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Abstract

This Project discusses the CNC machines structure and its purpose of existence,
and then it shows the designing and implementing procedure of this machine
starling [rom making a theorctical designation and selecting parts of the project

and ending with arranging its working status.

This Report Contains an Introduction that describes the machine in general, the
next chapter describes the hardware components used in the machine, the third
chapter describes the software used to operate the machine and the fourth chapter
includes the selection of the servo motor and equipment of the machine. and the

working procedure to implement the machine.

We work through some programs electrician and mechanical simulation system to
represent the work of the machine using the computer, because of the lack of
support for the implementation of this project, and we were able to represent the
work ol the machine and usc microcontrollers to control the engraving motor

which is drilling and drawing on the work picce.

T'he first of these programs is Mastercam, we enler the image to be converted to
special orders to control servo motors through the controller, or through pic
simulator which we programmed these commands and convert them into electricgl

signals we tested through the proteus.

We represent the work of the machine mechanically by using CATIA program

which we can show machine work.
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CHAPTER ONE

INTRODUCTION

1.1 Projeet Overview.
1.2 Project Objective,
1.3 Time Schedule.

1.4 Project Scope,




1.1 Project Overview

After the difficulties that facing the stonc and marble industry in Palestine, such as high
production costs due to the large number of manpower and slow work, it became necessary to

have advanced manufacturing systems to work to reduce losses and increase productinn.

Through research 1 the local markel notes abscnce ol an elleclive systems [or engruving an
stone, the process is done in traditional ways using incendiary deviees W engrave stales and
certain slogans for one stone in the house for decorations, as well as by engraving manually on
huilding stones using simple iron tools that take a long time to be completed, a= consumed 2

large workforce.

Therefore we aum [rom this project to find & way to produce these praducts with less time and

OIS ACCULRSY.

Figure [-1 shows the main components of the desired working machine, where there are three
servo motars to control the head maotor through axes x, v and 7, within a controlling system that

provide the production aim, as will be discussed m later chapters.

As shown in the following Figurel-2, operating principle of the machine depends on the
movement in three directions to transfer the location of the engraving from point to point as

painting required with the installation of a piece to be engraved.

2




Figure 1-1 Machine construelion
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Figure 1-2 Simplificd idea for the design of the machine




1.2 Project aims
This Project aims at:
# Reducing time working in peace of stone and accuracy work.
# Increase number of product in lime umit,

*  Assistance in solving the problem of the stone mdusiry and get distincrive forms of stons

lor use in construction.

# Learn how Lo make complete project contzins electrical and mechanical system,

1.3 Time Table

The time schedule shows the stages of developing in our work and the process of projeet growth
that include Projeet determination, studying, collecting data, designing the entire system. Table
1-1: shows the first semester project growth, All tasks arc referred Lo the theoretical backeround

and the whole system analysis.

Table 1-1 Time Schedule




Table 1-2 Time Schedule for sccond semester

1.4 Project Scope
This project consists ol [our chapters as follows:
Chapter One  “Introduction™
Chapter Two “Hardware”
Chapter Three “Sottware”

Chapter Four “Design & Caleulation™.

Chapter Five “Simulation and P1C"
Chapter Six “Simulation design™.

Chapter Seven“Canclusion and Recommendation™,




CHAPTER TWwO

HARDWARE

2.1 Introduction

2.2 Mechanical system

2.3 Electrical system




2.1 Introduction
In this chapter we will deseribe the system of the machine component, there are three major
subsystems to this CNC design as shown in Figure 2-1. they are:
*  Mechanical.
e Electrical.

o  Software

Figure 2-1 CNC mafor Subsystems

2.2 Mechanical svstem

The mechanical subsvstem of a CNC provides the means needed to cut and machine various
muterials for a given job. The choice of matenials has a direct impact on performance, precision,
repeatability, longevity, and mechanical noise transfer into the parts, The mechanical subsystem

is comprised of the guide system, the drive system, and the frame housing structure. Each of

these systems has a direct impact on the aforementioned qualities of a CNC.




The mechanical subsystem, shown in Figure 2.2, is further hroken down into the following

subscctions:
. Frame.
2 Drve,
3. Gude:
) 4
[Figure 2-2 Mechanical Subsvstem
221 Guiderail

The first frame subsystem design o consider would be a conventional mailing system. which
consists of a linear motion bearing and shaft assembly which would simply allow unrestoeted
movement along their lengths. The most logical il design to consider, given the design
spetifications and size requitements, would be the sorl of railing that could be supported in some

way to handle the loads applied to it without much deflection. (4]
2:2:11 Twpe of guide
1, Steel shaft railing

As seen in Figure 2-3 is hoth 2 simple and efficient design for linear motion applications. The

shall provides support to loading applications along the shaft. along with forces generated from

lincar mation. which makes this a perfect concept for this particular system.




Figure 2-3 shafi
2. Shaft and support svstem

Which uses a shafl und support system lo support loading applications along the shafl, along
with forces from linear motion. The shaft and support system in this particular systemn can

come in a ceramic material which provides enhanced propertics of the systeny.

The enhanced properties include a reduction of vibration while also reducing deflection of

the shaft during leading cases to help increase the life of the shaft.

Figure 2-4 Shafl and support rail

For our project and because of the sensitivity of the stone enpraving we will use the shaft and

support rail system due to reduction of vibraton while also reducing deflection of the shaft

during loading cases to help increase the life of the shafi.




222  Drive design

The purpose of the drive mechanics is to transfer the torque provided by the electric drive motors
into linear motion to move the tool head. Since CNC machines require linear movement in
multiple axes, multiple screw systems are most often used to accomplish this goal. These
svsloms oller a simple and compact means of fransmitting power and motion with execllent
refiahility. For these machines, the screws are wrned hy motors, generating lingar motion and
thrust in the nut. There are two main Lypes of serews, power serews and ball screws. hoth can he
operated in this way. Howewver, the differences arise in the efficicney with which this motion 1s

transmitted. the friction loss, the allowable rolational speed, and the requited linear speeds, [4]
2221 There are two lypes

I. Power screw

Figiire Z-5 puwer screw

2. Ball screw

CNC machines currently on the market use both power screws and ball screws. Most of the
lower end machines use power screws such for cost savings and design simplicity, However,
a5 speeds increase and higher reliahility requirements are desired. ball screws hecome more

commen st we will use it in our project, Shown Figure 2-6.

10




Figure 2-6 Ball screw
s Frame

4 wariety of materizls have been used in the building of CNC machines. In comparing the
materials there are five sclection factars thut need w be reviewed, CNC frame materials need to
Bave some strength in order to support the weight of the pantry and the cutting head as well as
withstand forces resuliing from the engraving process, Stiffhess is also roguired o prevent any
deflections due to both static forees and dvnamic forees resulting from the acceleration of the
wol head. [4]

Weight is also important because the muss of the [rame contributes 0 both the static and
acceleration forces, The best [rame material would accomiplish all three and offer excellent

machinability and be available at a low cost.

Comparing metals is not easy as sirength and modulus of clasticity, but it have a grear weight
and are more difficult 1o machine. 1t's interesting 10 nate that both steel and alumioum have
sumilar stiffness 1o weight properties, while the alumimun has a significant advantage in strength

o weight. But in this project we adopted to use steel to the frame of the machine for its presence




in abundance in the local markel, and the lack of a large difference by weight compared Lo

aluminam.
2.3 Electrical system

Provides the clecrrical svstem of the machine in terms of control work and the flow of energy to
the devices used, and here we use the CNC program lo control the moton of servo motor, and

control the protection system and all of valve and drilling motor, and the communication system
2.3.1 Communication

In order for the UNC to process any desipm implanted into it, the machine must have a

connection system between itselt and the soltware being used by the computer.

Many connections used loday are very common to people from using cable linking to add
pictures to their computer hard drive. We will discuss the three major types of communication

sy=tems hetween computers and other hardware including:
» USB Ports.
» Scrial Ports.
7 Parallel porls.

