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ABSTRACT

The trends in the NC machine tool development endinection of open architecture control and
"Direct Model Part" machining strategies. To brithg simplicity, portability, interoperability,
adaptability and low cogtecessitates the improvemetd simplification of conventional NC
machining processes. A major problem with the catieeal numerical control is that the
motion control in the NC machining operations aoé efficient with the restrictive (ISO 6983)
G and M code. G and M code were designed in thevees a paper strip was used to feed part
program in NC machine, was designed to give thgnara in NC machine. Today the G-code
programs are generated by computer-aided manuiagt(CAM) tools by the geometric data
from computer aided design (CAD) tools as inputwideer, CNCs different manufacturers
implement different versions of G-code and leaddattk any proprietary CAD-CAM-CNC
integrated modules / software. An open architectunexhine tools can be controlled directly
from a computer, instead of having separate numlecantrol. As the technology advances in
sensors, positioning methods and tool path progragrtechniques, the high-speed PC and
controller or the drive in an open architecturetoalter technology is open to integrate all the
new technologies in the future. This is possible tuthe high processing speed and low cost of
a modern computer. An open architecture NC todhgpate free of conventional ISO G and M-
based NC tool paths, but it is a file with the poegly calculated positions of the relative

position of the cutter relative to the workpieceitogical order.

The aim of present work i&brication of prototype of an Open Architecture NC controller

for Personal Computer-controlled vertical 3-axis NCmilling machine for machining of
sculptured surfaces of wooden artistic designthe sculptured surfaces are made by artisans on
wood, clay or rocks manually which leads to lackpinductivity and reproducibility of artisan’s
design. Some dedicated CNC machines are availablenfchining sculptured surfaces but
because of heavy cost these are not affordable laytasian. So present work is to fabricate low
cost CNC machine by developing PC Based Open Axctiite Controller. The aim is to break
the monopoly of commercially available vendor defehCAD/CAM integration which hinders
the customization of NC machine tool with new cohstrategies, sensors and interfaces. Also
the open architecture based NC system will be batferdable than the commercial NC system

for sculptured surface machining.
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CHAPTER 1

INTRODUCTION

The term Numerical Control is a generally acceggdh in machine tool industry. Numerical
Control (NC) makes possible for an operator to camicate with machine tools by sequences
of numbers and symbols. Numerical control, thatnsbecome computer numerical control
(CNC) brought tremendous changes at the manufagtumidustry. New machine tools in CNC
made industry possible to produce parts throught@uhe accuracies which are fromly some
years ago undreamed. The parts can be reprodutled tngher degree at accuracy each possible
number of times, only if the CNC program were predacorrectly and the correctly
programmed computers. The operating instructionkichwv control the machine tool, are
accomplished automatically with amazing speed, raogt) efficiency and repeatability. Nearly
everything, which can be produced on a conventionathine tool, can be produced on a
computer controlled machine, with its many advassag

NC or simply Numerical Control was built in thedat940s and early 1950s by John T. Parsons
in collaboration with MIT (Massachusetts Instituie Technology) [37]. It was developed, in
order to help in the postwar manufacture efforte Hirplane parts were required a level of the

precision more complicated, which human operatoutdcnot obtain.

At the first machines hard-wired and then instiutsi were given over the punched tape
1952. Five years later, NC machines were attaclmdpletely in metal work production
environment over the United States. Up to the neiddd60s, NC technology played numerical
control technology a dominating role in the indystMost coded programs were noted on a
punched paper or aluminum tape until approximaf€g0. In the 1970s and in the 80s the
growth of the microprocessor technology made itsfids, so that computers control the

numerical control machines, therefore the expresSiNC.

Basically, numerical control is to enter encoderd peogram in the form of numerical data into a
computer to control the movement of machine corept;,m CNC machines were formily
developed for machining metal. They were subse@uembdified for other industries such as
wood, fabric, foam, and plastic etc.
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1.1 The Architecture of CNC Machines

The architecture of CNC machines is generally diglichto four layers
I.  User Interface
ii.  Machine controller
iii.  Drive unit

iv. Machine structure

The user interface of the CNC machine is the casstiiat permits the operator to communicate
with the system of CNC devices. The user surfmavs the in process machine events and the
part programs. It permit the operator to revise tndttest the actual prepared part programs to
prevent any mistake in the tool path. The parg@mms are produced in general manually or
with computer (CAM) software packages supportedugh using of the cutting parameters and
through computer aided part design (CAD) model .dafehis part programm contains the
machine movement directions usually in a normal hirec tool language, like for example G
code. The initial machine settings of the tool pemsation and the workpiece origin made
through the user interrface. Simulations of thepared part prorgram could be shown also on

the user interface by some modern CNC machines.

The CNC controllers as the brain of CNC machined thrives and senses the entire machine
movements. The machine controller is monitoringpioeess machine status and the machine
coordinate systems to find the real time tool aad [ocations by taking feedback from sensors,

limit switches and encoders devices.

Drive unit is having the electric power motors, tevg and high precision motion convertor
mechanism. Sufficient rated torque of electriv&lmotors, with having zero play in motion
converter mechanisms and high rpm router ensureshitph productivity in manufacturing

industry.

Structure design of CNC machine ensures the snmomithing of machine with no vibration in
machine structure. Design of fixture and bed sieth which protects the drive unit from chips,
and also which provide adequate cooling to eleaitaad electronic components.

13



1.2 Sculptured Surface Machining

Complex surfaces can be catograsied into two tymesely Ruled surfaces and Sculptured
surfaces. Ruled surfaces are used in turbine bladels compressor disks and Sculptured
surfaces. Free-form surfaces are basically usedhonlds and dies. NC machining is the
important technology to get a precise and accwshspe of dies, punches, moulds, blades or
artistic design [1]. The presentt NC machining teatbgy is extensively used for three axes NC
milling using ball-end milling tools, or five ax@$¢C milling using ball or flat-end mills. The
current requirement is to produce precise free-foom different materials, with least tolerances
and best economical performance. The latter agpactportant because of low-wage countries
are new competitors in the manufacturing of died aroulds in market. Thats why, several
aspects must be taken into consideration: the tiSear 5-axis CNC machines and powerful
machine tool path generation methods in system. cdmplex sculptured surface machining
systems are NC tool path planning and generatiodules which is integrated with CAD

packages & dedicated NC machining tools, whichdgeraplicated and expensive process.

1.30pen Architecture Personal Computer-Based CNC

In present state of time has capability to integyt the level of manufacturing operation with
dedicated software packages and hardware used twghhelp of computer technology.
Industrilist can now be able to reduce manufactugost, get high product quality, decrease
product development time and can introduce competiess in local and international market
place. With the development of computer graphicd anmputational power of personal
computer extended to Computer Aided Design (CAm@uter Aided Manufacturing (CAM)
and then with the development in Data Base Manageri@gstem (DBMS) ultimately bring
Computer Integrated System (CIM) into study.

The main difficulty in CIM is integration of compart sysytems, machine tools and control
systems, even though in automated industry the @NChines, various robots and different
controlled equipments in production unit are prograable, but they are still control by their
own specific control method. Goodness of CIM systesndecreased when uncommon
communication associate among various computerratd machine. This is the drawback
which decrease the flexibility in the system beeaakincompatibility of varoius machine and

leads to inefficient automated production system.

14



Time is leading towards the next generation of catepnumerically controlled (CNC) machines
which has to be portable, interoperable and ad&pt&lbom many years, G-codes (ISO 6983)
have been greatly used by the NC machine toolpdadr programming and are now taken as a
bottleneck for developing of CNC machines with nparadigm [40]. An open architecture
system, as defined by Institute of Electrical & &tenics Engineers, IEEE, provides capabilities
of applications to execute on a variety of platfsrenvironments, inter-operation with other
systems. An open CNC system is a hardware, softaratetecture that reflects capabilities such
as interoperability, interchangeability, scalapibind portability.

The main characteristic of OAC (open architectwetller) numerical control is to establish a
kind of software and hardware architecture that manwith a general computer as shown in
figure: 1.1. However the open CNC system needsmnamication software and hardware
standard among computer system, operating systpplication software. Using the great
advantages of open CNC system, users or buyer gaukly build an advanced capability
controller which contains diffrent functions basaa a general computer and operation system

environment.

Advanced
Planning
Algorithm

£

=

g
Network

Access <_OE> Open @> Main

Architecture

Process
Controller
Other Open )

Processes

en

Sensors

Figure 1.1: Open Architecture Control System
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1.4 Objectives of Present Work

The main objectives of the proposed work are:

To Design and fabricate a prototype of an Open ikecture Personal Computer-based
Vertical 3-axis NC Milling Machine for machining wden sculptured surface.

To develop PC side Front End software in VisualiBdkat read the tool path file,
control serial port, send instruction to machine aaceive feedback to generate error
report.

To develop a driver and an interfacing circuit betw machine and PC.

To develop controller side program to receive uindion from PC, control the motors

movements, checks the encoder’s feedback sendsrtrevalue to PC.

The proposed NC machine architecture will includedevelopment of following components:

PC interface program.

Controller suite (hardware and software) to integyRRC and motor / actuators.
Feedback suite for motion control (hardware andwsok) to communicate the errors
with respect to commanded and achieved tool positio

Development of prototype of physical structure & Machine tool.

1.5 Scope of the Research

As in conventional method of tool machining as shaw figurel.2, the generation of G & M

codes for particular machine for complex sculptwsedace is difficult and inefficient.

CAD/CAM system CL file Postprocessor M & G file \
/ N il

]

>

| o

Figure 1.2: Conventional Method of Tool Machining
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A new open architecture controllerwill be developed as shown in figurel.3. Developtraf
controller is for self designed and fabricated ptgpe of 3 — axis vertical milling machine for

machining wooden sculptured surface having keyufeatlow cost, portability, interoperability
and adaptability.

CAD DESIGN STL FILE TOOL PATH TOOL | GRAPHICAUSER CONTROL SIGNAL
. PLANNER [ _OBITION| INTERFACE

: r FILE |

:  PERSONAL COMPUTER ﬁ

FEED BACK
SIGNAL —_—

Figure 1.3: Open Architecture Controller
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CHAPTER 2

Literature Review

The computer numeric control machine has becomspedsible for the modern manufacturing
industries in every type of manufacturing process ds production capacity with superior
accuracy. The inbuilt tool positioning strategies are uglizby the commercial CAM packages
to generate tool path plans in the ISO G-code rgning language or some machine specific
proprietary languages. But the vendor specific CAddickages and their dedicated CNC
controllers are difficult to reconfigure and updadenewer technology, thus there is a requisite to
develop a new controller which should free from @le instructions. The continuous decline in
the price of electronic circuitry and enhancememtthe computational capability of new
generation microprocessors and microcontrollersnmage it possible to produce low cost CNC
controllers which possess features like portabitnfigurability and interoperability.

In this chapter, a literature survey is presentbetlvsupports the present work. The first part of
this chapter discusses the Open Architecture Clbaitr@OAC). The next presents Personal
Computer based Intelligent Machining, sculpturedfasie@ machining and lastly, tool path

generation and positioning methods have been priefliewed.

2.1 Open Architecture Machine Tool Control

Open architecture machine tool control is an 'engyowg’ technology for the application of new
generation controls in manufacturing industry. Thestraints and difficulties faced by

practitioners and researchers, when advanced nwarfay control techniques were

experimented on current ‘closed' architecture otlats, have been the driving force for
designing the ‘open’ architecture systems. Persooaiputer (PC) based machine controllers
offer the flexibility to add peripherals withoutlngilding the complete machine. The vision of
developing PC-based CNC controllers to replacetridditional proprietary CNC controllers is

not new [17][18] [19][20].

