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Abstract

In the mechanical sector, the design and manufacture of complex shaped parts such as automotive
parts, boat shells, turbine blades and aerospace parts can be a long and costly process. The
machining of such complex surface parts is generally carried out using 5-axis milling, so the
generation of NC programs for the manufacture of these parts requires very high skill. For this, it
is necessary to use CAM/CAD software.

In this work, a new method of manually programming with irregular cycle machining to get a
G-code program for machining an impeller with non-twisted blade and comparing it with

Camworks post process program.

Keywords: CNC; CAM/CAD; Freeform surfaces; NURBS; Sinumerik840D; G-code
CAMWOKS

Résumeé

Dans le secteur mécanique, la conception et fabrication des piéces en forme complexe telles que
les pieces d’automobile, les coques de bateaux, les aubes de turbines et les piéces en aérospatial
peut étre un processus long et colteux. L’usinage de telles piece en surface complexes sont realisé
en général en utilisant le frisage 5 axes, donc la génération des programmes CN pour la fabrication
de ces piéces exige une compeétence tres élevee. Pour cela il est nécessaire d’utiliser des systémes

d’aide informatique spécialise pour la conception et la fabrication assistées par ordinateur.

Dans ce travail, une nouvelle méthode de programmation manuelle avec l'usinage a cycle irrégulier
est utilisée pour obtenir un programme G-code pour l'usinage d'une roue a aubes a pales non

torsadées, et le comparer avec le programme de post-processus Camworks.

Mots-clés : MOCN ; CFAO ; Surfaces complexes ; NURBS ; SINUMERIK840D ; G-code
CAMWORKS



General introduction

Machining is a technology that has undergone significant innovations in recent years. The
joint improvement of tools, digital control directors and machine tools in general has expanded the

range of applications of this technique.

Computer Numerical Control allows the manufacture of parts of complex shapes such as tooling,
clogging matrices and plastic injection molds, which together constitute an industry with very high
added value.

The freeform surfaces used in mechanical design and manufacturing are machined on CNC
machine. The process of processing these surfaces go through three operations: roughing to
remove the maximum material, semi-finishing to approach the final shape and finishing to obtain

the final form with a good overhead condition and minimum processing time.

In this thesis a general study is proposed about design & machining compressor impeller on CNC
machines using CAD/CAM software.

The first chapter present bibliographies research about Computer Numerical Control (CNC) citing

architecture, classification and used programming language.

In the 2" chapter a general overview about complexes form associated with curves and surfaces
Based on polynomial models (BEZIER; B-SPLINE; NURBS) used on CAD/CAM.

The 3™ chapter present machining simulation using emco winnc sinumerik 840d software and their

pre-programmed milling cycle with giving program example of some cycle.

Finally, in the last chapter a case study of designing a mold of a compressor impeller using CAD
software (SOLIDWORKS) and machining on 5 axis using CAM software (CAMWORKS).
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CHAPTER | GENERALITIES ABOUT CNC MACHINE

1.1 Introduction

Computer Numerical Control (CNC) machines have become a major part in almost all types
of manufacturing processes and is used in a wide range of applications, from aerospace
applications to the manufacturing of energy systems and medical robots, we see a major reliance
on CNC machines [1].

CNC machining allows for higher precision, increased accuracy and greater repeatability than
manual machining, making it possible to produce complex custom-designed parts. CNC
machining also allows for the automation of multiple machine tools and the integration of

complementary processes such as grinding and polishing.

In this chapter a general overview of CNC technology is presented, citing classification and

architecture.
1.2 History

The work carried out by Falcon and Jacquard at the end of the seventeenth century showed

that he was possible to control the movements of a machine from information transmitted by

perforated cardboard. Their 1805 loom was the first piece of equipment to be equipped with this

from this point of view, it can be considered as the ancestor. However, it is necessary to
link NC’s industrial operations to the development of electronics.

In 1947, the U.S. Air Force found that the complex designs and shapes of aircraft parts such as
helicopter rotor blades and missile components were causing problems for manufacturers, who
could not keep up to projected production schedules. At this time, John Parsons, of the Parsons
Corporation, of Traverse City, Michigan, began experimenting with the idea of making a machine

tool generate a “three-axis curve" by using numerical data to control the machine tool motions.[1]

But when the US Air Force entrusts to this same Parsons the realization of pieces of forms still
more complex for its future supersonic aircraft, it realizes that its method is too approximate and

that only a continuous machining in 3 dimensions will be able to give satisfaction.

In the spring of 1949, he entrusted the care to the Massachusetts Institute of Technology (MIT)

Develop servos capable of driving a machine that will receive instructions from a card reader.

This machine, a prototype Cincinnati vertical spindle milling machine. Designed for perform
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simultaneous displacements on 3 axes, is officially presented in September 1952 in the
Servomechanisms laboratory of MIT. Mathematical information being the basis of the concept, it

is given numerical control. It would just as well be called command symbolic.

- The different stages in NC development are as follows:

1954: Bendix acquires the Parsons patent and manufactures the first industrial NC.

1955: in Font de Lac (Wisconsin), the American manufacturer Giddins & Lewis sells the first NC.
1959: appearance of the NC in Europe (Hannover Fair). MIT announces the creation of the
programming language APT (Automatic Programed Tools).

1960: appearance of the DNC (Direct Numerical Control) system

1964: In France, Electric Telemechanic launches the NC NUM 100 designed with Relay
Teletatic.

1968: NC adopts integrated circuits; it becomes more compact and powerful.

The first machining center is on sale by Kearney & Trecker (USA).

1972: Minicomputers replace wired logic; NC becomes CNC.

1976: development of microprocessor NCs.

1984: appearance of advanced graphical functions and programming mode conversational, start of

computer-aided manufacturing (CAM).
1986: NC integrated into communications networks, the beginning of the manufacturing era
flexible (CIM: computer integrated manufacturing).

1990: development of 32-bit microprocessor NCs (Fig 1.1).
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Figure I- 1: 32-bit NC operator control

1.3 Definition and structure of a numerically controlled machine tool

1.3.1 Definition
Computer Numerical Control (CNC) is an automated manufacturing technology that uses

numerical instructions stored in computer memory to control and coordinate the operation of
machine tools such as lathes, mills, routers, and grinders. Written in a specific programming

language, these instructions instruct the machine tool to produce parts with high precision and
repeatability.
1.3.2 Structure of a numerically controlled machine tool

CNC system consists of the following 6 major elements [1]:

a) Input Device

b) Machine Control Unit
C) Machine Tool

d) Driving System

e) Feedback Devices

f) Display Unit

the (fig 1.2) present CNC machine diagram structure:

B ———————————————
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Figure I- 2: diagram of CNC structure [1]

a) Input device:
e Floppy Disk Drive
e USB Flash Drive
e Serial communication

b) Machine control unit (MCU)
It’s the heart of CNC system. There are two sub-units in the machine control unit

e Data processing unit (DPU)
e Control loop unit (CLU)

c) Machine tool

There are many different types of tools for each operation like milling, turning, drilling...etc.

d) Driver system
The driving system is an important component of CNC machine as the accuracy and

repeatability depend very much on the characteristics and performance of the driving

system. The driving system is classified as (fig I-3):
e Spindle drives: used to provide angular motion to the workpiece or cutting tool

e Feed drives: used to drive the slide or the table
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Figure I- 3: driver system [2]

A CNC machine takes the commanded position from the CNC program. The drive motor

is rotated a corresponding amount, which in turn drives the ball screw, causing linear

motion of the axis. A feedback device confirms that the proper amount of ball screw

revolutions has occurred. (Fig 1-4) define the feedback system.

_ {} Slide
Drive motor Worktab movement
<+ --=--p

? Spindle

| Drive motor signal deyice

|
Feedback signal |
—— — — — — —1

MCU

Figure I- 4: Feedback system [3]
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g) Display Unit

The Display Unit serves as an interactive device between the machine and the operator. In an
advanced CNC machine, the Display Unit can show the graphics simulation of the tool path so
that part programs can be verified before the actually machining. When the machine is running,
the Display Unit displays the present status such as the position of the machine slide, the spindle

RPM, the feed rate, the part programs, etc..[1]
1.4 Classification of CNC

CNC machine tool systems are classified in several ways such us:

1.4.1 classification based on control system

e Point-to-point system

Point-to-point control equipment is the name given to the control equipment used with them. These
are referred to as point-to-point machines. Some machine tools, such as drilling, boring, and
tapping machines, need the cutter and work piece to be put in specific fixed relative locations that

must be maintained while the cutter does its operation.[1]

Point-to-point
A 2z

Drilling and boring
y

Figure I- 5: point to point system [1]

e Contouring system

These machine tools, which include milling and routing machines, are referred to as "contouring
machines," and the controls required for their operation are referred to as "contouring controls."

Contouring machines can also be utilized as point-to-point machines; however, they are not cost-




effective unless the work piece also requires a contouring operation. Other types of machine tools
involve the work piece moving with regard to the cutter while the cutting operation is underway.[1]

3 axis contouring
continuous path

3 axis contour
y milling

=y

Figure I- 6: Contouring system [1]

1.4.2 Based on feedback control
e Open loop system

In an open-loop system, the machine slides are shifted based on the information loaded into the
control system from the part program. As a result, there is no slide position measurement and no
feedback signals to compare to the input signal. The ability of the driving systems to move the
slide through the exact required distance is fully dependent on the correct movement of the slide.
A stepper motor is the most popular technique for driving the lead screw. Stepper motors are the
most straightforward way to translate precise electrical inputs into proportionate movement.
Because the sliding position is not checked, the system's accuracy is dependent on the motor's

ability to step through the exact number of steps provided at the input, as demonstrated in
(fig 1-7). [1]

e Closed loop system

A closed-loop system returns a signal from a measuring instrument known as a transducer to the
control unit. The slides are attached to the transducer. The signal indicates the position and

movement of the slides. The control unit adjusts the slide's position until it reaches its destination;

e
9



this mechanism has feedback. Although more expensive and sophisticated than open-loop
systems, these systems provide more precise positioning. Servomotors are employed in this type

of system. [1]

INPUT OUTPUT

Block Diagram of an Open Loop System

INPUT OUTPUT

Figure I- 7: open and closed loop system [1]

Block Diagram of a Closed Loop System

1.4.3 Based according to the number of axes

We now classify the machine tools by the number of elementary movements that they can be

implemented when moving the tool relative to the workpiece.
» 2& 3 axes CNC machines

CNC lathes will be coming under 2 axes machines. There will be two axes along which motion
takes place. The saddle will be moving longitudinally on the bed (Z-axis) and the cross slide moves
transversely on the saddle (along X-axis). In 3-axes machines, there will be one more axis,
perpendicular to the above two axes. By the simultaneous control of all the 3 axes, complex

surfaces can be machined.
» 4 &5 axes CNC machines

4 and 5 axes CNC machines provide multi-axis machining capabilities beyond the standard 3-axis
CNC tool path movements. A 5-axis milling center includes the three X, Y, Z axes, the A axis

which is rotary tilting of the spindle and the B-axis, which can be a rotary index table.

