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In this thes is t three dimens ional control 0 fa machine 

tool by us in.g mi cropro ce~'lr:;or is des ig11ed 8.nd cons tructed. In 

thic;; system, an importnnt part can be observed as drive c:i.r-

cuits. Thes E) eircui ts . .,.., de" ~ , fu'1.d fi tt ed to ot'1er devi-

ces. The microcomputer that is u8ecl in this system is alE30 

desig:necl and constn;tcted. In a Computerized Numerical Control, 

'\/CFC) '" " ~~ maCll.:l.ne tool, ~;[t'bles should be able to follow 811Y s.rbit-

X'8.ry path for shSIJing the vlorkpi cee in f::)j~Ly form. In this vlOrk, 

1inear motion is Ge1.ected. Linear mo·tion has a great irn}Jortance 

in the ~9ath folloYli:ng ability of the. cutting tool. ThiB is the 

basic of the other motions. 'me main purpose here if3 to design 

a control uJ:lit v\hich controls the tables of the machij1.e tool. 

There are three tc\~bl.es, tv-yO of them are dependent (~D,c;h other~ 

lind one of them is :Lnc1ependent from the others. After the 

testing of the system, sf3.tisfaci;ory operation in open loop 

on no 1oac1 conditions~ if3 obtained up to 1.300 mm/1'.lin. feeclr'ate 

in O.05rnm step;3. In. closed loop operation, due to o.s,rnped 

oscillation of the motor1s roto~ the desired operation is not 

() bts.:Ln e(1. 

Ir\..E'~Y ,,:,.:,·-:,"'."rJ '-,', .', ('r"Y"l'r',u .j" '.n'·; ry Oil 'I Tl lP'lc'rl" ,." '" "L rj:'~rl.'TC)l T,l'l'; e "11" FlO t .i.on" , ~ ''' ___ \../V~"'l.J l;C._..L.(.J\.J.· .. ,_., ....... \. ... C,.l.~ \~,._, .J . ••.• , ,J. .......... '-_ 

microprocessor, machine tool, drive circuit. 
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0ZET 

TAZIM 'CEZGAHLARININ UQ BJ"Y1J~~TA 

MIKR.0BILGi"SAYAR tIJE KONTRO:GU 

GUliER, -r-nan 

YUles ek rd..sans Irezi, Elektr:i.k ve Elektronik MUh. BolUmU 

'fez Yoneticisi: Dog.:br. MUhanlinet K(5ksal 
Ekim 1985 v 71 sahife 

Bv. tez ~[Ll~,;nlla8:t.na.a, bir taJnm tezga.."nn:t.n 1..1.9 boyutta 

mikroi§lemci 11e kontrolu d~lzayn edildi iTO gergekle§tiri1cl:i.. 

Siztemde onemli klslm olarak slirUci.i devre1er gC)Z oni..ine a13 .. na-

bilil". Eu devr(~ler diz;ayn edilerek diger cihazla:r'la uyurnu S8.g~,.... ~ '.' 

lan.d::. .• Sistemde ku118.1l.J..J..an mikrobilgisayarda bu 9a1J.§ma i9cri­

f:3incle d:iz9yn Gc1ilch Ye gen:;Gkle§tirilrl:L Bilgisayarl:t NUmerik 

Kontrollu bil" takJ.m te:zg.eJ.nnda tab1aln.I' itglenecek pan;ay'J. her-

takip ederlel". Bu 9 ul:q;m:I8.cla , Ij.neer ha:ceket segi1mi§til'. 

Lineer hm'(~ket kes:i.ci tezgE~hlard8., onemli bir oZ81111;e haizeLi.r. 

J3u ha.Teke·s cligfH' hareke"cle:rin temelidir. burada temel gayct. 

takun t(:')zgslnu:m tablala:r'Hl1. kontrol eden kontrol birirn:Lni 

cl:Lzayn etrnektir. :tkis:L birbirine bng:l.mlJ .. ~ dif;eri :Lse bag':unsJ_z 

olmak Uzere Ug tabla vard1.l'. SiDtemin test edilr.1osi neticesin-

de 8.91.k 9(:.':vl"im j~U.ksUz l}a:ctlarda. 0 f 05 rom lik a.d:Lmlarla 1,300 mm/dak. 

besleme hl.z:J.na kaclar aX'zu edilen gallf:,lma gergekleSltirildi. 

K.apEU:L c;cvT:Lm c;allQtlrmada motor1arln rott::~.J::'larJ.ndaki sal:unmlar .. • 

:tv 
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CHAP]}ETI I 

1.1_ Genera.l Information About Computeri zed Numerical Control 

(ONO) Systems 

1'here is no doubt that Numerical Control Om) of Machine 

Tools hclS been the mostly ~3poken objective in the Production 

Field, in the last 35 years. A gradual, dis ciplined approach to 

the design of NO of machine tools~ coupled with intensified sup-

port from orgcmized resea.rch, particularly with the rapid ;progrl'?SS 

in :L'1tegrated circuit technology ha.s imIJroved the quality of 

dCf:lign in this field. ~rhe concept of :n.umerical control ultimately 

extends far beyond the individual machine tool; it is a comprelHm­

s i:ve form of organisation of int ernal data tl'ansmiss ion and 

pro cess ing. 'l~he c:rpplic1:;.t:Lon of numeri cal con t1'01 to machine tools 

has increased the speed and repetitive aC~lracy in proililction 

consiclerably, e,:nd the :loteutial consequcnc(~s of this to the worldlE 

pl'oc11.l.ctivity and ecorl.Omy £>..re enonnous (IJ • 

The rapidly prog1'8Sf3ing development of electTol1.ic eompCln011*­

ts haB ~ as in other aTeE).B of au tom[l:t ion ; strola,gly influenced the 

desitS"l of control systems. Thus new dc;velopmcmts in eNC are d(c!ter u
• 

mined ex:t81.'lE3ively by the ,xvailabili Ly of :n.ew~ very ~~ELrge ~1cale 

integrated compo:ncnts ;:lUch as microprocl;EHwrs rmel semiconductor 

l1lSL;o:cipD. 1'h8 infll.:cncf} of the now teGhylO!-O{sY if] l'efloc:ted in the 

DCOI)O of :fUl'}ctiOJ.l~) avail!J.1.<Le, 8.!3 well aD in volume a:n.d price of 

~·l-



tho controls. Between the years 1966 fmd 1976 the s cope of 

fu,nction(-J in NC' s wa.s appx'oximately doubled~ the volume has been 

nxluced to, a tVlentieth fu'1GJ. the price to a quarter (Sp] • 

1.2. HifJtorica1 Background of CNC Systems 

1118 first attempts '~o cnntrol machine tools numerically 

were initiated in 1950's and since then~ it has been considerably 

deyeloped. Today, there is a more general use of numerically 

controlled machine tOQ)J.. and a rapid increase can be expected as 

many more alternatives, in both price and facilities; arc offered. 

In a machine tool, when the relative I)oGitions of the work­

piece and cutting tool are determined by the information derived 

from nUJnerical values , it is saicl to be u..nder ntunerical control. 

~r.rhe information which is called program is suitably coded for 

stDring on cards f paper or mag:netic tape and once provided to the 

system, carried out automatically, in a predetermined 

sequence. 

While making a workpiece on a machine tool, several 

JUdgements of' speeds, feeds, mathematic~; and. sometimes, even tool 

config·u:::.~lt~i..on~ vvere mDch:lt~e tool op0rator's own responsibility. 

Moreover he had to manu f'8,cture the 'part by making interllLl (,08n"l:; 

measurements to ensure that he did not remove too much metal. 

\-Vith the introduction of nwnerical control, all or part of these 

features are performed, by the coded instJ'uctions, much more 

accuratelYt quickly and less scrap and rejects[I). 

As with most technological advm1ces, the sizes of control 

l..ulil;'3 decrease clue to the evolutions in fJ8miconductor field. 

connected directly from COElpt.:lters by pai3s them. 

Since Computer Aided J\TLl.nuff.lcturing (CAm) has gahwd cons id 

rable impol"b:mce, the YnnIlufacturing control system makes U~je of a 

-·2--



special NC machi_ne (ewe) vvhich receives its intsr-nctions directly 

f:rorn n corllp;l··t:'''l~. Bec,n,lUS80. c.o(Jven-\.i 0 r101 'HC "'11,ipmel'lt ~'" l-n,rpl')lo ,_'- vl v,", ,;" n t,l A,,_ ..Lu 1 Cd (; l. l, 

of performing those tasks, a modified NC ~3ystem is required. A eNC 

system us e~3 a digital computer to replace Elome or all 0 f the 

logical functions performed by tht; conventional machine contl'ol 

unit. 

Since the development of the first mumerically controlled 

machine tools in the early fifties, the inner structure and the 

outside appea.rance of numerical controls have changed decisively. 

Whereas, the first numeri cal controls were bas ed on relays as the 

logic components? soon afterwards transistors, and f:lOme ;{ears latel 

integrated circuits were employed to cope with the ever extending 

control :functions. From 1972 onward~:l minicomputers were available 

vvhich were suitable for use in NC. Today, new deV'clopments of 

numerical controls are being determined by the uV'ailability of 

i:n(;)XPf..'\lSiv8 highly in-~egrated comlJonents, ~)uch W3 microproceEisor:::) 

[Hul. 

1.2.1 Computer Control 'l:ypes of Wlachine ~r.ools 

There arc mainly two types 0 f comput er control 0 f machine 

tools. 

The firi3t one is the Computerized Numerical Control; CI'W, 

which is an NC sYf3tem whero the dedicated computer is used to 

perform sOme or 8..11 of thE~ basic NC functions for a single machine 

tool (or a number 0 f 11l8.chia8 tools if the total number o:t control-

led l:"'.Xcs is f3mal1) in "O .. ccOr::.lr.:Xlce with control 'progr2Il1S stored in 

the ,ct.::ad.,,-vvri t e memory 0 f the COrnpl.1ter. 

the ccmput(~l' via ·:;h(~ tri.l!o reader anc1 held in the memory. The 

op8rating pToL;ram j,s t}~~, lCJgic of the control ;:;YB'Ccm yjhich defines 

the; featu:.c8D of the (;ontro1 1 whcrea~:l the NC proGram is the set of 

.. ·3·-



cycle il1fJtruction~) vvhich define the movements 0 f the machine tool 

First cnc Systems were equipped with minicomputers cll1d core 

ITlI.3mories. Today's eNe sJrstems employ a microcomputer and semicon-

ductol' memories as t1).e central controlling unit. Thif-:> eNe~ vvhich 

is often termed OJ] a "micrOIJrOCeSsor CNe", offers the manufacturer 

the opportunity to produce the hardware at a rea:::lOnable price 

:Lndependcntly the machine apli cation [>uch afl turning, boring ~ 

milling or pUl1.ching. When the ~[Lmct:Lons o:f the control are eli vided 

over several microprocessors t the term' "mul ti-mi cropro cess or cont­

rol" is employed lsp1 . 

The second type of computer control of machine tools is 

Direct Numerical Control, 1)NC 1 which is the l1se of a computer to 

cU.stribute (lata to machine tool controllers in a multiple machine 

-Cool arr<:mgement. l1}le :i.mport!J.nt difference between DNC EW.'1cl eNe is 

the replacement of a dedicated computer by a larger computer that 

1.3. Design Problem of eHe Systems 

~rhe purpose in the de.sign is the microcomputer control of 

a machine tool table in a closed--loop syr:d;em. In (~ CNC machine 

tool, tables sl1.ould be o..1,1e to follow any arb:LtrEl.ry path for 

shaping tIlt:; worlcpiece in any fOIm. Generally in practical situB.:ti-

ons, these paths consist of some combinations of linear, . 1 ' 
c~rcu .. ar~ 

ell:Lptical ~ hyperbol ie, s egrnents or they ar(~ approximated to thea e 

formEi [DR] ,[I}. 

Linear motion has a g:n~at il1lportC'{flCe in tlH~ path foJ.J.o'wing 

r'bl··ll··t·,r ,,·t·' ·!'·',o.i~ c"'+·'··~Ylg· ~'nol 'n'll'q 'is the basic of Uw circular,' C\.o • ,--Y t.J.. \J .u. v .. l>:. v IJ .J-,.J. U \.." .1- 0- -- .....-

t;118S e n"!o -t; :1.0;:18 VIi t}l [1 }J:{"Cl1e"t C]~"{n iJ:10d [lC Cllr~8Ic:y tlfJ i.Jlg pi e c c~vYis e 1 :i.nea'r 
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motion a:pproximations [DAN} ,lSO]' [eHl. 

In this work, the main purpoDe is to design a control unit 

which controls the tables o:f 0 mach:Lne tool. 'There are three 

tabl88, tvvo of them are dependent each other, cmd one of' them is 

independent from the others. (rhe genen'1.l block din.gram 0 f' the 

sy~3tem is f3hOWfl in Pig 1..1. 

,-----.---- -- -- - -1 
I •. ----.- I 

~ , 
I j..J, I 
I ~ I 
I 6 - I 

I g H-,-__ _ 

::'1 0 I 
'd I s:: ~(/ 

d' 0 

~ :J. 
({) 

I 
I I 
. Inpu' 4-----.-----
I I 'J' J.--·":f:=-= =-::::,,-.--: --L *- Reference P05(lIOIl 

Pig 1.1. General block diagram of compu~;er control 

Microcomputer, that it; used in thi~'3 work it; also designed 

[mel constructed. More detAiled. infonnation abol.l.t the micro comrruter 

is given in Chr.%pter II. TJw informations about hardware of the 

des iglled syst em arc giv-en jn Chapt er III. In Chapt 81' IV 9 the 

software of the system :i.s discussed. In Chapti~r V, resuL1-s, 

diSc. u5sions o.nd. no:co(Y1(Yl en c./.(A + ions ore e'/. en :'.:;.5 ed. 

