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Abstract

This graduation project focuses on the development of a CNC machining process plan for a
mechanical part using CAMWorks software. The objective of the work is to demonstrate the
digital manufacturing workflow from part design to machining simulation. A specific part was
selected, then modeled in 3D using SolidWorks. Following the design phase, CAMWorks was
used to define the machining operations, select appropriate tools, generate toolpaths, and
simulate the CNC machining process. The project highlights the advantages of computer-aided
manufacturing in terms of precision, time-saving, and optimization of production. This work
emphasizes the integration between design and manufacturing stages using modern CAM tools.
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General Introduction:

The machining of complex parts on CNC machines is spreading to all sectors of industry.
Not so long ago reserved for certain high-tech industries, CNC machine tools are now used in
most mechanical manufacturing plants and small and medium-sized businesses. Nowadays, the
acquisition of these machines has become a necessity in industry in general, and remains a
condition for technical and economic success. This progress is essentially due to the
technological revolution in industrial computing, which has enabled the development of efficient
digital solutions with the possibility of implementing more complex algorithms. Most of this
technology is based on microprocessors, DSPs (Digital Signal Processors) and PIC
microcontrollers. These computers numerically controlled (CNC) machines enable cost-effective
production. Cost control remains a major concern.

A presentation of the benefits of simulating the manufacture of a part before deciding
whether or not to produce it on the machine. This approach, based on industrial simulation
software, enables us to foresee more than one scenario for producing the part, and from there to
opt for the scenario that allows us to choose the most cost-effective means, and save time and
money. [1]

The objective of our final project is to produce a part shape or complex part shape on a
3-axis and 4-axis numerically controlled machine tool. Our work is divided into three chapters:

In the first chapter, it is necessary to conduct bibliographic research to understand the
evolution of numerical control and present new developments in this field. Similarly, we will
need to present the advantages of the numerically controlled machine tool, as well as its
operation, advantages and disadvantages. Chapter 2 focuses on creating a part using SolidWorks.
The third chapter focuses on creating a CNC process plan using Camworks. Finally, a
conclusion.
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Introduction:

In the field of manufacturing and engineering, machining processes play a pivotal role in
shaping raw materials into intricate and functional parts. These processes involve the precise
removal of material from a workpiece to achieve desired geometries, dimensions, and surface
finishes. From the simplest shapes to the most complex forms, machining techniques have
evolved to cater to the ever-increasing demands of various industries. Understanding the
different types of machining processes is essential for optimizing production and achieving
desired parts.

Machining is a manufacturing process in which a workpiece (such as a metal or plastic part)
is cut, shaped, or finished by removing unwanted material using various cutting tools or
abrasives. It is a subtractive manufacturing process, meaning the material is removed from a
solid block or stock to create the desired final shape or features. It is a fundamental aspect of
metalworking and is essential for the production of a wide range of parts used in various
industries, including automotive, aerospace, construction, and consumer goods. [2]

1 The principal Machining Operations:

1.1 Milling:
Milling is a widely used machining process that produces flat and complex shapes based on the
cutter’s path and design. As an interrupted cutting operation, it exposes the tool to repeated
impact and thermal shock, requiring robust materials and optimized cutter geometry. [3]

So0ed moron

Fig.1.1: two basic forms of milling operation (a) peripheral milling (b) face milling
The principal milling operations:
Peripheral milling:

In peripheral milling, also known as plain milling, the tool’s axis runs parallel to the
machined surface, and cutting is done by the edges along the tool’s outer circumference.

Cumer rofaton deecton

Fig.1.2: two forms of peripheral milling (a) up milling (b) down milling
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Chapter 1: Literature review

a) Slab Milling: A fundamental type of
peripheral milling where the cutter’s width
exceeds the workpiece width on both sides.

b) Slotting: Also known as slot milling, this
process uses a cutter narrower than the
workpiece to create a slot. When a thin
cutter is used, it can produce narrow slots
or divide the part entirely—referred to as
saw milling.

c) Side Milling: A method where the cutter
machines along the side surface of the
workpiece.

d) Straddle Milling: Similar to side milling,
but cutting occurs on both sides of the
workpiece simultaneously.

e) Form Milling: Involves a cutter with specially shaped
teeth that define the profile of the machined slot. As the tool shape determines the final
form, it is considered a forming process [3].

Fig.1.3: milling operations

1.2 Turning:

Turning is a machining process where a single-point cutting tool removes material from the
surface of a rotating workpiece. The tool moves parallel to the axis of rotation to produce a
cylindrical shape. This operation is typically performed on a lathe, which rotates the workpiece
and controls the tool’s feed rate and depth of cut.

The principal turning operations:

r

WS

o

")

Fig.1.4: machining operations other than turning that are performed on a lathe
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a) Facing
The tool moves radially into the end of the rotating workpiece to produce a flat surface.

b) Taper Turning
By feeding the tool at an angle to the workpiece axis, a tapered or conical surface is
generated.

c) Contour Turning
The tool follows a non-linear path along the workpiece, creating a curved or complex profile
instead of a straight surface.

d) Form Turning
Also known as forming, this process uses a tool with a specific shape that is pressed radially
into the workpiece to transfer its form.

e) Chamfering
A tool is used to cut a beveled edge on the corner of the cylinder, producing a chamfer.

f) Cutoff (Parting)
The tool advances radially into the workpiece at a specific location to separate the part.

g) Threading
A pointed tool moves linearly along the outer surface of the rotating workpiece to cut helical
threads.

h) Boring
A single-point tool is fed along the axis of rotation inside a pre-existing hole to enlarge or
finish it.

i) Drilling
Performed by feeding a drill bit axially into the rotating workpiece; similar tools can be used
for reaming.

j)  Knurling
A non-cutting process that forms a patterned texture on the work surface using hardened
rollers [3].

1.3 Drilling:

Drilling is a machining process used to create round holes in a workpiece using a rotating

tool called a drill bit, typically a twist drill. The drill feeds into the stationary workpiece, forming
a hole equal in diameter to the bit. It is commonly performed on a drill press or similar machines.

Principal drilling operations:

Fig.1.5: Machining operations related to drilling [3]
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a) Reaming:
Reaming is used to slightly enlarge an existing hole, improving diameter accuracy and
surface finish. The tool, known as a reamer, typically features straight flutes.

b) Tapping:
Performed with a tap, this process creates internal screw threads within a pre-drilled hole.
Further details are provided in a dedicated section.

¢) Counterboring:
Counterboring produces a stepped hole, where a larger diameter follows a smaller one
partway down. This allows bolt heads to sit flush with the surface.

d) Countersinking:
Similar to counterboring, but the step is conical, designed to accommodate flat-head
screws and bolts.

e) Centering:
Also called center drilling, this operation creates a small, precise starting hole to guide
subsequent drilling. The tool used is a center drill.

f) Spot Facing:
Spot facing resembles milling and is used to create a flat, localized surface on a
workpiece [3].

2 Computer Numerical Control (CNC) machine tools:

Computer Numerical Control (CNC) machining is the automated control of machine tools
through a computer, representing an advancement over earlier Numerical Control (NC) systems
that relied on punched cards or tape for input. CNC machines use motorized tools and platforms,
guided by computer-generated instructions—typically in the form of G-code or M-code—to
perform precise operations. These instructions can be manually programmed or, more
commonly, generated through CAD (Computer-Aided Design) or CAM (Computer-Aided
Manufacturing) software. CNC technology offers greater flexibility, easier programming, and
real-time adjustments, which has led to its widespread adoption as computing costs have
decreased. Even in 3D printing, similar principles apply, where the model is first sliced before
generating the machine instructions, often also in G-code.[4]

2.1 Types of CNC machines

The main advantage of CNC machines lies in their ability to work with a wide range of
materials while maintaining high precision. Unlike conventional machines, CNC systems
efficiently handle thick and tough materials, easily penetrating them without loss of accuracy.
They also excel at producing intricate details, such as cutting precise shapes like the letter "V,"
which can be challenging for other machines. This capability makes CNC machines highly
versatile, able to process materials including wood and metals. Due to this versatility, multiple
types of CNC machines have been developed to suit different manufacturing needs and
applications.

2.1.1 The Lathes:

One common type of CNC machine used in metal shaping and manufacturing is the CNC
lathe. This machine works by rotating the workpiece, allowing it to be formed into the desired
shape. Figure 1-6 illustrates the shape and components of a CNC lathe . [5]

12
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fig.1.6: lathe machine
2.1.2 Milling Machine:

This CNC machine uses rotary cutters to shape different materials. It performs milling

operations that can also be done manually. Figure 1-7 shows the typical shape of a milling
machine [5]

Fig.1.7: milling machine

2.1.3 Plasma Cutters

This type of CNC machine cuts steel and other materials using a high-temperature plasma arc.
The cutting process is carried out with plasma torches. Figure 1-8 shows the CNC plasma cutters

fig.1.8: CNC plasma cutters [5].

13
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- The elements of the lathe machine

Fig.1.9: CNC lathes
1. Sheetmetal
Protective housing that contains cutting chips and capture coolant for recycling
2 — Door
The door is closed during operation. Lathes can be dangerous if the part is thrown or a tool
breaks during machining. The window is made from a special high impact glass. The lathe
should not be operated if this glass is cracked.
3-Spindle
The spindle is attached at one end the machine drive system. The other end attaches the chuck,
which grips the part.
4-Turret
The turret holds and moves the tools. Tools are bolted to the turret using a variety of specialized
holders, depending on the type of tool. The turret indexes to present the tool to the work piece.
5-Control
The CNC control used to operate the machine. [6]

Turn Machine axes :

CNC lathes are commonly categorized based on the number of programmable axes they
possess. Most vertical CNC lathes have two axes, while horizontal CNC lathes—maore widely
used—typically feature two axes but can be equipped with three, four, or even six axes to
accommodate more complex part manufacturing. The slant bed lathe is especially popular for
general machining, as its design directs chips away from the operator and safely directs parts
downward toward the chip conveyor in case of accidents. Besides flat bed, slant bed, front and
rear, horizontal, and vertical designs, lathes are often classified simply by their number of axes,
which remains the most straightforward and common way to identify different types of CNC
lathes.

14
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Axis Orientation — Turning :

Most CNC lathes feature two primary axes, X and Z, although additional axes exist but are
less common. A specialized third axis, known as the C axis, is available as an option for milling
tasks (live tooling) on many CNC lathes. In industry, CNC lathes often use a dual orientation of
the X and Z axes, distinguishing between front and rear lathes. Front lathes resemble traditional
engine lathes, while all slant bed lathes fall under the rear category. Axis identification does not
always follow strict mathematical conventions. Another type, the vertical CNC lathe, is
essentially a horizontal lathe rotated by 90°. Figure 1-10 illustrates typical axis configurations for
both horizontal and vertical turning machines. [7]

‘x+ -— 74
REAR LATHE
FRONT LATHE
-7 X+
2+

VERTICAL LATHE

— X

Fig.1.10: Typical machine axes of a CNC lathe (turning center)

Mill machine Axes :

Milling machines and machining centers typically have at least three axes: X, Y, and Z.
Adding a fourth axis, usually a rotary or indexing axis (A for vertical or B for horizontal
models), increases their flexibility. Machines with five or more axes offer even greater
versatility. For instance, a basic five-axis machine like a boring mill includes three main axes
plus a rotary (B) and a parallel (W) axis. True complex five-axis machines, often used in the
aerospace industry, enable simultaneous multi-axis cutting to handle intricate shapes and hard-
to-reach areas.

Terms like “two and a half” or “three and a half” axis machines describe setups where
simultaneous axis movement is limited. For example, a four-axis vertical machine with an X, Y,
Z, and indexing A axis allows positioning but not simultaneous rotation with other axes, often
called a three and a half axis machine. In contrast, a machine with a fully rotating table that
moves simultaneously with primary axes is considered a true four-axis machine, demonstrating
full multi-axis capability.

Axis Orientation — Milling

A standard 3-axis CNC machine operates using three controlled axes: X, Y, and Z. The X
axis runs parallel to the machine table’s longest side, the Y axis follows the shortest side, and the
Z axis refers to the spindle's vertical movement. In vertical machining centers, the X axis
corresponds to the table’s longitudinal movement, the Y axis to the saddle’s cross movement,
and the Z axis to the vertical spindle motion. In horizontal machining centers, the axis definitions
shift due to the machine’s orientation: the X axis is still the table’s longitudinal direction, but the
Y axis becomes the column’s vertical direction, and the Z axis follows the spindle’s horizontal
movement. A horizontal machine can essentially be seen as a vertical machine rotated 90

15
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degrees. Additionally, horizontal machines often include a B axis, which allows indexing
rotation. The typical axis arrangement for CNC vertical machines is shown in Figure 1-11. [7].

