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ABSTRACTE

THREE DIVIENSIONAL CONTROL OF MACHTNE
TOOLS BY USING NMICROCOMPUTER
GULER, Tnan
M.5. in flecirical and Electronic Mgineering Department

Supervisor: Assoc, Prof., Dr. Muhammet Koksal
October 1985, 71 pages

In this thesis, three dimensional control of & machine
tool by using microprocessor is designed and constructed. In
this system, an importont part can be observed as drive cir—
cuits., These circuits - » de-” 2 and fitted to other devi-
ces. The microcomputer that is used in this system is also

designed and construcied. In a Computerized Numerical Control,

(CHC) machine tool, tables should be able to follow eny arbit-—

raxy path for shaping the workpiece in any form. In this work,
linear motion is selected. Linear motion has a greal imvportance
in the path following sbility of the cutiing btool. This is the
basic of the other motilong. The main purpose here is to design
a control unit which controls the tables of the machine tool.
There are three tables, two of them are dependent each other,
and one of them is independent from the others. After the
testing of the system, gatisfactory operation in open loop

on no load conditions is obtained up to 1300 muy/mnin. feedrate
in 0.05mm  steps. In closed loop operation, due to damped

oscillation of %the mobtorts rotor the desired operation is not

obtained,

Key words: Computerized Mumerical Control, Linear wotion,

microarocessor , machine ftool, drive circuit.
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TAYIM TEZGAHLARININ U¢ moYuTTA
MIKROBILGISAYAR TILE RONTROTU

GULER, Tnan
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Tez Yoneticisi: Dog.¥r. Muhammet Koksal
Ekim 1985, 71 sahife

Bu tez galigmasinda, bir takam tezgahinin ¢ boyutta
mikroiglemei ile kontrolu dizayn edildi ve gerceklegtirildi.
e B 14

Skistemde Onemli kisim olarak siirlcil devreler gz onine alina-—

bilir. Bu devreler dizayn edilerek diger cihazlarla uyumt ssfe @7

)
v
Ay
i
[

1. Sistemde kullanilan mikrobilgisayarda bu ¢aligma iceri-
sinde dizsyn edildi ve gergeklegtirildi, Bilgisayarla Niumerik
Kontrollu pir takim tezgehinda tablalar iglenecek parcayi her—
hangi Bir gekilde igleyebilmek ig¢in degZigik hareket yollara
takip ederler. Bu c¢aligmada, lineer harekel secilmigtir.

Lineer hareket kesici tezgshlards, Onemli bir Szellige haizdir.
Bu hareket diger hareketlerin temelidir. Durada temel gaye
takim fezgahinin tablalarini kontrol eden kontrol birimini
dizayn ebuektir. Tkisi birbirine bagimly, diferi ise bafimsiz
olmak Uzere g Tabla wvardar. Sistemin test edilmesi neticesin-
de agik cevrim yiksiz gartlarda 0,05 mm 1ik adimlarla 1300 mn/dak.
begleme hizuina kadar arzu edilen galisma gergeklegtirildi.

Kapali cevrim c¢aligtirmada motorlarin roteriarindaki salinimlare

dan doleyr arzu edilen iszlem elde edilemedi.

N RPN EL P, B [ SO S T I e 1T e o 2 IR T P
e gdpciicler: Dilgiseyarly Numerik Dontrol, Linser hareketd,
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CHAPTER T

TNTRO DICTION

1.1, General Information About Computerized Numericsl Conirol

(CNC) Systems

There 1s no doubt that Numerical Control (NCG) of Machine
Tocols has been the mostly spoken objective in the Produection
Pield, in the last 35 years. A gradual, disciplined approach to
the design of NC of machine tools, coupled with intensified sup-—
port from organized research, particularly with the rapid progress
in integrated circuilt technology has improved the quality of
design in this field. The concept of numerical control ultimately
extends far beyond the individual machine tool: it is a comprehen-—
sive Torm of organisation of interunal data transmission and
processing. The applicetion cof numerical control to machine tools
haes incressed the speed snd repetitive accuracy in production
congsiderably, and the potential consequences of this to the world's

productivity and economy are enor'mous[I]°

The rapidly progressing development of electronic componen-
ts has, as in other arees of automation, sitrougly influenced the
design of control systems. Thus new developaments in CNC are deter
mined extensively by the availability of new, very large scale
integrated components such as microprocessors and semiconductor
memeries. The influvence of the new technology is reflected in the

scope of functions available, as well as in volume and price of

el



the controls. Between the years 1966 and 1976 the scope of
functions in NC's was approximately doubled, the volume has heen

reduced to, a twentieth andé the price to a quarter(SP].

1.2, Historical Background of CNC Systems

The first attempts w0 cantrol machine tools numerically
were initiated in 1950's and since then, it has been considerably
developed. Today, there is a more general use of numerically
controlled machine tool and a rapid increase can be expected as

many more alternatives, in both price and facilities, are offered.

In a machine tool, when the relative positions of the work-
piece and cutting tool are deftermined by the information derived
from numerical values, 1t is said to be under numerical control.
The information which is called program is suitably caded fTor

storing on cards, paper or magnetic tape and once provided to the

system, Lt is carried out automatically, in a predetermined

sequence.
While making a workpiece on a machine tool, several
judgements of speeds, feeds, mathematics and sometimes, even tool

ion, were machine %ool operator's own respansibility.

configuia
Moreover he had to manufTacture the part by making intermivient
measurements to ensure that he did not remove too much metal.,
yith the introduction of numerical control, all or part of these
features are performed, by the coded instructions, much more
accurately, quickly end less scrap and rejects[I].

As with most technological advances, the sizes of control
unics decreane due to the evolutions in semiconductor field.
Also tapes and tape readers are gradually phased osut as interfacer

ad Ja

connected directly from computers by pass them,

Since Compuber Aided Manufacturing (CAM) has gained consid

o

rable importence, the menufacturing control system makes use of a

e



special NC machine (CNC) which receives its intsructions directly
from a computer. Because o conventivnol  NC equipment is incapable

of performing these tasks, a modified NC system is required. A CNC
sygtem uses a digital computer Lo replace some or all of the
logical functions performed by the conventional machine control

unit.

Since the development of the first mumerically controlled
machine tools in the early fifties, the inner structure and the
outside appearance of numerical controls have changed decisively.
Whereas, the first numerical controls were based on relays as the
logic components, soon afterwards transisbtors, and some years late:
integrated circuits were employed to cope with the ever extending
control functions. From 1972 onwards minicomputers were available
which were suitable for use in NC. Today, new developments of
numerical controls are being determined by the availabilisy of
inexpeasive highly integrated components, such as microprocessors

{HU J.
1.2.1 Computer Control Types of Machine Tools

There are mainly two types of computer control of machine
tools.

The {irst one is the Computerized Numerical Control, CNC,
which is an NC system where the dedicated computer is used to
perform s¢me or all of the basic NC functions for a single machine
tool (or a number of machine tcols if the total number of control-

led axes is small) in wecordance with control programs stored in

i
b
el
=
&

read-write memory of the computer.

Generally, the control and operating programs are read int:
the computbter via the tape reader and held in the memory. The
operating program is the logic of the control system which defines

the Teatures of the control, whereas the NC program is the set of

LD G IS



vele instructions which define the movements of the machine tool

RA], (WE].

e}

Tirst CNC Systems were equipped with minicomputers and core
memories, Today's CNC systems employ a microcomputer and semicon-
ductor memories as the central controlling wnit. This CNC, which
is often termed as a ”microprgcessor CNC", offers the manufacturer
the opportunity to produce the hardware at a reasonable price
independently the machine aplication such as turning, boring,
milling or punching. When the functions of the control are divided
over several microprocessors, the term’ "multi-microprocessor cont-

rol" is employed |SP|.

The second type of computer control of machine tools is
Direct Numerical Control, DNC, which is the vse of a computer to
Aistribute data to machine tool controilers in a mulitiple machine
t00l arrangement. The important difference between DNC and CNC is
the replacement of a dedicated computer by a larger computer that
| MT) .

menages many machines on a time-shared bagis [SP]

1.3. Design Problem of CNC Systems

The purpose in the design is the microcomputer control of
a machine tool table in a closed-loop system. In @ CNC machine
tool, tables should be able to follow any arbitrary path for
shaping the workpiece in any form. Generally in practical situati-
ons, these paths consist of some combinations of linear, circular,
elliptical, hyperbolic, segments or they are approximated to these
forms [BR] , [I].

Tinear motion has a great importance in the path following
ability of the cutting teol. This is the basic of the circular,
elliptical, hyperbolic, ebe. motions. It is pessible to obtain

ese mobions with a predetermined accuracy using piccewise linear



1
motion approximatioms[DAN} ,[SO],[CH].

In this worlk, the main purpose is to design a control unit
which controls the tables of @ machine tool., There are three
tables, two of them are dependent each other, and one of them is
independent from the others. The general block diagram of the

system is shown in Mg 1.1,
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Mg 1.1l. General block diesgram of compuber control

Microcomputey, that is used in this work is also designed
and constructed., More detalled information about the micrecomputer
is given in Chapter Il. The informations about hardware of the
designed system are given in Chapter TITI. In Chapter IV, the
software of the system is discussed. In Chapter V, results,

discussions ond recommendations cre Cxpr‘eﬁﬁed-

This work was initiated in the Tlectrical and FElectromic
Igineering Deparitment of METU, it is also supported by Electrical

and Ilectronic fnginewring Department of Trciyes University.

