Introduction to
Multiaxis Toolpaths

April 2016

Mastercam 2017



TERMS OF USE

Be sure you
have the latest
information!

Mastercam® 2017 Multiaxis Toolpaths

Date: April 2016
Copyright © 2016 CNC Software, Inc— All rights reserved.
Software: Mastercam 2017

Use of this document is subject to the Mastercam End User License Agreement.
The Mastercam End User License Agreement can be found at:
http://www.mastercam.com/companyinfo/legal/LicenseAgreement.aspx

Information might have been changed or added since this document was
published. The latest version of this document is installed with Mastercam or can
be obtained from your local Reseller. A ReadMe file (ReadMe . pdf)—installed
with each release—includes the latest information about Mastercam features and
enhancements.


http://www.mastercam.com/companyinfo/legal/LicenseAgreement.aspx

Contents

INtrodUuCioN ................o e 5
B TULOIAl GOQIS......c.cveeeceeeeecctereece et n s enaean 5

» Introduction to Multiaxis Toolpath Requirements.........ccccocoevrnrennenenee 5
General Tutorial REQUITEMENTS ....c.cuccuereeeereee e seses s s s ansees 5

1. Basic Machine Qverview............ccccccvveerrverrnvenssenssesssenssenns 7
» Table/Table MaChing ..ot 8

> Head/Table Maching...........cooeeeeceeeeecceee e 9

» Head/Head MacChing ... 1
2. Multiaxis Toolpath Controls Overview...........c..cccccerrnrnnee 13
B CUL PAEBIN ...ttt s 13

P T0OI AXIS CONLIOL....eeeeeceeeeeeeeeeecece e 14

B TOOI TiP CONIOL ...ttt 15
3. Mastercam Interface and Workflow...........ccccccerrerrnennee. 17
P Cut Pattern Page .......cceeeueeeereercriseeeeeesee ettt sssss st sesens 18

» Tool AXiS CoNtrol Page ..ot 19

> Collision Control Page..........ccveeereerrreererseressseseseessesssssssessssessssessssesssseseens 19
4. Multiaxis Curve Toolpath.............cccccerrvrrrinrirninr e 21
P LeSSON GOQIS ...t 21

» Exercise 1: Getting Started with Toolpath Creation..............cccocueuneee. 21

» Exercise 2: Create a Multiaxis Curve Toolpath........cccocoovvininnicnnne. 23

» Exercise 3: Backplot the Operation ............cccceevveveeveeieeieieccecceeee e, 29

» Exercise 4: Machine Simulation..........oooeeeeeeeeeeee e 30



iv MASTERCAM 2017

5. Tool Axis Control Options ..........ccccvrverrivenrnenncen e rseesnens 33
B LeSSON GOQIS ...ttt 33

» Exercise 1: Preparing the Part ... 33

» Exercise 2: Copy and Edit an Operation............ccooevvivverenienniesenennnns 33

» Exercise 3: Copy and Edit a Second Operation............cccceevvevvevereenenne. 36

6. Multiaxis Drill Toolpath............cccorrrrreee 39
P LESSON GOQIS .....ocveercrceeeeeeet ettt s s aenas 39

» Exercise 1: Getting Started with Toolpath Creation...........c..cocccvruennee. 39

» Exercise 2; Create a Multiaxis Drill Toolpath .........ccceovevvevveiieeenennee. 40

» Exercise 3: Add a Second Multiaxis Drill Operation..............cccceeueneneee 44

» Exercise 4: Backplot the operations ...........ccccceveeveriecieeieciecveececeeene 47
CONCIUSION..............oooeeeee et sse s ssasesssssans 49
P Mastercam RESOUICES ........ccocuecrrecreeetee et ese s s s 49

» Mastercam Documentation............coccveveeeneeereeenenesssesesssesessssssessseeeens 50
(0701101 = 0 0 0L PPN 50



Introduction

This tutorial introduces the concepts of multiaxis machining, beginning with the
machine architecture and ending with multiaxis toolpath creation. Multiaxis toolpaths
are basically the familiar contour, pocket, and surface toolpaths in X,Y, and Z, with
rotational motion added in A, B, and C. The available axes vary based on your partic-
ular machine setup.

The workflow is consistent regardless of the multiaxis toolpath selected. Mastercam’s
Multiaxis interface follows a uniform structure through the toolpathing process. Select
the toolpath family, select a toolpath type, progress from top to bottom through the

tree-style interface, enter parameters on the necessary pages, and generate the tool-

path. Additional tools such as Mastercam Simulator and Machine Simulation allow you
to review your toolpath before cutting begins on the machine.

By completing this tutorial, you gain a general understanding of the multiaxis process.
The information contained in these pages gives you the knowledge and confidence to
work with Mastercam’s multiaxis toolpaths.

Tutorial Goals

= Understand the basic architecture of a multiaxis machine

= Review the controls of a multiaxis toolpath: cut pattern, tool axis control, and
tool tip control

= Follow the workflow of Mastercam’s Multiaxis toolpath interface
= Create and modify a Multiaxis Curve toolpath
= Create and modify a Multiaxis Drill toolpath

Introduction to Multiaxis Toolpath Requirements
=  Mastercam 2017 with Mill or Mastercam Router
= Curve 5-axis / Drill 5-axis add-on (included in the Multiaxis add-on)

Estimated time to complete this tutorial: 1.5 hours

General Tutorial Requirements
All Mastercam tutorials have the following general requirements:

= You must be comfortable using the Windows® operating system.
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= The tutorials cannot be used with Mastercam Demo/Home Learning Edition
(HLE). The Demo/HLE file format (emcam) is different from the Mastercam file
format (mcam), and basic Mastercam functions, such as file conversions and
posting, are unavailable.

