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ABSTRACT ./

The object of this'thesis is to design and construct
a mlcroprocessor-controlled cycloconverter. /The micro- 4

| »processor is used to generate the gating signals for a _

. single phase to single phase cycloconverter, the thyristors gg,f_:f

of Which are trlggered accordlng to a policy 1n order to
. mlnlmlze the harmonlcs of the output current ("optimum |
"flrlng scheme") for a partlcular‘output voltage and frequency. [i;"

The software for the mlcroprocessor and the hardware for':a

{ .

e the 1nterface are developed.~<,'.

For the reallyatlon of- the optlmum flring scheme a

.dlfferent apnroachfhmnthose in publlshed llterature is adopted,

in this thesis in the sense that no, attempt is made to replacee;"

’all the functlons of the conventlonal control c1rcu1try by S
~the mlcroprocessor but rather an economlcal and s1mp1e, .
design is trled to be arrlyed at»byﬂcomb;nlngethe advantagesf~

of bothe

B v: '._ iV-—
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Bu tez gallgmasiﬁda mikroi§leyici>k6ntrbilﬁ'  : y
frekans donu§tarucusunun tasarim ve yap1m1 gergekle§—‘4
tirilmigtir. Bu kontrolde belll blr yik- voltagl ve ;'
frekansi igin trlqtorlerln aklmda meydana g»lecek |
harmonlklerln t°51r1n1 minimuma indiren b1r polltlkayla
tetlklenme31 esas tutulmu§tur. ' Bunun 1gln gerekll devrea”

~_ha21r1anm1§, mikroigleyici programl geligtlrllmlgtlr.‘

Bu tezde yveni. bir matod kullanllmlgtlr, ‘g0yle kl
ne aligilagelmig kontrol- devrelerlne ne de. mlkr01§1e-. ,v~

yici ile kontrole txmamen bacll kallnmlg, ancak her 1k151 E

., de b;rlegtlrllerek kullanllm;§t1r.'

-



INTRODUCTION
The solld—state cycloconverter 1s an 1mportant power
;converter performlng useful dlrect frequency changlng, but
Aits appllcatlon has S0 far been llmited to Spec1allsed |

’areas mainly because of the complex1ty of 1ts power and

;
4

S control c1rcuits. _ - ‘ ; i;‘s ' "ﬂ?g¢f¢

The cycloconverter is an asseﬂbly of SCR’S 1n wh1ch af'_"

vpset of low fequency 3—phase voltages 1s synthe31zed fromv'
portlons of a set of 11ne frequency, 3 phase voltages. It

is necessqry to control the phase of ﬁhe thyrlstor f1r1ng

R pulses by a cons:.derably conpllcated ma.nner t'o obtaln the o

fdeeired einueoidel output voltage. In the femily’of power !
conditioning systems the cycloconverter has probabk the
,nost complex control c1rcu1t requlrenents. In thls respect,‘
it is here that the mlcroprocessors are most 11ke1y to
‘replace the hardwired logic systems.-

As thls work was very prellmlnary and 1n order to »;r'
keep the problem w1th1n manageable 11m1ts 1t was dec1ded o
to use a single nhase to 51ng1e phase cycloconverter. S

Before decldlng on the method to be used for thls

\

work, a thorough search of papers already publlshed was.

~Vi—
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vcorried outs There are only five papers related to thls subgect~'

| dating fron Austact 1977. Namely, thls is bout whcn the v=peel-

arocessors are started to be used in dedicated appllcatlons..;b
%inee their inception , digitel' ‘comnuterS»

have contlnuously become more efficlent, expandlng into

r

- new applicatlons w1th each magor tec.nologlcal 1mprovement.

lThe advent of mlnlcomputers enabled the 1nclusion of

s

'dlgltal computers as a permanent part of varlous process

‘ control systems. Unfortunately, the 31ze and cost of m1n1-'f

lrcomputers has llmlted their use in dedlcated appllcations. ”;.:

|

'r’Nowadays the system designer has a new alternatlye:.M;cr07

|
In chapter I, a- brlef summary of the pr1nc1ples of

cycloconverters and varlous cycloconverter arrangements‘are )

o

- given. Chapter 11 1ntroduces works on mlcrocomputer controlled

cycloconverters ~-from August 1977 untll now— thelr method of

‘control.and the results. Chapter III 1ntroduces the method

used in this thesis, explaining the hardware and interface

circuits, as well as the flowchart of the program used. In

~

the last chapter, the experlmental results are given under

loads with different power factors. _Nlth the experlence

- gained durlng the course of thls progect remarks are made

for further work on\thls subgect.

o o=viie



Experimental set-up of the
single phase to single phase
cycloconverter control circuitry
using 7-80 based micro-comnuter
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CHAPTER I

PRINCIPLES  OF
CYCLOCONVERTERS

1.1 .CYCLOCONVERTER ARRANGEMENTS_J(R,j)'

The cycloconverter transforms a. hlgh-frequency supply

to a low frequency supply without the need to have an

intermediary deCe supply.. Cyclo'cqnvért’ers _pan be used

~for 'any low-frequency application,’ variable or fixed.

()

. Negative group .

I

~ Cycloconverter is - :
R . Positive qroup
- basically a combination < I ‘ oy
Y o ' * ' 'll Load
of various groups of o o
thyristor converters : . :
(i) «=0' T (i) Oek<9Q

(Figure 1.1). The

load-voltage wave- \ B Negative | - S
_ : cﬂ:?é’;?t . lnvcraion-. o
forms are shown for v ' o
| AT R A |,
, . ve itiv negative qroup
converter delay angles oversion: -
- . _ positive group
varying from 0% to 180°. Fi-o+g 1.1 Gooap Regoeocnyntlion
. . Ton -

“a | te-

Lood voltage - - -
. Load current Ny .
’ -’
. /{7 Posmvek group ///,
\ ko

o.(‘ o Ch rc OCOl'le.l“

'y

.4

s e
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*The function of the two converters is seen to change from'

T_“vsum always equals 180°

full rectlficatlon to full 1nver51on, in varying stages.1~
It is clear that each converter must therefore be able to

rectlfy and regenerate w1thin any half cycle. Since on1y

| ~one converter carries the load current at any 1nstant, it

' :is p0551b1e to fire only this system when requlred. However,_'

there are often advantages to flrlng both converters

, 31mu1taneously, ‘but with the1r delay angles such that thelr .