Various commercial and academic researches hawsddcon developing some form of open
architecture for machine tool controllers and mantifring automation systems. Fundamentally,
each approach has been concerned with one or ritre fmllowing:
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I.  Integrating physical hardware devices.
ii.  Communication interfaces between devices.

iii.  Models of interaction between computing resourcesan control and I/O devices.

These items provide a reference with which a cormsparcan be made between the different

OAC systems. The following survey outlines the majcomplishments in this area.

2.1.1 Machine tool Open System Architecture for Irglligent Control (MOSAIC)

The MOSIAC system developed at New York Universgyone of the most recognized
researches related to open architecture machineandrol [4]. Originally, The Machine Open
Systems Architecture for Intelligent Control wawveleped in order to facilitate research related
to expert planning systems and quality related @edata. Conventional controllers at that time
were not competent enough to support the informafiow needed for these tasks. The
MOSAIC architecture with memory mapped backplanehigecture (VMEbus) possessed
specialized hardware for axis control, machine inpautput and a general purpose processor

running a real time POSIX compliant operating syste

A library of C language routines was used to actassontroller functions. Later work related
to the MOSAIC system was centered on the developofahese higher level functions. Several
published works have included a wide range of appbns such as adaptive control strategies

[7] and an Internet based machining center [10].

2.1.2 Open Systems Architecture for Controls withinAutomation Systems (OSACA)

The OSACA project developed in Europe, emphasized the formulation of open
communication / messaging services within the OA&].[At the top level of the OSACA model
were architecture objects that used these infoomathodels to implement actual high end
functions such as:

I. ~ Human / machine control.

ii.  Logic control.

iii.  Motion control.

iv.  Axis control.

v. Process control.
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Sperling and Lutz, presented the research regatds@SACA project [25]. In their paper, they
recapitulated the OSACA design approach and predest example of integrating a human /
machine interface (HMI) architecture object with ATA infrastructure in which the Internet
Protocol communications were used to interlinklihedware platforms for the HMI and motion

control sub systems.

2.1.3 University of Michigan Open Architecture Contoller (UMOAC)

UMOALC is a test bed developed at the Universitiathigan using a variety of platforms [21]
such as:
I. PC based
ii.  VME bus (backplane)
iii.  CANbus (distributed)

Birla et al, presented the work done on UMOAC. Aaberate software hierarchy enabled an
object oriented application interface with absi@att of the machine functions. Custom software
libraries allowed the generation of control and reymg systems within the environment of a
real time operating system.

2.1.4 Hierarchical Open Architecture Multiprocessor Computer Numerical Controller
(HOAM-CNC) Controller

Altintas et al, in his research described a hidnaed, OA multi processor computer numerical
controller (HOAM-CNC) consisting of multiple progess on a PC bus [3]. It has individual axis
control processors for loop closure and master ggsar for executing functions for axis
interpolation, adaptive control, and process mamtp A script like language enables the master
(PC) to handle the execution of activities on theelligent Machining Module (IMM), such as
adaptive force control and tool breakage monitorifige IMM employed a special form of the
Open Real Time Operating System (ORTOS) using wtielcombination of processor modules
could be serially connected and signal processetwark could be formed. The system also
included special ORTOS functions to support theradtions between modules. The Open
Modular Architecture Controls (OMAC) users groupswiarmed in 1994 to collaborate with
industrial companies world-wide in developing conmmternational application programming

interface (API) standard for motion and machinipgm@tions [13] [32] [15][16].

2.1.5 FA Open systems Promotion (FAOP)
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The FA Open Systems Promotion (FAOP) group, orgahizy Manufacturing Science and
Technology Center (MSTC) in Japan is dedicatedhénresearch and development of a standard
distributed manufacturing open communication systeminformation exchange between the

shop-floor and the management department [12].

2.2 Tool Path Generation Methods

The manufacturing industry employs the conventidoal path generation method in which the
cutter contact point on the part surface is spattifind then that point is offset to yield the autte
location. The cutter contact point (CC) is the tama where the tool touches the part surface.
The cutter location (CL) is the location of the trerof the tool. There are a number of tool path

generation methods that are popular in industryn&of the common ones are illustrated by
Jasra [42]:

I.  The Isoparametric Method
ii.  The Cartesian Method
iii.  The Offset Surface Method
iv.  Feed Forward Method

v. Side Step Method
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CHAPTER 3
FLAT BED 3- AXIS VERTICAL NC MILLING MACHINE DESIGN

The design of 3-axis CNC milling centre has beewvettped. A gantry styled CNC machine
structure would be simple to implement. The ideafianoving the milling cutter over the
material rather than the material under the cuftkis is because the machine so built will have
smaller size for the given traverse of the tooatiee to the work piece material. Considering
only 300 X 200 mm horizontal traverse, a gantry hmae would be most suitable. The
approximate machine size would be about 400 mm #&mh600mm wide. Figure 3.1 shows the

flat bed 3- axis vertical NC milling machine fatated for open architecture controller.

Figure 3.1: Design of 3 Axis Vertical Milling Machine
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The said NC machine tool structure is speciallyigte=d for compact shape and larger span of
moment of tool relative to work piece. Also the ndesign of machine does not allow the chips

to come on the drives as they are fully protectethfchips.

3.1 Design Criteria

The machine structure to be built is to demonstiia@econcept of mechatronic interface of PC
with a NC machine via customized NC controller. Thain objective is to develop the PC

controlled NC Mill, where the main focus is on tthevelopment of PC interface and electronic
interface for milling centre. Machine structureorger designed against static loading. Machine
structure also face minimal vibrations as drill orospeed is 150 rpm and to slow down jerky

motion of stepper motor half step sequence is used.

3.2 Static Finite Element Analysis of the Milling Machine.

To validate machine design Finite Element Analysislone of machine structure under static
loading. Powerful CAD tool Pro® is used to model the frame of machine. Altair Hjpesh™

software is used for preprocessing the model. Kirfahsys

is used to done the analysis of
preprocessed model of machine structure. The Igamlinthe machine structure is only due to z-
axis mechanism and y-axis mechanism. Z-axis meshars residing on y-axis mechanism. The
frame elements fixed to each other with nuts antslae the media to transfer force to other
members of frame. Failure of structure would be wuearing of frame element where bolts are
assembled or due to bending or buckling of framenbe. The machine structure considers safe

if maximum stress occurring in machine structurk kess than yield strength of material.

3.2.1 Modeling of Machine Frame.

ProE™ CAD tool is used to model frame of CNC machineggufé 3.2 shows model of CNC

machine frame. All drilled holes in frame elemeats of 4mm. Frame element in green color
shown in figure 3.2 is carrying both y-axis andxisanechanism. This element transfers load to
other frame members through nuts and bolts. Infrdo@e where nuts and bolts are assembled

there drilled hole are shown.

23



Figure 3.2: CAD Model of CNC Machine Structure

CAD model is exported to Altair HyperMeShsoftware in IGES file format.

3.2.2 Pre-Processing of Machine Frame Model.

Altair HyperMesH™ software was used for pre-processing work. Boksewconsidered as 1-D
beam elements. FE20 material was taken for boitan€& elements of machine structure are of
hollow rectangular pipe. Idealization of hollow taegular pipe was done by finding its mid
surface and thickness of 1Imm was assigned. Drilfjtas of approx 200 gram as it is geared
DC motor. Total load that have to bear by membenyoey y-axis and z-axis mechanisms is not
more than approx. 1.2 kg. 2 Newton load is appliedically down on each bolts those are
carrying both y-axis and z-axis mechanisms. Bam®drmembers were taken as fixed to ground.
Figure 3.3 shows idealization of bolts, frame mendyel holes. Hollow rectangular pipe are of
aluminum material. Al2014 material is assigned ranfe. Al2014 has 70 MPa yield strength,
elastic modulus 70-80 GPa and Poisson’s ratio 0.33.
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Figure 3.3: Idealization of Bolts, Frame Members ad holes.

After completing pre-processing work save the dadalfile. Hyper Mesh (.hm) file is generated
after completing the mesh generation. Figure 3sh@vn meshing of CNC frame.

Mod

Figure 3.4: Mesh Generation of CNC Machine Frame.
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3.2.3 Solution of Machine Frame Model.

Ansys™ software was used for solving pre-processing wdrider analysis type static Ansys
gave the results are shown in figure 3.5 to fighie Maximum deflection occurred in machine

frame was 0.223E-03 mm and Maximum stress indutaddichine frame was 6.84959 MPa.
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Figure: 3.5 Deflections in Machine Frame.
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Figure: 3.6 Deflections in Machine Frame Scaled a000X.
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Figure 3.7: Stresses Generated in Machine Frame.

3.2.4 Conclusion.

Maximum stress induced in machine structure 6.849%8 as shown in figure 3.7 is far less
than yield strength 70 MPa of material aluminunDal2 This concludes that the machine frame
is over designed and safe under static loadingitondDeflection occurred in machine frame is
very negligible 0.223E-03 mm which is visible igdre 3.6 after scaling 1000 times of true

deflection.
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CHAPTER 4

OPEN ARCHITECTURE CONTROLLER FOR PERSONAL COMPUTER
CONTROLLED VERTICAL 3-AXIS NC MILLING MACHINE.

Generally, OAC are defined in terms of their fuantll elements using a functional model. The
functional model is a combination of several fuoicéll elements where each element represents a
particular activity performed by the controller rhae and describes the interactions between
these elements. Figure 4.1 depicts a functionahkoown of a typical CNC machine tool
controller.

There are two main functional models that have lieteoduced in published OAC designs:

Servo
Caontrol Contro

MACHINE CONTROLLER

ELEMENTS
Proeess 1’70
Contru Sensor Human Interfacs
Interfac Interfac

i. Master/ Slave,

il Peer to Peer.

O O |maenn
00
00

© QO

Figure 4.1: A Decomposition of Mache Controller Functions.

In the Master / slave type systems the system coemie are dependent on some central
administrative entity. Altintas [8] and Park et @3] include the examples of such approaches.

Theoretically, such systems may suffer from cerga@gmformance problems if the master is
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heavily loaded with demands. This may be manifeated limit on system scalability (i.e.: the
master as a performance 'bottleneck’), or on ahiéty of the entire system integrity on the

master.

Peer to Peer type systems are quite opposite tmaseer / slave type systems. In these systems,
the system modules designed as independent agedtsre assigned individual responsibilities.
Peer modules can act as service providers and manswas well. Examples of such paradigms
are presented by Haynes, [13] and Pritchow andghhums, [15]. In fact, the peer to peer concept
is the predominant model used in established opempuating systems because of its improved

reliability.

4.1 Micro Controller

For driver circuit Micro Chip 40-Pin 8-Bit CMOS FL3H Microcontroller PIC16F877 will be

used. Figure 4.2 shows Pin description of pic naorroller.

