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A.BSTR<\CT .I 

The object o~ this thesis is to"design $Uld construct 
I 

a microprocessor-controlled cycloconverter.~/The micro-
. " ' , 

.' proce.ssoris used to generate' the: gat:i.ngsignalf:l· for. a 

single phase' to single phase 6ycl,oconvert,er, ,the thyristors 
.' ~~' ~ , , . '-. -

of which are triggeredaccor4ipg :~oapoiicy . .in order to , . 
, "'. ". . '. ' .. 

minimize the harmonics otthe output· current .(tloptimum 
. '. ,;' I . . ", .'. 

fi~i11:g .scheme lt ) for a'partic~la:rioutpu~' ~oltaie;andf.requency. 
, "1 . ." , 

The software for the microproces~or anq the hardware for 

the inter~ace a~edeveloped.:. 

For the realization of',the optimum :firin~ schem~ a'" 
. .' . l . . . 

different app'roach ffomthose. inp\ubl~shed: literature is adopted 

in this thesis, in th~ sense that no attempt is made, to ,replace 

all the functions of the convention~l con~rol circuitry by 
'. ". '. '. . 

the microprocesso~, but rather all economical and simple. 

design is tried to be arriyeq. at:by.combining the advantages 

of both. 

'. • " 0>; _. 

'. 

\ , 

. '-iv-

\ 

'. '.~ '. 



--
/ 

5ZET 

" Bu tez gal~§mas~ndamikroi§leyici,kontrbllu J 

f'rekans dOnU§tHrHciisu.niin tasar~m~ ve yap~m~ gergekle§­

ti~ilmi§tir. Bu kontroldebelli, bir yiik,voltajl.ve 

f'rekansl.· igin .tristorlerin ak~mda meyCiana gelecek 

harmoniklerin tesiriniminimuma indi:ren birpolitikayla ,,' 

tetikIenmesi €sas tutulmu§tur. ,Bun~ igill gerekli devre 

haz~rIanm~§, mikroi§leyici ,progI'am~ geIi§tiri:lmi§tir': 
1... . 

Su tQ~dQ yeni. bi;ro me~Qd' kullruulm~§tl.r;§oyl~ ki 

ne al~§~lagelmi§ kontrol'devrelerine ne de,rnikroi§le-
, 

yic:i . ilekontrole tEllilat"!l.en' bagl1.' kal~n.m1.§, ancak her ikisi 

de birIe§tiriIerek kullan1.lm~§t1.r. 

" , 
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INTRODU!TION 
... ; .J' 

, J 

The solid-state cycloconverter is an important power 

converter per~orming use~ul.direct frequencyc~anging, but 
, . '.! ',_ " '.- t i 

its application has sp ~ar been limited to specialised 
, , ' '. " ,.". ,,' 'I ' " 
areas mainly because of the complexit~ of its power and 

! 
control circuits. 

I 
I 
I ;-

, , 

The cycloconverter is an assembly of SCR's in'which a 

set o~ low fequency 3-phase volt~es issYQthesized from 
. I. , , 

pqrtions o~ a set of line frequency,' 3 phase voltages. It 

is necess~y to control the phase of tne thyristor firing 

pulses by a considerably complicated manner t'oobtain the . 

, clCHl1%'o(1 0 in U~ C) itlt\l out,put Vg 1 t~~h In the f'amily -'01' power 
. 

conditioning systems the cycloconverter has probably the 
., 

most complex'controlcircuit requirements. In this respect 

it is here that the microprocessors are most.likelyto' 
. . '" ;. " 

replace the hardwired logic systems. ' 
" 

As this work was very preliminary and in order to 

keep the problem within manageal?le, limits:,it wasdeq.ided 

to use a single phase to single phase cy~loconverter. 

Before deciding on 'the method to be used for this 
-. ' . 

\ 
\ 

work, a thorough search of papers a~eady pub;tished was. 

, . 

~ 10 .. • ~ ,. ,. .. • • • • 

.. '.,~ . 
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." 



'--

.1 

.. " 

• '.or: ,", ", '.' 

1--' i 
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carried out: 'There, are only fivejxtpers! related :to this subject 
.1 " 

d::-lting :rrof.1 A~u::::t 1977. NUr.1ely, this is .::.bout when the 

~roceGsors ure st~rted to be used in dedicated ~~~lications. 
- ) r- - • 

Sinee their inception, digital computers 

have continuously become more efficient", expanding into 
i \ 

new applications with each Tnajor tec1mological improvement. 
! '\' . . ' 

Th~ advent of minicomputers enabled the ipclusio~,of 
f 

digital computers as a permanent part of" various process< 
. j .' 

control ::;ystems. Unfortunately, tohe'size and,co~tof min~­

computers haS limited their use indedic~ted app;lications ~ 
" . i ' 

" Nowadays the system desigTler ha~ a new alternati:ve: Micro~ 

computer. 
r'o '; 

. i 
In chapter I, a brief summary of the pr.inciples of, 

. ,', - .: .... ; . 
cycloconverters and yarious cycloconverter,arrangements are 

. .~. , 

given. Chapter II introduces works .. on r.iicrocomputer controlled 

cycloconverters -from August1977>until noxT-their method of 

control and the results~ Chapter, ,I.iI introd.uces .the method 

used in this thesis, explail'?-ing the hardware and interface 

circuits, as well as th~ 'flowchart" of't~epr9gram used.; In 

the l::tst chapter, the exp~riinental results' are given under 

lOflds with different power factors •. With the experience ' 

gained during the course of" this project remarks are made 

for further Vlork om this sUbject. 

-v:i.i-

. ... ..' '. ... . .. 

, :1 
I 

.: 



Experimental set-up of the 
s.ingle ph~sp. to single phase 
c;ycloconvertt::r control circuitry 
us inr~ ~-80 ba.sed micro-cor:l:;Juter 
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CHAPTER I 

• j" ,,, i 

I 

.. 

PRINCIPLES OF 

.CYCLOCONVERTERS 

1.1 CYCLOCONVERTER ARMNGEi,lENTS (Rt 7) 
., 

The'cycloconverter trans:forrris'a,high-:rreqll~ncy supply 
• .!. 

to a low :frequency supply Vlithout>the'need to have an 

intermediary d.c. supply. \./ Cyclocqnverters ,,can be used 

;:for 'any ,low-:frequencyapplication; variable' or ;:fixed. 

Cycloconverter is 

basicaa..ly, a combination 

o:f various groups of" 

thyristor co~verters 

(Figure '1.1). The 

lo~d-voltage wave-

:forms are shown :for 

converter delay' angles 

varying :from 0° to 1800 • 

(ii) ",. O' (iii) Cf<CJ4< 9Cf 

"-" ":'": ". 

" 

. . . . , ... -. .. .... ~ ~ . . ... .. 

-' , 

-1 
.~ 

... 
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"':'" ' 

The fUnctien ef the two. cenverters is seen to. change frem 

'f'klll recti:ficatien to.) full inversien, in ,varying stages. 

It is clear that each co.nverter must therefo.rebe able to. 

rectify and regenerate within any hal:f cycle. Sinceo!\.~_y 

ene cenverter carries the lead current at ariyinstqnt, it' 

is Po.ssible to. :fire enly this system when required. Ho.wever, 

there are o.ften ~dvantaies' to :f'j.ring bo.th co.nverte~s 

i simultaneo.usly, but with their delay angle(suchtqat their 

I, sUm always equals 1800.. 
l.:':,,:-" i 
, 
! ' Figure 1.2 

shows'a circuit made 

)up fro.m t'Wo. push-pull .. 
cenverters. Push-pull 

"systems use half as 

many thyristers as a 

b:fl1dBO CJ il~('Hl:t t, but 

o~ 
m~ 

B 

" 

, i 

Fit~1..~e 1.2 Push-puJ.l t~'.'O pulse 
cyc,loco.nverter 

these have to. be rated at twice the lo.ad vo.ltage. 

The high~~ the pulse number o.f the c'o.nverter the 

lewer the lo.qd ripple vo.ltage (and also. the harmonics') e' '1'0. 

help to. keep th.e :harnenics lew,' a pelyphase supply' is ·used. 

$', ' 

iePUSh-pUli ,circpit: A circui~ containing two. like elements 

which o.perate ir. isoo. ppase relatio~ t; preduce, additive o.ut­

'put cempenents o.f' tlle \des:i,red wave and cancellatio.n of certain 

unwanted prod~cts. 
" 

, " 
~: 

, . 

. . . . - ' .. ... ...' . . .. . .... .. . ~ · 

,', 
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.Therefores ingle-phase cycloconvert~rs, . are ~:r-are'ly. used 
3 phase 

ac s~pply 
in practice. 

Figure \."3 shows a 3-pblse 

push-pull cycloconverter 

circuit whichlis supplying 

a balanced 3-phase load. 

To obtain a single-phase 

output only' one converter 

may be used and the load 

returned to the neutral 

point of the transformer 

,. secondary. The 3-pulse 

circuit can be extended 

to six pulses either by 

using a double-star 

transformer secondary or 

by ::m in:tel"':rh~1.se tr:msforr:lCr 

connection. This latter 

system is given in ~ig.1A 

vrhere only one ph as e of 

the converter is shovm in 

det;3.il. If a single-phase 

output is required, oriI:)' 

one converter is used and 

the loud output is J\eturned 

to the tr~1.TlsforlTler neutral, 

point. 
'/ 

i 

3 

. 's . Y R' ,"-- To neulrol ~c;,·1 
lor smqle pha~ 

load t 
I , 
I 

load : 
I 

Phas.e I 

Figure 1.3 }}ush-pull t}1ree l)ulse 
,.' cycloconverteI' 

3 phase 
double. slar 
ac supply 

B, B, Y, 'Y, R, R; 

To neutral point 
.Ior sinqle phase 

load • 
I 
I 

Interphase I 
translormer I , 

I 

load : 

. Phase I 

~13- ~24----r 
Phase 2 

Q~So Q.36 ----f 
Phase 

I 

Fislir'C:"1~4' ·Plis1"1;.. ...... ill1 ':!i .... ~'U' r,-, 
'0 •• ~ •• ,~ •• '. C ~~~C io;·.~;::;.~ ~";:Xl" 1" ...,- ~ 
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, ' 

The circuits described 

so far can~'be referred 
,~ .. 
to a'syrrunetrical cye 10-:" 

converters since each\\,'(~ 
three-phase 3 phose 

, oC.5upplr 
p~ase of a 

output iS,made up from 

,a single-pnas~ unit. 

This is notalw'ays :necessary. For 
~. , .. _..... .. 

'!' , 
I. 
I 
1 

I 

/' 

,-::' ; ! . . , 

.J"- . '1, 

" Convrrlir,l' ~,.;. ':ConWlrllf '2 '. .', " 

Q13- Q.:t ' 

Bridge,six pulse; . "two . 
"converter:cyc loconverter 'r .."', " 

ip.stanc\e, :rigur~ 1.5.shoW$ 
I , ! ' , ; : 

a three~phase'loadsupplied from Wl asYmmetrical- :cyclo- :';'; 
• I - '. : ~ r'~" 

, 
,I 

',' 
,i , 

• ,< 

:"; ,1 

, 
, " 

converter which, has only two singleiph,ase ·module~s.: l;t is no\'('-
, ' I , ' t • :' ' .. ,.~;t': 
I . ',. ':'.:!_ . 

difficult .to maintain a bal9.Jlced supply tp the,tbr,ee-phase" 
:. 'i . i ,', 

I 

load. In spite of this, however, this'sys.temis, otten ecollomic:il 
.. ""1'" '. i 

,to use in low-power circuits where good performanc;e ,is not· neeq,ed. 