Thh:; work VIas in.itiated i:n tJle 3leetrical aJlcl EI'3ctro:nic 

r;;ngineering Department 0 f l'IIE(FU, it is also rmpported by' Electrical 

and EIE-;ctro::1ic :Enginee:..ring Department 0 f Erciyes Uni Vel'S ity. 



CHAPTER II 

2.1. General 

Microcome uter is making an impact on every aspect of 

our lives; ond soon it will playa signii'icEmt role in the daily 

ILlUctioning of a.ll ind1.wtria1ized societies. The basic structure 

of the microcomputer is no different from any other comput(~r. 

In tho 1960's, computers 'vvere accessible and affordable only to, 

large corpoTt-ltion~3, big universities, and goverment agencies. 

:Gec8lls e Of advances in f3 emiconcluctor technology ~ the million--dollar 

computing capacity of the 1960' s is now available for less t11811. 

ten dollars in em integrated circuit called micro:pro cessor. 

A computer which is designed by using 0. microl)roce~3sor itl called 

a microCOmlJ1..1.ter lGA]. 'l1Jle ~3p8cial microcomputer designed in this 

thes is work is called ALP 85. 

2.1.1 Computer fl1edmology 

In the last twenty-five years, f3 emi(;onductor tE;ch nology 

has l.U1dergone unprecedented changes. Integrated circuit~) (ICs) 

appeared on the scene at the end of the 1950's following the 

inv811tion of the -t,-,t'unsistor. In an integrated. circuit, an entire 

circuit con;::;i£-Jting of ~3everHl tI't:lw:d.stors~ c1ioc1es~ and resistors 

is conto.illed on a single chipc In the early 1960's, logic gRtAS 

}mown as the 7~OO series were: commonly available as ICs, and the 

.l'D0.]··'n')l ()rf~r (\'1' ·:Yl+C'r.n-,'C'-ll..··!'t)rf· Yl'H~ circuits of a lOc!2J'ic .Q:at8 on a vl:! -".1. \.. ....( .. c:>J \~'. .1. I.J ~b.l,. (..J" ) ..... 'L,) )~-. ,J t:. 

Single chip b8ca,~'ne k1::.own H;':) Smal1-,Scclle- Integration (SST). As 



fabricat ed on one chip; this 'tyas called Medium-Scale Integration 

(131).11 typical eX8..'Ylple of MSI is a decade counter (7490). \Vithin 

a few years, it was r 05_); b le to fabri cat e more than a thousHncl 

gates on a single chip; this came to be knovl11 as IJarge--Scale 

Integration (LSI). Now VIe are in the era of Very-Large-Scale 

Integration (VLSI) and Super---Large-Scale Integration (3IJSI). 

The lines of demarcation between these different sC8~es of integ­

ration are ill-·defined and arbitrary. 

As the technology moved from SSI to SIJSI, the face 0 f 

computer changed. Initially, computers were built with discrete 

As more and more logi c circuits were built on 

one chip using LSI technology, it became possible to build the 

whole central process:LnguniL·t 9 (CPU) , with its rE~lated timing 

function on a single chip. trhis cmne to 'be lmotm as the microl)ro-

cessor, and a com-puter l)uilt with a micrOI}rocessnr is known as a. 

micro computer. 'lTJ'lis dis tinct ion may soon di,:w,ppear, hov.'(;ver ~ as 

the cOTaputing j'Jower of the microprocessor a:oproaches that of the 

CIU!:1 0 f the tradi tional large computers, ECi.rly micro computers 

,<vere built with a 4 -bit ;-nicropro ceSi30r. Novy a 64-·bi t micro--

pro C8t'lSOr is being 1JBed in some prototype computers. Even if they 

are built with a microprocessor, it if] meml.ir;.gless to classity 

them as microcom.puters LGA1 • 

2.1.2 Microcomputer OTg8.11jr;,ation 

Figure 2.1 shows a. simplified but; formal structure of a 

output, and memory( l'ead/v,rrit e memory Dnd. read only momory) unij;s. 

'I'heflo CO;11~)Onents [u:'e org811i;;'Jed arolJ .. nd a c:ommon comml.mication path 

celJ.ecl a bUD. Tho 2ntirrj group of cOIi1rxments is called a system 

(n' [i, )nicrocoL1p~,1.te2 ,3'ystem, while the com})onents are called Gt~b[;y-

Gtelns. · .. ·7--



Ot he. r 

pe rip he,ols 

Control I M~~O': ] . 
Fig. 2.1. Block diagraIn of a rnicrocornputer. 

At the outset? we will diff(~renti.ate between the terms 

microprocessor and microcomputer because of the common misuse 

of these terms in popular literature. The microprocessor is one 

COml)Onent of the microcomputer. On the other hand~ the microcom­

puter is a complete computer simi18.l' to a,'1,Y' other computer~ 

except that the CPU :fLl~ctions of t};e mic:r8computer are pprformed 

by the micropro cessor. Similarly, the t crrn pe:ciphera.l is us ed for 

inpu t/out}Jut devices; however t €I ccasionally me;noT',,/ if; Ct.l~3o included 

Dl' -I-h'; '" tr-'rrn fOA) IBR] IJ J_0 --.;. ,.1 l j l' . • 

2.2. 

format in which the rlimeno ionf:) are lOOmmx:LCOmm. It is an 8--bi t 

microcomputer based on tho Intel 8085 microp:coce:o;sor chip. It 

has 2K hytes monitor storE~d in EPROM. 11K bytCB PJd'/f and 2K bytes 

EPHOM arc available for the 1..1.S 81' programs. ~r!he m:L cro corJlPu. ter 

uses Intol 815:~ G\.~' input/output ports. Intel 811)5 has 3 portsl 

2 pro,f!:ramJIlable 8-bit I/O por'te and 1. progratI!mable 6-·bi t I/O port. 

The microcompl.d;er ha:3 a2.80 a keyboard r:md 8 sovcn-.f:,egment clislJlays. 

"C":l-'[:J' Tl:l+-E~'l O"2'-',Cl keyl board. cmd cl:i.D1)1[ry controller chip. An EI)ROM 
'-AuJ")'l:';' ....... V.I.,. J 1: 

:t11'og:r'cmmer and a !}]aCllct:LC tapn interface Lro available on CPU card. 

--(3.-



The black c1iagrmn of the designed microcomputer is given in 

Figure 2.2 LEe})} • 

--------------.-----------~ 

----1 J-- -J ~--~ ;---

-I JLl .~J 1'-1ernor~ 1 n put OU\Pu_t __ _ 
8279 8085 

d ~-~ !<ey boor ~D;,tCl t',us.? 
ond. ~-v 

Oi.splo'j 
MPU 

Controller 

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

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

2.3. Components of ALP 85 

8155 

1/0-> RA~'\ 

TIMER 

The various components of the microcomputer shown in 

ll'igure 2 ... 2 Emd their functions are c1escribec1 in the f01lowing 

paragraphs. 

2.3.1. Go(35 MPU 

1111e term ]'{icro-Proce::3sing Unit (lV!IU) is similar to the 

teI1ll Central Process:tng Unit (CPU) used in traditional computers. 

We define the MPU as a dev-ice or 0. group of devices that can commu-

nl cate with peripheral.s 9 provide timing f:d.gnals, direct data flow, 

and perform computing tasks as specified by the instructions in 

memory. 1ne 'Lmit will have the necessary lines for the address bus; 

the dD,ta b1..1.8 p and perform computing ta.sks as specified b:l the 

instructions :in -the. mcml)rlj' The l..mit will have the necessary lines for 

"t-l')C-' .,~(l:)-·'eQO '('"el cl"'-'"a bu'" <:1'.-,d -I-]"e "'O'Jl-~-V'{)] ~"l'J:l'11rJlC' ",,,",(1 'WC)'l'':)-cl J J_"; u. C LeI _ . .elf.) .,h.,".), G tJ • i.), c,.u V.L ,~ l' _l. - .:) - V C" ... , U.l.l _l ~". _ '. 

:coquire only a povier supply ELnd a cry~ltal to be complete1y functi.-

onal. 
T7,-.'1"l iJ' l"'l-1"i'~ a'1ec,criIJtion the SoSs mic;ro".tJI'ocesDor CDn almost \..) .. ) _.....l.·o ) ........... ) . .... ..,J • - - 9 1.1 J 

follo\ving two limitations: 



multiplexed (time-shared) with the data bus. The buses need 

to be demultiplexed. 

2. ApI)1"'Opriate control signals neeed to be generated to interface 

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

The 8085 is an -B-l1it general purpose microproces~~or cavable 

of addressing 6~Kbytes of memory. The device has forty pins~ 

:::-equires a +5V single po\ver supply, and can op8rat e with a 3-lYIHz 

f.ligle-"pha~3e clock. The 8085 is an enhanced venhon of its l1redeces-. 

sal', the 8080Ai its instruction set is upvvard--compatible with that 

of the 8080A, meaning that the 8085 instrtlction set includes all 

the 8080A instructions plus some add:L tiona1 ones. rrograms written 

for the 80801'1. will be executed by the 8085; but the 8085 and the 

3080A are not pin compatible. 

l"igure 2.3 shows the logic pinout of the 8085 microprocessor. 

All the signals or signal ports can be classified into six grolxps: 

11) '1" b (0)" t b'" (3) CO'lt1"0" ~"1~1 c'·~aJ·uc' "'l"rrrlals' \ _ acaress us, (_ aa a L US, . . .. .L '''-lo u. 'J I, . lJ ,0 '" c,- 0 , 

(if) pOWE:r supply and frequency 8 ignal, (5) int errv.pts and peri})--

hr::Tal initiated Signals, and (6) serial I/O 1)Ort8. 

-----.~ ,'\ I C-=" I .. JO =:J v,,: 

x, r.:::: ~ .1'1 ~ HOLD 

:iE.\!.T ou r c==: .I ·.IX ::::J HLilA 

SOl) L_ ~ .Ii _.J CI.K lOUT) 

Sill c: .1 .II, I. REITiiR 

THAI' C /, .1l oJ RE'DY 

:., :::J 101/;j 

.IJ :.::J S, 

.1! ~1 [0 

INTK C W XOX5A.11 ii/Ii: 

iF;(, c.:: II .IU ALE 

AO" L I~ 

AIl,e 1.1 

All, c.:: " 

A. 

r 
5 

lj{AP b 
-----, 
~-l. 
RS r 6.5 g ----. 
ItST l.5 9 -----. 
I"TR 10 
------1" 