> R

Fig.1.11: standard orientation of planes and CNC machine tool axes

2.2 Different Axes

Any CNC machine can be equipped with additional axes, usually referred to as secondary axes
and labeled U, V, and W. These axes run parallel to the primary X, Y, and Z axes, respectively.
For rotary or indexing purposes, the extra axes are named A, B, and C, corresponding to
rotations around the X, Y, and Z axes. The positive direction of a rotary or indexing axis follows
the same direction as advancing a right-handed screw along the positive X, Y, or Z axis. The
relationship between the primary and supplementary axes is illustrated in Figure 1-12. [7]

X Y Z || —imary
[ V] W] &
[ N I R
[AT B8] [C] 2%
sy e

Fig.1.12: relationship of the primary and the secondary machine axes
2.3 CNC coordinate System:
Cartesian Coordinate System

CNC machine motion is based on the Cartesian coordinate system. To operate a CNC
machine effectively, it’s essential to understand how coordinate systems are defined in both
CAM software and CNC machines, and how they interact. This topic begins with an overview of
the Cartesian system, followed by a detailed explanation of the relationship between CAM and
CNC coordinate systems. It also covers the setup of the Work Coordinate System (WCS) on the
machine, which defines the part’s location within the workspace. The section concludes with an
explanation of tool length and diameter offsets—Ilength offsets compensate for varying tool
projections from the holder, while diameter offsets ensure precision in machining, often within
.005 inches of tolerance. The Cartesian coordinate system consists of three number lines, labeled
X, Y and Z, set at 90-degree angles to each other as shown in Figure 1-13 below. The origin, or
Datum, is where the three axes cross each other. The labels, orientations, and directions of the
Cartesian coordinate system in Figure 1-13 are typical of most Vertical Machining Center
(VMC).
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Fig.1.13: VMC Machine Coordinate System

Fig.1.14: 3D cartesian coordinate system

(At Home Position)
Table 1: Classification of Machine Tools [8]

Number of
A)l::sl O | Movements Type of Machining and Possible Operations

1 Z Broaching, Press

2 X, Z Turning: all shapes obtained have the same axis of symmetry
Milling: surfacing, drilling, pocket milling, slot milling, and

2 XY machining of complex surfaces. The tool axis remains parallel
to a fixed direction relative to the workpiece.

3 XV 7 Turning, with spindle control, general turning, milling with

n rotating tools, off-axis drilling. Spindle movement is controlled.

Milling: surfacing, drilling, pocket milling, slot milling, and

4 X,Y,Z,B | machining of complex surfaces. The tool axis remains
contained within a fixed plane relative to the workpiece.

4 X,Y,Z,C | Milling (seeX, Y, Z, B)

4 XY, ZC Turning

4 2x(X,Z) | Two-turret turning

5 2x(X,Z,C) | Two-turret turning with spindle control (see X, Z, C)

c X Y.7Z A C Mi.lli.ng (')f comPleX s.hapes: flank milling, milling with indexing,
drilling in all directions

5 X,Y,Z, B, C | Milling of complex shapes (see X, Y, Z, A, C)

5 X,Y,Z, A B | Milling of complex shapes (see X, Y, Z, A, C)

17




Chapter 1: Literature review

2.4 Diagram of the CNC machine tool

Control Unit Operative Unit
Part -
Program Display:
l Control Movements,
Speeds
Director
Manual (Management) Orders:
Cl? n?;)noang) 4 Movements, Raw
(Reyboar Speeds Work-
1 piece
Information Reports: 1
Support Positions,
(Punched Tape) i CNC Work Completion _
Machine Anomalics | |Finished
Communication (Execution) of Workpicce
with other PCs,
Operator Dialogue

Fig.1.15: Diagram of the CNC machine tool [8]
A) The operative unit:

It represents the machine itself. It is identical to conventional machines in the "machining”
function but has superior performance. It can have several motorized machining heads according
to one or several independent axis systems, and it also includes additional elements to control the
clamping and lubrication devices.

B) The control unit:

It is the brain of the machine, called the Numerical Control Unit (NCU). The NCU sends
rotation and movement commands to the machine’s mobile parts based on the setpoint values
described in the program of the part to be produced.[8]

2.5 The concept of CNC

CNC (Computer Numerical Control) machines are machining tools whose operations are
controlled using a series of letters, symbols, and numbers. These instructions are processed by a
computer system, which is integrated with the machine via an interface device. This interface
acts as a translator, since the machine itself cannot directly interpret the computer’s language.
The term "CNC" reflects this integration of a computer, machine, and control unit working
together to perform automated tasks [9]

2.6 CNC Motion Control

Most CNC machines can accurately position each axis within +0.0002 inches across the
entire working area. This high precision is made possible by a closed-loop servo system, as
shown in Figure 1-16. The control unit sends motion commands through a controller board to
servomotors, which drive ball screws connected to the machine's axes. These ball screws move
the table or column as needed. A servo transmitter monitors the actual axis position and
compares it to the commanded position, allowing for continuous feedback. Because ball screws
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have minimal backlash, reversing direction results in almost immediate response. Additionally,
CNC systems use electronic compensation to correct any slight backlash that may remain.

1. Command to
Servomotor

3. Table Motion

/

2. Rotate Ball Screw

/ o
.............,\X_X

4. Position Feedback

Fig.1.16: Closed Loop Servo Mechanism
2.7 Work Coordinate System

Using machine coordinates for CNC programming would be impractical, as the machine’s home
position is far from the work area, resulting in large, non-intuitive values. To simplify
programming and setup, a Work Coordinate System (WCS) is defined for each CNC program.
The WCS is a reference point chosen by the programmer on the part, stock, or fixture. Although
it may align with the CAD model’s origin, it doesn’t have to. Its placement within the machine’s
working space requires thoughtful selection.

« It must be located using tools like an edge finder, probe, or indicator.

It should offer high precision—typically within £0.001 inches.
o It must be repeatable, ensuring consistent part positioning.
o It should consider how the part will be rotated or repositioned during machining.

Top View Left View

Fig.1.17 Work Coordinate System (WCS) Fig.1.18: Work Coordinate System (WCS)
milling turning
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2.8 The advantages of CNC machines

Industry is the backbone of any productive nation, and its success often depends on the
extent to which it utilizes advanced machinery. The more accurate and efficient these machines
are, the more competitive the industry becomes. With technological advancement, scientists
began integrating electronic systems into mechanical equipment, leading to increased control
through computer connectivity—ushering in CNC (Computer Numerical Control) systems.
advantages of CNC Machines:

« Programs can be created directly on the machine and saved to its internal memory.

o Programs are easy to edit and review.

o Less input data is required, and output production is significantly faster.

o Operators benefit from improved safety.

o CNC systems allow operators to perform other tasks simultaneously, increasing overall

efficiency.

« High precision is ensured across all components by using the same program repeatedly.

« Capable of producing complex parts that are difficult or impossible to machine

traditionally.

» Reduces total production time, as machine setup is only required during the first

operation.

o Lowers production costs by minimizing waste and optimizing workflow.

o Saves time compared to traditional machining methods.

o Enables mass production with uniform accuracy.

« Allows precise control over cutting conditions.

 Facilitates smooth transitions between different product geometries.

2.9 Disadvantage of CNC machines

There is no perfect invention in the world — when something has advantages, it also means
it has disadvantages. However, a good invention is one where the advantages outweigh the
disadvantages. CNC Disadvantages:

o High cost of the machine.
e Operators must be highly trained to work with this type of machine.
« Shortage of specialists qualified to maintain these machines.

« Requires special tools for remote control and continuous operation.

3 Stages of CNC work

Data is transferred between input and output through the computer, which compares the data
within its memory or device. It reads sensor feedback and sends it back to the computer to
compare input with sensor readings. This process continues until the lowest possible error is
achieved, resulting in the highest accuracy and quality in CNC operations. The main stages of
CNC work are:

« CAD
« CAM
e Machine control and operation
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3.1 Computer-Aided Design (CAD)

The computer-aided design (CAD) system is closely linked to the evolution of computer
graphics, but it extends beyond simple graphics by including advanced analysis and modeling
capabilities. Interactive computer graphics (ICG) serves as the essential technical foundation for
CAD systems. This software enables the creation of geometric shapes in all dimensions,
allowing users to draw 2D designs and convert them into 3D models when needed. It also
provides simulations for movement, stress distribution, and plots force and moment curves
affecting the engineering part. The files are then saved in formats compatible with CAM
software. Popular CAD programs include:

o Autodesk Inventor
o SolidWorks
e CATIA

Figure 1-19 illustrates the CAD software workflow: the process starts with sketching and
adjusting settings. For 2D designs, the 2D icon is selected, while 3D models use the 3D icon.
Designs can be converted from 2D to 3D within the software. After completing the design, it is
exported into programming languages readable by CAM systems.

Engineering Sketch -[ Start J

v
Settings Units, Gnd (snap), ...
3D K 2D
[' 1 g < dim > —r
/ \\\ > 3 5 o
2 Constru;t Basic |, ) . Create lines, radll, part|
&/ Solids contours, chamfers
== ¥ =
. Boolean Operations extrude, rotate " R
=) ,@_cf.,s_egtractc.-),]‘ Add cutouts B Tiokes. =5
l » Annotations
Dimensioning CAD file
L9 — .' 1 ::» -_-4‘//- p
XX | Verification | -{ Output N EXwong Ao
~———— ™ IGES file

Fig.1.19: Generic CAD Process

3.2 Computer-Aided Manufacturing (CAM)

Computer Aided Manufacturing (CAM) refers to the use of computer systems to plan,
control, and manage manufacturing processes by directly or indirectly linking computers with
the factory production environment. CAM software converts engineering designs created in
CAD into G-code, which CNC machines use to interpret the design. This G-code is transferred to
the CNC machine either directly through a network cable or indirectly via flash memory. Once
received, the CNC machine sets the necessary parameters to begin the manufacturing process.
[10] Common CAM software includes:
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Surfcam
PowerMill
HSM
SolidCAM

Figure 1-20 illustrates a typical CAM system workflow. While the order of steps may vary
among different CAM platforms, the core data requirements remain consistent to ensure proper
operation. Milling is the primary application of CAM systems, and the following discussion will
focus on this area. [11]

r~ N
Open and prepare the fn z
CAD model [ — Modification
~ s -~ Blank material
@ ™~
Select machine tool * Basic data, Type of CNC
. > controlar, Ccordinate system,,
* Safery planes
~ ~
Sclect tool N
. PN Diamecter, Length, Comner
-~ * ~ radius, Tool holdar
Select strategy
. 4\\.
*. ~ Define paremeters
—’[ Define geometry N
¥ . \. Axis, Curve, Surface, Volume,
— ~ Window
Calkulation
- o
+
r ™~
Shinulétian Display tocl path, Collision
L 4 check, Manufacturing time
r~ * ~
Generate CNC program
. >
= % "y
Create documentation
- J

Fig.1.20: CAM Process

3.3 Machine control and operation

CNC machine tools operate by performing linear sliding and rotary movements. These
movements vary by machine design, but the system automatically interprets axis commands
(such as moving the cutting tool along X+ or Y+) by moving the tool or table accordingly, often
in the opposite direction (-X, -Y). The key is that the cutting tool reaches the programmed
position, regardless of whether the table or tool moves. To ensure safety, all control systems
require a “return to zero” operation before automation begins. The zero point is set at the
junction of the positive ends of the movement axes. After loading the program into the CNC
control unit, the operator inputs additional data, especially the reference or origin point (zero
position) of the part to be machined. For CNC operation, the main steps include:
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Ensuring a proper working environment.

Providing safe and suitable machine feeding.

Selecting cutting tools with appropriate length adjustments.

Choosing the correct metal material.

Operating the machine.

Downloading the part program from CAM in the machine’s compatible language.
Copying the program into machine memory.

Setting the zero-reference point.

Choosing suitable cutting parameters.

Monitoring and controlling the work. [12]
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Introduction:

The SOLIDWORKS sSoftware is a computer-aided design (CAD) software used for
mechanical design automation. It enables designers to quickly create and test ideas by sketching,
modifying features and dimensions, and producing 3D models and detailed 2D drawings. This
document introduces essential concepts and terminology used across the SOLIDWORKS
interface and helps users become familiar with its most commonly used functions.

1 Design Method

Before beginning the actual model design, it's useful to plan the modeling approach. Once
the design requirements are clear and the right concepts are chosen, you can proceed with model
development:

o Sketches: Create the necessary sketches, apply dimensions, and define geometric
relations appropriately.

o Features: Choose suitable features like extrusions and fillets, determine the optimal
feature sequence, and apply them in the correct order.

o Assemblies: Identify which components to assemble and select the appropriate mate
types to ensure proper alignment and movement.

1.1 Sketches

A sketch is the foundation of most 3D models, and modeling typically starts with a sketch.
From the sketch, you can generate features, combine features to form parts, and then assemble
those parts using mates to build a full assembly. Drawings can be created from either parts or
assemblies.

A sketch represents a 2D profile or cross-section. It is drawn on a plane or a planar face.
While 2D sketches use the X and Y axes, 3D sketches include the Z axis as well.

Regardless of the method, all sketches share the following basic elements:

1.2 Origin

In many cases, a sketch begins at the origin, which serves as a stable reference point or anchor.
In the example below, a centerline is also included. This centerline passes through the origin and
is used as the axis for creating a revolved feature.