B ———————————————
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The table below present the axis of possible operation of a CNC machine:

Table I- 1: Axis of the different possible movements

N° of axis Movement Possible operations

1 Z Pinout, press

2 Z, X Turning: all the shapes obtained have the same axis of
symmetry

3 X, Y, Z Milling: surfacing, drilling, milling of pockets grooves and
freeform surfaces. The tool axis remains parallel to a fixed
direction relative to the workpiece.

3 X, Z C Turning: with spindle servo control allows milling on lathes:
general turning, turning tool milling, off-axis drilling. The
spindle is guided into position.

4 X, Y,Z B Milling: surfacing, drilling, milling of pockets grooves and
freeform surfaces. The tool axis remains contained in a fixed
plane.

4 X, Y, zZC Milling (cf. X, Y, Z, B)

4 X, Y,ZC Turning

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

5 2x (X, Z), C | Turning with two turrets and servo-control of the spindle, (cf
X, Z,C)

5 X,Y,Z, A C | milling of freeform surfaces: milling with the sidewall of the
tool, milling with deburring, drilling in all directions

5 X,Y,Z, B,C | Milling of freeform (cf. X, Y, Z, A, C)

11
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(Fig 1-8) show the different primary and additional axis on CNC machine

Figure I- 8: Primary Axes and Additional Axes

1.5 Part program

A part program is a set of instructions often referred to as blocks, each of which refers to a segment
of the machining operation performed by the machine tool. Each block may contain several code

words in sequence [1].

1.5.1 Basic Codes in CNC Machines

Preparatory Codes (G) for initial machining setup and operating conditions.
Miscellaneous Codes (M) for on/off of coolant flow, spindle rotation etc.
Spindle Speed (S)

Feed Rate (F)

vV V VYV V V

Tool number (T)

12



feed rate

spindle speed

[

N100 G91 X -5.0 Y7.0 Z4.0 F100 S200 T01 M03 (EOB,

} destination coordinates

sequence no

Tool number N‘

preparatory function

miscellanecus function i

Figure I- 9: block program [1]

1.5.2 Programming languages
Originally, the programming language was G-code, developed by the EIA (Electronic Industries
Alliance) in the early 1960s, and finally standardized by I1SO in February 1980.

a) 1SO language (International Standard Organization)

Developed by the EIA in the early 1960s the programming language was G-code, and finally
standardized by ISO* in 1980 under the reference (1SO 6983). The ISO language is widely used

and serves as the basis for many current languages.
b) FANUC language

The Fanuc language is based on the 1SO language of 1980. It adds additional functions which

makes it a unique language. The specifics of the language are:

e Parentheses for comments
e Calling sub-program with M98

e Semicolons at the end of blocks

c) SIEMENS language

The SIEMEMS language is based on the ISO language. It adds functions this is what makes it a

unique language. The specifics of the language are:

e Semi colons for comments

e Cycle calls

13
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d) NUM language

The NUM language is based on the 1SO language. It adds additional functions this which makes
it a unique language. The specifics of the language are:

e Parentheses for comments

e Calling sub-program with G77

e) HEIDENHAIN language

The HEIDENHAIN language is a language invented by the Germans to animate mainly

conversational CNC robots. This language represents practically no elements of the 1SO code.
) MAZATROL language
Mazatrol uses its own conversational and intuitive programming language. The idea of

their language is to reduce the complexity
1.6 Main functions

1.6.1 The main functions of the G-code

The main functions of the G-code are summarized in the following table [4]:

Table I- 2: Main G-code function

GO0 Rapid Positioning Motion

GO01 Linear Interpolation Motion

G02 Circular Interpolation Motion CW
GO03 Circular Interpolation Motion CCW
G04 Dwell (P) (P=Seconds”.” Milliseconds)

G10/G11 | Writing data/Erasing data

G17 XY plane
G18 XZ plane
G19 YZ plane

14
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G20 Inch units

G21 Metric units

G28 Automatic return to reference point

G31 Skip function (used for sensors and tool length measurements)
G33 Constant pitch thread

G34 Variable pitch thread

G40 Cutter Compensation Cancel G41/G42/G141 (X ,Y )
G41 2D Cutter Compensation, Left (X, Y, D)

G54 Select work coordinate system

G42 2D Cutter Compensation, right (X, Y, D)

G90 Absolute Positioning Command

Ga1 Incremental programming

G94/95 Inverse Time Feed OFF / Feed Per Minute ON

Go8 Set initial plane default

1.6.2 The main functions of the M-code

The main functions of the M-code are summarized in the following table [4]:

Table I- 3: Main M-code function

MO0 Program stop

MO01 Optional stop

MO02 Program end

MO03 Spindle start

MO04 Spindle start (anti-clockwise)

MO05 Spindle stop

MO06 Tool change

15
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MO07 Coolant ON (Within the spindle)

MO8 Coolant ON

M09 Coolant OFF

M30 End program

M98 Call subroutine

M99 End subroutine

1.7 Advantages and inconveniences

1.7.1 The advantages of CNC machines

Flexibility in operations is improved, as it has the ability to produce complex shapes with

good dimensional accuracy
e Repeatability
e Reduced scrap loss
e Easier to program
e [Easy store
e edit and change existing programs
e Stabilize manufacturing costs
e Avoids human errors
e Safer to operate
e Usually generates closer tolerances than manual machines

e High production rates

1.7.2 The advantages of CNC machines
There is no perfect invention in the world when it has advantages, it is meaning has
disadvantages but the good invention it's the advantages is bigger than its disadvantage.

The CNC disadvantages [5]:

e The high cost of the machine

e Operator must be provided at the highest level of training to deal with this type of

16



CHAPTER | GENERALITIES ABOUT CNC MACHINE

machines
e Shortage of specialists in the maintenance of this type of machines

e Providing special Tools for remote control this machine and till working continually
1.8 application of CNC machine

CNC machines are widely used in the metal cutting industry and are best used to produce the
following types of products [1][5]:
e Parts with complicated contours
e Parts requiring close tolerance and/or good repeatability
e Parts requiring expensive jigs and fixtures if produced on conventional machines
e Parts that may have several engineering changes, such as during the development stage of
a prototype in cases where human errors could be extremely costly
e Parts that are needed in a hurry
e Small batch lots or short production runs.
e The applications of CNC include both for machine tool as well as non-machine tool areas.
In the machine tool category, CNC is widely used for lathe, drill press, milling machine,

grinding unit, laser, sheet-metal press working machine, tube bending machine etc.
1.9 CAD/CAM and CNC

The need for efficiency and accuracy in CNC programming has been major reason for

development of a variety of methods that use a computer to prepare part programs. Computer
assisted CNC programming has been around for many years. First in the form of language-based
programming, such as APT™ or Compact I1™., Since the late 1970's, CAD/CAM has played a
significant role by adding the visual aspect to the programming process. The acronym CAD/CAM
means Computer Aided Design and Computer Aided Manufacturing. The first three letters (CAD)

cover the area of engineering drafting.[6]

1.9.1 Computer-Aided Design (CAD)

The computer design system has been closely associated with the development of the concept of
computer graphics. However, the concept of computer design goes beyond many computer
graphics in terms of analysis and modeling. However, interactive computer graphics (ICG:

Interactive Computer Graphics) is the necessary technical basis for the computer design system.
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It is a software that allows us to draw the geometric pieces to be produced in all dimensions and
then convert the two-dimensional shapes to three-dimensional if necessary. It also allows us to
simulate geometric pieces in terms of movement, distribute stresses and also allows Draw the
curves of forces and moment that affect the piece of engineering to be produced We then save the
file in an appropriate format for understanding CAM software the most famous of these programs

[51[7]:
e Autodesk Inventor

e SolidWorks
e CATIA

The (figure 1-10) it explains how to process cad software: The sketch is beginning from start and
adjust settings. if we need draw the 2 dimensions, we choice the 2D icon or if we need draw 3
dimensions, we choice the 3D icon. and we can transfer design 2D to 3D by option in software.
After finish the design we export the design to program languages for reading the design by
CAM.[5][7]

Generic CAD Process

Engineering Sketch —

Units, Grid (snap), ...

3D 2D
D ;
= Construct Basic Create lines, radii, part C
6) Solids contours, chamfers

e ¥ !
- i extrude, rotate _
@ Ezzgﬁagugﬁzr;tlor;s « wae \Add cutouts & holes‘

Annotations |,

Dimensionin
@ 9 / CAD file
e utput o Draving (@)
— IGES file

Figure I- 10: Generic CAD Process [5]

1.9.2 Computer-Aided Manufacturing (CAM):

Computer Aided Manufacturing can be defined as the use of computer systems to plan, manage
and control manufacturing processes through direct or indirect interaction of computers with
production sites in the factory. CAM is a software that converts a part of engineering designed on
CAD software to G-CODE to enable the CNC machine to read the design. This G-CODE is

e
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transferred to the CNC machine directly from the software via a network cable or indirectly via
Flash memory and then determine the parameters of the CNC machine for the beginning of the

manufacturing stage [7].
The most famous of these programs:

e Surfcam
e PowerMill
e camworks

e Solidcam

The (figure 1-11) shows and summarized the typical workflow of a CAM system. The order of the
definition can be different in different CAM systems, but the definition of the listed data is required
every case for appropriate work. The most important application of the CAM systems is the milling

technology, so hereafter | focus to this application [5].

Open and prepare the
CA M [ CAD model ]‘\_ Modification
p rocess I Blank material
[ Select machine tool ]‘ Basic data, Type of CNC
controler, Coordinate system,
Safety planes

H[ Select tool ]\
i "“‘-\. Diameter, Length, Corner

- radius, Tool holder
Select strategy L
L

/

Define parameters

Define geometry

M Axis, Curve, Surface, Volume,
Window

[ Calculation
1
Simulation

L—l

-~

Display tool path, Collision
check, Manufacturing time

Generate CNC program

\

T
. =

-

Create documentation

‘e

Figure I- 11: CAM Process [5]

1.10 Conclusion:

In this chapter, we have introduced computer numerical control (CNC). Its history, what are its
components. How does it work and what are the pros and cons. We discuss computer-aided design

(CAD) and computer-aided manufacturing (CAM) and how they work in CNC.
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CHAPTER II FREEFORM CURVES AND SURFACES

1.1 Introduction

Mechanical manufacturing has employed a variety of CAD/CAM systems for many years,
each offering unique interpolation techniques. The goal of this diversity is to achieve tool
trajectories better suited to CAM tolerance when machining intricate surfaces. Common methods

include linear, circular, and polynomial interpolation.

