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1. Introduction

1.1 About this course

The goal of this course is to teach you how to use SolidCAM to machine various parts using 2.5D
Milling technologies. This course covers the basic concepts of SolidCAM 2.5D machining and
is a supplement to the system documentation and online help. Once you have developed a good
foundation in basic skills, you can refer to the online help for information on the less frequently
used options.

Course design

This course is designed around a task-based approach to training. With the guided exercises you
will learn the commands and options necessary to complete a machining task. The theoretical
explanations are embedded into these exercises to give an overview of the SolidCAM 2.5D Milling
capabilities.

Using this training book

This training book is intended to be used both in a classroom environment under the guidance of
an experienced instructor and as self-study material. It contains a number of laboratory exercises
to enable you to apply and practice the material covered by the guided exercises. The laboratory
exercises do not contain step-by-step instructions.

About the CD

The CD supplied together with this book contains copies of various files that are used throughout
this course. The Exercises folder contains the files that are required for guided and laboratory
exercises. The Built Parts folder inside the Exercises contains the final manufacturing projects for
each exercise. Copy the complete Exercises folder on your computer. The SolidWorks files used
for the exercises were prepared with SolidWorks 2012.

Windows 7

The screenshots in this book were made using SolidCAM 2012 integrated with SolidWorks 2012
running on Windows 7. If you are running on a different version of Windows, you may notice
differences in the appearance of the menus and windows. These differences do not affect the
performance of the software.




Conventions used in this book

This book uses the following typographic conventions:

Bold Sans Serif

This style is used to emphasize SolidCAM options,
commands or basic concepts. For example, click the
Change to opposite button.

% 10. Define CoordSys Position

The mouse icon and numbered sans serif bold text
indicate the beginning of the exercise action.

A/

£ 3

Explanation

This style combined with the lamp icon is used for
the SolidCAM functionality explanations embedded
into the guided exercises. The lamp icon is also used
to emphasize notes.




1. Introduction

1.2 Basic Concepts

Every manufacturing project in SolidCAM contains the following data:

CAM-Part — The CAM-Part defines the general data of the workpiece. This includes the
model name, the coordinate system position, tool options, CNC-controller, etc.

Geometry — By selecting Edges, Curves, Surfaces or Solids, define what and where you
are going to machine. This geometry is associated with the native SolidWorks model.

Operation — An Operation is a single machining step in SolidCAM. Technology, Tool
parameters and Strategies are defined in the Operation. In short, Operation means how
you want to machine.

1.3 Process Overview

The major stages of the SolidCAM manufacturing project creation process are the following:

CAM-Part definition

This stage includes the definition of the global parameters of the Manufacturing
Project (CAM-Part). You have to define a number of Coordinate Systems that describe
the positioning of the part on the CNC-machine.

Optionally, you can define the Stock model and Target model to be used for the rest
material calculation. The Stock model describes the initial state of the workpiece that
has to be machined. The Target model describes the one that has to be reached after
the machining, After every operation, SolidCAM calculates how much material was
actually removed from the CAM-Part and how much material remains unmachined (rest
material). The rest material information enables SolidCAM to automatically optimize
the tool path and avoid the air cutting.

Operations definition

SolidCAM enables you to define a number of milling operations. During an operation
definition you have to select the Geometry, choose the tool from the Part Tool Table
(or define a new one), define a machining strategy and a number of technological
parameters.







CAM-Part

Definition E




The CAM-Part definition process includes the following stages:

2 N\
CAM-Part creation

1

CNC-controller definition

!

Coordinate system definition

!

Stock model definition

1

Target model defintion
G J

* CAM-Part creation. At this stage, you have to define the CAM-Part name and location.

SolidCAM defines the necessary system files and a folder to allocate the place to store
SolidCAM data.

* CNC-controller definition. Choosing a CNC-controller is a necessary step. The controller
type influences the Coordinate System definition and the Geometry definition.

* Coordinate system definition. You have to define the Coordinate System — the origin
for all machining operations of the CAM-Part.

* Stock model definition. SolidCAM enables you to define the stock model that describes
the initial state of the workpiece to be machined.

* Target model definition. SolidCAM enables you to define the model of the part in its
final state after the machining,




2. CAM-Part Definition

Exercise #1: CAM-Part Definition

This exercise illustrates the CAM-Part definition process
in SolidCAM. In this exercise, you have to create the CAM-
Part for the cover model displayed and define the Coordinate
System, the Stock model and Target model that are necessary
for the part machining. The CAM-Part will be used in the
exercises further on.

When you start to program a CAM-Part, you have to decide
what workpiece you are going to use. This decision determines
the number and the type of operations that are used to reach
the final part shape.

In this exercise, the box stock is used. The box dimensions include offsets from the actual model.

At the next stage, you have to decide on what
type of CNC-machine you are going to use
(3-, 4- or 5-axis). In this exercise, a 3-axis
CNC-machine is chosen for the machining,
With a CNC-machine of this type, all the
required faces of the cover part can be
machined using a single positioning.




V

1. Load the SolidWorks model

Load the Exercise1.sldprt model located in the Exercises foldert.

e e T TS RV ™ LR R 10 i [l

[Fommm— ¥ -nan

AR AF 0o GRS

e S g g ]

2. Start SolidCAM

To activate SolidCAM, click the SolidCAM field in the
main menu of SolidWorks and choose Milling from the
New submenu or click New > Milling on the SolidCAM Part
toolbat.

= B b Toollbrary = S CAM Settngs.., BEhe a
Manage | b Bt Tool Lbrary B3 Tecrokgyrawbese (R @ @ et
TSy Toolterary Optons + (7 Lierse . BEs

“EolaCAM Operations |

SolidCAM is started and the New Milling Part dialog box
is displayed.

[¥] Use Model file drectory

Drectory: | D:\Docmentabon|SobdCAM 2012 ol

Browse

Name: Exercisel

Modelname:  ling Traning Course'Exercise 1.SLOPRT

Units

Lo |

=]

This model contains a number of features forming the solid body of the cover.

| Manage Templates
| Calculate CAM-Parts

|Cepy...

Delete...
i!oduﬂ')‘
e

| Machining Process

| Technalogy Database
| Exit SolidCAM

| Custornize Menu

10


Roger
Realce

Roger
Realce

Roger
Realce

Roger
Nota
CLICAR OK.

Roger
Realce

Roger
Nota
ATENÇÃO:

AO REALIZAR O EXERCÍCIO, SEGUIR APENAS OS TEXTOS EM AMARELO.

ANTES DE INICIAR O EXERCÍCIO, COPIAR PARA A ÁREA DE TRABALHO A APOSTILA DE FRESAMENTO EM PDF E O EXEMPLO1.SLDPRT (SOLIDWORKS).

OS ARQUIVOS ENCONTRAM-SE NO CAMINHO ABAIXO:

- Meus Locais de Rede
- Buffer em 192.168.0.6
- #0_SEM-0350
- 2.5 Eixos

PARA O ALUNO TER ACESSO AOS MICROS DO STI:

Login: aluno ou aluno1
Senha: 123456




2. CAM-Part Definition

AL/

E0S

¥

New Milling Part dialog box

When you create a new CAM-Part, you have to enter a name for the
CAM-Part and for the model that contains the CAM-Part geometry.

Directory

Specify the location of the CAM-Part. The default directory is the
SolidCAM user directory (defined in the SolidCAM Settings). You can
enter the path or use the Browse button to define the location.

The Use Model File Directory option enables you to automatically create
CAM-Parts in the same folder where the original CAD model is located.

CAM-Part Name

Enter a name for the CAM-Part. You can give any name to identify your
machining project. By default, SolidCAM uses the name of the design
model.

Model Name

This field shows the name and location of the SolidWorks design model
that you are using for the CAM-Part definition. The name is, by default,
the name of the active SolidWorks document. With the Browse button
you can choose any other SolidWorks document to define the CAM-Part.
In this case, the chosen SolidWorks document is loaded into SolidWorks.

vl/  Every time the CAM-Part is opened, SolidCAM
m:' automatically checks the correspondence of the dates of
= the CAM-Part and the original SolidWorks design model.
When the date of the original SolidWorks model is later
than the date of the CAM-Part creation, this means that
the SolidWorks original model has been updated. You
can then replace the SolidWorks design model on which
the CAM-Part is based with the updated SolidWorks

design model.

11
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3. Confirm the CAM-Part creation

When the Directory, CAM-Part Name and Model Name have
been defined, click the OK button to confirm the CAM-Part
creation. The CAM-Part is defined, and its structure is created.
The Milling Part Data dialog box is displayed.

=

4. Choose the CNC-Machine @

Select the CNC-machine controller. Click the arrow in the CNC-
Machine area to display the list of post-processors installed on
your system.

In this exercise, use a 3-Axis CNC-machine with the AWEA1000-
Fanuc CNC-controller. Choose the AWEA1000-Fanuc CNC-
controller from the list.

5. Start the Coordinate System definition

Click the Define button in the Coordinate System area to define
the Machine Coordinate System.

¢4 Miling Part Data : ... 7.
v %

?

AWEA1000-FANUC
Program
number: 5000

Subroutine

number: 001

G 5 P—

Stock & Target model

-
Lt
(=]
[

Machine opbions

iMachining Data

Machine Database:
Material Database:
Machining Level;

Edit iMachining
Database

12
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2. CAM-Part Definition

To complete the CAM-Part definition, you need to define the
Machine Coordinate System.

The Machine Coordinate System defines the origin for all machining
operations of the CAM-Part. It corresponds with the built-in controller
functions.

You can define the Coordinate System origin position and axes otientation
by selecting model faces, vertices, edges, or SolidWorks Coordinate
Systems. The geometry for the machining can also be defined directly
on the solid model.

Coordinate
System

2y

The Z-direction of the Machine
Coordinate System is parallel to the

revolution axis of the tool. Z), v
Machine
In SolidCAM, the tool approaches from Coordinate

the positive direction of the Z-axis (like System

X
on a vertical CNC-machine).

Coordinate

Coordinate
System




For 3-Axis CNC milling machines, each Machine Coordinate
System means separate clamping. If you need to machine the part
from different sides, use several Machine Coordinate Systems with
the Z-axis oriented normally to the machined sides.

In this exercise, it is enough to

define one Machine Coordinate z

System with the Z-axis oriented X

upwards. Coordinate
System

Such coordinate system enables
you to machine the part with a
single clamping;

The CoordSys dialog box enables you to define the Coordinate System location and the
orientation of the axes.

ML SolidCAM enables you to define the CoordSys using the following

methods:

Select Face

This method enables you to define a new [EEErET N
CoordSys by selecting a face. The face can be = *

. . . CoordSys el
planar or cylindrical/conical. For planar faces, ™ \.lc.w.
SolidCAM defines CoordSys with the Z-axis o i
normal to the face. For cylindrical or conical - : |
faces, the Z-axis of the CoordSys is coincident M"mx:: 2l

1, Defre

with the axis of revolution of the specified
cylindrical/conical sutface.

L select Coordnate System
=, Hormal to current view
J= by 3 points (assodative)

. [ Pick face
Define s oo
This method enables you to define the e
. ) . Place CoordSys ongn to
Coordinate System by selecting points. You [t g

have to define the origin and the direction of
the X- and Y-axes.

Select Coordinate System

This method enables you to choose the SolidWorks Coordinate System
defined in the design model file as the CoordSys. The CoordSys origin
and axes orientation are the same as those of the original SolidWorks
Coordinate System.

14



2. CAM-Part Definition

Normal to Current View

This option enables you to define the Coordinate System with the Z-axis
normal to the model view you are facing on your screen. The CoordSys
origin will lie in the origin of the SolidWorks Coordinate System, and the
Z-axis will be directed normally to the chosen view of the model.

By 3 Points (Associative)

This option enables you to define the Coordinate System by selecting
any 3 points.

6. Select the model face

With the Select Face method chosen,
click on the model face as shown.

The CoordSys origin is automatically
defined in the corner of the model box.
The Z-axis of the CoordSys is normal to
the selected face.

_:\@':_ Model box

¥ SolidCAM calculates the box surrounding the model. The upper plane
of the model box is parallel to the XY-plane of the defined CoordSys.

The CoordSys is located in the corner of the model box.

Coordinate

15
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Confirm by clicking the ¥ button. The Coordinate System is defined.
The CoordSys Data dialog box is displayed.

7. CoordSys Data

This dialog box enables you to define the Machining  (Gadssom
levels such as Tool Start Level, Clearance Level, |suwn: X 0
Part Upper Level, ctc. il
[ Toolstartlevel | 50
s, m @ XY Yz o
Part Upper level | [
(Partiower ievel | 0
[ ToolZdeve | %
Shift
X A Z
Rotation arcund
=M=
Other Rotation arcund
Xz | 18 ¥: | 180 | 18
Create planar surface at Part Lower level
e ] | conce

]
.:@:. CoordSys Data dialog box
s

The Position field defines the sequential number of the CoordSys. For
each Machine Coordinate System, several Position values are defined for
different positionings; each such Position value is related to the Machine
CoordSys.

e Xshows the X value of the CoordSys.
* Y shows the Y value of the CoordSys.
*  Zshows the Z value of the CoordSys.

The Machine CoordSys Number defines the number of the CoordSys in
the CNC-machine. The default value is 1. If you use another number,
the GCode file contains the G-function that prompts the machine to use
the specified number stored in the machine controller of your machine.

The Tool Start level defines the Z-level at which the tool starts working.

The Clearance level is the Z-level to which the tool moves rapidly from
one operation to another (in case the tool does not change).

The Part Upper level defines the height of the upper surface of the part
to be milled.

16
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2. CAM-Part Definition

The Part Lower level defines the lower surface level of the part to be

milled.
Tool start
level
Rapid movements area

P Part Upper
Clearance Feed movements area  level
level Part Lower

level

The Tool Z-level parameter defines the height to which the tool moves
before the rotation of the 4/5 axes to avoid collision between the tool
and the workpiece. This level is related to the CoordSys position and
you have to check if it is not over the limit switch of the machine. It
is highly recommended to send the tool to the reference point or to
a point related to the reference point.

The Create planar surface at Part Lower level option enables you to
generate a transparent planar surface at the minimal Z-level of the part
so that its lower level plane is visible. This planar surface provides you
the possibility to select points that do not lie on the model entities. It
is suppressed by default and not visible until you unsuppress it in the
FeatureManager Design tree.

Confirm the CoordSys Data dialog box with the OK button.

The CoordSys Manager dialog box is displayed in the [S¥o9H ]

PropertyManager area of SolidWorks. This dialog box displays — «

the Machine CoordSys. e
) . & M & 1-Position

Confirm the CoordSys Manager dialog box with the button.

The Milling Part Data dialog box is displayed again.

8. Define the Stock model

For each Milling project, you can define the Stock model, which is the workpiece that is
placed on the machine before you start machining the CAM-Part.

Click the Stock button in the Stock & Target model section of [ Stock & Target model_4 |

the Milling Part Data dialog box. ——rm——

17


Roger
Realce

Roger
Realce

Roger
Realce


The Model dialog box is displayed. This dialog box enables you
to choose the mode of the Stock model definition.

| Defined by al‘

CrR—

Extruded boundary

3D Model
— Cylinder 1
| Confi STL |

r—

_:\g';:_ Stock Model Definition Modes

¥ + Box — in this mode SolidCAM automatically determines the box
surrounding the model.

+ Extruded boundary — this mode enables you to define the 2D stock
geometry by selecting a chain of geometrical elements (lines, arcs,
splines, edges, etc.).

+ 3D Model — this mode enables you to define the stock model via 3D
model selection.

+ Cylinder — this mode enables you to define the stock model as a
cylinder (or a tube) surrounding the selected solid model.

+ STL file — this mode enables you to define the stock model based on
a STL file that exists in your system. When you choose this mode, the
STL file section becomes available. By clicking the Browse button,
you can choose the STL file for the stock definition.

Choose the Box mode from the Defined by list. The appearing dialog box enables you
to select a solid body for the surrounding box calculation.

Optionally, offsets from the model can be defined. In this exercise, define the stock
model offsets as follows:

* For the X+, X-, Y+ and Y- offsets, use the default values of 2;
* For the Z+ offset, set the value to 0.25.

e For the Z- offset, set the value to 5. @
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2. CAM-Part Definition

Click on the solid body. One of its faces is highlighted.
¥ R
Name: Eal
= =
{Show }
mw—l A
Box -
[7Iiigh precison (focetng)
tiode A
'@ Relative to model
() Absolute coordinates
| Type %
Expand box at 2
SolidCAM automatically generates the surrounding box. X 2
Confirm the Stock model definition by clicking the ¥ button. v4: 2
The Milling Part Data dialog box is displayed. o 2
I+ 0.25
z 5
Add box to CAD
model
9. Define the Target model
SolidCAM enables you to define the Target model, which is  [SHEE] 2.
the final shape of the CAM-Part after the machining. SOidCAM ~ + %
uses the Target model for gouge checking in the SolidVerify | name: A
simulation. e z
[ sow ]
Click the Target button in the Stock & Target model area of the -
Milling Part Data dialog box. The Model dialog box is displayed. - o __ﬁ
Type A
Stock & Target model R © Both
© Surtaces
O s
— ) solid 1
By default, when you create a new CAM-Part, stock and target
models are defined automatically. If you have not changed the
default settings, the solid body is highlighted, and the target
model is already chosen in the Type section.
.Fmt tolerance G
0.1
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Click on the solid body to clear the selection. Notice that the Solid 1 icon is also
removed from the Type section. Click on the solid body once again. The face is selected,
the Solid 1 icon appears in the Type section, and the target model is defined.

Confirm the Model dialog box with the ¥ button.
The Milling Part Data dialog box is displayed.

10. Save the CAM-Part data

Confirm the Milling Part Data dialog box by clicking [SHTFTZITIE

the v button. v X
The Milling Part Data dialog box is closed, and the SolidCAM
Manager is displayed. The defined CAM-Part is saved. Progam
number:
At this stage, the definition of the CAM-Part is finished. The v o0
definition of Milling operations is covered in the following — :
. . . Coordinate System -3
exercise using this CAM-Part. '
Stock & Target model a
=
Part settings A
Settings
Options A
.""“;"."'.'."Df".’... #
Machine Database:
—
Material Database:
(—]
Machining Level:
[—
ey
Database
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2. CAM-Part Definition

\;l L

¥

The Structure of the CAM-Part

The CAM-Part includes a number of data files represented on the
illustration that displays the data included in the CAM-Part named
Milling.

Milling.prt

| Milling
Milling. SLDASM
CAM.SLDPRT

DesignModel. SLDPRT

The Milling.prt file is located in the SolidCAM User directory. The Milling
subdirectory contains all the data generated for the CAM-Part.

SolidCAM copies the original SolidWorks model to the Milling
subdirectory and creates a SolidWorks assembly that has the same name
as the CAM-Part (Milling.sldasm). There are two components in this
assembly:

DesignModel.sldprt — a copy of the SolidWorks model file.

CAM.sldprt — a file that contains SolidCAM Coordinate System data and
geometry data.

The SolidCAM CAM-Partuses the assembly environment of SolidWorks.
This enables you to create auxiliary geometries (i.c. sketches) without
making changes in the original design model. You can also insert some
additional components into the assembly file such as stock model, CNC-
machine table, clamping and other tooling elements.

21
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The SolidCAM Manager tree is the main interface feature of SolidCAM
that displays complete information about the CAM-Part.

SolidCAM T R T T I T T T T T YT m— s o i e
m_m!_ LaNaE » LR
Manager i
*
"
T ——————

The SolidCAM Manager tree contains the following elements:
CAM-Part header

=& CAMFart (EXERCISE4)

H Machine (AWEA1000-FANUC)
& CoordSys Manager

Stock (stock)

@ Target (target)

% Settings

Tool header

Machining Process
header

HE| Tool

Machining Process

i [ Geometries
Geometries header _—— ' & ~40
=1 B Operations
- @ MAC 1 (1- Position)
L] @ FM_facemil
-] g F_profile2
-] g F_profile3
- $ P_profile
D_dril :
g g D_dril_t Operations
O & p_profiles
[ & p_profies
WO @ D_dril1
-] @ D_dril1_1

Fixtures header

Operations header

¢ CAM-Part header

This header displays the name of the current CAM-Part. By right-
clicking it, you can display the menu to manage your CAM-Parts.

The Machine subheader is located under the CAM-Part header.
Double-click this subheader to review your machine configuration
and parameters.

The CoordSys Manager subheader is located under the CAM-Part

22



2. CAM-Part Definition

header. Double-click this subheader to display the CoordSys Manager
dialog box that enables you to manage your Coordinate Systems.

The Stock and Target subheaders are located under the CAM-Part
header. Double-click these subheaders to load the Stock model/
Target model dialog boxes that enable you to change the definition of
the Stock/Tatrget models.

The Settings subheader is also located under the CAM-Part header.
Double-click this subheader to load the Part Settings dialog box that
enables you to edit the settings defined for the current CAM-Part.

Tool header

This header displays the name of the current Tool Library. Double-
click this header to display the Part Tool Table, which is the list of
tools available to use in the current CAM-Part.

Machining Process header

This header displays the name of the current Machining Process
table.

Geometries header

This header displays all SolidCAM geometries that are not used in
the operations.

Fixtures header

This header displays available fixtures. By right-clicking it, you can
display the menu to define and manage your fixtures.

Operations header

This header displays all SolidCAM operations defined for the current
CAM-Part.
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11. Close the CAM-Part

Right-click the CAM-Part header in the SolidCAM
Manager tree and choose Close from the menu.

The CAM-Part is closed.

= @ M-pm Definition...
m Machy

@ Coord
Stock
G Terge
G Settin
EH Tool
(] Machining |
(& Geometried
(B Fixtures
& Operation

CAM-Part Properties...
Change Model Reference...

Close

Save As... h

Save Updated Stock to STL...
Documentation (ToolSheet)
Documentation (DPP)

DNC

External Program

Synchronize
Check Synchronization

SolidCAM Professor
iMachining Presentation
iMachining Getting Started
iMachining Professor
Send To...

Cleanup CAM-Part
Dump...
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SolidCAM ofters you the following types of 2.5D Milling operations:

A A A A A

Pocket Recognition

Face Milling j [ Slot
I I
Profile j [ T-Slot
I I
Contour 3D j [ Translated Surface
I I
Thread Milling j [ ToolBox Cycles
I I
Pocket j [ Drilling

Drill Recognition

O O & O 4D Oov

In SolidCAM, an operation is a single machining step. A workpiece is usually manufactured using
several machining steps and technologies. For each of these steps you can define a separate
operation. An operation can be very complex, but it always uses one tool, one major geometry
and executes one machining type, e.g. Profile Milling or Drilling. You can edit any single machining
operation, change the operation sequence and generate the GCode, combining and splitting the
operation list of your CAM-Part.

The Machining Geometry has to be defined for each operation. The Geometry prompts SoidCAM

what and where you want to machine.

A Geometry for Profile, Pocket, Contour 3D, Slot and T-Slot operations, and Toolbox
cycles consists of a number of chains. Chain geometries are defined by selecting the
following entities: edges of models, 2D curves, 3D curves, circles, lines and splines.
Each chain is composed of one or more entities and defines an open or closed contour.

A Geometry for Face Milling operations can be defined by selecting solid models, faces
or chains of model elements.

A Geometry for Drilling and Thread Milling operations consists of one or more points
(drilling centers) that can be defined by a number of methods directly on the solid

A Geometry for Drill Recognition and Pocket Recognition operations is determined
automatically by SolidCAM Automatic Feature Recognition functionality.
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3. SolidCAM 2.5D Operations

Face Milling Operation

This operation enables you to machine large flat surfaces with
face mill tools.

Profile Operation

You can mill on or along a contour. The profile geometry can
be open or closed. In profile milling you can optionally use
tool radius compensation to the right or to the left side of the
geometry. SolidCAM offers two types of profiling:
* Milling a single profile to the specified constant
or variable depth in one step or in several user-
defined down steps.

* Concentric profiles to the specified constant or variable depth; this type of profiling
generates several concentric profiles that start from the defined clear offset distance
from the profile, and finish on the profile geometry, thus clearing the area around the
profile to a constant depth.

Pocket Operation

In pocket milling, you have to remove material from the interior of
a closed geometry. SolidCAM offers two types of pocketing:

* When a profile geometry consists of one or more
profiles and none of them are enclosed or intersect
with one another, each is milled as a separate pocket
without islands.

e When a profile geometry consists of several profiles,
any profile that is enclosed or intersects with another
profile is treated as an island. You can define an
unlimited number of islands within a single pocket.
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Slot Operation

This operation generates a tool path along the centerline to the
right or to the left of one or more profiles. Two types of slots can
be defined: the Slot with constant depth operation machines the
slot in several steps until the final depth is reached. In Slot with
variable depth, the depth profile is also defined by a 2D section.
The slot can be pre-machined using rough and semi-finish cycles.
The finish cut produces a tool path according to the specified
scallop height on the floor of the slot. With available parameters
for the right and left extension and the side step, you can mill
a slot wider than the tool diameter.

T-Slot Operation

This operation enables you to machine slots in vertical walls with
a slot mill tool.

Drilling Operation

This operation enables you to perform drills and other canned
drill cycles. SolidCAM supports the canned drill cycles provided
by your particular CNC-machine such as threading, peck, ream,
boring, etc. If your CNC-machine has no canned drill cycles of
its own, they can be defined using the General Pre- and Post-
processor program (GPPTool).
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3. SolidCAM 2.5D Operations

Drill Recognition

This Operation carries out a highly efficient drill recognition
and geometry creation with the functionality of the AFRM-
module (Automatic Feature Recognition and Machining). In
this operation drilling on different levels can be carried out.
The drilling levels are automatically recognized but may be
edited by the user.

Pocket Recognition

This Operation recognizes automatically pocket features at
the target model and creates the necessary machining,

Contour 3D Operation

This operation enables you to utilize the power of the 3D Engraving
technology for the 3D contour machining. In this operation,
SolidCAM enables you to prevent the gouging between the tool and
the 3D contour.

Thread Milling Operation

This operation enables you to generate a helical tool path for
the machining of internal and external threads with thread
mills.
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Exercise #2: Cover Machining

In this exercise, you use the CAM-Part defined in the Exercise
#1. You have to define several 2.5D operations in order to
machine the model external faces, pocket and holes in the
cornets.

In the process of definition of operations, you have to define
the machining geometry, the tool and several technological

parameters.
1. Open the CAM-Part
% In the menu, choose SolidCAM > Open, or click Open on the

SolidCAM Part toolbar. (o) o @0+ 3

New v
0) mew - (3 coor... B hewTodltbrary - S caM settings... BBo _:;m;T[i—
& = L
about (¥ Open | [} Delete... Jansoe | i Edit Tool Library 2 TecnologyDatabase (R @ 2t Manige Templates
(k| coadse |0 By Toolubvary Optons + [ Leersenfo.. BB Calculate CAM-Parts...

Copy..

In the browser window, choose Exercise1 — the CAM-Part prepared e

in the previous exercise. = S|
Fiture library...

The CAM-Part is loaded. Machining Process  »
SolidCAM Settings..
:F!:Imology Database
Recent C;.M-Pam r .
Browse Recent Parts...
ll.icm infe...
| Bt SalidCAM
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3. SolidCAM 2.5D Operations

2. Add a Face Milling operation

In SolidCAM Manager, right-click the Operations header and choose Face from
the Add Milling Operation submenu.

= &35 CAM-Part (EXERCISEY)
[E Machine (awEA 1000-FANUC)
@ CoordSys Manager
(8 Stock (sto)

(B Terget target)
I settngs
Hf Tool
=] Mactining Process.
(D Getmeties
B Fctures
Y l
Add Milling Operation ¥ Machining...
Add Machine Cotrol... —
Add Operation from Template... Profile...
Add Dperations from Process Template.. Contour 30...
Add Machining frocess * Pocket.
Heles Recognition + Techaclogy... Drilfing...
Paraltel Operatians . Tiwtead Wiling..,
Shot...
Calculate All T-Siot..

The Face Milling Operation dialog box is displayed.

Technology Cperation rame Template =
Face Miing = (=~ \_l)
[T | en
T““' [CoodtSys | [MAC 1{1-Poston) =)
Levels "
" Lt 2B -
B Link hew

131 Mation Limits Contral
@ Misc. parameters

smuate | | Glode saveBCopy | | EBat |

31


Roger
Realce


S

3. Define the Face Milling geometry
Click the New button in the Geometry page. The Face [Tl e

Milling Geometry dialog box is displayed.

Geometry

[CoordSys |  |MAC 1 (1- Position) v|

|- Show

”

The Type section enables you to define the face milling geometry using
the following methods:

*  Model

This option generates a rectangle located at the XY-plane and surrounding
the Target model and selects it for the Face Milling geometry. The
rectangle chain is displayed in the Chain List section.

Face Milling geometry
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3. SolidCAM 2.5D Operations

* Faces

This option enables you to define the Face Milling geometry by face
selection. The Define button and the related box enable you either to
define a new faces geometry with the Select Faces dialog box or choose
an already defined geometry from the list. When the model faces are
selected, SolidCAM generates a number of chains surrounding the
selected faces. These chains are displayed in the Chain List section.

Face Milling geometry

Selected faces

* Profile

This option enables you to define the Face Milling geometry
by a profile. The Define button and the related box enable you either
to define a new profile geometry with the Geometry Edit dialog box or
choose an already defined geometry from the list. The defined chains are
displayed in the Chain List section.

Face Milling geometry
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In the Type section, use the default Model option for the Face Milling geometry
definition. Click the Define button. The 3D Geometry dialog box is displayed.

ﬁ This dialog box enables you to define the 3D Model
geometry by selecting the following types of model

¥
elements:

* Solid — only solid objects are selected,;
* Surfaces — only surfaces ate selected;
e Both — both surfaces and solids will be selected.

The CAD selection button enables you to select the
3D geometry with SolidWorks tools.

You can select an object by clicking on it. When an
object is selected, its icon is displayed in the list in
the bottom of the dialog box. To unselect the object,
click on it again or right-click its icon in the list of
selected elements and choose Unselect from the
menu. To remove selection from all objects in the
list, click Unselect all.

L Y soic : I
Unselect
Unselect all

v R
HName al
model
Configurations R
Type A
(@) Both
() Solids
—
R
Facet 3
0.1

Click on the solid model to select it. The
model is highlighted, and its icon appears
in the list. Confirm the 3D Geometry

dialog box by clicking the ¥ button.
The Face Milling Geometry dialog box is
displayed again.

The rectangle is generated surrounding
the target model at the XY-plane.

Confirm the Face Milling Geometry
dialog box by clicking the ¥ button.

The geometry is defined for the operation.
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3. SolidCAM 2.5D Operations

V

4. Define the Tool

Switch to the Tool page of the Face Milling Operation dialog box. Start the tool definition
by clicking the Select button.

