Enter 0 for the Entry Line—Length.
Enter 3 for the Entry Arc—Radius.

All you need for an entry arc is a partial arc, so enter 45 for the
Entry Arc—Sweep.

Choose the _>| button to copy the entry arc dimensions to the
Exit section. Your values should match the following picture.
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Lead In/0ut
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Sweep: 450
Helix height; IU.U

™ Use entry point
[ Use paoint depth
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EHE
Owerlap: ID-D
p —Exit
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Sweep: 450
Helix height; ID.D
™ Use exit point

[T Use point depth

™ Exit on last depth cut only

ok | Lancel |

Heb |

19. Choose OK twice. Mastercam generates the toolpath shown in the

following picture.

20. Choose OK to close the Operations Manager.

> Rotating the toolpath

1. Choose Next menu, Transform.

2. Choose Type—Rotate.

3. Choose Method—Coordinate. This means that each rotated
toolpath will be generated by calculating the coordinates of each
slot within the same plane, rather than by shifting the orientation
of the tool and part for each successive slot.
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Your selections should match the following picture.

Transform Operation Parameters [ 2] x|

Type and Methods |Translate| Hotatel tirrar I

~Type—————  Fource Operations
E‘"'EE Toolpath Group #1 [T Create mew operations and geornetry
€ Translate - )

- 2D ]

I Keen thifs ransf o aperation

Tjao plans

gt el
= £ Y ™ Copy source operations
+ Ratak . .

oiis Dizatle posting i selested
© Minor SOUTEE GEETAtETE
™ Subprogram
~Method—————— & Ahsalute = [reremerita

" Taal plane = Wt oifset numbEritg
& Coordinate "

) i Eirtait sounze aperation
= et Sl autput B ———

€1 ssian new
) [ peration arder
Start ID
r [ riaue Camment
subprogranms :I |RErement IU
¥ Wperation e LI = | Watch existing|offeets

DK I LCancel Help

Choose the Rotate tab.
Choose Origin for the Rotate point.
Enter 29 for the Number of steps.

NSk

Enter a Start angle of 12 and a Rotation angle of 12
(because 360° + 30 = 12).

8. Choose OK. The toolpath should look like the following picture.
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original slot
with geometry

You can see in the preceding picture that no new geometry has
been created for the new slots; only the original slot has the
geometry. All of the tool movements for the 29 other slots are
contained in the single Transform operation as shown in the
following picture.

i#j Dperations Manager [ 7]

[ 2 Dperationsz, 1 selected Select &l

E---EE Toolpath Group 1 RBegen Path |
=% 1 - Contour [20)
{21 Parameters Backplat |
© @ #1-MEDDEMDMILLY FLAT - 6 ——
- SR kil Werify |
------ CAMCAMIMILLANCINROTETHS
< =¥.%2 - Transform by Coordinate - H Post |
------ 1 Parameters
- | b WMCIVAOTATIC Highfeed |

9. Save the file as rotation1.mc9.

Mastercam Version 9 Mill/Design Tutorial 85



Chapter 5

> Rotating the part with an indexer

The previous procedure assumes that the part remains stationary on
the table and the tool moves around it. This procedure shows you how

to cut the multiple slots when you are using a rotary indexer to rotate
the part.

1. Press [Alt + O] to open the Operations Manager.

2. Choose the Parameters icon for the Transform operation.
3. Change the transform method to Tool plane.
4

Select the Subprogram option. Make sure that Incremental is
selected. Your selections should match the following picture.

Transform Operation Parameters [ 2] %]

Type and Methods |Translate| Hotatel Mirrar I

~Type————————————— Source operations
EEE Toolpath Group 1 ™ Create new operations and geametry
' Translate =-f87] 1 - Contour [20] r : _
Tool plane K.eep this tranzform operation
Sl ™ Copy source operations
' Rotale r [Diizable postin_g in zelected
| Mirror e operations

mpu] (=)

% Incremental

% Tool plane —Work offset numbering

& 0ff

' Maintain source operation's
r— Group MCI output by——

 Assign new
¢ Operation order
Start ID
r Lnique Comment
subprogrars ;I Increment IU
¥ Operation type LI ™ Match existing offsets

Ok I LCancel | Help |

Note: Some posts may not support subprograms. If your post does
not, leave the Subprogram option unchecked.

Choose OK.
6. Choose Regen Path.
7. Choose Select All, Post.
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8. Ifnecessary, choose Change Post and select the proper post for
your machine.

9. Make sure your other values match the following dialog box and
choose OK.

Post processing
hetvepost I
[MPFAN.PST

MCT file
[~ Save NCI file I~ Edit
= Ovenarite
{7 bk
— M file
¥ Save NCfile Iv Edit
" Ovenite ML extension
¥ dsk .nc
~Send
[~ Send to machine Comrn... |
QKl Cancel | Help |

10. When prompted, save the NC file as indexer.nc in the default
folder.

11. When the NC program appears in the editor window, scroll down
until you see the lines shown in the following picture. You can
see the A codes used to increment the indexer.

Mastercam Version 9 Mill/Design Tutorial 87



Chapter 5

N1408X76 .94R3.734
H14261%36._138Y _15

H14463Y- . 15R . 151

N14661556 .539Y-1.935

H148E3558 _729Y-1.245R3 .

N158G68258. /
N152B55556 . 67Y- 4412508 _A12.
H154H98P 0001
NZB2B9BE56X56 .67Y- . 441250, A24.

N2 B4HM98P BB 01
N252B90E57X56 .67Y— . 441250, A36.
N254H98P 8001
N3B2G90E58X56 . 67Y— . 441250, A48.

N2 O4HM98P 0001
H352G9BE59X56 67Y— . 441250, A60.
N354HM98P 0001
N4B2B90E54 . 1P1X56.67Y- . 441250072 .
N404HM98P 0001
N4S2ER90E54 . 1P2X56.67Y- . 441250 A8Y .
H4S4HIS8P 001
N5B2E90E54 . 1P3556.67Y- . 441250.A%96 .
N5 B4H98P 8001

1| I

12. Close the editor window.
13. Choose OK to close the Operations Manager.
14. Press [Alt + A] to save the file.
You've now seen a number of techniques for creating 2D geometry and

toolpaths. The next chapter introduces you to creating 3D geometry and
toolpaths.
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6 Creating Drill Toolpaths

Mastercam includes many types of drill toolpaths and offers many
different techniques to create them. This chapter introduces you to some
basic techniques. The first exercise shows you how to construct a simple
drill toolpath by selecting arcs. In the second exercise, you will change
one of the arcs and regenerate the drilling operation. The third exercise
shows you how to drill at different depths and combine multiple drilling
operations on the same holes.

Exercise 1 — Creating a basic drill toolpath

This exercise introduces to some basic techniques for creating drill
toolpaths. You will learn the following skills:

¢ Using a mask to select arcs for the drill toolpath
Sorting points to set the drilling order
Filtering the tool library
Creating the drill toolpath

L R R 2

You will create the gasket shown in the following picture.
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> Creating the drill holes
1. Choose Main Menu, File, Get.

2. Open the file gasket-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

Choose Main Menu, Create, Arc, Circ pt + dia.
4. Enter a diameter of 6 in the prompt area.

Mastercam prompts you for the center point of the first 6 mm arc.
Since you want to locate the new arcs at the center of the arcs that
are already in the drawing, press [C], then select the arc as shown
in the following picture. Mastercam automatically places the new
arc at the center.

6. Repeat steps 4 and 5 for each of the remaining arcs shown in the
following picture.
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Tip: To avoid having rg
to press [C] for every
arc, right-click in the i

graphics window and

turn off AutoCursor. \A

Be sure to turn it on A/
again when you are

through. \A

@ \_/V\

Your part should now look like the following picture.

7. Press [Esc] to exit the Create Arc function.

> Choosing holes for the drill toolpath

To specify which arcs will be the drill holes for the toolpath, you will
use the Mask on arc feature. This lets you select an arc in your
drawing and have Mastercam automatically choose all the arcs that
match it.

1. Choose Main Menu, Toolpaths, Drill.
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2. Choose Mask on arc.

3. Select any of the 6 mm holes.

4. Press [Enter] to accept the default tolerance value.

5. Choose Window.

6. Click above and to the left of the part, and drag a rectangle that
encloses the whole part. Click at the lower-right corner.

7. Choose Done. Mastercam selects all the 6 mm holes.

The lines joining the holes show the order in which they will be
drilled. To select a more efficient pattern, choose Options.

9. Choose the Point to Point sorting button as shown in the
following picture.

Point Sorting HE
2D sort | Rotary sortl Cross sortl
— Sort Method
= - Lo 5 » LT - L
ERrEY B PR N PR B TRt
Lty W E ] N EEEEY N
e N N R
ASCES I EC N AR I TR
L L . .
e N D N
TR I O N AR I TR T
L ] N B
2+ [ o+ [+ ][5
LTRSS W ORI T Tt
3+ - -;[1- - o
45 o~
T
by
\—/+ = Start paitt
¥ Draw path
¥ Filter out duplizates
Ok I LCancel | Help |

10. Choose OK.

11. When Mastercam prompts you to select the starting point, select
the arc in the lower-left corner. The holes should be sorted as
shown in the following picture.
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starting point ' 9

12. Choose Done.

> Using the Tool Library filter to select a tool

As soon as you choose Done in the previous procedure, Mastercam
automatically displays the Simple drill — no peck dialog box where
you can select a drill and set other drill parameters.

1.

Right-click in the tool display area and choose Get tool from
library.

Choose the Filter button.
Choose the None button to cancel the current filter setting.

Choose the Drill button as shown in the following picture. This
means that when you return to the Tools Manager window, you
will see only drills, making it easier to select the proper tool.
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Tool List Filter

— Tool Types —Too
lgr

I —Rad

I '7

lr —Too

Operation masking Unit masking

IUsed by operations j IND unit magking j

Beszet all |

5. Choose OK.
6. Select the 6 mm HSS drill and choose OK.

> Setting the drilling parameters
1. Choose the Simple drill — no peck tab.

2. Enter —6 in the Depth field. Your other values should match the
following picture.
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[ _ Carence.. | |

- Dill/Counterbore
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| EE-

3. Choose the Tip comp check box and button.

4. Make sure your values match the following picture and choose
OK.

Dll tip compensation

5. Choose OK again. Mastercam generates the drill toolpath.

. Choose the green Gview—Isometric button from the toolbar to see
the toolpath more clearly. It should look like the following

picture.
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7. Choose Main Menu, File, Save and save the part in your working
folder as new gasket.mc9.

Exercise 2 — Changing the size of a drill hole

Your customer told you that one of the drill holes needs to have a 12 mm
diameter instead of a 6 mm diameter. One way to do this is to delete the
hole and create a new hole in its place. Then, create a new drill toolpath
for the new hole with a larger drill. Because each operation in Mastercam
can have only a single tool, the different drill size requires a new
operation. In this exercise, you will learn the following skill:

¢ Creating a new drill toolpath for a different size hole

> Drawing the new hole
Delete the existing hole, then draw the new one in its place.

1. Choose the green Gview—Top button to switch out of isometric
view.

W
% 2. Choose the Delete button from the toolbar.

3. Select the arc shown in the following picture.
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4. Choose Yes when you see the following warning message.

Deleting a referenced entity! |

@ Geometry 1z uzed in a toolpath ar named wiew. Are pou sure’?

Choose Main Menu, Create, Arc, Circ pt+dia.
6. Enter a diameter of 12.
7. Press [C] and select one of the arcs which surround the location of
the deleted arc.
Creating the drill toolpath for the new hole
Choose Main Menu, Toolpaths, Drill, Manual.
Press [C] and select the new 12 mm hole.
Press [Esc].
To select the start point, select the 12 mm hole again.
Choose Done.
Select the 12 mm HSS drill from the tool library.

A o

Choose the Simple drill — no peck tab.
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8. Make sure the drill parameters match the following picture. They
should be the same values you entered for the first drilling
operation.

[ _ Clsance.. | |

" Dnll/Counterbore

o8
=
o |
+ -
_spas [T
O -

Note: Mastercam automatically calculates a new tip comp for the
new 12 mm drill, so you do not have to choose Tip comp again.

9. Choose OK. Mastercam calculates the drill toolpath for the new
hole.

10. Choose Operations. You should see two toolpaths listed. The
first toolpath is marked with a red X, as shown in the following
picture. This means that it needs to be regenerated. Because you
deleted a hole, the toolpath has to be updated.
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11. Click on the first operation to select it. The blue check mark on
the folder tells you that it is selected.

iﬁ i Operations Manager

2 Operations, 1 zelected, 1 need regen

oo
El"'D_J:I

Toolpath Group #1

£2 1 - Simple diill - no peck

-2 Parameters

W #1-MEO0DRILL - & DRILL HSS
B\Gi=ometry - (8] point(s)

0 bd Csbd SARAILL M CTGASKE T -hiibed |
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g Geometmy - [1] paint(z)]

BB CAMCAMIWMILLAHCINGASKET M|

Select Al
Fegen Path
Backplat
Werify
Post

Highfeed

dudid

12. Choose Regen Path to regenerate the toolpath.

> Backplotting the toolpaths

5%

1.

2.
3.
4

Choose Select All.
Choose Backplot.

Choose the green Gview—Isometric button from the toolbar.

5. Choose OK when the backplot is done.

6. Choose Backup to return to the Operations Manager.

Press [S] to step through the toolpaths. The completed toolpaths
should look like the following picture.

7. Choose OK to close the Operations Manager.
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8. Press [Alt + A] and choose OK to save the file.

Exercise 3 — Drilling at different Z depths

Some parts require you to drill holes starting at different Z depths. With
Mastercam, you can select all the points at one time even if they lie at
different Z depths, and you can include them in the same drilling
operation. In this exercise, you will see how to use incremental values to
set the drilling parameters so that you only need to create one set of
parameters for all the holes.

Also, in this exercise, you will perform multiple drilling operations on
each hole. First, you will predrill the holes with a center drill. Then, you
will drill the holes to their proper dimension. You will learn the following
skills:

¢ Creating a drill toolpath for multiple Z depths

¢ Using incremental values to set drill parameters

¢ Predrilling holes

¢ Using viewports to look at your part from several angles

> Predrilling with the centerdrill
1. Open the file tab-mm.mc9.
2. Choose Main Menu, Toolpaths, Drill, Window pts.

3. Click above and to the left of the part and drag a window as
shown in the following picture. Click the mouse when done.
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4. Mastercam prompts you to select a starting point. Select the point
shown in the following picture.

The drill order should look like the following picture.
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Note: If your drill order doesn't match the preceding picture,
choose Options from the menu, and choose the Point-to-point
sorting method as shown in the following picture.

Point Sorting
2D sort | Fiatary sortl Crozs sortl
— Sort Method
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LY I St I ECREEREH I TR T
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o= =Start paint

¥ Draw path
W Filter out duplicates
Ok I Cancel | Help |

Then, select the starting point as shown above.
5. Choose Done.
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6. Choose the 5 mm HSS center drill from the tool library. If
necessary, clear the Filter active check box to see the center
drills.

7. Choose the Simple drill — no peck tab.

8. Select the Clearance check box and enter 6. Make sure Absolute
is selected. Because the holes are at different Z depths, it is
important to have an absolute clearance plane distinct from the
retract height to ensure that the drill will clear all areas of the part
as it moves from hole to hole.

9. Change Retract to Incremental and enter a value of 2.

10. Change Top of stock to Incremental. This means that the top of
stock for each hole will change according to its Z depth. Since the
depth and retract are also incremental, those values will be
measured from the top of stock and will therefore also change
with each hole's Z depth.

11. Enter a Depth of -2 and choose Incremental.
12. Choose the Tip comp check box and button.

13. Enter a Breakthrough amount of 0. Your values should match
the following picture.

Dirill tip compensation

Tool diameter 5.0

Ereakthrough l—
amaurk -

<>:f

Tip length fEaE

Tip angle 90.0

L

Cancel | Help

14. Choose OK.

15. Verify that your values match the following picture.

Mastercam Version 9 Mill/Design Tutorial 103



Chapter 6

| | Cesance. [0 |

- Drll/Caunterbore

r
R o
SR o

16. Choose OK to generate the drill toolpath. It should look like the
following picture.
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® Drilling the holes

To create the second drill toolpath, you will copy the first drilling
operation and edit the parameters.

1. Choose Operations.

2. Right-click on the drilling operation, drag it down as shown in the
following picture, and release the mouse.

i; j Operations Manager EH

[ 1 Operations, 1 selected Select Al

EEE Toolpath Group 1
=R 3 1 - Simple diill - no peck
: L[] Parameters EBackplot
¥ i -MEO0CENTER DRIL
Geometry - [10) point(z] Werify
B CAMCAMIMILLANCIAT AL

BRegen Path

Post

- Simg & diill - no peck
Highteed

i

3. Choose Copy after from the menu.

4. Choose the Parameters icon for the second toolpath.

i; j Dperations Manager

[ 2 Operations, 1 selected Select Al
=88 Toolpath Group 1 Biegen Path
=82 1 - Simple drill - no peck —
i Parameters Backplat
. #1-M5.00CENTER DRIL
E Gearnetry - [10] paint{z] Werify
% CMCAMIWMILLAWHEINT AL

Eﬁ 2 - Simple drill - no peck Post
1 pp-[1 Paametess :
.. # 1 -M5.00 CENTER DRIL Highteed

E Geometry - [10] point(z]
BB CAMCAMSMILLANCINT AR

-

Choose the Tool parameters tab.
Select the 6 mm HSS drill from the tool library.
Choose the Simple drill — no peck tab.

® =N o w

Change the Depth to —10. Your drill parameters should match the
following picture.
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9. Choose Tip comp.
10. Enter a Breakthrough amount of 1.
11. Choose OK twice.

12. Choose Regen Path. Mastercam regenerates the second toolpath.

> Backplotting with viewports

Now you can use the Viewports function to backplot the toolpaths.
Viewports are display layouts that combine different part views on
the same screen. The different views update simultaneously, making
this feature ideal for backplotting toolpaths.

1. Choose Select All.
2. Choose Backplot.
3. Press [Alt + W].
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4. Choose the viewport indicated by the following picture.

Viewports HE
|,
il ==
| ] [ |
I [
-. N
| |
0K | Cancel | Help |

5. Press [S] to step through the toolpaths. Your screen should look
like the following picture.
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Press OK when Mastercam tells you the backplot is finished.

6
7. Choose Backup to return to the Operations Manager.
8. Choose OK to close the Operations Manager.

9

Save the file in your working folder as drilled tab.mc9.

You've now seen a number of techniques for creating 2D geometry and
toolpaths. The next chapter introduces you to creating 3D geometry and
toolpaths.
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7 Working in 3D

This chapter guides you through the design of a 3D wireframe part. You
will use Cplanes and the View Manager to work on the part in different
3D orientations. In the final exercise, you will create a drill toolpath to
drill upwards into the part from the bottom. The part you'll be creating is
the housing shown in the following picture. The top edge is defined by a
3D contour, and there are four small mounting holes on the bottom edge.

/‘_—ﬁ\

/

/
(
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Exercise 1 — Creating 3D geometry

In this exercise, you will use many of the same drawing techniques you
used in previous chapters and exercises, but this time in 3D. You will
learn the following skills.

¢ Orienting geometry by choosing Cplanes

¢ Orienting geometry by setting the Z depth

The following pictures show the dimensions of the 3D contour. For
clarity, only the outer boundary of the top edge of the part is shown here.

R 34
R0

N

0 R 24

Tf

47.74
L / ; I
R
> Orienting geometry in 3D

Mastercam uses construction planes (Cplanes) to orient two-
dimensional entities, such as lines and arcs, in 3D space. Cplanes 1-6
align with a face of a cube. All of your work so far has been done in
the Top Cplane, as if you were looking down on the top of the part.
Whenever you switch to a different Cplane, it has the effect of
rotating the XY coordinate plane to align with the selected face. The
Z axis always corresponds to moving towards or away from the part.

5

R 48
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Once you select the Cplane, set the Z depth to tell Mastercam how
deep to create the geometry. All of your work so far has been at a Z
depth of 0. Choose a different Z depth to create new geometry above
or below other geometry.

Complete the steps in this procedure to see the effects of selecting
Cplanes and Z depth before drawing the actual part.

1. If necessary, choose Main Menu, File, New to create a blank
Mastercam drawing.

The Secondary Menu tells you how new geometry will be

oriented:

Z depth

This button tells you the current Z depth
(0.0000). Choose the button to set a
different value. Once you choose the
button, you can either type in a new
value, or select geometry on the screen
to set the Z depth to match the selected
entity.

Gview

This button tells you the current Gview. Often
while creating geometry, you want this to be
the same as the Cplane, but you can change
the Gview to examine the geometry from
different perspectives.

BACKUF

MAIN MENU

Z: 0.0000

Color: 10

Level: 1

Attrihutes

Groups

Mask: OFF

WCS: T

Tplane:0OFF

Cplane: T

Gview: T

Cplane

This button tells you the current
Cplane (T = Top). Choose the
button to select a different plane
from the menu, or use the toolbar
buttons as shortcuts.

2. Choose Main Menu, Create, Arc, Circ pt + dia.

Enter a diameter of 25.

4. Press [O] to locate the circle's center point at the origin. Press the
letter "O," not zero.

Press [F9] to display the coordinate axes.

6. Choose the green Gview—Isometric button from the toolbar to
@ display the circle in 3 dimensions. Your screen should look like
SEE— the following picture.
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10.

11.

Choose the blue Cplane—Front button from the toolbar to change
the Cplane.

Press [O] again to create a new circle with its center point at the
origin. You can see that the center point is the same, but the
second circle is now aligned with the front of the part.

Choose the Z button from the Secondary Menu.

Type —40 and press [Enter]. The new Z depth appears on the
button.

£: 40.000

Press [O] again. Another circle appears with its center point at the
origin. It is aligned with the same plane as the previous circle, but
shifted 40 mm into the part because of the new Z depth, as shown
in the following picture.
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12.

13.
14.
15.
16.
17.

18.

Choose the blue Cplane—Side button from the toolbar to align
new geometry with the left side of the part.

Choose Z and enter 75.

Choose Backup, Circ pt + dia.

Press [Enter] to accept the diameter of 25.

Enter the coordinates X-25,Y10 to create the first circle.

Enter the coordinate X2S5 to create a second circle. The new
circles are aligned with the left face of the part, 75 mm in front of
the system origin, as shown in the following picture.

@
()

Choose Main Menu, File, New to clear the geometry from the
screen. Choose No when prompted to save the file.

Note: After choosing File, New, the Cplane and Gview are reset
to Top and the Z depth is reset to (.
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> Creating the first construction lines

Now that you've gotten a feel for creating geometry in 3D, you can
begin drawing the part. You will begin by drawing the top-front
corner.

1. Press [F9] to display the coordinate axes.

2. Choose Main Menu, Create, Line, Horizontal.
3. Draw the line at position 1.

4. Enter the Y coordinate: —80

Construction origin 2

(0.0) \ /

T—,

Draw the line at position 2.
Enter the Y coordinate: 0
Choose Backup, Vertical.
Draw the line at position 3.
Enter the X coordinate: 0

A S AR

10. Draw the line at position 4.

Tip: If you need more space to finish drawing the line, press the [Down arrow]
key a few times.

11. Enter the X coordinate: 60
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> Trimming the lines
Complete the upper corner of the part by trimming the lines and
adding the fillet.

1. Choose Main Menu, Modify, Trim, 1 entity.
2. Select the lines at positions 1, 2, 3, and 4 in that order.

2

/

PR

AN

% 3. Choose the Delete button on the toolbar.

4. Click on lines 2 and 4 as shown in the preceding picture to delete
them.

Choose Main Menu, Create, Fillet, Radius.
6. Enter the fillet radius: 36

. Click on each of the two remaining lines. When you are done, the
part should look like the following picture.
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> Drawing the front face
In this procedure, you will draw the curve on the front face of the

part.

1. Set the Gview to Isometric.

2. Set the Cplane to Front.

3. Choose the Z button.

4. Select the line shown in the following picture to set the Z depth to

80.

g

5. Choose Main Menu, Create, Arc, Tangent, 1 entity.

6. Select the line again at position 1.
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/ |
2
7. Choose the tangent point by selecting the endpoint at position 2.
Enter the radius of 24.

9. Select the arc shown in the
picture at right.

o

10. Choose Main Menu, Create, Line, Horizontal.

11. Draw the line as shown in the following picture.
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12. Enter a Y coordinate of —47.74.

13. Choose Main Menu, Create, Fillet, Radius.
14. Enter 48 for the fillet radius.

15. Select the arc and line at positions 1 and 2.

/2

16. Select the fillet shown in the following picture.
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X

The part should look like the following picture.

Depending on how you drew
your line in step 11, you might or
might not have the small

segment remaining as shown —_  »

here. This is OK and doesn't
affect the exercise.

> Drawing the bottom edge

To draw the bottom edge, you need to use two Cplanes. You need the
Side Cplane to draw the small arc in the center, and the Top Cplane to
draw the arc which joins it to the front face.

1. Set the Cplane to Top.
2. Choose the Z button.
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3. Select the lower line to set the Z depth to —47.74.

/

4. Choose Main Menu, Create, Arc, Polar, Start pt.

Choose Endpoint. Now when you select geometry, the
AutoCursor will only highlight on endpoints.

6. Select the endpoint of the fillet as shown in the following picture.

7. Enter 50 for the radius.
8. Enter an initial angle of 270.

9. Enter a final angle of 0. The part should look like the following
picture.
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el

10. Delete the line as shown in the preceding picture. Your part
should now look like the following picture.

> Drawing the arc on the side of the part
1. Set the Cplane to Side.
2. Choose the Z button.

3. Press [E] to lock the selection on endpoints and select the arc as
shown in the following picture.
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The Z depth should be 177.79.
4. Choose Main Menu, Create, Arc, Polar, End pt.

Select the endpoint of the arc as shown in the following picture.

/

6. Enter 30 for the radius of the new arc you're creating.
7. Enter 0 for the initial angle.

8. Enter 180 for the final angle. The part should look like the
following picture.
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> Finishing the contour by mirroring the geometry

Now that you've completed half of the contour, you can create the
other half by mirroring what you've already created.

1. Set the Cplane to Top.
2. Choose Main Menu, Xform, Mirror, Chain, Partial.

3. Select the starting point for the chain at position 1.

~—

4. Select the end of the chain at position 2. Notice that the final arc
was not chosen; the selected geometry will fit around it when you
mirror it.

5. Choose Done, Done, X axis.
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6. Choose Operation—Copy.

Wi |

Operation

[~ Use construction attributes
™ Himor label and note text

ok | LCancel Help

7. Choose OK. The completed contour should look like the
following picture.

8. Choose Main Menu, File, Save and save the part in your working
folder as 3D cover.mc9.
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Exercise 2 — Drawing the bottom of the part

In this exercise, you will draw the bottom edge of the part and add the four
mounting holes. The following pictures show you the necessary
dimensions.

You will use the following skills:

¢ Copying geometry with the Translate function
Offsetting a contour
Using dynamic Gviews
Using the View Manager to change the orientation of the
coordinate system.

L K R 4
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¢ Using the new system view to work on the bottom of the part

> Drawing the bottom contour

First, you will project the four corners to the Z depth of the bottom of
the part. Then you will join them with new lines.

1. Choose Main Menu, Xform, Translate, Chain, Partial.

2. Select the endpoint of the corner arc at position 1.

e

The corner of the arc should be highlighted:

el

3. Select the endpoint of the other corner arc as shown in position 2
in the preceding picture. The selected geometry should look like
the following picture.
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4. Choose Done, Done, Rectang.
Enter a translation vector of Z—120.

6. Choose Operation—Join. This tells Mastercam to create
guidelines connecting the copy to the original geometry.

Translate EHE |

O peration
' Move
i~ Copy
& Jain

[~ Usze construction attibutes

Mumnber of steps; I1

ok | LCancel | Help |

7. Choose OK. The part should look like the following picture.
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8. To translate the other corners, choose the arcs at position 1 and 2.
9. Choose Done, Rectang.

10. Enter Z—-72.26.

11. Choose OK at the Translate dialog box.

12. Fit the part on the screen. It should look like the following
picture.

13. Choose the Z button and click on any of the new arcs on the
bottom of the part. The Z depth should be set to —120.000.
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14. Choose Main Menu, Create, Line, Endpoints. Choose points 1
and 2 in the following picture to create a line joining them.

1/v

2/7

A/B

\-\______f/

—,

—_g

15. Choose points 3, 4, 5, and 6 to complete the other lines.

16. Press [Esc] when you are done. Your part should look like the

following picture.

e
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> Drawing the inner boundary

To draw the inner boundaries of the top and bottom edges, you will
create an offset copy of the outer boundaries that you just drew. The
difference between translating and offsetting is that the translate
function just copies the geometry to the new position, while the offset
function adjusts the size and scale of the copy as needed to maintain
the offset distance.

1. Choose Main Menu, Xform, Ofs ctour.

2. You will shift your viewing angle slightly so that you can easily
@ select just the entities that comprise the top edge. Choose the

130

green Gview—Dynamic button from the toolbar.

3. Click anywhere in the bottom half of the graphic window and
drag the mouse upward until the part looks like the following
picture. Notice that the viewing angle changes as you move the
mouse.

Click the mouse again to freeze the view in this position.
4. Choose Window.

Click above and to the left of the part and drag a window as
shown in the following picture. Include the entire top edge, but
none of the bottom edge. Click the mouse when done.
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__+————————search point

6. When prompted to enter a search point, click near the position
indicated in the preceding picture. The entire top edge should
highlight.

7. Choose Done.
Choose Operation—Copy.
9. Choose Right for Offset direction.

10. Enter a Distance of 10. Your selections should match the
following picture.
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Offset Contour H

— Operation
 Move
& Copy

Mumber of steps:

:

— Comers Dffzet

' Mone & Left

i+ Sharp oy Right

Al Digtance;  |10.0

IV Infinite look shead

— 2D Cantour
Offset depth: IDD—
" Absolute & Incremental
Linearization talerance: IW
b ax depth variance: IW
T aper angle: Ir

Cancel | Help |

11. Choose OK. The inner boundary should appear as shown in the
following picture.

g

A

-

12. Choose Window to begin offsetting the bottom edge.
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13. Draw a window around the bottom edge.

b

S
B

search point—

-
14. When prompted for a search point, click near the position
indicated in the preceding picture.