23.1.1 USB port

The USB puorts, or universal setial bus ports, are most likely the simplest and one of the most
widely available conncction systems between computers and devices. The cable connector

between the device and the compuler uses either an “A" connector seen in Figure which travels

upsircam to the compuier or a “B™ conmector seen in Figure which travels downstream to the

device, [4]




A connector B conneclar

Figure 2-7 USD connectors

The computer will act as the host once the connection is made. The computer will then use
snumeration to provide an address to the device depending upon what other types of USB
connections are attached at the same time. The device will respond to the host and describe what
kind of data transfer it wants to perform, There are three types of data transfers: mterrupt, bulk,
and 1sochronous. Interrupt transler 15 for devices that will provide very little information. Bulk
rransfers will send information in very large packets that must be confirmed as correct by the
device. Isochronous transters will send mformation in a streaming paliem o prevenl error

connechions.
2312 Serial Ports

The serial port was the most widely used connection system entil the use of USE connectors and
parallel ports were integrated into most computers. Although not as widely used, senal ports are
atill used by some devices and most computers still allow for the connection of sbout two serial
ports at a time. 1t 3s given the name serial because of its ability to serialize or take a byte of data
and transmit the bits one at & tme aver just one wire. It can use either parity or start/stop bits to
communicate with the device when the incoming byte is completed. Serial ports are considered
hi-direetional communication svstems because they use one pin on the device [or incoming
mformation from the computer and a different pin for oulgoing information from the device to be
tandled simultaneously which is called full-duplex communication, There are two major types of

s=nial port coniections:

13




2pin connection 25pin conneaction
Figure 2-8 Serial port

Each pin of the 9-pin connector device provides a specitic task while the 25-pin commector does

all the same lasks, bul many of the pins are not used. [4]
23.13 Parallel ports

Parallel ports are the most common way ol connecling bulk transler devices o a compuater
although they are slowly being replaced by USB ports. Unlike the serial port, the parallel port is
zhle to send a byte of information ar ome time which allows the standard parallel port to send 50
o 100 kilobytes of data per second. The most common use for parallel ports is for printing

purposes. [4]

Figure 1-9 Porallel port

The use of the port is dependent of the Lype ol servo motor type.

14




23 Drive system
2321 Introduction to servo motor

Is an sulomatic device that uses error scnsing feedback to correct the performance of o
mechanism, the term correctly applies only to systems where the feedback or emor correction

signals help control mechanical position or other parameters,
The purpose of a servomechanism is to provide one or more of the tollowing objectives:

» Accurate contral of motion without the need for human attendants (automatic control)

# Mantenance of accuraey  with mechanical loed wvarations, changes m the
environment, power supply Tucluations, and aging and deterioration of components
(regulation and self-calibration)

# Control of a high-power load from a low-power command sisnal (power
wmplification)

» Control of an output from a remotely located input, without the use of mechanical

linkages remote control, shaft repeater.

23272 Scrvo motor

A Servo Motor is a mator which is part of a servomechanism. It is typically peired with some
wpe of enceder to provide pesitioning und speed [eedback and also  defined as an automatc
device that uses an etror-correction rouling to correct its motion, The term servo can be applied
to systems other than a Setvo Motor: sysiems that use a feedhuck mechunism such as an encoder
or other feedback device to control the molion parameters. Typically when the term servo is used
i applies to & 'Servo Motor' but s also used as a general control term, meaning thal a feedback

‘oop is used to position an item shown Figure 2-10. [1]




Figure 2-10 Servo motor connectlons
2323 Constructiom

A servo molor 15 lypically part of a feedback loop containing electronic, mechanical, and

giectrical components,

The servo loop is a means of controlling the motion of an ohject via the motor. A requirement of
many such svstems is fast response. To reduce acceleration robhing imertial, the iron core is
removed from the totor leaving only a shaft mounted aluminum cup to rotate. Figure 2,12 the
won core is reinserled within the cup as a static (non-rotating) component to complete the
magnetic circuit, Otherwise, the construction is typieal of a two phase motor, The low mass rotor

can accelerate more rapidly than a squirrel cage rator.

NG -1
~EQ)
42
=T rotorcup /

rotor cup

Fizure 2-11 Servo constroction

16




2324 Mechamsin

Servo moator mechanism is not complex. The servo motor has control eircuits and a
solentiometer that is connected to the oulpul shall. The shali, links (0 a potentiometer and
comtrol circuits that arc located inside the servo. The potentiometer, coupled with signals from
the contro! cireuits, control the angle of (he shall — anywhere from 0 to 180 degrees, sometimes
further. The potentometer allows the centrol cireuitry to monilor the current angle of the servo
motor, 1f the shatt 1= at the correct angle, the servo motor idles umtil next positioning signal is

received. The servo motor will rotate the correet direction until the angle 1s correct. [1]

forward lead
controlling  disturbance Input
elements d

__i.li__ I.II.:
 devies)
Figure 2-12 Serve mechanism

o 2 servo system the encoder pives the motors position to the servo amplifier and it comparcs
s with the desired position to get the error. The amplifier then sends current to the servo motor
o make the motor move into the proper position, reducing the error. The servo's resolution is

szsad on the encoder attached to it, and the servo amplifier's error.

A servo is a mator that can be stopped anvwhere vou wanl it, with no "detents” cither needed or

sesent. You can turn it to any position you like.

L relerence input (tvpically called a velocity input) is sent to the servo amplilier, which controls
S speed of the servomotor. Directly mounted to the machine (or to the servomoetor) is a
“smdhack device (either an encoder or resolver). This device changes mechanical motion into

cectrical signals and is used as a feedback loop. This foedback loop is then sent to the crror

17




deteclor, which compares the actual operation with that of the relerence inpul. 1{ there 15 an error,

that error is fed dircetly to the amplifier, which makes the necessary corrections.
213 Controller

To conlrol orders resulting [rom the computer, which is in the form of G code we have to usc
special controller, and through research on these controllers , we found that there are a large
number and different types of it. we studicd them and found controller named MK and after
studving in depth we see that it works flexibly and easv-to-use and we expect it 1o be appropniate

20 work 1 the machine.[8]

Motor Driver

= | Motor Driver

Motor Driver

_—

IR
01010

Figure 2-13 CNC controller

The series of USB CNC marion controllers link between a personal computer and motor drivers
supporting step/dir control. They are compatible with most drivers. The controllers use the UUSE
sort, availeble on all modem computers and laptops. They can serve as direct replacement or

soerade for many parallel port break-out boards. There are currently three models available,

The MK1 controller is for up to 4 axes. The Mk2 controller, using up to 9 axes, and the Mk1/4
controller supporting up to 4 axes. The Mk2/4 conwroller is essentially a 4 axis version of the
W2 controller, supporiing the same high pulse rate and advanced software functions. It also

srovides DB25 and built-in screw terminal connections,

18




Installation of Planet CNC USE Controller requires an USB equipped PC or laptop along with
motor drivers appropriate ta the motors in use. The USB CNC controller is compatible with the

vast majonty of motor drivers thal use step/direchon signals.

Omptional support hardware can be employed to customize installation to suit user requiremnent.

Use of a screw terminal adapter mukes comnection to the type of drive in the image much easier,

For maximuin flexabilily in controller lavout, a ribbon cable and plug Kt 15 available. This aids
e comstruction of longer cables and ensures plug-in connactions correspond to the LSB CNC

Controller pin outs.

Hlanet CNC controllers provide a complete, fully integrated softwareshardware solution.
Additional machine control softwire is NOT required. The USB CNC Controller softwore is a
cedicated application, designed to fully exploit the features of the purpose-buill hardware, 1L has

many advanced features to assist day-to-day CNC machine operation.

s IMPORTANT:
The controller can be powered in several ways, including usc of an extemal power supply, When
the LISB CNC Controller is configured o use “external power’, it is recommended thar the USB

port is NOT connected if no external power supply 1s present. [§]
When external power supply is used:
= MK -4 axis controller hardware requires 53Y DO supply.
» Mi2 - § axis controller hardware requives 7 - 12V DC supply (9V recommended)
= Mk2/4 - 4 axi= controller hardware requires 7 - 12V DC supply (8V recommended).

s  Power supply should he at least 200mA.

o For 2 axs conuoller we can use MK 1up to 4 axis motor

19




2.3.3.1

Ml - 4 axes CNC USB controller descrniption

Figure 2-14 MK]1 contraller
'eatures:
25 kHz maximum step frequency.
3 digital outputs (floed, mist, spindle).
12 us minimum pulse width.
Maaual jog input keys for all axes.

limit kevs for all axes,

Control external devices.