Freeform or synthetic curves and surfaces are necessary for products with specially crafted
shapes, such as car bodies, ship hulls, impeller blades, and stylish consumer goods. The demand
for these shapes arises when curves are represented through measured data points. Modern
techniques have been developed to construct these curves. For example, in Computer-Aided
Design (CAD) applications, popular CAD modeling software relies heavily on Bezier, B-spline,
and NURBS representation. These representations provide easy interactive shape modification and

efficient computational interrogations.
1.2 Linear interpolation and circular interpolation

When using modern CAD/CAM systems, designers adopt more free-form or contoured
geometric shapes for the design and modeling of complex parts. Since conventional CNC
(Computer Numerical Control) machines only provide linear (G01) and circular (G02, G03)
interpolations, CAM systems have to create many linear and circular segments to approximate the

contoured geometry under given tolerances before sending NC codes to CNC machines [8].

(a) (b)

/

Figure I1- 1: a) linear interpolation b) circular interpolation

I1.1.1 Linear interpolation
The term linear interpolation means that the control system is capable to calculate thousands of

intermediate coordinate points between the start point and end point of the cut.
Result of this calculation is the shortest path between the two points. All calculations are automatic,

the control system constantly coordinates and adjusts the feedrate for all cutting axis, normally.
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Linear interpolation is closely related to fast positioning movement. While the rapid movement of
the tool from one workspace position to another is intended for use without cutting, the linear
interpolation mode is designed for practical material removal such as profiling, pocketing, facing

milling and many other cutting movements.

It used in part programming to perform a straight-line cutting motion from the tool start position
to the end position. It always uses the shortest distance the cutting toolpath can travel. The
movement programmed in linear interpolation mode is always a straight line connecting the start
and end points of the contour. In this mode, the tool moves from one location to another, moving
the shortest distance between the endpoints. This is a very important programming function,
mainly used for contouring and profiling. All angular movements (such as chamfers, chamfers,

angles, tapers, etc.) must be programmed in this mode to be accurate.[24]

11.1.2 Circular interpolation

Programming a toolpath along an arc is similar to programming a toolpath along a straight line.
The process of arc contour machining is called arc interpolation. Commonly used for profiling on
vertical and horizontal CNC machining centers. Circular interpolation for programming in
applications such as outer and inner diameters (collars and pitch circles), circular grooves,
spherical or conical, radial grooves, grooves, broken corners, helical milling, and even large
countersinks Arc or full circle. If the necessary information is provided in the program, the CNC

unit interpolates the defined arc with very high precision.

Circular interpolation is defined by the codes G2 and G3 (according to movement, standard, etc.)

in the CN file understandable by the HSM (high speed machining) machine controller.[24]
1.2 Curves and surfaces representation

11.2.1 History

Before the advent of computer graphics, engineers used splines to design airplane wings and car
chassis. A spline is a long, flexible piece of wood or plastic, with a rectangular cross-section, held
in various positions by heavy lead blocks with protrusions called ducks that hold the spline in fixed
positions on the drawing board [9]. The splines then fit the natural shape between the ducks. By
moving the duck, the designer can change the shape of the spline. The downside is obvious, and
the mapping equipment needed to record the duck's location and repair the many complex parts
takes up space in storage facilities, at the expense of consumers. A less obvious disadvantage is

that there are no closed solutions in mathematical analysis [9].
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In the 1960s, the landscape of mathematics and engineering underwent a transformation thanks to
the innovation of Pierre Bezier. With the aid of a computer, Bezier developed the CAGD software
UNISURF, which allowed designers to craft curves that appeared seamless on a monitor. This
departure from traditional design methods requiring physical space sparked the evolution of CAD
software. Further, Bezier's strides led to a novel mathematical construct referred to as a spline a

curve defined by minimal points.
1.3 Bezier curve and surfaces

11.3.1 Bezier curve

Bezier curves are a type of parametric curve that is employed in computer graphics and related
fields. These curves are delineated by a set of control points that serve as guides that define the
curve's shape. The curve is subsequently defined by a mathematical algorithm, which is typically
referred to as ‘DeCasteljau’'s’ algorithm. This algorithm determines the points on the curve based
on the set of control points. The approach of ‘DeCasteljau’ being more intuitive and more used.
Bezier’s method is based on the deformation of space. We start from a simple curve (like a quarter

circle) on a system of axes. In reality, the curve chosen by Bezier was a polynomial.

We start by letting the four points of a control polygon be the set P, where P = {P0, P1, P2, P3}.
The position of these points in two or three dimensions determines the curvature of the curve. Now
let Q(u) be a parametrically defined vector valued function where 0 <u < 1. As u varies from 0 to

1, the vector values of Q(u) sweep out the curve [9].

Mathematically a parametric Bezier curve is defined by [10]:

pu)=>y"", B (WK

Recall the Bernstein polynomials of degree n (we will use this in the general case of degree-n

Bezier curves) [1]:

wherei=0, 1, 2, ..., n, and
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Now we can mathematically define a degree three Bezier curve [9-10]
p(u) = By (u)R, + B;(U)R, + B, (U)P, + B (L)P, (s

Finding expressions for each basis term is straight forward for the degree three case, but can be
very tedious for splines of degree greater than three. Knowing that n = 3 and we have 4 control
points, by using (1) we compute [2-4]:
3 3

B, (U) =@Q—u)

B2(u) =3u(@—u)?

BS(u)=3u*@—u) - (5)

BJ(u) =u?®

Putting these terms back into (4) gives us our polynomial p(u):

p(u)=(1 - u)’ P, + 3u(l - u)’P + U*(L - u)P, + U’R, _(g)

Figure 11- 2: Bezier curve

Example 1:

Supposing that the control point of the desired curves are:
PO= (1,0), P1=(3,3), P2= (6,3), P3=(8,1).

And n=3, involves Bezier curves.
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Letu:(00.20.50.7 1)

Employing the equation (6) to determine p(u), the plotting of the control points and the curve

resulting from the equation (6) show it the (Fig 2), with 0<u<1

For u=0
p(0)=[1 0](1—0)3 +[3 3] 3(0)(1—0)2 +[6 3] 3(0)2(1—O)+[8 1](0)3

p(0) =[1 0]

For u=0,2

p(0.2) =[1 0](1-0.2)*+[3 3]3(0.2)(1-0.2)* +[6 3]3(0.2)*(1—0.2)+[8 1](0.2)°
p(0.2) =[2.30 1.44]

For u=0.5

p(0.5) =[1 0](1—0.5)> +[3 3]3(0.5)(1—0.5)° +[6 3] 3(0.5)*(1—0.5) +[8 1](0.5)°
p(0.2) =[4.5 2.375]

For u=0.7

p(0.2) =[1 0](1—0.7)* +[3 3]3(0.7)(L-0.7)2 +[6 3]3(0.7)°(L—0.7)+[8 1](0.7)°
p(0.2) =[5.98 2.23]

For u=1

p(0.2) =[1 0](1-1)° +[3 3]13W(AL—D>+[6 3]130W)>@A—1) +[8 1]@)°
p(0.2) =[8 1]

We can now draw our curve (in this case we have used ‘desmos’)
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Figure 11- 3: Bezier curve with four control points n=3

11.3.2 Rational Bezier geometries
Polynomials can be used to describe a parabola, but not any of the remaining conic shapes. It is
known from projective geometry, that any conic curve can be seen under the same structure and

properties; the only difference is that homogeneous coordinates need to be considered [9].

With these homogeneous coordinates (X, Y, z, w), and making them equal to the classical ones (x’,

v’, z’), the expression yields to (x’, y’, z’) = (i , A , i) andP= @.P.
aw WO
The resulting geometry can be written as:
n
ZBln(u)\M ' I:)l
C(u) =" cueldll g

ZBi,n(u)'Wi

where W; is the weight in each control point P;.

The denominator of projective geometry is a non-negative polynomial, allowing the geometry to
be defined as one polynomial divided by another. However, the number of control points is linked

to the order of the geometry, leading to numerical instabilities and computational inefficiency.
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11.3.3 Bezier surfaces
The Bezier surface is simply an extension of the Bezier curve in two parametric directions, a tensor

product of two curves. It is evaluated through [9-10-11]
n m
S(ulv):Zzpi,jBi,n(u)Bj,m(V) ...... (8)
i=0 j=0
Hence, although it is frequently the case that n = m, the parametric directions have degrees
n and m, respectively. This results in the control points (n + 1) *(m + 1).
The control points are supposed to be stored in a matrix, according to equation (8) however

Since the outcome is unaffected by the evaluation order, this must not necessarily be the case.

ZLOZT:O W ;P B, (u)B;, (u)
Z?:OZT:O Wi,j Bi,n (U)Bj,m (U) ......

Although the intimidating appearance of Equation (9), it is only the evaluation of a rational surface,

S(u,v) =

which is perfectly similar to the situation with one parametric direction. We frequently use the

same limitations for surface concatenation, but this time in two parametric directions.

11.4 B-splines curve and surfaces

11.4.1 B-splines curve

A spline of degree n is a piecewise polynomial function of degree n that is continuous of class
n-1 .

C"™in every node.

A B-spline curve may be described in a few different ways. It resembles the Bezier formulation in

its simplest form [10]:
P (U) = Z P| Ni,k (U) ..... (10)
i=0

1if t <u<t ,
0 otherwise

Ni,1(u) :{

_(u-t) (G, —u)
Ni,k(u)_t. 1 Ni,k—i(u)+t 1 N i ()

i—-k-1 i i—k i+1
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Where (P, P,,..., P, ) are control points and N; . are the basis functions defines using the Cox-

de Boor recursion formula
The basis function can be written as triangular scheme [10]:
Noo(U) — Ng,(U) ... Ng,,(U) — Ng,(u)

[ [
Nyou) — Ny(u) ... Ny, ()

I\In.l,o (U) —> anl,l(u)
[
N n,0 (U)

Where k controls the degree (k—1) of the resulting polynomial in u and also the continuity of the

curve.
m=n+k+1 .... (14)
Where m the number of knots.