15. Choose Done.

16. Choose OK when the Offset Contour dialog box appears, since
you will use all the same values as before. Your part should look
like the following picture.

=1 ]

<l
m

< | T>
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> Switching the system view

Now you need to create the holes on the bottom of the part. In this
procedure, you will switch the system view from Top to Bottom so
that you can work more easily on the bottom of the part. Switching
the system view means that the entire coordinate system shifts; even
the orientation of the Cplanes and Gviews changes so that they are
relative to the new system view.

1. Switch to Gview—Isometric to cancel the dynamic Gview you've
been working in.

| “west 7 | 2. Choose the WCS button from the Secondary Menu. The View
Manager dialog box displays.

Under System Views Display, choose All.

4. Activate System View—Bottom by selecting the WCS column for
V# 4 as shown in the following picture.

5. Select the Update graphics view when changing WCS check
box. Your selections should match the following picture.
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Yiew Manager

— Wiew list
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J [Ealor IU I '
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Hide details << |
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6. Choose OK.

Choose the Screen—Fit button from the toolbar. You should now

be looking at

the part in an isometric view from the bottom.
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> Drawing the holes on the bottom

1. Choose the Z button and click anywhere on the bottom edge of
the part. The Z depth should be 120.000.

2. Switch the Gview to Top and fit the part in the screen. Since you
switched to System View—Bottom, all of the Gviews have also
flipped over, like the isometric view in the preceding picture. So
now when you select Gview—Top, you are actually looking at the
bottom of the part. It should look like the following picture.

N

J

3. Now create the holes. Choose Main Menu, Create, Arc,
Circ pt + dia.

4. Enter 5 for the diameter.
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5. Choose Relative, Midpoint.

6. Select arc 1 as shown in the following picture.

4~ N‘/S

— S

7. Choose Polar.

8. Enter 5 for the relative distance.

9. Enter 45 for the relative angle.

10. Repeat steps 5 through 8 for arc 2.
11. Enter 135 for the relative angle.
12. Repeat steps 5 through 8 for arc 3.
13. Enter 225 for the relative angle.
14. Repeat steps 5 through 8 for arc 4.

15. Enter 315 for the angle. The part should look like the following
picture.
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Exercise 3 — Creating a drill toolpath in the new
system view

In this exercise, you will create a drill toolpath to drill the holes from the
bottom. By using System View—Bottom, you can use standard values for
the drilling parameters; Mastercam uses the system view selection to
automatically orient the geometry of the drilling motions. For example,
you will still use a minus—Z value for the depth since you're drilling into
the part, even though the drilling direction is upward.

P Creating the drillpath
1. Choose Main Menu, Toolpaths, Drill, Manual, Center.

2. Select hole number 1 in the following picture.

2 ) \\4/3

1/vO /j‘\4
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Choose Center and hole # 2.

4. Repeat step 3 for holes 3 and 4.

Press [Esc].

Note: If you are prompted for a starting point, choose the first
hole.

Choose Done to accept the default drilling order. The Drill
parameters dialog box displays.

Right-click in the tool display area and choose Get tool from
library.

8. Choose the 5 mm HSS drill and choose OK.

10.
11.
12.

13.

Choose the Simple drill — no peck tab.
Select Incremental for Retract.
Select Incremental for Top of Stock and enter a value of 0.

Select Incremental for Depth and enter a value of —15. Make
sure your other values match the following picture.

Drill/Counterbare

Choose OK. Mastercam generates the drill toolpath.
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> Backplotting the toolpath

Backplot the toolpath in the current WCS and then in the original
WCS to see the difference.

1.
2.

N » ks

Choose Operations, Backplot.

Set the Gview to Isometric so you can see the drilling action
more clearly.

Press [S] repeatedly to backplot through the drill path. It should
look like the following picture.

Q::i//

Choose OK when the backplot is complete.
Choose the WCS button from the Secondary Menu.
Under System Views Display, choose All.

Activate System View—Top by selecting the WCS column for
V# 1.

Make sure that Update graphics view when changing WCS is
selected. Your selections should match the following picture.
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Yiew Manager
— Wiew list

Select ican... |

Wi | WD...I Mame

| ops [ Dis... [ wis |

I /- I i
2 SYSTEM WIEW 2 - FROMT
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wes off | ok | Cancel Help

v Update graphics view when changing WiCS

9. Choose OK.

10. If necessary, fit the part in the screen.

11. Press [S] repeatedly to backplot through the drill path. You should
see the part in its normal orientation, with the tool drilling up into
the part from the bottom. It should look like the following picture.
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12. Choose OK when the backplot ends.
13. Choose OK to close the Operations Manager.
14. Press [Alt + A] and choose OK to save the file.

Now that you've seen a variety of drilling techniques, you're ready to
progress to Mastercam's circle milling functions, including thread milling
and slot milling.
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8 Using Circle Toolpaths

This chapter shows you how to use Mastercam's circle toolpaths to
perform a variety of different milling operations:

# circle milling
# helical boring
# slot milling

In addition, you will see several other Mastercam features:

+ Auto drilling, which lets you automatically create many different
drilling operations at the same time, instead of creating each
operation individually.

& Remachining, which lets you efficiently remove the stock left over
from a previous operation without cutting the entire contour again.

The part that you will create is the mounting plate shown in the following
picture. For this exercise, you will assume that it is a subassembly of a
larger part. Because of this, the part doesn't lie flat, but is oriented at an
angle in 3D space. You will use the View Manager to create a custom
view aligned to the part geometry. This will let you look at the part and
create toolpaths as if the part were lying flat. Mastercam then
automatically translates all the toolpath geometry for you.

o )

] o o o ] o

(Q O ] ] 8] & @
lof o)
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Exercise 1 — Creating a custom view

In this exercise, you will examine the part and create a custom view using
the View Manager. This will let you:

# shift the standard system views so that they are aligned with the part
geometry.

¢ move the construction origin to a location convenient to the part
geometry.

You can then use the new view to create toolpaths while the part appears
flat. If you wish, you can even use the View Manager to associate a
specific work offset with a view. In this exercise, you will learn the
following skills:

¢ Creating and naming a custom view

¢ Orienting views to part geometry

> Examining the part
Before creating the new view, review the part and its orientation.

1. Open the file mounting plate-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Press [F9] to display the coordinate axes.

Press [Page Down] several times to zoom out until you can see
the part and axes at the same time. Even though the

Gview: T  button on the Secondary Menu says that you are
looking at the part from the top, you can see that it appears
skewed.
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&

4. Choose the green Gview—Front button. Your part should look

like the following picture.

If necessary, choose the Screen—Fit button to see the whole part.

Choose the green Gview—Side button. Your part should look like
the following picture.

If necessary, choose the Screen—Fit button to see the whole part.

You can see that the part isn't aligned with any of the standard
views. Choose the green Gview—Top button to return to the Top
view.

7. Press [F9] to turn off the axes display.
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> Creating the custom view

wes. T | 1. Choose the WCS button on the Secondary Menu to display the
View Manager.

2. Right-click in the Views list and choose Create, Select menu
from the menu. This lets you create a new view based on your
part geometry, and displays the Select menu so you can choose
the geometry from the graphics window.

Set current  # I ‘

Create Copy selected

Delete Relative to zelected...
e I
Drizplay 3 Copy current Cplane

Set WS Copy current Tplane

Copy current Gyisw

3. Choose Entity.

4. Select the arc as shown in the following picture.

A new set of coordinate axes appears.

5. You want the arc to align with the XY plane. Choose Next to
rotate the new axes to the desired orientation shown in the
following picture.
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10.

Choose Save. You will return to the View Manager, where you
can see the new view listed.

Choose None under System views display. The new view will be
listed as shown in the following picture.

[wi [wo | Name | ops [ Dis.. | wics |
BT | | MEW WIEw B I S I
1 W

SYSTEM WIEW - WCS

In the Name field, type in the following name for the view: Part
WCS

In the Comment field, type the following comment: New
coordinate system aligned with top edge of large opening

When you post the file, the comment will appear in the NC code
created by the post processor.

Choose the WCS column in the new Part WCS line. The "W"
should move there. Your View Manager selections should match
the following picture.
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View Manager
—iew list
Select ican... |
yit | o [ Mame | ops [ Dis... [ wis |

TN I

— System views displap ([10)————— ™ Relsted toWCS view
"
@ [Hore A I Related to selected view Infa... |
£ Views1-8 ™ Not used in toolpaths
MHame
Attributes
FPART WwiC5

Comment Wwork Offset # I-'I Get unique... |

Mew coordinate system aligned with top edge of large ;I
opening J Calar I'I 0 I =" |
r— Origin [in view coordinates) [ Check for work offset # conflicts
w |B9mE2ze2 v 2860 Z 11853024 I™ Output name and camment ta MCI
Select... | v Azsociative
[~ Update graphics view when changing WiCS

Hide details << | Lot | wesoft | ok | cancel | Hep |

11. Choose OK to return to the graphics window.

12. Press [F9] to see the new coordinate axes (in blue) and the
original system coordinate axes (in brown). The new axes should
look like the following picture.
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Notice that the origin is automatically located at the center of the
arc.

13. Press [F9] again to clear the axes from the screen.

14. Choose the Gview—Top button from the toolbar. If necessary,
choose the Screen—Fit button. The part appears as if you are
looking straight down on it.

0 ©

O O Q O O ]

Q O @] O O O@
o O

15. Choose Main Menu, File, Save and save the file to your working
folder with the name new wes.mc9.
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Exercise 2 — Machining the outside contour

In this exercise, you will machine the outside contour of the part. You will
use two different operations. First, you will use a 2D contour toolpath to
rough out the contour. Then, you will use a remachining toolpath to
remove the stock from the corners that the larger roughing tool couldn't
reach. You will see how Mastercam automatically figures out how much
stock was left by the larger tool, to create an efficient cutting path for the
remachining operation.

In this exercise, you will learn the following skills:
¢ Using depth cuts and multiple passes in a contour toolpath
¢ Remachining a part to remove leftover stock
> Creating the contour toolpath
1. Choose Main Menu, Toolpaths, Contour.

2. Select a location on the left half of the flat edge as shown in the
following picture.

) \ )
0.3 9O
lof o)

The chaining arrow should point in the clockwise direction when
you are done.

Choose Done.

4. Right-click in the tool display area and choose Get tool from
library.

Choose the 20 mm HSS flat endmill and choose OK.
6. Choose the Contour parameters tab.

7. Select the Clearance check box.
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8. Choose Use clearance only at the start and end of operation.

9. Enter a Depth of —25. Make sure the Absolute option is selected.

10. Choose the Multi passes check box and button.

11. Enter 3 for Number of Roughing passes and 2 for Spacing. Your
other values should match the following picture.

Multi Paszes

— Roughing paszes

Mumber

Spacing

20

— Finighing pazses

Mumber

Spacing

05

1R

~

— Machine finizh pagzes at

Final depth & Al depths

-

K.eep tool dawn

LCancel | Help

12. Choose OK.

13. Choose the Depth cuts check box and button.

14. Enter 10 for the Max rough step. Your other values should match
the following picture.

Depth cuts

M ax rough stem:

# Finizh cuts:
Finigh step:

™ Keep tool down

™ Subprogram
] Ahsalite

Depth cut order
& By contour

By depth

—
|”—
|‘-”—

[~ Tapered walls

T[aEEn atidle:

{¢ | [moremental

LCancel

—

Hep |
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15. Choose OK.
16. Choose the Lead in/out check box and button.

17. Choose Enter/exit at midpoint in closed contours.

18. Enter an Overlap value of 5.
19. Enter 0 for Entry—Line-Length.

20. Choose the _>| button to copy the entry arc dimensions to the
Exit section. Your values should match the following picture.

Lead In/0ut
¥ Enter/exit at midpaint in closed contours
[~ Gouge check entydexit motion
I —Entry
r Line
" Pependicular & Tangent
Length: ] o ID.D
Famp height; ID.D
G
Radius: 100.0 % |2D.D
Sweep: 0.0
Helix height; IU.U
[ Use entry paint
I= | s paint depth
I Enter o first depth cut omly

[ 2] %]
O+verlap: |5-D
I — Exit
rLine
" Perpendicular & Tangent
Length: oo o |u.u
Famp height: IEI.EI
rAC
Radius: 100.0 % |2u.u
Swieep: 0.0
Helix height; ID.D
[ Use exit point
I= | Uz poitt depth
[~ Exiton last depth cut only

ok LCancel Help

21. Choose OK.

22. Verify that your other contour parameters match the following

picture, and choose OK.
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Tool parameters Contour parameters |

[  Clearance. . | I'I on.a

& Absolute € Incremental

¥ Use clearance only at the
start and end of operation

rd Retract... | IED.D

& Ahsalute € Incremental

Compensation
bppe:

Compenzation
direction:

I~ Optimize
Tip comp

Roll cutter
around corners

L

Left A

Tip

Sharp i

I Computer hd I

4

L

Feed plane... | I'IU.U
V¥ Inifinite look ahead
— " Absolute O |ncremental Linsarization
¥ Rapid retract tolerance IEl'E|25
Top of stock. . | ID.D taw. depth
— : ID.DS
wanance
& Absolute ) |ncremental ¢ stnck
stocl
ID.D
Depth.. | |-25.U to leave
& absoute O | | stock [oo
zolute ncrementa T — .
Contour type: |2D j W hulti passes... | v |{leadinfout.
Charnfer ... | Bamp ... Hemachining...l ¥ Depth cuts... | r Filter....
Ok | LCancel | Help |

Mastercam generates the toolpath. It should look like the
following picture.

> Backplotting the toolpath

1. Press [Alt + O] to open the Operations Manager.

2. Choose Backplot.
3. Toggle Verify to Y.
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4. Press [S] repeatedly to step through the toolpath. You can see the
multiple passes approach the part boundary. When you are done,
your toolpath should look like the following picture.

Tip: To step through the toolpath quickly, hold down both mouse buttons while
pressing [S]. At any time, press [R] to finish the backplot in one step.

> Cleaning out the corners with remachining

After backplotting the contour toolpath, you can see that the 20 mm
endmill is too large to clean out the corners.

O

You will use a remachining toolpath with a smaller tool to remove the
leftover stock. Remachining toolpaths automatically calculate the
stock left over from an earlier operation and clean it out.

1. When the backplot is complete, choose Backup to return to the
Operations Manager.

2. Right-click in the operations list window and choose Toolpaths,
Contour from the menu.
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3. Press [Alt + T] to clear the earlier toolpath from the screen.

4. Select a location on the left half of the top edge, just like you did
for the previous toolpath.

S, gl
CO [ O O O .
LD O O 0 8] »
loJ ()
The chaining arrow should point in the clockwise direction when
you are done.

Choose Done.
Select a 5 mm HSS flat endmill from the tool library.
Choose the Contour parameters tab.

Choose Remachining from the Contour type drop list.

A S AN

Enter a Depth of —25 and make sure the Absolute option is
selected.

10. Clear the Multi passes check box. Since there is only a little stock
to remove, you only need a single pass.

11. Choose the Lead in/out button.
12. Clear the Enter/exit at midpoint of closed contour check box.

13. Enter an Overlap value of 0. Your other values should match the
following picture.
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Lead In/Out

7

14. Choose OK.

15. Make sure your other contour parameters match the following
picture and choose OK.
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P | Geanea, | [0 [eonpae 31
O £
- o =G|

= o [atifee

Al = =1 (L]
T e e

"
| po

[Ehanter...

Mastercam generates the following toolpath. You can see that it
has created toolpaths for just the small areas of stock left over
from the previous operation.

I J°1L
O

O 0 e o) O
\O O O O O O
JofC 60

16. Choose Select All, Backplot, Run.

The backplotted toolpaths should look like the following picture.
You can see the corners are completely cleaned out.
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17. Return to the Operations Manager and close it.
18. Press [Alt + A] and choose OK to save the file.

Exercise 3 — Machining the holes and slot

In this exercise, you will use some of Mastercam's circle milling toolpaths
to machine the two large holes and the slot. You will learn the following

techniques:
¢ circle milling
¢ helical boring
¢ slot milling

> Creating a circle milling toolpath
You will machine the largest hole with a circle milling toolpath.

1. Choose Main Menu, Toolpaths, Next menu, Circ tlpths, Circle
mill.

2. Select the large arc on the left.

fol (9

0 O 0 O O O
e O O o) O O

3. Choose Done twice.
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e P B AN A

11.
12.
13.

Choose a 32 mm HSS flat endmill from the tool library.
Choose the Circmill parameters tab.

Enter —25 for the Depth.

Enter 3 for the Overlap.

Choose the Depth cuts check box and button.

Enter 5 for the Max. rough step.

. Select Keep tool down. Your values should match the following
picture.
Depth cuts EHE

tax. rough step |5-U

# Finigh cuts ID

Firizh step |1 0

™ Subprogram

) Lhisnfite % | [neremerntal
Ok, LCancel Help

Choose OK.

Choose the Roughing check box and button.

Clear the Helical entry check box. Your roughing parameters
should match the following picture.
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Circle mill roughing

AL T

14. Choose OK.

15. Make sure your other circle milling parameters match the
following picture and choose OK.

AN
+ (-

7
o | -
| -

[ETE1E A ETELET

o 7|
oo [[F
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16.

17.
18.

19.
20.
21.

22.

Choose the green Gview—Isometric button on the toolbar. If
necessary, choose the Screen—Fit button to fit the part on the
screen.

Press [Alt + O] to display the Operations Manager.

Choose the Circle Mill operation so the blue check mark appears.

R——— IR L LI L P R YL I Rl b

= % 3 - Circle Mill
- Parameters

b ¥ 2 -132.00 ENDMILLT FL
----- E Geu:umetr_l,l ['I] DDInt[S]

Choose Backplot.

Toggle Verify to N.

Press [S] to step through the toolpath. You should see the circle
milled as shown in the following picture.

Close the Operations Manager when the backplot is done.

Creating a helical boring operation

Mastercam's helix boring function takes advantage of the special
features of Felix® tools. You will use it to bore the other large hole.
In this exercise, you will use a 32 mm flat endmill to approximate the
Felix® tool.

1.

Choose Main Menu, Toolpaths, Next menu, Circ tlpths,
Helix bore.
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2. Select the large arc on the right.

Choose Done twice.
Choose the 32 mm flat endmill.

3

4

5. Choose the Helix bore parameters tab.
6. Enter —25 for the Depth.

7. Choose Start at center.

8

. Enter 3 for the Overlap. Your values should match the following
picture.

162 Mastercam Version 9 Mill/Design Tutorial



Using Circle Toolpaths

-
e = | |
[ =] (]
o
o0
[teos
o
o
_ Corcdl | Hep |

9. Choose the Rough/finish parameters tab.
10. Enter 2 for Rough Pitch.

11. Enter 2 for Number of Rough passes and 5 for the Rough pass
stepover amount.

12. Select the Finish check box.

13. Enter 1 for the Finish stepover. Your values should match the
following picture.
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Helix bore parameters

=)
=

o
=

e

ll

|

14. Choose OK. Mastercam generates the toolpath. It should look like
the following picture.

PE
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> Creating a slot milling operation

Mastercam also includes a slot milling toolpath that is a variation of
the circle milling toolpath. Use it to machine the slot in the middle of
the part.

1. Choose Circ tlpths, Slot mill.

2. Select the slot as shown in the following picture.

Choose Done.
Choose the 32 mm flat endmill.

. Enter —25 for the Depth.

. Enter 3 for the Overlap. Your values should match the following
picture.

3
4
5. Choose the Slot parameters tab.
6
7
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8. Choose the Rough/Finish parameters tab.

9. Enter a Plunge angle of 3.

10. Enter 1 for Finishing passes—Number and 1 for Spacing. Make
sure your other parameters match the following picture.
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¥

ljElEratee]

11. Choose OK. Mastercam generates the toolpath shown in the
following picture. You can see that the 3-degree plunge angle
causes the tool to plunge into the part gradually and continuously
during the roughing pass.

12. Press [Alt + A] to save the part.
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Exercise 4 — Using Auto drill to create multiple
drilling operations

Frequently you need to combine several different drilling operations on
the same set of holes; for example, spot drilling, pre-drilling, drilling, and
tapping. In previous chapters, you created multiple operations on the same
geometry by copying one operation and editing its parameters. For
drilling, Mastercam includes an even more powerful feature called Auto
drilling. It lets you create a complete series of drilling operations from
within a single dialog box.

In this exercise, you will use Auto drilling twice to drill two sets of holes.
First, you will drill the 12 mm through holes on the part corners and tabs.
Then, you will drill and tap the two rows of 10 mm holes. The holes are
identified in the following picture.

]

O

=)

12 mm holes —__ @ Q
ol lof
Oﬁ

O

[

Q O O O

a o O Q O

UJ J

You will learn the following skill:
¢ Using Auto drill to create spot drilling, pre-drilling, drilling,
tapping, and chamfering operations
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> Selecting the holes for the first operations
Your first drilling operations will be on the 12 mm holes.

1.

Choose Main Menu, Toolpaths, Next menu, Circ tlpths, Auto
drill.

Choose Mask on arc. This lets you select an arc and have
Mastercam automatically choose arcs which match it.

Select the 12 mm arc shown in the following picture.

Press [Enter] to confirm the default tolerance value of 0.001.
Mastercam uses this tolerance value to decide which arcs are the
same size as the one you selected.

Choose Window.
Toggle Use mask =Y.

Click and drag a window around the whole part to select all the
holes on the part and click again.

Choose Done. Mastercam highlights the six 12 mm arcs and
shows you a default drill path.

Choose Options so you can select a more efficient drilling
pattern.

10. Choose the drilling pattern shown in the following picture.
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11. Choose OK. Mastercam should sort the holes as shown in the
following picture.

12. Choose Done. The Automatic Arc Drilling dialog box displays.
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> Setting the Auto drill parameters

For these holes, you want to include a spot drill operation, then pre-
drill in 3 mm increments. No chamfering or threading is required for
these holes.

1. Select a Finish tool type of Drill.
2. Select Generate spot drilling operation.

3. In the Spot drilling operation section, enter a Maximum tool
depth of -2.

4. Enter 5 for the Default spot drill diameter.
Select the Home pos check box and button.

6. Enter a Z coordinate of 200 for the home position as shown in the
following picture.

Homo Posiion |
% T
%
2 oo

ok | Cancel

7. Choose OK.

8. Verify that your tool parameters match the following picture.
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Automatic Arc Drilling

Tool Parameters | Depths. Group and Library | Custom Diill Parameters | Pre-diling |

— Parameters

Finizh tool type IDriII 'I
Create arcs on selected points ID.D

r Suppress ‘Accept clozest matching tool'
prompts

[ 7] %]

— Chamfering with the spat dril
' Mone
¢ Add depth to spot diiling operation

™ Make separate operation

Chamfer size IU.E

— Spot drilling operation

¥ Generate spat diiling operation

Mazimum tool depth |-2.EI
Default spot diill diameter |5. i}

Select default zpat drill... |

Cormment

Job zetup... |

T~ Befpoint... ||- Misc. galues...l

|
|

[ Ratary agiz... | [ T/Cplane.. |

Change NCL..

Ok | LCancel | Help |

Choose the Depths, Group, and Library tab.

10. In the Drill group and type field, enter the following name for
the drilling operations: 12 mm thru holes

11. Clear the Use arc views check box.

12. Enter a Depth of —-25.

13. Clear the Override depth using lowest coincident selected arc

check box.

14. Choose the Tip comp check box and button.

15. Enter a Breakthrough amount of 2.

16. Choose OK. Make sure your parameters match the following

picture.

172 Mastercam Version 9 Mill/Design Tutorial




Using Circle Toolpaths

Automatic Arc Drilling H

Tool Parameters  Depths, Group and Library | Cusztom Drill Parameters | Pre-driling |

— Dill group and type——————————
—_— | ¥ Clearance... ||1DD.D eIy o

12 mm thirw bl
& Absolute € Incremental I mim thrs heles j
' 3 aris

¥ Use clearance only at the
start and end of operation ™ Use arc views

— Retract... | |1EI.EI ¥ Mo sorting or grouping

- )
 Ahsolute % Incremental Sort by e
" Group by view

Top of stock... ID.D
_|:|—| B anis

& Absolute € Incremental

Depth... | |-25_D ~ Tool ibrayy—————————

& absolute € [ncremental METRICSTS2.TL3 |
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LCancel | Help |

17. Choose the Pre-drilling tab.
18. Choose Generate pre-drill operations.
19. Enter 6 for the Minimum pre-drill diameter.

20. Enter 3 for the Pre-drill diameter increment. Your parameters
should match the following picture.
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Automatic Arc Drilling H

Tool Palametelsl Depths, Group and Library | Custom Drill Parameters  Pre-diiling |

— Pre-Dirill operatior

¥ Generate pre-diill operations

Mirirmum pre-drill diameter IE.EI
Pre-drill diameter increment |3.D
[ Stock per side remaining for finish toal ID.D

Tipcomp...

Ok I Cancel | Help

21. Choose OK to generate the drill operations.
22. Press [Alt + O] to return to the Operations Manager.

23. Click and drag the lower corner of the window to make it bigger,
if necessary. You can see the list of new operations that were
created. Mastercam automatically creates a new toolpath group to
contain them all.
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Toolpath Group name
You entered this name on
the Depths, Group and
Library tab.

Spot drill operation

Pre-drill operations
Mastercam creates a
separate operation
(operations 7-8) for each
pre-drill cycle.

Finish drill operation
This is determined by the
Finish tool type on the
Tool Parameters tab.

i#j Operations Manager EFHE

2 Groups, 9 Operations, 4 selected

[ AL

=-BE 12 mm thru holes

BB LEE - Simple diill - no peck
----- 1 Parameters

""" ¥ #4-M5.005POT DRIL
Geametry - [B] point[s)
----- % C:ACAMIMILLAWHCIN
@ 7 - Peck drill - full retract

----- (21 Parameters

""" ¥ #5-MEOODRILL- B.I
Geometry - [E] point[z)
----- % C:ACAMIMILLAWHCIN
- 9 - Peck drill - full retract

----- [ Parameters

""" ¥ #5-MI00DRILL- 9.1
Geometry - [B] point(s)
----- % C:AMCAMINMILLANCIN
=-@% 9 - Peck drill - full retra
----- [ Parameters

""" ¥ #7-M12000DRILL - 13

»

[ ]

E Geametry - [B] paint(z] =
----- B CAMCAMIMILLANCIN T

Select All
Begen Path
Backplot
Werify
Post

Highfeed

dildds

I

Help

Tip: You can edit any individual operation to fine-tune or customize it. Choose
the Parameters icon for an individual operation to change the drilling
parameters or select a different drill, or choose the Geometry icon to add or
delete holes.

24. Choose OK to close the Operations Manager.

4 Selecting the holes for the second set of operations
Your second set of drilling operations will be on the 10 mm holes.

1. Choose Main Menu, Toolpaths, Next menu, Circ tlpths,
Auto drill, Mask on arc.
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2. Select the 10 mm arc shown in the following picture.

Press [Enter] to confirm the default tolerance value.
Choose Window.

Click and drag a window around the whole part and click again.

Choose Done.

Choose Options.

e AL

Choose the drilling pattern shown in the following picture.
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9.
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Choose OK.

10. Choose Done. The Automatic Arc Drilling dialog box displays.

Setting the parameters for the second Auto drill operations
For these holes, you want to include the following drilling cycles:

+ spot drill
& pre-drill in 2 mm increments
o thread with a right-hand tap

¢ chamfer

The different parameters are pre-set with the values from your
previous Auto drilling session, so you only need to enter the changes.

1.
2.
3.

From the Finish tool type drop list, choose Tap RH Fine.
Enter a Default spot drill diameter of 20.

In the Chamfering with the spot drill section, choose Make
separate operation.

Enter a Chamfer size of 2.

Select the Home pos check box and button.
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6. Enter a Z coordinate of 200 for the home position as shown in the
following picture.

Home Posiion |

ak

*
i
z

Cancel |

7. Choose OK. Your settings should match the following picture.

Tool Parameters | Depths. Group and Library | Custom Diill Parameters | Pre-diiling |

— Parameters — Chamfering with the zpot drill
Firish tool type ITap RH Fine 'I " Hone
- " .
Create arcs on selected points ID.D fAl il 1 eyt Gllling) Sy

%' Make separate operation
r Suppress Yoccept clogest matching ool

prompts Chamfer gize |2.D
— Spot drilling operation—————————————————— S Joh setup... |

¥ Generate spot dilling operation ;I
b aximum tool depth |-2.D LI
Default pot diill diameter 200

A0 Refpoint.. ||_ Mizc. galues...l

Select default spot drill... |

[T Ratary agiz.. | T T/Cplane. . | Change ﬂCI...l

0K | Cancel | Help |

Choose the Depths, Group, and Library tab.

9. In the Drill group and type field, enter the following name for
the drilling operations: 10 mm drilled and tapped

Make sure your parameters match the following picture.
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Automatic Arc Drilling H
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10. Choose the Pre-drilling tab.

11. Enter 2 for the Pre-drill diameter increment. Verify that your
parameters match the following picture.

Automatic Arc Drilling H

Tool Palametelsl Depths, Group and Library | Custom Drill Parameters  Pre-diiling |

— Pre-Dirill operatiar
¥ Generate pre-diill operations
Mimirmum pre-drill diameter B0

Pre-drill diameter increment 20

1T

I Stock per side remaining for finish toal 1.0

Tipcomp...

ak I Cancel Help

12. Choose OK to generate the drill operations.
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13. Press [Alt + O] to return to the Operations Manager.