= Each lesson in the tutorial builds on the mastery of preceding lesson'’s skills.
We recommend that you complete them in order.

= Additional files may accompany a tutorial. Unless the tutorial provides specific
instructions on where to place these files, store them in a folder that can be
accessed from the Mastercam workstation, either with the tutorial or in any
location that you prefer.

= You will need an internet connection to view videos that are referenced in the
tutorials. All videos can be found on our YouTube channel:
www.youtube.com/user/MastercamTechDocs.

= All Mastercam tutorials require you to configure Mastercam to work in a
default metric or English configuration. The tutorial provides instructions for
loading the appropriate configuration file.

INTRODUCTION TO MULTIAXIS TOOLPATHS



LESSON 1
Basic Machine Overview

With a multiaxis machine, instead of a straightforward machine with XYZ axes capabil-
ities, you have a machine that can handle five or more axes of motion. Typically, the
axes are defined as XYZ/ABC/UVW as shown below.

The axes may be in a different orientation or have different relationships. The point is
that your machine now has a much greater range of motion than a standard 3-axis
vertical or horizontal machine.

The added motion of a multiaxis machine enhances the capabilities of your shop, as
well as expands the variety of parts that you can machine. However, due to the
enhanced power of the machine, there is no “standard 5-axis machine.” Nearly every
machine is unique in its axes combination, orientation, travel and rotation limits, and
controller.

Common terms for multiaxis machines are table/table, head/table, and head/head.

These terms describe the relationship of the rotary components on the machine. The
configuration of the rotaries determines the zero location of the machine and how you
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need to locate the part within Mastercam. The part must be located in Mastercam
where it will be sitting on the machine. The only exception is for a head/head arrange-
ment.

IMPORTANT: Improper location of your geometry will cause the part to
be cut incorrectly.

Table/Table Machine

A table/table machine has both rotary axes connected to the table. Typically this is a
trunnion carrying a rotary table. The machine axes zero position is located at the inter-
section of rotary axes. Your part is located in Mastercam relative to the machine zero
position. The rotary components are shown in red in the following images.

Table/Table configuration

INTRODUCTION TO MULTIAXIS TOOLPATHS



HEAD/TABLE MACHINE 9

Table/Table machine zero

Head/Table Machine

A head/table machine has one rotary on the table and the other on the spindle. They
operate independently of each other. The table could be comprised of a trunnion or
simply a rotary attached to the table. The machine axis zero is located at the intersec-
tion of the rotary axes. Your part is located in Mastercam relative to the machine zero
position, as in the table/table configuration. The rotary components are shown in red
in the following images.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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Head/Table configuration

INTRODUCTION TO MULTIAXIS TOOLPATHS



HEAD/HEAD MACHINE 11

Head/Head Machine

A head/head machine has both rotary axes connected and attached to the spindle.
The machine axis zero is typically located on the face of the spindle. The origin is
shown on the table in the second image as this is where the spindle face lies when all
axes are set to zero. The rotary components are shown in red in the following images.

Head/Head configuration

Head/Head machine zero

INTRODUCTION TO MULTIAXIS TOOLPATHS
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These are the basic arrangements of multiaxis machines. Be aware that multiaxis
machines may be as simple as a single rotary for 4-axis work, or as complex as having
five axes and a nutating head. No matter how the machine is configured, the inputs for
a good toolpath follow the same pattern from machine to machine. Continue on to
Lesson 2 to learn about the necessary controls for creating an efficient multiaxis tool-
path.

INTRODUCTION TO MULTIAXIS TOOLPATHS



LESSON 2
Multiaxis Toolpath Controls Overview

Three controls separate multiaxis toolpaths from the typical 2- and 3-axis toolpaths:

= Cut Pattern
= Tool Axis Control
= Tool Tip Control

Effective use of these controls is the deciding factor in your ability to create efficient
toolpaths for your particular machine. This tutorial starts you on the path to becoming
a more effective programmer. However, there is no substitute for experience and
knowing your machine’s capabilities.

Cut Pattern

What do you want the tool to follow? The answer is the cut pattern. Selecting a tool-
path family is the initial phase of establishing the cut pattern. Different toolpath fami-
lies vary the type of geometry allowed for the cut pattern. Geometry selection can
range from a contour or chain, to a surface edge or edges, and on through single or
multiple surfaces or solids. Below are two examples of cut pattern selections.

Curve Surface

In addition to the geometry selected for the toolpath, cut pattern includes such
parameters as:
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= Cutting method: zigzag, one way, spiral
= Compensation: type and direction
= Stock to leave: drive surfaces, walls
= Stepover: across, along, increment
Subsequent lessons and tutorials cover cut pattern options in more detail.

Tool Axis Control

How do you want the tool axis to behave as it follows the cut pattern? Tool axis
control answers this question. Multiaxis toolpaths include numerous options on how
to manipulate the tool axis. The options allow you to control the part of the tool in
contact with the material, and the amount of tool movement the toolpath generates,
as well as being able to set the number of axes of output for the posted toolpath.
Below are two examples of tool axis control.

Surface From point

Toolpath family and toolpath type determine which tool axis controls you can access.
Some examples of the controls available include:

= Lines, surface, from point, chain

= Fixed angle to axis, be tilted relative to contact point

= Rotated around axis, from point

= Parallel to line, surface, plane

INTRODUCTION TO MULTIAXIS TOOLPATHS



TOOL TIP CONTROL 15

Click the Help button in Mastercam to find further details on the available options and
their function.

Tool Tip Control

What controls the depth of the tool along the tool axis? Tool tip control handles this
function. Compensation surfaces are included in tool tip control. Applying tool tip
control is a three step process:

1 Tool positions are generated along the selected cut pattern.

2 Tool axis vectors are created at each position based on the tool axis control
settings.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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3 Depth along the tool axis is applied based on the tip compensation method.