.



CHAPTER IT

MICROCOMPUTER - ALP 85

2.1, General

Fﬂicrocc)ww:uter is making an impact on every aspect of
our lives; and soon it will play a significant role in the daily
functioning of all industrialized societies. The basic structure
of the microcomputer is no different from any other computer.

In the 1960's, computers were accessible and affordable only to.

§-4

ar

fad:
g

e corpovations, big universities, and goverment agencies.
Becaugse of advances in semiconductor technology, the million-dollar
computing capacity of the 1960's is now available for less than
ten dollars in an integrated circuit called microprocessor,

A computer which is designed by using @ microprocessor is called
a microcomputer {GA]. The special microcomputer designed in this
led ALP 85.

thesis work is cal

2.1.1 Computer Technology

™n the last twenty-Tive years, semiconductor techn.ology
has undergone unprecedented changes. Integrated circuits (ICs)
appeared on the scene at the end of the 1950's following the
invenfion of the transistor. In an integrated circuit, an entire
circuit consisting of several transistors, diodes, and resistors
is contained on a single chip. Tn the early 1960s, logle gatles
Imovn as the 7400 series were commonly available as ICs, and the
Sechnology of integrating the circuits of a logic gate on &
single chip became known as dmall-Scale~ Integration (SST). As

miconductor technology advanced, more than a hundred gates were

a3
O

~

o

e



fabricated on one chip; this was called Nedium-Scale Integration
(MSI). A typical example of MSI is a decade counter (7490). Within
a few years, it was pessible 4o fabricate more than a thoﬁsand
gates on a single chip; this came to be known as Large-Scale
Integration (L3I). Now we asre in the era of Very-Large-Scale
Integration (VISI) and Super-Large~Scale Integration (SLSI).

The lines of demarcation between these different scales of integ-

ration are ill-defined and arbitrary.

As the technology moved from 55T to SL8I, the face of
computer changed. Initially, computers were bullt with discrete
logic gates (SS5I). As more and more logic circuits were built on
one chip using LST technology, it became possible to build the
whole central processing unit,(CPU), with its related timing
function on a single chip. This came to be known as the micropro-
cessor, and a computbter bullt with a microprocessor is known as a

1

microcomputer. This distinction may soon disappear, however, as
the computing power of the microprocessor approaches that of the
CPUs of the traditional large computers. Farly microcomputers
vere built with a 4 -bit microprocessor. Now a 64-~bit micro-
processor is being usged in some prototype computers. Even if they

are built with a microprocessor, it is meaningless to classify

them as microcomputers (Ga).

2.1.2 Microcomputer Organization

Figure 2,1 shows a simplified but formal structure of a
microcomputer. It includes four components: microprocessor, input,
oubput, end memory(read/write memory and read only memory) units.
These commonents are organiped around a common communication path

alled a bus. The entire group of components is called a system

a

O3

or & nicrocomputer system, while the components are called subsy-
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Tig. 2.1, Block diagram of a microcomputer,

At the outset, we will differentiate hetween the terms
microprocessor and microcomputer because of the common misuse
of these terms in popular literature. The microprocessor is one
component of the microcomputer. On the other hand, the microcom-—
uter is a complete computer similar to any other computer,
except that the CPU functions of the microcomputer are performed
by the microprocessor, Similarly, the term peripheral is used for

input/output devices; however, eccasionally memory is also included

in this term[GA), [BR).

N
N

Designed Microcompubter - ALP 85

The designed microcomguter is consbtructed on LTuro-card
format in which the dimensions are 100mmx160mm. It is an 8-bit
microcomputer based on the Intel 8085 microprocessor chip. It
has 2K byhes monitor stored in EPROM. 4K bytes RAM and 2K bytes
wPROM are available Tor the user programs. The microcomputer
uses Intel 8155 as input/output ports. Intel 8155 has 3 portss
2 programmable O-bit 1/0 ports and 1 programmable 6-bit 1/0 port.
The microcompuber has also a keyboard end 8 seven-segment displays.
lisplays are achieved by

The communications between keyboard and

sliia

uging Intel 8279 keyboard and display controller chip. An EPROM

hev)

nrogrammer and a magnetic tape interface are available on CPU card.

8-



The bleck diagram of the designed microcomputer is given in

Figure 2.2 [ECB].

' N~
S e

VAR VIRV,

8279 1 5085 —>{ 8195
- { Output
Keyboard K Gata Bus> Memore Inpu P -
Tand | ey nord [ /04 RAM
D:splay

TIMER
Controller Q U (T

Fig. 2.2. Block diagram of the ALP 85 microcomputer.

2.3, Components of ALP 85

The wvarious components of the microcomputer shown in
fMgure 2.2 and their functions are described in the following

paragraphs.,

2.3.1, 8085 MPU

The term Nicro-Processing Unit (MPU) is similar to the

term Central Processing Unit (CPU) used in traditional computers.
We define the MPU as & device oragroup of devices that can commu-
nicate with peripherals, provide timing signals, direct data flow,
and perform computing tasks as specified by the instructions in
memory. The unit will have the necessary lines for the address bus,
the data bus, and perform computing tasks as specified by the
ingtructions inthe memory. The unit will have the necessary lines for
the address busg, data bus, and the control signals, and would:
reguire only a power supply and a crystal to be completely functi-
onal.

Using this description, the 8085 microprocessor cen almost
gualify as an MPU, but with the following two limitatbions:

¥ - " b Ta g dm L g gy Y
1. The low-order address bus of the 3808% microprocessor is

Qe



multiplexed (time~shared) with the data bus. The buses need
to be demultiplexed,
2. Appropriate conltrol signals neeed to be generated to interface

memory and I/0 with the 8085 [IN],[LE].

The 8085 is an 8-bit general purpose microprocessor capable
of addressing 64Kbytes of memory. The device has forty pins,
requires a +5V single power supply, and can operate with a 3-Miz

aigle-phase clock. The 3085 is an enhanced version of its predeces-
> b T

<

sar, the 80804; its instruction set is upward-compatible with that
of the 8080A, meaning that the 8085 instruction set includes all
the 8080A instructions plus some additional ones. Programs written
for the 8080A will be executed by the 8085, but the 8085 and the
3080A are not pin compatible.
Pigure 2.3 shows the logic pinout of the 8085 microprocessor.

A1l the signals or signal ports can be classified into Six groupg:
(1) address bus, (2) data bus, (3) control and status signals,

) power supply and frequency signal, (5) interrupts and perip-

neral initiated signals, and (6) serial I/0 ports.

+ 5V GND
t = 4
™ . .
N Wl v, L I S B
- [ s sIX, Ny Ve Y
X [Z)e W) HOLD of Tl LNy Vee Y
RESIT ' S0 4 X M
RESETOUT [TF 3 1] HLoA A Ao ——
son (] 4 {7 cxoun) High-Order ,1
i ; Address Bus
sio ) 26§} RESETIH o>
g - ~ TRAP [ N
™ap ] 6 35 {7 READY a4 A
kST1.S (] 7 sl ok RST1S5 1
- RST 65 8
RSTE.s [ 8 ni s, A
§ — STSS 9
RST5 (7] 9 w7 R6 - sl 3
- D 1 wm w 19 .
INTR {1 1a sossa m {1 WR ] AD, -
IR o 3077 ALE 0854 Multplered 2
] - READY 13 Addiess Data 1,
Ap, ]2 9(7) s, A Bus
9y
Ap T #[7 Ay, AD, | 12 —
- — 0
AL, [T i 27 H] A L » ALE .
2
Ay ) is 1 Ay X
- 33 L
Ab, ] 16 310 A, S, 3
M 10§
Ay ) EmEY = - 10
o - n o
AD, ] iy M r:] A e RD
— o 1 s
ADy (T} 19 n{T] A, L WR
- 1tINTA
Ves {1 0 oA, RABOLL.
32 HLDA
[~ 4

A B

Pigure 2.3, Microprocessor pinout and signals.
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2.3.2, 8155 I/0 Ports-RAM-TIMER

The Intel 8155H are RAM and I,/0 chips implemented in
N-channel, depletion load, silicon gate btechnology (HMOS), to
be uged in the 8085A microprocessor system., The RAM vportion is
designed with 2048 static cells organized as 256x8. They have a
meximum access time of 400 ns Vo permit use with states in 80854
CPU. The 8155A has maximum access times of 330 ns for use with
the 80854 CPU.

The I/0 portion consists of three general purpose I/0 ports.
One of the three ports can be programmed to be stabtus pins, thus

allowing the other two morts to operate in handshake mede.

A 14-bit programmeble counter/timer is also included on the
chip to provide either a square wave or terminal count pulse for
the CPU system depending on timer mode. The functional black

diagram and pin configuration of 8155 is shown in Figure 2.4.
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ne 8155 contains the followings:

-~ 2K Bit Static RAM orgenized as 256x8,
~ Two 8-bit I/0 ports (PA and PB) and one 6-bit I,/0 port (PC),
- 14-bit timer-countern

The I0/M (I0/Wemory Select) pin selects either the Tive
registers (Command, Status, PAO_7, PBOM7; PCO~5) or the memory
(RAM) portion,

The 8-bit address on the Address/Data lines, Chip Fnable
input CE, and 10/ M are all leatched on-~chip at the falling edge

of ALE [IN].