Figure 1.2’ L R
. l- JD{ : 1 W i
shows a c1rcu1t made $T~§§ Q &MDPl;;
mpuit 2 E —
\pp from two push—pull R Q2 : ,
* ! ™
: converters. Push—pull B
_ , ‘——tg—f
systems use half as S |
many thyristors as a - Figure 1.2 Push-pull two pulse

. . . cycloconverter
bridpge eireuit, bub - :

these have to be rated at tw1ce the lOad vollage.

The higher the pulse number of the converter the

ylower the load rlpple voltage (and also the‘harmonlcs). To

*

help to keep the:harmonics‘low,ia polyphase supply is -used.

push-pull circuits A clrcult contalnlng two llke elements

which operate ir 180 phase relatlon to produce addltlve out—

put components of~the\deslred wave_and cancellatlon:of certain

unwanted products.

£
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Therefore smgle-phase cycloconvert.ers are rarx.ly used

in practice. .
F_iguré {3shows a 3-pt’11se
:ﬁuéh-pull éyclocohverter
circuit Which(is supplying
"a balénced’3~phase load.. |
To obtain a single-phase
6Utputbdy'one converﬁer
may be used and the load
. r§turned to the ﬁeutfal
pdinﬁ'of-the transformer
: seédndary. The 3—puise
Vcircuit_can be extended
to six pulses either 5y
uéing a double-star
transformer secbndary or
by an interphase tr:msif‘ormer‘
connections This latter
system is giveh in rig.14
~where only one phase of
'the converter 1is showﬁ'in
detail. 1If a single-phase
output is reguired, only =
one converter is used and
the load output is returned
to the tranSformer neutral.

point.

[y . . . N . : . . o e emm

© Piguret 24" Push-null

3 phase
oc supply L
. ’_‘_h-.—s 0
B'Y R - -To neutral 2t £
- ) 3 Qt - for single phos2
- — N Inad L]
Q2 ; i

]
{)lﬁ—- 3 1 Lood !
—L 1+

.___K}_Q‘_. - Phosel”

. Q5 : .
i Qb : Pt .

K=
v %Qq-‘ ‘Loud
gno“—r—-:}—_d‘
7:4_91

$— Qw} Phase 2,
—— l:’ Q2
N Qn
Q4
—
_ o Q5] .
11—t Load
6 Phase
| i
14 Qisl -
Figure 1.3 ZPush-pull three pulse
cycloconverter
) v
'3 phase
double ster
ac supply
I“&—-—‘ .
BB Y, Y, R R :
L >t atr
'\:t 2y T vl |
B¢ . To neutrgl oml
D{E— “for single ghusc ‘
: load
SRCTIE SRR
: ‘ N Interph )
9{25—- lm:rs?o?;\ccr i
~N_Qb !
A Load i

“"—K)A’— -Phasel
@8 |

Load ,
Qd' Q24"—_L__:l—-
. - Phase 2

s . load
R2%5- Q36 *——q—
- Phase5 .
ni-,
gs¢ luv NRTECIANES R
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The circuits described - c”m“"“.

'fso’far can:be referred

“to a symmetrical cyclo- e

converters 31nce each

phase of a three—phase o

aoc. suppl,

output is made up from : » .
S f , Flgure 1. 5 Brldge 51x pulse, two
a single-phase unit. ; : converter‘CJcloconverter

This is not always necessary. For instance, flgure 1.5 shows

three—phase load supplied from an asymmetriCal cyclo-

: converter whlch.has only two 81ngle—phase modules:»It is nowreﬁ
difficult to malntaln a balanced supply to the three-phase g
load. In splte of thls, however, this system 1s often economlcsl

-to use in low-power c1rcu1ts where good performance is not needed.u.

’I.1,.1 ENVELOPE CY"LOCON‘L.u IERS: - AR i

In dlSCUSSlonS S0 fqr the operation of a cycloconverter

‘has been 111ustrated w1th reference to 1ts phqse-qontrol i‘fﬁt-5f
mode . Thls is’ the most comnmon uechnlque and elves a system'
~1n whlch the load voltage and frequency can be readlly 3 g"ir

‘ controlled. However, in certaln appllcailons, espe01elly .
whele the. retlo of 1nput 10 output frequency 1s flxed, envelope o

’conve ers can prove 31mpler and more econonlcal.:

N

. -



(l)xqulc phusc :
Lo /Hcon volloqc

3

Figure 13(1) shows the output o

'from a olngle—phase supply oy O Treeppos |
oL —’\,,/Muu vollaqc

‘in'which the ratio of input

ftb}dutput frequency is three.

F1 ure 1 6 Load voltage 5! veformo

The converter thyristors are. from synchronous envelope
- : cvcloconverters

operated at the beginning

of every half cycle, so that

tﬁéy folldw the enveldpe of ;'

‘ihe as.Cs supply waveform.