ENVELOP~ CYCL<X!ONVERTER5: , 
, i . ",' 
! 
i' ;, 

t~ discussions so fnr the· operation of a cycloC:,anvertel'; " '" I' ! 

haS been illustrA,ted "lith reference to its p~Rse-~ontrol ~, 
, , ' 'I" , , 

. . ........ , ' , I ,,' 

mode • This is' the most common techniquean~ give~,a 'system : . 
• 1 '. : 

in whi~h the. load v.oltage- and frequency Can 'Oe readily, . 
:' ..... 
I ., 

controlled .• l:Iowever', in certain applications, espe;ciall;v', 
, '"" (" ," , 

whex'o::! , the. r.at~o, of, input, to Qutputfrequency is fixed , envel()pe 
:'I '.' •••• " _. ,; '.,,:: .' '~ " • ,.',' ".: ; .~. "';.' '. 

c,onvel."t>rs can prove, simpler and l:lOre economical. L·:,-
.. I,"· " . " "!'. - j, ,I • . ' '. 

, . 
... 

) 

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

, 
\ 

',4 

':' i . I, 

, ! 

" ! 

.'.' .' , , . ". . .. . " 

. 0; 
1 



.it-- i e1;U'e 1J3 (i) shows the out21ut 

~ror:1a s inglQ;-phase supply. 
. ~. 

in which the ratio o£ input 

to output frequency is three. 

-I 

Fi.7ure 

. (jliSin~lcp"osc . 

" - , ~ ~con volloqc 

" 

, 
'. , "J'" ' , 

' .~;" " . ~ ".-' 
~ : " 

i 

, ,,' ,,'i\ 1\"" ;-
'j ,. (")')'" ..•. : "1,,,,\,\,,/. ' 

i - '.... " , 

;, .. 1.­
.:-

.., 

.' ):~ 
.. : 

: ~. 

The converter thyristors are· 

,operated at the beginning 

u, . 1.6'· Lpad vol ta,ge-" V/9.veform;J· 
. . from synchronous enve lone .: 

. J 

cycloconverters ' 

of every half cycle, so that 

they follow the envelope of 

the a.c. supply vlaveform. 

.1 .. 

it'iGure 1.7 
Voltage control is now Output voltage :from an 

3.1 ternative :foria o::f s~rnchro~oU:s 
obt~ined by Q correct choice en'Jelope cycloconverter .' 

- , 

between prim:\ry and secondary ratios on the input transformer. 

Clearly the load vol t8.ge has a very high harroonic content. 
I . 

This can be r-educed as in figure 16( i.i)· by using a 6-:-pulse ) 

., cycloconverter .Once ~Cl.in the 10:.ld. vo1t~e :follows the envelope 

of" the various phase voltnges nnd the'o,utp'ut voltage is ... , 
,al!!ost rectanrrular \ in shape. Since mostcyclocorivel"ters have' 

an inp'Jt tr:msf'o~"i':leI" it is ::'108 sible to vary' the' r~tio of 

their secQnd:U"ies vlith respect toone :'1.n6ther~~or instnnce, . ! 

f.ieure 1.7 ShOV1S th(= output vol t'1.8"e obt,dned fror.1 'a. system 

in 'which Tlhase 1 h<:\.s33::; , ph8.ses '.2 and 6. have 73~,. and 

r.:: o"<··/.£' . 
pll:1.s~s 3 :md 0 have .;;;.; .. 0;.. the voltage of. th;lt of phase 4. 

The oper"),tion is once a.::<;ain of the ~envelope. type where the 
i . 

. r load ,volta~e cOl~unut::ttes natuI'.3.11y '~rOD ph~l.se to phase,. so .that 
\ 

' 'it is ql\'T::I.YS· e'1u[l.l to that. of' the most positive' phase ~ . 

. 5 



Envelope converters 'are of" course incapable, of: variable' 
~ . \".. 

f'requency 9per~·:ttion.Furthermore, since the converter thyris GOi.;) 

operate like di~des during any half" eyc,le, theyc'3.!1l}ot. regenerate 
, . 

. hl.ck load cur"rent to the supply. rfheref'oreenvelope cyclo-
~. .' ". ' ' , .. , , 

converters nreincapable 9f :handling ,induc~ive' loads ,since 

they cannot absorb 'any reactive' pOVl~r. 'For' stable operation 
, I 

/ 

it -is' necassary .. to· connect· a.: capacitor ,in' parallel across 

the load, so as to raise its, overall pow'ar .:fact.or.' This" 

disadvwtage is, of c'ou:rs~, 'not met :with phase-controlled 

: . 

, ' 
.[j 

" 

con·~"crt.c;rs, in which the fi . .i.·'ing angle can ,be shift$d 'readily . , 
! 

.: 

. t, 
.~ -

, I 

( 

to meet any required dire(:,ti,on of load-current f'10~/. .. 

The lo[l,G., freque~l.cy can be C on:trolled by I :the frequency 

of t}le osc ill:~tions 0: the. ~irine :point about 000
• 3ach 

conv\'~rter b:!,ol:s r:~nd by adjusting the firing a..TlClcs of' 

positiv(; C£p) aucl n(::~~J.tive (£~) ,SySt(:J.l~ so that £p+£n is 

a.l'.'1ays equD.l to 1800
, the r.!8 an, ,out}Jut volta[;e f'ro:!i~'\VlO gr(.lUps 

is eClual so that there is no net t~ansfer .. of'power:roupd the 

two converters. 

;, 

6 

. ~.. ".' '. '.. .. 



However,f'igu.re J2 shows 

t.hat even though the mean 

outputs f'i"'OLl the two' converters 
,I : ~ , 

voltage dif:rerences which can 

give rise to a large circulating. 

Ib I 
I ' 

'E'igure 1.8 
'-.. i"~l~'~:: ;';" 
'Inst;t1l.ta.l1eous vo1 tage 
diff'l2rence between 'DositivE> 
andne'g:ltive gr'oups' of' 
acycloconvcrte~' -- , 

~.'~ . - ... , ; ;'" lk. " Output from poslive 
.... ',' '.' '~- group 

, , 

~. 

~ 
/ • • J ' 

Output from negative 
group 

InstantanCQU5voltaqe 
dilferenccbct\Vun 
poSitive and negative 

qro~ps 

current 'around the loop, unless this islimit~d byise'ries reactor:§,. - , , r; 
, ~ 

1'he flow of' circulating curr,ent can 'of' course be sf,ppressed;. i 

totally by ensuring that only one converter conducts at any 
~. . \.,' i 

. ~ l·. : 

time. TIlis is by f'ar the most satis~r-l.ctory ar,rangement since: 
. . , .. ' ", i i 

,the circulating currents' can of'ten becof!1e exremelYj large. "It 
I , I !. 

'does, however, result in a much more complex, thyristor cOIJ.tr,ol. 
: " ,'. . I " 

system in which the lo?,o ~ur~ent ~us1:. 'be sens,ed art~ used, to: 1:,:., ',; : 
• I ' . , 

block one or other group, of' converter, deperining on the curr:ent 
, .. " . I ,'i 

dire'ction. Another disaClvantage of' t~.e, TIcm-circulp.ting 9.~le~t, 
. 11.: "1 ,i- .' ':. ; 

mode in that the 10(1Cl vol taye distort ions~ can becorne much ;" ~. ;' 
. ~ . '. . . j' . . 1 .. ~" \ : ~' 

hi2'1ier '0:1, li:;nt loads vlhen the current becomes dis¢ontin'\.lous:,.-.-i~ -. 

H0l!-cil"'cu~~ting current converters preveHt th'~s' by 

blocking one of' the conv8rters at all times so thatther.:: 

can be no interch2l1Cc, of' power betvleen the tVlO groups. +,he , ' 

. . . ~ . 

... 
pric.'3 to be paid is £:reater '.c;ircuit' coinplex,ity Lmd higher load 

vol tr..~e h'8.rmgnics, ::1.1 though this .is only, ilnportant vrhenthe 

ratio of inpu,t to output :frequency is low. 

; to •• . .•. to' ..... ..... ... 

I 

I 

I 
I 

I 
I 



Other:ractorsaffect tpe lortd h~W9,IH:i.r,s as \vell. These are 
..... ,' r-,C"{ , ,'::, 

directly dependent on the pulse number of' the, converter, t.he 

ratio of input to output f'"requency, 'the level of the output 
1 .' • ;. • .: 

voltage; the load pOYler f~.ictor and the technique used to 

control ~he load voltage. 

STEP-UP CYCLOCONVEitTELB ,I ( 
" 

, '! 
i 

The usual form of'" operation for a cycloconverter' is in 
"\' , " 

the step-dO\'m mode, where the output :frequen~y:is, less than:, 
) 

I 
that of the ,.;input. ~!nlen the cycloconverter is :I'unning in 

... _ ..• 
~'its step-do\,ffi r:lOde it is naturally cor.unutated. Th~ leuding kVA 

,.' 

required to tUl,"n-off conducting thyristors, is derived 'from, ; 
. ' . . , ';.. ..,; 

I. ;-.. 

the hi~~her :frequency sidp, which in ,thiscas~ is the' c.. ~c~ . ' ' 

supply. 'l~here is of course,. no re::l,son, v.,11y ~a cyc,loconverier 
'j 

cannot rUIl with an' output frequency, greA.ter than t-hat of the 

iT()llt.. It is nm'.' c [.!lled r>tep-up cye loc onve~,ter <;>r '-eyc lo~ 

inv'=rter. In this instanc fl the t:urn-off' ~~~rsy' re~uirec1 by, the 

conducting' Lhyristors must be derived ,from the 
. . ~ : '. ( 

frequency side i.e. the load. If'" t).l1e load, has' a leadin.s power 
• •• ( I 

, ' 

factor then the reQuirement will be me:t;:."If ]fo,t then a, capacitor 
:'., \' 

must be connected across it to 'reproduce:thi's. condition 

artific:i ally. 
.' 

.... 

8 
.• ... .. ••• 4· ....... ,A • _ ... ... 4-. 

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

.'-' 
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1.2 0 PER A T ION A L ASPECTS 

o F eye L 0 CON V' E R TER S. -:-- (R;5) 

, I 

1.2.1 SINGLE 'PHASE TO SINGLE PHASE CYCLOCONVERTER 

.... , 

As ,already explained, cyc lOC:,Qpv.:erters:.' empioy . ,line 
. .1. • I ... ··<~·!~~~·.··~~~W,~~~>~~ ...... ~ . .'; . .-.;. ..~. 

commutat~on to prov~de an alterna.t~ng oU'~put vol1-age, of" 

;angular :frequency Wo 

:from an alternating 

voltag~ source of" 

., greater angular ' " 
'" i 

:frequency ws. 
I 

case of" single phase 

to single phase' 

cycloconverter , 

H,'t:til,e,.1' : 

,- -

I 
- I 

\ 

it 1'--" -'---'~' 
T! n ,/21' ~,ro wi . 