MCLR/Vpp —[] 1 _/ 40 [] =— RB7/PGD
RAO/AND <—[] 2 39 [] =— RB6/PGC
RA1/AN1T <-—=[] 3 38 [] =— RB5

RA2/AN2/VREF- w-—=[] 4 37 [] =— RB4
RA3/AN3/VREF+ <+—s[] 5 36 [] =— RB3/PGM
RA4/TOCKI «—[]6 35 [] «—» RB2

RA5/AN4/SS <-—[] 7 < 34 [ ] =— RB1
REO/RD/AN5 <—[] 8 ~ 33 [] =— RBO/INT
RE1/WR/ANG <+—[] 9 R [« v
RE2/CS/IAN7 <—[] 10 IS 31 [ -— ves
VDD —— [ 11 E 30 [] =— RD7/PSP7
Ves — » [ 12 © 29 [[] =— RD6/PSP6
OSC1/CLKIN —=[] 13 5 28 [] =—» RD5/PSP5
OSC2/CLKOUT «——[7 14 = 27 [] =—» RD4/PSP4
RCO/T10SO/T1CKI <-—[] 15 = 26 [] «=— RC7/RX/DT
RC1/T10SI/CCP2 <-—[] 16 25 [] <—s RCB/TX/CK
RC2/CCP1 <—[] 17 24 [[] <— RC5/SDO
RC3/SCK/SCL -—[] 18 23 [] «+— RC4/SDI/SDA
RDO/PSP0 <—[] 19 22 [] =—= RD3/PSP3
RD1/PSP1 <—[] 20 21 [] =——= RD2/PSP2

Figure 4.2: Pin Diagram of PIC Microcontroller.

Following are the features of PIC16F877 microcolier:

I.  High speed 20 MHz
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ii.  Enough memory Up to 8K x 14 words of FLASH Progrisiiemory, 368 x 8 bytes of
Data Memory (RAM), 256 x 8 bytes of EEPROM Data Meyn

iii.  Power-on Reset (POR).

Iiv.  Programmable code protection.

v. Power saving SLEEP mode.

vi.  Low power, high speed CMOS FLASH/EEPROM technology.
vii.  In-Circuit Serial Programming (ICSP) via two pins.
viii.  In-Circuit Debugging via two pins

iXx.  Processor read/write access to program memory

X.  Wide operating voltage range: 2.0V to 5.5V

xi.  Commercial, Industrial and Extended temperaturgean
xii.  Low-power consumption: - < 0.6 mA typical @ 3V, ¥

-<20uA typical @ 3V, 32 kHz
- €A typical standby current

4.2 PCB Designing Using OrCAD

OrCAD is an electronic package, which is used t&erthe schematic Diagrams, the layout of
PCB's and PSpice Simulation of the circuits as shaw figure: 4.3. There are many

subprograms of OrCad e.g. Capture, Layout Pluside3gr diffrent tasks etc.

4.2.1 Layout PlusModule of OrCAD

Layout plus is used to make PCB layouts. OrCad uaiga powerful circuit board layout tool
that has all the automated functions to quickly ptate the PCB. Using a schematic capture
tool, layout can be created which would be compatiith Netlist. The Netlist contains much of
the design information that Layout uses to prodiie board. The main part is to place the
components on the board. Selecting a track in lalymlights the corresponding net. In layout,
set up of an environment is needed to create adesign board, e.g., selecting the units of
measurement, create the board outline, definindatyer stack, setting the system grids, defining
the manufacturing technology, defining pad staeiinthg via and setting has to be done. Figure
4.3 has shown the PCB design of Open Architectu@ déntroller for personal computer

controlled vertical 3-axis NC milling machine.

30



Vee TRACK

=

i ®

mmfll—_—?

01

S

|

'
T SERIAL COMM
: : TRACKS WITH
? 7 HAND
f SHAKING
?(( = SIGNALS LINES
-‘ e
)j i- "
: - MAX 233 IC

DB9
CONNECTOR

LCD PIN OUT

® f ' CONNECTORS
INPUT/OUTPUT PIN I2CCOMM  GROUND MCU
OUTS TRACKS TRACK CONNECTORS
CONNECTORS

Figure 4.3: PCB of OAC Designed in OrCAD Layout.

4.3 COMMUNICATIONS TECHNIQUES

There are several communications techniques alaitabtransfer of data between OAC system

modules, including:

i.  Shared memory,

ii.  Bus communications,
iii.  Standard communications protocols.
The method used is largely decided by the kindopblogy of the communicating modules; the
choice in any given situation depending on the ti@guirements of the particular modules
involved. In the case of shared memory and bus based comationi€, modules which need to

be interfaced with other modules must use hardwaddresses. These addresses are typically
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‘hard’ coded into module sout code, and if modified due to changes in hardwardigoration,
require minor source code modifications and rectatipi.

Alternatively, most standard communications protl®aae 'soft' addressing schemes. In -
case, the system resolves communication addressasinatime. Changes to hardwe
configuration require only changes in addressing data bases. Application code rem:

unchanged.

4.3.1 Serial Communication

The personal computers offer various data and comrtrandfer protocols, such as serial p
parallel port, Universal Serial Bus (USB) commutima port, and others, the serial port v
retained as the method for communicating with tbetroller circuit The main advantages
using the serial port are simplicity of the mettaodl ease of programming the serial port vie
computer’s operating system. While to transfer aatly a few feet awayparallel data transfer
scheme utilizing often 8 or more es (wire conductors) is used transfer data to a devi
located at any distance, the setransmission is employed as it offe@nsfer of data with minimi
hardware requirementsin serialcommunicationthe data is sent one bit at a time.parallel
communication data is sent a byte or more at a.tFigure 4.4 shows the main difference
serial and parallel data transfer sche

The PIC microcontroller has inbuilt ready to use sedammunication module. The modi
works independently tocommunicate with other devices, So the microcolgrolcan

simultaneously control the machine control operetiand communicate with other devices

USART.
Byte Sefial Communication Byte Bytes Recelved
00

Parallel Gommunication

@ Byte
\ , 7
\ g l Bytes Recelved
@
g
/ e\
/ 2 \

Figure 4.4: Shows Serial vs. Parallel Data Transfer.
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4.3.1.1 Basics of Serial Communication

When a microprocessor communicates with other ésvir modules, it provides the byte-sized
data. As already discussed, the serial communitasi used for transferring data between two
systems located at distances of hundreds of féwet.fact that, in serial communication one data
line for transmission and one for reception is yqatstead of the 8-bit data line in parallel
communication) makes it economical as well as matkpsssible for two devices at different

location to communicate over the telephone line.

For serial data communication, initially, the byié data is converted to serial bits using a
parallel-in-serial-out-shift register. Then it iansferred to the receiver via a single data line.
This necessitates the receiver end to include ialgefparallel-out shift register to receive the

serial data and convert them into a byte (origdteh).

4.3.1.2 Serial Data Communication Uses Two Methods

I.  Asynchronous
ii.  Synchronous

The Synchronousmethod transfers a block of data at a time whigeAtksynchronoustransfers a
single byte at a time enclosed between start aop kits. These two methods can be used
independently by programming the PIC separatelyeimh of them. Asynchronous serial data
communication is mainly used for character-orierdath, while Block-Oriented data transfer is
done using the Synchronous method. There are $p&Ciahips made by many manufacturers
for serial data communication. These chips are contyn known as UART (Universal
Asynchronous Receiver-Transmitter) and USART (Ursaé Synchronous-Asynchronous

Receiver-Transmitter).

4.3.1.3 Asynchronous Serial Communication and Dat&raming

The receiver and sending modules transfer dathebdsis of some well defined rules known as
the communication protocol. This Protocol defines way the data is packed, the number of bits

in a character, and also specifies the beginniigesual of the data.

4.3.1.4 Start and Stop Bits:
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In the Asynchronous method, each character is fdabyeplacing it between the Start and Stop
bits. In Data Framing, for Asynchronous communmadi the data, such as ASCIl characters,
are enclosed between a Start bit and a Stop b&.SEart bit is always one bit but a Stop bit can
be 1 or 2 bits. The Start bit is always a O(lowd atop bits is I(high).

4.3.1.5 Data Transfer Rate

The rate of data transfer in serial data commuitinas stated in baud rate. This is different from
the conventional unit bits per second (bps). Thedbate is defined as the number of signal
changes per second while bps is number of bitsfeared in one second. In modems, there are
occasions when a single change of signal transfaral bits of data but in a conductor wire, the

baud rate and the bps are the same (as a sigmdyisne bit-0 or 1).

4.3.1.6 RS232 Standards

To ensure fast and reliable data transmission l@tvieo devices, the data transfer must be
coordinated. An interfacing standard called RS-2&3 defined by the Electronics Industries
Association in 1960 to make communication equipmemiade by various manufacturers
compatible with each other. Today, RS232 is the tmeslely used serial input-output
interfacing standard. Many of the pins of DB-9 (R® connector) are used for handshaking
signals. The pins of DB-9 connector are descrinadble 4.1.

Table 4.1: IBM PC DB-9 Signals

Pin Pin Description

Data carrier detect (DCD)
Received data (RxD)
Transmitted data (TxD)
Data terminal ready (DTR)
Signal ground (GND)
Data set ready (DSR)
Request to send (RTS)
Clear to send (CTS)
Ring indicator (RI)

© 00 N O 0o b~ W DN PP

This standard is used in PCs and many other typeguwpment. DB-9 Connectors are used for

serial data communication at the PC end while atrthicro-controller end, DB-9 has to be
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interfaced via a line driver chip. The details bé tserial transmission using PIC 16F877 are

presented in the following section.

RS-232 ® 5155 E Oy o
CON 10 Q QO Qs SUB-D 9p
L COMNECT Receive
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Figure 4.5: Shows RS 232 Connections with PIC Micaontroller and PC by Using MAX 232 IC.

4.4 USART Communication with PC in PIC 16f877 Micra@ontroller

PIC 16F877 USART provides two modes of operatigncbronous (using a separate clock
signal) and asynchronous (no clock connectionjhénpresent CNC machine design, the PIC
16F877's USART has been configured as a full-duplegnchronous system so that it can

communicate with PC.

The USART Asynchronous module consists of the Waithg important elements:
» Baud Rate Generator
» Sampling Circuit

» Asynchronous Transmitter
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* Asynchronous Receiver

In asynchronous mode, RB6 pin acts as a data tia(iEX) output and RB7 pin as data rece
input (RX) and 8-bit or dit data can be transmittedhe transmitter and receiver ¢
functionally independent but use the same datadbandbaud rate. The USART transmits ¢
receives the LSB firstThe 9600 baud is used here with standi-bit data format, meaning th
the bits are transmitted at about 10k bits/s. Sgparansmit and receive lines are used, so
possible for these opations to be carried out simultaneou:

In the figure 4.5, the PIC is connected to a PCavMAX232 line driver chip. The PIC USAR
pins are TTL compatible and thus require an extesa@al line driver to convert its output intc
higher symmetricaline voltage so that the signals are not attenudteohg the transfer of da
due to the distributed resistance and capacitahtleeocabling. The standard RS232 interf
has a higher line voltage levels so that the sigaal be transmitted further thout being
hampered by line interference. RS232 can be usedistances up to 10 m with symmetri
voltages of up to +/-25VThe signal is also inverted with respect toTTL version as shown i
figure 4.6 (b).

(a)
PIC MCU
HOST PC
TX Transmit (RB6) —— |0 P AX
o COM PORT
RX Receive (RBY) [—— | [« T
(b) A <«+—» Bitperiod
1 X F
0 | 1 1 | 1 | ! T } > Time
Idle = Start Bit Bt  Bit Bt Bt Bit Bit  Bit Stop
Bt 0 1 2 3 4 5 6 7 B

Figure 4.6: (a) Connection to PC. (b) Signal at PIC Port.

The transmit (TX) output is high when no data ismgdransmitted and when receiving the
on the RC7 pin, it is sampled three times by a nigjdetect circuit to determine if a high ol

low level is pesent at the RX pi
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The following steps are used to transmit a bytenftbe USART.

The SPBRG register is initialized with value OFh as to set the baud rate to 9600.

The asynchronous serial port is enabled by clednih@YNC and setting bit SPEN of the
TXSTA register.

To enable the transmission, bit TXEN is set, whviglhalso set bit TXIF.

The TXREG register is loaded with the data bytstéot the transmission of data.

