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How to use this Competency Based Learning Material (CBLM)

The module, Applying CAM Software for Machining contains training materials and activities
for you to complete. These activities may be completed as part of structured classroom
activities or you may be required you to work at your own pace. These activities will ask you
to complete associated learning and practice activities in order to gain knowledge and skills
you need to achieve the learning outcomes.

1.

Review the Learning Activity page to understand the sequence of learning activities
you will undergo. This page will serve as your road map towards the achievement of
competence.

Read the Information Sheets. This will give you an understanding of the jobs or tasks
you are going to learn how to do. Once you have finished reading the Information
Sheets complete the questions in the Self-Check.

Self-Checks are found after each Information Sheet. Self-Checks are designed to help
you know how you are progressing. If you are unable to answer the questions in the
Self-Check you will need to re-read the relevant Information Sheet. Once you have
completed all the questions check your answers by reading the relevant Answer Keys
found at the end of this module.

Next move on to the Job Sheets. Job Sheets provide detailed information about Zow
to do the job you are being trained in. Some Job Sheets will also have a series of
Activity Sheets. These sheets have been designed to introduce you to the job step by
step. This is where you will apply the new knowledge you gained by reading the
Information Sheets. This is your opportunity to practise the job. You may need to
practise the job or activity several times before you become competent.

Specification sheets, specifying the details of the job to be performed will be provided
where appropriate.

A review of competency is provided on the last page to help remind if all the required
assessment criteria have been met. This record is for your own information and
guidance and is not an official record of competency

When working though this Module always be aware of your safety and the safety of others in
the training room. Should you require assistance or clarification please consult your trainer or
facilitator.

When you have satisfactorily completed all the Jobs and/or Activities outlined in this
module, an assessment event will be scheduled to assess if you have achieved competency
in the specified learning outcomes. You will then be ready to move onto the next Unit of
Competency or Module
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Module Content

Unit of Competency Apply CAM Software for Machining

Unit Code OU-LE-CNCCDM-05-14-V1

Module Title Applying CAM Software for Machining
This module covers the skills, knowledge and attitudes required to
apply CAM software machining.

Module Descriptor

It specifically includes preparing for computer aided machining
operation, identifying the sequence of tool path and machining
strategy, creating 2D tool paths, and creating 3D tool paths.

Nominal Hours

50 Hours

Learning Outcome

After completing the practice of the module, the trainees will be able to
perform the following jobs:

Prepare for computer-aided machining operation

Identify the sequence of tool path and machining strategy
Create 2D tool paths

Create 3D tool paths
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Assessment Criteria
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Computer-aided machining software is installed and verify the system requirement
Basic parameter is set of the CAM software

Menu functions are identified

Appropriate tools and equipment are used to produce a drawing as per job requirements
CAD files are imported as required

CAD models are created as required

The workpiece is verified and required machines are identified

Appropriate tool path sequence is selected for a model-specific machining operation
Appropriate tool diameter and length is selected to avoid chattering

Pre-machining operation is selected if required

Work holding & clamping is prepared to avoid tool clash
Appropriate cutting parameter is selected

Planes are identified

Machine definition and post-processor is selected

Origin & stock setup is defined

2D tool paths are executed

Tapping and thread milling is executed
Tool paths are verified

G&M codes are generated

3D tool path is prepared

level as per matching strategy is set
Surface is created as per requirement
Silhouette command is executed

Edge curve command is executed

Drive surface, containment region, check surface is selected
3D rough & finishing tool path is executed
Stock model & rest milling is executed

3D tool path is verified

G&M code is generated



Learning Outcomel: Prepare for Computer-Aided Machining Operation

Learning Outcome -1: Prepare for computer-aided machining operation

1. Computer-aided machining software is installed and verify the
system requirement

2. Basic parameter is set of the CAM software

Menu functions are identified

(98]

Assessment Criteria

b

Appropriate tools and equipment are used to produce a drawing as
per job requirements

CAD files are imported as required

CAD models are created as required

Workplace or Simulated Workplace
CBLM

Handout

Taptop

Multimedia Projector

Conditions and Resources Paper, Pen, Pencil,

Internet Facilities

White Board and

Audio Video Devices

10. Necessary tools, equipment and accessories

11. Necessary PPE
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1. Computer-aided machining software

» Master Cam/Solid Cam/Siemens NX/Fusion 360
Contents 2. Basic parameters of CAM software

= Inch
= Metric

» Decimal
3. Menu functions

= File

= Edit

= View

= Analyze

= Create

= Solid

= Transform
= Class/type of machine
= Tool path
= Setting

=  wireframe

= Help
4. CAD File Import Requirements
5. Requirements for creating CAD models
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Job/Task/Activity

. Install computer-aided machining software and verify system

requirements

Set basic parameters of CAM software
Identify the menu function

Import the CAD file as needed

Create CAD model as required

Training Method

Discussion
Presentation
Demonstration
Guided Practice
Individual Practice
Project Work
Problem Solving
Brainstorming
Role Play

Assessment Method

PO =IO 00N R WD = kWD

Written Test
Demonstration

Oral questioning
Portfolio




Learning Experience 1: Prepare for Computer-Aided Machining
Operation
In order to achieve the objectives stated in this learning guide, you must perform the

learning steps below. Beside each step are the resources or special instructions you will
use to accomplish the corresponding activity.

Learning Activities Recourses/Special Instructions

1. Trainee will ask the instructor about | 1. Instructor will provide the learning materials
the learning materials ‘Prepare for computer-aided machining operation

2. Read Information sheet 1: Prepare for computer-
aided machining operation

3. Self-check 1: Prepare for computer-aided
machining operation

4. Check your answer with Answer key 1 Prepare for
computer-aided machining operation

2. Read the Information sheet
and complete the Self-Checks
& Check answer sheets on
“Prepare for computer-
aided machining operation”

5. Job/Task Sheet and Specification Sheet

Job Sheet 1.1: Set basic parameters of MASTER
CAM software

3. Read the Job/Task Sheet and Specification sheet 1.1: Set basic parameters of
Specification = Sheet  and MASTER CAM software
perform job/Task Job Sheet 1.2: Identify the menu function in
Master CAM
Specification sheet 1.2: Identify the menu
function in Master CAM




Information Sheet 1: Prepare for Computer-Aided Machining Operation

Learning Objective: After completion of this information sheet, the learners will be able to
explain, define and interpret the following contents:

1.1 Computer-aided machining software
1.2 Basic parameters of CAM software

1.3 Menu functions

14 CAD File Import Requirements

1.5 Requirements for creating CAD models

1.1 Computer-Aided Machining Software

Computer-aided machining (CAM) software is used to generate toolpaths and instructions
for CNC (Computer Numerical Control) machines to manufacture parts from various
materials. These programs play a crucial role in automating the manufacturing process and
optimizing efficiency. CAM software takes into account factors such as tool geometry,
material properties, cutting parameters, and machine capabilities to generate precise
machining instructions. It allows users to simulate and visualize the machining process
before actual production, reducing the risk of errors and optimizing machining strategies
for cost-effectiveness and quality. CAM software often integrates with CAD (Computer-
Aided Design) software to streamline the transition from design to manufacturing.

Master CAM v
Mastercam: Mastercam is a popular CAM software used primarily in
the manufacturing industry for tasks like CNC (Computer Numerical
Control) machining, milling, turning, and wire EDM (Electrical
Discharge Machining). It provides a wide range of features for
creating toolpaths and controlling machining operations.

Solid CAM

Solid CAM: Solid CAM is another CAM software that integrates with
SolidWorks, providing users with seamless integration between CAD
(Computer-Aided Design) and CAM. It offers a range of CNC
machining capabilities, including milling, turning, and wire EDM.
Siemens NX

Siemens NX: Siemens NX is a comprehensive CAD/CAM/CAE
(Computer-Aided Engineering) software suite developed by Siemens.
It's widely used in various industries for product design, engineering
analysis, and manufacturing. The CAM module of Siemens NX offers
advanced machining capabilities for milling, turning, and multi-axis

machining.

Fusion 360

Fusion 360: Fusion 360 is a cloud-based CAD/CAM software
developed by Autodesk. It offers integrated CAD, CAM, and CAE
tools, making it suitable for product development and manufacturing
workflows. Fusion 360 provides a wide range of machining strategies

for CNC milling, turning, and additive manufacturing.

1.2 Basic Parameters of CAM Software



The basic parameters you have listed seem to relate to units of measurement and
formatting options within CAM software. Here is a brief explanation of each:

a. Inch
This parameter refers to the unit of measurement commonly used in countries
like the United States, Liberia, and Myanmar. In CAM software, selecting "inch"
as the unit of measurement means that dimensions, tool sizes, cutting
parameters, and other measurements will be displayed and calculated in inches.

b. Metric
Metric units are the standard units of measurement in most parts of the world,
including Europe, Asia, and Oceania. When selecting "metric" in CAM
software, all dimensions, tool sizes, cutting parameters, and other measurements
will be displayed and calculated in metric units such as millimeters (mm) or
centimeters (cm).

c. Decimal
Decimal refers to a numerical system based on the powers of 10, where numbers
are represented using digits 0 through 9. In the context of CAM software,
selecting "decimal" typically means that dimensions and measurements will be
displayed and entered as decimal numbers, rather than fractions or other formats.

These basic parameters allow users to customize the units of measurement and
formatting preferences within CAM software to align with their specific
requirements and regional conventions.

1.3 Menu Functions

4mQrspr  Generl Selecion  Function Graphics Interactive
Title bar Menu bar ghbon bar ribbon bar fbbon bar window pumg  Teolbar

“EE WiPRR BenGa [0

vom

Pompt area  Toplpath, Sekds, and At Managers Status bar Vertically docked Quick Mask tool bar
{Operations Manager pane)

a. File
This menu likely includes options for creating, opening, saving, and managing files.
Users can also find commands for setting up and configuring project properties, such
as units, templates, and file formats.
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Use File menu functions to open, edit, print, save, track, and compare files.
Mastercam provides seamless integration with most popular CAD/CAM file

formats. Conversion occurs automatically when opening and saving files.
When saving files,

you can save all or only some of the entities to a specified format, and include
descriptive text and a thumbnail image of the geometry with the file data. You
can also import and export files to and from specified directories, and merge
datainto the current file from a pattern file (for example, a nut or bolt you use
repeatedly in Mastercam files).

b. Edit

C.

The Edit menu in Mastercam probably contains commands for modifying geometry,
adjusting parameters, and managing elements within the CAM environment. This could
include options for editing toolpaths, modifying features, copying, and pasting, and
undoing or redoing actions. This menu provides access to functions you use to
edit geometry, such as the Join entities, Modify Spline, Convert NURBS, and
Simplify functions, and the Trim/Break submenu functions. Other Edit menu
functions allow you to cut, copy, paste, delete, or select all entities in the
graphics window.

F= Cut Chrl=+
Copy Ctri+C
FPaste Crrl+w
Delete >

Ve Select All Chrl+A
Trim / Break L4

A Join entities

#»F  Modify Spline

23 Convert NURBS

% Simplify...

g set Normal...

g Change Mormal...

View:

The View menu likely offers options for customizing the display and visibility of
elements within the Mastercam interface. Users can find commands for zooming,
panning, rotating the view, and controlling the display of components or toolpaths. The
View menu helps you manage the appearance and orientation of the
Mastercam graphics window.

11



d.

c.

Toggle Operations Manager Alt+0

=] Toggle Multi-Threading Manager

Viewports 4

e Fit Alt+F1
£ Rrepaint F3
< Pan

,Q Zoom Window F1
H# Zoom Target Ctrl+F1
2% Un-Zoom Previous / .5 F2
A2 Un-Zoom .8 Alt+F2

D Zoom In/Out
A2 Zoom Selected

Standard Views s

Orient +

Analyze
The Analyze menu in Mastercam may contain tools for inspecting and evaluating aspects
of the design or machining process. This could include commands for measuring
distances, angles, or dimensions, as well as tools for checking for interference, collisions,
or material thickness. Use Analyze menu functions to view and edit entity
properties.

~Z Entity Properties... F4

47 Paosition

%7 Distance...

Volume/Area 4
2 Cchain...
'[? Contour...

22 Angle...
5F Dynamic...

Number/Database 4

Test Surfaces and Solids *

Some analyse functions provide a report function that lets you save the
informationto a file. You can also use analyze functions to modify the color,
line style and width, or pointstyle attributes of a single entity, or apply the
same attributes to all the entities youselect in the graphics window.

Create

The Create menu likely provides commands for generating new geometry,
features, or toolpaths within the Mastercam environment. Users can find
options for creating sketches, solid models, surfaces, and defining machining
operations like milling, turning, or drilling. This extensive menu inc
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Point
Line

Arc

Fillet
Chamfer
Spline
Curve

Surface

YYYTTYTYTYYCY

Drafting

t!

Rectangle. .

]
ol
o

Rectangular Shapes...

I

Polygon...
Ellipse...
Spiral...

FEO0

Helix. ..

Primitives -

Letters. .

Ty

"

,,,, ¥ Bounding Bosc ..

Bolt Circle...

Turn Profile...
Silhouette Boundary ...
Relief Groowve...

Stair Geometry...

Door Geometry...

¥EYFETD

Autosync Rails

ludes all Sketcher (Create Geometry), Curve, Surfaces, and Drafting functions.
Use these functions to create points, lines, arcs, splines, curves, fillets,
chamfers, surfaces, drafting entities, and basic geometry, including rectangles,
rectangular shapes, polygons, ellipses, spirals, and helixes.

Solid

The Solid menu probably contains commands specific to solid modeling operations
within Mastercam. This could include tools for creating, modifying, and analyzing solid
geometry, such as extruding, revolving, filleting, and performing Boolean operations.
Functions in this menu are available only if your Mastercam installation
includes Mastercam ds. Use these functions to define a solid by extruding,
revolving, sweeping, or loftingchains of curves.

Esctruche .

Reavolve. ..

Sweaap...
Loft...

+\ad

Fermowve » Faces...
Draft Faces...
Fattarn -

sk PRIOE

Find Features...
From Surfaces...
Layout...

EQE

Face / feature colors *

Transform:

The Transform menu in Mastercam likely provides commands for manipulating and
transforming geometry within the CAM environment. Users can find options for scaling,
rotating, mirroring, translating, or offsetting objects or toolpaths. Use Xform
(transform) functions to move or copy selected entities by mirroring, rotating,
scaling, offsetting, translating, stretching, and rolling them. With some
functions, you can join the copied entities to the originals. When you perform
a transform function, Mastercam creates a temporary group from the
original entities and a result from the transformed entities.
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h.

Translate...
Translate 3D...
WL mMirror...

95 Rotate...

Al scale...

&5 Dynamic Xform
o% Move to Origin
I+l oOffset...

] oOffset Contour...
3 Project...

88 Rectangular Array...
el Roll...

24 Drag...

E#  Stretch...

H. STL...

Geometry Nesting...