& Face Miling Operation =R
Technology Cperation rame. Template -
Face Ming FM_facemd - (= N3 3
— S
m v Tool | Diata | Coclant| Tool change poston Showtool ®
& Levels Todd
@ Technology et
Pt Link
131 Mation Limits Contral daebery
o Misc. parameters Dismetar:
Comer radus:
[ seea [y ]
Smste | [ Goode | [Csveacony | [ mmt

The Choosing Tool for Operation dialog box with a Part Tool Table is displayed.

[ Choang Fooi ot parton ===
BEEBEE TY%dE

Tool s, ¥ | Dt ¥ | therd. ¥ |

[ ]
|
NV The Part Tool Table contains all tools available for use to machine
m a specific CAM-Part. The Part Tool Table is stored within the CAM-Part.

The Choosing Tool for Operation dialog box enables you to manage the
tools contained in the Part Tool Table.
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Currently, the Part Tool Table is empty. Define a new tool suitable for face milling.
Click the Add Milling Tool button ( *# ) to start the tool definition.

The new pane containing available tools is displayed.

3 Chooring ool for operation =
LRE IR N
Tty ¥ | Dtem.. W | vserd. w ‘| ] |' |
i 4§ =
ENDMILL BULL NOSEMILL  BALL MOSE MILL FACE MILL TAPER ML
- oo [ ]
|

This dialog box enables you to add a new tool to the tool library choosing from the
tools available for the current operation. In this operation, a face mill of @100 will be
used.

_:‘q';:_ Face mill

¥ This tool type is used for machining of large flat surfaces. A tool of this
type is defined with the parameters shown in the image.

_ Arbor Diameter
‘ ‘ Total Length

L |

_T'

STOUI(:E" Outside
&_ Holder
» Length
Cutting Y ) Y
Length
" Tip Diameter
Diameter
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3. SolidCAM 2.5D Operations

% Choose the Face mill tool.
In the new pane, define the following parameters:
e Set the Diameter to 100;

¢ Set the Arbor Diameter to 80.

Click the Select button to confirm the tool parameters and choose the tool for the

operation.
& Choasing tool for operation
BEEBBE T-Y#
Todlts ¥ | Dtem,. W | Userg W | Mamber 10 rumber
1
1 FACE MILL
= Descriptien
1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool par amaters
e @
nch T dameter (TD): )
Cormer rads (R): [
Taper sngle (A} let] =0
»
Aebior damater (AD): 8 .
Shoulder dameter (50]: n {
Length I
@ T “
Inch Outsice holder (CRL): 0
Start shoulder length (S5L): »
Shoulder length (5L): L
Cutteg (CL): =
Hiengthu
Rough  Mumber of futes: 4
B B x| 9 | B B _sdect |[garen |

% 5. Define the Face depth
Switch to the Levels page of the Face Milling Operation dialog box. Click the Face
depth button in the Milling levels area. This button enables you to define the Operation
Lower level directly on the solid model. The depth is calculated automatically as the
difference between the Z-values of the Operation Upper and Lower levels.

e =
Techesiogy Operation name Template
Face tabrg 4 facerd (=~ g
[ Geometry
Toal - -
3 o
& Technelegy A0
B Lk 1
1931 Motice Limits Centrel|
& M paameten il b
Coeeeied. | o Delta: 0
[ Facedeth o] 0 Dol ©
Bl 0 domry
Shep down: 0
(o] Covmuoioion [7] (b ] (oot smacer ] [iBa]
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The Pick Lower level dialog box is
displayed.

£.aBick Lower level

Select the model face as shown.

The lower level value (0) is determined and displayed in the Pick Lower level dialog box.

Confirm this dialog box with the ¥ button.

The Face depth value is displayed in the Milling  sngieves

levels arca. The pink background of the edit box (likia) 0 pete
means that the parameter is associative to the
model. Associativity enables the selected level to Stadown: 0
be synchronized with the solid model changes;

SolidCAM automatically updates the CAM data

when the model is modified.

6. Define the technological parameters

Switch to the Technology page of the Face Milling Operation dialog box. In the
Technology section, choose the One Pass option.

Technology Cperation rame Template =
Face paing F face=d] - (=N 3
Qﬁwmﬂw Technalogy | One pass| Advanced |
i) Tool =
& Levels i
- (o — | :
a | One Pass. - Flocr offset: o
B Link Overlap [l Frsh
131 Mation Limits Contral 8 % of tool dameter
& Misc, parameters Vol 2
Equal step over
Depth Cutting Type.
@ One way ) Tgtag
Toal Path
[T Reverse
Sort cut order
[} Complete 24evel
seve | [Sevescalcate [+][ smuate | [ code Save BCopy. Exit
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3. SolidCAM 2.5D Operations

Y One Pass machining technology

S SolidCAM performs the face milling
in one pass. The direction and location
of the pass are calculated automatically
according to the face geometry, in
order to generate an optimal tool
movement with the tool covering the
whole geometry.

Selecting the One pass option
automatically opens the One pass
tab that enables you to define the
machining parameters.

Technokogy  One pass | Advanced |
Hatch angle Extension

@) % of tool diameter
Angle: ] 10

Vakse

The Extension section enables you to define the tool path extension
over the face edges. The extension can be defined ecither by
percentage of the tool diameter (the % of tool diameter option) or by
value (the Value option).

Extension

% 7. Save and Calculate
Click the Save & Calculate button.

The Face Milling operation data is saved, and the tool path is calculated.
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8. Simulate

Click the Simulate button in the Face
Milling Operation dialog box. The
Simulation control panel is displayed.

Switch to the SolidVerify page and start

the simulation with the > button.

=]

V¢, The solid stock model defined in Exercise #1 is used in the SolidVerify
m:- simulation mode. During the machining simulation process, SolidCAM
subtracts the tool movements (using solid Boolean operations) from the
solid model of the stock. The remaining machined stock is a solid model
that can be dynamically zoomed or rotated. It can also be compared to the

s

target model in order to show the rest material.

. . . -
During the simulation, you can rotate ‘@'—‘, move "I", or zoom & the
model. Use these options to see the machining area in details.

The Single step mode can be used to simulate the next tool movement by

clicking the ™ button or by using the space bar on your keyboard.

Close the simulation with the A button. The Face Milling Operation dialog box is
displayed. Close this dialog box with the Exit button.

9. Add an operation

Right-click the Face Milling operation EElE=—r =]
. = BITRIBE sdd Mg Cpestion . Wachining.
entry in SolidCAM Manager and choose P o Sl o
. - . @ Coordgnt A4 Operation from Template— Profie_.
Profile from the Add Milling Operation B miond Aot Ty o
o - Sk | e
submenu. B e e
B Gramerres - ot
. . : : Byrasees | GCoie i IS
The Profile Operation dialog box is e, oownr 1 ot s
. -.' HAC I Cotcutste in paaliel Tosi Cydes
displayed. e ST S

Toel Sheet Dl Recegrition_.

In this operation, the external profile is
machined.
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3. SolidCAM 2.5D Operations

10. Define the Geometry

The first step of definition of each operation is the Geometry selection. At this stage,
you have to define the Geometry for the Profile operation using the solid model
geometry.

Click [E)| in the Geometry page of the Profile Operation dialog box.

Technology Cperation rame Template =
Profie - (=N~ 3

f Too (Cona] [ (i-pomton) ]

Levels =
- el @ &y @
B Link Show_ { New
131 Mation Limits Contral -
@ Misc. parameters 14

@ General Shhouette

swve | [Savesconiote |[+] [ seuae | [ crode savescopy | | Bt |

The Geometry Edit dialog box is displayed in the SolidWorks
PropertyManager arca. This dialog box enables you to add and edit
geometry chains. Chain a

When this dialog box is displayed, you can select solid model entities . Curve +Close
for the Geometry definition. ey
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ﬁ Chain Selection Options

You can define the geometry by selecting edges,
sketch segments and points on the contour.
The following options are available:

Curve

This option enables you to create a chain of
existing curves and edges by selecting them
one after the other.

Associativity: SolidCAM keeps the associativity to any edge or sketch
entity. Any change made to the model or sketch automatically updates

the selected geometry.

Curve + Close corners

This option enables you to close the gaps between successive chain
entities irrespective of the Gap minimum and Gap maximum values
(defined in the Units section of SolidCAM Settings) by virtually extending

the entities up to their intersection.

First selected entity
o]

Next selected entity

Splines and arcs are extended by lines

tangential to the arc/spline at its end point.

@ Curve

() Curve = Close Corners
) Loop

(") Point to point

(7) Arc by points

[T Auto-to
() Auto-general
() Auto-constant Z

w1 ) Auto-Deltaz
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3. SolidCAM 2.5D Operations

Associativity: When the model used for the geometry definition is
modified, SolidCAM enables you to synchronize the geometry with the
updated model. During the synchronization, SolidCAM determines gap
areas created using the Curve + Close Corners option and regenerates
the extension of the chain elements so as to close the gaps.

Loop

This option enables you to select a loop by picking one of the model

edges.

1. Pick an edge shared by two model faces. Two faces to
%} which this edge belongs are determined, and their loops
are highlighted. The first determined loop is considered
to be the primary and is highlighted with yellow color.
The second loop is considered to be the secondary and
is highlighted with blue color.

2. Choose one of the loops. Click on any other edge
forming the face. You are prompted to accept the chain
that is now highlighted with yellow color. Accept the
chain with the Yes button. A closed geometry chain is
defined on this loop, and the secondary loop is rejected.

Associativity: SolidCAM keeps the associativity to any edge or sketch
entity. Any change made to the model or sketch automatically updates
the selected geometry.
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Point to point

This option enables you to connect specified points; the points are
connected by a straight line.

Associativity: SolidCAM does not keep the associativity to any selected
point. SolidCAM saves the X-, Y- and Z-coordinates of the selected
points. Any change made to the model or sketch does not update the
selected geometry.

1, You cannot select a point that is not located on a
SolidWorks entity (if you need to select such a point, add

¥ a planar surface under the model and select the points
on that surface).

The following rules apply to the virtual line selection using the Point to
point option:

* When you select a virtual line between two edges, the line
behaves as a spring, Whenever the modelis changed and synchronized,
the geometry is updated with the model.

*  When you select a sequence of several virtual lines, only the points
connected to model edges or sketch elements are updated, but all
other points stay fixed at the defined X-, Y- and Z-positions.
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3. SolidCAM 2.5D Operations

Arc by points

This option enables you to create a chain segment on an arc up to
a specific point on the arc.

Second Third
point point

First
point

Associativity: SolidCAM does not keep the associativity to any selected
arcs by points. SolidCAM saves the X-, Y- and Z-coordinates of the
selected points. Any change made to the model or sketch does not
update the selected geometry.

Automatic selection options

SolidCAM automatically determines the chain
entities and close the chain contour. The Auto Curve
select mode offers the following options: Sl TS

Loop

Auto-to Point to point
Arc by points

The chain is selected by specifying the start curve, | =
the direction of the chain and the element up to i

which the chain is created. SolidCAM enables P —
you to choose any model edge, vertex or sketch A @ Auto-DeftaZ
entity to determine the chain end.

@ Auto-general

When the end item is chosen, SolidCAM determines the chain according
to the rules of the chosen selection mode (Auto-general, Auto-constant
Z or Auto-Delta Z). The chain selection is terminated when the selected
end item is reached.

Start entity Selected chain
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If the chosen end item cannot be reached by the chain flow, the chain
definition is terminated when the start chain segment is reached. The

End entity

chain is automatically closed.

Start entity Selected chain

The confirmation message is displayed.

The Auto-to option is useful if you do not want to define
s a closed chain, but an open chain up to a certain element.

Auto-general

SolidCAM highlights all the entities that are connected to the last chain
entity. You have to select the entity along which you want the chain to
continue.
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3. SolidCAM 2.5D Operations

Auto-constant Z

This option identifies only the entities found on the same XY-plane with
the previously selected chain entity. You are prompted to identify the
next chain element when two entities on the same Z-level are connected
to the chain. The system tolerance for this option can be set in SolidCAM
Settings.

Auto-Delta Z

When you select this option, you are required to enter a positive and
negative Z-deviation into the Delta-Z dialog box. Only entities in this
range are identified as the next possible entity of the chain.

%) In this exercise, the geometry must be defined as shown.

The red arrow indicates the direction of the geometry.
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Tool revolution
direction

1L In SolidCAM operations, the
direction of the chain geometry ~

is used for the tool path Tool movement
calculation. In Profile milling, direction
the tool moves in the direction

of the geometry by default. In

this exercise, the combination

of the geometry direction and

the clockwise direction of the

tool revolution enables you to

perform climb milling.

Geometry
direction

When you pick the first chain entity on the solid model, SolidCAM
determines the start point of the picked entity closest to the picked
position. The direction of the picked first chain entity is defined
automatically from the start point to the picked position.

Starting point

Direction

Picked position

Geometry chain

O

% Choose the Loop option in the Chain section and click on the model edge as shown.

Notice that the picked
position must be close to the
start point of the geometry.
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3. SolidCAM 2.5D Operations

Two faces shared by the selected edge are determined, and their loops are highlighted.
The red arrow indicates the direction of the selected chain.

Click the secondary chain highlighted with blue color to choose it for geometry
definition.

The picked chain is now highlighted with red color, and the second chain is rejected.

The confirmation message is displayed. Confirm it with the Yes
button.

The chain icon is displayed in the Chain List section.

[]Don't ask again

| Chain List A
) | e 1Chain

At this stage, the Geometry is defined. Confirm the Geometry selection with
the ¥ button. The Profile Operation dialog box is displayed.
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%) 11. Define the Tool

At this stage, you have to define the tool for the Profile milling.

Switch to the Tool page of the Profile Operation dialog box and click the Select button.

Pt G =
Technology Cperation rame Template =
Profie F_sontour - HE \!‘)
= & Geomet;
mm i Tool | Data | Coclant| Tosl change positen| Show tool ®
& Levels Tool
a Technelogy et
B Link
131 Mation Limits Contral daebery
@ Misc. parameters Diametsrs
Cormer radus
(S—-——
swe | [savescondote |[+] [ Seuae | [ coode | Save B.Copy Bt |

The Part Tool Table with the tool used in the previous operation is displayed.

Humber

| tooitus.. | omam... ¥ | userd.. ¥ |
| o FACE MILL

Irch

inch

Reugh
0

x| W

Desziption

1 Topslogy | Tool Duta| (Data |
Tool parameters

Length
ol (Ll

B B

" $: Choosing tool for operation =)
EEBEE T Y% @ %

Folder | || Shape | Coolant| Toolpreset | Tool Message |
Dxameser (D)
Tio dameter (TO):
Cormr radus (R):
Tperage: (@] [
arbor dameter (AD): 5
Shoukder dameter (50):

Outside hokder (OHL):

Start shoulder length (550): x
Shoukder length (SL): E)
Cutting (CLE 0
Hiength: 0
Pusber of Autes:

Click the Add Milling Tool button ( @ ) to start the tool definition.

In this Profile operation, an End mill of @16 will be used.
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3. SolidCAM 2.5D Operations

ﬁ End Mill/Bull Nose Mill/Ball Nose Mill

¥ These tool types are used for the definition of rough/finish mills. The

tool shapes and basic parameters are shown below:

Arbor Diameter
Total
Length I Outside
hold
Shoulder . older
Length Cutting
Length

Diameter

Arbor Diameter

Total | ,, -

Length Outside
Shoulder [ & _ Holder
Length ’ Cuttlng

“ Length

Diameter

Arbor Diameter

Total i
Length Outside
Shoulder Cutting Holder
Length Length
! \ 7Edge Radius

Diameter
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Click the End Mill tool to choose it for the operation. In the Tool parameter section,
under Topology, set the Diameter value to 16.

BEEE8 T Y%

[ oot ™ | mrm.w | e w | e 10 number
ke
FACE MILL

1
I DT O
1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters
LI Duameter D) w
tnch aubor damater (AD): ®
"
Length
L Toaal (TL}: 0
Treh Outside hoider (0#L): s
Shoulder length (SL): »
Cuttng (CL): 2
Hlength: o
JRough  Mumber of futes: 2
LY x 5 w | B B seect [ Garcel |

Click the Select button to confirm the tool parameters and choose the tool for the
operation.

%3 12. Define the Feed and Spin parameters

Switch to the Data tab in the Tool section of the Profile
o0l [\ feola t| Tool change position |

Operation dialog box. o
Type: ENDMILL
Mumber: 2
Diameter: 16 mm
T = Corner racis: O mm
Profie Operaticn TE
Tedhnology Cperation rame Template o
Profie F_contour v (== \.!-)
[ & Geometry
Teol  Data | Coolant| Tool change poston| Showtool ®
& Levs Feed <
@ Technology @ F (mmjmin) FZ (mefiooth) @ 5 (rpm) V (mmn)
B Link Feed XY: 100 Spin rate: 1000
131 Mation Limits Contral Fead 22 1 Sgin fiish: 1 | w000
@ Misc. parameters Foad frisk: 1[0 g drection
@ ow ) COW
FeedLead In, %: 100
Feed Lead Out, %: w
|Feed Z for penetration only
loffsets
Ciameter offset rumber:
Length offset rumbaer:
[Cove | [Sovengoatoie |[-] [ squate | [ grode | [Lsseacey | [ oa |
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3. SolidCAM 2.5D Operations

Set the Spin rate (used in rough milling) value to 6000. The = sn

Spin finish (used in finish milling) value is automatically set 5; s: ) i
rate; 6000
to 6000. s

MY The Spin finish check box enables you to optionally define different
m:- values for Spin rate and Spin finish. When this check box is selected, the
corresponding edit box is available so that you can edit its value. When
this check box is not selected, the specified Spin rate value is used for
both rough and finish machining;

s

Set the Feed XY (feed rate for XY movements) to 1500 and .,
the Feed Z (feed rate for Z movements) to 250. Select the 9 F (mjmin) FZ (rm/tooth)

check box near the Feed finish (feed rate for finish milling) Feedxr: L

Feed2: 25

parameter and set the value to 1800. e o
: 7

vls_  The Feed finish check box enables you to optionally define different
@: values for Feed XY and Feed finish. When this check box is selected, the
corresponding edit box is available so that you can edit its value. When
this check box is not selected, the specified Feed XY value is used for
both rough and finish machining;

13. Define the Milling levels
Switch to the Levels page of the Profile Operation dialog box.

SolidCAM enables you to define the milling levels using the solid model data.

& Profde Opention EE=

Delita:

[ Del: 0

53


Roger
Realce

Roger
Realce

Roger
Realce

Roger
Realce


S

‘:@:‘ Upper Level

F This parameter defines the Z-level at which the machining starts.
Profile Depth

This parameter defines the Z-level below which the tool does not mill.
This plane is not penetrated in any milling strategy.

Profile
Depth

Click the Upper level button in the Milling
levels area. The Pick Upper level dialog
box is displayed.

Select the model face as shown.

The Upper Level value (0) is determined
and displayed in the Pick Upper level
dialog box. Confirm this dialog box by

clicking the v button.

Click the Profile depth button in the
Milling levels area. The Pick Lower level dialog box is displayed.

Pick the bottom edge of the model as
shown.

The Lower level value (-10) is determined
and displayed in the Pick Lower level
dialog box. Confirm this dialog box with

the v button.
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3. SolidCAM 2.5D Operations

Now you need to define the Delta depth.

ﬁ The Delta depth parameter defines the offset for the cutting depth

that can be changed with its associativity preserved. The Delta depth
value is always relative to the Profile Depth defined for the operation.

% Set the Delta depth value to -1.

Positioning levels
Start | 10 Delta:
[(Cearancelevel | 10 Delta: 0
Safety distance: 2
Miling levels
[ Upperievel | @ i et 0
Profiedepth | [HDNMM | Delta: -1 =

The milling levels are defined.

% 14. Define the technological parameters
Switch to the Technology page of the Profile Operation dialog box.

& Profie Operation Lol
Technology Operation rame Tesplate -
Profie F_contour v (== n.._!-/
& Geametry Technology | Advanced|
i Toal
- Modify Offeats
& Lo Tool side: wal offset: 0
& I 5
P Link |Left. =] |Geometry Floer offset: J
131 Mation Limits Contral Ignare geometry self-ntersect
o Misc. parameters | Compensation " Equal step down
Depth type: Rough
_— Step down: a
CTI— o
¥ Frush
Depirosie teu Mumber of passes: 1
& One way Igrag ExtensionfOverap: 0
Step down: 0
Rest matenialiChamfer

Mone. -

| Use filet sive for last cut
Entermal:
External:

[sove ] [sovenconior |[+] [ s ] [ goote

First, you need to make sure that the tool position relative to the geometry is correct.
In the Modify section, check the Tool side option.
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x}ﬁ Modify

¥ The Tool side option enables you to determine the tool position relative
to the geometry.

Right — the tool cuts on the right side of the profile geometry.
Left — the tool cuts on the left side of the profile geometry.

Center — the center of the tool moves on the profile geometry (no
compensation G4x can be used with this option).

~ -~

Center

The Geometry button displays the Modify Geometry dialog box that
enables you to define the modification parameters of the geometry
and to choose which geometry chains are active in the operation (in
case of multiple chain geometry). The chain geometry of the profile
is displayed on the model with the chain direction indicated and
a circle representing the tool relative to the geometry.

In this case, the default Left option meets the  recmoogy| advenced|
requirements of climb milling. Click the Geometry button sty

Tool side:
to check the tool position.
p o= o4\
[ Ignore geometry selfntersect

Click the % button in the Modify
Geometry dialog box. The Profile
Operation dialog box is displayed again.

SolidCAM enables you to perform the rough and finish machining of the profile in
a single Profile operation.
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3. SolidCAM 2.5D Operations

Define the parameters of the Profile roughing. Select the Rough check box. Define
the Step down parameter for roughing,

ML Step down

-:@ Step down
¥ Profile roughing is performed in
constant Z-passes. The Step down
parameter defines the distance

between each two successive
- \_Profile
---------- depth

Upper

Z-levels.

Set the Step down to 5. With this value, SOidCAM  @lreun
performs two cuts at the following Z-levels: -5, -10; the last Step donn: 5
cut is performed at the Z-level defined by Profile depth.

Now you need to define the wall offset that will remain after the roughing passes.

-:\G.D,:- Offsets

¥ The Wall offset and Floor offset parameters enable you to define the
allowances that remain on the walls and the floor of the machined part
till the profile finish machining. These allowances can be removed with
the finish passes in the same Profile operation or in an additional Profile
operation with another tool.

Step down
Profile depth

L
Floor offset

Wal offset: 0.5

In the Offsets section, set the Wall offset value to 0.5. The  offes
% allowance of 0.5 mm will be left on the model walls during

the profile roughing, This allowance will be removed with

a separate finishing cut in the end of the profile machining;

Floor offset: 1]
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Select the Finish check box to perform the finishing of the — Firne

profile.

Number of passes: 1
Extension/Overlap: 0
Step down: 0

15. Define the Lead in and Lead out

Switch to the Link page of the Profile Operation dialog box.

R e
Technology Operation rame Tesglate -
Profie F_contour v (== »..!-)

" @ Geometry Ramping i between.

Toal (Feed = pam—

& Leves - | hrough dearance ievel -

g EM Adjacent passes cormection P

131 Mation Limits Contral ) Lincar Reunded (Mvoush desanceievel v

@ Misc. parameters

Leadin Lead out
Same 25 Lead in
hone - Nme =|

[Csove | [sovescaiate |[v] [ Seudste | [ coode | [ saveacopy | [ EBmt |

This page enables you to define the way the tool approaches the profile and retreats

away.

5

3

Profile Lead in and Lead out

The lead-in movement is necessary to prevent vertical entering of the
tool into the material. With the lead-in strategies the tool descends to the
machining level outside of the material and then horizontally penetrates
the material with the lead-in movement. The lead-out strategy enables
you to perform the retract movements outside the material.

The following options are available:
* None

The tool leads in to and out from the milling
level exactly adjacent to the start point of the
profile.
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3. SolidCAM 2.5D Operations

* Normal

The tool leads in to and out from the
profile from a point normal to the
profile. The length of the normal can
be set in the Normal length field. The
distance between the normal and
material is set in the Tangent extension
field.

Normal
Length

Tangent
Extension

« Arc

. Radi
The tool leads in to and out from the adius

profile with a tangential arc. The arc
radius can be set in the Radius field. The
length of the extension can be set in the
Tangent extension ficld. The arc angle is
set in the Arc angle field.

Tangent
Extension

* Tangent

The tool leads in/out on a line tangent
to the proﬁle.. The length of the tangent mgent
can be set in the Length field. The Extension
distance to the matetial can be set in the
Tangent extension ficld.

*  Point

The tool leads in/out from a user-
defined position. From this position, the
tool moves on a straight line to the start
point of the profile. When you select
this option, the Pick button is activated
so that you can select a position directly
on the solid model. The distance

Tangent
Extension

between the point and material is set in
the Tangent extension field.

* User-defined

The tool leads in/out from a user-defined position. When you select this
option, you can define a geometry of the tool approach to the material.

When the Same as Lead in check box is selected, the strategy and
parameters defined for Lead in are used for Lead out.
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Under Lead in, choose the Arc option
from the list, and set the Tangent
extension value to 5 and the Radius value
to 2.

Under Lead out, select the Same as Lead
in check box.

The definition of the basic technological
parameters of profile milling is finished.

16. Calculate the Tool path

Leadin
[Cr—
Tangent extension: 5
Riadus: z
Are angle: e
_) Dustance: o
@ Center

I Start from center of crcle geomatry

[¥]5ame as Lead in

Tangent extension: | 5

Arc angle: 0
Distance:
) Center

Start from center of drde geometry

Click the Save & Calculate button. The Profile operation data is saved, and the tool

path is calculated.

17. Simulate the operation

Click the Simulate button in the Profile Operation dialog
box. The Simulation control panel is displayed. Switch to
the SolidVerify page and start the simulation with the Play

button.

Rest Material |

SolidVerify

Machine Smulation | SoldVerdy for 3D
RapidVerfy | Host CAD| 3D | 2D
[} Show data

Esrgocoe
Simulation spead

I 0
> » o M | A

When the simulation is finished, play the it step by step using the ™ Lutton.

Switch to the Host CAD simulation mode and click the Play > button.
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3. SolidCAM 2.5D Operations

Y The Host CAD simulation mode enables you to display the tool path directly
on the model in the SolidWorks window. Since all the View options of

SolidWorks are active during the simulation, you can see the tool path from

different perspectives and zoom on a certain area of the model.

Close the simulation with the Exit 4 button. The Profile Operation dialog box is

displayed.

18. Add a Pocket operation

The Pocket operation is used for the internal
pocket machining. Right-click the last defined
Profile operation and choose Pocket from the
Add Milling Operation submenu.

e, |
USROS swrimcrenin o[ T
= &2 CaMFart (BERC Asdd Machine Central... F
B Machre (a1 b
D Codsysm{  Add Opesation from Template.. Profile...
@ Stock (stock] Add Operations from Process Template—. Contour30...
g Target (iarg Add Machining Procesn ’ Pocket...
Setengs
B oot Create Template... ek
= Procas Thread Milling..
2 ey EdR. G
Ry Formres o GCode x ToSiot
| @ Coeravorn |G Calculate Translated Surface..
@ LR cglcue in panaliel.. ToolBiox Cycles_.
1D e 8 GCode
0 Pocket Recognition...
Tood Sheat Dl Recognition...
Synchronize L 30 Driing...
Tool path B Engraving...
& Simulate 30 Milling...
Glode Simulator ¥ 30 iMachining...
The Pocket Operation dialog box is displayed.
Tedhnology Operation rame Template -
Pocket v (= = \.!-)
[T | o
Teel [Goordsys]  [Mac 1 (1-Positon) =
& Levels 2 B e
B 2@ =
B Link ho
131 Mation Limits Contral
@ Misc. parameters
[ coote saveBCopy | | EBat |
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19. Define the Geometry

The geometry for a Pocket operation is generally represented by closed chains. In this
exercise, you have to define a chain using the solid model edges.

Click the [E) button in the Geometry
page to start the geometry definition.
The Geometry Edit dialog box is
displayed.

Using the Loop option, define the
chain as shown.

Confirm the geometry definition by
clicking the ¥ button.

The Pocket Operation dialog box is displayed.

20. Define the Tool
Switch to the Tool page and click the Select button.

The Part Tool Table is displayed.

BEE Y.%d&

Toolt.. ¥ | Dom. ¥ | e W L 10 rumber
1 FACEMILL :
B : EOMLL Deszphon

1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters

Dxameser (D)

Tio dlameter (TD}:

Comer radus (R):

Taperange (i [2%]

Svbor dameter (AD):

‘Shovider dameter (50):

ol (Ll

M @

tnch Outaice hokder (OHL):
‘Start sheuider length (550):
Shouder length (SL):
Cuttrg (CL):
Hiength:

= Jough  Musber of Rutes:
Tl 0

B x|w o B

| Y

.
Inch

g|[=[s[e]2]5] [=]][s]=]=]e

Click | % | to start the tool definition. The Tool type table is displayed.
In this Profile operation, an End mill of @8 will be used.
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3. SolidCAM 2.5D Operations

Choose the End mill tool for the operation. In the Topology page, set the Diameter
value to 8.

[T Comeim o spain =
BESEE T-%#& @y %

[ Tooh.® | Dram.w [ e ¥ | ':ﬂh et

g gl

[}

H Topoioy | ToolDuta| ta | [ Heider | || Sape | Costart] Took poesst] Toot Masssgn |
Tod parameters.

¥
e @ | et 5 ]
Inch scor dameter (A01: q
i ¥ 3
n )/

gt

inh Outsde boider (0L
e lorgh ()
Eutang oLl

«| [g]x|u|2 =

Flhough  Mumber of fstes=

B | x| e | B B [soeet | [t ]

[

Click the Select button to confirm the tool parameters and choose the tool for the
operation.

21. Define the Milling levels

Switch to the Levels page of the Pocket
Operation dialog box and define upper
and lower levels of machining directly on
the solid model.

Define the Upper level as shown. The
Upper level value (0) is determined.

Define the Pocket depth by clicking on
the pocket bottom face as shown. The Pocket depth value (8) is determined.

Set the Step down value to 4 to petform the pocket (eitoionie) BN Oda o
machining in two equal steps.
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22. Define the technological parameters

Switch to the Technology page of the Pocket Operation .

dialog box. In the Offsets section, set the Wall offset wal offset: 0.2
and the Floor offset values to 0.2. These offsets remain LT S
unmachined during roughing and are removed with the = 22
further finishing. P

[¥]wal I Floor
In the Finish area, select the Wall and Floor check boxes. il

These options enable you to perform finishing of the Wall & Geometry Offsat
offset and Floor offset that remain after the roughing. ot
Total depth @ Each step down

[ wall finish only

Define the machining strategy. Make sure that the default — resnobosy| contor| advanced|

Contour option is chosen in the Technology section. When e " .
: Cotor <)
the Contour strategy is chosen, the tool moves on offsets i v
parallel to the pocket contour. 8 % of toeldameter
Value &

Switch to the Contour tab to display the Contour

) Technology Contour | Jldvan:edl
parameters. This page enables you to define the

Start from
parameters of the Contour strategy. & i O
Corner
[None 2
Corner radius: 0
@ Min. corner radius: 0
Direction
@ Climb Conventional
Adjacent passes connection
Linear >
[ Exit material [~] Connect istands
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3. SolidCAM 2.5D Operations

ML Contour parameters

¥ Start from

Inside

This option allows you to work in a pocket area starting from the
middle of the pocket and cutting towards the outside border of the
pocket.

