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Mastercam Multiaxis Tutorial—Introduction

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 particular 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
toolpath. 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.

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

Mastercam Multiaxis Tutorial Requirements
« Mastercam 2019 with Mill or Mastercam Router

« Curve 5-axis/ Drill 5-axis Add-In (included in the Multiaxis Add-In)

WARNING: Screen colors in the tutorial pictures were modified to enhance image quality; they may not

match your Mastercam settings or the tutorial results. These color differences do not affect the lesson or
your results.

Estimated time to complete this tutorial: 1.5 hours

General Tutorial Requirements

All Mastercam 2019 tutorials have the following general requirements:

« You must be comfortable using the Windows® operating system.

« The tutorials cannot be used with Mastercam Demo/Home Learning Edition. The Demo/HLE file format
(emcam) is different from Mastercam (mcam), and basic Mastercam functions, such as file conversions and post-
ing, are unavailable.

« Each lesson in the tutorial builds on the mastery of the preceding lesson's skills. We recommend that you com-
plete themin order.
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- 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 access from the Mastercam 2019 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 Inch configuration.
The tutorial provides instructions for loading the appropriate configuration file.


http://www.youtube.com/user/MastercamTechDocs

CHAPTER 1
BASIC MACHINE OVERVIEW

With a multiaxis machine, instead of a straightforward machine with XYZ axes capabilities, 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. 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. 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 loc-
ation of the machine and how you 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 arrangement.

CAUTION: Improper location of your geometry will cause the part to be cut incorrectly.
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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 intersection of rotary axes. Your part is located in Mastercam
relative to the machine zero position. The rotary components are pointed out in the following image, whichis a
Table/Table configuration with machine zero.
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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
zerois located at the intersection 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 pointed out in the following image, a
Head/Table configuration with machine zero.
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Head/Head Machine

A Head/Head machine has both rotary axes connected and attached to the spindle. The machine axis zero is typ-
ically located on the face of the spindle. The origin is shown on the table as this is where the spindle face lies when all

axes are set to zero. The rotary components are shown in the following image, a Head/Head configuration with
machine zero.

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 the
next chapter to learn about the necessary controls for creating an efficient multiaxis toolpath.
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CHAPTER 2
MULTIAXIS TOOLPATH CONTROLS OVERVIEW

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

o CutPattern
« Tool Axis Control
« Tool Tip Control
Effective use of these controlsis 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 sub-
stitute 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 toolpath family is the initial phase of
establishing the cut pattern. Different toolpath families vary the type of geometry allowed for the cut pattern. Geo-
metry 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.

3D Curves Surface

In addition to the geometry selected for the toolpath, cut pattern includes such parameters as:

« Cutting method: Zigzag, One way, Spiral
« Compensation: Type and Direction
« Stock to leave: Drive surfaces, Walls

« Stepover: Across, Along, Increment

Subsequent chapters cover cut pattern options in more detail.

11
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Tool Axis Control

How do you want the tool axis to behave as it follows the cut pattern? Tool axis control answers this question. Mul-
tiaxis 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
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» Rotated around axis, from point

« Parallel to line, surface, plane

Tool Tip Control

What controls the depth of the tool along the tool axis? Tool tip control handles this function. Compensation sur-
faces 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.

13
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2. Tool axis vectors are created at each position based on the tool axis control settings.

14
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3. Depth along the tool axis is applied based on the tip compensation method.

Note: Use the method depicted above when you have very complicated, 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 previously form the core of all your multiaxis toolpaths. Additional 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.

15
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CHAPTER 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 appropriate 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
from the Multiaxis gallery on the Toolpaths contextual tab. The following image shows the starting point for a
Curve toolpath.

B Multiaxis Toelpath - Curve

----- Toolpath Type (@) Pattem

..... Tool . X

_____ Holder () Application

..... Stock ; .