The final equation of the uniform B-Spline curve when k = 4 in the matrix form is [10-12]:

-1 3 -3 1P,
3 -6 3 0f|P
pW)=2 v u 1 |
6 -3 0 3 1||P,| ..(v
1 4 1 0]P,]
i €[1:n-2]
Example 2

a uniform quadratic B-spline is defined the control point (P, P, P,) the
m=k+n+1=2+2+1=5
Knot vector T={t, 1, t;1,1.3={01 2345}

So, the B-spline is defined by
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() =3 N, ()R

Using Cox-de Boor formula

Noo(U) — Ng,(u) — Ng,(u)
[ [

No,(U) — Ny, (u)
[

N, (u)

Evaluating the basic functions for N, ,(U) gives:

t-0 3-t
No (U) = 2.0 N, (U) + a1 N, (u)

0
-0 2—-t 3-t

a0~ o)+ o[5S S M)

No (1) = = [Ny (U) +£2 - )N, (1) + (B-t)(E DN, () + B-1)* Ny (1)

N |-~

o When0<t<1then Nyo(U)=1; N;,(u)=0; N,,(u)=0

1t2 if 0<t<1
2

1 ) _
N, , (U) = 5[‘20—1) +2(t-1)+1] if 1<t<2

%[(t—Z)Z—Z(t—2)+1] it 2<t<3

0 otherwise

Doing similar for N;,(u) N,,(u)
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%(t—l)z if 1<t<2

1 ) _
N,,(u) = S22 +2t-2)+1] if 2<t<3

%[(t—S)Z ~2(-3)+1] if 3<t<4

0 otherwise
1 ) :
) if 2<t<3

N () = %[—2(t—3)2+2(t—3)+1] if 3<t<4

2,2 -
%[(t—4)2—2(t—4)+1] if 4<t<5
0 otherwise
@ 4 & @ & &

Figure 11- 4: basis B-spline curve of degree 3

11.4.2 Geometric properties of B-spline Curves
e Interpolation at the extreme points
e Any B-spline curve starts with a point on the first edge of the control polygon is tangent to
it (same for the last point).

e The intermediate points are control points external to the curve.
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e The affine transform of a B-spline curve is the curve passing through the transform of the
points.
e A B-spline curve belongs to the convex envelope of the points that control it. If it is of

order n, it belongs to the convex hull of n-1 consecutive points.

11.4.3 Rational B-spline
Following the same procedure that took us from the Bezier geometries to the rational Bezier, a
rational B-spline can be obtained, which in case of curves takes the form [10-11-12]:

ZBi,n(u)'Wi,j ' PIJ
C(u) == , 0<u<l (16)

Z Bivp(u) w,

where B, p are the basis functions.
11.4.4 B-spline surfaces
A B-spline has a bi-directional control net, consisting of control points Pi,j ,0<i<m,0<j<nThe

surface has an additional knot vector V in the form:
V ={vy, s Vgt o (17)

where the degree of the surface is p in the u-direction and q in the v-direction. The surface requires

two basic functions in the form of (16) and is given by [14]:

S(u,v) :Zm:Zn:Ni,p(u)Nj,q(V)Pi,j u, Su<u

- : m+1 Vq Vs Vn+1 ------ (18)
i=0 j=0
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. p=3
Y% m+l=n+1=5
sub patches =2x2

Figure 11- 5: B-spline surface with 2x2 sub-patches, and control polygon [14]

11.5 NURBS curve and surfaces

A non-uniform, rational B-spline (NURBS) is defined by its order, a set of weighted control points,
and a knot vector. NURBS curves and surfaces are generalizations of both B-splines and Bezier
curves and surfaces, the primary difference being the weighting of the control points, which makes

NURBS curves rational.

NURBS interpolator has great advantages for free-form surface machining compared to the
conventional linear/circular interpolator. However, the existing NURBS interpolators can only
handle the NURBS trajectory given in a customized NURBS G code.[15]

11.5.1 Proprieties of a NURBS curve
e Ordre: The order of a NURBS curve defines the number of nearby control points that

influence any given point on the curve

e Control Points: The control points determine the shape of the curve.

The parametric equation of NURBS curve that is defined by (m +1) control points, Pi is given by
[8-10-13-15]:

CW) =R, WP g

Where the rational B-spline basis function Ri, j» Is defined by:
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W N, (u)
; o (20)

Z\NiNi,j(u)

Ri,j(u) =

where Kk is the rank of the NURBS curve, N, ;(U) are the B-spline basis functions, P are the

control points, and W; are the weights. The basic function can be defined by a recursion equation:

-

1, uy<uc<u

i+1

N;o(u) = {

0, others
<
...... (21)
N; ; (u)= U —u Ni,j—l(u) ++ Ni+1,j—1(u)
i+] i i+j+1 i+1

where k is the power, ui (0, 1, 2,..., m) are knot points, which form the knot vector U

m

Obviously, it can only be determined if the rank of the NURBS curve, its control points, knot

vector, and weights are determined.

11.5.2 NURBS surfaces

If we extend equation (18) in two parametric directions, we obtain a surface with the same
properties as the NURBS curve. This equation is not pleasant to the eye in its mathematical form,
but in its rendered [17].

Z::OZT:()VVi,jPi Ni,m (U)Nj,m(v)
Zilozrjlowhj Nim (UN; 5 (V)

By evaluating this equation, we obtain a surface with local control, one knot vector in each

S(u,v) = 0<u,v<i....(22)

parametric direction and with rational properties; virtually anything one could wish for when
modeling a surface. It goes without saying that N, (u) uses the knot vector u and Nj,m (v) the

knot vector v.
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Control Point

Control Polygon

Figure 11- 6: NURBS surface [17]

11.5.3 Importance of NURBS
NURBS are widely used in CAD/CAM systems for the following reasons as below [17]:

e The representation of both the standard analytical shapes and free-form shapes
with the unified common mathematical form

e NURBS provides the flexibility to design the most complex intricate shapes by
manipulating the control points as well as weights

e It is fast and computationally stable

e They have lucid geometrical representation that are useful for the designer

11.5.4 NURBS formulation
NURBS is used in CNC part programs for its flexibility in shape control. In this section we

summarize the main characteristics of the NURBS formulation.[17]

4 )

B-spline Data points
basis for NURBS

Control point Knot vector

Figure I1- 7: Block diagram of NURBS formulation
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11.5.5 NURBS Interpolation
In NURBS interpolation, NURBS curve data (e.g., control points, weights, and knot vector) are
considered as inputs parameters and they are directly sent to the CNC system where generates

the interpolation points based on the NURBS curve data, instead of the small line segment data
that are defined by the GO1 command. The table I1-1 shows the implementation of interpolation

based on line segment and NURBS.[17]

Table 11- 1: NUBRS interpolation formats by different CNC makers

Fanuc Siemens Okuma Mitsubishi Toshiba
CNC model 15 series 840D OSP700M M700 TOSNUC
16 series (Spar H1 888
18 series CNC)
30 series
CPU 64-bit RISC RISC RISC
G-code G06.2 Language G132 G70.0
type: G70.1
BSPLINE

11.5.6 Example of NURBS surface in CAD

The (Fig 11-8) shown below present an example of NURBS surface in cad using solidworks

Figure 11- 8: NURBS surface in CAD
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11.6 Conclusion

In this chapter we have present a general overview of linear interpolation, circular interpolation,
also we have presented the fundamental principles of construction of freeform surfaces using
Bezier, B-spline, NURBS curves and their roles to improve machining precision on numerical

control system.

The interpolator NURBS allow to define complex curves using a reduced number of parameters
what also makes it possible to reduce considerably the length of the program of machining, to
avoid the decomposition in segments of the courses of tool, and to have advances of the machine

spindles without discontinuity.
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CHAPTER I11 SINUMERIK 840D CYCLE PROGRAMMING
.

I11.1 Introduction

There are currently several methods of creating NC programs. They are divided into several
groups, manual programming, workshop programming and NC programming using CAD/CAM
systems. Their main difference is the functions or features they provide.

The most fundamental of these is the control system itself, which allows the creation of NC
programs by writing ISO code (G-code) directly or using predefined cycles. Another approach is
control using shop floor programming, which simplifies the creation of NC programs through the
use of cycles (blocks) and complex graphical assistance. The most complex method of creating
NC programs is the CAD/CAM system. These systems support the creation of NC programs for
complex parts containing complex 3D surfaces.[18]

In terms of the available cycles and functions, it can be said that the manual programmable
control system contains the fewest number of cycles and functions available and can be used for
simple components without complex surfaces, with this system making the most demands on the
programmer, in addition to knowing the technology and the 1ISO code. Nevertheless, this method
of creating NC programs is used in single or small-lot production of parts, as well as in teaching

the basics of programming CNC machines.
1.1 WinNc Sinumerik 840D

I11.1.1 definition
WIinNC is a software developed by “EMCO Maier GmbH” that provides a simulation environment
for CNC programming and training. Sinumerik 840D is a numerical control system developed by

Siemens AG for CNC machines.

WiInNC Sinumerik 840D is a version of the WinNC software that is specifically designed to work
with CNC machines that use the Sinumerik 840D control system. It allows users to program,
simulate, and optimize CNC machining processes for a wide range of industrial applications. The
software includes a user-friendly interface that makes it easy for operators and technicians to

interact with the machine and to fine-tune the programming to achieve the desired results.
Some of the features of WinNC Sinumerik 840D include:
e Simulation of CNC programs in a virtual environment before execution on the machine
e Support for multi-axis machining and complex geometries

¢ Real-time monitoring and analysis of machine data
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o Integration with CAD/CAM software for seamless transfer of machining instructions
e Automatic error detection and correction
o Optimization of machining processes for improved efficiency and productivity.

I11.1.2 Screen division
(Fig 111-1) show screen interface of WinNc sinumerik 840D:

_—’_J WinNC SINUMERIK 840D MILL (c) EMCO

@ @ \PROG!MPF.O IR
Machi Channal Parti MPF
Channe | s et L 5

7 Om

Progra m a bortet

Masterspind e

2B4.220 mm onon onod  U/min
Y 111.140 mm opon onon  Uimin
£ 218.425 I‘ﬂITI onon oooo g
5 no.oon qnd 0.0o0 iooooo %

1

Ist 0.oo0 100000 %

III.IIIIJIII
P11 @ o 4

Prese ected tool:

p12

Figure I11- 1: WinNc screen division

Display of the active operating area

Display of the active channel

Operating mode

Program path and name of the selected program
Channel status

Channel operating messages

Program status

Channel status display (SKIP, DRY, SBL...)

© © N o g bk~ w D

Alarm and message line

s
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10.

11

14.
15.
16.
17.

Working window (program editor), NC displays (feed, tool) avalaible in the active
operating area are displayed here

. The selected window is marked with a border and the headline is displayed inverted
12.
13.

Vertical softkeys

When this symbol is displayed, the keym is active (jump back to superior menu is
possible)

Dialogue line with operator notes

When this symbol is displayed, the key is active (information available)

Horizontal soft keys

When this symbol is displayed, the key Is active (more softkey function available in
this line).

I11.2Pre-programmed cycles

Cycles are used to speed up and facilitate repetitive activities. A standard cycle is defined as a

subroutine with its own name and parameter list. The pre-programmed cycles in the Sinumerik

840D also include a graphical interface. The graphical interface provides the programmer with

sufficient information about the order and properties of the parameters that need to be added for

the functionality of the cycle. Subroutines work with user-defined parameters, based on which

they perform the required steps. On (Figure I11-2) can be seen example of pre-programed cycle for

contour roughing [18].

Cycle params: YCLESS™

Name NPP | A |
Infeed depth MID & 0.
Fin. allow. FALZ | 0.
Fin. allow. FALX i 0.
Fin. allow. FAL I 0.
Feed roughing FF1 I 0.001]
Feed plunging FF2 [ 0.001]
Feed finish FF3 [ 0.001]
Operation VARI i3 | 1
Dwell time DT | 0.
Path length DAM i 0.
Retract, path VRT i 0.