RE .. -\D,{ .15 
---~ 

-t _~ V GN'D 

19 

::W~5A '\\ulupkwl 

~
At.lJfO~ D.I{;l 

nus 

AD\! IJ _ 

B 

_·\O __ ,....-\LE 

~~--- .... Sll 

~ __ Sl 

.1~ __ ,...I(rM 

lL ___ ._w 
)1 -_\lR 

~~-~~­
~~~~~-

Ii'igur8 2.3. Tc1ic:c'oproc f.'!88or :pinout rmd 5 it?,-xw.ls. 
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~) 3 f) 
&:_ to • L 8 S155 I/O Ports-·RiI.M-TIMJ.EH 

'r:he Intel Sl55H are HAM fu"ld I/O chips implemented in 

N-·channel, depletion load, silicon gate technology (HNDS) ~ to 

be used in the SOn5A microprocessor system. The HAM portion is 

designed with 2048 stfl:tic cello organized as 256x8. They have a 

maximum access time of 400 ns to permit use with states in 808SA 

C:PU ~ The 8155A has maximum access times 0 f 330 ns for use with 

the 8085A CPU. 

The I/O port ion cons Jsts 0 f three general purpos e I/O ports. 

One 0 f the three ~ports can be programmed to be statu.s pins; thus 

allowing the other two 'Ports to operate in handshake mede. 

A l4--bi t prognlllllnabl(~ count er/timer is also included on -the 

chip to provide either a. square wave or terminal count pulse for 

the CPU system depending on timeX' mode. The functional block 

diag:cam and pin configuration 0 f 8155 is sho\¥n in Fi{;,u.re 2.4. 

I\-I~C= ~ -.=,] VIC 

i~', _,' ,"J =:J I'C, 

"ll\ll:l<lr--r=.l .\1'1 ?J'{'j 

RLSI r (_ .j .n ~-:J PCu 

IT, C-= .\ Jtl -=-1 1'1l7 

:l~~ITi{OL'I- [=~ 6 y. -=:J PH .. 

H}:\i L_ 7 .l-l -:""J I'll, 

cy (=: x .1.1 =:l I'IIJ 

RT) C~ OJ .\~ _-:J I'll, 

i\i, [_ 10 .11 =:J I'll, 

ALI. C II 10 .=J PH, 

,\D" [_ 11 !I) _ !'U'I 

.-\1>, C IJ ~x =-J PAl 

i{!J--~ 

~~::] ~ 
r:~ 0 

lo·M _._-+ 1""t)'A /----, 

ALE -----.... 

:\0: C I~ 17 =:I PA., 

AD, C I:' 26;~ I'A.\ ::::: ~:, :~J:; ~ :::: 
AL." L~ 11\ ].1 :=J I'A! 

,\l.l, C P} ~:! --:=J PA, 

\"C:!tI ::1 =J I'AII 

(&) 

'l1'J' ~~ ·l·'~ e 2 L1 ~:, -G\"....). 0 r') 

of" 8155 

b) I310 de c!icgram. 

·-11,-



The ~n55 contains the following<J: 

_. 2K Bit Static Ri-u'! orgEmizecl as 256x8) 

h_ Two 8-bit I/O ports (FA and I'B) and one 6-·bit I/O port (PC) 
.. I 

IIJ--·bit timer-counter. 

The 101M (IO/M0mory Select) pin selects either the five 

registers (Command, Status? PAO_
7

' PBO_
7

' PCO_
5

) or the memorv 

(RAM) portion. 

'The 8-bi t address on the Address/Data lines ~ Chip Enable 

j.nput CE, and 10/ rir are aLl latched on-chip at the falling edge 

o:f ALE [HT]. 

2.3.3. 8279 Progra:llmable Keybo areI/Display Controller 

The Intel 8279 is a general prograITh'1lable lreyboard and 

display I/O interface a.ev·ice de~d,gned for use with Intel micro-

1,)T'oceS8ors. TfJle keyboard portion can provide a scanned intt~rface 

to a 64--contact key matrix. The keyboard portion will also inter-

face to PJl array of sensors or a strobed. :interface keyboard, such 

as the hall effect and ferrite variety 9 Key depressions can be 

2~- key lockout or 1\,,-key rollorl'er. Keyboard entries are debounced 

and strobed in an 8·-charecter I<'IFO. If more them 8 characters are 

entered, overrun status :Ls ::j et. Key entries set the interrupt out-

put line to the c:ru. 

The display portion pTov:Ldes a scanned display interface 

for Ui:D1 inccmdescent, and other popular dislJlay technologies. 

Bo th 11luneric [mel alphanumeric segment displays may be us ed a!3 

'1'1,::;11 aLl sir.lple indicators. The 8279 has 16x8 display HAM which 

c~m be organized into (JuaI IGx /f. The RAM C8n 1)8 loc-ded or inter-

:::'og,:rl;ed by' the CPU. Both right entry, cELlcu1atbr and- left entry 

typEtw:citer (U:3play fo:rrnat~l a:cc possible. 30th read and write of 

t}}8 disl}lE.LY RAM CDn b(~ done ',"iith auto-·inc:cement of the a.isplay 

l Yl 'RI' ('t11 l' 0 ? 5 .~ __ ... .... [~~ .. l \.J .. ~. (J • 
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-----. Cs wC 10 II~N .lI --] ULT 1-1" 

\\-1\ " .\0 OL r II. 

- __ Au 
OU .. C I ~ ~t.j ~:::J OL r 0, 

DB. '-' lli ~{)ljT HJ 

DS,C' " :!7 -=1 OUT A,. 
----- J.t.L'lcl 

-- CLX PO,L L' ~o ~Ol:TAI 

DB,C::: 10 ~) OUT A, 

DB,C 17 ~. OI.:T A, 

DB. " 1.1 :=JITO 
DB, I'J " CS 

\'~\ ~O " A., 

( b) 

]!'igure 2.5. a) Logic 5;)rmbol and b) Pin configuration of 8279 

Since the ma:in purpos e is not to des ip;n and the cons-i:rucii 0" 

of microcomputer
f 

these explenations about the components are 

enou.gh. More detai1E~d information about these components C811 be 

obtained. in the~t:>eferences [IN11 [mi.] , [GA], 

The printed circuit board; components ~ and Q 

CPU card Ill'e [Jhown in Appendix A • 

.. -·13-



CHAPTER III 

HARDV/Arm 0 P 1TIE DESIGNED SYSTEM 

3.1. Purpos e and Design Problem 

Iurpos e 0 f the cles 1.&n probl em is the clos ed loop control 

of machine tool tables in three dimensional linear motion 'Ni th 0. 

microcomputer. There are three axis in the machine tool. In the 

scope of controlling the machine tool; the x and y 

D. .• xes are depend.end on each other while z axis is indepfmdent 

from x and y aJcis. If the system is started to \vork~ '!firstly z­

Luis value is given to the microcomputer and then the other values 

are given to the microcomputer. 

In the designod system, the maximum dimensions of the 

vvorkpiece :Ls taken as lOOmr:u.:200rnmxI500mm in v:i ew 0 f the available 

machine tool. ThE~ softvlJare can easily be mQdified for other 

dimensions. 

Machining the v;orkpieces made of different materials 

requires different feedrates. It is and fcnmd that 

practically poss :Lb18 feedrate :LEmge is bet\'{een 0 and 1500mm/min. 

I1herefore, in the designed system, a performa,'1ce in this range 

is sought lORlo 

In the designed system, it is assurnec1 t:wt tl1e smallest 

linear ,,,ovemcnt (one step) will be equal to the accuracy tolerance. 

I?his accuracy tolerSl1ee i~3 tcJ.;.:cn as 0.05 mm. In the system~ 

c"i-nPT'Jl'110' 'l1()~ +0""3 "')"8 u"""cl +,) f~-]"1Ye +'11e mO'T<>r')p"l,I-", to ,lc"'bles <"> )'ea I ~_) J ,.......l. b L V.J.. I U.. • )..) \_, u· t,::). ~ v" V 'Ii v j .... L. V~:J J (1. - ). t Cl. (l, D 

5';C'v::ih01,i.ld be n.sed to tr2l1.~::31ate the rotatioDal movement 0 f the 

motors to linear mevc:r:wnt 0 f trw tables. Stepping motors have 

,-11:--



is the step angle of this motor. Gear boxes will be empl,~yed to 

obtain smaller step Bizcs. It is decided that the gear ratio must 

be such that the tables make a 0.05 mm linear motion(accurracy 

tolonmce) correspol1(ling to each stop Imgle of' the motOTf3. 

CNC machine tools can be controlled into tV'IO ways; 

(i) Point to roint Control and (ii) Continous Path Control. 

In point to point control, there is no Punctional relation­

ship betvveen the movements ;:;.long the different coordinates. This 

group includes drilling machines, boring machines, milling mal:'hines 

etc. It is i'Qrther, divided into two sub--groups: Positioning cont­

:col [md Straight- [ine control. In positioning control, the tool 

is never in contact with -'ehe workpiece while the control rnOVefJ the 

;:;lide to individual discrete POillts such aEo from A to B in Figure 

3.1. A mo~rt; typical exampll; is the coordinate drilling machine. 

Tn straic:ht-line control, the tool is in contact with the workpiece 

while th e slide is moved al:an.g the coordi.nat es. The mot ion is 

however always parallel to Olle of the axe::> of the machine tool. 

An ex;:;unple to this type of control is m1.1lll1g machine with traverse 

tables wllich is ~)hovm in Figure 3.2 . 

. Y 1 - B _._----_._--_.; 

l--!l--_.->- --j L_-. __ -_ .. ___ ---<II> X 

Fl' r.'u·'~e 3 1 'DOr..:·j +"J' l.) ..... ll·I~O' co'~tl't'J . o.J... o· & .J. ....... _~ u . +..1. '~D _ ~.. oJ_ Ijligure 3.2. Strtdght~~l,ne control 

In conti-nolls pa·th control, there :iE:i a functional relation-

;:;hip botw'cen the movo;ncnt:3 along c1:Lf:fcrcnt cco:t',Enates. Hence the 

cool can. be guided along D. l)uth of fmy (lesirc·d f:3hape [J.~J ~ihow.n in 

l:i.gure 3.3. A t;Y"pical example is the -profile mil1ill:{~ machinedI). 



y 

Figure 3.3. Cont1nous -path control 

To achi'Y'e this type 0 f motion, con t inous control 0 f the 

slid.e positions is required. Moreover an interpolator or a. curve. 

generator is included, \vhich has two rr.ain functions to perform: 

1. To interpolate between fixed data points or generate 

a particular type 0 f eurve 1 

2. To :cesoJ._'.re the feedrate into the component veloei ties 

() f the Dlides. 

3~2. Principles of the Solution and Available Choices 

3.2.1. Stepping Motor 

The characterictic property of stepping motors is the 

stepwise rotation of the motor shaft. One rovolution of the shaft 

is composed of an exactly defined number of' 8ugle ste})s; which is 

depend.ent upon the design of -[;he motor. The ~;tep is the l)rocess 

i:.:1voJ..'l/ing a rotat ion 0 f thC' motor shaft by' the st ep angl e. St t:~pp:i.n;g 

motors [(T8 used chiefly in the area of control tec}mology which 

includes e. g. ELlso 0 ffiee machines. For this reason, . it only makes 

Donse to COn1})a"te motors de;3igned for the Dame tasks. T'his comprises 

sm1;.111 roti? .. ting fi old motors? !.If::ynchronous motors ~ and DC motors. 

In the course of the develop~cnt of digital systems; step 

motOI'f3 came into increasing us e. They are l)referred bccaus e they 

e:dd.bi t the foJ._:lovviYlg co;n1:Jinut:Lon o:f the following chanwterisi;ics: 

1. Positioning accurete to cne step without foedback, by imposition 

of a c1eftnct;c! :?'L1YllfJCI' of c021trol puls8rl, 

-·16·-



2. High torque at f:imall angular velocities, 

3. In the stationary state with excitation, a high holding torque 

which caus es s elf brake action. 

In most cases, problem~3 inc'urred in the use of step motors 

have been of dynamic nature. A step motor may be described with 

good 8,})poximation as a linear system of second order with oscil­

latory behavior. :1'hi8 system is modified by the coupling of exter­

nal inertial and lof:1.d T!lOments. As for all drive types ~ this gives 

rise to three essential problem areas (BEn]: 

1. Start problems, 

2. Brake problems, -

3. Oscillation problems. 

motol's can be classified in three cathegories: 

Permanent Magnet St 2I)Jl:L'tlg l'fiotors, Variab1 e Reluctance Stepping 

Il'Io'Co1's Lmd !Jybrid Stepping ~Totors. In general, hybrid stepping 

motors are more efficient ~md are available in higher power models. 

Also they have longer detend torque (the maximum steady torque 

that ca..'1 be applied to the shaft of en unenergized stepping motor 

without c8..u::ling contino'Lls rotation) thcIl1. the others. 

A hybrid. DteppJng motor has a per:n2nen'l:; magnet mOlmt(~c1 on 

cb.e rotor. ~:he mEl,in flux path for the magnet flux, Sfwwn in 

Ii'igure 3.4., lies from the magClet H-pole~ into a soft-iron end. 

cap, radially through the end-cap, across the [dr-gap, through 

the stator poles of section X? axially ~_ong the stator back-iron; 

through the Eltator poles of section Y, nccross the air-gap and 

back te, the n::8,gY.l,et S·,-p01e via the end--cap. 

·.·17--
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Figure 3.4. Cross--f38ction of a hybrid motor parallel to the shaft. 

There are typi.cally eight stator poles, as in Fif,rure 3.5; 

and each pole has between two and six teeth. {rhe stator -poles. are 

also provided with windings which are used to encourage or 

cliscOU1'D.ge the flow of magnet :flux through certain poles accorc1jng 

to the rotor l)osition requh~ed. Two winding~J are I)rovided and 

Figure 3.5. Cross-section of a hybrid motor perpendicular to 

the shaft. 
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each windi11g (phase) is flituated on four of Uw oight stator poles; 

v'iinrling A is plnced on poles 1,3,5,7 and winding B is on 1)0188 

2,4,6,8. Succer::-:iv8 poles of each phase are w01.mcl in the opposite 

sonD8, e.g. if winding A J.;3 excited by positive current the resul-

t~_:1.nt mS.f,rnetic ficld is directed ru(1ial1y outvvard in poles 3 and 7~ 

bu t radially inward in poles 1 and 5. A s irnilar Dcheme is Uf::l ed for 

phase B and the situation for the who10 machine is f3Umrnarized in 

Table 3.1. 

Winding C1..trrent :Direcltiol1 of pole magnetic field 
:Direction Hadially outward Hadially inward.. 

w.:..., .. ;c ..... ___ :ft_~ 
... ,~ ... II<'I,..ffl.~~' .. P-~~ •• --... - ... ~ ........... -...--.-

..... ·_.""""""""_ .... ____ ·· ____ ....... _11_ 
A Positive 3(7 1,5 

.A Hegative 1,5 3/7 

D Posi tive 4,8 2,6 

B lfegELtive 2,6 4,8 

TABLE 3.1. ]Jcsition })ole p.lagnetic field. 

Hyb:-cid ,11otor is a Tl8;;;ural choice for applications requiring 

a small step length Emd high torque in a restricted vlOrkjj1g space. 

Theref()re~ :in the de;::;igl1ccl E;ystCY!lr hy"brid ;:::tepping motor is 

selected. The step angle of the ::3elected hybrid motor is l.So cmd 

it is 2-phase :fLlll-:;,tep hy1Jcid motor. Cllai.'(lcteristics curves of 

the hybrid motor Qre ShOVllIl in Fi[~ure 3.6 , and some ;::;pecifications 

(Xf'e given in. ~~able 3.2 [AC) ~ LOn] • 

LP p.s 1 1NunlA 
S.P R.: 5-lc:v lin.9 Pulse Pcxt,'o. 

PH 265--03 h~rbrid. motor; 

a,) ~)l)ced v(js.II~oY'~IL1G C{1.[).r. 11) :rIler'-tia v~s.S"l)?R, cb.al~. 
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~rable .3.2. Specifications of l'H 265-03 stepping motor. 

3.2.2. Drive Circuit 

The control ~:;ignals for fl stepping motor system are 

i.nvF.lriably low power, e.g. TTIJ digitaJ. integrated circuits provide 

5V at 18 rtJ.A, wher'eas a typical variable-reluctance stepping motor 

giving a torque of 1.2 Nm has a rated winding excitation of 5V [md 

.3A. Therofore if th.8 drive cireui t is bas ed on conventional bi l;olar 

JtJJJ.ction trE)nsif~i;or switches, the controller must be interfaced to 

the motor via several sta,ges of switching mi1IJlification [AC1. 
There are two typef3 0 f drive circuits: 

( i) Unipolar Drive C~Lrcui t and (ii) Bipolar Drive Circuit • 

.3.2.2.1 Unipola-r Dri Ire Cireui t 

A sim.ple un:l.polar drivE.~ d.1'cui t Emi table for use 'Nith a 

thY'('o···:ph.as e varhlblG~r()luctE!nC e st e:pping motor is sho'\vn in Figuxe 

.3 • '7. Each phas e viind~_ng is exc:i to d by a r:~ epar[l i; e dri i,re circuit; 

vvhich is controlled by [1 low,·-poV'lcr phase eontrol signal. 

T0·i (f"l'{'t·' .3 '7 Thl'C s·,,··pha~) e trn i ·Jr.Xi 1 a1' dri'le C }I'CU 1. t . _' . . :..~ L) r.,.. \.J • ~ ... 

(- .. ------frecwheo1ine; currcf.d; path). 



Thi£3 control s igncLl n1LW require several st ages o:f switched 

amplification before it attains the power level requ ired at the 

ba:38 of tho phase transistor. 

The phas e winding if3 (?xci ted whenever i -es f3witching tran­

sistor is saturated by a sufi'eciently high base current. Under 

these conditions the full d. c. :3upply voltage is applied accross 

the series combination of ph2,se winding and forcing rer.:list2nce~ 

since the voltage drop across the fJaturated tr811f:1istor is small 

(typically 0.1 V). Th!:~ d. c. supply vol ta.ge (ITs) is chos en so that 

it produces the rated vdJ:1ding c1J.:crent (I) when applied to the 

totaJ pha.s e cireui t res istE.ll1ce, v".'hich is equal to th e sum 0 f the 

phase winding (1') and forcing (n) resistances: 

(,:-3, j) 

In general the rhas e vr.Lnding has a considerable inductance ~ 

so its natlLral c1ectrical time conE,tant (L/R) is long. (rhe build-

up 0 f phas c current to its rat ed value ';'.'ou1c1 be too slow for 

f38,tisfactory operation of the motor at :high speeds. By adding the 

f(H'eing resistollce 1 with a proportional increase in supply voltage~ 

the 1)hCl.8e electrical tim0 COD_s~,~ant can be reduced, enabling 

operation o\-e:(' a ,(r'ider s}')(::ed ::'r'nge. 

Another consoquence of th(~ finite IJhase winding ind.uctance 

if) tll,at the phase current CEl:'ll1ot oe swi tehed 0 ff instantcmoously .. 

If the base drive of the svvitching trDTtsis-cor was f:l'uddenly removecl 

a large induced voltage would appear between the trcmsistor 

collector and emitter, caus ing peri1w,nent damage to the drive 

circu:i t. 'This PO:'3S i b:i.li ty is [iVO ideel by providine an 8,1 t ernati ve 

(~ur:cent path.-kDov,n as t:te fl'c8'Nhee1ing c:Lrc"i..lit·-for the pha..se 

cu:ccent. V/hon the fJ'v'y:1.tch:Lng tr811sif3-[;or i~) t'u.r:.'1ed off the phase 

C", "O·C'()y) ,t, ("0"1 Cu~'·"+·l'll't'.1.e -'co .P'1(-'1N '·;-"!y'o'u"r'n +110' ~)Cd-l'J 'nY'('V-;L,leu' 'h,,'1 the "L.o\..l. .... -.... .J.... .. U J Cl_ J 1 ... ~ .L. - "'" .) J • .4- (yJ-. V -' L c. ...... J . .t-" _ v ..L... .... 

frc:e','ih(~e1:Lng diode rmd f:rt:cw}leeling r(;r;i::::tance. 



