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SUMMARY

Machining is a conventional method using sharp cutting tools to physically remove material
to achieve a desired geometry. There are a lot of different CNC machines and many ways on
how to use them, the focus in this project is about 3- and 5-axis milling machines.

Dassault Systemes is a world leading company delivering the whole view of a product’s
lifecycle in 3D, from creation to maintenance, including manufacturing and recycling. To
control the machines computer aided manufacturing software is used, something Dassault
Systemes have provided in the CATIA V5 software. Dassault Systemes has launched the
Version 6 and the products for machining are moved from the CATIA portfolio to the
DELMIA portfolio which leads us to the purpose of this project.

When it comes to machining the competence in Sweden is focused around V5. This project
aims to develop a more local competence around the machining capabilities in V6 and expand
the already successful cooperation between Dassault Systemes and Chalmers University of
technology.

The project aim is to obtain knowledge about machining capability in DELMIA V6. The
experience after one week at Dassault Systemes office in Aix-en Provence, France gave the
correct tools to build up a milling machine placed at Chalmers Lindholmen workshop and
furthermore create and verity operations with this machine. The working process was
documented and a step-by-step guide created.
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EXPLANATIONS

CNC — Computer numerical control

CAM — Computer aided manufacturing

NC code — Numerical control code

Post-processor — Translates CAM code to specific NC code
V5, V6 - Version 5 and Version 6

Prismatic machining — 2.5- 3-axis operations

Milling machining — 3- and 5-axis operations

Extended milling machining — Advanced 5-axis operations
Part — Product to be machined

Check — Fixture holding the part to be machined

Rough stock — origin material before any operation

PPR tree — Product Process Resources tree



1 INTRODUCTION

This chapter aims to give a short explanation of what Dassault Systemes are working with and
a short history how they developed through time. It also explains the purpose of the work and
specifies the questions at issue.

1.1 Background

Dassault Systemes is a world leading company delivering the whole view of a product’s
lifecycle in 3D, from creation to maintenance, including manufacturing and recycling. It all
started in 1981 as an independent division of Dassault Aviation, later that year a marketing
contract was also made with IBM. The development of Dassault Systemes from start to today
can be defined by three periods. The first period is called the 3D, the tool for complex shapes
and forms that were developed and launched in 1981, the product was CATIA V1. In the year
of 2000 Dassault Systemes together with IBM introduce product lifecycle management
(PLM). Later the same year the acquisition of DELMIA took part as a strategic step towards a
broader portfolio and towards the second period, who took place in year 2002, the PLM 1.0.
Dassault Systemes goal toward bringing their customers a full product lifecycle view of their
product lead us to the third period where we are today, the introduction of the PLM 2.0. With
products as CATIA, SolidWorks, SIMULIA, DELMIA, ENOVIA, 3DVIA, 3DSwYm and
Exalead the new platform is the first real step toward allowing a full product lifecycle
management. The PLM 2.0 isa 3D online environment, connecting users through a database
and all user interactions generate an Intellectual Property. It allows users to imagine, share
and experience products in the universal language of 3D.

In the PLM 2.0 Dassault Systemes has launched the Version 6 and the products for computer
aided manufacturing (CAM) are moved from the CATIA portfolio to the DELMIA portfolio.
Transferred products including modules to create and simulate 3-axis and 5-axis milling
operations with computer numerical control (CNC) machines.

Dassault Systems and Chalmers University of technology are having a successful cooperation
in many areas including both CATIA and DELMIA. Current activities are focused around
V5. Also when it comes to knowledge about Dassault Systemes machining solutions the
competence in Sweden is around V5.

There is a need to develop more local competence around the machining capabilities in V6.
Dassault Systemes also see an advantage in expanding the cooperation with Chalmers around
machining and to have the ability to demonstrate an End-to-End process including a real CNC
Machining. As a result of this Dassault Systems has made the decision to initiate this project.



1.2 Purpose

The purpose of this thesis is to collect expertise about how the software DELMIA V6 works,
how to perform machining preparations and verify the operations. Furthermore how to do
modeling, relating to the kinematics, the CNC-machine where the detail is to be manufactured
in. The last-mentioned is to simulate and analyze possible collisions in the machine when an

operation is run.

The acquired knowledge should be documented and presented in an educational and easily
understandable way so that preparations and simulations can be executed single-handedly by
the customers of DELMIA.

1.3 Questions at issue
To achieve the purpose of this project four questions were listed to be answered.

e How to describe and document the machining preparation methodology for DELMIA
V6 in a pedagogical way so the reader can easily understand the software structure?

e How isthe 3-axis and 5-axis operations created in DELMIA V6?

e How is the operations verified and how to generate an NC code?

e What methods to use to model a real CNC machine regarding to the kinematics?

1.4 Boundaries

The report will only include preparations with respect to the 3-5 axis milling machines.
Operations and parameters included in this report are only those to create the product in the
appendix. A post-processor will not be included in this report and therefore there will be no
manufacturing of the product in the reality. The modeling process of the different machine
parts will not be included in this report.



2. THEORETICAL BACKGROUND

There are many different CNC machines to fill a lot of different purposes, also machining
methods and verifying the numerical control (NC) code can be done in many different ways.
In order to provide clarity this chapter explains the most common machines and methods used
today. Dassault Systemes learning system, Companion learning space will be explained and
also different theories on how to write a pedagogical manual.

2.1 CNC machines

Machining is a conventional method using sharp cutting tools to physically remove material
to achieve a desired geometry. It is a relatively fast method and can be used on many kinds of
material. There are different kinds of machining as milling, turning, drilling, probing,
sharpening etc. The first milling machining operations was as early as 1814-1818, the
machines at that time was manually driven and could only provide easier operations. The
milling machines evolved and got more complex and the big breakthrough and the beginning
for a new era was in 1940 when CAM was implemented in the machines. But it was not until
1952 when the first NC machine could be presented. The development continued and in 1960-
1970 CNC machines where created. This step made it a lot easier to create complex
geometries and thanks to CAM programs you could now create 5-axis surface operations.
Milling machines today can come in many different sizes and shapes, from small sized bench-
mounted types to huge room-sized machines [1].

2.1.1 3-axis milling machines

The most common milling machines are 3-axis, where the table is the X and Y axis and the Z
axis goes through the head, most of these machines look the same, like the one in figure 2.1,
except from size and production year. The greatest advantage of using 3-axis milling
machines instead of a multi-axis machine is that the cost of a 3-axis machine is usually much
cheaper and the machining time can be increased. The disadvantage of using 3-axis machine
is reduced ability to create complex parts without remounting the part. 3-axis milling
machines can also be converted to become a multi axis machine with an adapter with two
rotation axis A and B [2].

Figure 2.1 3-axis milling machine [1]



2.1.2 Multi-axis milling machines

Then there are also multi axis machines, these can be from 4 up to 9 axes but the 5-axis is the
most common one. The 5-axis is mostly built up the same as the 3-axis except from two extra
rotation axes. But the 5-axis can be much more complex than that, the head could be placed
like a traverse with the head moving through X and Y axes and the rotation axes on the head
as well as illustrated in figure 2.2. These are made for big complex geometries like a full scale
model of a car. Another common type is where the table is as it were on the 3-axis but the
difference is that the head is placed on the rotation axis. This type is very common for smaller
and very complex parts as it aloud the head to move freely minimizing the collision risk when
the space is very tight. The biggest advantage of using multi-axis machines is that the
complexity of the part can be much greater. To cut down the machining time more axis than
necessary should not be used.

Figure 2.2 Multi-axis machine [2]



2.2 Machining methods

There are a couple of different ways to program a CNC machine. Either the programming can
be done manually or a CAM program can be used to build up the machining process. There is
a lot of different software to use today, not only to build up the machining process but also to
verify that the program works.

2.2.1 Manual programming

Easy geometries in 3-axis machines can manually be written down by NC codes directly in
the machine. This is only possible for 2D geometries and takes quite a long time to write
down each coordinate, this also requires the programmer to know the parameters for the
specific CNC machines and to have knowledge in the different NC codes. Depending on the
control system of the machine different types of codes and parameters are needed. An
example of how a NC code could look like is shown on figure 2.3. The code is on the right
side and the geometries that are to be computed on the left. A code contains tool changes, start
positions and coordinates whom the tool follows and so on.
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NO20 G54 X218 Y133 247
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NO40 TO101 M3 Mé&
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N120 G40
N125 Z10
N130

N135 M5
N140 M

Figure 2.3 Short list of NC code [3]



2.2.2 Computer-aided manufacturing

As the geometries and the CNC machines become more and more complex there is need for
programs to be able to manufacture these products. It is no longer possible to compute the
codes manually if you want to create a 3D geometry. To be able to do this you need computer
software, a CAM program. A CAM program allows you to plan and program the tool paths
both for extremely complex geometries, like in figure 2.4, but also for easier geometries and
creates a faster and more efficient production. Tool paths, energy consumption and
parameters can be analyzed directly in the program. To program geometry in CAM you need
to import a computer-aided design (CAD) model and then choose appropriate tool paths and
strategies for the part. This means that even though it is computer aided software it does not
eliminate the use of highly skilled manufacturing engineers or NC programmers. In fact it has
the need of highly skilled professionals thanks to the variety of complexity on the products,
the visualization, simulation and optimization tools [3].

= ey

Figure 2.4 Tool path replayed in CAM

Some popular CAM software today is: Pro/E, SolidCAM, MasterCAM, NX, CATIA V5 and
DELMIA V6. Some of these programs only have the ability to visualize tool paths and others
have the ability to visualize the whole machine process with collision checking.

When the NC code is generated by the CAM program it is usually an automatically
programmed tools (APT) code, a cutter location data (CL) and also international standard
organization (1SO) code. These data is general and does not include parameters for the CNC
machines control system. To convert this data to specific instructions for the machine there is
need for a post-processor. Different machines may have different specific instruction for their
control system and because of that the post-processor must be tailored for the specific
machine [4]. The post-processor is the direct link between the CAM system and the CNC
machine and therefore a vital part in machining which is illustrated in figure 2.5.

Figure 2.5 Illustration on the process between CAM and CNC machine




2.2.3 Methods to verify

Before producing a part with the generated NC code it has to be verified. The reason to verify
the code is to detect inefficient motions or error that could ruin the part or the machine which
can be very costly. Another reason to verify the code is to optimize and reduce the cycle time.
The verification can be done either in the CNC machine or with software on a computer.

Verify in the machine

If the code is generated by a manually written program it is probably not a very complex
program, then verification can be done directly in the machine. This can be done in two ways;
the first option is if the CNC machine has the capability to display the tool path from the NC
code, in this way unnatural tool paths can be detected and corrected. Another way to verify
the NC code is to test drive it directly in the machine, this is done by slowing down the
feedrate in order to avoid collisions. It can also be done with a material that is easier to
machine or in the empty space. This method is a good way to verify the tool path but it is hard
to optimize and reduce the cycle time without using any kind of verification software. It also
requires an available machine which could be costly when no production is done.

Verify in computer

In order to analyze and verify the NC code there are different programs for this, VERICUT is
an example of this. These programs are a great help to verify and optimize the tool path. It is
also able to make shop floor simulations and detect collisions during the operation. Building
up the machining process in one program and verify and simulate it in separate program is
time consuming. That is why some programs, including DELMIA V6, have the capability to
verify the program built-in. This makes it possible to build it right from the beginning which
reduces the time and maximizes machine tool utilization [5].



2.3 Pedagogical learning process

For companies that sell their products worldwide it is important to have an efficient learning
system. The easiest way to do this is to use e-learning literature to allow the user to access the
information worldwide. There are some things to consider when creating a learning manual
explained in this chapter, Dassault Systemes e-learning system Companion is also explained.

2.3.1 Companion

Dassault Systemes have a lot of brands and cooperates with many different industries.
Companies require employees to continuously learn and perform at lowest possible cost. That
is why Dassault Systemes have worked with instructional design experts and costumers to
create a flexible and open learning system. Today Dassault Systemes offers over 1000
companion courses, covering all brands and industries for every profile, end-users, managers,
designers and so on. Companion learning space allows companies to design and assign
personal learning programs and analyze user performance. Among the companion courses for
DELMIA V6 there are DELMIA NC Machine Builder, Prismatic Machining, Milling
machining and Extended Milling Machining. Below in figure 2.6 is an example on a
screenshot from Prismatic Machining Companion [6].
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Figure 2.6 Example on how the Companion look

The Companion courses are built up with different lessons, divided in different steps. The
lessons are a rough separation of the content in the course. The lessons are separated in
different steps where the first steps explain all the theory and every lessons ends with an
exercise on all the theory. After the exercise there is a summary of the lesson.