Outside

This option allows you to work in a pocket area starting from the
outside border of the pocket and cutting towards the middle of the
pocket.

Corner

None

The tool path is formed with sharp
corners between one direction and the
next.

Fillet

ﬁ
This option connects each direction with
a given radius allowing for a smoother
transition between path directions. ﬁ

The Min. corner radius option enables
you to define the minimal value of the
corner radius.

ML If the given radius is too large for a specific corner, it
m produces the largest possible radius at that point.

Sometimes the fillet option can leave some material.
This particulatly happens if the given radius is large.




+ Loop

This option ensures that the connecting
points on the path are cleaned using a
smooth transition. The tool path forms
a loop in the corner, preventing an
abrupt change of direction.

i

M
N

N

* Sharp

This option ensures that using a short
and simple movement cleans the

connecting points on the path. Although %
this produces a sharp movement by the
tool, the path itself is slightly shorter \Y
than the smooth corner option. This
can help cut down on machining time.
)

ﬁ This option is 7of recommended for high-speed cutting,

3

Direction

This option enables you to choose climb or conventional milling for the
roughing operation.

L O

Climb milling Conventional milling




3. SolidCAM 2.5D Operations

Adjacent passes connection

This option enables you to choose the method of the tool movement

within the pocket from one tool path pass to the next one.

Linear

The tool performs normal approach from
one tool path pass to the next one.

Rounded

The tool performs an arc movement from
one tool path pass to the next one. The
radius of the arc is half the distance between
the tool path passes.

Smooth

\

The tool performs a smooth movement from one tool path pass to

the next one.
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Exit material

This option controls the tool movements between the working areas.

N N

NO NO

A S

Exit material check box not Exit material check box
selected selected

When the tool moves from one The tool exits the material
working area to the next, it moves and travels rapidly above the
through the full material around material to the next working
the island to get to the next area as shown above. The lead
working area as shown above. in path is the Lead in you define.

Connect islands

This option enables you to keep the
same cutting direction (conventional or
climb milling) throughout the entire tool
path where possible. This is particulatly
important in high-speed cutting.

% 23. Define the Ramping strategy

Switch to the Link page of the Pocket Operation dialog Ranping
box. Define the strategy with which the tool is plunging
into the material during the pocket roughing,
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AL/

The following Ramping strategies are available for rough machining of
pockets:

None

The tool enters the material vertically at the pocket start point chosen
automatically by the SolidCAM pocket algorithm.

Vertical

The tool enters the material vertically at a user-defined position. From
this position, the tool moves to the pocket start point calculated by
the pocket algorithm. Click the Data button to specify the position
where the tool plunges into the material.

Angle

The tool moves to the pocket start point at a specified ramp angle.
The start point must be selected using the Data button. Enter the
ramping angle value into the Angle edit box of the Angle ramping
dialog box.

SolidCAM does not check the ramping movement against the pocket
contour. Check the tool path simulation to make sure that the tool
does not gouge the pocket walls or islands.

Helical

The tool descends from the safety distance above the Upper level to
the material in a circular motion until the step down is reached using
the user-defined radius. When the tool reaches the step down depth,
it machines all the material at the step down depth. Click the Data
button to set the helical ramping parameters.

Linear

The Linear ramping follows the same rules as the Helical ramping.
The difference is that the descent is performed in a linear zigzag
fashion rather than in a circular one.
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Choose the Helical option and click the Data button.

Technology (Operation rame Tesglate -
Pocket P_contou2 = (=~ ».})
@ Geometry Ramping Uiz between..
Toal
& Levels - = ek
£ Technotogy [ o) (ol [rvoush cearance ievel -
131 Mation Limits Contral
@ Misc. parameters
Leadin Lead out
Same aslead n
[there = |Nene: -
—
)
!
=
=
[ seve | [savescanste |[+] [ seuae Gode | [Csaveacopy | [ EBa |

The Helical ramping dialog box is displayed. This dialog box enables you to define
the ramping position and the related parameters for each chain used in the Pocket

operation.

A1/

¥

Helical Ramping Parameters

The Tool step down parameter defines the
distance between each two adjacent turns of the
tool helical movement.

The Angle parameter defines the ramping angle.

The Radius parameter defines the radius of the
descending helix.

Center cutting

If your tool has center cutting capabilities, select
the Center cutting check box. In the Angle field,
enter the descent angle that you would like the
tool to follow. In the Radius field, enter the
radius of the tool path helix.

>

Héiiﬁl ramping
parameters

[¥] Center cutting
Tool step down:
0
Angle:
5
Radius:
3.92

El- Chains
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The working order is as follows:

The tool descends from the safety distance above the Upper level to
the material in a circular motion until the step down is reached using
the user-defined radius.

When the tool reaches the step down depth, it machines all the
material at the step down depth.

When the machining is completed at this depth, the tool goes up to
the Clearance level.

At this stage, the tool repositions itself at the Z safety distance above
the previous step down depth and repeats the Helical Lead in to the
next working depth.

This process repeats itself until the final depth has been machined.

If the tool does not have center cutting capabilities, do not select the
Center cutting check box. In the Tool step down field, enter the depth of
the step down of the tool. The result of this action is the same as with a
center cutting tool except for the following differences:

The tool descends from the safety distance above the Upper level to
the material in a circular motion up to the Tool Step down.

At this point, the tool clears a circular path. Then it descends to the
next Tool step down.

This is repeated until the tool reaches the CAM-Part step down
depth.

When the tool reaches the step down depth, it machines all the
material on that step down depth.

When the machining is completed at this depth, the tool goes up to
the Clearance level.

At this stage, the tool repositions itself at the Z safety distance above
the previous step down depth and repeat the Helical Lead in to the
next working depth.

This process repeats itself until the final depth has been machined.
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Chains

This section displays the list of all geometry chains defined for the
operation. All the chain entries are displayed under the Chains header.
You can select chain entries in the list.

When the Chains header is selected, SoidCAM displays the tool path
and default ramping positions for all of the chains. The circles represent
the default helical ramping movement defined for each chain.

When a chain entry is selected, SolidCAM displays the tool path and the
default ramping position for this chain. This position is automatically
defined at the start position of the tool path segment relevant for the
current chain. You can change this position by picking a point on the
model or by entering the new position coordinates into the X, Y, Z dialog
box. The schematic circle facilitates the definition of the position.

When the position is picked, it is marked on the model with
a red dot. The coordinates of the picked point are displayed in the
X, Y, Z dialog box. The start position of the tool path is marked on the
model with a yellow dot. The circle of the tool path color represents the
helical movement of the tool plunging.

Tool path start position Ramping position

When the ramping position is defined, the tool descends into the material
at the specified ramping position with helical movements according to
the defined parameters. When it reaches the level of the first cutting pass,
it moves to the start position of the tool path and performs machining
of the pocket.
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A A

Ramping Position

The Set default button enables you to replace the currently defined
ramping position for the selected chain by the default ramping position
located at the tool path start position.

The Auto next button provides you with the selection mode that enables
you to define the ramping positions for all of the chains one by one.

Confirm the dialog box with the ¥ button.

24. Define the Lead in and Lead out

The Lead in and Lead out strategies are used for defining the horizontal
approach/retreat of the tool to/from the geometry in the finish machining of the
part walls.

ﬁ Pocket Lead in and Lead out
¥ The following Lead in and Lead out strategies are available for pocket
machining:

* None

The tool leads in to and out from the milling
level exactly adjacent to the start point of e
the geometry.

* Normal

The tool leads in and out at the last point ~ testin
of the geometry with a movement normal
to the pocket contour. The length of the
normal can be set in the Normal length
field. The distance between the normal and
start of the geometry is set in the Tangent
extension ficld.

Tangent
Extension Normal Length
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« Arc

The tool leads in to and out from the

Leadin
geometry with a circular motion, tangent to
the last entity of the pocket contour. The
arc radius can be set in the Radius field. Tangent extension: 0
The length of the extension can be set in Bk =
the Tangent extension ficld. The arc angle is e =
. Distance: o
set in the Arc angle field. S
Tangent
Extension
* Tangent
The tool leads in to and out from the Leadin
pocket wall in a movement tangent to the
. T -
last profile entity. The length of the tangent o
can be set in the Length field. The distance o F L2
. . Length: 2
to the material can be set in the Tangent e =
extension ficld. b b

Tangent
Extension

When the Same as Lead in check box is selected, the strategy and
parameters defined for Lead in are used for Lead out.

Under Lead in, choose the Arc option s Lesdout
from the list and set the Tangent extension

. [ =]
value to 3 and the Radius value to 2. :M o
Under Lead out, select the Same as Lead = =
in check box. Distance:
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A

25. Calculate the Tool path

Click the Save & Calculate button. The Pocket operation data is saved and the tool path
is calculated.

26. Simulate the operation

Simulate the operation in the SolidVerify
and Host CAD simulation modes.

27. Add a Drilling operation

This Drilling operation is used to perform the
preliminary center drilling of the four holes in
the corners of the model.

Right-click the last Profile operation in
SolidCAM Manager and choose Drilling
from the Add Milling Operation submenu.

The Drilling Operation dialog box is displayed.

[ sae | [ savmnCocin (-] | smiom | [ coe | [semaconr | [om ]|
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28. Define the Drill geometry
In the Geometry area, click the [=] button.

The Drill Geometry Selection dialog box is displayed in the Solid Works PropertyManager
area. This dialog box enables you to select the geometry for drilling directly on the solid

model.

SolidCAM enables you to select the drill centers
using the following options:

Pick position

You can define drill centers one by one
directly on the solid model.

3 Points on circumference

Usually, all curves and arcs of imported
models are converted into splines by the
exporting CAD system. Due to the nature
of spline curves or surface boundaries, you
cannot pick a center position like you could
on a circle or an arc. SolidCAM calculates the
center position of an arc defined by three
points positioned on the spline edges. This
facilitates selecting drill centers on spline
surfaces.

Multi-positions

You can select the model face. SolidCAM
automatically tecognizes all arcs/citcles
located on the selected face and selects the
center points as drill positions.

All circle/arc centers

SolidCAM searches the solid model for arcs
and circles and adds all center points as drill
positions to the geometry.

Pack position

3 Points on crcumference
@ Multi-positions

All drdle farc centers

[ caDsdecton |

| Filter for circle/arc selection

Indude arcs
| Indude points
9 Al circles
By Radus

| selected cirdes/arcs

("} Show the center pants

76


Roger
Realce


3. SolidCAM 2.5D Operations

Choose the All circle/arc centers option and click the corresponding button.

Four drill positions are selected. Their
coordinates are displayed in bottom
part of the Drill Geometry Selection
dialog box.

! Al

(x) 1 5.000; 75.000
(x) 2 5.000; S5.000

(x) 3 145.000; 5.000
(%) 4

145.000; 75.000

Click the ¥ button to confirm the geometry selection. The Drilling Operation dialog

box is displayed.

29. Define the Tool

Switch to the Tool page of the Drilling Operation dialog

box and click the Select button.

The Part Tool Table is displayed.

Click| ® | to start a new drilling tool definition. From the
Drilling Tools section, choose the Spot drill tool for the

operation.

Tool | Data | Coolant] Tool change position
Tool
Type:
Number:
Diameter:
Anghe:

|| Center dril

| Seleet e

_:‘@:_ Spot Drill

¥

This tool type is used for center drilling and chamfering in Drilling

operations. A tool of this type is defined with the parameters shown in

the image.

Total
Length

Arbor Diameter

Diameter
Outside
Shoulder Holder
Length
Angle
< >

Cutting Length
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% A Spot drill of @6 is used in this operation.

& Choosing tool for speration

EEBEE Y%

ooty ¥ | Dtkm. W | Userg w | Mamber 10 rumber
]
o FACE MILL
B : ENoMILL Dusxiption
3 END MILL
0 SPOT DRILL
1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters
Mm @ Dameter O & '
Inch =
Angle (A): sl % ¥
b Arbeor damater (AD): &
Length TL
L Total (TL): &
5L
Irch Outsde helder (OFL): 0
Shoulder length (51): »
Cuttng {CL): 3
Hlength: L
Number of flutes: 1
B B x| 9 | B B sk |[ g |

Click the Select button to choose the tool for the operation.
The Drilling Operation dialog box is displayed. Click the Data tab.

Define the spin and the feed for the operation.

‘rl| Tool change position |
* Set the Spin rate to 1200; r

Tipe: SPOT DRILL
e Set the Feed Z to 200. uerer: 1
Daameter: & mm
Todl  Data | Coslant| Tool changs position | Show tek ® Angle: a0
Feed Spin
@ F e min] FZ {mmjtoath) 5 from) W ()
Feed I: 200 ] | S =
Spn drection
& oW cow ] Center ol
Offsets =
e [
% 30. Define the center drilling depth
Switch to the Levels page of the Drilling Operation ..
dialog box. Click the Drill depth button and select [ tmerieval | 0 Delta: 0

the upper face of the model. The Drill depth value [ T
(0) appears in the relevant edit box.

To perform the drilling down to the specified diameter of the tool, use the Depth type
option.
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3. SolidCAM 2.5D Operations

_:\g';:_ Depth Type

¥ This option enables you to deepen the drilled hole in order to obtain
a given diameter at the specified drill depth.

; I

| T |

: Drill i Drill
i depth \ depth
i |

|

|

i

i

i

i Drill
{ depth
|

|

|

I
/‘—J
Diameter
value

Cutter tip Full diameter Diameter value
« Cutter tip
The drill tip reaches the defined drill depth.
* Full diameter
The drill reaches the defined drill depth with the full diameter.
» Diameter value

The drill reaches the defined drill depth with the drill cone diameter
specified in the edit box.

The Diameter value can vary from 0 all the way up to the drill tool
diameter. A value greater than the drill tool diameter is automatically
decreased to the drill tool diameter.

% Choose the Diameter value option and set the value to 5. Depth type

In this manner, the drilling is performed till the tool o

diameter of 5 mm is reached at the depth of 0. ® (s 5

Drill Depth (0)

Diameter_value (5)
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A A

In accordance with these parameters, Diameter_value Centering_depth
SolidCAM calculates the centering
depth using the following formula:

o l

Centering_depth = Diameter_value / 2 I 2

tan(o/2)

If Diameter_value is 5 mm, and o is 90°, the centering depth is calculated as follows:

5/2

Centering_depth= ———=—=25
tan(90/2)

31. Calculate the tool path

Click the Save & Calculate button. The Drilling operation data is saved and the tool
path is calculated.

32. Simulate the operation

Simulate the operation in the
SolidVerify simulation mode.

33. Add a Drilling operation
Add another Drilling operation to perform the through drilling of the holes.

Right-click the last Drilling operation and choose Drilling from the Add Milling
Operation submenu. The Drilling Operation dialog box is displayed.

34. Define the Geometry

This operation is using the geometry that was defined in ~ cenery

the previous center drilling operation. Choose the Drill || = ETFM:J' =
geometry from the list in the Geometry area. = ﬂ

i ;l ’ Each geometry defined in SolidCAM has a unique name. When the geometry

is being defined, it is assigned a default name that can be changed. Using

¥ this name, you can choose the geometry for a specific operation.
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3. SolidCAM 2.5D Operations

%) 35. Define the Tool
Define a new Drill tool of @4 for this operation.

?*‘,u S e
EEEE Y-%& mo Y
[ teams.® | Do ™ ”’”“""'I Maamber D rumber
-5 FACE MILL 2
i: END MILL Dewriplion
B END MILL
g SPOT AL
| DRI M Yoo | Toavua) s | v| | S | Covo| Tolest| To Mo
Tool parameters
Hm @ Dameter (D) 4
| Inch
I e (A): 2] 1
" Arbor dameter (AD): 4
N—
M B Totsl (TLk: 80
Inch Outside holder (OML): &0
Shouder length {5)1 )
Cutting {CL): 24
Hlength: 10w

TRough  Mumber of futes: 1l

¥ B x| & | B B

Click the Select button to choose the tool for the operation.
The Drilling Operation dialog box is displayed. Click the Data tab in the Tool page.

Define the spin and feed for the operation.

Tod  Data | Coolaet] Toud change pomiten| Sowid *

* Set the Spin rate to 3000; o
e Set the Feed Z to 360. won o

% 36. Define the Drilling depth
The overall height of the model is 10 mm
plus the 5 mm bottom offset defined for
the stock. The drilling has to be performed
deeper than this depth in order to enable the

tool to exit from the material and perform
the through drilling;

Switch to the Levels page.
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Define the Upper level by clicking on the top face of the model as shown.

Define the Drill depth. Rotate the model and select the bottom face as shown.

Since the Z- offset defined for the stock model is 5 Miing evels

mm, set the Delta value to -5. (Lperievel | [N ~ Ost: 0
1 [ Dddetr | MG  Det: s F
To perform the through drilling, choose the Full
Depth type

diameter option in the Depth type area. With this R
option, the drilling is performed until the full © Ful dameter
diameter is reached at the specified drill depth.

This means that the conical part of the tool exits

from the material.

37. Define the Drilling type

SolidCAM enables you to use a number of drill canned cycles supported by your
CNC-controller. In this operation, the pecking canned cycle is used for chip breaking,
With this cycle, the chip breaking is accomplished by slight retracts of the tool during
the drilling process.

Switch to the Technology page and click the Drill cycle type button. Available drill
cycles are displayed.

Click the Peck button. The cycle is chosen for the operation.

Yy’

o o

Click the Data button to define the pecking parameters. The Drill
Options dialog box is displayed. {1l
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3. SolidCAM 2.5D Operations

Set the Step down to 1.5 in order to define the depth of each pecking movement.
Confirm the data with the OK button.

& il options
Name Type Value
Step down Numeric 1.500
Full retract: Logical No
Release distance: Numeric 0.000
Delay: Numeric 0.000
o | [ conce |
-

%) 38. Calculate the tool path
Click the Save & Calculate button.

The Drilling operation data is saved, and the tool path is calculated.

%} 39. Simulate the operation

Simulate the operation in the SolidVerify simulation mode.

=]

Since in the previous operation the drilling diameter was greater than that in

5 this operation, the drilling results in a chamfer on the drilled holes.

Now you have successfully finished the exercise.
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Exercise #3: Cover Machining

In this exercise, a number of SolidCAM 2.5D operations are used for the cover part machining,

W&

The cover is machined on the 3-Axis milling CNC-machine using the machining vice. The part is
machined using two positionings.

At the first stage, the workpiece is positioned in the vice as shown below.
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3. SolidCAM 2.5D Operations

The highlighted faces are machined.

At the next stage, the rest of the cover faces are machined using the second positioning.
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1. Load the SolidWorks model

Load the Exercise3.sldprt model that is located in the Exercises folder.

This model contains a number of features forming the solid body of the cover.

e e B e e e i S RN R * RIS TN I (10 M tamine s w1

e L S A =

aaNenE® 3.5 LZLE B
O mew = 3 conr = Y - B Contenngs.. nhe g

soot (% comn | [ oote | Maroe |0 B oty I rectrogy atose | (R @ £t
R L R r—— BRES
Ee sl AUAEAE-F -~ PR-8-
B »

Edongfat

 Gustam -

2. Start SolidCAM

To activate SolidCAM, click the SolidCAM field in the main
menu of SolidWorks and choose Milling from the New
submenu or click the Milling button on the SolidCAM New
toolbar.

» D vew = (B copr... E B b Todtbrary S CAM Settngs.., BEe a
)

apout || 43 | Mising st ool Liwary S reomiegyancsse ([ @ oot
S g} T lm.h'mm Rilcassi RRs P
=2
) | Miling STL

f@m o) | Wire Cut

SolidCAM is started, and the New Milling Part dialog box
is displayed.

(oo | e o0 |01 - (8- b B -

| Mew

o

Open_.

Save As...

| Manage Temgplates

Calculste CAM-Parts_

Copy...
Drelete..

Tool Libraey

| Fisture Rbrary...

Machining Process

| SoRACAM Settings._.

Technalogy Database

| Recent CAM-Parts.

| Custornize Menu

Milling-STL
Tuming
Mill-Tum
Wire Cut

Custamize Menu
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3. SolidCAM 2.5D Operations

% 3. Confirm the CAM-Part creation

Confirm the default Directory, CAM-Part Name and Model Name by clicking the OK
button in the New Milling Part dialog box. The CAM-Part is defined.

& New Milling Part [ =

CAM-PartModel
CAMPart

[¥] Use Model file directory

Directory: D:\Documentation\SolidCAM 2012 Miling

Mame: Exercise3

Model name: D:\Documentation\SolidCAM 2012 Miling Browse

Urits
© Metric ) nch
x| [ conce ]
% 4. Choose the CNC-controller
When the CAM-Part is defined, the Milling Part Data dialog box  [auc-tachine 2
is displayed. AWEAIDOOFANUC __ +
Program
Select the CNC-machine controller. Click the arrow in the CNC- e
Subroul
Machine section to display the list of post-processors installed ambe: | 01

on your system.

In this exercise, you use a 3-Axis CNC-machine with the AWEA1000-Fanuc CNC-
controller. Choose the AWEA1000-Fanuc CNC-controller from the list.

% 5. Define the Stock model
In this exercise, you have to define the Stock model before you — [SIEES

define the Coordinate System in order to use the workpiece for ~ + %

the CoordSys definition. | Hame:

= =
Click the Stock button in the Stock & Target model section T
to start the definition process. The stock Model dialog box is ;o
displayed. [ (oo -

i ] [ High precision (faceting)
Stnck & Target rnodel_ -3

Dk e
—
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Vv, When the Coordinate System is not defined, SolidCAM enables you to use
only the Box (Auto) method of the Stock model definition.

SolidCAM generates the stock box surrounding the model with
the specified allowances. In the Expand box at section, set the
value of the Z- parameter direction to 5. This allowance is used
for the first clamping. Set the value of 2 for the rest of the
directions.

Click on the model. The face is highlighted, and the box
surrounding the model is displayed.

| Type ¥

Expand box at &

Click the Add box to CAD model button. The stock model box is added into the CAM

component of the CAM-Part assembly as a 3D Sketch feature.

Confirm the Model dialog box with the v button. The Milling Part Data dialog box is

displayed.

6. Define the Coordinate System

Click the Define button in the Coordinate System area to start
the Coordinate System definition.

!_Coog:lhate System
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3. SolidCAM 2.5D Operations

The CoordSys dialog box is displayed.

In the Define CoordSys options list, choose the Define option.

Define CoordSys options &
‘ Select face -
SelectCoord‘nD
I Norrnaltom‘n
L by 3 points (as ™
4 | 11} " [ 4

© Origin
() X-direction
() Y-direction

This mode enables you to define the Coordinate System by
picking three points on the solid model. At first, you have to
define the Coordinate System origin location and then the
points for the X- and Y-directions.

Pick the origin point in the stock box corner as shown.

{4 CoordSys 7
v R
| CoordSys A
Mac CoordSys
L 1
Position: 1

Fip X&Y
Fip around X
Fip around Y

Fiip around 2

RO

CF A b

89



Click on the stock model edge as shown to define the X-axis of the Coordinate System.

Click on the stock model edge as shown to define the Y-axis of the Coordinate System.

| When a point is selected, the next button is automatically activated. If you
miss the selection, you can at any time select the button you want to define
¥ and continue automatically to the next button.
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3. SolidCAM 2.5D Operations

Confirm the Coordinate System definition with the ¥ button. The model is rotated,
and the Coordinate System is displayed.

The CoordSys Data dialog box is displayed.

Edit CoordSys

x: [ 180 v: [180 |z [180

[T Create planar surface at Part Lower level

Lo [lcann ]

Define the Part Lower level directly on the solid model. This parameter defines the
lower surface level of the part to be milled.

Click the Part Lower level button.

Rotate the model and select the lower face
that is milled using the first positioning
as shown. The Z-coordinate of the face
(-12) is displayed in the Pick Part Lower
level dialog box.

Confirm this dialog box by clicking the
¥ button.
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Confirm the CoordSys Data dialog box with the OK button.

The icon of the defined Coordinate System is displayed in the CoordSys Manager
dialog box.

Confirm the CoordSys Manager dialog box with the ¥ button. The Milling Part Data
dialog box is displayed again.

7. Define the Target model
Click the Target button in the Stock & Target section of the Milling Part Data dialog box.

The target Model dialog box is displayed.

This dialog box enables you to define a 3D model for the Target.
Click on the solid body. Its face highlighted. hmm 2
Configurations A
| Default v
Type 3
© Both
) Surfaces
) solid 1
Confirm the Model dialog box with the v button.
The Milling Part Data dialog box is displayed.
Facet tolerance A
0.1

8. Save the CAM-Part data

In the Milling Part Data dialog box, click the ¥ Lutton.

The Milling Part Data dialog box is closed, and SolidCAM Manager is displayed. The
defined CAM-Part is saved.

At this stage, the definition of the CAM-Part is finished.
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3. SolidCAM 2.5D Operations

At the next stage, you have to define several operations to machine the cover part.
Using the first defined Coordinate System (first clamping), you have to perform the
following operations:

Upper face machining

Upper profile machining

Lower profile machining

Hole pads machining
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Then the part has to be rotated and clamped again. With the second clamping, the
following operations are performed:

Upper face machining

Pocket machining

Slot machining

Holes machining
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3. SolidCAM 2.5D Operations

V

9. Add a Face Milling operation

In SolidCAM Manager, right-click the Operations header and choose Face from the
Add Milling Operation submenu. The Face Milling operation is used for the upper face
machining,

= &3 CAMPart (EXERCISEY
Machine (AWEA 10}
@ CoordSys Managed
(@ Stock (stock)
B Target (target)
G Settings

Tool

Machining Process
Geometries
Fitures

Add Probe... 1
Add Milling Operation 3 iMachining...
Add Machine Control..

B s

Face..
Add Operation from Template... Profile_. B
Add Operations from Process Template... Contour 30
Add Machining Process v Pocket...
Haoles Recognition + Technelogy... Drilling...

The Face Milling Operation dialog box is displayed.

Technology Oper A — Tenchie 1
Face Miing T W= \‘l)
[T | en S
Teal [CoodtSys | [MAC 1{1-Poston) =)
Levels fr
& Lo 28 -
B Link :

131 Mation Limits Contral
@ Misc. parameters

Srmudate. | coode SwvedCopy | [ Emt
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%) 10. Define the Face Milling geometry

Click the button in the Geometry page. The Face Milling
Geometry dialog box is displayed.

¢_4Face Milling Geometry

Using the default Model option, click the Define button and "'"‘mz A
click on the solid model to select a face.
Type A
© Model
() Faces
() Profie
= = =
© Box
) Sihouette
= . =
(et ] |
Flane: model3
| %y target
Chain List &
In the Face Milling Geometry dialog box, define the 3 mm offset
to machine over the stock edges. In the Modify section, set the
Offset value to 3. P =
Confirm the Face Milling Geometry dialog box by clicking the o :
Applytoal

¥ button. The geometry is defined for the operation.

%) 11. Define the Tool
Define a new Face mill of @40 for this operation and edit the following parameters:
e Set the Shoulder length to 15;

* Set the Cutting length to 10.

[ oo stiopemen =)
EESE8 T.%& (IILY
[T v [ D> [ e w | Mo Drunber
! oo

M Topsiogy | ToslDuta| Dwta | || Hokder | || Shupe | Coslart| Tool poeset| Tost Messagn |
ool paramelers.

e EE——=]
i T dameter (TO) b
Cornes rackis R): []
Tagoe arce (43 & w
" Arter dameter (A0 n
Sronder dameser (S0 n
- o T ©
Inch Outnde hoider (D) o
Faart shouider length (35} =

i




3. SolidCAM 2.5D Operations

SolidCAM enables you to define a variety of tool holders to help you check and prevent
all possible collisions between the tool holding system and the workpiece. This feature
also enables you to see a more realistic simulation in the SolidVerify simulation.

Switch to the Holder page in the Choosing Tool for Operation dialog box.

e Chosiing tosi for spertien -
EEEE T-%# @
=T D W | e, w | b 10 rumber
- Facerms | G

Descrpon

H Toociour | TolOwta| Duts || Hoder ||| Supe | Coslare| Tt prset| Tock Massags |

:

Local Gobal| Tosl sdagtor G

T e 63 AI Seected habder
@ EIEEE |
13
B F| x v | B B seect_ | gancal

3L The Global holders table is supplied within SolidCAM. This table contains
ﬁ a number of frequently used tool holder components. The Global holders
table can be modified by the user.

Select the Use Holder check box to enable choosing a holder from the Global holders
table. The Local and Global tool holders lists become available.

ﬁ The SolidCAM tool holder is defined by combining two components.

The first component is the tool adaptor mounted on the spindle unit
of the milling machine. The second component can consist of various
types of extensions and reductions like collet chucks, arbors, shanks and
other components that you may have.

¥

Tool adaptor

Extensions and reductions

SolidCAM enables you to define the Tool adaptor in the *.vmid file
under Devices > Spindle > Stations.
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In the Global table, choose the BT40 ER32x60 collet chuck by clicking its check box.
This collet chuck is suitable for the chosen tool diameter (40 mm).

& Choosing tool for speration =
EEBE YT mm Y
Todlts ¥ | Dtem,. W | Userg W | Mamber 1D rumber
E = AR Descrpton

M Topology | Tool Data| iDats | | Haider || | Shape | Coolart| Toolpreset | Tool Message|
7] Use holder

@ Shage -
locsl  Giobal| Tool adsptor T30
=i [ e Selected holder
1@ BTa0ER 6470

W BT40ER 16x100
3 [C1W BTH0ER 16150
-E' 6740 ER. 3260

BT40 ER 32w 100

Holder pweshang length:

Choose the defined tool for the operation by clicking the Select button. The Face
Milling Operation dialog box is displayed.

% 12. Define the Face depth

Switch to the Levels page of the Face Milling  wsgewes

Operation dialog box. Click the Face depth button [Cumperievel ] 0 Delta: 0

in the Milling levels area and select the model face @“& ? PR
Equal step

as shown. Stopdowr 2

The Face depth (2) is calculated.




3. SolidCAM 2.5D Operations

13. Define the technological parameters

Switch to the Technology  Eaawimeaie _ ER=]}
page of the Face Milling | ™7, o= . as d
Operation dialog box. In | ~@aens ST——
the Technology section, 31:.',, Tesmogy offies
FEJrechooiool T — T e
use the default Hatch § tr A Flrean
. 131 Mation Limits Contral @ %of tool dameter
Optlon- & Misc. parameters 0 alue ol
[ Equal step aver
Depth Cutting Type.
& One wary - Dgrag
Tool Path
[ Reverse
Sort cut order
) Complete Z4evel
[(see | [svencoiste o] smie | [ Gooee | sevescony | [ Emt |
ﬁ Hatch Machining Technology
¥ The machining is performed in a linear pattern.