‘Voltage control is now | Cuuput voltdue from en -
o - alternative form of svnchronous
obtained by a correct choice pnvelope cycloconverter ’

bntv3en primary and secondary ratlos on the 1nput transLormer.
Clea;ly the load voltage hgs a very hlgh harmonlc content., “
This can be reduced as in figure iﬁ(ii)~by usiﬁg“a 6—puléé» ’
'cyclbconverter.Once again the lowd voltqge follows the envelove
of the various}ph ase voliag ges 1nd the output voTtage is |
_alﬁost‘rectangular}in shape. Since most\cyclqgonverters have’
. an input transforwmer it is possible to Vary7thé rétio,bf .
'theiﬁ spcondaries with resnpct to one andihef;  F6r inétﬁncé,
figure 17 shows the output volt e Obb“lned Lrom a syqtem |
in which »hase 1 has 333 , Dhases 2 and 6 ‘ha ave. 70m, and
..hgses Bkand 5 have 934 of the’voltage ofﬁphg;foflphage 4.”J:"
The operation is once again of tlejenﬁelbpei£vbé where'the.f

1oaa voltqwe commutxues naturﬂlly fron Dhlse to phase, so thqt

Uit is qleVS eoual to that. of tho most Dositlve phase.,
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Envelope converters are of course incepable of varlable o Y
frequency operation. Furehermore, 51nce the converter thyrlsboxe
operate like diodes during any half cycle, theycannot regenerate:“_f
.back load current to the supply. Therefore envelope cyclo-if“ f: k

converters are 1ncapab1e of handllng 1nduct1ve loads 51nce

they cannot abSOl"b any I‘eactlve power. FQIT Stable OD“I‘a'tlon é
it;is ‘necassary B0’ connect’ a:capabitor in’ parallel vqﬁross L

the load, 50 as to ralse its, overall power Lactor.% This

[
-

dlsadvqnta e is, of r*ourse, not met with phase-controlled & -, b
oon"orter-, in which the firing angle ‘can be shiftéd readily - i
_ : _ » = ¢ I A

to meet any required direction of load-current flow.

I.1.2 PHASZ-CCNTROLIED CYCLOZONVERTERS - -

The loaG frequency can be conirolled by,the frequency
. . 0 -

of the oscillations of ehe L‘rlnv n01nt about ©0~. mach'
phace of the cycloconveruel 1Q naae up of basgic 51nfle yhuoe
converter bloks =nd by a@guSelnu the flrlnv anfles of

ositive (£0) and nasutive (£, ) sV 's0 that £-+£ is
always equa < a put vo tage frodviwo groups

Tways 1 to 180°, hemnoutt 1*r~nfr‘§7%

is equal =o thrb thers is no net tran% er OL power round the

two converters.



Ingt n;aneouu voltgﬂe
difference between positive
o ‘ and negative groups of =
' a: Cf070convcrter b

However, figure 1.3 shows ‘ o
‘ Output from postive
' qroup

that even though the mean

" Dutput from ncqollve
qroup

are equal, there are imstentaneous . @ . 1 :
' ' oo | instantaneous vollnqe
. . 0 - difference between
* o : A | positive and neqative |
- - S 1 o qroups. .

voltage differences which can

outputs fron the two converters

give rise to a large circulating | : ;' - "_.

current around the loop, unlesg this 1is llmlted by serles reactors,

-

*he 1low off c1rcu1at1ng current cen o? course be suppressed

|

totally by ensuring that only one converter conducts at any

tlme. This is by far the most satlschtory arrangement 31nce

the circulating currents can often become exremely large._'lt :k'; o

'does, however, result in a ruch more complex thyrlstor control i
el

/

system in which the load current nust ‘be sensed an?:med'to,,

block one or other group, of. converter, depen01ne on ‘the current

‘

. \ : .
O T P

-direction. Another olsaovantage of ‘the, non—c1r ulptlnp current L

e di.,ortlons can bccoFe much &W

"mode is that the load volta;

hiﬂherfon.li"ﬁ‘ Toaos when the current becomea dlscontlnuous.,§'~ o

The one dlSodvqntqge of c:rculatlngl urrent operatlon is. the

‘rather large current flOW'beiween the,two:converter groups,.
+ which results iniincreased device rating and reduced sfficiencys - |

Non—01rculat1ng current converters prevent this- by ,> oo
. - ‘

blocking one of the converters at all times so that eher- o
can be no interchange\of power between the two groups. The )
. |

: . ~
price to be paid is greater circuit complex1ty and higher load
voltage harmonics, although this is only dmportant when the

ratio of input to cutput frequency is low.



iother factors affect the load harmonlcs as well. These are
{ .
directly dependent on the pulse number of the converter the‘

fratlo of input to output frequency, the level of - the output

voltage, the load power factor and the technlque used to R R

I

Vcontrol the load voltage.

1.1.3 STEP-UP CYCLOCONVERTERS = = i (. . . .+
O - - o b R R
' mhe usual form of operatlon LOP a cycloconverter 1s in

';the step-dovm mode, where the output ;requcncy 1s less than '

'that of the 1DUUu. When the cycloconvert T i unnlnu in

A
¢
3 :

”1ts step-down mode 1t 1is naturullj commutatec. The lea dlng kVR
required to turn-off conductlng hvrlstors 1s derlved from
the hirher frequency side, which 1n,thls_case 1s\phefe,c;’
‘supply. There is of course,, no reasonﬂwhy;a:cycleeonverten =
cannot run with an’ output frequency_greéter than}éhat qf the; ;
inout. It is now called step-up cycloeonve:perf erfejCIoé_;

inverter. In this instance the turn-off enercy-reQuired~by.the ’

- conducting thyristors Iust a2in be Qerlveo from the» highé;

)
(]

frequency side 1.e. the load. If the 1oad hes a leddlng nower ;

fac tor then the renulrement w111 be met. If not then a ca citor

rmust be connected across it to reproduce~th1s.cond1t10n _

artificially.