Bl
£a
3
i

Mk1 Muolor connector

10 9
00 |+5VEX
afl oo "o
= Q0 STEP
ULl oo ,DR
00 |ENABLE

Figure 2-15 MK1 motar eonneetar

“ach connector controls one maotor driver.
Pins 2, 4, 6, 7, § and 10 provide the *Ground” or common side of connections.

=SVEX: Motor drivers can be powered from the USB controller. The *‘SVEXT' jumper,

sighlighted above, must he closed to enable this feature.
STEP: Provides a STEP signal of minimum 12 us pulse width to the motor driver.
DIR: Provides DIR or DIRECTION signal to the motor driver,

ENARLE: Provides ENABLE signal to the motor driver. The STOP pins an the “Connector

connector must be conneeted to OUT 3 pins on the *Connector” connector o use this featurs.

The signal from ‘Connector’ connector OUT 3 15 usually sent Lo a relay, 1o allow switching of an
cviemnal device. If “Connector’ connector STOPS pins are in circuit with the signal from OUT 3,
%= ENABLE signal on the Motor connector is also controlled by OUT 3 switching. This can

srovide a useful salety feature if an

=-Stop switeh 13 included in the circuir,




Operation of the E-Stop broaks all connections. Devices controlled by OUT 3 and the ENABLE

signal to motor drivers would stop simultaneously on operation of the E-Stop.
GND: Ground or “common’ conneclions. |8)
234 Waiter Solenoid Valves

To cool the spindle of the dnlling motor we use electrical valve to control the water flow from

the tank to machine .and here we need any simple electrical valve 1o do this process.
The valve needed is normally clozed water solenpid valve (Opens when energized).

Watcr solenoids are available in 12 V DC, 24 YV AC, 24 V DC, 30V DC, 36 V DC. 48 V DC.
OV AC, 230 V AC (50/60 Hz) as standard option.

Here we choose a simple 220 volt AC shown below o nol use converler or special electrical

souce.

Figure 2-1& Electrical water valves




235  Engraving motaor (drilling motor)

The eagraving motor or “spindie motor” is the large motor on the top of the carriage asscmbly.

The engraving motor drives the engraving spindle during the engraving process.

The (AC) induction motor 1s one of the most migged and most widely used machines in indusiry.
So we use it in the engraving process hecause of jts existence in the market and cheapest

Comparison with the universal drilling motor,
23,51 Induction maotor

The induction motor induces magnetisim that 15 leveraged o vutput rolery motion. The stationary
outer stator is connecled 1o an external electrical power source; this is fod to the rotor’s poles ina
rotating progression that causes revolutions of the magnetic field within the motor. Conducting
bars in the rotor interact with the stator’s magnetic Gelds; current is induced in those bars, which
m tum pencrate magnetic ficlds thar are ottracted to those of the stator. As the rotor’s induced
curtent and magnetism causes it to follow the field generated hy the smator, rotary motion 1s

output. [9]

The slator s made up ol several thin laminations of aluminuni or cast iron. They are punched and
clamped together to form a hollow cylinder (stator core) with slots as shown in figure 1. Coils of
ssulated wires are inserted into these slots. Each grouping of cells, together with the core it

surrounds, [orms an electromagpnct (a pair of pales) on the application of AC supply.

The number of pales of an AC induction motor depends on the mtemal connection ol the stator

wimdings, The stator windings are connected dircetly to the power source. Internally they are

connected in such away, that on applying AC supply, a rotating




Figure 2-17 Induction mator pole connection

3.5.2 Parameters of the moter used in the project

Itrough the tollowing table 2.1 we know that the speed required for the engraving

on the stonc or marble should not exceed 3000 rpm.

Tahle 2-1 Speed mator for deferent material [12]

Alamymum’ Aduminum Alloys 15-25 31300 375625
Steel, Low Carbon (i 76 ’ 325
Stesl, Mediam Carbon T - R W1
Steel, Hardened 10 20 Il T
cel, Hardene < _
Stainless Steel, Hard 13 6 325 (IPM)
i itaninn, Soft 13 26 a5
‘Titanium, Hard 10 20 25
Glass & Stone

TPM: Inches per mimste.
RPM: Spmdle Specd




We will seleet the synchronous speed 3000 rpm and therefore we can find a number of
poles motor, where in Palestine we use 50 Hz source and return to the eguation 2.1;

R e P e e S S Pt e T e (21
o = 2000 mpm
F=3501lz

F=120x30/3000

Then we need motor has 2 poles.
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SOFTWARE

3.1 Introduction

3.2 Mastercam

33 Fundamental of G code

2.4 Practically work on mastercam




3.1 Introduction

The abbreviation CNC stands for computer numerical control, and refers specifically to a
computer "controller” that reads G-code instruetions and doves a machine teol, a powered
mechanical device typically used to fabricate compaonents by the selective removal of material,
CNC does numerically directed mterpolation of a dnlling tool in the work envelope of a

machine. The operating paranieters of the CNC can be altered via software load program [13]

software stationed here in the program used in inter image to be converted into arders for

controller of the machine, a program is mastercam,
3.2 Mastercam

The latest release for the Mastercam CNC machine tool programs can bring huge benefits to
speratives and give them greater control over the machining process, sccording to developer

CNC Sollware.

Mastercam introduce: a unified interface and streamlined workflow for generating multiazis tool

paths i used CNC machine tools, giving manufacturers the ability to fully wtibze the full
capabilities of their machines.

& gives programmers complete control over three crucial elements of multiaxis machining drill

pattern, ool axis control and collision cantral.

ONC machines use a special programming language called GN-code (technical name: R5274).
MasterCAM 15 software that allows users to ercate GN-code programs that can be used to drill
Sfferent peometric shapes and hole on ONC machings. Here we study MasterCAM for ONC

emgraving machines.

“ractically Machine work begins through this program, where we are introducing the image to be
crilled on the stone and then analyzed by the program and converted 0 G code and then this
wode will be sent to the controller of the machine to control the servo motor, Thus moving three

snaines depending on the nature of order presented.

27




Figure 3-1 Masteream wurk level

# The main functions are

= Describe the geometey of the part to be machined.
% Creatc a tool databasc — this DB carries information aboul the availsble  drilling wols.
= Creatc the GN-code program to cut the part.
» Upload the program to the CMC machine controller.
3.3 Fundamentals of G-Code
U-Code programming is  very simple programming language. When we were kids, we used 1o
= may still do connect the dot puzzle games, G-code works exacrly on the same principle. It

s two simple concepts to understand G-code programmung, commect-the-dots and the
mmmber fine,

% The Number Line

The number ling is simply the measurement of units,




In a straight line numbers cither get bigzer or smaller from Zero. Machining, along with G-Code

programming. uses hoth sides of Zero.

{

- —
2 ] { 1

% Bigns+/ -

The Plas (=) sign and the Minus (-) sign are very impartant in machining. In machining we
can also call them Positive or Negative respectively. We use these signs in two situations;

location and direction.

% Location

They sigmiy what side of Zero a number is on, we can say this is a location indicalor; Lell

for Minus and Right for Positive respectively from Zero,
% Direction

Thess signs also are used as a toaol to tell ue which divection to move: Left for minus and
Right fur Positive.

» Some standard G- code —drill 12

The G-Codes are what lell the machine to do with positional reforence. 'This 13 just a simple

reference to what standard G-Codes do.
G ar GDO - Rapid Movement

The fastest the Machine can go to the next defined position. If moving in multiple axes, cach
zxis will move as fast as they can independently of one another until it reaches ity defined

end points.