{A} TIP: Use the method depicted above when you have very complicated,

Q or less than perfect, part geometry. The clean core geometry is used to
generate the cut pattern and tool axis control vectors. Tip control is then
used to cut the outer surfaces with much cleaner motion.

The three controls described above form the core of all your multiaxis toolpaths. Addi-
tional refinement is added through collision control, linking, tool selection, and more.
Building confidence with these controls will greatly ease and enhance your ability to
generate efficient multiaxis toolpaths. Continue on to Lesson 3 to see how these
controls are an integral part of the multiaxis workflow within Mastercam.

INTRODUCTION TO MULTIAXIS TOOLPATHS



LESSON 3
Mastercam Interface and Workflow

Mastercam’s Multiaxis toolpath interface follows the familiar tree-style layout. You
progress through the pages of the tree, make the necessary selections, enter appro-
priate parameters, and generate your toolpath. Viewing the process in simplified terms
helps to lessen the complexity of creating a multiaxis toolpath.

Begin the toolpath creation process by selecting an appropriate machine definition.
This applies to all toolpath types in Mastercam. After selecting a machine definition
that supports multiaxis movement, choose a Multiaxis toolpath. The following image

shows the starting point for a Curve toolpath.

W1 Mubrianis Toolpath -
V| b W
=

Tosl

Holdor O Apphcation
@ Soch 4
Cut Patiom
ik Tl fote Control
Collasen Contral
i Lnkng
Curve o Parslel

Swerf Milling Merph Alang Curve

- %e?®l

rAlE IR a)

Multiaxis toolpaths are divided into two toolpath families, Pattern and Application.
Each toolpath family contains different toolpath types. Selecting the most efficient
type will come from experience and usage. For now, you focus on the general work-
flow rather than specific applications.
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The tree structure provides the basic roadmap to
creating a toolpath. While you can select the pages as
needed, the most efficient route is from top to bottom. ‘ | H m‘ %
Click the plus sign before any page to expose additional
pages for input.

-
B Multiaxis Toolpath - Curve

Toolpath Type

Tool
Holder

The pages within the tree structure vary with the tool-
path type. The procedure remains the same regardless of
what the tree looks like. If you can answer the following
questions, you are well on your way to generating a
multiaxis toolpath:

- Stock
e Qi Pattem

Tool Axis Control
Collision Corttrol
[ Linking

= What do I want the tool to follow? - Rioughing
Fitter

= How do I want my tool axis to behave?

* What controls the depth along the tool axis? = A o

Cut Pattern Page

The controls discussed in the previous lesson are pivotal for multiaxis work. The cut
pattern page is where you select your drive geometry, set compensation parameters,
and set various other options. Below is a sample of the cut pattern page for a multiaxis
Curve toolpath.

L
Toclpath Tipe:
Te
ol Curve e 2 Caes = [
@ Sock Comprnsation tos Corgater -
i Tool Aots Contral Comparaation deschon Leit -] d
Colkson Control
@ Lnkng Tip compensaton Te =
s )
e Rt cllend i
#- Adduonsl Seangs S 200
I Distance increment ng
Curve ollowang method
Cuick: Viaw Sattings.
| Teat £ BALLEN » [ istance 125
Tool Diameter 8
Comer ks 4 ks =
FeedRme 38152 s e 20
Spindle S 2387 b
Caolant oF Prajection
Tedlengh 75 G Homal 1 plane
Lergth Ofpet 242
Dupester OF,. 347 Homal b nslace
et P T Masitran dittancs 00
< wedted
@ = deabled
V=[S ?
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Tool Axis Control Page

The Tool Axis Control page defines the tilting motion of the tool axis as it moves along
the cut pattern. The options available vary by toolpath type, just as the tree structure
and other pages vary. Tool axis control is what sets multiaxis toolpaths apart from 2-
and 3-axis toolpaths. The ability to manipulate the tool axis allows for complex and
powerful control. Below is a sample of the Tool Axis Control page for a multiaxis Curve

TOOL AXIS CONTROL PAGE 19

Quack View Settings

Teal 2 BALLEN »

toolpath.
W7 Mutiavis Toolpath - Curve ﬁ
Y R =
Tasipath Type
| m Tool st contrel Liness -" 10
. Ovtes s
Backphot rotary st ¥ & =
Leadfag angle oo
I Sde bl angle 00
Angle rerement nn
Towd e lewgthy =50

(%)) 2]

Collision Control Page

Tool tip control does not have its own page like the other two controls. It can be found
on the Collision Control page. Use the parameters to instruct Mastercam how the tip
of the tool should be placed in relation to the cut pattern. Below is a sample of the
Collision Control page for a multiaxis Curve toolpath.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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' Muliisxis Toclpath - Curve
¥l W e

- Toopath Type -
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Heldar On selecied curve
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i Tool Axis Cortrel L !
o Stock 1o bave. (1]
Roughing Veclor depth LUl
Fiter
G Addtional Settngs jiac LR
Chack sialacels] 10
Stock 1o kave. oo
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R Vo S N e —
Tool 172 BALLEN =
Teol (Rameter 05 3 Lok s 100
Comar Radue 0.25
Feed Hate 28 [7] Qcilaie
Spekn Spn. . 139 - ) Lines Figh § et
Coclart o
=5 p Fhite longth (1)
Length Offsat 256 Massmum dgh [T
Diometer 0. 256 i
Crivn £ T0__Fon . Distarce slorg corlos oo
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2 = desbled

(V][ ][] ?]