12 OPERATIONAL _

ASPECTS

OF VCYCLOCONVERTE-'RS\

v

As already explained, cycloc'

(R 5)

I.2.1 SINGLE PHASE TO SINGLE PHASE cmnocomvmé}sa -

erters employ 11ne;;;f‘;;;

-commutatlon to prov1de an alternat;ng“output voltage of

angular frequency w
from an alternatlng

!,vqltagp source of

'fﬁxgreater angular - o
}  fr¢quency ﬁs In'tgéf'ﬁ
'E ¢ase of éingle phase |
“‘£6-Single phase
cycloconverter
__(shown in'figure 1.9)
" ws§:9 Vo
The transformer in
figurel9(a) may be.
replaced’in the ciréuiﬁ‘
. by the two voltage.
- sources of (b),‘and:'

. this may be. rearrangcd
to glve the equivalent

‘01P0u1t of (c).; j'xff

rad/sec ' 1.1,

Ht‘@‘il{ict "

soHedtitive pos T ]

Rectians o, : ) .

'c10convp
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I.2.1a  OPERATION WITH DISCONTINUOUS-OUIPUT CURRENT

The cycloconverter can operate»with,qontinuous

or discontinuous output current. In‘thg[aqxioad_

 circuit of figuret9(c), there is no source of emf,
- and discontinuous current operation‘wili_enspgﬂif  .

- the 1n1t1al current is zero, and

¢Li.47r rad .  ;~:1.2 :
whefe tanqb—_- 'VBL/R rad | 1~3
Figure].10 - h
shows tWo . vrux Y %N%VMI.MN"WW mN_ﬂm,.Mthmj'mugmm 
blanking .. |
signals P R
and N. Only, f:
if signal P i$° .
(is. applled do ?ﬁ
the gatlng le;
sigpals to. ]
rectifier. P g
" appear. °
‘Convefsgly,' .
OQ{Y if. | .“l”U“L 1, iO Dl""OnulduphS cur;ent
'éigﬁal N is . , . o 0?9:“t10ﬁ of Ll”-l

o 10
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* output varlables and it is to restrlct the amplltude ‘

>

.
applled do the gating 31gnals to rectifier N appear.
Omitted gating signals are shown shaded in - the flgure.:

~ The output frequency of the cycloconverter is thus

established by the frequency of the blanking s1gnals

of oerlodlc time T and duration T /2 secCe

The waveforms of i, and V, shown in figure{lO are very .

- far from 81nusoida1, however, it can be seen that the

periodic time of the fundamental component of'each'Will ,

be Ty« It will also be noted that the two "half waves®

of the current and voltage are not 1dentlcal. | L

In the negatlve half wave there are 4. pulses of current ,

whereas in each of the p051t1ve half waves 1llustrated,.v

there are only three. Clearly a waveform such as this‘fef 251‘ 'qf
has a negative dlrect component of current. However, 1f‘; :h' |

L]

the -time axis were sufficiently extended, it wouﬁd be

found that af'ter the completion of a few cycles of the ﬁf

4 positive pulses of output current alternatln% w1th only‘}f

3 negative pulses. Such a waveform would have a p031t1ve ‘3

w
ey
output Verdbles, thls 51tuat10n would be reversed, w1th L i_% 13J

1
direct component of current. Thls."alternatin% dlrect f
component! in fact forms a subhqrmonlc component of the |

\

of this subharmonlc that the constralnt of 1nequa11ty l.l

is imposed. \ Y

: f:;l 'f ’



Operation with discontinuous output éurrept.in RL load
circuits necessarily implies operation at low amplitudes |
of fundamental components of current and voltage; that

is the converter is operating at low outputupower.

«2.1b  OPERATION WITH CONTINUOUS OUFPUF CURRENT

| AN YN Van Yen o BN Yy PaN VaN VAN VsN UAN  VpN

icy

1g2

iGa

[=]

o

Yo

Figure 1.11 Continuous current.
overation of figel.S

Figurelll shqws théfﬁaveforms for the Operatiqn'of’Tthej-“/
. .. P e

cycloconverter with continuous output current. This.is
_the case when the initial current is zero and

0¢£4¢ ‘rad .14



2. 1c

AS

{

Continuous outpﬁt~current implies operatidgfat high
amplitudes of fundamentalxcomponents of curfent and
voltage Wavefdrms; ﬁhé£ ié,'theﬁéonﬁerter is opérating

at high output power. The méximumrpowér’outpﬁt is . ~
achieved when £/= O’. - | T |
From the point of view of output harmoniq content,
zontinuous currént ouiputvmay’appear from 1 igures(,10°

%111 to be something of an improvemeﬁt~6Ver discontinubus
current. However, the realISOIution to'th§‘prohlgm gf
harmonics lies in varying the delay angle £ throughout
each half cycle éf the output waveforms and the manner
in which this is done is the subject of the following,

sectione.

REDUCTION OF OUTPUr HARIZONICS

in cycloconverters operating with continuously

v;viable output frequency, it is often important to ... -
re:duce the harmonics in the output current at low
frequency (e.. | to reduce torque pulsations in ac

rives). 1f the cycloconverter were able to providé'a'
purely sinusoidal output voltage waveform,:then a pureiy
sinusoidal current would flow in any linear load circuit.
However, the output voltage wavefornm is necessarily made A
up of segments of the source voltagelWaveforms. Nevertheles

it is poscible to arrange that these segments shall be
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‘such as to produce the minimum current harmonics, sov”"'v
- giving a close approximation to a sihusoiaél‘optput,
‘current. The following discussion_of'howAthiséiS‘_.5

achieved deal?’with‘the continuous current dpepatingf“

condition, since this is the important and COm@on"

situation. . ; . RS .;f

Since it is de51red that the waveform of the"

actual output voltage shall be such as to produce as

nearly as possible the effect of a SlnuSOldal 9utput””* ed,

voltage the delay angle at which each thyristor infthe”'j

rectifiers is turned on-is controlled with rererence to~

| an ideal output voltage wave that may be defined as

vFo2 Visin wgt volts .. 1.5

The source voltages in flgure 9 may be deflned as:

VANQP'V'SIHAWSt " volts ¢ 1.6
| VBNé-W?~V-Sih wgt volts : 1.7

In figurei{l2, one cycle of vg is shovn. ‘A second cﬁrVe '

is also shown in broken line representlng the. 1dea1 ’

output current 1 produced by . v"l in a load c1rcu1t w1th

o

rd

a leading power factor. For the flrsp-pg?tiof;thg;cyclega gﬁ}v'

both v and iJ are positiVe, an@-réctifie&ﬁ?“ié~6pérating5f?3

as a rectifier.