Gl or GO1 — Linear Movement




A stranght line move with a speed defined by an F. 1l moving in mulliple axes, the machine

will move proportionslly in each axis until it reaches its defined end position.

G2 or GO2 — Interpolation Clockwise

A circular movement in 2 axcs. Will create an arc o a specified radius defined by R.
G2 or GO3 - Interpolation Counter Clockwise

A circular movement in 2 axes, Will creale an are 1o a4 speaified radius defined by R.
G4 ar GO4 — Dwell

Machine will dwell unce reached position to & user defined time.

GY or GUY - Exact Stop/ Exact Position

Machine will not traverse to next line of code until it positions exactly to position.
G110 - Data Setting

G17 - XY plane selection

G18 - ZX plane selection

G1Y - YZ plane selection

G20 - Machine in inch

G21 - Machine in MM

(328 - Return to Reference Position, Normally machine home.




3.4 Practically work on Mastercam
= The main functions are

1. Describe the geometry of the part to be machined.
2. Create a tool database — this DB carries inlormatron about the avallable  dnlling tools.
3, Create the GN-code program to cut the parl.

4. Simulate the machining of the part.

L 1

Upload the program to CNC machine controller.

341  Describe the geometry of the part to be muchined
You can create the geometry in one of two ways:
A. By using the graphica! design interface provided by Master CAM.

B. By making the design in CAD soltware, eg. CATIA, Solid Works, and saving it in a
format that Master CAM can import (safest format to uge).

Method (A): is useful if vou want to cul a simple shape; although Master CAM provides some
Snctions to generate 3D curved surfaces, defining the geometry in this environment is not

Sonverient:

Method (B): Here, we have to design the part using 8 CAD system, and saved it in a form

St Masler cam can Impaort.

Uee of the forms that Master eam can import 18 image Lthal we want fo engrave. Here the

srocedure that we [0llow shown in Figures in chapter six.

3l




CHAPTER FOUR

DESIGN & CALCULATION

4.1 General block diagram
4.2 Flow chart

4.3 Mathematical calculations of the motors

4.4 Wiring and protection system




4.1 General block diagram

The full system compongnts are shown in Figure 4.1 which was presented in previous chapters.
A Technological and modern plants uses software as desipgning tools, driviag block to control the
motion of the system and making its operation feasible. Protection elements is not only in the
electronic hoards, it will be also in the power cireuit such as fuses, overloads belore the metors,

and emergency buttons that could be connected to the controller as it is within its features,
4.2 Flow chart

This is an overall flowchart for the working process starting from using the PC to design the
zraph until werking of machine to engrave on stone, following steps illustrated in Figure 4-2 and

there will be an extending 1o the engraving box process according to the desired carving tigure.

45 what pceurred in the practical apphecation of the molor and depending vm the Common Lypes
of moving machines, the maching is classified to have a moving table and a fixed z-axis mounted
on the bady of the machine. The following part is considering caleulations to determine the load

of each axis here.
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4.3 Mathematical calculations of the motors

in order Lo reach an elfective mechanism of the working machine, vme should consider the
formulaz of movement of cach axis and calculate the loads according to it We will start these
calculations with Ainding the axial force of the lead screw, the higure 4-3 shows & sample of 1t

where we have to make 2 stone carving on 60X60 cm stone picee with 3 em of depth.

» Load Mass M

+Ball Scrow Ptch P (mm)

* Ball Serew Diemeter D (mm)

* Hall Screw Mass Me (k)

* Ball Screw Friction Coefficient = 0.1

Figure 4-3 Screw drive[s)
3. eeneral equation

The caleulations to find the suitable torgue for the selected motor depends mainly on the load

it it needs 10 drive, so the following 4 eguations sequentially leads s to the caleulated

eque.| 7]

Fizgure 4-1 Axis representation of forees




2 Inertia of lead screw load

‘;rgh:! =jrﬂtar +J5t€£‘i +IT"'E,’II!ECI‘..EI£ ..“.u....“..“..........“.....................,,..EQ{4.I_.'
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The reflected inerlza ol the load is:

TR e Kol e A e S o AR R R e G LR
Total Torque Load from lead screw (1) in N-m:

== (i b Tooiat = loaiacian R o Tidigon o neanas pinmsissiis b o (63
Where:

L = |Lead of screw in meters

A= Efficiency = 0.3 for power screw,

2. diameter of the power screw.,

M load weightin Kg

= maotor speed i RPM

T torque in NM

MEgRL=W . .
Tfrifr_i.{ln =T m ...................hQ {46][1 1]

Where:
= Apeeleration due o gravity.

+ Coefficient of friction =0.1 for ball screw.

W = have to calculate the mertia for cach axes related to Figure 4-3.




The load that
v motor drive

Y axis drive

The load that
X motor drive

X axis drive

Figure 4-2 machine configuralion

4317 Muotor selection

< Z axis motor selection;

Sach axis has total inertia as we see in previous section which consist of rotor, steel screw, and

seflected inertia.

Sotor inertia is from the motor characteristic as shown in the tahle helow. From the following
Shle we have approsimately 99 % 107 kg/cm?  rotor inertia for about 1500 rpm serva motor,

we assume 1500 rpm because we don’t care about speed as care of position in the machine.

We start from the Z motor (From smallest to the largest motor), because Z motor is a part of X

=d Y load.




7 mator drive the engraving motar only, which is ghout 6.1 Kg, and lead screw length of ahout

S0 e

Lable 4-1 Sevvo rated value[10]

Faed  Stam  Famd Ras ~ Ramd w 1FT8 Servo Molrs. g Aot 4 vieght
ber (o Brai)
T Ped M i Crderth. J
'y al ) R
ATLOK  AT-100K me ATy S Nowd
W hm N I’ g
m oM {bedn) & (1) (sl ()
150 oy a8 245 B4 a IFTE12=3ABTR=-0ANN 4 & irs
(5.06) (2.8 ) (003%)  (ROE)
H4 &l 145 1] 1FIEIS=0ARTE-NNEE 4 18 a5
Bee)  (aem [M28) (0te8n  (82)
a5 8l a0 % m IFTG 106~ BABTH-RREN & 28) 555
(1287 (5.9 (188 (B20) (¥2e)
1 a7 62 19 5 IFTE132-GABTY ~RUmE 3 4X) £S
[13) (S48 By 63 8) (03808)  (4ET4)
1able 4-2 £ motor ealculation
Equation Caleulation
[ J reflected=0.0Z5 x M x L* =0.025%6.1%0.542-0.038K p'em?
J steel serew= d % x [ X %*Dtmi =0.032"%x 0,5 x (1500 + 32) x 7.83 %
I tatal= J rotor +J steels erow +J reflected | — 0,0009+0.035+0 5570635 keiem?
. _ MxgxLxp _ 61x988x05x01
rfrt.l:ﬂm:l. ) _2 }-{ .‘!l'x i Tfﬂ:tmn - 2 b Dg = [}4?
‘I T total=J total *a +Tf 0,635%0.3+0.47-0.66 NM




¥ Y axis motor calculation

As we see in the figure 4.5, y motor drive the following load:
o Head that installs Z motor (5 ke). -
o Zmuotor (1.78k)
a Engraving motor = 6.1Kg. -
& Powerscrew ﬂf 1 meter.

Table 4-3 ¥ motor calcolation

Equation Caleulntion
I J reflected=0, 025 x M x L? =(1.025%12.88%1°2=0 322K p/cm?
sden J steel screw= d~*x [ x% =0.0327% % 1 % (1500 +32) % 7.83 X
10%=1.17kg/cm?
i J total= I rotor =) steels crew +1 reflected = 0.004%-0,322+1.17=1.5 kgrem?
MxgxLxpu 1288% 988 x1x0.1
T prictian = e T a Teriction = gy =67
L T tutal=J total *a +'I'd [.5*03-0.67-1.12 NM

¥ X axis motor calculation

A= we see in the figure 4.5, X motor drive Iron Bridge, which carries X and Y motors and have:




Table 4-4 X load component

Component Weizht in Kg Length in m
2 legs stand in the machine 13 0.2 for cach
N body
Bridge deck (stand on the 21.16 |
legs)
Y miotor 1,78 ]
i Z motar 1.78
Engraving motor 6.1
Part which the v,.£ motor 10 (5 for each )
is installed
Total 46.82
!