----- Cut Pattem
[ Tool Axis Control |

----- Caollision Certral N §
[ Linking

----- Roughing

----- Fitter Curve Drill Swarf Milling Morph Parallel Along Curve
[ Additional Settings

Guick View Settings
Toal A Triangular Mesh Flow Multisurface Port

Tool Diameter 15
Comer Radius 7.5
Feed Rate 955
Spindle Spe... 3500
Coolant Off
Tool Length 75
Length Offset 1

Diameter Of... 1
Mrlana / Tr Trn
£ >

_aa_a

Multiaxis toolpaths are divided into two toolpath families, Pattern and Application. Each toolpath family contains dif-
ferent toolpath types.

Pattern toolpaths are general toolpaths that can be used in a variety of ways to manufacture your part. These
toolpaths are very flexible and provide a wide range of machining options. Application toolpaths are designed to
solve particular machining problems while automating some of the processes. These toolpaths include machining
options and strategies specific to the application.

Selecting the most efficient type will come from experience and usage. For now, you focus on the general workflow
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. Click the plus sign before any page to expose additional pages for input.

B Multiaxis Toclpath - Curve

YV Al =

----- Tool

----- Holder

----- Stock

----- Cut Pattem

[~ Tool Axis Control
----- Collision Control
[ Linking

----- Roughing

----- Filter

[ Additional Settings

The pages within the tree structure vary with the toolpath 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 mul-
tiaxis toolpath:

« What do I want the tool to follow?
« HowdoIwant my tool axis to behave?

« What controls the depth along the tool axis?
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Cut Pattern Page

The controls discussed in the previous chapter 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 the Cut Pattern
page for a Curve toolpath.

B Multiaxis Toolpath - Curve

VW=

Toolpath Type
Tool
Holder Curve type 3D Curves ~ R (0
Stack Compenszation type
(- Tool Auwis Cortrol Compensation direction Left > d
o Collision Contral
- Linking Tip compensation Tip ~ !Q
.. Roughing =
o Fer Fiadial offsst
[ Additional Settings 200
[ Distance increment oo
Curve fallowing method
Quick View Settings
Tool ~ [ Distance 1.25

Tool Diameter 15
Comer Radius 7.5

Cutt tolerance

Feed Rate 9.55 b aximurn ste -2.5
Spindle Spe... 3500 F

Coolant Off Projection

Tool Length 75 Normal to plane

Length Offset 1

Diameter Of . 1 Mormal to surface

Frlana / Tr Tan

M aximum distance oo

vl

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 mul-
tiaxis toolpaths apart from 2- and 3-axis toolpaths. The ability to manipulate the tool axis allows for complex and
powerful control. Below is the Tool Axis Control page for a Curve toolpath.

B Multiaxis Toolpath - Curve

Y| W

Toolpath Type

Tool . -

Holder Tool axis control Lines ~ % [0)
Stock Output farmat 5 axiz ~

Cut Pattem Backplat rotary axis K awis ~

(2B 100l Axis Control
- Colligsion Control
[#-- Linking
= Roughing
Fiter

Lead/lag angle

Side tilt angle

(- Additional Settings [&ngle increment
Tool vector length

Line distance from curve

FIREE
o =]
=

Quick View Settings

Tool ~
Tool Diameter 15

Comer Radius 7.5

Feed Rate 5.55

Spindle Spe... 3500
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Collision Control Page

Tool tip control is found on the Collision Control page. Use the parameters to instruct the toolpath how the tip of
the tool should be placed in relation to the cut pattern. Below is the Collision Control page for a Curve toolpath.

B Multiaxis Toolpath - Curve

V| W
""" Toolpath Type Tip control
..... Toal
..... Holder (®) On selected curve
..... Stock On projected curve
----- Cut Pattem %
51+ Tool Axis Control O Conp to sufaces U
""" Stock to leave 0o
- Linking
""" Roughing Wector depth
_____ e a
[ Additional Settings Check surfaces
Check surface(s) % [
Stock to leave

Gouge process

Quick View Setti
o il — (@) Infinite look ahead

Tool A

Tool Diameter 15 O Look shead o

Comer Radius 7.5

Feed Rate 959 [ 0zcilate

Spindle Spe... 3500 Linear High Speed
Coolant Off

ToolLength 75 Flute length 300

Length Cffset 1 Maximurn depth i1}

Diameter Of... 1

;"'="= T Ton 5 ¥ Digtance along contour 0o

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. Continue on to the next chapter to
begin creating a Curve toolpath.
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CHAPTER 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 Mastercam Basics Tutorial before continuing if you are not familiar with these concepts.