Class/type of machine

This menu may offer options for selecting or configuring the class or type of CNC
machine for which toolpaths are being generated. Users can specify the machine's
capabilities, such as its axis configuration, maximum speeds, and tool change
capabilities. Use this menu to select a machine type by choosing a machine
definition. Your accessto the different types of machine definitions in the
menu is based on the Mastercam products you have installed.

UEGOERRTEN Toolpaths Screen  Settings  Help

Default
Lathe 1 C:\DOCUMENTS AND SETTL..\GEMERIC HAAS 4% MILL.MMD-5
Wire 4 2 C:\DOCUMENTS AMD SETTL..\MILL 3 - AXIS VMC MM.MMD-5
Router » 3 C:\DOCUMENTS AND SETTL..\MILL 5 - AXIS TABLE - HEAD VERTICAL.MMD-5

Design
Manage list

Tool path

The Tool Path menu probably contains commands and settings related to generating and
editing toolpaths for machining operations in Mastercam. Users can select machining
strategies, specify cutting parameters, optimize toolpaths, and simulate the machining
process. Functions in this menu allow you to create and edit the toolpaths
required to cut thepart using the specified machine definition. Machine type
associated with the active machine group(Mill, Lathe, Router, or Wire)

Fam ol
B Fem Ml

[ ceontour...
& Dl

20 High Speed...
Engraving

Surface Rough

& Finish

e High Speed

¥

circle Paths

Transform...

wvireframe
Tmport NCT

Tool Manager...
Material Manager...

PPEHTE
:

Setting

The setting menu in Mastercam likely provides access to various software preferences,
options, and configurations. Users can customize settings related to units, display
preferences, keyboard shortcuts, file management, and other aspects of the software
environment.
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B configuration... Alt+F8
T customize...

;@ Key Mapping...

ZE Toolbar States...

E1 Run User Application Alt+C
gE- Ram Saver

m

#» Macro Manager...
% Verify Selection
F vBScript...

ZI Machine Definition Manager...
Control Definition Manager...

Viewsheets 4

k. Wireframe
This term doesn't seem to relate directly to Mastercam. If it's a specific feature or function
within Mastercam, its purpose would need to be clarified.

1. Help
The Help menu in Mastercam typically offers access to documentation, tutorials, support
resources, and information about the software. Users can find assistance with using the
software, troubleshooting issues, and accessing online resources for further learning and

support
Contents... Alt+H
Mastercam on the Web...
About Alt+v

Update Mastercam
Zip2Go Utility
Reference Guide...

Customer Feedback Program...

L REB X9 @ s

What's Mew...

1.4 Cad File Import Requirements

When importing CAD files into Mastercam for machining purposes, there are several
requirements and considerations to ensure a smooth and accurate conversion process. Here
are some common requirements:

a. Supported file formats: Mastercam typically supports various CAD file formats for
import, including STEP, IGES, SAT (ACIS), Parasolid, DXF, and DWG. Ensure that
your CAD file is saved in one of these formats for compatibility.

b. Clean geometry: Before importing, ensure that the CAD model has clean geometry
without errors such as gaps, overlaps, or self-intersections. Use CAD software tools to
repair any issues before exporting.

c. Unified units: Make sure that the CAD model and Mastercam project are using the same
units of measurement (e.g., inches or millimeters). Consistency in units prevents scaling
issues during import.

d. Layer organization: Organize the CAD model into logical layers or groups based on
part features, machining operations, or toolpath strategies. This facilitates efficient
15



selection and management within Mastercam.

e. Simplified geometry: Complex CAD models may contain unnecessary details or
features that are not relevant for machining. Simplify the geometry by removing
unnecessary elements or detailing to improve processing speed and efficiency.

f. Bounding box: Define a bounding box or stock geometry that encompasses the entire
part or machining area. This helps establish the workpiece dimensions and orientation
within Mastercam.

g. Part orientation: Set the correct orientation and coordinate system for the CAD model
to align with the desired machining setup in Mastercam. Ensure that the part is positioned
correctly relative to the machine axes.

h. Surface normal direction: Verify that the surface normal of the CAD model are
oriented correctly, especially for parts with complex surfaces or features. Inverted
normal can affect toolpath generation and machining simulation.

i. Cad model scale: Check the scale of the CAD model to ensure that it matches the
intended dimensions of the physical part. Adjust the scale if necessary, to achieve the
desired size in Mastercam.

j. Cad software compatibility: Ensure that the CAD software used to create the model is
compatible with Mastercam for accurate file conversion. Some CAD programs may have
specific settings or export options for better compatibility with CAM software.

1.5 Requirements For Creating CAD Models

When creating CAD models specifically for use in Mastercam for machining purposes,
there are several requirements and best practices to consider to ensure compatibility and
optimal performance. Here's a comprehensive list:

a. Choose compatible cad software: Use CAD software that is compatible with
Mastercam, such as SolidWorks, Autodesk Inventor, Solid Edge, or PTC Creo. These
programs typically offer better integration and support for exporting files in formats
that Mastercam can import seamlessly.

b. Select appropriate units: Set the units of measurement (e.g., inches or millimeters)
consistently across the CAD model and Mastercam project to avoid scaling issues
during import and machining.

¢. Model accuracy and detail: Create CAD models with accurate dimensions and
sufficient detail for the machining requirements. Include all necessary features,
surfaces, holes, fillets, and other geometries required for the final part.

d. Clean geometry: Ensure that the CAD model has clean geometry without errors such
as gaps, overlaps, or self-intersections. Use CAD software tools to check and repair any
issues before exporting.

16



Self-Check 1: Prepare for Computer-Aided Machining Operation

. What is CAM?

Answer:

. What is Master CAM?
Answer:

. What is Edit Manu in Master CAM?
Answer:

. What is Analyze in Master CAM?
Answer:

. What is Solid menu in Master CAM?
Answer:

. What is Tool Path in Master CAM?
Answer:

. What is Supported File Formats in Master CAM?
Answer:

17



Answer Sheet 1: Prepare for Computer-Aided Machining Operation

1. Whatis CAM?

Answer: Computer-aided machining (CAM) software is used to generate toolpaths
and instructions for CNC (Computer Numerical Control) machines to manufacture
parts from various materials.

2. What is Master CAM?
Answer: Mastercam: Mastercam is a popular CAM software used primarily in the
manufacturing industry for tasks like CNC (Computer Numerical Control) machining,
milling, turning, and wire EDM (Electrical Discharge Machining). It provides a wide
range of features for creating toolpaths and controlling machining operations.

3. What is Edit Manu in Master CAM?
Answer: The Edit menu in Mastercam probably contains commands for modifying
geometry, adjusting parameters, and managing elements within the CAM environment.
This could include options for editing toolpaths, modifying features, copying and pasting,
and undoing or redoing actions.

4. What is Analyze in Master CAM?
Answer: The Analyze menu in Mastercam may contain tools for inspecting and
evaluating aspects of the design or machining process. This could include commands for
measuring distances, angles, or dimensions, as well as tools for checking for interference,
collisions, or material thickness.

5. What s Solid Manu in Master CAM?
Answer: The Solid menu probably contains commands specific to solid modeling
operations within Mastercam. This could include tools for creating, modifying, and
analyzing solid geometry, such as extruding, revolving, filleting, and performing
Boolean operations.

6. What is Tool Path in Master CAM?
Answer: The Tool Path menu probably contains commands and settings related to
generating and editing toolpaths for machining operations in Mastercam. Users can
select machining strategies, specify cutting parameters, optimize toolpaths, and simulate
the machining process.

7. What is Supported File Formats in Master CAM?

Answer: Mastercam typically supports various CAD file formats for import, including
STEP, IGES, SAT (ACIS), Parasolid, DXF, and DWG. Ensure that your CAD file is
saved in one of these formats for compatibility.
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Job Sheet 1.1: Set Basic Parameters of MASTER CAM Software

Name of Job: Set basic parameters of MASTER CAM software

Procedure:

1. Follow OSH

2. Read job sheet and specification sheet.

3. Install Mastercam software on your computer to follow the installation instructions
provided with the software.

4. Launch Mastercam and activate your license if required to follow the prompts to enter your
license information and activate the software.

5. Open Mastercam and navigate to the Configuration Manager and set up various parameters
for your machining environment.

6. Create or select a machine definition that matches the CNC machine you'll be using
specifying the machine type, axis configuration, and other relevant parameters.

7. Define the control type for your CNC machine.

8. Set up specifying details such as the post processor, units (inches or millimeters), and other
control-specific settings.

9. Set up stock material and dimensions.

10. Set up tool library by adding or importing tool definitions such as tool type, dimensions,
and cutting parameters.

11. Set up material properties in the material library such as material type, cutting speeds, and
feeds.

12. Set up System (WCS): Define the work coordinate system for your part. This establishes
the origin and orientation of your machining operations relative to the part.

13. Configure toolpath parameters such as cutting speeds, feeds, stepovers, and tolerances.

14. Configure post processor settings to generate G-code compatible with your CNC machine.

15. Configure simulation settings to visualize toolpaths and verify machining operations before
sending programs to the CNC machine.

16. set up all the parameters, save your configuration settings for future use.
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Specification Sheet 1.1: Set Basic Parameters of MASTER CAM Software

Name of Job: Set basic parameters of MASTER CAM software

Conditions for the job: You must practice safe operation procedures at all times during the
assessment. You will be required to demonstrate OSH competencies Set basic parameters of
MASTER CAM software

M
b
£ 2020
Mastercam
(L) L)

Required Personal Protective Equipment (PPE): Pre/person

SI. Name of the PPE | Specification Unit Quantity Remarks

1 Hand Gloves Cotton pair 01

2 Mask N 95 Nos 01

3 Safety shoe As required pair 01

4 Safety goggles Standard Nos 01

5 Apron Standard Nos 01

Required Tools and Equipment

SI. Name O.f tools and Specification Unit Quantity Remarks

equipment
1 Computer Core 15 No 01
Ram 8GB

Required Materials
SL Name Material Specification Unit Quantity Remarks
2 Master cam software No 01
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Job Sheet 1.2: Identify The Menu Function in Master CAM

Name of Job: Identify the menu function in Master CAM

Procedure:

1. Follow OSH

2. Read job sheet and specification sheet.

3. Machine Type Selection:

4. Navigate to the "Machine" menu.

5. Choose "Machine Type" such as milling, turning, or routing.

6. Press Tool Manager and Go to the "Toolpaths" menu.

7. Configure "Tool Manager" or a similar option to access the tool library and define or edit

11.

12.

13.

tool parameters.

Identify Material Library for options like "Material Library" or "Material Properties" to
define materials and their cutting parameters.

Identify located within the "Toolpaths" or "Machine" menu.

Identify "Work Coordinate System" or "Set WCS" to define the origin and orientation of
machining operations.

Identify "Post Processor" or "Configure Post Processor" to select or customize the post
processor for generating G-code.

Identify "Simulation Control" or "Verification Settings" to configure simulation
parameters.

Save Configuration:
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Specification Sheet 1.2: Identify The Menu Function in Master CAM

Name of Job: Set basic parameters of MASTER CAM software

Conditions for the job: You must practice safe operation procedures at all times during the
assessment. You will be required to demonstrate OSH competencies Identify the menu
function in Master cam software.

/i
wd
2020
Mastercam
(L) ‘ (L)

Required Personal Protective Equipment (PPE): Pre/person

SI. | Name of the PPE | Specification Unit Quantity | Remarks
6 Hand Gloves Cotton pair 01

7 Mask N 95 Nos 01

8 Safety shoe As required pair 01

9 Safety goggles Standard Nos 01

10 | Apron Standard Nos 01

Required Tools and Equipment

SL. Name O.f tools and Specification Unit Quantity Remarks

equipment
3 Computer Core 5 No 01
Ram 8GB

Required Materials

SL. Name Material Specification Unit Quantity Remarks
4 Master cam software No 01
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Learning Outcome -2: Identify the Sequence of Tool Path and Machining

Strategy

Learning Outcome -2: Identify the sequence of tool path and machining strategy

Assessment Criteria

N

. The workpiece is verified and required machines are identified

Appropriate tool path sequence is selected for a model-specific
machining operation

Appropriate tool diameter and length is selected to avoid chattering
Pre-machining operation is selected if required

Work holding & clamping is prepared to avoid tool clash
Appropriate cutting parameter is selected

Conditions and Resources

[a—
\S]

C S0 NOY AW L AW

Workplace or Simulated Workplace
CBLM

Handout

Laptop

Multimedia Projector

Paper, Pen, Pencil,

Internet Facilities

White Board and

Audio Video Devices

. Necessary Tools and Equipment
. Necessary Materials
. Necessary PPE
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Contents

Nk W=

Necessary machines
Model-Specific Machining

Tool path sequence/continuity
Suitable tool diameter and length
Pre-machining operation

= Face Milling

= Side milling

. Work holding and clamping

= Vice

= Chalk

= Clamping kit set
= Parelle bar

= Angle plate

. Cutting parameters

= Feed

= RPM

= Deft of Cut
= Plunge

= Cutting speed

Job/Task/Activity

D

. Identify the required machine by inspecting the workpiece

Select the appropriate tool path sequence for a model-specific
machining operation

Select pre-machining operations as required

Prepare work holding and clamping to avoid tool clash

Select the appropriate cutting parameters

Training Method

Discussion
Presentation
Demonstration
Guided Practice
Individual Practice
Project Work
Problem Solving
Brainstorming

Assessment Method

PRI N R ODD =0 W

Written Test
Demonstration
Oral questioning
Portfolio
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Learning Experience 2: Identify The Sequence of Tool Path and Machining
Strategy
In order to achieve the objectives stated in this learning guide, you must perform the

learning steps below. Beside each step are the resources or special instructions you will
use to accomplish the corresponding activity.

Learning Activities Recourses/Special Instructions

1. Instructor will provide the learning materials

1. Trainee will ask the instructor about ‘Apply CAM Software for Machining
the learning materials

2. Read Information sheet 1 Identify the sequence of

2. Read the Information sheet and tool path and machining strategy
complete the Self Checks & Check 3. Answer Self-check 1: Identify the sequence of tool
answer sheets on “Identify the path and machining strategy
sequence of tool path and machining | 4 Check your answer with Answer key 1 Identify the
strategy” sequence of tool path and machining strategy

5. Job/Task Sheet and Specification Sheet

Job Sheet 2.1: Select pre-machining
operations as required
3. Read the Job/Task Sheet and Specification sheet 2.1: Select pre-machining

Specification Sheet and perform operations as required

job/Task Job Sheet 2.2: Prepare work holding and
clamping to avoid tool clash

Specification sheet 2.2: Prepare work holding
and clamping to avoid tool clash
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Information Sheet 2: Identify The Sequence of Tool Path and Machining

Strategy

Learning Objective: After completion of this information sheet, the learners will be able to
explain, define and interpret the following contents:

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8

2.1

Necessary machines
Model-Specific Machining

Tool path sequence/continuity
Suitable tool diameter and length
Pre-machining operation

Work holding and clamping
Cutting parameters

Cutting speed

Necessary Machines

In Mastercam, a CAM (Computer-Aided Manufacturing) software, the software itself is
used to generate toolpaths and instructions for various types of CNC (Computer Numerical
Control) machines. The choice of CNC machine depends on the specific machining
operations required for the given project. Here are some common types of CNC machines
that are compatible with Mastercam:

CNC milling machine: CNC milling machines are used to remove
material from a workpiece by rotating a cutting tool against it.
Mastercam can generate toolpaths for various milling operations,
including 2D milling, 3D milling, pocketing, contouring, and
engraving. Different configurations of CNC milling machines, such
as vertical mills, horizontal mills, and multi-axis mills, can be used
depending on the complexity and size of the parts being machined.