14. Review the list of new operations that were created.

[ 3 Groups, 15 Operations, B selected Select All |
E-HE 10 mm diilled and tapped  &| g0 |
=B g 10 - Simple diill - no peck
----- [0 Parameters Backplot |
----- ¥ #3-M20005POT DRILI
g Geometry - [10] point{s) Werfy |
----- = CMCAMIMILLANCI N
E--@% 11 - Peck drill - full retract Past |
----- 21 Parameters |

----- @ #5-MEOODRILL- 6. DI Highteed
H Geametry - [10] point(z)
----- £ CAMCAMIMILLANCINM
- 12 - Peck dill - full retract

----- £ Parameters

----- ¥ #9-MB.ODDRILL- 8 DI
g Geometry - [10] point{s)
----- = CMCAMIMILLANCI N
- 13 - Peck diill - full retract

----- 21 Parameters

----- @ H0-MBS0DRILL - 8.5
H Geametry - [10] point(z)
----- £ CAMCAMIMILLANCIN
EI% 14 - Tapping - feed in, reverst

P B9 Parameters -

15. Choose OK to close the Operations Manager.
16. Press [Alt + A] to save the part.

X

You've now seen a variety of applications for Mastercam's circle
toolpaths. The next chapter will introduce you to more general purpose
pocketing toolpaths and related functions.
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9 Facing and Pocketing Toolpaths

This chapter shows you how to create a toolpath for facing your stock and
introduces some basic concepts for creating pocket toolpaths:

¢ Comparing different pocket cutting methods
+ Using an entry point to start a pocket toolpath

¢ Using a contour ramp toolpath

Exercise 1 — Facing the stock with high-speed
loops

A facing toolpath quickly cleans the stock from the top of a part and
creates an even surface for future operations. When facing the stock, it is
important to have the tool overlap the edges of the part by at least 50% of
its diameter to prevent leaving little scallops of material at the edges of the
stock. In this exercise, you will learn the following skills:

¢ Using Job Setup to define a stock boundary

¢ Creating a facing toolpath

> Entering stock boundaries

Assume that your stock is a 90 mm x 120 mm block. You want to
face it so that the final thickness will be 12 mm.

1. Open the file facing-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric. It should look like
the following picture.
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Choose Main Menu, Toolpaths, Job Setup.
Enter 90 for the Y dimension of the stock model.
Enter 120 for the X dimension.

A

Enter 15 for the Z dimension. Since the goal is to finish with a 12
mm block, you will use 15 mm as a starting dimension and face
off 3 mm of stock.

6. Enter 3 for Stock Origin—Z. By setting the top of the rough stock
at Z = 3, you ensure that when the facing toolpath is finished, the
top of the qualified stock will be Z = 0.

7. Select Display stock. Your other values should match the
following picture.
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jgjJob Setup
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8. Choose OK. You will see a dotted red line around your part,
representing the stock boundary.
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184

> Creating the fac

ing toolpath

1. Choose Face, Done.

2. Right-click in the tool display area and choose Get tool from

library.

P w

Select a 25 mm HSS flat endmill and choose OK.

Choose the Facing parameters tab.

For this exercise, you will use the default values shown in the
following picture. Mastercam has already read the Top of stock
value of 3 from Job Setup.

Tool parameters  Fasing parameters |

r

Clearance... I'IDD.D
& absolute € Incremental

[T Use clearance only at the
ztart and end of operation

Retract. . | IED.D

@ phsolute O Incremental

Feed plane...l I'IU.U

Tip comp: m
Roll cutter around comers: Im
Cutting method: IZigzag j
Stepover: I?E.U % |1 875

[~ Zuto angle

0o

:

Roughing angle:

© phsolute & Incremental

¥ Fiapid retact Move between cuts: IHigh speed loops j

Top of stock... | |30—

@ Absolule © Incremental ™ Feedrate between cuts: L]

Depth... | Ir Across overlap: |5D-D % |12-5

& dbsolute € Incremental Along overlap: ITID.D . |2?.5
Linearization tolerance: IT Approach distance: IED.D k4 |12.5
Z stock to leave: IUU— Exit distarce: |5E'-D % |12-5
[~ Depthcuts...

ITI Cancel | Help |

Note: The Move between cuts field is set to High speed loops to
provide smooth movement between passes. This type of motion

reduces wear o

n the tool.

5. Choose OK. The toolpath should look like the following picture.
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N /
7 S

6. Choose Main Menu, File, Save and save the part in your working
folder as facing toolpath.mc9.

Exercise 2 — Comparing different pocket cutting
methods

Mastercam offers you seven different pocketing methods. In this exercise,
you will compare two of these: the parallel spiral and constant overlap
spiral cutting methods. Each method has advantages:

o The parallel spiral cutting method creates a relatively short NC
program but does not guarantee complete cleanout depending on the
shape of the pocket and the stepover of each pass.

¢ The constant overlap spiral cutting method cleans out more stock than
parallel spiral because it analyzes the stock after each pass.

The following picture shows the final pocket toolpath for the part used in
this exercise.

Mastercam Version 9 Mill/Design Tutorial 185



Chapter 9

In this exercise, you will learn the following skills:
¢ Creating pocket toolpaths
¢ Using the Parallel Spiral cutting method
¢ Using the Constant Overlap Spiral cutting method
¢ Using helical entry
> Chaining the pocket toolpath and selecting the tool

1. Open pocket-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Pocket.

3. Select the part at the location shown in the following picture.

'
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Choose Done.

Right-click in the tool display area.

Choose Get tool from library.

Select the 10mm HSS flat endmill and choose OK.

m = o v &

>

ntering the toolpath parameters

—

Select the Pocketing parameters tab.

2. Enter the values shown on the following dialog box.

3. Select the Roughing/Finishing parameters tab.

4. Enter the values shown on the following dialog box.
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Taool parametersl Packeting parameters  Roughing/Finishing parameters

¥ Rough Cutting method:  Parallel Spiral
Zigzag Cotstant Parallel Spiral ~ Parallel Spiral,  Morph Spiral High Speed Ore \way
Owerlap Spiral Clean Comers
L« | 0

Stepover percentage IBD-U ™ Minimize tool burial [~ Enty-helix |
Stepover distance IB-D [T Spiral inzside to outside High Speed... |
Foughing angle IU.U

I¥ | Firish

Mo. of passes I'I Finish pass spacing 0.25
Iv Finish outer baundary Cutter compenzation Icomputer "l

[ Start finish pass at clozest entity [ Optimize cutter comp in control

2

™ Machine finish passes only at final depth

¥ Machine finish passes after roughing all pockets M Leadinfout..

(]9 I LCancel | Help |

5.

Choose OK.

> Backplotting and verifying the toolpath

1.
2.

Choose Operations. The Operations Manager displays.
Choose Backplot.

On the Backplot menu, set the Verify option to Y (Yes). This will
let you see the stock that was cleaned out by the tool.

Choose Run. The entire backplot is completed at once. The
toolpath should look like the following picture.
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Notice the areas / -
that were not | s | |
- |

cleaned out by this |

cutting method. \

5. Choose Backup to return to the Operations Manager.

> Changing the cutting method

Follow these steps to select a different pocket cutting method that will
do a better job of cleaning out the pocket.

1. Choose the Parameters icon for the toolpath.

iﬁ i Operations Manager HE

| 1 Operatians, 1 selected Select Al

=-BE Toolpath Group 1
[=8=¥1 - Pocket [Standard)
----- 1 Parameters Backplot
- @ #1-M10.00 ENDMILLT FL2
Geametry - (1] chain(s) Werify
(- % C:MACak 35MILLAM CINPOCI

Begen Path

di

Pzt I

2. Choose the Roughing/Finishing parameters tab.
3. Select the Constant Overlap Spiral cutting method.

Constant 4, Choose the Pocketing parameters tab.
Owerlap Spiral

5. Choose Advanced.

6. Enter the values shown on the following dialog box.
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Advanced H

Tolerance for remachining and constant overlap spiral

Percent of tool diamater |5.D
Tolerance ID.5

V¥ Dizplay stock for constant overlap spirat

0K | LCancel | Help

7. Choose OK twice.

Choose Regen Path to regenerate the modified toolpath.
9. Choose Backplot.

10. Choose Run. The toolpath should look like the following picture.

- e
Al Y 4 .

X - i

: 5
. "

You can see that the new toolpath has completely cleaned out the
pocket.

> Adding a helical entry

Finally, add a helical entry move so the tool enters the pocket more
smoothly.

1. Choose Backup to return to the Operations Manager.

2. Choose the Parameters icon.
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AN

Choose the Roughing/Finishing parameters tab.

Select the Entry - helix (or Entry - ramp) check box and button.
Choose the Helix tab.

Enter the values shown on the following dialog box.

Helx/Ramp Parameters HE
Helis | Riamp |
Firiraumn radius: I'I 0.0 i I'I 0 - Direction
' = o Cif LW
b aimurn radius: |1 0a.0 % I'I 0o
Z clearance: I'I .0 [+ Fallow boundary
X7 clearance: I'ID— ' On filure orly
if length exceeds: 100
Plunge angle: |3.D
rIf all entry attempts fail
[+ Output arc moves ' Plunge " Skip
Tolerance: 0.05 ™| Save skipped boundary
r Entry feed rate
* Plungerate Feedrate
ok I LCancel | Help |

Note: The Z clearance is the distance above the top of stock
where the helix starts.

7. Choose OK twice.
8. Choose Regen Path.

9. Choose OK to close the Operations Manager.

10. Choose the green Gview—Isometric button from the toolbar to
switch into isometric view so you can see the new toolpath more
clearly. It should look like the following picture.
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11. Save the part in your working folder as spiral pocket.mc9.
Exercise 3 — Specifying an entry point

Specifying an entry point for a pocket toolpath can be necessary for tools
that cannot plunge directly into the material. Instead of drilling a hole in
the material at the desired entry point, which would require creating a
separate drilling operation, you can add an extra point when chaining the
pocket toolpath. Mastercam will automatically use this point as the entry
point for the toolpath.

In this exercise, you will learn the following skills:
¢ Using an entry point in a pocket toolpath
¢ Creating lead in/out moves for a finish pass

You will create a toolpath that looks like the following picture:
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> Chaining the pocket toolpath and selecting the tool

1.

Open entry point-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

Choose Main Menu, Toolpaths, 2
Pocket.

Select the point at position 1.

Select the part boundary at
position 2.

Choose Done.

Note: You could have selected

either the point or the boundary first. Mastercam automatically
knows that the point should be used as the entry point for the
pocket toolpath.

Right-click in the tool display area and select the 10 mm HSS flat
endmill.

> Entering the toolpath parameters

1.
2.

Select the Pocketing parameters tab.

Enter the values shown on the following dialog box.
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F-ﬂl‘_:ir'lg. -

3. Select the Roughing/Finishing parameters tab.

4. Enter the values shown on the following dialog box.
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Cotstant Parallel Spiral ~— Parallel Spiral,  Morph Spiral High Speed Ore \way
Owerlap Spiral Clean Corners

5. Choose the Lead in/out check box and button.

6. Enter the values shown on the following dialog box.
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Lead In/Dut
Owerlap: ID-D
W [ Ertry Wi Exit
rLine rLine
" Pependicular ™ Tangent " Pependicular % Tangent
Length: 0.0 o |u.u Length: 0.0 o |n_n
Famp height: ID. i} Ramp height: ID_U
& s
e 130.0 % |13.u Radius: 130.0 % |13_n
Swieep: 0.0 Swieep: ISD.D
Helix height; ID.D Helix height: IU.U
™ Use entry point ™ Use exit point
I | W= poitt desthy I | Wse maitt depth
[~ Enter on firgt depth cut anly ™ Exit on last depth cut anly
ok | LCancel | Help |

Note: Adding a lead in/out to the finish pass prevents a dwell
mark on the part at the end of the toolpath.

7. Choose OK twice.

Switch to Gview—Isometric. The completed toolpath should look
like the following picture.

9. Save the part in your working folder as entry point pocket.mc9.
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Exercise 4 — Using contour ramp

In this exercise, the contour toolpath includes a ramping motion to move
between depth cuts. The ramp uses constant stepdown in the Z axis which
can be effective for high-speed machining. The following picture shows
the completed toolpath. This toolpath is appropriate if the pocket has
already been roughed out in a previous operation.

In this exercise, you will learn the following skill:
4 Using ramp contours
4 Chaining the geometry and select the tool

1. Open contour ramp-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Contour.

Select the part at the location shown in the following picture. The
chaining arrow should point clockwise when you are done.
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4. Choose Done.
5. Select thel0 mm HSS flat endmill from the tool library.

> Entering the toolpath parameters
1. Select the Contour parameters tab.

2. Enter the values shown on the following dialog box.

[eorpier =1
o =l|

_I [0 e

o=l |UJ]

Chaniter...

198 Mastercam Version 9 Mill/Design Tutorial



Facing and Pocketing Toolpaths

3. Choose the Ramp button and enter the values shown on the
following dialog box.

Ramp contour HE

R amp ration:
¢ angle ™ Depth ¢ Plungs

Framp angle! |3.EI
Famp depth: |5-D

[ One way ramping for open contours

¥ Linearize helizes

Linearization tolerance: IU.U25

LCancel | Help |
4. Choose OK.
5. Choose the Lead in/out button and enter the values shown on the
following dialog box.
Lead In/Dut

[~ Enterfexit at midpoint in clozed contours
Owerlap: ID-D

¥ Gouge check entry/exit mation

W —Entry v —Exit
rLine rLine
" Pependicular ™ Tangent " Pependicular % Tangent
Length: 0.0 o |u.u Length: 0.0 %

Famp height: ID. i} Ramp height:
A _>I A

T

F adiug 1000 4 I‘I oo R adius: 1000 4
Swieep: 0.0 Swieep: 90.0
Helix height; ID.D Helix height: 0.0
I s ety paitt 7| s eqt poit
I | W= poitt desthy I | Wse maitt depth
[~ Enter on firgt depth cut anly ™ Exit on last depth cut anly
ok | LCancel | Help

Choose OK twice. Mastercam generates the toolpath.

Choose Operations to open the Operations Manager.
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8. Choose Backplot.

9. Switch to Gview—-Isometric and set Verify=N. Step through the
backplot to see the results of the contour ramp. The toolpath
should look like the following picture. You can see that there are
no direct steps between successive depths. The tool moves
continuously in the negative Z direction.

10. Save the part in your working folder as ramp pocket.mc9.

You've already seen in this chapter how different pocketing methods can
improve efficiency. The next chapter will show you even more techniques
for efficient machining and optimal clean out, including remachining and
high speed machining.
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1 Pocket and Contour Toolpath
Techniques

This chapter covers some additional concepts for creating pocket and
contour toolpaths.

+ Using pocket remachining for more efficient clean out.

¢ Combining pocket depth cuts, tapered walls, and island facing to
remove material from a more complicated part with multiple islands.

+ Using the Toolpath Editor to edit a toolpath.

Exercise 1 — Remachining pockets

Using remachining in pocket toolpaths can save time, because you can use
a large tool on your roughing toolpath to quickly clean out as much
material as possible. You can then create a remachining toolpath to go
back into the part with a smaller tool and clean out the areas that the large
tool was not able to reach. The following pictures show the rough and
remachining toolpaths for this exercise.
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In this exercise, you will learn the following skills:
4 Remachining pockets
4 Using the helical entry and lead in/out features

> Chaining the pocket geometry and selecting the tool

1. Open remachine-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Pocket.

Select the part at the location shown in the following picture. The
chaining arrow should point clockwise when you are done.

v

4. Choose Done.
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5. Right-click in the tool display area and choose Get tool from
library.

6. Select the 25 mm HSS flat endmill and choose OK.

> Entering the toolpath parameters
1. Select the Pocketing parameters tab.

2. Enter —8 for the Depth. Your other values should match the
following picture.

Tool parameters  Pocketing parameters | RioughingFinizhing parametersl

|| Cleasreen. | I'IDD.U "Machining direction———

o e A
= phsolte € Incremental Clirnb Caonventiotal

7| [Use clearatze aripat the Tip comp T
startand end af aperatian

Rall cutter =
|+ Retract. . | IED.U around camers Mane

& gbsolute € Incremental inearizati
Linearization oo

Feed plane...l I'IEI.U tolerance

— " absolute  © Incremental R stock to leave |00

1T

W Rapid retract Z stock to leave 0o
Top of stock. . | IU 1]
& ahzolute  © Incremental ™ Create additional finish operation

" Incremental

Pockst type: [ standard =l r Dg:ﬁculs---l r FHlter... |

Facita.. | Hemachiniig:. Dpengockets...l Adxanced_._l
ak I Cancel | Help |

3. Select the Roughing/Finishing parameters tab.

4. Make the selections shown on the following dialog box.
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Comstant Parallel Spiral - Parallel Spiral, — Morph Spiral High Speed One ‘way
Owerlap Spiral Clean Comers

J= | Mg I GO I carte]

5. Choose the Entry — ramp (or Entry — helix) button.
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6.

Choose the Helix tab.

7. Enter the values shown on the following dialog box.

Helix/Ramp Parameters EHER
Helie | Framp |
Pinimnurn radius: |1EI.EI b |2-5 7 Direstion
: : & O & COw
b amirnurn radius: IwU-D % |25.E|
Z clearance: |1 a ¥ Follow boundary
= clearance: |1 a ¥ On failure oy
If length exceeds: 100
Flurge angle: |3.EI
— If all entry attempts fail
¥ Output arc moves o~ f £ " Skip
Talerance: 005 7| Save skipped bourdan
— Entry feed rate
[~ Center on entry point ' Plungerate  Feedrate
u]8 I LCancel | Help |

Tip: These options prevent the tool from plunging directly into the material by

adding a helix to the start of the pocket toolpath.

Choose OK.
Choose the Lead in/out button.
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Lead In/Out
v —Entry
rLine
" Pependicular ™ Tangent
Lenath: aa o |u.u
Fiamp height: ID.D
A
Radiuz: 50.0 % |1 25
Swieep: 0.0
Helix height; oo

™ Use entry point
I | W= poitt desthy
[~ Enter on firgt depth cut anly

Owerlap: |5-D
p —Exit
rLine
" Pependicular % Tangent
Length: 0.0 % |n_n
Ramp height: ID.D
A
Radis: 50.0 % |1 25
Swieep: 90.0
Helix height: IU.U
™ Use exit point
I | Wse maitt depth
™ Exit on last depth cut anly

ok | LCancel | Help

11. Choose OK twice. Mastercam generates the toolpath.

12. Choose the green Gview—Isometric button from the toolbar so
you can see the new toolpath more clearly. It should look like the

following picture.
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> Backplotting the toolpath

1.

7.
8.
9.

AN

Choose Operations.

Choose Backplot.

Toggle the Verify option to Y.

Choose the green Gview—Top button to return to the Top view.
Press [S] repeatedly to step through the toolpath.

Choose OK when the backplot is complete. It should look like the
following picture.

The arrows show you where the tool could not reach into the
corners of the pocket. The next procedure shows you how to
create a remachining toolpath to clean out the remaining stock.

Choose Backup to return to the Operations Manager.
Choose OK to close the Operations Manager.

Save the file in your working folder as remachined pocket.mc9.

> Creating the remachining toolpath

1.
2.
3.

Choose Main Menu, Toolpaths, Pocket.
Press [Alt + T] to clear the toolpath from the screen.
Select the pocket boundary as shown in the following picture.
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Choose Done.

Select the 10 mm HSS flat endmill from the tool library.
Select the Pocketing parameters tab.

Enter a Depth of -8.

Choose Remachining from the Pocket type drop-down list. The
other values should match the following picture.

® =N »n ok
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9. Choose the Remachining button.

10. Enter the values shown on the following dialog box.

Pocket remachining

oty toelidiameter |

11. Choose OK.
12. Select the Roughing/Finishing parameters tab.

13. Enter the values shown on the following dialog box.
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Parallel Spiral

14. Choose the Lead in/out button.

15. Change the Entry and Exit Arc—Radius to 75%. Your values
should match the following dialog box.
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Lead In/Dut
Owerlap: |5-D
W [ Ertry Wi Exit

rLine rLine
" Pependicular ™ Tangent " Pependicular % Tangent
Length: 0.0 o |u.u Length: 0.0 o |n_n
Famp height: ID. i} Ramp height: ID_U

& s
e 75.0 % |?.5 Radius: 75.0 % |?_5
Swieep: 0.0 Swieep: 90.0
Helix height; ID.D Helix height: IU.U

™ Use entry point ™ Use exit point

I | W= poitt desthy I | Wse maitt depth

[~ Enter on firgt depth cut anly ™ Exit on last depth cut anly

ok LCancel Help

16. Choose OK twice.

17. Mastercam will show you previews of the remachining operation.
First, it shows you the areas where the rough tool could reach,
with the message, "Machinable area for rough tool" in the prompt
area. Press [Enter] to continue.

18. Next, it shows you the areas that the finish tool you selected
should be able to reach. Press [Enter] to continue.
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19. Next, it shows the stock that remains for the finish tool to remove,
as shown in the following picture. Press [Enter] to continue.

20. Finally, Mastercam tells you how much material will remain after
the remachining operation. In this case, you should see the
message, "Remaining stock after remachining. Area = 0.0000."
Press [Enter] to continue.
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The remachining toolpath should look like the following picture.

21. Press [Alt + A] to save the file in your working folder.

Exercise 2 —Using depth cuts, island facing, and
tapered walls

Depth cuts, island facing, and tapered walls are often used together on
more complex pocket toolpaths. For example, tapered walls require
multiple depth cuts so that the offset for the walls can be computed at each
depth. Also, when you face the islands, Mastercam can automatically use
the island depth as one of the depth cut values. The completed toolpath
should look like the following picture.
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In this exercise, you will use an inch part. You will see how Mastercam
automatically adjusts when you open the part and prompts you with the
proper tool library and default values. In this exercise, you will learn the
following skills:

¢ Using an inch part

¢ Using depth cuts

¢ Using island facing

¢ Machining tapered walls

> Chaining the pocket geometry

1. Open islands.mc9 from the folder C:\Mcam9\Tutorials\Mill
Tutorial\Inch.

2. Choose OK when you see the following message.

System Configuration E |

Sypgtem unitz switched from Metnc fo Englizh.
Englizh configuration file loaded...
c:hmcam3hmill3. cig

Note: The configuration file determines which units Mastercam is
using. The default files are mill9.cfg for working in inches and
mill9m.cfg for metric operations. Mastercam knows which units
were used to create a part file and prompts you with the previous
message if it needs to switch.

Tip: To change the current part drawing from inch to metric, choose Main Menu,
Screen, Config. The configuration file is listed in the lower left corner:

Current configuration file

MILLIM.CFG [Mehic] =]
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3.
4.

Choose Main Menu, Toolpaths, Pocket, Area.

Click near location 1 to select all the boundaries.
N

\O /

The Area selection method lets you select an area that is
surrounded by a completely closed boundary by clicking inside it.
Mastercam automatically knows about the islands inside the
pocket when you use this method.

Choose Done.

Select a 5/8" flat endmill from the tool library and choose OK.
Mastercam automatically shows you the library of inch tools.

> Entering the pocketing parameters

1.

A

Select the Pocketing parameters tab.

Enter 0.25 for the Retract height.

Enter 0.1 for Feed plane.

Enter a Depth of —1.75.

Choose Island facing from the Pocket type drop list.

Choose the Facing button. When you choose an Island facing
pocket type, the settings in this dialog box determine the cutting
action Mastercam uses to trim the tops of the islands. Your values
should match the following picture.
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Facing EHE
Owerlap percentage: 500
Overlap amovnt: 03125

Approach digtance:

Exit distance:

1117

Stock above izlands:

LCancel | Help |

7. Choose OK.
8. Choose the Depth cuts check box and button.
9. Select Use island depths.

10. Select Tapered walls. Make sure your other values match the
following dialog box.

Depth cuts
Tip: The actual rough step used
by the toolpath might be smaller Max rough step

e —
than the Max rough step entered /ﬂ - O { @ Bypocket " Bydepth
[005

Depth cut order

here. This is because Master-

cam calculates equal step sizes Finish step
(less than or equal to the Max
rough step) between the top of

stock and the final depth. I¥' Use island depths Duter wall taper angle |3-'j
|sland taper angle |3.U

™ Keep tool dovin [+ Tapered walls

Tip: This value sets the taper for

the outer boundary. Concel | Hebp |

11. Choose OK. Your other pocketing parameters should match the
following dialog box.
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o s | 5
o | [7T—

7
Tosws | T
o=—n S

I7 | Greste additional fintshamemation

|zland facing v I I Flter..

o | cocd | e |

12. Select the Roughing/Finishing parameters tab.

13. Enter the values shown on the following dialog box.
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Comstant Parallel Spiral  Parallel Spiral,  Morph Spiral High Speed One ‘way
Owerlap Spiral Clean Comers

14. Choose the Lead in/out check box and button.

15. Enter the values shown on the following dialog box.
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Lead In/Out

Owerlap: ID-D
W [ Ertry Wi Exit
rLine rLine
" Perpendicular  * Tangent " Perpendicular % Tangent
Length: 0.0 o |u.u Length: 0.0 o |n_n
Famp height: ID. i} Ramp height: ID_U
& s
e 80.0 % |u.5 Radius: 80.0 % |n_5
Swieep: 0.0 Swieep: 90.0
Helix height; ID.D Helix height: IU.U

™ Use entry point ™ Use exit point
I | W= poitt desthy I | Wse maitt depth

[~ Enter on firgt depth cut anly

™ Exit on last depth cut anly

ok | LCancel | Help

16. Choose OK twice. Mastercam generates the toolpath.

17. Switch to isometric view to see the toolpath more clearly. It
should look like the following picture.
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> Verifying the toolpath

To get a better picture of the toolpath results, you will use the Verify
function. Because it previews the actual stock removal, it will give
you a clearer picture of how the islands were machined.

1. Choose Operations.
2. Choose Verify.

} 3. Choose the Machine button on the Verify toolbar. You should see
| the part machined as shown in the following picture.

Note: The stock boundary that you see in the Verify picture was
already defined for you in the file.

4. Choose the Close button [x] on the Verify toolbar to return to the
Operations Manager.

5. Choose OK to close the Operations Manager.

6. Save the file in your working folder as island pocket.mc9.
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Exercise 3 — Modifying a toolpath using the
Toolpath Editor

This exercise shows you how to make corrections to a toolpath using
Mastercam’s Toolpath Editor. The Toolpath Editor gives you a fine level
of control over the motion in your toolpath. You can make modifications
to the tool motion created by Mastercam and change the areas of the part
that are machined.

In this exercise, the part drawing shows the clamps that you will use to
hold the part while it is being machined. You will backplot the toolpath to
see if the clamps interfere with it, and then modify it so that the tool
doesn’t make contact with the clamps.

It is important to note that when you change a toolpath with the Toolpath
Editor, the changes are not associative. This means that if you make other
changes to the operation—for example, changing any of the tool or
contour parameters, or changing any geometry—you will not be able to
update the toolpath by choosing the Regen Path button like you have done
in other exercises. The NCI file for the operation is locked so you don’t
overwrite the changes you have made with the Toolpath Editor. The
following picture shows the part, clamps, and original toolpath.

original
toolpath
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Note: To make other changes to the toolpath after using the Toolpath
Editor, unlock the NCI file and regenerate the toolpath. Make your
changes, and then re-edit with the Toolpath Editor. See the online help for
more information about unlocking NCI files.

In this exercise, you will learn the following skill:
4 Using the Toolpath Editor to modify selected points on a
toolpath
> Inspecting the toolpath

1. Open tp_editor-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

Note: If you have just completed the previous exercise, the units
will switch to millimeters.

2. Choose Main Menu, Toolpaths, Operations, Backplot.

Press [S] repeatedly to step through the toolpath. You can see that
the tool passes right through the clamps.

4. Choose OK when the backplot is complete.
Choose Backup.

The next two procedures show you how to use the Toolpath
Editor to fix the toolpath.

» Adding points with the Toolpath Editor

Your first change will be to add some points to the toolpath so it can
move around the first clamp.

1. In the Operations Manager, right-click on the NCI icon for the
operation:

E‘E Toolpath Group 81
=853 1 - Contour [2D)]

1 Parameters Backplot |
H#1-M12.00 EMDMILLT FLAT - 12 FLAT

E Geometry - [1] chain(s) Werify |

——>§ CyMCaMIMILLAWHCITP_EDITOR MCT - I
Post

Fegen Path

The Toolpath Editor opens.

Note: You can move the dialog box to the top of the graphics
window to view the toolpath while you make edits.
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2. Use the up arrow scroll key (circled in the following picture) to

N v kW

move to point 8.

Toolpath Editor

Pogition
= =l Select
’7 Cut = F'assl | Point B ——l LCancel |

Edt | oOptions.. |

Unda | Help |

Point 1 in the following picture should be highlighted.

Choose the Options button.
Under Point Insertion Mode, choose After and choose OK.

Choose the Edit button.

Choose Add Point, Relative, Last, Rectang.

Type z50 in the prompt area and press [Enter]. The point should

be added as shown:

Mastercam Version 9 Mill/Design Tutorial 223



Chapter 10

Point 2j

8. Click the up arrow scroll button twice. You should see Point 10
in the Toolpath Editor dialog box as shown in the following
picture, and Point 2 highlighted on the geometry.

Toolpath Editor HE
Pazition
’7 Cut 1 | Pass 1 ;IPDIHI m;l Select Cancel |
Edt | Options.. | Undo | Help |
9. Choose the Options button. Under Point Insertion Mode, choose
Before and choose OK.

10. Choose the Edit button.
11. Choose Add Point, Relative, Last, Rectang.

12. Type z50 in the prompt area and press [Enter]. The second point
should be added as shown in the following picture. You can see
that the new toolpath will clear the clamp.
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Point 7

13. Now edit the new moves so that they are rapid moves instead of
feed moves. Choose Edit, Edit Point.

14. When the Edit Point Parameters dialog box opens, choose Rapid
Move and choose OK.

Edit Point Parameters EHE

Feed Rate IEDDD.D Cutter Comp INnne vI

Change: & f{odsl € Secfion | Coolant Im

v2 Rapid Height |BU-44 r Canned@|

[ Stop ok I LCancel | Help |

15. Use the down arrow scroll button in the Toolpath Editor to move
to point 9. (This is the first point that you added.)

16. Choose Edit, Edit Point.

17. Choose Rapid Move again and choose OK.

> Deleting points with the Toolpath Editor

To clear the second clamp, you will delete the section of the toolpath
that crashes into it.

1. Choose the Select button and select point 3 on the geometry as
shown in the following picture.
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2. Choose the Edit button and choose Del Section, Forward Step,

Done.

3. Choose OK at the confirmation message. The toolpath should

look like the following picture.