The Hatch page enables you to define the hatching parameters.

Technology  Hatch | Advanced|

Hatch angle Extension
Morg
@ Userdefned angle 8 % of tool dametar
Abstiute angle a i
Agoss
@) % of tool dismeter
) Automatic optmal angle 1]

12 One way @ Dgzag
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* Hatch angle

When the Automatic optional angle option is chosen, SolidCAM
automatically calculates the optimal angle of hatching to expedite the
machining. The tool path always follows the length of the face no
matter what angle the machined surface is facing,

S

The Delta from optimal parameter enables you to change the hatching
angle.

Delta anie/a\

~N
N
~N
~N

Optimal direction
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3. SolidCAM 2.5D Operations

When the User-defined angle option is chosen, you can determine
the angle of the tool path.

Cutting direction

The One Way option enables you to create the tool path with only
one-directional movements.

The Zigzag option cnables you to create the tool path with
bidirectional movements.

One Way Zigzag
Extension

During face milling, the tool path is extended over the edges of the
machined face. The Extension section enables you to define the
extension both along the tool path (the Along section) and across the
tool path (the Across section). The extension can be defined either
by percentage of the tool diameter (the % of tool diameter option) or
by value (the Value option).

Extension across

m

Extension along
the tool pass
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¢ Corner

When the None option is chosen, the tool path is
formed with sharp corners between one direction

and the next.

The Fillet option connects each direction with
a given radius allowing for a smoother transition

between path directions.

Click the Data tab to define the machining

Technology  Hateh | Advanced|

parameters. i
User-defined angle
In the Hatch angle section, switch to the o

Automatic optimal angle option.

Extergon
Hong
9 % of tool dameter
0
Value

| 9 Automat optmal ange

Switch back to the Technology tab.

Delta from aptmal: o

Cutting drection Comer —
One way @ Zgrag o =
Comer radkus:
Notice that in the Overlap section the % of tool diameter C -
option is chosen and the value is set to 30, and the Equal Hatch v
step over check box is selected. Mo Oyeclon
@ % of tool diameter
Value X
[ Equal step over
_:\c;:_ Overlap
F This section enables you to define the tool overlapping between two

successive passes. This option can be defined as Percentage of the tool

diameter or as a Value.

|
0.5D 0.2D
Overlap 0.5D Overlap 0.2D
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Equal Step over

This option enables you to generate ™
the hatch tool path spaced evenly Qﬁ
with the automatically calculated i
Overlap value, which is nearest to
the specified Min. Overlap value but

not smaller than this value.

When this check box is not selected, Overlapping Overlapping
the distance between the last pass
and the one before it can be smaller
than that between all of the other
passes.

When this check box is selected,
the evenly spaced hatch tool path B
is generated. The overlap between
two successive passes is not smaller
than the specified Min. Overlap
value. Overlapping Overlapping

MY
m:' This option is available only for the Hatch strategy.
3

Define the roughing offset that remains on the floor of the face. This offset is left
unmachined during the rough face machining and removed during the face finishing,

In the Offsets section, set the Floor offset value to 0.2.  offeess
Select the Finish check box to perform finishing of the

face in this operation. This check box enables you to
remove the remaining offset with the last cutting pass.

Floor offset: 0.2

[¥] Finish

14. Define the Lead in and Lead out

Switch to the Link page of the Face Milling dialog box to define the way the tool
approaches the material and retreats away.

In the Lead in section, choose the Tangent option. This option enables the tool to
approach the material on a line tangent to the profile. In the Length field, set the length
of the tangent to 5.
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In the Lead out section, select the Same as Lead in check box.

& Face Miling Opesation TE
Technology (Operation rame Tesplate -
Face Miing FM_facemd - (== J/
[ @ Geametry Ramping ks between. .
Toal paaer o
& Levels | Trough dlearance level -
@ Technology Hone chaira

131 Mation Limits Contral
@ Misc. parameters

L
Length: 5 Length:
Angle: 0 Angle:
Normal: 1] Mormal:
rrrem | Cmaer)] [oeaad

% 15. Save and Calculate
Click the Save & Calculate button.

The Face Milling operation data is saved, and the tool path is calculated.

% 16. Simulate

Click the Simulate button in the Face Milling Operation dialog box. The Simulation
control panel is displayed.
Switch to the SolidVerify page and start

the simulation with the > button.

Close the simulation with the A button.
The Face Milling Operation dialog box is
displayed. Close this dialog box with the
Exit button.

104



3. SolidCAM 2.5D Operations

V

17. Add a Profile operation

At this stage, you have to define a Profile operation in order to machine the upper
profile of the cover.

In SolidCAM Manager, add a new Profile operation.

18. Define the Geometry

Click the button in the Geometry page of the Profile
Operation dialog box. The Geometry Edit dialog box is displayed.

. . . HName al
Click the Add button in the Multi-chain section. e
The Chains Selection dialog box is displayed. This dialog box  |configuration A
enables you to pick a number of chains from the model by Defauit x
selecting the model elements. SolidCAM automatically creates | chamust vl
chains from the selected elements. = g
Click on the top face of the model as shown. Hulti-chain A
The face is selected, and its boundary is highlighted. L.
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Click ¢ to choose the selected chain as the geometry. The Geometry Edit dialog box
is displayed.

Confirm the geometry definition with the ¥ button. The geometry is defined for the

operation.

19. Define the Tool

Add a new End mill tool of @16 for the operation.

[ Thoanag oo Tor Seaeion

BEEE Y%
Toolte,. W | Dt W | Userd W | Mmber 1D rumber
o FACE MILL -
[ B2 | | oo | I e

14 Topslogy | Tool Duta| Data | || Holder |
Tool parameters

Mn 8 Diameter [T
tnch ot damater (AD):

Length
L Toaal (TL}:
Irch Outsice heider (CPL):
Shoukder length (5L}t
Cuttng (CL):
Hiength:

fiogh  Mumber of futes: 2

Choose the tool holder. Switch to the Holder page and select the Use holder check box.
Click the Local holders tab.

_:S'@’ The Local holders table contains the tool holders that were already used

in the current CAM-Part. When a new holder is chosen from the Global

s L. . .
holders table, it is copied to the local table to make a further use easier.

Choose the BT40 ER32x60 Collet chuck. $1 Topcogy | Too D] (Duta

Holder ||| Shape | Costart| Tool preset| Tool Message |
@ Shape L

Confirm the tool selection by clicking the Locel | Gt i [
Select button. e _m{;; Seced

Holder overhang length

B B [[seect ][ gonce ]
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3. SolidCAM 2.5D Operations

20.Define the Profile depth

Switch to the Levels page. In the same manner as explained in previous steps, define
the Profile depth by clicking on the model face as shown below.

21. Define the technological parameters

Switch to the Technology page. In the
Modify section, set the Tool side to Right.
Click the Geometry button to check the
tool position relative to the geometry.

Close the Modify Geometry dialog box
with the % button.

Now you have to define the roughing and finishing parameters. SolidCAM Profile
operation enables you to perform the rough and finish machining in the single operation.

Select the Rough check box. Set the Step down value to [FIRough
3.5. The profile is machined in two equal Z-steps. S o =

In the Offsets section, set the Wall offset and the Floor o
offset to 0.2. These allowances are removed during the
finish machining,

Wal offset: 0.2

Fioor offset: 0.2

Select the Clear offset check box. Set the Offset value to 5 @] Clear offeet

and the Step over value to 2.5. -
Step over: 2.5
@ One way ©) Bigzag
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A D

ﬁ Clear Offset

¥

the profile.

The Offset defines the distance from the geometry at which the
milling starts. The Clear offset value should be equal to or larger than
the Wall offset value. The tool starts milling the profile at the distance
defined by the Clear offset and finishes at the distance defined by the
Wall offset; the overlap of the adjacent tool paths is defined by the Step
over parameter. The Step over parameter defines the overlap of adjacent
tool paths. It determines the offset between two successive concentric

profiles.

Geometry

Wall offset

Clear offset

In the Finish section, set the Step down value to 7. The
0.2 mm allowances that remain after the roughing are
removed in one step.

22. Define the Lead in and Lead out

Switch to the Link page. In the Lead in section, =
choose the Tangent option. With this option, the ]

tool approaches the material tangentially to the e ome o

geometry in the start point. Set the Length value ..
to 12.

This option generates several concentric profiles with a constant depth
that start from the defined clear offset distance from the profile and
finish up to the geometry of the profile, thus clearing the area around

[¥]Finish

Number of passes: 1
Extension/Overlap: 0
Step down: 7

Lead out
¥iSame s Leadin

Tangent extensiont | 0

g
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3. SolidCAM 2.5D Operations

In the Lead out section, select the Same as Lead in check box.

23. Save and Calculate

Click the Save & Calculate button.

The Profile operation data is saved and the tool path is calculated.

24. Simulate

Click the Simulate button in the Profile
Operation dialog box. The Simulation
control panel is displayed.

Switch to the SolidVerify page and start

the simulation with the > button.

! The SolidVerify simulation mode enables you to measure distances
directly on solid bodies in the SolidVerify window. This feature enables

checking the linear dimensions of the part during simulation.

Click the Measure [=| button on the toolbar. The Measure
Distance dialog box is displayed.

Click on the top face of the cover and then on the
horizontal face machined in the current operation.

Measure Distance

First Point:
-
Second point:
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The coordinates of the pocket points and the result
distance are displayed in the Measure Distance dialog box.

SolidCAM displays the measured distance value and Delta
values for the X-, Y- and Z-axes. In this case, the Delta Z
parameter displays the depth of the machined face relative
to the cover top face (5).

Close the simulation with the A button. The Profile
Operation dialog box is displayed.

Close the Profile Operation dialog box with the Exit button.

25. Add a Profile operation

At this stage, you have to define a Profile
operation in order to machine the lower
profile of the cover.

In SolidCAM Manager, add a new Profile
operation.

26. Define the Geometry

Click the |[E] button in the Geometry page. The Geometry Edit dialog box is displayed.

First Point:

® 34.01, 10.96, -2.00
Second point:

= 32.84, 2.37,-7.00

Distance: 10.00
Delta X: 1.16
Delta Y: 8.59
Delta Z: 5.00]

Click on the workpiece edge as shown to define the first entity of the chain.

In the Chain section, choose the Auto-constant Z option. The closed chain is

automatically selected.
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3. SolidCAM 2.5D Operations

The confirmation message is displayed.

Confirm it with the Yes button.

Confirm the geometry with the ¥ button.

27. Define the Tool
In this operation, use the same tool as in the previous operation (@16 End mill).

Click the Select button in the Tool page. The Part Tool Table is displayed. Choose the
previously defined Tool #2 and click the Select button.

=
(I0[URN

EEBE Y.%&

ToolMu... ¥ | Dm,.. ™ u..d__v| Humber 1D number
4 FacEMmL |
I T v
1 Topslogy | Tool Deta| (Data | (v Holder| || Shape | Coslant| Tool preset| Tool Message|
Todl parameters
e @ Duameter D) 1]
frch Aaber dameter (AD):
»
Length
Mm@ Tow ) ]
Tnch utside helder (ML) &
Shoulder length (SL): £
Cuttng (CL): 24
Hiength: 123
— foogh  Number of flutes:
4l ’
W E| x| o | B B =N =n

I
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28. Define the Profile depth

You have to define a new Upper level for the operation taking into account the already
machined faces. Switch to the Levels page and click the Upper level button in the
Milling levels area.

Define the Upper level by clicking on the model face as shown.

Confirm the definition of the Upper level with the v button.

In the same manner as explained in the previous
steps, define the Profile depth by clicking on
the model vertex as shown.

29. Define the technological parameters

Switch to the Technology page of the Profile Operation dialog box. In the Modify
section, set the Tool side to Right. Click the Geometry button to check the tool position
relative to the geometry.
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3. SolidCAM 2.5D Operations

Close the Modify Geometry dialog box with the & buton.

Now you have to define the parameters of profile roughing and finishing,

Select the Rough check box. Set the Step down value to
2.5. The profile is machined in two equal Z-steps.

In the Offsets section, set the Wall offset value to 0.5. This
allowance is removed during the finish machining,

Select the Finish check box and set the Step down value to
5. The 0.5 mm allowance that remains after the roughing is

removed in one step.

30. Define the Lead in and Lead out

Switch to the Link page of the Profile
Operation dialog box. In the Lead in
section, choose the Arc option. The tool
approaches the material tangentially to
the geometry at the start point. Set the
Radius value to 12.

In the Lead out section, select the Same
as Lead in check box.

31. Save and Calculate

Click the Save & Calculate button.

Leadin

Radust 12
Arc angle: w0
Destance: a

B Center

| Start from center of orde geometry

Offsets

Wal offset:

Floor offset:

| Equal step down
¥ Rough

Step down:

7] Finish

Number of passes:

Extension/Overlap:

Step down:

Lead out

0.5

25

(| 5ame as Lead in

The Profile operation data is saved, and the tool path is calculated.

32. Simulate

Click the Simulate button in the Profile Operation
dialog box. The Simulation control panel is

displayed.

Switch to the SolidVerify page and start the

simulation with the > button.

Close the simulation with the A button. The
Profile Operation dialog box is displayed. Close the
Profile Operation dialog box with the Exit button.
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33. Add a Profile operation

At this stage, you have to define a new Profile
operation to machine four hole pads.

In SolidCAM Manager, add a new Profile operation.

34. Define the Geometry

In the Geometry page, click the button. The
Geometry Edit dialog box is displayed.

Click on the model edge as shown.

Click on the next model edges as shown below to
complete the chain.

In the Chain List section, click the Z] button to confirm the chain selection.

In the same manner, define the geometry for the rest of the pads. Make sure that all the
selected chains have the same direction.

Confirm the geometry definition by clicking the ¥ butron.
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3. SolidCAM 2.5D Operations

V

35. Define the Tool

Define a new tool for the operation. Use an End mill of @8 with the BT40 ER32x60
tool holder.

EEBE L% mm Y
ToolMu... ¥ | Dhum... ¥ uum.__vl Humber 10 rumber
1 FACE MAL 2
B : oML Dusripon
(s | |eom |
1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters
e & Duameter D)= 8
| trch Aaber damater (AD): 8
\
—
@ Tomlm) w0
Treh Outside hoider (L) L
Shoukder length SL): »
Cuttng {CL): 24
Hiength: 1| 100
Tlfough  Mumber of Autes: 2
|
oL AR R (oo )
|

36. Define the Milling levels

In this operation, the machining starts at
the Z-level of the already machined faces.
The upper level has to be defined.

Define the Upper level by clicking on the
already machined model face as shown.

In the same manner as explained earlier,
define the Profile depth by clicking on the
pad face as shown.
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% 37. Define the technological parameters Offeets
Wal offset: 0.5

Select the Rough check box. Set the Step down value to 3. i 2

The profile is machined in one Z-step. e

In the Offsets section, set the Wall offset value to 0.5. This IRough

. . . .. Step down: 3
allowance is removed during the finish machining,
V] Finish

Select the Clear offset check box. Set the Offset value to 5 Mumber of passes: 1

and the Step over value to 4.5. Extenson/Overlap: 0
Step down: 3

Select the Finish check box and set the Step down value to ——

3. The 0.5 mm allowance remaining after the roughing is 5

removed in one step. Step over: 45
@) One way _ Dgzag

% 38. Define the Lead in and Lead out

Set the Arc option for Lead in. Set the = o

. . [ Same as Lead in
Radius value to 2. In the Lead out section, —
select the Same as Lead in check box.
The tool leads in/leads out to the profile ™= === 2 Troged e 12
with a tangential arc. e @ Brcang:
g? 39. Save and Calculate Sl e e
Click the Save & Calculate button.

The Profile operation data is saved and the tool path is calculated.

% 40. Simulate
Click the Simulate button in the Profile

Operation dialog box. The Simulation
control panel is displayed.

Switch to the SolidVerify page and start
the simulation with the > button.
Close the simulation with the A button.

The Profile Operation dialog box is
displayed.
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3. SolidCAM 2.5D Operations

Close the Profile Operation dialog box with the Exit button.

At this point, the machining of the external cover faces is finished. At the next stages
you have to machine the internal faces.

41. Define a New Coordinate System

The machining of the internal model faces
requires another positioning. The part has to be
rotated and clamped in a vice as shown.

SolidCAM enables you to define the second
Coordinate System.

Double-click the CoordSys Manager header in
SolidCAM Manager. The CoordSys Manager
dialog box is displayed.

Right-click the MAC 1 item in the list and choose
the Add option from the menu. The CoordSys dialog box ¢

is displayed. . Al
In the Mac CoordSys Number ficld, set the value to 2. 3::;: R
Changing of the Mac CoordSys number means that a new e
clamping is used. Unselect all

Make sure that the default Select
Face mode is chosen.

When this mode is chosen, SolidCAM enables you to define
a new Coordinate System by selecting a planar face. In this case,
the Z-axis of the Coordinate System is normal to the selected

face.

Rotate the model and click on its bottom face as shown below.
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The Coordinate System origin is placed according to the Place CoordSys origin to
setting, Make sure that the Corner of model box option is chosen.

ﬁ In this case, the box surrounding the model is calculated.

¥

The upper plane of the model box is parallel to the XY-plane of the
defined CoordSys. The CoordSys is located in the corner of the model
box with the following coordinates: (Xy> Yuns Zuax)-

% Now you have to move the origin of the Coordinate System from the automatically
defined position to the corner of the workpiece.

Select the Pick origin check box in the Pick section
of the CoordSys dialog box.

Pick A
Pick XY origin
Pick X-direction
Pick Y-direction

Click on the corner of the workpiece (stock
model) as shown to choose it for the origin. The
origin is moved to the new location.
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3. SolidCAM 2.5D Operations

Confirm the CoordSys dialog box by (Coordsy: et ==
Clicking the v button. Posion: 1 X 0 v: 0 z 0
. . Machine CoordSys number: | 2
T.he CoordSys Data dialog box is - e
displayed. Tl T X O O
SolidCAM automatically determines the Part Lopes leve) =
-15

Part Upper level and the Part Lower level
parameters relative to the Coordinate (todzienl) 20

, shif
System location.

Confirm the dialog box with the OK Rotation around

button. X1 L ‘
Other Rotation around

The CoordSys Manager dialog box is %[0 ¥: | 180 z 180

displayed.

Two Machine Coordinate Systems are o] [Cconcel |
listed in the CoordSys Manager dialog
box. Using them you can program
operations for different positions (clamping). The Machine Coordinate System #2 is
used for the machining of the back face and the internal faces.

] % MAC 1

M 1-Position
M % mac 2

W & 1-Position

Click the ¥ button to confirm the CoordSys Manager dialog box.

% 42. Add a new Face Milling operation

Add a new Face Milling operation to perform the back face milling.
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43. Define the Geometry

Since this operation is performed with the second
Coordinate System position, choose the Machine  [cwds] [wcziposton o]

Coordinate System #2. 2 B8
Choose MAC 2 from the CoordSys list in the Geometry
section.

Click the [E]] button to start the geometry definition. The Face Milling Geometry dialog
box is displayed.

In the Base Geometry section, use the default Model option for the Face Milling
geometry definition. Click the Define button. The 3D Geometry dialog box is displayed.

Click on the solid model to select it. The model is highlighted, and its icon appears

in the list. Confirm the 3D Geometry dialog box by clicking the ¥ button. The Face
Milling Geometry dialog box is displayed again.

The rectangle is generated surrounding
the Target model at the XY-plane.

Define the 3 mm offset to extend the
machined surface over the stock edges.
In the Modify section, set the Offset value
to 3.

Modify f
Offset: 3

Apply to all

Click the v button to confirm the Face Milling Geometry dialog box. The geometry
is defined for the operation.

44. Define the Tool
Use the @40 Face mill used in previous operations.

Click the Select button in the Tool page. The Part Tool Table is displayed. Choose the
previously defined tool and click the Select button.

The Face Milling Operation dialog box is displayed.
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3. SolidCAM 2.5D Operations

45, Define the Milling levels

In this operation, the machining starts on the top face of the workpiece (Z=0 of the
Machine Coordinate System #2) and ends on the back face of the cover part (Z=-5 of
the Machine Coordinate System #2).

Define the Upper level by clicking on the workpiece
corner as shown.

Define the Face depth directly on the solid model by
clicking on its bottom face as shown below.

Set the Step down to 2.5.

46. Define the technological parameters

Switch to the Technology page of the Face Milling

Technology | Hatch | Advanced |
Operation dialog box. In the Technology section, choose Tecokgy
the Hatch option and click the Hatch tab.

In the Hatch angle section, switch to the Automatic optimal angle option.

Technoiogy  Hatch | Advanced

Hatch angle. Extension
]

Uiserdefined angle @ % of tool dameter

Value
Absolute anghe:

Acoss

@ % of ol diameter

© Automate optmal angle 0

Switch back to the Technology tab. Note that in the Overlap section the % of tool
diameter option is chosen, and the value is set to 30.
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Define the roughing offset that remains on the floor of the face. This offset is being left
unmachined during the rough face machining and is removed during the face finishing,

In the Offsets section, set the Floor offset value to 0.2.

Select the Finish check box to perform finishing of the Floor offset: 0.2
face in this operation. This check box enables you to [eeh
remove the remaining offset with the last cutting pass.

47. Define the Lead in and Lead out

Switch to the Link page of the Face Milling Operation dialog box to define the way the
tool approaches the material and retreats away.

In the Lead in section, choose the Tangent option. .- o
This option enables the tool to approach the ==
material on a line tangent to the profile. In the =
Length field, set the length of the tangent to 5. -

In the Lead out section, select the Same as Lead
in check box.

48. Save and Calculate
Click the Save & Calculate button.

SolidCAM notifies you that the upper level chosen for the operation is above the
CoordSys Upper level.

& 7=
.'e Upper level is above CoordSys Upper level; OK?
| )
[ Don't ask again

Confirm this message with the Yes button. The operation data is saved, and the tool
path is calculated.
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3. SolidCAM 2.5D Operations

V

49, Simulate

Simulate the operation in the SolidVerify

mode.

The bottom face machining is finished. Now you have to perform the pocket machining,

1/

¥

Pocket machining overview

The pocket is machined in several technological steps:

The rough machining of the upper
part of the pocket. The machining
is performed until the Z-level of
the pads is reached.

The rough machining of the pocket
with islands (pads). The machining
is performed from the upper face
of the pads till the pocket floor.

At this stage, two operations are
used to perform the machining
with two tools of big and small
diameter.

The finish machining of the outside
wall of the pocket.
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The finish machining of the island
walls.

The finish machining of the island
top face.

The finish machining of the pocket
floor.

%} 50. Add a Pocket operation

Add a new Pocket operation to perform the rough machining of the upper part of the
pocket down to the pads height.

%) 51. Define the Geometry
Choose the Machine Coordinate System #2 and define the geometry as shown below
using the Auto-constant Z option.
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3. SolidCAM 2.5D Operations

52. Define the Tool

Choose the already defined Tool #2 (@16 End mill) from the Part Tool Table for the
pocket rough machining operation.

53. Define the Pocket depth

Define the Pocket Depth directly on the
solid model. Use the top face of the pads
for the definition.

SolidCAM uses the constant-Z passes
for the Pocket generation. The Step
down parameter enables you to define

the distance between each two successive
Z-levels.

Set the Step down value to 2. The pocket
is machined in two Z-levels.

54. Define the technological parameters

Switch to the Technology page of the Pocket Operation dialog box. Make sure that the
default Contour option is chosen in the Technology section.

In the Offsets section, set the Wall offset and the Floor  offes

. . all offset: 0.2
offset values to 0.2. These offsets remain unmachined L ﬁ; .
. . . . . Island offset:
during roughing and are removed with the further finishing, e -

55. Define the Ramping strategy

Switch to the Link page of the Pocket Operation dialog box. In the
Ramping section, choose the Helical option.

Click the Data button. The Helical ramping dialog box is displayed.
Set the Radius of the descent helix to 3 and confirm the dialog box :w
with the v button ;m:-.
[ —
" -
[ serceour |
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% 56. Define the Lead out
In the Lead out section, choose the Arc option and set the Radius value to 2.

ﬁ:_ With a circular motion tangent to the last entity of the pocket contour,

the tool retreats from the profile. The radius of the arc must be specified.
F

Radius

% 57. Save and Calculate
Click the Save & Calculate button.
The Pocket operation data is saved and
the tool path is calculated.

% 58. Simulate
Perform the simulation of the Pocket

operation in the SolidVerify mode.

During the simulation, notice the helical
lead in movement.

% 59. Add a new Pocket operation

Add a new Pocket operation to machine the bottom part of the pocket including two
islands (pads for the circuit board installing).
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3. SolidCAM 2.5D Operations

O
O

60. Define the Geometry
Choose the Machine Coordinate System #2 for the operation.

In the same manner as explained in the Step #18 of this exercise, define the geometry
by clicking on the pocket bottom face as shown below:.

SolidCAM automatically determines the edges of the selected face and defines chains
on them. The first chain is the external boundary of the pocket. All closed chains inside
the first chain of each pocket are automatically treated as pocket islands. Overlapping
chains are milled as separate pockets, not as islands. To select multiple pockets with
islands, continue adding chains to the geometry.

61. Define the Tool
Choose the Tool #2 (@16 End mill) from the Part Tool Table for the operation.

62. Define the Milling levels

The machining in this operation starts
at the Z-level of the top faces of the
pads and ends on the bottom face of the
pocket.

Define the Upper level by selecting the
top face of the pads as shown.

Define the Lower level by selecting the
bottom face of the pocket.

Set the Step down to 2.
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% 63. Define the technological parameters
Make sure that the default Contour option is chosen in the Technology section.

In the Offsets section of the Technology page, set the -
O ts

Wall offset, Island offset and Floor offset values to 0.2. i Srset 0
These offsets remain unmachined during roughing and are sland offset: 0.2
removed in the next finishing operations. Fioor offset: 0.2

ﬁ Wall offset — the roughing offset remaining on the wall of the pocket.

¥ Island offset — the roughing offset remaining on the pocket’s islands.

Floor offset — the roughing offset remaining on the floor of the pocket.

64. Define the Ramping strategy

In the Ramping section of the Link page, choose the Helical option. Click the Data
button. The Helical ramping dialog box is displayed. Set the Radius of the descent helix
to 3 and confirm the dialog box with the OK button.

65. Define the Lead out

In the Lead out section, choose the Arc option. Set the Radius value to 2.

66. Save and Calculate

Click the Save & Calculate button. The Pocket operation data is saved, and the tool
path is calculated.

67. Simulate

A4 4 4 4

Perform the Pocket operation simulation
in the SolidVerify mode.
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3. SolidCAM 2.5D Operations

Make a note that the pocket geometry is not completely machined because the tool is
too large to reach some model areas. In order to complete the machining, you have to
perform an additional Pocket operation with a tool of a smaller diameter in the areas
that were not machined in the current Pocket operation.

68. Add a new Pocket operation

Add a new Pocket operation. SolidCAM enables you to use the existing operations as
templates for new ones. In this case, the last created Pocket operation is used to define
a new Pocket operation from the template. In the Operation name section, choose the
last defined operation name (P_contour4) from the list.

All the parameters of the chosen operation are copied to the current one.

69. Change the Tool
Define a new tool for the operation.

Click the Select button in the Tool page. The Part Tool Table dialog box is displayed.

This dialog box displays the [Eosmmiommss T =
parameters of the currently E'E S e @ *
active Tool #2 (@16 End mill). | & seeven

Since this tool is used in several | i Eommm— - e e
operations, its parameters cannot :""h, N .

be edited. PO aterdameer

Click ' * | to define a new tool. i

Choose the End mill tool from e Nui

the Tool type dialog box. oo

A new Tool #4 is added with the |. g f e e sttonn

default parameters. Choose the | ® @@ * =0 & B & ]
tool holder. l

In the Holder page, select the Use holder 1 1| ous) 0un v teiter | staon | cooo] Tok st Tot s

check box and click the Local tab. Choose ~ * "™ o Suos =

Tecl adaptor BT10
the BT40 ER32x60 collet chuck from the w_'.:::' i e
list. 4®

In the Part Tool Table dialog box, click the
Select button to choose the defined tool
(86 End mill) for the operation.

[ Swpoedt | oide cvenang ngh
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Rest material\{Chamfer

P

% 70. Define the Rest material parameters

In the Rest Material/Chamfer scction of the Technology
page, choose the Rest option from the list.

i 1 j During the machining, when a large tool is used, the tool leaves material

in areas that it cannot enter.

L3
Unmachined area Machined area

/

|

.\ Geometry

The Rest material option enables you to remove the material from these
areas without defining a new geometry.

% The new Rest tab appears and opens the Page  remngogy| contour  Rest | Advanced]

automatically. P

Notice that the Separate areas option is Mg type:
chosen by default in the Milling type box. Previous tool diameter 16
When this option is chosen, SolidCAM Previous wall offset: 0.2
performs the machining only in areas that O 1
were not machined with the previous tool. S =

Define the diameter of the end mill that was used in the previous operation. Click the
Previous tool diameter button. The Part Tool Table dialog box is displayed with all the
tools used in the operations of the current CAM-Part. Choose the @16 End mill used
in the previous operation and click the Select button.

In the Previous wall offset ficld, set the value of 0.2. This offset was defined in the
previous Pocket operation.

Define the Extension/Overlap parameter — the overlap distance that you would like to
start from and end with the previous larger end mill. Set the Extension/Overlap value
to 1.
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3. SolidCAM 2.5D Operations

71. Define the Ramping strategy

v x
In the Ramping section of the Link page, choose the Helical |isaimsopmmess 4

(] Center cutting

strategy to define how the tool enters into the material. Click the Tool step dovr
Data button. The Helical ramping dialog box is displayed. Set the ;w
Z-entry helix Radius to 3. Confirm the dialog box with the v e
button. Ll

| chaine 4|
With the defined parameters, the tool machines all the areas = | = y
that were not machined by the previous tool. The 0.2 mm allowance Oue2 L
remains for further finishing. The machining area is extended by 1 a5

Chains &

mm to overlap the previously machined area. |__cuesr |

| ramping poston o

[ Autones |
[ setgeaun_|
72. Save and Calculate
Click the Save & Calculate button.

The Pocket operation data is saved, and the tool path is calculated.

73. Simulate

Play the simulation of the Pocket
operation in the SolidVerify mode.

Notice that the machining is performed
only in the areas that were not machined
in the previous operation.

At this stage, the rough machining of the pocket is completed, and you have to program
the finishing operations.