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 toolpath.

1. Start Mastercam using your preferred method:

a. Double-click Mastercam's desktop icon.

OR
b. Launch Mastercam from the Windows Start menu.
2. Select the default metric configuration file:
a. Click the File tab.

b. Choose Configuration from Mastercam's Backstage View to open the System Configuration dialog

box.
Community . .
Repair File
Configuration RAM Perform routine mainten
Repair
File

Options

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

21
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Current: | c:\uzershemgidocurnentssomy meama .. Srcams. config <lnchs <Startups ~

c:hwazershemghdocurmentzhig moam20.. . wncame, config <lnchs <Startups
ghdocumentzhmy moam2l. . mcamsm, config <kMetrncs

d. Click OK.

3. Openthe curve Toolpath part file, which was provided with the tutorial.

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

HOME WIREFRAME 1

@ fﬁ} Unzoom 50%
)E} Unzoom 80%

indow Top

Zoom

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

Exercise 2: Creating 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. Fromthe Mill Toolpaths contextual tab, select Curve from the Multiaxis gallery.

MAILL

MACHIME VIEW TOOLPATHS

S & W THS

Stock  Stock
Curve Swarf Milli... Parallel Crrill Display Model =

41

Multiaxis Stock

22



The Multiaxis Toolpaths - Curve dialog box opens.

2. Onthe Tool page, click Select library tool.

Mastercam Multiaxis Tutorial—4: Multiaxis Curve Toolpath

>

Comer Radius &
Feed Rate

Crimdla Cna

9.55
IRAN

£
Quick View Settings
Tool BALL-NOSE . » |
Tool Diameter 12 ( Select library toal...

The Tool Selection dialog box opens.

3. Click Filter.
8.0 320
6.0 260
50 220
45 150
40 150
35 16.0

o B B

Ball e..
Ball e..
Ball e..
Ball e..
Ball e..
Ball e..

Filter...

Filter Active

11 of 280 tools

The Tool List Filter dialog box opens.

4. Select None, and then select Endmill2 Sphere.

) [] Fitter Active Fitter...

Right-click for options

Tool Types

1l

Tool List Filter

Il
A
:

I
4
0

v

Y
I
!

AL
!

i

—==§

1}

| All | | Mone o

Tool
=

Radi
b

Toal

—

5. Click OK to close the Tool List Filter dialog box and return to the Tool Selection dialog box.

6. Select BALL-NOSE END MILL - 8 and click OK.

6
6
6
6

(NERVIEE DS TEN L VI LT TS S

BALL-MOSE END MILL - 6
BALL-NOSE EMD MILL -7

BALL-MOSE EMD MILL - 8
BALL-MOSE EMD MILL -9
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The tool has been added to the toolpath.

7. Select the Cut Pattern page.

Tool Axis Control
----- Collision Carntral
.. linkinm

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

Curve type 30 Curves w % ]

Compenzation bype | Computer o |

9. Click Select points next to 3D Curves to return to the graphics window for curve selection.

Curve type 30 Curves e )]

Competization type | Cormpliker o

The Chaining dialog box displays.

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.

Click Reverse in the Chaining dialog box if necessary.

ds v—

11. Click OKin the Chaining dialog box to return to the Cut Pattern page.
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12. Setthe following parameters:

Curve type 2D Curves w % (1]

Compenzation pe Computer R
Compenzation direction Left > d
Tip compensation Tip - ﬂr

R adial offzet

20.0

] Distance increment 0.0
Curve following method

[] Distance

Cut tolerance

b axirnunn step

a. Set Radial offset to 4.0. For this particular operation, it should equal the tool radius. This parameter
sets the distance that the center of the tool is offset (left or right) based on the Compensation dir-
ection.

b. Set Cut tolerance to 0.02. This parameter determines the accuracy of the toolpath. A smaller value cre-
ates a more accurate toolpath, but may take longer to generate.