1.3 Dimensions
You can define dimensions between elements like lengths, angles, and radii. Modifying these

dimensions alters the size and shape of the part. By strategically applying dimensions, you
ensure the design intent is maintained throughout changes. [13]
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2 Flange bearing housing design:

2.1 Sketches and dimensions:
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2.3 Features

Once you complete the sketch, you can create a 3D model using features such as an extrude (the
base of the faucet) or a revolve (the faucet handle). [13]
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Sketches and dimensions:
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2.4 Remove Material with the Cut-Extrude

The Cut-Extrude tool is similar to an extrude feature, except that it removes material from
the model instead of adding material.[13]
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2.5 Design Views:

bottom view

front view Left view
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3  Details drawing:
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1 Introduction:

CAMWorks software, developed by HCL Technologies, is a powerful parametric, feature-
based virtual machining software that enhances CNC toolpath creation by using intelligent,
automated methods. Instead of traditional manual programming, CAMWorks identifies
machinable areas as features, allowing for faster and more intuitive CNC programming. This
feature-based approach aligns closely with modern CAD systems, especially SOLIDWORKS,
Solid Edge, and CAMWorks Solids, with which CAMWorks is fully integrated. Thanks to this
tight integration, users can work within a single interface using the original solid models for both
design and machining, eliminating the need to export files in formats like IGES, STEP, SAT, or
Parasolid. Toolpaths are generated directly on the SOLIDWORKS model, ensuring accuracy and
avoiding approximations. Moreover, these toolpaths are fully associative, meaning any changes
to the model automatically update the machining instructions without requiring manual
reprogramming. This greatly improves efficiency and reduces the risk of errors. Additionally,
CAMWorks is available as a standalone CAD/CAM package that includes an embedded solid
modeler (CAMWorks Solids), providing flexibility for users who may not use SOLIDWORKS
but still require an integrated and intelligent CAM solution.

2 Virtual Machining

Virtual machining is a simulation-driven technology that enables engineers to define,
simulate, and visualize machining processes within a digital environment using computer-aided
manufacturing (CAM) tools such as CAMWorks. This virtual setup provides several key
advantages, including the ability to easily make adjustments, detect and correct errors early in
the process, and gain a clear understanding of machining operations through real-time
visualization of simulations. Once the machining process is finalized in the virtual space, the
toolpath can be translated into G-code and transferred to a CNC machine on the shop floor to
physically produce the part. The workflow of using CAMWorks for virtual machining includes
multiple steps: beginning with the creation of the design model (typically a solid model
developed in SOLIDWORKS as a part or assembly), followed by the selection of the NC
machine and the creation of stock material. Before extracting machinable features, users must
define the machine type—whether it’s a mill, lathe, or mill-turn—select the appropriate tool
cribs, and choose a compatible post processor. Once these foundational elements are set,
machinable features can be identified and an operation plan is generated. This plan outlines the
sequence of NC operations required, determines the part setup origin (where the G-code zero
point is located), and includes decisions such as tool selection and the definition of machining
parameters like feed rate, step-over, and depth of cut. Following this, the software generates the
toolpath, simulates the operation to ensure accuracy and efficiency, and finally converts the
toolpath into G-code for production.
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- Create a solid model, part or assembly, in SOLIDWORKS.

- Choose an NC machine, mill, lathe, or mill-turn, intended for
the machining operations, choose a tool crib, select a
coordinate system, and select a suitable post Processor

Create Design Model

Choose NC Machine - Create stock, including shape, size and material

+ - Use AFR to extract machinable features embedded in the
Extract or Identify solid model, such as holes, pockets, bosses, etc.; or manually
' Machinable Features identify machinable features
; - Generate machining operation plan, including specific
" Generate Operation |  Machining strategies, cutting tools, and machining parameters,
Plan such as feedrate, spindle speed, stepover, depth of cut, etc.

'

Generate Toolpath

_ * - Simulate machining operations or step through toolpath
Simulate Toolpath Record machining time

f

Post Process

- CAMWorks generates toolpath.

- Convert toolpath to G-code
- Verify G-code

Fig.3.1: process of conducting virtual machining using Camworks

3 CAMWorks Machining Modules
The machining modules included in CAMWorks represent a fairly complete set of capabilities in
support of virtual machining and toolpath generation. These modules include:

« 2.5 axis mill: includes roughing, finishing, thread milling, face milling, and single point cycles
(drilling, boring, reaming, tapping) to machine prismatic features;

* 3 axis mill: includes 2.5 axis capabilities plus strategies to machine complex, contoured
surfaces encountered in mold making and aerospace applications;

* 4 axis turning: includes roughing, finishing, grooving, threading, cutoff, and single point cycles
(drilling, boring, reaming, tapping);

* Mill-turn: includes milling and turning capabilities for multitasking machine centers;

 Multiaxis machining: 4 axis and 5 axis machining, including high-performance automotive part
finishing, impellers, turbine blades, cutting tools, 5 axis trimming, and undercut machining in
mold and die making;

» Wire EDM: 2.5 axis and 4 axis cutting operations automate the creation of rough, skim, and tab
cuts.

33



Chapter 3:Computer-Aided Manufacturing (CAM) using CAMWORKS
4 CAMWORKS command buttons:

Button Symbol Name Function
I Define Machine Allows you to define the machine tool that the part will be
Define machined on, such as 3-axis mill.
Machine
}. Coordinate System | Define Coordinate | Allows you to define a coordinate system and assign it as the
System Fixture Coordinate System for the active machine.
g Stock Manager | Stock Manger Allows you to define the raw stock from a bounding box, an
extruded sketch or an STL file.
* Setup Part Setup Allows you to create Part Setups that defines (1) tool
orientation (or feed direction), (2) G-code program zero, and
(3) the X direction of tool motion.
@ Extract Initiates automatic feature recognition (AFR) to
Extract Machinable automatically extract solid features that correspond to the
Machinable Features machinable features defined in the technology database
Features (TechDB™). The types of machinable features recognized
for mill and turn are different. CAMWorks determines the
types of features to recognize based on the NC machine
selected. The machinable features extracted are listed in the
feature manager window under the CAMWorks feature tree
- tab .
g Generate Gencrates operation plans automatically for the sclected
Generate Operation Plan machinable features. The operation plans and associated
Operation machining strategy and machining parameters are selected
Fan based on rules defined in TechDB™. An operation plan
contains information on how the machinable features are to
be machined. The operations generated are listed in the
feature manager window under the CAMWorks operation
) tree tab (X .
Q,m Generate Toolpath | Creates toolpath for the selected operation plans and displays

Generate the toolpath on the part. A toolpath is a cutting entity (line,
Toolpath circle, arc, etc.) created by a cutting cycle that defines tool
motion.
Simulate Toolpath | Provides a visual verification of the machining process for
Simulate the current part by simulating the tool motion and the
Toolpath material removal process.
Step Step Through Allows you to view toolpath movements either one
Tom:’m Toolpath movement at a time, a specified number of movements or all
movements.
SWC cL Save CL File Allows you to save the current operation and associated
File parameters in the technology database as CL (cutter location)
data for future use.
[¢1] Post Process Translates toolpath and operation information into G-code for
Post a specific machine tool controller.
Process

Table 2: the major command buttons in CAMWORKS
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5 CAMWorks Machine Simulation

CAMWorks Machine Simulation provides a realistic virtual environment that replicates the
physical setup of an NC machine, enabling users to conduct machining simulations with high
fidelity. This simulation includes detailed computer models of the machine itself, tilt rotary
tables, fixtures, tools, tool holders, stock, and parts, accurately representing the actual machining
environment. Beyond simulating machining operations, the Machine Simulation module offers
advanced tool collision detection within this realistic context, enhancing safety and efficiency.
Although offered as a separately licensed module, some legacy machines, such as mills and mill-
turn centers, come integrated with CAMWorks. For example, Figure 3-1 illustrates a machining
simulation using a legacy mill called Mill Tutorial, where components like the tool, tool holder,
tilt and rotary tables, stock, and the machine coordinate system (XYZ) are clearly shown (as
detailed in Figure 3-2). The right side of the interface displays the machining operations along
with the corresponding G-code in the upper and lower sections of the Move List. At the top,
users select the default virtual machine (simulator), Mill Tutorial, and beneath it are controls for
running and managing the machining simulation. [14]

' Machee Semdaron - 0

Machne | M Tutenat ) Lot On ¢ Vet Ow ¢ Tetet Om v Ug-aate

NC machine

S
Tool holder
Tool /N( operations
Tilt table - o
Stock

Rotary table

Fig.3.2:CAMWorks Machine Simulation
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6 The process plan guide:
we will do two process plans for this piece the first with 3axis mill machine and the second with
4 axis mill-turn machine.

- the 3axes mill:
Mill setup one Mill setup two
features operations features Operations
Face mill Face mill Open pocket Rough mill, contour mill
Open pocket Rough mill, contour mill | drill Center drill, drill
drill Center drill, drill, rough
mill, finish mill

Operations parameters

Tools, strategies, spindle speed, surface speed, feed......

- the 4axes mill-turn:

Turn setup one Mill setup Turn setup two
features operations features Operations | features operations
Face feature | Face rough, face Open pocket | Rough mill, | Cut off Cut off

finish contour mill
Outside Turn rough, turn drill Center drill,
Diameter finish drill
Features
Inside Center drill, drill,
Diameter bore rough, bore
Features finish

Operations parameters

Tools, strategies, spindle speed, surface speed, feed......
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7 THE 3 AXES MILL.:
7.1 The principal steps:

Those first steps: Define machine (machine, tool crib, post processor), stock manager,
coordinate system and setup they are the principal steps we must do.

- select camworks from the command manager.
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- Choose a tool crib.
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- Define a stock manager or raw material
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- Define a coordinate system
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- Define a mill part setup
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7.2 Mill operations:

We will not use Extract machinable features button because it will give us random tools and
don’t follow our tool crib collection and post processor. instead, we will use 2.5 Axis features.

[ﬂ’ }. Coordinate System 0.-
Define Extract Generate Generate Simulate
Machine O Stock Manager Machinablef] Operation Toolpath Toolpath
! Setup e Features Plan

%I-IBSIQIQII =[] o8 |
CAMWorks NC Manager
= & Configurations

X Machine [Mill - Metric)

Stock Manager[CLASS 45]

Je Coordinate System [User Defined]

= & M D e © e oy
Edit Definition...

% Recognize Features
X M Recognize Local Features
& Sort features...
o O il
28 Re EIl Generate Operation Plan
Mill Part Setup...
@ 2.5 Axis Feature... l
[= Part Perimeter Feature...
< Multi Surface Feature...
@’ Properties...
Set View >
7.2.1 Face mill

Step 1: choosing face feature as operation type and select the surface that you want to do facing
operation on it.

—
2.5 Axis Feature: Select Entities ®

X

O End Condition O

2.5 Axis Feature
Iype: | Face Feature

»

Selection Fiiter A
ID Outer loop v
[[J Open chain v

[ Check tor taper & fillets
[CJcontour select tool

»

Available Sketches
Part Sketches

U ISketch3
|Sketch2

|Sketeht
*
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Step 2 : select a strategy and confirm with the green check .

W
vV X #

O wone | nd €

2.5 Axis Feature

>

Iype: [Face Feature ]
Strategy: Finish Y ‘
Spindle attribute : ‘Main

Ihrough:

7(nd condition - Olr«ﬂon 1

Upto Stock
/s 2mm '

>

Step 3 : press generate operation plan that will give the necessery operations

np J.. Cootdinate Syites @ [] uw @ E Sep Theu Toolpath & b
Define Detract | Generate | Geneate  Simulate Poyt Feature 2.5 Axi
Machine ‘ Sock Manager Machinable] Operation] Toolpath Tooipatn (] 54 €L File Process Mil

* Setup . Features aw Publish Shaofloor < Openations

[ Fotres | Sttch | Staces | Mk | ot | MBODianions | SOLIDWORKS Add | CAMWork 2073 | SOLOWORSS spection |

S S— PLEECMER-©-- 08
SIE[RI¢[@/@[E[M]"
CAMWorks NC Manager g
ol Configurations —
X, Machine [Mill - Metric)
) Stock Manager|CLASS 45)
L, Coordinate System [User Defined)]
-8 Mill Part Setup!

P Face Feature! [Finish)
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Step 4: press generate toolpath.

!ﬂ’ }. Coordinate System @

Define Bdract  Generate
Machine 8 Stock Manager Machinable Operatio
Features Pan

* Setup

I | ® S5 step Tvu Toolpath

Generate | Simulate Save CLFile Post

Toolpath | Toolpath Process
é!j Publish ShopFloor

Festues | Sketh | Suraces | Markup | Evlunte | MBD Dimensions | SOLDWORKS Add-ins | (AMWorks 2023 | SOUIDWORKS nspection |

Operation Name: Face Mill1

CER ¢ RN
b CAMWorks NC Manager
& R Configurations

2 Machine [Mill - Metric)

) Stock Managed CLASS 45]

X Coordinate System [User Defined]
56 Mill Part Setup! {Group!]

+ 48 Face MA[T12 - 50 Face M)

Ble

Tool Gameter: 50.000mm

| Tool materisl: Cartide
XYFeedRale: 2000 000mmimn
2 FeadRate: 125 000mm/men
Spindle speed: 3000 000

| RapidPlane distance: 25.000men

| Clearance plane dstance: 3.000mm
Machiring depth{s)

Face Featuret: 2.000mm
Rapid locipath length: 330.509mm
Raged locipath time: 0.013min -
Feed tocipath length: 1960 000mas 5
Feed tocipath ime- 1.81fmip,

| Total toolpath length: 164w Smm
| Total toolpath lime: 1827min

Face mill:

|
b M
2.5 Axls Hole
Mill Machining
Operations Operations

Operation Parameters — >
Tool F/S5 Facing MNC Feature Options  Leadsslinks Advanced Posting Optimize
Face Mill  Mil Holder Tool Crib  Station
Preview
Tool Dimensions
St O1): :
Body diameter (D3) : =
e e ) :
Overal length (L1) : =
MNumber of inserts :
Center cutting :
Non-cutting Portion
Type : | Straight ~ - D2
Shoulder dia (D4) : | 50mm = 1
Shoulder length (L4) z
Shank diameter (D2): 5 i ] La
Shank length {L6) - |35mm z | .i_ 1
Properties Hand of cut
Cutting parameters...
@) Right
Tool material : Carbide O Left
TechDBID : 2
Comment : [50MM 5FL FACE MILL =
=h. J Cancel Preview Help
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Operatson Pararneters - >

Toad F/S Facng NC Festure Ogtions  Leads/Links Advanced Posting Optimize

Defined by | Operation - Reset
Urary

?