2.3.2 Writing a manual

In order to write a pedagogical and efficient manual it is very important to know the product
inside and out. To be able to explain all steps the writer of the manual has to have both
practical and theoretical understanding of the product. An important thing is to assume that
the reader does not know anything about the process, keeping this in mind makes it easier to
not forget any steps or leaving any gaps. To make the manual easier to understand it is
important to use diagrams and pictures to explain things that cannot be explained in words.
Making the user understand why every step is done helps the user to understand the process.
If the user understands the purpose of each action it makes the user not skip any steps. By
breaking down the process into small steps presented in natural order, being sure that every
step leads to the next, the user easier remember the working flow. The language in the manu
is important to prevent misunderstandings, it is important to write in a way that only can be
understood in one way. To make sure there are no misunderstandings or anything missing in
the manual it is always a good idea to test the manual. Letting sample groups work through
the manual is one way to get feedback to improve the manual [7].

al
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2.4 DELMIA V6 interface

To understand the structure and how the program works an introduction to the Version 6 is
defined. The special part with the V6 is that everything created is tied to a database, this
means that no files are created. Without files you always have the latest update on the product
because everyone works toward the same database. The menu in figure 2.7 is always available
on the bottom of the window. Number 1 is the menu where the workbenches are. Number 2 is
the search function, by typing a search string you find your results directly in the database.
Number 3 is propagate, when saving a change to the database you simply click on propagate
and the product will be updated.

@ @ - ®

8 P T N L N e et
Figure 2.7 V6 menu: 1) Workbenches, 2) Search engine, 3) Propagate

2.4.1 The machine programming interface

There are two main lists in the machine programming workbench, in the Product Process
Resources (PPR) tree everything imported is listed, illustrated to the left in figure 2.8.
Product, parts, fixture, CNC machine, tools and NC code are all listed in the PPR tree. In the
Activities Process Tree all created operations are listed, to the right in figure 2.8.

H |5 Activities Process Tree
Activities Co..ed

i Machining Cell_Product

Figure 2.8 PPR tree and Activites Process Tree
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3 METHOD

In this chapter the methods used during the project are explained. The working process can
roughly be divided into three steps; acquire knowledge of how DELMIA V6 works, use this
knowledge to create a milling machine and perform a full 3- and 5-axis CAM preparation in
DELMIA V6 and finally to document every step in a pedagogical way. The process can be
visualized by figure 3.1:

Preparatory studies

Further studies

Identify vital areas

Building up a full CAM-preparation

Document working process

Working instructions

Figure 3.1 Working process

3.1 Acquire knowledge

To gather the required knowledge preparatory studies in DELMIA V6 and design tutorials in
CATIA V5/Machining have been done. The next step in the process is further studies in
France on how to perform CAM preparations in DELMIA V6.

3.1.1 Preparatory studies

To gain a basic knowledge of how CAM preparations in DELMIA V6 are made, self-studies
in CATIA V5 and DELMIA V5 were made. This preparatory work was done using examples
in CATIA- and DELMIA-help files. The modeling of the machine during this project was
made in CATIA V5 and assembled in DELMIA V6. Also some basic examples in how CAM
preparation in DELMIA V5 works were studied. The structure in DELMIA V6 is different
from DELMIA V5, to understand the structure and how the new software works there was an
introduction in DELMIA V6 at Dassault Systemes in Gothenburg.

12



3.1.2 Further studies

Due to the lack of competence in Sweden about how CAM preparations work in DELMIA V6
a one week course was obtained in France. The course content was divided into Prismatic
Machining, Milling Machining, Extended Milling Machining, Machine tool builder and
Program Simulations in DELMIA V6 was obtained during a one week course in France.

Prismatic Machining allows you to create 2.5- and 3- axis operations. Programmers are
immersed in a V6 3D environment that allows them to create, optimize and validate their
prismatic machining programs in the context of the physical workplace. The CAM features
included are work piece set up, cutter definition and tool path simulation with material
removal.

Milling Machining allows you to create 3- and 5-axis milling operations in a virtual
environment. The element includes basic machining but also the ability to program operations
for 3D parts that require advanced 3-axis milling, including the ability to switch to 5-axis
motion.

Extended Milling Machining is an extension to Milling Machining and fills the needs of all
industrial processes. It makes it possible to machine even the most complex parts as a set of
multi-axis strategies as spiral milling, tube machining, curve following, flank contouring,
helix and interpolated axis along isoparametric mesh.

Machine tool builder is a tool to build NC-machines. In the machine tool builder all parts in
the NC-machine are put together and kinematics are defined. In order to make the virtual
machine work the same way as the physical machine lots of parameters can be defined e.g.
maximum feed rate, home position and travel limits. To generate NC code it is not necessary
to build the machine that will be used, there is an opportunity to use a generic machine. There
is a huge disadvantage to use a generic machine because it is not possible to do a full
validation if the machine is able to produce the part in the planned way.

Program Simulations is a tool to perform virtual NC program validation. Programmers using
this tool can control and simulate machine tool motions, along with material removal, using
either the NC tool path or post-processed NC code. The NC Machine Simulation is a tool that
delivers optimized, high-quality NC programs by finding potentially damaging collisions,
excessive non-value-added machine motion, out-of-travel machine motion, or wrong material
removal.

3.2 Work in DELMIA V6

The first step of the work in DELMIA V6 was to build the CNC machine located at Chalmers
Lindholmen. This was done using the parts modulated in CATIA V5 during preparatory
studies. In this step machine kinematics, tool and work-piece mount points, travel limits,
home position and axis names were defined. When the machine was finished the knowledge
in how to structure the work and build up the operations was obtained and the most vital areas

13



were defined. This was done by building up a full CAM preparation using a 3D model of the
Iron Man helmet. After the most vital areas were identified, a part was modulated to build up
a CAM preparation with all the important steps and document this in a pedagogical way
creating a step-by-step guide.

3.3 Documentation

To be able to transfer the knowledge of how the work in DELMIA V6 is done the
documentation is a vital point. To easily understand and learn the program an appendix with a
step-by-step exercise was created. There are a lot of different ways and strategies to document
the process. After a brief research a list of seven tips for writing an efficient instruction
manual was set as base for the documentation. First tip is starting from square one, the manual
have to be adapted to the audience. Assuming the audience will have zero knowledge of the
subject matter is a good starting point to not write a too complicated manual. Second tip isto
know exactly what your manual needs to cover; otherwise it is easily done to give too much
information which can be confusing. Before start the writing, a high-level outline of what the
manual will cover is a good help to structure the manual. Using lists for doing something
makes it easier to work through the manual step by step. Using screenshots in the manual also
helps the user to understand the workflow. The last tip is to work through or let someone else
work through the manual to get feedback in order to fine tune the manual [8].

14



4 WORKING PROCESS DELMIA V6

During the one week course in France a methodology of four steps to build a full CAM
preparation was obtained.

1. Assembly, assembling the part with the fixture.
2. Setup, mount the assembly in a machine.
3. Operation, building up the operations.

4. Verify and generate NC-code, verify the tool path, collision checking and generate
NC-code.

During this work one more step had to be done, building the machine. That is why the content
in this chapter is divided in five sub chapters. To fulfill these steps all parts to the machine
were modulated and all parameters like travel limits, feed rates and so on to the machine
collected before the start of this project. To make a CAM preparation a part to machine is
necessary to have. The part chosen to the project was the Iron Man helmet, shown in figure
4.1, and was downloaded from the free 3D CAD library grabcad.com.

Figure 4.1 Iron Man helmet [4].

The reason why the Iron Man helmet was chosen is that it is something many people
recognize and it allows a variety of different operations. To make the part easier to machine
some changes in the surfaces were done and a neck to mount the part in the machine was
added.

15



4.1 Building the machine

Building an NC-machine is done in two steps. The first step is defining the kinematics of the
machine, which is where the definition of how the machine moves is done. When the
kinematics of the machine is defined it is transformed to an NC resource by defining all
features for the milling machine.

4.1.1 Defining kinematics
Defining the kinematics of the machine can be done in two different ways. In order to
investigate which way is easiest to use, the machine kinematics were built in both ways.

Alternative one: Building kinematics with coordinate systems.

Building the kinematics with coordinate systems was done in the assembly design workbench.
First of all the NC machine parts was imported and placed like they should be mounted. The
fundament is not supposed to move and was fixed with the engineering connection Fix as
shown in figure 4.2.

- @m]
p &
Engineering Connection Definition M #
&Constraints li@lnterferences | ':_
Type: & Fix " | % I
Type Mode Opti.. Support Lower Value Upper 1
& ® % exch_fundam... (&) =
i
7
"
o

Figure 4.2 Creating a Fix engineering connection to the fundament.

The engineering connections between two parts were a little bit more difficult to define. To
simplify the work with the engineering connections axis systems with the Z-direction in the
positive moving direction with the origin in home position of the machine were placed when
the parts were modulated. A prismatic engineering connection between the axis system on the
fundament and the Y -table were defined in figure 4.3. The prismatic connection was defined
to follow the Z-axes between the two axis systems, have a contact between the two ZX-planes
and a 0 mm offset between the two XY -planes.
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Figure 4.3 Creating a Prismatic engineering connection

In the same way the engineering connections between the X- and Y -table and between the
spindle and the fundament were done. To attach the AB-fundament to the X-table a rigid
engineering connection between them was set.

The rotating parts, B-axis and A-axis, were problematic to define generic connections for. The
revolute connection was used with the Z-axes as rotation axis, the XY -planes as connection
and a Omm offset between the two Y Z-planes between the AB-fundament and B-axis,
illustrated in the picture 4.4. What was difficult with this step was to get axis systems right
because the positive direction for the CNC-machine will be from the X- to Y-axis when the Z-
axis is used as rotation axis illustrated with the arrow in Figure 4.4. The same process was
done to connect the A-axis to the B-axis.

® % &
%

Ed
<
s

Figure 4.4 Revolute connection on rotating part
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When all the engineering connections were done a mechanical representation was done, to be
able to create a machine. The representation was named and a container for the joints and
commands was created by clicking on Mechanism representation shown in figure 4.5.

B IR AT H ( Mechanism / Representation DS l — 25— 1
AJ‘? Representation5348
Jaints M...@ g Mechanism g hechanism Options
@ Commands \; ? Represerntation Mame Representationi348 g b 1
B8 exch_fundament --- IN_WORK {exch_fur Representation Kind
#-%  exch_spindel z --- IN_WORK (exch_spinc 5@‘
B exch_yx_bord --- IN_WORK (exch_yx_bo ':_ Description
w-®  exch_xy_bord - IN_WORK (exch_xy_bo =
#-%  exch_fundament_ab --- IN_WORK (exch_ Mature Definition
T exch_axel_b -—- [IN_WORK {exch_axel_b.1
® B exch_axel_a - INJWORK (exch_axel_a.1 ( ) Jrris QI _concel )
w7 Engineering Connections e ——

Figure 4.5 Mechanic representation created

Alternative two: Building kinematics with Robotics Device Builder

This method was done in two steps. First all the parts were imported and mounted together
with engineering connection in the assembly design workbench. In order to build the machine
in the home position the axis-systems were mounted together with coincidence engineering
connection, illustrated in figure 4.6.
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éﬂ
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Engineering Connection Definition ? = &%
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® & L Tabley 2
U Table Y
< Select an element L
-
A
— bisd
!
=,
- o
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Figure 4.6 Building the machine in home position

When all the parts were put together in the home position the engineering connection were
changed to kinematic connections, in order for the machine to be able to move. This was done
in the Robotic device builder workbench marked with number 1 in figure 4.7. The
engineering connections defined in the assembly design workbench were deleted, as
illustrated with number 2 in figure 4.7, because they were only defined to build the machine
in its home position. Instead kinematics was defined using the Define kinematics button in the
west quadrant of the compass marked with number 3 in figure 4.7. First a fixed joint was
created on the fundament, marked with number 4 in figure 4.7.
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Figure 4.7 Robotics Device Building illustration

The kinematic between the Y -table and the fundament was defined with the same button, but
instead of the fixed joint a prismatic joint was defined. In what direction the Y -table will be
able to move is defined by the green line and the positive direction for the machine by the
arrow as seen in figure 4.8.

Figure 4.8 Selecting positive motion direction

In the same way the engineering connections between the X- and Y -table and between the
spindle and the fundament were done. To attach the AB-fundament to the X-table a rigid
engineering connection between them was set.

The kinematics between the B-axis and the AB-fundament was set with a revolute joint. The
green axis indicates the rotation axis and looking in the direction of the arrow, the positive
rotation of the axis will be clockwise, from x to y, illustrated in figure 4.9. The same way the
kinematics of the A-axis was defined.
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Figure 4.9 Setting rotation direction

4.1.2 Machine tool builder

When the kinematic of the machine was fully defined there was only one step left to complete
the building of the machine, define it as a machine and set all parameters. This is done in the
machine tool builder workbench. First of all the machine was defined as a milling machine as
illustrated in figure 4.10.

New Machine

Machine Properties
Resource Type: {p,

Manufacturer: [l

M
Categon: | \ic spindle

NC Turret
EInterchangeabIe Head
— Machine Accessory

Figure 4.10 New machine created

All the parameters to the machine were set using the buttons in the machine building toolbar.
The name of the axes were defined using icon one, this was done to easier separate which axis
is which. The tool change position was defined with icon two so the machine knows in which
position the machine swap tools. The home position, where the machine stands in default was
set using icon three. To make sure that the machine does not operate outside its boundaries the
travel limits of the machine was defined using the fourth icon. The acceleration and maximum
speed of the machine was set in the fifth icon in order to make the machine move in the same
way as the real machine. Where to mount the tools and the work piece was defined with the
sixth and the seventh icon.
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By right-clicking on the machine and select Edit NC Resource a new window popping up as
illustrated figure 4.11. In this window settings for postprocessor and tool catalog for the
machine is set. For the machine built there is no postprocessor defined jet, which is why
either a postprocessor or a tool catalog was assign in this step.