¢. Set Maximum step to 2.0. This is the maximum space allowed between tool vectors.
13. Select the Tool Axis Control page.

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

Toal axis contral Lines w % (0]
Lines

Qutput farmat Surface
Plarne _

Backplt sty i EFEW—
Chain

Lead/lag angle Ea I

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

T ool axis contral Ta paint V® (]

Muobrnk Farmnak F auis e
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16. Select the point as indicated.

After selecting the point, you automatically return to the Tool Axis Control page.

17. Select the Collision Control page.

----- ' Cut Pattem
[« Tool Axis Control
Collision Control
- Linking

Rrninhinn

18. SetVector depth to-10.0. This parameter offsets the tool tip along the tool axis vector.

Tip control

(®) On zelected curve

n projected curve

() Comp to surfaces % (0

Stack to leave 1.0

Yector depth

[« Tool Axis Contral
----- w Collision Contral
[EmE— Unking

.............

............. Fitter

26



Mastercam Multiaxis Tutorial—4: Multiaxis Curve Toolpath

20. Ensure that Multi Passes has been deselected.

Drepth cut order
By contour By depth
[ ] Multi Passes
MHurnber 1
Charinm 1.0

Trimming operations using a Curve toolpath generally utilize a single pass.

21. Click OK to generate the multiaxis curve toolpath on the selected geometry.

22. Save your part file.

Exercise 3: Backplotting the Operation

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

1. Select Backplot selected operations in the Toolpaths Manager.

Toolpaths v B X

Px %y | T Tx%m . 7 @
BE=MA YA 5 %k~ &

— OO0 sac i me 4

The Backplot dialog box opens.
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2. Select Display tool and Display rapid moves.

B Backplot =
: £
AL P¥ (s | D) |2
#|\% @ &
v | ?
3. Select Options.
B Backplot x
: £
ST <D
| % @ &
v | ?

The Backplot Options dialog box opens.

4. Deselect Simulate Axis Substitution and Simulate Rotary Axis, and click OK. This prevents your part from
spinning around and moving out of view.

Tool Fadius; 4.0 4

[] Simulate fxis Substitution

[] Simulate Fotary s

5. Click Play to begin the backplot of your toolpath.

[ = LI Y FULACL rFiujoueL raranci

3D
vnl@l““““l 2|’ ] 8

)

—uive

6. Click OK in the Backplot dialog box when you have finished reviewing the tool motion.
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Exercise 4: Running Machine Simulation

Mastercam Multiaxis Tutorial—4: Multiaxis Curve Toolpath

Machine simulation is the next step in validating your operations. The tool motion is shown on your part as it is posi-
tioned on your machine and collisions between various machine components and the part are visually apparent, as

well as reported in text on the screen.

1. Onthe Machine tab, select the dialog box launcher in the Machine Simulation group.

TOOLRATHS

‘__| i Image Capture T_I T1 Backplot /

ﬂ' |_§_.', Clear Image List ."];] R‘-ferify
Create Run ATP

Machine Simulatic@ Auto

The Machine Simulation dialog box opens.

-HIME VIEW

Setup Sheet

2. Select 6_ 5AXGEN_VMCHTAC from the Machine drop-down.

Machine Simulation

Simulation  Past Settings  Machine Definition

Machine

iR 6_SAXGEN_VMCHTAC
6_SAXGEN_VMCHTAC
& 7_5AXGEN_VMCHTEC
& 8_5XDMU_VMCTTEC
&7 9_5XBOSTO_VMCHTBA
&7 A1_5XHURCO_VMCTTAC
A A2_5XKOMO_VMCHHCB

< I

B

j]

The machine selection is saved with the part file. Running simulation on the same part file will reload the selec-

ted machine.

3. Click Simulate to begin the machine simulation of the selected operation.

( Smiste | v b 4 ?

4. Use the playback buttons to review the tool motion contained in your operations.

|4 Step Back ..