The TXIF bit is monitored for high so as to enstinat the byte has been completely
transmitted and the TXREG register is not overloade

To asynchronously receive the data, the followieguence of steps is followed:

To set a baud rate of 9600, the SPBRG registaitialized to OFh.

To enable the asynchronous serial port, bit SYNCleared and bit SPEN is set. (The first
two steps have been already been done when trasiemisas started)

The reception is enabled by setting bit CREN.

Flag bit RCIF will be set when reception is comelet

The 8-bit received data is read by reading theeriatof RCREG register.

4.5 Master Synchronous Serial Port (MSSP) Module ithe PIC 16f877A

The Master Synchronous Serial Port (MSSP) moduleused communicate with slower
peripheral devices, such as A/D or D/A integratedudts, serial EEPROMSs, etc. In the PIC

micro controller, the MSSP provides two main typésommunication: SPI (Serial Peripheral

Interface) and 12C (usually pronounced | squared®Xerial peripheral interface (SPI) bus is a

system for serial communication at the system lewel utilizes four lines. One conductor is

used for data receiving, one for data sending,fonsynchronization and one alternatively for

selecting a device to communicate with. Thus siamgdbus transmission and reception is

enabled (i.e. it a full duplex connection), makiBBI faster and simpler. 12C is more complex,

with software addressing, but needs only to twedito communicate.

4.5.1 12C Communication: MSSP in Slave mode

I2C is a more versatile system level serial datadfer method.

Two pins are used for data transfer:
» Serial clock (SCL) — RC3
* Serial data (SDA) — RC4
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A master controller can be connected to up to 106@®r devices such as MCUs, memory
devices, analogue converters and so on. As odddrom the figure 4.7, the signal lines have
to be pulled up to 5 V so that any device connetdatican get the control of the line by pulling
it down; hence slaves can acknowledge operatiomiated by the master. Clock speeds are
specified using the baud rate generator, preloatiwgh a suitable value enabling generation of
speeds of up to 1 MHz. The transmitted byte hatad bit, which is a low bit, and an 8-bit

address or data byte with MSB transmitted first ands with an acknowledge signal from the

slave.
(a)
Y Master Slave1 Slave?2
—— £
p SCL
(b)
Start+ Address / Data bits Aiknowledge
SDA [ 7X6 X5 X4 X3X2X1Xo\Y / )
SCL

Figure 4.7: Inter-IC Bus (12C) (a) 12C Connections;(b) I2C Signals.

4.5.2 Transmission Control in Master/Slaves 12C Comunication

The master device generates all of the serial gtges and the Start and Stop conditions. The
SDA and SCL are both kept high when idle.

In the master transmission mode (memory write modeyial data is output through SDA while
serial clock is transmitted by SCL. The beginnifigransmission is indicated by the low status
on the data line (SDA), the clock then starts. Titst byte transmitted contains the slave address
of the receiving device (7 bits) and the Read/WR&N) bit (R/W bit will be logic ‘0’). Serial

data is transmitted one byte at a time.

During each byte transfer, each bit (address ta)da output during the clock high period, and
on the falling clock edge, is latched into the slagceive shift register. After the eighth bit, the
master (MCU) relinquishes the data line and alltdvesslave to hold the line low to acknowledge
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that the bits have been received. At the end ofnidne (ninth) clock high period, the slave
releases the control of the data line and themmtaster can transmit the first bit of the next byte.

The Start and Stop conditions are output to inditia¢ beginning and the end of a serial transfer.

In Master Receive mode (memory read mode), theliyge transmitted is a 7-bit slave address
followed by a ‘1’ to indicate the receive bit. Asmemory write, serial data is received 8 bits at
a time. In the memory read sequence, the mastes sfiter the address write has been sent, and
restarts in order to send a read control byte.illtthen read the eight data bits returned by the
memory chip, but does not generate acknowledge.nfédmer then stops, and the lines go idle

again. Figure 4.8 shows interfacing 24c02 IC to fAKCI2C lines.
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Figure 4.8: Interfacing 24c02 to PIC via I12C Lines

The shift register of micro controller used to semdl receive the data bits cannot be directly
accessed. The buffer register SSPBUF representsntents. The SSPBUF holds the data until
the shift register is ready to send it (transmitde)p or receives it when the shift is finished in
receive mode. Setting the Send Enable (SEN) bigérs the send operation, and the status of the
Buffer Full (BF) flag indicates that the data haween loaded. The interrupt flag (SSPIF) is
automatically set to indicate the beginning of srarmssion, and must be cleared in software when
required. The Acknowledge Status (ACKSTAT) bit ieared after acknowledge is received
from the slave, to indicate that the byte has beeaived. SSPIF is then set again to indicate the
end of the byte transmission, and then the nex isyivritten into the buffer.

39



4.6 Open Architecture Controller for Vertical 3 Axis NC Machine

To control the fabricated three axis of NC machaseshown in figure 4.9, three dedicated
PIC16f877A micro controllers have been used. Fomritro controller called as Master micro
controller guides these three Slaves micro comrell All three Slaves micro controllers
communicate with fourth Master micro controller viaC lines. Master micro controller

communicates with PC via USART communication.

Three motors are driven by dedicated slave micrwotber. The three Slave independent
microcontrollers are solely busy for controllingithcorresponding motor’'s motion and position.
Slave microcontrollers control the position by takfeedback from encoders. Figure 4.10 shows
the developed controller circuit of OAC for 3 axertical milling machine. New kind of sensors
and other peripheral devices can be easily addedisocOAC (Open Architecture Controller).
Most of the pins on each microcontroller are idlkese idle pins can be used as input or output
of controller from real physical world. Figure 4.8hiows the flow of signals among NC machine
drives, controller and personal computer.

Figure 4.9: Fabricated 3-Axis NC Machine to Validae Developed OAC.
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Figure 4.10: Developed Controller Circuit of OAC for 3 Axis Vertical Milling Machine
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Figure 4.11:Signal Flow Lines among Machine, Microcontrollers ad PC.
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4.7 Common Errors While Working With Electronics.

Design always goes through iteration process. \ery rare a design is finalized in first trial. In
designing of PCB for any controller is completelydified after its first trail. While testing
initial designed PCB many changes need to be doogduit such as adding or removing of new
electronic components and routing and deletingktran PCB. Common errors or mistake while
assembling components on PCB and testing controifeuit needs to be avoided. Some are

discussed below.

4.7.1 Dry Solder

Dry soldering is common error while assembling gt@uc components on PCB. In dry solder
joint appear to be fine but due to improper soltgthe joint is not complete. While testing PCB
sometimes it may connect with circuit and circygpears to be work fine then in next test joint
may disconnect and circuit starts misbehaving. €hisr is critical as it does not locate so easily

because everything appears soldered fine and tagis®uble while testing.

4.7.2 Sharing of Ground Track

Microcontroller, limit switches and encoder works B and 500mA current. While collective
load of motors is 5V and 8Amp current. No doubttagé rating is same but current rating is
different. If ground of limit switch or encoder cuit shared with stepper motor ground then

drastic drop of current seen in motor which leaddrop in motor torque.

4.7.3 Switch Bounce

When a mechanical switch operates, “contact boupb&homena come into picture. In most
switches, the contact separation operation (“breakielatively clean, but the contact closure
(“make”) exhibits multiple bounce events. A figutel2 show nearly 1.5 ms is required to reach
a steady state closed condition in the microswstetich being tested. This bouncing of contact
is enough to generate interrupt to microcontroltaich shows multiple responses while pressing
key single time. Debouncing of switch is needed dode by two ways, Software debouncing

and Hardware debouncing.
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Software debouncing is done in programming levetenmicrocontroller has to wait for few

millisecond after getting first rising edge whenswaeing pressed so that bouncing signal get

settle down then look for second interrupt.

Tek Run: 100kS/s[ Hi Res [Trig? .
, L ,
b U T
iii 1'
. __' . )
BN 00V W 500us ChiJ =333V

Figure 4.12: Contact Bounce upon Closure of Micrositch.

Hardware debouncing is done by external circuista@wn in figure 4.13. When the switch is
open, C1 charges to VDD and RCO is read as highenNthe switch makes, C1 is discharged
through R2 (D1 is reversed biased and may be negleand will be read as low when the

voltage across Cldrops below high-to-low transitiohage, approximately 1.8 V.

[ +5V u
R1
1K
D1
= L1
1N4148
R2
| | u
15K
C1
o 0y
N N

Figure 4.13: Hardware Debounce
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If the time constant of R2-C1 is long compared with individual bounce intervals, the decay
will be smooth and only one transition throughuNesnolp Will occur. But, even if spikes of
several hundred millivolts occur at RCO the outpill stay low, as in order to change its read
state, RCO must see the low-to-high transitionag#tof approximately 3.1 V. When the switch
is closed, the input pin is connected to groundugh R2. The leakage current from the PIC
input pin is rated not to exceed 1A, so in theswoase with R2 at 15K ohm, the input pin will
be at 0.015 V, well within the logical low range.héh the switch is opened after closure, C1
charges through R1 and R2 in parallel with D1. luhi voltage across C1 reaches 0.7 V from
VDD, C1 charges mostly through R1 and D1. Hence,dharge cycle is significantly shorter
than the discharge cycle. This design assumeshbawitch has bounce problems only on make

and therefore little or no anti-bounce effect iguieed on break.
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CHAPTER 5

ELECTRICAL COMPONENTS FOR NC MILLING MACHINE

To control motor motion from electronic digital sajs precisely there must be use of
electronically commutated driven motors. In preseoitk, stepper motor has been used, as linear
and precise motion is needed which BLDC (Brushle€s Motor) motor cannot achieve as
BLDC motor has 30 degree minimum step angle. Fdtinge feedback of position rotary
increment encoders with 1000 pulses per revolutave been used. To run whole machine and

components specific power supply was needed whashdesigned according to machine load.

5.1 Rotary Stepper Motor

Stepping motors fill a unique niche in the motontcol world. These motors are commonly used
in measurement and control applications. Sampldicgiens include ink jet printers, CNC
machines and volumetric pumps. Several featuresmammmto all stepper motors make them

ideally suited for these types of applications. Séheatures are as follows:

I.  Brushless— Stepper motors are brushless. The commutatobarghes of conventional
motors are some of the most failure-prone compananitd they create electrical arcs that
are undesirable or dangerous in some environments.

ii. Load Independent— Stepper motors will turn at a set speed regasdiétoad as long as
the load does not exceed the torque rating fontbeor.

iii.  Open Loop Positioning— Stepper motors move in quantified incrementsteps As
long as the motor runs within its torque specifaatthe position of the shaft is known at
all times without the need for a feedback mechanism

iv.  Holding Torque — Stepper motors are able to hold the shaft st@tjon

v. Excellent responsedo start-up, stopping and reverse.

5.2.1 Types of stepping motors
There are three basic types of stepping motors:

I.  Permanent Magnet,

ii. Variable Reluctance
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iii.  Hybrid Stepper Motor.

Permanent magnet motors have a magnetized rotdte whriable reluctance motors have
toothed soft-iron rotors. Hybrid stepping motorsntine aspects of both permanent magnet and
variable reluctance technology. The stator or atatiy part of the stepping motor holds multiple
windings. The arrangement of these windings isphimary factor that distinguishes different
types of stepping motors from an electrical pointiew. From the electrical and control system
perspective, variable reluctance motors are digtan the other types. Both permanent magnet
and hybrid motors may be wound using either unipealendings, bipolar windings or bifilar

windings.