4. Choose the Select button and select point 4 on the geometry as

shown in the previous picture.
5. Choose Edit, Edit Point.
6. Select Rapid Move.

7. Enter 50 for the Rapid Height.
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Edit Point Parameters EHE

Feed Rate IEDDD.D Cutter Comp INDne vl
Change: (1 hiadal €71 Sectin Coalant |F|ggd vl

W Rapid Move Rapid Height |30-0 r Cannedm|

[~ Stop Ok I LCancel | Help |

8. Choose OK. The toolpath should look like the following picture.

9. Choose OK to close the Toolpath Editor. The Operations
Manager opens.

O Toolpath Growp $#1 Regen Path
SR 1 - Contour [20] 4|—
Backplat |
Werify |
Post |

The Operations Manager shows a red lock over the NCI icon.

Because you used the Toolpath Editor, the toolpath is
automatically locked.

10. Choose Backplot to verify the new toolpath and make sure it
clears the clamps.
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11. To more clearly verify the first clamp, choose the Gview—Side

button from the toolbar.

12. Press [S] until you see the tool move around the clamp.

T T
Lo e

P 7

Tip: In this picture, the tool is shown shaded. To do this, choose Display from
the Backplot menu, then Appearance and Shaded.

13. To verify the second clamp, choose the Gview—Front button @l
from the toolbar.

14. Press [S] until you see the tool move around the clamp.

In this chapter and several previous ones, you've seen how you can create
new toolpaths efficiently by copying and editing toolpaths. The next
chapter will show you how to expand on this by directly saving and
importing operations and making part programs more efficient by using
subprograms.
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1 1 Reusing Operations

In several previous chapters, you've seen how to create new operations
efficiently by copying and editing existing operations. In this chapter, you
will expand on this concept by using the following techniques:

& grouping geometry
& saving operations to a library and importing them into a new file
« importing an operation from another part file

# using subprograms to make your part program more efficient

Exercise 1 — Creating an operations library

One of the best ways to reuse operations is to save them to a library. An
operations library is a file that contains a collection of toolpaths. These
toolpaths can then be imported into a part file and applied to geometry in
it. In this exercise, you will create some drilling operations and save them
to a library.

Another way to reuse operations is to import one from a part file and apply
it to geometry in your current file. In this exercise, you will also create a
pocketing operation and save it with the file so you can import it into
another file later. You will learn the following skills:

¢ Creating an operations library

¢ Saving operations to a library

¢ Creating a pocketing operation that can be imported into

another file

> Creating a center drill operation

1. Open the file cover-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric. It should look like
the following picture.
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. C

. S
2. Choose Main Menu, Toolpaths, Drill.

3. Select each of the four holes as shown in the following picture.

O O

4 3 5‘/
\O O/

4. Choose Done. Mastercam shows you the drilling order of the
holes.

Choose Done.

6. Right-click in the tool display area and choose Get tool from
library.

7. Clear the Filter Active check box.

Select a 10 mm center drill from the tool library.
9. Choose the Simple drill — no peck tab.
10. Enter a Depth of -2.

11. Select the Incremental option for Retract, Top of Stock, and
Depth.
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Note: Selecting the Incremental option means that these values
are relative to the chained geometry. This means that when you
apply this operation to a different part, Mastercam will still drill
to a depth of 2 mm even if the hole starts at a different Z-depth.

Your other parameters should match the following picture.

u | o
- Dinll/Counterbore

r
| oo
| po

12. Choose OK. The drill path displays as shown in the following
picture.
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& @

N /

13. Choose Operations.

14. Right-click on Toolpath Group 1 and choose Groups, Rename
operation group.

[ 1 Dperations, 1 selected Select Al |
Teckatis | _Begen o |
Options i

Groups Create new operation group

18§ Operations Manager

Renarne operation group
Delete operation group

Pazte Set 5z ACTIVE group

15. Type the new name Drill Operations and press [Enter].

> Adding the drill operation

You will copy the center drill operation and edit its parameters to
create both the drill and tap operations. In this procedure, you will
create the drill operation.

1. While the Simple drill-no peck operation is selected, right-click
in the white area below it and choose Copy.

2. Right-click again and choose Paste.

Tip: You can also press [Ctrl + C] and [Ctrl + V] to copy and paste operations.

3. Repeat steps 1 and 2 to create a second copy. You should see
three operations as shown in the following picture.
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10.
11.

i#i Operations Manager EH

[ 3 Operations, 1 selected Select Al |
E---EE Dl Dper.ations . Riegen Path |
== 1 - Simple drill - no peck

----- 3 Parameters Backplot |
¥ it -MI000CENTERDRILL- 10.C

m Geometry - (4] point(z) Werify |

----- E CAMCAMBMILLANCINCOWE R -MbE

== 2 - Simple diill - no peck, Post |

----- 3 Parameters

----- # #1-MI10.00CENMTER DRILL - 10.C Highfeed |
m Geometry - (4] point(z)

----- B CAMCAMIMILLANCINCOVER b b

S8 3 - Simple diill - no peck

----- 1 Parameters

----- # #1-MI10.00CENMTER DRILL - 10.C

m Geometry - (4] point(z)

----- E CAMCAMIBMILLANCINCOVER b b

Choose the Parameters icon for operation 2.
Choose the Tool parameters tab.

Right-click in the tool display area and choose Get tool from
library.

Select a 8.5 mm HSS drill from the tool library.
Choose the Simple drill-no peck tab.

Select the Tip comp check box. This turns on tip compensation
and adds a breakthrough amount.

Change the Depth to —18.

Change the Cycle to Peck drill and enter the peck dimensions
shown in the following dialog box.
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12. Choose OK.

> Adding the tap operation

1.
2.
3.

Choose the Parameters icon for operation 3.
Choose the Tool parameters tab.

Right-click in the tool display area and choose Get tool from
library.

You need to select a 10-1.5 right-hand tap from the tool library.
Choose Filter to use the Tool List Filter to help find the right tool.

5. Choose None.

6. Choose the Tap-RH icon as shown in the following picture.
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Tool List Filter
— Tool Types — T ool Diameter
IIgnore VI
I m e
? [ —Radiuz Type
!E E ] ﬂ g > v None [v| Comer Iv | Full
l F ! E = . \—/ — Toal Matenal
¥ HSS ¥ Ceramic
all None
— | — | ¥ Carbide ¥ User Def 1
Operation mazking Unit mazking V' TiCoated ' UserDef 2
IUsed by operations j IND unit mazking j Al | Mone | Copy job setup matl |
Beszet all | Ok I Cancel | Help |

7. Choose OK.

Select the 10-1.5 right-hand tap and choose OK.
9. Choose the Simple drill-no peck tab.

10.
11
12.

following dialog box.

Select the Tip comp check box.
. Change the Depth to —18.
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13. Choose OK. Your operations list should now show the following
three operations.

i# j Operations Manager

E|== Dirill Operations
== 1 - Simple drill - no peck
3 Parameters
¥ #1-M10.00 CEMTER DRILL - -
. Geometry - [4] pointlz]
E CA\MCAMSWMILLANCINCOVER-H
= 2 - Peck dill - full retract
3 Parameters
¥ #2.MBEODRILL- 85 DRILL
Geometry - [4] pointlz]
CAMCAM WMILLAHENCOVER-

[ Parameters
# #3-M1000%1.50 TAPRH - 1
Geometry - (4] point(z]
C:AMCAMISMILLAMCINCOWVER -+

14. Choose Select All, Regen Path to regenerate the new operations.
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> Saving the drill operations to a library

1. Right-click in the operations list window and choose Save to
library. Make sure all the operations are selected.

iﬁ i Operations Manager [ 2]

Toolpaths L
| 3 Operation:, 3 e Optionz b lect Al |
B il - o g |
E1-@ 1 - Simple dril - na Cut
----- 7 Parameters Capy clplat |
..... ¥ wmomiooc g
m Geometry - (4] Delete erify |
""" = COMCaMIM Un-delete
8% 2-Peck dill-fullr——_post |
----- 1 Parameters Expand all
..... @ 42 MB50DF  Collapse al beed_|
- Geometry - [4] Do file
----- B CAMCAMIWM Sort operations ¥

=@ 3 - Tapping - fe
----- (21 Parameters Get from library...

----- ¥ a3 M1u.nn><m
- Geometry - [4] Batch...

----- B COMOAMIM T

Dizplay options...
Job zetup...

Callizion check. . K |
/] | | Hee |

2. Enter the name DrillOps in the Library Group Name field, as
shown in the following picture.

i# 7 Operation Export

~ Library
Select.. |C:\MC&MS\MILL\DPS\DPEHATM.DPS

— Libramy Group Mame

IDriIIDpS =l

[ Export operation's geometry

™ Disable duplicate toal checking

EEE Dirill Operations

-7 1 - Simple drill - no peck

W) 2 - Peck diill - full retract

-7 3 - Tapping - feed in, reverse spindle - feed out

3. Choose OK. The operations are now saved the library.
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> Creating the pocket toolpath

You will now create a toolpath to machine the pocket. Just like with
the drilling operations, you will specify incremental values for the
depths, so that you can more easily apply it to a different part.

1. Right-click in the operations list window and choose Toolpaths,
Pocket.

2. Select the pocket boundary at the location shown in the following
picture.

O O

/o /o

3. Choose Done.

4. Select a 10 mm HSS flat endmill from the tool library.
5. Choose the Pocketing parameters tab.
6

. Enter the values shown in the following dialog box.
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7. Choose the Depth cuts check box and button.

8. Enter the values shown in the following dialog box.

Depth cuts

Note: The Depth cut order — By pocket setting means that if you
chain multiple pockets to this operation, each pocket will be
cleaned out completely before the tool moves to the next pocket.

9. Choose OK.
10. Choose the Roughing/Finishing parameters tab.
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11. Enter the values shown in the following dialog box.

Zigzag Parallel Spiral ~ Parallel Spiral,  Morph Spiral High Speed Qe \way
Clean Comers

minlaits]

12. Choose Lead in/out.

13. Enter the values shown in the following dialog box.
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Lead In/0ut HE
O+verlap: |3-D
M [ Entry M Exit
r Line rLine
" Perpendicular & Tangent " Perpendicular & Tangent
Length: ] 4 ID.D Length: oo 4 IU.U
Famp height; ID.D Famp height: ID_D
—arc s
B 100.0 % |1D.D Radius: 100.0 % |1u.u
Sweep: 0.0 Swieep: ISEI.EI
Helix height; IU.U Helix height; ID.D
[ Use entry paint [ Use exit point
I= | s paint depth I= | Uz poitt depth
I Enter o first depth cut omly [~ Exiton last depth cut only
ok | LCancel | Help |

14. Choose OK twice. Your toolpath should look like the following

picture.
O O
/

S Zz

15. Choose Select All, Backplot.

16. Choose the green Gview—Isometric button from the toolbar and
toggle Verify=N so you can see the toolpaths more clearly.

17. Press [S] repeatedly to step through the toolpaths. They should
look like the following picture.
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18. When the backplot is done, choose OK and Backup to return to
the Operations Manager.

19. Choose OK to close the Operations Manager.

20. Choose Main Menu, File, Save and save the file as pocket
cover.mc9 in your working folder.

Exercise 2 — Importing operations

The part featured in this exercise requires that you machine holes and
pockets with toolpath parameters similar to the last exercise. You will
import the drill operations from the operations library and the pocket
operation from the pocket cover.mc9 file.

In this exercise, you will learn the following skills:
¢ Grouping geometry
¢ Importing operations from a library
¢ Importing an operation from another MC9 file

> Grouping the geometry

Use groups when you will want to use the same set of entities
multiple times. Instead of selecting the different entities each time,
you can use the group name as a shortcut. In this procedure, you will
assign a group name to a set of holes that will be used for multiple
drilling operations.
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1. Open the file cover2-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric. It should look like
the following picture.

//

‘\\

Qe
B

/

N2
2. Choose Groups from the Secondary Menu.

3. Choose New.

4. Mastercam prompts you to enter a group name. Type the name
Drill Holes and press [Enter].

Select each of the drill holes.

6. Choose Done. Your Groups dialog box should look like the
following picture.
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Groups [ 7]

Mumber of groups: 1

=

i

=

=

Addto...
Bemaowve from...
Wiew. ..
Delete...
Subgroup
Undo sub
Select...

Colors...

QK Cancel | Help

7. Choose OK.

> Importing the drill operations

You will import the drill operations from the library that you created
in the previous exercise, then apply each operation to the group of
holes.

1. Choose Main Menu, Toolpaths, Operations.

2. Right-click in the empty operations list and choose Get from
library.

3. Choose the DrillOps group so that all the operations have a blue
check mark in front of them. Your dialog box should look like the
following picture.
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i? i Operation Import HE

Library
’7 Select. . |C:\MCAMS\MILL\DF’S\DF’EHATM.DPS

I™ | Ealculate speeds and feeds

[ assign cument system tool and construction planes
[ Import operation's geametry
™ Disable duplicate tool checking
W[u]
- 1 - Simple dill - no peck

+-1 2 - Peck diill - full retract
[+ 3 - Tapping - feed in, reverse spindle - feed out

]9 Cancel Help

4. Choose OK.

5. Choose No at the following message.

Operation Import E

@ Impart/add the operation groups alzo?

6. Press [E] to expand all the operations. Your operations list should
match the following picture.
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i; j Operations Manager [ 7]
| 3 Operations, 1 zelected, 3 need regen Select Al
[m[m]
E""Elj:l Toolpalh. Group 1 Regen Path
=82 1 - Simple drill - no peck
---- 3 Parameters Eackplot
----- # #1-M10.00 CENTER DRILL - -

-l Geometry - (0] point(z) Werify
----- s CAMCAMSWMILLWWCINCOVERZ
== 2 - Peck diill - full retract Post
----- 3 Parameters
----- # #2.MBS0DRILL- 85 DRILL Highfeed
-l Geometry - (0] point(z)
----- s CMCAMSWMILLWMCINCOVERZ
£ Tapping - feed in, reverse
----- 1 Parameters
----- # #3-M1000% 150 TAPRH - 1
Geometry - (0] point[z]

CAMCaM 3MILLAHEINCOVER 2

dudiHe

E

‘! | | I

7. For each operation, you can see "Geometry - (0) points." This
means that there are no points associated with any of the drilling
operations. To add drill points to the first drilling operation,
choose the Geometry icon for operation 1.

8. Choose Add pts, Entities, Group.
9. Choose Drill Holes from the Groups dialog box.

10. Choose OK. Mastercam adds all the holes from the group that
you created ealier.

11. Choose Done three times. You can see the new holes listed in the
operations list.
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12.

13.
14.

15.
16.

i; j Dperations Manager

[ 3 Operations, 1 selected, 3 need regen Select Al

=B Tadlpath Group 1

| Begen Path
=8 % 1 - Simple drll - no peck: o=

Backplot

-2 2 - Peck dill - full retract Post
----- £ Parameters _
----- ¥ #2-MZE0DRILL - 85 DRILL HSS Highteed

b

Geametry - [0] paint(z]
----- ConbACAM INMILLANCIACOVE R 24k

To quickly add the same holes to the other operations, click on the
Geometry icon for operation 1 and drag it on top of the Geometry
icon for operation 2.

Choose Replace from the menu.

Choose Yes at the following message.

Operations Manager E

@ Fietain depth values of merged drill points?

Repeat steps 12 through 14 for operation 3.

Choose Select All, Regen Path. Mastercam regenerates the drill
toolpaths with the new holes added.

Importing the pocketing operation

1.

2.
3.
4

Right-click in the operations list and choose Get from library.
Choose the Select button.
From the Save as type drop-list, choose All Files (*.*).

Locate and select the pocket cover.mc9 file that you created in
the previous exercise.

Choose the Pocket operation. The other settings should match the
following picture.

Mastercam Version 9 Mill/Design Tutorial 247



Chapter 11

i? i Operation Import HE

Library
’7 CAMCAMIWMILLAMCIWPOCKET COVER.MCY

I™ | Ealculate speeds and feeds

[ assign cument system tool and construction planes
[ Import operation's geametry

™ Disable duplicate tool checking

EI---EE Drill Dperations

#-C3 1 - Simple drill - no peck

£ 2 - Peck diil - full retract

&7 3 - Tapping - feed in, reverse spindle - feed out

]9 Cancel Help

6. Choose OK.

7. Choose No at the following message.

Dperation Import E

@ Import/add the operation groups also’?

You should see the Pocket operation added to the operations list.
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ii jDperations Manager

| 4 Operationz, 3 selected, 1 need regen

EEE Toolpath Group 1

=R 531 - Simple diill - no peck:
----- 1 Paramaters
----- @ 1 -M10.00 CENTER DRILL- 10.C
g Geometry - [17] point(z)
----- 2 CAMCAMIWMILLAHCINCOVE R 2-MM
@ 2 - Peck drill - full retract
----- 21 Paramaters
----- ¥ 2 -MB50DRILL - B.5DRILL HSS
g Geometry - [17] point(z)
----- 2 CAMCAMIWMILLAHCINCOVE R 2-MM
=@ 3 - Tapping - feed in, reverse spindle - fee
----- 21 Paramaters
----- ¥ #3-M10.00%1.50 TAP RH - 1000
g Geometry - [17] point(z)
----- 2 CAMCAMIWMILLAHCINCOVE R 2-MM
E-#= 4 - Pocket [Standard]
----- 21 Paramaters
----- @ 4 M10.00 ENDMILLT FLAT - 10.1

Geometry - (0] chain(z]
----- CAMCAMIWMILLAHCIMCOYE R 2- b

4| | 10

Select Al
Hegen Fath
Backplot
Werify

Post

didily:

Highfeed

i

Help

8. Select the Geometry icon for the Pocket operation.
9. Right-click in the Chain Manager dialog box and choose Add

chain.

10. Switch to Isometric view so you can see the top and bottom of the

pockets more clearly.
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11. Choose Chain,
Options.

12. Choose Plane Mask
as shown in the picture
at right. Setting a plane
mask means that when
you chain one of the
pocket boundaries,
Mastercam won't try to
chain the construction
lines connecting the
top and bottom
boundaries of the
pocket.

13. Choose OK.
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'
[T Level mask =
v P ¥ Arcs

- ¥ Splines
[T lgnore depths £

[~ Set start of chain fram point entities

[~ &llow suface edges in Single mode

— Default chaining mode:
& Ful " Partial

~ Direction for closed chains:
& Ow & COw

¥ Use cursor position for manual selection

— Search direction for open chaing:

" One way ' Zigzag

— Mested chains

Inext clozest j

™ Infinite nesting in area chaining
™ Reverse direction of inner chaing

Sorting

Sync mode Maone j

Section stop angle: 300

Chiaining tolerance: IW
Ok LCancel | Help |
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14. Select the pockets at the positions and in the order shown in the
following picture.

Note: Make sure you select the top boundary of each pocket, not
the bottom.

15. Choose Done. The Chain Manager now shows you the five chains
you just added.

i#1 Chain Manager

Select |

=
-

I
@
=]

16. Choose OK, Regen Path. The completed toolpath should look
like the following picture.
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/¥

A

17. Choose OK to close the Operations Manager.

18. Save the file in your working folder as imported pockets.mc9.

Exercise 3 — Using subprograms

A subprogram is a section of an NCI file that is reused at different
locations, thereby reducing the size of the file and of the NC program that
results when you post it. The part in this exercise uses contour depth cuts;
because the tool motion at each depth is the same, you will create a
subprogram for the cutting pass that Mastercam will use for each depth
cut. Subprograms can also be used on pocket depth cuts, circle mill
toolpaths, drill toolpaths, and transform toolpaths.

In this exercise, you will learn the following skills:
¢ Creating a subprogram
¢ Viewing the resulting NC file

> Open the file and generate the toolpath

1. Open subprogram-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric. It should look like
the following picture.
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A

Choose Main Menu, Toolpaths, Contour.

Chain the contour at position 1 as shown in the following picture.
Make sure the arrow points in the clockwise direction. If it does
not, choose Reverse.

Choose Done.
Select the 20 mm HSS flat endmill from the tool library.
Select the Contour parameters tab.

Enter the values shown on the following dialog box.

Mastercam Version 9 Mill/Design Tutorial 253



Chapter 11

== Sam.

8. Choose the Depth cuts button.

9. Enter the values shown on the following dialog box.

Depth cuts

10. Choose OK.
11. Choose the Lead in/out button.

12. Enter the values shown on the following dialog box.
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Lead In/0ut

r
=} s et aepth
r

13. Choose OK twice. Mastercam generates the toolpath as shown in
the following picture.
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> Post the operation and view the NC file
1. Choose Operations.
2. Choose Post.

3. Enter the values shown on the following dialog box.

adai _ Chergeon |
[MPFAN.PST
MCI file
¥ Save NCI file [~ Edit
= Owenarite:
¥ disk
— ML file
¥ SaveNCiils I Edit
€ Ovenarite ML extension
% Ask I.nc
rSend
[™ Send to maching Caomrn... |
Ok I Cancel | Help |

4. Choose OK.

5. Choose Save to save the NCI file as subprogram.nci.
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6. Choose Save to save the NC file as subprogram.nc. Mastercam

Tip: The M98 or

M99 code is a
subprogram
indicator.

displays the NC file in the default text editor. The NC file should
look like the following picture.

%

opoae

(PROGRAM NAWE - SUBPROGRAM)

(DATE=DD-MH-¥Y - 11-82-82 TIME=HH:-HHM - 14:51)
H188G21

H182GOG17G4AGLIGEB OGP0

FN1BAG91G2820.

FH106G28K0.Y0.

FH108G92K0.Y0.20.

{ 28. FLAT END HWILL HSS TOOL - 1 DIA. OFF. - 41 LEN.
H118T1H6

H112GOG98X-92 _349Y-49 532A0.5400K3
H114G43H1258.

H116218.

H1#8 u.F36.
{2 afFLF) oot
H1BGG BGP0258.

H188Y-49 532
H19826 .
N192G1Z2-8.
H194H98P 1001
HZ60GOG90250.
H262Y-49.532
H26422 .
H266G12-12.
H268H9BP 1061
H3I34GOG90250.
H336H5
H3I3BGY1G2820.
H34BG28X0.Y0.A0.
H3u2H38

%

The subprogram code replaces many blocks that would otherwise
be repeated, reducing the size of the NC file.

Close the text editor.
Choose OK to close the Operations Manager.

Save the file in your working folder as cut-depth
subprogram.mc9.

This chapter completes the section on wireframe geometry. The rest of this
tutorial introduces you to machining more sophisticated geometry such as
surfaces and solids.
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1 2 Choosing a Surface Type

The next several chapters introduce you to surface machining. A surface is
a 2D or 3D bounded shape that has no thickness. This chapter explains the
types of surfaces you can create with Mastercam and shows examples of

each type. In the next chapter, you will create and machine some surfaces.

Draft

The Draft surface function creates a surface that has angled (or tapered)
walls defined by a given length and angle. The following picture shows
the draft surface that is created from a single chain of curves. You can
create this surface type by choosing Main Menu, Create, Surface, Draft.
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You can also use the Draft surface function to create a chain of curves that
contains a single entity.

-

\

Ruled

The Ruled surface function creates a surface by transitioning between two
or more chains of curves in the order that you select them and by using
linear blending between each section of the surface. It is important to
select each chain of curves at the same relative position to each other. The
following picture shows the surface created when you select at positions 1,
2, and 3. You can create this surface type by choosing Main Menu,
Create, Surface, Ruled.

A
{

N
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The following picture shows the ruled surface that is created when you
select at positions 1 and 2.
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Loft

The Loft surface function creates a surface by transitioning between two
or more chains of curves in the order that you select them and calculating
a smooth blend by considering all the section chains at once. It is
important to select each chain of curves at the same relative position to
each other. The following picture shows the surface that is created when
you select at positions 1, 2, and 3. Notice the difference between the Loft
surface and the Ruled surface on the previous page using the same

wireframe geometry. You can create this surface type by choosing Main
Menu, Create, Surface, Loft.
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The loft surface shown in the following picture uses 40 cross-sections.

SN
ARSI
S
eSe et

Revolved

The Revolved surface function creates a circular surface by driving the
shape of a selected chain of curves about an axis using given start and end
angles. Use Revolved when a cross-section and an axis can describe a
surface, as shown in the following example. You can create this surface
type by choosing Main Menu, Create, Surface, Revolve.
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The coffee cup shown in the following picture is another example of a
revolved surface.

Note: The handle of the coffee cup is created separately using a swept
surface function. It is not part of the revolved surface.

Swept

The Swept surface function creates many different surface configurations
depending on the curves that you select. The system sweeps chains of
curves called "across contours" over other chains of curves called "along
contours." You can select any number of across curves if you are using
one along curve. This surface type is shown in the following three
pictures. You can create this surface type by choosing Main Menu,
Create, Surface, Sweep.

Across
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Along

Across

Coons

The Coons surface function creates a surface from a grid of curves. You
can create this surface type by choosing Main Menu, Create, Surface,
Coons.
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\

Single Patch Coons

Multiple Patch Coons
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Multiple Patch Coons
Fillet

The Fillet surface function creates a fillet surface, which is mathematically
equivalent to a series of arcs and is tangent to one or two surfaces based
on the construction method you choose. Fillet surfaces can be created
between a plane and a surface, between a curve and a surface, or between
two surfaces. You can create this surface type by choosing Main Menu,
Create, Surface, Fillet. The following picture shows a surface to surface
fillet example.
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Trim, To surfaces

The Trim, To surfaces surface function trims surfaces to each other. You
can create this surface type by choosing Main Menu, Create, Surface,
Trim/extend, To surfaces.

Trim, Flat boundary

The Trim, Flat boundary surface function creates a flat, trimmed surface
from one or more planar sets of curves. You can use this surface function
to cap the ends of existing surfaces if the wireframe geometry that defines
the surface edge exists. You can create this surface type by choosing Main
Menu, Create, Surface, Trim/extend, Flat bndy.

Note: You can select open or closed chains of curves. If you select open
chains of curves, the system prompts you to close them.
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Offset

The Offset surface function creates a surface in which the offset surface is
a fixed distance from an existing surface. You can create this surface type
by choosing Main Menu, Create, Surface, Offset.

2 Surface Blend

The 2 Surface Blend surface function creates a blended surface between
two existing surfaces. This surface type is shown in the following
example. You can create this surface type by choosing Main Menu,
Create, Surface, Next menu, 2 surf bind.

Note: The blend direction and position you set for each selected surface
affects the resulting surface.
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3 Surface Blend

The 3 Surface Blend surface function creates a blended surface between
three existing surfaces. You can create this surface type by choosing Main
Menu, Create, Surface, Next menu, 3 surf bind.

Note: The blend direction and position you set for each selected surface
affects the resulting surface.

Fillet Blend

The Fillet Blend surface function blends three intersecting fillet surfaces to
create one or more blend surfaces. You can create this surface type by
choosing Main Menu, Create, Surface, Next menu, Fillet bind.
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Now that you've been introduced to different surface types and their
applications, you're ready to create a part with surfaces and machine it
with surface toolpaths. The next chapter will show you how to do both.
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1 Creating and Machining
Surfaces

This chapter introduces you to Mastercam's surface machining
capabilities. First, you will create several different kinds of surfaces. Then,
you will create a number of different roughing and finishing surface
toolpaths. In this chapter, you will work with the following types of
surfaces:

¢ Ruled surfaces are created by a linear blend between several chains.
+ Loft surfaces are created by a curved blend between several chains.

¢ Coons surfaces are created from grids of chains or curves.

Exercise 1 — Creating surfaces

In this exercise, you will open a part file that already has some wireframe
geometry and add surfaces to it. The following pictures show the
wireframe geometry and completed surfaces.
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In this exercise, you will learn the following skills:

Defining surface attributes with the Entity Attributes
Manager

Creating a ruled surface

Creating a loft surface

Creating a Coons surface

Creating surface fillets

*o o0 o

> Setting the level and color for the new surfaces

Organizing your work with levels can make working on complicated
parts much easier. In this exercise, the wireframe geometry is on level
2, and you will create the surface geometry on level 3.

Use the Entity Attributes Manager to set default properties for
surfaces so that when you create surfaces, they are automatically
created in the proper color and placed on the proper level.

1. Open surfaces-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Attributes from the Secondary Menu.
Choose the EA Mgr check box and button.
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Attributes HE
r— Calor ~ Lewel
I - H |2 Select... |
—Line Style———————— [~ Line Width
I_ solid v| I— vI
—Point Style————————————

| Cancel |

Help

4. Find the line for Surfaces. Select the Level check box and enter
3. This means that every time you create a surface, Mastercam
will place it on level 3, regardless of what the current level is.

Select the Color check box. You want the surfaces to be green

(color 10), which is the default color, so you do not need to
change it. Your values should match the following picture.

Entity Attributes Manager HE
| Lewel | Color Style | widh
Foints [ rie | rewss]
Lines |-J'| |-J'| 0 ’_ |_JI j |-JI j
Arcs |-J'| |-J'| 0 ’_ |_JI j |-JI j
Parametric splines |_J1 |_J1 i r |_J| j |_J| j
NURBS curves [l o ) =L =
Surface curves |-J'| |_J'I 0 ’7 |_JI j |_JI j
Surfaces FJ3 FJ'I 0 ’7 |_JI j |_JI j
MotesdLabels |-J'| |-J'| 0 ’_ I K
Leaders Avfithess |-J'| |-J'| 0 ’_ I K
Dimensions i NIE r I~ ¥
Cross Hatches |-J'| |_J'I 0 r u R
Copious Data |-J'| |_J'ID ’7 r T
Solds [ L
™ Include entities created during File-Coreert
Lpply to existing entities |
(1.4 LCancel Help
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Tip: To change the default color when you don't know the number, right-click in
the number field and choose Select from dialog. This will show you the same
dialog box as when you choose the Color button from the Secondary Menu.

s =
Mm r—-1r
Calor; I
I'Im
Select fram dialog
_I:E Set value fram entity .

! BT Set value to main attr.
[Eapmysealie b abmyve
I ]1 i
[Eamysealie: ba bela i
|t FTTR r

6. Choose OK twice.

> Creating the ruled surfaces
1. Choose Main Menu, Create, Surface, Ruled, Single.