Complete the remaining pages in the tree if necessary. Additional parameters include
linking information (how the tool moves when not in contact with material) and

roughing options. The Additional Settings branch provides pages that generally do not

need to be touched for multiaxis programming. Review them, and click Help if you
want to know details about these pages. Continue on to Lesson 4 to begin creating a
multiaxis Curve toolpath.

INTRODUCTION TO MULTIAXIS TOOLPATHS




LESSON 4
Multiaxis Curve Toolpath

Experience with design and toolpath creation is assumed at this point of the tutorial.
Detailed steps on such actions as selecting a machine definition, changing the
graphics view or construction plane, or making levels visible, are not provided. Please
review the Introduction to Mastercam tutorial before continuing if you are not familiar
with these concepts.

Lesson Goals
= Open a part file and assign a machine definition.
= Create a Multiaxis Curve toolpath.
= Backplot the toolpath.

Exercise 1: Getting Started with Toolpath Creation

Assigning a machine definition is the first step in creating a toolpath. Setting the
graphics view to allow the easiest geometry selection plays a part in visualizing your
work. This exercise guides you through the initial steps involved with creating a tool-
path.

1 Start Mastercam using your
preferred method:

=  Double-click Mastercam’s
desktop icon.

Or

=  Launch Mastercam from the
Windows Start menu.

2 Select the default metric configuration file:

a Click the File tab.
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b Choose Configuration from
Mastercam’s Backstage View to
open the System Configuration o1 AutoSave / Backug

dialog box. Print WiEl Configure Mastercam to au

Zip2Go (Eanges

Convert

AutoSave / when you save manually,
Backup
Help
Community Repair File
RAM Perform routine maintenan
Configuration Repair
File

Options

¢ Choose ..\mcamxm.config <Metric> from the Current drop-down list.

Current: ‘c:\users\wuf\documents\mﬂ mcam2D...\mcamxm.confiH <Metric> <5ta vi

hfig <English

d Click OK.

3 Open the part file curve_Toolpath, which was provided with the tutorial.

4 If not already loaded, select the default Mill metric machine definition.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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NOTE: The default machine definition has rotary axes defined that allow
multiaxis toolpaths. Load the machine definition of your choice as long

as it supports b-axis motion.

Set your graphics view to Isometric.
6 Activate shading if necessary.

7 Fit the geometry to the screen using [Alt+F1] or the Fit button on the View
tab.

8 Choose File, Save As, and save the part under a different file name. This
protects the original tutorial file from being overwritten.

Exercise 2: Create a Multiaxis Curve Toolpath

Creating a toolpath involves selecting the toolpath type, tool, and geometry, as well as
completing the parameter pages. Completing this process yields a program capable of
cutting your part on a machine.

1 From the Toolpaths tab, choose Multiaxis, Curve.

—
oduction_to_Multiaxis_Toolpaths_2017_SOURCE\Part_files\CURVE_TOOLPA... MILL - [m] *

PREP DRAFTING TRANSFORM ART MACHINE TOOLPATHS @ e

VIEW
Y &
% o @ @ a - T ‘ .’ ::::ieaxis Linking F

Tool Stock

Froject - Curve Swarf Milli... Farallel ¥ | Manager Model = @Toolpath Transform !ﬂ
Multiaxis Utilities
2 C(lick OK if prompted to enter a new -
p p Enter new NC name w

NC file name.

C:AUsers\caw\Documents\my mcam201 7AMILLN. ..

CURVE_TOOLPATH

(v (% ][ 2]

INTRODUCTION TO MULTIAXIS TOOLPATHS
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3 Select Tool from the tree view pane.

4 Click the Select library tool button.

The tool library defined in the Select library taal...
machine definition opens.

5 Click the Filter button, and set the
filter to show only Endmill2 Sphere
tools.

6 Select the 8mm ball endmill and click OK.

- FLAT END MILL-5

5

6 - BALL-NOSE END MILL -
6 BALL-NOSE END MILL -
6
R

- BALL-NOSE END MILL -
- RAIT-NOSF FNDMITT -

EEETE
woen [ ks

Select Cut Pattern from the tree view pane.

8 Choose 3D Curves from the Curve type drop-down selection.

o
Comnenzation fune Camnuter -

9 Click the Select points button next to 3D Curves to return to the graphics
window for curve selection. The Chaining dialog box displays.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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10 Select the chain on the edge of the part as shown. The start position is not
important for the purpose of the tutorial. The chain should go in a clockwise
direction, regardless of the start point.

11 Click OK in the Chaining dialog box to return to the Cut Pattern page.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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12 Set the remaining parameters as shown.

s o I

ISR

- Trim to Stock

..... v

- Tool Axis Control
- Caollision Control
- Linking

- Roughing

- Filter

- Additional Settings

Curve lupe
Compensation pe
Compenzation direction
Tip compensation
Fadial offset

Diarneter for simulation

[] Distarce increment

Curve following method

Feed Rate 38152
Spindle Spe... 2387

Coolant Cn

Quick View Settings
Tool 8. BALLEN = [ Digtance
Tool Diameter 8
Comer Radius 4 Cut tolerance

b aximum step

Projection

- )

[ 30 Curves

Computer -

Left

K|
2]

20.0

S—

1]

.

525
ooz
Bo

tool radius. Use this field in a similar manner as a stock to leave. A value

Q TIP: The radial offset value for this particular operation should equal the

equal to the tool radius is equivalent to zero stock to leave. Take advan-
tage of this functionality for trimming operations.

13 Select Tool Axis Control from the tree view pane.

14 Choose To point from the Tool axis control drop-down selection.

Tool axis contral

Lmea
Qutput format Surface
Plane

Backplot rotary axis

Lead/lag angle

Frarm Enmt
Chain

15 Click the Select button to return to the graphics window for point selection.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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16 Select the point as indicated.

