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ABSTRACT

The research objective is 3 study for changing conventional
machine tool to a computerized numerically controlled (CNC)
machine tool by using the microcomputer XT . A lathe was taken as
an example for this study

The types of CcNC systems were studied , and reference-pulse
system wés chosen to be followed in the system design

A software program is developed by using assembly language
for the BOBB'mlcroprocessor - Several turning functlions r and
Qifferent kinds of interpolation were achieved by this program :

-

Rapld traverse » flxed-cycle turning , program hold » llinear
interpolation , clockwise circular interpolation . and
counterclockwise interpolatlion

For the different types of 1interpolation functions the
required path was obtalned with an error In the ranqe of a single
BLU throughout the complete path .

The software program 1is developed to be easily changed
according to the parameters required by the system , thus
increasing the flexlblility .

An interfacing circutt is implemented to drive two stepping
motors simulating the two drives (x and Z) of a lathe . This
clrcuit 15 uséé also to monitor the different outputs from the 1/0
port used to control the two stepping motors

A éimulation model for the lathe is set up

. with counters

connected to count the number of BLUs for both axes
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CHAPTER 1

INTRODUCTION

The decIlnlng cost of minicomputers and microcomputers 1is
changling the look of the factory floor . Although the application
of compuﬁers to manufacturing has been somewhat slow , dlistinct
trends can be observed . These lnclude an increase in the use of
computer-controlled machine tools » the application of new
“manufacturing systems such as laser-beam cutters , and the
appearance of a new generation of Industrial robots in the

production lines .

1.1 Baslc Concepts of Manufacturing Systems

Modern manufacturing systems and Industrial robots are
advanced automation syatems that utillize computers as an integral
part of thelr control . Computers are now vital part of automation
They control stand alone manufacturing systems ’, such‘ as varlous
machlne tools , welders » and laser-beam cutters . They run
production lines and are beginning to take over control of an
entire factory . Even more challenging are the new robots
performing various operatlons in industrial blanf& and practicing
in the full automation of factories .

It 1s well to keep in mind that an automatically controlled



factory 1is nothing more . than the latest development In the
Industrial revolutlon that began lﬁ Europe two centuries ago and

Progressezd through the following stages :

1- Construction of simple machines and mechanization
started in 1770 , at the beginning of this revolution .
2- Fixed automatic mechanisms and transfer llnes for mass
;broduction came along at the turn of this century . The
transfer 1line 1is an organization of manufacturing
facilities for faster output and shorter production
time . The cycle of operatlons !s simple and fixed ,and
is designed to produce a certain product
3- Next came machlne tools with simple automatlc control ’
such as plugboard controllers to perform a fixed
Sequence of operations and copying machines in which a
Stylus moves on a master copy and simultaneously
transmits command signals to servodrives .
4~ The introduction of numerical control (NC) 1in 1952
opened a new era 1n automatlon . NC is based on digital

computer principles + which was a new technology at that

time .
5- The logical extension of NC was the computerlzed numerlical
control (CNC) for machlne tools R in which a

minicomputer is included @3 an Integral part of the
control cablnet

6- Industrial robots were developed simultaneously with cNC



Systems . The flrat commerclal robot was manufactured In
1961 , but it did not play a major role 1in
manufacturing until the late 1970s .
7- A fully automatic factory whlich employs a flexible
manufacturing system (FMS) and compute;-aided design
/computer aided manufacturing (CAD/CAM) . .techniques |is
the next loglcal extension . FMS means a facllity that
iﬁcludes manufacturing cells , each cell containlng a
robot serving several CNC machines , and an automatic
material handling system Interfaced wlth a central
computer . [1] |
The new era o¢f automatlion , which started with the
Introduction of NC machine tools , was undoubtedly' simulated by
the dlgltal computer . Dlgital technology and computers enabled
the design of more flexlble automation systems , namely systems
which can be adapted by programming to produce a new product In a
short time . Today manufacturing systems are becoming more and
more flexlible with progress in computer technology and programming

teéhnlques R

1.2 Real Time Systems

Whenever a computer system 1s required to acqulire data , emit
data , or Interact with its environment at precise tilmes , the
system Is sald to be a real time computer system . All computer

systems are in some sense real tlme systems . For the control of



processes or mechanisms , a rea; time system 13 a system whose
temporal performance (response time » data-acquisition period ,
etc. ) is of critical importance to the industrial systems to
which 1t is connected . [2]

As the number of critlically time-dependent tasks 1n a
computer system grows , careful thought must be glven to thg
computer programs (software) so that all real time constraints are
satlsfiéd

On the other hand in a large time shared system such as a
central univeralty campus computer v nd such high prilority
response time can be falrly granted to one wuser's task . In a
time shared computer system , one user's program is allowed to run
tor a short time , called a ‘'time slice' r and then another
program runs and so forth . Thus as the number of users Increase
the total time required to sérvice all users i;creases and each
user wlll see an increase in the time required  to complete the
task (the system response time) . Such a system 1s unsulted to
real time applications