I askin N
@ exch_fundament
B exch_yx_bord --- IN_ZWORK (exch_yx_bo
@ axcho/bord --- INWORK (exch_x_bo
- axch_spindeiz --- INWORK (axch_spin¢
= publications
¥ Engineering Connections

Reference Parameters OFf xch_5-axis - IN_WORK [ ——]

IN_WORK (exch_fur

—

Figure 4.11Postprocessor and tool catalog is assigned
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When this step was done all the parameters and settings for the NC-machine were defined and
the machine was ready to use.
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4.2 Creating the assembly

To be able to machine the Iron Man helmet part it had to be mounted into the machine. In
order to do this some kind of fixture to hold the part in the machine had to be mounted on the
part. Also an axis system for the mount point had to be created.

Mount fixtures on part

This was done in the assembly design workbench, the Iron Man helmet part was imported
together with fixtures as shown in the figure 4.12. The fixtures were mounted on the part with
a coincidence connection and an offset of 1.6 mm in order to mount the fixtures in the middle
of the part.

Engineering Connection Definition Pl =

@B Constraints | Qnterferences |

4 Tae | @ Planar - &
~/ . [Type Mode Opti.. Support er
e

i{ & 8 Src

b7l 2> Face

Figure 4.12 Fixture mounted on the part

Insert axis system for mount point

When the fixtures are mounted on the part there is only one moment left in creating the
assembly, insert an axis system for the mount point. This is done to ease the mount of the
assembly in the machine. The axis-system is placed in the midway between the fixtures in the
same level as the bottom of the fixture as illustrated in figure 4.13.

{ R
Axis System Definition m

Origin: T
X axis: | Pocket.1\Edge.14 [E] Reverse

Y axis: Pocket.l\Edge.lﬂ [E] Reverse
Z axis: L[)efault (Com@ [ Rewverse

[E Current  Right-handed

Figure 4.13 Axis system for mount point assigned
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4.3 Setup

To start working with the actual machining the assembly has to be inserted to a PPR context.
The PPR context contains the products or parts required to be machined, in this case the
assembly with the Iron Man Helmet part and the fixtures. Also the PPR context contains a
machine cell that includes the NC machine and tools that is used in the machining process. To
create a PPR context the assembly was opened in the machine programming workbench. A
new PPR context was automatically created with an empty machine cell as shown in figure
4.14.

PPRContext4885

==50  Machining Cell_Product
ék L NC Assemnbly_Produ
=72 xch_iron_man_ass

1

T—ﬁ. xch_iron_man_
&% exch_back ---
#®  exch_back ---

= Engineering Ci

Figure 4.14 The PPR context created

Create a generic machine

Before creating a machining activity a NC machine has to be assigned to the machining cell.
This can be done in two ways, either a generic machine can be created or a machine can be
assigned from the database, like the one created in chapter 4.1. A generic machine is assigned
using the Create generic machine functionality shown in figure 4.15. 3-axis, 3-axis with rotary
table and 5-axis machines can be created using this functionality.

- &)= Generic Machine P =

FF EGOT BAE N e aifafly,

Mame: 3-axis Machine.1_Product4838

Commen it
Spindle |Tnnhng | Compensation | Numerical Control [MC € o

E Horme point X [grnrm

ﬂHume point ¥: [imm

=]
=
ﬂHnme point Z: ‘mmm El
=
=
=

ﬂOnEnlatinnI‘ o
EOr\entatlonJ: o

- ﬂonmmim | |

Figure 4.15 A generic machine is created

All the settings that were set in the machine tool builder can be set here to get a realistic
simulation. There is one disadvantage of using a generic machine; it is not possible to see if
there are any collisions in the machine during the simulations.
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Assign machine from database

To assign a NC machine from the database the Assign a machine, from database icon was
used, circled in figure 4.16. When clicking on the button a window popped up were the
machine created in chapter 4.1 searched up and assigned.

& | v EE [ ,
Machine Selection . M i aﬂ
=i F1 O - 2
Machine configuration wiew From Search | Fram Session |
=
exch_maskin® {8earchi] Advanced Search f/i\‘j ?—'%
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[E Case sensitive
litem found [EE .I.
Dis...namedy Part Mumber We..ion DESCrIptIUH Creati

e wch_. WORK |% exch_maskin

»

4

Figure 4.16 A machine is assigned from the database

When a machine is assigned a window with the activity process tree, where the operations
built up in the chapter 4.4 will be gathered, automatically is created.

Mount assembly in machine

To mount the assembly in the machine Workpiece advanced mount functionality marked with
number one in the figure 4.17 was used. When clicking on the icon a new window with the
assembly appeared. By clicking on the Mount the assembly icon, marked with number two, in
the window and selecting the axis-system placed on the assembly in chapter 4.2 the part was
mounted in the machine.
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Figure 4.17 The assembly is mounted in the machine
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Create a rough stock
To machine the part the starting geometry, the rough stock, has to be defined. This was done

using the rough stock creation in the utilities menu shown in figure 4.18. In the window for
rough stock creation the Iron Man part is selected as the destination and part body, this
automatically creates a box by the outer geometry of the part.

i
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Figure 4.18 A rough stock is created

Set the rough stock, fixtures and design part

By double-clicking on the Part operation in the Activities process tree the part operation
dialog box is displayed, shown figure 4.19. In this window the reference machining axis
system is defined. To make the machine understand what parts that shall be machined the
design part is defined as the Iron Man part. The rough stock is set as the earlier generated
rough stock. The fixtures added on in the assembly shall not be machined and are set as the

fixtures.

2 Part Operation.1 (%] | Activities Process Tree

. ﬁﬁfa ‘—,

2AOEf
&) +
L Y

ference machining axis for peration.1

t anufactur...g Program.1
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( vv 7&‘
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Figure 4.19 The rough stock, fixtures and design part is set
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Activate intermediate stock and collision checking

In the second tab of the Part operation dialog box intermediate stock is activated shown in
figure 4.20. This option makes it possible to after every executed operation generate a new
stock with the shape of the part after the operation. Also collision checking on design part and
fixtures was activated to be able to identify collision. To check that the machine does not
work out of the defined kinematics the kinematic checking is also activated.

' Part Gperation.1
e 2L
|« General
Stocks Accuracy 0.20mm : =
Use spindle axis system defined in the Machining Cperation
Tool path points based an the turret axis swstem
|~ | Intermediate Stock ‘
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|~ cCallision Checking

Activate collisions checking

On geometri
{ Collisions checking on design part

Collisions checking on fixtures

Offset on tool shank 0.00rmmm =
Offset on tool assembly 0.00mm =
=
Minimum depth collision detection 0.00mm =
o« | Kimematics Checking
| Activate Kinematics Checking
Maxvariation on rotary DOF 45.00ceg
y = oK Cancel

Figure 4.20 Activétin_g intermediate stock and collision checking

Create and assemble tools and tool holders

To machine a part it is necessary to have a tool. Tools can be imported, the machine can have
a predefined tool catalog or the tools can be created. The tools used to machine the Iron Man
helmet had to be created; this was done using the Tool builder toolbar. Building the tools is
done in three steps, first create the tool, than create a tool holder and finally assemble them
together. Creating the tool and the tool holder is done in similar way, first select which kind of
tool/tool holder that shall be created in the menu and set the geometry in the dialog box as
shown in figure 4.21.
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Figure 4.21 Tool created
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When a tool and a tool holder are created they have to be assembled. To assemble the tool and
a tool holder the tool assembly functionality was used, illustrated in figure 4.22. When
clicking on the icon a new window pops up, the tool and the tool and the tool holder was
imported and imported and assembled.
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Figure 4.22 Tool and tool holder assembled in tool assembly creation

Create a tool catalog
In the same way all the tools to the machine the part was created. When the tools are created
they automatically linked to the machine in the PPR context shown to the left in figure 4.23.
The tools can be grouped in a tool catalog. By right-clicking on the tool assembly and
selecting Send to tool catalog under NC-recourse a new window appears. In this window a
new catalog was created and all the tools imported.
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Figure 4.23 Tool assembly sent to tool catalog
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Check reachability for tools

To check the reachability of the tools the Workpiece advanced mount functionality, used to
mount the assembly to the machine can be used. By clicking on the check reachability icon as
shown in figure 4.24 and selecting a tool it is shown in the window. By dragging the tool
around it automatically moves the machine to the same position. When a collision is detected
or the kinematics are exceeded the tool turns blue. This is a good way to get an overview of
which tools can be used to machine which surfaces of the part.

N X:156.926mm  1: 0.44
AN ¥:o25.1836mm )i 0.51

@ Z:24.6738mm K:0.74

Figure 4.24 Checking the reachability using workpiece advanced mount functionality
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4.4 Operation

Milling operations in DELMIA V6 Machining are divided in three categories; Prismatic
Machining Operations, Surface Machining Operations and Axial Machining Operations. In
these main categories there are sub categories and then the machining operations. Thanks to
the categories there are many different operations available. The placement of these with a
transparent menu, which can be seen in figure 4.25, gives the user a smooth and user friendly
interaction which makes the required operation easy to find and select. Each created operation
is placed in the Activities Process Tree and allows the user to easy manage the different
operations.

Figure 4.25Machining menu

When creating a new operation a dialog window appears, in common for all kinds of
operations are that the Parameters Tab looks the same. As you can see in figure 4.26, number
1 is the Strategy tab, here there are a couple of sub tabs where you define suitable parameters
for machining strategy, radius strategy, axial strategy, tool axis etc. The number 2 is the
Geometry tab; here the desired geometries are defined, limiting contours, which part to
machine, bottom, top, check element etc. Number 3 in the picture is Tools parameters, here
you select which tool or tool assembly you wish to use, you can choose one from a tool
catalog or one from the database. Number 4 is the Feedrate and spindle speed parameters tab,
required feeds and speeds are defined in this tab. Number 5 is the Macro parameters tab; in
this tab approach, retract, linking and clearance motions are defined, all motions when the tool
is not cutting. Each tab has a green, yellow and red light. Greens means that the mandatory
parameters are defined and can be computed, yellow means that the parameters are defined
but might need modification, red means that the mandatory definitions are not completed and
more information is needed before the operation can be computed.

Name: Example
Comment: No Description

'E’ﬂ’ Serb | A | ARC |
i) b2 o Vs

Figure 4.26 Parameters tabs for operations
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Geometry tab

In the Geometry tab the different geometry selection are user friendly and very illustrative,
they look like in figure 4.27. The geometries which must be selected are red and optional
geometries are orange. Also there are options like offsets on check, part and contour. You can
also select start and end points for the tool. All these works similar, you start by selecting the
red mandatory option and then make a selection on the part. You can also choose the whole
part or if you want to make a optional choice with just selecting a certain part or surface you
right click on the option and select for example Select Face or Select Bodies.

For example if you would like to choose a surface on a part. Simply click on the red part on
the picture which stands for your desired geometry, in this case a part. When clicking the
dialog window hides and you can now select the desired surface on the part. The red part on
the picture will turn green as in the picture below.

Limit Definition

Smm
[~ Collision Checking
® On cutting part of tool O On tool assembly.

Part l Check

Figure 4.27 Selecting part in geometry tab

The geometry tabs in figure 4.28 are all used in the appendix. Number 1 is Multi-Axis
Sweeping, here there are only three geometry options: Part, Limiting Contour ,Check and two
offset parameters. Number 2 is Multi-Axis Flank Contouring, here the geometry options are
Bottom, Top, Drive Element, Start and Stop. Here you can also select offset parameters along
tool axis and drive element, you can also choose if the tool will start or stop inside, outside or
on the selected start and stop selection. Number 3 is Multi-Axis Curve which is similar as
Number 2 except instead of a Drive Element you select a Guiding Curve. Number 4 is
Roughing here there are many more selections but only Part is mandatory optional selections
are Rough stock, Safety plane, Imposed plane and Zone order. Number 5, Profile Contouring
has the same selection as 2 and 3 except it is a 3-axis operation. Number 6 is Drilling,
selections are Top, Bottom and Circle pattern, selecting the bottom surface and the top the
circle pattern is recognized automatically. Number 7 is Pocketing and the selection which is
new here is the Island in the middle which can be removed and a choice if the pocket should
be open or closed.
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Figure 4.28 Geometry tabs: 1) Sweeping, 2) Multi-Axis Flank Contouring, 3) Multi-axis
Curve, 4) Roughing, 5) Profile Contouring, 6) Drilling, 7) Pocketing.
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Strategy parameters tab

The strategy tab looks little different depending on which operation you wish to create, this
can be seen more precisely in the appendix, but the fundamentals are pretty much the same.
One great help in this tab is that there are question marks behind each selection, when clicking
on the question mark a small window pops up with a short explanation on the selected
strategy, see figure 4.29.

Iaxirnum cut depthi

Figure 4.29 Maximum cut depth

In the strategy parameters tab there are a couple of sub tabs, depending on which operation is
selected the tabs might be different and depending on which parameters you select in one tab
different selections are available in the other. In figure 4.30 the operation is Roughing, in the
Machining tab you select strategies as tool path style, machining mode, cutting mode etc. In
the picture above the tabs you can see the selected tool path in an illustrative way. In the
Radial tab you can select strategies as which kind of radial stepover you desire and what
parameters. The axial tab has the option to select what cutting depth you wish to have, the
High speed milling (HSM) tab you select corner radius etc.