For any instant during,thé cycle of‘v* there'is a

correrondlng delay angle £ which, 1f applled contlnuously

to the thyristors of the rectlfler dellverlng current,

.1‘; . -».~’.‘: e a8
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Aut~fwou1d give an average output volt ge equal to the iA_Y; .

Vvalue of vy at that instant. It can easily be shown that

l

‘_efthe necessary angle £ is given. by ';1\ ol ’"wa, -

v* 2V§'V
Vo =

cos £ volts:~ 'E.Je e‘ 1.8
where £ =wgt - ni' | radtt»; i't-.;f . 1.9
In equation 1.9 , n is an 1nteger g1v1ng the number of effﬂﬁ?'
complete cycles of source voltage that have elapsed
since t = O. To achleve an output voltage that w111 have ;35:’
 the desired effect, it.is therefore necessary to a '}
arrange that durlng the flrst cycle of source voltage

thyrlstor Ql in flgure19 is turned on at 1nstant tl, whe?’f?

i *x . 22y
ol = T

‘A curve of the function (2Y2-V/7) coswgt is shown inf»:?f7£5’

v

cos LA R - 1.10

figure1l2. The first intersection of this, curve with that o
of vq defines the instant t1 whicﬁ satisfies equation'i,i |
1. 10 and determines the value of £l, the delay angle at o |
] which watlng 51gnal 1G1 commences. The gating signal is i!}'
shown in flrurellu. Thyrlstor Qq is turned on: at |

wstl = £l, so. that voltage Vay @Ppears across the . 1oad

circuit, and. the suconedlng segment of the wave of outputk

is described.by equation 1.6 This. output .

voltage v,

voltage.wave aiSo’isishownlin figureLi2.,.Necessar11y_ :
O(-wctl<7r rad , v ' ' lb 11
At 1nstqnt t3 Ty thVPlotOP QB must be turned on and the

-2
(€}
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' de81red output voltage is

vgg = ZV;'V cos £3 volts S 1'12ﬂ‘

If £3 is the delay angle of thyristor Q3 measured from |

the instant of commencement of the p031t1ve half cycle

of voltage Vyy 9 then
Wgty = £9+ 7 . rad & 133
2V2' v ' B *

cos(wst —'n)

L
and Vo3 ® 3

T
- 2¥2'.v
= - = cos wst3

A curve of —(21*'V /w) cos wgt is also shown in flguretﬂa.

From _equation 1.13 , necessarlly
7r‘Ws‘ce.< 2n rad ‘ R L5

Thus the first 1ntersect10n of the .curve v, w1th that of
-(242.V / 7 )coswgt within the range specified in
inequality 1.15 Gefines the instant tg that satisfies
equation 1l.14 and determlnes the: Value of £3 ,‘the delay
angle at which gatlng 81gnal 1G3 commences. Tﬁls gating
signal also is shown in figure1l2. Thyrlstor QS is ff -
turned on at w ig = £3 , So that voltage VBN appears : o
across the load circuit, and the succeedlng segment of
the wave of output voltage Vo 1s descrlbed by equatlon

1.7:. The succeedlng values of £1 and £3 may be determlned
from the correSpondlng intersections durlng each cycle of"

the source voltages.

\
\



During the first part of the cycle of v

/o_in figurel12 .

"whlle 1 >0 and thyrlstors Ql and QB are belna alfrﬂna Ly

turned on, the gatln? sinals for thPlStOPS Q ana Q2 are

also belng generated but do not re Oh the thyrlstors,
owing to the absence of signal N. The gating signals "
must commence at delay.angles £4'and £2 such‘thgt, if they'
were indeed aleied to rectifier N, the& would yield‘an A
average output voltage equal to that of v, at that instant
of their appllcatlon. This would constitute a negatlve
voltage forkrectifier N, and would signify inverter

operation. During the first cycle of the source‘voltages

the gating signal for thyrlstor Q4 will commence when
x 2V V

Vo = 7

at an intersection for which

cos wgt, o 1. 16

0 ¢ Wstg¢m  rad R 1.17
Lorresvondlnnly, the gating 31gnal for thyrlstor Q& w111‘

commance when

Vod = alg v cos wglsg 1.18
™ oo ; : -,

atan 1ntersect10n for which
v ~t24z7r rad 1.9
These smvn als qr@ shown shaded in f1gure112.

When the ”ositive half wave of current ceases in figurellZ2,

the waveform of vy 1is 1nterpreted, and 51pna1 P is

~

removed._&fter an . 1nterval thai must be at least as long

. as toff “for the thyrlstors, signal N cormences, and

gating Slgnal‘lGa agd 1G4 gre»applleg to the thyplstors.



.