- Forward
Control

._} Wl Step Fwd O

|4 Previous Op  pypy Fast PPINext Op  pacian

If you do not see the part, click Workpiece, which is located on the Simulation tab.

5. Exit Machine Simulation to return to Mastercam.

6. Save your part file. The same file will be used in a subsequent lesson.
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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 toolpath for demonstrating some different tool axis control
strategies and the effects they can produce on the tool.

30



CHAPTER 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 chapter to learn more
about two additional tool axis control options for a Curve toolpath.

Goals

« Open the previously saved part.
« Edit the operation’s parameters, specifically tool axis control.

» Generate the toolpath and observe the tool motion.

Exercise 1: Copying and Editing an Operation

For this exercise, continue with your CURVE_TOOLPATH part from the previous chapter, or open the CURVE
TOOLPATH 05 part file provided with this tutorial.

1. Ifyouopenedthe CURVE TOOLPATH 05 part file, choose File, Save As, and save the part under a different
file name.

2. Right-click on the Curve 5 Axis operation and hold the mouse button down.

EI--EE Machine Group-1
_|]_|_ Properties - Mill Default MM
588 T ;
[=)- 1 - Curve 5 Axis - [WCS: Top] - [Tplane: Tnp])

H H o &
i g g g e

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

4. Release the right mouse button and select Copy after.

I Geometry
-B= Toolpath - 61.8K - CURVE_TOOLPATH.NC - Pr

Move before
Mowve after
Copy before
Copy after

Cancel
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Mastercam Multiaxis Tutorial—5: Tool Axis Control Options

5. Select 1 - Curve 5 Axis in the Toolpaths Manager, and select Toggle display on selected operations.

Toolpaths v 3 X
P x "ue x ERRolL 7 @
BEMN vaAaCLS ARG DY
EIEE Machine Group-1

j]j_ Properties - Mil Default MM

Elgg Toolpath Group-1

= f# 1-Curve 5 Axis - [WCS: Top] - [Tplane: Top]
D Parameters

This hides the toolpath to clean up the graphics window.

6. Select the Levels tab.

Toolpaths | Solids  Planes ecent Functions

7. Select the Visible column for level 7.

1 x WIREFRAME 32

' 5 X DRIVE SURFACES 10
& Paint 3
ﬁ_
] Tool axis lines 12
99 UMTRIMMED 5... 10

8. The chain geometry that will be used for this exercise is displayed in the graphics window.
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9. InToolpaths Manager, click Parameters under 2 - Curve 5 Axis.

BT UL AL AR R LAl P e

B e
077 Parameters

- [WCS: Top] - [Tplane: Top]

M BALD FRMORTILE - 2 RAITD FRICK

The Multiaxis Toolpath - Curve dialog box opens.

10. Select the Tool page.

e & Toolpath Type
.....
= Holder

11. Enter Chain in the Comment box.

FONCE Lo Crigrige | Mdpid nielndel

Comment
Chain

A comment helps to distinguish operations of the same toolpath type.

12. Select the Tool Axis Control page.
- Stack
----- Cut Pattem
Tool Axiz Control
----- Colligion Contral
Linking

13. Choose Chain from the Tool axis control drop-down.

Toaol axis contral To point w % (1)

Linesz
Qutput farmat Surface
Flane

Backplot ratary axiz From point

T o point
Lead/lag angle P

14. Click Select to return to the graphics window and open the Chaining dialog box.

T ool axis contral Chain ]

O utput farmat B aniz ~
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15. Select the chain as shown, and click OK in the Chaining dialog box.

The Chain Options dialog box opens.

16. Select Closest point on chain, and click OK to return to the Tool Axis Control page.

Chain Options x

Select chain

() Step along whole chain

(@} Closest point an c:h.airD

v |[R | ?

17. Click OKinthe Multiaxis Toolpath - Curve dialog box to accept the parameter changes.

18. Select Regenerate all dirty operations in the Toolpaths Manager.

Toolpaths v B X

"x %y T@E"%m -7 @
BER YADLS HRPpk- 59

L | T T T
19. Backplot the operation to observe the tool motion.