The big difference between 3-axis and 5-axis operations in the strategy tab is that the 5-axis
operations have a tool axis tab. In the tool axis tab you select what kind leaning on the axis
you wish to have, as for example a lead and tilt which means that the tool will lean in the
cutting direction and lean normal to it as well. This option is very useful to be able to define
and optimize cutting angle which gives both better surface and longer lifetime on the tool.
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This tab can be very complex and you can select different angles in the same operation if you

have a side or a pocket with a curved bottom and different angles on the walls.

A | §6 | Se | A | B8R |
over a sensitive area,

Mave the cursar av

Machining ‘ Radizl | &dal | Zone | Bottom | Hsm | output |

Machining made: rea v | Outer part and pack v | ?
[pImm T ?

Climb ?
T I

Tool path style:

< [

El
4

[ Radlial first

Figure 4.30 Strategy sub tabs

Tool parameters tab

In the tool parameters tab you select either tool or the tool assembly, there are three ways to
import tools, se example in figure 4.31. If you already have imported tools to the machining
cell you can simply select between those tools. You can also choose to select tools from an

existing tool catalog, or import them from the database. When you select a tool the drawing of

the tool appears as you see in the picture below, you can also select a wider view to see the
tool parameters as predefined tool technology, feeds and speed and compensation.
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B | ¥ | Sl | | 26F |
Assembly:  Small D3 (Small D3)
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Figure 4.31 Tool parameters
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Feedrate and spindlespeed parameters tab

Selecting feedrate and spindlespeed depends on which kind of tool cutter is selected, which
type of material and which type of operation. You can select to choose the predefined feeds
and speeds from the tool or define specific parameters. It is possible to have a percentage
reduction in corners and different parameters can be selected for roughing and finishing.

Macro parameter tab

Macro parameters are the machine motions when the cutting tool is not in the workpiece.
These are vital to optimize the machining time, try to avoid unnecessary motions when
selecting the linking between one tool path and another. The approach motions are important
to be able to have a fine surface on the part, to avoid a undesirable result try to use approach
motions that follows continuing tool path. Selecting the desired motions can also be used to
avoid collisions in a transition between one operation and another. Because of this it is
important to have knowledge about how the CNC machine works and what motions are used
when changing a tool or when starting a new operation. You can also define different speeds
in the motion to optimize the operation. You can see an illustrative explanation in figure 4.32
on how motions can look like.

lacra ramping Angle ; 20deq
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Figure 4.32 Example of macro parameters

Computing an operation

Each operation must be computed to verify and control that the tool path is as desired and no
mandatory options missing. When an operation is successfully computed and a green pattern
is displayed behind the operation in the Acitivites Process Tree illustrated to the right in figure
4.33. The easiest way to compute the operation is simply to press the compute button in the
operation window, to the left in the picture. Replaying the tool path is not possible if any
mandatory option is missing or not correct. If any errors occur like collisions a dialog box
appears and informs on this, clashes are then displayed in red and out of boundary kinematics
movements are displayed in blue, these colors you can edit and select yourself.

ﬁ Roughing.1

Roughing.2

Picture 4.33 Computation in the Activities Process Tree
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Computing the tool path is a way to see every tool motion and movement. In figure 4.34 a
tool path computation is illustrated, you can choose between different viewing options. You
can select to view point by point replay with or without axis movement etc. In the replay
positions you can see how long the tool path is and which the current position is, below
feedrate and axis motion moments are displayed and total time.

i~ Tool animation

wlov]|»

— Replay positi
Stat 1 B

Currentluu’! E&]

End 1407 |

Feedrate =1000mm_mn

X=137.795mm Y¥=54.965mm Z=11.678mm

1=0.680321 )=0.628825 K=0.376487

Machining time = 1mn 2.56072s Total time = 3mn 11.179s

— ( 100l Chan..rspets, 1)

Figure 4.34 Computing the tool path

Computing the tool path with material removal is a way to see how the finished result will
look like depending on surface etc. There are options to select if you would like to analyze the
result and how much material is left until de original design is achieved. Different colors are
displayed depending on which tool is used. In figure 4.35 is an example of how the result
could look like.

Figure 4.35Material removal
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4.4.1 Prismatic Machining Operations

Prismatic machining operation is a category with 3-axis operations where all selections are
mostly manual comparing to 3-axis roughing for example. When selection an operation and
after that the part the machining feature of the product design is recognized automatically
which gives a reduced tool path programming time. For the Iron Man part only one operation
where used from this category, for the appendix a second, a third and a fourth operation was
selected as well.

Pocketing operation

This is a operation to create open or closed pockets, with or without island and with a hard or
a soft bottom. To optimize the geometry definition there is an option the select automatic
island and contour detection. By having the option marked when you select a bottom those
parts will be detected automatically. In the strategy tab there are different tool path styles to
select between and the high speed milling (HSM) selection is also available which you can
see to the right in figure 4.36. With the HSM option available there will be a corner radius, as
illustrated in the small box in the picture to the right, this will allow the tool to move much
faster without having tight turns which gives a longer lifetime to the cutter. More specific
about pocketing operations is explained and illustrated with an example in the appendix.

Offset on Gheck : 0mm Offset on Top : Omm

Tool path style: [Outward spiral morphing -

- - - Outward helical
Machining | Radial | Axial | Trwvard helical

" Island Detection Back and farth
r [0 High Speed Milling BTk anate

: Offset on part One-Yia
Bottom : Hard ||«#* Contour Detection P ) ¥
Carner | Carner an Finish | Dffset an part Zig-Zag
Concenttic

Offset...

Offset on Soft Baundary : Omm

Offset on Hard Boundary ; 0mm Corner radius: |1mm Outward spiral morphing
Offset on Gontaur ; Omm Opan Pocket Inwrard spiral rmorphing
Offset on Battom : Ormm Start : Inside ) Lirnit angle: | 10deg

Extra segment overlap: [ 5 m .

[ Guide Cornerization

Guide Corner Radius:
Figure 4.36 Geometry tab and Strategy tab in Pocketing operation

Profile Contouring

The operation works sort of that the tool will follow a hard profile and remove the material in
axial direction. There are four different modes to select between in the in geometry tab, as can
be viewed in figure 4.37; Between Two Planes, Between Two Curves, Between Curve and
Surfaces and By Flank Contouring. In the strategy tab the tool path styles are Helix, Zig zag
and One way, illustrated to the right in the picture is Helix tool path style. Other selections are
the sequencing, you can choose between axial first or radial first.
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Figure 4.37 Profile contouring, geometry tab and strategy tab

Point to Point Operation

The operation allows you to move the tool from one point to another. In this project the Go to

strategy was selected, that means that the tool goes from the earlier operation to the selected

point. The operation was used in the exercise in the appendix because of limiting space when

going from one prismatic operation on one side to another on the other side. By moving the

tool to the selected point the A axis hade space enough to rotate and aloud the next operation

to proceed without any clashes.

Curve Following operation

This operation is used by selecting a curve or a line and the tool will follow it, there is also an
ability to choose an offset to the line. This operation can be used to create a small pattern or a
text on a surface. In the Iron Man helmet it was used to follow the contouring lines in the side

of the face as you can see by the yellow lines in figure 4.38.

Figure 4.38 Curve Following operation on the Iron Man helmet
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4.4.2 Axial Machining operation

There are different operations available in Axial Machining operation; Drilling, Drilling deep
hole, Thread Milling, Reaming, T-slotting etc. When select a drilling operation, which is more
specific in the appendix, in the geometry tab you can select top, bottom surface or positioning.
When selecting a hole, in e predefined hole pattern, it is available to choose the whole pattern
and then to select which hole to start with. In figure 4.39 is the Axial machining operations
selection menu.

SRSV AR

~ )

-_‘-’
3- -"- _IH_ .é. Sla ul IEI

Figure 4.39 Axial Machining operations

4.4.3 Surface Machining operation

In the surface machining menu are the most complex operations, selecting between 3-axis and
5-axis operations, roughing and finishing. There are many different options available for each
operations and even more parameters. The 3-axis operations are mostly defined automatic,
you select boundaries and the product to machine and the tool path is selected automatically
whit macros etc. This does the selection a lot faster and optimizes the process. The big
different between 3- and 5-axis operations in surface machining are that the 5-axis operations
are defined more specifically where it is important to find the right tool axis angle and cutting
directions.

Roughing operation

The definition of the operation is very smooth and easy defined. As you can see in figure
4.40, you select rough stock, check elements and the whole part. Then you define the top,
where to start, and the bottom, where to stop, and the angle of the axis. The tool path is
selected automatically, the same was done in the appendix as well.

L et B

ALY PR

I 12 (M Il T

| oftsetGroup:  [None

Tool/Rough Stock
| Manimum thickness to- '"""""[Whm—a

|~ Uit Deftion

Dllgnore holes on stock Dimeter[Hmm [
O Compute with tool holder  Offsetan sssembly [ [

Figure 4.40 Geometry tab in Roughing operation
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The parameters in the strategy tab and the macros are as seen in figure 4.41. The tool path
style is selected as By Offset on part with Zig-Zag, it means that the tool will start the cutting
from the outside in a motion that follows the geometry. The radial, axial and HSM parameters
are defined as well and there is no big difference there between earlier operations. The
difference is in the macros, as you can see on the top right corner of the picture the macro tab
look different. The macros are selected automatic and editable parameters are listed below,
you can choose between different modes as Ramping, helix, plunge and radial only. In macros
there are also an option to select Optimized retract, with this option the tool retract motion is
optimized taking in mind that material have been removed so the retraction does not have to
go up to a safety plane and by this saves a lot of time. The option also takes in consider the
rough stock, but it is important that the material have been removed so no collisions occur.
One problem with the Iron Man helmet was that the bottom was defined as a plane in the
middle of the face. To avoid a big scallop when roughing on one side first and then the other
side, and negative offset was put on the bottom, the problem now was that the tool could not
reach that for down and collisions were found, this because of the parts radius and the tool
cutting length.
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Macro Management

Radial safety distance: [ Gmm
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Machining mode: [Ey &rea ~|Outer part and pack ~| 2
el e S [By Offset an part with Zig-Zag -
[Helical -]
hachining talerance: O drmrm = ?
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[E Part contourin ?
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Figure 4.41 Strategy tab and Macro parameters

To avoid these collisions and be able to do the roughing in only two steps one more option is
available and very special for this operation. It is the 3/5-Axis Converter as you can see
marked in the bottom left corner in the strategy tab above. This option allows you to give a 3-
axis operation 5-axis motions to avoid the collision. In the 3/5-Axis converter you can select
collision checking which is explained in figure 4.42. This selection forces the tool to move in
an angle when a collision is detected. Selecting the Machine kinematics tab allows only
movement in the machine kinematics and tells you if a motion is possible or not. It also
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removes points created outside the axis limits. These two options are very effective and give
you a great opportunity to optimize the operation to have 5-axis motions, which are slower,
only where needed. This was not possible to create in the Iron Man operations because of the
complexity and the Global modification was needed. The global modification puts an angle
on the tool axis on the whole operation. In this case the angle was put at 8 deg. The next
option is specific macros to the 5-axis motions, the available macros are approach, retract and
clearance. When these where selected the operation could be computed and successfully
simulated.
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Figure 4.42 3/5-Axis Converter option

The result of the roughing is illustrated in figure 4.43, the next step was to copy this roughing
operation and reverse the tool axis and the complete roughing was done.

Figure 4.43 Simulation on the roughing

Multi-Axis Curve Machining operation

There are three different types of selections in the geometry tab; contact, between 2 curves
and between curve and part. In all three modes you select two different geometries, either two
curves or one curve and one part. One you choose as guiding element and the other as
auxiliary guiding element. In the strategy parameters and macros are the same options as
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profile contouring except from tool axis choices where you can select different angles on the
axis depending on your part and tool. This operation is more specified in the appendix.

Multi-Axis Sweeping operation

This is a finishing operation and because of this there are not as many options in the geometry
tab. There should be only a thin surface left to create the finishing operation and get the
desired surface. There are two ways of selecting part; either by selecting the body and
defining limiting contour or by right clicking and selection Select faces... the selection is very
effective and if there are no sensitive parts no other selection is needed as you can see in
figure 4.44.

Figure 4.44 Selecting face in Multi-Axis sweeping operation

In the strategy tab there are two important parameters, selecting start direction which is the S
axis on the part in the picture above. The start direction is the tool path direction, depending
on the part and check sensitive elements near this one is very important, it is also important to
get the finished surface as desired. The tool axis definition is important for the surface finish
as well, the angles of the tool should be optimized for the part to be machined. Because of the
importance on the surface finish in a finishing operation as multi-axis sweeping there are a lot
different Tool axis modes available. The different modes are illustrated in figure 4.45. The
tool axis mode used in the Iron Man helmet and Appendix is Lead and tilt, the angles are
explained more specific in the appendix. The tool path will be in a sweeping motion and have
a lot of linking and different levels and because of the importance in the surface finish this
also leads to the importance in the macros, the linking between tool paths are important to be
smooth and at the same time effective because the 5-axis operation takes longer time.
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Multi-axis Flank Contouring operation

This is one of the most advanced operation and is used on flank sides, either pockets or
profiles. The operation is mostly used in the aerospace industry where profiles need different
strategies in the same operation to avoid collision with the drive surface. Selecting drive
elements, parts and start and stop is the same as in the earlier operations. When the selections
are done there is an option to edit local modifications. Right click on the drive element
selecting and select Local Modifications. A list with the different drive elements appears and
by double clicking on one an option box appears. Here you can edit navigation on one drive,
specific tool axis and slowdown rate.