2. Select the lines at position 1 and position 2.

Tip: If you used the Chain option instead of Single, only one ruled surface with
rounded corners would be created. This would not follow the shape of the part.

Choose Done, Do it.

4. Repeat steps 2 and 3 for positions 3 and 4. (Before selecting the
lines, choose Single to make sure you are using Single chaining.)

5. Repeat for positions 5 and 6. This creates a total of three ruled
surfaces.
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> Creating the loft surface
1. Choose Backup, Loft.

2. Select the arcs at positions 1, 2, and 3 in that order.

Tip: A ruled surface would not work for this geometry because it would create
sharp corners in the middle of the surface. A Coons surface would not work

because the sections are not connected.

3. Choose Done, Do it.

> Creating the Coons surface
1. Choose Backup, Coons.
2. Choose Yes when you see the following message:

Automatic Coons Chaining EE

Use Automatic Coons Surface Chaining?

Mo | LCancel | Help |

[~ Daon't ask again

3. Select at positions 1 and 2.
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4. Select at position 3.
5. Choose Do it.

6. Choose Backup.

7.

Press [Alt + S] to see a shaded view of the surfaces. The surfaces
should look like the following picture.

Note: Shading the surfaces makes selection easier when creating
surface fillets.

> Creating surface fillets between the loft and Coons
surfaces
1. Choose Main Menu, Create, Surface, Fillet, Surf/surf.
2. Select the loft surface.

3. Choose Done.
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Select the Coons surface.
Choose Done.
Enter a radius of 6

Choose Check norms, Cycle.

® N ok

The surface normal (represented by the arrow) should point out as
shown in the following picture. If it does not, choose Flip from
the menu. When it is correct, choose OK.

9. Repeat step 8 for the next normal.
10. Choose Do it. The fillets should look like the following picture.
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> Creating surface fillets on two of the ruled surfaces
1. Choose Surfaces.  Top ruled

surface
2. Select the top
ruled surface.

3. Choose Done.

4. Select the next
ruled surface.

5. Choose Done.

Next ruled
surface

6. Enter a radius of 6.

7. Set the Trim option to Y.

Tip: The surface normals must point inside the part. The arrows for the normals
should match the following picture.

8. Choose

Check norms

Cycle

Flip

OK

Flip

OK

Do it

L IR R R R R R 4

9. Choose Main Menu, File, Save and save the file in your working
folder as surfaces1.mc9.

The part should look like the following picture.
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Note: The next procedure is optional—capping the surfaces only
makes the part look better. It does not change the toolpath.

> Capping the ends of the surfaces

1. Choose
¢ Main Menu
¢ Create
¢ Surface
¢ Trim/extend
¢ Flat bndy
¢ Manual

2. Select the Coons surface.

3. Drag the arrow cursor to the edge of the surface and click once as
shown in the following picture.
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.
4. Choose End here, Do it.

5. When you see the following message, choose Yes.

Warning --

@ Boundary Curve ar Chain iz not closed. W ant to Automatically Close it?

6. Choose Manual, and repeat steps 2 through 5 for the two ends of
the loft surface. The part should look like the following picture.

7. Press [Alt + A] to save the file.
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Exercise 2 — Creating a rough parallel toolpath

The rough parallel toolpath removes the bulk of the material quickly.
Using a flat endmill instead of a ball endmill also speeds up the material
removal. This cutting method does not work well on parts with multiple
bosses because the toolpath involves too much plunging. Parallel roughing
is the most efficient roughing toolpath for this particular part. The
completed toolpath should look like the following picture.

P

L

I

Note: The surfaces do not have to be trimmed in order to be machined.
Mastercam automatically cuts only the highest surfaces.

This exercise shows you the following skills:
¢ Creating a rough parallel toolpath
¢ Using cutting direction
¢ Using cutting depths
4 Defining the stock boundaries
1. Press [Alt + S] to turn off the shading on the part.
2. Choose Main Menu, Toolpaths, Job Setup.

3. Choose the Select corners button.
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4. Select the geometry at position 1 and position 2.

Tip: Setting the stock limits is not necessary, but allows for more accurate
toolpath verification.

5. Select the Display stock check box.
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j21Job Setup

Impaort...

Wiews. . |
Tools... |

— Stock Origin

w [fmo
v [0
z oo

Select onigin...

Select comers...

[ [Safeteatics. |

HNCI extents |

Bounding box |

Tool Offzet Registers

Toolpath Caonfiguration
V¥ Dutput operation comments to NI Length Diameter
. " & Add ID |4D
[+ Generate toolpath immediately
W Save toolpath in MC3 file " From tool
[+ Azzign tool numbers sequentially Feed Caloulation
:: W arn of duplicate tool numbers  haterisl & From tool
Uze tool's step, peck. coolant
i IEDDD
™ Search toal librany when entering kool number Masiraun FFM
™ Head nurber equals toal nurmber ™ Adjust feed on arc maove
Minimum arc feed 0.01
b aterial
[NOME |
Post Processor
MPFAMN
| —l ok Lancel Help
6. Choose OK.

> Selecting the surfaces and surface parameters

1. Choose Surface.

2. Toggle the Drive setting to A. This tells Mastercam you want to

machine all the surfaces.

3. Toggle Contain to Y. This tells Mastercam that you want to use a
tool containment boundary to limit the tool's motion.

Your surface selection menu options should match the following

picture.
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4. Choose Rough, Parallel, Boss.
5. Select the 12 mm flat endmill.

Note: All the tools you will need in this chapter have been saved
with the part. You do not need to get them from the tool library.

Select the Surface parameters tab.

Enter the values as shown on the following dialog box.

8. To determine the tool containment boundary, choose the Select
button in the Tool containment section.
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9. Choose Chain, Options.
10. Select the Plane mask option and choose OK.
11. Select the bottom of the part as shown in the following picture.

12. Choose Done to return to the Surface parameters dialog box.
13. Choose the Direction check box and button.

14. Enter the values shown on the following dialog box.
(7] x|

Direction

— Retract direction

— Plunge direction

Line... | Vector. .. | Lire...
Plunge anale IDD— Fietract angle IDD—
XY angle IDD— X angle IDD—
Plunge length 120 Retract length IDD—
Relative to W Relative to IW

ok | Cancel | Help |

Tip: Setting a plunge length in the Direction dialog box allows the tool to plunge
off the part.

15. Choose OK.
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> Entering the roughing parameters
1. Select the Rough parallel parameters tab.

2. Enter the values shown on the following dialog box.

LT e |
frever ]
—

Note: Selecting only the Allow positive Z motion along surface

option limits the tool motion and prevents the tool from plunging
into the material.

3. Choose the Cut depths button.

4. Enter the values shown on the following dialog box.
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Cut Depths

) Ahzolute

—Abzolute depths

Miniraum depth

P axinum depth

Select depths. . |

—

-10.0

I :Iv

— Incremental depths

Adjugtment to top cut ID.2
Adjuztment to other cuts |U2—

Critical depths. .. | 0.000 x

H E3

Relative to

Tip A

| LCancel | Help |

Tip: The adjustment to top cut option sets how far below the top of the surface
the first cut lies. The adjustment to other cuts option sets how far above the

bottom the last cut lies
Choose OK twice.

Mastercam prompts you to select the starting point. Select near
the front corner of the part as shown in the following picture.

Mastercam generates the toolpath, which should look like the

following picture.
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to clear the toolpath display from the screen.

7. Press [Alt + T]

h parallel toolpath

inis

ing a fi

Creat

Exercise 3 —

Using a finish parallel toolpath allows Mastercam to machine over all the

surfaces of this part. Parallel finishing is the most efficient choice for this
part. The completed toolpath should look like the following picture.

This exercise shows you the following skills:

h parallel toolpath
filter and tolerance values

1S

ttings to reduce processing time

ing

¢ Creating a fin
¢ Using gap se

¢ Sett
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> Selecting the surface parameters

1.
2.
3.
4

. Enter the values as shown on the following dialog box.

Choose Main Menu, Toolpaths, Surface, Finish, Parallel.
Select the 12 mm ball endmill.

Select the Surface parameters tab.

5. Choose the Select button in the Tool containment section.

6. Select the bottom of the part as shown in the following picture.
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7. Choose Done.
8. Select the Finish parallel parameters tab.

9. Enter the values shown on the following dialog box.

Surface Finish Parallel - C:\MCAMI\MILLANCINSURFACES1_NCI - MPFAN
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10. Choose the Total tolerance button.
11. Choose a Filter ratio of 2:1.

12. Set the Total tolerance to 0.025. Your other values should match

the following dialog box.

Z-plane arcs

Some controls aren't
capable of machining arcs in
the XZ or YZ planes. Check
the documentation for your
control before selecting
these options.

Also, verify that your post-
processor is configured to
handle XZ and YZ arcs.

Total tolerance settings HE

Filker ratic 21 -

Filter tolerance ID. 01EEY
Cutt tolerance ID. 00833
Total tolerance ID. 025

[~ One way fitering

V¥ Create arcs in Y
[™ Create arcs in =2
[T Create arcs in¥Z

Minimum arc radivs

bl aimum arc radivs

Ok | Cancel

Tip: The filter settings can reduce the size of the NC program. Collinear and
nearly collinear moves (within the specified tolerance) are removed and arcs are
inserted when possible to reduce the toolpath size.

Tip: The filter tolerance should be set to at least twice the cut tolerance. The
filter ratio does this automatically.

13. Choose OK twice. Mastercam generates the toolpath, which
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Notice how long this toolpath takes to process. The next procedure
shows you how to reduce the processing time by adjusting the gap
settings.

> Changing the gap settings
1. Press [Alt + O] to open the Operations Manager.

2. Choose the Parameters icon for the Surface Finish Parallel
toolpath.

Choose the Finish parallel parameters tab.

4. Choose the Gap settings button.

Change the Motion to Gap settings T
SmOOth. Reset
 Gap size
6. Clear the Check gap ('"pDistance 015

motion for gouge check

b 7+ 3% of stepover IBUEI. i]
0X.

— Motion < Gap zize, keep tool down

Tip: Setting the gap motion to

Smooth creates smooth tool motion |SmDDth =l
betv_veen passes. And since the tool ¥ Use plunge. rebract 1ate in gap
motion between passes is on a flat R o ;
plane, there is no need to check the I LR IR B R
gap motion for gouges. This setting ~ Motioh > Gap size, retract
reduces the time needed to process ¥ Check retract motion for gouge
the toolpath.

7. Choose OK twice. ™ Opimize cut order

8 ChOOSG Regen Path [~ Plunge inta previously cut area

[ Follow tool center boundar at gap

Tangential arc radius: 00

Tangential arc angle:

11

Tangential line length: 0

1] | Cancel | Help |

Mastercam regenerates the toolpath, which should look like the
following picture. You should notice a reduction in the processing
speed and smooth motion between the passes of the toolpath.
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Exercise 4 — Creating a finish leftover toolpath

The finish leftover toolpath removes material left behind by the larger tool
of the finish parallel toolpath. It also adjusts to different Z depths, unlike a
restmill toolpath, which makes planar cuts at constant Z depths and is
more appropriate for roughing operations. In this exercise, you will learn
the following skill:
¢ Creating a finish leftover toolpath
P Creating the finish leftover toolpath

1. Right-click in the Operations Manager and choose Toolpaths,
Surface finish, Leftover.

2. Select the 5 mm ball endmill.
Select the Surface parameters tab.

4. Enter the values shown on the following dialog box.
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5. Choose the Select button in the Tool containment section.

6. Select the bottom of the part as shown in the following picture.

7. Choose Done.

8. Select the Finish leftover parameters tab.
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9. Enter the values shown on the following dialog box.

3D Callapze

10. Select the Leftover material parameters tab.

11. Enter the values shown on the following dialog box.
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12. Choose OK. Mastercam generates the toolpath, which should
look like the following picture. It can take several minutes to
generate the toolpath.
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Note: If you receive an error message stating that the toolpath
allocation is too low, choose Main Menu, Screen, Configure and
select the Allocations tab. Increase the value for the Toolpath
allocation in Kbytes option and choose OK. Finally, regenerate
the operation. This increases the amount of RAM designated for
toolpath functions.

Exercise 5 — Creating a finish pencil toolpath

On this geometry, the finish pencil toolpath cleans up more of the material
by driving the cutter tangent to two surfaces at a time. This exercise shows
you the following skills:

¢ Creating a finish pencil toolpath
¢ Verifying the toolpath

> Creating the finish pencil toolpath

1.

Right-click in the Operations Manager and choose Toolpaths,
Surface finish, Pencil.

Select the 2 mm ball endmill.
Select the Surface parameters tab.

Enter the values shown on the following dialog box.
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5. Choose the Select button in the Tool containment section.

6. Select the bottom of the part as shown in the following picture.

7. Choose Done.

8. Select the Finish pencil parameters tab.
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9. Enter the values shown on the following dialog box.
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which should

10. Choose OK. Mastercam generates the toolpath,

look like the following picture.
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> Verifying all the surface toolpaths
You can verify the toolpaths to see the stock removal. Verifying all
the toolpaths can take a number of minutes, depending on the speed

of your computer.

1. If necessary, press [Alt + O] to return to the Operations Manager.
2. Choose Select All, Verify.

3. Choose the Configure button |?2] on the Verify toolbar.

4. Enter the values shown on the following dialog box and choose

OK.

Yerify configuration: Current MC9

—Stack -
— Shape — Boundaries NCI file |
= Box Min point:  Max point.  Margins: Cunent MC3

€ Cylinder Soantoopathls) | % [00 EE _Curert s |
" File Use Job Setup values | v [480 [0 00
 Cylinder ais Pick stock comers... | z |-45.D IE.D ID_D
@ . .
(_ Initial stock size zource
v " Scan toolpath(s)
w1z * Job Setup Cylinder diameter; ID- o0z
¥ Certer o axiz  Usze last size
Stack file: I Set colors... ™ Translucent stock
— Tool — Dizplay control — Mizcellaneous

¥ Use TrueSolid
[ Cutter compensation in contral
[~ Display =vZ axes

% Turho [no tool]
 wireframe tool
™ Salid toal

Moves/step:

I'ID
I‘IDDDDD

Moves/efresh:

Frafile
LY
% Az defined

€~ Display holder

[ Change tool/color
[ Stop on tool change
™ Stop on callision

Speed

¥ Update after each toolpath

Cuality

[~ Display coordinates
™ Create log files
™ Compare to STL file
I™ Remove chipz

Beset

LCancel | Help

5. Choose the Machine button m on the Verify toolbar.

Mastercam runs through the toolpaths and displays the
verification results, which should look like the following picture.
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6. Choose the Close button on the Verify toolbar to return to the
Operations Manager.

7. Choose OK to close the Operations Manager.
Press [Alt + A] to save the file.
Now that you have experience with creating surface toolpaths, the next

two chapters will show you more types of surface toolpaths and their
applications.
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14 Surface Roughing

In the previous chapter, you roughed a part with a rough parallel toolpath.
This chapter focuses on more roughing toolpaths that you can use for
surface machining, including:

+ rough pocket
+ rough plunge
& restmill

+ high-speed rough pocket

Mastercam also includes rough flowline, contour, and radial toolpaths.
These are the same as finish flowline, contour, and radial toolpaths except
that the roughing toolpaths allow multiple Z cuts. Finish flowline, contour,
and radial toolpaths are discussed in the next chapter.

Exercise 1 — Creating a rough pocket toolpath

Rough pocket toolpaths remove a lot of stock quickly and prepare the part
for the finish toolpath. Another benefit of using a rough pocket toolpath on
a part is that you can start the toolpath at a point off the part and prevent
the tool from plunging into the material. A rough pocket toolpath also
creates a series of planar cuts (or constant Z), which is the preferred
cutting method for most roughing tools. You will use the following part.

Mastercam Version 9 Mill/Design Tutorial 303



Chapter 14

This exercise shows you the following skills:
¢ Creating a rough pocket toolpath
¢ Creating a tool containment boundary

> Creating the tool containment boundary

In the previous chapter, you selected geometry that Mastercam used
as a tool containment boundary. Since the tool containment boundary
has to be wireframe geometry, and this part has only surfaces, you
will create a wireframe boundary that you can use for the tool
containment.

1. Open the file rough pocket-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Create, Curve, All edges.

3. Select the flat surface as shown in the following picture.

4. Choose Done, Do it. Mastercam creates lines around the outer
border and curves around the inner border.

Note: You might need to repaint the screen to see the new
geometry. Choose the button on the toolbar.
> Selecting the surface parameters
1. Choose Main Menu, Toolpaths, Surface.

2. Toggle the Drive setting to A. This tells Mastercam that you want
to machine all the surfaces.

3. Toggle Contain to Y.
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Your surface selection menu options should match the following
picture.

4. Choose Rough, Pocket.

5. Right-click in the tool display area and select the 10 mm HSS flat
endmill from the tool library.

Select the Surface parameters tab.

7. Enter the values as shown on the following dialog box.

8. Choose the Select button in the Tool containment section.

9. Select the outer boundary of the part as shown in the following
picture.
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10. Choose Done to return to the Surface parameters dialog box.

> Entering the roughing parameters
1. Select the Rough pocket parameters tab.

2. Enter the values shown on the following dialog box.

Tonl palametersl Surface parameters  Rough pocket parameters |

| IU.U25 : [~ Prompt for entry point
v Enty - helis ¥ Plunge outside containment boundary
S |2'U [ Align plunge entries far start hales
¥ FRough Cutting method  Constant Overlap Spiral

One
|

j
m Parallel Spiral — Parallel Spiral,  High Speed True Spiral W ay vI
3

Stepover percentage: I?5-U [~ Spiral inside ta outside
Stepover ditance: |75 I Minirize tool burial High spesd. |
Roughing angle: IU.U I™' Use quick zigzag
' Finish [T Lead infout... |
Mumber of passes: I‘I Finizh pass spacing: ID-'I ¥ Finish containment boundary
& Climb ¢~ Conventional Cut depths... | Gap settings...l Advanced settings...l

]9 | LCancel | Help |
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Note: The selections in the previous picture instruct Mastercam to

both Plunge outside the tool center boundary and to create an

Entry — helix move. Mastercam will use a helical entry only
where it is not possible to plunge outside the part—in the case of

this part, when it machines the hollow on the front of the part.
3. Choose the Entry — helix (or Entry — Ramp) check box and

button.

4. Choose the Helix tab.

5. Enter the values shown in the following dialog box.

Helx/Ramp Parameters HE
Helis | Riamp |
- . E0.0 = [50 r Direction
Minimum radius: I I = Cw oo
I aximum radius: I'I 0o.o % I'I 0o
Z clearance: |2.D I~ Fallow boundary
X1 clearance: |2.D I On faiure orily
if length exceeds: 50.0
Plunge angle: |3.D
rIf all entry attempts fail
[+ Output arc moves ' Plunge " Skip
Tolerance: IU_Uz ¥ Save skipped boundary
r Entry feed rate
I Center on entiy point * Plungerate Feedrate
LCancel | Help |

6. Choose OK twice.

Mastercam generates the toolpath, which should look like the

following picture.

Mastercam Version 9 Mill/Design Tutorial

307



Chapter 14

Even though this was a pocket toolpath, it also roughs the outside
of the part in addition to the pocket on the front of the part.
Instead of using straight linear cuts like you did in the previous
chapter, this toolpath uses the Constant Overlap Spiral cutting
method which more closely approximates the part contour for a
more effective roughing operation.

7. Save the file in your working folder as rough spiral.mc9.

Exercise 2 — Creating a rough plunge toolpath

Rough plunge toolpaths rough a part quickly using a drilling-type motion.
Shops that use these toolpaths often invest in special end cutting tools that
have a flat bottom to remove stock quickly but can move coolant through
the center of the tool to remove chips. Plunge roughing is an appropriate
toolpath for deep cavities.

Mastercam gives you two techniques for creating rough plunge toolpaths:

o The zigzag method defines a rectangular grid and the tool plunges at
intervals along it.

¢ The NCI method lets the tool plunge at intervals along a previously
created toolpath.
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The NCI option gives you much more control over the plunging actions,
and will be shown in this exercise. The wireframe and surface geometry
for the part is shown in the following picture.

This exercise shows you the following skills:
¢ Creating a rough plunge toolpath using an NCI file
¢ Using absolute cut depths
¢ Using check surfaces to restrict the toolpath
> Creating the pocket toolpath

1. Open the file rough plunge-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Pocket.

3. Select the green circle above the part.

4. Choose Done.
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5. Select the 10 mm HSS flat endmill from the tool library.
6. Choose the Pocketing parameters tab.

7. Enter the values shown in the following picture.

fo 4 ter £ hnrenmental
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"
| po
| po

FEmactiaig.,.

Note: The depth values are not important, since you won't
actually be cutting the part at these depths. Instead, Mastercam
will project this toolpath onto the part when you create the
surface toolpath.

8. Choose the Roughing/Finishing parameters tab.

9. Enter the values shown in the following picture.
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Zigzag Constant _ Parallel Spiral,  Morph Spiral High Speed One'way
Owerlap Spiral Clean Comers

10. Choose OK. Mastercam creates the toolpath.

11. Choose the green Gview—Top button from the toolbar see the
toolpath more clearly. Your toolpath should look like the
following picture.
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12. Press [Alt + T] to clear the toolpath from the screen.

@ 13. Choose the green Gview—Isometric button from the toolbar to
return the screen to isometric view.

> Disabling posting for the pocket toolpath

Mastercam has an option that lets you disable posting for an
operation. Since you will not actually be cutting the pocket toolpath,
just the surface toolpath that you will create in the next procedure,
you should disable posting for it so you do not accidentally include it
in your NC program.

1. Press [Alt + O] to open the Operations Manager.
2. Right-click in the window and choose Options, Posting, Off.

The following icon appears in the Operations Manager.

WOTT AL A et

Geomety - [1] chain(z] Werify |

----- ﬁ POSTIMG OFF
Paost I

3. Choose OK to close the Operations Manager.

> Creating the surface toolpath
1. Choose Surface.
2. Toggle the Drive setting to A.

Your options should match the following picture.

Drive A
CAD file N
Check N
Contain Y

Note: Rough Plunge toolpaths don't use tool containment
boundaries, so the Contain setting doesn't matter.

Choose Rough, Plunge.
Select the 10 mm HSS flat endmill.

Select the Surface parameters tab.

SN o

Enter the values as shown on the following dialog box.
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> Entering the rough plunge parameters

1. Select the Rough plunge parameters tab.
2. Choose the NCI option for Plunge path.

3. Select the pocket toolpath from the operations list in the Source
window. Mastercam will use the NCI file from this operation to
project the toolpath onto the drive surfaces you've selected.

4. Enter the other values as shown on the following dialog box.
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Toolpath Group 1
% 1 - Pocket [Standard)
Parameters
¥ 1 -M10.00 ENDMILLT FLAT - 10, FLAT END MILL HSS

Geometry - (1) chain(z)
(%) POSTING OFF

5. Choose the Cut depths button.

6. Enter the values shown on the following dialog box.

Cut Depths

|
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7. Choose OK twice.

Mastercam generates the toolpath, which should look like the
following picture.
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8. Save the file in your working folder as NCI plunge.mc9.

> Using check surfaces to restrict the toolpath

After inspecting the toolpath, you realize that the tool is plunging on
the shallow outer rim of the part. For a plunge toolpath, this is wasted
tool activity. In this procedure, you will edit the surface selection so
that the toolpath avoids these surfaces.

1. Press [Alt + O] to open the Operations Manager.

2. Choose the Parameters icon for the Surface Rough Plunge
operation.

3. On the Surface parameters tab, choose the Select button in the
Check surface/solid section.

4. Choose Add.

Choose the two outer surfaces as shown in the following picture.
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6. Choose Done twice to return to the Surface parameters dialog
box. Mastercam will now avoid those two surfaces when creating
the toolpath.

7. Enter 1.0 for the Stock to leave in the Check surface/solid
section. Your new settings should match the following picture.

Note: Notice that Mastercam automatically updated the number
of drive surfaces.
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8. Choose OK.

9. Choose Regen Path. The new toolpath should look like the
following picture. You can see that all the new plunge points are
inside the well of the part.
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10. Press [Alt + A] to save the file.

Exercise 3 — Creating a restmill toolpath

Restmilling is the only roughing toolpath that cleans up remaining stock
with a roughing, planar (constant Z) cut motion. Because restmilling uses
multiple Z cuts to remove the remaining stock, it is much more effective
than a finish leftover toolpath for operations where the roughing operation
has left a lot of stock to remove. (A finish leftover toolpath goes directly
to the bottom of the remaining stock, so it is appropriate for finishing
operations where a smaller amount of stock remains.) The following
pictures show the wireframe and surface geometry for the part.
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In this exercise, you will learn the following skills:

¢ Using a restmill toolpath to clean up leftover stock
¢ Automatically detecting critical depths

4 Choosing the surfaces and surface parameters

1.

Open the file restmill-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

Choose Main Menu, Toolpaths, Surface.

3. Toggle the Drive setting to A.

© =N o w»

Toggle Contain to Y.

Your surface selection menu options should match the following
picture.

Drive A

CAD file N

Check N

Contain Y
Choose Rough, Pocket.

Select the 18 mm HSS flat endmill from the tool library.
Select the Surface parameters tab.

Enter the values as shown on the following dialog box.
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9. Choose the Select button in the Tool containment section.

10. Choose Chain, Options.

11. Select the Plane mask option and choose OK.

12. Select the bottom of the part as shown in the following picture.
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13. Choose Done to return to the Surface parameters dialog box.

> Entering the pocket parameters
1. Select the Rough pocket parameters tab.

2. Enter the values shown on the following dialog box.

Tool palametersl Surface parameters  Rough pocket parameters |

Takal bolerance. . | ID-D25 & ™ Prompt for entry poirt
4

Entry - helis [™ Plunge outside containment boundary

Max stepdowrn: |5-D - i
a stepdown ™ &lign plunge entries for start holes

W Fough Cutting method  Constant Overlap Spiral

Zigzag m Parallel Spiral E:alaIIeLSpiral, High Speed True Spiral OnewWay -
| »

1]

Stepover percentage: v Spiral inzide to outside

IED.D

Stepover distance: IS.D I Hinimize tool burial High speed... |
ID.D
|1

Roughing angle: I~ Use quick zigzag

™ Finish [T Lead infout... |
Mumber of passes: Finizh pazzs spacing: |1 0 I™| Finish conkainment boundary
& Climb " Conventional Cut depths... | Gap settings...l Advanced settings...l
(1].4 LCancel | Help |

3. Choose the Entry — helix (or Entry — ramp) check box and
button.

4. Choose the Helix tab.
Enter 3 for the Minimum radius.

6. Enter 25 for the Maximum radius. Your values should match the
following dialog box.
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Helix/Ramp Parameters EHE

Helix | Ramp |

binimum radius: I'I E.BEEEY 'z

W awimumn radius: |1 38.88889
Z clearance:
X' clearance:

Plunge angle:

¥ Dutput arc moves

Talerance:

. |3_n
|25.U
|2-”—
|2.n—
|3-”—
W

— Direction
O (& oW
¥ Fallow boundary
¥ On failure anly
if length exceeds: 50.0

—If all entry atternpts fail

¥ Save skipped boundary

— Entry feed rate

[~ Center om entry point @ PFlungerate ¢ Feedrate
ok I Lancel Help

7. Choose OK.
Choose Cut depths.

Choose Detect flats in the Incremental depths section.

Mastercam automatically identifies the tops of the islands and
creates cutting passes at those heights. Your other settings should
match the following picture.
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Cut Depths
 Ahsolute & |ncremental
—&bzolute depths — Incremental depths
Finirurn depth IDD— Adjustrent ta bop cut

1

b awirunn depth 200 Adjustrient to other cuts nz

Detect flats |

I jv
Select depths. . | Critical depths. .. |
Clear depths | Clear depths |

[~ Adiust for stock o leave on dive sufaces [Mote: drive stock is included in adjustment. |

I-'I 8.00000 ’I

Felative ta Tip - (1.8 Cancel Help

10. Choose OK twice.
11. Choose OK at the following message.

Warning -

& Wwith finish pagees disabled, tool may engage a large amount of matenial in lower pockets,

Mastercam generates the toolpath as shown in the following
picture.
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> Verifying the toolpath
Use the Verify function to see the toolpath more clearly.

1.

2.
3.
4

Press [Alt + O] to open the Operations Manager.
Choose Verify.
Choose the Machine button m on the Verify toolbar.

When the verification is done, right-click in the graphics window
and choose Dynamic spin.

Move the mouse to rotate the part as shown in the following
picture, so you can see the stock removal inside the pocket. Click
the mouse to anchor the view. You can see the areas where the
tool couldn't reach. The next procedure will show you how to
clean these out with a restmill toolpath.
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6. Close the Verify toolbar to return to the Operations Manager.

> Creating the restmill toolpath

1. Right-click in the Operations Manager window and choose
Toolpaths, Surface rough, Restmill.

2. Select the 6 mm HSS flat endmill from the tool library.
3. Choose the Surface Parameters tab.

4. Enter the values as shown on the following dialog box.
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5. Choose the Select button in the Tool containment section.

6. Select the bottom of the part as shown in the following picture.
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Note: The plane mask is still in effect from the previous
procedure.

7. Choose Done to return to the Surface parameters dialog box.
8. Choose the Restmill parameters tab.

9. Make sure your selections match the following dialog box.

10. Choose the Restmaterial parameters tab.

11. Make sure your selections match the following dialog box.
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E|== Toolpath Group 1
-7 1 - Surface Rough Pocket

12. Choose OK. Mastercam generates the toolpath as shown in the
following picture.
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> Verifying the restmill toolpath

1.

2.
3.
4

Press [Alt + O] to open the Operations Manager.
Choose Select All, Verify.
Choose the Machine button m on the Verify toolbar.

When the verification is done, right-click in the graphics window
and choose Dynamic spin.

Move the mouse to rotate the part as shown in the following
picture, so you can see the results achieved by the restmill
toolpath. Click the mouse to anchor the view.
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6. Close the Verify toolbar to return to the Operations Manager.
7. Choose OK to close the Operations Manager.