20. Save your part file.
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At this point in the chapter, take a moment to review the two operations created. Operation 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 cre-
ate 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. Back-
plot 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 2: Copying and Editing the Second Operation

1. Inthe Toolpaths Manager, right-click on 2 - Curve 5 Axis and hold the mouse button down.

2 - Curve 5 Axis - [WCS: Top] - [Tplane: Top] - Ct

¥ 242 -M3.00 BALL ENDMILL - 8. BALL ENDP
-l Geometry

----- EE Toolpath - 62.6K - CURVE_TOOLPATH.NC - Pr

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

3. Release the right mouse button and select Copy after.

Elm' 2 - Curve 5 Axis - [WCS: Top] - [Tplane: Top] - Ct
D Parameters

b ¥ #0247 -MB.00 BALL ENDMILL - 8. BALL EMDI

B ceometry
.. B8 Toolpath - 62.6K - CURVE_TOOLPATH.NC - Pr

Mowve before
Mowve after
Copy before
Copy after

Cancel

4. Select2 - Curve 5 Axis and turn off the toolpath display, by pressing T.
The display for operations 1 and 2 are now both off.

5. Select the Levels tab to open the Levels Manager.

Toolpaths | Solids  Planes ecent Fundtions
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6. Selectinthe Visible column for level 8 to display the tool axis geometry. Select in the Visible column for
levels 1, 6, and 7 to hide them.

Levels v X
+ AT = 0-@
Mu... Level Set  Entities
1 NWIREFRAME 32
4 RIVE SURFACES 10
6 | [z ]
hain 1
'3 ool axis lines 12
99 NTRIMMED 5. .. 10

Note: You will need to change the main level in order to hide level 1. Select the Number column for level 8 to
move the main level.

7. InToolpaths Manager, click Parameters under 3 - Curve 5 Axis.

C5: Top] - [Tplane: Top] - Chain

- Mg #2492 -ME.00 ENDMILLZ SPHERE - 8. BALL ENDM
.l Geometry -

&= Toolpath - 60.2K - CURVE_TOOLPATH_LESSON_5_

The Multiaxis Toolpath - Curve dialog box opens.
8. Select the Tool page.

9. Enter Lines inthe Comment box.

Comment

Lines

10. Select the Tool Axis Control page.

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

Tool axiz control G'uas 9 % (@

Cutput format

5 awis w
Backplat ratary axis  ariz -

P —

12. Click Select to return to the graphics window and open the Lines Tool Axis Control dialog box.

Tool axiz control Lines @]

Qutout farmat R Auis w
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13. Select Window select lines to allow you to select lines.

v

~
by

—

x

Lines Tool Axis Control

&
3
&P

[ ] Relative ta Direction

@

L=

pod

Mastercam Multiaxis Tutorial—5: Tool Axis Control Options

14. Left-click in the graphics window to create a selection window around the part, and then release the mouse

button.
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15. The part will then match the picture below:

16. Click OKinthe Lines Tool Axis Control dialog box to return to the Tool Axis Control page.
17. Click OKin the Multiaxis Toolpath - Curve dialog box to accept the parameter changes.

18. Select Regenerate all dirty operations in the Toolpaths Manager.

Toolpaths v & X
Py Xy T@ SELSolL 7Y @
BEM YA $ KRGkl I

— OO0 sac i imeo 4

19. Backplot the operation to observe the tool motion.

20. 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 neces-

sary to achieve the desired motion.

Use Backplot and Machine Simulation to review the tool and machine motion for all three operations. The subtle dif-
ferences in tool axis control put a great deal of power in your hands for generating complex toolpaths. Tool axis con-

trol is a key element to all multiaxis toolpaths, no matter which options are available on the page.
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CHAPTER 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 dif-
ferent directions. Your multiaxis machine is capable of drilling many different holes with a single fixture setup, sav-
ing time and increasing productivity.

Goals
» Create two Multiaxis Drill operations.

« Backplot the operations.