.-. "', 
I 

--, 

-' 

\ 

IIL":lIlic, p'\ 

(shown in'f"igure 1.9~ , 'L 
1 

>.1 
(! J 1 
. .1 HL-tlilicr" .. " 

I· .' 'j . '. :. 

,: ws~ 9 1110 rao./sec 1,.1, 

The trc9nsformer. in 

f"igure1.9(a) may be, 
"-

replaced/in the cirCuit 

by the two voltage 

sources of' (~,), and 

,this may be rearranged. 

to give the ,equival~nt 

circuit of' (c)." .' , 
\ 

" 

.. '. ~" .. 

" .' 
" ' .. ~. '. , .... 

....... 

" i 

til: '1 
_..;.1 

t',\.\ 

.Q'-~':." 
-~~. ' . '. / til 
, . /I" 

I , , 

. '" , 

_...1 I •.... 

. ; 

.-, , 

...... ,'. 
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, , 

--
OPERATION WITH DISCONTINUOIB,-OurPU1' ,CURs.\EN'T 

, 

The cycl?converter 'can operate with cont,inuous 
~ 

or discontinuous output current. In the ac load 
, . ~. 

c.ircuit of" f"igure1.9(c), there 1's no source ot:emf, 

and discontinuous curren~ operation will ensue it: 
'l 

the initial current is zerQ'/~d.· 

where 

Figure1.io 

¢!;£L7f 

tan ¢ = .... ., sL/R 

rad 

rad, 

shows two l' VA" 1'/1" 1',.,\" 1'/1,\ "AN" 

blanking 

signals p, 

arid N ~_ Only, 

if signal P 

, ip',applied do 
~~ 

the gating 
. . 
si~als to. 

rectifier.P 

appear. 

Conversely, 
, 

, : ': 

,-

-0 

"II ,. 
i 
I' 

~ 

~ n 
0 !~ 

D 
I, 
i' 

,F l 

only if 
.... . 

'signal N is 
l"ig\.U"G 1.10 Disc ontinuc us c uri'ent 

o)8:'ation', of fig .1.9 

10 
.... ... ... • II '. ..... .., •• 

__ "'. .._. t... .,. 0- .-
e, , 

,I' 

" 

I. 
I' 
I 

.. ; . 

, ; 
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! 

applied do the gating signals to rectifie~.Nappear • 
. ' \ 

Omitted gating signals are shown '~shaded in thef'igure •.. 

The output frequency of the cycloconverter is thus 

established by the frequency of the blanking signals 

of' periodic time T and duration To/2 sec. 
. 0 

The waveforms of io and Vo shown tn figure 1.10 are very 
-

far from sinusoidal; however, it can be s'een that the 

periodic time of the fundamental component of" each 'will 

be To. It will also be noted that the two IIhalf waves" 

of the current and voltage are not identical. 

In the negative half wave there }~.re 4 pulses of current, . 
.. ,.···c·" :f;c"" ":. .~ 

of the positive'h~lfwaves illustrated, 
. . .... " I' " 

Vlhereas in each 

there are only three. Clearly a waveform such as this. 
r 

has a negative direct component of current. However, if, 

the ~time axis were sufficiently .extended, it wQu td he. 
, ,I, I' " ; 

found that after the completion .of a· f·ew cycles of'th~ , .' '. . ~ : ' 

output wl.riables, tJ:l~~./s;~tuatio~ vfpuld be .. rever;sed,' wi~J' 
! . I 

4 positive pulses of ~output curr,ent alternati%f' with only 
I • : ~ • 

3 negative pulses. Such a waveform would h~lTe a positive l 
I " 

direct component of current. This lIa~tern~ti~ d:irect \ 
. I 

componen~~ in fact forms a subh~on~~ c~mpone~t of the 
I . J • I • 

. ' 

output var~ables and it is to restrict~ the ampl.itude 

of this subharmonic that the cons~raintof inequality 1.+ 
is imposed. \ 

\ 

11 

. :' 
).' 

\ . 

," .' 



.2.lb 

Operation with discontinuous output current. in RL load 

circuits necessarily implies operation at low amplitudes 

of ~undamental components of current an~ volt~e; that 

is the converter is operating at low output. power. 

OPERA'frON Wll'H CONTINUOlB ourpur CURRENT 

o t 

>= ..-----, 

io 

1.11 Continuous currAnt. 
o~ef~tion 'of fiC~1~9 

'0 

li'igure 1~1 shows the 'waveforms for the. operati<?TI of' :the. 
i 

cyc loconverter wit~ continuous 'output current.· ';L'his 00 is 

the case when the initial current is zero and 
\ 

, rad 1~4 

,. 



qontinuous output 'current implies operation at high 

amplitudes of fundament~l components of current and 

voltage waveforms; that is, the~converter is operating 

at high output power. The maximum power output is 

achieved when £ = 0 • 

From the point of view of output harmonic content, 

:!ontinuous current output may appear from ]'- (f{UI"es1.10· 

&1.11 to be sOIl(ething of , an improvement 'Over discontinuous 

current. However, the real solution to the P:t'·olll.em of 

harmonics lies in varying the de lay angle £ throughout 

each half cyc Ie of the output. waveforms and the manner 

in which thi~ is dOone is the subject of the following 

section. 

~ .lc REDU::!~~ION OF ourpur HARilONICS 

In cycloconverters oper;).ting with continuously 

..::: .. riablp. '.)utput i'requency, it is often impo'rt'3llt to, .' 

J',~duce the harmonics in the output current at low 

to recuce torque pulsations in ac 

drives). If' the cyc loconverter were able' to provide a 

purely sinusoidal output voltage vraveform, then a purely 
, ' 

sinusoidal cur'rent would flow, in any linear load c5 j':cuit.' 

However, the output voltage waveform is necessarily made 

up of segments of the source voltage \'raveforrris. Nevertheles 

it is po~~~:ible to arr;tTI~e that these segments shall be 

" 



~. such as to produce tbe minimwn current harmoniys, so 

, . giving a close approximation tQa sinu~oia.al output 
. . . ...,.:. .. l 

current. The ~ollowing discussion o~how this is 
; 

achieved dea.l~ 'with the continuous curr~nt opefating 

condition, since this is the important and co~on 

situation. ;. . 
, 

, . i 
Since it is desired. that the wavef'orm.,Of' the, 

I • l' 

actual outpui voltage' shall be sl)ch as to produge as 
"! . :) 

nearly as possible the ef'f'ect of' a sinu~oidal ?utput 

voltage the delay angle at which each thyristor in 'the' 

rectifiers is turned on, is controlled wit~ ret'erence to" 

an ideal output voltage, wave that ·may be defined as' 

'JI.- I~ VII. t Vo o=r~' . sJ.n Wo volts, 

'The source voltages in :figure 9 may be defined as 

v Al~-=f2 . V . sin, VI s t 

vBl,{~- '/2'·v ·sin Ws t 

volts 

vo+ts 

1.6 

In :figure1~2, one cycle o:f v~ is shovm. A second curve 

is also shmmin broken line reprepe,nting the. ideal 

output current i~ produced by . v6 in a load circuit vdth 
/ 

a leading por/er :factor. },i'or the' :firs~. P;u:'t O:f~. the: cyclep, 

both v~ and i~ are positive., and recti:fier.Pis ~peratini:: 
'. . -. ", -, " . 

as a rectifier. 
, , 

For any instant during the cyclE: o:fv~ there is a 

corresponding dE:lay rmgle ;£ wh:i,ch, "i:fapplie.d continuously 
\ , " 

to the thyristors,of the recti~ier delivering current, 

., ..... 

.' 



i' 

I 

\vould give an average output voltage equal to ~he 

.value of' vo at that instant. It, can easilY: be;s.hownthat 
• .... I" , , 

the necessary angle £ is given by : .. :. 
I, •• 

. ~ .;-:- . :~ = 2V; V cos £ volts 

where rad 

In equation 1.9 , n is an integer giving .'t-he, nUmber of , . 
1 •• 

. ! 

complete cycles o~ source voltage :that'l'l:ave elap's,ed 

since t = O. To achieve an output volt'agethat :will'have . 

the desired effect, it is therefore ~ecessary to' 
I 

I : ! 

arrang~ that during the first cycle of' source yoltage 

,,! .' 

thyristor Ql in figure 1.9 is turned • ' ' J 
on at ~nstal:1t t 1 , whef 

v* 01 
- ~,f2'·V: cos w t . , ,1 I '. I 

- 7T ,s 1 
i 1.10 . ,. 

A curve of the function (2~'V/n) coswst is shown in 

figure 1.12. The first intersection of this, curve with that 

of Vo defines the instant tl which satisfies equation', 
. . 

1.10 and determines the value of £1' the delay angle ,at 
. ..' 

which gating signal i Gl commences. The gating signal is 
. . 

shovm in 'figure l.l~ ..'l'hyristor Qlis turned on at 

Vlstl = £1' so. that voltage VAN appears across .the . load 
. , 

circuit, and. thesuc,ceeding segment of the wave of output., 

voltage v isdescribed,by equation 1.6 This output . o . 

voltage wave :.~lso is" shown" in figure 1.12. Necessarily 

o L VIs t l <'7f rad 

At inst"lnt t;,i . "~hyristor Q3 must be turned· on and the 
. , " . 
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~. 

desired output volt~e is 
1 ' " 

V~ = 2·'/2'·V cos £a volts 
7T 

If ~ is the delay angle o~ thyristor Qa 

--
measured :from 

the instant o~ commencement o~ the positive half cycle 
/ 

o~ voltage vBl{ , then 

wst3 ~'£aT 7f ',rad 

and 
,.,. 2fl'v ' 

v 03 :: 7r C?S (:w s t3 - 7T) 

= - 2·~·V cos W t_' 
7r s-.;S 

A curve o~ -(2 W· V /71") cos ViS t is 'also shown in ~igureua. 

From_l?quation 1.13 " nec/essarilY,i', .,' 
, ' ';, 'i'" :1';"" .. 

7f" 'V1S~( 27T rad '!" 1.15, 

Thus the ~irst intersection of the curve vo wit~ that of 
.. 

-(2·V2'. V / 7f )cosws t ' wi thin the range specified in 

inequality 1.15 ~efines the instant t3 that s~~isfies 

equation 1.14 and de~ermines the va,lue of £3 , jthe. delay 
."" ,! .. 

angle at which gat:i;ni,,:~~~~~l i G3, conunences. 'T~iS gating 

signal also is shovm in figure \.l2. Thyri~tor % is 
: 1 

, I 

turned on at Ws t3 =£3 , So that, voltage vBN appears 

across the load circuit" and the succeedi~g .se~ent of 

the wave <0f output voltage Vo is, describ~d by equation' 
, , 

1.7"., The succeeding va,.lues of £1 ,and ~' may q~ determine9, 

from the corresponding intersections dUring' eaqh.cycle of 

the source voltages. 