74. Add a Profile operation

A Profile operation is used for the finish machining of
the pocket walls.
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%3 75. Define the Geometry

In the Geometry page, click the Q button to view the Geametry

geometries defined for the current Coordinate System. (usiia) G2 0crvatrd.)
2@ (=

The Browse Geometries dialog box is displayed with a list
of geometries defined for this CAM-Part associated with
the current Coordinate System. You can click entries in the
list to display the corresponding geometties on the model.

Choose the Contour3 geometry from the list.

Confirm the Browse Geometries dialog box by clicking the ¥ button.

76. Define the Tool
Choose the already existing Tool #4 (@6 End mill) from the Part Tool Table.

77. Define the Profile depth

A D

Define the Profile depth by clicking on the bottom face of the pocket.
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%) 78. Define the technological parameters

In the Modify section, choose the Right option from the

Tool side area. Tool side:
In this operation, use the Equal step down option to keep !“f*“ _ *) [Geomety |
. || Ignore seif-intersection on open contours
an equal distance between all Z-levels. [¥] compensation
ML Equal Step down
E @E Max.
¥ This option enables you to Step down

perform all cuts at an equal
Z-level distance one from the
other. SolidCAM automatically
calculates the actual step down
to keep an equal distance
between all passes.

When the Equal step down
check box is selected, Step
down is replaced by Max. Step
down. This value is taken into
account during the calculation
of the actual step down so that
it is not exceeded.

Actual Step down

%} Select the Equal step down check box.

Select the Finish check box and set the Max. Step down value to 3.

[¥]Equal step down
[ ]Rough
Max step down:
[¥]Finish
Number of passes: 1
Extension/Overlap: 0
Max step down: 3
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In the Depth type area, choose the Helical option.

! The Helical milling option enables you to enhance the productivity of
profile machining by avoiding lead in/out movements at each Z-level
¥  and eliminating unnecessary rapid movements.

With the Helical option, the tool performs spiral movements around
the geometry with continuous lowering along the Z-axis. For each
turn around the geometry, the tool moves downward along the Z-axis
according to the step down value. When the Profile depth is reached
by the spiral movements, SolidCAM performs the last cut with the
constant-Z movement at the Profile depth.

/
/

Step Down
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V

79. Define the Lead in and Lead out

Choose the Normal option in the Lead in section
of the Link page and set the Normal length value
to 5. In the Lead out scction, select the Same = ] o
as Lead in check box. The tool approaches the — —
material with the movement normal to the pocket

contour and retreats in the same way.

80. Save and Calculate

Click the Save & Calculate button.

The Profile operation data is saved, and the tool path is calculated.

81. Simulate

Play the simulation in the SolidVerify mode.
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82. Add a Profile operation

Add a new Profile operation to machine the walls of the islands.

83. Define the Geometry

Choose the Machine Coordinate System #2 for the operation and click the [=]] button
in the Geometry page. The Geometry Edit dialog box is displayed.

Select the edge of the island as shown below:.

Make sure that the chain direction is clockwise. Such direction enables you to perform
the climb milling of the profile.

In the Chain section, choose the Auto-constant Z option. The chain is automatically
completed.
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V

The confirmation message is displayed.

Confirm it by clicking the Yes button. The first chain is defined.

Select the edge of the other island as shown below.

Make sure that the chain direction is clockwise. Such direction enables you to perform
the climb milling of the profile.

In the Chain section, choose the Auto-constant Z option. The chain is automatically
completed and the confirmation message is displayed. Confirm it by clicking the Yes
button.

. The first selected entity in the geometry chain defines the approach

ﬁ location for the whole chain. In this case, the internal edges of the pads

F are chosen in order to prevent the collision between the tool and pocket
wall during the lead in movement.

Confirm the Geometry definition with the ¥ button.

84. Define the Tool
Choose the Tool #4 (@6 End mill) for the operation.
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%3 85. Define the Milling levels
Define the operation Upper level directly on the solid model by clicking on the top face
of the pad as shown below.

% 86. Define the technological parameters

In the Technology page, make sure the Finish check box is selected and set the Step
down value to 4.

In the Depth Type area, set the Helical option.

% 87. Define the Lead in and Lead out

Choose the Arc option in the Lead in section and set the Radius value to 2. In the Lead
out section, select the Same as Lead in check box. The tool approaches the material
with an arc movement tangential to the geometry and retreats in the same way.
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88. Save and Calculate
Click the Save & Calculate button.

The Profile operation data is saved, and the tool path is calculated.

89. Simulate

Play the simulation in the SolidVerify mode.

90. Add a Face Milling operation

Add a new Face Milling operation to machine the top faces of the pads.

91. Define the geometry

In the Geometry page, choose the Coordinate System #2 (MAC 2) and click the
button to define the geometry for this milling operation.

Choose the Faces option in the Type section and then click the Define button.

The Select Faces dialog box is displayed.

Click on the surface of the tow pads and confirm your selection by clicking v,
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The Face Milling Geometry dlalog box is displayed aga.in. In ¢ Face Milling Geometry
order to machine the two faces separately, click the Separate

button.
¥ chain 1 Type 2
) Model
9 Faces
() Profie
= =
@) Box
Two separate chains are created. © Sihouette
B A
-m =
Plane:
[xr
Chain List ]
Modify -3
Offset: 0
Apply to al

Confirm the geometry definition by clicking v,

TN

%} 92. Define the tool
Choose the Tool # 3 (@8 End mill) for the operation.
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%) 93. Milling levels
Define the operation Upper level directly on the

Mg evel
solid model by clicking on the top face of the pad. [CUporieve | BN oo 0
.y LG
Define the Face depth value by clicking on the Pl e o
Step down: 0

same face.

%} 94. Define the technological parameters

In the Technology page, choose the One Pass strategy from the list.

%} 95. Save and Calculate
Click the Save & Calculate button.
The operation data is saved, and tool path is
calculated.

%} 96. Simulate
Play the simulation in the SolidVerify mode.

At the next stage you have to machine the pocket floor.

% 97. Add a Pocket operation
Define a new Pocket operation to perform the finish machining of the pocket floor.
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%) 98. Define the geometry
Use the already defined geometry Contour4.

v X

i

%} 99. Define the tool
Choose the Tool #4 (@6 End mill) for the operation.

%} 100. Define the Milling levels
Define the operation Upper level directly on the bottom face of the pocket. Define the
Pocket depth value by clicking on the same face to perform the machining in a single
Z-level.

%} 101. Define the technological parameters
Make sure that the default Contour strategy is chosen in the Technology page.

In the Offsets section, set the Wall offset and Island offset values to 0.1. Such offset
prevents the contact between the tool and the already finally machined wall and island
surfaces during the floor machining.

% 102. Define the Lead out
Choose the Arc option from the Lead out list. Set the Radius value to 2.

%} 103. Save and Calculate
Click the Save & Calculate button. The Profile operation data is saved and the tool path
is calculated.
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%) 104. Simulate
Play the simulation in the SolidVerify mode.

%} 105. Add a Slot operation
Add a new Slot operation to machine the slot on
the bottom face of the cover model.

In the SolidCAM Operations toolbar of the
CommandManager, choose 2.5D > Slot.

The Slot Operation dialog box is displayed.

T B
Technology Operation rame Template
IS

B Jcometn] Geometry
& Teol (Coordsya]  [Mac2(1-poston) =
& Levels =1 =
@ Technology @' @ - [l
131 Mation control

@ Misc. parameters

save | [ Save scaiiate | Sese | Glode savescopy | | Bt |
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106. Define the Geometry

Choose the Machine Coordinate System #2 for the operation and define the geometry

for the slot as shown.

Make sure that the chain direction is clockwise to perform the climb milling,

107. Define the Tool

Define a new tool in the Part Tool Table (@1.5 End mill).

Edit the following tool parameters:
* Set the Total tool length to 20;

e Set the Outside holder length to
15;

* Set the Shoulder length to 12;

* Set the Cutting length to 10.

Choose the BT40 ER16x70 collet chuck
from the Global holders table for the
operation.

3 Chocung tbr s ==
EESEE %A @Ex%
Toeita ¥ | D ¥ | i W Caad 0 b
ol TS
i - st
[ I o
0 wo ) fi
i futstony H Toosegy | TooCun| Gun | o okt || Brap | oot | oot gt Tool Masegn]
[
Hh O e e
n
Ll
- o (2
Lol Outyete b (P
St g 01
Cumng 1)
g
boh b st hne
@ x “« | B B [

108. Define the technological parameters

In the Tool side area, choose the Right option to machine the slot at the right side of

the selected geometry.

In the Slot levels area, click the Depth button to define the slot depth directly on the

solid model.
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A &

O

Click on the bottom face of the slot and confirm

the definition with the ¥ button.
The Slot depth (1.5 mm) is determined.

Set the Step down value to 0.5.

Constant | Advanced|

Modfy Offset
Tool sde:
T Profie offset: o
Depth cuttng type Slot levels
& One way ©) Bgrag [Coeet ) e
ot Step down: 0.5
Distance: L] Delta depth: o

109. Save and Calculate

Click the Save & Calculate button. The Slot operation data is saved and the tool path
is calculated.

110. Simulate

Play the simulation in the SolidVerify
mode.

At the final stage of the cover part, you have to perform several operations to machine
the holes located on the bottom face and pads.

111. Define a Drilling operation

Define a new Drilling operation for the center drilling of the holes located on the
bottom face of the cover.
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112. Define the Geometry

In the Geometry page, choose the Machine Coordinate System #2 for the operation and
click the [El] button to start the definition of drill positions.

The Drill Geometry Selection dialog box is displayed.

Choose the Multi-positions option in the Select centers by

section.

Click on the bottom model face as shown below.

| Select centers by: P
() Pick position

A 3 Points on
= circumference

@ Multi-positions
() Al circle/arc centers

All circlefarc centers

All the circular edges located on the selected face are collected, and the drill positions

are determined. Confirm the geometry selection with the

113. Define the Tool

v button.

In the Tool page, click the Select button. The Part Tool Table is displayed.

In the drilling operations
of this the
tools imported from an
external tool library are
used. The Exercise3_
Drill_Tools library
contains several drilling
tools required for this

exercise,

exercise.

In the Part Tool Table,
click the Import Tool(s)
button
Import to import the
tool from the previously
defined tool library.

and  choose

EEBE Y. %

| tems.® | Do | uoera w | mber

BoMLL Dusrbtin
ENDMILL
BoML
B ML

(PR

1 Topslogy | Tool Duta| (Data | v Hokder |
Tool parameters

Length
Tewl (Ll

E=rn )
@ %

1D number

Shape | Coolant| Tool preset| Tool Message|

Dxameser (D) «
Tio dameter (TD): b
Comer radus (R}t 0
Taperange (i (28] [
Svbor dameter (AD):
‘Sheuider dameter (50):

Outside hokder (OHL):
Start shoulder length (55): | ¥
Shoukder length (SL): 15

Cuttng (L) ]
Hiength: 103
Pusber of Autes:
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3. SolidCAM 2.5D Operations

The Import from Tool Table dialog box is displayed. Click the Browse button (@) and
choose the location of the Exercise3_Drill_Tools tool library. Set it in the Library list.

| Import from teal table [E=SEoR =
| D \Documentation SodCAM 2012 Miing Tranng Course | Lbeery: [ERciE3 i TOGS - |Lbar tyve: [Ta8 (Ta) |
Ve 34 Restedmachne [ S [ 1R, N
Too i ¥ | D, ¥ | Lerd. ¥ L LI
Y ] SPOT DAL - =
| I ] TOOL DRILL b il
| ] ] TOOL BRILL ——
[ ] o ™
Topalogy | Tool Data iCeea | || Hoder | | | Shape | Coolart| Toolpreset| Tool Message|
Tool parameters
Diameter [D): & ¥ AD
Angle (8): .'0"_ %
- arbor dameter (AD]: & +]
Leng®h TL
Total TL): OHL
5L
Outside holder {OHL)! A
Shoudder length (51): %
Cutng (@): i
L 1
Him L
5 F Nurrber of futes:
¥ o L e ]

Click the Import All Tolls button () located in the left bottom part of the dialog box.
The tools are imported into the Part Tool Table.

Click the OK button to exit from the tool library.

In the Part Tool Table, choose the Tool #6 (@6 Spot drill) for the operation.

Confirm the tool definition by clicking the Select button.

The Drilling Operation dialog box is displayed.

114. Define the Drilling depth

In the Milling levels area, set the Drill depth to 0. Milng evels

[ Upperievel | 5 Delta: 0
To perform center drilling, use the Depth type =i

option. In the Depth type section, choose the
Diameter value option and set the value to 5.5 mm.

Depth type
Cutter tp

The center drilling operation is performed until
the specified diameter is reached at the upper level
(the top face of the model). The upper diameter

Io [ Diameter value | 5.5 |

of the center drilling cone is greater than the
drilled hole diameter; this means that the 0.25 mm
chamfer is performed at the hole edge.
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115. Save and Calculate

Click the Save & Calculate button. The
Drilling operation data is saved and the
tool path is calculated.

116. Simulate

Play the simulation of the center drilling
in the SolidVerify mode.

117. Add a Drilling operation

In SolidCAM Toolbar, add a new Drilling operation to drill the holes center-drilled at
the previous stage.

Choose the same Drill geometry used in the previous operation.

Choose the Tool #7 (@5 Drill) from the Part Tool Table.

118. Define the Drilling depth

In the Levels page, define the Upper level by clicking on the model upper face. Define
the Drill depth by clicking on the model face as shown.

Set the Delta depth value to -1.

To perform through drilling, use the Depth type
option. In the Depth type section, choose the Full
diameter option. The drilling is performed until
the given diameter is reached at the specified Drill
depth. This means that the conical part of the tool
exits from the material.

119. Save and Calculate

Click the Save & Calculate button. The Drilling operation data is saved and the tool
path is calculated.
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%) 120. Simulate
Play the simulation of the drilling in the

SolidVerify mode.

At the next stage, you have to perform a number of drilling operations (center drilling,
drilling, tapping) for eight holes located on the pads top faces.

%} 121. Add a Drilling operation
Add a new Drilling operation to perform the center drilling of the pad holes.

%) 122. Define the Geometry
In the same manner as explained in Step #112, define the geometry for the drilling;

Use the Machine Coordinate System #2 for the operation.

%) 123. Define the Tool
Choose the Tool #6 (@6 Spot drill) from the Part Tool Table for the operation.
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124. Define the Drilling depth

In the Levels page, define the Upper level
by clicking on the top face of the pad.

Set the Drill depth value to 1.

125. Save and Calculate

Click the Save & Calculate button. The Drilling operation data is saved, and the tool
path is calculated.

126. Add a Drilling operation
Add a new Drilling operation to perform the drilling of the pad holes.
In the Geometry area, choose the Drilll geometry defined in Step #122.

Choose the Tool #8 (1.6 Drill) for the operation. This tool enables you to perform
preliminary drilling for the M2 tapping;

127. Define the Milling levels

In the Levels page, define the Upper level in the same manner as explained in Step
#124.

Define the Drill depth directly on the solid
model. Pick the lower vertex of the hole
cone as shown to define the depth.
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128. Define the Drill cycle type

Click the Drill cycle type button in the Technology page.
The Drill Cycles panel is displayed. & % ’&‘ ﬂ

Choose the Peck type to perform the pecking canned cycle.
| | & rﬂa i
Click the Data button to define the pecking parameters. Fhors  Helcol

The Drill options dialog box is displayed. Set the Step down value for pecking to 0.5.

& Diilloptians R =
Hame Type Value
Step down Humen 0.500
Fllretract: Logaal "o
Release datarce: Numers 0.000
Delary: e 0.000
[ ] [omn |

Confirm the dialog box with the OK button.

129. Save and Calculate

Click the Save & Calculate button. The operation data is saved, and the tool path is
calculated.

130. Add a Drilling operation

Add a new Drilling operation to perform the tapping of the pads holes.
In the Geometry area, choose the Drilll geometry defined in Step #122.
Choose the Tool #9 (@2 Tap) for the operation.
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_:@ Tap Tool y — ﬁ:
¥ This tool is intended
for the machining of .
. . o Arbor Diameter
internal threads in Drilling
operations.
) Total
The tool consists of two Length ¥ 3
parts:  cylindrical ~ and Outside | —— T
conical, and is defined Il:lec::d;: —
by the following major g — | Chamfer Cutting
— Length Length
parameters presented on =
the illustration. | T l
‘ ‘ Tip Diameter
Diameter |_ N
1
' When the Tap tool is used in the operation, the Tapping
¥ drill cycle is chosen automatically.

131. Define the Drilling depth

In the Levels page, define the Upper level in the same manner as explained in Step
#124.

Set the Drill Depth to 4.

132. Save and Calculate

Click the Save & Calculate button. The Drilling operation data is saved and
the tool path is calculated.
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133. Simulate

Click the Simulate button. The Simulation
control panel is displayed.

SolidCAM  enables you to simulate
several operations together. Holding the
Shift key, select the last three operations
in SolidCAM Manager (center drilling,
drilling and tapping of the pad holes) and
play the simulation.

At this stage, programming of the machining operations is completed. Now you have
to generate the GCode to send it to the CNC-machine controller.

134. Generate the GCode

SolidCAM enables you to generate the GCode for several operations or for the complete
CAM-Part.

Right-click the Operations header in SolidCAM Manager and choose the Generate
command from the GCode All submenu.

D CaMpart BERCIET)
R Machne favvea 00+
@ CooesSys Marager
0 stock ()
o Toret rarget)

;.E,..f i Probe..
At Malling Opesstscn
Add Machine Control...
T Ak Operaticn from Temglate...
aM mopcmhwnﬁm % Template...
mmwﬂ le(hnolnw
Parsbel Cpeisticn
o OBl Coteutate A
4 oM GCode AN ' Genente [

Copy
Pret

Caiculate & GCode AN

Alternatively, you can choose GCode > Generate icon from the SolidCAM Operations

toolbat. L RL T T oo R S L
Frobe |l 250 + @ rgareg B | oo e e R From Foocess Tepite o-r.ll 00 | ot | Tout
@ recognon - B mrang @B SRS 1S Macwng Froces nat
Fasumiy | Layou | Suich | Evaniate | Ofic Progucs | Sehaca ad | mon-nmn ; Generate I Tl
List
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The GCode is generated for
the complete CAM-Part. The
generated GCode is displayed in
the Notepad window.

[ exencisesTap - Notepad =

File Edit Format View Help

%

15000 (EXERCISE3.TAP)
(AWEA AV-1000)

G90 G10 L2 P1 X0 YO 2O
690 617

G34

N1O T1 M6

T2

MO1

(*TooL 1 - DIA 40.0%)

G90 G0 M3 51000 x-30. ¥79.8
M

8

G43 H1L Z50.

M98 P5003 (FM-facemill)

N19 MIB P5002 (-CHANGE TOOL-)
N20 T2 M6

T3

MO1

(*TOOL 2 - DIA 16.0%)

G90 G0 M3 51000 x163.81 Y26.484

G43 H2 Z50.

M98 P5004 (F-contour)

M98 P5005 (F-contourl)

N29 M9B P5002 (-CHANGE TOOL-)

N30 T3 M6 -

At this stage, the exercise is completed.
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Exercise #4: Bracket Machining

Define the CAM-Part and operations for the machining of
the bracket presented on the illustration on a Milling CNC-

machine.

This exercise reinforces the following skills:

CAM-Part definition;

Face milling;
Pocket machining;
Profile machining;

Drilling.

The SolidWorks model of the Bracket (Exercise4.sldprt) is located in the Exercises folder.

The following steps have to be implemented in order to reach the final CAM-Part:

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-controller, Machine Coordinate
System, the Stock and Target models.

The AWEA1000-Fanuc CNC-controller has to be chosen for this exercise.

2. Machine the top face

Define a Face Milling operation to machine the top
face of the bracket.

3. Machine the side faces

Perform the Profile rough and finish machining of
the bracket side faces.
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4. Machine the open pockets

Define a Profile operation to perform the machining
of the open areas as shown.

5. Machine the pocket

Define a Pocket operation to perform rough and
finish machining of the pocket located on the top face
of the bracket.

6. Pre-machine the cylindrical hole

Define two Drilling operations to perform the center
drilling and preliminary drilling for the further pocket
operation.

7. Machine the cylindrical hole

Perform two Pocket operations to machine the faces
of the through hole.

Use the pre-drilled hole to perform the safe lead in
movement of the tool into the material.

8. Machine the holes

Perform center drilling and drilling of the holes.

9. Machine the bottom face

Define a Face Milling operation to machine the
bottom face of the bracket.

This operation requires different clamping, so define
and use a new Coordinate System with the Z-axis
oriented normally to the bottom face.
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Exercise #5: Electronic Box Machining

Define the CAM-Part and operations for machining of the electronic box presented on the
illustration on Milling CNC-machine.

This exercise reinforces the following skills:

CAM-Part definition;
Face milling;

Pocket machining;
Profile machining;

Rest material machining;

Drilling,

The SolidWorks model of the Electronic Box
(Exercise5.sldprt) is located in the Exercises folder.

The following steps have to be implemented in order to reach the final CAM-Part:

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-controller (AWEA1000-Fanuc),
Machine Coordinate System, the Stock and Target models.

2. Machine the top face

Define a Face Milling operation to machine the top face of the electronic box part with
the Hatch strategy.
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3. Machine the side faces

Define two Profile operations to perform rough machining of the external faces.

4. Machine the pocket

Define two Pocket operations to perform rough machining of the internal pocket faces
with a tool of large diameter.

5. Perform the pocket finish machining

Define a number of Pocket operations to perform finish machining of the internal
pocket faces. Choose the Tool according to the minimal radius of the model fillets.

During the wall finish machining, use the Rest Material strategy to remove the bulk of
material in the corners.
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6. Perform finish machining of the external faces

At the first stage, perform the rest material machining of the corner faces to remove
the bulk of the material.

Define a number of Profile operations to machine the external faces.

7. Machine the holes

Define a number of Drilling operations to perform
the center drilling, drilling, and tapping of the
holes. Use a Pocket operation for counterboring
of the holes.

8. Machine the bottom face

Define a Face Milling operation to machine the
bottom face of the electronic box part using the
Hatch strategy.

This operation requires different clamping, so
define and use a new Coordinate System with the
Z-axis oriented normally to the bottom face.
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Exercise #6: Clamp Machining

Define the CAM-Part and operations for the machining of the clamp part presented on the
illustration on a Milling CNC-machine.

This exercise reinforces the following skills:

CAM-Part definition;

Multi-sided machining using 2.5-axis CNC-machine;
Profile machining;

Open pocket machining;

Drilling;

The SolidWorks model of the Clamp (Exercise6.sldprt) is located in the Exercises folder.

The following steps have to be implemented in order to obtain the final CAM-Part:

1. Define the CAM-Part

At this stage you have to define the CAM-Part, CNC-
controller (AWEA1000-Fanuc), Machine Coordinate
System, the Stock and Target models.

Make a note that the workpiece used for this part is the
box exactly surrounding the clamp model without an
offset.
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2. Holes machining

Perform a number of Drilling operations to
machine the holes.

Use the appropriate Machine Coordinate System
defined for the positioning shown below.

3. Open pocket machining

Add a Machine Coordinate System for the
positioning shown below to machine the open
pocket.
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Add a new Pocket operation. In this operation, the open pocket machining strategy will
be used.

Select the open pocket geometry chain as shown.

Click the K] button to confirm the selected chain. The Close Chain dialog box is
displayed.

Do you want to dose chain with a line ?

[7]Mark line as open edge
Ly ] (LW |

ﬁ Close Chain dialog box

H This dialog box is displayed when you confirm an open chain definition
in the Geometry Edit dialog box.

When you confirm this dialog box with the Yes button, the chain is
closed with a line that connects the start and the end points of the
chain. The Mark line as open edge check box enables you to mark the
connecting line as open edge to perform open pocket machining.

When you click the No button, SolidCAM returns to the geometry
definition and enables you to close the chain manually by the model
element selection.
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Select the Mark line as open edge check box and
confirm the dialog box with the OK button. The
open edge is marked.

Confirm the Geometry Edit dialog box by clicking
the ¥ button.
Choose the Tool #4 (@6 End mill) for the operation.

Select the upper face of the model as the Upper
level and the pocket floor as the Pocket depth.

In the Technology page, only the Contour
machining strategy is available. Switch to the Open  Technology| Contour Open pocket | Advanced|

pocket tab to define the parameters of the open Extension
pocket machining, ® % of tool diameter
. &0
Define the extension of the tool path beyond the © volue
open edge.
[¥] Use profile strategy
© One way ©) zigzag
[¥] Approach from outside
|| Descend in Rapid to Cut level

ﬁ Extension

F This section enables you to define the overlapping between the tool and
the open edges. The ovetlapping can be defined as percentage of the
tool diameter (the % of tool diameter option) or as a value (the Value
option).

Open edge

Extension
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Set the Extension value to 60% of the tool diameter. Since the diameter of the tool used
in this operation is 6 mm, the tool path is extended by 3.6 mm over the open pocket
edge.

|
ﬁ Note that the Extension value cannot be smaller than the radius of the tool.
4

Select the Use profile strategy check box.

M. Use Profile Strategy

s This option enables you to perform
the open pocket machining in a Profile
manner. The tool path at a specific
Z-level consists of several equidistant
profiles starting from outside the model
at the distance defined by the Extension
parameter. The tool moves on offsets
parallel to the pocket geometry.

H

The following options enable you to
define the tool path direction and linking:

*  When the One way option is chosen,
the tool finishes one profile pass,
then rapidly moves (GO) to the
safety distance and then to the
start of the next cutting pass. The
cutting direction (either climb or
conventional) is preserved for each
cutting pass.

* When the Zigzag option is chosen,
the tool finishes one profile pass
and then moves directly to the next
pass. The machining is performed
without leaving the material, thus
constantly switching between climb
and conventional milling,
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Use the default One way option.

Select the Approach from outside check box.

xf(} Approach from Outside

s This option enables the tool to approach from outside of the material
in the open pocket areas, if possible. Such approach enables you to
decrease the tool loading when plunging into the material. This option
enables you to perform the approach movement from the automatically
calculated point outside of the material. The tool moves to the required
depth outside of the material and then plunges into the material.

YA

Switch to the Technology tab. In the Offsets section, set the Wall offset and the Floor
offset to 0.2. To remove these offsets with the finishing cut, select the Wall and Floor
check boxes in the Finish section.

4. Hole machining

Define two Drilling operations to perform center
drilling and drilling of the hole located at the
bottom of the open pocket. Use the same Machine
Coordinate System (positioning) as in the previous
operation.
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5. Step machining

Define a Profile operation to machine the step.

Define the Machine Coordinate System for the
positioning shown below.

Use the Point to point option in the Geometry Edit dialog box to define the geometry.

ﬁ Point to Point Mode

¥ This option enables you to connect the specified points. The points are
connected by a straight line. This option is useful when it is impossible
to define the geometry using the model edges.

In this exercise, it is impossible to define the straight geometry for the
Profile Milling using the model edges. The Point to Point option enables
you to define the geometry by two points located on the model vertices.
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3. SolidCAM 2.5D Operations

Use the Zigzag cutting type to connect the successive Z-level passes directly from the
end of a pass to the beginning of the next pass.

ﬁ Depth Cutting Type

¥

When the One Way option is chosen, the
cutting passes are oriented in the same
direction, and the connection between
them is performed through the Operation
Clearance level. At the end of each pass
the tool performs a retreat movement
to the Operation Clearance level,
a horizontal movement at rapid feed to
the start point of the next pass and then
descends to the Z-level of the next pass.
The same cutting direction (climb or
conventional) is kept along the whole tool path.

When the Zigzag option is chosen,
the tool path is performed in a zigzag
manner, with the tool path direction
changing from one pass to the next. The
passes located at two successive Z-levels
are connected directly from the end of
one pass to the beginning of the next
pass.

1/
ﬁ The Zigzag option cannot be used together with the
x Clear offset technology.
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Exercise #7: Basic Part Machining

Define the CAM-Part and operations for the machining of
the basic part presented on the illustration on a Milling CNC-

machine.

This exercise reinforces the following skills:

The SolidWorks model of the Basic part (Exercise7.sldprt) is
located in the Exercises folder.

The following steps have to be implemented in order to reach o ) ‘
the final CAM-Part:

CAM-Part definition;
Pocket machining;
Profile machining;

Rest material machining;
Face milling;

Drilling;

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-controller (AWEA1000-Fanuc),
Machine Coordinate System, the Stock and Target models.

2. Upper cusp machining

Define two Profile operations to remove the bulk of material and perform the rough
and the finish machining of the cusp.
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3. SolidCAM 2.5D Operations

3. Step machining

Perform the rough and finish machining of the
step faces using the Profile operation.

4. External contour machining

Define a Profile operation to perform the rough
and finish machining of the external model faces.

5. Connector opening machining

Define a Pocket operation to perform the rough
machining of the connector opening faces.

6. Connector pocket machining

Define a number of Pocket and Profile operations
to perform the roughing and finishing of the
connector pocket.
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7. Connector opening finish machining

Use the Pocket rest material strategy to perform
the finish machining of the connector opening
faces.

8. Machine screw head areas

Define a Profile operation to perform the rough
and finish machining of the screw head areas.

9. Top face machining

Use the Face milling Hatch strategy to perform the
rough and finish machining of the top face.

10. Bottom face machining

Use the Face milling Hatch strategy to perform the
rough and finish machining of the bottom face of
the Cover part.

Note that this operation and the following ones
use a new positioning and therefore you have to
define a new Machine Coordinate System.
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3. SolidCAM 2.5D Operations

11. Pocket rough machining

Use a Pocket operation to perform the rough machining of the highlighted faces.

12. Wall finish machining

Define two Profile operations to perform the
finish machining of the wall faces of the pockets.

13. Bottom pocket machining

Perform the rough and finish machining of the
bottom pocket with the island.

14. Hole machining

Define a number of Drilling operations to machine
holes located on the cover part faces.
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Exercise #8: Cover Machining

Machine the hole and chamfer on the pre-machined cover
part presented on the illustration on a Milling CNC-machine.

This exercise reinforces the following skills:
* 3D contour machining,

The part file (Exercise8.prz) is located in the Exercises folder.
This file contains the defined CAM-Part. The model used
for the part definition contains two configurations: Default
(model with the hole and chamfer features) and Stock (hole
and chamfer features suppressed).

Default Stock

The following steps have to be implemented in order to reach the final CAM-Part:

%) 1. Open the CAM-Part
Open the Exercise8.prz file located in the Exercises folder.

%} 2. Add a Contour 3D operation

Add a new Contour 3D operation to -~ =
perform machining of the hole on the — 7
upper face of the part.
The Contour 3D Operation dialog box is
displayed.
P
%L
[Come ] [sembcuoion |-} [ smism | [ coee Sea oy )
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3. SolidCAM 2.5D Operations

V

2

A through hole located on a convex surface can be machined in several
methods, such as Profile machining and Contour 3D machining. Profile
milling used for machining of such holes results in a great number of tool
path passes with unavoidable air cutting, because it yields a planimetric
tool path parallel to the XY-plane. Contour 3D machining enables you
to generate a curved tool path in three-dimensional space. Therefore,
in this exercise the Contour 3D operation is used for hole machining to
optimize the tool path and avoid redundant tool movements.