CNC turning machine (lathe): CNC turning machines, also known
as lathes, are used to create cylindrical parts by rotating the
workpiece against a stationary cutting tool. Mastercam can generate
toolpaths for turning operations such as facing, roughing, finishing,
threading, and grooving. CNC lathes come in various configurations,
including horizontal lathes, vertical lathes, and multi-axis lathes.

CNC router: CNC routers are used for cutting and shaping various
materials, including wood, plastic, foam, and composites.
Mastercam can generate toolpaths for routing operations such as
profile cutting, pocketing, drilling, and carving. CNC routers are
commonly used in woodworking, signage, and prototyping
industries.

CNC plasma cutter: CNC plasma cutters are used to cut metal
sheets and plates using a high-velocity jet of ionized gas (plasma).
Mastercam can generate toolpaths for plasma cutting operations,
including straight cuts, bevel cuts, and hole piercing. CNC plasma
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cutters are commonly used in metal fabrication, automotive, and
aerospace industries.

CNC waterjet cutter: CNC waterjet cutters use a high-pressure jet
of water mixed with abrasive particles to cut a wide range of
materials, including metal, stone, glass, and composites. Mastercam
can generate toolpaths for waterjet cutting operations, allowing for
precise and intricate cutting of complex shapes.

CNC wire edm machine: CNC wire EDM (Electrical Discharge
Machining) machines use electrical discharges to remove material
from a workpiece. Mastercam can generate toolpaths for wire EDM
operations, including contouring, pocketing, and threading. CNC
wire EDM machines are commonly used for producing precision
parts with tight tolerances in industries such as aerospace, medical,
and toolmaking.

2.2 Model-Specific Machining
Model-specific machining in Mastercam typically involves creating toolpaths and
machining strategies tailored to the specific geometry and requirements of the model
you're working with.

Importing the Model: Start by importing your 3D model into Mastercam. This could
be a CAD file in formats like IGES, STEP, or directly from CAD software like
SolidWorks or AutoCAD.

a. Creating toolpaths: Mastercam offers various toolpath strategies for different
machining operations, such as milling, turning, routing, and wire EDM. Choose the
appropriate toolpath type based on the machining operation you need to perform.

b. Geometry selection: Once you've selected the type of toolpath you want to create,
you'll need to select the specific geometry on your model where you want the
toolpath to be applied. Mastercam provides tools for selecting geometry easily, such
as surface edges, loops, faces, or entire models.

Bl e e - o e RO
, -

2.3 Tool Path Sequence/Continuity
In Mastercam, toolpath sequence and continuity are crucial aspects of machining
operations to ensure efficient and accurate production. Here's how you can manage
toolpath sequence and continuity in Mastercam:
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a. Order of operations: Mastercam allows you to define the sequence of machining
operations for your part. You can specify the order in which different toolpaths are
generated and executed. Typically, roughing operations come before finishing
operations to remove material quickly before the final pass.
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b. Chaining and geometry: Chaining refers to selecting the geometry on which the
toolpath will be applied. Mastercam provides tools to efficiently chain geometry, such
as selecting entire surfaces, loops, edges, or specific regions. Ensuring proper chaining
helps maintain continuity and avoid gaps or overlaps in toolpaths.
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c. Lead-in/Lead-out: Lead-in and lead-out moves are essential for smooth transitions
between toolpath segments and to prevent sudden changes in cutting direction that
could lead to tool marks or material damage. Mastercam offers options to customize
lead-in/lead-out parameters, such as entry/exit positions, angles, and lengths.

‘ LN

d. Transitions: Smooth transitions between toolpath segments are critical for

maintaining surface finish quality and reducing machining time. Mastercam provides

options for controlling transitions, such as blending between toolpath segments with
arcs or linear moves.

2.4 Suitable Tool Diameter and Length
Selecting suitable tool diameter and length in Mastercam depends on various factors such as
the geometry of the part, material being machined, machining operation, available
machinery, and desired surface finish. Here's how you can determine the appropriate tool
diameter and length:
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2.5

2.6

a. Tool diameter

Feature Size: Choose a tool diameter that is suitable for the features you need to machine.
For roughing operations, larger tool diameters can remove material quickly, while smaller
diameters are suitable for finishing and detail work.

Cutter Engagement: Consider the cutter engagement during machining. Smaller diameter
tools allow for more precise control and are often preferred for intricate details, while larger
diameter tools are better suited for heavy material removal.

b. Tool Length:
Reach: Choose a tool length that provides sufficient reach to access all necessary features of the
part. Consider the depth of cavities, pockets, or holes that need to be machined.
Stability: Longer tools may exhibit more deflection during machining, especially when performing
deep cuts or in materials with poor rigidity. Use shorter tools or appropriate tool holders to maintain
stability and minimize deflection.

Pre-Machining Operation
Pre-machining operations such as facing and side milling are essential in Mastercam for
several reasons:

Face Milling

= This is a milling operation where a milling cutter (typically with multiple cutting
edges) is used to remove material from the face of a workpiece. It's commonly
used to create flat surfaces.

Side Milling

= Side milling involves cutting with the side of a milling cutter to remove material
from the side of a workpiece. This operation can be used to create slots, pockets,
and other features.

Work Holding and Clamping

In CAM operations, work holding and clamping are crucial for securing the workpiece in
place during machining. Different methods and devices can be used depending on the size,
shape, and material of the workpiece, as well as the specific machining operation being
performed. Here are some common works holding and clamping devices used in CAM
operations:
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Vice

A vice is a mechanical device used to hold and secure workpieces during
machining operations. It typically consists of two jaws that can be tightened
together to grip the workpiece firmly in place. Vices are versatile and
widely used for holding various types of workpieces in milling, drilling,
and other machining processes.

Chalk

Chalk is a temporary adhesive substance that can be used to secure
workpieces to the machine table or fixture. It provides a non-permanent
holding method that allows for easy removal and repositioning of the
workpiece between machining operations. Chalk is often used in
conjunction with other clamping methods for added stability.

Clamping kit set

A clamping kit set consists of various clamping components such as T-
nuts, studs, bolts, clamps, and straps that are used to secure workpieces to
the machine table or fixture. Clamping kits offer flexibility and
adaptability, allowing machinists to create custom clamping setups tailored
to the specific requirements of their workpieces.

Parallel bar

Parallel bars are precision machined bars with flat, parallel surfaces that are
used to support and align workpieces during machining operations. They
help ensure that the workpiece remains level and parallel to the machine
table, minimizing the risk of distortion or misalignment during machining.

Angle plate

An angle plate is a versatile work holding device with one or more
precision machined surfaces at a fixed angle (typically 90 degrees). It is
used to support and position workpieces at specific angles relative to the
machine table or cutting tool. Angle plates are commonly used for
machining operations that require angular or inclined surfaces.

These works holding and clamping devices are essential components of CAM operations,
providing stability, precision, and flexibility in securing workpieces for machining.
Machinists must carefully select the appropriate clamping method and devices based on the
specific requirements of their machining tasks to ensure safe and efficient operation.:

2.7 Cutting Parameters
Cutting parameters are essential factors that determine the efficiency, quality, and safety
of machining operations. Here are the listed cutting parameters and their explanations:

A. Feed

Feed refers to the rate at which the cutting tool advances along the workpiece surface
during machining. It is usually expressed in units of distance per revolution (e.g., inches
per revolution or millimeters per revolution). A higher feed rate results in faster material

removal but may require more power and produce higher cutting forces.
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B. RPM (Revolutions Per Minute)
RPM is the rotational speed of the cutting tool, typically measured in revolutions per
minute. It determines how fast the cutting edge of the tool moves past the workpiece
surface. The RPM is calculated based on the desired cutting speed, tool diameter, and
material being machined. Proper RPM selection is crucial for achieving the desired
cutting performance and tool life.

C. Depth of cut

o

Depth of cut refers to the distance that the cutting tool penetrates into the workpiece
during each pass. It is typically measured perpendicular to the workpiece surface and is
expressed in units of length (e.g., inches or millimeters). The depth of cut affects
material removal rates, cutting forces, and chip formation. It is important to select an
appropriate depth of cut based on the material properties, tool geometry, and machining
conditions.
D. Plunge

Plunge refers to the vertical movement of the cutting tool into the workpiece at the
beginning of a machining operation. It is commonly used for drilling, boring, and other
operations where the tool enters the workpiece directly without a horizontal feed
motion. Plunge feed rates and depths are carefully controlled to prevent tool breakage,

minimize chatter, and ensure accurate hole geometry.
Plunge milling

E. Cutting process
Plunge milling operations vary considerably from traditional milling. It uses the end of
the tool to cut instead of the periphery, which beneficially changes the direction of the
cutting forces from predominantly radial to axial. It can be compared to a boring
operation with interrupted cuts.
Power consumption and noise are low.
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Self-Check Sheet 2: Identify the Sequence of Tool Path and Machining
Strategy

1. What is CNC Milling Machine?

Answer:

2. What is CNC Router?

Answer:
3. What is CNC Waterjet Cutter?
Answer:

4. What is Tool and Toolpath Parameters of master cam?

Answer:

5. What is Simulation of master cam?

Answer:

6. What is post-processing of master cam?

Answer:

7. What is Order of Operations of master cam?

Answer:

8. Why need Chaining and Geometry?

Answer:

9. What is Lead-in/Lead-out?

Answer:

10. Why need Simulation and Verification before Code Generate?

Answer:
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Answer Sheet 2 Identify the Sequence of Tool Path and Machining Strategy

1.

What is CNC Milling Machine?

Answer: CNC milling machines are used to remove material from a workpiece by rotating
a cutting tool against it. Mastercam can generate toolpaths for various milling operations,
including 2D milling, 3D milling, pocketing, contouring, and engraving. Different
configurations of CNC milling machines, such as vertical mills, horizontal mills, and multi-
axis mills, can be used depending on the complexity and size of the parts being machined.

What is CNC Router?

Answer: CNC routers are used for cutting and shaping various materials, including wood,
plastic, foam, and composites. Mastercam can generate toolpaths for routing operations
such as profile cutting, pocketing, drilling, and carving.

What is CNC Waterjet Cutter?

Answer: CNC waterjet cutters use a high-pressure jet of water mixed with abrasive
particles to cut a wide range of materials, including metal, stone, glass, and composites.

What is Tool and Toolpath Parameters of master cam?

Answer: Configure the tool and toolpath parameters according to your machining
requirements. This includes specifying the cutting tool, feeds, and speeds, stepovers,
step downs, and other parameters that affect how the tool interacts with the material.

What is Simulation of master cam?

Answer: Before executing the machining operation on an actual machine, it's essential
to simulate the toolpath to ensure that it behaves as expected and doesn't result in
collisions or other issues.

What is post-processing of master cam?

Answer: Once you are satisfied with your toolpaths, you'll need to generate G-code
using a post-processor that's specific to your CNC machine. Mastercam includes a
library of post-processors for various machine types, but you may need to customize or
create a new post-processor if none are available for your machine.

What is Order of Operations of master cam?

Answer: Mastercam allows you to define the sequence of machining operations for your
part. You can specify the order in which different toolpaths are generated and executed.
Typically, roughing operations come before finishing operations to remove material
quickly before the final pass.

Why need Chaining and Geometry?

Answer: Chaining refers to selecting the geometry on which the toolpath will be applied.
Mastercam provides tools to efficiently chain geometry, such as selecting entire surfaces,
loops, edges, or specific regions. Ensuring proper chaining helps maintain continuity and
avoid gaps or overlaps in toolpaths.
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9.

10.

What is Lead-in/Lead-out?

Answer: Lead-in and lead-out moves are essential for smooth transitions between toolpath
segments and to prevent sudden changes in cutting direction that could lead to tool marks
or material damage. Mastercam offers options to customize lead-in/lead-out parameters,
such as entry/exit positions, angles, and lengths.

Why need Simulation and Verification before Code Generate?

Answer: Before sending toolpaths to the CNC machine, it's essential to simulate and verify
them using Mastercam's built-in simulation tools. This helps identify any issues with
toolpath sequence, continuity, or collision avoidance before actual machining begins.
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Job Sheet 2.1: Select Pre-Machining Operations as Required

Job Name: Select pre-machining operations as required

Procedure:

1. Collect and wear the PPE.

2. Read job sheet and specification sheet.

3. Choose the appropriate material based on the requirements of the final product and its
properties.

4. Inspect the material for any defects, such as cracks, inclusions, or surface imperfections.

5. Cut the material into the desired size and shape using processes.

6. Cut the workpiece into a rough shape, leaving excess material for subsequent machining
operations.

7. Remove any burrs, sharp edges, or imperfections from the edges of the workpiece to
ensure safety and improve the quality of the final product.

8. Clean the surface of the workpiece to remove any contaminants such as dirt, oil, or rust
that could interfere with the machining process or affect the surface finish of the final
product.

9. Select Machine a flat surface on the workpiece to provide a reference point for subsequent
machining operations.

10. Ensure that the workpiece is properly centered and aligned on the machine tool to prevent
errors and inaccuracies during machining.

11. Mark and select reference points, dimensions, and machining instructions on the
workpiece to guide the machining process and ensure accuracy.

12. Prepare fixtures, jigs, or clamps to securely hold the workpiece in place during machining.

13. Select Drill pilot holes or clearance holes as needed to facilitate subsequent drilling or
machining operations.

SI No Name of pre-Operation
L. Side Milling
2. Point drilling
3. Surface fishing
4. Facing
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Specification Sheet 2.1: Select Pre-Machining Operations as Required

Name of Job: Select pre-machining operations as required

Conditions for the job: You must always practice safe operation procedures during the
assessment. You will be required to demonstrate OSH competencies to Select pre-machining
operations as required

Required Personal Protective Equipment (PPE): Pre/Person

SIL. Name of the PPE | Specification Unit Quantity Remarks
11 Hand Gloves Cotton pair 01
12 Mask N 95 Nos 01
13 Safety shoe As required pair 01
14 Safety goggles Standard Nos 01
15 Apron Standard Nos 01
Required Tools and equipment
SI. Nal::l?ii;?lzls tand Specification Unit Quantity Remarks
5| CNC Milling Machine No 01
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Job Sheet 2.2: Prepare Work Holding and Clamping to Avoid Tool Clash

Job Name: Prepare work holding and clamping to avoid tool clash
Procedure:

1. Open Mastercam software on your computer.

2. Import CAD Model it into Mastercam using the appropriate file format (e.g., STEP, IGES,
or native CAD format).

3. Set up the workpiece in Mastercam by defining the stock material size and origin.

4. Use Mastercam's CAD/CAM tools to define the toolpaths required for machining the
workpiece. This includes operations such as roughing, finishing, drilling, and profiling.