\ , 

1,7 



~. 

During the first part of the cycle of Vo in :figure\~2., --
while i~ > 0 and thyristors Ql aiid Qa are being alt.~pn.;.t':.,!"j.l 

turned on, the gating s inals for th."l-istors Q4and <tea are 

also being generated, but do not re; .. !h the thyristors, 

owing to the absence of signal N. ,The gating signals 

must co~ne~ce at delay. angles £4 and £2 such that, if they 

Vlere indeed applied to rectIfier N, they would yield an 

average output voltage equal to that of Vo at. that instant 

of their application. This 'would constitute a negative 

voltage for rectifier N, and w.ould· signify inverter 
. . 

operation. Dur~n~ the first cycle of the source voltages 

the gating signal for thyristor Q4 will commence when.' 

v~4 :: - 2 r; V cos Ws t4 l!16 

at :m intersection lor which 

Correspondingly, the ga.ting signul f'o:c thyristor Qa will 

cOinmence when 

== ,2(2 V cos Vod . 
7f , . 

intersection lor vlhich . . 

.,r ,-w ·t
2 

Z2. 7(" rad s. 

These sirm.a.l~ '~re shov'ffi Shaded in figure 1~2. 
,:J I 

1.18 

.1.19 

','/hen tht'"! ~ositive half wave 01 current ce'ases in figure 1.12, 

the waveform of Vo is interpreted, and signal.P is 

removed •. Afte; an '.i~terva1 that must be at least as long 
~. 

I " 

as toff for the thyristors,. signal N commences, and 

g:tting signal iG:d and' iG4 ar'e applied to the thyristors. 

i 
.... ••• t.. ..,. '" "- ~ ... . '/ 



, 
After an interval tq~toff negative current beginS to 

'flo~ from rectifier N acting as an inverte~~ This 'condition 

of operation persists until v;goes negative, from which 

point on rectifier N acts as a rectifier. The modes of 

operation through the output cycle of th~ two controlled 

rectifiers that form the cycloconverterareindicated in 

figure 1.12. The maximum output voltage amplitude'v is 
. ' om 

achieved when, from equation '1.5 & 1.8 

• vorn volts 1.20 

.2.2 THREE PH4.5E TO S.Ll·mLE PHASE CYCLCCOHVERT'~R 

The circuit diagram of a 3-phase to single phase 

cycloconverter is shovm, in figure 1.13., The pairs of 

terminalS mar'ked a and a l , b and b ' , c and. c' are 
! . ..' 

joined together and connected to the three-phase supply_ 

The ffic=tj or advant::trre of the three-phase as opposed to· the 

single phase source of the same frcquency'ltes:in the 

increased rate of sampling that:i~!le three-pha~~. source 
l" \, i , ' . 

makes pO:3~3ible. In other vlOrds, 'duringany giyen period, 

there are three tines as many puls'es of output· c'urrent 

)from the three-phase supplied converter ~',. This means that 
, , 

. . 
for a given level of subharmonic in the current wave, the 

output frequency for the three-phase excited converter. 
\ .. ' 
\ ' 

In the three-phase case therefore, typically 
, 
: rad/sec 

... '. ... ~ . .. '. 

-. 

" 
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It'ig1..1r~ 1.13 Thr2e~' ~h::tsS to single 
}1h.~.s e cycloconverter 

As in the case of the single phase excited converter, 

output cuprent 'Wave vlith low harmonic content ·can be 

achieved by' modulation of the delaY.angles of all the 

thyristors in' the converter. 

an 

In figure 1,lt the gate tr;.i~~.~.~~ng sign~ls are derived 
" .' r '. I. . . 

and the resulting output voltage wavef:orm given •. 

. 

The waveforms obt.ained are for a leading power.,factor load. 
r. i " ; . l" _. J,.. . ~ .' 
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CHAPTER II 

WORKS PUl3LISHED ON --
.\ .' 

, " , 

MICROPROCESSOR CONTROL 
\ ' 

,OF CYCLOCONVERTE R S 
,-

In this chapter, the ~ork~ publisQed' up to date are J 

,presented and discussed. The titles o~ the papers are used 

as section headings. 

11.1 

. ' 
,,' 

,-; . 
,", " . 

A r.aCROPROCESSOR CONTROL OF A THREE-PUlSE CYCL<X!UIN.::.=-{TER 
, , ' " "(;t,l;3 ), .. 

On the IEEE-IECI-77 CO,rrf'erence, a method, o~ 

controlling a three-phase cycloconverter was presentee. 

Here the microprocessor. calCulE>.tes 'in real-time the' 

SCR tric-eering inst~mts as 'a function of' the required 

output frequency and af4plitude •. 

. rrhe cycloc(lnvert~r, is control~ed by switching the SCR' u 

ON and CFF accordine to Q time schedulg', o.escpibeo in 
. . , .. 

various texts, and papers (R,1-4) '. Th~ criterion use~ 

to determine thetrigg~ring instants ,is the intersect:~n 

of a reference voltage,wi:tye with'a modulation voltage 
). 

wave ns explainl~(, ,in. qhap:t,;e;r:- ~ •. ' Sinusoidal ,waves are 

used to ,f!1aximize the f~dWnenta,l ,component of the 

output voltage. 

In this pa~er 'HCi.rrY,H.Cl1en, (j1ember, IT'~'SE), descri-::..es 

a method of ,contr,o,iling a, CYSlOCOn'lerter, (Three-pulse 

cycloconverter, see, figurp.j.3) ~ _using a !11icroproc8ssor 
", ' .: . .' . 

'\.-
,,' 
~~ 
! ' 
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, . 

.~ / 

"1. I' :.'. . ~ i 
J 

j, 

.: , 
" 

. ' 
I 
1. " I ' • 

, ! ,:' ,: ' 
. ' t· :. '~i ;, 

, " ; -- • I ~ . • ..... 

(Intel 8080) , that will eliminate the,use: Of'iUC:h 01'>H;:"[i '> t, 
, the complex analog control circuitrY.,The a1tf0rit~ !·~.·I;> '~~" ,'. 

, '.'; , 

~or,this type o~ control differs ~undamentally with 

the conventional control scheme. When the microprocesso~ :. 
~ . '. ;'. " , 

ip used, a set o~ triegering instants are compu~ed, 

sever~l r(lsec' s/ in, advance rather than"at the ~riggering, ' 

instant. The mod.ulation and reference waves can be 
J 

charecterized'by equations; 

: ,f~(t) = sin (w~. t + So) 2.1 
I 

and fret) = Uag. sin (WIt';" Ql) 2.2 

respectively, wheJ.'8 " '.', 

,.~. 

. Wo :modulation ~re~uency in' (rad/se,c)' '. 

, S :modulation wave phase angle ,in (rad) . o· . . . , " .. ' .~,I':" 

l.'lag : normalized magnitude o~ the re:ference'Nave . 
,0.0 < I.iag <:. 1.0 ' 

Vll :re~erence~requency in (rad/sec) 

8 1 : reference wave phase angle.' ~r (rad)' 
, . .. ' " 

. Clear-iy' when fm(t) and ~r(t) are equa~ed, the solution 

for t ,ca,]:mot be, determined in closed form. By the 
. . '. 

, ' l I " " • , 

method or successive approximatiqns a s1.mple approximate 
I 

soJ.,ut~q~ ,y1o tTR, is' determined, whiCh is expressed by 

equ1.tion .. below (See figure 2.1), 

.. '~-.' :'. ~ 

;',' _.," 

Vlot':"R~ (~7t-~o) Dir(Sign) 'Sin-10ilag ,~in( ,(nJ{-So)~t +Sl~2rrl7f» I 
\ , '------.;.. .... ..-------',. 

2 .• 3 

,"'lhere m::.O,1·~2, ••• and is chosen to sati,sfy -7T ..:::. C:t < 7t" • 

. . 

, 
" 
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(nn-e.o ) :n th zero 
. 

crossing of the modulation wave 

1'1 when the modul~tion wave slope positive 
Dir 

-1 when the modulation wD:je slope negative 
/ 

r when -Jr (c l ( ° i.e. 'f (1e reference is negative 
Sign 

Tl when O<cl< 7r i.e. the refeJ;'ence is positive 

To program equation 2.3 Mag, ~l' wI' & 9 0 ~ave to be 
:. 'r'. " 

ini tia.liz ed.' During normal· c()~tr'ol operations two, 

... pn.rn.meters vrl and I.~ have to be input between calculation 

periods. The calculation period is chosen·to span ,12 

intersections. During.that time, the twelve intersections 

are computed"four for each modtil~tion phase. This 

paper deals vdth.0.eyeloping a program used to quickly 

execute equation 2,.3 for three phase modulation waves 

and only one reference wave. This ,case can bethought of' 
.~, 

as t~e siojle phase load case • This is the rea70n vrhy only 

12 int~.rsections are computed insead of, 18 (See figure 2.2). 

,\t the beginning of a calculat'ion period Sl and .So are 

internall~ updated according to equations ~.4,~ 1.5 • 

wher-e 

G1(ne\,r) :: ~\ -+- Wo tTLl( 12)~, - 2v1l",2.4 

So(ne\\,):: Go -t-W'ot'fH(12) -2q7f 2:.5 

Wo'trrR(12) : the l2th intersecti'on angle of a 
CA.lculation set 

V,= 0,1 72, ••• and is determined by the ineqqality 
, 'p < s, (.,e.w) .c %.7r 

q :. 0, l,~, • •• " and is determined by the inequality 

24 
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Fif~r'e 2.1 Sine r:1"I(~ulation vTitl1 f)'tne r'eferrmce wavef'orn ;>:i,ir 

Since the Intel 8080 does not contain multiplication 

harc1V1[l.re, a l6-bit multiplier is added as an I/O device 

us ine- the Al.ID (A.dvanced ;',~icro Devlc es)- ,~5IS.14 c locked at 

25 ~J{z. 16 bit product can be performed in less than 3 

microseconds. To further enhance the speed of the program, 

a sine ,'J)1d an. arcs ine look-up tables are included in 

r:v~r:1ory. The program uti liz ing all of the se aids, is 
,,' 

calculated to have u maximum execution time of'? rnsec. 

',nl(~n ~'~ore 8.ccur:!.cy is des ired, the n(~ed., t~ use ,a more 

:nonhisticated <l.l.r::orithm arises. Chen [ives a more accurate 

a~orithm in the ~ppendix of his pqper, the execution of 

\'.rhich is ~-expected to be six times as long as the reference 

. t ir.1~ of 7 msec, namely 42 'msec. 

In short, the main limitation of this type of control is, 

the processing time, wl1ich defines the time delay of the 

control. DependinG- on the control system requirements, the. 

t ' :] 1 m' ay not be accept.able for control llYle (I e ay mayor -

QPplicatiGn~ • 

. .'. . ... 
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11.2 ,A DIRECT DIGITAL CON'rnOL OF A THREE-PHASE SIX-PUlSE 
.CYCLCCONV~RTER UiING A MICRopaogESSO:a(If,.14) 

.. " 

On the IEES-IECI-79 Conference a .similar wo~k waS 

'-presented which waS again the realization of a three phase 
I 

~. 