Stock matenal : [CLASS 45
Machine duty - | Medum duty

SMM : [471 238838

LU )

Spncde speed - | 3000.000000m
E]Lod\sondem«d

Drection
Feedrates
Feed per tooth - |0.133333mm =
XY feedrate - | 2000.000000men /| =
Zfeedrate - [125.000000men/me) o1 [1%
Loadn feedrate e % L S
Shap Comers Arc feedrate ovemde
7 Erable comer sowdoam [ e teadrate ' e l
XY Feedrate =1 [ System caicuisted feadrates
Distance I Min feedrate © ; <
Threshold comer .. - Max foedrate - 'I
ange » - -
Threshold comer
radkus |

7.2.2 Mill open pocket:
We will take the same steps in the first operation.

Type: open pocket

2.5 Ads Feature: Select Entities @
A

B Ena Conditior )

2.5 Axis Feature R
Iype: Open Pocket v

Selection Filter R
!T; Outert loop v
:'1 J  Openchain v

[T cnveck tor tapey & filets
) comour setect tool

»

Avaitable Sketches

Part Shetchen
U Sketch) 1
Sketen2
Sketeh)

43




Chapter 3:Computer-Aided Manufacturing (CAM) using CAMWORKS
Strategy: rough-finish

2.5 Axds Feature: End Conditions @
v X =
~
O Profile Island 0
2.5 Axis Feature 2

Dype: Open Pocket |
Strategy: Rough-Finith v
Spindie gttribute :  Man

Ihtough: ]

End condition - Direction 1 R
)( Blind v

[somm

»
o

S ER 4 S HEHE
) CAMWorks NC Manager
0§ Configurations
&) Machine [Mill - Metric]
a Stock Manager{CLASS 45)
1, Coordinate System [User Defined]
3-8 Mill Part Setup!
@ Face Featurel [Finish]
PR Open Pocket! [Rough-Finish]
dace

Generate operation plan and tool path.

Features | Setch | Srfces | Markup | Evalate | MBD Dirnensions | SOUDWORKS A | CAMWorks 2023 | SOLIDWORKSspecion |

.. L PLRARLRE- G-
S ER S SHEHREHRDS
) CAMWorks NC Manager
o f Configurations
1 Machine [Mall - Metric)
) Stock Manager CLASS 45)
L, Coordinate System [User Defined)
-8 Mill Part Setup! [Group!]
&8 Face MAINTI2 - 50 Face Mill]
+ g Rough MII[TO5 - 20 lat End]
+ & Contour MI1[T27- 6 Flat énd]
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ROUGH MILL:

Tool F/S Roughing NC Festure Optiors  Advanced Posting Optimize

ME Tool M Holder Tool G Stsson

i Prevew
Tocltype  Rs End v U
Subtype - Rough 8 Firish ez
Tool Dimensions -]
Cat Gameter D) | 20men s
End radws (R) » = = S
Puge lorgzh (L2) - | 38men . L
Overall length ILY) - | 1000 = L = J
No_of futes - |2 ey .
Certer cutting - (A
Noorcutting Portson
Tyve | Straght v | - 02
Shoulder da (D4) o
Shoulder length (L4) | |243mm I

Shank da (D2) © | 20men

LU LU L

Shank length (LE) m
Propertios Harnd of ot
Cutting parameters E
Tool matecsl - Carbide S
Outpet through - Tie v Otet
TechDBID - 23

Commert - | 20MM CRS 2FL 38 LOC

Operation Parameters -— xX
Tool Frs Rougheng NC Feature Opticns  Advanced FPosting Optimize
Defined by © Operation ~ Reset
Litrary
Condtoos =
Stock matenal | [CLASS &5
Machine duty © [Medum Aty
Spncle
smM - [ 123 455559 2
Spinde speed : | 3000 000000men =3
[J Lock spindie speed
Owecnon : :
Feodrates
Feod pertocth : |0 3125w = M Te 3 -
XY teedate - 1275 DO0000mm /v =1
Zicedate v - Bx: = 3
Leadn feedrate reer : BE=x: s :
Shap Comens Acc leodrate ovemde
[[] Enable comer slowdown [ Actcasse = l
XY Feedrate s ‘ [[] System calcudsted feedrates
Distance = Mn feccdrate 2 I
Threshold comer - Max feedrate =11
angle - -
Threshold comes -
rads - I
=] e | |
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Operation Pararmeters = b

Tool F/S Roughing NC Festure Options  Advanced Posting Optesze

Pocketng
Pattem |  Pocket In ~
Caz angle dog s
Stat comer Tep Rgit
Mnimum dameter . 5 =

Stay o depth 4
Machine siand top (]

Hoh Speed

Side parameters Depth parameters
Asowance - [0 25w S Method :  Equal -
[x Repover - |40 a Botmom slowance ©  Omm =
[0 Wedge machnng isiand allowance - [r =
Rest machnng x Frt ot 2ot Jren =
Generate £ x Max cut ant. - | 2vm s
Machine - [No ~ Final cut amourt : [0 25mm z
Cut mathod Min cut amourt R

®) Chers

Depth processing
O By level
(®) To depth by region

el o ][ caesi | [ Poview | [ e

Operation Pararmeters e e

Tool F/S Roughing NC Feature Options  Advarced FPosting Optimize

Foatures
Feature kxt

Open Pocket1 ~ @
Parameters \/

ey N
Method : {Plonge i Machin

s ing
Strategy : [ Del Features
- Ret-act
s = Method. ' Z Rapid <
Ramp angle -
Radus x
Ertry ports Retract ports
r 7
ClLengh & angle [JLangth & angle
Erttes selacted Entties selected
Omm |2 Gmm =

46



Chapter 3:Computer-Aided Manufacturing (CAM) using CAMWORKS
CONTOUR MILL:

Operation Parameters - x

Took F/S Cortowr  NC Feature Optiors  Leadn Advanced Posting Optmize

M3 Tool MM Holder ToolCib Station

7] Preview
Tocltype  Rat End ~ 38
Subtype - Rough & Frssh
Tool Dimensions
Cut Gameter (D7) [6mm 8
End radks (R) : - N
Fute longth (L2) - | 19mm S t—.un
Owerall length (LY) © | S1mm s L — 1y I
No cffiges |2 P
Certer autting * 5 ‘
Non-catting Portion y
Type Seraighe et _1 - o2
Shouider da (D4) - |
Shoulder length (L4) - | 15mm | k2 [ '
Shank da ©02) - [&mm | & l "
Shari length (LE) - 150 & -l . |
Propenies = Hard of cut
Tool matenal  Catnde -Z'Q_‘rMi
Output vough - Tip 2 R
TechDB D - -1

Comment . | MM CRB 2FL 15 LOC

Operation Parameters

Tool F/S

Defned by - Operation

Litracy
Conditions

Contoar NC

Reset

Feature Options  Leadn Advanced

Stock matenal - [CLASS 45
Machne duty Madun ALy

Spinde '
SMM ; [S6.543558

Spindie speed : | 3000.000000mm
[ Lock sornde speed

Direction

Feed pertooth - |0 2%y

XY teedrate - [ 1500 000000mm /| =
Zicednte

Laadn feedrate

Acleedrate overnde
[[] Arc feedrate

] System calodated feedrates
Min_feedrate

Max feedrate
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Operation Parameters -— x

Tool F/S Cortor NC Feature Options  Leadn Advanced Posting Optemize

Sde pararmaters =
AMowsrce - P IS
Setings Comers
Charrfer
] Oharder machwing
Angie - S
Length - O :
Ceararce =
Feature Edge Aoes
Cit method
® G
(O Convertional Degth parameters
o Method - | Equal =
O By level Ramo - O -
@) To depth by region Mowsnce - | Omen =
Cl 29209 2 Ftatest. - |lmm :
Rest machining 3 Max cut amt = =
Method Nooe - Final cut ant - Omen s
Toaltype © [Ha e Aogle - deg e
Cit dameter - o
Endradus - E Ax areas
Prov:slowence - {0 : ] Bottom firish Salia
o Tab Cuttng
I Tab cutting Setirge

Operation Parameters

Toodd F/S Cortour NC Feature Opticna  Leadn  Advanced Postng  Optimize
Festures - Open Pocket! v ! [acoly leadn/out 1o A
Leadn/out port
@ Mdpont Offget - I
O St port
A Gouge chack

Leadntype | g
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7.2.3 Hole operation:
Type: hole.

4 End Condtion 0

;
'

Selecbon filte
{D Quter loop v
U] Openchain %

»

Check for tapey & filets

[ contour select tool

Available Sketches

»

Part Sketches

L’ [Sketchs Y
| Sketch2
|Sketchl

Strategy: drill (50mm)

25 Ais Feature

» |

Type: Hole
Strategy: Drill Y
Spindle attribute : Main

Through: []

End condition - Direction 1
2w v

(B [SCmm

»

“«

S ER[¢/eH @
li CAMWorks NC Manager
+ J@ Configurations
X Machine [Mill - Metric]
) Stock Manager{CLASS 45]
X, Coordinate System [User Defined]
=& Mill Part Setup1
Face Featurel [Finish]
E Open Pocket1 [Rough-Finish]
Hole1 [Drill
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Generate operation plan and tool path.

i ; CAMWorks NC Manages

0 h Configurations
3 Machine [Mill- Metric]
) Stock ManageriCLASS 45
1, Coordinate System [User Define)
3@ Mil Part Setup! [Group']
783 Face [T - 50 Face Ml Y
& £ Rough MiI1[TO5 - 20 lat End)
{ E Contour Ml [T27 - 6 Flat End]
+ 4 Cenes Dl 731 - M X ODEG Cents D] X

o DTS - Tt |
+ ) Rough VTR0 - 16t ] ,

+ 1§ Contour MZIT2 - 10 it nd]

CENTER DRILL

Operation Parameters

Tood F/S Certer Dl NC Feature Optiors  Advanced Posting  Optiemize

Certer Drf Tool M Holder ToolCrb  Station
EA Preview

EMM X 600EG

HSS

5

SMM X 600EG HSS CENTERDRILL
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Operation Parameters

Toad F/S Certer Dl NC Festure Options  Advanced Posting Optimize

Defined by © Operation Reset

Litrary
Condtions
Stock materal | [CLASS 45

Machine duty - | Medum duty

19634558

2500.000000pm |5

[ Leck spinde speed

Feed per revoltion - |0 1015mm

Zfeedrate - | 258 000000men/re S

% (oK ] cCocel | Prevew e

Operation Parameters . >

Tool F/S Certer D NC Festure Opions Advanced Posting Optmize

Parameters
Tyee - Spot Drilng ~
£ 3
[ :
Dwed - |4 <
i Canned cycle output
el Carcel e How
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Operation Parameters —

Tool F/S Conter Dl NC Festure Options  Advanced Posting Optemize

Features
Feature bt

Hole 1

TechDS ID Machlning\r'/
Features

=% e

DRILL OPERATION:

Operation Parameters — x
Tool F/S Ol Hole Parameters NC Feature Options  Advanced Posting Optemse
Deid Tood M Holder Todd G Station
£ Preview

Tool Dimensions
Darmeter (D1) | 180

To angle (A) | 113deg
:’ Tip length - |5 202899
Fute length (L2 | 1100

No offites (2 l.