5. Perform simulation feature to visualize the toolpaths and simulate the machining process.

6. 1identify any potential collisions or tool clashes with the workpiece or clamping devices.

7. Choose the appropriate work holding devices within Mastercam's tool library or create
custom fixtures as needed for securing the workpiece during machining.

8. Position the work holding devices in the virtual machining environment within Mastercam,
ensuring they are aligned with the workpiece and provide secure clamping without
interfering with the toolpaths.

9. Define clearance regions within Mastercam to specify areas where the tool and tool holder
should avoid, such as clamps, fixtures, or other obstructions.

10. Use collision detection feature to check for collisions between the tool, tool holder,
workpiece, and work holding devices. Adjust the setup as needed to avoid collisions and
tool clashes.

11. Modify the toolpaths as necessary to optimize the machining process and avoid potential
collisions or tool clashes, such as adjusting entry and exit points or adding additional
clearance moves.

12. Conduct a final simulation of the modified toolpaths to verify that all collisions and tool
clashes have been avoided.

13. setup is finalized and collisions are eliminated, generate the G-code for the CNC machine
based on the optimized toolpaths.

14. By following these steps within Mastercam, you can effectively set up work holding
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Specification Sheet 2.2: Job Name: Prepare Work Holding and Clamping

Required Personal Protective Equipment (PPE): Pre/person

to Avoid Tool Clash

Name of Job: Prepare work holding and clamping to avoid tool clash

Conditions for the job: You must practice safe operation procedures at all times during
the assessment. You will be required to demonstrate OSH competencies to Job Name:

Prepare work holding and clamping to avoid tool clash

SI. Nanll,eP(])Ef the Specification Unit Quantity Remarks
16 Hand Gloves Cotton pair 01
17 Mask N 95 Nos 01
18 Safety shoe As required pair 01
19 Safety goggles Standard Nos 01
20 Apron Standard Nos 01
Required Tools and Equipment
SIL. Name O.f tools and Specification Unit Quantity Remarks
equipment
6 | CNC Milling Machine No 01
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Learning Outcome -3: Create 2D Tool Paths

Learning Outcome -3: Create 2D tool paths

. Planes are identified

. Machine definition and post-processor is selected
. Origin & stock setup is defined

. 2D tool paths are executed

. Tapping and thread milling is_executed

. Tool paths are verified

. G&M codes are generated

Assessment Criteria

. Workplace or Simulated Workplace
. CBLM
. Handout
. Laptop
. Multimedia Projector
. Paper, Pen, Pencil,
Internet Facilities
White Board and
Audio Video Devices
. Necessary Tools and Equipment
. Necessary Materials
. Necessary PPE

Conditions and Resources

TS 00 00U AW —0 U AW —

[a—
N

—

. Plan
= Construction Plan
= WCS Plan
= Tool plan
2. Machine definition and post-processor
Original and stock setup
4. 2D tool path
= Facing
= Cutting style

Contents

(O8]

= Tip compensation
= Max stepover
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= Across overlap
= Along overlap
= Approach Distance
= Exit distance
= Climb
= Conventional
= Contour
= Pocket
= Machining direction
= Pocket type
= Tip compensation
= Stock to lib
= Lead in/out
= Cutting method
= Entry Motion
= Finishing
= Dirilling
= Point/Arc Geometry
= Qross
= Tip compensation
= Spindle direction
= Feed speed
= Dynamic
= Toolpath type
= Cutting method
= Max stepover
= Stock to Live
= Lead in/out
= Machining region
= Avoidance region
= Air region
= Containment boundary
5. Tapping and thread milling
= Pitch
= Thread angle
= Thread depth
= Major and minor diameter
= Internal and external threads
= Right and left-handed threads
Requirement to verify tool path

Identify the plan
Select Machine Definition and Post-Processor
Execute the 2D tool path

Job/Task/Activity

W N =N
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Execute tapping and thread milling
Verify the tool path

Training Method

Discussion
Presentation
Demonstration
Guided Practice
Individual Practice
Project Work
Problem Solving
Brainstorming

Assessment Method

PO =0 kWD = s

Written Test
Demonstration

Oral questioning
Portfolio
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Learning Experience 3: Create 2D Tool Paths

In order to achieve the objectives stated in this learning guide, you must perform the

learning steps below. Beside each step are the resources or special instructions you will

use to accomplish the corresponding activity.

Learning Activities

Recourses/Special Instructions

1. Trainee will ask the instructor
about the learning materials

1.

Instructor will provide the learning materials
‘Apply CAM Software for Machining

3. Read the Job/Task Sheet and
Specification Sheet and perform
job/Task

2. Read Information sheet 1: Create 2D tool
2. Read the Information sheet and paths
complete the Self Checks & Check | 3. Answer Self-check 1: Create 2D tool paths
answer sheets on “Create 2D tool | 4 Check your answer with Answer key 1: Create
paths” 2D tool paths
5. Job/Task Sheet and Specification Sheet

Job sheet 3: Create a 2D drill toolpath that
drills all four holes of the part

Activity 3.1: Configure Machine and Setting
Up Stock for drilling

Activity 3.2: Create a drill toolpath that drills
all four holes of the part.

Activity 3.3: Creating a Dynamic Mill
Toolpath

Specification sheet 3: Create a 2D drill
toolpath that drills all four holes of the part
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Information Sheet 3: Create 2D Tool Paths

Learning Objective: After completion of this information sheet, the learners will be able to
explain, define and interpret the following contents:

3.1
3.2
3.3
3.4
3.5
3.6

3.1

Plan

Machine definition and post-processor
Original and stock setup

2D tool path

Tapping and thread milling
Requirement to verify tool path

Plan
Mastercam, planning is a crucial step in the machining process that involves creating detailed

plans and strategies for various aspects of the machining operation. Here are the listed plans
and their explanations:

Plans in Mastercam:

a. Construction plan

The Construction Plan in Mastercam involves creating a plan for the construction of the
part or component to be machined. This includes defining the overall geometry of the part,
creating sketches, defining dimensions, and specifying features such as holes, pockets, and
surfaces. The Construction Plan serves as the foundation for creating toolpaths and
generating G-code for machining the part.

. WCS (work coordinate system) plan

The WCS Plan in Mastercam involves defining the work coordinate system that specifies
the orientation and position of the part relative to the machine tool. This includes setting
up the origin point, selecting reference planes, and defining the axis directions. The WCS
Plan ensures that the machining operations are performed accurately and consistently
based on the defined coordinate system.
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¢. Tool plan

The Tool Plan in Mastercam involves selecting and planning the tools to be used for
machining the part. This includes choosing the appropriate cutting tools, specifying tool
parameters such as diameter, length, and geometry, and defining toolpaths for various
machining operations. The Tool Plan ensures that the right tools are selected and
optimized for the specific requirements of the part, material, and machining process.
These plans in Mastercam are essential for effective planning and preparation of
machining operations. They help ensure that the part is accurately defined, the workpiece
is properly oriented and positioned, and the correct tools and strategies are selected for
machining. By carefully creating and implementing these plans, machinists can optimize
the machining process, improve efficiency, and achieve high-quality results.

3.2 Machine Definition and Post-Processor

A. Machine definition
Machine definition in Mastercam involves specifying the characteristics and capabilities
of the CNC machine that will be used to manufacture the part. This includes:

a. Machine type: Selecting the type of CNC machine, such as milling machine,
lathe, router, or wire EDM machine.

b. Machine Configuration: Specifying the machine's configuration, including the
number of axes (e.g., 3-axis, 4-axis, S-axis), spindle types (e.g., vertical or
horizontal), and any additional features or accessories (e.g., rotary tables, probing

systems).
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B: -
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-~ {5 MILL DEFAULT MM.MCAM-MMD
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c. Machine kinematics: Defining the machine's kinematic configuration, including
axis orientations, travel limits, and axis motion types (e.g., linear, rotary,
simultaneous).
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d. Tool Library: Setting up a library of cutting tools with detailed information such

as tool type, geometry, dimensions, and cutting parameters. This allows
Mastercam to select the appropriate tools for machining operations based on the
defined machine setup.

Work coordinate system (WCS): Establishing the work coordinate system for
the machine, which defines the origin point and orientation of the part relative to
the machine's axes. This ensures that toolpaths are generated accurately and
consistently.

Machine limits: Defining the physical limits of the machine, including maximum
feed rates, spindle speeds, and travel distances. This helps prevent toolpath errors
and collisions during machining.

B. Post-Processor Configuration
Post-processor configuration in Mastercam involves selecting or customizing a post-
processor that translates toolpaths generated in Mastercam into machine-specific G-code
instructions that the CNC machine can understand. This includes:

a. Post-processor selection: Choosing a pre-configured post-processor from

Mastercam's library that matches the make and model of the CNC machine.
Mastercam provides a wide range of post-processors for popular CNC machines,
but custom post-processors may be required for specific machine configurations.

. Post-processor customization: Modifying and customizing the selected post-

processor to accommodate unique machine configurations, preferences, or
specific requirements. This may involve adjusting G-code formatting, adding
custom commands, or fine-tuning parameters to optimize machine performance.
Simulation and verification: Testing the post-processor with simulated
toolpaths to ensure that the generated G-code is compatible with the CNC
machine and produces the desired machining results. This helps identify and
resolve any issues or discrepancies before running the program on the actual
machine.

By accurately defining the machine characteristics and configuring the post-
processor in Mastercam, machinists can ensure seamless communication
between the CAM software and CNC machine, leading to efficient and accurate
machining operations.

3.3 Origin and Stock Setup
In Mastercam, setting up the origin and stock is a fundamental step in preparing the
CAM environment for generating toolpaths and machining operations. Here's an
overview of how to set up the origin and stock in Mastercam:

A. Origin Setup:

a.

Select machine coordinate system (MCS): Determine the machine coordinate
system (MCS) that defines the global reference frame for the machining operations.
The MCS is typically aligned with the physical axes of the CNC machine.

Define work coordinate system (WCS): Establish the work coordinate system
(WCS) that specifies the origin and orientation of the part relative to the machine's
axes. The WCS defines the zero point for machining operations and determines the
part's position and orientation on the machine table.
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c. Set origin point: Define the origin point within the WCS where the machining
operations will begin. This can be set manually by specifying coordinates or by
selecting a reference point on the part geometry.

d. Choose axis directions: Determine the positive directions of the X, Y, and Z axes
within the WCS. This ensures that toolpaths are generated correctly and that the
tool moves in the desired direction during machining operations.

e. Verify setup: Review and verify the origin setup to ensure that the WCS origin,
axis directions, and MCS alignment are correct. This helps prevent errors and
ensures that toolpaths are generated accurately.

B. Stock Setup

Define Stock Material: Specify the material type and dimensions of the raw stock

from which the part will be machined. This includes parameters such as stock shape

(e.g., block, cylinder), dimensions (length, width, height), and material properties

(e.g., material type, density).

a. Select stock model: Choose a stock model representation that accurately reflects
the physical stock geometry. Mastercam provides options for simple geometric
shapes (e.g., box, cylinder) as well as more complex stock models imported from

CAD files.
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b. Position Stock Relative to Origin: Position the stock model relative to the origin
and WCS to align it with the desired machining setup. This ensures that toolpaths
are generated correctly and that the tool engages with the stock material as intended.

c. Stock allowances: Specify any additional material allowances or offsets to account
for machining tolerances, finishing requirements, or stock material variations. This
helps ensure that the final part dimensions meet the design specifications.

By accurately setting up the origin and stock in Mastercam, machinists can establish
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a solid foundation for generating toolpaths and executing machining operations.
This ensures that toolpaths are generated correctly, material is removed efficiently,
and the final parts meet the desired dimensional accuracy and quality standards.

3.4 2D Tool Path
In Mastercam, 2D toolpaths are used to machine parts or features that are primarily defined
in two dimensions, such as pockets, slots, contours, and profiles. Here is an explanation of
the listed parameters commonly found in 2D toolpath operations

Facing

Facing is a 2D toolpath operation used to machine flat surfaces on
the top of the workpiece to ensure they are smooth and
perpendicular to the machine's spindle axis.

Cutting style

Cutting style refers to the direction in which the tool cuts material
during machining. It can be set to either "Climb" or
"Conventional" milling. In climb milling, the tool rotates in the
same direction as the feed motion, resulting in reduced cutting
forces and smoother cuts. In conventional milling, the tool rotates
opposite to the feed motion, which can lead to higher cutting
forces and more aggressive cutting action

Tip compensation
Tip compensation adjusts the toolpath to account for the diameter ==
of the cutting tool. It ensures that the tool cuts along the intended | = = —
path, taking into consideration the tool's geometry and avoiding | —
deviations from the desired dimensions. -
Max stepover

Max stepover defines the maximum distance the tool moves
sideways between successive passes. It controls the width of cuts
and helps prevent excessive tool wear, deflection, and chatter by
limiting the amount of material removed in each pass. -
Across overlap

Across overlap specifies the amount of overlap between adjacent
toolpath passes in the X-axis direction. It ensures that adjacent
passes blend smoothly and prevents scalloping or uneven surfaces
caused by abrupt transitions between passes.

Along overlap

Along overlap specifies the amount of overlap between adjacent
toolpath passes in the Y-axis direction. Similar to across overlap,
along overlap ensures smooth transitions between passes and
helps achieve a consistent surface finish

Approach distance

Approach distance determines the distance the tool travels before
engaging with the workpiece at the beginning of the toolpath. It
provides a lead-in move to gradually introduce the cutting tool to
the workpiece, reducing the risk of tool marks or damage.

Exit distance

Exit distance specifies the distance the tool travels after completing the cutting motion

CUSP HE[BHT
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at the end of the toolpath. It provides a lead-out move to smoothly retract the tool from
the workpiece, minimizing the risk of tool marks or burrs.

A. Contour
In Mastercam, both Contour and Pocket are commonly used 2D toolpath operations for
machining features such as profiles, pockets, and slots. Here's an explanation of the
parameters associated with each operation:

a. Machining direction
Specifies the direction in which the toolpath is generated along the contour
geometry. It can be set to climb or conventional milling based on the desired cutting
style.

b. Tip compensation
Adjusts the toolpath to account for the diameter of the cutting tool, ensuring that
the tool follows the desired path accurately while taking into consideration the tool
geometry.

¢. Stock to leave (stock to lib)
Specifies the amount of material to leave on the part surface after machining. It
allows for a final pass to remove any remaining stock material to achieve the
desired part dimensions.

d. Lead in/out
Defines the approach and retract motions of the cutting tool at the beginning and
end of the toolpath. Lead-in/out moves help minimize tool marks, reduce the risk
of part damage, and ensure smooth transitions into and out of the machining area.