& L

Figure I11- 2: pre-programmed cycle example
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111.2.1 Milling cycles
The table below present pre-programmed milling cycle

Table 111- 1: Milling cycles [19]

Cycle 71 Face milling

Cycle 72 Contour milling

Cycle 90 Thread cutting

Longhole Longhole on a circle

Slot 1 Slot on a circle

Slot 2 Circular slot

Pocket 1 Rectangular pocket

Pocket 2 Circular pocket

Pocket 3 Rectangular pocket

Pocket 4 Circular pocket

Cycle 76 Rectangular stud milling

Cycle 77 Circular stud milling

111.2.1.1 Cycle 71 face milling

CYCLET1 (RTP, RFP, SDIS, DP, PA, PO, LENG, WID, STA, MID, MIDA, FDP, FALD, FFP1,

VARI)

RTP Retraction plane (absolute) Retraction Plane

After the cycle the tool stands at this height. RTP must be higher than thereference level.

RFP Reference plane (absolute) Reference Plane

Height of the workpiece surface, in most cases the workpiece zero pointlies on the surface

(RFP=0)

SDIS Safety clearance without sign Safety Distance
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The tool moves in rapid motion up to the height SDIS across the referencelevel and then changes to
working feed

DP  Depth (absolute) Depth

PA  Starting point, abscissa (absolute)  Point Abscissa

PO  Starting point, ordinate (absolute)  Point Ordinate

LENG Rectangle length along the 1st axis Length

The angle from which dimensioning is carried out results from the sign.

WID Rectangle length along the 2nd axis Width

The angle from which dimensioning is carried out results from the sign.

STA Angle between the longitudinal axis of the rectangle and the 1st axis of theplane (enter

abscissa without sign)
Value range: 0° _STA < 180°

MID Maximum infeed depth (enter without sign) Maximal infeed Depth MIDA

Maximum infeed width value for clearance in the plane
(Enter without sign) Maximal infeed Depth an
FDP Retraction travel in the plane (incremental, enter without sign)

FALD Final machining allowance in depth (incremental, enter without sign) in machining mode

smoothing FALD stands for the residual material on the area. ~ Finishing Allowance Depth
FFP1 Feedrate for surface machining Feed For Plane

VARI Type of machining VARIant

UNITS DIGIT

Value: 1... Clear up to final machining allowance2... Finishing

TENS DIGIT

Value:

1... parallel to the abscissa, in one direction

2... parallel to the ordinate, in one direction

3... parallel to the abscissa, With changing direction
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4... parallel to the ordinate, with changing direction

W% VARI=2 k' _WART=1x
A 9

LEMG
—WID : | BT

¥
¥
¥
P

e H
>

b WART=4x

|| | ———

Program |cnme| 1 | JOG Ichannel 1
Channel reset saveiclear U7
Program aborted [RoV] active part
1 7 1 2 USB-Dangle for Easy2contral could not be found! h  USB-Dongle for Easy2control could not be found!
FACING MPF
TO DO
G0 G53 G90 Z0'
G0 G53 G90 X0 YO' dthAxis  UH
T1D1% onjoff
M3 5800%
GO0 Z5'
M8 Parameter U"|
CYCLET1(,,5,5,,,80,80,0,0.2,18,0,0,800,11,0)'r
GO Z5'
M5 M9
1
m+ o

p lation view

Figure I11- 4: cycle 71 example

111.2.1.2 Cycle 72 contour milling
CYCLE72 (KNAME, RTP, RFP, SDIS, DP, MID, FAL, FALD, FFP1, FFD, VARI,RL,AS],
LP1, FF3, AS2, LP2)

Parameter additional to Cycle81.:

s
43




CHAPTER Il SINUMERIK 840D CYCLE PROGRAMMING
I

KNAME Name of contour subroutine

The contour to be milled is completely programmed in a subroutine. Withthe parameter KNAME

you can define the name of the contour subroutine.

FAL Final machining allowance at the edge contour (enter without sign)FFD Feedrate for

depth infeed (enter without sign)
RL  Following the contour clockwise or counterclockwise withG40, G41 or G42
Value: 40...... G40 (approach and leaving only linear)
41.....G41
42......G42
LP1/LP2 Length, radius

LP1: Length of approach travel (along a straight line) or radius of the millcenter path of the arc

approach (along a circle)

LP2: Length of return travel (along a straight line) or radius of the millcenter path of the arc

approach (along a circle)
These values must be programmed >O0.

FF3 Return feedrate and feedrate for intermediate positioning in the plane. If no feedrate is

programmed, the intermediate motions are carried out with surface feedforward for GO1.
AS1/AS2 Specification ofapproach/retraction travel
AS1: approaching travel AS2: retraction travel
If AS2 is not programmed, the behavior of retraction is the same so that of the approach
UNITS DIGIT:
Value: 1.... Straight tangential line

2.... Semi- circle

3.... Quadrant
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_FAaL

_HKHAME

//F’

= RL =41
Em _LP1 -
[x1
[ﬁ] _RTP
SDIS
L —RFP———— —
-+ > [X]
-OF _FALD _FFD grp _MID

Figure I11- 5: contouring milling parameter

Example cycle72

Prcgram |Channe|1 | JOG Program Channel 1 JOG
Channel reset Channel reset savelclear 7'
Program aborted ROV Program aborted ROV active part
1 712 USB-Dengle for Easy2control could not be found! —1 712 USB-Dongle for Easy2control could not be found!
lew 1
Program edito 3D-simulation CONTOUNING.MPF
0 G53 G90 Z0'*
0 G53 G90 X0 Y0' thaxis ¥
1D1% jonioff
M3 S800'
0 Z5'%
YCLE72("qw",,,1,-5,0.2,0,0,900,50,11,41,1,1,0,1,1)' Parameter U
0 Z5%
M5 M3'e
0D0 %
0 G53 GO0 Z0' orkplece
0 G53 G90 X0 Y0'r
M30%
Tool L
oom-
oom+ 7
d Goto..  FfFind Msupport  “J3Dview  Psimu- Edit Filwire FiSolid E Hlstart "Ireset Single
Replace lation rame iew

Figure I11- 6: cycle 72 example

45



CHAPTER 11l SINUMERIK 840D CYCLE PROGRAMMING
.|

111.2.1.3 Rectangular pocket POCKET1/circular pocket POCKET2
POCKET1(RTP,RFP,SDIS,DP,DPR,LENG,WID,CRAD,CPA,CPO,STAL,FFD,FFP1,MID,CDI
R,FAL,VARI,MIDF,FFP2,SSF)

POCKET2(RTP,RFP,SDIS,DP,DPR,PRAD,CPA,CPO,FFD,FFP1,MID,CDIR,FAL,VARI,MIDFF
FP2,SSF)

The tool traverses with rapid feed to the pocket center at level safety distance overreference plane

and works off the pocket from center outwards.
Pocket length and width must be larger than the tool diameter, otherwise cycle abortwith alarm.

RTP retraction plane, RFP reference plane, SDIS safety distance, DP, DPR enddepth like

previous cycles.
PRAD pocket radius without sign Pocket Radius
LENG pocket length without sign Length
WID  pocket width without sign Width
CRAD corner radius without sign Corner Radius
CPA center point in X Centre Point Abscissa
CPO center point in' Y Centre Point OrdinateSTA1 pocket angle related to X
FFD feed for depth infeed Feed For Depth
FFP1 feed for surface machining Feed For Plane
MID max. infeed depth for cutting Maximum Infeed Depthwithout sign
CDIR machining direction Cutting Direction
2: G2 (clockwise) 3: G3 (counterclockwise)
FAL finishing offset without sign Finishing Allowance
VARI machining variant ~ Variant
0: roughing and finishing to final dimension

1: roughing until finishing offset
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2: finishing from finishing offset to final dimension

AlY] ALY]

CPA STA1

el - o
CPO CPO
[x] [x]
& > | & >
Figure 111- 7: Rectangular pocket /circular pocket
Example POCKET?2
Program |cmm,",|1 | JOG | Program |Channel1 | JOG |
Channel reset Channel reset
Program aborted ROV Program aborted
1712 USB-Dongle for Easy2control could not be found! 1712 USB-Dongle for Easy2control could not be found!
3D-simulation POCKETI.MPF
TO DO'
G0 G53 G0 Z0'
GO0 G53 G90 X0 Y0'r
T1D1%
M3 S800'

60 Z5%
M8’
POCKET2(,1,-10,0,20,25,25,50,900,0,2,2,0,1,0,0, )«
60 Z5t

M5 M3

T0 DO

G0 G53 G30 Z0'

60 G53 G30 X0 Y0'

M30':

Figure I11- 8: circular pocket POCKET2 example

I11.1.1.1  Rectangular pocket POCKET3/circular pocket POCKET4
POCKET3(RTP,RFP,SDIS,DP,LENG,WID,CRAD,PA,PO,STA MID,FAL,FALD,FFP1,FFD,CD
IR,VARI,MIDA,AP1,AP2,AD,RAD1,DP1)

POCKET4(RTP,RFP,SDIS,DP,PRAD,PA,PO,MID,FAL,FALD,FFP1,FFD,CDIR,VARI,MIDA,
AP1,AD,RAD1,DP1)
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These cycles can be applied to roughing and finishing.For finishing is, a face cutter is needed.

The depth infeed will always start at the pocket center point and performed verticallyfrom therej thus
a pilot drill can be suitable performed in this position.

Atool offset must therefore be programmed before the cycle is called. Otherwise, thecycle is aborted

and a alarm is output.

New functions from POCKET3 concerning POCKET 1:

e Milling direction can be defined with a G instruction (G2/G3) or as compared to the spindle
direction.

e For solid machining, the maximum infeed width in the plane is programmable.
e Finishing allowance considering the pocket.
e Three different:

-vertically at the pocket center point.
-along the helicoidal path around the pocket center.
-oscillating around the pocket central axis.

e Shorter approach path around the pocket center.

e Consideration of a workpiece contour in the plane and a basic size at the base (optimum

processing of pre-formed pockets possible.
New function from POCKET4 concerning POCKET 2:

e Milling direction can be defined with a G instruction (G2/G3) or as compared to the spindle

direction.
e For solid machining, the maximum infeed width in the plane is programmable.
e Finishing allowance for the pocket base.

e Two different penetration strategies:
-vertically from the pocket center point

-along a helicoidal path around the pocket center.
e Shorter approach path in the plane for finishing.

e Consideration of a workpiece contour in the plane and a basic size at the base (optimum
processing of pre-formed pockets possible)

e MIDA is newly calculated during edge machining.
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Il | _FAL Py _75Dj2]-8 ¥l ! _FAL PRAD
A | A
_unn “COIR: /- \ CDIR:0 M3+G3
PO Bl sTm |0 MI=G3 | | po M4+G2
M-+G2 ® 1 M3=G2
AP2 I—LE“G .j 1 M3=+G2 M4+G3
I L M4-+G3 2 G2
2 G2
PA 3 G3 e —
i > 5 >
i rx1 ™ [X]
Eﬁ] RTP ',Z.,l] RTP
1 RFPe.___ _ _SDIS — RFP____ _SDIS
- e l — b
@E— “AD Fro ¢ »[X] @E— G TR =[]
Ipp _MID Tpp~ _MID
__FALD = Frpq _FALD  fFpq

Figure 111- 9: Rectangular pocket POCKET3/circular pocket POCKET4

Example POCKET3

Channel reset
|Program aborted

[Channel reset
Program aborted
1712 USB-Dongle for Easy2control could not be found

1 71 2 USB-Dongle for Easy2control could not be found!