5.2.2 Unipolar Versus Bipolar

Permanent magnet and hybrid stepping motors argabla with either unipolar, bipolar or

bifilar windings; the latter can be used in eitliipolar or bipolar configurations. The choice
between using a unipolar or bipolar drive systegtisren issues of drive simplicity and power to
weight ratio. Bipolar motors have approximately 3@%re torque than an equivalent unipolar
motor of the same volume. The reason for thisas dmly one half of a winding is energized at
any given time in a unipolar motor. A bipolar motatilizes the whole of a winding when

energized. The higher torque generated by a bipolator does not come without a price.
Bipolar motors require more complex control circpithan unipolar motors this will have an
impact on the cost of an application. If in doubtunipolar motor or bifilar motor are good

choices. These motors can be configured as a amipobipolar motor and the application tested

with the motors operating in either mode

5.2.3 Bipolar Basics

The Bipolar Stepper motor shown in figure B4ds 2 coils. The coils are identical and are not
electrically connected. The separate coils candeaetified by touching the terminal wires

together. If the terminals of a coil are connectbd,shaft becomes harder to turn.
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Figure 5.1: Conceptual Model of Bipolar Stepper Moobr.

The coils are activated, in sequence, to attractrdihor, which is indicated by the arrow in the

picture. (Remember that a current through a caldpces a magnetic field.) This conceptual
diagram depicts a 90 degree step per phase. Asguirenminal 1a is positive and 1b is negative,
the rotor points to the East in this diagram. Bgé two terminals were reversed in polarity the
rotor would point to the West. Coil 2 is entirelg-dctivated in the diagram. In a basic "Wave
Drive" clockwise sequence, winding 1 is de-actidad®d winding 2 activated to advance to the
next phase. The rotor is guided in this manner frlmme winding to the next, producing a

continuous cycle. Note that if two adjacent windirage activated, the rotor is attracted mid-way
between the two windings. The table 5.1 describesedul stepping sequences and their relative
merits. The polarity of terminals is indicated with. After the last step in each sequence the
sequence repeats. Stepping backwards throughdlersee reverses the direction of the motor.

Table 5.1: 3 Useful stepping sequences

Sequence Polarity | Name Description
0001 -+ Wave Consumes the least power. Only one phase is erdrgiz
0010 -—+- Drive, a time. Assures positional accuracy regardless rof | a
0100 -+-- One-Phase winding imbalance in the motor.
1000 +---

Hi Torque - This sequence energizes two adjapkases
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0011 -—++ Hi- which offers an improved
0110 -++- Torque,

Two-

Phase
1100 ++-- torque-speed product and greater holding torque.
1001 +--+
0001 -+ Half-Step | Half Step - Effectively doubles the stepping retiolu of
0011 --++ the motor, but the torque is not uniform for eatdpsThis
0010 -—+- sequence reduces motor resonance which can somsgtime
0110 -++- cause a motor to stall at a particular resonarguiacy.
0100 -+-- Note that this sequence is 8 steps.
1100 ++--
1000 +---
1001 +--+

5.2.4 Torque vs. Angle Characteristics

The torque vs angle characteristics of a steppetormare the relationship between the
displacement of the rotor and the torque whichiappio the rotor shaft when the stepper motor
is energized at its rated voltage. An ideal steppetor has a sinusoidal torque vs displacement

characteristic as shown in figure 5.2.

Torque
Unstable
v — Region |

B \ |
Angle ©

ARE, | O
Stable | Unstable \_ | Stable
Point  Point Point

Figure 5.2: Torque vs. Rotor Angular Position.
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Positions A and C represent stable equilibrium {goivhen no external force or load is applied to
the rotor shaft. When external forcgdpplied to the motor shaft then an angular digrtent is
generated®a. This angular displacemema, is referred to as a lead or lag angle depenaiing
wether the motor is actively accelerating or deegileg. When the rotor stops with an applied
load it will come to rest at the position defingdthis displacement angle. The motor develops a
torque, T, in opposition to the applied external force idarto balance the load. As the load is
increased the displacement angle also increasestuaaches the maximum holding torque, T

of the motor. Once lis exceeded the motor enters an unstable regiaiid region a torque is
the opposite direction is created and the rotorpsimver the unstable point to the next stable
point.

5.2.5 Step Angle Accuracy

One reason why the stepper motor has achieved gymhiarity as a positioning device is its

accuracy and repeatability. Typically stepper m®ioill have a step angle accuracy of 3 — 5% of
one step. This error is also noncumulative fromp stestep. The accuracy of the stepper motor is
mainly a function of the mechanical precision & tarts and assembly. Figure 5.3 shows a

typical plot of the positional accuracy of a steppetor.

Positional
Angle Accuracy

[zgviation
\/,

\I 7/ |

Theoretical

Y Position

L \ _I—]_

+ vy

- Hysteresis
Error

Figure 5.3: Positional Accuracy of a Stepper Motor.

Step Position Error The maximum positive or negapwsition error caused when the motor has
rotated one step from the previous holding position

Step position error = measured step angle - thealeingle
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5.2.6 Torque vs. Speed Characteristics

The torque vs. speed characteristics are the kegléxting the right motor and drive method for

a specific application. These characteristics agpeddent upon (change with) the motor,

excitation mode and type of driver or drive methAdypical “speed — torque curve” is shown in

figure 5.4. To get a better understanding of thive it is useful to define the different aspect of

this curve.

Torque
Holding Torque

Start-Stop Region

Max Start Ra[te | PPS.
Max Slew Rate

Figure 5.4: Torque vs. Speed Characteristics of Stper Motor.

Holding torque The maximum torque produced by tlodomat standstill.

Pull-In CurveThe pull-in curve defines an area referred to asstart stop region. This is
the maximum frequency at which the motor can staqy instantaneously, with a load
applied, without loss of synchronism.

Maximum Start Rate The maximum starting step fraqgyevith no load applied.

Pull-Out CurveThe pull-out curve defines an area refered to esliw region. It defines
the maximum frequency at which the motor can opewathout losing synchronism.
Since this region is outside the pull-in area thetan must ramped (accelerated or
decelerated) into this region.

Maximum Slew Rate The maximum operating frequentyhe motor with no load
applied. The pull-in characteristics vary also dejeg on the load. The larger the load
inertia the smaller is the pull-in area. The shapthe curve has shown that the step rate
affects the torque output capability of stepperandthe decreasing torque output as the
speed increases is caused by the fact that aspegds the inductance of the motor is the

dominant circuit element.
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5.2.7 Single Step Response and Resonances

The single-step response characteristic of a stappeor is shown in figure 5.5. When one step
pulse is applied to a stepper motor the rotor bebi@v a manner as defined by the above curve.
The step time t is the time it takes the motor st@frotate one step angle once the first step
pulse is applied. This step time is highly dependenthe ratio of torque to inertia (load) as well
as the type of driver used. Since the torque ignation of the displacement it follows that the
acceleration will also be. Therefore, when movinglarge step increments a high torque is
developed and consequently a high acceleration gonte picture. This can cause overshoots
and ringing as shown. The settling time T is theetiit takes these oscillations or ringing to
cease. In certain applications this phenomena eannglesirable. It is possible to reduce or
eliminate this behavior by microstepping the steppsotor. For more information on

microstepping please consult the microstepping.note

Angle

Time

|

|

|

:
f T

Figure 5.5: Single Step Response vs. Time.

Stepper motors can often exhibit a phenomena esféa as resonance at certain step rates. This
can be seen as a sudden loss or drop in torquestatrcspeeds which can result in missed steps
or loss of synchronism. It occurs when the inp@pspulse rate coincides with the natural

oscillation frequency of the rotor. Often thereaigesonance area around the 100 — 200 pps
region and also one in the high step pulse ratmmed he resonance phenomena of a stepper

motor come from its basic construction and therefbrs not possible to eliminate it completely.
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It is also dependent upon the load conditionsait be reduced by driving the motor in half or

microstepping modes.

5.2.8 Mechanical Parameters

The performance of a stepper motor system (driaerraotor) is also highly dependent on the
mechanical parameters of the load. The load isxddfas what the motor drives. It is typically
frictional, inertial or a combination of the two.

Friction is the resistance to motion due to theveneess of surfaces which rub together. Friction
is constant with velocity. A minimum torque leval iequired throughout the step in over to
overcome this friction (at least equal to the fag). Increasing a frictional load lowers the top
speed, lowers the acceleration and increases théigmal error. The converse is true if the
frictional load is lowered.

Inertia is the resistance to changes in speedgA imertial load requires a high inertial starting
torque and the same would apply for braking. Ingirgpan inertial load will increase speed
stability, increase the amount of time it takesetach a desired speed and decrease the maximum
self start pulse rate. The converse is again frilreiinertia is decreased.

The rotor oscillations of a stepper motor will vamth the amount of friction and inertia load.
Because of this relationship unwanted rotor odmites can be reduced by mechanical damping
means however it is more often simpler to redu@sehunwanted oscillations by electrical

damping methods such as switch from full step diaviealf step drive.

5.2.9 Specification of Rotary Stepper Motor Used foOAC NC Milling Machine.

Stepper motor of Minebea Corporation Limited hagrbénstalled in the machine. Before
selecting stepper motor, designer has to know hawhntoad will have to bear by motor. How
much fine step of motor is needed? As resolutiomathine directly depend on step angle.
Which driver circuit will be used to run motor? some cases heat generation by motor also
taken in consideration where heat rejection haticodar effect on any of machine component

like on circuit, machine structure or mechanisnommachine installation environment.

Power levelsfor IC-driven stepper motors typically range froraldw a watt for very small
motors up to 10 — 20 watts for larger motors. Treximum power dissipation level or thermal

limits of the motor are seldom clearly stated ia thotor manufacturer’s data. To determine this

53



the relationship P =V x¢an be use. For example, a step motor may be rated at 6Vianger
phase. Therefore, with two phases energized therhas a rated power dissipation of 12 w:
It is normal practice to rate a stepper motor atghwer dissipeon level where the motor ca
rises 65°C above the ambient in still air. Therefoi the motor can be mounted theat sink it
is often possible to increase the allowable povissipation level. This is important as the mc
is designed to be and shHdbe used at its maximum power dissipation ,tefiieient from a
size/output power/cost point of vie
Motors used in OAC NC axis milling machine is cmodel 17PM-KCO3P1L:
i.  Power rating 5V 2 Amp = 10 wat

ii. Step angle 1.8 degree

iii.  Holding torque 200 M.

iv.  Unipolar.

5.3 Rotary Encoders

Rotary incremental encoder has been used to gébdek of motor motion. As stepper mot
are uses which never travel beyond its step anglehere are chance missing steps as

increases. Secondly stepper when stepper motdir tisem no windings excited and rotar is n
aligned with stator excitation. As the first pulsecome from microcontroller then any of thi
winding will excited according to signal then roiammediately aligned to excited winding

matter how much angle rotor has re. So to insure step missing rotary incrementabeeachas
been used to developa3dis OAC NC milling machin

5.3.1 Incremental Encoder

Incremental encoders providespecific number of equalgpaced pulses per revolut (PPR) or
per inch or millimeer of linear motion. , single channel outpats shown in figure 5 is used for

applications where sensing the direction of movdngenot important

‘} ChannelAjlf!|||ll—
W oo L L
CJN|IREE IR IR | I

Up Pulsed

el 1 x2 WM
xo T

Figure 5.€: Incremental Encoder Output Wave Form.
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Where direction sensing is required, quadratur@uius used, with two channels 90 electrical
degrees out of phase; circuitry determines direaatiomovement based on the phase relationship
between them. This is useful for processes thatreagrse, or must maintain net position when
standing still or mechanically oscillating. For exale, machine vibration while stopped could
cause a unidirectional encoder to produce a stfgoulses that would be erroneously counted
as motion. The controller would not be fooled whigradrature counting is used. When more
resolution is needed, it's possible for the coumtecount the leading and trailing edges of the
pulse train from one channel, which doubles (x2)thbmber of pulses counted for one rotation
or inch of motion. Counting both leading and tragliedges of both channels will give 4 x

resolutions.