B. Pocket
a. Machining direction
Specifies the direction in which the toolpath is generated along the contour
geometry. It can be set to climb or conventional milling based on the desired cutting

style
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Specifies the type of pocket geometry, such as rectangular, circular, or custom-
shaped. The selected pocket type determines the machining strategy and toolpath
generation method.

Machining direction

Determines the direction in which the toolpath is generated within the pocket
geometry. It can be set to climb or conventional milling based on the desired cutting

style.

. Entry motion

Defines the approach motion of the cutting tool as it enters the pocket area. Entry
motions help minimize tool marks and ensure smooth transitions into the
machining area.
Cutting method
Specifies the cutting strategy to be used within the pocket, such as conventional
pocketing, climb pocketing, or high-speed machining (HSM). Each cutting method
has its advantages in terms of material removal rate, surface finish, and tool life.
Finishing
Specifies whether the pocket operation includes a finishing pass to achieve the final
surface quality and dimensional accuracy. Finishing passes are typically performed
with smaller stepovers and reduced cutting depths to achieve smoother surfaces.
These parameters allow machinists to customize contour and pocket toolpaths in
Mastercam to meet specific machining requirements, including cutting style,
toolpath generation method, stock material considerations, and surface finish
requirements. Adjusting these parameters appropriately ensures efficient, accurate,
and high-quality machining results.

C. Drilling
In Mastercam, the drilling operation is used to create holes or bores in the workpiece.
Here's an explanation of the parameters associated with drilling:
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a. Point/arc geometry

C.

Specifies the geometry of the hole, such as point or arc. Point geometry creates simple
holes with a defined center point and diameter. Arc geometry allows for more
complex hole shapes, including counterbores or countersinks, by defining additional
parameters such as start and end angles and radii.

Tip compensation

Tip compensation adjusts the toolpath to account for the diameter of the cutting tool,
ensuring that the tool follows the desired path accurately while considering the tool
geometry. It ensures that the hole is drilled with the correct diameter and position.
Spindle direction
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Specifies the direction of spindle rotation during the drilling operation. It can be set
to either clockwise (CW) or counterclockwise (CCW) rotation, depending on the type
of drill bit being used and the material being drilled.
d. Feed speed

Feed speed refers to the rate at which the cutting tool advances into the workpiece
during drilling. It is typically specified in units of distance per revolution (e.g., inches
per revolution or millimeters per revolution) and determines the speed at which
material is removed from the workpiece.

D. Dynamic Toolpath
In Mastercam, dynamic toolpaths are advanced machining strategies that dynamically
adjust cutting parameters based on the geometry of the part and the cutting conditions.
Here's an explanation of the parameters associated with dynamic toolpaths:
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a. Toolpath type
Specifies the type of dynamic toolpath strategy to be used, such as Dynamic Milling,
Dynamic Contour, or Dynamic Opti Rough. Each toolpath type has its unique approach
to optimizing tool engagement and material removal rates based on the part geometry and
cutting conditions.

b. Cutting method
Defines the cutting strategy to be used within the dynamic toolpath, such as climb milling
or conventional milling. The cutting method determines the direction in which the tool
cuts material and can affect cutting forces, chip evacuation, and surface finish.

c. Max stepover
Specifies the maximum distance the tool moves sideways between successive passes
during dynamic machining. It controls the width of cuts and helps prevent excessive tool
wear, deflection, and chatter by limiting the amount of material removed in each pass.

d. Stock to leave (stock to live)
Determines the amount of material left on the part surface after dynamic machining. It
allows for a final pass to remove any remaining stock material to achieve the desired part
dimensions.

e. Lead In/Out
DEFINES the approach and retract motions of the cutting tool at the beginning and end
of the dynamic toolpath. Lead-in/out moves help minimize tool marks, reduce the risk of
part damage, and ensure smooth transitions into and out of the machining area.

f. Machining region
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Specifies the region of the part where dynamic machining will be performed. It defines
the boundaries within which the toolpaths are generated, ensuring that only the specified
areas of the part are machined.

g. Avoidance region
Defines areas on the part where the cutting tool should avoid during machining.
Avoidance regions can be used to protect certain features or areas of the part from being
machined, such as holes, pockets, or critical surfaces.

h. Air region
Specifies areas where the cutting tool is allowed to move without engaging with the
workpiece. Air regions are typically used to optimize toolpath efficiency by minimizing
unnecessary tool engagement and reducing machining time.

1. Containment boundary
Defines the outer boundary or perimeter of the machining area for dynamic toolpaths. It
ensures that the toolpaths are contained within the specified region and do not extend
beyond the desired machining limits.

3.5 Tapping And Thread Milling
In Mastercam, tapping and thread milling are machining operations used to create
threaded features in a workpiece. Here are the parameters associated with each operation:

rh-S 4@ D D0
Pl

a. Pitch
Specifies the distance between adjacent threads in the threaded feature. It
determines the thread density and is typically measured in units of length per thread
(e.g., inches per thread or millimeters per thread).

b. Thread angle
Defines the angle of the threads relative to the axis of the threaded feature. The
thread angle depends on the type of thread profile being used (e.g., V-thread, Acme
thread) and is typically standardized for specific thread standards (e.g., ANSI, ISO).

c¢. Thread depth
Specifies the depth to which the threads are cut into the workpiece material. It
determines the effective length of engagement between mating threaded
components and is typically measured from the crest of the thread to the root.

d. Major and minor diameter
The major diameter represents the outer diameter of the threaded feature, measured
at the peaks (crests) of the threads. The minor diameter represents the inner diameter
of the threaded feature, measured at the valleys (roots) of the threads.
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e. Internal and external threads
Internal threads are threads cut into a hole or recess in the workpiece, while external
threads are threads cut onto the outer surface of a cylindrical or conical feature.
Mastercam allows for the creation of both internal and external threads.

f. Right and left-handed threads
Right-handed threads are threads that follow a clockwise direction when viewed
from the end of the threaded feature, while left-handed threads follow a

counterclockwise direction. Mastercam supports the creation of both right and left-
handed threads.

3.6 Requirements To Verify Toolpath

To verify toolpaths generated in Mastercam, machinists typically perform the following steps:

a. Simulation: Use Mastercam's simulation feature to visualize the toolpath and
machining operations in a virtual environment. This allows machinists to identify any
potential issues, such as collisions, gouges, or improper toolpath motions, before
running the program on the actual machine.

b. Collision detection: Check for collisions between the cutting tool, tool holder, and the
workpiece geometry. Mastercam's collision detection feature helps identify potential
collisions and allows machinists to adjust toolpath parameters to avoid interference.

c. Material removal simulation: Verify the material removal process by simulating the
cutting tool's engagement with the workpiece material. This helps ensure that the
toolpath effectively removes material and produces the desired features with the correct
dimensions and surface finish.

d. Toolpath analysis: Analyze the toolpath for efficiency, tool engagement, and cutting
conditions. Mastercam provides tools for analyzing toolpath parameters such as feed
rates, cutting speeds, stepovers, and toolpath optimization strategies to ensure optimal
machining performance.

By verifying toolpaths in Mastercam, machinists can identify and address any potential
issues or errors before machining the part, reducing the risk of scrap, rework, and machine
downtime.
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10.

11.

12.

13.

Self-Check Sheet 3.1 Create 2D Tool Paths

What is Construction Plan:
Answer:

What is WCS (Work Coordinate System) Plan?
Answer:

What is Tool Plan:
Answer:

What is Stock Material:
Answer:

. What is Facing:

Answer:

What is Tip Compensation:
Answer:

What is Max Stepover:
Answer:

. What is Across Overlap:

Answer:

What is Along Overlap:
Answer:

What is Approach Distance:
Answer:

What is Exit Distance:
Answer:

What is Pocket Entry Motion?
Answer:

What is Cutting Method for pocketing?
Answer:
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14.

15.

16.

17.

18.

What is Dynamic Toolpath:

Answer:

What is Lead In/Out?
Answer:

What is Pitch:
Answer:

What is Thread Angle:
Answer:

What is Thread Depth:
Answer:
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Answer Sheet 3.1 Create 2D Tool Paths

What is Construction Plan:

Answer: The Construction Plan in Mastercam involves creating a plan for the construction of
the part or component to be machined. This includes defining the overall geometry of the part,
creating sketches, defining dimensions, and specifying features such as holes, pockets, and
surfaces. The Construction Plan serves as the foundation for creating toolpaths and generating
G-code for machining the part.

What is WCS (Work Coordinate System) Plan?

Answer: The WCS Plan in Mastercam involves defining the work coordinate system that
specifies the orientation and position of the part relative to the machine tool. This includes
setting up the origin point, selecting reference planes, and defining the axis directions. The
WCS Plan ensures that the machining operations are performed accurately and consistently
based on the defined coordinate system.

What is Tool Plan:

Answer: The Tool Plan in Mastercam involves selecting and planning the tools to be used for
machining the part. This includes choosing the appropriate cutting tools, specifying tool
parameters such as diameter, length, and geometry, and defining toolpaths for various
machining operations. The Tool Plan ensures that the right tools are selected and optimized for
the specific requirements of the part, material, and machining process.

What is Stock Material:

Answer: Specify the material type and dimensions of the raw stock from which the part
will be machined. This includes parameters such as stock shape (e.g., block, cylinder),
dimensions (length, width, height), and material properties (e.g., material type, density).

What is Facing:
Answer: Facing is a 2D toolpath operation used to machine flat surfaces on the top of the
workpiece to ensure they are smooth and perpendicular to the machine's spindle axis.

What is Tip Compensation:

Answer: Tip compensation adjusts the toolpath to account for the diameter of the cutting
tool. It ensures that the tool cuts along the intended path, taking into consideration the tool's
geometry and avoiding deviations from the desired dimensions.

What is Max Stepover?

Answer: Max stepover defines the maximum distance the tool moves sideways between
successive passes. It controls the width of cuts and helps prevent excessive tool wear,
deflection, and chatter by limiting the amount of material removed in each pass.

What is Across Overlap:

Answer: Across overlap specifies the amount of overlap between adjacent toolpath passes
in the X-axis direction. It ensures that adjacent passes blend smoothly and prevents
scalloping or uneven surfaces caused by abrupt transitions between passes.

What is Along Overlap?
Answer: Along overlap specifies the amount of overlap between adjacent toolpath passes
in the Y-axis direction. Similar to across overlap, along overlap ensures smooth transitions
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10.

11.

12.

13.

14.

15.

16.

17.

18.

between passes and helps achieve a consistent surface finish.

What is Approach Distance?

Answer: Approach distance determines the distance the tool travels before engaging with
the workpiece at the beginning of the toolpath. It provides a lead-in move to gradually
introduce the cutting tool to the workpiece, reducing the risk of tool marks or damage.

What is Exit Distance?

Answer: Exit distance specifies the distance the tool travels after completing the cutting
motion at the end of the toolpath. It provides a lead-out move to smoothly retract the tool
from the workpiece, minimizing the risk of tool marks or burrs.

What is Pocket Entry Motion?
Answer: Defines the approach motion of the cutting tool as it enters the pocket area. Entry
motions help minimize tool marks and ensure smooth transitions into the machining area.

What is Cutting Method for pocketing?

Answer: Specifies the cutting strategy to be used within the pocket, such as conventional
pocketing, climb pocketing, or high-speed machining (HSM). Each cutting method has its
advantages in terms of material removal rate, surface finish, and tool life.

What is Dynamic Toolpath:

Answer: In Mastercam, dynamic toolpaths are advanced machining strategies that
dynamically adjust cutting parameters based on the geometry of the part and the cutting
conditions. Here's an explanation of the parameters associated with dynamic toolpaths.

What is Lead In/Out?

Answer: Defines the approach and retract motions of the cutting tool at the beginning and
end of the dynamic toolpath. Lead-in/out moves help minimize tool marks, reduce the risk of
part damage, and ensure smooth transitions into and out of the machining area.

What is Pitch?

Answer: Specifies the distance between adjacent threads in the threaded feature. It
determines the thread density and is typically measured in units of length per thread (e.g.,
inches per thread or millimeters per thread).

What is Thread Angle?

Answer: Defines the angle of the threads relative to the axis of the threaded feature. The
thread angle depends on the type of thread profile being used (e.g., V-thread, Acme thread)
and is typically standardized for specific thread standards (e.g., ANSI, ISO).

What is Thread Depth?

Answer: Specifies the depth to which the threads are cut into the workpiece material. It
determines the effective length of engagement between mating threaded components and
is typically measured from the crest of the thread to the root.
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Job Sheet 3: Create A 2D Drill Toolpath that Drills All Four Holes of the
Part

Job Name: Create a 2D drill toolpath that drills all four holes of the part
Activity 3.1: Configure Machine and Setting Up Stock for drilling

Activity 3.2: Create a drill toolpath that drills all four holes of the part.
Activity 3.3: Creating a Dynamic Mill Toolpath
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Activity 3.1: Configure Machine and Setting Up Stock for Drilling

Procedure:

1. Collect and wear the PPE.

2. Read job sheet and specification sheet.

3. Start Mastercam using your preferred method Double-click Mastercam’s desktop icon.

4. Select the default metric configuration file. Select Settings, Configuration from

Mastercam’s menu.

Alt+FE

== Toobar States...

3 4

Choose ...\mcamxm.config from the Current drop-down list and Click OK.

Cument | c:vdocuments and setbrgsWantog.. \mcanms -:urﬂg <Enghkshe <Starbup »

0
hdocuments and settings lgl g, nu.armnu_unr-_:. (Metncs

Start Mastercam from the Mastercam menu bar, System Configuration

choose File, Open.

Open BASIC 2D MACHINING START.MCX-6,

Switching system units fiom English bo Meiric.
Loadng Metnc configuration file...

@lntd O A setings

Click OK if prompted to switch to a metric configuration

Press [Alt +S] to shade the part for easier viewing.

10. From the Mastercam menu, choose Machine Type, Mill, Default to open the default Mill

1.

machine definition.

Choose File, Save As and save the part under a different file name than the original file

12. In the Operations Manager, click on the plus sign (+) next to Properties - Mill Default MM.

13. Click the Stock Setup icon to display the Stock Setup tab in the Machine Group Properties

dialog box
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12

13

14. Click the Select corners button near the bottom of the dialog box. Mastercam brings you

back to the graphics window to select the two opposite stock corners.

15. Click the two opposite corners as shown in the following picture. The Stock Setup tab

displays again with X and Y coordinate values from the selected corners.

16. Enter 25 for the Z coordinate in the stock diagram to provide some depth for your stock.

Select the Display check box to see the stock model boundaries in the graphics window.
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15-16

17. Click OK to complete the stock setup. The stock displays as dashed red lines around the

part.