Fable 4-5 X motor caleulation

Equation Caleulation
I J reflected=0. 025 x M x L* =0,025%45.82%1 5§°2=2 63K p/em?
=den J steel serew= d ¥ x [ x % =0,0327"x 1.5 x (1500 = 3Z) x 7.B3 x

10%=|.76 ke/em?

3 total=J rotor +J steels crew +J reflected =0.0099 2,631 .76~ 4.4 ke/cm?®
5 _ MxgxLxp . 46,82 x 988 X 1.5 x 0.1 _
fristien — oy X a i A 2Xm=xD3 4

T total-J total *a +'I'd 4.4%0 343 6=3 WM

Shysically, power is defined as the rate of doing work. For linear mation, power 15 the product of
“orce multiplied by the distance per unit time. In the case of rotational motion, the analogous

cslculation for power s the product of torque multiplied by the rotational distance per unit time.

4]




P =TSR cowivesmnsnsmn e (411 31

Where:

#: Mechanical power.

1: Angular velocity.

The most commonly used unit lor angular velocity is rev/min (RPM), In caleulating rotational
sower. it is necessary to convert the velocity Lo units of radésec. This is accomplished by simply

multiplying the velocity in RPM by the constant {2 % ) /60

2T

::L'tr”_q' - u-i-f';:m‘ xa .-...,-......-n-------......aa-.--1-..--1--------.-..........q.....-..-.-..............-.EQ {4.3]

R B
“rad — TRk ﬁ_ cer

Now for each axis we have:
P, =T, »w=138x 157 = h96.6 watt
A=T,xw=112x 157 = 175.8 watt
5 =Ty x @ =0.66 % 157 = 103.6 wart
4,4 Wiring and protection system

Far the motor we have (x. v, 2 servo and engraving motor) we must protect them from over load

wd heating, So we must connect a eircuit breaker and fuses m the power connection for cach




Wiring
Flease refez w0 thds wiring picnse:

sl Serve D
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5.1 Introduction

In this chapter we manly looking to design full simulation of the machine starting from the
sroduction of the G code from the painting using Mastercam program, thin its analysis Lo get
programmible (unctions can be implement in the microcontrollers as a controller use to drive the

3 axis motors to engrave the painting,

But we can’t programming the G code using microcontrollers because it conmains a lot of
information that need to be programmed and also needs 12 bytes to implement any order of

commsnds,

S0 we can represent only ong case, which means that we ean draw any paintings and control it
Ay ite own program, thus, we started working on the G code und analvesed as deseribed in Figure
5-1.

e

Figure 5-1 Project work plan

45




5.2 Mastercam

The latest release for the Mastercam CNC machine tool programs can bring huge benefits to
operatives and give them greater control over the muchinmg process, secording to developer
CNC Software.

Mastercam introduces 2 unified interface and streamlined workflow for generating multiaxis tool
aaths in used CNC machine tools, miving manufacturers the ability to fully utilize the full

capabilities of their machines.

11 gives proprammers complete control over three crucial elements of multiaxis machining drill

pdlteny ool axas conlrol and eollision conlrol.

CNC machines usc a special programming language called GN-code (lechnical name: RS5274),
MasterCAM is software that allows users to create GN-code programs that can be used to drill
different geometric shapes and hole on CNC machines. [lere we study MasterCAM for CNC

sngraving machines.

Practically we begins from this program. where we introduce the image and then analyzed by

%ie program and converted to G code, then this code will be analysis to become as lunction.

Here iz some of the G code we got in chapter 3 from Mastercam:

Fo !
fud
=
L&
3
=

X-689.74 ¥-33.398 AQ.

Y s
L

]

b, A

i ]

[}

1

(1]




Z56.14

Ga 2E3.50L YI11.333 REZ:493
E1 X&2.74

Yilg =EE

Xi6.3202

63 E32.363 YERBTE RE4.03B
Gl X&g%.774

33,304

L-£9.74

Y25 576

5.3 G code conclusion

Because the G code have 12 byte information need to be controlled, which is difficult to made by
microcontrollers. We aim to insert 2 system o control one case on the machine work we want 1o
make this code as function we study it and found that each order of this code consists of four
parts as shown in Figure 5-2.

S

Figure 5-1 G code contents
As example il we take one order of the code:

S00 X-£9.94 ¥-23.3298 Z1C.
The GO 18 the order of he code.

% -09.74 is the position motor x must move to,
¥ -33.398 iz the position motor y must move o,

Z 10 is the position motor £ must wove to.




That means motor x for example should move from pesition 0.00 to -6%.74 cm in conjunction

with the speed of the motors, table 5.1 show the details of all orders.

lable 5-10G code conclusion

X Y % Y Z
order sokaion. || aokitton Ydir Zdir tiefs time/s timefs
GO0 O 0 (1] Off 0 0 0
GO0 -69.74 -33.4 cew Off 5.8 2.78 0
61 69,74 -25.97 oW Cw 11.62 0615 0.5835
G03 46.3 -18.55 W off 1.95 0.615 0
601 69,74 -11.13 oW OFf 1.95  0.615 0
603 56.14 -37 cw Off 1435 0.615 a
Go1 69.74 37 oW Off 1335 0615 ¢
603 535 11.13 oW Off 135% .615 a
G01 69.74 18.55 W Off 135 0.615 0
G03 32.37 25.97 ew Off 21 0.615 0
G01 33.39 2597 off Off 0.085 0 0
G03 -46.3 18.55 cow Off 6.6 0.615 4]
G0l -69.74 11.13 Cow Off 1.95 0.615 0
GO3 -56.14 3.7 cow Off 1.135 0.615 0
Go1 -69.74 a7 CeW Off 1135 0615 0
&03 -53.5 =-11.12 COW Off 1.35 D.615 (8]
G601 -63.74 -18.55 cow Off 135 0B 0
03 -32.36 -25.97 cow off 31 0.615 0
G0l 6974  -25.97 off Off 11 0 0
200 -g9.74 -25.97 off Cow 0 0 0415
&00 -27.088  -27.97 cow oW 356 0165 0415
E01 -27.088  -27.97 off Cow 0 0 0.665
603 -36.87 35,898 cw off 0.815 5.3 0
G01 -72.24 -35.898 CoW Off 2.95 5.95 0
601 7224 35.808 cw Off 13 595 0
201 -1.5 -36.87 cow Off 6.1 6.05 0
c03 -86.87  25.8¢8 oW Off 3.78 5.25 0
=01 -46.87 18.17 cow Off o 0.645 0
&00 -46.87 18.17 2 off Cw o Q 0.25
E -67.03 17.2 7 cow Cw 1.68 0.08 0415
&01 -61.26 17.2 7 cw off off 0.45 0 0
503 -47.33 14.8 7 cw cew Off 1.16 0.2 0
601 -47.05 15 ? cw cw Off 0.02  0.0165 0

s

8




G0Z 47.05 15 7

G s us 70

602 -1}}13 14'5 7
-145 7
7 (i s
15.6 s
|l

All servo motors are ser to move in 60 rad/s, to converl il o liner motion:

linear speed = rotation speed + radus of rotation

Sliner=5Srot=r

Sl=80+02=12 ? for 0.4 cm screw diameter
position
time delay = H
_ G9.74
x1delay = e pao 585
vl delay = — ol = 2.78s
12

0
Z1 deelay = i Os

Alsa we must know the direetion of the motors from the pesition value.