, 

of the work described in section 11.1, the details will not 

be given here • The salient aspect ,)f the work is this that 
\ 

software solutions to problems encountered are obtained, in­

stead of using digital circuits such as count~rs and the, 

comparators for deciding when to trigger th~ thyristors. 
, 

The feature of the control system presented her~ is that the 

microprocessor is capable of directly triggering the thyristors , 
without the external wired logic circuits • 

-" 

Figure 2.4 shows a 

three-phase six-

pulse cycloconverter 

consisting of two 

bridge converters 

connected back to 

buck with one another. 
" I 

One converter which' 

P~C;:OJlverter. ,N-Converter 
f-:-f'" - - - -j it 
," 
I. 

" 

.;. .. - - - - - - _ . ."i '. t - - - - - ~ - - -.: 

Figu: e 2.4 
Six-pulse cycloconye.rter 

" 

• .... 4 •• ' •• ... .... ~, •• 

L 

R 
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CLOCK 
512H:r. 

PROM I . 

PROM II 

sine t;ab1e 

• '. 

,..-;.----..... , 
PRmt· III '. 

, 
Figure 2.5 r--¥-~~---. .... _~_-_-_-_-_ -_ '-_ -_ ---.......1-: 

: til CROCOMPUTER 
Hardwure Block Diagram .' . , , 

. PIO 
8255 

SUPPLY VOLTAGE 
ZERO CROSSING 
DETECTION 
CIRCUIT 

, 1,---------___. . 
of the 3-phase 6-pulse 

!..- - -_. - - - - -' OUTPtrr CURRENT 
12 bit POLARITY DETEC-

cycloconverter 

POWER CIRCUIT 
OF 

CYCLOCONVERTER .' , 

shown in Fig~1 

ION CIRCUIT 

L 

R 

can carry the positive current is called the positive converter 
I I 

(P-converter) and another, is negative converter Or-conv~rter) •. 

Stich an arrangement is able to carry current in both directions 
r 

at its output terninals ., By controlling the phase of its 

firing pulses with respect to the ac supply voltage, it can 

be made to produce 

voltage, of eithep 

a <;!ontiJ:mously ·controllable mean' output " 
. . ... . . ". -: .... :J: ...... ;. ~ . " 

polar:i,ty~ Let the ,:firipg angle, of P-converter 

be ip and that of the,N-conye;r-ter,be ~. In order to obtain 

the sinusoidal output'vo~tage eL expressed by the 'equation' 

eL = Eo' sin.\,'ot 2.6 

both converters should be ~'ontrolle,d as fOllows: 

28 
• j ..... , a ....... , ". 
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When the output current iL ~s positive~_only~t~ei p_ 
1 

converter is allowed to conduct and the N-converter is' 

completely blocked. The ~iring angle o~ the P~converter 

is determined by 
I ' 

, I 

Then 

Edo -= cos £p . Eo sinwo t 

£p =cos-l ( r sin Vlot ) 

2.7 

2.S'where 

r = EolEdO is called the output voltage- ratio. 

When the output current iL'is negative, only the N­

converter is allowed to conduct and P-converter is 

'blocked, vise versa. The :firing angle o~ N-converter is 

2.9 

It is noted)that £p and £n have values between' 0 and 

)f-l' and that they are I',.:lated by to + ~t' := 7l . 

Equations 2.8 and 2.9 are most important relationships 

he;r-e, whi.ch determine the firing, angle of :the cycloconverter 

Figure 2.' illustrates a diagram o:f the proposed control 

system. This system consists of the mic,rocompnter which· 
. .. . . , . 

is 'enclosed by dashed lin~s in the figure and a ~ew 

p~ripherals. The control program is stored in the three 

EPRO;.l' s the sine and arccosine :J..ookup-tables are stored 

in"t}lc other two EPH011' s,. respectively_ ,And again the 

digital multiplier (8bit x 8bit) is present. To realize 

the quick execution of these programs, the proposed system 

hn.s"two c lo'cks • \ 

. ~. 

• i 

••• I 



11.3 

( 

Another similar but'much simpler investigatio~ or 

Singh « Ho~t relates to ,the use of a basicall~ square 

wave reference signal. The decision ViaS not to modulate 

the firing angles of'thethyristors toobtainia good 

sine-wave approximation but instead, to use the same 

firing angle on all thyristorsror a required output 

voltage and frequency. While this no doubt simplifies 

computation and may be considered acceptable t9 certain 

restricted applications, the output voltage of the 

cycloconv'erter no longer approximates to a sinusoidal 

Vari2.tion, of course (See figures 2.6 and'2.7 below). 

RECIIfIf.~ P 
r~------' 

I Ql I I 

r---",--,I--Cf' I 

:~ I :-- 5~ __ J I 
I ... 

I \ I 
QJ 'I L _____ -' 

~~inr;"le ~"')h 'l.se to s i:1:;2.e 
pl1 :It; (j C ~'c·l()c (,rr\7\"; j")-t8 {l 

.. '. .. . . . . . ~ . 
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,1.4 

", 

Ei"l-'ICIEN'T illCROPHOCESSOR-BASED CYClJ)CONV£aTEaCONTROL (R i6> 
, . --,' . 

Another method is described in~IEE proceedings ~nL'ray 

1980. 

Digital control of' a thyristor,cyc1oconverterusing a , . 

microprocessor offers the potential advantages of circuit 

simplification, 'precision in implementation and high 
• • i 

system reliability. A practical constraint has been' 

associated with the 'limited arithmetic capability, of 

the microprocessor. This paper describes a method of 

cycloconverter control that expressly departs f'rom th~ 

conventional cosine-timing control principle in the 

search for processing simplification., Equation 2.8 & 

2.9 could. be generalized as 

cos £Pj =r.sin(vl0~j 2.10 

where t. is the j th fiJ:'ing instant, 
J,. . 

£pj the corresponding firing controlang~e 

r the modulation factor, 0 f: r ~ 1 and 
, .' 

€ an arbitrary angle. 

In fact, the condition as specified in equation'2.1Q '. 

forms the basis of the conventio~al cosine timing control 

method. ':£p1' £p2' £p3' ••• can be derived. f~orllth~ . " 

concecut:i,.ve points of intersection obtained, betwe'an a 
. . 

'sine wave and a set of phase-displaced cosine wave''';. 

\ , 

31 
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~. 

In this paper an alternative scheme is _<!escrib(jd) ~:::-:'ich 
I :..-- . .' 

proves far. superior, for digita'l implementcJ.t.ion as i.t 

relies tin no numerical iterations or approximations. 

Equation 2.10 is first rearranged to give 

and 

:£Pj'=cos-l (r sin(wotj -~'» 

o ~£pj f: 7J" 

With, reference to figure 2.8, it is proposed that a 

series of linear timing waves are conceptually 

introduced (in place 

of the conventional 

cosine wa.ves but like-

wise synchronised to 

the supply waves), the 

jth timing wave etj 

I IT 
0-- 2 I"" -

3 

. Fi 0"ure 2.8 
·0 

being mathematica:L ly, represented by 

) wt 2' etj (t :; 1 - 7T 1"3') 

jn fvrt ~ (j+ 1) 7T 

""t, 'co 

Firing control schene 
b2..sed on ,line'tl"" tining 
'rra..ves-

2.12. 

vlhere it is implicit/ly assumed that 3-pulse circuits 

are employed for convenience .of t~e presen~ discussion 

and~ w is the angule.r frequency Qf the supply. 

By choosing the reference siEnal t~. q~ ,of ,\:-he particular 

form er(t):= 1 - ~ cos'-lCr sin(VTot-~»', 2.13 

. the condition embodied in equati In 2.11, .is then exactly 

satisfied bec::.ns.e, at the jth point ,of int~rsection 

. . , . .. .... ". .;. ~, 



~. 

The firing in~tant tj can therefore be determinen 

theoretically by equating equations 1.12 /!. l~.:_-J .I..·v.' 

integral values of j • 
:-;-

At the j~~ s~l1pli'ng instant, the. reference sig1!;~i. is 

precisely . 
. 2.".-. 1 1 2" 
e (_::'J.)= 1 - ~cos- (r sin (wo -¥w - t2)) ~ .16 

r 3w 7f" 

Because e is held constant for the timing interval r . 

the firing/delay can h~nce be determined exp~icitly 

and without recourse to any numerical iteration 

procedure. This is.obtained as 

£ -Ie' (2?!'S Wo ._JfJ ).). pj = cos r Slll ~w "(. 2.17 

O~£Pj G 7f 

The output ~requency may in fact be entered as a 

!3caled v2_riable Vlo':B wo ' where B::27"/~"'" is predEtermined 

as a. constant :for-the system. In advancing' from one 

firing instant to. tlfe next, the argument for the sine 

function is simply icrem'?nted by wo' each time. A 

recurrent n ... llti.pli~a~i9n s:t,ep is thus avoided • By 

providing a sine and arccos ine table, . only one 

~ultiplication rtep is then required for determined 

£Pj based on equati<>n 2.17. • The output variables r 

and Wo ~ can be independently changed according to 

control demr~nds. The algorithm :for deterr:lining ~j 

can be similarly ohtained : 

. . ~ . " ..... " ~ . 
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.. -1 
'£n-= cos 

J, 
O~:£nj6 7T 

. 
. --

, , 
i; 

2.18 

The signif"icance of the above development is;the 

establishment of the firing d}lay expressions. in , 

closed form, Vfi~ the minimum'of' arithmetic ~rocessing 
, ' 

'i 
1 ' 

approach offers practical 

'involved. .', 
•••• :: .. ! '.' 

It is seen' that '·th~';:lp~e~~nt 
t I I ' 

solution to' the nontrivial problem of applying 
i 

, effective digital control to the cycloconverter., 
• ,. :' I 

" 

i 
·.Experimenta'l arrangement built around 101 6800: components 

: 

, ~. ' ·has ~een tried in the laboratory to ,ve~ify t~e new: 

,0;0101,0'" 
1--(:--::0 ,Io?:) oc;,," , 

\'cnstorry,pr J 

I Ir---'II~ 
__ ,....-'--,1 I , 

"fnOlnC; ;::;..~;.:;~~ (:I ... ::'-'~ :-=~:'i~: 
iOt"':;"tit.C. ..:t.on ~ ... I~es 

'_-- r 

V G ::nag=Il'~ 

'.0 b.:'''''; :"c-,," 
I 

?:. nt.. 

?:. p8 pC 
, . 

, '. t z. "z: 
,t..: ___ ~ , ! 
a ~-----;-~ ~. 
C ;,---- l: t' t 

L_~· ___ .... 
o'c -;:p.) nt..' n B n C 

9on~rol, methpd ~evelopeq.;· 
i •• '1 

This consists of an M6800, 
: ! . . . . 

evaluation kit, an ilC 684P, 
• 

tim~r mqdule and 2.-:'" Me 6820, 
! )-.; 

p.i.a. unit(See;f"i~ure 
'. •• 1 " 

I 
I I 

Based on the hard,,;are 
" \ . . 