18. After complete work clean work area
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Activity 3.2: Create a Drill Toolpath That Drills All Four Holes of The Part

Procedure:
1. Collect and wear the PPE.
2. Read job sheet and specification sheet.
3. From the Mastercam menu, choose Toolpaths, Drill. The Drill Point Selection dialog box
opens.
4. Right-click in the graphics window and choose Top (WCS) to switch to a Top graphics
view. This will make it easier to select the drill holes.
5. Click each of the center points of the four holes of the part. Choose them in a clockwise
order from top left to bottom left as shown in the numbered sequence below.
[?oulpaths Screen Settings | g z:“:w‘“”‘:”‘ MH: : ® @
p [@ Contour... | . [ — I
.|&5 Drill... ~ |J & o
r_ Bl Pocket... L5 | o N
1=
= Face... | & Front (wes) Ate2
Gl Right (wcs)
Gfl Isometric (WCS) Alt+7
3 4 5
6. Click OK. The 2D Toolpaths - Drill/Circles dialog box opens (Exploring the Toolpath
Dialog Boxes)
7. Summarizes key toolpath information from parameters you set on the different pages. It

10.

1.

12.
13.
14.

updates automatically as you make changes in the pages, and is always visible.

Click on the Circle Mill toolpath type icon. This changes the toolpath to a circle mill
toolpath and changes the pages listed in the Tree View area.

Click the Drill toolpath type icon to change back to a drill toolpath.

Click the Cut Parameters page in the Tree View list. The Page area changes to list cut
parameters for the toolpath.

Setting Drilling Parameters

.
IR 1

9-10
Click the Tool page in the Tree View list to pick a tool for the drill toolpath.
2 Click the Select library tool button to pick a tool from one of Mastercam’s tool libraries.
The Tool Selection dialog box opens and select the 10mm diameter drill from the tool list.
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LIRE:

15. Click OK to return to the Tool page. And Click the Linking Parameters page in the Tree
View list.

16. Enter -25.0 in the Depth field.

17. Click the Tip Comp page in the Tree View list. Notice that this page is off by default.

18. Select the Tip Comp check box to turn on this feature and enter 5.0 in the Breakthrough
amount field.

19. Right-click in the graphics window and choose Isometric (WCS) from the menu to view
the part and toolpath in the isometric view.

20. Your toolpath should look like this. The cyan lines are feed motion and the yellow lines are
rapid motion.

2 zoom vindow 1
|l 2 tnzoom 8 A2

B Dynamc Rotaton
Tooldisneter 100 &R AtsE1
& Repant ]
= B '““" \50
9 Top wes) 41
i) Front wes) 42
@ Right (ucs) t4s
Tipkngh 3004303 & 47
|— Tipange | 180 4 AutoCursor
Bl Clear color

21. Right-click in the graphics window again, and choose Top (WCS).

22. Choose File, save from the Mastercam menu or click the Save button to save your part.
23. After complete work clean work area

61



Activity 3.3: Creating a Dynamic Mill Toolpath

Procedure:

1. Collect and wear the PPE.

2. Read job sheet and specification sheet.

3. From the Mastercam menu, choose Toolpaths, 2D High Speed, Dynamic Core. The
Chaining dialog box opens.

4. Press [Alt+S] to turn off shading and make it easier to select the chains. 3 Click the
outside contour of the part to chain it.

5. The chaining arrow should point clockwise. If the chaining direction arrow is pointing
counterclockwise, click the Reverse button on the Chaining dialog box.

6. Click the top of the stock boundary as the second chain. This second chain represents the

size of the stock material. The chaining arrow should again point clockwise.

Toolpaths | Screen  Settings  Help
[§ Contour... |.H:.' - -@-8
I D -
§ & Dl bj PB | e F
| Pocket...
b = [in = [
B Face... |
20 High Speed [@ oynamiccore..
¥* Engraving Bl Dynamic Area... = I

9.
10.
11.

Click OK on the Chaining dialog box to chain the part. The Chaining dialog box closes
and the Chaining Options dialog box opens.

Select Do not show this dialog again this session and click OK. The 2D High Speed
Toolpath dialog box opens.

Click the Tool page in the Tree View list to select a tool for this toolpath.

Click the Select library tool button. The default metric tool library opens.

Select the 12mm diameter flat endmill, and click OK.12. Setting the Dynamic Mill Toolpath
Parameters

13. Click the Cut Parameters page in the Tree View area to enter values for different cutting
parameters and compensation options.

14. Set the following parameters:

Enter 5.0 for the Approach distance, which adds the specified absolute distance to the
beginning of the toolpath’s first cut.

Enter 10% for the Min toolpath radius. This parameter is used to calculate 3D arc
moves and reduce sharp corner motion between passes.

Enter 0.5 for the Micro lift distance. Micro lifts are slight lifts during back moves that
help clear chips and minimize excessive tool heating.

Select When exceeding a distance from the Retract drop-down list, select the Distance
radio button in the Gap size group box, and enter 100.0. Mastercam adds retract
motion when the next cut begins at a distance greater than the distance you define.
Enter 0.5 for the Stock to leave on walls. This leaves 0.5mm of stock on the outer
walls.

Enter O for Stock to leave on floors.
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15. Click the Depth cuts page in the Tree View area.

16. Deselect the Depth cuts check box to turn off depth cuts for this toolpath.

W 1 2D High Spead Teckpath - Dynamye Core Mil IR

Y LHdE |

Tooketh Type =
e | Dspih cuks
Holder 50

metert
@ s o
By Motcn |||
@ Brech Thowgh | || 5
Lirking Paameter: t :

17. Click the Entry Motion page in the Tree View list to set how and where the tool enters the
stock.

18. Set the following parameters:
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19. Click the Linking Parameters page in the Tree View list to set important heights such as
clearance, retract, and feed plane, as well as the final toolpath depth.
20. Set the following parameters:
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= The toolpath cleans most of the material outside the part using smooth, efficient tool
motion.

= Click OK to generate the toolpath.

= Right-click in the graphics window and choose Isometric (WCS) from the menu to
view the part and toolpath in the isometric view.

21. Right-click in the graphics window again and choose Top (WCS) from the menu to
view the part and toolpath in the top view.

22. 12 Choose File, save from the Mastercam menu or click the Save button to save your
part.

23. After complete work clean work area
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Specification Sheet 3: Create A 2D Drill Toolpath That Drills All Four
Holes of The Part

Job Name: Create a 2D drill toolpath that drills all four holes of the part

Activity 3.1: Configure Machine and Setting Up Stock for drilling
Activity 3.2: Create a drill toolpath that drills all four holes of the part.

Activity 3.3: Creating a Dynamic Mill Toolpath

Conditions for the job: You must practice safe operation procedures at all times during the
assessment. You will be required to demonstrate OSH competencies to Create a 2D drill
toolpath that drills all four holes of the part

Required Personal Protective Equipment (PPE): Pre/person

SI. Name of the PPE Specification Unit Quantity Remarks
a. | Hand Gloves Cotton pair 01
b. | Mask N 95 Nos 01
c. Safety shoe As required pair 01
d. | Safety goggles Standard Nos 01
e. Apron Standard Nos 01
Required Tools and Equipment
SIL. Nanel;l?igtlzzls tand Specification Unit Quantity Remarks
7 Desktop computer i5(8GB RAM) No 01
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Learning Outcome -4: Create 3D Tool Paths

Learning Outcome -4: Create 3D tool paths

3D tool path is prepared

level as per matching strategy is set
Surface is created as per requirement
Silhouette command is executed
Assessment Criteria Edge curve command is executed

Drive surface, containment region, check surface is selected
3D rough & finishing tool path is executed

Stock model & rest milling is executed

3D tool path is verified

. G&M code is generated

A ERSEPR IR ol ol

—
=)

Workplace or Simulated Workplace
CBLM
Handout
Laptop
Multimedia Projector
Paper, Pen, Pencil,
Internet Facilities
White Board and
Audio Video Devices
. Necessary Tools and Equipment
. Necessary Materials
. Necessary PPE

Conditions and Resources

AR G A o

—_ =
—_ O

—
[\

Necessary machines
Model-Specific Machining
Tool path sequence/continuity
Suitable tool diameter and length
= Acknowledgment of CAM parameters

Contents

b=

= Using measuring instruments

= Calculating cutting speed, feed rate, and depth of cut

= Simulating and editing program

= Saving and downloading program

= Writing CNC program

= Determining the optimum sequence of operations
5. Level

= Level number

= Level on/off

= Level increment

= Visibility

= Entities
6. Surface
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= From solid

= Flat boundary

= Extend

= Fill holes

= Offset surface
Edge curve

= Curve on one edge

= Curve on all edges

= Flowline curve

= Curve slice
3D rough & finishing tool

= Pocket

= Arearough

= Opti rough

= Contour

= Scallop

=  Waterline

= Horizontal

= Raster

9. Hybrid

Job/Task/Activity

N —

Identify the required machine by inspecting the workpiece
Select the appropriate tool path sequence for a model-specific
machining operation
Select pre-machining operations as required
. Prepare work holding and clamping to avoid tool clash

lect the appropriate cutting parameters

Training Method

Discussion
Presentation
Demonstration
Guided Practice
Individual Practice
Project Work
Problem Solving

rainstorming

Assessment Method

Written Test
Demonstration
Oral questioning
Portfolio
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Learning Experience 4: Create 3D Tool Paths

In order to achieve the objectives stated in this learning guide, you must perform the learning
steps below. Beside each step are the resources or special instructions you will use to
accomplish the corresponding activity.

Learning Activities Recourses/Special Instructions

1. Instructor will provide the learning materials
1. Trainee will ask the instructor about ‘Apply CAM Software for Machining
the learning materials

2. Read Information sheet 1: Create 3D tool paths
Answer Self-check 1: Create 3D tool paths

3. Check your answer with Answer key 1: Create

2. Read the Information sheet and
complete the Self Checks & Check
answer sheets on “Create program
using G & M code” 3D tool paths

4. Job/Task Sheet and Specification Sheet
Job sheet 4: Perform 3D Machining in
Mastercam as per selected Mechanical 3D
Model.
Activity 4.1: Assign a Machine Definition
and Setting Stock for Machining
Activity 4.2: Perform program for Drilling
Holes
Activity 4.3: Perform program for Roughing
the Pocket
Activity 4.4: Roughing the Slot
Activity 4.5: Rest Roughing the Interior
Activity 4.6: Finishing the Pocket Floor
Activiety4. 7: Perform Program for Finishing
the Slot

Activiety4. 8: Perform Program for
Roughing the Exterior

3. Read the Job/Task Sheet and
Specification Sheet and perform
job/Task

Activity 4.9: Perform Program for Finishing
the Exterior

Specification sheet 4: Perform 3D Machining
in Master CAM as per selected Mechanical
3D Model.
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Information Sheet 4: Create 3D Tool Paths

Learning Objective: After completion of this information sheet, the learners will be able to
explain, define and interpret the following contents:

4.1.
4.2.
4.3.
4.4.
4.5.
4.6.
4.7.
4.8.

4.1.

4.2.

4.3.

4.4.

Necessary machines
Model-Specific Machining

Tool path sequence/continuity
Suitable tool diameter and length
Level

Surface

Edge curve

3D rough & finishing tool

Necessary Machines
For Mastercam 3D tool pathing, you will typically require CNC machines capable of 3-

axis, 4-axis, or 5-axis machining, depending on the complexity of the parts being
manufactured.

Model-Specific Machining
This involves programming toolpaths in Mastercam tailored to the specific geometry and

features of the CAD model being machined. Each part may require unique toolpath
strategies to achieve the desired results.

Tool Path Sequence/Continuity

Determining the order of operations and ensuring that toolpaths are created in a logical
sequence to efficiently machine the part. Continuity ensures smooth transitions between
toolpath operations, minimizing tool retractions and reducing cycle times.

Suitable Tool Diameter and Length
Selecting cutting tools with appropriate diameters and lengths based on the part geometry,

material, and desired cutting parameters. Tools should be capable of reaching all required
features without interference and should be suitable for the material being machined.

a. Acknowledgment of cam parameters
Understanding and adjusting CAM parameters such as toolpath settings, stepovers,
feeds, speeds, and depths of cut to optimize machining operations for the specific
material and machine setup.

b. Using measuring instruments

Employing measuring instruments such as calipers, micrometers, or height gauges to
verify part dimensions, tool offsets, and machine setups, ensuring accurate machining
results.
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c. Calculating cutting speed, feed rate, and depth of cut
Calculating optimal cutting speeds, feed rates, and depths of cut based on factors such
as material properties, tool material, tool geometry, and machine capabilities to achieve
efficient material removal and desired surface finish.

d. Simulating and editing program
Simulating toolpaths in Mastercam to visualize machining operations and identify
potential issues before running the program on the CNC machine. Editing programs to
adjust as needed to optimize machining efficiency.

e. Saving and downloading program
Saving CNC programs in the appropriate file format and downloading them to the CNC
machine for execution, ensuring compatibility and proper communication between
Mastercam and the CNC machine.

f. Writing CNC program
Writing CNC programs using G-code or machine-specific programming languages to
control the CNC machine's movements and machining operations, translating toolpaths
generated in Mastercam into machine-readable instructions.

g. Determining the optimum sequence of operations
Planning the sequence of machining operations to minimize setup changes, tool
changes, and machine idle time, maximizing efficiency and productivity while
ensuring accurate and consistent machining results.

4.5. Level

a. Level number

Each level in Mastercam is assigned a unique number for identification and organization
purposes. The level number helps users manage and reference different levels within the
CAM environment.

b. Level on/off

Mastercam allows users to toggle individual levels on or off, controlling the visibility of
entities (such as geometry, toolpaths, or annotations) assigned to each level. Turning a
level on displays its associated entities, while turning it off hides them from view.

c. Levelincrement

The level increment specifies the numerical increment used when assigning new levels
in Mastercam. For example, if the level increment is set to 10, the next available level
number will be 10 units higher than the previous level number.

d. Visibility
Visibility settings control whether entities assigned to a specific level are visible or
hidden within the Mastercam workspace. Users can adjust visibility settings to show or
hide entities for easier editing, visualization, or analysis.

e. Entities

Entities refer to geometric elements, toolpaths, annotations, or other objects created or
imported into the Mastercam environment. These entities can be assigned to specific
levels for organization and management purposes, allowing users to control their
visibility and editing options.
By effectively managing levels and their associated entities in Mastercam, users can
organize complex projects, streamline workflow processes, and control the visibility of
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different components within the CAM environment.

4.6. Surface

a.

From solid

This feature in Mastercam allows users to create surfaces directly from solid models. It
automatically generates surfaces that match the geometry of the solid model, facilitating
the creation of complex toolpaths based on solid geometry.

. Flat boundary

i ',"’
: \

The flat boundary operation in Mastercam allows users to define planar regions within a
surface. This i1s useful for specifying areas where toolpaths should be confined or
restricted to, such as flat surfaces or regions with specific height or angle requirements.
Extend

The extend operation in Mastercam extends selected surface edges to meet neighboring
surfaces or boundaries. This is useful for ensuring continuity and smooth transitions
between adjacent surfaces, which is crucial for generating accurate and visually
appealing toolpaths.