The table above shows the delails to start programming in microcontroller frame.
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5.4 PIC Microcontroller

2.4 Microcontroler and industry

The micracontrollers have great applications in industry field. it we compare between

microcontroller and PLC

v MC VS PLC

2 Microcontrollers (ML) are complete computer systems on a chip. They combine CPU,
memory, fimer/counters, scnal port, input/outpul (FO) porls and a clock oscillator,
cheaper than PLC, casy to interface, good for every application, proprammable

s Programmable logic controllers (PLC) are the control hubs for automated systems. They
contain multiple inputs and outputs that use transistors and other circuitry to simulate
switches and relavs to control equipment. They're also programmable via standard
computer interlaces and proprictary languages and network options, PLC main circuit
contain MCU

< Embedded systems

The main application that we found a great usage for MCU is in embedded systems, which is o
sy=tern whose principal function is nol compulationdl, bul which is controlled by a computer

embedded withim il

< Microcontroller families

¢ Thereare thousands of different rmerocontroller types in the world today, made by
numercus different manuaelurers.

o A manufactarer builds a microcontroller family around z fixed microprocessor core.

Dillerenl family members are created by using the same core, combining with it different

combinations of peripherals and dilferent memory sizes.




54.2 PIC microcontrollers today
0 There are kilerally hundreds of different devices, offered in different packages, for
diffcrent applications.

o all PIC microcontrollers are low-cost, seli-contained, 3-bit'16-bil/32-hit, [Harvard

structure, pipelined, RISC. single nccumulator (the Working or W register), with fixed
reset and interrupt vectors, full documented, easy o programming,

o In 8-bit Microcontrollers, Microchip ranked to be 1.
o The most commaon used tamily are PIC16 and PICIE.
543  PICIS FAMILY
0 'The PIC 18 Series microcontrollers dramatically enhance the PIC core, making it suitable

for advanced embedded projects. Despite many features which are new, il has heen
designed lo make upwards migration trom a 16 Series device casy.

o We will trv to get familiar with PICL8F4550.

=]
MCLR Vea/RE3 ——= [ 1 = 40 [] == FBTKBIIPGD
RAD/AND «—=[] 2 38 [ = FRSKBIZFGE
BAT/AN] =—=3 38 [] =—= FEEKBIVFGM
FAZ/ANZVREF Y CVAREF ——-E ¢ 237 [0 =—= FBYANIVEBID'CESSPR
RA/ANIVAEF- =—=[] 5 38 [] =—= pEIAN3 CoP2VNVED
RALTOCKICIOUTIRCY =—=[l g 20 =— FE2/ANB/INTEAVMO
FAS/ANSSSHLYDINGIOUT —=[17 34 [0 = FE1ANTOINTISCK/SCL
FEQAMNECKISFE =—=[] 8 0o 330 =— FENAMNIZINTO/FLTD/EDISDA
BEVANG/CHRERE =——= [ 0 3 az|] -——VDb
FEQANTIDESPP a—[10 Pl E 31 [] =— Wzs
WoD ——= [ 11 @ «@ 30 [] »—s BOT/SERPT/EID
WES — 12 QO 20 [] == FDEB'SFFE4/E1C
OBC1/GLKI —= [ 13 Lo 28 [] =——= FDS'SEPE/21E
OSC2CLHO/FAE e—[] 14 27 [ == FD4/SPRL
REATIOSOT13GH] =—= ] 15 28 [] =— ROCT/FXNDT/'SDO
RC1T1O0SI'CCr2™VUDE =—= [ 18 25 [0 = RCETXCX
FL2'CEPI/PIA =—e [ 57 24 [] =—— RCED:P
VUSS =—[ 18 25 [] =—= BCE&DSVM
ADOISPPY =—e[] 10 22 [J =—— FO3/SFR3
FO1ISFF1 =—[] 29 21 [ =—= BO2/5PFZ

Figure 53 PIC 1874550




544  The PIC 18F4550 peripherals
We will ralk about the common used peripheral

0 The PICIEF4550 have 5 port A.B,C.D and E and it described as follow

2 Euch PORT have three registers associaled for his operation and these registers is
PORTX, TRISX and LATX

o The Port data iiself appears in the PORTX
o The data direction is determined by the bit values set in the (control registers) TRISX
o The LATX is used 1o read the outpul data back (not input read)

1- Port A

o The porl can be used for general-purpose bi-directional digital data. 1Uis also shared with

the Analopg functions
o The Timer 0 input is shared with hit 4 of the Port
o The three registers associated with Port A = PORTA, TRISA and LATA
2- Fort 8
o three primarv registers — PORTR. TRISB and LATR
a that bits 5-7 share with the in-circuit debug functions of PGD, PGC and PGM
a The external interrupt can be made through PORTB pins
3- Port C
o its three primnary registers — PORTC, TRISC and LATC

o this port shares its pins with the senal ports and the CCP functions. while hit 0 1= shared

with the Timer 1 input




4= The parallel slave port (PORTD)

The parallel port itself is Port D, with 3 bits of Port E being available for handshaking.
o The timers

0 The [8F4550 have 5 programmable timers, as well as a Watchdog Timer, the general

used counting and timing,

5.5 PIC Simulators

PIC Simulator is powerlul application that supplies PIC developers with user-friendly graphical
development environment for Windows with integrated simulator (emulator). Basic compiler,

assvinbler, disassembler ind debugzer,

The program helps the user W view the interna! microcontroller architecture. It has features such
as FLASI program memory editor, variable simulation rate and a powertul PIC basic compiler,

I1 [eatures code debugging using breakpoints manager.

To solve the purpose of proper communication with other devices il features a PC"s serial port
terminal. [t is bundled with many signal generatar simulation tools alonp with an Oscilloscope.
The program has many color themes 0 make il user-Iriendly. Tt supports external simulation

modules and extensive program options.

The users can find great improvements than its earlier version. It 15 easy to use and helps in quick
PIC programiming. The free uperades and additional [eatures have made the program a bundle of
utilities. The basic campiler saves a lot of time as it is very powerful, It can be fairly casy to

operate even for a novice.
PIC Simulator main features:

- Main simulation mterface showing mtemal microconiroller architecture.

- FLASH program memory editor, EEPROM data memory editor, hardware stack viewer.




- Microcontroller pin out interface for simulation of digital 1/0 and analog inputs.
- Vanable simulation rate, simulation statistics.

- Breakpoints manager for code debugging with breakpoints support.

- PIC assembler. interactive assembler edilor [or beginners, PI1C disassembler.

From the features of this program we start programnung in the PIC chip to control the machine

depending on the values of the table s described below.
output_high{pin_b0y;

output_high{pin_h2);

output_highipin_ h4);

delay ms(2870);

output low(pin b4},

delay ms{2930);

output_low(pin_b2);

This code is ta describe the first order of the G code, which ennhle the engraving motar dircetly
when the mput switch 15 active. then selivate pin2 which activate the second relay of X motor
and activate the motor in counter clock wise direction, then activate pin 4 which activate the
second relay of Y motor and activate the motor in counter clock wise direction. atter the first
delay 15 complete, the pind must stop according to the G code to get the painting in correct [omm,

then aller the second time delay is complete, the pin2 reach its time and stop active.

And so we complcte the first order of the G code.  The all program thal controls the painting
we have inserted in Mastercam is shown in the appendix. which is implemented in protcus o

tests the result and make sure thal the system is correct,
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5.6 proteus application

Proteus is simulation soflware which is vory cssential [ur every eleclronics engineers and
students. Especially electronics engineers will find this sofiware very useful for academie

purpose,

Thus is the perfeet tool for engineers to test their microcontroller desipns before constructing a
physical prototype in real time, This program allows users to interact with the design using on-
screen indicators andfor LED and LCD displays and, i attached to the PC. switches and buttons.
One of the main components of Proteus 7.0 15 the Circuir Simulation, a praduct that uses a
SPICE3fS analog simulator kernel combined with an event-driven digital simulator that allow

users to utilize anv SPICE model by sny manutacturer.

Proteus comes with extensive debugeing features, mcluding breakpoints, single stepping and

variable display for a neat design prior to hardware prototyping.