An incremental encoder’s output indicates motion. determine position, its pulses must be
accumulated by a counter. The count is subjeatds tluring a power interruption or corruption
by electrical transients. When starting up, theimgent must be driven to a reference or home
position to initialize the position counters. Someremental encoders also produce another
signal known as the “marker,” “index,” or “Z chanrieThis signal, produced once per
revolution of a shaft encoder or at precisely-knguaints on a linear scale, is often used to

locate a specific position, especially during a hgrsequence.

5.3.2 Sensing Direction of Rotation with IncrementaEncoder

Commonly a simple incremental encoder has fouiv® dutput wires. Among of four wires two

wires are for supply to encoder. One wire goesdo dther to ground as shown in figure 5.7.

+5V
Rotary Encoder
(Digi-Key GH6102)
1K
(both) V+
p1

gnd

L

Figure 5.7: Connection Diagram for the Rotary-Encoe@r
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Other two wires gives the output square wave foignads. There is phase shift between these
two signals which would be helpful for detectingedtion of rotation of motor. Figure 5.8 shows

output form from P1(phase one) and from P2(phasg. tw

Figure 5.8: Phase Shift in Output Signal from Two Wes.(courtsy DELTA™)

To detect direction simple XOR (exclusive OR) opieragives the direction of rotation.
(Phase 1 ) XOR ( Phase 2) = Output

0 A 0 = 0

1 A 0 =1
0 A 1 =

(e 1 = 0

XOR has quite a few uses in programming. Any bitR€d with 1 is inverted but bits XORed
with 0 are unchanged. If two bits are equal theyRXt0 O; if not equal they XOR to 1. In the
case of the encoder sequence, it turns out thatnfpmgiven sequence, XORing the righthand bit
of the old value with the lefthand bit of the nealue tells the direction of rotation. For example,
take the clockwise sequence 01 00: 1 XOR 0 = 1. Mmacounter-clockwise sequence 01 11: 1
XOR 1 = 0. This relationship holds for any paimoimbers in either direction.

5.3.3 Specification of Rotary Incremental Encoder Bed for OAC NC Milling Machine

DELTA™ rotary optical encoder model ES3-10LN6541 showfigare 5.9 has been fitted in
designed OAC NC machine. This model has operatolage 5V and on output it gives 1000
pulses per revolution (PPR). This model has ninesviThe function of each wires and output

wave form has shown in figure 5.10.
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Figure 5.9: DELTA™ Rotary Optical Encoder Model ES310LN6541

Vcc: It depends on model type
(EXX-XXXXXEXX: 5V or EXX-XXXXX8XX:
5~12V or EXX-XXXXX9XX: 7~24V).
Voltage Output: Internal 2KQ pull up resistor
is included.

Line Driver: It is compatible with 26L.S32
differential line receiver.

Output Waveform (View from shaft end)

100%
Ach. signal J l_l
a ] b | ¢ | d
B ch. signal _| | I I-_
e
Z ch. Signal l_l
(gated)
Z ch. Signal
(gated, active low) I_.I
fe—s|
fg
" tn .
Z ch. Signal _I—‘l—
(ungated)
Z ch. Signal

(ungated, active low)
—
tn

Direction: CW
B

Wire Color Brown | Blue | Black ?éaecdk White \:’,\éheltje Orange ?Egge
Function Vee | OV A A B B Z 7
Voltage Output O Q O - @ - O -
Open Collector O Q @) - Q - O -
Line Driver O O O O O O O O
Push Pull O O @ - O - O -

Figure 5.10: Output Wave Form and Output Signal Wires
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5.4 Power supply

Power supply foNC milling machinehas been calculated frothe maximumpower rating of
stepper motor and drill motor. Power consumptiorrogontrollers and encoders are far |
than load carrying motors. This 3 axis OAC NC milimachine has four stepper motor and
geared DC motor. Each stepper motor has maximungraf 5V and 2 Amp current hence o
stepper motor load is 10 watt. Geared DC motor am42V and draws max 0.5 Amp curri
hence load by DC motor is 6 watt. Microcontrollans on 5V and draws 0.C Amp current
thereforemicro controller has negligible loaHence power supply for NC milling machi
should be of 5V and capable of giving 8 Amp curmmtfull load condition and there should
drop of voltage at maximum loading situation. Feaged DC motor small 12V adapter has t
used. DOmotor speed and (ection is not controlled by microcontroller hencél énotor has tc

start manually.

Customized transformer has beerade of 8Amp current on 5 volts. Tt requires proper
selection ofnumber of turns in secondawinding of transformer andght selectio of wire
gaugein primary and secondary cc. Following equation gives relations between numidfe

turns in primary and secondary windings, voltagpineement and current ratit

Vi Ny Db
Vo N» I

V.1/V, is called the voltage ratio atN1/N; is the turn’sratio, or the ‘tranformation ratio’ of the
transformer. If N is less tharN; and \4 is less than Y the device is termed a s-down
transformer.The rating of a transformer is stated in terms le# tol-amperes that it can
transform without overheati. The transformer rating is eithern V; or V3, I, where } is the
fullload secondary currentransformer made for NC machine has 46 turn raioh\&ire size i

18 AWG (American Wire Gauge) Shown in table 5.1.
Table 5.1

WIRE GAUGE SELECTION TABLE

[ Ciscuit Amperes [ Circuit Wans | Wire gauge (for length in f

0 0 0 0

331#

m“ 72 | 18 [ 18 | 18 | “l
75 | 15 | # | s | 18 [ 18 | 18 | 18 | 14 |
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CHAPTER 6
GRAPHIACAL USER INTRFACE (GUI)

In today's fast-changing world, program maintenaiscenore critical than ever before. The
computer programs of today must be fluid and maatde so that programmers can quickly
change the program to meet the needs of a chamgivigonment in which the programs are
used. The use of today’s graphical interface bagestating systems puts tremendous strain on
application programmers. They have to cope withtladl stuff that is going on inside the

operating system.

6.1 Visual Basic 6.0

Visual Basic (VB) is the third-generation eventvén programming language and integrated
development environment (IDE) from Microsolisual Basiq(VB) is an ideal programming
language for developing sophisticated professiapplications for Microsoft Windows. It
makes use of Graphical User Interface for creatiolgust and powerful applications. The
Graphical User Interface as the name suggests,ilussgations for text, which enable users to
interact with an application.

The VB environment is called the integrated develept environment (IDE) because it includes
not only the programming language but also thestomleded to design forms and to test &
debug the program. Visual Basic takes a differgmir@ach to programming for the GUI
(Graphical User Interface) systems. Coding in GUvi®nment is quite a transition to
traditional, linear programming methods where ttseruis guided through a linear path of

execution and is limited to small set of operations

Visual Basic was derived from BASIC and enablesrtpd application development (RAD) of
graphical user interface (GUI) applications, accesslatabases using Data Access Objects,
Remote Data Objects, or ActiveX Data Objects, amaton of ActiveX controls and objects.
Visual Basic can create executables (EXE files}juw&X controls, or DLL files, but is primarily
used to develop Windows applications and to interfdatabase systems. Dialog boxes with less

functionality can be used to provide pop-up cajkdsl
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Programming in VB is a combination of visually arging components or controls on a form
using drag-and-drop techniques. Controls havebates and event handlers associated with
them. Many attribute valuesan be modifiediuring run time based on user actions or changes in

the environment, providing a dynamic application.

Visual Basic (VB)is called an event-driven prograimg language because the programs
respond to user-initiated events such as a moudear key press. Within a VB GUI program,
an event Listener waits for an event to occur dmehtresponds to it. The event listener is
actually a procedure that contains VB code that@bes when a particular event is fired.

Hence, in VB the code does not follow a predeteeahipath- it executes different code sections
in response to events triggered by the user actiopsmessages from the system or other
applications or from objects within the applicatias shown in figure 6.1. Thus, Visual basic
differs from traditional procedural approach in ahithe application itself controls the portions
and sequence of the code to be executed, the aglaning with the first line of code and

following a predefined path through the applicaticalling procedures as required.

Event #1 Event #2 Event #3 Event #4 Event #5

T~ N\

Windows gels
events

Windows handles
some events
Windows passes
some events
to the applications
that should receive]

those events

Event #1 Event #2 Event #3

( Application #1 ) ( Application #2 )

Figure 6.1: Programs Must Respond to Some Events drignore Others.
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Features such as easier comprehension-friendliness, fasteapplicatior development and
many other aspects such as introduction to ActivieXhnology and Internet featur

make Visual Basic 6.0 anteresting tool to work witl

6.1.1The Visual Basic Environmen

The Visual basic IDEEhown infigure 6.2 neatlyrganizes a number of toolbars and informa
panels that assist in creating user interfacesvenitthg code. Itmanages and allows easy

access to the entire project.

=Tal x|

File Edit Miew Project Format Debug Run Query Diagram Tocls Add-Ins Window Help

|B-H-H ol & 2R | g o ME QSR E S
x| I 1 Project - Projectl x|

B4 Projectl - Forml (Form) [[FEr][ sz I

. Ge_neraIJ o 1 & T A— _. I|:|
&3 Forml =@ =] Toolbar | | 5P Projectl (Project1)
L 0 A 0 1 A B e e =455 Forms
o e e e e e w-[3 Form1 (Form1)

i | 0 1 0 0 0 A e ]

- 4 0 1 A 0 0 1 0 A ff Properties - Forml x|
e PR ] | (Foreit For =l
Hlii e o e e e e e e Window Alphabeﬁ-:]::anegorizedj
0 1 0 0 0 A e ol Fami
4 0 1 A 0 0 1 0 A -~ Appearance | 1-3D 3

0 0 1 0 0 1 0 1 o A AutoRedraw  False
e e e e e e BackCalor [ &Hs000000F
o e S o v Property [BorderStyle 2 -Sizable
:::::::::::::::::::::::l:::::::::::::: Window !Caption Formi z
& " " -tﬂame}
:Remms the name used in code to
—— lidentify an object.
Form Editor '
Form Layout x|
— Tool Paletts | =]

Figure 6.2: Visual Basic Environment

Development Environment in Visual Basic has sevelehents, such ¢

i.  Visual Basic Standard Toolba
The Standard Toolbar contains buttons for moshefdommands used in VBat make
easier to edit the VB application. The button s@pen Project, Save Project, St
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Break, and End are embedded in this toolbar aleity buttons to display Proje
Explorer, the Properties Window, the Toolbar, atitepelements of VB IDI

Visual Basic Toolbo»

The Visual Basic Toolbox contains theneral objects and controls. There forms to
create the user interface of your VB applicat as shown in figure 6. Additional
controls such as MSComm, Common Dialog, ADODC caratided tcthe Toolbox by

using Components command on Project menu.

i | = |

Components | J

»

e |

Controls I Designers ] Ingertable Objects ]
General Adobe Acrobat 7.0 Browser Control Type Libra

AxBrowse

C:\Windows\System32\tde. oox

dc 1.0 Type Library = =

ctv OLE Control module

KM Rdp Protocol Provider 1.0 Type Library

Microsoft ADOQ Data Control 6.0 (SPa) (QOLEDE)

Microsoft Comm Control 6.0

i ) Browse... |
Microsoft Common Dialog Contral 6.0 (5PG) 5

ATLContactPicker 1.0 Type Library |
Cdlg
<=
Flupl Control Library T |
Microsoft Chart Control 6.0 (SP4) {(OLEDE)
) il : [ Selected Items Only

Adobe Acrobat 7.0 Browser Control Type Library 1.0
Location:  C:\...\Acrobat\ActiveX \AcroPDF. dll

QK Cancel

Figure 6.Z: General Tool Palette andAdditional Component Dialog.