Fill holes

This operation fills holes or voids in surfaces, either by automatically detecting and
filling them or by specifying the hole boundaries manually. Filling holes is essential for
creating watertight surfaces and ensuring that toolpaths are generated correctly across
the entire surface geometry.

Offset surface

The offset surface operation in Mastercam creates new surfaces offset from existing ones
by a specified distance. This is useful for creating clearance surfaces, machining
allowances, or boundaries for toolpath generation. Offset surfaces can be used to define
regions for roughing, finishing, or other machining operations.

By leveraging these surface operations in Mastercam, users can manipulate and prepare
surface geometry effectively for 3D tool pathing. These operations help ensure that
surfaces are properly defined, interconnected, and optimized for generating accurate and
efficient toolpaths for CNC machining.

4.7. Edge Curve

a.

Curve on one edge

This operation allows users to create a curve along a single edge of a surface or solid
model in Mastercam. It is useful for defining boundaries or guiding toolpaths along
specific edges of the geometry.
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There are some new enhancements to the Curves commands in Mastercam 2018. The
2D/3D construction switch will determine if the curves are created on edge or projected
to the current construction  plane, and there are several
new Selection and Filtering options available for both Curve One Edge and Curve All
Edges.

When curves are created on the 3D face edges in 3D mode the curves stay on the face
edges.

il

|osmn |

However, if you switch from 3D to 2D construction mode the curves are projected to
the current plane and construction elevation.

3 o o

You can also hold the Shift key and all the tangent edges will be picked with one click.

e

3 vy

3

In the Curve All Edges command you can use CTRL and/or Shift to have tangent or
matching radii selected instantly.

Finally, the option check boxes for Ignore ‘Shared Edges and Only Outside
Loops allow you to choose multiple faces and keep just the curves you need without
redundant or extra geometry in the results.

As you can see, these new options will help get the results you want quickly and reduce
your preparation time for making toolpath.
b. Curve on all edges
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With this operation, users can generate curves along all edges of a surface or solid model
in Mastercam. It automatically creates curves along every edge, making it efficient for
defining complete boundaries or guiding toolpaths around the entire geometry.

c. Flowline curve
The flowline curve operation in Mastercam generates a curve that follows the flow of
surface curvature. It is particularly useful for creating toolpath boundaries or guiding
toolpaths along complex surface contours, ensuring smooth and consistent machining
motions.

d. Curve slice
This operation slices a surface or solid model with a plane or curve, generating curves at
the intersection between the geometry and the slicing element. It is useful for extracting
specific cross-sections or profiles from 3D models, which can then be used for further
analysis or toolpath generation.

4.8. 3D Rough & Finishing Tool

a. Pocket
The pocket toolpath is used to remove material from within closed boundaries, such as
pockets, cutouts, or recessed areas on the part. It removes material in multiple passes,
starting from the outside and working towards the center, ensuring efficient material
removal.

b. Area rough
The area rough toolpath is similar to the pocket toolpath but is optimized for roughing
out larger, more irregularly shaped areas of material. It removes material using multiple
passes, efficiently clearing away excess material while minimizing tool engagement
and cycle time.

¢. Opti rough
Opti rough is an advanced roughing toolpath strategy that optimizes toolpath motion
and cutting conditions to maximize material removal rates while minimizing cutting
forces and tool wear. It dynamically adjusts cutting parameters based on the geometry
of the part to achieve efficient roughing operations.

d. Contour
The contour toolpath follows the contours of the part geometry, removing material
along defined paths or boundaries. It is often used for semi-finishing or finishing
operations to achieve precise part dimensions and surface finish.
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Scallop

The scallop toolpath is a finishing strategy that removes the remaining material
between adjacent passes to achieve a smooth surface finish. It minimizes the scallop
height or stepover distance between toolpath passes, resulting in finer surface finishes.
Waterline

The waterline toolpath follows horizontal contours or levels within the part geometry,
removing material layer by layer. It is particularly useful for machining shallow
features or flat surfaces and is commonly used for finishing operations.

Horizontal

The horizontal toolpath removes material along horizontal planes within the part
geometry, making it ideal for machining flat or gently sloping surfaces. It ensures
consistent tool engagement and efficient material removal, particularly for parts with
horizontal features.

. Raster

The raster toolpath removes material in a back-and-forth pattern along a specified
direction, typically perpendicular to the toolpath direction. It is suitable for machining
flat or prismatic surfaces and helps achieve uniform material removal and surface
finish.

Hybrid

The hybrid toolpath combines multiple cutting strategies, such as raster, contour, and
waterline, to optimize material removal and surface finish for complex part geometries.
It dynamically adjusts cutting parameters based on the geometry of the part to achieve
efficient and effective machining results. These 3D rough and finishing toolpaths in
Mastercam offer a range of strategies for efficiently machining complex part
geometries while achieving the desired surface finish and dimensional accuracy. Each
toolpath type has its advantages and is selected based on the specific requirements of
the part and machining operation.
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Self-Check 4 Create 3D Tool

. What is the Procedure of Saving and Downloading Program?

Answer:

. What are Entities?

Answer:

. What is 3D Pocket?

Answer:
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Answer Sheet 4 Create 3D Tool

1. What is the Procedure of Saving and Downloading Program?
Answer: Saving CNC programs in the appropriate file format and downloading them
to the CNC machine for execution, ensuring compatibility and proper communication
between Mastercam and the CNC machine.

2. What are Entities?
Answer: Entities refer to geometric elements, toolpaths, annotations, or other objects
created or imported into the Mastercam environment. These entities can be assigned to
specific levels for organization and management purposes, allowing users to control their
visibility and editing options.

3. Whatis 3D Pocket?

Answer: The pocket toolpath is used to remove material from within closed
boundaries, such as pockets, cutouts, or recessed areas on the part. It removes material
in multiple passes, starting from the outside and working towards the center, ensuring
efficient material removal.
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Job Sheet 4: Perform 3D Machining in Mastercam as Per Selected
Mechanical 3D Model

Job Name: Perform 3D Machining in Mastercam as per selected Mechanical 3D Model
Activity 4.1: Assigning a Machine Definition and Setting Stock for Machining

Activity 4.2: Perform program for Drilling Holes

Activity 4.3: Perform program for Roughing the Pocket

Activity 4.4: Roughing the Slot

Activity 4.5: Rest Roughing the Interior

Activity 4.6: Finishing the Pocket Floor

Activiety4. 7: Finishing the Slot

Activiety4. 8: Roughing the Exterior

Activity 4.9: Finishing the Exterior
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Activity 4.1: Assigning a Machine Definition and Setting Stock for

Machining
Procedure:
1. Open the tutorial part file Basic 3D Machining Partl Start. MCX-5, which was
provided with the tutorial.
2. Click OK if prompted to switch to a metricconfiguration.
3. Choose Machine Type, Mill, Default to open the default Mill machine definition.
System Configuration |/
Switching system units from English ta Matic. | m §
Loading Metric configuration file... I\__A:trl;e : Manage list
(@) Units O &ll settings [REZ:itgenr '
1 2 3
4. Choose File, Save As, and save the part under a different file name. This protects
theoriginal tutorial file from being overwritten.
5. Select Stock setup. If necessary, click the [+] next toProperties to expand the list
6. Click Bounding box. The Bounding Box dialog box opens
7. Set the options and parameters as shown,then click OK.

=] EE Machine Group-1

(=1L Praperties - Mill DeFault MM aners... | | Bounding box MCI extents
B Files - " S
..... a Tool settings J@ [ &l Entities J'I:}Unselecml |
Safety zone
l.:}--88‘Toolpath Graup-1 [ gf I [ x l [ ?
1 2 3

8. Click OK in the Machine Group Propertiesdialog box

9. Press [Alt+F1], or right-click and select Fit, to fit the geometry to the screen.

10. Choose File, Save or click the Save buttonto save the part with the machine
definition and defined stock.

B I T

11. Save the file.
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Activity 4.2: Perform Program for Drilling Holes

Procedure:
1. Open Master cam software
2. Import selected part model for CAM
3. Perform right-click Toolpath Group-1, select Groups, Rename.
4. Type Interior and press [Enter].
5. Toolpath Manager, right-click on Machine Group-1, select Groups, New

Toolpath Group
6. Type Exterior and press [Enter]. The Toolpath Manager should look as

shown

' Gk hHEPaR P ?
e
Rename = B Machine Group-1
Delete R @-1l1 Properties - Mil Default MM
Dkt allempty ég% Interior
4 5 6

7. Choose File, Save or click the Save buttonto save the part.

8.  Click the Moveinsert arrow up one item button Toolpath Manager should
look asshown after performing this step.

9.  Right-click in the graphics window and choose Isometric (WCS) from the
menu toview the part and toolpath in the isometricview.

10.  Choose Toolpaths, Drill

Jolpaths .SD”dS I3 zoom window
3 — A= Un-Zoom .8 W SCIEENNEES
¥y 5
% D EPa .- | —— @ Fonoil.
«Ge  Fit i
A=l wval 2 3 (= — @ FEMmMil..
. EHE ; - op 3]
- B8 Machine Groquove inserk arromw L = ;:n::i;) Conkaur, ..
: - L= o
_|]_|_ Properties - Mill Defaulk MM | ok cwes i
5'"88&3”'” R | ] |5 ol
ik 88 Exteriar B-H clear colors

11.  Click OK when prompted to enter new NCname

12.  Use the default option for Select drill point position in the graphics screen in
the Drill Point Selection dialog box

13.  Select the arc centers of the four holes asindicated. The autocursor
changes to indicate the arccenter as you approach

L3 Drill Point Selection X
Q
'SIC_3D_MACHIING_PARTI| |

Enter new NC name

CADocuments and Settingzhjamity Documenitsh, .

“window Points

v (%] 2]
11 12
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14. Click OK in the Drill Point Selection dialog box . The 2D Toolpaths
dialog box opens to the Toolpath Type page. Drill is selected as the
toolpath type.

15. Select Tool from the Tree View pane on theleft.

16.  Click the Select library tool button. Select the 10mm drill and click OK

i 2D Toolpaths - Drill/CirclesSim X Tool Selection - C:\Documents and Settings\All UseR
’ E A = : ? H m‘ CADocuments a. \MILL_MM TOOLSS
e g e b W o
14 15 16
17.  Select Linking Parameters from the Tree View pane and enter values as

shown.

18. Select Tip Comp from the Tree View pane.Click the Tip Comp checkbox
to activate this feature. Use default values for the tip comp parameters.

. Click OK in the 2D Toolpath dialog box to generate the drill toolpath

Toolpath Type

Tool
V]
Holder T Lone

Cut Parameters
- Linking Palam@
[ | Comp
- Home / Ref. Points

18 19

20. Click the Toggle display on selected operations button. If necessary, select
the Drill/Counterbore operation.

21.  Save your part file

Planes MCS)
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Activity 4.3: Perform Program for Roughing the Pocket

Procedure:
1. Open Master cam software
2. Import selected part model for CAM
3. Choose Toolpaths, Surface High Speed
4 select the option to eliminate this dialog box and make refinement
available for use. Click OK to closethe dialog box.
5. Follow the prompt to select drive surfaces as shown.

{5ttt . Dot e ok g

El Fockst. .. :
= Faca... (e s, Dot shownetis e e,

=N =0 High Speed. ..

L3

3 4 5

6. Press [Enter] or click the End Selection button to accept the selection.
Click the Select button in the Containment area of the

7 Toolpath/Surfaceselection dialog box.
o Click the C-plane radio button. C-plane selection limits chaining to
' entities that are parallel to the currentconstruction plane.
0 Select the chain on the top of the part. Theselection can be in either

direction for a closed containment boundary

(21 Cplane (D30

7 8 9

10. Click OK on the Chaining dialog box to return to the
Toolpath/Surface selection dialog box.

11. Click OK on the Toolpath/surface selection dialog box.

12. The Surface High Speed toolpaths dialog box opens on the Toolpath
Type page.

13. Select Roughing and Area Clearance onthe Toolpath Type page.

14. Click the Select library tool button. Thedefault metric tool library opens.

15. Select the 10mm bull endmill with 2mmecorner radius and click OK.

88



16.
17.

18.

19.
20.

Surface High Speed Toolpaths - Area Clearance

e () Roughing
- Halder O Finishing @
= Cut Parameters
@ Trochaidal molion
Transilions :
Stezp / Shallow

12

Select Tool from the Tree View pane.
Select Cut Parameters from the Tree View
indicated.

A Tool Selection - C:\Documents and Settings\A Il LISE]

C:hDocuments a. SMILL_ WM. TOOLS-5

# Tool Hame Dia.
10. BULL EMOML..  10.0 1.0 50.0
10. BULL EMDML..  10.0
10, BULL EMDML.. 10.0 20

[ T 1n eI

EMMkAL nn o oAn

15

pane. Set the parameters as

¥ o [F

Click OK to generate the area clearance t

oolpath.

Turn off the toolpath display for the operation.

Save your part file.
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Activity 4.4: Perform CAM Programing (Roughing the Slot)

Procedure:

1. Open Master cam softwere

2. Import selected part model for CAM

3. Choose Toolpaths, Surface Rough,Pocket.

4. Follow the prompt to select drive surfacesas shown.

urface Roug arallel...
Surface Rough E= Paralel
Surface Finish L4 m Radial...
=0, Surface High Speed... @ Project. ..
Multizxis v Y Flowline...
[5] Advanced Multiaxis gl Contour...
Restmill....
Circle Path: =
e Faths Paocket...
| T Transform...
Hod m Flunge. ..
@ Mesting...

Press [Enter] or click the End Selection button.

Click the Select button in the Containment area of the Toolpath/Surface
selection dialogbox.

7. The Chaining dialog box opens.

8. Click the C-plane radio button in the Chaining dialog box.

9. Select the chain at the top of the slot asshown.

10. Click OK on the Chaining dialog box.

11. Click OK on the Toolpaths/surface selection dialog box.

12. The Surface Rough Pocket dialog box opens to the Toolpath parameters tab.

13. Select the 10mm bull endmill with the 2mm corner radius showing in the tool
list.
14. Click the Surface parameters tab.

AN

Surface Roush Pocket

— g Surface Rough Pocket
Tocbathpaareles | Syfas parameters | Rouh paamets
1 Tocilame  Dis Do | | Tooath paramelersli Surface paiameters |
F flossent oot i)
¥ DAL 100 00 y
L5\ f0BULEN, 00 20 ‘ 7 P

15. Set Stock to leave on drive to a value of Imm.
16. Click the Rough parameters tab.

17. lick the Cut Depths button.

18. Set the parameters as shown and click OK.

Stock toleavd (1 I — —_—
on dli\-’B] Suface PE'EF”_E’_‘E_"SJ Fough parameters Egkf

Stock toleave |0 il e
on check |:| | o En%phons
\— — z

15 16
19. Click the Pocket parameters tab.
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20. Click Constant Overlap Spiral, set the parameters as shown, and click OK.
21. The following warning message displays because the finish passes are turned
off. Click OKto continue.