After an 1nterva1 tq>'toff negatlve current beglns to
-Jflow from rectifier N acting as an inverter. This -condition
v_of operation persists until Vs goes negatlve,bfrom which

. .p01nt on rectifier N acts as a rectlfler. The modes of

”:-operatlon through the output cycle of the two controlled
rectifiers that form the cycloconverter are indicated in
figureLIZ.'The.maximum output voltage amplitude~vom is |

—

achieved when, from equetion'l.S & 1.8

vi, = f?rl’_  volts | 1.20

2.2 THREE PHASE TO S.HGLE PHASE CYCLOCONVERTER

' The circuit diagram of a 3-phase to single phase ’
cycloconverter is shovm. ih figure {13, ?he pairs of

V‘terﬂlnals marked a and a‘ , D end b! , ¢ and ¢’ are‘
.301ned together and connected to the three-phase supply.
‘The major advantage of the three-phase as opposed:to-the:
sinele phase source of the same frequency‘liesnin the ‘
increased rate of samollng that‘the three—phase source
mqkes ooa>1b1e. In other wvords, durlng any glven perlod -

there are three times as many pulses of output ‘current

from the three-phase supplied converter,_ Th1s means that
for a given level of subharmonic in the current Wave, the

: outout frequency for the three—phase exc1ted converter .

In the three-ph se case therefore, typlcally ) o

wg = 3 Wy rad/sec - 1.21

e
.
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As in the case of the single phase excited convertef, an
houtput cuprent.wave with low harﬁdnic conteni-can be
achieved by-modulation of the dela&-angléstof all thel
thyristors in the converter._ o |

In fl?‘uI‘e 114 the Gato trlgu x';;tng 51gn“ls aro derived 4

qnd ‘the reuultlnﬁ output voltqge Waveform glven.- i,,‘

The waveforms dbtalned are for a 1ead1ng power factor load.

\
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CCHAPTER 11 . T

.\NORKS PUBUSHED ON .;;
MICROPROCESSOR CONTROL
OF (N@LOCONVERTERS

In this chapter, the works publlshed up to date are ,_[
presented and dlscussed. The titles of the papers are used

as section headings.

. I1T.1 A HIC ROPROLESSOR COVTROL OF A THRLE PULSE CYCLOCUNV:KTER

R,13) .. ’

On the IEEE-IECI-77 Conference, a nethod of
controlling a three-phase cycloconverter was presenteé.
Here the microprocesson c'Wouietes'in real-time the'

SCR triggering 1nstrnts as a functlon of the requlreo
output frequenCJ and amolltude.:. _

*The cycloconverter is controlled by switching the ‘dR’~f
ON and CPF uccorolng to a tlmc schedule), descrlbeo in
various tefts and paoers (R31-4). The crlterlon used

to0 determine the tPlFQePTHF 1nstants is the 1ntersect::

(I

of a reference voltaue que w1th a modulatlon voltage '
pa
wave as ewplqin:‘ 1n chapter. I. 'alnL901dal .waves are

used to.max1mlze “the fundamental component of the

. output voltage. T _
- In this paner Harry;H. Chen (uember, I“ﬁE) descrives

a method of - controlllng a cvcloconxerter (Three-pulse

cycloconverter, see,flgureL3)5;u91ng a mlCPoprOCstor




(Intel 8080), that will eliminate the use, of n;uch ofi

1

: the complex analog control c1rcu1try.q The alqorithm

~ for.this type of control dlffers fundamentally w1th
‘the conventlonal control scheme.»When the mlcroprocessor .
1 used, a set of trlggerlng 1nstants are computed i‘?eﬁyi s
;:several msec’s’ in advance rather than’ at the trlggerlng - g
’;/innstant. The modulation and reference waves(can.be
’_c,e?‘Charecterized'by equatione;‘ | —7 B

{.fﬁ(t)’z sin (wo t+—60) . '.e‘_291

© and £p(t) = Iag- sin cwltwl) 22

“;"q'reepectlvely, wheje

_ - Wo fmodulatlon frequency 1n (rad/sec)
-,1,;/ R céo -modulatlon wave phase angle 1n (rad)

Imug -normallzed mmgnltude of the reference wave
: 0.0 < mag.< 1.

wy :reference frequency in (rad/sec)

Si .reference vave phase angle in (rad) T e |

. 'Clearly when f, (t) and f (t) are equated the solutlon ""' .-
or t cannot be determined in closed form. By the
method of succe331ve approx1mau10ns a 51mp1e approx1mate - B

«olutlon wthR is determined, whlch is expressed by

1

eouitlon below - (See figure 2-1) ‘ I
Wbt.Rgﬁ(nn-G ) Dlr(Slgn) 51n'1(1hg'51n((nx 0)$?+Sl-2mn))l o i
\

2RI

Y -
3

where m=0,1;2,... and is chosen to satisfy -n <ecglm

23
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(nn—So);nth zero crossing of the modulation wave
» {11 when the modulation wave slope positive
Dir , ' _ .
-1 when the modulation wave slope negative
/ , , v
. -1 when -N‘<cl( O 1i.e. ¥he reference is negative
Sign : ‘ o
: +1 when 0<cq< 7 i.e. the reference is positive

" To program equation 2.3 mag, Gl, Wl & 8, have to be

initislized. Durlng normal. control operatlons two

'narqmeterq Wy and liag have to be input between calculatlon

_ perlods. The calculation period is chosen to span 13

intersections. During.that time, the twelve intersectiens

are computed,, four for each moauletlon Phase. ThlS :

'paDer deals wlth developmng a program used to qulckly

execute equation 2.3 for three phase modulatlon waves ‘.
and only one reference wave. ThlS case can be thought of
as theskgmxﬂuwe load case » This is the reason ﬂhy only '
12 1ntersect10ns are computed insead of 18 (See figure z,a),
.&t the beginning of~aAca1cu1atlon perlcc_el and.eo are
internally updated according to equations 1;4\& 1;5 e 