Profile Machining

Profile 3D Machining

3. Define the Geometry

Define the geometry chain on the upper edge of the hole as shown.

x

173



S

4. Define the Tool

Add a new @10 End mill tool for the operation.

EEEE Y. %é& (OIS

ToolMu... ¥ | Dhum... ¥ uu¢.__v| Humber 10 rumber
1 | TENDHIL :

1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters

M @ | Dameter D) w
trch Aot damater (AD):

Length

M @ Towmm

Irch utside helder (ML)
Shoukder length ISL):
Cuttng {1}
Hiength:

IR R 18

[CRough  Number of futes: 2

B (x| o | B B = =]

5. Define the technological parameters

In the Modify section, click the Geometry
button to check the position of the tool '<
relative to the geometry.

In this case, the default Left option set for
Tool side meets the requirements of the
climb milling. Close the Modify Geometry

dialog box by clicking the % button.

In the Offsets section, set the Wall offset
value to 0.2. The allowance of 0.2 mm
will be left on the hole wall during the roughing, This allowance will be removed with
a separate finishing cut in the end of the machining

Select the Rough check box. Set the Step down to 2. The hole will be machined in three
equidistant rough passes.

Select the Finish check box. Set the Step down to 6. The finishing will be performed
in a single pass.
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3. SolidCAM 2.5D Operations

%) 6. Define the Lead in and Lead out

For Lead in, choose the Arc option and use the default Radius value of 2. For Lead out,
select the Same as Lead in check box.

% 7. Simulate the operation
Perform the simulation of the operation in the SolidVerify mode.

% 8. Add a Contour 3D operation

Add a new Contour 3D operation to perform chamfering of the upper face of the
cover.

9. Define the Geometry
% Define the geometry chain on the upper edge of the face as shown.
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%3 10. Define the Tool
Add a new @10 Spot drill tool for the operation.

e

EEEE T-%E (IO N
[ Tooithe.® | tam. ¥ [ s w | tamber D rassber
2
Desrptien
1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Todl parameters
Mm@ || Dumeter @) ]
PR g @ w
|’ Arbeor damater (AD): L]
‘ Length
L Total (TL): @
Inch Outsde holder (OFL: 0
Shoukder length (SL): x
Cuttng (L) 5
Hiength:
Number of flutes: 1
v
S Eix|w s> @ NN

%3 11. Define the Milling levels
In the Levels page, set Depth to 0.

" e =z~
H Cperation name = .
b PR - A 59
Ef:;mw Posstioning levels
iy e G B
@ Technclogy Clearance level w Delta: 0
e Safetydstance: 2
P.’,]Mehon control
o Misc. parameters Miling levels
Upper level 5.213 Deltar 0
oe 0
T -
Delts depth: o
son_] [somece ][] [_omee ] [ ) sevescony | [ Eat |
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3. SolidCAM 2.5D Operations

V

12. Define the technological parameters

In the Modify section of the Technology page, set the Tool side to Right. Click the
Geometry button to check the tool position relative to the geometry.

Close the Modify Geometry dialog box by clicking the X button.

Technology  Chamfer | Advanced |

Select the Rough check box. Set the Step down to 0.

Chamfer options.
In the Chamfer section, select the check box and switch to 0
the Chamfer tab. Previous wall offset: 0
Extension/Overlap: [
Set the Cutting diameter value to 2. == - |
Feed: 0

Cutting Profile depth
Diameter (Chamfer depth)

N

13. Define the Lead in and Lead out

For Lead in, choose the Arc option and use the default Radius value of 2. For Lead out,
select the Same as Lead in check box.
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%3 14. Simulate the operation
Perform the simulation of the operation in the SolidVerify mode.
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3. SolidCAM 2.5D Operations

Exercise #9: Mounting Base Machining

Define the CAM-Part and operations for the machining of the mounting base presented on the
illustration on a Milling CNC-machine.

This exercise reinforces the following skills:

CAM-Part definition;
Pocket machining;
Drafted profile machining;
T-slot milling;

Drilling,

The SolidWorks model of the Mounting base (Exercise9.sldprt) is located in the Exercises folder.

The following steps have to be implemented in order to obtain the final CAM-Part:

S
e

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-controller (Fanuc4ax), Machine
Coordinate System, the Stock and Target models.

2. Contour machining

Define a Profile operation to machine the mounting
base external faces.
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3. Top face machining

Define a Face Milling operation to machine the
top face of the mounting base.

4. Pocket machining

Define a Pocket operation to perform rough and
finish machining of the pocket faces.

ML Use the lower edges of the islands for
ﬁ the internal chains definition, because

¥ the walls are drafted.

Use a Bull nose tool of @8 with Corner radius of
0.2 mm for machining the pocket.

5. Profile machining for islands

Define a Profile operation for two draft angled walls at the islands. Use the Bull nose

tool of @8 already defined in Step #4.
Define the geometry as shown.

Select the Finish option in the Technology
page and set the Step down value to 0.1.

Switch to the Advanced tab and click the
Wall draft angle button.

Tacteaiogy e aten rme. Teiate =
Prade _poranurd =N v

T Geemany Tochrokogy  Adearced |

B T

& Lo —

&

e

P51 Motion comst AT

| EE==

O Ry

fee | | owencecien vl | sesew | Sode Saee b Gy [
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3. SolidCAM 2.5D Operations

In the Wall Draft Angle dialog box, check the same
option. .
Set the External wall angle to 8. External comer
In the Cut from area select the Bottom to top External wall angle: 8
option. Cut from
) Top to bottom
© Bottom to top
o ][ concel |
L Wall Draft Angle
¥ When this check box is selected, the inclined wall machining is performed.

* External wall angle

This parameter defines the draft angle of the wall measured from the
Z-axis direction as shown.

For the inclined wall machining, each cutting pass located at a specific
Z-level is generated according to the specified External wall angle
value.
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External corner type

This option enables you to define how the cutting passes are
connected during the external corners machining. There are three
ways to connect between the cutting passes:

Sharp corner: the tool path is calculated to perform the machining of
a sharp corner. This option affects only the machining of geometry
sharp corners.

Conical fillet: the tool path is calculated to perform the machining of
the corner with a conical fillet; the radius of the tool path rounding
increases from one pass to the next. This option affects only the
machining of sharp geometry corners.

Geometry

Cylindrical fillet: this option affects the machining of both of sharp
and filleted corners of the geometry. The machining of sharp corners
is performed similar to the Conical fillet option. For the filleted
corners, the tool path is calculated to perform the machining of the
corner with a cylindrical fillet; the radius of the tool path rounding is
the same for all the cutting passes.

Geometry
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3. SolidCAM 2.5D Operations

V

6. T-Slot machining

In SolidCAM Toolbar, sclect 2.5D >
T-Slot.

e:fmdm ~ @ 30 Drillr
Probe |G 2.50 - 8 Engravie

Face
Profile

Contour 3D

Pocket

Drilling

Thread Milling

Slot

T-Slot

Translated Surface k_
ToolBox Cycles

b |
CORNPB®OIIDD

The T-Slot Operation dialog box is displayed.

1451 Mation control
@ Misc. parameters

[Csove | [sovencoue |[] [ seime | [ oot |

Define two geometry chains as shown. Make sure the direction of the chains geometry
is the same as on the illustration.
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Add a new Slot mill tool.

ML Slot Mill

¥ This type of tool can be used for all types of machining from simple
2.5D undercuts up to 5-axis simultaneous machining,

A tool of this type is defined with the parameters shown in the image.

Arbor
Diameter
Total T
Length Outside
Holder
. Cutting
Corner Radius ‘ Diameter ‘ Length
% Edit the tool parameters as follows: I Topoogy | ToolData] 0uta | ] Hotdr | [ Shape. | Coolrt] o preet| oo Message
Tool parameters
. Set Diameter to 36; L T % f E o
. Inch Comer radus (R): a T
*  Set Corner radius to 0; =r=—— =
: Shouider dameter (S0): 2 n -
. Set Cutting length to 3. reor oy
I 40 - st g | dso
Add the BT40 ER32x60 tool holder. PAO  owdenidelonr W \ i
Shouider length (L) 15 ' 1l ‘ il
.. . . Cutting {CL): 3 il j ) IR
Confirm the tool definition by clicking ey o
the Select button. Rough  Mumber of futes: 15 i
In the Tool page, click the Data tab.
. Tod  Deta | Costant] Teol change positen| Powiad ®
Select the Offsets option and the Top tool offset e o :
@ P ) P2 ooty 5 o) ¥ i)
number check box. = x ol e
T
Cutaing cordtans. ..
o Oty

Dameter offset rumbar:
Length sftset rumber

7] Too teol offseteuber: 4
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3. SolidCAM 2.5D Operations

! The Top Tool Offset Number defines the register number of the upper
ﬁ cutting edge of the T-slot mill. This option enables SolidCAM to
automatically take into account the minor size differences between the
defined tool and the one actually used for cutting the workpiece, if there
are any.

7. Define the Milling levels

Define the Upper level for slot machining
by clicking on the model face as shown.

Confirm the value (-4.5) in the Pick Upper
level dialog box.

Define the T-slot depth of the T-slot by
clicking on the model as shown.

The depth value calculated in the T-slot depth area is 6.

8. Define the technological parameters

Define the rough parameters in the Technology page. To perform roughing of the slot,
select the Rough check box.

To perform the rough machining of the slot, you have to specify offsets on the slot
geometry. These offsets are removed with the finishing cut.
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The Wall offset option defines the offset that remains on the slot wall
after roughing.

Wall Offset

The Ceiling offset option defines the offset that remains on the slot
ceiling after roughing,

Ceiling
Offset

The Floor offset option defines the offset that remains on the slot floor
after roughing.

Floor
Offset

186
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A

Set all of the offset to 0.2 Offsets
wal offset: 0.2
Ceiling offsat: 0.2
Floor offset: 0.2
Define the finishing parameter. o

Select the Finish check box. Notice that the Ceiling, Wall ot Bl Mo

and Floor check boxes are selected by default. These Mumber ofpasses: 1
check boxes define the offsets (Ceiling, Wall and Floor, Extenson/Overs: 0
respectively) to be removed with the finishing pass. Set the Cutting depth overisp: 2
Cutting depth overlap value for finishing to 2. cutfiom:  [Toptobottom =

£ Cutting depth overlap

This parameter defines the overlap of each two adjacent tool paths in
both rough and finish machining of the slot.

Cutting depth

overlap Cutting depth

overlap

M

9. Define the Lead in and Lead out

For Lead in, select the Tangent option and set the Tangent extension to 12. For Lead
out, sclect the Same as Lead in check box.

10. Simulate the operation

Perform the simulation of the operation
in the SolidVerify mode.
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11. Holes machining

Define several Drilling operations
to perform the machining of the
countersink holes located on the top
face of the mounting plate.
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3. SolidCAM 2.5D Operations

Exercise #10: Support Machining

Machine the threads on the pre-machined support
part presented on the illustration on a Milling CNC-
machine.

This exercise reinforces the following skills:

e Threading

—
—
—

The part file (Exercise10.prz) is located in the Exercises
folder. This file contains the defined CAM-Part.

The following steps have to be implemented in order to perform the internal and external threading:

%) 1. Open the CAM-Part
Open the Exercise10.prz file located in the Exercises folder.
%} 2. Add a Thread Milling Operation

Add a new Thread Milling operation to perform threading of the internal surface of
the part.

The Thread Milling Operation dialog box is displayed.

==
Template 5
=1 A
& M. paameten
[Csme | [omescooime | [ semime | [ ocoe | [swenconr | [ Em |
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%3 3. Define the Geometry
Define the geometry by clicking on the internal
surface of the part.

The tread milling position is selected, and its
coordinates are displayed in the Drill Geometry
Selection dialog box.

= A

I— ——
(91 0.000; 0,000
%} 4. Define the Tool
Switch to the Tool page of the Thread Milling Operation dialog box and click the Select
button.

The Part Tool Table dialog box is displayed.

Choose the Thread Mill tool for the operation.

ﬁ Thread Mill

¥ This tool type is used for threading in Thread Milling operations. A tool
of this type is defined with the parameters shown in the image.

Arbor
Diameter

Outside

Holder — Total

Length Length

Shoulder
Length
Thread
Cutting
Cutting Diameter| Length
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3. SolidCAM 2.5D Operations

In the Pitch/Standard area under Tool [&= -
] EEEEEAT) (&
Parameters, click the arrow near Choose | .- =i onse
standard table and select the Metric (ISO) atian
option from the list.

The Threading Type: Metric (ISO) dialog
box is displayed.

Select the M64 x 4.0 standard from the list
and click OK.

|
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Use the default tool parameters.
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5. Define the Milling levels

Define the operation Upper level directly on the solid model by clicking on the top of
the part.

Define the Thread depth by clicking on the bottom face of the part.

In the Depth definition area, set the Delta value to -4.

Technology Cperation rame Template =
Thread Miling TH_drd = (== \_1)
@ Geometry
B Tool it
@ Technology [ Clearance level 10 Delta: o
T Link Safetydstancs: 2
131 Mation Limits Contral
4 Misc. parameters Miing levels
B o0
Depth definition
@ vaue . of threads
. e
Addivonal depth
Enter at thresd start
Depth: ]
save | [ Save scaiiate | Sese | Glode savescopy | | Bt |

6. Define the technological parameters

In the Technology page, make sure the default Internal type is chosen in the Thread
Data area. Set the Major thread diameter value to 64. In the Cut from section, select Top
to bottom.

& Thread Milling Operation Fiﬁ
Technology Cperation rame Template =
Thread Ming Tl - H&E \.!-)
@ Geometry Technology |
B Tool :
3 Leves Sortng [CiReugh
= & Default Wall offsat: o
= ol
B Link Shortest destance 2
131 Mation contral Advanced Offset: L
& Misc, parameters = & B} Constant Varishle: 3
T Step over: 0
7] Finish
V| Compensation o of passes: L
Thread d Start angle
Trpe Angle: 0
@ tnternal () Extemal
Major thresd damster; B4
Direction
@ Right hand Lefthand
Cut from
Bottom to top (@ Togp 0 bottom
swve | [Savesconiote |[+] [ seuae | [ crode savescopy | | Bt |
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3. SolidCAM 2.5D Operations

%) 7. Define the Lead in
Switch to the Link page. Under Lead in/out Arc, clear the Start from the center check
box.

ﬁ Start from the center

F This option enables you to start threading from the center of the
geometry. When this option is cleared, the tool starts machining from
a safety distance, which allows to avoid air cutting and save machining
time.

% 8. Simulate the operation
Perform the simulation of the operation
in the Host CAD mode. Set the CAM-

Part in the Top view to observe that the
tool approaches the material not in the

center.

Perform the simulation of the operation
in the SolidVerify mode.

9. Add a Thread Milling Operation

%) Add a new Thread Milling operation to perform small internal threads.
%} 10. Define the Geometry

Define the geometry by clicking on the upper surface of the model containing the
holes.
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11. Define the Tool

Define a new Thread mill selecting the M14x1.5 standard from the Metric (ISO) table.

12. Define the Milling levels

Define the operation Upper level directly
on the solid model by clicking on the
small pocket surface as shown.

Define the Thread depth by clicking on
the model bottom face.

13.Define the technological parameters

In the Technology page, make sure the default Internal type is chosen in the Thread
data area. Set the Major thread diameter value to 14. In the Cut from section, select Top
to bottom.

14. Define the Lead in

Switch to the Link page. Under Lead in/out Arc, make sure that the Start from the center
check box is selected.

15. Simulate the operation

Perform the simulation of the operation in the SolidVerify mode.
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16. Add a Thread Milling operation

Add a new Thread Milling operation to perform threading of the external surface of
the part.

17. Define the Geometry

Use the Drill geometry defined in the first operation.

18. Define the Tool

Define a new Thread mill. In the Tool parameters arca, under
Pitch / Standards, sclect User and set 3 for the Pitch value. From the list, select the 1ISO
FINE standard.

*  Set the Cutting diameter to é]n;g-%w;m _ rlgl:ﬂlbﬁ
e LIl
45.3333. e =

Teolthi. W | D ¥ | e w | Mber 10 rumber
I 3

Descripton
TREADMILL 20150 for M 90

M Tooclooy | Toot Deta| Duts | || Heokder | || S | Coslare| Teed prwset| Toot Messaga |

T

L}
Shouder g 5 = T
Theead eutig (T0L)e + 11 ) =
g
tunter of futes:
B F| x| 6 | B B sekect |G|

19. Define the Milling levels

Define the operation Upper level directly on the
solid model by clicking on the top face of the part
as shown.

Define the Thread depth by clicking on the model
surface as shown.
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%) 20. Define the technological parameters

In the Technology page, choose the External type in the Thread data arca. Set the Major
thread diameter value to 86.

In the Cut from area, choose the Top to bottom option.

Operaton name Template -
L - B 3
Technaiogy |
Sertrg Flaowgh
& Defat Wl ofsen: ]
Shortest datance e
| Advanced <
¢ ) Constart Varabie: ]
| Reverse drecton
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| Compensation Pe of pases: 1
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el @ Extenal
[
Nomnal L)
it |
@ Rght hard Leftband
Cutbom
Dtottomto o @ Top b botlom
[Csave | [savescoime |[=] [ smine Gode | swescoor | [LEm ]

%} 21. Simulate the operation

Perform the simulation of the operation in the SolidVerify mode.

At this stage, the exercise is completed.

196



Indexial

4-Axis Milling ﬂ




SolidCAM enables you to perform indexial 4-axis milling on vertical or horizontal CNC-machines
with a 4th axis rotary table.

The 4th axis rotation is used for the positioning of the part. When the part is positioned to the
required orientation, the 4th axis is locked and the machining is performed using 3-axis movements.

L
&

For each clamping, SolidCAM enables you to define the Machine Coordinate System with X-axis
(for vertical machines) or Y-axis (for horizontal machines) parallel to the revolution axis of the
rotary table.

Machine
Machine goordlnate Y
Coordinate ystem X

System
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4. Indexial 4-Axis Milling

Within one clamping (Machine Coordinate System), SolidCAM enables you to define a number of
positions around the revolution axis. For vertical machines the X-axis of these positions is parallel
to the X-axis of the Machine Coordinate System.

Machine Coordinate System

Positions

Ll

For horizontal machines, the Y-axis of these positions is parallel to the Y-axis of the Machine
Cootdinate System.

Machine Coordinate System

Positions

Y Y
XI | iz X Z X Z
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For each position, SolidCAM automatically determines the Shift and the Rotation parameters
relative to the Machine Coordinate System.

Machine

Coordinate Rotation X
System

Position

Shift Z

The Shift components (Shift X, Shift Y and Shift Z) describe the shifting of the position relative to
the Machine Coordinate System.

The Rotation components (Rotation around X, Rotation around Y and Rotation around Z) describe
the axis orientation of the position relative to the Machine Coordinate System.

Positions can be defined only around the revolution axis. For vertical machines only positions
around X-axis can be added, so the Rotation around Y and Rotation around Z values are 0. The
Rotation around X parameter can be different from 0. For horizontal machines only positions
around Y-axis can be added, so the Rotation around X and Rotation around Z values are 0. The
Rotation around Y parameter can be different from 0.

Machine Coordinate Systems and their positions are used for the geometry definition. Before the
geometry definition you have to choose the Coordinate System position. The geometry has to be
located in the plane parallel to the XY-plane of the chosen CoordSys.
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4. Indexial 4-Axis Milling

Exercise #11: Frame Machining

In this exercise, indexial 4-axis operations are used for the frame part machining;

The frame is machined from the pre-machined stock on a vertical 4-axis milling CNC-machine
using the special jig.

The jig with the clamped workpiece is placed on the rotary table of the machine. Such clamping
enables you to machine four sides of the model using the rotation of the 4th axis.

The tail used for the part clamping is removed in
a separate operation using a 3-axis CNC-machine.
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% 1. Change default settings
First, you have to cancel automatic definition of the stock and target models, which is

set in the preferences by default.

In the SolidCAM menu, click the SolidCAM Settings
command.

The SolidCAM Settings dialog box is displayed. From the
left menu, choose Automatic CAM-Part definition. Clear the
Definition of Stock and Definition of Target check boxes.
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New
Open...
Save As

Manage Templates

Calculate CAM-Parts...

Copy...
Delete...

Tool Library

Foture library...
Machining Process
SolidCAM Settings...
Technology Database

Recent CAM-Parts
Browse Recent Parts...

License info...

Exit SolidCAM

From now on, the stock and target models will not be defined automatically for each

CAM part you create.

% 2. Load the SolidWorks model

Load the Exercise11.sldprt model located in the Exercises foldet.

The model contains three configurations:
¢ Default

The original design model without changes.
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4. Indexial 4-Axis Milling

A D

e Stock

The stock model that is used for the SolidCAM stock definition.

* Machining

The machining model with a tail that was not removed. This configuration is
used for the SolidCAM geometries definition.

3. Start SolidCAM

To start SolidCAM, click the SolidCAM command in the main menu of SolidWorks and
choose Milling from the New submenu. SolidCAM is started, and the New Milling Part
dialog box is displayed.

4, Confirm the CAM-Part creation

Confirm the New Milling Part dialog box by clicking the OK button. The Milling Part
Data dialog box is displayed.

5. Define the CNC-controller

Choose a CNC-machine controller. Click the arrow in the CNC-Machine section to
display the list of post-processors installed on your system.

In this exercise, use a vertical 4-axis CNC-machine with the Fanuc CNC-controller.
Choose the AWEA1000-Fanuc CNC-controller from the list.
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6. Define the Machine Coordinate System

Click the Define button in the Coordinate System section of
the Milling Part Data dialog box to start the Coordinate System
definition.

~

= y 2

o 1y

The CoordSys dialog box is displayed.

SolidCAM assigns the first Position number to the Machine
Coordinate System by default.

Make sure that the default Select Face option is chosen.

Click on the model bottom face as shown.

The Machine Coordinate System #1 is automatically defined in
the corner of the model box. Click the Finish button.

The CoordSys Data dialog box is displayed.

("Coordsys Data =]

Edit CoordSys

[T Create planar surface at Part Lower level

Coc ] [lcann ]

7 X
CoordSys Gl
Mac CoordSys
: 1
Position: 1
sBefine GaoeiSys options =]
_a_ideﬁ__ho!
1. Defne
L. select Coordinate System

[¥] Pick face

[Z]tigh precision (faceting)
(Conme o cpposte

Place CoordSys orign to

Pick 2

Delta &

1 4 4

on around axis &|

=1
o
4% 4F 4
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4. Indexial 4-Axis Milling

SolidCAM automatically determines the Shift and Rotation values. For the first
Position related to a new Machine Coordinate System, the Shift and Rotation parameters

values are always 0.

Close this dialog box with the OK button. The CoordSys Manager dialog box is

displayed.

7. Define the CoordSys positions

Now you have to define several additional Positions around
the Machine Coordinate System #1. .,
, , . Y I
In CoordSys Manager, right-click the Position #1 item and A s
choose the Add command from the menu.
Inquire.-

The CoordSys dialog box is displayed again.

SolidCAM assigns the next sequential number to the

position.

Click on the model face as shown.

The origin is automatically placed in
the corner of the model. The Z-axis
is directed outwards normally to the
selected face. The X-axis direction is the
same as the direction of the X-axis of the
Machine Coordinate System (Position
#1).

Click the Finish button to confirm
the position location. The CoordSys Data
dialog box is displayed.

-----

Default name

Create planar surface

Delete planar surface

Select all

Unselect all

Edit CoordSys

Other Rotation around

[T Create planar surface at Part Lower level

Lo ]  [lcann ]
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The Part upper level (0) and the Part lower level Machine Coordinate System

(-100) are automatically determined on the model. n
z Position #1

The Shift and Rotation parameters are defined
automatically for the Position #2. The Shift Z is -35;
the Shift X and Shift Y are 0. The Rotation around X
is -90; other Rotation values are 0.

Confirm the dialog box with the OK button.
Rotation X

-90° Y
%0 Shift Z

35 Position #2

In the same manner, define Position #3 and Position
#4 using the model faces as shown.

Position #3 Position #4
Shift (0,100,-35) Shift (0,100,0)
Rotation (180,0,0) Rotation (90,0,0)
Confirm the CoordSys Manager dialog box with the v button.
8. Define the Stock model v R
Click the Stock button in the Stock & Target model arca. The msm f
Model dialog box is displayed.
Select the 3D Model option in the Defined by section. This option | Defined by A
3D Model X

enables you to define the stock model by picking solid bodies.

In the Configurations section, switch to the Stock configuration.  [comngurations =
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4. Indexial 4-Axis Milling

Configurations -
Default =
Machining

The model is displayed in the Stock configuration.

Click on the model to select it for the stock model.

Close the Model dialog box with the 4 button.

9. Define the Target model

In the Milling Part Data dialog box, click the Target button. The Model dialog box is
displayed.

v R
In the Configuration section, choose the Machining configuration -
that describes the model after the machining. s .
Configurations R
Configurations R
Stock Default b
- Default H
Stock Type R
g (@) Both
() Surfaces
. . . () Solids
The configuration is changed. Click on the model as shown.
Facet to Ea
0.1

Close the Model dialog box with the ¥ button.

10. Save the CAM-Part

Click the ¥ button to save the CAM-Part data and close the Milling Part Data dialog
box.

The SolidCAM Manager dialog box is displayed.
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11. Define the Fixture

SolidCAM enables you to define the Part fixtures such as clamps, vises, jig plates, etc.
This feature enables you to get a more realistic picture during the simulation and check
possible collisions between the cutting tools and fixtures.

At first, you have to add the model of the clamping device to the CAM-Part assembly.

A1/

before the insertion into the CAM-Part assembly.

Click the Insert command in the
SolidWorks menu and choose the
Existing Part/Assembly option
from the Component submenu.
The Insert Component dialog
box is displayed.

Click the Browse button and
Clamp.sldprt file.
This file contains the model of
the clamping device.

choose the

M 3
Select a part or assembly to
insert and then place the
component in the graphics
area. Use the push pin to insert
multiple copies of the same or
different components,

Hit OK button to insert a
component at the origin.

Part/A bly to Insert A
Open documents:

Options A

1) Start command when
- ereating new assembly

[¥] Graphics preview
["] Make Virtual

[(znsert ) Toos  soidcam window o P[0 - 3 - [ - & -9 -

It is recommended to copy your clamp model files into the CAM-Part folder

=%'

CM
&
[

%4
o

VRN

-

Component
Mate...

Component Pattern...
Mirror Components...

Smart Fasteners...
Smart Features..
Envelope
Exploded View...
New Metion Study

Assembly Feature
Reference Geometry

| Sketch

3D Sketch
Layout

3D Sketch Or

Design Study

Tables
Annotations

Object...
Hyperlink...
Picture...

Customize Menu

| (P Bsting Part/Assembly...

.53) New Part...
o B | Mew Assembly...
# | Insert Part from Block,
Aszembly from [Selected] Components.

% | Copy with Mates...

L2 Customize Menu

N

BL
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4. Indexial 4-Axis Milling

Confirm the component insertion with

the v button. The model is added.

Align the model as shown below using
the Mate or the SmartMates option.

=3 CAMPart (EERCISELL)
Machine (AWEA 1000-FANUC)
S CoondSys Mansger

= . . . Stock {stocdk)

In SolidCAM Manager, right-click the Fixtures header and B Toroe (et

choose the Define Fixture command from the menu. ]

(D Geometries

The Model dialog box is displayed. This dialog box enables 9@ e
you to define the fixture by selecting solid bodies of the i
CAM-Part assembly components.

Click on the clamping device model as shown.
. . v o
Confirm the Model dialog box with the button. ] -
| damping fixture -
lm A
| [Mechoog -]
| Type 2
@ Both
) Surfaces
17} Solids.
Facet tolerance 3
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% 12. Define a Pocket operation

Define a Pocket operation to perform the rough
machining of the highlighted faces.
Choose the Coordinate System Position #1 in the

Geometry page of the Pocket Operation dialog
box.

Geometry

(Coordsys]  [MAC 1(1-Postion) ]
ENI =
[ show -

Define the Geometry as shown.

Define a new End mill tool of @10 and
choose it for the operation. Choose the
appropriate tool holder.

Define the Pocket depth on the top face
of the pad as shown below.

Set the Wall offset and the Floor offset
values to 0.2 to leave allowance for the
next finishing operation.

Use the Helical Ramping strategy. Set the Radius value to 5.
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4. Indexial 4-Axis Milling

13. Define a Pocket operation

Define a Pocket operation to perform the rough
machining of the highlighted faces.

The Coordinate System Position #1 has to be
chosen in the Geometry page of the Pocket
Operation dialog box.

Define the Geometry as shown.

Choose the Tool #1 (@10 End mill) for the
operation.

Define the Upper level for the operation
on the top face of the pad (used in the
previous operation for the Pocket depth
definition). Define the Pocket depth on
the bottom face as shown.

Set the Wall offset and the Floor offset
values to 0.2 to leave allowance for the
further finishing

Use the Helical Ramping strategy. Set the
Radius value to 5.

14. Define a Pocket operation

Define a Pocket operation to perform the rough
machining of the highlighted faces.

Choose the Coordinate System Position #1 in the
Geometry page of the Pocket Operation dialog
box.
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Define the Geometry as shown.

Choose the Tool #1 (@10 End mill) for the
operation.

Define the Upper level for the operation
using the bottom face of the previously
machined pocket. Pick the Pocket depth
as shown.

Set the Delta value for the Pocket Depth to -1 to
perform the through pocket machining,

Set the Wall offset value to 0.2 to leave allowance for
the further finishing;

Use the Helical Ramping strategy. Set the Radius value
to 5.

%) 15. Define a Profile operation
Define a Profile operation to perform the
finish machining of the highlighted faces.

Choose the Coordinate System Position #1 in
the Geometry page of the Profile Operation
dialog box.

Use the geometry defined in Step #12.

Choose the Tool #1 (@10 End mill) for the
operation.

Use the same milling levels that were defined in Step #12.

Choose the Arc strategy for Lead in and select the Same as Lead in check box under
Lead out.
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4. Indexial 4-Axis Milling

16. Define a Profile operation

Define a Profile operation to perform the finish
machining of the highlighted faces.

Choose the Coordinate System Position #1 in the r;;..f;:\ :
Geometry page of the Profile Operation dialog |
box. =
Use the geometry defined in Step #13.

Choose the Tool #1 (@10 End mill) for the operation.

Use the same milling levels used in Step #13. Set the
Clear offset and the Step over parameters to perform the machining of the bottom face
in several concentric profiles.

Choose the Arc strategy for Lead in and select the Same as lead in check box under
Lead out.

17. Define a Profile operation

Define a Profile operation to perform the finish
machining of the highlighted faces.