Although the most obvlous feature of a real time computer
system 1s 1ts close temporal coupling with an Industrial process
or system , another characteristic 1s the need of a bug free ahd
robust software . Since many microcomputer based-real time systems
are unattended and operatling without human supervislon , it 1is
desirable that if a fallure occurs » 1t does not produce a
catastrophic result ., The fallure should be detected and a

graceful recovery should be executed



1.3 Fundamentals of Numerlcal Control

Controlling a machine tool by means of a prepared program lIs
known as numerlcal control , or NC . NC equipment has been defined
by the Electronic Industrles Assoclatlon (EIA) as "a system 1n
which actions are controlled by the direct insértion of numerlical
data at some polint . The system must automatically interpret at
least sbme portlen of this data ." -

In a typlcal NC system the numerical data which is required
tor producing a part is maintained In a punched tape and is called
the part program . The part program is arranged in the form of
‘blocks of Informatlion , where each block contains the numerical
data required to produce one segment of the workplece . The block
contains , in a coded form , all the 1information needed for
processing a segment of the workpiece such as : the segment
length, 1ts cutting speed , feed etc. . Dimenslonal Iinformation
and the contour form are taken from an englneering drawlng .
Dimensions are glven separately for each axis of motion . Cutting
speed ,feed rate and auxiliary functions {(coolant on and off ’
clamp , gear changes etc .) are programmed -according to the
surface finish and tolerance requlirements

Compared with a conventional machine tool , the NC system
replaces the manual actlons of the operator . In conventlonal
machinling a part is produced by moving a cutting tool aloﬁg a
workplece by means of handwheels , which afe guilded by an

operator . Contour cuttings are performed by an operator by




3ight . On the other hand , operators of NC machine toels need not
be highly skilled . They only ha&e to monitor the operation of
the machine , operate the tape reader . and usually replace the
workplece . However , since the operator works wlth a
sophisticated and expensive system , Intelligence , clear thinking
and especially good Jjudgment are essential gualifications of a
good NC operator ., h

Prébarlng the part program for a NC machine tool requlires a
part programmer . The part programmer must posseéss knowledge and
experlence in mechanical englneering fields . Knowledge of tools ,
cutting £fluids , use of machinability data , and process
engineering are all of considerable Importance .

The part dimensions are expressed in part programs by
integers . Each unit corresponds to the position resolution of the
axls of motion and will be referred to as the basic length unit
(BLU) . The BLU is also known as the "increment size" or "bit
welght" , and in practicé 1t corresponds approximately to the
accuracy of the NC system .

In NC machine tools each axis of motlon is equipped with a
separate driving device which replaces the handwheel of the
conventional machine

Axls of motlon means an axis 1in which the cutting tool moves
relative to the workplece . Thls movement \is achleved by the
motion of the machine tool slides . The main three axes of motion
will, be referred to as the X , Y, and Z axes . The 2 axls 1s

perpendicular to both X and Y in order to create a right-hand



coordinate system , such as shown in Fig. 1.1 .
The NC machine tool system contains the machiﬁe control unit
{MCU) and the machlne tool itself ., 4s shown In Flg. 1.2. The Mcu
has to read and decode instructions to the control loops of the
machine axes of motlon ,' and to control the machlne tool
operatlion .
Filgure 1.3 shows the coordinate system of a drillling

machine 4, a mllllng machine , and a lathe .

1.4 Advantages of Numerical Control Systems

The primary motlvations for the development of NC systems for
machlne tools were the demand for hlgh accuracy In manufacturing
of complicated parts , combined with the deslre to shorten
production time .

The feature of hlgh flexibllity 1s substantially slgnificant
in modern manufacturing , alsc the manufacturing machine has to be
economical iﬁ/ use even where a small quantity of parts |is
produced. Thls is solved by NC and CNC systems , when a new
product is requlired , only the part program has to be changed .

The NC machine tool has the followlng advantages , compargd
with other machining methods:

11 A full flexiblility ;a part prééram 13 needed for produclng

, a new part .

, 21 Accuracy 1s malntained through the full range of Speeds

and feeds

3} A shorter production time



4] The possibility of manufacturing a ‘parf of complicated
contour

51 Easy adjustment of the machine , which requires less time
than with other manufacturing methods .

6] The need for a highly skilled and experlenced operator is
avoided

7] The operator has free time ; this time may be used for
laoking after other machining operatlions

On the other hand , the main disadvantages of NC systems are:

1] A relatively high cost .