Exercise 1: Creating a Multiaxis Drill Toolpath

1. Openthe partfile Drill Toolpath, which was provided with the tutorial.

2. Save the part file under a different name to protect the original.
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3. Select Drill from the Multiaxis gallery on the Mill Toolpaths contextual tab.

1EW TOOLRATHS

S & W% |70

5t
warf Milli... Parallel Dl Dis|
Multiaxis Ste
4. Select the Tool page.
----- &+ Toolpath Type
e DO
- Holder
5. Click Select library tool.
£ >
Quick View Settings Right-click for options
Tool BALL-NOSE . m |
Tool Diameter 12 ( Select library toal... [ Filter Active Fitter...
Comer Radiuz & e
Feed Rate 59.55 Com
Crindla Cra  IRAN =
The Tool Selection dialog box opens.
6. Select the HSS/TIN DRILL 8xDc-10.0 tool, and click OK.
H A... Tool Name Holder Mame  Dia. Cor.rad. Llength #HFAL™
H 1 HS5/TIN DRILL &xDe- 10,0 I
1] 1 ... HS5/TIN DRILL &Dc- 10.2 - 102 0.0 no 1
gl 1 ... HS5/TIN DRILL 8xDc-10.5 - 105 0.0 Faki] 1
] 1 HS5/TIM DRILL &Dc- 11.0 - 11.0 0.0 760 1

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

7. Select the Cut Pattern page.

.............

o p— Tool Axis Contral
------------- Collision Control
[Eme— Unking

8. Set Entity type to Points.

E nitity type Lines e % ()

Cycle oV, Peck D|Points/Lines -
Lines

Features
Peck I 1.0
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9. Ensure that Peck Drill is selected for Cycle and that Peck is set to 0.0.

Cycle oV, Peck Dril o
Peck IE
Subsequent peck 0.0
Peck clearance oo
Retract amout 0.0
Dowell 0.0
Shift 0.0

[ ] &pply custom diill parameters

Cycle selection determines the available parameters.

10. Click Select points to return to the graphics window for point selection.

E ntity type Faints o ®]

Cycle b, Peck Diil -

Peck 0.0 |

The Toolpath Hole Definition function panel opens.

11. Create awindow around the visible points, as shown below.

12. Click OKin the Toolpath Hole Definition function panel to return to the Multiaxis Toolpath - Drill dialog
box.
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13. Select the Tool Axis Control page.

 — Toal Axis Corntraol
------------- Collision Control
[ — Unking

14. SetTool axis control to Surface and Output format to 5 axis.

Tool axiz control Surface w ]
CQutput farmnat 5 axiz b
Backplot rotan axis = anis -

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

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

17. Press[Enter]or click End Selection when done to return to the toolpath dialog box.

18. Select the Collision Control page.

----- « Cut Pattemn
[« Tool Axis Control
Caollision Contral
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19. Set Tip control to Compensation surface.

Tip contral

() Original point

() Projected paint

(@ Compenzation surface % [D])

Mastercam Multiaxis Tutorial—6: Multiaxis Drill Toolpath

By selecting Compensation surface, the toolpath places the tool tip on the selected surfaces.

20. Click Select compensation surfaces.

Tip contral

() Original point

i) Projected pairt
(®) Compensation surface @D]

The Toolpath/surface selection dialog box opens.

21. Click Select to select surfaces in the graphics window.

Comp
1]

—,

Toolpath/surface selection

Ly

) &

(0] CAD file...

Shaow. ..

T

v

@

=1

X

22. Select the Levels tab to open the Levels Manager.

23. Selectin the Visible column for level 4 to display it.
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24. Select the surface as shown. Rotate the geometry as needed to allow selection.

25. Press[Enter] or click End Selection when done.
26. Click OKin the Toolpath/surface selection dialog box.

27. Click OK to generate the multiaxis drill toolpath on the selected points.

28. Save your part file.
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Exercise 2: Adding a Second Multiaxis Drill Operation
1. InLevels Manager, turn off level 1, and make level 3 visible.