Overalllengh (LY} . | 150mm

Non-cutting Portion r -
Twe Sraght ~ 4
Shoulder da (D4
Shoulder lengtih (LE) - | 110me

Shank da (D2) - | 15

Shank length (LE) ' = .J l
‘

OO
Ayl
-
-

Propertios Hand of 2
Cutang parameters >
- Rght
Tool matedial : C Left
Fracton or No. © 18 Ores d
TechDB 1D - 125
Commert : | 18 Omm JOBBER DRILL =
=] Corcel | | Procem | b
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Operation Parameters

Yoo F/S Dril Hole Parameters NC Feature Optiors  Advanced Posting  Optimsre

Defined by | Operation v Reset
Leary
Condtions
Machne duty
Spinde

[CJLock spinde speed

Drection

Foad per revoRtion | 0.127mm

Zfeedrate | |83 SO0000mm min

%] ok ] [ceed | [Trawew ]| [

Operatson Pacameters

Ted F/S Dl Hole Parameters NC Feature Options  Advanced

Parameters
Tyoe © Packing ~
b= Frst pock amt =
B Sub. peck ane. . | 2men =
- o
Dwed - |0 =
L 3
v
Canned cycie
£ Canned cydie output
=) S| [T [
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Cperation Parameters — x

Tool F/S Drill Hole Parameters NC Feature Options  Advanced Posting Optimize

Ffestires
Feature kst

= : =
Parameters \/
Add tp length [] | 5.402895mm !
Machning . = ’.': r; ‘
TechDE 1D 1203 = @
Machinlng\r/
Features

ROUGH MILL

Operation Pararmeters = >

Toal F/S Roughing NC Feature Opticna Advanced Posting Optmice

M Tool MM Holder Tod Crib  Station

-] Previaw
Tocitype  FPat End - ' h:
Subtype | Rough & Frash i
Tool Demensions _]
Cet dameter (01) & | 16mm
End radus (R)

Fte length L2}
Owverall length (LT)
No_of fiutes
Certer cutong

S2ren
93
2
%
Non-cutting Portion
Type - Suaight
S2rven
&mm

i

Shocider da (D)
Shodlder length (L4)
Shank da (D2
Shark length (L6

O ORIy
|
'-‘—
] .
i
T 0
-
9 ~

Properties Hand of ot
Cuting parameters
Tool matenal : Cadbide 3‘ Right
Owutpnt through = T ~ OLeht

TechD8 1D : 1
Commert 16MM CRB 2FL 32 LOC

BT [Cox ]| Cocat || Povew || he
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Operation Pararmeters

Tool F/S Roughing NC Feature Options Advanced Posting Optimice

Defined by . Operation ~ Resen
Liteary

§

Stock material - (CLASS 45
Machine duty -~ | Medhum duty

sMMm - [ 125663706 =

Spinde speed - 2500 000000 =
] Lock spndie speed

Deection
Feedrates
Feed per tocth | 0 3w o VoM Techndooy Eront
XY feedrate : | 1500 0000C0mmAr| =
Z foedrate = BEx%:js =
Leadin feadrate - 00000 = E3%: [so S
Shap Comerns e feadrate ovenide
[ Enable comer sliowdown ) Arcteedrae <t
XY Feedrate = I [[] System caicuisted foadrates
Ohtasici S [= M feedrate - 2o 5
Threshold comer s - Max feedrate - 5 5
angle . — -
Threshold comer - [—‘
radus -
=) Corc | | e | | b
- x

Operation Parameters

Tool F/S Roughing NC Feature Options  Advanced Posting Optenize

Machne © No ~ Fnal ot amount - |0 250w
Mn ot amourt k

Pocketrng
Pattem - Pocket Out -~
Cut angle =
RKan comer - | Top Foht
Mewrum dameter . 5 =
Cearmp pass B4
Stay st depth £
Machine island top B
Side parameters , Depth parameters
Mowarce - [0 25mm : Method - {Equal 2
E_} Sepover - 140 = Bottom allowance - |Omm =
] Wedge machinng Idand slowance - Dmen A
Rest machinng -~ Frst cut ot | 2men =
Generste & x Max ot amt - |2men =

Cat method
® Qmd
O Convertional

O By level
(@ To depth by regon
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Operation Parameters

Tool F/S

Features
Feature kst

Hole 1

TechD8 ID

A segment offget
% Tool dameter

Ertry
P Method

Pech
Rarro ange
Radus
Sy ports

BA Hole certer
[[JLength & angle

CONTOUR MILL:

Roughing NC

1203

Feature Options  Advanced Posting Optimize

7%

Punge

Machinlng\/
Features

Method:  Z Raged

Operation Parameters

Took F/s Contour

NC

Ma Tood ME Hoider ToolCrb  Station

Tool type
Soome

Tool Dimensions
Cut Garreter (D7)

End radhus (R)

Fute length (L2)
Overal longth (L1)
No_of futes

Center CLtting
Non-catting Portion
Type

Shouder da (D<)
Shodider length (L4)
Shark da (D2)
Shanrik lengeh (LE)

Properties
Tool matecal
Outoet through
TechDB D
Commert

Rat &nd
Rough & Fresh

10
S2mm

[83m

2

eJ

S2mm

10mm

Cutting parameters
Catade

Te

14

10MM CRB 2FL 22 LOC

4y 1y 0

{

= Provien

Feature Optiors  Leadin  Advanced Posting Ogtimsze

()

Hand of cut

@) Rght
() Le®
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Operation Parameters - b4

Tood F/S Cortor NC Feature Opticrs  Leadn  Advanced Posting Optimize

Defined by © Operation - Reset

Lkrary
Condtions )
Stock materal | |[CLASS 45

SMM ;| 109955743 =

Spindle speed - | 3500.000000m= | 2

Du:duspndew
Drection g :
Feodrates
Feedpertooth | [0285714mm ||
XY feecrate : |2000.0000C0mm v |-
Zleedrate | 500 000000 = B&%: (s =
Leadin feedrate . 1500 000000 = BEx:irs O
Shamp Comers A feadrate overmde
[C] Enatie comer slowdown ] Arc feedrate x

'7

D System calcuisted feedrates

]

Distance - Min_feedrate - 20 =
Threshold comer . - Max feedrate - 2 - |
jog = =
Threshold comer - [—
radus -
Operation Parameters — x

Tood F/S Cortour NC Featire Options Lleadn Advanced FPostng Optmize
Side parameters

Alowarce §?;"_ 3
Settings. Comers.
Chander
[ Charter machining
Angle e =
Length - Or €
Ceararce =
Feature Edoe -  Aoen
®) O
) Convertional Depth parameters
Method v
Depth processng Equal
O By level Rarp - OF ~
@) To depth by regon Aowance - [ Omem -
] 3gzag = Frst ot art. | Tmm s
Rest machrng % Max ot amt. - | lerwm -2
Method None ~ Fnal ot amt - Omm 5
Tool type Ax End Argle =
Cut dameter = = »
BEnd radhus v =
£ = Ret areas
Prev_ allow. 2
5 e = ] Bottom firwsh Settrg
Tab Cutang
C17Tab cuttrg e
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Operation Pacarmeters — bYd
Tool F/S Contour NC Feature Options  Leadn Advanced Postng Optmize
Features
Feature st
Hole 1 < @
Parameters \/
Machning . - -
Gegth =l !
TechDE 1D 1203 ‘

Ar segment offset
+ Tool dameter |75

~y

Entry s
£ - “ st
Srategy | e
= Retract
R : Method: | Z Rapid v
Pach -
Ertry ports Retract poirts

£ Hole center
Ertties selacted

] Hole certer
Ertities selected

o

7.3 second mill part setup & coordinate system:

Part Setup Parameters —_ >
Ongin  Axis Offset Indexing Advanced Statistics NC Planes Posting
Origin
O User
X : |-82mm =1 Y:[52mm =1 Z: omn -
O Entity
() Fodure coordinate system
O Top center (Part model)
(O Mid center (Part model)
(O Bottom center (Part model)
(@) Stock vertex O
B e e RS NG
p % QO O
a5 o e
QO
O
(O {
= ) LR
ot O
C)i—
=% Cancel Help
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| 2 | ¢ | ¢ = B AR GE

CAMWorks NC Manager
® K Configurations
2, Machine [Mill - Metric]
Stock Manager[ CLASS 45]
1, Coordinate System [User Defined]
5-& Mill Part Setup1
Face Feature] [Finish]
PR Open Pocket! [Rough-Finish]
Hole1 [Drill]
-4 Mill Part Setup2

7.4 Mill operations:
7.4.1 Mill pocket
Type: open pocket

- —
X
~
Q End Condition 9
2.5 Axis Feature A
Iype: Open Pocket ~ :J
Selection Filter ]
O Outer loop v
ﬁ] Convert to loop v
[CJCheck tor taper & fillets
[ contour select tool
Strategy: rough-finish
L |
A

Q ot and €

2.5 Axis Feature A
Type: Open Pocket
Strategy:  Rough-Finish v
Spindie attribute :  Main

Through: []

,( Blind v

*/g FOMM 2

End condition - Direction 2

» |

<«
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S ER oS lE
a CAMWorks NC Manager
+ “ Configurations
2 Machine [Msll - Metnc]
) Stock Manages{CLASS 45]
1. Coordinate System [User Defined]
& Mill Part Setup!
@ Face Featurel [Finish)
PR Open Pocket! {Rough-Finish]
) Hole1 [Drilt]
=& Mill Part Setup2
@ Open Pocket2 [Rough-Finish]

Generate operation plan and tool path.
[T Iee

iR Configurations
&, Machine [Mill - Metric)
) Stock Manager[CLASS 45]
1, Coordinate System [User Defined)
=& Mill Part Setup! [Group1)
3-&5 Face Ml1[T12 - 50 Face Mil]
-fug Rough Mal1[T05 - 20 Flat End]
515 Contour Mll1[T27 - 6 Flat End]
3-3F Center Drill1[T31 - 8MM X 60DEG Center Drill
+-akk DAll1[T29 - 18x118" Drill]
# g Rough M2[T30 - 16 Flat End]
51 Contour Mll2[TO2 - 10 Flat End]
=& Mill Part Setup2 [Group2)]
+ 1 Rough Mi4[TOH - 16 Flat End]
+ 15 Contour Mil3[T01 - 6 Flat End]

ROUGH-MILL:

Operation Parameters — >

Tool F/s Roughing NC Feature Options  Advanced Posting  Optimize
M8 Tool MMl Holder ToolCb  Station

A Preveew
Tocltype © A End - B
Subtype - Rough § Fnesh
Tool Dimensions F
Cut dameter (01) - [ 16em

End radus (R)
Fute length (L2 [22men
Overall length A1) - [S3mm
No. of fites :2
Certer cutting E
Non-cutting Portion
Tive  Strmght
32
15mm

g
|

|
—_—

(

Shovlder da (D4)
Shoulder length (LE) !

DRI RN R
i
——t—

Shark da (D2 - | l s
Shank length (LE) ©  32me = m I 3
i
Propeics Hand of ot
Cutting parametons i o
Tool matenal - Cadude © Rore
Olett
Output through © | Tip ~ -
TechDBID - 18
Comment - |16MM CRS 2FL 32 LOC | =
= | Cancel Procew e
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Operation Parameters

Tool F/S Roughing NC Festure Optiorns Advanced Posting Optimize

Defined by © Operation Reset
Library

Feed pertocth | | 41686 Tme
XY foodaate - | 2500 000000mmuim| /<
Zieedme - £0F 2000

Leadin feedrate

Shap Comers Ac feedrate ovemde

[ Ensble comer slowdown [l ecfeadrate
XY Feedrate

| ] Systemn calculated foedrates
M foedrate

Max feadrate

el [ ox ] cCoee Prevew Hebo

Operation Parameters

Jool F/S Roughing NC

Pocketing
Patem ©  Pocket Oue

Cut angle - Odeg
St comer Yoo Roie

=

L

-
-
-
-
-
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Operation Pararmeters

Tool F/S
Featires
Feature kst

Open Pocket2

Roughing

NC

Parameters

Entties selocted

CONTOUR MILL:

Featire Options  Advanced Fosting Optmize

Machining
Features
Retract
Method:  Z Raged
Retract ports

] tength 8 angle

\/

o

Ty

Operation Parameters

Tocd F/S Corgonr

NC

ME Tood Ml Holder ToodlTb Station

Tool type
S type

Tool Dimensions
Cut dameter (D)

End radus (R)

Fute length (L)
Orverall lergth (L)
No. of fates

Center cutting
Non-cautting Poction
Type

Shoulder da (DS)
Shocdder length (L&)
Shark da (D2)
Shack lengeth (LE)

Propertios

Tool matenal
Outpet theough
TechDB 1D
Commert

Flat End
Rough 4 Frush

Cuttng pararmeters
Catede

Te

10

6MM CRE 2FL 19 L0C

{

DI R i

£ Preview

Feature Options  Leadn Advarced Posting Optimze

Hand of ot
(@) Righe
D Left
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Operation Parameters - >

Tool F/5 Cortoer NC Feature Options  Leadin  Advanced Posting Optimize

Defined by - Operation v Reset

Ubrary

Condtions
Stock matenal | [CLASS 45

Machune duty : | Medum duty

SMM : |56.548668 B

[[] Lock spindie speed

Feecrates g
Feed per tocth | |0 416557 mm =
XY feedrate : | 2500 00000Cmmr | 5
Zicedrate | £25 00000Cmmme - EO%:[25 =
Leadn feedrate 75.000000 . = ™ 7S5 =
Shap Comers Avc feedrate ovemde
[[] Enadie comer slowdown [ Ac feacrate 1 = l
XY Feedrate - © = I [ System calaudsted feedrates
Distance : 21 < I Min feecrate : ; :I
Threshold comer .. - Max feedrate - 100 > I
: =
Theeshold comes - [—
racdus -

Operation Parameters

Tod F/S Cortour NC Festure Options Leadn Advanced Posting Optimize
Sde parametens

= 1
| -
=

Comers
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Operation Parameters — P <

Took F/S Cortonr NC Feature Options  Leadn  Advanced Postng Optimize

Festres .  Open Pocket2 v [J2ccky leadn/out to A
Leadn/ /ot port
@) Md port Offget : O = =
O Stant port
7] Gouge check
Leadntype A ~ Leadout hype | Same as leadn ~
crngs—s @f ¥
‘ 1 F |
4 \‘Jt i

Leadn amourt - [ 52 : [E] Leadoct amourt -
Addtionsl st «/- : | Omen = Addtionsl amt 3
Lead angle 70&_.; ] Lead ange -
Leadin overdap : | 10 - [E] Leadout ovedap s
Addtiond amt «/~ | Omen 2 Addtional amt - =
=l Ac rodus ;|10 = = Arc rodes £
Addtonal arrt «/+ . Dmen = Adctionsl art - =
Arc angle - | 85deag =2 Arc angle - =
Links between
Side passes . Retract to Cearance Cut depth - | Retract 10 Cearance ~
[B] Feedrate
7.4.2 Drill group operation:
Type: hole
X
-~
¢J End Condition €
2.5 Axis Feature A
Iype: Hole v
Selection Filter A
i':: Outer loop v
:U Open chain v
Check for taper & Nilets
[ contour select tool
Available Sketches A
T T T
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Strategy: drill (10mm)

IO Profile Island U
2.5 Axis Feature A
Type: Hole
Strategy: Drill v

Spindle attribute :  Main
Through: []
End condition - Direction 1 R

’( Blind v

b llOmm 2

-6 Mill Part Setup2
ﬁ Open Pocket [Rough-Finish]
+ {8 Hole Group [Dril
4 RecycleBin

Generate operation plan and tool path.