2] More complicated maintenance ; a speclal mailntenance crew
is desirable

31 A highly skilled and properly trained part programmer is

needed

1.5 Classification of NC Systems

The classification of NC machine tool systems can be done in-
four ways :

1. According to the type of the machine - Point-to-point
versus contouring (continuous path )

2. According to the structure of the controller : hardware
based NC versus CNC .

3. According to the pro§jramming method : incremental versus
absolute.

)

4. According to the type of control loops : open-loop

versus closed-loop
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1.5.1 Point to Point and Contouring

Point-to-point systems . In a point-to-polnt (PTP) NC machine ; the
path of the cutting tool and its feed rate while travelling from
one polnt to the next are without any slignlflicance . Such system
would requlre only position counters for controlling the final
position of the tool upon reaching the desired polnt , a good
example 1s the drilling machlne
Cantourting systems . In cqntouring, or continuous path, systems,
the tool is cutting while the axes of motlon are moving , as , for
example , in a mllling machine

In contouring machines , the position of the cutting tool at
the end of each segment together with the ratio between the axial
velocities determine the deslred contour of the part, and at the
same time the resultant feed also affects the surface finish . 1In
thls case , a veloclty error In one axls causes a cutter path
positlion error , the system has to contaln continuous position
contrel loops in addition to the position counters . Each axls of
motion 1s equipped with a separate position 1loop and counter .
Dimensional information is élven separately for each axis and s
fed through the Data Processlng Unit (DPU) to the appropriate
position counter . The programmed feed rate , however is that of
the contour and has to be processed by the DPU in order to provide
the proper velocity commands for each axis . This is done by means
of an interpolator ,which is contained in the DPU of contouring

L]
systems

11



1.5.2 NC and CNC

The NC systems which were produced in the sixties used
electronic hardware based upon digital clrcuit technology . The
CNC systems which were introduced in the early seventles , emnploy
a minicomputer or microcomputer to control the machine tool and
eliminate ,as far as possible , additional hardware cilrcuits 1q
the contrql cablnet . The trend away from hardware based NC to
software- based equipment brings an increase in the system
flexibility and an improvement in the possibility for correcting
part programs using the CNC computer

The digital controller In hardware based NC systems employs
voltage pulses , where each pulse causes a motion of 1 Basic
length unitt {BLU) in the corresponding axis direction . In these
systems a pulse is equivalent to 1 BLU .

Pulse = BLU

In the computer the information Is arranged ; manipulated ,
and stored in the form of binary words . Each word conslsts of a
fixed number of bits . In the CNC computer each blt represents
1 BLU

Bit = BLU

1.5.3 Incremental and Absolute Systems

An incremental system . is the one in which the reference point to
the next instruction is the endpoint of the preceding operatlion

When considering an incremental system both the programming method
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and the feedback device are in incremental form

An absolute system . is the one in which all moving commands are
referred to one reference point + which 1s the origln and |is
called the zero polnt . The position commands are  glven as the
absolute dlstance from that zero point

The most significant advantage of the absolute system over
the incremental one is in cases of interruptions that force the
operator -to stop the machine . With absolute system lt returns to
the same position where it was interrupted , this is impossible
with an incremental system .

A further advantage of the absolute system 1s the possibility
of easily changing the dimensional data in the part program

Incremental systems , however , have the following advantages
over absolute ones

l. Easy inspection of the part program

2. The performance of the Incremental system can be checked

by a closed loop tape
3. Mlrror image programming is facllitated with incremental
system .

Most modern CNC systems permit appllcatlon of both

Incremental and absolute programming methods . These CNC systems.

provlide the user with the combined advantages of both methods.

1.5.4 Open Loop and Closed Loop Systems

Every control system , including NC systems , may be designed

@3 an open loop or a closed loop control . The term open 1loop

13



control means that there 1s no feedback , and the actlon of the
controller has no Informatlion about .the effect of the slgnals it
produces .

The open loop NC systems are of digital type and use stepping
motors for driving the slldes . A stepplng motor is a device whose
output shaft rotates through a fixed angle in response to an irnput
pulse . The stepping motors are the simplest way .for converting
electrica;_pulses into proportlonal movement , and they provide a .
relatively cheap solution to the control problem . Since there is
no feedback from the slide position the system accuracy is solely
a functlon of the motor's abllity to step through the exact number
of steps which is provided at its input . Figures 1.4 , 1.5, show
an open loop control system for a two-axis machine, and an
incremental open loop control for PTP system

The closed loop control measures the actual position and
velocity of the axis and compares them with the desired
references , The difference between the actual and the desired
values is the error . The control is deslgned in such a way as to
eliminate , or reduce the error to a minimum , namely-the system
Is of a negatlve feedback type

In NC systems both the input to the control 1loop and the
feedback slgnals may be a sequence of pulses . e€each pulse
representing a BLU unlt . The diglital comparator correlates the‘two
sequences and glves , by means of a digital—to-anélog converter
(DAC) , a signal representing the position error of the system ,

which 1is used to drive the motor . Flgure 1.6 shows a block

diagram of closed loop incremental PTP system .

14
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Fig.1l.4 Open loop control system for a two-axls machine
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F19.1.5 Incremental open loop control for pPTP system
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Flg.1.6 Closed loop incremental PTP system
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