delivered to the load. Stt~pping motor drive circuit accepts 

sequence signaJ..s from secruencer and converts them to the proper 

format for driving the motor windings. 

Since the motor rotates in response to a changing pattern 

of interactions betv.:een the rotor magnetic field fu'1d the stator 

magnetic; field, a sequencer which creates the proper sequence 

!;,nould be designed. '1lhe outputs of the sequencer \'.fill be the 

inputfJ of the drive circuit. The sequencer is explained in th 

following section. 

In the desi{;rned system? a ffiflXimum of 1500 mm/min feedrate 

i;3 desired. Th?ls corresponds to 500 steps/sec or 150 rev/min or 

2.5 rev/sec. The stepping motors used in t:he system have 1.So 

step angle. This meallS 200 steps per revolution. That is ~ one 

revolution of ',;he motor will Cl'eate 200xO .05 rnm(:::::lO mm) linear 

motion. The des igned dr~i vo circuit is shovm in Figure 3.9 sat is:fy 

the sy:3tem torque and. speed requirements (13RE~ 

-f5V 

Rl:;:450 n 
R2:=110 D 

Rm=8 Q 

Tl,T2~NJE 3055 
1113o;;NJE 2955 

T4·:,~BC 237 
Dl,D2,D3=MR 1386 



The -phase current if is established at its rated value 

then the maximwn ',rol to.ge Ci{e 0'0-)(. ) across the swi tclling transi~3tor 

occurs in the instant after the transistor switch is opened. The 

current (I) has not startod to decay and flows through tho froew­

he cling 1'0:3 is tance (TI
f

), so the ll1axirmxm collector·-emi tt or voltage 

(neglecting the forward voltage drep across tho frewheeling diode) 

:is: 

V Z':l V +R I 
ce rn 0. y. S f 

( 3. 2. ) 

'L~e phase cll.r:ront therefore decays in the freewheeling 

circuit and the magnetic energy stored in the phase inductance at 

-Gurrl.-·off is dissipi ted in the freewheeling circuit resistance 

(\vinding+forcin.g+freevrhee1ing) res istances lAC) , (0 z} , lOR) . 

3.2.2.2. Bipolar Drive Circuit 

On8 phase of a tT'tmsi~;tor bridge bipolar dTive ciraui t, 

s'",itab1e for LUJe with a hybrid or IJermEment···ma{Ql.et stepping rnotor~ 

.; '" '0l1'l(' "f)) l' Y1 1~l' gY1l.r C> 3 8 _.0 ~)l Jt~ . • .LJ • .J. _ ~-.I..-. t ..... '" .. The trmlsistors arc switched in pairs 

according to the current pol[·i:d.ty required. POl' positive axei tation 

of the j?has a winding tJ..~a:;1.S istors r1'1 and Tl1 are turned on, so that 

the current path is from the sn.pply, through transistor Tl to the 

pheBe winding and forcing rer:listBlJ.ce, then through trm:1S:Lstor 1'4 

back to the supply. In the 01)IJOsite case the tran~,istors T2 and 

J:'3 are tl..l.rned on so that the current direction in the phafJ8 'winding 

J.S reversed. 

'L'ha four :'.3witching tra:ns:i.~1tors in trw bridge require separate 

base drive;:) to amplify the two (positive and negative) phase centrol 

D:Lgnals. In the case of the 'upper' trcinsh;tors (Tl and T2) the 

'jase drive must be referred t~) the pOi3itive supply rail, which 

;}lG.Y be at a v[trLable p,:;)tent:i.al. ror thj.s 1"e8..:3011 the phase control 

s:ignals to these upper tJ[l.se clri"i/e~3 are often tra:nsmitted via a 

stage of optical iso~ation. 

··-22-~ 
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Figure 3.8. One phase of a trsUlsistor bridge bipolar drive circuit 
(----.---- freewheeling current path after Tl fL'1d T4 

t1..1.rn off). 

A bridge 0 f four diodes, connect ed in revers e parallel 

v'Iith the svritching tran~3if:ltors 1 provides the path for freewheeling 

currents. In the illustration o} I'igure 3.8. the freewheeling 

current path, via diodes D2 and D3, corresponds to the situation 

i.mmediately after turn--of:!' of tr,'lHsistors '2.'1 and T~. The free-

wheeling }Jath includes the d. c. supply and therefore some 0 f the 

c:m.erg.}1" stored in ';;ho phase vlincling inductfi.l'1Ce at turn-off is 

returned t.o the rmlTply. Tll.e cons equent impro'i/cment :2.n overall 

i3ystem efficiency rDpre;3(mtf3 a sicni:fic8.ut ac1'J'cl.ntage of the 

bipolar' bridge clrive over the unipolar driv'c and for this reason 

most large (greater than lKW) fod; epl')ing motors t including 

var:Lable.~reluctance types t are operated fronl bi'polar drive LNG) ~[AG1 

In the designed syf:3tem~ unipolar VOJ.taf:?;e drive cLccuit is 

f3clected. ~rhis is a f1:i.mple method of driving ;::tepping motors. 

HoV/cver, this tY1JC of c:river with selected co:nponent values 

Clll g:i:ve ·the :c8cJ,lJired tOY'Crue 2nd ·the ;c;pe(':lcl of ~he dE~si&'1ed system. 

:Drivo eiI'cuit design i;;,'l OJll') of the lllO~3t importent aspccts 



3.2.3. Sequencer 

1'he sequencer creates the proper sequence and pattern of 

stat ss in resl)Qns (? to a s erial puIs e train. Micro computer genera ... 

tea this serial pulse train and this created proper sequence 

(by the sequencer) ia fed to the 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 ~lput to detennine the direction of the motor rotation. 

Bach pulse given to the pulse inpu.t makes the motor rotate one 

step in the c1etermineddirection. The DutputS of the sequencer are 

used in switching of the drive circuit to energize the windings 

in proper sequence. The desigl'1ed sequencer circ'c.1it and its output 

waveform are shovvn :in Figure 3.10 [MAJ. 

cw ·1 
CC:WoO 

1~'ii~Llr8 3 10. a) Soclu.encer • .... -~'-J' ~ ~ 
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li'igure 3.10. b) Output of sequencer 

3.~?4 Position Trar:nducer 

Por3i-ti.on crensducers are 8xI:)-1.aL"1ed as incremental and 

abnolute J~~vices S8IJELrately. 

3.2.4.1 Ihg:it8~ IncY'ementa.l Positio:n Transc1ucers 

The digital method::, of controlling machine tools depend 

upon the generation of a series of 011s88 by the motion of the 

tia"lJle. 'l'hese pulse,:; are generated either by rotary or linear 

position tnm.sducers. 

In Incr~;mentfll Rotary De'v:t,::es, e1ectrornech8Td cal m(~thods; 

using springs OT ()1'1) .. ::=;1188 to f:lW8e.p the conducting 8nd nonconducting 

areas on 11 dis c, for s canning are Te.rel;y- us ell nO\'l/adays bOCB-uS e 

of thtoir t[~l:1c1ency to fH1Jlty ()~per8.tiol1. ~r.he most comrnon method of 

0'''Yl'''I,qt'U''''g n]p"+r'icPL 'l'JulfJeS i.f:3 bv tho variation of thl~ interlsl'ty be. ,t; . l"N J ~ J. \.... .., \..~ v. ,.... ,; '_1.0-_ V 

of ll- ,.,.1,)t 'f'nl1 in·:r- or' ";l '1:)1101;I)ce11. A disc called d:Ln:itizE!r~ havin.g . ~ ... ()l. _ \..-'.-........... - . (.") .. l..- L.J I .,. 

':>nl.'n]]-r , .. ··)CC'~C~ t:!~1 ) .. {.:\..- -J I-:;'j,. (..~~ ... :; LV 

b~,,;'b'\'e8n a ]j{;ht 80UrC(~ and [l 'pho to cell :Ln 'nhich a -flovv 0 f cUl'Y'ent 



J cycle 
4 

Figure 3.12. PilOtO eells and their outputs; 

a) ])ositioning of two photocells~ 

l C ) 

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

c) Outputs of A and }3 in COlmter clock wise rotation. 

!,.nother way to .:.leterm:i.ne the clirection of rotation would 

be to code the digi ti3er specially and I)lace the photocells as 

shown in Pig-ure 3.13. In clockwise rotation a:fter they are both 

illumiJ'lateo., A will cl080 while B T(~c8i ves light, whereas in 

0lYPOS it e o.irectio}";. 1;oth will be cla:ck, as illu8trD:~ecl in f['able 3.3. 

Pig-un; 3.13. Coded digitizer. 



ThuE3 a logic circuit may easily detect the direction of 

rotation. 

Clockwise rotation Counterclockwise rotation 
a.; ..... .,_ .... U.ol.& ... ' ...... """_~ ...... "' .. ___ ,,~,_""'.,_""' •• _'"'..,"_ •• _ .... .-'''''''.-.-~ ___ ............ _~. __ ,..-...-." __ .... __ ........ _-' ... ___ .. _."._._~ ... ___ ,, ...... ..-. .... "'# ........ "'"' . .-A 

A B A B .. ,..,.,........,....~ _"""h ... _"' __ ~ ..... ---~~- ........ ~-.. ---
1 1 1 1 

0 1 0 0 

0 0 0 I 
1: Illl.lminated 

1 1 I I o : dark 

Table 3.3. PilOtO cells according to direction of rotation. 

In incl'(:.'man tal Linear DeVices, it is again not 

practical to use el ec trornechani cal. (by brushes and 

or Induc;.t\ve for 5rno{( 

displacement elements "b,S", which is the case in machine tool 

prac~~ice. The::cefore uncoded linear f3cales ;':"LTO best sca.'l11ed by 

photoelectric rnearli3 oi ther by tI'ansmi tt'2d light method or reflec-

ted ~Light method" 

In the :first metllOd a linear scale, consisting of a glas~ 

plate upon vl'hich a ml.m'oer of equispaced lines are engI'aved~ is 

fixed to the slide vvith a light source and a 'photocell on either 

side. T'11'8 nu(nber' of Ll.l1es detf';:rInines the accuracy obtaina~)le and 

the process is similar to that of a }~otary system. Another possi-

'bili ty is to :i.ntroc1uce CiYl ;J.:Ll.xiliary grating emd ffiElking Uf:le of 

Motre l:Lnes li10re easily. 

As LGustrated in Figure 3.14, the lin(::s on both g:':',;;;GiEgS 

Dxe ~)paced by 1',3, find rotation of the auxiliary grating by "S" 

-PY'oduc: es n l~Io:i.re "fI'.ringe Po. tt ern. One 0 f the gratings :LS fixed 

whilE: the o"t;ler :Ls com:H~cted. to the slide. Depending on the 

d:l . .r' (?('.t ion ():C mot ion 0 f the n:lJ.chi:nr~ 81 ide, the fy·jnge;;j vvil1 appear 

"-29-



}<'igure 3.14. Mo ire Fringes with 811 ouxiliary grating. 

to move either upward or Oov:liwarct. The intensity of light seen 

by the pl':.oto cell will var-,,! 3 in.u.so idally, m, the grat in,gs are 

mO-i,l"ed relative to ca,ch other'. Tl18 sinusoidal output of the l)hoto­

cell is either couJltec1 directly or a phose comparison method 

may be us ed to determine tho di::;tanc8 travell(:;d. 

The ::'.~eflected light T:1ethod bears the 881TIO prinCiple, with 

the differt::llce that instead of a glass sC8J_E! it utilh~es polished 

~rtn:Lnles8 steel SCDJ.8 on which the light is reflected. Tb . ugh 

this method has the advantage that the easily broken, dirt 

attracting glass 130a18 is cL"v'oided, it requires a COlTI1)licated 

o:piiicf::1 system. In addition to that it heW a less opticcll reso/u-

Sl)[lcing of the graduations for 

reliable op~ration lI1 . 

:Digi.tal Absoll). to Pos itiot1 TrE,nsdEc:ers 

S:O meaSl.u'e the ~i)OS i tion uosolut ely re1at i ire to a predeter-
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l)hotoolectric scannil1g is feund to be more suitable due to the 

previously stated reasons. 

In absolu t 8 rotflY'Y devie es, th e digitizer dis c may be 

constructed to give a binary output. It is then said to be encoded. 

Figure 3.15 sho"",:j sf::gments that will give the decimal digits 

o to 9 in the binary code. The subdivision ~S of the disc deter-

mines the re:;lolution o.btainHble. Errors in the scanning of the 

--~ 
I. 

5 

bl 

___ J .·,.·.~~=t'l.~il 
l~l'tt~;ili~tji 
L .... ,_.~ .. ,.,. ''-M_.:J 

B .nor)' Groy 

J?igure 3.15. a) Absolute d:ig:i.t izer cmd 'j)) Codes. 

;:;:ncoded disc EJ.:ce po::;sible clue to slight El:lf:Jlll:i.gnme::lt or to {he 

sm.biguity of :~1ignal whon ·ehe disc come!'c, to rE.~st f with the scanner 

on em edge potition . 1m sJ:i;crI1ative scan l!lay be ufsed with two 

acts of photocells displacEd on the disc, the two outputs betng 

~30rt8d out by logic: circuitry. Several alternative oodes may also 

be tlsed, of which the Gray Code is. poplilar as shown in Figure 

3.l5b. In there is only one tr8YlSition point :?or each 

Chrttlge 0 f digit. 

"'Y) d ," -.rp ..... c' 'L' " () \ :.:.!"l..t. . ,:,: .... '" ~ t.~1.1- .. :). "c;:) 

:L,} Figure ~) i ,'" 
.J " .LO 

gearing in their connection to 

or ~or_u:H;ctc:d to each other by ge1':u'ing [l/J shown 

--,31·-
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10 

Fifsure 3.16. Zonal sCFJI1.ning of binary coded discs; 
a: Co de dis cs as in Figure 3.1:3[1, 
b: Gearing with 1:10 ratio. 

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

Drive 

0/ ---

In the abolute linecu devices, to c.eterndne the position 

':I.f the m.9.chine slide directly, coded linear scales are desirable. 

Howe'ver the cost 0 f producing thes e scales is very high due to 

the follovving reasons: 

a) clisplaceme:n.t elernents "/.1.S II a:ce very ~::'11al1, 

!)) large rn,un'oer of i;:tacks r:3,T8 r.:~qu:i.red, 

c) preca'xt;ions eiro needed to ensure accurate scanning, etc. 

In the des:igned system, because of L-1CC;uracy the linear 

:;xtCTcmentsl digital position transducers are used. 

3~3. Interfac:i_ng of the f;ystern with the Mic>:'ocomputer. 

As previously explf:3,ined, the microcomputer will generate 

two ::-;ign,alfJ (one direction mJ.cl onepuls c signal) for each motor 

s equ8Il.C er. It should a.lso talce the pos it;ional feedback infQrma-

tion fJ: ,)m poeition tr:Jl1sQuc(:ors. rJ1here ar8 threE; positional infor­

mat:i,on, they are taken from }:,y, and z axes. Niicrocomputer should 

be info2'med about \'v1:1ot11(:31' the table in going in the positive or 

. I' \ . 1· -'8 t· en J'n "'1·1 ~vl·"" ,·j"_·'t 'h,~kc,q +otal-_Ly. ? 'oits _ In -cne D.O[;8.\d_Ve Cell: C 1, .1 Cl Y cL.h_ C>. v. __ , c~ v -

~f e ed,bL~.clr D j.gna.l. 

~Lh;) PO;:; it ion t:carH3 ChI C O1's ',vhi ell COIl, vert th G J)OGi tional 

:lJl:fDlYICLt:Lon into 'voJ.tc,ge f(lX';n ur:.d,ng only the logic levels 0 and 

·,·32 ... 



l(OV and 5V). It is an incromental tran~3ducer. It also gives the 

d:i.rection of the movement. The physical position values are deter·-

mined by so ftware count:::! 0 f taken incrementa.l yalues. 

In general, -the vvindln:J of stepping motors may be adjusted 

to different impedance levels to trade voltage for current. 

TUsing rate of current jn a vlinding is proportional to V/I.l:l1, so 

that higher voltages will yield better high--:3peed ·perfonnance 

generally. It is not unusual for the source voltage for puIs e 

initiation. ane. termination -Co be 10,20 or 30 times the steady 

state motor voltage. There aye some methods for control o·p this 

'overdrive' voltage so as to limit steady state current to correct 

vn.lue [OZ]. 

As nwntioY18d earlier, the control system is deE1igned for 

1 i:near rno-l.; j.on in three climeYls i::rns. The syr~tem programs are wTitt en 

:for this purpose. Motion along cmy c01J.Y.lte:c ctJn be traced by 

sui tabJ.y clivic1ing it :LltO linear sections anc1 a master program 

C!Jl1 be written to do this. Note that such a master progra.l11 vnll 

require acl:l:i tioncl1 rnemory sjJace and CfJ.re must be taken so that 

the additional calculations can be done in the available interval. 

~r:b.e l:inear motion bei;ween the given t\'10 ·points can be 

-(;Y'o.cod in different mEmners. The point to point control method 

is selected. Th:i..s is one of the reliable and simple methods. 

In this method, at the beginning point of the motion, 

one step if] tal(en itJ. the )( direction, then the calculation is 

done to :f:i..!lel the cOrresIJOncling y coordinat e [mel this y coordinat e 

is :'~:jdched [\Y "taken ;3i;e1)S in y direction. \';118n this y coo:nlinate 

·r.Ol~ .t."i-Jc, '·'\'YC'l'C"'") ("c"'l··'·l''']) X r.:ru'orclirl<:"te j.s ol-lt;ainecl. onE~ more step .l. J.~ U.l. .\.,.. l.lJ.J. O. U'-'" CJ, " Iv Cl. ~.. - I 

if) tE.11cen in x direct:i..on. C~hj.s ccmtinue.s unti1 the c1t=;stination 

po int is :r-e':tchcc1. As it h) :t'.o-(;:Lcec1, only one directional motion 

lS do~e at a time. 
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:ponc1s to the accura.cy tolerclYlce as explained earlier. If the 

calculated y coordinate for the phYf3ical x coordinate is not a 

mul til)le 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 • 

. -34·· 



CE.AP'llEH IV 

so JI'rWi\.RE 01:i' 111m SYSTEM 

4.1. Software Specifications 

JJogic of tfH~ system software is as fallows: 

The coordinates 2nd. feedrate 2.re entered from keybon.rd by 

the operator in the decimal form which are converted to the hexode-

cimal form and so, all the operations anc1 calculations are done 

in this form. The en'~ered clatl?'9 coordinate or feedrate, which is 

not permissible for the r:;ystem is not 2.cccpted by the software. 

The coordinates of the line between the given two points is 

deteYT:lined, its para:netercl arc caJ.cuJated. lIThe delay routines 

ax'e adjusted by the entered feedrate to ElL"Ll::e it possible to 

achieve the :;:-oquirec1 IJiJ.ls e frequency v/1'1i eh is given to the control 

c ircui ts 0 f the mo tors. ~Phis pulse frequency detel~mine[3 the speed. 

of the rnotorf~ and, inc..:i.rectly, the feedy·ate. 1nl~re:fore~ this TJUlf~e 

f:coquency is obtained b:r acljw:;ting the cj.elay dun:Ltion throngh 

1-l'h:Lch m:Lcroccrnputer pcWS8S 111. the loop.1'he microcomputer t".keB 

the yhy::ii.cal (actual) posi tional data from posi tion tr8nlstiuC€l'S 

a.nd C0i11pRr(i; them '.'I:i.th the .id.eal onE:S which C:~l'e GCi.1culated. f:T..'om 

tb.G 1:Lno eq.ua t10n and cl ot8r;ninos the con trol si.gnal,~ for the 