Choose the Coordinate System Position #1 in the ‘:J‘“
Geometry page of the Profile Operation dialog
box.

Use the geometry defined in Step #14.

Choose the Tool #1 (@10 End mill) for the operation.
Use the same milling levels used in Step #14.

Choose the Arc strategy for Lead in and select the Same as lead in check box under
Lead out.

18. Define a Pocket operation

In the same manner as explained in Step #12,
define a Pocket operation to perform the rough
machining of the highlighted faces.

Use the Coordinate System Position #3 for the
operation.
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% 19. Define a Pocket operation
In the same manner as explained in Step #13,
define a Pocket operation to perform the rough

machining of the highlighted faces.

Use the Coordinate System Position #3 for the
operation.

% 20. Define a Profile operation

In the same manner as explained in Step #15,
define a Profile operation to perform the finish
machining of the highlighted faces.

Use the geometry defined in Step #18.

Use the Coordinate System Position #3 for the
operation.

% 21. Define a Profile operation
In the same manner as explained in Step #16,
define a Profile operation to perform the finish

machining of the highlighted faces.

Use the Coordinate System Position #3 for the
operation.

Use the geometry defined in Step #19.

Choose the Tool #1 (010 End mill) for the
operation.

Set the Clear offset and the Step over values to perform the machining of the bottom
face in several concentric profiles.
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4. Indexial 4-Axis Milling

22. Define a Pocket operation

Define a Pocket operation to perform the rough and
finish machining of two connector openings.

Use the Coordinate System Position #4 for the
operation. Define the geometry as shown.

Define a new End mill tool of @6 for the operation. Choose the appropriate tool holder.

23. Define a Pocket operation

Define a Pocket operation to perform the rough and
finish machining of the highlighted pocket faces.
Use the Coordinate System Position #2 for the

operation. Define the geometry for the operation as
shown.

Choose the Tool #1 (@10 End mill) for the operation.
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In the Finish section of the Technology page, select the Wall and the Floor check
boxes to perform finishing of the walls and the floor of the pocket.

v Pocket Wall Finishing

F Wall finishing can be performed in a single cut at the whole depth or in
a number of cuts at each step down.

» Total depth

When this option is chosen, the wall finishing is performed in
a single cut at the whole depth.

Finish pass

» Each step down

When this option is chosen, the wall finishing is performed in several
successive cuts at each step down.

Finish passes
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4. Indexial 4-Axis Milling

A

O

V¢, The options of the Depth section are available only
when the wall finishing is performed in the operation

¥ (the Wall check box is selected).

Under Depth, choose the Each step down option.

24, Perform the holes machining

Define several Drilling operations to petform
center drilling, drilling and threading of the holes.

Using the Coordinate System Position #1, perform
the machining of the M3 holes.

Use a @6 spot drill (with 90° tool tip angle), a 2.5
drill and a @3 tap tool. Choose the appropriate tool
holders.

Using the Coordinate System Position #2, perform
the machining of the M6 holes.

Use the @6 spot drill (with 90° tool tip angle);
a @5 drill and a @6 tap tool. Choose the appropriate
tool holders.

25. Perform the chamfer machining

At this stage, you have to define a Profile
operation for the 0.5 mm chamfer machining.

Choose the geometry defined in Step #12 for
the operation. This geometry is defined using
the Coordinate System Position #1.
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Define a Chamfer drill tool of @6 for the operation.

ﬁ Chamfer drill

F This tool is used for chamfering. A tool of this type is defined with the
parameters shown in the image.

Arbor Diameter

Total
Length Outside Shoulder
Holder Lenath
Length Cutting 9
Length
Angle
Diameter
For the chamfer machining, set the value of
the chamfer depth in the Profile depth field.
In this case, set the value of 0.5.
: : Cutting Profile depth
In the Rest material/Chamfer section, choose Diameter (Chamfer depth)

the Chamfer option from the list. A new page ! \ \
under the Chamfer tab is displayed.

Define the Cutting diameter, which is the
diameter of the tool coincident with the
geometry at the chamfer depth.

Technology Chamfer | Advanced |
Chamfer opbons

Previous wall offset: 0
ExtensionOverlap: L] . .
Set the Cutting diameter value to 2.
I Cutting diameter: 2 |
Feed: 50

In the Link section of the Profile Operation dialog box, choose the Arc strategy for
Lead in and select the Same as Lead in check box under Lead out.

In the same manner, define a new Profile operation to machine another chamfer of
0.5 mm using Coordinate System Position #3.
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4. Indexial 4-Axis Milling

%) 26. Simulate the tool path
Simulate the CAM-Part in the SolidVerify mode.

SolidCAM displays the fixture and checks the possible gouges during the simulation.

In the SolidVerify simulation, the tool is shown going around the part (rather than
rotating the part as it actually occurs in the CNC-machine). Therefore, for all CNC-
machine types, the simulation looks the same.

At this stage, you have completed the exercise.
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Exercise #12: Mounting Machining

Define the CAM-Part and operations for machining of the mounting part shown below on the
4-axis vertical milling CNC-machine.

This exercise reinforces the following skills:

The SolidWorks model of the Mounting part (Exercisel2.sldprt) is
located in the Exercises folder.

The mounting is machined from the stock pre-machined by turning.

The following steps have to be implemented in order to obtain the final
CAM-Part:

CAM-Part definition;
Face milling;
Pocket machining;

Drilling,

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-controller (Fanuc4ax), Machine
Coordinate System, the Stock and Target models.

ﬁ Machine Coordinate System definition

T In this exercise, the Machine Coordinate System
has to be defined in the center of the revolution
face as shown.
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4. Indexial 4-Axis Milling

Using the Flip options in the CoordSys
dialog box, rotate the Coordinate System
so that the X-axis is collinear with the
revolution axis and the Z-axis is directed
upwards as shown.

Define an additional Machine Coordinate
System #2 to machine the back faces of the
mounting part.

Define the Stock and the Target models using the configurations of the original
SolidWorks model.

2. Face milling

Define a Face Milling operation with the Hatch strategy to
machine the shown face.

Use the Machine Coordinate System #1 (Position #1) for
the machining.

3. Holes machining

Define three Drilling operations to perform center drilling,
drilling and threading of the M6 holes.
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4. Define the operation pattern

Now you have to define a circular pattern of the operations around the revolution axis
(4th axis) of the CAM-Part in order to machine all the sides.

In SolidCAM Manager, select all the defined —@wmesa

R machne (Fanucdas)

operations holding the Shift or Ctrl keys. Right- @ o bancer
y . F Stock fstock) Add P
click one of the selected operations and choose B Tooet e g Opsisian
. & ii*“““‘ Add Mchine Control
the Transform option from the menu. - Jo— S
i (5 Geometres
Ry Fixtures
U2 operators
= @ MAC 1(1-Pog Creste Template...
SO :
el Edit
.y} 6 Glode v
DB 5 Calcutate
Calculate i parallel...
Calculate & GCode
Tool Sheet
Synehronize »
Toel path »
B Smulate
GCode Simulaters B
o s
File.
Operation Group »
Decumentation ([DPF) »
@ Machine Setup »
Change Submachine ta ,
Change Teol..
Change Tool Data
o
Deete
Fomt&Color
Automatic Sorting...
The Operation Transformations dialog box is i
. Suppress
displayed.
‘Operaton Transformatons Options
& Edit operation transformations
MNew operation (add at current pasition in operations tree) Suppress original operation
Mew operation (add at end of operations tres)
Operation Name Transformation Descripton | |Symehronize
ek .. Cowar |
|[ Rotmee
| [ranstte ]
|[Cpmer ]
[ sns |
Lo ] [omal

This dialog box enables you to perform various transformations, such as rotating,
translating, and mirroring of the selected operations.

222
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\ls,  Operation transformations

< This section offers you the choice of whether the original operation will
be transformed or its copy will be added for transformation and, in the
latter case, enables you to define the placing of the new operation in the
SolidCAM Manager tree.

The following options are available:

- Edit operation transformations

This option enables you to perform transformation of the
selected operation.

* New operation (add at current position in operations tree)

This option enables you to add a copy of the selected operation
and apply the transformation to the copied operation,
without effect on the original operation. The transformed
copy is inserted immediately after the original operation in
the SolidCAM Manager tree. The original operation can be
suppressed by selecting the appropriate check box in the
Options section.

* New operation (add at end of operations tree)

This option also enables you to add a copy of the selected
operation and apply the transformation to the copied operation,
without effect on the original operation. The transtormed copy
is inserted at the end of the operation list in the SolidCAM
Manager tree. The original operation can be suppressed by
selecting the appropriate check box in the Options section.

In the Operation transformations section, use the default Edit operation
transformations option.

In this exercise, you need to define a circular pattern of the selected
operations around the 4th axis. Click the 4 Axis button.

o
~N
m

The Rotate List dialog box is displayed. 2

Rotate

Translate

Ja

2

N

3



Select the Include original operation check box. When this
check box is selected, the original operation tool path is
included in the transforming action.

In the Angle field, type the value of 120°. This parameter o {EQ
defines the rotation angle for each pattern instance. In the
Steps field, enter 2 for the number of instances.

Click the Insert button. The specific value of the rotation
angle is calculated for each instance of the pattern.

Angle Offset
0.000000  0.000000
120000000 0.000000

TN ooteoo

o ] [Cema ]

Confirm the Rotate List dialog box with the OK button.

The operations to be transformed appear in the Operation Transformations dialog box.

‘Operation Transformatons Cptons
@ Edt cpsration bansformatons
"N Suppress criginal cperation
) New epmtration (add a1 end of coerations tree)
Operation Name: Transformaton Descrphon
Huitple cperatons... o i 3 Rotatons nList
(0 "] *|
] [Ceoms ]

Confirm this dialog box with the OK button.

Note that the icons of the transformed operations are marked with the E icon. This
icon means that the operations were patterned using the 4th axis.
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5. Simulate the transformed operations

Play the simulation of the transformed operations in the SolidVerify mode.

6. Remove the clamping tail

Define a Face Milling operation with the Hatch
strategy using the Machine Coordinate System #2
to remove the tail that was necessary for the part
clamping at the 4th axis operations.

7. Machine the back side

Machine the pocket faces on the back side of the
mounting,

Define several Pocket operations to perform
rough and finish machining of the pockets.

Use the Machine Coordinate System #2 for the
operations.
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Indexial
5-Axis Milling




SolidCAM enables you to perform indexial 5-axis milling using either vertical or horizontal 5-axis
CNC-machines.

The 4th and 5th axis rotation is used for positioning of a part. When the part is positioned to the
necessary orientation, the 4th and the 5th axes are locked and machining is performed with 3-axis

movements.

For each clamping, SolidCAM enables you to
define the Machine Coordinate System.

Machine

Coordinate
System
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5. Indexial 5-Axis Milling

For each clamping (Machine Coordinate System), SolidCAM enables you to define a number of
related positions around the Machine CoordSys. Take care of the machine limitations (angles or
undercuts).

Machine Coordinate System

-

z

Y

Positions
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For each position, SolidCAM automatically determines the Shift and Rotation parameters relative

to the Machine Coordinate System.

IS

Shift X

Machine
Coordinate
System

Machine Coordinate Systems and their
positions are used for the geometry
definition.  Before the geometry
definition you have to choose the
Coordinate ~ System  position. The
geometry has to be located in the plane
parallel to the XY-plane of the chosen
CoordSys.

Position

Machine
Coordinate
System

Position

Rotation:
X=0
Y=-90
Z=180
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5. Indexial 5-Axis Milling

Exercise #13 : Clamp Machining

Define the CAM-Part and operations for the machining of the clamp shown below on the 5-axis
vertical milling CNC-machine.

This exercise reinforces the following skills:

CAM-Part definition;
Face milling;

Pocket machining;
Profile machining;
Drilling;

Indexial 5-axis machining,

The SolidWorks model of the Clamp (Exercise13.sldprt) is located in the Exercises folder. The
model contains two SolidWorks configurations:

Machining
This configuration represents the model after the machining.
Stock

This configuration represents the pre-machined
workpiece before machining, The dovetail is pre-
machined to perform simple clamping of the part
during the machining,

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-
controller (Fanuc5a), Machine Coordinate System and its Positions, the Stock and
Target models.
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Coordinate System definition

* Define Machine Coordinate Systems #1 and #2 and related positions

using the previously defined Stock model.

Machine Coordinate System
#1
Position #1

Machine Coordinate System
#
Position #2

Machine Coordinate System
#1
Position #3

Machine Coordinate System
#
Position #4
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5. Indexial 5-Axis Milling

Machine Coordinate System
#1
Position #5

Machine Coordinate System
#2
Position #1

Define the Stock model using the Stock configuration of the CAM-Part assembly.
Define the Target model using the Machining configuration of the CAM-Part assembly.

2. Top face machining

Define a Face Milling operation with the Hatch strategy
to machine the top inclined face of the clamp. Use the
Machine Coordinate System #1 (Position #2) for the
operation.

3. Back face machining

Define a Face Milling operation with the Hatch strategy
to machine the back inclined face of the clamp. Use
the Machine Coordinate System #1 (Position #3) for the
operation.
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4. Front face machining

Define a Face Milling operation with the Hatch strategy
to machine the front inclined face of the clamp. Use
the Machine Coordinate System #1 (Position #4) for the
operation.

5. Openings machining

Define a Profile operation to machine two openings
located on the front inclined face of the clamp. Use
the Machine Coordinate System #1 (Position #4) for the
operation.

6. Slot machining

Define a number of operations to machine the slot
faces located on the top inclined face of the clamp. Use
the Machine Coordinate System #1 (Position #2) for the
operation.

7. Hole machining

Define a number of operations to machine the inclined
counterbore hole located on the top inclined face of
the clamp. Use the Machine Coordinate System #1
(Position #5) for the operation.

8. Bottom face machining

Define a Face Milling operation with the Hatch strategy
to machine the bottom inclined face of the clamp. Use
the Machine Coordinate System #2 (Position #1) for the
operation.
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ToolBox Cycles B




Toolbox sub-operations are a set of 2.5D Milling operations, each intended for a specific machining
case. For example, some operations cover different strategies of the counterbore machining. Each

sub-operation provides you with a specific machining strategy optimal for a particular machining
case.

These operations are combined in a single dialog box as sub-operations.

SolidCAM offers you the following types of ToolBox Cycles:
|
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6. ToolBox Cycl

es

Spiral Open Slot

This strategy enables you to perform the machining of open slots.
The geometry consists of two chains. The machining is performed
in a spiral manner.

Spiral Open Slot Wide

This strategy enables you to perform the machining of wide open
slots. The first cutting pass is performed in the spiral manner along
the determined spine of the slot, and then the machining of the slot
walls is performed by a number of profiles equidistant to the slot
geometry.

Spiral Closed Slot Wide

This strategy enables you to perform the machining of wide closed
slots. The first cutting pass is performed in the spiral manner along
the determined spine of the slot, and then the machining of the slot
walls is performed along the slot geometry.

Additional Zigzag Slot

This strategy enables you to machine long slots. The tool path starts
from the slot center approaching it in a zigzag movement and goes
toward the walls.

Simple Slot

This strategy enables you to perform the one-pass machining of the
slots with the width equal to or smaller than double diameter of the
tool.

Closed Slot

This strategy enables you perform the machining of a closed
slot with the width equal to the tool diameter. The machining is
performed in the zigzag manner; the last cut is horizontal to clean
the slot floot.

oeeeele

N
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Spine Slot

This strategy enables you to perform the machining of a slot opened
from one side. SolidCAM automatically determines the spine of the
slot and performs the machining according to the spine’s shape. In
this sub-operation, the tool approaches the material along the spine
and then machines the walls of the slot.

Four Nubs Cycle

This strategy enables you to machine the profile of a pocket while
preserving the rest of the material fixed to the wall using small thin
bridges. Inner material will be hammered for shorter machining
time.

Broaching

This strategy enables you to perform broaching of holes.

Simple Multi Bosses

This strategy enables you to perform the machining of several
bosses starting from one face. The machining is performed in a
number of equidistant Clear Offset passes parallel to the selected
bosses geometry. The cutting passes are generated for the whole
geometry combined from the initial bosses.

One Side Open Siot

This strategy enables you to machine an one-sided slot using two
chains: a main chain and a drive chain. A spiral tool path is generated
during this sub-operation.

Ruled

This strategy enables you to perform the machining of an analytical
ruled surface defined by two open contours. The cutting passes are
evenly distributed between the defined contours.

Pecole
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6. ToolBox Cycles

O-Ring

This strategy enables you to machine O-Ring slots.

Flattened Surface on Cylinder

This strategy enables you to perform machining of the flattened
surface on a cylinder.

Flattened Surface on Corner

This strategy enables you to machine an angled plane using a defined
working area in order to prevent air cuts.

Simple Boss

This strategy enables you to perform machining of a boss located on
a model face. SolidCAM enables you to define the closed geometry
chain for the boss and closed chain for the initial model face from
which the boss starts. The machining is performed in a number of
equidistant cutting passes parallel to the boss geometry. The passes
are cut with the outer contour of the initial face.

Spiral Pocket

This strategy enables you to perform machining of the closed pocket
areas using spiral techniques. With this strategy, the tool penetrates
into the material in the automatically calculated point inside the
pocket with a helix (with the automatically calculated radius and
angle). Then the tool performs the spiral cutting pass morphing
from the penetration point to the closed area walls.
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Exercise #14: Standard Cycles Machining

In this exercise, you use the Standard Cycles
Plate to machine eighteen Standard Toolbox
operations.

The SolidWorks model of the Standard
Cycles Plate (Exercisel4.sldprt) is located in
the Exercises folder.

S

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-controller (AWEA1000-Fanuc),
Machine Coordinate System, the Stock and Target models.

2. Spiral open slot machining

-
B
4
@
-]
-8 8
L]
i
~
]
L ]
7

In the SolidCAM Operations toolbar, choose 2.5D
> Toolbox Cycles.

Alternatively, you can right-click the Operations
header in SolidCAM Manager and select Add
Milling Operation > Toolbox Cycles.

CORSERFIND

—

- € M (DERCISEL)

i machrs ratnc)
D Coordrs Mansger
1 Stock (stock)
fr Toroet arget]
S Settings
) el
(=] Mactinng Fracess
D eomatres
Futts
9@ [
udd Prbe_. I
£t Millng Cipsntian . Macheing.
dd Maching Contral_. i
dd Opesstion from Tempiite._ Prefle._
Corou 30,
Pocket..
Drifing..
Theead Widing.
Bee.
T-Sot.
Transtated Surface..
Toalbox Cyles.. h
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6. ToolBox Cycles

The ToolBox Cycles Operation dialog box is displayed.

e Temglate =
soralopensot | - (=N~ &3)
& Geometry -
R ool [Cooediys]  (WAC (- Postion) |
o 28 ™
131 Mation cantral Shom

@ Mise, parameters

[Csse | [avencoore |[+] [ sanise  |[ goode | sosbcoy | [ B2 |

Make sure the default Spiral Open Slot strategy is chosen in the top left corner under
Technology.

Click = to define new geometry.

Choose a pair of chains as shown.

Confirm the geometry by clicking v,

Add a new End mill of @10.

Select the Milling levels directly on the model.

In the Technology page, under Offsets, set Wall
Offset to 1. Under Extension, set % of Tool
Diameter to 100. Under Finish, select the Wall Finish option.

Technology | Advarced |

‘Step down Offsets
[T Equal step down Wl offset: 1
Step dovn: s Floor offset: a
Spirdl cuts Extension
L @ % of ool dameter
@ Angle Rep over O ¥ohe 100
Min cuttineg angle: L Frish
Mae cutting angle: 0 I [ wal Finish I
Step down: a
Retract hesght: 0z
[C)compensation
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3. Wide Spiral Open Slot machining
In the manner as described in the previous step, define a new ToolBox Cycles operation.

Under Technology, select the Spiral Open Slot Wide strategy.

Define a new geometry, selecting a pair of chains
on the wide slot edges.

Use the same tool as in the previous operation.

In the Technology page, under Offsets, set Wall
Offset to 1. Under Finish, select the Wall Finish
option.

4. Wide Spiral Closed Slot machining

Define a new ToolBox Cycles operation.

Under Technology, sclect the Spiral Closed Slot Wide . strategy.

Define a new geometry, selecting the open chain as shown.

Use the same tool as in the previous operation.
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6. ToolBox Cycles

5. Additional Zigzag slot machining

Define a new ToolBox Cycles operation.

Under Technology, sclect the Additional Zigzag Slot Q strategy.

Define a new geometry, selecting the closed chain as shown.

Use the same tool as in the previous operation.

6. Simple Slot machining

Define a new ToolBox Cycles operation.

Under Technology, sclect the Simple Slot ‘ strategy.

Define a new geometry, selecting a pair of chains on the slot edges.

Add a new End mill of @16.

7. Closed Slot machining

Define a new ToolBox Cycles operation.

Under Technology, select the Closed Slot ‘ strategy.
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Define a new geometry, selecting the closed chain as show.

Use the previously defined Tool #1 of @10.

My
In the Closed Slot cycle, the tool diameter is equal to the slot width.
¥

%} 8. Spine Slot machining

Define a new ToolBox Cycles operation.

Under Technology, select the Spine Slot . strategy.

Define a new geometry, selecting the open chain as shown.

Use the same tool as in the previous operation.

%) 9. Four Nubs Cycle machining

Define a new ToolBox Cycles operation.

Under Technology, sclect the Four Nubs Cycle . strategy.
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6. ToolBox Cycles

Define a new geometry, selecting the closed chain as shown.

——y

Define a new End mill of @10 for this operation and edit the following parameters:
* Set the Shoulder length to 60;

* Set the Cutting length to 60.
%} 10. Simple corner machining
Define a new ToolBox Cycles operation.

Under Technology, sclect the Simple Corner . strategy.

Define a new geometry, selecting the open chain as shown.

Use the previously defined Tool #1 of @10.

%3 11. Broaching
Define a new ToolBox Cycles operation.

Under Technology, sclect the Broaching o strategy.

245



Define a new geometry, selecting the linear chains as shown.

With this operation, only a Broaching tool is available.

v/ Broaching Tool

ES The tool of this type can only be used within the Broaching sub-operation.
It is not available for defining or choosing in any other operation.

rbor
amet
Total Cutting Outside
Length Length Holder
Shoulder -1 Length
Length

Width Depth

Corner Radius

%) 12. Simple Multi Bosses machining
Define a new ToolBox Cycles operation.
Under Technology, sclect the Simple Multi Bosses
strategy.

Define a new geometry, selecting the closed chains
as shown.

Use the previously defined Tool #1 of @10.
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6. ToolBox Cycles

13. One Side Open Slot machining

Define a new ToolBox Cycles operation.

Under Technology, select the One Side Open Slot ‘ strategy.

Define a new geometry, selecting a pair of open chains: the first one is considered main,

and the second one is the drive chain.

Use the same tool as in the previous operations.
14. Ruled Surface machining
Define a new ToolBox Cycles operation.

Under Technology, select the Ruled ‘ strategy.

Define a new geometry, selecting a pair of open chains on the slot edges.

Use the same tool as in the previous operations.

15. O-ring machining

Define a new ToolBox Cycles operation.

Under Technology, sclect the O-Ring . strategy.
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Define a new geometry, selecting a pair of closed chains as shown. The first chain is
considered external and the second one — internal.

Add a new End mill of @4.

16. Surface Flattening on Cylinder

Define a new ToolBox Cycles operation.

Under Technology, select the Flattened Surface on Cylinder ~ strategy.

For this operation, define a new Coordinate System position with the origin located at
the cylinder revolution axis.

Define a new geometry, selecting the linear open chain as shown.

Use the previously defined Tool #1 of @10.

17. Surface Flattening on Corner

Define a new ToolBox Cycles operation.

Under Technology, sclect the Flattened Surface on Corner ‘ strategy.

For this operation, define a new Coordinate System position with the origin located on
the flattened surface plane.
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6. ToolBox Cycles

Define a new geometry, selecting a straight line chain.

In the Working area section, click the Define button to assign a triangle working area to
the selected line.

Working area
Cosny) &8
The Working area dialog box is displayed. Make sure the Start
angle and End angle are 45°. ks
Chains &
Use the same tool as in the previous operation. A
Define the Upper level by clicking on the upper edge of the
flattened plane. Define the Depth by clicking on the lower edge
of the flattened plane.
Angles. #
Start angie:
45
End angle:
45

%) 18. Simple Boss Machining
Define a new ToolBox Cycles operation.

Under Technology, sclect the Simple Boss 0 strategy.
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In the Coordinate System #1, define a new geometry using the Multi-chain option.
A pair of closed chains is selected automatically, where the first chain is considered
external and the second one is internal.

Use the same tool as in the previous operation.

%} 19. Spiral Pocket Machining
Define a new ToolBox Cycles operation.
Under Technology, select the Spiral Pocket ‘ strategy.

Define a new geometry, selecting the closed chain as shown.

l

Use the same tool as in the previous operation.
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6. ToolBox Cycles

%) 20. Simulate the operation
Right-click the Operations header and choose Simulate to play simulation for all
ToolBox operations.
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Automatic Feature
Recognition




This chapter covers the following types of 2.5D Milling operations performed using the Automatic
Feature Recognition module (AFRM) functionality:

Pocket Recognition Operation

This operation enables you to recognize pocket features on a solid model and perform machining
of these features.

Drill Recognition Operation

This operation performs powerful drill feature recognition and automatic Drill geometry creation.
This operation enables you to handle separate sets of Milling levels for each drill position. The
initial values of the Milling levels sets are automatically recognized from the model; they can be
edited by the user.

A Geometry for Drill Recognition and Pocket Recognition operations is determined automatically
by SolidCAM AFRM functionality.
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7. Automatic Feature Recognition

Exercise #15: Pocket Recognition

This exetcise illustrates the SolidCAM functionality of
automatic pocket recognition and machining,

This exercise reinforces the following skills:

The following steps have to be implemented in order to
reach the final CAM-Part:

S
0

Automatic pocket recognition and machining,

1. Open the CAM-Part

Open the Exercise15.prz file located in the Exercises folder. This file contains the pre-
defined CAM-Part.

2. Add a Pocket Recognition operation

Right-click the Operations header in SolidCAM Manager and choose Pocket Recognition
from the Add Milling Operation submenu.

= &2 CAM Part (DXERCISELS)

Machine (AWEA 1000-F
@ CoordSys Manager
(5 Stock {stod)
B Terget (targes)
Gp Settngs

B 1ot

[E] Machining Process

(D Geometries

(B Fitures

- Add Probe... 1

Add Milling Operation
Add Machine Centrol...

Add Operation from Template...

Add Operations from Process Template...

Add Machining Process
Hales Recagnition + Technclogy...

Parallel Operations

Calculate All

it GCode All

Caleulate & GCode All

S Simulate

Alternatively, you can
Recognition icon from the Recognition menu on

GCode Simulaters

choose the

Machining...

Face...

Profile...

Contour 30
Pocket...

Drilling...

Thread Milling...
T-Slet.

Transisted Surface_
ToclBex Cycles...

Pocket Recognition_.. h

Drll Recognition..

the SolidCAM Operations toolbar.

Pocket

ot & tachinng
probe | (0 2.0

& Drill Recognition

- @ Doy a.bﬁﬁ & sa
@ Egraing P oo

The Pocket Recognition Operation dialog box is
displayed.

@  Holes Recognition = Technology
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%3 3. Define the Geometry
In the Geometry page, click the [=]| button.
(& PocketRacogniion Operstion 7 |

Technology Operation name Template -
Podket Recogniten - HE \-v

SEEEN |

e E ===}
o (] Na—

B Link

131 Mation contral
@ Misc. parameters

Modidy

= Commsen ] [

The Select Faces dialog box is displayed. This dialog box [P
enables you to define the parameters of the pocket feature %

recognition geometry.

Name A
First, you need to set the pocket recognition filters and then e
the mode of geometry selection. Configurations A
) Default -
Make sure that the Through Pocket check box is selected.
|[#) Tnrough Pocket A
Gircular Pocket diameter filter &
[¥] Apply filter
Min e
Diameter: 10
Selection mode R
@ Solid Body

() Face
(") Through Pocket Chain

Model Appearance P
[} Transparency
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7. Automatic Feature Recognition

A1/

¥

Through Pocket

When this check box is selected with the Selection Mode set to Solid
Body, the recognition of through pocket features is also performed.

Upper loop

Only the through pocket features where
the upper loop is identical to the lower
loop are recognized. The through pocket
features that cannot be machined with
the current CoordSys position cannot be
selected.

Lower loop

box is selected.

% In the Circular Pocket diameter filter section, make sure that the Apply filter check

O i l

¥

Circular Pocket Diameter Filter

When this check box is selected with the Selection mode set to Solid
Body, circular pocket features can be selected according to their diameter.
All circular pocket features with the diameter greater than the specified
Min. Diameter value will be selected. Using this option, you can avoid
machining of drill features that are supposed to be machined in other
operations (Drilling, Drill recognition, ctc.).

The Min. Diameter parameter defines the minimum diameter of the pocket
features. You can enter the value in the edit box or pick a cylindrical surface
or a circular edge on the solid model when the cursor is placed in the
Min. Diameter edit box.

When the Circular Pocket check box is not selected, all recognized
circular pocket areas suitable for the current Coordinate System are
selected.
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Generally, all the through holes of this part are recognized
as circular pockets. In this operation, not all of these
holes will be machined, only four column holes located
in the corners of the top face.

Place the cursor in the Min. Diameter edit box and then
pick the edge of the column hole on the solid model.
The circular edge diameter of 42 mm is displayed in the
edit box. Edit the diameter by setting the value to 40. All
of the holes with the diameter smaller than the specified
value will not be machined.

Define the mode of geometry selection.

1L Selection Mode

¥ This section enables you to set the mode of the geometry selection. The
following selection modes are available:

* Solid Body

This mode enables you to perform automatic recognition of pocket
features on the picked solid body. All planar faces are recognized
with the surface normal vector oriented parallel to the Z-axis of the
current CoordSys. The planar faces that cannot be machined with
the current CoordSys position (undercuts) cannot be selected (the
selection is rejected). All the through pocket areas are recognized
according to the Through pocket option.

Undercut face
(selection rejected)
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7. Automatic Feature Recognition

Face

This mode enables you to pick single planar faces. When a face is
picked, SolidCAM checks the parallel relation between the surface
normal vector of the picked face and the positive direction of the
Z-axis of the current CoordSys. If they are not parallel, the face
is not selected. The undercut faces that cannot be machined with
the current CoordSys position are also not selected. The selection is
working in the toggling mode: the first click on a face selects it, the
next click on the selected face removes the selection.

Through Pocket Chain

This mode enables you to select the through pockets by picking one
of the edges of the lower loop of the pocket area. When the edge is
picked, the complete geometry of the through pocket is automatically
selected. The lower loop is highlighted on the model. The selection
is working in the toggling mode: the first click on an edge selects the
loop, the next click on an edge of the already selected loop removes
the selection.