In summary. Proteus 7.0 is the program to use when you want to simulate the interaction

belween soflware runmng on & microcontroller and any analog or diglal electronic device

connected to 11,




5.7 Mechanical simulation CATIA

CATIA (Computer Aided Three-dimensional Inferactive Application) is a multi-platform
CAD/CAMICAL commercial software suite developed by the French compsny Dassault
Svstems. Written in the C++ programming language. CATIA is the comerstone of the Dassault
systems product hifecycle management software suite, CATIA 1s one of the world's leading high-
end integrated CAD/CAM/CAE systems. CATIA V5 ig a state of art solid modeling sofiware
used in automotive and acrospace industry by companies like: Chrysler, Tovota, RMW,
Bombardier, Lockheed and Boeing, It is extensively vsed by many mold making, too! and die,
and sheet metal companics. The emphasis of this training 1s on the graphical communication of
solutions 1o mechanical engineering design problems. This training should provide a solid
background for selid maodeling and assembly for digital product development. By the end of ths
CATIA Tundamental Training, participants should be able to apply the (undamentals of solid
modeling including feature based paramelric CAD hy completing a three dimensional part;
zxplain the engineering design process and the role of engineering graphics in digital design and
analysis; create u 3D assembly madel, including a bill of materials; demonstrate the management
of CAD data files and integrated data management documentations; and understand the produc

lifecyele management (PLM).
Featurcs and Benefits:

* User-friendly environment

« Fast design-analvsis loops

* Multidiscipline collaboration

« Knowledge-based optimization

* [ndustry-proven performance




From catia we design the mechanical parls of the machine and activate an animation for the

movable parts (0 show the mechamsm of action as shown i fpure 5.4




CHAPTER SIX

SIMULATION DESIGN

6.1 Mastercam Simulation.
6.2 GG code conclusion.
.3 PIC Simulator.

6.4 Proteus application.

6.5 Caria simulation.




6.1 Mastercam

One of the forms that Mastercam can import is image that we want to engrave, Here the

procedure that we follow shown in figures below sequentinlly.
L. Inter the image that we need to engrave on it

From main menu—» Art —» {race image
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Figore 6-1 Interring image




2. Proccssing image (Sclect the resolution for the image

UAUGED 43 ZoiR Ea&

-}"'h‘:i':'llf'l'v—"'l'ﬂl'_ ! 2 2 -
o [ EaEaT [T I ol .

by B
 Hodd EEAZE L T

BaRE ByELE pean

FaHE T

e R e | —

Fra Bl o k8]

Figure -2 Processing image (1)
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3. Remove open lincs and excess lines hecause it held the machine accuracy work
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Figore -4 Processing imape (3)

4. Select the machine type to Compalible with the process of the machine, rom:

Machine tvpe—+mill— defaull.
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Figure 6-5 Scleer of machine type

5. Sclect the type of the process (engraving) from (ool path-pocket
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! 6. Track drll motor from point-to-point and locate the beginning and the end.
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Fipure 6-7 Select track of the dril motor

7. 8cleel the paramoter of the tool path (tool®, head#, diameter.. .ete),
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Flgure 6-8 Select the paramerer(1)
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Figure 6-9 Select the paramereri2)
8, Sclect the spindle type (for enprave), and it's charscteristio.
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Figure 6-11 Spindle selection(2)

9. Determine the direetion of rotation as (zigzag) so going Spindie from the beginning

of the cheek continuously until the end,
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Figure 6-12 Seleet the diriction




10. Determine the speed of the spindle (as the engraving motor we have),
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Figure 6-13 Neleet the spindel speed

11, From (view) select Toggle operation manager 1o manage the CTEraving process.
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Figure 6-15 Togele operation(2)
12 Select the dimension of the axes
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I3 To see how it work and chick the axes dimensions from (verity and machine
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14. To create the G code (from G1 and POSt processing operation)
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Figure 6-21 Create the G code

6.2 G code conclusion




Mastercam produce G code to upload it to the machine, hut here we want to study the code and
eonverl it to program to upload to the PIC chip to control the motors.

All G code from mastercam:

N10& G0 GSO0 G54 X-69.7¢ ¥-33_39% Al
N108 G413 710,

Niig Z7.

KE13 61 2-1. F7.2

N114 Xe5.74

N1ile ¥-25.976

N11E X32.359

Ni120 ©3 X46.302 Y-18.555 Req.gay
N122 Gl X69,74

Hizd ¥-31:3133

N12E ¥53,501

N128 G3 X56.14 Y-3.711 R32 . 494
N130 G1 X&89.74

Ni3Z ¥3.71%

N134 X5§.14

N136 G3 X53.501 ¥11.133 R23.403
N138 Gl X&83, 74

N14() Y1€.555

Hl42 X46.302

Nl44 G3 X33.369 ¥25.376 REl.033
N146 Gl X&65.72

K148 ¥33,3198

N150 X-63.%2

N182 Y25_576

N184 X-32.,3689

N15€¢ O3 X-46.302 Y18.554 ZB4.037
Ni5SB G X-69.74

Ni60 ¥11.132

N162 X-53.501

Wlcd €3 X-56.14 Y3.711 RZD . g9z
Ni66 G1 X-69.7:

WN1E8 Y-3.711

N170 X-56.14

N172 G3 X-53.501 Y-11.133 R22 493
N174 @1 X-69.74

MN17& ¥-18.555

N178 ¥-45.302

N18Q B3 X-32.369 Y-25.876 RE4. 034
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N182 G1 X-63.74

H164 GO Z2.

Nizg Z7.

NI3g X-27.088 Y29.975

Miglk GI B-1.

N192 G3 X-36.87 ¥Y35 8RS8 R10.
N184 31 X=-72_24

Ni&s Y-35,H94-

N159 ETVZ.24

MN200 Y3L_ 858

N292 X-1.5

MN2D2 H-5€.87

NZDe G3 ¥X-4e.E7 ¥25,.8%8 R10.
R2U08 Gl ¥1R.:7E6

N210 6§ 25,

N212 &7,

N21l4 X-67.03% ¥25,381

HN21le Gl Z-1.

N2lt X-61.269 Y17.21¢

N220 ©G3 X-47.331 Y14.B18 R10.
NZ222 G1 X-27.052 ¥15,015
N224 G2 X47.052 REl,.52¢6
N2Z25 @1 %£7.61 Yld4.521

NZ22B X£B.092 ¥Y14.1:%

N230 G2 ¥-14.3138 R19,953
N232 Gl X47.581 Y-14.821
N&34 X47.052 Y-15.01%

NI3e G2 X-47.052 REI _B3g
N23IF Gl X-47. 61 Y-14,.6821
N24Q X-48.092 ¥Y-14.138

NZ42Z G2 YI4.138 R19.9%3
Nadd G1 X-47.61 Y14 821

N246 ¥-47,331 ¥14.81¢

N248 G3 X-44.935 Y2R.755 R10.
H250 Gl X-48.215 ¥33.398
N252 @80 Zi1g.

HZ56 391 @28 20.

NZEB G268 XC. ¥Y0. A0.

And as shown in table 5.1 the codes are converted to vialues and information neads to be

programmed by a pie simulator.