~~~a~l'ons' nf ·the n10+C1TO[pA' .J.. • ..) \.1<: l- \uf~ ~.tJ,' ./..!.... V ........ ~:'l ,.VJ~) 6 

4.2. lhs ic Flmcticns 
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Since they are us(')d f!um.y times in the ~3ystcm progr[lm,they aTe 

developc-)d DIld orgElnized as subroutines. Three subroutines are 

wri tt en for thes e four bas ie arithmet ie operat ions. Thee e are: 

ADDSUB: 'l:his subroutine performs the addition () f tvvo 3 byte 

length signed binary' numbers to give a resuJ.t of 3 byte length 

signed bi1H.1.l~y number. If the second number has a minus sign then 

the operation will be the subtraction. 

IvIULT: '.rlJ:is S1Jbrouti-ne multiplies the two 4 byte length 

signed binary l:umbers. As Et result it gives a 4 byte length signed 

binary numb er. 

DIVI : ~rhis subroutine divides a 2 byte length binary 

number to another 2 byte length binary number. The re5u/{ or the 

diviSion consists of 4 bytes. Right most 2 bytes give the 

4.3. Mclin Program 

Sinc e the progrruns related to sOfYIe Dyst em functions are 

written 2~S 8ub:;-'out:lJH?S 9 the TUcdn program generally is constituted 

of calling some Dubrout:i.l1e~Jo A;:; it is seen :f'.com Figure 4.1~ at 

the beginning, the main program calls COORD subroutine for 

, ' th' . , c.ccep'"Glng . e oegTnnJ.ng cmd defJtination }Jo:\.n1; coordinates. 

Calling the sllbrouiJine 'S:TEKD wlkes the enterence 0 1~ feed::cate 

possible. ThG subrouti:rlG r.tl.RAM calculate::3 the line equation 

i.'J8.:rarneters. Ideal ''!-- coordLn.ate is calcu.latecl by calling the 

subroutine YID using tho Ij.110 equation pDX'ameters. The output 

fro1[! Llicrocomputer to the centro1 circuits of the motors is 

clone b:~r calling the subrouti~1c OUT. Transfer:cing the -;Josit;I.onal 

:i.n:formaticIl from pot is iC):rJ. tr,:ul[iclucers to microcomputer is clone 

poi:'d; ~L;3 T'J:::lChcd or not if:"] chnc. l)y the sub:::-'oucine OKT!:Y. 