Program editor:

3D-simulation

TO DO

G0 G53 G90 Z0'x

G0 G53 G90 X0 Y0's

T1D1%

M3 5900

GO Z5'%

MB*
POCKET3(,,1,-5,60,60,8,,,0,0.2,0,0,800,50,3,11,0,0,0,0,0,0)'
GO Z5%

M5 M9

TO DO'x

G0 G53 G90 Z0'
G0 G53 G390 X0 Y0's
M30'

}

POCKET1.MPF

—

Figure I11- 10: rectangular pocket POCKET3 example

111.2.2 Drilling cycle

111.2.2.1 Cycle 81 drilling centering/cycle 82counterboring

CYCLESL (RTP, RFP, SDIS, DP, DPR)
CYCLES82 (RTP, RFP, SDIS, DP, DPR, DTB)
RTP retraction plane absolute ReTraction Plane

After the cycle the tool is placed on this height. RTP must be higher than the reference plane.
ReFerence Plane

RFP reference plane absolute
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Height of the workpiece surface, most time the workpiece reference point is on the surface
(RFP=0)

SDIS safety distance without sign  Safety DIStance

The tool traverses with rapid feed until SDIS over reference plane and then changes to working
feed

DP  end depth absolute  DePth

Depth of the hole, related to the workpiece reference point.
DPR end depth relative to reference plane  DePth Relative
Depth of the hole, related to the reference plane, without sign.

Either DP or DPR can be programmed. If nevertheless both parameters are programmed, DPR will
be valid.

DTB dwell time at hole ground in [s] Dwell Time at Bottom

The tool retracts only after a dwell time to clean the hole ground (only CYCLES82).

Example cycle 81

Channel reset |Channel reset
Program aborted ROV Program aborted
1 71 2 USB-Dongle for Easy2control could not be found! 1 71 2 USB-Dongle for Easy2control could not be found!

3D-simulation

Program editor:

R el o

Figure I11- 11: drilling cycle example
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I11.3 case study

in this case we’ll try de create a G-code program of a non-twisted blade impeller using cycle

milling

Figure 111.12: drawing definition of blade

111.3.1 main and sub programs:

G54 Program editor:
T2 D1 M6
$2230 F446 M3' X40 Z28%
G90 GO X40 Y-8 Z65' X4T7 Z21%
. X57 Z16%
G90 GO X40 Y8 Z65% X67 Z11%
HR P1% X85 75%
765' M17%
G90 GO X40 YO Z65' "
HMAA P1' Program editor:
C60'%
M30% X70 Z20%
X65 724"
M17%

Figure 111.13: main and sub program of blade
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111.3.2 simulation

Figure 111.14: program simulation

111.3.3 Calculate spindle speed and feedrate

Using table bellow we can detemine the spindle speed & feedrate

e Spindle speed

~ 1000V,
7D

N

N : spindle speed (tr/min)

Vc . cutting speed (m/min)
D: diameter (mm)
~1000x< 70

N = = 2230tr / min
3.14 <10
e Feedrate
V,=1f,xzxN

fz : feed per teeth (mm/tooth)
V; : feedrate (mm/min)

Z : number of flutes
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V, =0.1x2x%x2230 =446mm/ min

Table I11- 2: cutting speed & feed per tooth for some materials

material Cutting Feed per tooth (mm)
speed m/min =g, ¢ mill Slab mill End mill

Aluminum 70-100 0.2-0.8 0.2-0.6 0.1-0.4

brass 35-50 0.15-0.6 0.15-0.5 0.07-0.3

bronze 50-70 0.07-0.3 0.2-0.6 0.-0.4

Cast iron 20-35 0.1-0.4 0.1-0.3 0.05-0.2

Mild steel 30-40 0.1-04 0.1-0.3 0.05-0.2

copper 20-30 0.1-04 0.1-0.3 0.05-0.2
111.4 Conclusion

In this chapter a presentation of the software Sinumerik 840D by EMCO which’s one of most
software used on CNC programming with presentation of the pre-programming cycles used in this
software with giving examples for it, the aim of these cycles is to optimize and increase
effectiveness of NC program preparation, for milling and turning; but those cycles work for simple
shapes so a new cycle has been created to machining a non-twisted blade impeller from a

cylindrical piece.
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HOURIA MOHAMED EL AMINE IMPELLER DESIGN & MACHINING

V.1 Introduction

Automated CNC-machining has been in use for decades to produce plastic, metal, and wood
objects. To achieve this, a 3D design program or Computer Assisted Design (CAD) is employed
to design the desired object. SolidWorks and CAMWorks are two examples of such computer
software. Once designed, the CAD files are transferred to NC code in a process known as computer
assisted manufacturing. This results in more precise machining and reduces the need for manual

control of automated machine tools.

This chapter is composed of two parts, the first consists the manufacturing of the compressor
impeller in the molding phase in this part we will do the design of the mold with the help of
SOLIDWORKS software, in the second part we shall do the machining of the piece on CNC
machine using CAMWorks software.

V.2 Mold phase

IV.2.1 SOLIDWORKS presentation

SolidWorks is 3D parametric design software that enables users to create three-dimensional
objects ranging from complex multi-component designs to single objects. The term parametric
means that the dimensions of the object to be designed can be modified later and therefore the

modeled geometry changes.

SolidWorks has three basic functions: parts, assemblies, and drawings. The designer draws the

geometry and determines the dimensions of the manufactured object in local section.

Assembly allows designers to assemble individual objects or components by linking them together
using linking functionality. Drawings describe a 3D part or assembly as a 2D model and can use
ANSI (inches) and 1SO (millimeters) standards.

IV.2.2 Obtaining the model using SOLIDWORKS
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Figure IV- 1: Impeller drawing definition
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Our piece is a turbo compressor impeller with 12 twisted blades.[20]

Table IV- 1: impeller characteristic dimensions [21]

Model name Impeller
assembly Turbo-compressor
material Aluminum alloy 6061
Dimensions Blade Outlet Inlet Inlet | Outlet | Blade Blade | Thick-
number | diameter | diameter | Width | Width | Angle, Angle, ness
12 175.78 125.55 34.5 75.5 33° 65° 2
(mm) (mm) | (mm) | (mm) (mm)
steps followed to design the model
1. Select front plane and create sketch
17.50 10
&

90

Figure IV- 2: drawing sketch
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2. Revolved boss/base
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Figure 1V- 3: revolved boss

3. Create new reference plane

eatures | Sketch | Surfaces | SheetMetal | Weldments | MoldTools | DataMigration | Evaluste | DimXpert | SOLIDWORKS Add-lns |  CAMWorks 2018-WorkFlow | CAMWorks 2018

2 — —|* @rart1 ©Oefault<<D.. PLERLIEB-D-®- g - B
S B[R[e[€[T
; i Plane ©)
v X =
|- Message -
Fully defined
First Reference ~
@ Medge<r>

[ L perpendicular

Coincident

Second Reference 2
(o] — ]
Third Reference &S
all
Options ~

[ Flip normal

Figure IV- 4: reference plane

4. Select planel and create sketch with convert entities
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- @-@ "= - Entities 28 Move Entities - Sketch Sketch
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Figure IV- 5: create sketch with convert entities

5. Draw helix

F]

Features | Sketch | Sufaces | ShectMetal | Weldments | Mold Tools | DataMigration | Evaluate | DimXpert

T
2 Heli/Spiral @

SOLIDWORKS Add-lns | CAMWorks 2018-WorkFlow | CAMWarks 2018
» GPartt (Default<<D.. PELIUEHR-B-» -

S B[R[&[ET

v X

Defined By: -
Height and Revolution v
Parameters ~

@ Constant piteh

O Variable pitch
Helght
[ &5.00mm |a
[ Reverse direction

@ Clockwise
O Counterclockwise

O Taper Helix v

Figure IV- 6: drawing 1st helix

6. Do the same for next sketch
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| Wetdments | Mold Tools |

Data Migration | Eveluate | DimXpert | SOLIDWORKSAdd-lns |  CAMWorks 2018-WorkFlow |  CAMWorks 2018

E—
-

[JReverse direction

Revolutions:

C—
v

Start angle:

270.00deg f

@ Clockwise
O Counterclockwise

[ Taper Helix v

eatures | Sketch | Surfaces | Sheet Metal
s 2 > Gpartl Default<<D.. PELI LB B E-
i
4
A 12 Helix/Spiral2 @
v X
R
|- Defined By: PN
| Height and Revolution v .
@® Constant pitch \‘;‘5‘:‘3\
O Variable pitch
Height:

7. Surface loft

Figure IV- 7: drawing 2nd helix

Dim¥pert | SOLIDWORKS Add-lns |  CAMWorks 2018-WorkFlow |  CAMWorks 2018

L surface-Loft [©]

v X
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J
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Centerline Parameters v
Sketch Tools ~
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» @part1 (Default<<D.
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Options ~ 5
[ Merge tangent faces ¥ Profile(Helix/Spiral2)
[close toft ‘

[ show preview

Curvature Display v

Figure 1V- 8: surface loft
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8. Thicken
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Figure V- 9: thicken

9. Circular pattern

G 37 g ¥ g =@ U § Iegm 7 |
bincd Rohe ‘mmﬁ& e "o Vd mmﬂlﬂi@f Fie Lt @ bt i fefrec. Coves
ol sl @by bsfe © Phntyla . B K

et 30 [ Dk vt Wi Doy | o e | SUDDAb O XOhe | OOt |

§ . ' Grat sk FITAET B RCE
“6B[ale 8T
iy
sa_:cmv ()
v X
]
| Dieioe| )
i
Olstetrg
Bt
e
i ) ‘
Zontint ‘|
et vt
s ol
 niwt
ey vl
™ "
Fromreal st
Ol
Wt
s by v

b G |G | Sl | Voo Vs | Dt | e [ gt | SOMCRGths | (Al Mbbcon | A2 |

PEAREE 02080

0

=

GEB§ 8T
7

Gratt DefuitecDefas D
) @m

5o

) [0 i

Y ol st

5 Ml ot e
) FonPre

(1 TopPine

(It

L, o

i [0

(I et
1 Bl
1 B@i’ﬁpwﬁ

Wittt

L

Figure IV- 10: circular pattern
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10. Combine bodies