8 (new) = 83 + w,tpy( 12) :_%:;_ 2vn 2.4 |

o, (new) = O +wotyp(12) -Zam 2.5

vhere wtpg(12) : the 1°th 1ntersect10n angle of a’
0 calculation set

v = 0,1,2,... and is- detenhlnec by the inequality
S ‘ . 0 < 8new) & 2T
q =0,1,2,00e and is determlned by the inequality

. O <&(new)<17r

-~
\-

24



Modulation wave Reference wave
1

)
Z
<
o

Firrure 241 Sine mndulation with sine referance waveform nair

e
C

AVaRn vV

~ e (7 -Gy ) i

Dlr(Sngn)lsm(Mag sin ((. P 00)-—1+ 61- 2m=)) l<—

Since the Intel 8080 doeq not contaln multlpllcatlon

hardware, a 16-bit multiplier is aoded as an I/0 dev1ce

using the ALD (Advanced ificro Dev1ces}.25D514 clocked»at

25 1Hz. 16 bit product can be performed in less than 3

microseconds. To further enhance the speed of the program,

a sine and an. arcsine look-up tables are included in

[4

nanorye. The program utilizing all of these aids, 1is

“calculated to have a max1mum executlon time of 7 msec.'

“Mhen nore accurncy is desired, the need to use‘a nore

‘sophisticated algorithm arises. Chen gives a more accurate

" alporithm in the appendix of his paper, the execution of

J

which is .expected to be six times as long as the reference
Ctime of 7 msec, namely 42 msec.

In short, the mzin limitation of this typé of control is.

the processing time, which deflnes the time delay of the

control. Depcndington the control system requirements, the.

time delay may or may‘not bé acceptable for control

applicaticns.
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Three Phase Modulation Waves
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IT.2 ‘A DIRECT DIGITAL CONTROL OF A THRSE-PHASE SIX-PULSE
CYCLOCONVLRTER USING A FICROPROCESSOR (R, 14) e
On the 1EE3-IE31~79’Conference a similar work Was
_presented which was again the reallzatlon of a three phase‘
to single phase cycloconver e, using 2-80 based mlcro-_,
computen this time.
g Since the concept is as said very 81m11ar to that
of the work described in section 1IT.1, the‘detalls will not
be given here . 'The salient aspect »f the wohk is this:that v
~software solutions to problems encountered areeobtained5 in-t
stead of u51ng digital 01rcu1ts such as counters and the
comoarators for deciding when to trlgger the thyrlstors.
The feature of the control system presented here 1s that the
‘microprocessor is capable of directly trlggerlng the thyrlstors
without the external wired logic circuits,

Figure 2.4 shows a

P Convertcr . N-Converter

S three—phase sixf . B iy TN S b
<o T :
 pulse cycloconverter - :zg}ﬁ k ' :S[é S‘(

’ eq 1 g Ime !
- consisting of two %T'Ch. Tt N
.v . ‘ ~/' DNy A o i
- bridge converters . & :\c Ty
connected back to . :Z%Q_mg Th.. ;ﬁﬁ,ﬁé‘

back with one another.

Cne converter which = Figu e 2.4
Six-pulse cycloconverter

N

N
' \
'
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shown in Fig_l )

can carry the positive current is czilled the po‘sitive- /Cmnvefter /
(P-converter) and another. is negative conyerter (N—-coan:rper); '

Such an arrangement, is able to carry current in both directions

at 1ts output termlnals. By cont; 0olling the phase of its

firing pulses w:Lth respect to the ac supmly voltage it cah

be made to produce a contlnuously controllable mean output '

voltage, of" either' polarlty, Let the flrmg angle of P-converter

be zp and that of the- N-—converter be £n In order - to obtaln

the sinusoidal output voltage e expressed by the equatlon

.

Br = B . . 2.6
e}, = B, s:m\.ot : .

"both converters shoula be COntrolled as follows-



When the output cufrent‘iL és positivei/onlyéthé P- ;:'
converter is allowed to condiict and thg_ﬁ-coﬂverterviSF
completely blocked. Thé firing angle °f1the'chonVerter,
. is-deterﬁined by j '
Edo::cos_£§ - By sin wyt - '~ 247

Then . £.p.:=cos"l (r sin wot )';,‘_ V,U_“2.8\where
f::E;/Edo is called the oﬁtpUt voltggé‘ratio.' |
When the output current iL‘is negative, only the N-
converter is'allowed tq.conduct and P-converter is
‘blocked, vise versa. The firing angle of N-converter is

o £n==c05"1 ( r sin wyt ) - 2.9
I£ is noted that £p and £n have values betwgén' 0  ghd
X;Y and that they are r-lated by L, +he =T |
‘Equations 2.8 and 2.9 are most important relatlonshlps
here, which deternlne the flrlng angle of the cycloconverter
" Figure 2.5 111ustrates a diagram of the proposed control
systev. This system consists 6f the micfocomnuteruwhiCh~
is encloqed by dashed lines in the flgure and a few
perlpherals. The control program is stoxed in the three
hPﬂOH’s the sine and arcc081ne 1ookup tables are stored
in the other two uPﬁOL’i’s,'respec«,lvely.y’&nd again the
dlgltal multlpller (8pit x 8bit) is present. To reallze
the quick exeéution of these programs, the proposed system

~ has.two clocks.:

\
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I1.3 ~ ICROCOMPUIER-CONTROLLED SINGLE-PHASE CYCLOCONVERT: (K,15)

Another similar but much simpler investiéatioﬂ‘of “l
Singh & Hoft relates iélthé use of a baéically s@uare
wave reference signal. The decision was not ta modulate
the firing angles of\the.tthistdfs'tb-obtain@a good: :},

| sine-wave approximation but instead, ﬁo'use the same
firing angle on all thyristors for a required output
voltage and frequency. While this no doubt simplifies