2.3.3. 8279 Programmeble Keyhoard/Display Controller

The Intel 8279 is a general programmable keyboard and
iisplay I/0 interface device designed for use with Intel micro-
procesgors. The keyboard portion can provide a scanned interface
to a bd4~contact key matrix. The keyboard portion will also inter-
face to an array of sensors or a strobed interface keyboard, such
as the hall effect and ferrite variety, Key depressions can be
2- key lockout or N-key rollower. Xeyboard entries are debounced
md strobed in an 8-charecter FIFO. If more than 8 characters are
entered, overrun status is set., Key entries set the interrupt out-

put line to the CPU.

The display portion provides a scenned display interface
for LED, incandescent, and other popular display technologies,
Both numeric and alphanumeric segment displays may be used ag
well as simple indicators. The 8279 has 16x%8 display RAM which
cin be organized into dusl 10x4, The RAW can be loaded or inter-
rogated by the CPU, Both right entry, calculaltdr and left entry
typswriter display formats are pogssible, Both read and write of
the display RAM can be done with suto~increment of the display
RAM address. Iogic symbol and pin configuration of 8279 is shown

ES o

RN A TN ©
in Pleure 2.5.

[

Ny



b

RQ

Data
L e
SHIFT pe—
| KD
s ONTLSTH
e WR CNTLSTB femm .
cru
haterlace
»1 CS

Slan

T A
Reset

OUT B, , |-

CLK - r

I

0

T

<y

-
-
w

(&)

Key Data

Display
Dt

p—
RLy

w7

[ESERE

wro ]
w (]
N
m“[:J
&t ]
ReseT 7
Ko{
wR (]
o8, [}
o8, [
o, [
pe [
DB‘E:;
o8, [
e, ]

L]

Ve
T,
T

) onTust
) ot

St
NN
3 s,
SRNEN

[ Jout s,

wl[ Jours,

Joure,
—Jours,
| Jouta,
—JouTa,
I Jouta,
[Jour a,

[
e

e

(b)

woure 2.5. a) Logic symbol and b) Pin configuration of 8279

e

. . s e
Sipice the main purpose is not 1o design and the co

Ji’.f‘UC'{." onN

of microcomputer, these explenations abcut the components are
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encugh. More detailed snformation about these components can be

obtained in the meferences [IN], [BR|, [GA].

The printed circuit board, components, and a

CPU card are shown in Appendix A,
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CHAPTER TII
HARDWARE OTF THE DESIGNED SYSTENM

3.1, Purpose and Design Problem

Purpose of the design problem is the closed loop control
of machine tool tables in three dimensional linear moticn with a
microcomputer. There are three axis in the machine tool. In the

scope of controlling the machine tool, the % and ¥y

o

axes are dependend on ecach other while z axis is independent
from z and y axis. If the system is started to work, Firstly
axis value is given to the microcomputer and then the other values

are given to the microcomputer.

In the des vgqei system, the maximum dimensions of the
workpiece is taken as 100mmx200mmx1500mm in view of the available
achine t00l. The software can easily he medified for other

dimensions.

Machining the workpieces made of different materials
requires different feedrates. It is = reported  and found that
practically possible feedrate range is between 0 and 1500mm/min.
Therefore, in the designed system, a performance in this range
is sought [OR].

In the designed system, it is assumed that the smallest
linear wovement (one step) will be equal to the accuracy tolerance.
This accuracy tolerance is takea as 0.05 mm. In the system,
shepping motors are used to give the movements to tables, a ﬁead
serew ghould be used to translate the rotational movement of the
motors to linear movement of the tables. Stepping motors have

guantized angular movement cheractéristics, The smallest rotation



is the sgtep angle of this motor. Gear boxes will be emplayed to
obtain smaller step sizes. It is decided that the gear ratio must
be such that the tables make a 0.05 mm linear motion(accurracy

tolerance) corresponding to each step angle of the motors.

CNC machine tools can be controlled intd two ways;
(i) Point +to Point Control and (ii) Continous Path Control.

In point to point control, there is no functional relation-
ship between the movements along the different coordinates. This
group includes drililing machines, boring machines, milling machines
etc., It is further, divided into two sub-groups: Positioning cont-~
rol and Straight-line control; In positioning control, the tool
iz never in conbtact with the workpiece while the control moves the
slide to individual discrete points such as from A to B in Figure
3.1, A most typical example is the coordinate drilling machine.
in straight-line control, the tool is in contact with the workpiece
while the slide is moved aleng the coordinates. The motion is
however always parallel to one of the axes of the machine tool.

M example to this type of control is milling machine with traverge

tables which is shown in Figure 3.2.
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Figure 3.1. Positicning control Figure 3.2. Straight-line control

M continous path coutrol, there is a functional relation-
ship bebtween the movements along different coordinetes. Hence the
tool can be guided along 2 path of any desired shape as shown in
Pigure 3.3. A typical example is the profile milling machine[I].
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Figure 3.3. Continous path control

To achiwe this type of motion, continous control of the
slide positions is required. Moreover an interpolator or o curve
generator is included, which has two main functions to perform:

1. To interpolate beitween fixed data points or generate

a particular type of curve,
2. To resolve the feedrate into the component velocities

of the slides.

3.2. Principles of the Solution and Availsble Choices

3.2.1. Stepping NMotor

The characterictic property of stepping motors is the
stepwise rotation of the motor sharft. One revolution of the shaft
is composed of an exactly defined number of angle steps, which is
dependent upon the design of the motor. The step is the process
involving a rotation of the motor shaflt by the step angle. Stepping
motors are used chiefly in the area of control technology which
includes e.g. also office machines. For this reason, it only makes

sense to compare motors designed for the same tasks. This comprises

small rotating field motors, asynchronous motors, and DC motors.

In the course of the development of digital systems, shep
motors camne into increasing use. They are vreferred because Luey
gxhibit the following combination of the follewing characteristics:
1. Positioning accurate to cne step without Ffeedback, by imposition

of a definete number of control pulses

] B



2, High torque at small angular velocities,
3. In the stationary state with excitation, a high holding torqgue

which causes self brake action.

In most cases, problems incurred in the use of step motors
nave been of dynamic nature. A step motor may be described with
good appoximation as a linear system of second order with oscil-
letory behavior. This system is modified by the coupling of exter—
nal inertial and load moments. As for all drive types, this gives

rise to three essential problem areas [BER]:

1. Start problems,
2. Brake problems, -
3. Oscillation problems.

~

The siepping motors cam be classified in three cathegories:
Permanent Magnet Stepping Motors, Variable Reluctance Stepping
¥Motors and Hybrid Stepping Motors. In general, hyhrid stepping
mnotors are more efficient and are available in higher power models.
Also they have lenger detend torque (the maximum steady torque
that can be applied to the shaft of an unenergized stepping motor

without causing continous roteation) than the others.

A hybrid stepping motor has a permanent magnet mounted on
the rotor. The main flux path for the magnet flux, shown in
Tigure 3.4., lies from the magaet N-pole, into a soft-iron end
cap, radially through the end-cap, across the air-gap, through
the stator poles of section X, axially along the stator back-iron,
through the stator poles of section ¥, accross the air-gap and

back tc the magnet S-pole via the end-cap.
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Figure 3.4. Cross-gsection of a hybrid motor parallel to the shaft.

There are typically eight stator poles, as in Figure 3.5,

and each pole has bhetween two and gix teeth. The stator poles are
also provided with windings which are used to encourage or
discourage the flow of magnet lux through certain poles according

to the rotor position reguired. Two windings are provided and
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Tigure 3.5. Cross-sgection of a hybrid motor perpendicular to. .
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each winding (phase) is situated on four of the elght stator poles;
winding A is placed on poles 1,3,5,7 and winding B is on poles
2,4,6,8. Succesive pcles of cach phase are wound in the onpoglte
gense, e.g., 1f winding A is excited by positive current the resul-
tant magnetic field is directed radially outward in poles 3 end 7,
but radially inward in poles 1 and 5. A similar scheme is used for
phase B and the situation for the whole machine is summarized in

Table 3.1,

Jinding Current Direetion of pole  magnetic field
Direction Radially outward Radially inword

T e IR R

A Positive 3,7 1,5
A Negative 1,5 3,7
B Positive 4,8 2,6
B Negative 2,6 4,8

TABLE 3.0, Pesition pole magnetic field.

Hyb;ld motor is & natural choice for applications reguiring
a small step length end high torque in a restricted working space.
Therefore; in the designed system, hybrid stepping motor is
selected., The step angle of the selected hiybrid motor is 1.8° and
it is 2-phase fMll-step hybrid motor. Characteristics curves of
the hybrid motor wre shown in Tigure 3.6, and some specifications

are given in Table 3.2 [AC), [OR].
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\ - Current 8 ; Toroue| Resistance] Inductonce
Motor Type | Voltage por phase Holding ! bar ohose| per prase

Single shogt Vs /\/pha:se 0z-in | AN-cm ohm/,oham mH/thSe

PH265-03 1 24 0-21 583 | 41.2 114, 14.4

F

Rotor inertia : 0.6 Oz-irf (410 g-cm?) Weight : 1.2 [bs (054 k9)

Table 3.2.Specificationsof PH 265-03 stepping motor.