You return to the Tool Axis Control
page. * >

17 Set the remaining parameters as shown.

-
[ Multiasis Toolpath - Curve ‘
Toolpath Type
- Tool :
_____________ i Toslais contol m
- Cut Pattem . ;

o f Cortrol Backplot rotary axiz

C.olli.sion ol Lead/lag angle 0o

Linking

E::rghing Side tilk angle oo

Additional Settings [ Angle increment iDD—i
Tool vector length %0

TIP: Click in a field to see a progressive image on the right side of the
Q page. The image depicts what the field controls. Click Help for detailed
information on each field.

18 Select Collision Control from the tree view pane.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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19 Set Vector depth to -10.0. The value allows the curve operation to trim the
part with the side of the tool, avoiding the ball portion at the tip.

Tip contral

(@) On selected cunve

On projected curse

(7)) Comp to surfaces (m

i
' “ector depth -10.0 '

The images below show how the difference between vector depth values
affects the toolpath.

Vector depth = 0.0 Vector depth = negative

.

20 Select Roughing from the tree view pane.

21 Ensure that Multi Passes has been
deselected.
Rough

Trimming operations using a Curve Number 1
toolpath generally utilize a single Spacing 10
pass. o
Mumber 1
Spacing 05

INTRODUCTION TO MULTIAXIS TOOLPATHS
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22 C(lick OK to generate the multiaxis curve toolpath on the selected geometry.

23 Save your part file.
Exercise 3: Backplot the Operation

Backplotting an operation allows you to review the tool motion before any cutting
takes place on the actual machine. Backplot should be the first step in validating your
toolpath.

1 Click Backplot selected operations

in the Toolpaths Manager. Toolpaths il

WA M ELEeL|7 @

GxA|v A[ Backplot selected operations i

9--5 Machine Group-1
A1 Properties - Mill Default MM

[ e N Yy M

INTRODUCTION TO MULTIAXIS TOOLPATHS
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2 Inthe Backplot dialog box, select the
Display tool and Display rapid
moves buttons.

3 C(lick Options in the Backplot dialog
box.

¥

FErELD & |
() ) osire)
(2]]

4 Deselect the options shown and v ——

click OK. This prevents your part e e e ..

from spinning around and moving Tool Fadius: |40 il

out of view. [ Simulate Axis Substitutian 1
[7] Simulate Ratany Axis

"

Click Play to begin the backplot of your toolpath.

Click OK in the Backplot dialog box when you have finished reviewing the tool
motion.

Exercise 4: Machine Simulation

Machine simulation is the next step in validating your operations. The tool motion is
shown on your part as it is positioned on your machine. Collisions between various
machine components and the part are visually apparent, as well as reported in text on
the screen. The following is a quick run-through of Machine Simulation. For a more
detailed explanation, review Help, as well as the Machine Simulation tutorial.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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1 Onthe Machl.ne tab, cllck.the dialog B . oz o o TR
b.OX laun.Cher in the Machine ART | MACHINE | VIEW  TOOLPATHS
Simulation group. T Backplot Y .

Verify 8. a7
ATP )
S

[F] Automatic T

ge Cap

ar Image List

neet

2 Select 6_5AXGEN_VMCHTAC from ——
SAKGEN VMCHTAC (1 1S I
the drop-down list of machines. !
Simulation | Post Settings | Machine Definition |
Machine

The machine selection is saved with
the part file. Running simulation on
the same part file will reload the LB R,
selected machine. e
i3l 7_5AXGEN_VMCHTBC
&3 8 5XDMU_VMCTTBC

3 Click Simulate to begin the machine —
simulation of the selected operation.
4 Use the simulation playback buttons to review the tool motion contained in

your operations. (If you do not see the part, click the Workpiece button,
which is located in the Simulation tab’s Visibility drop-down.).)

|4 Step Back ’ . ’> B Step Pwd O

[ Previous Op pyn  stop  Fast PPINedt Op pagran
=, Forward

N WVMCHTA

Contral

5 Exit machine simulation to return to the Mastercam interface.
6 Save your part file. The same file will be used in a subsequent lesson.

You have now completed a basic multiaxis curve toolpath. Curve is generally used for
trimming operations. The motion is typically straightforward, making it an ideal tool-
path for demonstrating some different tool axis control strategies and the effects they
can produce on the tool. Proceed to Lesson 5 to explore these strategies.

INTRODUCTION TO MULTIAXIS TOOLPATHS
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LESSON 5
Tool Axis Control Options

Tool axis control is what separates multiaxis toolpaths from normal surface, chain, and
point toolpaths. The ability to manipulate the angle of the tool, relative to the cut
pattern, puts a great amount of control in your hands. The cut speed, finish quality,
and tool life can all be affected with tool axis control. Complete this lesson to gain
exposure with two additional tool axis control options for a multiaxis Curve toolpath.
Lesson Goals

= Open a previously saved part.

= Edit the operation’s parameters, specifically tool axis control.

= Generate the toolpath and observe the tool motion.

Exercise 1: Preparing the Part

1 Use File, Open to open the part file curve_Toolpath_Lesson_5, which was
provided with the tutorial.

Set your graphics view to Isometric.
Activate shading if necessary.

Fit the geometry to the screen using [Alt+F1] or the Fit button.

a A W N

Choose File, Save As, and save the part under a different file name. This
protects the original tutorial file from being overwritten.