2. Select Drill from the Multiaxis gallery on the Toolpaths tab.

1EW TOOLPATHS

S & W |70

St
warf Milli... Parallel Crrill Diis)
Multiaxis 3te

3. Select the Tool page.

— Toolpath Type
- Toal
= Halder

4. Select the 10mm drill that was used in the previous Drill toolpath.

H Tool Mame Holder Mame  Dia.
HSS/TIM DRILL 8Dc-... -

5. Select the Cut Pattern page.

-

Tool Axis Control
----- Collision Cantral
-~ Linking

6. Set Entity type to Points/Lines.

E ntity bype Fointz/Lines e R (0
Foints
Cucle o), Peck D& "
Lines
Features
Peck ri.0

7. The Cycle should still be Peck Drill. Set it if necessary.

8. Click Select points to return to the graphics window for point selection.

Entity type Points/Lines w ]

Cycle b Peck Diil —

Peck 0.0

The Toolpath Hole Definition function panel opens.




Mastercam Multiaxis Tutorial—6: Multiaxis Drill Toolpath

9. Rotate the part so that you can see the points and lines that were displayed when level 3 was turned on.

10. Window select the points and lines.

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.

11. Click OKinthe Toolpath Hole Definition function panel to return to the toolpath dialog box.

12. Select the Tool Axis Control page.
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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 axiz control Paintz/Lines ]
CQutput farmmat 5 axiz -
Backplot ratary awis ¥ ais A

14. Select Collision Control from the tree view pane.

15. SetTip control to Original point.

Tip control

(®) Original point

() Projected point
() Compensation surface % (]

16. Activate Tip compensation by selecting the checkbox. Set Break through to 2.0.

{ [ Tip compenzation )

T ool diameter oo
Break. through 20
Tip length 3.004303

Tip angle

The Break through parameter determines how far the full diameter of the drill penetrates beyond the selec-
ted tip control geometry.
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17. Click OK to generate the toolpath.

18. Save your part file.

Exercise 3: Backplotting the operations
1. Setyour graphics view to Isometric.

2. Inthe Toolpaths Manager, click Select all operations.

Toolpaths v 1 x

@‘u hix EwSEol 7 @
BRA | YALS AGE- TV

— OO0 sac e s e s

3. Click Backplot selected operations in the Toolpaths Manager.

Toolpaths v & X

W b x(@EREo L 70
BXA vano$ %N El- o

(=T
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Backplot
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Click Options in the Backplot dialog box.

Backplot

D «

0| 4[]

Pt

oEgl

Al 5

v ?

L=

Mastercam Multiaxis Tutorial—6: Multiaxis Drill Toolpath

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

6. Deselect the options shown and click OK. This prevents your part from spinning around and moving out of
view.

4.0

[] Simulate Fotarny Az

[ Simulate Axiz Substitution

7. Click Play to begin the backplot of your toolpath.

8. 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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Mastercam Multiaxis Tutorial—Conclusion

CONCLUSION

Congratulations! You have completed the Mastercam Multiaxis Tutoriall 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. Mastercam tutorials are being constantly developed, and we
will add more as we complete them. Visit our website, or select Help, Tutorials from the File tab.

Mastercam Resources

Enhance your Mastercam experience by using the following resources:

« Mastercam Documentation—Mastercam installs a number of helpful documents for your version of software
in the Documentation folder of your Mastercam 2019 installation.

» Mastercam Help—Access Mastercam Help by selecting Help, Contents from Mastercam's File tab or by press-
ing [Alt+H] on your keyboard.

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

o Technical Support—Our Technical Support department (+1 860-875-5006 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—We offer a series of tutorials to help registered users become familiar with basic
Mastercam features and functions. Visit our website, or select Help, Tutorials from Mastercam's File tab to
see the latest publications.

« Mastercam University—Mastercam University, an affordable online learning platform, gives you 24/7 access to
Mastercam training materials. Take advantage of more than 180 videos to master skills at your own pace and
help prepare 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 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). Visit our YouTube channel to see
Mastercam in action (www.youtube.com/user/MastercamCadCam)! Registered users can search for inform-
ation or ask questions on the Mastercam Web forum, forum.mastercam.com, or use the knowledgebase at
kb.mastercam.com.

Contact Us

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