3.2.2, Irive Circuit

The control signals for a stepping motor system are
Invariebly low power, e.g, TTL digital integrated circuits provide
5V at 18 mA, whereas a typical variable-reluctance stepping motor
giving a torque of 1.2 Nm has a rated winding excitation of 5V and
3A. Therefore if the drive circuit is based on conventional bipolar
junction transistor switches, the controller must be interfaced to
the motor via several stages of switching amplification[AC].

There are two types of drive circuits:

(i) Unipolar Drive Circuit and (ii) Bipoler Drive Circuit.

3.2,2,1 Unipolar Drive Circuit

A simple unipolar drive circuit suitable for use with a
three-phase variable-reluctence stepping motor is shown in Tigure
3.7. Bach phase winding is excited by a separate drive circuit,

which is controlled by a low-power phase control signal,
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wgure 3.7. Three-phase vnipolar drive circuit.
(oo freewheeling current path),
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This control signal mpy require several stages of switched
amplification before it attains the power level required at the

base of the phase transistor.

The phase winding is excited whenever its switching tran-—
sistor is saturated by a sufreciently high base current. Under
these conditions the full d.c. supply voltage is applied accross
the seriesz combination of phese winding and forcing resistence,
since the voltage drop across the saturated transistor is small
(typically 0.1 V). The d.c. supply voltage (V,) is chosen so that
it produces the rated winding current (I) when applied to the

~

i
total phase circuit resistance, which is ecual to the sum of the

phase winding (r) and forcing (R) resistances:

U, = I(r+R) (3.1)

In general the phase winding has a considerable inductance,
s0 its natural electrical time constant (IL/R) is long. The build-
up of phase current tc ibts rated value would he too slow for
satisfactory operation of the motor at high speeds. By adding th
foreing resistance, with a proportional increase in supply voltage,
the phase electrical time constant can be reduced, enabling

operation over a wider speed ronge.

Mother consequence of the finite phase winding inductance
i that the phase current cannot be switched off instantancously.
If the base drive of the switching transistor was suddenly removed
a large induced voltage would appear between the transistor
collector and emitter, causing permsnent damage to the drive

ircuit. This possibility is aveided by providing an alternative

c
current path-knovn as the Trcewheeling cireuit--for the phase

current. When the switching trensistor is turned off the phase
eurrent can continue to flow through the path provided by the

5 . : AR Y ey N
freevheeling diode and freecwneeling resistance,

e



delivered to the load. Stepping moter drive circuit accepts
gsequence signals Trom sequencer and converts them to the proper

format for driving the motor windings.

Since the motor rotates in response to a changing pattern
of interactions between the rotor magnetic field and the stator
magnetic field, a segquencer which creates the proper sequence
should be designed. The oubtputs of the sequencer wWill be the
inputs of the drive circuit. The sequencer is explained in th’

following section.

In the designed system, a maximum of 1500 mm/min feedrate
is desired. This corresponds to 500 steps,/sec or 150 rev/min or
2.5 rev/sec. The stepping motors used in the system have 1.8°
step angle. This means 200 steps per revolutiom. That is, one
revolubion of whe motor will create 200%0.05 mm(=10 mm) linear
motion. The designed drive circuit is shown in Figure 3.9 satisfy

the system torque and speed requirements [BRE
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The phase current if is established at its rated wvalue

then the maximum voltage (V

[o wox ) across the switching transistor

pccurs in the instant after the transistor switch is opened. The
current (I) has not started to decay and flows through the freew-
neeling resigtance (Rg)r so the maximum collector-emitter voltage
(neglecting the forward voltage drep across the frewheeling diode)
ch, Caw o Vf; +R\?I (3.2)
The phase current therefore decays in the freewheeling
circuit and the magnetic energy stored in the phase inductance at

turn~off is dissipited in the freewheeling circuit resistance

(winding+forcing+freevheeling) resistances [AC), [04], [OR].

3.2.2.2, Bipolar Drive Circuit

Cne phase ¢f a transistor bridge bipoliar drive cireuit,

-

pitable for use with a hybrid or permenent-magnet stepping motor,
is shown in Figure 3.8. The transistors are switched in pairs
according to the current polarity required. Tor positive excitation
of the phase winding transistors Tl and T4 are turned on, so that
the current path is from the supply, through transistor Tl to the

phese winding and forcing resistance, then through transistor T4

i~

yack to the supply. In the opposite case the transistors T2 and
73y are bturned on so that the current direction in the phase winding

pe

ia reversed.

The four switching transigtors in the bridge require separate
base drives Lo amplify the two (positive and negative) phase control
signals. In the case of the 'upper' trausistors (1T and T2) the
nase drive must be referred to the positive supply rail, which
may be at a variable petential. Tor this reascn the phase control

gignals to these upper base drives are often transmitted via a
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Figure 3.8, One phase of a tramsistor bridge bipolar drive circuit
(o freewheeling current path after Tl and T4

turn off).

A bridge of four diodes, conmmnected in reverse parallel

with the switching transistors, provides the path for freewheeling
currents. In the illustration of Iigure 3.8. the freewheeling
current path, via diodes D2 and D3, corresponds to the situation
immediately after turm-off of transistors 1 and T4. The free-
wheeling path includes the d.c. supply and therefore some of the
energy stored in the phase winding inductance at turn-off is
returned to the supply. The consequent improvement in overall
system efficiency represents a significant advantage of the
bipolar bridge drive over the unipolar drive and for this reason
most large (greabter than 1%%) stepping moters, including

variable-reluctance types, are operated from bipolar drive (NG ;ACL

Tn the designed system, unipolar voltage drive cireuit is
selected. This is a simple method of driving stepping motors.
However, this type of driver with selected component values
can give the required torgue end the speed of the designed system.

1% design is one of the most importent aspects

of a sbtepping motor system. The ove srall system performance is
heavily dependent upon the deive system, not only on the power

Ny



3.2.3. Sequencer

The sequencer creates the proper sequence and pattern of
states in respanse to a serisl pulse train. WNicrocomputer genera.-
tes this serial pulse train and +his created proper sequence
{(by the sequencer) is fed to bhe drive circuit to make the motor

rotate,

A sequencer has two inputs and four outputs. Its inputs
are the direction and the pulse inputs. OV or 5V is given to the
direction input to determine the direction 0f the motor rotation.

4

Each mulse given to the pulse input makes the motor rotate one
step in the detsrmineddirection. The cutputs of the sequencer are
used in switiching of the drive circuit +to energize the windings
in proper sequence. The designed sequencer circuit and 1ts output

waveform are shown in Figure 3.10 [mal
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Figure 3.10. b) Oubtput of sequencer

3,2.4 Posdition Tramsducer

4
7
Py
4

Position transducers are explained incremental and

I
<
G.

absolute devices separately.
I

3.2.4,1 Digital Incremental Position Transducers

The digital methods of controlling machine tools depend
upon the generation of a series of pulses by the moticn of the
table., These pulses are generated either by rotary or linear

position tramsducers,

In Tneremental Rotary Devicesm, electromechanical methods,
using springs or brushes to sweep the conducting and nonconducting
areas on a disc, for scanning are rarely used nowadays because
of their tendency to feully operation. The most common method of
generabing electrical pulses is by the variation of the intensity
of light felling on a photocell. A disc called digitizer, having

equally spaced, alternate apague and anaparent segments suits for

this purpose 2 ghown in Flgure 3.11a. The digitizer is placed
between o Light source end a photocell in which a flow of current
ig induced, =ag shown in Figure 3.11b.
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Mgure 3.12. Thotocells and their outputs;
a) Positioning of two photocells,

b) Outputs of photocells A and B in clockwise rotation.

¢) Outputs of A and B in counter clock wise rotation.

Another way to determine the direction of rotation would
be to code the digitizer specially and place the photocells as
shown in PFigure 3.13, In clockwise rotation after they are both
illuminated, A will close while B receives light, whereas in

opposite direction roth will be dark, as illustrated in Table 3.3.

A

Miegure 3,13, Coded digitizer,
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Thus a logic circuit tay easily detect the direction of

rotation.

Clockwise rotation : Counterclockwise rotation

A B

ol da darts PRSI S STw )

1 1

us)

I P
i__'l

c O
o

1:71Tuminated

0 0
O 1
1 1 O:dark

12
[

Table 3.3. Photocells cccording to direction of rotation.

In incremental Linear Devices, it 1is again not

practical to use electromechanical (by Dbrushes and

seguents ) or  inductive scanning for sall

'displacement elements-”ﬁﬁ”, which is the casc in machine %ool
practice. Therefore uncoded linear scales are best scanned by
photoelectric means either by transmitted light method or reflec—
ted Light method.

In the first method a linear scale, consisting of a glass
plate upon which a number of equispaced lines are engraved, is

Tfixed to the slide with a Llight source and a photocell on either

-4

side. Ths number of lines debtermines the accuracy obtainable and
the process is similar to thet of a rotary system. Another possi-
Dility is to dintroduce an avxiliary grating and making use of

Moire Fringes to devermine the passage of lines more easily.,

As ditlustrated in Figure 3.14, the lines on both gratings

are spaced by AS, and rotation of the auxiliary grating by "3"
produces a ¥oire Tringe Pattern. One of the gratings is Tixed
K

while the other is counected to the slide. Depending on the

direction of motion of the machine slide, the fringes will appear



Photocell

Pgure 3.14, Moire ¥ringes with an ocuxiliary grating.

to move either upward or downward. The intensity of light seen
by the photocell will vary sinusoidally, as the gratings sre
moved relative 1o each other, The sinusoidal ocutput of the photo-
cell is either counted directly or a phase comparison method

-

may be used to determine the distance travelled.