Exercise 2: Copy and Edit an Operation

1 Right-click on the first operation and

- BE Machine Group-1
hold the mouse button down. = iy

-1l Froperties - Mill Default MM
=22 Toolpath Group-1

=P [1 - Curve 5 Axis - [WCS: TOF] - [Tplane
{_] Parameters

¥ 4242 - M3,00 EMDMILLZ SPHERE -
| [N,

2 Drag the operation to a position
farther down the Toolpaths
Manager.

3 Release the right mouse button and
Move before
select Copy after. Move ofter
Copy befare

Copy after

Zancel
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4 Select operation 1 and turn off the
toolpath display. Press [T] or click Toolpaths

Toggle display on selected W hIx ERSob | 7 @

operations. AxA|va $ %G DY
.ag

The visible toolpath belongs to =2 Toggle display on selected operations |

Opel‘ation 2 1.8 Toolpath Group-1

5 Use the Levels Manager to make level 7:Chain visible.
The geometry on level 7 is used for tool axis control in this exercise.

6 In Toolpaths Manager, click
Parameters under operation 2. The
Multiaxis Toolpath - Curve dialog
box opens.

7 Select Tool from the tree view pane.

8 Enter Chain in the Comment box. L 0 L i s
A comment helps to distinguish Comment
operations of the same toolpath Chain
type.

9 Select Tool Axis Control from the tree view pane.

10 Choose Chain from the Tool axis control drop-down selection.

Lines
Qutput format Surface

Plane

Frorm point
Ta point

Backplot rotary axis

Lead/lag angle

11 Click Select to open the Chaining dialog box.
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12 Select the chain as shown, and click OK in the Chaining dialog box

13

14
15

16
17

In the Chain Options dialog box,
select Closest point on chain, and
click OK to return to the Tool Axis
Control page.

' ™y
Chain Options W =)

() Step along whole chain

1@ Closest point on chain

Click OK to accept the parameter changes.

Click Regenerate all dirty
operations in the Toolpaths
Manager.

I

v ]l %]l2])
Toolpaths v X

Pk iIx EREoL|7 @

axa i e

-
v
| Regenerate all dirty operations h
=88 Machine Group-1

Backplot the operation to observe the tool motion.

Save your part file.
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At this point in the lesson, take a moment to review the two operations created. Oper-
ation 1 uses To point for tool axis control. The tool is always pointing at the selected
point. Operation 2 uses Chain for tool axis control. The tool is always pointing from a
point on the chain, in this case, the closest point of the chain. The different options
create drastically different tool and machine motion. The edge of the part will also
have a different taper depending on the tool axis.

Toggle the toolpath display for the two operations so that they are both visible. Notice
the different tool angle around the entire part shown below. Backplot the operations

to see the different tool motion. Select both operations and run Machine Simulation as
in the previous lesson. A collision is reported for operation 2 before you even run the
simulation. This indicates that using the existing chain for tool axis control is not going
to work on this particular machine. This does not indicate a bad toolpath; only the fact
that this toolpath will not run on the selected machine.

Exercise 3: Copy and Edit a Second Operation
1 Right-click on the second operation and hold the mouse button down.
2 Drag the operation to a position farther down the Toolpaths Manager.
3 Release the right mouse button and select Copy after.

4 Select operation 2 and turn off the toolpath display, by pressing [T] or clicking
the Toggle display on selected operations button.

The display for operations 1 and 2 are now both off.
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Use the Levels Manager to make level 8:Tool axis lines visible. Turn off the
display of levels 1, 6, and 7.

In Toolpaths Manager, click .
Parameters under operation 3. The =y
Multiaxis Toolpath - Curve dialog
box opens.

TOF] - [Tplang

"] Parameters
SO ENMDMILLZ SPHERE -

L BE Toolpath - 47.7K - CURWE_TOOLPAT

Select Tool from the tree view pane.

Enter Lines in the Comment box. o
ornmemnt

Lires

Select Tool Axis Control from the tree view pane.

Choose Lines from the Tool axis control drop-down selection.

e 0
Lines k
Output format Surface

Plane

From point
To paint
Chain

Backplot rotary axis

Leadflag angle

Click Select to open the Lines Tool Axis Control dialog box.

Click the Window select lines ; ; )
button to select lines for tool axis e
control.

hed ()
==

[ Relative to Direction

(v ][ %].2]
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13

14

15
16

17

18

Draw a selection window around the entire part. Only lines are selected.

Click OK in the Lines Tool Axis Control dialog box. You return to the Tool Axis
Control page.

Click OK to accept the parameter changes.

Click the Regenerate all dirty

operations button in the Toolpaths Toolpaths il
Manager. Xy D ix EnRFal 7 @
A=A g

'| Regenerate all dirty operations h

Backplot the operation to observe Sl o T

the tool motion.

Save your part file.

Review the tool motion for operation 3. Observe how the tool axis lines up with each
line as it approaches that point in the toolpath. The axis transitions from alignment
with one line as it moves to the next. Use as many lines as necessary to achieve the
desired motion.

Use Backplot and Machine Simulation to review the tool and machine motion for all
three operations. The subtle differences in tool axis control put a great deal of power
in your hands for generating complex toolpaths. Tool axis control is a key element to
all multiaxis toolpaths, no matter which options are available on the page. Proceed to
Lesson 6 where you will create two Multiaxis Drill operations using two of the tool axis
control methods available for that toolpath type.
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LESSON 6
Multiaxis Drill Toolpath

Multiaxis drill toolpaths differ from other multiaxis toolpaths in several ways:

= Limited cut pattern selection: points, points/lines, lines, or features
= Restricted tool axis control: parallel to line, surface, or plane
= Fewer tip control options: point, projected point, or compensation surface

The power of multiaxis drill becomes apparent on parts that contain multiple holes
with center lines pointing in different directions. Your multiaxis machine is capable of
drilling many different holes with a single fixture setup, saving time and increasing
productivity.

Lesson Goals
= Open a part file and assign a machine definition.