- ill Part Setup] [Group
- &2 Face MillI[TI2 - 50 Face Mill

- Rough Mill1[T0S - 20 Flat End]

& [ Contour Mil[T27 - 6 Flat End)

-3 Center Drill1[T31 - 8MM X 60DEG Center Drill
&k Drill1[T29 - 18¢118" Drill

4 {4 Rough Mill2{T30 - 16 Flat End]

+ [ Contour Mill2{T02 - 10 Flat End]

E-& Mill Part Setup? [Group?)

# £ Rough Mill4[TO4 - 16 Flat End]

-85 Contour Mill3[T01 - 6 Flat End)

+ 1M Center Drill10{T06 - 6MM X 0DEG Center Dril]
« Wy Drill1O{T25 - 16x118* Drill

&) RecycleBin
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CENTER DRILL:

Operation Parameters - >

Tool F/S Center Drif NC Feature Options Advanced FPosting Optmize
Certer Dl Tool MM Holder Todd G  Staton
B Prevew

Tool Dimensions 'U'
D as 1) [B

T angle - [ 118deg
Courtersnk angie (A) : |S0deg

—
|

-
Putelength (L2): | 2mm - S
. h (LY
Overal length (L1) © |45mm e o
No.of figes : [2 A )
- xvu:&

Shoulder da (D4)
Shouider lengen (LE) © 2%
Shark da (D2) : |6mm
Shark length (L6) © L4

|
|
{
-

Propesties
Hand of ot
Cutting parameters =
2 . Fught
Sae desgnation © |GMM X S0DEG =
O Lt

Tool matenal : HSS
TechDB D : &
Comment : |6MM X 600EG HSS CENTERDRILL

=) e e

Operation Parameters —_ prd

Tool F/S Center Dl NC Feature Options Advanced Posting Optimize

Defined by - Operation ~ Reset
Lary

Stock matensl | [CLASS 45
Machine duty _ueﬁu'n Aty

Soinde :
SMM - [S§597245 =

Spindie speed - | 1000 0000C0pm | 2
[ Lock spindie speed

Dwecton

Feodrates
Feed per revoltion | | §.05588mm

-
-

Zieedrate - | 55 880000 s
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Operation Pararmeters -

Took F/S Certer Dl NC Feature Opticns Advanced Postng Optemize

Parameters r

\

Type - Spot Dring ~

Carred cycle

B Canned cycle outpet

EY Cancet Preview Help

Operation Parameters — b
Tool F/S Certer Dl NC Festure Options  Advanced Posting Optmize
Featires

Feature It
Hole Group 1 ~ @
Parameters \/

i =
\I’/

TechDS8 ID 3 Machining
Features

=% [ ox ]| Cowe | [ Freves e
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DRILL OPERATION:

Operation Parameters - >

Tool F/S Dl Hole Parameters NC Featire Options  Advanced Postng Optemize

Defl Tool Ml Holder ToolGd  Station
] Preview
Tool Dimensions == U
Diameter (D) - 00 s
Te angle (A) . 118deg s r ———
B+ Tolengh - '3 802577 = 12
Fhge length £2)  [132mm 2 123w
Overall length L7) © 181 = "
-~ -
No of fates . 2 AN
' - e Mo

Non-catting Portion
Type | Susght

Shoulder da (D4)
Shoulder length (L4) - | 132mm
Shark da (D2) |

Shark length (LE)

DO R AR
——
Pt ) e |

-
. g

Properties Hand of ot
Cumting parametens
Tool materiad | Cobalt

Olet
Fraction or No. : 16.0men

TechD8 ID - 117
Comenert - 16 Omm JOBEER DRILL

Operation Pararmeters -— x

Tool F/s Dl Mole Parameters NC Feature Optiona Advanced Posting Optemize

Defrec by  Operation ~ Reset

Library
Condecns
Sock matenal CLASS 45

Machire &Ry | Medurn Gty

Z foecrate : | 317 500000mm fme | S
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Operation Parameters -~ x

Yool F/S Oril Hole Parameters NC Feature Options Advanced Posting Optimize

Parametecs
Type -  Pecking -
b Frtpeckamt. = 5S¢ =
bd Sub. peck amt. - | 2nm =
= 4 4 4
Owel - 0 - v
r
A 4
A 4
Canned oycle
EA Canned cycle cutons
=] | [ o
Operation Parameters — x

Tool F/S Dril Hole Parameters NC Featire Options  Advanced Posting Optimize
Features

Festure bst = >
e v S
Parameters \/
Add tp length [ |4802577mm | !
TechDB 1D 3 @

Machining
Features

x4 Cancel Preview Heo
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7.4.3 Simulation:

face mill operation:

open pocket operation:

Center drill and drill
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pocket operation:

open pocket 2:

center drill and drill:
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8 The 4 Axis mill-turn machine:

define machine: mill-turn single turret and tool crib

Machine ToolCrb Post Processor Posting Setup Chuck/Fature

Tool arb
Active tool b~ MT Tool Crb 2 Rear (Mesnc) Tusret - [ Hear Tomet 1
U..ocl Stn. No. Tool Type lO[ Comment lm v A
! ] 1 'Ulrlhd |0;§-Pu gﬂﬂ 2rL |9LO€ ;‘6
| 1 Fiat End 104'6"” CRS 2FL 19 LOC '8
2 2 |Diamona |12]CNMG 431 20DEG SOR HOLDER (127
1 [ 3 |olsmons [T4]CuG 431 200EG BORE BAR _ [12.7
2 | = | Damonae :|3;OHUG 431 S00EG SQR HOLDER ;|;‘?
s Center Drét |3 |SuM X S00EG HSS CENTERDRAL |S
] 6 Centar Orll |4 |6WM X 600EG MSS CENTERDRLL |6
| € Center Or@ |&_|6MM X 600EG HSS CENTERDRLL 16
7 Dra |17 |45 0mm JOSSER DREL 145
_ % ] 8 [Owmend JISJONMG 431 SSOEG BORE BAR pe?y
1 ! L 1G-!oo'-'e ilﬂ .suu CUT-OFF BLADE 10
10 !F.Cl Ma ii 400N SFL FACE ML ;lO ~
< 3 DRSS = = S S
Add Took Bt Tool Remove Tool Update Tool Save Tocl Crib>
[] Tool crb has sub stations
B Tool ety proey
] Use 100t ord tocls only
Avadable tool cobs
MT Tool G 1 Rear (Metric) € Select
MT Tool Csb 1 Froce (Metsc) E
MT Tool Crb 2 Frone (Metmc) Name MT Tool G 2 Rear (Metn
No. of stations 12
Took ¥orary
New Tool Save Tool Delete Tool

Machene

Machine TooiCnb Post Processor Posting Setup  Chuck/Foture

Select
Machine name
Mactwe 1D
Machne Aty
Tum Duasl Turret - Metne Machine type

Tum Mol Tusret - Metnc Number of axs

peX M/ Tum Machines
Max_ feedrate

ME-Tumn Dual Turet - mety  Max. spindle speed - Man
ME-Tuen Mot Turet - mety Sub

m“"'EDMW Uve spincie (Rear 1)
Wen EDM - metsc Uve S (Frork 1)
Uve spinde (Rear 2)
Uve sprcle (Front 2)
Sub-spindie support
Actrve machene
Machne name | ME-Tum Single Tumet - metnc
Machine 1D - M8-Tum Machne Single Tumet Metric
Machine duty | Medium cuty ~
Machne type - Ma&-Tum
Number of aos
Max, feedrate | 12000.000000mm. mn
Max. spindie speed - Main : SO00 000000men
(¥
Live spinde (Rear 1) . 5000 000000men
Uve spindie (Front 1) - -
Use subspndle
Semndation machne | Sample _TH_1T
S dation controller - Faruc
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select post processor and raw material:

Machine
Machine ToolCrib Post Processor Posting Setup Chuck/Future

[c:unw«u.o..mwauzonummwms-mmmu ot

Avalable
[CACAMWoksData \CAMWorks 2023x64 \Posts \MTAAXIS- TUTORIAL ctf
MT2AXIS-SIEMENS-TUTORIAL |
[N TUTORIAL

4 Do not show kcense espred post processons

Parameter Valuo
Controler Type GENERXC FANUC

908.00000men
0.00000mm

2%0

CAMWorks 2023 OR LATER
£801-2022

2023

~

[Dmtlpuon: CAMWorks 2023 or later version daxis Mill/Turn tutorial
Usage: Not intended for business or personal use

Post name: MT4Axis-Tutorial.ctl

Posted output style: generic Fanuc type

cylindric raw material
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choosing coordinate system

Main spindle coordinate system ®

Method

Uset Defined v

»

Origin L
(O entity

(® Part vertex

define turn setup:

Dgs J.. Coordinate System @ ‘J

Define Extract Generat
Machine @ Stock Manager Machinable Operatid
[* Setup ,l Features Plan
Featuresl \Q Mill Setup l Evaluate I MBD
Ny Turn Setup
Q| EFTRTS

CAMWorks NC Manager
@& Configurations
goX Machine [Mill-Turn Single Turret - metric]
@ Stock Manager[CLASS 45]
=X Coordinate System
X, Main Spindle [User Defined]

8.1 Turn operations:

8.1.1 Face feature:
0 anager
o J Configurations
% Machine [Mill-Turn Single Turret - metric)
Q) Stock Manager| CLASS 45)
314 Coordinate System
1, Main Spindle [User Defined)
-y Turn Setup! [Turn OpSetup!]
+ . FoceRoghT TR - G4 Domond ]
+ i Face Finish1[TO4 - 0.4xS5" Diamond | Pl
448 Tun Rought[T02 - 0.4x80" Diamond | P
o fy Tumn Finish1[T04 - 0.455" Diamond | , ”
33 Center T[T - 10MM X 60DEG1OMM X 60DEG CENTER | P
-3 OAl1[T23 - 25118 Dl e
& 8 Bore Rough[T0 mond | L
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G BIR & & &
CAMWorks NC Manager
v E Configurations
p! Machine [Mill-Tum Single Turret - metric)
@ Stock Manager{CLASS 45]
=Xy Coordinate System
1, Main Spindle [User Defined)
=}~ Turn Setup1
ﬁ Face Featurel [Rough & Finish]
==

Face rough and face finish:

Operation Parameters

Todd F/S  Face Finsh

NC

Raticn  Diamond Inset  Holder  Tool Cib

Lead nOxt  Feature Options Advanced Statistics Posting

Saton - -
Tool number : |8
Raton 1D
Gage offset (XYZ) : [110.2225320 2+ |Omm = 19.054736me -2+ | Reset
TechDBID - 13
Combination 1D
Comment - | DNMG 431 800EG SOR HOLDER
Descrption - [ None
Tool usage - 2
Operations using this tool Face Frishl
Tum Fnsh1
Vietual Machine Tool Block
Bock Nave Rx RY RZ Gauge Mourt
Selecton type | | Automatic v
i] I OK I Cancel Preview
—
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Operation Pararmeters — x
Tool F/S Face Rough NC Lead NOut  Festure Options  Advanced Satstics Posting
Defined by | Operation v Reset

Condtions
Sock materal - CLASS 45 Nachine duty - Medum duty
Spinde
Mode - RPM v
Surfsce Speed 1 r s
Spindie Speed © | 455 000000 m =
Drection : @)CwW
Qocw
Ovemde spindie drection : (7
Feed
MO - r =
FPR (@) |0 300000memn rev =
] System Calcudsted Arc Feadrates
Ovesdes
O Entry feedrate 2 ¥ = E =
O Ext fecdrate SO00: = S =
O Frst ot foedate 02 Y - -
O Fnal ot feedrate DOk - -
O e feadrate 22 X = -
= . Previow Helo
e ——
Operation Parameters - X
Tod F/S Face Rough NC Lead n/Out Feature Options  Advanced Statistics Posting
Sation  Diamond Inset  Hoider Todl Grib
Station N
Tool number - |B
Sation 10

Gage offset (XYZ) [17.07193%m |2 | Reset

TechDBID - 12

Combination 1D

Comment - |CNMG 431 S800EG SOR HOLDER
Description - | None
Toclusage - 2
Operations using this tool Face Rough!
Tum Roought

Virtual Machne Tool Block

Block Name Rx RY

Selection type | | Actomatic ~

Presview

~
()]
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Operation Parameters — x

Tool F/S Face Fmish NC Lead /Ot  Feature Options Advanced Statistics Posting

Defined by - Operation ~ Ly Reget
Conditions o = =
Sock matenal - CLASS 45 Machine duty - | Medium duty
Soinde
Mode - RPM -
Surface Speed - 120 D00000r =
Spinde Speed [455 000000Rm &
Ovection . @ CwW
O ocw
Overide spinde drecton : £
Feed
PN O 52 250000 r =
FPR (®|0.150000mmirev |2
[ System Calcdated Ao Feedrates
Ovemdes
(. Ertry feedrate © 0 1125000 ey = =
O Ext feedrate - 0 112500mm. oy O 7 -
O First ot feedeate - 0 112500 = =
O Fnal cut feedrate = O 112500 = = S
O Moo feadeste 01125000 ey = -

8.1.2 Outside diameter feature:

B CAMWorks NC Monagu
wJo Configurations
g Machine [Mill-Turn Single Turret - metric]
Q@ Stock Manager{CLASS 45)
=X Coordinate System
1 Main Spindle [User Defined]
= Tum Setup! [Tum OpSetup!]
@R Face Rough1[T02 - 04x80" Diamond |
%l Face Finish1[TO4 - 0.4x55° Diamond |
+ 5 Tum Rough1{T02 - 0.4x80" Diamond |
+ f Tum Finish1[T04 - 04x55° Diamond |
&% Center Drill1[T18 - 10MM X 60DEGTOMM X 60DEG CENTER[
§ 38 Drill1[T23 - 25¢118° Drill |
4 |88 Bore Rough1[T03 - 0.4x&0" Diamond |
0 E Bore Finish1{T08 - 0.4x55° Diamond |

6 Stock Hanagazmg 1!!

51y Coordinate System
L4 Main Spindle [User Defined)
- Tum Setupl
W Face Featurel [Rough & Finish]
[ 00 Faturel Rough-ish]
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the tool and speeds are the same on the first operation.