The reflected light method bears the same principle, with
the difference that instead of a glass scale 1t utilizes polished
gtainless steel scale on which the 1light is reflected. Th-ugh
this method has the advantage that the easily broken, dirt
attracting glass scale is avoided, it requires a complicated
optical system. In eddition to that it has a less optical resolu-

tion, due to the increesed spacing of the graduations for

relisble operetion!I).

3.2.4.2 Digital Absolute Position Transducers

Mo measure the position absolutely relative to a predeter-

-

mined datuon on to the incremental grating tracit with

=

-
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the 2 wAS gratving, Turther tracks with binary gratings

&

. " . | .
”lXAS, 2mAS, 23Kﬁ§ etec., are introduced., However, each track is

[

M2

considerced separately and sconned by different scenmers. Again
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photoelectric scanning is fcund to be more suitable due to the

sly stated reasons.
In absolute rotary devices, the digitizer disc may be

constructed to give a binary cutput. It is then said to be encoded.
shows segments that will give

The subdivision

the decimal digits

Pigure 3.15
O %o 9 in the binary code. A5 of the disc deter-
resolution obtainable. Errors in the scanning of the

ad b

R L.
mines wne

Gf‘ay

Binory

igitizer and b)Codes.

ancoded disc ax le due to slight miselignment or %o the
the disc comes to rest, with the scanner

on an edge potition . An alternative scen may be used with two
sets of photocells displaced on the disc, the two oubtputs being
sorted out by logic circultry.

Several alternstive codes may also
be used, of which the Gray Code ig popular as shown in Tigure
tion point for each

code there is only one tr

ansi

1.15h, In this

of digit.

477

chang
are elther made by increasing the number of
employing precision gearing inm their comnection to

tracks and
4 ! -y SO SN S . o o~y "
the appropriate elements (however scenning becomes more complex
: : de A e - NIy aee PP el
and expensive) or conmected to each other by gearing as shown
N o . . o I
. . - Fa oy pen o oy s ey W - 4 N
in Pigure 3.16 and zonal gcanning 1S used | T].



Zonal.
a: Code discs

Pigure 3.16.
ag in

In the abolute linear devices,

af the mechine slide directly,

to determine

coded linear sc

Drive

scanninw of binary coded discs;y
Figure 3.15a,
b Gearing w1th 1:10 ratio.

the position

ales are desirable,

However the cost of producing these scales is very high due to
the following reasons:

a) displacement elements "A3" are very small,

) large number of tracks sre raquired,

¢) precautions arc neseded to ensure accurate scanning, ete,

In the designed system, because of

incrementel digital position transducers

As previously expleined
b4

sequencer, It should

tion from position transducers. There ave

they are taken from x,y, and z

the table

mation,

e informed about whether

in the negative direction in any

signal.

a
feedback

tronsducers which

The position

inforonation into voltage F&rm using
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(one direction snd one malse signal) for each motor
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three positional infor-
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takes hits

totally 2

the positional
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1(0V and 5V). It is an incremental transducer., It also gives the
direction of the movement, The physical position values are deter-

mined by software counts of taken incremental values.

In general, the wmémg of stepping motors may be adjusted

to different impedance levels to Trade voltage for current.
Rising rate of current in a winding is proportional to V/Im, so
that higher voltages will yield better high-speed performance

merally. It is not unusual for the source voltage for pulse
initiation and termination to be 10,20 or 30 times the steady
state motor voltage. There are some methods for control of this
'overdrive' voltage so as to limit steady state current to correct

valuel[0Z).

As mentioned eariier, the control system is dvujpnod for
lineér motion in three dimensions. The systen programs are written
for this purpose. Motion along any counter can be traced by
guitably dividing it into lincar sections and a master program
cen bhe written to do this. Kote that such & master program will
require additional memory space and care must be taken so that

1

bhe additional calculations can bhe done in the available interval,

The Llinear motion between the given two points can be
Ltraced in diffsrent manners, The point to point control method

is selected, This is one of the reliable and simple methods,

In this method, at the heginning point of the motion,
one sbep is taken in the X direction, then the calculation is
done to find the corresponding Y coordinate and this y coordinate
is vuached by taken steps in y direction. Vhen this y coordinate
for the physical (actual) x coordinate is obtained, cne more step
ig haken in x direction. This continues wntil the destination

point is reached., As it is rvoticed, only one directional motion

k 5 Q) P I ETERCE Ay O B s 2 e s Y
vevement in 1 direction 1s always one step. This corres



ponds bto the accuracy tolerance as explained earlier. If the
calculated y coordinate for the physical x coordinate is mnot a
multiple of 0.05 mm(one step), then the largest of the multiples

of 0.05 mm which is smaller then this y value is taken.



CHADTER IV

SOTTWARE OF THE SYSTEM

4.1, Software Specifications

Togic of the system software is as fallows:

The coordinates and feedrate are entered from keyboard by
the operator in the decimal form which are converted to the hexude-
cimal form and so, all the operations and calculations are done
in this form. The entered date, coordinate or feedrate, which is
not permissible for the system is not accepted by the software.

The coordinates of the line bvefween the given two points is

determined, its parameters are calculated. The delay routines
are adjusted by the entered feedrate %o moke it possible to

achieve the required pulse Irequency which is given to the control
circvits of the motors. This pulse frequency determines the speed
of the motors and, indirectly, the feedrate. Therefore, this pulse
frequency is obtained by adjusting the delay duration through
which microccmputer passes in the locp.The microcomputer takes
the physical (actual) positional data from position tronsducers
and compare them with the ideal ones which are calculated Ffrom

the linae equation and determines the control signalsg for the

rotations of ths motors [D4)

4.2, Bassic Punctions
The four basic arithmatic operations, addition, subtrac—

ticn, multiplicetion end divizien are used in the system software.



Dince they are used many Utimes in the system progream,they are
developed and organized as subroutines. Three subroutines are

written for these four basic arithmetic operations. These are:

ADDSUB: This subroutine performs the addition of two 3 byte
length signed binary numbers to give a result of 3 byte length
signed binary number. If the second number has a minus sign then

the operation will be the subiraction.

WULT: This subroutine multiplies the two 4 byte length
signed binary numbers., As a result it gives a 4 byte length signed

binaxry number,

DIVI : This subroutine divides a 2 byte length binary
nurber o another 2 byte length binary number, The resuft of the
division consists of 4 bytes. Right most 2 bytes give the
fractional part of the result[T]

YD

4,3, Main Program

Since the programs related to scme system functions are
written as subroutines, the main program generally is constituted
of calling some subroubines. As it is seen from Tigure 4.1, at
the beginning, the main program calls COORD subroutine for
accepting the beginning and destination point coordinates.
Calling %the subroutine EPEZED mekes the enference of feedrate
posgible. The subroutine PARAM calculates the line equation
perameters. Ideal Y- ceoordinate is calculated by calling the
subroutine YID using the line equation paremeters. The output
from amicrocomputer to the control circuits of the motors is
done by calling the subroutine OUT. Transferring the positional
informaticn from potision transducers to microcomputer is done
by the subroutine INPUT. The determivation of whether the entered

destination point is reached or not is done by the subroutine OKEY.
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If the destination point is reached then the sudbroutine BITTI
indicates this by displaying "Bitti" on seven segment displays.
Otherwise, the main program calls the subroutine YID once more
and goes on as it is seen from the {bwchuf{ in Figure 4.1.

In the following sections, brief flowcharts and explanations of
these subroutines are given. The main program and these subrou-

tines written in Assembly language are given in Appendix B.

A.4. Subroutines

In this section the subroutines called by the main
program will be considered one by one, Thelr logic and flowcharts

will be given in the simplified form (DA) .

The

L’J

se subroutines are: COORD, SPEED, PARAM, YID, OUT,
N, OKEY, BITTI.

4.4.1. COORD Subroutine

This subroutine makes possible the cnterence of the beginne-
ing and destination point coordinates of

(X4,Y4) and

the linear moticn,
{(X2,Y2), respectively, from the keyboard. First "HI="
is digpleyed on the seven segment displays which is corresponded
ahoult 7 awxis, Z-axis is independent of X #nd Y axes. The data is
entered to microcomputer in decimal form. After enterence of data

> eonverts this into hexadecimal

-

in decimal form, microcompule:

form. The flowchert about this subroutine is shown in Tigure 4.2,

4.4.2 SPEED Subroutine

Tike the subroutine COORD, this subroubtine makes the ente-
rence of feedrabe Trom the keybosrd possible. As explained before,
does not accept the feedrate values which are out of the renge
of “the system. IT the snbtered feedrate value is in the permissible
renge, i.e. valid date, then this entered Jecimal data value is

w30 e



converted into the hexadecimal form as shown in TFigure 4.3,

Thig subroutine also adjusts the variables of delay routines,
These routines  are adjusted  according  to  the entered
feedrate volue, They adjust time delays between the pulses given
to the motor control circuits to get the desired speed of the

»

motor,

4,4.3 PARAM Subroutine

This subroutine calculstes and finds the slope and
constant term of the line eguation on which the ideal motion
takes place. These two calculated values are used in the subroutine

YID., Its ¢lowchart is given in Figure 4.4,

d.4.4, YID Bubroutine

Since the system iz o closed loop control system, a
Teecback is taken from the position of the table and sccording
to this feedback new decisions are done. In system, for the

&1,

whysical {ectusl) X coorcinate, the desired Y coordinate should

e

be kmown. Subroutine YID calculates ideal v coordinate (YID)
for eny X coordinate valme IT uses the slope (M) and constant
Term {(Y{-MsXT) of the line, on which the ideal motion tekes
place, which is celeulated in subroutine PARAM. The flowchart

of YID ds given in Tgure 4.5.