Features | Sketch | Surfaces | SheetMetol | Weldments | MoldTools | DateMigration | Evaluate | Dim¥pert | SOLDWORKSAdd-ns | CAMWorks2018-WorkFlow | CAMWorks2018 | 00

» @partt (Default<<D.. PRLIERB-T-9- ..

|—— operation Type ~
©Add

O subtract

O Common

Bodies to Combine A
CirPatterni(i]
CirPattern1Z)
CirPattern[3]

CirPattern1[]
CirPattern1(g]

Figure V- 11: combine bodies

11. Select front plane and draw the sketch

/-O-N- 14 (5] c =K Mirror Entities 1L 2 B @
A BB Linear Sketch Pattern - Display/Delete Relations pormye Qui. | pacy
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EN]
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1) Front Plane |
(1] Top Plane
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Figure IV- 12: create sketch on blades
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12. Revolved cut
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Figure 1V- 13: revolved cut

13. Finished piece
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Figure IV- 14: finished piece
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1VV.2.3 Mold design using SOLIDWORKS mold tools
e Calculate Shrinkage rate

(cavity dim— part dim)
cavity dim

Shrink rate =

x100%

Shrink rate =

(200 375'78) «100% =12.11%

Mold design steps

1. define scale

Features | Sictch | Sufaces | SheetMetal | Weldments | MoldTooks | DataMigition | Evaluate | Dimipet | SOLDWORKSAddns |  CAMWorks 2014

. : » @ TURBD (Default< <. PLLIZ@#-0-
QEE[SIOlT o
ov @S{ale ®

2 x
]

[~ Scale Parameters A

Scale about:

‘ Centroid v |

Uniform scaling

102 &
¥
Figure 1V- 15: define scale
2. Select parting line
e | Stk | Sotacs | ot | Wedmrts | Mot o[ St grton | vt | Dt SR s [T T T
Egi' @ TURBO (Default<<.. PEL EHF-W-v =2-
. © Partingline @

Figure 1V- 16: select parting line
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3. Shut off surface

s o
] o
G ERIelelT

i & ShutOff Surface ®

LY X

]

|- Mesage R
‘The mold is separable into core and cavity,

Edges

@

Mkt
[AFiter toops

[ snow preves
[ show callouts

Reset Al Patch Types A

o o 9

Figure 1V- 17: shut-off surface

4. Create parting surface

Features | Sketch | Surfaces | SheetMetal | Weldments | MoldTools | DataMigration | Eveluate | DimXpert | SOLDWORKSAdd-ns | CAMWorks 2018 WorkFlow | CAMWorks 2018
=

=i @ TURBO (Default<<Default>_Display State 1> PLRELIER - ©-9- -3~
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- VX

s

[ Message 23

Select a parting line feature or model
edges to reate a parting surface

Mold Parameters Lol
(O Tangent to surface
O Normal to surface

@ Perpendicular to pull

Parting Line A

Q‘E |

Parting Surface A
[2][240.00mm A
] v
m 30.00deg

Smoothing:

A
& | 345mm S

z o
Options ~
[Mknit all surfaces

[ show nreview: A

Figure 1V- 18: parting surface

5. Create new sketch on parting surface
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Figure IV- 19: sketch on parting surface

6. Tooling split

- — " §TURBD (efault<<.. PERUEB-T-v-
=G E[R[®[G[T

*" N Todling Spit ®
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=®

| Block Size A

R ET R
& [ 100mm & 4

[interlock surface

Core A
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|

Cavity

~
¢ I Shut.Off Surface12]

Parting Surface A

¢ I Parting Surfacel ‘
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Features | Sketch | Surfaces | SheetMetal | Weldments | MoldTools | DataMiguation | Evaluate | DimKpert | SOLDWORKSAdd-ins |  CAMWorks 2018-WorkFlow | CAMWorks 2018 |

Figure 1V- 20: tooling split

7. Obtaining mold core and cavity
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Figure IV- 21: mold core and cavity

8. Add pins to get finished mold

Figure 1V- 22: finished mold
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HOURIA MOHAMED EL AMINE IMPELLER DESIGN & MACHINING

V1.2 CNC Machining phase using CAMWORKS

V1.2.1 CAMWORKS presentation

CAMWorks is a computer-aided manufacturing (CAM) software solution developed by
Geometric Americas Inc., a subsidiary of HCL Technologies. It is a fully integrated CAM software
solution that runs directly inside SOLIDWORKS, a popular 3D CAD software.

CAMWorks uses feature recognition technology to automatically recognize and extract features
such as holes, pockets, and slots from a SOLIDWORKS 3D model. These features are then used
to create toolpaths for machining operations such as milling, turning, and wire EDM.

CAMWorks also includes a range of additional features such as automatic toolpath verification,
post-processing customization, and machine simulation. These features help to streamline the
CNC programming process and improve the overall efficiency and quality of the manufacturing
process. Overall, CAMWorks is a powerful CAM software solution that can help manufacturers

of all sizes to streamline their machining operations, reduce errors, and increase productivity.

V1.2.2 process of using CAMWorks

Create desi del | Ch NC Machi
{ reate design mode J oose achine

Plan Machinable Features

1

[ Generate Toolpath ]

Simulate Toolpath

Post Process

Generate Operation { Extract orldentlfy ]
e
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V1.2.3 CAMWorks Machining Modules
The machining modules included in CAMWorks represent a fairly complete set of capabilities in

support of virtual machining and toolpath generations. These modules include:

e 2% axis mill: includes roughing, finishing, thread milling, face milling and single point
cycles (drilling, boring, reaming, tapping) to machine prismatic features

e 3 axis mill: includes 2.5 axis capabilities plus strategies to machine complex,

e contoured surfaces encountered in mold making and aerospace applications

e 2and 4 axis turning: includes roughing, finishing, grooving, threading, cutoff and single
point cycles (drilling, boring, reaming and tapping)

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

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

e Wire EDM: 2.5 axis and 4 axis cutting operations automate the creation of rough, skim

and tab cuts.

V1.2.4 The major command buttons in CAMWorks

Table below present the major commands used in Camworks:

Table 1V- 2: major command buttons in CAMWorks

Button Symbol Name Function

Define Machine | Allows you to define the machine tool that the part

N?:c'.%se will be machined on, such as 3-axis mill.
Define Coordinate | Allows you to define a coordinate system and
}.Coardinate System System assign it as the Fixture Coordinate System for the
active machine

Stock Manger Allows you to define the raw stock from a

@ Stock Manager bounding box, an extruded sketch or an STL file.
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Extract Machinable | Initiates automatic feature recognition (AFR) to
Features automatically extract solid features that correspond
,.‘
Nll to the machinable features defined in the
Extract
M:chtinable technology database (TechDBTM). The types of
eatures
machinable features recognized for mill and turn
are different. CAMWorks determines the types of
features to recognize based on the NC machine
selected. The machinable features extracted are
listed in the feature manager window under the
CAMWorks feature tree tab
Generate Operation | Generates operation plans automatically for the
Plan selected machinable features. The operation plans
and associated machining strategy and machining
El parameters are selected based on rules defined in
Generz_lte
O aan TechDBTM. An operation plan contains
information on how the machinable features are to
be machined. The operations generated are listed
in the feature manager window under the
CAMWorks operation tree tab
Generate Toolpath | Creates toolpath for the selected operation plans
ﬂﬂﬂ and displays the toolpath on the part. A toolpath is
Generate
Toolpath a cutting entity (line, circle, arc, etc.) created by a
cutting cycle that defines tool motion
Simulate Toolpath | Provides a visual verification of the machining
, @ process for the current part by simulating the tool
Simulate
Toolpath motion and the material removal process
Step Step Through Allows you to view toolpath movements either one
I e Toolpath movement at a time, a specified number of
oolpath
movements or all movements
Save CL File Allows you to save the current operation and
Save CL ) )
File associated parameters in the technology database
as CL (cutter location) data for future use
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Post Process Translates toolpath and operation information into

Post
Process

G-code for a specific machine tool controller

V1.2.5 Impeller machining with Camworks
1. Define machine, stock, coordinate system and create Mill part setup

e Stock manager obtained by Turning operation

Figure 1V- 23: stock manager

2. Create new multi surface feature
e under Mill part setupl, create a new multi surface feature
e For the strategy, select 5 Axis Impeller

e select the blade faces
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Multi Surface Feature

- S ]

Muti Surface Feature

Feature Type

»

| Faces or Surfaces ~

[ Define as Avoid Featurs

»

Strategy

| 5 Axis Impeller -

Spindle attribute : | Main

Face Select Options £3
E2 AL 2 X a

CWW Face-33
CWW Face-32

Figure IV- 24: multi surface feature

3. Generate operation plan
4. Select tool
e Click on the CAMWorks tool tab
e Drag Multiaxis Mill1 from T09 — 12.00 Ball Nose to T08 — 10.00 Ball Nose
5. Edit Operation Parameters — Pattern Tab
e Edit the operation parameters of Multi Axis1 and edit the following parameters on
the Pattern Tab
e Under Pattern, set the Pattern to Offset from Surface

e Click on the Surface button

Pattem
Pattem : |DFFset From Surface ~
Cut angle (=] |Odeg Parallel
Cut angle [£] : |-90deg Constant Z

[ ] Generate tool path only at front side

Tangent angle : %

Figure IV- 25: pattern tab

e Create a new multi surface feature by clicking the Create Features... button
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e Under the Selected Faces select the fillet faces between the blade and the floor as

shown

Figure V- 26: avoided surfaces

e Under Direction, set the Pattern to Zig and set the Cut direction to Climb
e Under Limits, set the Method to Avoid Cuts at Exact Edges

e Under Surface, set the Max. stepover to 2.5mm

Direction
Fattem : |Zg v‘
Order : |Sequerij.=.i ~ ‘ Surface finish
| ‘ Max. stepover : %
Cut direction : | Climb W
Max scallop %
Machine by - | Lane v] Start hint
- |se start hint
Blend spiral along distance Ormim - [ Use start i
[ ] Reverse stepover Cloze first cut ‘% X: | Omm -
Maintain cutting direction Close last cut Y+ | Omm =
Limits 7 - omm :
Method - Avoid Cuts At Exact Edges v |
Fotate nest cut by ;| Odeg o
Murnber of cuts |4 - ”
Margins
1

Figure IV- 27: pattern tab

6. Edit Operation Parameters — Axis Control tab

e Under Cutting direction tilt options set the Tool axis will be to Tilted Relative To
Cutting Direction
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e Set the Side tilt angle to 90deg
e Setthe Side Tilt Strategy to Follow Surface Iso Direction

Cutting direction tilt options
Tool axis will be : | Tiked Relative To Cutting Direction R
] Allow flipping side direction