8. Save the file in your working folder as restmill rough.mc9.

Exercise 4 — Creating a high speed pocket toolpath

High speed surface machining is often performed using smooth tool
motion, which means that throughout the entire toolpath, arcs or small line
segments are smoothly connected without sharp corners. Mastercam
provides several options for creating the smoothest possible tool motion
between gaps in the toolpath and between depth cuts in the Z axis. In this
exercise, you will create a trochoidal toolpath, in which the tool moves in
small loops when it is in full contact with the material to minimize tool
burial and optimize chip load.
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In addition, you will create a separate operation that automatically
calculates all the plunge points required by the toolpath and pre-drills
them. To make the toolpath even more efficient, Mastercam can
automatically align the plunge points at each cutting depth. The part you
will machine is shown in the following picture.

This exercise shows you the following skills:
¢ Creating a high speed rough pocket toolpath
¢ Aligning plunge points
¢ Pre-drilling start holes

> Choosing the surfaces and surface parameters

1. Open the file highspeed rough-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. If necessary, press [Alt + S] to turn on surface shading.
3. Choose Main Menu, Toolpaths, Surface.
4. Toggle the Drive setting to A.
5. Toggle Contain to N.
Your surface selection menu options should match the following
picture.
Drive A
CAD file N
Check N
Contain N
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Choose Rough, Pocket.
Select the 12 mm HSS flat endmill from the tool library.

Select the Surface parameters tab.

° xR

Enter the values as shown on the following dialog box.

4 Entering the pocket parameters

1. Select the Rough pocket parameters tab.

2. Enter the values shown on the following dialog box.
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Taal paramelersl Surface parameters  Hough pocket parameters |

|E'TIISIt'Ei'IEiEr'é'ﬁEé'.':'."EI ID.D25 : [ Prampt for entry point
M shemdomre |2 0 I _Entw-heli ™ Plunge outside containment boundary
IS i ¥ align plunge entries for start holes
v | Riough Cutting methad  High Speed

Zigzag Constant_ Parallel Spiral -~ Parallel Spiral,  [glislggegal=ta] True Spiral

4]

H ]
" ol

Stepover percentage:  |75.0 ¥ Spiral inside to outside
Stepover distance: 3 I~ tinimize tool burial High speed... |
Rioughing angle: 0.0 ™ Use quick zigzag

¥ Finizh

[T Lead indout... |
Mumber of passes:

IV Finish containment boundary

1Nk

Finish pass spacing:  |0.25

&' Climb ™ Conventional Cut depths... | Gap settings...l Advanced settings...l

0K | Cancel | Help |

Note: Because the walls of the pocket are tapered, the plunge
points for each cutting pass would normally be shifted slightly at
each new depth. Selecting Align plunge entries for start holes
means that Mastercam keeps them lined up, so you can pre-drill
Jjust one hole.

Choose the High speed button.

4. Select Full material only for the Trochoidal cuts option. This
means that the tool will loop only when it is full contact with the
material; when it is partial contact, it will follow the toolpath
normally.

5. Enter the loop dimensions shown in the following dialog box.
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High Speed parameters HE

r— Trochoidal cuts:

0 &

™ Entire pocket

-
Loop spacing: ISU—

Corner zmoothing radius: |2.EI
0K I Cancel | Help |

6. Choose OK twice. Mastercam generates the toolpath as shown in
the following picture.

Loop radius:  |5.0

Because of the island in the middle of the part, a single plunge
point for the cutting passes at the lower depths would result in an
unmachinable toolpath. Mastercam recognized the island and
automatically added a second plunge point. However, it still
aligned the plunge points in each half of the pocket, minimizing
the start hole drilling.
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> Backplotting the toolpath
Backplot the toolpath to see how Mastercam creates the loops.

1.

2.
3.
4

trochoidal
loops when in

full contact with

material

5.
6.

Press [Alt + O] to return to the Operations Manager.
Choose Backplot.
Switch to Gview—Top.

. Press [S] several times. You will see the toolpath start to develop

as shown in the following picture.
straight passes
when in partial
contact with material

Press [Esc] and choose OK to end the backplot.

Switch back to Gview—Isometric.

> Creating the start hole operation

1.
2.

Choose Backup to return to the Operations Manager.

Right-click and choose Toolpaths, Circle paths, Drill start
holes.

. Enter an Additional diameter amount of 3, to provide some

clearance for the tool.

Choose the Basic option. Your selections should match the
following dialog box.
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Drill Start Holes - C:AMCAM9AMILLANCINHIGHSPEED ROUGH-MM.NCI - MPFAN [ 7] x|

Operations to diill start holes

E‘"'EE Toolpath Group 1 additional diameter amaount |3.D
-7 1- Suface Rough Pocket
Additional depth amount IU.U

r— Basic or &dvanced

Basic - create dill operations only - no'
izpat or ztep drilling

Advanced - display advanced options
dialog after selecting OK buttan

— Tool library

METRICSTS2TLS |

Diameter match tolerance ID.D1

Cormment

|

" o

I~ Tobatch Change NCL.. ok | Cencel | Hep |

5. Choose OK. Mastercam creates the new drilling operation as
shown in the following picture. Even though you created the
drilling operation after the pocketing operation, Mastercam
automatically places it first, so the operations are in their proper
machining sequence.

i¢j Operations Manager HE

| 2 Groupsz, 2 Dperations, 1 selected Select All |
200 rin
El (o Drrill Start Holes ) e |
=851 - Peck dnll - full retract
-[] Parameters Backplat |
- @ #2-M15.00DRILL - 15.C
g Geomety - [2] point{z] Werify |
BB CAMCAMIMILLANCINHIC
EEE Toolpath Group 1 Post |
== 2 - Surface Rough Pocket

21 Parameters Highfeed
@ #1-M12.00 ENDMILLT FL

[]--m Feometny
B CAMCAMIMILLANCINHIC
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Mastercam automatically calculates peck amounts and other
parameters. You can edit any of the drilling parameters by
choosing the Parameters icon for the drill operation.

The drill toolpath should look like the following picture.

Note: The start hole operation and the pocket operation are not
associative with each other. This means that if you change the

pocket toolpath, you need to delete the start hole operation and
recreate it.

6. Choose OK to close the Operations Manager.

7. Save the file in your working folder as highspeed-align.mc9.

Now that you've see a sampling of Mastercam's surface roughing
capabilities, you're ready to use some surface finishing techniques. The
next chapter will show you several examples.
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1 5 Surface Finishing

This chapter introduces some of the finishing toolpaths you can use in
surface machining. Finish toolpaths remove material left behind by
previous roughing toolpaths. This chapter shows you examples of the
following finishing toolpaths:

# parallel steep

+ parallel shallow
+ radial

project

contour
shallow contour
scallop

o flowline

Other surface finishing toolpaths include finish parallel, leftover, and
pencil toolpaths. These were shown in Chapter 13.

Exercise 1 — Using finish steep and shallow
toolpaths

Using finish steep and shallow toolpaths on the following part makes
sense because a finish parallel toolpath would miss material in the steep
areas of the part and a finish contour toolpath would miss material in the
shallow areas of the part (see the following pictures). A finish parallel
steep toolpath is usually used after a finish parallel toolpath.
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Finish parallel toolpath: note
the steep areas where the
toolpath missed material.

Finish contour toolpath:
note the areas where the
toolpath missed material.

Parallel steep
toolpath

In this exercise, you will learn the following skills:
¢ Creating a finish parallel steep toolpath
¢ Creating a finish shallow toolpath
¢ Using tangential arcs for gap settings

> Creating the parallel steep toolpath

1. Open the file steep-shallow-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Surface.

Toggle the Drive setting to A. This tells Mastercam that you want
to machine all the surfaces.

4. Toggle Contain to N. This tells Mastercam that you will not
create a tool containment boundary.

Your surface selection menu options should match the following
picture.
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5. Choose Finish, Par. Steep.

6. Right-click in the tool display area and select the 6 mm HSS ball
endmill from the tool library.

7. Select the Surface parameters tab.

8. Enter the values as shown on the following dialog box.

9. Select the Finish parallel steep parameters tab.

10. Enter the values shown on the following dialog box.
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11. Choose Gap settings.
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12. Enter the values shown in
the dialog box at right.

13. Choose OK twice.

Tip: Tangential arcs are useful
in steep and shallow toolpaths
where you cut a previously
finished surface. They allow the
system to blend the entry and
exit moves for each cut

Gap settings

Beset |

— Gap size
" Distance

—

' % of stepover 300.0

—Mation < Gap size, keep tool dawn

ISmooth j
¥ Use plunge, retract rate in gap

¥ Check gap motion for gouge

—Mation > Gap size, retract
W Check retract motion for gouge

¥ Optimize cut order
I= | Blinge inte presviaus cut area

I | Follv containment bourdag 2t gam

Tangenhial arc radius:

|2.IJ
Tangential arc angle: |45-D
Tangential ine length: ID-D

Lancel | Help

14. Mastercam detects some corners in the part and displays the
following message. (The sharp corner it detects is the ridge along
the top of the part.) Since this doesn't affect the toolpath, choose
the Do not show this warning again check box and choose Yes.

Internal sharp corner test

A sharp cormer was found within a zingle surface. For best
resultz, remodel the suface. Usze AnalyzesSurfaces/Check
model ba find any other sharp cormers.

Do pou wigh ko ignore this warning and continue?

Yes

Help

¥ Do nat show this warning again.;

Tip: You can use the Advanced settings button on the Finish parallel steep
parameters tab to tell Mastercam to ignore sharp corners.
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Mastercam generates the toolpath on the steep areas of the part,
between 50 and 90 degrees. It should look like the following
picture.

> Creating the finish shallow toolpath

1.

Press [Alt + T] to clear the parallel steep toolpath from the screen.

2. Choose Finish, Shallow.

3. Select the 6 mm HSS ball endmill again.
4.
5

. Enter the values as shown on the following dialog box.

Select the Surface parameters tab.
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6. Select the Finish shallow parameters tab.

7. Enter the values shown on the following dialog box.

I=| Expand e e eut e,

|+ PEmt s
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8. Choose Gap settings.

. Gap settings
9. Enter the values shown in

the dialog box at right. -
— Gap size
10. Choose OK twice. W [iaiee 25
' % of stepover |3DD.D

—Mation < Gap size, keep tool dawn

ISmooth j
¥ Use plunge, retract rate in gap

¥ Check gap motion for gouge

—Mation > Gap size, retract
W Check retract motion for gouge

¥ Optimize cut order
I= | Blinge inte presviaus cut area

I | Follv containment bourdag 2t gam

Tangenhial arc radius: |2-5
Tangential arc angle: 450
Tangential ine length: ID-D

ok | Lancel Help |

Mastercam generates the toolpath on the shallow areas of the part,
between 0 and 10 degrees. It should look like the following
picture.
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11. Save the file in your working folder as steepandshallow.mc9.

Exercise 2 — Creating a finish radial toolpath

Finish radial toolpaths can be the most efficient toolpaths for round parts.
In this example, the tool zigzags from the center point to the outer edge of
the part. The wireframe and surface geometry for the part is shown in the
following pictures.

X T /
= NS K
e NN
Thy == &

This exercise shows you the following skill:
¢ Creating a finish radial toolpath

> Creating the finish radial toolpath

1. Open the file radial-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.
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2. Choose Main Menu, Toolpaths, Surface.

Toggle Drive to A.

4. Toggle Contain to N.

Your surface selection menu options should match the following

picture.

Drive A
CAD file N
Check N
Contain N

Choose Finish, Radial.

6. Right-click in the tool display area and select the 6 mm HSS ball
endmill from the tool library.

7. Select the Surface parameters tab.

8. Enter the values as shown on the following dialog box.

Toal parameters  Surface parameters | Finizh radial parametersl

Regen... |

¥ Clearance... | |1DD.D

& pAbzolwte € Incremental

¥ | 052 clearance onli ot tie
start and endlef speraticn

d [ wes | |2

& pAbzolwte € Incremental

Feed plare. . | IE.EI

" Abzolute O [ncremental
¥ Rapid retract

O ED_Dfstock...l |u.u

& shealuter 0 [neremental

[ [irechti. |

Tip canmp Tip r I\ J

— Drive surface/solid

Stock to leave ID-D
Select... | (55 selected)

r— Check surface/solid

Stock to leave IU-U
Select... | [0 zelected]

T ool containment
Compenzate to:
" Inside ' Center " Outside

Additiaral etfeet ID.D

Select... | [0 selected)

0K I Cancel | Help

9. Select the Finish radial parameters tab.

10. Enter the values shown on the following dialog box.
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Tool palametersl Surface parameters  Finish radial parameters |

| I Maw. angle I_ Start offzet
Total tolerance... | [0.025 i 158 distance 025
- - Start Sweep
Cuitting method IZlgzag vl anle IU.D o IBED_D

Starting point
& Start inside
€ Start outside

[ MEmtiliites: | Gap zettings... | Adwvanced settings...l

]9 I LCancel | Help |

11. Choose OK.

12. You are prompted to select a rotation point. This is the pivot point
for the toolpath slices. Since the center of this part is X0YO0, press
[O] to select the origin.

Mastercam generates the toolpath as shown in the following
picture.

il
L Cintuant iR A

13. Save the file in your working folder as radial finish.mc9.
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Exercise 3 — Creating a finish project toolpath

Finish project toolpaths project either geometry or a toolpath from an
earlier operation onto surfaces that you select. This finish toolpath
provides free-form motion with the ability to match the cutting motions
closely to the shape of the part. It also provides the most tool control.
Engraving machining often uses project toolpaths. The part for this
exercise is shown in the follomwing picture. The toolpath will project the
word "PROJECT" onto the part below it.

Note: For more sophisticated engraving applications, you can purchase
Mastercam Engraving, which works with Mastercam Mill.

In this exercise, you will learn the following skill:
¢ Creating a finish project toolpath

> Creating the project toolpath

1. Open the file project-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Surface.
Toggle the Drive setting to A.
4. Toggle Contain to N.

Your surface selection menu options should match the following
picture.

348 Mastercam Version 9 Mill/Design Tutorial



Surface Finishing

Choose Finish, Project.
Select the 1 mm ball endmill from the tool display window.

Select the Surface parameters tab.

® =N w»

Enter the values as shown on the following dialog box.

9. Select the Finish project parameters tab.

10. Enter the values shown on the following dialog box.
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Note: If you had previously created other toolpaths, you could
select a toolpath to project in the Source operations list area.

11. Choose OK.

12. Chain each section of the word "PROJECT" beginning with the
outside boundary of the "P." Continue selecting the chains in the
order shown in the following picture.

LI,
R SN

13. Choose Done. Mastercam generates the toolpath as shown in the
following picture.
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14. Save the file in your working folder as finish project.mc9.

Exercise 4 — Creating a finish contour toolpath

Finish contour works well for the following part because the part includes
several steep walls. The finish contour toolpath allows the tool to step
down gradually in the Z axis instead of stepping over in the X and Y axes.
The following pictures show the wireframe and surface geometry for the
part you will use.

In this exercise, you will learn the following skills:
¢ Creating a finish contour toolpath
¢ Automatically detecting flats
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> Creating the finish contour toolpath

1. Open the file finish contour-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Surface.
Toggle the Drive setting to A.
4. Toggle Contain to N.

Your surface selection menu options should match the following
picture.

Drive A
CAD file N
Check N
Contain N

Choose Finish, Contour.

6. Right-click in the tool display area and select the 16 mm HSS
bullnose endmill with 3 mm radius from the tool library.

7. Select the Surface parameters tab.

8. Enter the values as shown on the following dialog box.
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9. Select the Finish contour parameters tab.

10. Enter the values shown on the following dialog box.

1= | Wrden cuts bottar b tap:
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Note: The ramp length determines the size of the ramp between
the constant Z depth cuts. This provides smooth motion between
depth cuts, allowing for higher feed rates.

11. Choose Cut depths.

12. Choose Detect flats in the Incremental section. Mastercam
automatically detects the flats shown in the following picture.
When it creates the toolpath, it will create a cutting pass at this
depth.

If you click on the list of depths, you can see the depth of the flats

that it detected.
Detect flats
'I | 0.00000 'I
Ciiteal depths.. | [D.00000
Clear depthz |

13. Make sure your other selections match the following dialog box.
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Cut Depths

" Ahsolute & |ncremental
—&bzolute depths — Incremental depths
o Tttt et IDD— Adjustrent ta bop cut |D2—
Il Bt dEptt -10.0 Adjustrient to other cuts |D2—

efeatfiats | Detect flats |
I 'I I-‘I 2.00000 ’I

Select depthis. | Critical depths. .. |
[Eleandepths |

I et st amhe b eas et e sl ahes [Mote: drive stock is included in adjustment. |

Felative ta Tip - (1.8 Cancel Help

14. Choose OK.
15. Choose Gap settings.

16. Enter the values shown on the following dialog box.

Retract if stepover or ztepdowh iz greater than;

" Distance IU-15
% % of max. stepdown |3DEI.EI

W Usze plunge and retract rates in transition mation

W Check transition motion for gouge

W Check retract motion for gouge

(0] | LCancel | Help

17. Choose OK.
18. Choose Advanced settings.

19. Enter the values shown on the following dialog box.
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Tip: Setting the tool to roll
over all surface edges
results in better vertical
wall recognition. Only the
edge of a vertical wall is
seen as an edge from the
top, so this setting may be
necessary in order for the
vertical wall to be cut.

Advanced settings

Bezet |

— At surface [zolid face] edge. roll toal:
" Automatically [based on geometry)
™ Only between surfaces [zold faces]

a

— Sharp commer tolerance [at suface/face edge)

" Distance ID.DD1
% % of cut tolerance I'IDEI.D

[~ Skip hidden face test for solid bodies

¥ Check for intermal sharp corner

Ok, | LCancel | Help |

20. Choose OK twice. Mastercam generates the toolpath as shown in
the following picture.

T

F A

AT

The following closeup shows the constant Z moves in greater

detail.
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N
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A
iy

I

T A

N
21. Save the part in your working folder as finish contour 1.mc9.

Exercise 5 — Creating a contour shallow toolpath

The finish contour toolpath that you created in the previous exercise has
an option that gives you more control of the tool motion in shallow areas
of a part. You can use this toolpath to reduce or increase the number of
cuts in these areas. The cuts added to the shallow area can be partial or
complete. A partial cut would cause tool motion to be added in only the
shallow areas while a complete cut would cause tool motion to be added in
shallow areas and possibly some steeper areas. The following pictures
show the wireframe and surface geometry for the part you will use.
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In this exercise, you will learn the following skill:
¢ Optimizing a finish contour toolpath for a shallow part
> Creating the contour shallow toolpath

1. Open the file add cuts-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Surface.
Toggle the Drive setting to A.
4. Toggle Contain to N.

Your surface selection menu options should match the following
picture.

Drive A
CAD file N
Check N
Contain N

Choose Finish, Contour.

6. Right-click in the tool display area and select the 18 mm HSS flat
endmill from the tool library.

7. Select the Surface parameters tab.

8. Enter the values as shown on the following dialog box.
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9. Select the Finish contour parameters tab.

10. Enter the values shown on the following dialog box.
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025
Help

45.0
1.5

Cancel

13. Choose OK twice. Mastercam generates the toolpath as shown in

k.

i~ Remove cuts from zhallow areas
% iadd cuts to zhallow areas
tirinnLm stepdow;

Limiting stepover:

V¥ Allow partial cuts

Contour Shallow
Limiting angle:

12. Enter the values shown in the following dialog box.
the following picture.

11. Choose the Shallow check box and button.

stepdown value adds
more cuts in shallow
areas by stepping
down the minimum

Tip: The Minimum
amount.
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Y%

-
4 4

AN Y

N\\\s\

14. Save the file in your working folder as finish contour
shallow.mc9.
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Exercise 6 — Creating a finish scallop toolpath

For the part in this exercise, finish scallop creates a consistent scallop
height over the whole part regardless of whether the surface becomes
steep or shallow. Mastercam creates the consistent scallop height without
having to double the step size in the steep areas. The following pictures
show the wireframe and surface geometry for the part you will use.

For this exercise, you will learn the following skills:
¢ Creating a finish scallop toolpath
¢ Using the collapse resolution to fine-tune the toolpath
> Creating the finish scallop toolpath

1. Open the file scallop-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Surface.
Toggle the Drive setting to A.
4. Toggle Contain to N.

Your surface selection menu options should match the following
picture.

Drive A
CAD file N
Check N
Contain N

5. Choose Finish, Scallop.
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6. Right-click in the tool display area and select the 6 mm HSS ball
endmill from the tool library.

7. Select the Surface parameters tab.

8. Enter the values as shown on the following dialog box.

9. Select the Finish scallop parameters tab.

10. Enter the values shown on the following dialog box.
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11. Choose Collapse.

12. Enter the values shown in the following dialog box.

Collapse settings

¥

13. Choose OK.
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Gap settings

Beset |
15. Enter the values shown in ~Giap size
the dialog box at right. € Distance [015

' % of stepover |3DD.D

—Mation < Gap size, keep tool dawn

ISmooth j
¥ Use plunge, retract rate in gap

¥ Check gap motion for gouge

14. Choose Gap settings.

—Mation > Gap size, retract
[+ Check retract motion for gouge

¥ Optimize cut order
I~ Plunge into previously cut area

I™ Follow tool center boundary at gap

Tangenhial arc radius:

ID.D
Tangertial arc: angle: IU.U
ID.U

Tangential ine length:

Lancel | Help |

16. Choose OK twice. Mastercam generates the toolpath as shown in
the following picture.

o N,

'zf::faob )\‘\
sz )
s |

17
e
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17. Save the part in your working folder as finish scallop.mc9.

Exercise 7 — Creating a finish flowline toolpath

Finish flowline toolpaths follow the shape and direction of the surfaces
and create a smooth and flowing toolpath motion. A finish parallel
toolpath machines the part at a set angle and does not flow with the
surfaces, resulting in a lot of air cutting. The following pictures show the
wireframe and surface geometry for the part you will use.

In this exercise, you will learn the following skill:
¢ Creating a finish flowline toolpath
> Creating the flowline toolpath

1. Open the file flowline-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Surface.
Toggle the Drive setting to A.
4. Toggle Contain to N.

Your surface selection menu options should match the following
picture.

Drive A
CAD file N
Check N
Contain N

5. Choose Finish, Flowline.
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6. Right-click in the tool display area and select the 5 mm HSS ball
endmill from the tool library.

7. Select the Surface parameters tab.

Enter the values as shown on the following dialog box.

9. Select the Finish flowline parameters tab.

10. Enter the values shown on the following dialog box.
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11. Choose OK.

12. You will return to the graphics window, with the Flowline menu
displayed. Use the options on the menu to orient the cutting
motion. Toggle the Cut dir setting so that the flow lines and
starting arrows look like the following picture.
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13. Choose Done. Mastercam generates the toolpath as shown in the
following picture.
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14. Save the file in your working folder as finish flowline.mc9.

In this chapter and the previous chapters, you have seen how Mastercam's
surface machining toolpaths give you many options for tailoring toolpaths
to your part geometry. The next chapter will show you how Mastercam
can use the multiaxis capabilities of your machine tool to produce even
more sophisticated surfacing toolpaths.
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1 6 Creating Multiaxis Toolpaths

A multiaxis toolpath can be a 3-, 4-, or 5-axis toolpath. With a 3-axis
toolpath, you can machine a part on one side, turn it over, and machine the
other side. With a 5-axis toolpath, you can machine a part without having
to turn the part over manually. This chapter introduces you to two
different types of multiaxis toolpaths: a curve 5-axis toolpath and a swarf
5-axis toolpath.

Exercise 1 — Creating a curve 5-axis toolpath

This exercise shows you how to use 3D curves as an option in a 5-axis
toolpath. This toolpath is useful for a part with curved surfaces because it
allows for precise tool tip control. The part in this example, a blade and
root part, has curved surfaces. Unlike the 3-axis contour toolpath, the
curve 5-axis toolpath allows for more precise contact between the tool and
the surface material.

The following pictures show wireframe and shaded views of the part.
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In this exercise, you will learn the following skills:

¢ Creating a curve S-axis toolpath with 3-axis output
¢ Creating a curve S-axis toolpath with 5-axis output

> Creating the toolpath with 3-axis output

1.

A T

Open curved blade-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

Choose Main Menu, Toolpaths, Multiaxis, CurveSax.
Choose Output Format — 3 Axis.

Choose the 3D Curves button.

Choose Single from the menu.

Select the top edge of the rib as shown in the following picture.

Choose Done to return to the Curve 5-axis dialog box.
Choose the Comp to Surfaces button.

Select the blade surface as shown in the following picture and
choose Done.
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10. Make sure your other values match the following dialog box and
choose OK.

Curve 5-axis
— Output Format
o 4 Az | B Anis
—Curve Type——————— — Tool Axiz Control — Tip Control
" 30 Curves [ Limes | ' On Selected Curve

&I " On Projected Curve
&I % Comp Tao Sufaces

‘o
~
o Frarm Paint | — Projection——————
P
~

(o Surface Edge |

Al
" One

&' Momal to Flane
To Point |
" Mamal to Surface
LChain b amimum
—I Distance I‘I 0

ok | LCancel | Help |

11. You are prompted to select a tool axis surface. Select the blade
surface again as shown in step 9 and choose Done.

12. Right-click in the tool display area and choose the 10 mm HSS
bullnose endmill with 3 mm radius from the tool library.

13. Select the Multiaxis parameters tab.
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14. Enter the values shown on the following dialog box.

Bl
[TERE

15. Select the Curv5ax Parameters tab.

16. Enter the values shown on the following dialog box.
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17. Choose OK. Mastercam generates the toolpath, which should
look like the following picture.
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> Adding entry/exit moves

The toolpath for the blade and root part is gouging the material upon
entry. You can fix this by adding parameters for a smooth entry and

exit.

1. Press [Alt + O] to open the Operations Manager.

Choose the Parameters icon for the toolpath.

Choose the Entry/Exit check box and button.

2
3. Choose the Multiaxis parameters tab.
4
5

Enter the values shown on the following dialog box.

E ntry7E xit
—Entm

[~ Appioach height IEI.EI

¥ Entry Curve
Length |25-':'
Thicknezs |1 20
Height |2EI.EI
Drirection o Left ¢ Right
Pivat angle IED.D

Curve tolerance

Dizplay |

HE|

— Ewit
[ Retract height ID.EI
v Exit Curve
Lenath |25-|:|
Thickness I‘l 20
<= | Height |2IZI.EI
Direction " Left " Right
Pivat angle IED.D
IEI.EI25
Ok | Cancel | Help |
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following picture.
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Note: This picture has been rotated with the Gview—Dynamic
function to show the entry/exit moves more clearly.

> Changing the toolpath to 5-axis output

Unlike the 3-axis toolpath you just created, the 5-axis toolpath lets the
entire surface of the part control the orientation of the tool. Also, by
setting a lead/lag angle for the tool, the tool can lean forward or
backward for more effective cleanout.

1. If necessary, press [Alt + O] to return to the Operations Manager.
2. Choose the Geometry icon for the toolpath.
3. Change the Output Format to 5 Axis and choose OK.
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Curve 5-axiz

4. Choose the Parameters icon for the toolpath.
5. Choose the CurveSax Parameters tab.
6. Enter a Lead/lag angle of 10.
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7. Choose OK.

8. Choose Regen Path to regenerate the toolpath. It should look like
the following picture.

9. Choose OK to close the Operations Manager.

10. Save the file in your working folder as Sax blade.mc9.

Exercise 2 — Creating a swarf 5-axis toolpath

The swarf 5-axis toolpath uses the side of a tool to remove material from a
pocket with tilted walls. The following pictures show the part in shaded
and wireframe views.
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In this exercise, you will learn the following skills:
¢ Creating a swarf 5-axis toolpath.
¢ Selecting geometry for tool tip control.
¢ Using the fan distance to control tool movement around the
corners.

> Selecting the surfaces for the toolpath

1. Open the file swarf pocket-mm.mc9 from the the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Choose Main Menu, Toolpaths, Multiaxis, Swarf5ax.

3. Choose the Surfaces button in the Walls section. The dialog box
closes so you can select the surfaces.

4. Select each of the four walls. Make sure you do not choose the
floor.

5. Choose Done.

6. Mastercam prompts you to choose which surface will be
machined first. Select at position 1.

7. Mastercam prompts you to identify the lower rail of the surface.
Drag the mouse down until the arrow rests on the lower edge of
the surface as shown in the following picture and click.
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like the following picture.

Swaif b-anis

— Output Format
C L Ak

% 5 huiz

—wialls

G
e Chains |

r— Tool Axis Control
[~ Eanrning

Fam Distance

—

8. Choose Flip from the menu. The arrow should point left.

9. Choose OK. The Swarf 5-axis dialog box reopens. It should look

— Tip Contral

s Flane |
{ Sufaces |

& | ower Rail

Digtance above loveer

e

LCancel | Help

10. Choose OK.

> Selecting the tool and toolpath parameters

. Right-click in the tool display area and select the 12 mm bullnose
endmill with the 1 mm corner radius from the tool library.
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2. Select the Multiaxis parameters tab.

3. Enter the values shown on the following dialog box.

Eamet
HEHEL

4. Choose the Entry/Exit check box and button.

5. Enter the values shown on the following dialog box.

6. Choose OK.
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7. Choose the Swarf5ax Parameters tab.

8. Enter the values shown on the following dialog box.

Tool parameters I Multiaris parameters ~ SwarfSax Parameters I

—Wall Pasze: —wall Follawing Methad

Murber of Passes

€ Chard Height 0.0z

Stepoyer 1.0

% Step Increment I'I 0

Il Evimim Stem |2.EI

11

Stock to Leave on'walls  [0.0 - Floor Gouge Frocessing

 Protect & lInfinte Look Ahead
100
— Floar Pazzes £ Detect " Look Ahead

MNumber of Passes |1

I= | Show Tioolpath Before Fouge Eheck

|1 .0

Gizp I~ Minimize Camers in Toolpath

Fanning Feedrate 250
™ Retract Between Passes

Tool Yector Length |25-':I

ag I Cancel | Help |

9. Choose OK. Mastercam generates the toolpath, which should
look like the following picture.
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> Backplotting the toolpath

To get a better idea of how the side of the tool is cutting the sides of
the pocket, backplot the toolpath.