Local drive surface 2 o - —
¢
- Navigatmn: 2
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Picture 4.46 Edit local parameters

The big difference is in the strategy tab, tool axis, where there are many parameters and all are
depending on which part you want to machine. The fanning distance to avoid collision with a
drive surface is illustrated in the small box in the top left corner in figure 4.47.
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Figure 4.47 Strategy tab, tool axis with fanning explanation
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Diffenrent Tool guidance are:

Tanto fan: This is the basic strategy and gives a good continuity through the tool motion. For
structural parts it is less used because you cannot control the collision with the driving surface
illustrated in figure 4.48.

Figure 4.48 Tanto fan guidance

Combin Tanto: The strategy ensures that the tool stays normal to the part in the forward
direction with a fanning at the beginning and at the end of the tool motion. It is suitable for
circular pattern and planar drive surfaces, illustrated in figure 4.49.

Figure 4.49 Combin tanto
Combin Parelm: This strategy makes the tool follow the isoparametrics of the surface with

fanning at the beginning and end. The strategy is suitable when the drive surface have a good
orientation, illustrated in figure 4.50.

Figure 4.50 Combin Parelm
Mixed Combin: This strategy provides a Combin Tanto on planar and cylindrical surface and

a Combin Parelm in other cases. It is the best suitable strategy for structural part flank
contouring illustrated in figure 4.51.
2

\ [}

\/

Figure 4.51 Mixed Combin
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4.4.4 Choosing operations

Identifying which operations are suited for a certain part depends on three things; what kind
of part is to be machined, what kind of machine is available and what kinds of tools are
available? The Iron Man helmet is a part with many shapes on the surfaces and a lot of tight
spaces. The machine has relatively small motion movements in Z-axis and in B-axis and the
smallest tool available was a D3 End Mill with an axial limit.

With the limits on the machine motions and the shapes on the surfaces of the Iron Man part
the possibility to create a 3-axis operation was not an option. But thanks to the 3/5-axis
converter in Roughing operation, the roughing could be done relatively fast with mostly 3-
axis motions and 5-axis were needed. On the rest of the big surfaces Multi-Axis Sweeping
could be used which aloud change on the tool axis angles to fit the machine motions.

On the back side of the part and on a place on the top the easiest way was by Multi-Axis
Contour Driven where you could control the limits on the contour better. This was needed
because of the height difference between the surfaces and the edge limits where macro
motions where strictly limited.

In the eyes and the ears the walls are leaning and the bottom is a shaped curve at the same
time as the space is very tight. To be able to create a fine surface finish on both bottom and
wall there was two different types of operations needed. One was Multi-Axis Curve
Machining and the other Multi-Axis Flank Contouring, with these operations the machining
on these complex parts of the part was possible. In the end the last operations needed was
Curve Following which could bring out all the contours.
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4.5 Verifying

It is important to be able to verify the machining operation to be able to eliminate errors as
collisions and motions outside the kinematics. When the machining program have been
verified you need to generate an NC code to be able to produce the product. In this chapter is
described a couple of ways to verify the operations and then to generate an NC code.

4.5.1 Simulation

There are a couple of different ways to verify an operation, the easiest way is by computing
the tool path as described in the operation chapter. This simulation only regards the tool
motions and you are not able to see the machine movements. There are two different ways to
simulate the operations regarding the machine kinematics, one way is directly in the machine
programming workbench and the other is by selecting the machine simulation workbench.

Simulation in the Machine programming workbench.

There are a couple of ways to do the simulation, either by tool path or by an existing NC code.
You access the simulation either by right clicking on the Part Operation in the Activities
Process Tree or by selecting it on the west side of the compass in figure 4.52.
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Figure 4.52 Accessing the Machine Tool Path simulation

When the simulation is started there are a couple of selections available, to view the machine
kinematics select Data Readout in figure 4.53. On the simulation player you can view cycle
time and stop and play the simulation. In this mode clashes on the part is displayed in the
color red and the same with failure in the kinematics motions. Though they will not be
displayed automatically or logged.
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Simulation in Machine Simulation workbench
Accessing the workbench is done by Selecting Machining Simulation on the west side of the

compass in figure 4.54. When selecting it a dialog box pops up where you name the
machining simulation, when that is done the machining simulation workbench is open.

Machining Simulation i [ x ]
il

|—Simulati0n Context Mame i
| MachiningSimulation 45122943 |

Context Created By

| "Simulation Description

Figure 4.54 Accessing the Machining Simulation workbench

The simulation look very similar but the difference is that you can access more tools to
analyze the operations. In this simulation collisions and motions outside the machine
kinematics will be notified and warnings appear as you see in figure 4.55, you can also view
which operation is working right now. You can select to save the simulation to analyze it later

or to create a demo.
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Figure 4.55 Simulation in Machini‘ri’é/syimulation

4.5.2 Generate NC code

To create a specific NC code for the machine you need a post-processor. If you do not have a
post-processor you can still create a general NC code in APT, CL or ISO format. The post-
processor is defined in NC-resource which is described in the Setup chapter, and the specific
selections to create and view the NC code are described in the appendix. In the figure 4.56 is
an example of an NC code and the generate NC output dialog window where you select which
format you want the code.
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Figure 4.56 Create NC code in APT format
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5 CREATING EXERCISE

This chapter describes the work to identify which operations and steps in DELMIA V6 that
was identified as the most vital areas and how the step by step exercise in the appendix were
built after this steps.

5.1 Identify vital areas

To write a step by step manual how to perform a CAM preparation a division of which
functions to include and which not had to be done. This was done by starting at square one to
make sure that the manual is adapted to the audience. The machine was built and a full CAM
preparation of the Iron Man helmet was done. Five steps for a full CAM preparation were
identified; Building NC machine, Assembly, Setup, Operation and Generate NC-code.
Building NC machine is not typical what a NC programmer works with and it is not necessary
to have a NC machine to build up a CAM preparation, which is why the appendix does not
contain this part.

When it comes to the Assembly three things were defined as important to transact a full CAM
preparation. The part that will be manufactured always has to be mounted in the machine
somehow, this is why assemble the part with the fixture is an important step for the manual.
To be able to mount the part in the machine an axis system for mount point and a reference
axis system have to be defined.

In the Setup phase four main steps to make a full setup were identified. The first step is how
to connect the assembly with the machine. Second step how to define the machine axis
system. Third and fourth step are how to create tool assemblies and how to check the
reachability for the tools.

Operation
a. 3-axis
i. Prismatic machining
1. Pocketing
2. Profile contouring
3. Drilling

4. Point-to-point

il. Surface machining
1. Roughing

b. 5-axis

i. Surface machining
1. Multi-axis curve machining
2. Multi-axis flank contouring
3. Multi-axis sweeping

Figure 5.1 Selected operations
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There is a lot of different milling Operations in DELMIA V6, to make a more pedagogical
manual a selection of which operations were most useful was done. The selected operations
are shown in the figure 5.1.

Verify and generate NC-code is the last phase to build up a full CAM preparation, two
important steps were identified. The first step is verifying tool path and make a full collision
checking. The final step to complete the preparation is to generate the NC-code.

5.2 Building exercise

To assemble the part with the fixture, insert axis systems, assigning an NC machine and create
tools are done quite similar no matter what part you have. Also verifying the tool path and
generating the NC-code are done in the same way. What is different for different parts are
how the operations are built up. To make the exercise easy to follow through one part with all
the different operations were created. The idea with this is that the user can follow the whole
working process from having a part to generating the NC code. The part that was modulated is
shown in figure 5.2.

Figure 5.2 The part to create with the step-by-step guide

The pocket on the front was made to use the pocketing operation and the hole to the right of
the pocket for a drilling operation. The profile on the back of the part was made to use a
profile countering operation. In the pocket on the top with the sloping walls multi-axis flank
contouring and multi-axis curve machining is used. The material between the top and back is
removed with a 3-axis roughing operation before it is finished with multi-axis sweeping.
Point-to-point operation is used to avoid collision when switching from one side to another.
When the part was done a full CAM preparation on the part was done. Each step was
documented in a pedagogical and explanatory way with pictures and relevant explanations.
The document was complemented with a general introduction of how DELMIA V6 works.
The full working process in DELMIA V6 can be seen in the appendix.
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6 CONCLUSION AND RECOMMENDATIONS

As a conclusion we feel that the machining program in DELMIA V6 is very mature and well
developed. The machining program have a very wide ability for creating any kind of
machining operation, all from easy 2.5-axis operations to the most complex and advanced
multi-axis operations. With the illustrative and easy understanding parameter tabs it makes it
fast and easy to define operations and optimizing the whole process. The overall feeling is
that the program is very user friendly and thanks to the transparent menu it is easy to select all
the different operations and utilities. Together with the database the whole working process is
made smoother and faster, it is easy to access different products, parts, machines, PPR
programs and tools. The total design of the program and working environment with the
database, PPR tree and Activities process tree felt very natural to work in and is something all
companies should aim for. The implementation of machining in DELMIA V6 gives it a totally
new dimension from the CATIA V5, because you can use it to optimize the whole process
together with robots and workers in the workshop.

Creating the machine in the Robotics device building was much faster and easier than with the
old system with axis systems. Defining machine parameters was also very smooth and
connecting the machine to a defined tool catalog spares you a lot of time.

If there would be more time for this project we would have done some more tests with the
step-by-step guide to see that we have not missed out on any point. We also wish that we
would have more time with the simulation tools to do some analysis to be able to optimize
and create a process with high efficiency.

Some recommendations and ideas for future work are to create a post-processor so that the
ability to create a part in reality is possible. Another recommendation is also to broader the
view and implement the machining operations in manufacturing planning and by that
optimizing the complete production process and create an efficient workshop strategy.
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Introduction

To start a new session first select a data source, the server

you want to connect to. To connect to the ENOVIA server you g~ Foerua
need to type down your user name and password.. T
ser Name SRR =

Password  eeesese

T ()

..then press options and choose your security context

F

ons for ENOVIA V6 T 2

Security Context! VPLMLeader.Company Name Standard

..press OK and the DELMIA browser

opens

Previous Next Finish Cancel

andard
Cormpany Name.Standard
nistrator.Company Name Standard
VPLMAdmin.Company Name.Default

VPLMRwimer,ComEaﬂ Nare.Standard




Overview
The first page that opens is the Quick start,
here you can see your recently used files and and

open them directly for a quicker start

1. The start button, here you will find
all the workbenches

2. The search button. To search in the database you need
to write down a search string, example product called
“exch_product_machining”, the search string should be

“prd:exch_product_*”

3. The propagate button is to save a change to the
database

5 DELVGAVB- ko] — - —

B [t Mew ot et T Wedow B
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Dowime | + |

Most Recently Used

Tutonids
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Import a file
To import a file to the database there are three

different ways depending on the format.

Import CATIA file
1. PLM Access > Import > CATIA file

2. Select your file and press Open,

click OK and Import

3. Select properties
and change the
products name
and then propagate
the product to the
database

®

=) = [Quick Start]
%ﬂn View Favorites Dwert Tools Window Help
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. Advanced Search..
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To create a complete machining operation in DELMIA V6 there are four steps you need to follow

1. Assembly
a. Part
b. Fixture
¢. Rough stock

In this step you choose your part and
assembly it with your fixture. Insert
axis systems for mount point and
reference axis system

2. Setup
a. Machine
b. Tool assembly
i. Tool
ii. Tool holder
c. Define axis system

In the setup you connect a machine

to the part and the tools to be used.
Define reference axis system to use and
check the reachability




3. Operation

a. 3-axis
i. Prismatic machining
1. Pocketing
2. Profile contouring
3. Drilling

4. Point-to-point

ii. Surface machining
1. Roughing

b. 5-axis

i. Surface machining
1. Multi-axis curve machining
2. Multi-axis flank contouring
3. Multi-axis sweeping

4. Verify and generate NC-code
a. Simulation
i. Verify tool path
ii. Collision checking
b. Generate NC-code
i. APT, CLData, ISO




ASSEMBLY

1. Open the Assembly design workbench
a. Name the product

2. Insert part and fixture
a. Right click on top of the tree >
Insert > Existing 3Dpart

b. Type down the search string
c. Select your part and place it on the window

repeat step a for the fixture parts
To make the engineering connection
easier place the fixture parts close

to the main part




3. Click on the Engineering connection button

Select the edge on the fixture
Then select the edge on the part

The two parts will automatically move and

Be placed as you see in picture b

Select the face on the fixture first

and then the face on the part

Right click on the type of connection >

Replace > Offset

Change the offset parameters to -34.8mm
press OK > OK > and YES to the dialog box
Repeat the whole step 3 for the other side

~

&

Type: G Revolute

Type  Mode Opti. Support

@ %




4. Insert axis system

a. Axis system for machining reference

i.  Click on the axis system > select the part as
3D shape > click OK

ii.  Right click on origin selection >

Insert wireframe > Create point =
iii. Select the Reference point on the — ‘ N,

bottom surface and then select the

point type as Coordinates e i
and edit the Z = - 85.5mm > OK e iz
iv. Definethe X, Y and Z as you see

in the picture

v. Change name on the axis to
ref system




b. Axis system for mount point

viii.