[

---F n t;~~·C-O~~·~;·;, o-tes--or----J" 
~~~~r~n~~9+ho~~~i;~~·t ~o~~~~n 

...c..._._ (Sub COORD) --.-... ---------.. -r---------------
1________ t 

l. __ Ent~j;:;~~~:~_~ -=J 
______________ 1 ___ _ 

C l:'d c u \cd: e 0 II -t h ~(~-~~.-.--J.-
E>4 uO ti on Po.r·orne.ters 

._. __ ... _ (.sub. PA RAM) ------------r----------------
I 

--_._---_._----.-------.-- .. y-_ ... __ ._----._-_ .. _------------
Accordin9: 0 Eni:e.r-ed F-eedr-otc, 

Determine -I:he. Pulse Fr-equency 

Given {o the Motor Con--lrol 

I CIr"CLlr"is (.sub . .'5PE ED) ------------r----------
o 
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C~ive One Pulse to {he Control Give One Pulse ·to the 

CI(CUl1: o~ y- 0;<;5 Motor ConTrol CircLlit of X- axis 
Accordin.9 {o Co leu! oted Volue.s fV10-l:or 

(Sub. OUT) ( su b. OUT) 
---------·-·-·----.--.----.-.f..:.~~~~=·==_==: ____ .. __ _=~====- r--------·---··-·--

r-----.. -----·· .... -·-···---·----~t--.-... ---.. -~---:-.. -.---I 

I Toke ·the PosItional I()FO~jnotionl 

l 
fro(Y) t 1-, e Po 511 Ion fronSCiucer.5 J 

( Sub. 1 1\\ PU 'T ) 

~·_-~~~=-.~=~=~~_-.~~·~~l==~~. __ ~~=~~~~~~~ 
Calculote -the PhySical x and Y 

Coordino-le \folues 

---./ /; "-/"" '. 

~_~) ..,___"/Physicol }_ ~nJjn9 ~.~ <-. Coor·o!.,(\cde5 -- LoorO I (1C,te.:;> :> --- .-.----"'-.. ~ 

--"--~-

r-'---D~~ ~i·~y-~;·~3~~t~t~ .. ;;---·----·-------J 
L..------... ---.-.-~ .. ~~~!:.:J,~~~-:.~)-.----.. ~ ..... -.-­

("-;l~~;.cr;-·\ 
\ ..... _~ __ ~~ __ .,v< •• _ .. _..,.~) 
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If tlH! destination l)oint is reached then th(~ subroutine BI1'TI 

indicnt os this by dif3playing "Ei tt i" on seven s nt':,:rment displays. 

Other'Nioe, the m8.~in program calls the r-lUbrolltine YID once more 

nnd goes on m3 it is seen :from the flowchc.l.d. in "Figure 4.1. 

In the followirlg sc?tionG, brief flo\,\'char-cs and explanations of 

thoo e subroutines are gi·v·cn. The main program and th08 e subrou-

tines 'wr1 tten in Ass(;mbly ~LanguEtge are given in Appendix B. 

4.4. Subroutines 

In this section the su.broutines cEtl1ec1 by the main 

program will be considerecl o:ne by one. Their logic and flowcharts 

will be given in the simplified form lDA) • 

4.4.1. COORD SubrcJUtine 

r:r:rnis fiUbrout:Lne n:ak8s possiblc~ the cnt:erence of the oeai1m--
- l. .J ~ .: 

ing tmd. deDtina.tion point cf)ordinate~l of the linear motion, 

(X~ vA) '""'lrl (X2 '(0) rc,,,-,,,·)c.(,,J,.·l'·t·,..-.]y j~·t"OrQ +}'l('> 1'("IIOOar"1 T,'}"r'c't \ '~'I 1 J. 'I ,;Id v. \" - p ~ L, e LJ 1: le ~ II "'-"" . ~ • U _.e J\.,.J ( ~" 1. . 0 "HI::::" 

is d.:LsI;lc7c;d. on the S (';'1781'1 D cgmE:'l1 t displays whl ch is corresponded 

G.bout Z a::x:iE. Z-axis L.:; h,dependent of X ~md Y cL"'(es. The data is 

entered to mic:;:'o cornpu, ter ~Ln (lc~cimal form. Aft 8I' e:nterenc e 0 J' data 

:Ln decima1 form, microccrnputer cOrlve:r'ts this hrGo hexadecimal 

form. 11he ~:'lowch8.rt about thi~j subroutine is shovvn in 'Pigure 4.2. 

4.4.2 SPEED Subroutine 

IJiko the ~mbr()ut:Lne COORD; this subroutine ma.'lres tlJ.e (0.nte-

:cencc of feec1.l'ute from the keyboard po f::Ed.ble • As cxp1!:d.ned. 'be:fore~ 

of 
, , 
'~r! e :L:3 in tIle ) f:':.crniss i b1 e 

then tl".:l.i:l en-t;(~rec1..l()cirnal data value is 
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convert cd into the hexaQecimal form as f-lhown in Figure 4.3. 

T1his Eiubroutine also ad jUDts the variablef3 0 f d olay rout ines. 

fl'hese routines' arc adjusted occordir"3 to t.he. e,n'tered 

f(:l edrate volue. ~rhey adjust time delays between the }Jult~; cs given 

to the motor control circuits to get the desired speed of the 

motor. 

if ~ 4.3 FAEA1VI ~:.iubroutine 

l 'hi8 subroutine calcu,lates and find::l the slope Bnd 

constant te:cIll of the line equation on which trw ideal motion 

talces place. TheD e two calcula.t ed valu es are us t}d in the subrout ine 

'lID. Its Flowc.hart is given in Figure 4.4. 

I.J. .. 4.4. YID Subroutine 

Since the i3yBtem is a closed lOOl) cOI)trol system, a 

i'~~edback is tn.,ken :frO'.11 the position of the table end accordi.ng 

to this feedback new decisions are done. In system? for the 

",1'l"'" .'L "8'1 (,-, ('+usl) X no 1'" -"C~ ~ '" e" ,I. p ,L1" e (',l, I',J,,~~,~ l' 'l"pa~ Y cn 0' I~n,~l' na- 't'· c~ '~'I10ul d .i.~Jl. j' ... ) & ".... N. \ c,· ? V ~ ,,_ / ,~... J J_ , ........ Ll. ct v '-~ I l.J 1.1. ".J ........ __ __...... c "-' 

'be krJ.Own .. ~),,-!b:routine YID cc-Llculcl"tes idecd y coordinEite ('lID) 

Lor t;L.,'lY )( cocrd.iYl.ate VClI(~e It UEi(~S the slope (IE) r.md constant 

-[;;:;rm (YJ - i";>~(1) of the li:1l8, on which the ideal motion taJees 

vlac81 which is cc:.lculate:'1. in subrou tine ?ARAM. l~le flovlchari; 

of YID is given in, Figure 4.5. 

4.4.5. OUT Subroutine 

At th8 Gontrol of the motiol1 t after the comparison 

::::etV:0en the lihY's i ChI and id881 coordinat 8S, some puls es should 

';H~ F~'od1J,ced -Co the moto~,~ control circuits. IJ:he TLtclin aim of 

-AO··, 



YES 

~JO 

r:Oiovvchorf or COO~D subroutine.. ° 
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step in the d.eter;:J1i:r1t~d direction by the sequencer direct:i.():t1 input. 

For a given x coordinate, this subroutine compares physical (YAe) 

and ideal (YID) y coordlna,tes. As a result of this com'Pa:rision~ 

it generates the! required puIs es to the motor control circuit to 

;uake the phYBical j. coorcUnat e cq~als to the ideal )' coordinate. 

If they are equal, then it brings the x coordinate to its next 

vD~Lue. ~Che flowchart 0 f this subroutine is shoV'.1l1 in Vigure 4.5. 

4.4.6 TnpUT Subroutine 

In the closed loop control system, a feedback always 

exists. The purpos e of this fju.broutine is to produce this feedback 

:30 that the ideal position of the table could be contirruou~:;ly 

checked with the current pcmition definE'd by subroutine OUT. It 

takes positional data :lll}Jlt-G :from position trans(lu.cers and cle-ter~,· 

mines which data is from wh~ch transducer. By the use of this 

obtainod incremental l)ositiona.l data, absolute ph;'(:::1icEJl :x:-·coordi,­

nate CXAC) and 'j co()r6i~:J.ate (YAe) are obtained as shown in 

()K~f Subroutine 

'Ib.i.s 8ubI'outlJle determines whether the dest:Lnation -point 

of the motion is reached or not. H :Jets the varia'Dle OOKEY to 

1 if it is reached f to 0 if not reached. S~hif3 variabl e is checked 

in the rnain program to see Y'/hether the des·tination point is 

:::'8ached or not. Its floVilchDrt is given }i'igure 4.8. 
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CHAPTER V 

RESUI,TS, CONCr,uSIONS .MfD HECor,1TiT EN DN1' TONS 

5.1. Tes'tL'rJ.g of Motor Ope~'."at:LoYls 

Se.qucnccI' 2,:n.c1 drive circui t~:; ",Lre connected to the stepping 

;11otor to test the motor ope1.~atiorl .• A square wave genarator is 

then used to get different rota~ional speeds. This is achieved 

bY' chollgirlg the frequenc.y 0 f the appl ied. s ig-nal. It is obs erved. 

that any rotational :'-3peed between 0 and 500 stcps/s ec can be 

reached. After this, start:Lng and. ~)topping perfOrTn8J.1Ce~3 of the 

motor at these speod valuGfJ are also observed. ar-3 shown in FigLlre 

5.10. In ord.er to find out '\'lrwther the mo tor los eE3 any st q') or not ~ 

the sequencer iE; excited 1),1{ different number of pulses at a 

predetermined freC'~uency iJ.nc1 cOJ.7eSl)onding ro-cc:d;ion of the motor 

i.s Oh~3 erved. ll'rorn. the:3o ·f;es·ts r; it if) seen that for the speed 

values lXP to ~OO st eps/s ec thf] motor do os not 10138 any step 

sho\.VII in Figure S1b. 

:FJt~UI'e 5,1 :3tc\I.'tin£; and Stopp.L'!.g }'sr::'ormace of J.lotor 

-49--



However, for higher rotational speed values the motor may 10[30 

flame Elteps while starti~lg or fJtoPl1ing it. It Dhould aJ_80 be 

pojnted out that these testa are carried out with· an insuff:iciont 

volt[1ge and current valueD so that the drive cicui t is operated 

l.mder its nominal current and voltage ratings. Its reason was 

the nonexistence of a vvel1 regulated de power supply_ 

It is expected that the higher :':Jtart-stop speed rates 

can be attained without lo::~i)Jg any step if the drive circuit 

cou.ld be fed at it::., r:ominal ratings. On the other hand ? it \.Nouid 

be better to 'vwe higher voltag·e and current rating switching 

transistors to improve the l)erformeYlce 9 or the '/1'f;OS IJower fieId-· 

effect transistors. 

Du.ring the opeJ".'ation of tho motor, :i ts winding vol-tage and 

current wavo:fo:cms a:ce ob.38rved as shovvn in }'igure 5.2. 

0. 

~t 
- il I 

b 

} t /\ ( /\ i ("'---. \.-. '- ~"----
~I ~~':2~ ___ ,_-=~-:':-==.,-_______ . ____ _ c 

A .! i. frt'cwhee(in3:1 ------jO>'-
\ time 

~;1 lif'· --: .. 0-, 
-:~ I ~--'~~I"-1J . "'--
:! . _______ JI. _________ . _____ ~ __ _ 

J 

e 

a) apr;l:i ed phase voltc\ge, 

c) current ~aveform7 



At the beginning of each pul::;e, there is a damped oscillation 

i.n thc vrinding vol t2"ge. rJ:lhis shows that, at thee e . points there 

i.s a mechru1ical damped oscillation in settling of the rotors ~ 

which is a Imov,'11 problem of stepping motors [11.0) , [PI}. 'I'hese 
. 

tests (::u'8 (tone on no lOEld C0l1ditionf:j. Y\11.on it is operated on 

load conditions, these oscillations would be more dominant. In 

Juture v/Ork ~ to reach higher fJpeed va1ues this fact sholJ.ld be 

taken :Lnto account. lJ:his wil1 require a more sophisticated dTive 

circuit. 

5,,2. Iresting of the IJ).2'J.E':ar Motion 

When the beginning end destination point coordinates Emd 

feeclrate are rm'tered to thc~ microcoml),Ll.ter~ it generates control 

pulses to the ;;JcqLZencers for x,y, i direction.s. In the first 

fJtage of the t{-?st pro ceclu:r8, the motor is (;o:r1D.ect!2d to the sYi::1'cem 

-~o control the motion in x d:LY'ectiol1. Elnd x ~-::omponent of the 11:n80..1' 

IllOt:!.on is observed. Por th:e second EJtage, the f:.lbov8 p:,:,~ocf)dure is 

:t"epeated for y direction .::tnd y COIllPO(~ ent of the linear motion is 

c;. btainccl. 

5> 3. ConclulJ iOllS and I?eco!-:1:nsnclations 

In thi.s thE!;.:;is wor};:, microcom-p1xter cont:.co1 of linear 

motion of the table of a machine tool is c.esigned j constnlcted 

2nd tc;!s-ced with the available facilities. 

III tcst:3 ~ fJat:Lf:;:t[~cto:{'y operation in open 100p on :no load 

cOjJcl:i.tions iEI o"ota:Lnedup to 1300 mm/min feeclrate ill 0.05 nun. 