1. Press [Alt + O] to return to the Operations Manager.
2. Choose Backplot.
3. Choose Display.
4. Choose the Appearance tab.
5. Choose the Tool — Shaded option as shown in the following
picture.
Backplot display
General Appearance |Sto|:- |
— Tool
tDDE * Colar; |15 I EI E_[Dfiet
uta
£ Plain " Material: IEITIB[EI'd 'I & Az defined
< & Shaded
)| [ Show comdinates T Werbose mode
— Holder
[T Showholder & oo |12 - l
£ fGterial IEme[ald vl
— Motion
¥ Show toolpath r erify
™ Color loop Start color I'l'I I -
= Bl aperation % | By tool change
Frapid [1a ] El Cwhiclesd |11 | El
Linear feed |11 I EI COW A feed |11 I EI
Ok I LCancel | Help |

6. Choose OK.

7. Press [R] to preview the toolpath. You should see the tool angle

around the pocket like in the following picture.
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> Adjusting the tool tip control

In the previous example, the tool tip control parameter was set to the
lower rail, which is the line where the wall meets the floor. However,
because the tool is at an angle, the tool will wind up gouging the
floor, as shown in the following picture.

| /7
i/

\\ 7/

By setting the tool tip control to be the entire floor, Mastercam can
prevent this.

—

1. Ifnecessary, press [Esc] to return to the Operations Manager.

2. Choose the Geometry icon for the toolpath.
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3. Choose the Surfaces button under Tip Control. The dialog box
closes temporarily so you can choose a surface.

Swarf 5-axis
— Dutput Format
Coamds B
—walle———————— 1 Tool Axiz Contral — Tip Control

o ﬂl M o FAL

FamDistatse < e Sut >
o urfaces |
« Chajnz | ID_D

QA I

Digtance sbiaye [awer

—

ok | Cancel | Help |

4. Choose the floor of the pocket as shown in the following picture.

Choose Done.

Choose OK when the dialog box displays.
Choose Regen Path.

Choose Backplot.

0 =N W

Choose the Gview—Side button from the toolbar and press [Page
g Up] several times to zoom in on the part, so you can see the tool
approach the bottom.
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10. Press [S] repeatedly to step through the toolpath. It should look
like the following picture. Because the tool tip control is set to the
entire bottom surface, not just the line, the tool tip never gouges
the part.

) "/

Y75

)
(&

\

> Optimizing the corner transition

In the current toolpath, as the the tool is moving along the walls, it is
continually transitioning between the corner angles:

\ /

\ /
A
),\\\ ////x///////////////////////////v/\

Mastercam has a fanning capability that you can use to specify a
transition area. This way, the tool will be perpendicular to the floor
while machining the walls. The tool only transitions to the corner
angle when it reaches the fanning area.
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1. Choose Backup to return to the Operations Manager.
2. Choose the Geometry icon for the toolpath.
3. Select Fanning.
4. Enter a Fan Distance of 12 as shown in the following picture.
Swarf 5-axis HE
— Dutput Format
4 Auis & B juis
P —
Wl ool Axiz Control — Tip Control
« Surfaces | IV Fanning (o Plare |
Fan Digtance & Surfanes |
© Chans | 120 =
£ Lower Rai
Distance above lower
|n_n
(1] Lancel | Help |
5. Choose OK.

6. Choose Regen Path. As the toolpath machines the walls, it should
look like the following picture.

’;g(illvélgrpendicular \ \ /
N

I ‘
Lfanning distance—!/I

7. Save the file in your working folder as swarf.mc9
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This exercise completes your introduction to creating multiaxis toolpaths
in Mastercam. You can learn about Mastercam's other types of multiaxis
toolpaths—drill, multisurface, flowline, and rotary—in the online help.
The next chapter, which is the final exercise in this tutorial, shows you an
example of machining a solid and introduces Mastercam's feature-based
solid drilling function.

Note: You need a Mastercam Solids license to complete the next chapter .

Mastercam Version 9 Mill/Design Tutorial 389



Chapter 16

390 Mastercam Version 9 Mill/Design Tutorial



Machining Solids

1 7 Machining Solids

This chapter introduces you to machining solid geometry. Solids are
another type of Mastercam entity, like surfaces, lines, or arcs. You can
either create them in Mastercam or import them from another program.
This chapter does not show you how to create solids; see the Mastercam
Solids Tutorial which came with your purchase of Mastercam Solids or
the online help for more information about creating solid geometry.

The part you will machine in this chapter is a gearbox. The following
pictures show wireframe and shaded views of the geometry. You will
perform the following operations:

# pocket out the central cavity
& drill and tap the twelve 12 mm blind holes around the top edge
& drill the other holes

12 mm hole (typ.)

20 mm hole

16 mm holes
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You will create a pocket toolpath to machine the cavity and use the Solid
Drilling function to drill the holes.

Note: You need a Mastercam Solids license to complete the exercises in
this chapter.

Exercise 1 — Machining the pocket

In this exercise, you will create roughing and finishing operations to
machine the central cavity of the part. You will use the same type of
pocket toolpath as you would for wireframe geometry, but apply it to the
solid model.

In this exercise, you will learn the following skills:
¢ Selecting solid geometry
¢ Creating a pocket toolpath using solids
¢ Creating separate roughing and finishing operations
4 Selecting the solids and the pocketing parameters

1. Open the file gearbox-mm.mc9 from the folder
C:\Mcam9\Tutorials\Mill Tutorial\Metric.

2. Press [Alt + S] to view the part as a shaded solid.
Choose Main Menu, Toolpaths, Pocket, Solids.
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4. Toggle the menu options so that they match the following picture.

Tip: A chain for a solids toolpath is built from the edges of the solid faces. You
can select a face to include all the edges around it, or you can select edges one
at a time. Since solid models can be very complicated, use the menu options
shown in the following picture to help you choose the proper geometry for your

toolpath.

FromBack

Toggle this to Y to select faces or edges
that are hidden or on the back of the
model, so you don't have to rotate the
part.

Edges

When set to Y, allows you to select
edges. Set this to N if you only want to
select faces.

Faces

When set to Y, allows you to select
faces. Set this to N if you only want to
select edges.

FromBack HN
Edges N
Faces Y
Loop N
Partial , J—
Werify N
Reverse

Last

Done

Loop
When set to Y, lets you select all
the edges around a face.

Partial
Set this to Y to manually select
the endpoint of the chain.

Verify

When this is set to Y, Mastercam
will prompt you to select the
proper face if there are several
choices.

5. Select the floor of the pocket as shown in the following picture.

Tip: When a face is the active selection, the cursor looks like this: Rl:l

When an edge is the active selection, the cursor looks like this: I}gﬂ

6. Choose Done twice.
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7. Right-click in the tool display area and select the 32 mm HSS flat
endmill from the tool library.

Choose the Pocketing parameters tab.
9. Enter 165 for Retract.

10. Choose the Incremental option for Depth. The Depth should
change to 0.0.

11. Enter 145 for Top of stock.

12. Enter 1.0 for both XY stock to leave and Z stock to leave.
13. Choose the Create additional finish operation check box.
14. Choose the Depth cuts check box and button.

15. Select Keep tool down.

16. Make sure your other values match the following picture and
choose OK.

Depth cuts EHE

Depth cut order
% By pocket By depth

M ax rough step

|1 0.0 "
# Firish cuts IU
IU.U

Finizh step

™ Tapered walls

[ Use island depths [Hutenwalltapen anale |3-D
I™" Subpragram [sland taper anale |3-D

L % [rcremmertal

ok | LCancel | Help |

17. Verify that your other pocketing parameters match the following
picture.
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FFaEig..

4 Selecting roughing and finishing parameters

1. Choose the Roughing/Finishing parameters tab.

2. Choose the Constant Overlap Spiral cutting method.
3. Clear the Finish check box.
4

Choose the Entry — ramp (or Entry — helix) check box and
button.

Choose the Ramp tab.

6. Enter the values shown on the following dialog box.
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Helix/Ramp Parameters

—
=

pury
=

(%)
=

(a5
=

-
—

7. Choose OK.

8. Verify that your Roughing/Finishing parameters match the
following picture and choose OK.
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- Parallel Spiral ~— Parallel Spiral,  Morph Spiral High Speed Ore \way

Clezan Comers

_|
—

e b Er

e
M|

tenrauating &l pos

Mastercam generates the toolpath.

Choose the Repaint button from the toolbar to see the toolpath
more clearly. It should look like the following picture.
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10. Press [Alt + T] to clear the toolpath display.

>

Editing the parameters for the finish operation

Since you told Mastercam to create a separate operation for the finish
pass, you can edit its parameters. In this procedure, you will define
the lead in/out moves.

1. Press [Alt + O] to open the Operations Manager. You can see two
pocket operations.
2. Choose the Parameters icon for the second operation.
3. Choose the Lead in/out check box and button.
4. Enter 10 for Overlap.
5. Enter an Entry-Line Length of 0.
6. Enter an Entry—Arc Radius of 50%.
7. Copy the values to the Exit section. Your values should match the
following picture.
Lead In/0ut HE
Owerlap: 100
v —Entry v i~ Exit
_Lil 1= —Line
" Pependicular & Tangent ¢ Pempendicular & Tangent
Length: 0.0 % ID.D Length: 0.0 % |uu
Ramp height: IU.U Famp height: Iu i}
—Arc R
B 50.0 % |1s.u Fiadius: 50.0 % |1s.u
Sweep: 0.0 Sweem ISEI.EI
Helix height: ID.D Helix height: ID.D
I~ Use entry point [ Use exit point
I= | s paint depth I= | Uz poitt depth
I Enter o first depth cut omly [~ Exiton last depth cut only

ok LCancel Help

8.

Choose OK.
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9. Verify that your Roughing/Finishing parameters match the
following picture.

Toal parameters' Pocketing parameters  Foughing/Finishing parameters |

" Rough Cutting method:  Congstant Overlap Spiral

Clean Comers

Ld |

Parallel Spiral ~ Parallel Spiral,  Morph Spiral High Speed Ore \way

Mo, of paszes I-I Finish pass spacing 0.25
¥ Finish outer boundary Cutter compenzation Icomputer ‘I

[ Start finish pass at closest entity [~ Wphmize cutter comp it canbs]
[~ Keep tool down I Machine finish passes only at final depth

v tachine finish passes after roughing all pockets I

2
Stepover percentage I?S-D ™ Minimize tool burial I || Entiicramp
Stepover digtance |24-D I Spiral inside to outside Highispesd..
Fioughing anale ID.D
I¥ | Finish

0K | LCancel |

Help

10. Choose the Pocketing parameters tab.
11. Enter 0 for the Z stock to leave.
12. Choose OK.

13. Choose Regen Path. Mastercam regenerates the toolpath with the

new lead in/out moves for the finish pass.

> Renaming the operations

Since you will be creating many operations to machine this part, you

should start naming the operations and groups to keep them
organized.

1. Click on Operation 2 and type in the name Finish as shown in the

following picture.
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i# § Operationz Manager HE

[ 2 Operations, 1 selected Select Al

EI---E[E Toolpath Group #1
-8 1 - Pocket [Standard)
-0 Parameters Backplot

Regen Path

@ #1-M32.00 ENDMILLT FLAT - 32,
Geometry - [1] chain(z) Werify
[ = CAMCaMIMILLAMCIWGEARBOR-A
=)-@ [Finish_| Post
----- [T Parameters

duddAd

----- ¥ #1-M32.00 ENDMILLT FLAT - 32. Highfeed
- Geomety - [1] chainlg)
----- = CAMCAMIMILLANCINGEAR BN

2. Press [Enter] to set the name.

Click twice on operation 1, type the name Rough, and press
[Enter].

4. Right-click on Toolpath Group 1 and choose Groups, Rename
operation group.

5. Enter the name Pocket chamber. Your operations list should look
like the following picture.

iﬁ j Operations Manager

[ 2 Dperatiohsz, 2 zelected Select Al
oo Regen Path
=@ 1 - Pocket (Standard) - Rough o

- [ Parameters Eackplat
@ #1-M32.00 EMDMILLY FLAT - 32,

Geometry - [1] chainlz) Yerify
-2 CAMCAMIMILLANCIAGEARBOX-K

=-f@% 2 - Pocket [Standard] - Finish Post
----- [ Parameters
----- ¥ #1-M32.00 EMDMILLT FLAT - 32, Highfeed
- Geometry - (1] chainls)

----- = CAMCAMINMILLAMCINGEARBO-b

dadid

6. Choose OK to close the Operations Manager.

7. Choose Main Menu, File, Save and save the file in your working
folder as gearbox1.mc9.
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Exercise 2 — Drilling the holes

Mastercam's Solid Drilling function incorporates feature-recognition
technology to automatically find all the holes in your solids and create
complete drilling operations for them. It is similar to the Auto Drilling
function that you used in Chapter 8. First, you will drill and tap the 12 mm
holes on the top edge of the part. Then, you will drill the remaining holes
which are located on different faces of the part.

In this exercise, you will learn the following skills:
¢ Using Solid Drilling to create drilling, tapping, chamfering,
pre-drilling, and spot drilling operations
¢ Drilling holes in different views

> Drilling and tapping the top holes

The first set of drilling operations will be on the twelve 12 mm holes
on the top edge of the part. These need to be drilled and tapped. You
will also create separate operations for spot drilling and chamfering.

1. Choose Main Menu, Toolpaths, Next menu, Solid drill.

2. Choose the Advanced radio button. Mastercam automatically
finds all the arcs in the solid.

3. You can see that the 12 mm holes are the smallest ones in the list.
To quickly screen out the other holes, enter 12 in the Maximum
diameter field and press [Enter]. Your dialog box should look
like the following picture.
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Solid Drilling EHE
Solid Feature Detection | Tool Parameters I Depths, Group and Library I Custorn Drill Parameters I Fre-drilling |
Basic or &dvanced parameters —Hole detection parameters
’7 " Basic - display basic options dislog & Advanced Wimimum diameter IU_U
M aximurn diameter 120
12 holes detected in zolid &l 3
Dia. Yiew B | 2 start £ end Blind Split
1; I 1|ew I 148.;" I 'ID%r.] I = - I = I W Include "split" holes
12. 1 143, 1oa. . ™ Limit search to Tool Plane
12, 1 145 100 K
12. 1 145, 100, * ™ Re-detect on regeneration
12, 1 145, 100, "
12. 1 145 100. " = SWEEE angle
12, 1 1458 100 * o
12 1 145, 100, - D gz
12, 1 145 100 K "
12 1 145, 100, £ Minimum
12, 1 145, 100, s ;
12. 1 145, 100, Masimum
Argle |2?U.U
Step nm
Detect holes in solid |
All holes _remaining it the lizt will be proceszed. Dn_alete any unwanted holes
I;_l;tis;?chng and pressing the [Delete] key or the right mouse "Delete o e e |
0K I Cancel | Help |
4. Choose the Tool Parameters tab.
5. Select a Finish tool type of Tap RH Fine.
6. Select Generate spot drilling operation.
7. Enter a Default spot drill diameter of 25.
8. Select Make separate operation in the Chamfering with spot

drill section.

9. Enter a Chamfer size of 1. Your other values should match the
following picture.
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Solid Drilling EH

Solid Feature Detection  Tool Parameters | Depths, Group and Library I Custorn Drill Parameters I Fre-drilling |

— Parameter — Chamfering with the spot drill
Firizh tool type ITap RH Fine ‘I " None
Greste ares orselested poits IIJIJ— " Add depth bo spot diilling operation
. . . ' Make separate operation
I g[LépmpI;nteSss ‘Accept clozest matching tool Chamfor siae I‘ID—

— Spot driling operation
Comment

¥ Generate spot diiling operation

b a=imum tool depth ID.D LI

Default zpot dnll diameter 280
[ e Es | [ 1| EEfimmitite. | I e galues...l
Select default zpat dril... |
[ Botan axEe | | I E e | Change ﬂCI...l
0K | Cancel | Help |

10. Choose the Depths, Group and Library tab.

11. Mastercam will create a separate toolpath group for the drilling
operations for this group of holes. Enter the name 12 mm holes
drill & tap in the Drill group and type field.

12. Choose No sorting or grouping.

13. Select the Tip comp check box to turn on tip compensation for
the drills. Your values should match the following picture.
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Solid Drilling

i~ I -2D.D
12 mm holes dnll & tap
(- Ol

r Ol
_| [se ar

T ol
(" Absolute 1+

14. Choose the Pre-drilling tab.
15. Choose Generate pre-drill operations.
16. Enter 6 for Minimum pre-drill diameter.

17. Enter 3 for Pre-drill diameter increment. Your values should
match the following dialog box.
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Solid Drilling

-'-1r|'|-=Jir'|ir|5| i fi

¥ _Ipcomp. |

18. Choose OK. Mastercam generates the drill toolpaths as shown in
the following picture.
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> Using the Solids Manager to look at operations

You can use the Solids Manager to help organize your solid
machining operations. Machining operations involving solids are
fully associative just like wireframe operations, so changes that you
make in the Solids Manager are automatically recognized by the
machining operations.

1. Choose Main Menu, Solids, Solids mgr.

2. Scroll down to the bottom of the solid operations list. You will
see the toolpaths that you have created listed there.
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i j Solids Manager EHE

- Extrude Cut -

7 Parameters egenel
Select |

Geometmy
Extrude Cut
3 Parameters
E Geomnetmy
Extrude Cut
3 Parameters
g Geometmy
[=-[E] Extruds Cut
EEDTE
g Geometny
! 2 - Packet [Stand
1 - Pocket [Stand
3 - Solid Drilling
Stop Op

B

=]

Right-click in the window and choose Operations Manager from

the menu.

Press [E] to collapse the list of operations so you can see them
more clearly. It should look like the following picture.

i# i Operations Manager

2 Groups, 9 Operations, 7 zelected Select Al

EEE Packet charmber

\ EHCT 1 - Pocket [Standard) - Rough
. B-CT 2- Pocket [Standard) - Finish
=88 12 mm holes drill & tap

Fegen Path

Backplat

"@ 3 - Solid Diilling: Werify
-7 4 - Simple diill - no peck
-] 5 - Peck diill - full retract Post

-] & - Peck dill - full retract

W 7 - Peck dril - full retract
-] & - Tapping - feed in, reverse g
=-#7] 9 - Simple drill - no peck

Highteed

E

1| Help |

4 |

A

Tip: Press [E] several more times to collapse and expand the operations list one

level at a time.
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> Drilling the remaining holes

You will use the Solid Drilling function again to create drilling
operations for the remaining holes. Solid Drilling automatically
recognizes that the remaining holes are different sizes and are located
on different faces of the part, and so need to be drilled from different
angles.

1. Right-click in the Operations Manager and choose Toolpaths,
Solids, Drilling.

2. Choose Advanced. Mastercam reads all the arcs in the solid.

Mastercam lists a number of arcs that you do not want to include
in this operation, so you will filter them out by their diameter.

3. Type in a Minimum diameter of 13. The holes smaller than this
were drilled and tapped in the previous procedure, so you don’t
want to include them here.

4. Type in a Maximum diameter of 20 and press [Enter]. The arcs
larger than this are in the contour of the pocket, not drilling holes,
so you don't want to include them either.

Your selections should match the following picture.
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Solid Drilling K

Solid Feature Detection | Tool Parameters I Diepths, Group and Library I Custom Drill Parameters I Pre-dhillng |

Basic or &dvanced parameters —Hole detection parameters
’7 " Basic - display basic options dislog  * Advanced Wimimum diameter 12.0
M aximurn diameter 200
. ) Select... |
4 holes dWSDIld .
Dia. Wigw Z ghart Z end Blind Split -
16 /| 3 ¥ 70, I 40 I P [ se I W Include “split" holes
16, 2 0. 4D, . ™ Limit search to Tool Plane
1E. 3 200, 140 K
20. 1 145 0. ™ Re-detect on regeneration
—Sweep angle
& |gnore

Tip: The View # tells you the
orientation of the hole. "1" means the  Minimum
hole is drilled from the top, "2"

& Masimum
means from the front, and "3" from
the back. See the online help or the Angle |2?U.U
Mastercam Quick Reference Card
for a complete list of view numbers. Step 0T
Detect holes in solid |
All holes _remaining it the lizt will be proceszed. Dn_alete any unwanted holes
I;_l;tis;?chng and pressing the [Delete] key or the right mouse "Delete Dependent operations ... |

0K I Cancel | Help |

Choose the Tool Parameters tab.
Select Drill for Finish tool type.

Select Generate spot drill operation. Your other values should
match the following dialog box.
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Solid Drilling

[Ereate &

7

8. Choose the Depths, Group and Library tab.
9. Enter the name Drill side holes in the Drill group and type field.
10. Choose Sort by view.

11. Select the Tip comp check box. Your values should match the
following picture.
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Solid Drilling
2 I 200
- Drill zide holes
(- Ol

ul Ol
I | Wse o

| oo B

O

l— | {

| po

12. Choose OK.

13. Choose No if you are prompted to sort the other operations.
Mastercam generates the drill toolpaths and shows you the new
operations as shown in the following picture.
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i# 7 Operations Manager EHE
| 3 Groups, 16 Operations, 7 selected Select Al |
[m[m]
E""El_l:! Pocket chamber Fiegen Path |
E-C0 1 - Pocket [Standard] - Rough
B3 2 - Pocket [Standard) - Finish Backplot |
EI---EE 12 mm holez diill & tap
-0 3 - Solid Driling Yerify |
-0 4 - Simple dill - no peck
&-£0 5 - Peck diill - full retract Post |
-0 B - Peck diill - full retract .
B0 7 - Peck dill - full retract Highteed |

F-C1 8 - Tapping - feed in, reverse s
-3 9 - Simple diil - no peck
EI---EE Drill side holes

- §]
-7 11 - Simple dril - no peck
E-87] 12 - Peck diill - ful retract
7] 13- Simple diil - no peck
-7 14 - Peck diill - full retract
E-87] 15 - Simple diil - no peck
E-@7] 16 - Peck drill - full retrac u

| | _}I Help

E

14. Choose OK to close the Operations Manager.
15. Press [Alt + A] to save the file.

Congratulations! You have completed the Version 9 Mill/Design Tutorial.
The final two chapters provide you with a glossary of terms and a list of
the Mastercam shortcut keys. To learn more about Mastercam:

+ See the online help to read more information for features you learned
about while completing this tutorial.

& Contact your local Mastercam reseller.

& Visit CNC Software on the Web to keep up with the latest Mastercam
developments and learn about other Mastercam products. Visit
http://www.mastercam.com, or visit the Mastercam forum at
http://www.emastercam.com.

# If you have any comments about this tutorial, please send them to
techdocs@mastercam.com.
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1 8 Glossary

2 2D (contour)

2D (contour or
plane)

3D (contour, plane
or space)

4-axis

5-axis

A

A axis

absolute
(coordinates,
dimensioning,
positioning)

across chain

Al

A toolpath consisting of multiple sections in which the
depth can vary between sections but is constant within a
section.

A toolpath or geometry that lies in a single plane.

A toolpath or geometry defined in X, Y, and Z axes
simultaneously; consists of lines, arc, parametric splines,
and NURBS splines.

Toolpaths defined by X, Y, and Z locations, but with a
tool axis with an additional degree of freedom, permitting

the tool to be oriented parallel to an axis other than X, Y,
orZ.

Toolpaths defined by X, Y, and Z locations, but with a
tool axis with two additional degrees of freedom,

permitting the tool to be oriented parallel to an axis other
than X, Y, or Z.

Axis of circular motion about the X axis; expressed in
degrees.

Measured from a fixed reference point, usually 0,0,0.

When creating swept toolpaths, this is the profile to be
swept along the curve.

Extension for Adobe Illustrator files. This is a common
vector graphics format.
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along chain

along entity

arc

associativity
(toolpath,
dimensioning, and
solids)

attribute data

AutoCursor

AutoHighlight

AutoSave

B axis

backplot

batch processing

bitmap

When creating swept toolpaths, this is the curve along
which the profile is swept.

A series of evenly spaced points along a line, arc, or
spline.

An open or closed planar curve in which all positions are
at a fixed distance (radius) from the center of the curve. A
circle is a 360-degree arc.

A relationship that links geometry with toolpath, tool,
material, and parameter information to create a complete
toolpath operation. Permits modifications to geometry or
machining parameters to easily regenerate accurate,
updated solid topology, dimensions and toolpaths. Also
the relationship between dimensioning and its geometry.

Attributes of entities: level, color, style, width.

A feature that snaps the cursor to endpoints, midpoints,

intersections, center points, quadrants or an arc, and the
origin points in the vicinity of the cursor; automates and
speeds point detection.

A feature that speeds and simplifies entity selection by
dynamically highlighting the entity under the cursor
before then entity is actually selected.

Feature that automatically saves current geometry and
operations at a regular time interval.

Axis of circular motion about the Y axis; expressed in
degrees.

Preview a toolpath, either step-by-step or continuously.

Method for generating nesting results for several nesting
sessions at the same time.

A graphic composed of small dots, or pixels. Bitmap files
use the BMP or PCX extension, and are often produced by
scanning. See also raster, vector.
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blank

blend

bolt circle
boss
boundary
bounding box
branch (point)

browse

C

C axis

CAD
CAD/CAM
CAM

canned text

Cartesian

CFG

To reduce the complexity of the graphics window by
temporarily making one or more entities invisible. They
remain blanked until the user unblanks them. The blanked
entities remain in the database and are saved with the file.
See also hide.

Smooth connection of surfaces.

Circular array of evenly spaced points defined by the
center, radius, and a number of points on the circle.

In general, a plateau of material from a surrounding
cavity.

An edge, border, or limit; a curve or chain that indicates
an edge.

A feature used to approximate the limits of the stock
required to machine a part.

Point in a chain where the endpoints of three or more
entities meet.

In Mastercam, to preview actual images of Mastercam
files in a selected directory. Also to look at the file names
in a directory.

Axis of circular motion about the Z axis; expressed in
degrees.

Acronym for computer-aided design.
Acronym for a combined CAD and CAM system.
Acronym for computer-aided manufacturing.

Post processor variables that can be associated with
special commands, for example, an auto stop to check on
a part during machining.

Coordinate system using X, Y, and Z values to locate a
point in space.

Extension for Mastercam configuration files.
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chain

chain direction

chain
synchronization
(Sync mode)

chaining tolerance

chamfer

check surface

C-Hook

chord height
(tolerance)

circle

Selection of one or more curves (lines, arcs, and/or
splines) that have adjoining endpoints and often form
boundaries; may be open or closed. Point entities can be
chained using the point method for tool rapid moves;
curves and points can be chained.

The order of curve selection in a chain from start point to
endpoint in an open chain; in a closed chain, may be
clockwise or counterclockwise.

To break a chain into separate sections, each beginning
and ending at a specified point, then match it with one or
more other chains with the same number of
synchronization points.

Maximum distance between two endpoints that can still
be chained.

Beveled or sloping edge that consists of one line that trims
two intersecting lines. Each endpoint of the chamfer is
positioned at a defined distance from the intersection of
the two selected lines. In contour toolpaths, a chamfer is
used to break sharp edges.

A surface or solid face that the system protects during
toolpath generation on another surface.

Custom-made utility programs or add-ons (written in the
C or C++ language) that run within Mastercam. C-Hooks
that are automatically installed with Mastercam appear on
menus with an asterisk (*) after the name. Other C-Hooks
can be accessed by pressing [Alt + C].

In general, the amount of play allowed between a surface
edge and the original geometry; determines the degree of
precision with which edges of trimmed surfaces are
created. See also edge tolerance. Also the tolerance with
which Mastercam calculates surface shading independent
of current display scale.

A closed planar curve in which all positions are at a fixed
distance (radius) from the center of the curve.
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circle mill
clearance plane or

height

climb milling

closed chain

cluster

CNC
CNCEDIT

collinear

combine view

communications
(serial)

communications
parameters

compensation

A function that generates a toolpath to automatically
machine full circles.

Height at which the tool moves between two separate
machining operations.

Cutting in which the tool rotates in a direction opposite
the direction of travel along the side being cut. Generally
produces a smoother surface finish than conventional
milling. When the spindle is rotating clockwise, climb
milling may be achieved by setting cutter compensation to
the left. See also conventional milling.

A chain whose start and end points are identical.

A set of parts that need to remain in a certain orientation
to each other, such as a set of letters or numbers. The parts
form a unit in which the position of the parts, relative to
each other, stays the same.

Acronym for computer numerical control, which is a
computer used to control machine tools.

File editor supplied with Mastercam that also provides
some CNC and DNC capabilities.

Having the property of lying on the same line.

Combines all parallel views into a single view and moves
arcs from separate parallel views to a single view.

Transmission of information, one bit at a time over a
single line, between a PC and any devices attached to it.
See also communications parameters.

Parameters that control the transfer of information
between a PC and devices attached to it. Parameters
include format, port, baud rate, parity, data bits, stop bits,
echo terminal emulation, strip carriage returns, strip line
feeds, EOL (end of line) delay, and DOS communications
mode. Communications is a File menu option
(Communic).

See cutter compensation.
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compensation
direction

compensation in
computer

compensation in
control

composite curve

construction origin

construction plane
(Cplane)

context-sensitive
help

contour

control points

conventional
milling

The orientation of the part with respect to the tool when
cutter compensation is used. For example, the left
direction means that if you are facing forward in the
direction that the tool is moving, the tool will be to the left
of the part.

A setting which means that Mastercam computes the
compensated positions and inserts them in the NC
program. See also cutter compensation.

A setting which means that Mastercam does not calculate
compensated positions, but instead inserts codes in the NC
program (for example, G40/G41/G42) which signal the
control to calculate them. See also cutter compensation.

A chain of curves that meet endpoint to endpoint.

Reference point (X0, YO0, Z0) for geometry creation; the
same as the system origin unless reassigned by the user.

Plane where geometry is created; may be different from
the graphics view (Gview). Mastercam provides several
standard construction planes: 3D, top, front, back,
bottom, left and right side, isometric, and axonometric.
Additional planes can be created.

Helpful information displayed on the screen that is
relevant to the operation being performed.

Path described by two or more axes. Also a method of
analyzing selected boundaries or the boundary offset, thus
simulating toolpath creation.

Points that define a NURBS spline; usually do not lie on
the spline.