A% the control of the motion, after the comparison
Detween the physical and idesl coordinates, some pulses should

by o

e prodvced to the mobor control circuits. The main aim of
this subroutine is to produce these pulses. Dach palse given

U e - IS VP« S S, F gy e - PR R ¥ R Aoy T . .
to the pulse dnput of the segueacer malkes the motor btake one

40
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step in the determined direction by the sequencer direction input.
For a given x coordinate, this subroutine compares physical (YAC)
and ideal (YID) y coordinates. As a result of this comparision,

it generates the required'pulses to the motor control circuit to
make the physical Y. coordinate equals to the ideal VY coordinate.
If they are equal, then it brings the x coordinate to its next

value. The flowchart of this subroutine is shown in Tigure 4.5.

4,.4,.6 THNPUT Subroutine

In the closed locp control system, a feedback always
exigts. The purpose of this subroutine is to produce this feedback
30 that the ideal position of the table could be continuously

hecked with the current position defined by subroutine OUT. It

Ry

@]

takes positionel data input from position transducers and deter-

o]

mines which data is from which transducer, By vhe use of this

.

obtained incrementzl nositional data, absolute vhysical z-coordi-
Ey § L !

nate (LAC) and VY coordinate (YAC) are gbtained as showm in

4,4,7 OXKEY Subroutine

Thiz subreutine determines whether the destination point

of the motion is reached or not. It sets the variable O00KEY to
1 4f it is reached, to 0 if not remched. This variable is checked

in the main program to see whether the destination point is

4

reached or not. Its Tlowchart is given TIigure 4.8.

This subroutine displays "Batti® on the seven scgment

Vienlays to show that destination point of the motion is resched,

i

P

THs flowchart is shown in Flgure 4.9.

=
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CHAPTER V
RESULTS, CONCLUSIONS AND RECCMMENDATTONS

5,1 Testing of Mobtor Operations

Sequencer and drive circuits are connected to the stepping
motor to Test the motor operation. A square wave genarator is
Then used to get different rotational speeds. This is achieved
by changing the frequency of the applied signal. It is observed
that any rotational speed between 0 and 500 steps/sec can be
reached. After this, starting and stopping performances of the
motor ot these speed values are also cbserved as shown in Figure
5.10.In order to find out whether the mobtor loses any step or not,
the sequencer is excited by different number of pulses at s
predetermined frequency and corresponding rotation of the motor
is observed. Trom these ftests, it is seen that for the speed
values up to 400 steps/sec the motor does not lose any step oS
shown in F.‘BLJre 51b.

0: Mox. eperating torque.
1 Mox. stact/stop terque without

; inertial load
inertia odd- I .
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5.1 Btarting and Stopping Performace of Motor
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However, for higher rotational speed values the motor may lose
gsome gteps while starting or stopping it. It should also be
pointed out that these tests are carrvied out with an insufficient
voltage and current values so that the drive cicuit is operated
under its nominal current and voltage ratings. Its reasson was

.

the nonexistence of a well regulated dc power supply.

It is expected that the higher start-stop speed rates

¥

be attained without losing any step if the drive circuit
could be fed at its nominel ratings. On the other hand, it would
be better o use higher voltage and current rating switching
transistors to improve the performence, or the VMOS power field-
effect transistors.
During the operation of the motor, its winding voltage and

current waveforms are observed as shown in Figure 5.2.
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AL the beginning of each pulse, there is a damped oscillation
in the winding voltage. This shows that, at these points there
ig a mechanical damped oscillation in settling of the rotors,
which ig8 a knovn problem of stepping motors{AC},[FI]. These
tests are done an no load conditions. When it is operated on
load conditions, these oscillations would be more dominant. In
future work, to reach higher speed vealues this fact should be
taken into account. This will require a more sophisticated drive

circuit.

5.2. Testing of the Linear lotion

When the beginning and destination point coordinaetes and
feedrate are entered to the microcomputer, it generates control
pulses to the sequencers for x,y,z directions. In the first
stage of the test procedure, the motor is connected to the gystem

a

o control the motion in x direction end x component of the linear

motion is observed. Tor the second stage, the above procedure is

repeated for vy direction and y component of the linear motion is
cbhtained.

5,3, Conclusions and Recommendations

-

in this thesis work, microcommter control of Linear
a1

motion of the table of a machine tool is designed, construcled

and Tested with the aovailable facilities.

eelory operation in open loop on no load
conditions is obtained up to 1300 mm/min feedrate in 0.05 mm.
steps. In closed loop operabtion, due to damped oscillation of
the motor's rotor the desired operation is not obtained,

.
- oy o e

: . g pn 3 e g b e P e ; . PR TR T a9
weom the above discussions it 1s clear that by carrying

L

cut sema medifications, whe closed loop performence of



This work shows that such a control system can be designed
and implemented to satisfy the design specifications. However,
improvements in the drive circuit is essential., The sofiware of
the system, on the other hand is quite flexible therefore is
suitable to be used as a building block in a more sophisticated

control environments.

A master program which converts any given path into linear
segments can also be written.Once the path is subdivided into
linear segments,the software developed here can be used to fodlow
these linear contour segmenis and ithereby permitting complex con-
tours to be followed.,ALP 85 microcomputer EPROM memory region can
be ¢xpanded with ease to store this master program,

The followings are recommended for future work on thig

- Oscillations of the rotor should be either electronically
or mechenically damped for a reliable operation.

- A master program which converts any given motion path
into linear gsegments should be written.

~ BPRECM memory region of the ALP 85 microcomputer should
he expanded to store master program.
Switching transistors can be replaced with VMOS field-
effect trensistor to improve the religbility of drive
circuit,

~ Thig work should be completed by fitting the system deve-
Topad here to a proper machine tool. Some electrical and
mechanical problems probably will arise when the overall

systen 1s operated with closed loop control strategy.

These problems may he solved within vhe scope of another

rasaprch work,

N S I 2. B ISR T SR I S T PR W ] N
Operatidg instructicns of the systen are listed in
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3050/68885

[FCRR NI,

20

21

27

36

HACHD ASSEMBLER

Ays
ANVEIN
ANYAZL
Uny

ANRALS
HATN

......................

.................
..............
..............

.................

.............

...............

----------------------
......................
-------------

......................
......................

.....................
...............
.......................
.................
......................
..................
......................
----------------------
......................
...............

......................

----------------------
----------------

..................

: ND OF EAIN PROGRAN
ADDSUB SUERGUTINE
A0DSUB

.............

nnnnnnnnn
.............
----------------------

----------------------

SOURCE STATERENT

s SYSTEM PROGRAM

HATH MAGHINE TOGL GONTROL
PROGRAN TN THREE DIKENSICGNS

(800H
DSAGH
G701H
07BCH
(5C9H
01GTH

5F, EOBOH

A Fs
EIH
COORD
SPEED
BASLA
A,k
{FH
LOEEDL
ANA
PARAN
FAH
OFH
{B36H
tROOH
18344
1BO3H
{8321
YID
OKEY
SOBE
ouT
[HPUT
LOOF
BIITI

CALL CHECK

L1
HOV
AN1

s
142

H, BOEH

[iN!
o

~
u

(iR

LET H, IBYIH

HOY

fi

g

M
oH

COHF

8

58

40
6!

o
b2

63
bl
65
b
b1

b9
10
71

i

75

74

93
4
85
Bs
b7
48
9
g0
91

-
L

93
94
b
51
95
79
100

- (0~

.......................

-----------------------

.......................

Cheacer iy veves
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
LEAVE

EAVE i
.......................
.......................
Gonp

R A N T R R R NN B A AR )
.......................
...... Cereirai e e
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
.......................
............... Craareas
.......................
.......................
.......................
Crecveaa peiriasaai
.......................
CHECK

ks Nio) L A A A I R
.......................
.......................
.......................
....... Caieeaareaanes
S‘S .

S50 Crieens
.......................
e r e cis e
Chasriaeiaaereraas saas

................

.......................

.......................

.......................