= (Create some Multiaxis Drill operations.
= Backplot the operations.

Exercise 1: Getting Started with Toolpath Creation

Assigning a machine definition is the first essential step in creating a toolpath. Setting
the graphics view to allow the easiest geometry selection plays a small part in visual-
izing your work. This exercise guides you through the initial steps involved with
creating a toolpath.

1 Open the part file Drill_Toolpath, which was provided with the tutorial.
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2

If not loaded, select the default Mill metric machine definition.

NOTE: The default machine definition has rotary axes defined that allow
multiaxis toolpaths. Load the machine definition of your choice as long
as it supports b-axis motion.

o o ~ W

Set your graphics view to Isometric.
Activate shading if necessary.
Fit the geometry to the screen using [Alt+F1] or the Fit button.

Choose File, Save As, and save the part under a different file name. This
protects the original tutorial file from being overwritten.

Exercise 2: Create a Multiaxis Drill Toolpath

1

From the Toolpaths tab, choose . BT
Multiaxis, Drill. e TooLPAT
S & H| ]
Too
Swarf Milli... Farallel Drill Manz
Multiaxis
Click OK if prompted to enter new
P P Enter new NC name u

NC file name.

C:\Users\caw\Documentshmy mcam201 7AMILLA...

DRILL_TOOLPATH

(v (% ][ 2]

Select Tool from the tree view pane.

Click the Select library tool button.

The library defined in the machine Select library tool...

definition opens.

Select the 10mm drill, and click OK.
= HSS/TIN DRILL &Dc- 4.

- HSS/TIN DRILL 8xDec- 3.
HSS/TIN DRILL 8xDe-
- HS5/TIN DRILL 8<Dc- 9.
- HSS5/TIN DRILL 8xDe- 2.

Adjust the tool filter settings as
necessary to make tool selection
easier.

.
Y . .
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6 Select Cut Pattern from the tree view pane.

7 Choose Points for the entity type.

o

8 Select Peck Drill for the cycle and set the subsequent parameters.

Cyrle b, Peck Drill
Peck
Subseguent peck
Feck clearance
Fetract amount
Drwell

Shitt

=1
=
4

Cycle selection determines the available parameters. Choose different cycles
to review the parameters.

9 Click Select points to return to the graphics window for point selection.
10 Select Window Points in the Drill ] Dt Poine sérecmin gu

Point Selection dialog box.

E nlitiez

indow Pointit

N
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1"

12

13
14

15
16

Create a window around the visible
points.

The point geometry is on level 1.

Click OK in the Drill Point Selection dialog box to return to the Cut Pattern
page.

Select Tool Axis Control from the tree view pane.

Choose Surface for Tool axis

control and 5 axis for Output Teaesis emial Sufece

format Qutput format East

Backplot ratary axis o axis

Click Select to return to the graphics window for surface selection.

Select the surface as shown. Rotate the geometry as needed to allow
selection.
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The surface is on level 5. Use the Levels Manager to make it visible if
necessary.

TIP: Manipulating the visible levels makes the selection process easier
and less susceptible to error.

17 Press [Enter] or click End Selection when done.
18 Select Collision Control from the tree view pane.

19 Set Tip control to Compensation

surface. Tip control

() Original paint
Click Help for an explanation of the

different tip control options. © Projscted point

(*) Compensation surface [0]

20 Click the Select comp surfaces button next to Compensation surface. The
Toolpath/surface selection dialog box opens.

g Al
Toolpath/surface selection M

21 Click Select to select surfaces in the
graphics window.

22 Use the Levels Manager to make level 4 visible.
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44 MASTERCAM 2017 / Multiaxis Drill Toolpath

23 Select the surface as shown. Rotate
the geometry as needed to allow
selection.

24 Press [Enter] or click End Selection when done.
25 Click OK in the Toolpath/surface selection dialog box.
26 Click OK to generate the multiaxis drill toolpath on the selected points.

27 Save your part file.

Exercise 3: Add a Second Multiaxis Drill Operation
1 In Levels Manager, turn off level 1, and make level 3 visible.

2 From the Toolpaths tab, choose Multiaxis, Drill.
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Select Tool from the tree view pane.

Select the 10mm drill shown in the
tool list.

# Assembly MNa... Tool Name Holder Name
HSS/TIN D.... -

Select Cut Pattern from the Tree View pane.

Choose Points/Lines for the entity type.

-
Faintz
Cycle PN Points/Lines -

Lines

Features
Peck a

The Cycle should still be Peck Drill. Set it if necessary.
Click Select points to return to the graphics window for point selection.

Select Window Points in the Drill
Point Selection dialog box.

[¥] Drill Point Selection

v

Draw a window around the visible

points. ""

Change the view to Back and rotate
the geometry as needed to bring the
points/lines into view. The points for
this operation are on the back side
of the part.

NOTE: It is not necessary to select the lines, even though the entity type
is set to Points/Lines. The lines are automatically selected as long as they
end on the point.
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11 Click OK in the Drill Point Selection dialog box to return to the Cut Pattern
page.

12 Select Tool Axis Control from the tree view pane.

13 Check Output format to be sure it is set to 5 axis. Notice how Tool axis

control is set to Points/Lines. The lines attached to the points are
automatically set as the tool axis control.

Tool axis control Paints/Lines iy
v
Backplot ratary axis X ani

14 Select Collision Control from the tree view pane.

15 Set Tip control to Original point.

Tip contral

() Original paint
() Projected point

() Compensation surface [0]

16 Activate Tip compensation by
selecting the checkbox. Set Break 4] Tip compensation

through to 2.0. 100

Tool diameter
The break-through value determines

Ereak thiough 20
how far the full diameter of the drill e B
penetrates beyond the selected tip Tin length 3004303

control geometry.
Tip angle 1180
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17 Click OK to generate the multiaxis drill toolpath on the selected points.