6.3 PIC simulator:




Here we start to programming using the data on the table until we reached to the following code:

vold main()

setup_ade ports(NO_ANALOGS|VSS_VDD);
satup adc(ADC_OFF);
setup_psp(PSP_DISABLED):
setup_spifFALSE);

setup_ wdt(WDT_OFF);
setup_timer_O[RTCC_INTERNAL);
setup_timer_1(T1_DISABLED);
setup_timer_2(T2_DISABLED,0,1);
setup_comparator(NC_NC_NC_NC);
setup_vref{FALSE);

setup oscillator(False);

J/ TODO: USER CODEN
H{input(pin_ed)==1){

putpul_high(pin_h0);

output_high{pin_b2);




output_high{pin_h4);
delay_ms(2870);
output_low(pin_b2);
delay_ms(2930);

output_low(pin_b4);

output_high(pin_b1);
output_high(pin_b3);
output_high(pin_b5s);
delay_ms(615);
output_low(pin_b3);
output low(pin_b5);
delay_ms(11000);

output_low(pin b1);

output_high(pin_b2});
output_high(pin_b3);
delay_ms(615);
output_low(pin_b3};
delay_ms[1335);
outpul_low(pin_bZ};

output_high(pin_b1);
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autpul_high{pin_b3);
delay_ms(615);
output_low([pin_b3);
delay_ms(1335});

autput_low(pin_bl];

cutput_high(pin_b2);
output_high(pin_b3);
delay_ms(615);
pulput_low(pin_b3);
delay ms({520);

output law(pin b2);

oulpul_high(pin_bl);
output_high(pin_b3);
delay ms{615);
output_low(pin_b3);
delay_ms(520);

output_low{pin_bl);

output_high(pin_bZ);

output_high(pin_h3);




delay_ms{615);
output_low(pin_b3);
delay_ms{735);

outpul low(pin b2);

autput_high(pin_b1);
output_high(pin_b3);
delav ms(615);
output_low(pin_h3});
delay_ ms{735);

output_low(pin_bl};

output_high{pin_bZ);
output_high(pin_b3);
delay_ ms(615];
output_low([pin_b3);
delay_mg(2485);

autput_low({pin_hZ2);

output_high(pin_b2);

delay ms(85);




s

output_low{pin_b2};

autput_high{pin_b2);
output_high(pin_b4);
delay ms(615);
output_low(pin_b4);
delay ms{5985);

output_low(pin_h2};

outpul_high{pin_b2):
vutput_high(pin_b4);
delay_ms(615);
output_low(pin_b#4);
delay_ms(1335);

output_low(pin_h2);

output_high(pin_b1);
outpul_high(pin_b4);
delay_ms(615);

oulput low(pin_b4t);

delay_ms(520);

output_low(pin_b1];




output_high(pin_b2);
putput_high(pin_b4):
delay_ms(615);
putput low(pin_b4);
delay_ms({520);

output_low{pin_b2};

output_high(pin b1);
output_high(pin b4);
delay_ms(615);
output_low{pin_bt);
delay_mz({735);

output_low[pin_h1);

output_high(pin_bZ);
putput kigh(pin_b4);
delay_ms{615);

output_low({pin_b4);

delay_ms(735);

output_low(pin_b2);




output high(pin b1);
output_high(pin h4);
delay ms{615);
putput_low(pin_b4),
delay_ms(2485);

output_low(pin_b1);

putput_high(pin_h1);
delay ms{2100);

output_low(pin_b1);

oulpul_high{pin_b&);
delay_ms{415);

output_low(pin_b&);

output_high{pin_b1);
output_high(pin_b4);
output_high(pin_b3);
delay_ms{165);

output_low([pin_b4);

telay ms(250);

output_low(pin b5);




delay_ms(3145);

output low{piri_b1);

output_high(pin_bé);
delay_ms(656);

output_low(pin_be);

output high(pin_h2);
output_high(pir_b3);
delay_ms(# 15);
output_low(pin_bz);
delay_ms(4485);

output_low(pin_b3);

output_high(pin_b2);
output_ high(pin_b4);
delay_ms({295D);
eutput_low(pin_h2);
delay_ms(3000);

output_low(pin_b4);

output_high(pin_b1);




output_high{pin_b3);
delay_ms(5950);
output_low(pin_h3);
delay ms(6050);

output_low([pin_bl);

output_high(pin b2);
output_high(pin_h4);
delav_ms(G050);
output_low(pin_b2};
delay_ms(50);

oulput_low([pin_b4);

output_high(pin_b2);
autput_high(pin_b3);
delay_ms{3740);
output_low(pin_hZ};
delay ms(1470);

output_low(pin_b3);

output_high(pin b4);

delay ms{645);




autput_low(pin_h4);

output_high(pin_b5);
delay ms(250);

output low(pin_b5);

output_high(pin b2);
cutput_high(pin_b4):
outpul_high(pin_bs);
delay ms({80);
eulput_low(pin_h4];
delay_ms[335);
output_low{pin_b5);
delay_ms(1265);

autput_low(pin_h2);

output_high(pin_b1);

delay_ms{450):

output low(pin_b1);

autput_high(pin_b1);

output_high(pin_b4};




delay_ms(200);
output_low(pin h4);
delay_ms(940);

outpul_low(pin_b1);

output_high(pin_b2);
output_high(pin b4);
delay_ms(16.5);
output_low(pin_b2);
delay_ms{3.3);

output_low(pin_b4);

outputl_high{pin_bl);
delay_ms(7860);

output_low(pin_h1);

output_high(pin_b1);
output_highfpin_b4);
dalay ms(33);

outpur_low(pin_b1);

delay ms(45.8);

output_low(pin_b4);




autput_high{pin_b2);
delay_ms(5150];

output_low([pin_b2);

output_high(pin_b1);
output_high(pin_b4);
delay_ms{2430);
output_fow(pin_b4);
delay_ ms(2720);

output_low(pin_bl);

output_high(pin_b2);
delay_ms(2785):;

output_low{pin b2);

output_high({pin_b2};
output_high(pin_b3);
delay_ms[2430);
output_low(pin_b3);
delay_ms(2720);

autput_low(pin h2);




autput_high(pin_b5);
delay_ms(250);

oulpul_low(pin_b5):

output_high(pin_b1);
output_high(pin_b4);
output_high(pin_bé);
delay_ms{833);
output_low(pin_b4);
delay ms(382);
autput low(pin_b6);
delay_ms{2735);

output_low{pin_b1);

]

These program in ¢ language is qualifies us to make tests on the proteus application
prograr.

6.4 Proteus application

As shown in the Scheme B below, the connection of the pic input and output, when the input

switch is on, the pic start the program contents step by slep with the delay times.




Scheme B Proteus project conn
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The output pins is connecled to relays to translate power from low voltage [rom pic and high

voltage from the single phase to motors,
6.5 Catia simulation

From CATIA features we can draw each part of the machine separately, thin collect it to wet full

machine properties,

L o

! |
1 |

and ability to make the animation we need for the movahle parts.




The oufput pins is connected to relavs o translate power from low voltage from pic and high

voltage from the single phase to motors,
6.5 Catia simulation

From CATIA leatures we can draw each part of the machine separately, thin collect it to get full

machine propertics, and ahility to make the animation we need for the movable parts.

We are mainly need to draw the parts shown in Figure 6-22.
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1} Part one
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Figure 6i-24 Columns carries the fived bridge

Figure 6-23 Constant bridze carrles ¥ and 7 motor

2) Purt two




3) Part three

Fipure 6-15 Beams snd rail eirry £ motor componcnt

4) Part four
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Figure 826 Iran model move up the rail ¥

K&




5) Purt five




5) Part five
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CHAPTER SEVEN

Conclusion and Recommendation

7.1 Conclusion

7.2 Recommendation
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7.1 Conclusion
Aller the search 1n this project we conclude the following:

L. We can implement the system with the component with spatial controllers for ONC

machine, which is prohibited in our land.

b2

Mk1 CNC controllers has spatial component sense the G code, we can’t realize it eusily.
I, To design the machine we aim to implemcnl we need three serve motors with the
following power values:
- Motor X with 596.6 wart
- Motor Y with 175.8 watl
- Motor 7 with 103.6 watt
4. We can replace the CNC controllers with microcontrollers but with the loughest

conditions.,

n

Micrecontrollers can just representation one case of CNC engraving machine.
6. We can lest the microcontrollers chip in proteus application svstem, and conncetion

procedure with its featurcs.

=1

Practically we can implement a module to prove the system work.
7.2 Recommendations

% To implement this project practically when support is available,

% Give a chance for computers eaginesrs to (ind a software solutions for the project,
through a complete programming contain anv G code can be extracted from
dillerent paintings, with the participation of some cleetrical engineers.

% To find & controller with high response with CNC machine to prevent the

interrupts that may oceurs as in microcantrollers,
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