Repeat step i.

Select the origin by clicking
on the ref systems origin
then define the axis as you
see in the picture

Name the axis system
mount axis

JOET e 5ystem\Origin

Waiss [ Reverse
f st O Reverse
Z wis: O Reverse
[ Current  Right-handed




5. Start a Machine Programming session

a.

Click on the start menu > click

Machining > select Machine Programming

Bt

1Marne Like xch*

2 PPR Editor - xc...ort -~ IN_WORK

3 xch_rapport_part --- IN_WORK
pgxchrvappm@pm Ukt - IN_WORK

[ [r—

Systems
Shape
Mechanical
Eguiprnent
Knowledgeware

Simlation

Digital Mackup
Manufacturing Planning L Rapid Prototyping
Robotics

Ergonomics

() Automation

@gAﬂAuve Shape

£y Quick start .
@ " g Ready for selection ~ ', Readyto chat
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SETUP ( )
@ DELMIA V6 - [PPR Editor - PPRContext4540]

[5= PLMAccess  Edit  Wiew  Favorites  Insert  Tools  Window

B = W LR HbmE QS

1. Importing a machine
a. Select the Machine configuration view >
click on Assign a machine from database
b. Select from search > enter the search string > ‘U

- . (4
Search > choose machine and click OK (O

)7 BLM fccess Edit  View Fsvorites Insert Tools  Window  Help

15 0 PR FTHBAQALA00 6 EE #5
Machine, part and reference system are placed very far
from each other. If you want to see them all press

fit all on the top tool bar.

4/18/2..
4 xh_nNWORK Y xch_new 3 axis 4/18/2..€

L — »
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2. Mount product on the machine
a. Select Workpiece advanced mount
b. Click on Mount the assembly
c. Select the mount axis on the PPR tree
d. Click to validate and press OK

Q» LELWIA VO - [T EQITOT - MPICONTexta24y] | p—

[55 PLM Bccess Edit  Wiew  Favorits  Inset  Tools  Window  Help

()5 KRR BEBARLATE, &=
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3. Define ref axis in part operation
a. Double click on the part operation. 1 c. Inthe dialog box that appears click on the origin
and then select the origin on the ref system on the part

d. Click on the axis system in the dialog box and then select
the ref system on the PPR tree, press OK

in the Activities Process Tree
b. Select Setup and Select reference machining
axis system

Q‘: DELMIA V6 - [PPR Editor - PPRContext4540]
[ Edit  Vim




4. Define Part operation

a. In the part operation.1 dialog box click on the
rough stock and then select the rough stock in
the PPR tree

b. Click on the fixture in the dialog box and
select the two fixtures from the product

c. Click on the part in the dialog box and
select the part

5. Define options

% |Engineering Connection

WO

Setupl <]
RPN 1C 5sembly_Product4s42,1

a. Click on options and select
Activate collision checking
Activate Kinematics Checking




6. Tools

Import/List Tool Assemblies

Tools will be imported from an already created tool catalog in

the database.

(@ \
reh Tool Assembly. | ]

Lookin:xch tool catalog MODIG
5|u|@|@|‘a|§|@|@|ﬂ|w|e.|@|%(l_&nlg|dm,|ea|m

Name;

a. Click on Import/List Tool Assemblies

‘ ‘\J
TS T ~
Cornment Gage1 Power

b. Select the required tool list

Meme  Comment Gage 1 Power
Dl B W Fied

c. Select end mill tools, mark the tools
that are required: D8, D10 and D3

Harme Comemers. Way of retation Tacth material Tooth des
Righ hard

cription Aol ool rake angle Ny

mmmmm

xch_barr D10 High speed s... ] H

xch_D12_Ref_lang

d. Repeat step a and b again, this time o z

select drill tools and Drill D10

1Taal Assembly founet

e. Imported tools are placed
in the PPR tree
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Simple | Advanced
Narme:
Tool mbli
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OPERATION
Overview

On the top left corner is the PPR tree where
the whole Machining Cell Product is with ' :

saved data as the Assembly, the Machine I o W -Era
and the tools. + N I o eo
On the right is the Machine configuration view iZ
where you can see Work piece mount point

Tool mount point and the Configured tools

for the operations

woductd05!

Prismatic Machining Operations
Pocketing, Profile contouring
Point to Point

Surface Machining Operations
Roughing, Multi-axis sweeping
Multi-axis curve, Multi-axis flank contouring

Axial Machining Operations € <D & M,'._‘L 7]
Drilling . S O G




To select faces for a machining operation you
must first click in the operation window on
what you want to select

In this example multi-axis sweeping on a
section of the face.

Secondly you choose the section on the face

you wish to machine.

This method is used for all selections on the part,
Surfaces, bodies, guiding lines, limiting lines etc.

The Activities Process Tree is where each
created operation is listed operaton 1

= E M anufactur..g Program.1

together with the whole Part Operation.1

=4 T Tool Ch lang.1)

=/ Roughing.1

the Manufacturing Program

and Tool changes.

All the rest of the operation will follow
each other in the tree.

The Green pattern behind a operation
means that the operation have been

computed.




g.g.ﬂu@l-* .

L E [ i« ¢

Starting with the 3-axis operations.

El

1. Pocketing.1
a. Mark the Manufacturing program
in the Activities Tree click on
Prismatic Machining Operations
and select Pocketing

The Pocketing dialog window will open, the window

On the picture is the Geometry Parameters. Here you

choose the geometries to operate in the selected operation

b. Start by selecting the bottom in the
Operation window, then select the o
Bottom on the part - o - [

Offset on Hard Boundary ; omm

Oifset on Contour : Omm Open ~ Swap ha

Cffset en Bottom : 0omm Start |

s
Relimitation point detection

The contour on the Island and on the Walls will automatically be
selected, Green in the operation window. Because of the

radius on the bottom of the pocket these needs to be defined

separately.

c. Right click on the wall and select Remove
All Contours, repeat this step for the Island




._'.3'

Click on the wall to select a guiding element
for the pocketing operation

Click on the edge as you see in the picture
Select Navigate on belt of edges the dialog
box until you have a Closed Contour, press OK
Repeat for the Island and select the contour

(N

Glick to change Start

Offset on Check : omm  Offset on Top - omm

Bottom : Hard

Offset on Soft Boundary : omm

Offset o Hard Bourdary : Omin

Offset on Gontour ; Omm Open Pocket
Offset on Bottom : 0mm Start : Inside

as you see in the picture. This time you have
to select the edges manually because of the angle
Select the top

Simply click on Open Pocket

and it will change to Closed
Pocket

Right click on Check in the
Operation window and select

By Bodies. Select the two fixtures
who are attached to the main
part in the assembly product

Rermove

Lnalyze...

Offset..,

mment: M chipti
S | M | e | B | BRC
Festure: [prigmatic machining area.l ']M

Double click to edit Offset on Contour

ion

Offset on Top - omm

Offset on Cheak - 0mm

Bottom : Hard

Parameters




k. Continue to the Strategy parameters,
in the Machining tab select parameters
as in the picture

I. Inthe Radial tab select Mode as
Tool diameter ratio

By clicking on the question mark
a dialog box appears with an
explanation

Change the parameters to
Percentage of tool diameter: 30
mark Avoid scallops on all levels
and Always stay on bottom

m. In Axial tab select Mode as
Maximun depth of cut and the
Parameter to 4mm

n. Continue to the Tool selection

i.

Click on Select tool assembly
from current machining cell
Select the tool assembly

D10 Rc2

Ty
Machining | Radial | Asial | Finishing | HSM |

Direction of cut ?

Mackining tolerance: ?
Eo——
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Taol path style

amm
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A | 86 | 2D | B | AR |
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[ Percentage of taol diameter 30 o )
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-
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O
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Cancel
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o. Contmue to Macro parameters

Right click on Approach and Retract
and select Activate, Green light will
appear when activated and
computed

For Approach: select Add Helix
Motion and enter the parameters
by double clicking on them

Macro ramping angle: 20 deg
Axial ramping: 10 mm

Select Add Axial Motion

For approach:

Axial: 10 mm

For Retract:

Axial 20 mm

Axial 40 mm

| Mamme:

@
Pocketing.1

ﬂ!“

Pocketing.l

Comment: Mo Description

ECRRL HWH | 8 | 202 |

a
aLews

O
(IRt n finish pass Retract

vel Approach  Returnina Level3  Build by user

Mod:

Defini

|5

Current Macro
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ition | Options |
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HEd
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Macro Name Mode =
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Ta safety plane £
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8

)/ Clearance Clearance.1
0 Linking Retract

() Linking Approach

O Retum in a Level Retract
0 Return in 3 Level Approach
() Retum finish pass Retract

Linking.1

Linking.1 Circular hotizo...

Return in aLevel 3 Build by user
Return in aLevel 3 Build by user

Retun Finish Path.1  Build by user

Ll
CurrentMacro Toolhox

Definitior | Options |

Mude Build byuser

Edit Parameter
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Cancel
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p. To compute click on Tool path replay,
if any dialog box appears click OK and

ignore
f
Tool path simulation appeatrs,
here you can verify that the tool path
is correct.
i. Select Video to see
the simulation on the
tool path with
material removal
e

Pocketing.1 P/ =
i~ Tool animatian J y @ @ g]‘l@g'l

AL =

Eir
AL

o oo —— 0 e

Start 1 &I

Current [273 =

End 278 B

Feedrate =RAPID

H=110.289mm ¥=100mmm Z=-26.43Frmm

I=0J=1K=0

Machining time = Imn 3530265 Total time = mn 4.627s

Click OK in the Tool

path dialog box and
then OK in the
Operation window.

The Operation is placed
In the Activities Process
Tree

~Tool animation

“ 5,||| bl»
]

~ Replay positions

Start ||

Current [ . &

End ||




2. Point to Point

Because of the 3-axis operations, the machine needs

space to change side on the part to avoid collision
with the tool. There for a point have been created
that will give the rotation axis enough time to
switch side.

a. Select Point to Point operation
b. Select Goto Point
c. Select the point

Paint to Point

-

Marme: Point to Point.1

Commenti Mo Description

il | G | B | AFC |

Select Motion(s) or items in panel

Motions | Strategy

Rank  Status Marme Type Local Feedrate Delta Mode

DX DY

il | <=
H

|| =
I




A tool axis appears on the point. To make the transition for the
next operation easier this axis needs to be rotated.

d. Double click on the Tool Axis text

e. Change the parameters to f )
1:0
Tool Axis

J:0

K:1

Select OK, m _

isplay tool [ Display machine
@ Default position ' User-defined position D

Compute and accept.

The operation is placed

in the Activities Process Tree

4~ Paint to Paint .1




3. Profile contouring.1
Select Profile Contouring

a.
b.
c.
d.

Select top

Select bottom

Select limit lines

Right click on the wall and
select Remove All Contours

Click on the wall to select
Guiding element.

Select the guide as you se
in the picture

Profile Contouring

Mo | A | Seh | A | BRC |

M2 Botween Twe Planes

Feature: [ jew feature

Click to select a guiding element
Right click for additional selection methods
Offset on Top : omm Top : Soft

Stap:In Start ;

Offset on Check : Omm

Bottom ; Hard

Offset on Contour : Omm
Offset on Bottom : Omm

Parameters

iIn

ours




f. Edit parameters as you see in the picture

i Stop: Out
Start: Out
. Offset on start and stop: 5mm

Continue to Strategy parameters

edit parameters if needed

iii. Mark Close tool path
Percentage overlap: 40

Move on to Stepover strategy edit
Distance between paths: 0.95 mm
Maxmum depth of cut: 8 mm

]
Profile Contouring,1
| )| offset on Top: omm Top : Soft
Stop : Out Start: 0wt
1}
smm Bottom : Hard smm

Offset on Contour : dmm

Offset on Bottom : 0mm

Paramet ters

L Callision checking

J
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—

W aa
[ —
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| tab | 8 | 0 |

-

\
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Tool path style:
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i
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Comment; Mo Description

1% 1@ | ieb

| 8 | 2 |

Mowe the cursor over a sensitive area,
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Use the same tool as in the Pocketing operation earlier

Activate Approach and Retract macro
Use parameters as in the picture.
Horizontal: 20 mm

Axial: 50 mm
Axial 20 mm

Approach:
Retract:

Compute to see Tool path

1@ | e | B | 265 | UE | A | As | A4 | 862 |
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=
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[~ Toal animation
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4. Profile contouring.2

a.