Lead lag angle : |Odeg

Ak Ak

Side tilt angle : |90

Side tilt strategy | Follow Surface Iso Direction o

Side tit fanning dist © |0 1mm =

-

Gradual lead angle : |Odeag

A|| K] A ] (4] ¥

Gradual side tit angle : |{0deg

Surface radius limit : | 1T000mm

Figure 1V- 28: axis control tab

7. Edit Operation Parameters — Gouge Checking tab
e Edit the following parameters on the Gouge Checking Tab
e Onthe Group 1 tab, under Gouge checking, check on the Apply gouge checking
to check box and check on the non-cutting position and Flute check boxes

e Under Check against, check on the other surfaces check box

Group 1 Group 2 Group 3 Group 4

(Gouge checking Check against

Apply gouge checking to [ ] Feature sufaces
[ ]Holder (Other surfaces
[ Shark Alowance : |Imm
Non-cutting portion
Flute Tolerance : | 0. Tmm

Figure IV- 29: Gouge Checking tab

e Click on the selection box to define the other surfaces
e C(Click on the Create Features...button

e Select the floor surface of the impeller as the Selected Faces and click OK to

insert the Multi-Surface Feature
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Figure 1V- 30: avoid floor surface of impeller

Under the Gouge check options set the Strategy to Retract Along Tool Axis

On the Group 2 tab, under Gouge checking, check on the Apply gouge checking

to check box and check on the Shank, Non-cutting position and Flute check

boxes

Under Check against, check on the Feature surfaces check box

Under Gouge check options, set the Strategy to Tilt Tool and the Angle

definition to Use Side Tilt Angle

Group 1 Group 2 Group 3 Group 4

Gouge checking Chechk against
Apply gouge checking to Feature sufaces
[ Halder [l other sufaces
Shank Allovwance ;| Omm
MNon-cutting portion
Flute
Gouge check options
Strategy : | Tit Tool ~| [ Smoothing
Angle definition : | Use Side Tit Angle e |
Min Max

[P0des I [0des [T

Figure 1V- 31: Gouge checking 2nd group
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8. Edit Operation Parameters — Entry/Retract tab
e Under Clearance, set the Type to Cylinder About Z and set the Radius to 125mm
e Under the Distances, set the Rapid length to 15mm and the Feed length to 5mm

Clearance
Type : | Cylinder About = ~—
Radius :[1Z5mm | =
S > [Bmm | =
¥ [Omm | ==
= :[Omm | =
Distamnces
Rapid length : [15 | =
Feed length - [5 | ==
Skim imncrement : [0.38mm | ==
Rapid angle step : [Sdeg | =

Figure 1V- 32: Entry/Retract tab

9. Edit Operation Parameters — Links tab
e Setthe Links along cut, Gaps > link threshold, Entry/Exit method to None
e Set the Links between cut, Stepover > link threshold, Link type to Retract to Rapid

Distance and Entry/Exit method to None

Gaps <= link threshold
Link type: | Follow Surfaces o

Enrtry/Exit method ;| Mone

Gaps = link threshold

Link type: | Retract to Clearance w
Entry/Exit method ;| Mone e
Links between cuts
Link threshold : 120 =

Stepover <= link threshaold
Link type: | Follow Surfaces o

Entry/Exit method : | Mone

Stepover = link threshold
Link type: | Retract to Rapid Distance -~

Enrtry/Exit method ;| None =

Figure IV- 33: Links tab

e Click OK
10. Generate toolpath
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Figure 1V- 34: obtained toolpath

The next step is to finish the floor of the part between the blades. To do this we will insert a new

Multi Surface feature

1. Insert new multi surface feature
e Insert new Multi Surface feature
e For Strategy, select 5 Axis

e Select faces

Strategy

5 Auis

Spindle attibute ;  Main

Face Select Options
CIRICIC )

Selected Faces

CW Face-33
CW Face-40

Figure 1V- 35: new multi-surface

2. Insert new multi surface
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e Under Feature Type, check on the Define as Avoid Feature checkbox

e Select faces

Multi Surface Feature
Feature Type ~
| Faces or Surfaces -
Define as Avoid Feature
Face Select Options E3
Selected Faces 2
CW Face-41
CW Face-35

Figure IV- 36: avoided faces selected

3. Generate operation

4. Edit operation parameters
e Change tool to TO8 — 10 Ball Nose
e Under Pattern, set the Pattern to Offset from Surface
e Click on the Surface button

e Click on the check box next to the Multi Surface feature for the bottom radius
between the blades

Features

=T Mill Part Setup
- Multi Suface Feature2 [Avoid]

----- m Multi Surface Featured [Avoid]

[ Multi Suface Featured [Avoid]

- Multi Suface Featuref [Avoid]

Figure I1V- 37: multi surface tab

e Click OK

e Under Limits, set the Method to By Number of Cuts and set the Number of cuts to
1
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5. Edit the Operation Parameters, Entry/Retract tab
e Click on the Entry/Retract tab
e Under Clearance, set the Type to Cylinder About Z
e Set the Radius to 125mm
e Under Distances, set the Rapid length to 15mm and the Feed length to 5mm

e Set the Leadin and Leadout to Parallel Line and set Length to 5mm

Clearance |
Type : | Cylinder About £ ~
¥ | & | Leadin  Leadout
W ol T[T
-
— Tool axis orientation : | Fixed i
Distances (®) Length/width
Rapid length - S Length - =
Skim increment : :
Rapid angle step : : O Are

Figure 1V- 38: Entry/Retract tab

6. Edit the Operation, Axis Control tab
e Click on the Axis Control tab
e Under Cutting direction tilt options, set the Side tilt angle to 85deg
e Set the Side tilt strategy to Ortho to Cut Dir at Each Position

Cutting direction tilt options
Tool axis will be : | Tited Relative To Cutting Direction  ~

[] Allow flipping side direction

LeadAag angle : :
Side tilt angle : :

Side tilt strategy ;| Ortho To Cut Dir A& Each Position

Figure 1V- 39: Axis Control tab

7. Edit the Operation, Finish tab
e Click on the Finish tab

e Under Surface finish, set the Depth along tool axis to -3mm
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Click OK

Surface finish

Mach dewviation : |[:-_D3rnm |

LI A

Allowance : |I]rnrn |

]

Chaining tol. : |[:-_25'nm |

L]

[1Slow and safe path creation
[1 Adaptive cuts

]

Depth along tool axis : |—3rnrn

L]

Figure 1V- 40: surface finish tab

8. Edit Operation Parameters, Gouge Checking tab

Click on the Gouge Checking tab

Under Group 1, Gouge checking click on the Apply gouge checking to checkbox
Click on Non-cutting portion and Flute checkboxes

Under Check against, click on the other surfaces check box and click on the
selection button

In the Avoid Feature selection box select the floor surface and click OK

Under Gouge check options, set the Strategy to Retract Along Tool Axis

Click Preview to Generate toolpath

9. Edit Operation Parameters, Roughing tab

Click on the Roughing tab

Check on the Area roughing check box

Click on the Area roughing options button

For Calculation applied select After Gouge Checking
Set the Max stepover to 1mm

Set the Pattern to Zigzag

Click OK
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Calculation applied : |Aﬂel Gouge Checking V|

Rotate about : |z.m'|; ~ |
. =]
Ol Max stepover : =
O Mumber of cuts: 3 =
Pattern : |Zigzag V|
Area: |Cumplete V|
[ Trim cuts Cut length % : 2 =

If curvature > tool dia

Extension at start: %
Extension at end : %
|:| Depth cuts
s I b o | OK | | Cancel | | Help

Figure IV- 41: Roughing tab

10. Generate toolpath

Figure 1V- 42: toolpath between blades

We have just programmed the removal of material between two blades on an impeller part.

In the next steps, we will pattern the toolpath to the other blades

11. Edit Operation Parameters, Advanced tab
e Edit Multiaxis Mill2
e Click on the Advanced tab
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e Under Rotate toolpath check on the Rotate toolpath check box
e Set the Rotate about to Z Axis

e Set the Number of steps to 12

e Set the Rotation angle to 30deg

e Click ok

e Do the same thing to Multiaxis Milll

Rotate toolpath
Rotate toolpath

Rotate about : | F Axis

{

Mumber of steps : |'IE |

LIARE

Start angle |{h::|eg |

Rotation angle : |3{hdeg

k

Figure IV- 43: Advanced tab

12. Generate toolpath
13. Simulate toolpath

Navigation

S
Mnde:@ ¥

44 K H|I|Em v

Speed
v

Display Options H]
UMW IRA I O ] }

Update display at: &j 1 Moves

Options 2

vee o&H [x

Information A

Xz Operation: Multiaxis Milll
Tool: T13 - 10 Ball Nose

Figure 1V- 44: simulation of toolpath

82



—— e

14. Post process
00001

N1 G21

N2 (10MM CRB 4FL BM 22 LOC)

N3 G91 G28 X0 Y0 Z0

N4 T08 M06

N5 S7189 M03

N6 (Multiaxes Mill1)

N7 G90 G54 G00 X15.29 Y57.062 A-51.016 B88.1261
N8 G43 Z265.436 H08 M08

N9 X12.126 Y56.222 7239.773

N10 Z2229.773

N11 GO01 Z224.773 F5.

N3870 GO0 Z172.711

N3871 X76.287 Y45.553 Z231.309
N3872 M09

N3873 G91 G28 Z0

N3874 G28 X0 YO

N3875 M30
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V1.3 Conclusion

There are many different methods of mechanical manufacturing, and each method has its own
characteristics, which gives the designer the opportunity to realize any of his ideas, working on
CNC machines is safer for the designer and works well in line with international standards.

In this part the design of impeller and mold was obtained using CAD software Solidworks then
the generation of toolpath and machining simulation was realized using CAM software Camworks.
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General conclusion

At the end of this thesis, the opportunity to acquire and improve knowledge in the field of
CAD/CAM and address a current problem in the industrial environment has been highlighted. The
thesis summarizes the final project of my university course within the department of mechanical

engineering at the faculty of science and technology of "Larbi Tebessi university."

Furthermore, the chosen theme of my graduation project has facilitated my gradual integration into
my future work framework, especially considering that Algerian companies have started utilizing
CNC machines in the mechanical manufacturing sector in recent years.

The project provides a comprehensive understanding of computer numerical control (CNC)
machines, as well as an exploration of computer-aided design (CAD) and computer-aided
manufacturing (CAM) and their application in CNC.

Additionally, the fundamental principles of constructing freeform surfaces using Bezier, B-spline,
NURBS curves have been presented, highlighting their roles in CAD, including the representation
of sculptured surfaces, and in CAM, which involves reducing NC data and transfer time while

ensuring high efficiency.

The thesis also delves into the manual programming of a milling program for machining a non-
twisted blade impeller on a 4-axis CNC machine using the software "Emco WinNc Sinumerik
840D."by developing a new personalized milling cycles which enables time-saving and improves

dimensional precision in machining processes.

Finally, the steps for designing a mold for a turbo-compressor impeller using Solidworks are
presented, followed by an explanation of the multiaxis machining process using Camworks
software. This software allows the creation of toolpaths for complex shapes that cannot be
machined using traditional 3 axis machines. The resulting G-code is then used as input for the
CNC machine.
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