- —— e
Fough parameters | Pocket parameters R -

ngmethod  Congtant Overlap Spirél%
= | = = =

A it finsh passes chatked, bocdmay engege alarge amonn ofmaterid v pckels

Cal

19 20 21
22. The surface rough pocket toolpath is generated on the selected geometry.

23. Turn off the toolpath display for the operation.
24. Save your part file.
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Activity 4.5: Rest Roughing the Interior

Procedure

1. Choose Toolpaths, Surface High Speed.

2. Follow the prompt to select drive surfaces as shown.

3. Press [Enter] or click End Selection to accept the selection.
4. Click the Select button in the Containment area of the

oW

10.
11.

12.

13.

14.

15.

Toolpath/Surface selection dialogbox.

The Chaining dialog box opens.
Click the C-plane radio button.

Follow the prompt to chain a containment boundary
as shown.

Click OK in the Chaining and the Toolpath/surface
selection dialog boxes The Surface High Speed toolpaths dlalog box opens.
Select Toolpath Type from the Tree View pane, and then select Roughing and Rest
Roughing on the Toolpath Type page

Select Tool from the Tree View pane.

Click the Select library tool button. The tool library defined in the Machine Group
Properties opens

Select library tool....

Select the 6mm bull endmill with the 2mmcorner radius and click OK

% Tool Selection - C:\Documents and Settings\All Usel

C:\Documents a. AWILL_Mb TOOLS-5

# Tool Mame Dia. | Corrad.  Len
¥ 122 6 BULLEWDMIL.. 60 1.0 50.0
¥ = 6 BULLENDMIL.. 60 20 A2 50)
¥ o1 7. BULL ENDIMIL 70 10 EEID

Select Cut Parameters from the Tree Viewpane. Set the stock to leave values as
indicated

Tip comp [ =
Stock ta leave [co |

o walls

Stock to leave !E o

on foors 1=

Select Rest Material from the Tree Viewpane. Click the plus sign in front of Cut
Parameters to expand the tree if necessary.

Holder 4l pre
= Cut Paramneters

Rest Material O 0Onec
Transitions ® Rougt
ar

Steep / Shallow
+ Linking Parameters Dz
Arc Filter / Tolerance Ca

Select Roughing Tool and set the values asshown.
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16.

17.

18.

19.
20.
21.

22.
23.

) Al previous operations

-

B eeilE

ooo

%) Roughing Tool

Diameter:

Comer radius:

Select Are Filter/Tolerance from the Tree View pane.

[ Linking Parameters

R At Filter # Talerance
v Planes (wCS)
- Coolant =
- Canned Text
e Mizs Values
= Az Control &

Click the Refine toolpath button. The Refine Toolpath dialog box opens

Refine toolpath ‘

Move the slider for Surface quality to the Better setting.

Click OK to accept the settings on the Refine Toolpath dialog.
Click OK in the Surface High Speed Toolpath dialog box.
The rest roughing toolpath is generated on the selected geometry.

Turn off the toolpath display for the operation.
Save your part file.
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Activity 4.6 Perform Program for Finishing Pocket Floor

Procedure:

1.

10.
11.

12.
13.
14.
15.
16.
17.

18.
19.

Choose Toolpaths, Surface High Speed. The

prompt to select Drive Surfaces appears.

Follow the prompt to select drive surfaces as shown

Press [Enter] or click the End Selection button to accept

the selection.

Click the Select button in the Containment area of the Toolpath/Surface

selection dialog box. The Chaining dialog box opens.

Click the C-plane radio button.

Follow the prompt to chain a containment boundary

as shown.

Click OK in the Chaining and the Toolpath/surface

selection dialog boxes. The Surface High Speed

toolpaths dialog box opens on the Toolpath Type page.

Select the Toolpath Type page, and then Finishing and Horizontal Area.

Horizontal Area is designed to quickly andefficiently machine flat areas of a
art.

IS)elect Tool from the Tree View pane.

Select the 6mm bull endmill with the 2mm corner radius showing in the tool

list.

Select Cut Parameters from the Tree Viewpane. Set the tool containment as shown.

Select Arc Filter/Tolerance from the Tree View pane. S p——

Click the Refine Toolpath button. %‘mdmo i |:_]u gm
Move the slider for Surface quality to the Best p— —
setting.

Click OK to accept the settings on the Refine
Toolpath dialog.

Click OK in the Surface High Speed Toolpath
dialog box to generate the horizontal areatoolpath.
Turn off the toolpath display for the operation.

Save your part file.
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Activity4.7 Perform Program for Finishing the Slot

Procedure:

1. Choose Toolpaths, Surface Finish,Contour.

Surface Rough v

surface Finish = Paralll...
| 2f. surface High Speed... A Parllel steep...
Multiaxis ¥ E% Radal..
| 5] Advanced Multiaxis & Project...
1+ Flowline...
Circle Paths I
| & Transform
L =% shallow...
Nesting...
Pencl...
S Manual Entey é

2. Follow the prompt to select drive surfacesas shown.

3. Press [Enter] or click the End Selection button to accept the selection.

4. Click the Select button in the Containment area of the Toolpath/Surface selection
dialog box. The Chaining dialog box opens.

5. Click the C-plane radio button.

6. Follow the prompt to chain a containmentboundary as shown.

7. Click OK on the Chaining and Toolpaths/surface selection dialog box. The Surface
Finish Contour dialog box opens to the Toolpath parameters tab.

8. Select the 6mm bull endmill with the 2mm corner radius showing in the tool list.

9. Click the Surface parameters tab. Set the parameters as shown.

3t PAISWELers | Faich corkou parsmsles

? e [0 Towwn [ I
Stock toleave (g0 n
ondve | |

B (ot ] B9 ] ohiin ) m
@dbedts Olrciementsl  ancheck
st

-1 Compensate to: m
B
oo 00

10. Click the Finish contour parameters tab.
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13{@ Finizh contour parameters
——  Direction of clb-ilﬁontours

.|

=5 (&) Climb () Conventional

11. Set the parameters as shown

Surface Finish Contour

Directio
[ Totaltolerance__) ‘0025 |

@) Climb
b airmunn stepdown:

Start |

05
Comer rounding radius:

Trariti

12. Click the Total tolerance button.

13. Move the slider for Surface quality to the Best setting and click OK.
14. Click the Cut Depths button.

15. Set the parameters as shown and click OK

(&) Absolute
Absolute depths
Minimum depth -10.0
Magimum depth VEU._D

[ Awto-detect Aats when processing)

16. Click OK from the Surface Finish Contour dialog box to generate the finish contour
toolpath

17. Turn off the toolpath display for the operation.
18. Save your part file.
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Activity 4.8 Perform Program for Roughing the Exterior

Procedure:
1. Select the toolpath group Exterior.
2. Click the minus (-) in front of the Interiortoolpath group to collapse the tree
Gl Propates Dk v
?..oogerm—rDr\IUCounterbore - [WCS: TOP]- [T
- Surface High Speed {Area clearance
- Surface Rough Pocket - [WCS: TOP
- Surface High Speed {Rest roughing
- Surface High Speed {Horizonkal) - [
- Surface Finish Cantour - [WCS: TOF
3. Click the Position insert arrow after selected operation or after selected group button. The insertion
arrow is placed in the Exterior group.
L PLCIL 1) .:IDIICIS ML |
r D EPoal 2 ?
120 v€G¥P %@
4.  Choose Toolpaths, Surface High Speed.
5. Click the All button on the General Selection ribbon bar when prompted toselect drive
surfaces
[an. ] [ony.. ] KX [
6. Select the Entities and Surfaces checkboxes in the Select All dialog box asshown.
7. Click OK in the Select
8.  All dialog boxes.
9. Press [Enter] or click the End Selection button.
10. Click the Select button in the Containment area of the Toolpath/Surface selection dialog
box. The Chaining dialog box opens.
11. Click the C-plane radio button.
12. Select two chains as shown to be used as containment boundaries. The chains lie on

thetop of the part and the top of the stock boundary created in the Toolpath Setup
lesson
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13. Click OK in the Chaining and the Toolpath/surface selection dialog boxes. The Surface
High Speed toolpaths dialog box opens on the Toolpath Type page.
14. Select the Toolpath Type page, and then Roughing and Core Roughing.

Surface High Speed Toolpaths - Core Roughing

: (®) Roughing
- Holder ) Fivishing
S Cut Parameters
H @ Trachoidal motion
e Transitiong
Steep ¢ Shallaw

Core Roughing IEEEYREEIENT

15. Select Tool from the Tree View pane.

16. Select the 10mm bull endmill with the 2mm corner radius showing in the tool list.

17. Select Cut Parameters from the Tree View pane. Set the tool containment and stock to
leave values as indicated

] Ditirize out erder

Toolontanenare
Compansate
Inside. O tens

‘ Te
= R Tozne [ ]
© Ousides
Swckioles g
Offet ditance o on wells
[Z s ol ianca i oo Swckilewe g
o foere

Total ofset cistanse = 5

18. Select Steep/Shallow from the Tree Viewpane. Set the parameters as shown.
19. Click the plus [+] in front of Cut Parameters if necessary, to expand the tree

Z depth

Use Z depths
Mimimum depth ‘D o
Marimum depth |-30.0

20. Click OK in the Surface High Speed Toolpath dialog box to generate the core roughing
toolpath.

21. Turn off the toolpath display for the operation.
22. Save your part file.
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Activity 4.9 Perform Program for Finishing the Exterior

Procedure:
1. Choose Toolpaths, Surface Finish, Contour. Follow the prompt to select drive surfaces as
shown

Press [Enter] or click the End Selection button to accept the selection.

3. Click the Select button in the Check Surfaces area of the Toolpath/Surfaceselection

dialog box. _
Show...

o[ ®]

Show...

Check

Containment

4.  Follow the prompt to select check surfaces as shown.

5. Press [Enter] or click the End Selection button to accept the selection.
. Click OK on the Toolpath/Surface selection dialog box.
7. Click the Select library tool button

Select library boal...

8. Select the 6mm flat endmill and click OK

X Tool Selection - C:\Documents and Settings\All Lisg

C:A\Documents a..\MILL_MM.TOOLS-5

# Tool Name Dia. | Corrad. | Ler
# 24 5 FLATENDMILL 50 0.0 50,10
) 215 EFLATENDMILL 60 00 e 50
E 216 T FLATENDMILL 70 00 h. 50.0

9.  Click the Surface parameters tab and setthe stock to leave values as shown.
e )
Stock toleave Qg 1
on drive l:l Z
Stock ta | ]
o U
10. Click the Finish contour parameters tab.
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11.
12.
13.
14.

15.

16.
17.

Click the Total tolerance button.

Move the slider for Surface quality to the Best setting and click OK.
Click the Cut Depths button.

Set the parameters as shown and click OK

(&) dhsolute

Abzalute depths

Minimurm depth

Mawimumn depth -30.0

[ Auta-detect flats [uhen processing]

Click OK to generate the surface finish contour toolpath.

Turn off the toolpath display for the operation.
Save your part file.
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Specification Sheet 4: Perform 3D Machining in Mastercam as Per

Selected Mechanical 3D Model

Job Name: Perform 3D Machining in Mastercam as per selected Mechanical 3D Model.

Activity 4.1: Assigning a Machine Definition and Setting Stock for Machining
Activity 4.2: Perform program for Drilling Holes

Activity 4.3: Perform program for Roughing the Pocket

Activity 4.4: Roughing the Slot

Activity 4.5: Rest Roughing the Interior

Activity 4.6: Finishing the Pocket Floor

Activiety4. 7: Finishing the Slot

Activiety4. 8: Roughing the Exterior

Activity 4.9: Finishing the Exterior

Conditions for the job: You must practice safe operation procedures at all times during the
assessment. You will be required to demonstrate OSH competencies to Perform 3D Machining in
Mastarcam as per selected Mechanical 3D Model.

Required Personal Protective Equipment (PPE): Pre/person

SIL. Name of the PPE Specification Unit Quantity Remarks

j- | Hand Gloves Cotton pair 01

K. | Mask N 95 Nos 01

I. | Safety shoe As required pair 01

m. | Safety goggles Standard Nos 01

n. | Apron Standard Nos 01
Required Tools and Equipment
SIL. Nan(:(elu(;ifp?:lzle tand Specification Unit Quantity Remarks
4. | Desktop computer i5(8GB RAM) No 01
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Review Of Competency

Below is yourself assessment rating for module “Applying CAM Software for

Machining”
Assessment of performance Criteria Yes | No
1. Computer-aided machining software is installed and verify the system O O
requirement
2. Basic parameter is set of the CAM software
3. Menu functions are identified O O
4. Appropriate tools and equipment are used to produce a drawing as per job O O
requirements
5. CAD files are imported as required O O
6. CAD models are created as required O O
7. The workpiece is verified and required machines are identified O O
8. Appropriate tool path sequence is selected for a model-specific m| O

machining operation

9.

Appropriate tool diameter and length is selected to avoid chattering

10.

Pre-machining operation is selected if required

11.

Work holding & clamping is prepared to avoid tool clash

12.

Appropriate cutting parameter is selected

13.

Planes are identified

14.

Machine definition and post-processor is selected

15.

Origin & stock setup is defined

16.

2D tool paths are executed

17.

Tapping and thread milling is executed

18.

Tool paths are verified

19.

G&M codes are generated

20.

3D tool path is prepared

21.

level as per matching strategy is set

22.

Surface is created as per requirement

23.

Silhouette command is executed

24.

Edge curve command is executed

25.

Drive surface, containment region, check surface is selected

26.

3D rough & finishing tool path is executed

27.

Stock model & rest milling is executed

28.

3D tool path is verified

29.

G&M code is generated

O|0|jO0/o|j0|j0|0|0yo|jOo|jOo|o|o0yOo|jOo|O0|jo|jOo|jOo|Oo|O

O|o0|j0)o|j0|jo|o|0yo|jojo|jo|oyo|jo|o|jo|jojo|o|o

now feel ready to undertake my formal competency assessment.

Signed: Date:
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Development of CBLM

The Competency based Learning Material (CBLM) of ‘Applying CAM Software for
Machining’ (Occupation: CNC Maching Centre Operation with CAD CAM, Level-4) for
National Skills Certificate is developed by NSDA with the assistance of SIMEC System Ltd.,
ECF Consultancy & SIMEC Institute of Technology JV (Joint Venture Firm) in the month of
June, 2024 under the contract number of package SD-9B dated 15th January 2024.

SL No. Name & Address Designation Contact Number
1 Rofiqun Nabi Writer 01841604582
2 Uttam Kumar Das Editor 01716220932
3 Engr. Md. Zuwel Parves Co-Ordinator 01737278906
4 Engr. Md. Nazrul Islam Reviewer 01711273708
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Reference:

https://www.mastercam.dk/download/mastercam/tutorials/Basic_2D_Machining_T

utorial.pdf,
https://uwaterloo.ca/engineering-student-

shops/sites/default/files/uploads/files/intro_to_mastercam_0.pdf,
https://caminstructor.com/files/www/TechTipVideos/MCAMX5_RefGuide.pdf,
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