Project Explorer Window

Project Explorer Window is one of elementVisual Basic Development Environme
that contains list of all files that build a VB digation. The collection of files in a V
application iscalled VB Project (with extension .v). Several file types may exists
VB project, for example Form (with tension .frm), Module (with extension .ba

Designer (with extensic.dsr) etc.

Properties Window
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Vi.

Properties of an object reflect the characteristithe object (for example Width, Heigl
and so on). Each object in VB6 program has its pvaperties For example propertie
of text box are Name, Alignment, Appearance, Locked, Text,Rtoperties clabel are
Name, Alignment, Appearance, Locked, Caption, &ach property of object has
default value and ith Visual Basic Properties window, the prrties of the objects ce
be set atlesign time. Some of properties can be changed at run time (atken the

program running).

Code Editor Window

A very powerful feature of VB is its code ed as shown in figure 6. The VB code
editor uses color codi, comments are in greeviB keywords are in blt and most other
code is in blackEven more important is the fact that VB has a \@nart text editor

Every time a line of code is entered, VB checkssiatax and immediately flags a

errors. Besides, VB'Intellisensefeature gives users lots of help in getting thetay

right.

3 =

%= Projectl - Forml (Code) = ECh ="
Timer1 ﬂ |Timer j
CldTime = Dateldd("=s", 360, Time) ' Add 3&0 secc:izj

Timerl.Interval = 500
Timerl .Enabled = True
End Sub

Friwvate Sub Timerl Timer ()

newlime = Time

diff = DateDiff (=", newlTime, OldTime)

Forml.taption = (diff % &0) & ":" & _

@ ~ |(diff N\ &0) * &0)), "0O™)

1T <. Circle
Tip@ clipcontrols 52
! & Cls o something!
S¢@ ControlBox

End ey Controls

End 5
= el Count -

Figure 6.4: The VB Code Editor and Its IntellisenseFeature

Not only that but on completion of the line it ckecthe syntax and, if correc

immediately fancy formats the line. Fancy formajtimcludes adding blank spac
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around operators (like "+™"-", "*" etc), autoindenting code blocks and capitalizi
variable names that have been entered in all IagercAnd if a code line is not far-
formatted, the user can easily catch misspell

The two combo box coding a also add a lot of conveniea into VB's text editor. Th
first combo box lists all the controls used in ario The second combo lists all the eve
thata specific controcan respond ta form as shown in the figure . This aids coding
because only the correct events arewn in the list and ifan ever is selected, VB
automatically writes the subroutine header andecl!

% Projectl - Form1 (Code) =8| EeR (==
Form ﬂ |Lc-ad j
' It looks like a stop watch II__-:?:tcliucus T L
Dim 0ldTime A= Date MouseDown i
Dim newlime hs Date
Dim diff A= Long Mousellp
OLECompleteDrag
Private Sub Form Load() OLEDragDrop
0ldTime = Dateldd("s", 3g0,0LEDragOver £
Timerl.Interval = 500 gtgg;;’::dbﬂ':k
Timerl.Enabled = True OLEStartDrag
End Sulk Paint &7

Figure 6.5 Combo Boxes for Control and Their Events in Text Editol

6.2. Development of GUI in Visual Basic 6.0 for CN®/lachine

Front end of Operchitecture Controller was developed in Visual Ba8.0. This Graphice

User Interface ( GUI) of Open Architecture Conteoltontrols the machine motions by senc

the commands to CNController and receives feedback from it to showdaip on front er

GUL.

6.2.1. Key Features of GUI

The front end GUI softwarkeas the following feature

Password Authenticated Acc

Hand shaking capability with controller memc

Proper file extension filte

Preset definition of fe¢ and speed according to materiatidaool selectiot
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v. User can update preset library by entering new mahtgpe
vi.  Custom start from any location from loaded toolipos file.
vii.  Progress bars to indicate the percentage of taslpleted

viii.  Report tle successful completion of ta

ix.  User friendly easy- toperate interactive Interface.

X.  Computationally fast.

Xi.  Requiredesser memor

xii.  If system crashes while runnirthe software generatesror report easy to debt

6.2.2 The Visual Basic Front Eni

The Graphical User Interface develope Visual basic has been optimized to be user frie

and easy to operate. It consists of the followiragoies

I.  Welcome Screen

ii.  User Login Module
iii.  CNC Controller Main Modul
iv.  Preset Library Modu

v. Material Library Management Modt

6.2.1 The Welcome Splashcseer

The Welcome screen has been desi as shown figure 6.6sing the standard Splash scr
dialog of the VB environment. The login module @ahd main module are loaded in the mernr

simultaneously which is indicated by the progremsificorporatewsing the label contro

Licensed To: Thapar University @
THAPAR

UNIVERSITY

“-». Open Architechture
" CNC Machine

Developed By: Harpreet Singh

Department of Mechanical Engineering
Loading... [ 73% |

Figure 6.6: WelcomeScreen of the CNC Machine Control Softwar:
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6.2.2 The User Login Modul:

The User must enter the authorized password befotering the main module of the CI
machine controller software. In case, the corpassword is not provided, the access to the |
module is restrictedThe run time view of the user Login and passwordiuai® is shown it
Figure 6.7.

i N

. Login 28

User Mame; |Harpreet Singh

Pazzword: 1 xxxxxxxx

k. Cancel

" ™

Login

Invalid Password, try again!

oK |

Figure 6.7: Incorrect Password Prompt

6.2.3 The CNC Control ModuleMain Screen
The main Control module provides the following daipaes:

i.  Loading the tool path from the command text
ii.  Serial data connection with the microcontro
ii.  Sending the commands to the Controller seriallguth Cycle Start/ Staat command
buttons.
iv.  Progress indicator bar showing the percentagesoftdmmands complett
v. Preset Library and update library control butt

vi.  Displaying current material selected and its festd and spee

Figure 6.8 shows th@Ul for 3-axis vertical open architecture control@&xC milling mechine.
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CMNC milling machine

MACHINE STATE

MODES | SETTINGS
~TOOLPATH —~PROGRESS
Load |
—SELECT MATERIAL
Material:
Speed:
Feed Rate:
- COMMAND Load Preset
Connect STOP
Cycle Start Start At
UPDATE
; EXIT
LIBERARY

Department of Mechanical Engineering, Thapar University

Figure 6.€: CNC Milling Machine Front End GUI

67




6.2.4 Loading the tool path

The Load command Button opens an ‘Open’ Dialoghasvs in figure 6.9 which is used to load
the tool path *.tp file into the list provided. Thext file contains the values to be serially

transmitted to the controller for the movement oh@tors viz. X-axis, Y-axis, Z-axis motors.

- _ - g

fcnCmiingmachine b =
| MACHINE STATE )
; | MODES | SETTINGS
: —~TOOLFATH —PROGRESS
| |E:\D0cuments and Settings\hir Foad |
111 -~ —SELECT MATERIAL
222
333
444
555
6066 Material:
' dad
' 888 Speed:
1 999 Foad Rata-
Lookin: | A Flat_30_incline ~| e@mckE~ I
4 Fnishing_flat_TP_balmil_\WxYZ.tp
. g, 4 Finishing_flat_TP_balmil_XYZ.tp

|| for_testing_machine.tp

My Fi:ecent
i Documents Type: TP File

Date Modffied: 7/8/2011 9:07 PM
D Size: 377 KB

Deskiop

P

My Documents

My Computer
I File name: |f0r_tesﬂng_machine.tp ;I COpen
I Files of type: IText Files (".1p) Ll Cancel |
' ¥

Figure 6.9: Loading the Commands from *.tp file toList Box
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6.2.5The Preset Material Module

In this module, the user can se the material from the material library already stbin the MS
access database. The MS access databases cam$medatsing the data control of Visual be
The Form has been designed with the combo box @ontrich is populated with the materi:
stored in the database library during the run timé&eWthe user selects a material, the col

returns to the main module and the material napeed and feed rate is displayed in the la

in the selected material framas shown in figure 6.10.

-

=
ALy

Select Material

s -

Wood 2 [«
Wood 3

—Wood 4

Wood b

Wood
Wood 7
Wood 12

Wood 8 =

=t
i

Select Material | Done

Yalues loaded

SELECT MATERIAL

Material: | Wood 8
Speed: | 23
Feed Rate: | 65

Load Preset

Figure 6.10Loading the Material, Feed Rate and Speed from thBreset Library
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6.2.6The Material Library Management Module

The update module equips the user with the toolshi@nge the feed rate and speed of
existing materials in the library and also to aggdvimaterials to the librarVarious functions of

the update module are described in bllowing text as shown ifigure 6.1..

O Updatelibray [=lE =]

Material Name - | S
s i

-+ FeedRate | SESESEEERERERSS
Add New Material | Update Existing Close

Figure 6.11: The Update Material form during Design Time

6.2.6.1 Additionof New Material in the Library

When the Add New material Command button is clickled Add button is enabled and user
enter the material name aicorresponding parameters in the provided text hokdglaterial
name, Speed or Feed Rate is missing when the atlohbig clicked, the error is genera

lllustrations areshown in figure 6.12 and figure 6.

I '

B Update Library = EI,, 3

Material Name deodar

Material Added e e

The new material successfully added in the library

Figure 6.12:MessageBox Prompt on Addition of Material in the Library
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{ [ Update Library =2

Material Name 1w.:c.d 11

Speed l—'
Feed Rate l—- i I Missing Parameters

Add New Material | U o

Error | 22

Figure 6.13:Error Message When Parameters Are Not Entered By Us

In case, the user attempts to an existing materiadgain in the Library, the software gener:
an error message as shown igure 6.14.

B3 Update Library =B ]
Material Name "wiood 11
i 3 I EE s
Speed projectl : = Add
Feed Rate Material already exists
Add New Materij oK Close

Figure 6.14: “Material already exists” Error Prompt

6.2.6.2 Updating the avdable materials in the Library

The user can choose from the list of the matenddeh are already stored in the library. 1
Speed and Feed rate can be changed and the cowespchanges are updated in the |

Access database Material Library. The screenshetshewrin figure 6.15 and figure 6.1
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e

-

: 5 Update Library -

1

Material Name
Wood 1
Wood 2
Wood 3
Wood 4
Wood 5
Wood 6
Wood 7
A S
—| Updation | &8 |

| »

Update

[IGI Enter the new speed and feedrate and click update button

aK I

Figure 6.15: Slecting the Material from the List and Prompt to Enter the Parameter:

4 B Update Library | = | =] & |

Material Name w'ond B

[ Lib dated | &3 |l
ibrary update —=— ke

Spe

The material library successfully updated
Feed]

Add New OK !

Figure 6.16:Messag Box Prompt on Successful Update ohe Library

Flow charts corresponding to each command butt@hesent of front end GUI presentin

appendix A.
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CHAPTER 7

DISCUSSION AND VALIDATION OF DEVELOPED 3-AXIS OPEN
ARCHITECTURE CONTROLLER ON SELF FABRICATED 3-AXIS N C
MILLING MACHINE

NC machines are now becoming more intelligent lepiporating new emerging technologies in
it. Image processing techniques and more fine dlgos are being developed by researchers. G
codes and M codes which were bottle neck for NChimgcdevelopment are now a part of past.
New tool path strategies are being developed bgarebers. To test or run new tool path
conventional machine are not suitable and CAM pgeka needed to convert new tool path into
vendor controlled CNC machine code.