X

Operation Parameters -

Too F/S Tum Rough NC Lead n/Out  Festure Options  Advanced Statisics  Posting

Method - Tuming ~
Cut type
O Radial cut
@) Axial cut
[ User defned plunge angle

Angle : 270deg S

[JReverse
[ Moo sbont centedne
Canned cydie
[JCanned cycie output

San X: O > = Machne: Previous Leffover
SanZ: o = B f——
Profie paramaters Method : Constant ~
First cut amount - [ 3mm = Radal 09 - [0.5=m =
Max cut amount - [3mm 5 23l @ - [05=m 1=
Final cut amourt (= = Varable slowarce J
Step n angle - 45deg = cNe
Step n amount - |0 S5men S ® 08
Step out angle - [45deg = O0n
[ Sham comer Feature geomet
EA Undercie Groove tool - | By Orertation

= T

Operation Parameters — b'4

Todd F/S Tun Fish NC Lead /Ot Featwre Options Advanced Statistics Posting

Method - Tuming ~
Cuttype
Pattem - Sequertial ~
[JReverse
[ tayeres
] User defined phunge angle
Ange : 270deg =
Diameter = 25¢ s
Length - =
Dweld =

Profile parameters o o
Previous allowance || 2 S&mm =
- » Alowance
Fret ot amourt _25.-".“ :3 <
Max ot amourt 37-- = 00 0';- —
Final ot amourt - Omem E= "l @ ;ﬂ_ — :
} sl @) =
Step n angle - 453eg s
- ~ Varable alowarce J
Step in amount - 0.5mm =
Sep ot 5 = CNC compensation
- = - (Ole 4

I Sham comer
B Undarcis
[ Cortnuous B acs

B xes Settngs
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8.1.3 Inside diameter feature:

ol Machine [Mill-Tum Single Turret - metric]
Q@ Stock ManagerCLASS 43
5 4 Coordinate System
X4 Main Spindle [User Defined]

4 Tum Setup [Turn OpSetup1)

7l Face Rough1{T02 - 0.4xE0° Diamond )
#-fy; Face Finish1[T04 - 0.4x55* Diamond |
w48 Tum Rough1[TRR - 0.4x20" Diamond |
#45 Turn Finish1[T04 - 0.4x55" Diamond |

+ Jp [Center Dl [T18 - 1OMM X G0DEGTOMM X 60DEG CEN
v e Dl {723 - 25¢118" Diil
+ s Bore Rought[T03 - 080" Diamond

i [P Bore Finish1[T08 - 04x55* Diamond ]

& Mill Part Setup! [Group1]

5 gg Rough MillI[T15 - 10 Flat End]

-1 Contour Mill1[TO! - 6 Flat End)

i3 Center DrI(T2S - BMM X 60DEG Center Drill]
R S Sr—

»

X, Main Spindle [User Defined]
- Turn Setup1

[ Face Featurel [Rough & Finish]
b OD Featurel1 [Rough-Finish]
EC ID Featurel [Rough-Finish]

S o

center drill and drill:

Operation Parameters

Todd F/5 Certer Dl

SQton  Center Dell Tool

S5 o | J =S
l "_‘:.Jm

D

D I R

Shark length 0L5)

Type ! 4 - D2
Shoulder da D4) - 3 = l .
Shoulder length (L4) - 5062175 = |
Shank da 02~ [10 | 3 l e

== — 8

Properties

Hand of cut

Ol=ft

Custing parameters
Size designaton - [10MM X 600EG
Tool matenal - HSS
TechDBID: 6
Comment : [10MM X 600EG HSS CENTERDRILL

[ ok ] [ Cumod ] [ Peder
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peration Parameters — >

Tood F/S Certer Dl NC Featire Options  Advanced Satistcs Postng

Defned by * Operation v Erary Paset
Condtions
Rock matesal - |CLASS 45 Machine Aty | | Medium duty
Spindle
Mode . SMM ~
Surface Speed | | 25 000000m /mn ] -
Spnde Speed ¥ =
Direction : (oW
@ ccw
Ovemde spindie drection © ]

Fead

FPM @) 40 000000 /mn |2

FPRO) 005 y - =

Operation Pararmeters - X

Tool F/S DRt NC Feature Opticns  Advanced Statistics Posting

Saton Dl Took Holder Tool Crib
£A Preview
Tool Dimensions —— e’ v
Diameter (D1) | | 25mm 2
To angle (A) . | 118deg =
3 T length - [7510758wm | |2 D_,I- =
Rue & ih (L2) | 160mm = |
o longeh (LS - 0 [
Overal length (L1) © | 280mm = ! %
"1 r
No. of fages - |2 = e ¥
- b e
Non-cutting Portion S ——
Type ©  Straight ~ .1[ - D2
Shoulder da (DS) - 25 = s
Shouider langth (L4) - | 160mm <
Shank & (D2) ; |25mm : l e
Shari length (LE) s .] l
Propexties Hand of ot
Custting parameters o
@) Rgre

Tool matenal - Cobat
Fraction o No. = 25 Omm
TechD8 ID = 143
Comment : | 25 Omm JOBSER DRRLL

OLest
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Operation Parameters -— x

Tool F/S Dt NC Feature Options  Advanced Statitics  Posting

Defined by ° | Operation ~ 8 Roset
Condtbions ) )
Stock matessl - CLASS &5 Machine Aty - Madum Sty
Spindie
Mode © SMM ~
Surface Speed - |50 000000 min >
Spndle Speed 12 - B
Drection - @ CW
Qocw
Ovensde spindie deection - 4

Feed

FPM (@) | 225 .000000mm. smins

RO 0 '

Operation Parameters

Tood F/S O NC Feature Options  Advanced Statistics Posting
Parameters
Ol type ©  Cormtart Peck

M Frst peck ant. | | S
B Sb. peck ant. | Smm
M. pack amourt

% peck amount

Dwel

Lefiover WIP -
Generate £

Machne =  Previous Leflover
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Operation Parameters — xX

Tool F/S Dl NC Feature Options  Advanced Satistics Pomting

Features
Feature ist
1D Feature 1 -
Parameters
Add to lengzh [
Machining length - |60mm = |
TechDB 1D 236

bore rough and finish:

Operation Parameters - x
Tood F/S Bore Rough NC Lead /Ot Featire Options Advanced atstics Posting
Satson  Diamond nsen Boring Bar Tod G

A Preview

insent 1D : 7 v

D Amen

Included angle (1A) : [20dag
Inscrbed crcle (IC) © (12 7
Radus 1) : [0 4

Thickness : (4 7625em

A 4y a0y

Reldet angle »Cdeq

Tool matenal

Coolart - Food ~

Comment - |CNMG-120404
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Operation Parameters -— xX
Tool F/S Bore Finsh  NC Lead nOnt  Festure Options  Advenced Statistcs  Posting

Defred by . Opecation v Feset

Sock material | [ CLASS 45 Machine duty | Medum duty

Mode - | RPM ~

Suface Speed r <

Spnde Speed - (455 000000 =
Deection - @) CW
QOccw
Ovemde spindie drection - [
Feed

PO =

FPR (@) |0.150000mm rev S
[[] System Calcuiated Arc Feedrates

?

.
J

Ertryfeedate . 0 112500
Ext foedrate 12500

aoo

Frst ot feedrate ne ¥

Fnal cut feedrate y v S

1 C

R

A feedate 112500 v >

Operation Parameters -— >

Tool S Bore Fnish NC Lead /Ot Festure Options  Advanced Statistics  Posting
Sation  Diamond nset  Bommg B Tool G d

Shape
Shape - | Standand v Bomng bar ID
i
Shark length . | 250mm 2
Diameter : | 20mm ¢
Lead angle LA} . |.10deg =
Back clear angle | Udeg S 7o |
Foork clabr saghs + |Odso : 13 6042 26men
Z rset offset [ Orrem S
X et offset | Omm 5 - N
- — Moxneeomey
Hand | [ Rugre -
Commert : RHSSDEGRNDBAR 2| = J |
Hoider edge
®) Side ) End
B axs ncremental angle | Udeg <

Omentation
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Operation Pacameters — >
Tool F/S Bore Rough NC Lead /Ot Feature Options Advanced Statistics Posting

Defined by :  Operation - 2xnr Faser
Sock matenal |CLASS 45 Machine duty | Medum duty

Sponde
Mode | RPM ~

Suface Speed D000 2

Sende Speed - [£37.000000mm =
Deection © @ CW
O ccw
Ovende sonde deection = |4
Feed ) B

FPM (@) | 197 00000Cme/mn -3

FPRO 02959843 - =
[] Systemn Caicudated Arc Feedrates

Bty feadrate
Bt feedrate
Frst ot feedrate @ 143 250000 : e

Fnal cue feedrate 4325 r = = =

Ovemdes
O
O =
O
O
O

Ac feedate 43 25000Cr =

mill part setup:

CAMWorks NC Manager
+ ﬁ Configurations
g2 Machine [Mill-Turn Single Turret - metric]
& Stock Manager[CLASS 45]
- s Coordinate System
' s Main Spindle [User Defined]
e Turn Setup1 [Turn OpSetup1]

+1-lg Face Rough1[T02 - 0.4x20° Diamond ]
P J Coordinate system 8 & Face Finisgh1[T04 - 0.4x55° Diamond ]
ine @ Stock Manager q @5y Turn Rough1[T02 - 0.4x20" Diamond ]
pine Ma iy Turn Finish1[T04 - 0.4x55° Diamond ]
{g Setup .: 1 4182 Center Drill1[T18 - 10MM X 60DEG10MM X 60{
= : +)- 8= Drill1[T23 - 25x118" Drill ]
res & Mill Setup + E Bore Rough1[T03 - 0.4x80° Diamond ]
\' Turn Setup ® E Bore Finish1[TO8 - 0.4x55° Diamond ]
ey — 2 hlhll.Part Setup1 LGroupU_
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8.2 Mill operations:

8.2.1 Open pocket operation:

o Coordinate System
L Man Spindle [User Defined]
% Tumn Setup! [Turn OpSetupi]
¥ m: Face Rough1[T02 - 0.4x80" Diamond |
& Jy’ Face Fnishi[T04 - 0.4655" Diamond |
5§ Tum Rough![T02 - 0480° Diamond ]
#-{5 Tum Finish1[T04 - 0.4x55° Diamond | L
5% Centes Dril1[T18- 10MM X 60DEGIOMM X 60DEG CEN
-8 Drllt[T23 - 256116 Drill ]
&} Bore Rough1[T03 - 04x80" Diamond ]
5 }B8 Bore Finish1[T08 - 0455° Diamond )
& Ml Part Setup! [Group!]
+ BT Ok ]
+ 15 Contour MGIT[TO1 - 6 Flat End)
7 3 Center DAll2[T25 - 6MM X G0DEG Center Drill]
gk Drl2(T22 - 16118 Dril]
% Tum Setup2 [Turn OpSetupd]

X, Main Spindle [User Defined)
= Turn Setup1
m:l Face Featurel [Rough & Finish]
b OD Featurel [Rough-Finish]
EZ 1D Feature1 [Rough-Finish]
-4 Mill Part Setup1
@ Open Pocket1 [Rough-Finish]

ROUGH AND COUNTOUR MILL:

Operation Pararmeters
Took /S Roughing NC Feature Options Advanced Fosting Optimxze