the Dotorcs rotor the desired operation is not obtained. 
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This work shoVls tha.t such a control system carl be d.esigned 

and im}Jlemcnted to satisfy the design 8j)ecifications. However~ 

improvements in the drive cireui. t i.s css ential. The so -[tware of 

the system, on the other hand is quite flexible therefore is 

suitable to be u;:;ed as a building block in a more sophisticated . 
control environments. 

A master IJ.Y'ogram V'lhich converts any given path into linear 

8 cgrr~en tiS can also be wr.i t tErn. Once the path is subdi v:Ldec1 in to 

1tnear segments,the software developed here can be used to fo:clow 

these lin8<:11' contour segments 8.J':ld thereby permi tting comp1ex con",; 

tours to be followed. AJJ}l (15 microcomputer El'IWIVl memory region can 

~H~ ;;;xpanded wi th ease to store this master program. 

~:11e fo11o\t'd.:ngs are recommended for future work on thiEJ 

Cho ci11aticl1s 0 f the roto r should be either 01 cctrol1:i cally 

o:c !nechsnically Ja,Il~)8d for a re1:Lable o·peration. 

A mc.:EJ"\:;eY' program V'!~ich converts any given motion path 

in-!:;o linear sf:'[.')llen·ts uhould be vvritten. 

bE) ~xpanded to store master program. 

:-::;wi·\~chi::r:g tran.sistors can be replacecl ·vdth "\nY10;::J field-

effect tnms :i.s tor to improve the reliability 0 f drive 

circuit. 

This vro:ck should. be completed by fitting the system deve-

lopc~d here to a prope:c machine tool. SOnl(; elt:ctrical and 

Llcc:hanica1 problems probably will arise when tho ove::·'al1 

::;ys-cem is operatecl vl'ith closed J.oop control ~:;trategy. 
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~)YSTEM PBOC3[v\M 

80;]0/8085 IlhWO flSSEKi.UJi 

LINE SDUfiCE STATDIENT 

1 ; 
~ . 
1. , 

iitl I J'I KhCH I N;:: TC(JL cOtlTfiliL 
F'il()Gj~iI;i j N THllEE D I MENS IONS 

3 
4 •••••••••••••••••••••• ORG 
5 flUS ................. EOU 
6 [INVJ£IH .............. EOU 
7 ANliflZL ............ .. 
8 UMW •••••• '.<'" ••••• 

9 flNVAUS 

OBOQH 
05AfjH 
0701H 
07i!CH 
05C9H 
07C7H 

10 MIN : ............. .. 

ECiU 
EOU 
EOlJ 
LXI 

11 • • • • • • • • • • • • • • • • • • • • •• 1111! 
5P, F~OBOH 

11,1' :H 
12 
.13 ..................... . 

15 ..................... . 

OUT EIH 
CALL COORD 
CALL SPEED 
CALL Btl5LA 

16 •••••••••••••••••••••• l'lClV A,E 
17 .... . • • • . . • • • • . • • • . • .. CPI OFH 
18 ...................... J2 SPEEDl 
i 9 • • . . • . • • • . • . . • . • • • . . . HIP hNh 
20 CNAIN: .............. CI\LL PARMI 
21 ....................... IN F'AH 
22 • • • • • • • • •• • • • • • • • . . • • . (~NI OFt! 
23 ............ " • .. .. .. • S1I\ ! B3bH 
24 ... .. .. .. .. .. .. .. .. ... LHLD 1 BOOH 
25 ... • .. .. .. .. • .. .. .. ... SHU) 1 B34H 
26 ...................... LHLO lB03H 
'27 ...................... ::,HLD IB32H 
28 LOOP: ............... CAL.L YID 
29 .. • .. .. • .. • .. • .. • . • ... Gi'lLL OI(EY 
30 ..• ,.................. IZ 
31 •• ,................... CJILL 
32 ••..• • • • • • •• • . . • • . . . •. CrILL 
33 •....•..•.....•....... niP 
34 SOBE: ............... eN.L 
35 ...•.•................ ELT 
36 
37 nm OF I'lflHi Pf!OCRfif\ 

38 
39 hDllSUB SUEfiOUTINE 
40 

S06E 
OUT 
lllPUT 
LOOP 
BITT! 

41 tiDDSUB: cm.L CHECK 
d,2 •••••••••••••••••••• " • LX] tl,lBOEH 

43 • f 'tf I •••• t ••• 1 ••• 1, f I ~!OV (I.M 

4·\ .••••••••.•.•.•.•••.•• fiN I 80H 
45 ...................... JilZ COgp 
"6 ...................... L:~! H, J811H 
47 . . • • . . • . . • • . • • • . • . . . • • nov Ii I ~I 
48 .•• , .••••••••••••.•• , • 

49 • f ••• I • ~ ••••••• J , I • I •• 

50 ..............••.....• 

til\! 80H 
JI,;2 C0l1P 

Pl!SII B 

-, GO--

LINE 

51 ...................... . 
L'J 
• .Ii.. •••• I • , • "' • , I •• I I. " , I • 

SfjUIi~E STiHEJiENT 

PUSH 0 
PUSH H 

53 ......... .. • .. .. .. .. • .• LHLO 1 flOFH 
54 ....................... LDfI IflOEH 
55 ...•.• ,' ... '."." ..... MOV B,A 
56 ....................... LOh 1BI JH 
57 ...•........... • . . . . . .• 0[\0 0 
5!) ....................... SHLD IB12H 
59 • • • • • • • • • • . • • • . • • • • • • •• hL1C B 
60 ....................... Sli\ IB14H 
61 ••••• , • • • • • • • • • • • • • • • .• ilN I BOH 
62 .•.•.• • . • • . . • • • • . . . . . . • JZ LEAVE 
63 ....................... LXI H,1BI4H 
64 •....•• • • • . . . . • . • • • . • .. CflLL COMP 
65 L£fiVE :................ POP H 
66 ••••••••••••••••••••.•• POP D 
67 .. , ••• ' •••••••••••..•• , pop B 
68 eml? : •.•............•. 

69 .....•................• 
70 
71 ..................... .. 
72 ••••••••.••.••••••.••.• 
'13 .•••••••.•••••••••••••• 

DCX 
DCX 
flOV 
CliA 
ADI 
IIOV 

H 
H 
iI,l! 

74 ••••••.••••••••.•.••••• INX 

0111 
lUI 
H 

7~) ....................... rlOV A,M 
76 ••••••••.•.•.•••••.•••• Cl1il 
77 ....................... Ae! DOH 
78 ••••••.•.••..•••••••.•• 110V ~1,1\ 

79 ••.••••.•.• '........... INX H 
80 I J •••• 1 I • , I ~ •• I , I I • J ••• 

81 ...................... . 
82 ......•...•......•..... 
93 .•..................... 

85 .............•......... 
86 CHECK: .............. . 
07 ••••••••••.•.........•. 
88 
89 

.1 ••••• "11'" ,," •• ,1,. 

s'o •••••.•••..•••.••.•••.. 

HOV lUI 
eM 
IICI DOH 
mil 80H 
j'lOV li,A 
liET 
LX] H,IBOCH 
CALL SS 
LX] H ,IBOFH 
CiiLL 5S 
RET 

91 SS: .................. MOV 11,11 
92 •.••••••••••••••••••••• AliA l\ 
93 ••••••.•••••••••• , • • • • • RNZ 
94 • •• •• • • ••• ••• . • •• • ••• . . INX H 
'/5 ...... "............... HOV /1,11 
9 h •••.••• • . . • • . • • • • • . • • •. {'INA II 

9'1 ••••••••••••••.•••••• " i?liZ 
98 •••••••••••.••••••••••• 
99 ........•..•....••..... 

100 

INX H 
SUB f\ 
1'10'/ If ,M 



80ao i 8085 ~li\CnO t'lSSEMrUR 

LINE SOUf:CE STfI TEME!H 

101 ••••••••••••••••••.••• RET 
102 
103 
104 
105 
106 

EHD OF ADDSUB 

XULT SUBliOUT I NE 

107 nULT : 
108 ••••••••••.••.•••.••••• 
109 
110 ..................... .. 
111 ..................... .. 
112 
113 ...................... . 
114 '" II, I' , •• ,., •• "11" I 

115 ...................... . 
116 '" II "1' I •••• ,. ",. , •• 

117 ..................... .. 
118 
119 ..................... .. 
120 ••••••••••••••••••••.•• 
121 ..................... .. 
122 ..................... .. 
123 ................ , .... .. 
121} ............. , ....... .. 
125 ..................... .. 
126 ...................... . 
127 
128 
129 ••••••••••••.•.•••••••• 
130 STl1H: 
13i ......... " .......... .. 
132 ••••••.•••••..•••.••••• 
133 
134 .................. " ... 
135 ...................... . 
l;;b CONT : 

LOA lB43H 
ilNI 801l 

tl;)V e,/) 

LOP. IS4?H 
fIN I BOH 
XflA C 
i10V C,A 
LOA 1f'.43H 
ANI 7FH 
STA IB43H 
LDI\ If.WIH 
hill 7FH 
STi\ lS47H 
LXI H, IlH8H 
SUB A 
MOV ii,A 
IHX H 
rlClY H,f\ 
INX H 
110V 11,f\ 
INX H 
HOV H,A 
!WI IJ,20H 
LXI H,11348B 
GiLL ~iH I F1 
LXI H, Hl'14H 
Ci\LI, SH 1 F'T 
me CONT 
CilLL ,SUN 
Di~R B 

137 •••••••••.••••.•.•••••• JNZ STl\R 
138 ....................... LD.~ 181BB 
139 .......... ,............ oru\ G 
140 •.•••• ,................ ,STfI IB4GH 
111 ....................... RET 
142 SHIPT : 
1 ~3 .•..•••........•.....•. 

nov [I,M 

AN!I f\ 
! 4 4 •••••••••••••••••••.••• , HAL 
lA5 I.' I ••• a, • I • I •• I e " I I •• I' lie!\) M}fi 
146 ; ........................ INX H 
147 SHIFT! : IF)'; ii,M 
1'18 ••.••••.••••••••.••.••• flAL 
11. 9 •••.••.••••••••••••• , •• J10V li,A 
150 •••..•.••••••••••.••••.. I NY. H 

-61-

L111E 

151 SHIFT 2 : 
152 •••••••••••••••••••••.• 
1 S3 ••••••••••••••••••••••• 

154 
155 .•••.•••••••••••••.•••• 
156 ••••••••••••••••••.•••• 
157 ...................... . 
158 ..............•........ 
159 ..•••••••••.••••••••••• 
160 SUM : •••••.••••••••••. 
161 ...................... . 
162 ....•..•....••......... 
163 
164 
165 ...................... . 
166 .•......•......•....... 
167 ..................... .. 
1M! 
169 ...................... . 
170 ...................... . 
171 Ghf<: 
172 ...•.•...•.....•...••.• 
173 ••••••••••.•••••••••••• 
174 ..................... .. 
175 ..............•........ 
1 '16 REPEI1T : 
177 ••••••.•••.•••••••••••• 
178 ••••••••••.•••.•••••••• 
179 •••••••.•.••••••••••••. 
180 •.•••••••••.••••••.••••• 
1 81 .~ 

182 .~ END Dr liULT 
183 ; 
184; D I \' I SUBfiOJTlNE 
185.: 
18h DIVI : 
187 •••••••.• , .••.••••••••• 
188 ••••••••••••••••••.•••• 
189 ....•..............••.•. 
190 ••••••••• , ••••••••••••.• 
191 ..................... .. 
192 .....••..•...•...•..... 
193 •• , •••••.•••••••••••••• 
194 ...................... . 
195 ••.............•... , .•• 
196 •••••••• , .......••.••••.•. 
j 97 ..... , •..•....••.....•. 

NODULE PACE 2 

SOWleE SThTEMENT 

nov 11,t! 
RAL 
NOP 
MOV II, il 

INX fl 
NOV f"M 
flAL 
~!O') M,A 
flET 
PIJSH B 
LHLD 1G40H 
XCHG 
LHLD 184BH 
DAD D 
SHLD lB48H 
Je CflR 
GALL REPEAT 
SHLD lB4AH 
pop B 
fiET 
CALL REPEllT 

INX H 
SHU) 184AH 
pop B 
RET 
LI!LD 1B42H 
XCHG 
LHLD lB4f,H 
DAD D 
RET 

LHLD IBIBH 
XGHG 
Ll-JLD lB1GH 
~JOV G,L 
KO\' B,H 
LX 1 H, r)(''OOH 
CI'.LL OJV 
XeHG 
SHLD 182flH 
LHLD lB1CH 
MOV G,L 
J10V B,H 

198 .......................... LX] H ,OOOGH 
199 •••.•••••..••••••••••••• XCHG 
20() •..••..••.•••.•••••.•... eilLL DIV 



BOBO/80ES l1flCIlO I\SSEI'IGi...ER 

LINE SOUHCE SfhTEJ1ENT 

201. • • • • • • • • • • • • • • • • • • • • • • XCHG 
202 .•......•.•.••.•...•. , SHLD lB28H 
203 •••.•••• , •.• , •• , • , , , ••.• RET 
204 DIV: KOV A,B 
205 ••••• "., •••••••• , •••.• :. CMfi 
206 ••••••• , •.••.••• , ...•••. !iOVa,A 
207 ........................ MOV A,e 
208 •••••• , •••••••.•..••••. CMII 
209 ................ , .... , .. 110\1 C,A 
21 0 , ••••. , .• ,., ..•.• ,""'" I fiX B 
211 ...................... , CALL LOOPI 
212 LOOP 1 : MOV fi I D 
213 ., •••• ,."., •• ,." •• ".,' l10V 0 I E 
214 ....... , ............ , .. , ~IV I E I 08H 
215 LOOP 11 : DADH 
216 •• , ••••• , • , , ••• , • , , • . •• JC OVER 
217 •• , •• " •••• , •••• ,", •• ,' ADD A 
218 .. " ..... " .... , ....... JNC SUBI 
21 9 ., ••• ,.,." ••• , •• , •• ".. J NX H 
220 SUBl: PUSH H 
22 j •••• , , •• , •••••• , • , , • , •• , DAD B 
222 ••••• ,., •• ,., •••• , •• ,.. JC OK 
223 , .•••• , .••••• , •.. ,..... POP H 
224 ••••••••• ,.,.,., .• ,... DCR E 
225 •• , ••• , .•.•.... " .. , •.•. .INZ LOOPll 
226 .".,',."., ••• ,., ••••• , KOV E,1i 
227 •••• , , , • , , • , • , , , , • , • , " STC 
228 •••••••••. "., .•.. ,..... }iET 
229 Ol\; INX SP 

230 •••••..•..•••••...••..•• INX SP 
231 ...................... 1~:1i A 
;132 •••••.•••.•......••.... DCR A 