18 Save your part file.

Exercise 4: Backplot the operations
1 Set your graphics view to Isometric.

2 In the Toolpaths Manager, click
Select all operations. Toolpaths v Rx
""\ Hhix ERFEolL 7 @

3 C(lick Backplot selected operations
in the Toolpaths Manager. Toolpaths v aX

Wbk BRECL 7 @

B M| Y A[Bzackplot selected operations]

= EE Machine Group-1
_|1|_ Properties - Mill Default MM

[
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a

In the Backplot dialog box, select the
Display tool and Display rapid
moves buttons. @

Skl v)idl<)2)

A=

Click Options in the Backplot dialog
box.

Deselect the options shown and
click OK. This prevents your part

|| Simulate Cutter Campensation

S . [] Cutter comp in cantral 45 4
from spinning around and moving ToolRadus 40| B
out of view. : . iy -
[ Simulate Axis Substitution 1
[T] Simulate Fiotary Axis

u

Click Play to begin the backplot of your toolpath.

Click OK in the Backplot dialog box when you have finished reviewing the tool
motion.

You have now completed a multiaxis drill toolpath. While this is the simplest of the
multiaxis toolpaths, care must be taken when selecting geometry, tool axis control,
and tip control methods. The differences between the control methods are subtle but
can produce drastically different tool motion.
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Conclusion

Congratulations! You have completed the Introduction to Multiaxis Toolpaths tutorial.
Now that you have mastered the skills in this tutorial, explore Mastercam’s other
features and functions.

You may be interested in other tutorials that we offer. The Mastercam tutorial series is
in continual development, and we will add modules as we complete them. Visit our
website, or select Help, Tutorials from the File tab to see the latest publications.

Mastercam Resources
Enhance your Mastercam experience by using the following resources:

Mastercam Help—Access Mastercam Help by selecting Help, Contents from
Mastercam'’s File tab or by pressing [Alt+H] on your keyboard. Also, most
dialog boxes, function panels, and ribbon bars feature a Help button that
opens Mastercam Help directly to related information.

Mastercam Reseller—Your local Mastercam Reseller can help with most
questions about Mastercam.

Technical Support—CNC Software’s Technical Support department (860-875-

5006 or support@mastercam.com) is open Monday through Friday from 8:00
a.m. to 5:30 p.m. USA Eastern Standard Time.

Mastercam Tutorials—CNC offers a series of tutorials to help registered users
become familiar with basic Mastercam features and functions. The Mastercam
tutorial series is in continual development, with new modules added as we
complete them. Visit our website, or select Tutorials from the Help menu to
see the latest publications.

Mastercam University—CNC Software sponsors Mastercam University, an
affordable online learning platform that gives you 24/7 access to Mastercam
training materials. Take advantage of more than 180 videos to master your
skills at your own pace and help prepare yourself for Mastercam Certification.
For more information on Mastercam University, please contact your
Authorized Mastercam Reseller, visit www.mastercamu.com, or email

training@mastercam.com.

Online communities— You can find a wealth of information, including many
videos, at www.mastercam.com. For tech tips and the latest Mastercam news,
follow us on Facebook (www.facebook.com/mastercam), Twitter
(www.twitter.com/mastercam), or Google+ (plus.google.com/+mastercam).
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Visit our YouTube channel to see Mastercam in action (www.youtube.com/
user/MastercamCadCam)!

Registered users can search for information or ask questions on the
Mastercam Web forum, forum.mastercam.com, or use the knowledge base at
kb.mastercam.com.

To register, select Community, Link Account from the File tab, and follow
the instructions.

Mastercam Documentation

Mastercam installs the following documents in the \Documentation folder of your
Mastercam installation:

=  What's New in Mastercam 2017

=  Mastercam 2017 Installation Guide

= Mastercam 2017 Administrator Guide

=  Mastercam 2017 Transition Guide

=  Mastercam 2017 Quick Reference Card

= Mastercam 2017 ReadMe

Contact Us

For questions about this or other Mastercam documentation, contact the Technical
Documentation department by email at techdocs@mastercam.com.

You
HEEC e
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Attention! Updates may be available.
Go to Mastercam.com/Support for the latest downloads.

cic software, inc.

671 Old Post Road
Tolland, CT 06084 USA
www.mastercam.com



	Introduction
	Tutorial Goals
	Introduction to Multiaxis Toolpath Requirements
	General Tutorial Requirements


	Basic Machine Overview
	Table/Table Machine
	Head/Table Machine
	Head/Head Machine

	Multiaxis Toolpath Controls Overview
	Cut Pattern
	Tool Axis Control
	Tool Tip Control

	Mastercam Interface and Workflow
	Cut Pattern Page
	Tool Axis Control Page
	Collision Control Page

	Multiaxis Curve Toolpath
	Lesson Goals
	Exercise 1: Getting Started with Toolpath Creation
	Exercise 2: Create a Multiaxis Curve Toolpath
	Exercise 3: Backplot the Operation
	Exercise 4: Machine Simulation

	Tool Axis Control Options
	Lesson Goals
	Exercise 1: Preparing the Part
	Exercise 2: Copy and Edit an Operation
	Exercise 3: Copy and Edit a Second Operation

	Multiaxis Drill Toolpath
	Lesson Goals
	Exercise 1: Getting Started with Toolpath Creation
	Exercise 2: Create a Multiaxis Drill Toolpath
	Exercise 3: Add a Second Multiaxis Drill Operation
	Exercise 4: Backplot the operations

	Conclusion
	Mastercam Resources
	Mastercam Documentation
	Contact Us