Problem in existing NC machines are these are Bawontroller which are vendor or
manufacturer controlled. Researchers could not ddifieation in vendor controlled machine.

In this thesis work development of new architectwireontroller has been done which are open

and have capabilities of parallel processing.

7.1 Features of Developed Open Architecture contridr (OAC)

This thesis work presents new architecture comrallhich is fully designed to meet new need
of tool path programmers those are working on “Elirklodel to Part” machining. Power of
personal computer which is having great computatiepeed has been utilized to do complex
calculation and to run decision making algorithrggdking feedback from controller.

Following are the key feature of developed opechitgcture NC controller for personal
computer-controlled vertical 3-axis NC milling mawé for machining of sculptured surfaces of

wooden artistic design.

I. Developed controller has capability to incorpora@v sensors and machine vision
system on later part to make intelligent machirggpgtem.
ii. Developed controller is free for adding new aldoris and controller programs
according to upgradation of existing system.
iii.  Developed controller has one master and three stam&ollers. Slave controllers are
simultaneously controlling and real time monitoritigg motion of individual axis and

master controller keep on communicating with PC slades microcontrollers.
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iv.  All four microcontroller are running in parallel.Ais presents the applicatiof parallel
processingvhich makes system fastt

v. Controlleris programmecto interpolatepoints in 3D space within its wc volume in
incremental mode.

vi. Handshaking signal is enabled in serial commurocatetween microcontroller and F
which ensures the no loss of data while transmisismm PC to MCL at high speed.

vii. 3 slavesMCUs controlled by Master MCU via 12C lineWith 12C communication
Master MCUcan handle uto 1024Slave MCUs which make OAexpandable.

7.2 Testing of Develope®AC on Fabricated 3Axis NC Milling machine.

The self fabricated 3xis NC nachine shown in figure 7.has 0.22 mm resolution in Y anc
axisof motion. Both axis are having stepper m of 1.8 degree and pulley diame of 14 mm.
X-axis has minimum travel in one step of stepper mEd.27mm.This makes the machir

sufficient preciséo interpolate tool pa in 3D space.

Figure 7.1: Fabricated 3-Axis NC Milling Machine.
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To validate OAC on 3-axis NC milling machine, catigr has to interpolate 8 points in X-Y
plane on circumference of 25mm circle as shownguaré 7.2. Z axis position validation has not

done here.

Figure 7.2: 8 Cutting Points on Circumference of 2%nm Circle.

Circle is divided into four equal parts along veatiline hence all horizontal lines will be on
6.25mm distance from adjacent one, where thess lnéting the circle, co-ordinate of those
points have been calculated and tool path file made. Simple wood drill of 3.17mm diameter

was used as cutting tool.

For validation of controller, cutting on wax britias done. Figures 7.3 - figure 7.6 shows the
machining of 8 points on brick of wax. Tool patle ffor these eight points was executed by
front end GUI application in PC. GUI kept communioca with machine and machine
interpolated the points.
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Licensed To: Thapar University

Loading...

Department of Mechanical Engineering

X

THAPA|
UNIVERSITY

Developed By: Harpreet Singh (ME 2009 BATCH)

NC milling machine

MACHINE

 TOOLPATH

MODES

|D:\va]idaiinn\5 POINTS .tp

012.5 50
6.251.67 50
6.2523.33 30
12.50 50
12.52550
18.75 1.67 50
18.75 23.33 50
2512.550

—— = 7= L ———
NC miling machine [ ;/ _
| MACHINE ‘e G — 2] ]
Lookin: | L validation j = 5 B
| MODES
. DCIM
~TOOLPATH 48 POINTS tp
My Recent
Documents.
| Load | .
My Documents
My Computer
File name: | ﬂ Ooen I
~ COMMAND Files oftype: | TextFiles (1p) = i
#
Connect ‘ | ‘ ‘ | ‘ ‘ ‘
UPDATE

Figure 7.3: Loading of Tool Path file of 8 Points.
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Figure 7.4: Fixing of Wax Brick on NC Machine.

" 18/07/2011

Figure 7.5: First Cut Located By Machine Cutting Tool.
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15/07/2011

Figure 7.6: Sequence of Cutting on Wax Brick Accorthg To Tool Path File Loaded.
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After completing the machining on wax brick thetdiece between points has been checked with

digital caliper for verification as shown in figure7 — figure 7.9.

15/07/2011

Figure 7.7: Distance between Two Points along Diartex of Circle.

ON/OFF

15/07/2011

Figure 7.8: Distance Measured of a Point Lie in Fst Quadrant from Vertical Center Line of Circle.
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vhile(s
in/mm @B oriGIN
‘ 2 z

ON/OFF ZEROIABS

15/07/2011

Figure 7.9: Distance Measured of a Point Lie in Fst Quadrant from Horizontal Diameter of Circle.

Developed open architecture NC controller for ppasa@omputer-controlled vertical 3-axis NC
milling machine has been successfully tested dnfaleticated 3-axis NC milling machine with
cutting on wax brick. The deviation in reading hgithl caliper after machining part is due to

error in placement of hand held digital calipecanter of drilled points.

7.3 Limitation of Developed Open Architecture Contoller for 3-Axis NC Milling Machine

The developed open architecture controller for 3sAXC milling machine has gone through its
first trial. After the successful testing of corkeo there is need to redesign PCB. As in existing
PCB some of controller pins are not routed out beeaf that there is no possibility as such to

add new hardware in machine.

Slave microcontroller does not having LCD pins olihis makes debugging difficult while
programming the slaves MCUs. In redesigned, PCRBildhmave 4 bit LCD lines corresponding

to each microcontroller.

Encoders fitted in NC machine are of 1000 PPR. &lancrocontrollers are getting feedback
from encoders. If there is change in speed of stepmtor the rate of pulse generation counted
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by microcontroller is different. But in actual ihauld be same for any speed. This error needs to

be rectified. Because of this error now motorsrargming on same speed.

7.4 Future Scope

There is enough scope for the integration and éurdutomation of the CAD and CAM fields to
make their usage cost effective and simple. TheC2ID data from customized CAD packages
can be used to generate the appropriate tool patméchining operation without using ISO G
and M codes. The appropriate tool path plannirgtesgly along with the correct geometry of the
cutting tool could be used for machining of scutptlisurfaces to get the surface finish with in
specified tolerance ranges. The machine tools wiviatk on open architecture control (OAC)
for sculptured surface machining are still undeveli@oment. The cost effective strategy of
direct model to part manufacturing can only beisedl by using the web based machining
system for which the OAC based machine tools hawvebé developed to overcome the

deficiencies of conventional NC controllers andwemtional NC part programming.

The least skill person in art and craft can prodaest 3D design only with the use of web based
machining system is simply to know how to browse web, and access the commands on the
specified web page. Now days the internet is easitgessible around the world, and the graphics
based application software make it further conuante learn and use the technology, which
even the unskilled artisan would be able to useradt short formal training. The scope of
exploiting the web based machining technology idenas it is easily affordable with minimum
expenditure. The only expenditure would be for thechase of the initial customized NC
machining system which would be very simple to afer similar to operating a printer
connected to a PC. Further engineering assistauered for the CAD modeling and tool path
generation will be freely available through thesped web page of the company supplying the
customized NC machine tools. Thus the design andwufaaturing activity could be

accomplished in minutes.

81



Appendix A

Flow Charts of Front End GUI

Visual Basic is event driven programmirParticular event is fired when triggered by usel
any mean. Following flow charts from figuA.1 to figure A.10 shows the flow of progre

corresponding tbuttons on GU

|

CNC Milling Machine Main Module

CNC milling machine IE

h 4

| MACHINE STATE Load click event

[ MODES [ SETTINGS
TOOLPATH PROGRESS ) .
> Exit Click event
I Load | ]
[ SELECT MATERIAL
» Load Preset Click event
Material:
Speed: m
s > Connect Click event
Feed Rate:
COMMAND Load Preset # Update Library Click event
Connect STOP ‘
4!' Cycle Start Click event
Cycle Sta.rt‘ Ctart At ‘
UPDATE
LIBRARY EXEL ‘

Start At Click event

L

Department of Mechanical Engineering, Thapar University |

Delete key Press event

L J

Figure A.1: Loading of Main Form Subroutine.
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Load click event

CNC milling machine

h
| MACHINE Open Dialog to select Tool Path File

| MODES

TOOLPATH

‘ Load

Has the user Yes

selected a valid
File?

Figure A.2: Load Click Command Button.

F8  F9 F10 F11 F12 psc| - brk
o - = bksp ins h‘lpl..]m
o p [ 1 \ del end pdn 7
1 = ent 4

|- I 1
(ot | o] o Jle] o] -

» Delete key Press 2vent

LIS I - - R
W | W

Is the uscr sure
to deletz the

Mo

 TOOLPATH commznd?
|E:\Ducuments and Settings\hir Load [
00 8.99084 i’
0 0.396875 9.69969
g (1) z Celete the commeznd from the list
0 1.58
01.9
02.3 ¥
02.7 _ \
0 3.175 13.0513 @/1
0 3.57188 13.3879
0 3.96875 13.7008
0 4.36563 13.9961 LI

Figure A.3: To DeleteSelected Command from Loaded Tool Path File By Pregig Del Key on Keyboart.
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v

I Connect Click event I

COMMAND
Connect STOP
Is COM port
Cycle Start Start At open?
I “Mlready Connected” message
Open COM portand “Connected” message |
Y
(o Y
Figure A.4: Connect Button to Open Serial Port.
—P Cycle Start Click event
Is Tool Path
COLILELIE loaded?
Connect STOP
Cycle Start Start At

Is Material No

selected?

Y
| Error message |

Transmit next X, Y & Z value to the Controller
serially and indicate the progress

Are all
commands
transmitted?

I Clear the List & file path & material textboxes

Figure A.5: Click Command Button to Start Machining.
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v

Start At Click event

~COMMAND
Connect STOP Is Tool Path
Ioaded?
Cycle Start Start At

Is Material
selected?

Is a Start Up
paint selected?

Error message

Transmit next X, ¥ & 7 value to the Controller
serlally and Indicate the progress

Are all
commands
transmitted?

Clear the List & file path & material textboxes

D

Figure A.6: Click Command Button to Start “Start At” Machining.
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~SELECT MATERIAL

Material:

Speed:
Feed Rate:

Load Preset

UPDATE

LIBRARY EXIT ‘

'

Material library management Module

h

Add Material click event

Update Existing Click event

L J

Add Click event

L 4

Update Click event

L 4

Close Click event

L 4

v

Add Click event

Are all
Parameters
entered?

Is Speed and
Feed rate value
valid?

Does material
already exists in
the library?

4

Add New Material Click event

A 4

Display the textboxes & labels & enable the Add Button

STOP

v

Update Existing Click event

r

Yes

|

Error message

Display the Combo drop down List of the Materials

stored in database Library

A 4

database

Add the new material record to the material

User selects the material from the list

v

A

Enable the feed & speed textboxes and update button

Hide Add Button & textboxes and labels

()

}:.

Figure A.7: Material Library Management Subroutines.

86




Load Preset Click event

w

Load the Preset Library Module +

Preset Library Module

L J

Display the list of materials stored in the Library

h

Combo Box click event

STOP

L

Close Click event —‘

‘, l

Close Click event Combo box Click event |

h 4
h 4

Hide the Update library Module form | Store the material selected by user in system memory I

L4

k4

| Hide the Preset Library module & load the main module I
Load the Main CNC Control Module

L

+ Display the Material Name, Speed & Feed rate in select material frame

STOP

Figure A.8: Update Already Stored Material Value in Library.
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Figure A.9: Exit Front End GUI Form.
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