ME Tool Ml Holder ToolCrid  Station

Tooitype ©  Fat End ~
Subtype - Rough & Finish

Tool Dimensions i
Cut dameter (D1) - [ 10mm

End radus (R)
Fite length (L2) - |32mm
Orveral length 1L1) - [83vm

No_of fites - |2
Certer cutting - |5
Non-catting Portion
Tyre -  Sraght
32rem

<

Shoulder da (D4)
Shouider length (L4) - |
Shark &3 (02 : [10mm
Shark length (LE) v;:"- :

NOROORE

e Cutting parammeters. oy
@ Rge

Tool matenal - Cadede
o ) To S O et
TechDBID - 14
Commert - [108M CRB 2FL 22 LOC

=%l [Cox ]| caes Praview Hep
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Opecation Parameters — x

Too F/S Roughing NC Feature Options  Advanced Posting Optemze

Defined by - Operation ~ Reset

Conditicrs o
Stock materal | CLASS 45

Spnde
SMM - | 78.535816 =

Spindle speed : |2500.000000pm | 2

[ tock spnde speed
Feedrates
Feed pertocth - [0 3men = VA ME Techromgy Sagrert
XY feedrate - | 1500.000000mm/r |5
Zieedrate - 375 000000 : BEx:ls =
Leadin feedrate - ren. . Mx 50 =
Shap Comers Arc feadrate ovemde
(] Ensble comer siowdown [ A feedrate L o [_
XY Feadrate - ¢ = [ [ System calcuiated feadrates
Distance : 2 = Min feedrate - =
Threshold comer o - Max feedrate - 100 s
Threshold comes [_
radus

5 [ o< ]| Crcs || frevew e

Operation Parameters

Tool F/S Roughing NC Feature Options Advanced Posting Optmize

Pocketng
Pattems .  Spiral Ot ~
Cut angle = Odeg =
Start comer Top Rigie
Minimum diameter - | Sme 2

Side parameters Depth parameters

Mowance : 025 - Method - Equal -

= Sxepover - |20 = Bottom allowance | | Omm =

fVedge machir Island alowance ¥ =

Rest machining = Frtcutame (50 :

G - =l Max cut ame - (SO =

Machine - No ~ Final cut amourt @ |0 25me <

iz method Min cut amount 1 =
) Conventions
Depth processing

= Cancel Prevew Help
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Operation Parameters

x

Tool F/s Roughing NC Festure Options  Advanced Posting Optmize
Features
Feature =t 2 5
Open Pocket1 - @
Parameters \‘/
e R
TechDB 1D =2 '
%Tool ameter - |75 = @
7 Method = Pnge et Machining
Smegy : 0 Features
Pecn e Retract Method: B =
Ramp angle -
Radus =
Ertry ports Retract ports
7 : 4
[CJtength 8 angle [CJtengh 8 angle
Erttes seected Ertties selected
O o Ormen =
O e e :
=1 Concet | [ Prevew | | e
Operatson Parameters _ >
Tool F/S Contour NC Feature Options  Leadn Advanced Fosting Opteme
ME Tool Ml Holder ToolGib Staton
B Praview
Todlowe : RS S s f
S type - Rough & Fnish =
Tool Dimensions
Cue dameter ©1) - (G =
Siren
End radus (R) = — =1
Fute length (L2} | 19w = I;.‘
Overal length L1) - [Simem 5 L ——=i BT
No.ckfiees - [2 — i
Center cutting @
Non-cutting Portion
Type = Straight ~ o2
Shocdder dia (D4) = :
Shoulder length (L4) - | 15mm =
Shark da (D2 © [Geem D e
Shank length (LE) B =
Properties
Cutting parameters
Tool matenial | Carbide
Output through © [T ~
TechD8 1D - 10

Commert - [EMM CRE 2FL 15LOC
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Operation Parameters - x
Tool F/S Cortoer NC Feature Options  Leadin  Advanced Postng Ogptimize
Defned by © Operation v Reset
Lbrary
Condtions T
Stock matesal - [CLASS 45
Machre Aty M.rn Aty
Spondie —=
smM - [75338224 =
Spinde spead | | 2000 000000 =
[ Lock spindie speed
Drection >
Feedrates =
Feed pertocth © ' 0.3125mm =
XY feedrate : [ 2500.000000mmAr| S
Zéecdrate - 52 - - BEx- = =
Leadn feedrate © 1375 000000men /™ - Ex:-[7s s
Shap Comers #oc feedrate cvemde
[[J Enable comer siowdown [ Acfeedate =
XY Feedrste = [} System caicuiated foedrates
Distance - [_ M. feedrate = 20 2 I'_
Threshoid comer - Max feedrate | - l
angle = =
Threshold comes =
racss -

Operation Parameters - x
Tool F/S Cortour NC Feature Options Leadn Advanced Fosting Optimae
Side parametess
Sesngs. Comers...
Chamder
] Chamfer machining
Aogle - S =
Length = Crrer S
Clearance y S
Feature Edge Aoex
Cet method
@ Gt
O Conventional Depth parameters
Depth processing =2
O By leved Ramp - OF ~
@) To Gepth by region Alowance - | Ome =
[ 229 3 Frst ot ot ?O =
Rest machinng = Max cut ame. - [50 ,':'
Metrod ~ Final ot ame - | Omen /=
Tocltype © 'S £l Aogle . 3deg =
Cut diameter 2 = Cearnuo pa
End radus b =
= At armas
Prev. slowance I S . 5
= [[] Bottom firsh Sentirgs
Tab Cuting
[J7ab cutting St
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Cperation Parameters —_— x

Tool F/S Cortour NC Feature Options  Leadn Advanced Postng Optimize
Features
Feature kst

Open Pocket1 ~ @
Parameters. \'/

Mesere i 15 0 [

TechD8 1D 382 ‘!
Ar segment offset T = @
% Tool dameter : |75 T v \/
Entry » -
Machin

Method © | None ~ ing
4 Features

Seegy - D

Retract
Radwus X
= Method:  Z Rapid ~
Pech

Ertry ports Retract ports
Entties selected Entties selected

8.2.2 Hole group operation:

" ‘ Tun Rought[T02 - 0.4¢80° Diamend | .

# kg Turn Finigh?[T04 - 04435 Diamond |

3% Centes Dl [T16 - 10MM X 600EG1OMM X 600G CEN
g o8 Oil1[T23 - 250118° Dl

&} Bore Rought[T03 - 0.4x80" Diamand

& ] Bore Fiish1[T08 - 055" Diamend

& Mill Part Setup! (Group]

5 L4 Rough MIN[TIS - 10Flet End)

i 5§ Contour MIN(TO! - 6 Flat End]

+ 3 Center DR[T25 - 6MM X GOOEG Centes Oril]
o ol Drl2{T22- 16x116* Dl

y Tum Setup? (Tum OpSetupd]

i () Cut 1103 - 3 Groowe
¥ RecycleBin

F 0D Feature] |RougE-ansH|

K ID Feature1 [Rough-Finish]
& Mill Part Setup!

-JR) Open Pocket! [Rough-Finish
+ () Hole Group! [Dril]

——
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drill operations:

Operation Parameters —_ x

Tool F/S Dell Hole Parameters NC Feature Options Advanced Posting Optimize

Dl Tool Mi Hoider TodlCrb  Station
A Preview
Tool Dimensions e v
Diameter (D1) » =
T angle (A) - [115deg |E -
b+ T length - [4.802577m |52 ,.,__I
Fute length (L2} [132wm s
Overal length {L1) : [1812m 12
No. of fites : 2 -5
Non-cutting Postion
Tyee ©  Straight ~

Shouder dia (D4) 5
Shoulder length (L4) - [132=m
Shark dia (D2) - | 16mm
Shark length (LS)

DRI R A

Properties

Cutting parameters sas
: @) Right
Tool matesal | Cobak O Leht
o

Fraction oc No. | 16.0mm
TechDBID : 117
Commert : {16.0mm JOBBER DRULL

=9 [ ox ] GCowet  Prevew Heo

Tool F/S Del Hole Paramsters NC Featiwe Options  Advanced Posting Optimize

Defined by - Operation v Reset
Libracy
sum - (22270735 =

o s [T _]2

[J Lock spinde speed

Feedrates

Zfeedrate - |63 250000mm foun

= | ox Cancel Previem e
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Turn setup:

8.3 TURN OPRATIONS:
i g Tum Finishi[T04 - Q4S5 Diamond = D

%3¢ Center Drll1[TI - 10MM X 60DEGTOMM X 600EG CEN |
&3 Onll[123 - 25118 Dril ] ‘
+ R Bore Rough1[T03 - 0.4x80" Dismond )
) |8 Bore Finish1[T08 - 0.4x55" Diamond |
=& Mill Part Setup! [Group1]
(g Rough Mill1[T15 - 10 Flat End]
+[8§ Contour Milli[TO1 - 6 Flat End)
4 3 Center DrlZ{T25 - 6MM X 60DEG Center Dril]
-k Oril2{T22 - 16¢118" Drit]
5 Tun Setup2 [Turn OpSetupd]
+ (@ Cut OFFI[T09- 3 Groove]
) Recycle Bin

!

f

RS ™ Bhad AL A L) L |
- (g8 Hole Group1 [Drill]
s Turn Setup2

B CutOff Feature1 [Cut Off]
&) Recycle Bin

8.3.1 CUT OFF OPERATIONS:

Operation Parameters = Y4

Tod F/S CeOff NC Festure Options  Advanced Statitics Posting

RKawon  Groove nset  Holder  Tool Crd
Staton - )
Tool number ,3 |
Sation 1D
Goge ofset 02}« [10952mm |31 [Omm 2| |[1.5mm

E’.,

TechDBID - 18
Combination 1D

Block Name RX" RY" RZ" Gauge Mount
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Operation Parameters - X

Tood F/5 CQuOF NC Feature Options  Advanced Qatistes  Posting
Parameters
Groowe tyee | Constant

<

Frstpeck amt - [3om
Sub. peck ant. - | 3mm
Min. peck amount - | 1mm

“r o

Degth dearance - | omm

Comer Bresk
Comer broak type - Chamfer
Chamfer length - | Omm

Chamfer ange - | 15deg
Chanferent - | Grm

Work In Process
[ Generate WIP

oA a0

Radus
Stepover : | tmm : - Rada (X} Omem -2
Skowdown Al (Z) | Omen :
Length - [Omm > -
CNC compensation
Speed (RPM) - (39436 ¥ @o
M o |20233484mm o O0n
21520 Program port
() Mirror about centedine Groove tocd - By Odentation ~
ﬁ“ Cancel Preven Heb
Tod PS5 CuOF NC  FesturmOptions Advanced Qatstes Postrg
Defined by - Operation v Reset
Condtions B
Stock mateal - CLASS 45 Machine duty : | Madum duty
Sprde
Mode | | SMM v
Suface Speed : (60.000000mmn |5
Spindee Speed
Drecton: @)CW
Qcow
Ovemde sonde drection - I/
Foed
FPM (@) |23 000000mm./mn ‘:
FPRO) 0 150000 C
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8.3.2 Simulation:
face feature:

OD feature

ID feature

center drill and drill
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bore operation

L

open pocket operation

center drill and drill
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cut off feature:

9 Surface quality comparison

between 3 axes milling and 4 axis mill-turn machine

-0.4mm
-0.3mm
-0.2mm
-0.1mm
Omm
0.1mm
0.2mm
0.3mm
0.4mm

3 axis mill machine 4 axis mill-turn machine

3 axis machines have lower machining efficiency for round part and the tool access is limited for
cylindrical shape may show step marks or tool lines on the surface meanwhile the 4axis mill-turn
has an excellent tool access and make better surface quality for cylindrical shape

10 G-code extraction:

S NB 2 wwam ]
—_——

NC Code E

R3T0 X147, ] -

NOOT! B0 25 W5 9 v - g .
N2 651 G 20

3073 G280 -
M4 M3 ru Toolpath ».,

PECE MEMORE

| PROGRAM NUMEER=0001) File Post

( MACHINE = MAL TUTORIAL )

| CONTAON I FRLFANIN TYFF 1 v Process
: 2 ShopFloor

Opbons ¥ CAMWorks 2023 | SOLIDWORKS
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Conclusion:

This work presents the production of a machining range for a part on a CNC machine, by
designing the part using Solidworks software and simulating its manufacturing using CamWorks
software. The thesis presents step by step the design and manufacturing simulation process. The
development of the different stages demonstrates the complexity of the task and the details of the
phases undertaken to successfully complete this work and achieve the set objective.

The internship carried out at Ferrovial, which has CNC machines, is relevant to the proposed
subject. Theoretically, the set objective of producing the range using CAD and CAM software is
achieved. However, manufacturing the part on the machine requires mastery of the G-Code
software package and the acquisition of material piece, which are not included in the agreed
work plan. This is possibly left in perspective.

The principal contribution of this work is the application of numerical control to the
manufacture of a complex part with a multiform geometry, designed on SolidWorks and
machined and manufactured on Camworks. This enabled us to present the simulation of the
virtual production of the part.

A presentation of the benefits of simulating the manufacture of a part before deciding
whether or not to produce it on the machine. This approach, based on industrial simulation
software, enables us to foresee more than one scenario for producing the part, and from there to
opt for the scenario that allows us to choose the most cost-effective means, and save time and
money

In conclusion, this work shows the interest of manufacturing a part using digital processes,
and the use of industrial software, which constitutes a novelty in our training.
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