.......................

nnnnnnnnnnnnnnnnnnnnnnn

MODULE PAGE |

SOUKCE STATENENT

PUSH D

PUSH H

LHLD 1BOFH
LDA  1BOEH
HOV B,A

LbA  1BLH
DaD D

SHLD 1BI2H
G B

STa IB14H
AND - BCH

JZ  LEAVE
LI H, 18144
CALL  COnp
FOP
POP
FOP
CX
DCA
HOV
Cria
D1
Hov
K H
10V
G
ACL 00
Hov o H,A
I H
HOV M
CHA

=2 oo =i « s i v o of

ACGL OOH
ORI BOYH

OV H,A

RET

LXI H,1BOCH
CALL S8

LXI H,1BOFH
CALL S8

RET

HOV A M

ANA A

A,



3080/8085 MACRD ASSENBLER ¥ODULE PAGE 2

LINE SOURCE STATEMENT LINE SOURCE STATEMENT
101 vveinserorannsennnines RET 151 SHIFT 2 MOV ALH
102 . 157 e seaiiirer s RAL
103 ; EHD OF ADDSUB ’ 5% DU NOP
104 . 1 IR MOV M, A
105 MULT SUBROUTINE 155 e mx A
106 156 irriereniininreneinnns MOV A,M
107 MULT LOA  1BA3H 1 AU RAL
FOB  vrvrssernirennsnsssiens ANL 0N 198 vivireiarn i MOV M,A
109 4t ereeinrenrneeinnnnes MOV G, L I RET
L0 vererenseeeriananaess LDA  1BATH 150 UM viiiiviriinieanas FUSH B
LS BT AN1 - BOH 1 DR LHLD  1B40H
T2 0o irinreinrennases XRA G 182 ivnrsiiiinaii i GHG
113 v vererreiisveennnnnes MOV €A 1% U LHLD 1B48H
ST R DA 18434 1 DTSRI DAD D
115 e eeearsserenaraens ANl TFH 155 i vvssennnnenceerninns SHLD  1B4BH
HI vivvnvvvnnsnnnins e STA 1E43H 1 U 6 CAR
E1T s eesiriecninnnanes LDA  1647H 1Y AU CALL REPEAT
[ET: B fHT TFH 168 v e e SHLD  1B4AH
R A STA IB4TH 109 vvrirer s FOP B
120 vseeesinennsnessanesnns 1LX1 H,1B4BH FT0  vavereennnnnninereneins HET
120 vvviennnnnes i SUB A 171 CHR . CALL REFEAT
. I KOV M, A [ S verssree  INKOH
123 .ovis i X H K U SHLD 1R4AH
126 4 eivnssiresissesnainees N M, A N7 U POP B
125 aenserrsirineranaeninn XX H _ ET5 v eaans RET
25 v rsrerserineeiaierins KOV ML A {174 REPEAT . LHLD  1B42H
b3 INKH I XCHG
28 virrsennnnasernioins MOV M4 L1 D LHLD  [B4AH
[F L B ¥Vl B, 208 UL DAD D
130 STAK: LXT 4, 1548H B0 v eveseiriniiicnanians RET
[ B CALL SHIFT 18t
132 oo e LX1 H, iB44H 187 (END OF HMULT
K IR CALL SHIFT 163 :
138 osiriianrriirsaniiaenes ING GONT 184 DIVI SUBROUTINE
135 reieseeeinineeraeriies CRLL S 195:
135 CONT DGR B 185 DIVI LHLD  1B18H
K A WZ o STAR 187 o vesirenvriieicenienes XCHG
KL IR LA 1RARY 1 S LHLD  IRICH
139 e er i eeinr e eaans OfA € 189 4 uvrrrs e areriieaens HOV C,L
140 4uuas, sereressriaaneess STAIBABH 190 v hiv e eiar i er i KOV B,H
X T N RET L B LXI H,0000H
147 SHIFT MOV ALH 192 .o, e CALL DIV
143 oaiiiireaens e ARA A 193 4ttt XCHG
LT BT er et i s RAL LT B ervs GHLD 1B2AH
L RO OV M,A L I LHLD 1BICH
PG oviieins e INX H 196 v0iiis i MOV G, L
147 SHIFTL . BV £, 4 197 st ien e HOV B,H
R v et RAL L7 R LX1 H,C00CH
L I L HOV A L U XCHG
1590 suniinis PR ML H FOU v vre et r e inareriane CALL DIV

6] -



8060/

LINE

204

262
203
204
205
206
207
208
209
210
211
212
213
214
213
214

[C T D Sl
joa)

MACRO ASSENELER

<>
o
wn

o

SOURCE STATEMENT

XCHG
SHLD (R28H
........................ RET

MOV A,B

------------

......................

HOV B,A
HOY 4,6
CHA

------------------------
------------------------

....................

.........................

CALL LOOPL
MOV ALD
HOV D,E
MVl E,08H
DaD H
JC OVER
ADD A
NG 5UBl
NG H
FUSH H
DaD B
I6 0K
FOF H
0GR E
ME LOOPIL
HOV ELA
....................... SIC
........................ RET

0K INK &P
£ 8P
. INRA
et ICR A

.......................

.........................

-----------------------

........................

.......................

------------

........................

.......................

......................

........................

LAL

233 e sreevaeirecaen W2 LO0PYH
3 MOV E,A
K TN 516

230 s RET

37 OVER: ADG A

trerFriacsu P e

.....................

.......................

.......................

EXD OF D¥Y

JNE

AR CURTOHT
{JL‘“JKD 'AJX.,“‘A‘('JU’}

EXT:
216

21
21
219
280
281
262
283
784
285
264
287
288
289
290
291
292
293
294

4

)
796
297
278
749
500

]
2

HODULE PARGE 3

SOURCE STATEMENT

CALL
CALL
CALL X
GALL ONEE
CALL XX122
LXT H,0000H
CALL CEVIR
SHLO 1BOOH
CALL BASLA
NOV AE

CF1 OFH

12 COOKD
GalL ¥
CALL ONLE!
CALL YYI2
GALL CEVIRI
SHLD 1BO3H
(ALL BASLA
HOV ALE

Grl OFd

JZ SHOVY!
CALL X
CALL TWDE
CALL XX12
LX1 H,0000H
CALL CEVIRZ
SHLD {BOeH
CALL BASLA

SIFIR

7

[

------------------------

--------------------

........................

..........................

........................

........................

-----------------------

.....................

........

......................

......................

........................

.......................

.......................

.....................

....................... IOV ALE
...................... CF1 OFH
...................... JZ SHOW Xi
SHOWYZ: CALLY
..................... CALL GNLEZ
..................... CALL YYIZ
Crer i CALL CEVIR
..................... SHLD 1BOSH
......................... BET
BASLA: CALL ANVEIN
..................... 12 BASLA
............ Siaeaeas ANT OFH
.............. veeses. HOVE,A
SIFIR: CALL ARYAZL
..................... vl B,B0H
..................... RET
A HVI A, 8FH
...................... RET
Y VI A, ToH
Cervasas Cerreriaraae, GALL RUS
.............. veveroas RET

WYI A, 6t



8050/8G85 MACKD ASSEMBLER MODULE FAGE 6

LIKE SOURCE STATEMENT LINE SOURCE STATEMENT
501 Myl A,B0H 551 LHLD  1BEO3H
502 LHLD 1509H 552 SHLD 180FH
503 LHLD 1B09H 553 SUE f
504 SHLD 1BOFH 594 STA 1B1IH
505 SUB £ 5495 CALL ADDSUR

504 5TA 1G11H 556 LHLD IBIZH
507 LDA 1B14H 557 SHLD 1EGCH
508 LDA 1B14H 598 LDA 18141
509 5TA 1B29H 559 5TA 1BOEH
510 LHLD 1B17H 560 LHLD 1540H
511 SHLD 1E16H 561 SHLD 1B4CH
512 LHLD 1BOOH 547 LHLD 1842
513. SHLD 1HOCH 543 SHLD 1B4EH
514 ¥VI A,80H Sh4 RET
515 STA 1BOEH 565 :

" 5ib LHLD 1BO&H 5hk (END OF PARAM
517 SHLD {BOFH 547 :
5.8 SUB A 548 t Y10 SUBROUTINE
519 STA 1E11IH 549 :
520 CALL ADDSUR 570 YiD:  LHLD tB34H
521 LDA 1BI4H 571 SHLD 1E44H
522 LY H,1E3AH 572 LX1 H,0000H
523 HOV H,A 573 SHLD 1B46H
524 DoKX H 574 CALL MULT
525 XRA N 575 LDA 1B4RH
524 NOV M, # 576 ANI 80K
527 LHLD 15124 571 STA 1BIIH
528 XCHG 578 LHLD 1B4AH
579 LHLD 1RI8H 579 EHLD {BOFH
530 DAD D 580 CALL BDDSUA
531 SHLD 1BZEH 561° LHLD 1612
532 LHLD 1B18H 582 SHLD 1B30H
533 SHLD 1B50H 593 RET
534 LHLD 1BICH 564 :
535 BHLD 1BSZH 585 (END GF YID
534 CALL DIVI 584 :
537 LHLD (K76 587 (BITTI SLBROUTINE
538 SHLD 1R40H 588 :
539 LELD 1B26H 589 BITTI:  CALL ANWAZL
540 SHLD 1R42H 599 MYl B, 204
541 LYI H,00004 591 MV &, 7F
542 SHLD 1R45H 592 OhLL AUS
543 LHLD 1D00H 593 HVI A, 78H
544 SHLD 1B44H 574 GALL AUS
545 GALL HULT 595 MY &, 78H
544 LHLD 15440 594 CALL 4US
547 SHLD ROCH 597 WV A, 78H
548 LDA  1H39H 598 CALL AUS
549 LRU O B0H 599 WV A, 044
55 STR LROEN 500 RET