Cutting in which the tool rotates in the same direction as
the direction of travel along the side being cut. Selecting
clockwise spindle rotation and cutter compensation to the
right results in conventional milling. See also climb
milling.
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converter

Coons patch

Coons surface

coordinate

copious data

Cplane
critical depths

cross-section

curvature (surface)
curve

cut (toolpaths and
solids)

A function that imports or exports files in different
formats. Formats that can be translated include ASCII,
CADL, DWG, DXF, IGES, NFL, Parasolid, SAT, STEP,
STL, VDA, GEO, old GE3, as well as different versions
of Mastercam.

A surface constructed by blending a grid of along curves
and across curves. Named after Steven A. Coons. See also
Coons surface.

A surface composed of one or more Coons patches.

The combination of an axis and a number which
represents a position along the axis, for example, X1. A
pair of coordinates can represent a position in a plane, for
example X1,Y2. Three coordinates can represent a
position in 3-dimensional space, for example, X1,Y2,Z5.

An entity type that represents a collection of geometric
forms (points and lines). Copious data originates in an
IGES file. Mastercam can convert it to points and lines
during translation. The Modify, Break, Cdata/line function
can also be used to convert copious data to points and
lines.

See construction plane.

Toolpath cut depths that must be machined even if depth
increments must be adjusted to cut them.

A section made by a plane cutting traversely through
solids or surfaces. Also used in project toolpaths.

Measure of curving of a curve or surface.
Line, arc, spline, or surface curve.

When used with respect to toolpaths, refers to tool
movement in the Z axis; do not confuse with pass.

When used with respect to solids, a type of solid operation
in which chains of curves are extruded, revolved, swept,
or lofted as material is removed from an existing solid
(target body).

Mastercam Version 9 Mill/Design Tutorial 419



Chapter 18

cutter compensation The process of offsetting a toolpath from the part
geometry by an amount typically equal to the radius of the
tool. See also compensation in computer and
compensation in control.

cutter offset Distance from the part surface to the axial tool center; tool
radius.

cutter path The path the center or tip of the tool follows over the part;
the toolpath.

D

data bits A communications parameter that defines the number of

bits used to represent a character; must be the same for
both the PC and the CNC controller or peripheral device.

depth cuts Z-axis cuts that the tool makes in a contour, pocket, face,
circle mill, or surface toolpath to get to the final depth in
set increments.

DF9 Mastercam default parameter file format for Version 9
(*.DF9); contains default values for all toolpath types.

dirty operation A solid or toolpath operation that has been modified in
some way; for example, its parameters or geometry input.
The system marks dirty solids and operations with a red
‘X’ in the Solids Manager dialog box or Operations
Manager. When an operation is dirty, it must be
regenerated for the toolpath or geometry to match the
parameters.

display cues Features that clarify how geometry is oriented in the
graphics window: XYZ axes marker, dynamic arrow,
surface backside display.

display list An internal feature that saves the display data for each
entity; used by Mastercam to determine what entities are
visible on the screen and to speed redraws, view changes,
and other screen functions.
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DNC

dongle

DOS (shell)

double D

dpi

drafting entity

drive surface

dynamic arrow

E
edge

edge profile

edge tolerance

editor

Acronym for direct numerical control or distributive
numerical control. Direct numerical control uses a single
computer to simultaneously control operation of a group
of NC machines. Distributive numerical control uses a
network of computers to coordinate operation of a group
of CNC machine tools. Mastercam can be used in either
situation.

Another name for a SIM, which is required to run
Mastercam. See also HASP.

Acronym for Disk Operating System. A DOS shell can be
used execute MS-DOS commands while Mastercam is
running.

A shape composed of two line entities and two arc
entities.

Dots per inch, a measure of graphic resolution.

An entity used in dimensioning: witness lines, leader
lines, dimensions, cross hatches, labels, notes, copious
data. See also geometric entity.

A surface and/or solid body that undergoes a surface or
multiaxis machining operation. See also check surface.

Cursor display that permits dynamic movement along
geometry to indicate a position; changes size to indicate
orientation of arrow relative to viewer. When large, the
arrow points toward viewer. When small, the arrow points
away.

A topological element of a solid model, which has an
underlying curve.

Defines the shape of the surface outer boundaries.

The degree of precision with which edges of trimmed
surfaces are created.

An application used to modify files of certain types. See
also MCEDIT, PFEDIT32, CNCEDIT.
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ellipse

entity

entity association

EPS

F
feed plane

feed rate

file information

fillet

filter (Filter)

finish

fit screen

flat boundary

An oval-shaped curve, represented by a NURBS spline or
collection of connected lines.

A design building block. There are geometric entities
(points, lines, arcs, splines, surface curves, surfaces,
solids, copious data) and drafting entities (witness, lines,
leader lines, dimensions, crosshatches, labels, notes).

The dependent relationship between one entity and a
second entity or group of entities from which the first
entity is generated.

Acronym for Encapsulated PostScript. This is a common
vector graphics format.

Height that the tool moves to before changing from the
rapid rate to the plunge rate to enter the part.

Cutting tool speed of movement in the cutting direction;
usually expressed in inches per minute.

Displayed when an operator presses [F9]: file name and
path, date and time of last file save, file size in bytes,
current display scale, relative positions of construction,
tool, and system origins and axes.

An arc tangent to two non-tangent curves; a rounded
interior or exterior corner.

The process of eliminating unnecessary tool movements
from a toolpath. Do not confuse with mask. When
capitalized, an utility that performs this function.

Precision surface machining.

To display the visible geometry so as to fill as much of the
graphics window as possible; a Mastercam function that is
available from the right-click menu, by choosing from
the toolbar, or by pressing [Alt + F1].

Used to create a flat, trimmed surface from one or more
closed sets of curves.
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flowline

font

FPT

free-form surface

function

function keys

G

Gcode

GE3

geometric entity,
geometry

geometric surface

global parameters

gouge

grain direction

Multiple curves along an entire surface in one constant
parameter direction, that is, one of the directions in which
the system creates the surface.

Text style. Mastercam fonts include Stick, Roman,
European, Swiss, Hartford, Old English, Palatino, and
Dayville. Windows® TrueType® fonts are also
supported.

Feed per tooth.

A surface generated from arbitrarily shaped lines and
curves; includes ruled, lofted, 2D swept, 3D swept, and
Coons surfaces.

A single operation, for example Analyze, Set Norms.

Keyboard keys numbered [F1] through [F10]; may be
assigned to functions, C-Hooks, and macros.

In general, an NC part program or the language used to create
it; specifically, a code that, among other things, defines part
program coordinates.

Mastercam file format for geometry files prior to version 7
(*.GE3); does not contain toolpath information.

Geometric entities include points, lines, arcs, splines, surface
curves, surfaces, and solids. A part model consists of these
entities. See also drafting entity.

Surface composed of constant geometric shapes: sphere,
cones, cylinders, draft surfaces, and surfaces of revolution.

Dimension attributes that are applied to all drafting entities;
includes dimension symbols, coordinate formats, tolerances,
text properties, witness and leader line attributes.

The result or act of a tool machining away material that
should not have been removed.

The noticeable surface direction on materials such as wood. In
Nesting, you can set the grain direction for parts and sheets to
be either horizontal or vertical.
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graphics view
(Gview)

graphics window

group

GUI

H
hardcopy
HASP

helix

hide

highlight

home position

HSS
I

icon

IGES

The point of view of the displayed geometry; may be top,
front, side, isometric, as well as defined dynamically by the
operator.

Workspace area in Mastercam where the geometry displays.

A collection of entities or operations that can be manipulated
as a single entity. See also result.

Acronym for graphic user interface.

Paper copy of the geometry visible in the graphics window.

Acronym for Hardware Against Software Piracy; refers to the
type of SIM used by Mastercam 7.0 or later.

A curve that is circular in the XY dimension and linear in the
Z dimension. Mastercam lets you create helical entry and exit
moves for many types of toolpaths.

To make all entities except those selected temporarily
invisible so as to simplify the graphics window. They remain
invisible until unhidden as a group. Hidden entities are not
saved with the file. See also blank.

To select with the cursor, with the result that the selected
object changes color or reverses to white type on a dark
background. See also AutoHighlight.

Position where the tool returns for tool changes and at the end
of the NC program.

High speed steel.

Small symbol used to simplify access to a program or
function; sometimes also called a button.

Acronym for Initial Graphics Exchange Standard, an
international neutral format; used to transfer geometry from
one brand of CAD system to another.
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incremental
(coordinates,

dimensioning,

positioning)

infinite look ahead

integer

J
job
Job Setup

jump height
command

L

level
level report
line

line style
linear array

linearization
tolerance

loft surface

Measured from the immediately preceding point.

In contour analysis, to search the entire boundary to find self-
intersections based on the current offset distance and cutter
compensation.

A whole number such as 3, 50, or 764; used as a data type for
counting or numbering.

Contains a set of operations.

Machining job parameters, including stock setup, NCI
configuration, material selection, and tool offsets.

Allows a tool to be moved to a height above the clearance
plane between points in a toolpath.

A grouping used to organize geometry in Mastercam.
A report of what entities exist on each level of a geometry file.
Straight entity between two endpoints.

The appearance of a line; may be solid, hidden, center,
phantom, or Zbreak.

A repeating toolpath along the X or Y axis of the construction
plane at a specific distance.

Used when converting 3D arcs and 2D or 3D splines in the
chained geometry from curves to lines; represents the
maximum distance between an arc or spline and its linear
approximation.

A surface composed of smoothly blended curves created by
fitting through a set of cross-sectional curves.
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M

macro

Main Menu

mask

Mastercam®

material library

MC7
MC8
MC9

MCEDIT

merge

MT9
MTL

multiaxis

Group of commands and instructions that can be stored,
recalled, and executed to perform a task; may be used to
automate common or repetitive tasks.

Presents primary Mastercam functions: Analyze, Create, File,
Modify, Xform, Delete, Screen, Exit, and in Mill and Lathe,
Toolpaths, and NC Utilities.

Restricts entity selection to certain types or levels. Do not
confuse with filter.

An integrated CAD/CAM software package created by CNC
Software, Inc.

Contains information on materials for machining that is used
to set a base percentage for feed rates and spindle speeds; uses
the MT9 file extension.

Format for a Mastercam file in Version 7 (*. MC7).
Format for a Mastercam file in Version 8 (*.MC8).

Format for a Mastercam file in Version 9 (*.MC9); contains
geometry, toolpath parameters, material definition, NCI data,
and tool information. See also job and operation.

A Mastercam text editor; provides NC capabilities, file
editing, and file manipulation capabilities. See also PFE32
and CNCEDIT.

To combine another Mastercam file with the current
geometry file. Some or all of one or more configuration
files can also be combined.

Mastercam material library file format for Version 9.

Mastercam tool library file format for versions prior to
Version 7 (*. MTL).

Using more than one axis; often refers to 4- or 5-axis
toolpaths.
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NBT
NC

NCI

nesting

nesting session

node (spline)
nonlinear

normal (arrow)

NPL
NSL
NST
NURBS (spline)

NURBS surface

o

obround

File extension for a nesting batch file.

Acronym for numerical control, a technique for controlling
machine tools or processes by coded command instructions;
also the file format output from Mastercam post processors.

Acronym for numerical control intermediate, the Mastercam
intermediate toolpath file format. The post processor reads the
NCl file to produce the NC file.

The process of fitting multiple copies of a part within a
defined boundary (sheet).

A file containing all of the sheet, part, group, and parameter
settings from the Nesting dialog box. A nesting session is
saved as an NST file.

Points in a parametric spline.
Not located on a single line.

Perpendicular to. There are two normal vectors for each
planar chain of curves, which point in opposite directions.

A normal arrow indicates the side of the selected surface on
which the system creates the surface.

File extension for a nesting part library.
File extension for a nesting sheet or scrap library file.
File extension for a nesting session file.

Acronym for non-uniform rational b-spline; a two- or three-
dimensional curve defined by knots and control points.

A surface that is defined analogously to NURBS splines with
the string of control points expanded in another direction
resulting in a grid.

A shape composed of two straight line entities and two 180-
degree arc entities.
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offset

offset surface

OP9

open chain

OpenGL®

operation (toolpaths
and solids)

operation library

Operations Manager

origin

pan

parallel views

To displace an entity or chain by a distance in a perpendicular
direction relative to the current construction plane. In a curve,
displacement is perpendicular to the direction vector at every
location on the curve.

A surface created by offsetting an existing surface by a
distance.

Mastercam operation library file format for Version 9.

A chain whose first and last endpoints are not identical, such
as a line.

An operating system-independent standard for displaying
graphics.

When used with respect to toolpaths, consists of geometry,
toolpath (NCI file), tool definition, and parameters. A set of
operations makes up a job or MC9 file. Each operation
includes only one toolpath. See also job and MC9.

When used with respect to solids, the action or actions
performed to create or modify a solid. Each operation, such as
fillet or extrude, is listed separately in the history tree under
the solid that it defines or modifies.

Contains default parameters for a specific toolpath; can be
applied to current geometry; uses the OP9 file extension.

Lists all operations in the current Mastercam file, including
both associative and non-associative toolpaths, and offers
options for managing them.

Intersection point of coordinate axes: typically, the point
X0Y0, or XO0Y0Z0. See also system origin, construction
origin, and tool origin.

To move geometry within the graphics window. You can
press the arrow keys, or right-click in the graphics window
and choose Dynamic pan from the menu.

Construction planes that exist in the same 2D plane but differ
by rotation or position.
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parametric spline

parametric surface

part

part drawing

part feature

part library

pass

patch

peck

peck clearance

PFE32

planar

plot
point (entity)

point (using the
mouse)

point data

A 2D or 3D curve defined by a set of coefficients or nodes.

A surface composed of parametric splines in which each
curve segment is expanded in another direction resulting in a
patch.

The item to be machined or nested.

Describes the shape and size of a part; usually includes part
features, dimensions, tolerances, and surface roughness.

The distinctive shape and size to be produced in a part; can be
2D (flat surfaces, internal and external profiles, pockets, holes,
etc.) or 3D (surfaces).

In Nesting, a file containing part definitions so that they can
be reused. A part library is saved as an NPL file.

A tool movement in the X and Y axes. Do not confuse with
cut.

Area of a surface bounded by four segments of the generating
curves.

A tool move that occurs at the programmed feed rate as it
feeds into and retracts out of the stock during a drill toolpath.

Depth that the tool rapids down to between peck movements
during a drill toolpath.

A Mastercam text editor; provides file editing and
manipulation capabilities.

Flat, lying within a single geometric plane.
To output current graphics window to a plotter or file.

Entity that marks a position in 2D or 3D space but that has no
dimension.

To move the mouse until the mouse pointer on the screen
rests on the item you want.

Data consisting only of points.
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polar (coordinates
and dimension)

polygon

port

post

post processor

primitive

PRM

prompt area

PST

Q

quadrant

Coordinate system that uses a known point, length (radius),
and angle to locate a point in space. The angle is calculated in
a counterclockwise direction from the positive horizontal axis
that runs through the known point in the current construction
plane.

Irregular, closed shape with three or more straight sides. In
Mastercam, can be created as a single NURBS spline or as a
collection of individual lines.

A physical connection on a PC. Serial ports are used to
connect to the CNC controller and are identified as COM1,
COM2, etc.

Post processor. Also a post processor (PST) file.

A program that translates NCI data to a format usable by a
machine, that is, to an NC part program or Gcode.

A surface or solid created using a predefined shape, such as a
block or sphere. The parameters can be changed interactively,
but it maintains its original shape. A primitive surface or solid
is not defined by curve geometry. Mastercam primitives
include cylinder, cone, block, extrusion (surfaces only),
sphere, and torus.

Mastercam default parameter file format and file extension for
versions prior to Version 7.

A two- or four-line area at the bottom of the Mastercam
interface used to display data or enter values with the
keyboard.

File format for a post processor customization file.

A section of a plane in which quadrant 1 lies between 0 and
90 degrees, quadrant 2 lies between 90 and 180 degrees,
quadrant 3 lies between 180 and 270 degrees, and quadrant 4
lies between 270 and 360 degrees.

Acronym for random-access memory.

430 Mastercam Version 9 Mill/Design Tutorial



Glossary

RAM-saver

real number

raster

rectangle

Rectangular nesting

redraw

reference point

regenerate

relative (coordinates,
dimensioning, and
positioning)

remachine

repaint

required pilot
diameter

An option that compacts the system database and frees up
available RAM; can also perform an efficiency and integrity
check on the database.

A number that can be represented by digits in a
numbering system with a fixed base, such as 0.5 or 25.4;
used for storing measurements and other values to some
limit of precision.

A method of generating graphics in which images are
stored as many small, independently controlled dots
(pixels).

A shape which consists of four straight lines and four right
angles.

A nesting method which treats each sheet and part as if it were
contained in a rectangular bounding box.

To erase then redisplay visible geometry in the graphics
window to clean up display remnants.

Point to which the tool moves before reentering a toolpath.

In general, to recompute solids, drafting entities, or toolpaths
when associated geometry or parameters have been changed.
To rebuild the graphics window display list so as to improve
the speed and results. The Regen path option in the
Operations Manager recomputes a toolpath when the
associated geometry or parameters have been modified.

Distance measured from specific point, not necessarily the
zero or preceding point.

A machining operation used to clean up stock leftover from
one or more previous operations. Remachining operations
calculate the amount of leftover stock and use that as the
starting point for the toolpath motions. See also restmill.

To erase then redisplay the visible geometry in the graphics
window to clean up display remnants.

Minimum diameter necessary for the tool to enter the
toolpath.
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rest material

restmill

result

retract amount

retract height

revolved surface

right-click

right-click menu

roll

rough

RPM
rubber-band

ruled surface

S

save some

The leftover stock that forms the basis for a restmill toolpath.
Mastercam computes this by looking at one or more
operations that you select, or from the dimensions of a
roughing tool that you supply. See also restmill.

A type of remachining toolpath used for roughing, in which
the tool uses multiple depth cuts to remove stock leftover
from one or previous operations. See also remachine, rest
material.

The appearance of an entity group that has been transformed;
may be selected for further transformation or translation. The
default color of a result is purple.

Distance that the drill retracts every time it makes a peck
move during a drill toolpath.

The height to which the tool moves before the next tool pass.

A surface created by rotating a sectional shape around an axis
or line.

To click on something using the right mouse button; displays
alternate (right-click) menus.

A menu that opens when you right-click the mouse; gives
quick access to many common features.

To wrap a line, arc, or spline around a cylinder.
To remove large amounts of material as rapidly as possible.
Revolutions per minute; a measure of spindle speed.

Temporary display of entities that will be created or modified,
the display updates dynamically based on the cursor location
to indicate the result with the cursor at that location.

A surface composed of linearly blended curves created by
connecting straight lines between two or more lines or curves.

To save selected entities to an MC9 file. Toolpaths cannot be
saved using this method.
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scale

scaleXYZ

scrap

scrap library

Screen, Configure

segment

selection cues

selection grid

setup sheet

SFM
shading

sheet

sheet library

To increase or decrease the size of an entity by a factor
relative to the construction origin or some other point. Also
see scaleXYZ.

To increase or decrease the size of an entity independently in
X, Y, and Z dimensions. Also see scale.

Material remaining from a sheet used in a previous nesting
session.

A file containing scrap definitions so that they can be reused.
A scrap library is saved as an NSL file.

A menu that sets Mastercam’s default values. Default
configuration files are MILL9.CFG (English units) and
MILLOM.CFG (metric units).

A section of a spline between two nodes

In Mastercam, functions such as AutoHighlight, AutoCursor,
etc., which help you determine what entities you can select.

A grid of reference points that the cursor can snap to during
sketching.

A file created by Mastercam that contains NCI file
information including operation, tool reference, total
programming time, and text entered manually during
programming; uses the SET extension.

Acronym for surface feet per minute.

Representation of light striking a colored surface or solid
object using gradated fill.

The closed boundary that defines the material on which
nested parts are placed.

A file containing sheet definitions so that they can be reused.
A sheet library is saved as an NSL file.
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shortcuts

SIM

single D
sketch

slice

solid

spindle speed

spline

startup file
statistics (screen)

step angle

In Mastercam, a way of gathering data from the graphics
window. Allows you to modify data collected from the
graphics window by entering values in the prompt area.
Shortcuts appear in the prompt area as X, Y, Z, R(adius),
D(iameter), L(ine length), S(distance between two points),
and A(ngle).

Acronym for Software Interface Module; sometimes called a
dongle; required to run Mastercam.

A shape composed of one line entity and one arc entity.

To create geometry or select entities by identifying points in
the graphics window using the cursor and mouse.

The process of creating points at the intersection of lines, arcs,
and splines with a plane and creating points where they
intersect. Also the process of creating curves at the
intersection of surfaces and solids with a plane and creating
curves where they intersect.

A geometric representation of a closed three-dimensional
object. In Mastercam, a solid is a geometric entity that differs
from other types of geometric entities such as lines, arcs,
splines in that each solid is also a topological entity that
occupies a region of space and that consists of one or more
faces, which define the closed boundary of the solid.

Tool rotation speed (RPM)

Smooth, free-form curve controlled by points including the
condition of its endpoints; may be parametric or NURBS
spline.

Configuration file, which contains Mastercam default values.
Tally of visible entities by type.

Controls the degree of rotation Nesting can use when fitting
parts on a sheet. For example, a 90 degree step angle allows
Nesting to use 90, 180, and 270 degree rotations. A smaller
step angle increases the amount of time needed to generate the
nesting results because Nesting makes more attempts at fitting
the part more precisely.
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stepdown

stepover

stretch

style/width
subprogram

supplementary angle
surface

surface curve
surface memory
allocation

surface model

surface normal

surface projection

surface shading

surface types

The distance that separates adjacent cuts in the Z axis on a
surface toolpath.

The distance that separates adjacent cuts in the XY plane on a
surface toolpath.

To place around geometry a window that intersects other
geometry, then to translate the entities that are completely
inside the window and also lengthen or shorten any lines that
cross the window (by translating the endpoint that is inside the
window).

Line style and width used to display lines, arcs, and splines.
A section of the NCI file that repeats at different locations.

An angle that when added to another angle produces an angle
of 180 degrees.

A representation of a part’s skin by mathematical equations; a
boundary defining an exterior face of a solid model.

A curve entity type created directly on a surface through the
Create Curve function.

The amount of RAM allocated for surface generation.

Defines a surface, including the edges of each surface.
Vector perpendicular to tangent plane of surface.

Creates points (or curves) by projecting selected points (or
curves) onto selected surfaces.

Color fill added to surfaces and solids to make them more
easily visible; may be full-time or studio.

Mastercam supports three surface types based on
mathematical generation methods: parametric, NURBS, and
curve-generated. Surfaces may also be typed by components
and application into loft, ruled, Coons, revolved, swept, draft,
fillet, offset, trim/extend, and blend surfaces.
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swept surface Created by sweeping one or two curves or chains of curves
(across curves) through a trajectory of one or two other curves
or chains of curves (along curves); may be 2D or 3D. Also
called a drag surface.

swept toolpath Created by sweeping one chains of curves (the across chain)
along a second chain (the along chain).

Sync A function that breaks a chain into separate sections, each
beginning and ending at a specified point, then matches it
with one or more other chains with the same number of

synchronization points.

system origin Fixed reference point for all geometry creation (X0, YO, Z0).

system tolerance Maximum distance between two points that can still be
considered coincident.

T

tangent Two curves whose slope is continuous in direction across
their common endpoint.

tip comp Cutter compensation calculated to the tool center or tip.

TL9 Mastercam tool library file format for Version 9.

tolerance The precision with which an entity must fit another entity or
process, or the maximum permissible deviation from a value;
includes system, chaining, minimum arc length, curve
minimum step size, curve maximum step size, curve chordal
deviation, and maximum surface deviation tolerances.
Tolerance dimension format is one of the global drafting
parameters.

tool The cutting or machining part, usually removable, of a lathe,

planer, drill, or similar machine.
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tool body

tool center boundary

tool library

Tools Manager

tool origin

tool plane (Tplane)

toolbar

toolpath

Tplane

transform

translate

trim

The body or bodies that are added to, removed from, or used
to keep a common region with a selected target body during a
Boolean operation. Once a solid is designated a tool body, it
becomes part of the target body. In the Solids Manager dialog
box, a tool body is listed under the solid and Boolean
operation that it helps to define, and its icon is marked with
the letter “T".

Note: When you delete a Boolean operation, the system
restores the operation’s tool bodies as distinct, active solids.
You can also duplicate a tool body to obtain an active copy of
the solid.

A closed set of curves that limits tool movement for a surface
toolpath. The tool’s center stays within the selected boundary.

Contains information on multiple mill and lathe tools, such as
spindle speeds, plunge rates, and tool diameters; uses the TL9
file extension.

A Mastercam function that provides a list of tools stored in
the current job or in the current tool library; also allows
management of tool libraries.

The reference point (X0, Y0, Z0) in the tool plane (Tplane);
the same as the system origin unless reassigned by the user.

A 2D plane that represents the CNC machine’s XY axis and
origin; also called Tplane.

Area on the screen that contains icons (buttons). The buttons
are arranged in pages to which the user can scroll; may be
moved and reassigned.

Shows where a tool removes material from a part.
See tool plane.

To translate, mirror, rotate, scale, offset stretch, or roll
geometry or toolpaths.

To move or copy geometry or toolpaths to a new location
without changing orientation. Also see transform.

To act as a boundary for a entity or surface.
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trim/extend surface

trimmed surface

trochoidal

TrueShape nesting

undo
unwrap

unzoom

unzoom by 0.8

\"

vector (1)

vector (2)
vertex

view

viewport
W
WCS

A surface created by trimming or extending existing surfaces.

Surface bounded at a set of edges; can be created by applying
any or a number of processes to untrimmed or trimmed
surfaces, for example, projection of curves, intersection, or
filleting with other surfaces.

A type of loop used in highspeed toolpaths in which a
continuous loop is overlayed on top of a toolpath, and the tool
moves along the path of the loop.

A nesting method that fits parts on a sheet based on each part's
actual shape and other parameters. It also allows access to
sheet and part libraries and extended functionality beyond
Rectangular nesting. TrueShape nesting increases the yield of
parts from a sheet of material.

To reverse the last action performed.
To unroll a rolled entity.

To return to the previous display scale or to the original
display size.

To return to the previous display scale or reduce the size of
the displayed geometry to 80% of its original size.

A graphics file format in which graphics are stored as
lines and curves, instead of dots or pixels. Common file
extensions are EPS and Al See also bitmap, raster.

A directed line segment.
An endpoint of an edge.

Angle of observing the geometry — top, front, back, bottom,
right side, left side, Cplane, isometric, or axonometric.

Area within the graphics window that displays the geometry.

See work coordinate system.
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window (selection)

wireframe model

witness (dimension)
lines

work coordinate
system (WCS)

work offset

X

X axis

Xform

XYZ axes marker

Y

Y axis

7. axis

Z depth

Z00m

A polygon sketched around entities to select them.

Three-dimensional object composed of separate lines joined
to create a model; a complete set of edge and skin profiles that
create a surface.

Thin solid lines that project from a dimensioned object to
indicate the extent of the leader lines.

A coordinate system in which the orientation and origin are
shifted. Provides a way to orient geometry in the best way to
work on it.

A value that shifts the origin and coordinate system of the tool
plane when creating toolpaths at different locations (for
example, tombstone work).

Horizontal axis relative to the construction origin; right of
origin is positive; left of origin is negative. See also Cplane.

Abbreviation for transform, a function that can translate,
mirror, rotate, scale, offset, stretch, and roll geometry.

Indicates the axis orientation according to 3D space; displayed
in the bottom left corner of the graphics window; updates to
reflect the current graphics view (Gview).

Vertical axis relative to the construction origin; above origin
1s positive; below origin is negative. See also Cplane.

Perpendicular to the X and Y axis relative to the construction
origin. See also Cplane.

Current construction depth, which is the depth of the currently
defined construction plane (Cplane) relative to the system
origin.

To magnify a rectangular portion of the graphics window.
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1 9 Mastercam Shortcut Keys

Alt+0 Set Z depth for Cplane

Alt+1 Set main color

Alt+4 Choose Tplane

Alt+5 Choose Cplane

Alt+6 Choose Gview

Alt+ A AutoSave

Alt+B Toolbar on/off

Alt+C Run C-Hooks

Alt+D Drafting global parameters

Alt+E Hide/unhide geometry

Alt+F Menu font

Alt+G Selection grid parameters

Alt+H Online help

Alt+1J Job setup

Alt + L Set line style and width

Alt+N View Manager

Alt+ O Operations Manager

Alt+P Prompt area on/off

Alt+Q Undo last operation

Alt+R Edit last operation

Alt+S Full-time shading on/off

Alt+T In Toolpath menu, turn
toolpath display on/off

Alt+U Undo last action

Alt+V Mastercam version number
and SIM serial number

Alt+W Viewport configuration

Alt+X Set main color, level, line
style and width from
selected entity

Alt+7Z Level Manager

Alt +¢ Create two-point circle

Alt + Tab Switch between
applications

Alt + - With hidden entities, select
additional entities to hide

Alt += Select entities to unhide

Alt + F1 Fit geometry to screen

Alt +F2 Unzoom by 0.8

Alt + F3 Cursor tracking on/off

Alt +F4 Exit Mastercam

Alt + F5 Delete using window
selection

Alt + F7 Blank geometry

Alt + F8 System configuration

Alt +F9 Display all axes

F1 Zoom

F2 Unzoom

F3 Repaint

F4 Display the Analyze menu

F5 Display the Delete menu

Fé Display the File menu

F7 Display the Modify menu

F8 Display the Create menu

F9 Coordinate axes on/off
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F10 List all functions and
choose one to execute

Tab / Navigate between controls

Shift + Tab in dlalog boxes

Esc System interrupt or menu
backup

Page up Zoom in by 5%

Page down | Zoom out by 5%

Arrow keys | Pan

Alt + Arrow | Rotate
keys

In the Operations Manager:

Ctrl + A Select all operations

Ctrl + C Copy selected operations

Ctrl+V Paste selected operations

Ctrl + X Cut selected operations

E Expand or collapse all
operations

G Set parent group of

selected operation as the
active group

L Toggle NCI locking on
selected operations

P Toggle posting on selected
operations

T Toggle toolpath display for

selected operations
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