• I·, 

shovm in figure : 2,9, the 
'I'·· " 

computation ass9ci~.ted 
i' 

23). 

with ea.ch firing ir~ cOr.1ple~ed 
• '. I 

in, some 2.~ msec,. _ Having 

in mind that 6800'!; twice. 
" ' 

'1.S f"asi:t as the evaluation 

.{ '1 

,j 
i, 
.j-' 'I' 

,~, 



i.;ICHOP!{O~ESSOR-COlh'l{OLLED CYCu)";ONVEHT3R - , (R,17) 

A last paper about the 

,subject .is by Sonf B. 

Park & T.R.Choi • It is 

published in the 

proceedings o~ 1979 ~U3. 

Th~, 3-pulse circuit is 

,extended to 6 pulses py 

using an interface trans~' ":', 

romer. ,As a result, it is 

possible to control the 

output frequency ffom 0 

close to the line frequency 
~. 

pi'on;; p'anel 
'-n---

Output 6 loltage 'Motor 
fr~quency l'utio r direction 

IlIPUT 

fo -, 

)-input AilD c;ate x 
)6 for producing 
both P- iind 11-
~onverter tricger3 

)6 

frequ.ency 
multiplication. 
(256 x f1 Hz) , 

Load current 
6 direction 

detector·x J 

which is not possible in 

the other arrange~nents .. 

2.10 SY,ster:1 Block Di ':(rrar.l 
I. 

I 

i 

MCS-80 microcomputer kit is used. The requi~ed) interface was. 

just six 6-bit rin.~ counters and 36,3-input Al\TJ) .gates. The 

auxiliary circuits are also minimall oIl:.e crossing point detector 

for the input line volt'ages, three load current dire.c·tio?J. 
i . 

detectors and one 1'LL :frequency multiplier •. The ~iring angles 
) 

:~re calculated 'according to the equation 2.8 again for ,phase V 
i . 

only. For the output phases V &: W, the values 'of £p can be 

used-with taking into account the 1200 and 2400 p~ase differences. 
\ 
\ 

.............. '. 



CHAPTER III 

CONTROL METHOD 
USE 0 IN THIS THESIS 

III.1 GENER.\L INJ?OillU\.TION. 

The survey of the works published on the subject 

has shown that either a very simple approach is 

used as that of rtei'.15,or with an o.ttempt to 

eliminate any need for hardwired logic circuitry., 

a very complexsy~tem is arrived at. 

In this thes is, a different ,approach is adopted in 

the sense that no at tempt is made to repl!3.ce 'all 

the functions of the convt;nt;i.onal control qircuitry 
.- i· 

~. by the microprocess'or but rather· an ,economical 'and 

simple design is tried to be arrived at by combining •. >, . :.~. ... 
the advantages of both. 

, , 
In order. to keep the work within man9..~ce.ble .limits 

a single phase to s ine1e phas~ c onf igUrftti"on 'was' 

used. ,The principle, is however' easiI.:'{ exppndable 

to :3 phase to' singl~ phase or ~) phase to 3- phase 

cases. 
\ , 

. . . . . .. '.' ~. .. .' 

" 
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111.2 

-The firi,ng pulses :for the cyc:Loconverter \'Te~e. 

derived using Uoptimumf:firing ·scheme lt ,. :for a consta.:q:t 
, . -~ . 

I 

output frequency i ~ e.5 Hz •. Varying the delay angle £. 

throughout each half cycle o~ the output waveforms 

the bes~ approx~matio? to a sinusoidal output current, 
1 

hence the minimum current harmoni~s is ,obtained. 

The microcomput,ersystem as well as the pov/er circuit 

and tlie required interface were built, which will be 

discussed later in this chapter •. \lso the software 
f 

was deve+oped and tested. Finally, the output wave-, 

forms :for various pov/er factor loads are ·obtained. 

Figure 3.1 shows the block diagram of the system. 

OPii;RAT10NAL ASPl:!J8TS Olt~ THE SYS'rEM 

1) Rules of control: 

aith re:ference to. section 1.G.lc and figure 1.12, 

the control circuitry should be able ·to perform certn.in 

duties which can be summarized as follows:· 

a ... rroge~erate ·the re:ference sine wave i.e. 5 Hz 

b. To get.' two moduln.t ion signals us ing the supply 

voltages ... having 1800 phase' difference with one anotheI" 

c. 'l'odete'rmine the cros~ing' instmts of the reference 

s ign ... ll with the tv/o. I~od u1:ltion signals 
.. 

• • • • ... • .... , ... ' •• .'O ..... .., ". 



~ .. d. To output the firing pulses depending,.l:lpon the 

crossing; that is .whether jt is an "increasing" 

or a "dec'reasing" one with respect to the 

modulation signal 

e. To get feed-back fro~ the output curren1;- in order 
~ 

to know its polarity at that instant· 

f. Using the current fee~-back to generate the blocking 

sign,'ll of the thyris tors· (for P as well as N group 

converters) 

g. To ensure that a period is allowed for the conducting 

thyristors to fully turn-off 

h. Under the light of the above considerations to turn on 

and off the appropriate thyristors. at the right inst8.nces 

The reference sine wave whose amplitude and'the frequency 

." oet~rrnines the output voltage ampl:Ltude and frequency .is 

\ . 
wave is then converted into. an o.n~llog ,signu..l by means 

of an eight bit D/.l (digital to analog) converter. 

2). Interfacing Circuits: 

The operations listed above are c ontroll"~'d" par.tly by 

the microprocessor but alsohardwiI'ed log'ic and 'analog 

circuits; namely two crossing detec ::;ors, a current zero·' 

oetector, a positive ,going zero crossing detector, 

two :o11:1Se shifting (900 ) circuits and an 8-bi t D/j~' converter 

are cJll:;>loyed. 

... '. ' ... ,.' . . ~~~.' . . .. ~ ..... ~. .. . . . 
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Two crossing'detectors are used ~to detect the crossing 

points of' the ref'erence sine wave with the two modulat.i ',i1 
, , 

signals ·(the~e·.two modulation signals' being 1800 out ;r' 
phas e). r' They are. simple comparators each one having two 

monost-able multivibrators at their outputs (rig.A.oa) the ons 
" t, • ~ . 

-
being positive edge and the oi:.11er ,ohe"ne'gative:edge 

tr.iggered 'respectively. A~ 'a r~Gult of' thiS, either, 
. . 

output 1 or butput_~ or the crossing detector goes • 

high depending upon the incre.asiI}g or the decreasing 

character 9r the modula,1;-ion si~al,wheneveT a crossing 

exists. The ~idth or the monostable output pulses is . 

adjusted ror. a minimum width d~e tO'considerations 

explained in sectiml. 111.3 • 

The current zero detector circuit gives two putputs 

one of which indicate,s the current polarity and the 

other output s~ays high ror a short period 'every 'time 

a Dn lari ty change t2.kes ol<:..c e. As c a.'1 1:>.e se en rrom the 

circuit diagrar!l in A.5, the conparison is not done with 0 V 

as would be exp~cteq.,. ,but wii1h a small voltage (50 mV). 
. '. 

ASSUI:1inrr that this current feed-pack is obtained across a 
. \. 

10 Ohm re~ist()I' in se,::ri.~s: wi~h the load, this voltage 

corresponds to '8. 'current. or 5 mAe ·So, in' reality, not 

the zero crossings uredetected., but the. points at.which 

the .c,urrent falls b,el~.y 5'mA.:tn either·d'irect:f.on. The . ,'.' ' 

re:lson ror this is that· the curpent. wi.ll not reverse by 

~ • 4 '. , • ~ .' •• ,,~.O.~ .. 

J_. 



. . ,~ 

~. 

.. 
itself, but will· reverse on~y if the oJher rec·ti f"i er 1s 

, , 
turned on, w~ich.~a8:~in canJ:>e done after th~,C11l"\"~nt 

': ~ .:. ;;' , 

has' gone to zero. i'lith a signal which does n,ot l"t!verse 

but goes to zero slowly and stays .there, it ,can becorae 

difficult to detect the exact zero cros,sings. Hence,' 
. \' r: 

it was~,decided to detect crossings <;>f the 5 mi\ point. 

'It is important to note that :the :teed-back resistance 

must be s.elected in accordanc,e with,the load resista.nce 

so that it detects these 5 mApoints but not a much 

higher level in magnitude • 

. The supply voltage .zero crossing detector is similar 

to the crossing., dete .. ctor. In other words,. it i is a special 
\.' . .' 

case of the crossing detector in the sense th~t it is 

positive edge sensitive only vlhich means'that it has 

j'ust one monostable multivibrator (therefore only one 

output) and one of its inputs is at ground level. 

,the circuit thus obtained detects only positive going 

zero crossings as required. 

The modul.l,tion signal is obt::lin.ed from the supply 
. ' 

vql:t;.aee •. Hovlever, asindicated'in section I.2.lc, it 

must,be phqseshifted by 90° before use. The circuit 

in A.8 simply does this job. Besides that, itattenu::ttes 
, ' 

. th..e, volt~e _wav,eformby a factor of'2/7t as desired' ~ 

(See figure. l.l~). 
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3) Gomputer.and Memory Organization 
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. 
The Ce;ntral Processing Unit -(C?U) an~ its 

are shown in f"'igure A.l . 
I 

The prograIll aItd.~e sine. table, ares.tored;i~, an EPROMt. 
" 1 

The memoryorg(3Il~~a~~~n is as :t"ollow;s: 
"I • '('" ":'>'~~~::';'-~';::~~:~:'! ~::': ".:. ," 

00 00 '. o6h?llif 
E 
P 00 38 00 81 

'R 

I 
1I1te;rrupt.SerVicr 

I'· .' ;':: 
0 00 90 01 57 
~~ 

I 

01·58 03 FF 
j I 

' r~ 

Sine Table' ;: I.,' . 
i .J. '. 

. FF (empty ~pace f<:· ... :::'; 
R " , 

A 04 00· - 04 08 Stack 
M 

'! ' 

As indicated above apart at" th~ memory 

stac~· • ,This is beca':!se; the processor" is.' :usep. in _~rit~rrupt 
- "-. " j" -" . ":.' '1 ":'" 

mode and as a result of'" this the last address pointed ; 
, ," 1 ,. '. 

by the program counter has to be, saved so that the· 
., 0"'·' \ . ! . ,'. 
processor can return to the sam~ program' S'bep a:ft~r the, ' 

interrupt has been serviced. Ther:t"or~a ~ (Handom' 

Access l.1emory) is required and the stack poi~ter has to 
! 

, I 

be loaded appropriately at the beginning ot"the ~rograra 

to get this stack. 

( +) Eraseb1e programmable read only memory 

( .. ) The st'ack is an array at", regi~ters 'which allows 
, ,.. 

words or. addresSes to be accessed t"rom the'top ,at" this 
. ' 

array on a last-in, t"irst-out (LIFO) basis • 

. ' ... 
"..10' . ,' '.: . 