Under Selection mode, use the default Solid Body option.

Click on the solid model. SolidCAM generates the list of elements that suit your filter

settings.

Click the Solid1 element in the list. All the recognized model
features that take part in this geometry are highlighted. The
geometry includes all the planar faces, through pockets of
slots, and circular through pockets of column holes. Each
model element is accompanied by its Z-level value enclosed
in parentheses.

Confirm the Select Faces dialog box by clicking the v

button.

Yo | -
B> Face 1(20.00) [ ]
<> Chain 1(Z-89.70)
<> Chain 2(2-89.70)
<> Face 2(20.00)
<> Chain 3(Z-89.70)
<> Chain 4(Z-89.70)

<> Face 3(20.00) X
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% 4. Define the Tool
Add an End mill of @16 for the operation. Define the tool parameters as follows:
. Set the Total length to 130;
e Set the Outside holder length to 120;
e Set the Shoulder length to 110;

e  Set the Cutting length to 100.

EEEB T T%H [ &
Tolts, ¥ | Dtkm. W | Userg w | Mamber 1D rmber
1
. Descrption
1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters
M & Duameter D) w
trch Aabor damater (AD): %
i
Length
L Toaal (TL): 10
Treh Outside hoider (L) 120
Shoukder length (5L}t 10
Cuttrg {CL): 0
Hiength:
IRough  Mumber of fltes: 2
b ] x| w & | B B | |

Choose the tool for the operation.

% 5. Define the machining levels

Define the Upper level by clicking on the
upper model face as shown.

The cutting depth is  calculated
automatically for each recognized feature
according to the solid model.

Select the Equal step down option and set
the Step down value to 5.

Miling levels
[Cmpeied | DEEN Do 0
| Equal step down

Adaptve step down

Step down: 1
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7. Automatic Feature Recognition

6. Define the technological parameters

Switch to the Technology page. All the parameters in this page are identical to those
used in the Pocket operation.

Use the default parameters of pocket machining, Tecocogy  Gpenpodet | ontur| Advanced]
Since the recognized geometry contains open pocket areas, & %0f ool dameter

the Open pocket tab is made available. Switch to the Open S .
pocket page and select the Approach from outside check Wi o iy

box. With this option, the approach to the open pocket B o ey 2255

areas is performed from the outside of the material.

|| incoroach romae |
[ Desceand in Rapd to Cut level

7. Define the Ramping strategy

In the Link page, choose the Helical ramping strategy and set the Radius to 5. The
chosen ramping strategy affects the close pocket areas where the horizontal approach
from outside (defined in the previous step) is impossible.

==
Techesiogy ‘Operation name Template a
Packet Aecogriton PR_faces . = 3
Lead qut
Same a6 Lead i
[t =l
==
—.
==
[Csave | [omencooiue |[v] [ smase | [ ocede | | swescepy | [ Ewt |

8. Calculate the tool path

Click the Save & Calculate button.

9. Simulate the operation

Simulate the operation in the SolidVerify
mode.

Now you have successfully finished the exercise.
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Exercise #16: Mounting Box Machining

In this exercise, the SolidCAM functionality of
automatic pocket recognition and machining is used
for rough milling of the mounting box inner surfaces.

This exercise reinforces the following skills:
*  CAM-Part definition;

e Profile machining;

e Automatic pocket recognition and
machining;

* Rest material machining;

The SolidWorks model of the mounting box part (Exercise16.sldprt) is located in the Exercises
folder.

The following steps have to be implemented in order to reach the final CAM-Part:

1. Define the CAM-Part

At this stage, you have to define the CAM-Part, CNC-controller (AWEA1000-Fanuc),
Machine Coordinate System, the Stock and Target models.

2. External contour machining

Define a Profile operation to perform
rough machining of the external contour
of the part. Use an End mill tool of @20.

3. Pocket roughing

Define a Pocket Recognition operation to
remove the bulk of material and perform
the rough machining of the part inner
surfaces. Use the End mill tool of @20
used in the previous operation.
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7. Automatic Feature Recognition

4. Pocket rest material machining

Define a Pocket Recognition operation
to perform the rest material machining of
the part inner surfaces. Use an End mill
tool of @10.
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Exercise #17: Drill Recognition

This exercise illustrates the SolidCAM functionality of
automatic drill recognition and machining.

This exercise reinforces the following skills:

e Automatic  drll  recognition  and
machining,

The following steps have to be implemented in order
to reach the final CAM-Part:

%} 1. Open the CAM-Part
Open the Drilling.prz file located in the Exercises folder. This file contains the CAM-
Part machined in the Pocket Recognition Exercise.

% 2. Add a Drill Recognition operation

Add a new Drill Recognition operation to perform center drilling of holes.

ot & patineg - @ Dorieg P rer # san - = i ] v

Frove | 20 B Egang e §oom Moo | Turng Turet
| | ® s B s Lo

Assen W | Pocket Recognition froducts | SollaCAM Parl | SoldCAM Dparations
@ | DAl Recognition Iy

@ | Holes Recognition » Technolagy

% 3. Define the Geometry
In the Geometry page, click the [=]| button.

Technology Cperation rame Template =
Drill Recogriten Operation - & \.v
@ Geometry

B8 Tool Comdsys | [MAC 1(1-Posston) =

4 Levels e -

— 1 , —

@ Technology |e| |a L3l ™

131 Mation control Show

@ Misc. parameters
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7. Automatic Feature Recognition

SolidCAM parses the solid model and recognizes all of its
hole features.

The HR Drill Geometry Selection dialog box is displayed.
This dialog box enables you to specify the holes to be

drill_r |

included in the operation geometry. | Hole Type Al
|¥| Through |
In this operation, you will perform the center drilling of all [V] Blind ‘
the holes that can be machined using the defined CoordSys  [ioie piameter @ |
position, except for the column holes that were machined T aTrT—— -
in the previous operation as through pocket features. R :
[ Hole Height ) ¥
In the Hole Type scction, make sure that both the Through =, =
and Blind check boxes are selected. In this operation, both — —
through and blind holes will be drilled. T
@ Auto

The HR Drill Geometry Selection dialog box enables you to
filter the hole features to be machined by diameter, upper
level and height.

i
i

Select the Hole Diameter check box. [

ﬁ Hole Diameter (d)

¥ When this section is activated, the hole features are filtered according to
the diameter of the hole. With this filter, only the hole features with the
Hole Diameter value within the specified range are recognized.

The From and To values enable you to define the Diameter range by
entering the values or by picking on the solid model. When the cursor
is placed in the From/To edit box, you can specify the diameter value by
picking a specific cylindrical surface or a circular edge on the solid model.
When a cylindrical surface or a circular edge is picked, its diameter is
calculated and inserted into the corresponding edit box replacing the
previous value. The edit box becomes pink. When you remove the
automatically determined value, the edit box becomes white.
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Define the upper limit for the diameter range. Place
% the cursor in the To edit box and pick the edge of the
column hole as shown. The diameter of the hole
(42 mm) is displayed in the edit box.
7] Hole Diameter @) Al
Thread only

From: 0

To: 42

Edit the diameter by setting the value to 40.

|[¥] Hole Diameter (d) A
| Thread only

From: 0

To: 40

In this operation, the holes will be machined irrespective of their upper levels. Make
sure that the Hole Upper level check box is not selected.

ﬁ Hole Upper level (u)

¥ When this section is activated, the hole features are filtered according to
the Upper level. With this filter, only the hole features with the Upper
level value within the specified range are recognized.

The From and To values enable you to define the Upper level range by
entering the values or by picking on the solid model. When the cursor is
placed in the From/To edit box, you can specify the Upper level value by
picking on the solid model. When a model point is picked, the Z-value of
the picked position is calculated and inserted into the corresponding edit
box replacing the previous value. The edit box becomes pink. When you
remove the automatically determined value, the edit box becomes white.

% In this operation, the holes of all heights will be machined. Make sure that the Hole
height check box is not selected.

3 Hole Height (h)

s When this section is activated, the hole features are filtered according
to the Hole height. With this filter, only the hole features with the Hole
height value within the specified range are recognized.

The From and To values enable you to define the Hole height range by
entering the values or by picking on the solid model. When the cursor is
placed in the From/To edit box, you can specify the Hole height value by
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7. Automatic Feature Recognition

picking on the solid model. When a model point is picked, the Z-value of
the picked position is calculated and inserted into the corresponding edit
box replacing the previous value. The edit box becomes pink. When you
remove the automatically determined value, the edit box becomes white.

Click the Find Holes button. The hole features that match
the specified filter criteria are determined. These features
are listed in the Holes Tree section.

Click the Preview button. The hole features are highlighted
on the model.

»

) Manual
@) Auto

Preview

V17, Holes Tree

F In this list, the recognized hole features are classified by Shapes and
Groups. A Shape contains all the hole features with the same topology;
within a Shape, the Groups include all the hole features with the same
parameter values (Upper Level, Height and Diameter). For each Group,
the Upper level (u) and Height (h) are displayed in parentheses. When you
select a Shape or a Group item in the list, the hole features that belong to
this Shape or Group are highlighted on the model.

Holes Tine. e

=) Shape1
| 1 (88) Group1(u:-45.5, h:50.5)
£ {§) Shape2
| @23 Group1fu:-44.5, h:51.5)
- {5) Shape3
| @-{38) Group1(u:-24, h:26.29)
| @ (88 Group2(u:-32, hi17.26)
& {g) Shape4

#-{E8) Group1(u:-24, h:17.34)
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Confirm the HR Drill Geometry Selection dialog box by clicking the ¥ button.

4. Define the Tool

Add a new Spot drill tool of @16. Define the tool parameters as follows:
. Set the Total length to 70;

. Set the Outside holder length to 60;

*  Set the Shoulder length to 50.

| ¢ Chossing tool far aperation == )
EEB88 Y% %
Tool s ¥ | Dtk ¥ | e w | b D rumber
B 0 B0 MiLL - 2
s Desopbon
1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters
- :
PRE ety ] w .
; e damater (AD): "
Length i1
Mm@ Total (TL): E) &
Inch Outside holder (OrL): &
‘Shoulder length (5L): £
Cuttng (L) 5
Hiength L
Number of flutes: 2
% B x| o | BB (Eaali=a]

Choose the tool for the operation.

5. Define the Levels

Click the Depth Edit button in the Levels page.

e =
Technalogy ‘Operation name Terplate 3
el Recogrition Cperarton 0R_drl_r . (= .\_l/

[ @ Geometey | [ Hangieres
0 teal = P el |0
& Technolegy [Cemanczied | 1 et g
154 Metica centret Safety detance: 2
& M pasmeten - :
[om | [omenconive (7] [_smie | [ cewde ] [oomacor | [LEn |
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7. Automatic Feature Recognition

The Depth Edit dialog box is displayed. This dialog box
enables you to edit the Milling Levels parameters (Upper

Level, Drill Depth, Delta Depth) for each drill separately.
Notice the list of drill instances displayed in the Holes Tree B U] Group1:6.8, ui-24, ¢
i i (V|88 Group2(D:8, u:-24, d:
section. ) [V188] Group3(D:4.2, u:-32, ¢
i [ [V138) Group4(D: 13.5, u:-44,
isleafives & - [VIg8) GroupS(D:6.5, ui-45.5
| & [ V18] Group1(D:6.8, u:-24, d:26.29, dd:0, ct:0, hd:0) - |
VB Hole1(x: 10, y:77.85)
V8] role2(x:80, y:77.85) ‘
(V@ role3(x: 150, y:77.85) 121
TR riole4{x: 150, y:282.85) 'l
[T [B] toles(x:20, y:282.85) ‘
[V Bl Holes{x: 10, y:232.85) |
V@) Hole7(x: 10, y:417.85)
(V@] roles(nsn, y:417.85)
(@) Holed(x:150, y:417.85)
@) tole10(x:395.7, y:417.85) [
[Z[@) Hole 110x:465.7, y:417.85) el Ll |
V@) Hole12(x:535.7, y:417.85)
-__ggmu(x:sss.zv:zsz.ss} - Hole Diameter (D) #
65
Upper Level (u) A
24
[l an Apply
|
3~{ Holes Tree Drill Depth (d) A
["] Haif Depth (hd)
= This section displays the list of all drill 0
instances chosen for the geometry. All the 7 A o
drill instances in the list are structured into -
Groups with the same Upper Level, Drill | 2e@beiia B
0
Depth, Delta Depth and Depth Type. For Flas
each Group in the list, the drill instances ' -
data are displayed in parentheses. Each drill | beptaype A
instance in the list is accompanied by the B Cutes T 1)
. erqe _) Full Diameter (fd)
X- and Y-coordinates of the drilling )
- X -, Diameter
position. Selecting the check boxes next ~ Value (dv)
to each element in the list enables you to Dar Apply

include the hole features, Shapes or Groups
into the geometry.

\1, Do not confuse the Group classification in this dialog

box with that taking place at the stage of geometry

¥  definition.

By default, the Depth Edit dialog box displays the parameter values recognized from
the solid model. Now you need to define the Upper Level, Drill Depth and Depth Type
parameters for each group of drill instances separately.
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Select the Group1 item in the Holes Tree section. The drill instances that belong to this
group are highlighted on the model.

First, define the upper level for drilling;

\iz Upper Level (u)

¥ This value can be applied to a single hole, a group or all holes.

The edit box displays the Upper Level value of the selected item (a group
or a hole). You can enter the value or pick it directly from the model
(when the cursor is placed in the edit box). SolidCAM enables you to
pick planar faces parallel to the XY-plane of the Coordinate System,
model vertices and sketch points. When a model is picked, the Z-value
of the picked position is displayed in the edit box. The edit box has pink
background, which means that the parameter is defined associatively to
the solid model. When the edit box value is typed in, it is not associative
to the model; in this case the edit box has white background.

The Apply button enables you to apply the defined Upper Level value to
the selected list item (a group or a hole). When a new Upper Level value
is applied, SolidCAM checks the Holes Tree items and reorganizes them
into groups according to the changed parameters. SOidCAM checks all
the groups to find a group with identical Upper Level, Drill Depth, Delta
Depth and Depth Type parameters. If such group is found, SolidCAM
adds the updated drill to this group. In case of absence of a suitable
group, a new group is created; the updated drill instance is added to this

group.

% Leave the Upper Level value unchanged (-24).
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7. Automatic Feature Recognition

Define the depth of the center drilling,

\3 ,f Drill Depth (d)

F This value can be applied to a single hole, a group or all holes.

The edit box displays the Drill Depth value of the selected item (a group
or a hole). The edit box enables you enter the value or pick the value
directly from the model (when the cursor is placed in the edit box). You
can pick drill faces or edges. SolidCAM determines the depth of the
picked drill according to the defined Upper Level and displays the value
in the edit box. The edit box has pink background, which means that the
parameter is defined associatively to the solid model. When the edit box
value is typed in, it is not associative to the model; in this case the edit
box has white background.

The Apply button enables you to apply the defined Drill Depth value to
the selected list item (a group or a hole). When a new Drill Depth value
is applied, SolidCAM checks the Holes Tree items and reorganizes them
into groups according to the changed parameters. SOlidCAM checks all
groups to find a group with identical Upper Level, Drill Depth, Delta
Depth and Depth Type parameters. If such group is found, SolidCAM
adds the updated drill to this group. In case of absence of a suitable
group, a new group is created; the updated drill instance is added to this

group.
% Set the Drill Depth value to 0 and click the Apply button. |- vin Depth i) |
|| Half Depth (hd)
LY 0
Notice that if you do not click the Apply button [l an Cavon |
¥ after editing values, the change does not take effect. '
Define the Depth Type.
Y
-:@:- Depth Type
F
This parameter can be defined for a single | oeptniype al
hole, a group or all holes. You can define the o :":;'_T"' [::' e
diameter on the conical part of the drilling S
Value (dv)

tool that will reach the specified drilling depth
during the machining. You can also deepen a
drilled hole in order to obtain a given diameter
at the specified drill depth.

Flan
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The following options are available:
* Cutter Tip
The drill tip reaches the defined drilling depth.
e Full Diameter
The drill reaches the defined drilling depth with the full diameter.
» Diameter Value

The drill reaches the defined drilling depth with the drill cone
diameter specified by the Diameter Value parameter.

The Apply button enables you to apply the defined Depth Type to the
selected list item (a group or a hole). When a new Depth Type is applied,
SolidCAM checks the Holes Tree items and reorganizes them into groups
according to the changed parameters. SOlidCAM checks all groups to
find a group with identical Upper Level, Drill Depth, Delta Depth and
Depth Type parameters. If such group is found, SolidCAM adds the
updated drill to this group. In case of absence of a suitable group, a new
group is created; the updated drill instance is added to this group.

Choose the Diameter Value option for Depth Type.
Place the cursor in the edit box and pick the upper
edge of one of the Group1 holes on the model.
The diameter of the hole (6.8 mm) is displayed in
the edit box.
| Depth Type A

() Cutter Tip (ct)

(_) Full Diameter (fd)

7/

@ Diameter
" Value (dv)

A
|

68

Vi

S

Edit this value to add a 0.2 mm chamfer to the holes. Set the Diameter Value to 7.2 and
click the Apply button.

| Depth Type A |
() Cutter Tip (ct) [
(_) Full Diameter (fd)

_ Diameter
@ vaige @y 72

B |

272



7. Automatic Feature Recognition

Select the Group2 item in the Holes Tree section.

Leave the Upper Level value unchanged (-24).
Set the Drill Depth value to 0 and click the Apply button.

Under Depth Type, choose the Diameter Value option,
place the cursor in the edit box and pick the upper edge of
the hole. The value displayed in the edit box is 8. To add
2 0.5 mm chamfer to the holes, set the Diameter Value to 9
and click the Apply button.

In the same manner, define the levels for the rest of the
groups.

WAV

A

For Group3, set the Drill Depth to 0 and the Diameter Value to 4.6 to add a 0.2 mm
chamfer. Click the Apply button.

v X

ot e

Cuts T 41
[r—
g umn
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For Group4, set the Drill Depth to 0 and the Diameter Value to 10. This value will not
result in a chamfer, because the diameter of the holes is greater, therefore only center
drilling will be performed. Click the Apply button.

.- Depth Bt

For Group5, set the Drill Depth to 0 and the Diameter Value to 6.9 to add a 0.2 mm

chamfer. Click the Apply button.

v X

|Motevtwe &)

Uppes Levnt i r
R
-
S Do b i
[t Deptn vt
O
Lan

Custar Tip i)
Fual Diameter 8

Cumeter
®vaoeign 57

Apply the changes and confirm the Depth Edit dialog box with the ¥ button.
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7. Automatic Feature Recognition

V

6. Define the sorting of drill positions

Switch to the Technology page.

(3 s Recogniton Operation [En=}
Technology Cperation rame Template =
Drill Recogrition Operation oR_drll - & \_v
[ @ Geametry Technology |
B Tool = =
3 Leves ting cyde
[= Jrechnoioy| © Defout O eyde type
131 Mation control
@ Misc. parameters T -
| Reverse drecton
Data
|Shomaented Minkmize hole cyde
[Cl complete hole group
swe | [savescondote |[+] [ Seuae | [ coode | Save 8.Copy. Exit

Use the Advanced Sorting option to sort the drill positions of the geometry.

Under Sorting, choose the Advanced option and click Q

Sorting
() Defauit
(7 Shortest distance

@) Advanced

o

Reverse drection

Show sorted

[l complete hole group

The Advanced Sorting dialog box is
displayed. This dialog box enables you to
define the parameters of sorting of drill
positions for machining of linear and
circular drill patterns.

& Advenced Sorting Lo =

near |  Crodar |
Linear pattern

Tolerance: 0.1

(o ) [ ool ]
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S

xfﬁ Linear sorting of drill positions

¥

Choose the - option in the Linear tab of

tner | Oradw |
the Advanced Sorting dialog box, and set the - - - -
Tolerance value to 5.

The Linear tab contains sorting methods appropriate for machining of
linear drill patterns.

Linear pattern

According to linear sorting methods, the machining is performed either
by rows of drill positions with the same Y-coordinate or by columns
of drill positions with the same X-coordinate. The Tolerance parameter
enables you to define the tolerance that is used to determine if a drill
position belongs to the current row/column or to a different row/
column.

When the machining is performed by rows, SolidCAM
determines the first drill position for each row (the start position of the
first row is the start position of the whole pattern). For each next drill
position, SolidCAM determines the Y-coordinate and compares it with
the Y-coordinate of the first drill position of the current row. If the linear
deviation is within the specified Tolerance limit, SolidCAM considers
this position to belong to the current row. If the deviation exceeds the
Tolerance value, the drill position is rejected from the current row; later
this position will be checked again for belonging to next rows.

In the similar manner, when the machining is performed by columns,
the specified Tolerance value is used to determine whether a specific
drill position belongs to the current column. In this case, the deviation
of X-coordinates between the first drill position in the column and the
current drill position is compared with the Tolerance value.

[ & advanced serting Cow

Linear pattem

Tolerance: 5

= Cx) [om)
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7. Automatic Feature Recognition

\ 1/

When this option is chosen,
SolidCAM determines the position
with the minimal X- and Y-coordinates
and accepts it as the start position of
the drill sequence. From this position,
SolidCAM continues the machining of
the drills with the same Y-coordinate;
the machining is performed in the
direction of increasing X-coordinates.

When the last position of the current Y-coordinate is machined,
SolidCAM passes to the next Y-coordinate (in the increasing order)
and continues the machining of the next row from the position with the
maximal X-coordinate to the position with the minimal X-coordinate
(decreasing order), and so on. In such manner, the machining of two
successive rows is performed in the opposite order: each odd row is
machined in the direction of increasing X-coordinates, each even row is
machined in the direction of decreasing X-coordinates.

The rows are machined in the direction of increasing Y-coordinates.

In the Advanced Sorting dialog box, click the OK button to confirm the definition of
sorting parameters.

Click the Show Sorted
button to preview the

sorted drill positions on the
solid model.

Close the Show Geometry dialog box with the & butron.
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%) 7. Calculate the tool path
Click the Save & Calculate button.

% 8. Simulate the operation
Simulate the operation in the SolidVerify mode.

%) 9. Machine the 6.8 holes
Add a new Drill Recognition operation to perform
drilling of the @6.8 holes.

In the HR Drill Geometry Selection dialog box,
activate the Hole Diameter section. Place the
cursor in the From edit box and pick the hole edge
as shown.

The diameter value (6.8) is displayed in both From
and To edit boxes defining the range for the Hole
Diameter filter.

[¥] Hole () A
|| Thread only
From: 68
To: 6.8

/

/

Vav,
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7. Automatic Feature Recognition

Click the Find Holes button. The
holes of the specified diameter
are highlighted on the model.

Confirm the HR Drill Geometry
Selection dialog box by clicking

the v button.

Add a new @6.8 Drill tool.

* "Chonsiog kool for crmtior ]:G'- E@,
BEEBBE T-Y# Y
TR | .. w | e w | e ID rumber
B 0 BoMLL 2
B2 o SPOT DEALL Dearoten
1 T

1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
Tool parameters
Inch e
hngle () [o2] 118
" Arbor dameter (AD): 68
Length
HMm @ Toasd (TL): -]
Inch Outside holder (0P} &
Shouider length [S): 0
Cutting L) 2
Hiength: [T
TRough  Mumber of futes: '

B B x| o | B B s

Click the Depth Edit button in the Levels page. The
Depth Edit dialog box is displayed. Note that the values of the
Upper Level (-24) and Drill Depth (26.29) parameters are offered
you as defaults. These values are recognized automatically on
the model.

Confirm the Depth Edit dialog box dialog box by clicking the
¥ button.

Uppes Level (u) |
-24
[lan Apply
["]Half Depth (hd)
26.929

[TJan Apply

In the Technology page, choose the Advanced sort option under Sorting and click the

B button.
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In the Linear tab of the Advanced Sorting dialog (& Asaneisemns )

box, choose the option.

unesr | orodw |
Linear pattenm

Tolerance: 0.1

= Cx ) [om)

2

When this option is chosen,
SolidCAM determines the position
with the minimal X- and Y-coordinates
and accepts it as the start position
of the drill sequence. From this
position, SolidCAM continues the
machining of the drills with the
same X-coordinate; the machining
is performed in the direction of

increasing Y-coordinates.

When the last position of the current X-coordinate is machined,
SolidCAM passes to the next X-coordinate (in the increasing order) and
continues the machining of the next column from the position with the
maximal Y-coordinate to the position with the minimal Y-coordinate
(decreasing order), and so on. In such manner, the machining of two
successive columns is performed in the opposite order: each odd
column is machined in the direction of increasing Y-coordinates, each
even column is machined in the direction of decreasing Y-coordinates.

The columns are ordered in the direction of increasing X-coordinates.
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7. Automatic Feature Recognition

% Click the Show Sorted button to preview the sorted drill positions on the solid model.

Under Drill cycle, click the Drill cycle type button and oril cyde
choose the Peck type from the list. Click the Data button
to define the pecking parameters.

Peck

In the displayed Drill Options dialog box, set the Step down N

value to 2 and confirm the dialog box with the OK button. &

& Diloptions 2]
Hame Type e | | Minimize hole cyde
;’»ﬂ_ : o i
e ¥ o ey

oo (o=

Save and calculate the operation.

% 10. Machine the @8 holes
Add a new Drill Recognition
operation to perform drilling of the
@8 holes.

In the HR Drill Geometry Selection
dialog box, activate the Hole
Diameter section. Define the range
for the Hole Diameter filter as
explained in the previous step. The
values of 8 mm are displayed in the
Hole Diameter section.
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Add a new Drill tool. The diameter of the drilling tool must be smaller than the
diameter of the holes, because these holes will be reamed at the next stage.

1, You can define the diameter of the tool by clicking on the entity to be
ﬁ machined with this tool directly on the solid model. Place the cursor in the

¥ Diameter cdit box in the Topology page of the Part Tool Table and pick the
edge of the hole as shown.
The Diameter value (7.8) is displayed in the edit box.
In the Technology page, choose the Advanced option W —_— E= )

under Sorting and click the Q button. - - - .

In the Linear tab of the Advanced Sorting dialog box,

choose the option, set the Tolerance value to 2

and click the Show sorted button. . - - .

" show sorted | o | Concel |

Under Drill cycle, choose the
Peck cycle type and set the Step
down value to 2.

Save and calculate the operation.
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7. Automatic Feature Recognition

11. Machine the @4.2 holes

Add a new Drill Recognition operation to perform drilling of the @4.2 holes.

In the HR Drill Geometry Selection dialog box, define the range for the Hole Diameter
filter as explained in the previous steps. The values of 4.2 mm will be displayed in the

Hole Diameter section.

Add a new @4.2 Drill tool.
In the Technology page, choose the Advanced option
under Sorting and click the button.

In the Linear tab of the Advanced Sorting dialog box,

choose the option and click the Show Sorted

button.

(T iz E )

crode |

e |

Linear patiern

Tolesrance: o1

Show sertec | |

Under Drill eycle, choose the Peck cycle type and set the Step down value to 2.

Save and calculate the operation.
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%3 12. Machine the @13.5 holes
In the same manner as explained in the previous steps, perform drilling of the set of
©13.5 holes.

Use the Default drill sorting option.

%3 13. Machine the @6.5 holes
In the same manner as explained in the previous steps, perform drilling of the set of
6.5 holes.
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7. Automatic Feature Recognition

v

When this option is chosen,
SolidCAM determines the position
with the minimal X- and Y-coordinates
and accepts it as the start position
of the drill sequence. From this
position, SolidCAM continues the
machining of the drills with the
same Y-coordinate; the machining
is performed in the direction of
increasing X-coordinates.

When the last position of the current Y-coordinate is machined,
SolidCAM passes to the next Y-coordinate (in the increasing order) and
continues the machining of the next row from the position with the
minimal X-coordinate to the position with the maximal X-coordinate
(increasing order) and so on. In such manner, the machining of the rows
is performed in the same direction of increasing X-coordinates.

The ordering of rows is performed in the direction of increasing
Y-coordinates.

%} Click the Show Sorted button to preview the sorted drill positions on the solid model.
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% 14. Perform reaming of the @8 holes
Add a new Drill Recognition operation to perform reaming of the @8 holes.
Use the Drill_r2 geometry defined in Step #10.

Add a new @8 Reamer tool.

o R Teroeeon =)
EEBE T % MT %
[ oot w | ot [ e w | Hmber 1D urmber
[ I [] BN MILL 2 2
B2 o SPOT DRRL Dusxiption
| ] o DAL
E : : :::t 1 Topslogy | Tool Deta| (Data | || Holder| || Shape | Coslant| Tool preset| Tool Message|
I 5 o DanL Tool parameters
| ] DAL [
[ o REAMER Mo % | Duwmets @ E AD
Inch Arbor dameter (AD): 8 ¥
rammﬁ: A5
i
=T T 1
Mn @ ‘YG'.UFL): Fi OHL
Inch Dutaide heider (OHLE: 55 CL
Custog €2 2 chi
Chamfer length (Ch.l): 2 |3 1 |
Hiength: 0 Lol ¥
D]
Mumber of futes: 4
B EF| x| o | B B Ernr=.
|
M  Reamer
¥ This tool is used to machine precise holes in Drilling operations.
A tool of this type is defined with the parameters shown in the image.
Arbor
Diameter
Total ]
Lengt Outside
Holder
Length .
9 Cutting
Length
Tip Diameter | | ‘ Chamfer
. Length
Diameter ! | L =ength
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7. Automatic Feature Recognition

%) To define the depth, pick the model face as shown.

The Drill Depth value (12) is displayed. Click the Apply button.
Define the sorting of drill positions as explained in Step #10.

Click the Save & Calculate button.

% 15. Simulate the operations
Simulate the operations defined in Steps #9 — #14 in the SolidVerify mode.

Now you have successfully finished the exercise.
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Exercise #18: Electronic Box Machining

In this exercise, the SolidCAM functionality of automatic
drill recognition and machining is used for rough milling of
the electronic box hole features.

This exercise reinforces the following skills:
* Automatic drill recognition and machining

The electronic box part file (Exercise18.prz) is located in
the Exercises folder. This file contains the defined CAM-
Part. The model used for the part definition contains two
configurations: Default (model with hole features) and
Stock (hole features suppressed).

Default Stock

The following steps have to be implemented in order to reach the final CAM-Part:

1. Center drilling

Define a Drill Recognition operation to perform center drilling of all hole features. Use
a Spot drill tool of @2.5.
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7. Automatic Feature Recognition

2. Drilling

Define a Drill Recognition
operation to perform drilling of
the @1.2 holes. Use a Drill tool of
01.2.

3. Drilling

Define a Drill Recognition
operation to perform drilling of
the ©@1.8 holes. Use a Drill tool of
01.8.

4. Drilling

Define a Drill  Recognition
operation to perform drilling of
the @2.2 holes. Use a Drill tool of
92.2.

Congratulations!
You have successtully finished the 2.5D Milling part of the SolidCAM 2012 Milling Training Course.
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