Right click on the Profile
contouring you just created,

select copy

Then right click on the same,

select paste

Double click on Profile

Contouring.2

Remove the Guiding contour and

the limiting lines

Select new Guiding contour and
limiting lines as you see in the

picture

Change the Retract macro

Axial: 70 mm

Compute and select OK

Computed l:l

E] Pocketing.1
. Point to Point .1

Profile Contouring.1

Ph
¥
[

art Video Simulation
L st Machine Simutation
Import APT, Clfile or NC
Offset on Gontour : Omm
Gffset on Bottom : Omm
Parame ters

finition | Options

MO Buitd by user

Offset on Top : Gmm
Stop: Out

Cffset on Gentour : Omm
Offset on Bottom : 0mm

Parareters

Top : Soft

Start : Out
Offset on Check : Omm




5. Pocketing.2

Select Pocketing operation

Select the Top and Bottom
as shown in the picture
i. Offset on Contour: 1 mm

In the Radial Strategy tab select
Mode: Tool diameter ratio
Percentage of tool diameter: 35
Overhang: 50

Mark Avoid scallops on all levels
and mark Always stay on bottom

In the Axial strategy tab select
Mode: Maximum depth of cut
Maximum depth of cut: 2 mm

In the High speed milling (HSM)
Strategy tab select

Mark High Speed Milling

Corner tab:

Corner radius: 1 mm

Limit angle: 10 deg

Extra Segment overhang: 0.5 mm

Featuret  [prismatic machining area.d

Move the cursor over a sensitive area.

Offset on Gheck * 0mm

Bottom : Hard

T fset o Soft Boundery - Omm
Offset on Hard Boundary : Omm
Offset on Contour : 1mm
Offset on Bottom : 0mm

Open Pocket
Start : Inside

)

Parameters

1 |54 | Be® | B | 862 |

Mt the curior cver 8 senitive s,

Nurmber of levels:

Automatic draft angle: I—Udm E
Breakthrough: Ornrn
ial inis hir (7 d )
[Errrr—
| Machining || Radial || Asial | Finishing{ Hst
Gistance between paths [ B ?
1 High Speed Milling
Percantage of tool diameter, 3 = ([ corner Corneran Finish | Transition |
€ D
50 i 7 o
it overlap:
c 7
A YN S/




viii.

Name: Pocketing.3
Commen Mo Description

m | 8@ | Beh | A | 000

‘ A
Q— -
Leting.3 L“

In the HSM strategy tab select
Transition tab:

Transition radius: 1mm
Transition angle: 45 deg
Transition length: 0 mm

In the Tool Change tab \

Select Tool assembly from current
Machining Cell

Select the Tool Assembly D3

In the Macro tab, activate
Approach and Retract macro

ii. Approach:

Ramping Angle: 20 deg
Ramping Axial: 10 mm
Axial: 50

Retract:

Axial: 30 mm

Compute and select OK

Assembly: D3 (D3) (31
Tool ; xch_pinnfras_D3 (xch_pinnfras_D3.1) D&
Tool urben [T [
s N z
e SIS
Mounting station : -
Machining | Radial | Acial | Finishing(| Hsh D |C;mwmism (e
[E] High Speed Milling [ Ball-end taal
[ Corner I[ Carner an Finish & Transition
Transition radius: [0, 2
Transition angle: I—E ? g
kel 45deg ‘ g
i g N
Transition ‘Ength‘lﬂmm—g ? 2 R T
‘ %
”
. i
|
F¥=an
j Rc=0mm | D=3mm
|
More>>
[ Display tool ati ® Defsult psition O User-defined pasition ()
. /
( N
— Current Macro Toolbox — Current Macro Taolbox
Definition | Options Definition | Options
ModE:[Build bry user - MOde:[Ew\d by user -
m 1fhm
ii )
(il
10] - \\a
/ﬂﬁm ramping angle : 20deg
T * 7 T EA S
S i - KA s S A R = | [t B B[4 § ] f
2%[ 5% A
\ /

) el | g iEEi

Pocketing.3 L I x

S/ IE] 53

-~ Tool animation

LAY

~Replay pasitions

Start 1 |
Current [335 EE‘
End 35 Gl




6. Multi-axis Flank Contouring

In the Geometry tab select
bottom of the pocket as
part

Select the side as both
Start and Stop

Change the Start and stop
to Out

Select Drive Elements

i. First select the three
surfaces as Drive
Elements

ii. Click on the arrow
to change direction
on the Drive Elements

Comment: Mo Description

SE |V | 8e | S | AR

Mave the cursar aver 3

'i Stop : Out

Offset on part : omm
Offset on drive : Omm

Offset along toal axis : omm

Offset aleng toal axis : Omm
Offset on part : mm
Offset on drive : Omm




iii. After stepii. Select

> ix.

iv. On

Drive.4 and Drive.5

To change parameters for
each Drive right click on the
Drive Elements selection and
select Local Modifications

Ofse alorg ool s - O
Offset on pert - Omm
Offszt on drive : Qmm

Double click on Drive 2 and
Drive 3 and change the
Slowdown rate: 50

the Strategy Parameters tab

iv. Click on the reference point

and then click on any of
the Drive surfaces

In the Stepover tabEdit parameters
Radial strategy:
Distance between paths: 0.95 mm

Axial strategy:
Mode: By thickness
Distance between paths: 2 mm

Offset alona tool axis : Omm

@Mum—mis Flank Contouri

Name:  Multi-Auis Flank Contouring.3

Comment. No Description

‘ e [0 | BeB | B | 2 |

[0mm =
000 m 1=
0deg =

teps S0mm 1=

~Localfeedrate reduction

N

Sowdours i3 2]
oK J[ Cencel
—
ocal Drive Surbaces

Rank_ Guidance Adied offseton e Enabe daris Restarting diecion. Sopping condition. Tool 5iidgn e Sirwdown rate
T <Gohalby debaks e Ho Lo At Game zs it \ 50

3 Imm N Bistn Ay Same zsfit\_101

i [ i Lo At Same zsfint V50

5 <Global by defadt> imm [ ) A Gmesft 101

\

Taol path style:

Machining { Stepover J Finishing | Tool &is | HSM Wr{ i

am)?

Saquencing: [Radia\f\rst

~ Radial Strategy

Distanice hetwren paths:

Hurnber of paths:

~Bial Strateqy
Mode:

Distance between paths:

Humber of levels:

By thickness | ?

I ?




v. Select the Tool Axis tab

vi. For Tool Axis Guidance:
Select Combin Parelm

Definition of Combin Parelm is shown by clicking
on the question mark as you see in the picture

vii. Edit the parameters to
those you see in the picture

The definition to the parameters is in the
Picture below

W
‘ ‘Cnr\tact height: Orarm ?
Leawe fanning distance: [T5mm B
, I
L T~
|4
"
; ‘Appmachfanmng distance: [5rm =

Marme: Multi-Axis Flank Contouring.3

Comment: Mo Description

S | B | Se | A | BFC |

Contact height:
Tilt angle:
Lead angle:

Leawve fanning distance:

Approach fanning distance:

Disable fanning: Mo

[ Contral fanning using tool parameter

Paosition on quide curee:

Offset an guide curve:

Use of quide curve:

- ?
If needed Y,




Continue to the Macro parameters
activate the Approach and Retract
Macros to: Vs ~

Axial: 10 mm for both Multi-Aois Flanft:amourings - [2 /3

*Toolammalt:on i § @ g]‘lt?g'l
®L 2 T g&l

i~ Replay positions

Compute and select OK 0 ﬁ
"

End 62

Feedrate =1000mm_mn

H=140.509mm ¥=515mm Z=-14.938mm
1=0.057826 1=0 k=-0.28724%

Machining time = 1369595 Total tirme = 1854645

Multi-Axis Flank Contouring.3 {End of simulation) | ?

~Tool animation § ) @ @ m &g
D&|§,|u|>|» E_J_J%B?
~Replay pasitions g‘@il

Start
Current|
End

el




7. Multi-Axis Curve Machining

Select Multi-axis Curve Machining

a. Select Geometry parameters
Tab

Curve Machining Mode
Choose Contact

Select guiding element
choose the bottom
contour

Select the bottom of the
pocket as the Part
Select limit points by
clicking on the edges of
the bottom contour

Set Limits: Out

Set value to 5 mm

Set value on the

Offset on contour: 1.5 mm

Name: Pulti-2ois Curve Machining.2
Cornrnent: Mo Description

sl | A6 | A | A | 6O |

Cupve Machining Mode
| ’7@) Contact O Between 2 curses O Between curve and part

ove the cursor over a sensitive area,
Offset on check : Gmm

Offset on contour : 1.5mm
— Callision Checking

O On cutting partoftool @ On tool assembly

Part | Check || Drive

[ Active

Accuracy: Wil 3

Allowed gouging: Dmm




cl

Continue to Strategy parameters
And edit parameter
Closed contour overlap (%): 40

Select Radial Strategy tab
Distance between paths: 0.95 mm

Tool Axis strategy tab
Tool axis mode: Fixed Axis

Continue to the Macro Parameters
Activate Approach and Retract
Edit Approach motion to:

Axial: 10 mm

Retract motion to:

Name:  Multi-Auis Curve Machining.2
t: Mo Description

L ), | de | A | A0 |

Select strategy..,

b
c p—
Machiningﬂl Radial PAxiaI | Finishing | Tool fds |

I 0.95mm E ?
Il E ?

Distance between paths:

MNumber of paths:

~—r7"

[ Machining H Radial " Axial II Finishing

Axial: 70 mm (e

Machining_J) Radial | Asial | Finishing | Tool ads |
Machining tolerance: [(iem [ 2
Direction of cut; ?
SeAUENCING: | B dia) first (by segrent] -] ?
Max discretization step: IWE ?
WMax discretization angle: =
Type of cantouring: [ circoiar ?
Forced contour [None =] ?
C Closed contour overlap (%): l_.,u E i
\

Compute and select OK

]

Egif;lml /| BB 51
% |53

Tool Axis
v] ?

Tool axis deE:[Fixed —

(
@

Replay pusitions

Start




( a A
nt to Point .1 @g
MName: Point to Point.1
8. Point to Point Commnt: Mo Description
A | AsB | A | AEC |
. . Assembly: D3 D3y DQ ﬁ
Copy the Point to Point Operation from step 2 Tooli  xch_pinnfrss.D3 bxch_pinnfras_D3.0) Lala
Tool number:
Right click on the Multi-axis curve machining 23 R A= e R e
Operation in the Activities Process tree, the one
that was created previously, select Paste :”“”“”gtl“a“”’lmp 7]
Double click the Operation that was just
created. Select the Tool Change tab J
and choose the D3 tool assembly g€ 1 §
o
% p| o ldb=6mm
(&
Compute and select OK 9 Uy
¥
I Il
N
Y A
_Re=0mm plle D=3mm
|
[ Display tool at: @ D
wls ¥

| —/




9. Drilling
Select Axial Machining Operations
and then select Drilling

a. In the Geometry Parameter tab

i. Select the top as Part
surface

ii. Select the bottom by

clicking on the bottom

face of the hole

Name:  Drilling1

Comment: No Description

W | [ 4 | A | 0% |

[Machining Pattem.1

Move the cursor over a sensitive area.

Origin offset : Omm Jump distance ; Oomm
Extension : Blind Top Element
on Check : Omm * Fixed Axis

Closest
1 Point

10mm

Feature : Hole.2 (Simple)
Diameter ; 10mm__ Depth ; 20mm




b. In the Strategy Parameter tab @ )
Approach clearance (A): 2 mm I _ =

Select the rest of the parameters R e v
. . U | A | AeA | A | 86 |
as you see in the picture

A

¢. Continue to Tool change tab and /
choose the Drill D10 Tool Assembly / |

by selecting it from the current machining

cell
f Approach clearance (&) Imm
( Depth mode : ‘W‘
d. In the Macro parameters tab Tt =
Activate Approach and Axial motion £ ™ et [rr—
@mgl P First compensation : I
W_ Compensation application mode : Outputpoint =] 2
. Carnrent: Mo Description Ayutomatic ROTABL : =
Approach: 1 | 5 | Ak [ 2 | A% | | S -
- Assembly:  Drill D10 (Drill D10) DQ@
Axlal: 40 mm Tonl ’ xch_borr_D10 (xch_borr_D10.1y DQ )
Tw\numbev:’s—%
Retract:

Axial: 50 mm

e. Compute and select OK




10. Roughing
Click on Surface Machining Operations
and select Roughing

a. Roughing operation window
Geometry strategy

i. Select rough stock

ii. Select the rough stock
From the PPR tree

iii. Edit the offset
parameter on part and
check: 1 mm

Dlignore holes on stock

] Compute with toof holder

Offset o




10 GraEr POCKETS OF EXTEINEl SWeepIng areas
ar right click for additional methods

Offset on part: 1mm
Offset on check : Tmm

Start pointis) Rough stock
" - .
-

iv. Select Bottom
v. Select Top

Zane order

. Select Part

Vv

Tool/Raugh Stock ‘

%Almmum thickness to maching:[g 37m E

Limit Definition

When you select the part, the whole
Feature is marked. With the other
Selections as Top and Bottom the
Desired geometry is recognized automatically

’;de to machine: [nside '\|

Click to selecta check element
aorright click for additional methods

Offset on part : 1mm
Offset on check : Tmm
Start point(s) Fough stock

e e

vii.  Right click on Check, select
Body(ies) and then select the
two fixtures as check element

Rernove

Znalyze..