" 

'e"." .. 
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'l'he co~puter needs input/output (I/O) ports to 

communicate with the outside world. Here a 2-80 PIO 

{Parallel I/O circuit) is used. Thi~is a programmable, 
, i 

two port device which provides a TTL compatible inter­

:race between peripheral devices and the 3-80 CPU. It 

was decided to use port B to' output the 'digitally 

,generated: sine wave as 8 bits data, and port A is 

'programmed to oper.::ttein,I'Bit C,ontrol I.-rode" ,that is 

:eva:r.y, bit"is defined to:be input or 'output ind~;vidually, 

as liRted below: 

'n 5 

- i 

output input output output output .output . ' input 
counter cross~ng thyristor thyristor thyristor thyristor current 
ei)able interrupt no.4no.3' no.2 no.l polarity 

chD.nge 
" 

Bit 0 is set whenever th~ currentchunges polarity~ 

Bits 1,2,3 & 4 are used to f'ire the thyristors. They are 

progranmed to be ~ctive lo\,;r~,.'l\hese bits' are', of course, 

not directly coupled to. the ~ates of' the ~'thyristors but 

isolation between the power' circuit ~d the computer 
• ,. ! 

circuit .is achieved nsihg opto'-coupiers. Bit 5 'becomes 
" .... . 

active whenever a crossing occurs between, the reference 

sine wave and the modulat ·.on signals. Hit 6 is used 
I 

for synchronizn.tion 'purpo,ses, that is when a positive 

-13" " 
.. .." ... . . '. -. .., 



going zero crossing of the supply vol'tage is met the,; --
processor sets this bit to enable the counter circuit 

(figure A.7). Synchronization of the digital sine wave 

to be generated with the supply voltage 'is thus 'achieved. 

Since a full period of the sine wave is approximated 

using 200 values (See Appendix , B.~), a value needs to 

be outp'ut~ed every I msec t():!9ptain the digital sine wav~ ~ 
. (.. 

5 Hz. Two 4518 COil',i: .. !'," chips, shown'in figure A.7 
/ 

achieve this by effe~:, tvely dividing 2 uiHz cloc'k by 

2;000. The output thus obtained is fed to the last 

bit of port ~, i.e. bit 7. 

Besides this PiC), ,'a,n,other input port is required;4 bits 

of which are reserved for th~ crossing information 

(bits 2,3,4 & 5). Bit 1 has the information of the 

polar.ity qf the output current, that is a low level on 

this pin' means positive, ,wher.eas a high level means 
p' 

~. 'negative.,' ,Bit ° gets information of the supply voltage' 
\ 

zer.o cro~sing, ,as" indicated aboye, namely the positive 

going zer9'crossing. The organization, of this 'input 

J.ort made up of ,two 74125 chips is as follovls: 
"' 0, 

L7 D6 ,DS' '. D4 ". D' 1 ' - -,; ..,.,.-----~ ----- ----- ----- -----,--'. not not 
used used 

cro"s~ng crossing 
due to due to 
tap 1 tap 1 
up g9ing dO\,ffi'. 

going 

. .. . ~ ~ . . .. . . .. ;, .. . . . 

crossing cr0ssing 
due to due to 
tap 2 tap 2 
,up go ing down 

, going 

~, 
~ .• ' .... .or -- .- ~~ .... .- •. ' 

current positive 
polarity going 
0, po.s. zero. 
l,neg. crossing 

active 
high 

. . \ . 
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The f"lowchartsto meet the gating signal .r:equi.rements . 

are shovm in ~igures~.2 & 3.3--. The m~in program just 

prepares the conditions required and starts the system 

~ at the right instant. But the interrupt service routine 

is ,the heart of" the program. Mainly the proce~sor has 

tVl9 Jobs; either a crossing exists which must be taken 

cure of", or else it is time. to put a new sine value out 

I to the port. These are all done in interrupt service 

routine. 

It is very important not to miss any valid interrupt. 

requests. There are three sources of" interrupt requests, 

two of" them be'ing due to crossings of" the modulation 

signals with the ref"erence sine wC).ve and the third one 

being f"or the generation of" the digital sine wave.' It 

is hot~d f"rom the f"lowchart that not every ,crossing will 

result' in a ch'lnee in thyristor pulfles. ,-For'instance', 

if the current is positive decreasing crossings of" the 

modulation wave are used only, and crossings of" increasing 
. , 

chcl.rncter are not considered. They :ll'e so f"orth called in-

valid crossing points. If the ,current is negativp. on the 

other hand) the decreasing crossings are invalid. At 

the worst case the three interrupt requests might occur 

.at the sarne time,\ one of" them being invalid crossing 
I 

interrupt. necessarily. 'The point is that the tvlO valid 

interrupt requ~!,ts tlre not·.\.llowed. to be missed but the 

• ., ._ • .. t •• ,4q 



invalid one. 

. .--The program or the interrupt serv1ce routine is 

prepared so tnat every valid-crossing interrupt will 
\ 

'be 'executed in 65 psec whereas every invalid one in 
. , "' , 

53 psec. 'l'hese time intervals are kept constant by 

introducing extra instructions -no operation~ in the 

branches where necessary,. ,Sine wave generatiqn on the 

other hand lasts 40 usee. As a result of this, the best 

choice of the pulse widths of the interr:-up"L signals seel;lS 

to be 35 usec and 60 usec, for the rererence sine wave 

,Dld the crossings respectively. This choice gave satisfactory' 

results. 

Z-80 CPU can be program~ed to respond to the 

maskable interrupt in three possible modes. In this ., 

\~'ork it is dec ideO. to us e mode 1 • . When 'this !"!lode is 

selected, the CPU will respond to an ~nterr\lpt QY 

executing a restart to location 0038H. 

'3-80. PIO T!1:lY be operated in -:my of four disti~1c.t 

modes. Port A or .PIO is chosen to operate in. r.~ode 3. 

;'lheIf this mode is selected, the next control Vloi'dsent 

to the PIO must derine which or the port dat.Q lines are 

to be inputs 'lild which are, outputs. 

Port B or PIO ,is progr3..r:rrned on the other hand t(; operate 

in i;:ode 0, \,fhich is output mode. 
..... 

These modes are ~hosen . at ~he beginning of the 

main progrnm before the systeP.l stc.rts to opera.te (See 

figure 3.2). 
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CHAPTER --

CO N C LUSION 

IV.l EXPERIl.18NTAL RESULTS 

As expla'ined in the previous chapter the interrupt 

,,~ •. , ser.v.iae routine is the heart of' the program. Because 

of' the reason that the two sources of' interrupt requests 
; . '. :. . 'i) '.' 

are serviced in the s~ne routine the possibility to mis9 

an interrupt request arises. 

The interrupts might be due to: 

!1.) A valid inte'rrupt,re(}uiring 65 }lsec 

b) :m invaiid crossing Anterrupt, .. requiring' 5~ 'psec 
! ' 

c) A sine-wave clock interrupt, requiring 40 ~sec 
, I 

'I 

to be serviced. ! ' [ 

I 
1 

If',the width of' the crossing interrupt signal is u'djusted 

to' ,be 60 usee satisfactory operation is ~nsured as , 

(i) if' (a) occurs shortly bBfo~e ,(b), (b) will be missed 
,I , 

:h\~t"c~uses no pr'oblern since that is an invalid interrupt 

,request in any ease 

(ii) if (b) occurs before Ca), the signal due to (a) is 

" s'1>ill there when\CPU comes out of' intel~rupt service routine 
• 

so that (n) is ,ser.viced'. 

4£ .. . .... , ... ' -\ .. , .. 
... ._ 4 4 , "'-" f,:" ,,. .. .... '. ._ .~ 
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(iii) if (c) occurs before (a) or (b),-~(~a) is still 

serviced. 

In this way it is ensur8d that (a) is never rn.is ged. 

The width of the sine-wave clock interrupt sh9Uld 

not however be greater than 40 )lsec since othervvise two 
, 

sine values will be outputted, consequently. The Vlidth : 

\"ras therefore adjupi;.,eq. to be 35 )lsec. Due tp this if 
• < .: ~ '~;';' ,'. • 

(a) oc'curs at least 30 Jlsec before (c) or (b) occurs' .­

at least 18 }lsec before (c), (c) will be missed. This: 

is not v/ery important, since ,the output, waveform vlill 'be 

5.0C)l I:Iz in that cycle instead of 5.00 Hz. This is within 
p' 

the accuracy of the 2 l.lHz clock in any Case. 

In section 1.2.1b operati,on with continuous output 

current w<'..s discussed. The condition for 'this vms, stated 

in equ~tion 1.4 as: ..... 

,where 

In the single ~)hi,Se to singIe ph:.lse c0l1verte.r this condition 

is very difficult to be achieved, becuuse 'referring ,to 

:figure 1.12:, the firine rLll[3'le of thyristors ,cari be ,near 

or even :1.bove 900
• Consefluently, ev~n,.ri.~h :,very hiehly 

inductive lo:_\d, continuous current can ,nev~rbe obt:tined • 

Such ::~ C'lse \'Iould not ~trise in 3-,nhci,se ,to sinrtle nhnse - -, v_ 

i cycloconverter in. which a r:lOd'2rately inductive 10:1d '.'louIe:: 
\ . 

~nsure continuous current. 

, . , ,50, 
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Due to above considerations, the operation o~ the 

present system is disrupted when the current :feed-back 

level goes below-50rnV 'in either direction as this is 

'In order to'demonsrate 

the capabilities of the 

system, continuous 

current VIaS simulated 

in three di:ffer.e!jt :-:, " 
, " 

.j ,- "':." 

case positive current 

was sllnulated and the 

(oscillogr~ais shown in 

, ~igu.re 4.lr,. 
,f' 

iii=,"'-jj~" ,=C~= 1 
' ' ' .. ' ' 

, ' 

lo"igure 4.1' Output voltage ;,' , 

wavr~~orm:, :r~r ~,~,s~ti~~'_~url,~~fl'!~ -- -', 
, ':' I ,I i " . " -1':' ,'j - !:', 

~" :' ' 
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.' •.• ~\' ~,:{ ·.'· ...... <,~·~'·.";I·f.:.j.'>, .. ~}" ; , 

: ~i 

::,' " curre~t.\·'.simu1ation>:, 
" " ~r'j,,::r'~'f';';:';'I"),\{:Ji'l ';',1' 
, ,~;, <ith~ :VI'y'e~form ,iii:,,!, ""', I, 

l,pre~e~ted in ' 
" I 

,; ':,0igurej 4.2 • 1 -
, : 

,:' ~F' I 4 2 , "J.gurf1 • ',I 

: Output voltage '", 
wave-IroI'm :for 
negative cUrrent 

I I 
, ' 
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'.,' ' 'Finaliy the oscillograms co-rres'ponding to a sine-wave ' 

, " 
" output current are shown 'in figures 4 .3a ,&' 4 .. 3b.'· . ' ' 

, ' 
,.,', ... ' . 

f ' 

£ a .,=_-_ 
'. , ' •• I 
" I -Ill I i " rtrn 

" ,,' , .1 ' •... ... .... · . .. IIIIUIIIUllti""llIlUIJIII·. .'. 
...... I F~g=e 4.3a . 11111111111111111''''''11 JlIII· . 
"WftJll!!IU ••• 

.. _-
~. " 

I 
I 

, 7S' I ' ' 
\ :. , . .) 