;~33 ...................... mz LOOP! 1 
234 .................. ".. 11011 [,ii 
235 ..•••.................. STC 
236 • • • • • • • • • • • • • • • . • • • . • • RET 
237 OVER: 
238 ..•............ , ...... . 
239 ....•....•..... , .... , .. 
240 rlll'4 f """.," r f,f II' 

241 ............ "" .... " 
242 " "" 11.' ••••••• ,.,. 

2·13 ............ "" ..... .. 
.-' 1 

L. I'" I" II •• '"1' ,., .'.1 

245 •••••••• , .••.•. ,.,., .•• 
246 ; 
247; F.ND Of DI'} 
248 ; 
:2 :19.~ CC1C!ED :~)unfiGUT J NE 
250 ; 

.~DC A 
JNC OSU 
INX H 
DfiD B 
OCR E 
HE LOOP! 
110V r,EI 
SIC 

nCT 

MODULE PAGE 3 

Ll1i£ SOURCE SThTEI1ENT 

251 COORD: CALL SlflR 
252 CALL Z 
253 ." ••.••• , ••• ,.,......... CALL X 
254 ....•.•....••.. " .•.. , .•. CALL OIiEE 
255, •••• , •.•• ,.,., •.•••• , ••• CALL XXI22 
~~16 ••• ,.,. I •• , •• I •• I • I • , •• , 

1.57 .••••••• I , I • t. , . I I • I •••• 

258 I I •• I • I • I I ••• I •••••••• I I 

259 . I I •• I •••• I ••••••••• I ••• 

260 ...•.......... , ........ . 
261 

LXI H,ODOOH 
CI\LL CEVIR 
SHLD IBOOH 
CIILL BAStA 
KOV A,E 
CPI OFB 

~62 ..........• , .....• , .. , " JZ COOlIO 
2(,3 SHOINYl: CflLL Y 
264 .... , .... , ........... ,," . CfILL ONl.El 
265 ........................ CiiLL YY1Z 
266 ........................ CfiLL CEVIRI 
267 
2S8 •• , .•••..•••••••.••••.. 
269 
270 
271 .•.. , •..•.•••••••••••. 
27 2 SHO~;Xl : 

SHLD lB03H 
CflLL BFlSLn 
ilOV fI,E 
CPI OFH 
JZ SliO\tlY1 
CflU X 
CflU. nJDE 1:'13 

274 
275 

, ..•.......••... , . . . . . .. CEiLL XX 12 
•••••• , . . • • • • • • • • • • • • •• LX 1 Ii, OCxJOH 

276 ................... , ... CftLL CEV lfi2 
277 
278 

SfiLD 11306H 
CALL BhSLn 

2'19 .. , ............•.... , •• HOV fl,E 
280 ••••. , • . •. . • •••. .•• .•. CPI OfB 
281 
~82 

283 
SHOWY2: 

284 •••••••.••••.•••••••• 
285 
286 ., •••.•••..••••••.••• 

JZ SHOll Xl 
CflLLY 
CiiLL ONLE2 
CALL YY12 
crill CEVJR 
SHLD lB09H 

28'/ ..•..•••••.•..•••••....•• RET 
283 BASLA: 
289 
7'70 ••••••••••.•••••••••• 
291 
292 SIFIR: 
293 
294 
L'95 Z: 

CElLI.. '1r!lliEl N 
JZ BilSLA 
fIN! OFH 
ilOV E,iI 
CAU iilNAZL 
HVJ E,80H 
HET 
IIV I II, 8PH 

296 
in 
2~8 

2S9 

ril"l' .l'."'" fl." 111,." 'lU.! 

y. 
J" 

300 Y: 

;\VI FI ,76H 
CEiLL flUS 
flET 

11\IJ fI,6fJI 



8080/8lj85 l!iIC[{O i\SWlt3L.EP. MODUL.E PAGE 6 

LINE SOUfiCE STiiTEI'IENT LI liE SOUFICE STATEJ1ENT 
50! MVI (\, 80H 551 LHLD Ib03H 
502 LHLD 1 EiO'1H cr:r; 

JJL SHLO lSOFH 
503 LHLD IB09H 553 SUE. A 
50·\ SHLD IBOFH. 554 STII W! IH 

505 SUB ii 555 CALL. fiDDSUB 
506 STA IBl1H 556 U1LD 1812H 
507 LDA IB14H 557 SHLD IBGCH 
508 LDA IBl4H 558 LOA IS1411 
509 STA IB39H 559 STh I BOEH 
510 LHLD 1B12H 560 LHLO 1340H 
511 SHLD !bIBB 561 SHLD IB4CH 
512 LHLD lBOOH 562 LilLO IB42H 
513· SHLO IbOCH 563 SHU) 184EH 
514 MVI 1\,80H 564 RET 
515 STII IBClEB 565 
516 LHLO IB06H 566 ; END OF Pi\f{1\M 

517 SHLO 180FH 567 
518 SUB A 568 Y J 0 S UBFiOUTl liE 
519 STA 1811H 569 
520 ChLL flODSUB 570 YlD: LHLD 1B34H 
521 LDA IB14H 57! SHLD IH44H 
522 LXI H,IB3AH 572 LXI H,OOOOH 
523 110V I1,A 573 SHLD 1846H 
524 DGX H 574 CALL NULT 
525 XFii, H 575 LOA IB4BH 
526 NOV M, [I 576 ANI 80H 
527 LHLD 1812H 577 STA IBIIH 
~j2B XCHG 578 LHLO IB4AH 
529 LHLD IS18H 579 SHLD IBOFH 
530 DilD D 580 GALL ilDDSUB 
531 SHLD lB2EH 581 '. LHLD lBI2H 
532 UiLO !B18B 5(12 SHLD 1830B 
533 SHU) lB50B ~83 HEl 
5:14 LHLO IB1CH 584 
::'35 SHLO lB52H 585 .:END OF YIO 
536 ChLL OIVI 586 
537 U!!.D 1828 587 ;BITTI ~;GEiROUTINE 

538 SH~D 1B40H 588 

539 LilL.O IB2£iH 58'1 BITT!: CALL ANWhZL 
540 SHLD IB42H 590 I1VI B,20H 

541 LXI H, {JOOOH 591 WI] f\,7F 
542 SHLD lB46H 592 CALL ilUS 
543 LIlLO lBOOB 593 liVI II, 'ISH 

544 SHLO !B44H 594 CilLL flUS 
545 C{ILL 11ULT 595 HVI {\, 'ISH 

546 LHLD I134Ml 596 criL.L flUS 
547 S;!LD iBOCH 597 BV] 11,78H 
543 LOri 1H3S'H 598 CALL. flUS 
549 W[ ROH 599 1W] h,04H 

550 SIll IBODI bOO RET 

~. (; 5 -



8080/8085 MiCRO ASSE~MBLER nODULE PAGE 7 

LINE SOURCE STiiTENF.NT LINE SOURCE STATF..MENT 
601 fiET 651 OUT OF9H 
602 bC? J. CflLL DELAY 
603 ; END OF BllT! 653 criLL INPUT 
604 654 flET 
605 ; OKEY SUBROUTINE 655 031 : ~lV I A,OBH 
606 656 OUT OF9H 
607 0riEY: LDA 1806 H 657 MV1 A,OCB 
608 LX1 H,1B34 H 658 MOV E,A 
608 LX1 H,lB34 H 658 OUT OF9H 
609 Xfil1 N 659 CALL OELAM 
610 RNZ 660 CALL INPUT 
611 LDA IB07 H 661 FiET 
612 INX H 662 000: CliLL COI1PfiR 
613 XflA l'! 663 000: JHZ 041 
614 FiIlZ 664 042: IIVI A,02H 

615 DCXH 665 OUT DF9H 
616 DCX H 666 MVI A,03H 
617 LOA IB31H 667 110V E,iI 
618 XRA 11 668 OUT OF9H 
619 RNZ 669 CALL DELAM 
620 DCX H 670 CALL INPUT 
621 LOA lB30H 6'11 RET 
622 XfiA Il . 672 041 : MVI A,OBH 
623 RET 673 OUT OF9H 
624 674 MVI A,OCH 
625 .: END OF OKEY 675 110V E,A 
626 676 OUT OF9H 
627 ;OUT SUBROUTINE 677 CALL DELAY 
628 678 Ci\LL INPUT 
629 OUT: LXI H, 1 B39H 679 RET 
630 tiOV 1\,11 680 001 : Ct'\U COMPtiit 
631 RLG 681 JHZ 011 
632 }10V B,fI 682 012: IW1 il,02H 
633 INX H 683 OUT OF9H 
634 HOV i\,M 684 l1VI A,03H 
635 fiLe 685 MOV E,iI 
636 RLC 686 OUT OF9H 
637 ORA B 687 CALL DELAY 
638 STA lB54H bR8 CALL INPUT 
639 ANA A 689 liET 

640 JZ 000 690 011 : lWI A,DOH 
641 GPI OIH 691 our OF9H 
642 JZ 001 692 tlVI A,0411 
643 CPI 02H 693 }JOV E,A 
644 JZ 002 694 OUT OF9H 
645 003: crILL COHPAR 695 CALL DELflY 
646 JNZ 031 696 Ci\LL INPUT 
647 032: HVI I\,OOH 697 RET 
648 OUT OF9H 698 002: CALL COi1PiiR 
6-19 ir·,!j ,~,OlH 699 JHZ 021 

650 iiOV E,il 700 022 : t!V I Ii, DOH 
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8080/8085 lMGRO iiSSEl1BLEi? MODULE PliGS 8 

LINE SOURCE STATEMENT LINE SOUh'CE STATEHf:NT 
701 OUT OF9H . 751 YINCE LHLD IB32H 
702 HVI A,OIH 752 INX H 

703 110V E,A 753 SHLD IB32H 
704 OUT OF9H 754 RET 
705 CALL DELAY- '155 YDEC: LHUi IB32H 
706 CiiLL INPUT 756 DCX H 

70'1 RET 757 SHLD IB32H 
708 021 : I1VI A,08H 758 RET 
709 OUT OF9H 759 STE5T: CPI OIH 
'110 XVI A,OCH 760 RZ 

711 NOV E,A 761 ANI 04H 
712 OUT OF9H 762 JZ XDEC 
713 CALL fJELflY 763 WICE LHLD IB3411 
714 CALL INPUT 764 INX H 
715 RET 765 SHLD IB34H 
'116 COI'JPflR: LHLD IH30H 766 RET 
717 XCHG 767 XDEC: LHLD 1834H 
718 LHLD 1!332H 768 DCX H 
719 MOV A,L 769 SHLI] 1834H 

720 SUB E 770 RET 
721 rINz 'I'll INPUTI: IN OfflH 

722 t!OV il,H 772 [INI OFH 
723 5GB D 773 MOV D,A 
724 RET 774 flNI OCH 
725 DELiW: LDEI IB38H 775 110V B,A 
726 ANA fI 776 LXI H,IB36H 
727 110V C,fI 777 MOV A,D 
728 CALL DL 778 XRfl l'! 

729 110V A,E 7'19 fill I 03H 
730 /lNI OflH 780 Of{f\ B 
731 OUT OF9H 781 110V M,D 
732 NOV A,e 782 RET 
733 CALL DL '183 ; 

'/34 RET 784 ;END OF INPUT 
735 DL: tlVI B,ODIIH 785 ; 
736 IDI: Dcri B 786 iil'ill: LDA lB03H 
737 JHZ IDI 787 110V B,il 

738 OCR A 788 LDII lB09H 
'/39 JN2 DL 789 miA B 

740 RET 790 JNZ CMII1N 
741 791 LOA IBOOH 
7·12 .:END OF OUT '/92 110V B,fI 
743 793 LDJ~ lB06H 
714 .: I tiPUT SUBROUT I NE 794 ORA B 

745 795 JZ CMAHI 
746 INPUT: CAl.L INPUT! 796 LHLD lB03H 
747 CPI 02H 797 XCHG 
748 J2 STEST 798 LHLD lB09H 

749 CPI t)(JH '/99 ~IOV fl,L 

750 )2 YDEe 800 SUB E 



8080/8085 i·IACRO {ISS EMBLER rlOOULE PAGE 9 

LIlIE SOURCE STAI£11ENT LINE SOURCE STATS'lENT 
801 i'lOV A,H 851 LDA lB39H 
802 SBa D 852 MOV B,I\ 
803 mc ONYP 853 ANA A 
804 ONYH: CALL OKEY 854 wm 
805 ]Z SOEEN 855 {INA Ii 

806 MVI A,DOH 856 RAR 
807 OUT OP9H 857 ANA A 

808 XVI A,04H 858 RAR 
809 OUT OP9H 859 110V C,A 

810 CALL OELAY 860 Mil iI 

811 MVI A,OOH 861 RAR 
BI2 OUT OP?H 862 flOO C 

813 CALL DELAY 863 flOO B 
814 LHLD 1B32H 864 STh lB38H 
815 DGX H 865 RET 
816 SHLD IB32H 86b BBOL2: CPI OE8H 
817 HlP ONYN 867 JNC BBOL3 
818 ONYP: CALL OKEY 868 LDh 1638H 
819 JZ SOCEN 869 HOV B,f\ 

820 MVI A,OBH 870 AHA fI 

821 OUT OF9H 871 RAR 
822 CALL OEUIY 872 ANlI A 
823 MVI fl,08H 873 RflR 
824 OUT OF9H 874- AOD 
B25 LHLO lB32H 875 STil lB38H 
826 lNX H 876 RET 
827 SHLD lB32H 877 BBOL3: LDfI 1838H 
828 HIP ONYP 878 tlOV B,A 

829 SPED: UlL.D 1H50H B?9 ANA A 
830 XCHG 880 flAil 

831 LHLD 1852H 881 MOV C,A 
B32 MOV A,L 882 MEl A 

833 SUB E 883 flAil 

834 NOV A,H 884 ADD C 

835 SBB 0 885 flDO B 

836 JNC BOLl 886 STI~ lB3BH 
83'1 SHLD IB1BH 887 HET 
838 XCHG 888 END 
B39 SHLD lE1CH 
840 CALL D1VI 
841 JMP CBOLI 
84230L1: SHLD IBIGH 
843 XCHG 
844 SHLD !B18H 
845 CIILL DIVI 
8,16 cnOL!: LDfI IB29H 
847 CPI BOH 
848 flC 
849 CPJ OC8H 

850 me HBOL2 
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8.1 

S.2 

8.2.1 

8.2.2 

APPElrDIX C OPERATHiG INSTI-{UCTIO[,lS OF SYSTEM 

'furn on the supply voltages. 

start the execution of the syDtem program: 

Press the "~II key and. enter Command 7. Give the beginning 

address (0800H) of ·the system program and start the 

execu tion by presBing on the terminal key, ( [11 or [i]) lEoB1 • 
"Fil ::: ______ • __ . __ 11 will be displayed on the seven segment 

displays of the microcomputer. 

s.3 Enter the z ,coordinate (Z) of the begirming point of the 

8.4 

motion. 

Enter the X coordinate (Xl) of the begirrning point of the 

motion. 

If the entered value of Xl is desired to be changed~ press 

the key IlF". This will bring the so ftware to st ep 8.2.2'. 

In other words !tIn ::: __ . ____ ... ___ tI will appear again on the 

seven segment displays and. a new Xl value is expected 

ones more· 

S.4.2. After pressmg the termination key, the entered value of 

Xl is stoTed [md !ly?,~._ .. _____ ._. ____ " is displayed on the 

seven .5 e.,9n1erri d·15plC<)l5. 

S.5 Enter the )' coordinate (Y1) of the beginnmg point of the 

motion: 

S. 5.1 Press the "FI! key if you wont to change the entered Yl 

value an in fJtep S.4.1. 

S.~5.2 Press the termination key and o1Jtai.."Yl "H2:='i-'~---__ . ___ " on 

-the displays. 

8.6 En.tcr the x cooT',linate (X2) of the dNlthlation point of 

the motion: 

~).6.1 "li'fi key L'l used, if D.OcC':lSsory, for Ghanging the entered 

X2 v[),lu. e • 

3.6.2 :Frcc:f3:l.Dg thG term:Lnc.tioll kc·y clisplays lIy:.::_~ __ ._. ___ " 
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S.7 

S.7.1 

S,7.2 

s.8 
3.9 

S.lO 

Enter the y cooI'llinate (Y2) of the destination point of 

the motion. 

Press the key liP" if Y2 value is desired to be changed. 

Press the termination key. Then~ 

011 the displays. 

Enter the feedrate. 

Start the motion. 

End of motion. 

II "H= ____ --- will appear 

S.IO.l A "Blttl" message on the seven segment displays will 

indicate that the motion is completed. 

S.ll Go to step S.2 if cutting is to be proceeeded between 

new coordinates. 
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