Selectzones

Tool/Rough Stock Export

F/Iwmum thickness to math\ﬂell_ujmm E ‘

‘‘‘‘‘‘‘‘‘‘‘‘‘‘




b. In the Strategy Parameters tab

Machining mode: By Area

Tool path style: Helical

You can see the explanation of
the tool path style on the picture

Mark Always stay on bottom
and Part contouring

In Radial strategy tab
Stepover: Overlap ratio
Tool diameter ratio: 40

In Axial strategy tab
Maximum cut depth: 5 mm

In the HSM tab
mark High speed milling
Corner radius: 2 mm

c. Inthe Tool Change tab

Select the D8 Tool Assembly from
the machining cell

f | B | e | B | B |

Move the cursor over a sensitive area,

Miachining | Radial | fsdsl | Zane | Bottar | Hsm | ourpur
Machining mode: [By Area = [ Quter part and pock ~| 2
Taol path style: [Hem‘ .]

[ Distinct style in pocket Helical

Machining tolerance:
Cutting mode:

T ) Helical movement:

[E] Always stay on bottom 7
[E Part contouring  ?

Fully engaged tool management: [\ =]

I p
Machining | Zone | Bottom | HSM | Output |

Overlap length 2 ‘
pleng 3.2mm = 1
Tool diameter ratio: [« H

Madmum cut depths

\_/

Smim ?

Variable cut depths...

-
iv Machining | Radial {C axat Dzone || Bottem | Hsm | output |

\

Vs
W ) Machining | Radial | Al | Zone | Battom (] H3M ’Output |

[E] High speed milling 2 o
Cormer radius: Imm ?
[ Cormer radius on part contouring Hram

©
ughing.1 -

30miry,

]
A TR
Mame:  Roughingl
Comments Mo Description
| A | 0 AR | LA | 86 |
Assembly: D8 round shork (D8 reund shart) D&
Tool i exch_DE_kart (2xch_D9_kored) (I&
Teolmumber[s [
| =
Mounting station : [ Tp =
Commen it
O




d. In the Macro Parameter tab

These are automatic

Approach distance: 10 mm
Radial safety distance: 3 mm

Mark Engage from outside
Mode: Ramping
Ramping angle: 15 deg

Select Post-motions and add
Axial: 40 mm

e. Compute and select OK

@
ughing.1

Marme:  Roughing

Comment: Mo Description

A | B | Ae | B | 26 |

—Macro

ughin.. Ramping

Build by user
Build by user

[ Optimize retract

Aixial safety distance: e F |
Approach distance: Trmm =

Radial safety distance:  [3ym

[ Circular approach

Circular approach radius [T

[ Engage from outside

Mode yrmping

-]

Ramping angle:
Offset on ramp:

Helix diameter (36 #):

15deg =

Ormm

(i [ | | 5 | A |
"Macru

Macrs Narne Mode
TG Automatic
11

Automatic roughin.

Reamping

v @]

Current Macro Toolbox

SNl

2| 7% 7%

()

6rmem Z=-55.624mem

mn 3171695 Total tene = bmn S4.96665




11. Multi-Axis Sweeping.1
Click on Surface Machining Operations
and select Multi-Axis Sweeping

a. In the Geometry Parameter tab

i. Right click on Part and select
Select faces.. then select the
surface as you see in the
picture

ii. Right click on Limiting Contour
and select By Boundary of Faces
select the same surface as in step .

Clicl elect a limi
ar right click for ad.

Analyze..

Selectzones

Export

[~ Callision Checking

[0 O rutting rart aftnal - @ On tanl assernhly




b. In the Strategy Parameter tab

Click on Start Direction and edit

the parameters to
I:0
J:0
K:1

Click on View Direction and edit

the parameters to
I:1
J:0
K:0

Mark Machine Kinematics
and click on More..

mark and select parameters
as you see in the picture
press OK

M

I MName: Multi-ficis Sweeping.2
| Camment No Description

|8 | te | A | 00 |

Mowve the cursor

Machining | Radial | Tool feds

Tool path style:
Machining tolerance: [oiem — E
Max discretization step: [oem —  F
Wax discretization angle: m

NN

[0 Machine kinermatics

N

g
9
£

1

/

Machine kinematics

[E Correct out of limit points

[E Correct large angular variation on rotary DOF

haximum variation: m ;I
Maximum discretization: [des  [F

Howe to correct?

[E On existing macras [0 On machining pass [ With farced user macro

Fanning distance: Omm




c. Select the Radial Strategy tab
Stepover: Scallop height
Scallop height: 0.5 mm

If you would like a finer surface
select a smaller Scallop height,
0.5 mm is just to make the
simulation faster

d. Select the Tool Axis tab
Tool axis mode: Lead and tilt
Guidance: Fixed lead and tilt
Lead angle: 0 deg
Tilt angle: 30 deg

Lead angle is the angle along the
cutting Direction (a) in the picture.
Tilt angle is the angle normal to the
cutting Direction (B) in the picture.

Ve
C

Machining Radial | Tool fxis ‘

7
Stepover: [scallop height K ?
Scallop height: 0.5 rrirr m ? )

Distance between paths: S

m .
Mumber of paths:

Stepowver side: Right v ?

achining | Radial | Tool Axis | .

Tool axis mot:ha:[l_Ead and tilt

Buidance: [ Ficed lead and tilt

Lead angle:

Tilt angle:

Minlead angle:
Max lead angle:

Allowved tilt:




e. Continue to Macro Parameter tab

Activate Approach and
Retract motion
Approach:

Circular: 10 mm

Axial: 50 mm

Retract:
Circular: 10 mm
Axial: 10 mm

Activate Linking Retract
and Linking Approach
Both:

Circular: 1 mm

Axial: 30 mm

'd

S | 8 [ 2ah | 8 | 200 |

& R

[0 Clearance Clearance.1 Ta safety plane
Linking Retract Linking.1 Build by user

® Linking Approach Linking.1 Build by user

Return in a Level Retract: Returm in a Level.3 Build by user

@ RetuminaLevel Bpproach  Retum ins Level3  Build by user

vj@|=|

~ Current Macro Toolbox

Definition | Options

Mo Build by user -

S

el |/|DIBIP IRl =l |1 1]
%|E2

A

wamlt\nh Options

MOTe! Builg by user =

e e e [ e P T W
P E]

\.

S | 8 | e | A | 26C |

[~ Macro M

Macra Mame Mode

Build by user
Build by user

a1 E

~— Current Macro Toolbox

Definition | Options

MO (g1l by user -

3Qmm ;
o s ) W i s AR
S| 5%

Options

M2 Bt by wser -

m\@

s e [ P L= s e P s R
4| %




A | A | Aed | A | 265 |

~hacra b
Macro Name Mode
& approach Approach.1 Buildl by user
B Retract Retract.1 Buildl by user
@3 Clearance Clearance.1 To safety plane
cee . . | iil B! Linking Retract Linking.1 Buildl by user
ili. Activate Returnin a Level Retract el e
Returnin aLevel Retract  RetuminaLevel3  Build by user
. @ Returnin alevel pprosch  Retumin Level3  Build by user
and Returnin a Level Approach

®|&)|=|

B th' ~Current Macra Toolbox I ii
0 . Definition | Options efinition | Options
. MO it by user - Mode! Build by user

.

Circular: 5 mm

Axial: 2 mm

i i - RS e e b N R Ll £ | 8B4 =] 5§ [
X5

f. Compute and select OK

I g rrofile C..tOUFNg.

f_' Profile C..touring.}

[~ Toal animation

w0 |»

=
EI5
o

- Replay positions
Start 1

5
Current 221 =]
End 231 &

Feedrate =1000mm_mn

H=114.606mrm ¥=-16.47mm Z=59.999mm

[=0.866025 J=-1.5 K=0

Machining time = 27.20195 Total time = 1mn 52,1823




12. Multi-Axis sweeping.2
Click on Surface Machining Operations
and select Multi-Axis Sweeping A

’/¢’

WMulti-2as Swesping

a. In the Geometry parameters tab

i. Asinthe previous step 11. (7 -

| | Feature: | Surfacic Feature.2

right click on Part and select Clck o slct ting cure

or right click for additional methods

Select faces.. then select e i

the two surfaces as :
illustrated in the picture y % |

Analyze..

Select zones

Export

ii. Right click on the Limiting
Contour and select

By Boundary of Faces,

then select the same two

Collision Checking
=

surfaces as in step i.



b. In the Strategy Parameter tab

Click on Start Direction and
edit the parameters to

I:0

J:0

K:1

Click on View Direction and
edit the parameters to

I:1

J:0

K:0

Mark Machine Kinematics
and click on More..

mark and select parameters
as you see in the picture
press OK

r
b
Q5 |2 | 2 | Ada | 8 |

Select View Direction and Start Direction
(4 and § on the image)

Machining Radial [ Tool Axis

Tool path style:
B

Machining tolerance:

M discretization step:

U RN

Max discretization angle:

)

. %
o s )

Machine kinematics

[ correct out of limit points

[T Correct large angular variation on rotary DOF

Maximum variation:

Maximum discretization:

How to correct?

IVD On existing macras (0] On machining pass [ With forced user macro

Fanning distance:

Ormm




c. Select the Radial Strategy tab
Stepover: Scallop height
Scallop height: 0.5 mm

d. Select the Tool Axis tab
Guidance: Variable lead and
fixed tilt
Lead angle: 0 deg
Tilt angle: 15 deg
Min lead angle: -5 deg
Max lead angle: 5 deg

The starting lead angle will

be 0 deg but when needed

it will automatically go between
-5 and 5 degrees.

@Machining Radial | Toaol Axis |

T Stepover:
Scallop height:

[Scallop height - ?
0.5rmim ?

Lz

I Distance between paths: Srmm .

Mumber of paths:
Stepover side! Left - ?

k [E Machine kinematics

@Machining | Radial | Tool &xs

Tool axis deE:ILead and tilt

Guidance: | yariable lead and fixed tilt

4
1
- ~ IR
=J

Lead angle: [1deg =
Tilt angle: [15deg B ?
Min lead angle: [“Sdeg =
Maxlead angle: [Sdeg =
Allowed tilt: | 20deg

[I Machine kinematics




- ™
[ﬁ?‘[@ |8t | 4 | 8% |

Management

B uild by 1
B Retract Retract.] Build by user
. O Clearance Clearance. 1 Ta safety plane
CO ntlnue to Macro pa rameter ta b B Linking Retract Linking.1 Build by user
@ Linking Approach Linking.1 Build by user
© Retumn in 3 Level Retract ReturrinaLevel3  Build by user

® Retum ina Level Approach  Retuminaleveld  Build by user

Activate Approach and Retract motion

Definition | Options |

MOde: 5 i1g by user -

Approach:

Circular: 10 mm skm ‘,
Axial: 50 M\@

R EEEE A | (=4 =] 5§ |
;x\ |£|B|E® =i |1 ] ifx\
Retract: \_ )

Circular: 10 mm
Axial: 10 mm i g | 1 | e | 0 | 265 |

Macro Management
Macra Name Wede

@ spproach Approach.1 Build by user
@ Retract Retract1 Build by user

(W)

-
L f Linking Retract Linking.1 Build by user
@ Linking Approach Linking.1 Build by user
@ Return in 3 Level Retract Returnin s Level 3 Build by user

@ Returninalevel Approach  Retuminalevel?  Build by user

Activate Linking Retract,
Linking Approach, C

Current it Macro Toolbox

Return in a Level Retract and pentin | opn | Jumian | pen |

Mode 11 by user - [ Build by user -

Return in a Level Approach

For all four &‘} m\@

Circular: 5 mm
| BB =] 5§ [ | £ BB[P4 =] 5| 1 [+]

Axial: 2 mm /7% o ;x




f. Compute and select OK

Multi-Axis Sweeping.1 o
&l Pocketing.1

 Tool animation

S I T N A, Point to Poin

.‘_' Profile C..touring.

~Replay positians B 1 Profile €
Start 1 E

I ;
Current [3567 EM k4 1 Tool Chan,
&

End 3562

Feedrate =1000mm_mn
¥=112.84Tmm Y=-50.161mm Z=14.196mm

1=0.367019 J=0,254706 K=0.000238676
Machining time = 2mn 30,1745 Total time = 5mn 7.644875




VERIFY AND GENERATE NC-CODE
1. Simulation
Select Tools > Options > Machining >

Simulation Tab > Mark Enable material removal

| General | Resources | Operation | Output || Pragram | Photopides | Simulation |

=,

Tool Path Display
@ ill] Display Tool Path during Simulation
iID Showr Paint
Color: Type
| — -
iID Shawr Line

Calor Type Line Thickness
1

@ -|s L0Bmr

Integrated Material Rermoval

r‘ 2 [ Enable material removal computation during machine simulation

30 Code Simulation

Cutting Tool Condition : 4

a. Machine Tool Path Simulation (

i. Mark Part Operation.1 in
the Activities Process Tree

ii. Select Machine Tool Path
Simulation in the Compass




The Simulation Player includes
start, stop, time and speed selection

Press play and se the simulation
with material removal and machine
movement

-




b. Live Simulation

Select the Launch Live Simulation

of NC Machine button on the

compass

Name the Machining
Simulation

Display fault list

Right click to choose
if you want to
simulate using

NC Code or Tool Path
Select by

Tool Path

Video Simulation
options

[~ Simulation Context Name

| 5ech_exercise_simulation

Simulation Description
’7Context Created By
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2. Generate NC Code
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