; , 
. " . 

, 

.: I 

, ; 

: I' I 
, . 
!'; . 

'. Figure 4.3b 

\ 
\ 

," ',., I , 

, , Output voltage wave-forms corresponding , .! I 

, to ,sinu$oidal output current :. . ' ' '. " " 
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The results sho'aed that this method of' control is:, 
j : 

a prac,ticnl solutionf'or cycloconverter control. ~ince"> ' 

the basic aim VIaS to intr,oduce ~he ~'n~\,l ,techn~ue" cmsisting , 

" of microprocessor and analog circuit'ry. -I~ is 'p'r€!fer:red-to 
I ... :' . .. -, 

see the experimental results simply in a 's inglephase; to .. 

single phase- convert~r~ The method ,however applies easily 

to :the 3 phase ,to single phase case.. Then four e:::tra ' 

" only. , ' .. ;. ; , 

\ ' .. 
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) 

clock 'period. P'3!'ibcls of 1~·5 psec up 

using -.the 2 l:J-Iz clo~k. 

intel"ru!1t node, then R \:.1 \'/Ould not be required, therefore 

the h'trcw<lre' cost would d,=crease. In' this Case the . . 

prograr.1 returns to the be~innine of the nubroutir;'e in3te~:~u 

of' to 'tile end of the r:;c:dn prograr.~, vlhere the processor 

halts. Of c oars e, Do de l:1..Y up to ,53. or 65 )lsec is eXl1ected 

Vll1(;neVer the ,proc.=ssor i:= sallrO::',ed to ::ive ';:' ncv! e.ec is ion •. 

In'order not to . ' 
r:~~s s thes inc -VlC.ve in terl't(,t 

requests .. the non-~.':.:..::k(l1;le interrupt of the processor 

could be used for diF.;ital sine wave c'eneration. In that 

c8.;:;·c thcr€ \'l?nld be two ir~t~:r::tu1?t servic ~ rOt!tines; one 
'. ' . . ". 'c'. i.':''''' .. ". ., 

for sine-wave generation (NMI) and the other; one for . ',. " . . . : 

the crossing~ (~I)~ 

...... \ , 

... .. , .. .... 
.. _._ .t_ ... •• .._' t ... · .. " ........ .... '" 

.' . 
As a r~sult:the accuraci.of,the 

~ i . ~ ':. '; 

f'l"e<{1i~ncY ia incr-e',~sed. : 
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OUT 01 

LD A, B7 

'OUT 01 . 

LD A, SF. 

'our 01 

'LD A, OF 

oUr 03 

LD C.,, 02, 

LD B, C8 

LDHL, 00 90 

IN 04 

1ffiA 

Jl1HC 

LD A, 5E 

OUT 00 

our I 

EI 

HALT 

. JR 

. . 

1 
I 
I , .' i 

, : 

... l \,.,,.1.; (:> I 1 
<..' et"- ;nrr ; I' 

.interrupt modo 
,] loading stack-

pointer ' 

progrmr.ming 
port A of PIO 

, , 'lpro~r:t~n;ing 
port B of, PIO ' 

defining the 
s ine t['~b1e 

, positive [-;oine 
zer'o ,crossing 

. of the supply 
vo1tiE;e 

. ] embl;; count.er 

J
I utput the firs 

. sine value . 
. ] enab~e interrup 

.]\!ait !or, 
lntc.rrUj1t 

. 

~ '. . .. 
'" .... '- .... ... .- .~ '" 



i' 

.. ,; 

B.2 ' INTE..ItRUPl' SERVICE ROUTINE --

00 38 DB 00 IN 00 
lSine wave , . 

003A CB 6F BIT 5,A ", interrupt or '; 1 

, crossing i~terruPt?: :-. 
?'" 

" , ' 

:\. 00 3C 28 34, ~.dZ , ,- , . l· 
.! 

,,003E DB ,04, IN"'04 ' , I I . " 

, 
ch~ckf'or " 

• ,'c \ " 
004b CB 4F BIT I,A , cur.rerit polarity 

.: , I' ' 
.' t .~ 00 42 28 14 'JRZ 

0044 CB'6F BIT 5,A 

0046 ~8 06 Jrt~ 

00 48 3E SA LDA , 5A 

00 4A D3 00 our 00 f'ire thyristor 2 

004C 18 32 JR 

. ~,:- . " 00 4E CB 5F BIT, .. ' A 
, " 

..., 
0050 :~8 2E JRZ 

" ,00 52 3E 4E lJ) A 4E , , 
;'\ " 

' . 
00 54 D3 00 our 00 f'ire thyristor 4 

00 56 ED 4D RET I 

00 58 CB 67 BIT 4 A ' , , 
00 5A 28 OB JRZ 

00 SC 3E SC LD A, 5C 

00 5E D3 00 OUT 00 f'ire thyristor 1 

00 60 '00 NOP 
/ 

00 61 00 NOP 
\ 

00 6~ ,00 \ NOP 

/ 

, , 61 . 



.. _-
~ 

--
00."63 00 NOP ., 

, 
0064 00 NOP 

00 65 ED 4D 'RETI 

,'0067 CB 57 BIT ,a, A.. 

':00:69 2:8 14' JR~ 
, : ':,:~; .:." 

006B 3E'56 ' LD A, 56 , . 
00,.6D D3 00 our 00 :fire thyristor r. 

-.} 

006F 00 NOP·, , -

00 70 ED 4D RETI' 
.;, , 

.00 72 ED A3: 'OUTI 

00 74 20 07 JilliZ 

00 76 06'C8 .. LD B C8 

1 
redefine the , 
sine tctble 

00 78 2:1 90 00 LD Hl.' 00 90 , , 
'00'7B ED 4D RElI 

00 7D 00 NOP 

OO.7E 00 NO~ 

00 7F 00 NOP 

00 80 ED 4D RETI. 

.. ': . 

62 

' .. , -. ...... 
'" .. ~ "_ t.. or- '.. -0' '" 



... 

B:.~3·:·· .... SINE TABLE 
,', :~..., '.: . :.;; .' , 

.. 

00 90 ·· •. 80 8:3. 
00 98 9i1' A3 
00 AD BD CO 
OO.A8 D7 DA 
CO,BO EB ED 
OO·B8 It'9 FA 

" 00 CO FE ]?F .. 

00 C8 FD Fe 
.. " 

Fl OO.DO F3;. 
:,·....:.~OO D8 r::!' DF 

.)0 00 EO CA. C7 
00 E~3' AE AA 

.OO,FO : 8F 8B 
00 F8 70 6C' 
01·00 . 51 4D 
01 08 35 32 
01 10 ·lD 1B 
01 18 ex:: OB 

·01.20 02 02 
01 28 01 01 
01 30 06 08 
01 38 14 16 
01 40 .28 29 
01 48 42 46 

··'~t<l/ . ',' 01.50 60 64 

.. 

' . 

. "',1':::\:"''::; '" 

I· 
I 
I 

-; 

',;\ 
, 

:- . ~' 

87, ;'"<81.3<·", 8F . 93 $7 9B 
A 7 ",·itA<:AE . B2 .' B5 ;B9 ... . ,.' . ~.;;.~;.. ," '. 

C4 
DC 
E},1' 
1i13 
FF 
FE 
EF 
IX! 

'C4 
A7 
87 
68 
4A. 
2£ 
18, 
09 

-01 
01 
09 
18 
2E 
4A 
68 

\ , 

C7 
DF 
FI 
!<'C, 
b"F 
FJ...: 
·ED 
DA 

.CO 
A3 
83: 

'. 

64 
46 
29' 
16 
08 
01 
02 

',OB' 
1B 
32 
4D 
6C, 

":CA 
E2 
F3 
FD 
.FE 
1j"9 
EB 
D7 
ED 
9F 
80 
60 
42 
28 
14 
06 
01 
03 
OC 
ill 
35 
5·1 
70 

63 . 

CD Dt'1D4 
E4 .E,7 :E9 
F4 F6 'F? 
J?D· FE FE, .. 
FE FEl FD. 
F7 F.6 F4 
E9 . , E7 E4 
D4 Dl CD 
,B9 B5 B2 
9B 97 93 

~ 

7C 7,8 74 
5C ,58. 55 
.3F ~B . 39 
25 23 2:0 
12 10 OE 
05 04 03 
00 00. 00 
ro 04 05 
OE 10 J.a 
20 23 25 
39 3B 3F 
55 58 ,5C 

.74 -78· 7C 

, . 

., 

~ 

--
i , 

; 

•• > 

" 

I 

I. 

, I. 
I 

" 
, , , 

I 

i 
I 
I' 
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,) 

i, , ' 
, ]:) B.R. Pelly, Thyristor phase-controlled converters 

" 'and cyc 109 onvert~r~ 
, i 

,f 2) VI.'lJJc f.mrray" 'lfle theOry & D~~ ign ,of cye loc ~nverters 
. . .~'~; .~: .~/ ,.: ... '::', ··.c .' ." :.,'. 1 ': ." . ~ . 

, -" ~ - ; 

3) G.N.Revankar,;~~p1j~,~~ haJ.fwavecyq,loconverter 
: .' .. :<. , .. "~:':'::'-~~:'~~,~~~~~}~'':';~:~/.: ": .. >.: I: ~. : .:' : .. 

4) G.N.Revankar, Cyc16:converteljcont,rol of i;nduction' 
, , ,motor , ' , .! ',' '" I 

. '. t ......... ' 

S) S:.B ~Dewrol; . p,owersemiconductor' circuits , , I 
6) R.S.Rarnshaw, Power electronics 

~~, .. ',' ~ , 

?J N1..~7.d~' ,,'f'hyr~s'torcoritrol, " 

B )Z-BO Techhic'::il·Manual.', . i·· .. · 
i 

9) A.Osborne, 2-80 Programming!fo~ ~ogic desi~. 
. "','" ••.. I 

~. ' 

10)luA~Leventhal, 'Z~80 AssemblY·lD.IlgUage'. programming.' 
". . . ' .'. ." . '.' .",'.': .- . 

'11)' Briceward; 1.1icroprocessor/~';Iicroprogramming jHandbook 
',' , ' , i ' 

'12) Hilburn & Julich, . I.'iiCrocomp~te,rs/i.1icropr~p~ssors. 

13) IEEE, 1·EX!1..;.24,·No.~,. August '1977 '. " '" I 
A microproce~sor cOI1trol of ra,three,"':p,ulse 9ycloconv~rter 

IEE1~, IECl~79.Prqceeding~., ~1c.1.rch 19-~1, 19+~ ," , ,', 
A direct d~gi tal control of 'a three.;..phase .~l.x-pulsei ! 
, ' "cyc~oconverter\lsing miqroproc~ssor "'!.' 

, 1 l 

15) I~~, IECI-25, No.3, AUL"Ust'1$78 
~,iic,rocomputer-controll~d 'single phase cycl()converter' 
,,' ..) 

16) lEE :Proceedings, Vol.127,Pt.B.No.3, M~y 1980, 
Effic i.entmicroproc e s sor-based. cyc loc'onverter cont~o.l 

'" 
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