E
My
'



8080/8635

LINE
601
602
603
604
605
606
607
608
608
509
610
61l
612
613
bi4
6135
bib
611
618
619
520
621
622
623
b24
623
b26
621
628
629
630
631
632
633
634
633
634
37
638
639
640
b4l
b42
643
b44
b43
b4b
b47
648
649
650

QuT:

032

#ACRO ASSEMBLER

SOURGE STATENENT
RET

s END OF BITTI
: OKEY SUBROUTINE

OKEY:LDA 1BO6 H
LXT H,1B34 H
LXT H,1834 H
XRA U

kNZ

LA 1BO7 H
INX H

XkA N

fNZ

DCK H

DCX H

LbA [B3IH
XhA N

RNZ

BCX K

LDA 1B3(H
XRAH -

RET

(END OF OKEY
;OUT SUBROUTINE

LXI H,1B3%H
MoV AL
RLG

HOV B, A
INX H

HOV A,M
RLG

RLC

(RA B

ST 1B34H
ANA A

12 060
CF1 OIH
12 001
GPI 02H
1Z 002
GALL COMPAR
JNZ 031
HVI A, D0H
GUT OF9H
YT &, 0LH
AV EA

LINE

691

52
633
654
699
634
657
638
658
5579
660
b6}
bb2
663
bb4
663
bbb
bb1
668
669
610
611
612
513
674
675
674
617
678
619
680
681
652
683
464
583
686
687
668
689
590
591
692
653
694
8935
696
691
698
&9%

700

031

000!

000
042:

041:

0111

002:

MOUULE PAGE

SOURCE STATEMENT

outT
CALL
CALL
RET
N1
our
MVI
MOV
out
GALL
CALL
RET
CALL
JNZ
"Vl
ouT
#vl
HOV
ouT
CALL
CALL
RET
Hvl
OuT
MvI
HOV
QuT
GALL
CALL
RET
CALL
IN2
HyI
QuT
HVI
HOY
our
CALL
CALL
RET
"yl
ouT
HVI
HOV
Ut
CALL
CALL
RET
CALL
IHZ
MI

OF9H
DELAY
[NPUT

fi,0BH
OF9H
A, 0CH
E, A
OF7H
DELAM
INPUT

COMPAR
041

A, 02H
OF9H
fA,03H
E,A
OF9H
DELAM
INFUT

fi, 08H
OF9H

A, 0CH
E.fA

0F9H
DELAY
INPUT

COHFAR
01

A, 024
OF9H
A, 034
E.A
0F9H
DELAY
INFUT

A,00H
OF7H
f,04H
E.fp
OF9H
BELAY
[NFUT

CONPAR
021
A, 001



£080/8085 MACRO ASSEHBLER MODULE PAGE B

LINE S0URCE STATEMENT LINE SOURGE STATEMENT
701 ouT  OF%H - 751 YINCE © LHLD {B32H
702 VL A,0IH 732 INX H

703 oV E.f 733 SHLD 1B32H
704 OuT  OF9H 754 RET

705 CALL DELAT 155 YDEG: LHLD 1B3ZH
706 CALL  INPUT 136 DOX H

701 RET 751 SHLD 1B32H
708 0200 MVI A,08H 758 RET

109 QuT  OF9H 759 STEST.  CPI 0iH
710 MVI  A,0CH 760 RZ

11 HOV  E,A 761 fiN1 04H
712 ouT  OF9H 162 JZ XDEC
713 CALL DELAY 763 XINGE  LHLD {B34H
714 CALL  INPUT 164 INK H

T3 RET 163 SHLD 1B34H
716  CGHPAR:LHLD [B30H 146 RET

W XCHG 767 XDEG: LHLD 1B34H
718 LHLD  tB3z2H 168 Dex H

719 MOV AL 169 SHLD {B34H
120 5B E 770 RET

721 RNZ 771 INPUTE: TN OFAH
122 MOV ALH 712 ANl OFH
123 8B D 173 MoV D,A
724 RET 174 ANT 0CH
725 DELAY: LDA  1B38H 175 Hov B,A
124 ANA A 174 LX1 H, 18351
121 BV GA 171 HOV A,D
728 CALL DL 778 XkA it

729 Hov o ALE 19 AN 034
730 AN 0AH 180 OkA B

131 ur  OF9H 781 Hov H,0
132 HOV  AG 782 RET

753 CALL DL 783

734 RET 764 (END OF INFUT

733 DL W1 B,0DAH 8%

736 I10fy DCR B THb AHA LDA {BO3H
131 JNZ IDI 187 MoV B,A
7138 OCk A 748 LDA 1BOSH
739 N2 DL 169 Ok B

740 RET 790 N2 CMAIN
41 191 . L.DA {BOOH
742 (END OF QUT 192 HOV B,A
743 793 LDA 1BOGH
744 :INPUT SUBROUTINE 174 OKA B

143 795 1z CHAIN
746 INPUT: CALL INPUTI 776 LHLD 1BO3H
741 (Pl 02 791 JCHG

748 J2 STEST (L] LHLD {BOSH
749 CPE 08H 799 MOV fi,L
750 2 YDEC £00 SuB E

.
SN
~1



08078065

LINE
801
802
§03
804
805
804
807
808
809
810
811
B12
B13
814
B13
a1é
811

{

NYN.

318 ONYP:

819
820
821
822
823
824
825
826
821
828
829
830
31
832
833
g34
833
834
831
838
839
640
841
42
843

SPED:

BOL L

844

8435
B4s
847
48
849

850

¥

BOLL!

SOURCE STATEMENT

Mov
SBB
JNG
CALL
12
MVl
out
KVl
out
CALL
it
QuT
CALL
LHLD
X
SHLD
JHP
CALL
1z
KVl
out
CALL
BVl
ouT
LHLD
INX
SHLD
JNP
LHLD
XCHG
LHLD
MoV
SUB
HOV
SBB
ING
SHLD
XCHG
SHLD
CALL
P
SHLD
XCHG
SHLD
CALL

HACRO ASSEMBLER

AN

b
ONYP
OKEY
SOEEN
f,00H
OF9H
A,04H
0F9H
DELAY
A,00H
0F9H
DELAY
1B3ZH
H
18324
ONYN
OKEY
SOEEN
A, 08H
OF9H
DELAY
A, 088
OF9H
{BIZH
H
1B32H
ONYR
{8504

18524
AL

E
AR
D
BOL1
{B16H

iBICH
DIVl

CBOLI
{BiCH

1B18H
Nt
1B29H
g0H

0G8H
BHOLY

LINE
851
852
833
854’
859
836
837
858
859
860
Bal
862
863
854
863
Bbb
gat
68
849
870
871
872
8§73
874
875
876
8177
878
879
880
g8l
882
883
884
683
886
8817
888

BBOLZ:

BBOL3:

HODULE PAGE 9

SOURCE STATEMENT

LDA 1B39H
MOV B,A
ANA A
RAR

ANA f
RAR

ANA A

RAR

HOV G,A
ANA A

RAR

ADD G

ADD

STh 1B38H
RET

CFl OEBH
JNG BROL3
LDA {B38H
HOV B,A
ANA f

RAR

ANA A

RAR

ADD

STA {B38H
RET

LDA 1B38H
MOV B,A
ANA A

RAR

KOV C, A
ANA A

KAK

ADD G

ADD B

STA 1B3BH
KET

END

68~
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APPENDIX C 3 OPERATING INSTRUCTIONS OF SYSTEM

Turn on the supply voltages.

Start the execution of the system program:

Press the "R" key and enter Command 7. Give the beginning
address (0800H) of the system program and start the
execution by pressing on the terminal key, ( [i] or [1]) [EcBI].

"HYL = . " will be displayed on the seven segment

displays of the microcomputer.

Enter the z coordinate (Z) of the begimming point of the
motion.

Enter the x coordinate (X1) of the beginning point of the
motion.

If the entered value of X1 is desired to be changed, press
the key "F", This will bring the software to step 5.2.2.
In other words "Hl =m~—wmeme et will appear again on the
seven segment displays and a new X1 value is expected

ones more:

After pressing the termination key, the entered value of

X1l is stored and "VYs= v nodg dlsplayed on the
seven segment displays.

Enter the >rcoordinate (Y1) of the beginning point of the
motion:

Press the "I" key if you want to change the entered Yl
value as in step S.4.1.

Press the termination key and obtain "H2mem-rem, cmomeemt" on
the displays.

Bater the x coordinate (X2) of the destination point of
the motion:

npt ey is used, 1f necessary, for changing the entered

X2 velue.

Pressing the termination key displays M"Y oot



S.7 Enter ¥he y coordinate (Y2) of the destination point of

the motion.

[92}

Pregs the key "F" 1f Y2 value 1s desired to be changed.

Press the 'termina"ci;m key. Then, "Hzem ——.  ——— Ywitl appear

on the displays.

5.8 Enter the feedrate.

5.9 Start the motion.

5.10 End of motion.

3.10.1 A "Bitti" message on the seven segment displays will
indicate that the motion is completed.

S.11 Go to step 5.2 if cutting is to be proceeeded between

new coordinates.

-0 -
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PHOTOGRAPH OF SYSTEM

-~ 71