' computation and may be considered acceptable to certain
restricted applications, the output voltage of the
cycloconvérter no longer approximates‘to a sinusoidal

variztion, of gourée (See figures 2.6 and 2.7 below).
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I.4 . EFFICIENT mICROPROCE““OR-BASED CYCLOCONVERTER ‘;CONTR_OL (R,16)

J

s

.\Another method is described in IEE proeeedihgs’in~Lby"

1980.
Digital control of a thyrlstor cycloconverter u81ng a -

microprocessor offers the potential advantageS'of}circuit

_simplification, precision in implementation and high

system reliability. A practical constraint has been'

associated with the limited arithmetic c@abin‘ty of

- the mlcroprocessor. This paper descrlbes a method of | -

_cycloconverter control that expressly departs from the

conventional cosine-timing control principle in the

search for processing simplification. Equation 2.8 &

2.9 could_be generalized as

Pi=

). cos £ I'sin(wo -¢) _ - 20
where tj is the j th flrlng_lnstant, | |

£p5‘the corresponding firing controlfang;e;'
r the modulation factor, O4r<l _,',.'kavnd:
o an~arbitrary angle. R
In fact, the condltlon as spec1f1ed in equatlon 2 10 5.
forms the basis of the conventlonal c051ne tlmlng control
method. '£pl’ £p2, p3"" can be derlved frou the
concecutive p01nts of intersection obtained betwenn a

sine wave and a set of,phase-displaced cosine waves.

\ .. ;o
\



In this‘papef an alternative sphémeis‘gescribed,which
proves fa# superior for digital implgméntation as it |
relies ®n no numerical iterations or approximations.
Equatlon 2.10 is first rearranged to glve
£pj¥—cos -1 (p sin(wgty - @)) e 2.11

and Qé%ﬁé"' ' R

With reference to-figgre~2$, it is pfoposedtthat a

series of 1inear timing waves are conceptually |

introduced (in place

‘ ap‘——- — e
’~'n 912 :

< <i)_,\\; ;-:.f-.\-\\

cosine waves but like- & -

e

of the conventional

wise synchronised to AL L Do wi rca |
' ‘ k] .

the supply waves), the

jth timing wave 45

-Figure 2.8 Firing control scheme
based on lineqr'tining

wavesy

being mathematicalily represented by

.(t)= 1- W’u..,] e 2,12,

‘ Jndvrt‘-(3+1)7r |

vhere it is implicitly assumed that 3-pulse circuits
are employed for convenience of the present discussion
and w is the qnvuiar frequency offthé Sunply;
By ch0051ng the reference signal to be of the particular
form ej(t)=1 - !=cos’l(r 51n(wot~Q)) f 2.13
‘the condition embodied in equation 2.11 is then ex&ctly

satisfied because, at the J th p01nt of 1ntersectlon



,p

wtj - '5-'3 = cos"l(r 31n(wo -—Q)) : 2,14
and also, from figure 20, o '
£ mwty - 25

pJ"

The firing 1nstant tJ can therefore be determlned

theoretically by equating equations 1. 2 8 1,03 LV;'
integral values of j i}

At the J'h,sampllng instant, the reference sigu«l is

precisely -

‘ 2x35y 1 -1 23 9 16
d)e=l = o= r e

en( —-—-—-l3W ) —-cos (r sin (wo-3‘l Q)) 16

Because e, is held constant for the timing interVal

the firing'delay can hence be determined expiicitly
and w1thout recourse to any numerlcal 1terat10n‘

procedure. ThlS is. obtalned as

£pj::C (I‘ sm( Q )) L, : 2,17
,Oé%ﬁ_w L '

The output frequency may in fact be entered’as a

scaled variable wy’zB w,, where B=2nr/3w is predetermined
as 2 constant,forithe system« In advancing from one
firing instant‘to.the next, the argument for the sine
function'is Simciy icrémented by wb’ each time. A
recurrent n\ltlpllcatlon step is thus avoided. By
prov1dlng a sine and arc0051ne table, only one

multlpllcatlon rtep is then required for determined

fpj based on éQuation 2.17 '. The outpﬁt variables r

and w.? can be 1ndependently changed accordlng to

o
control demcnds. The 1lgor1thm for determining £n3

can be s1m11arly ohtained :

R R ]

RIS



» : !
< : £n3-°°s_l (-1 Sin(JBWo "Q)) / B '2-18 _
The signif‘icance of the above development is the “ '
., establishment of the firing drlay expressions in ;.
. closed form, w1th the minimum of arlthmetic processing
N :involved. | s o | | A i ‘. ,
2 ’_ ;It is seen that the present approach offers practical ;
: soluftion to the nontr1v1al problem of applylng : ":
. effective dlgltal control to the cycloconverter. R
'Z'AExper:Lmenta.l arrangement bu:th a.round u 6800 components ,
T" has’ been tr:.ed in the laboratory to. verlfy the new . .- -
3 .~ - o o AA control method developed. &
3}:’5%:;9{ —-iﬁssfez “‘“;:”‘jc,‘j‘; "“rs:r::;m f"! v : ThlS consists of a.n M 6800 |
| - . ‘ -——'————L” . evaluatlon klt, an LC 6840 o ,
.‘ ‘ L :‘-,» 'v..."”,s,_ . 'E{E’:ect- iﬂ:‘i ~ timer module a.nd an MC 6820 .
il D L - .. Peieac unit(See rigure 23)-
gt I e ~Based. on the hard\ are
B L-’:: G:og'xe‘ oi‘ F‘-mu - shown in flgureg,zﬁ ’ ‘bhe '
D E:]""" creuts | computatlon assq‘m1 eted : |

with each flrlng in completed

P DB pi

. . Zf - Zi; ‘__jme:;:o;‘: reactor v . in some 2.5 msec ' .; Having |
R e BN S o o S
: z iz S oL in mind that 6800’: twice

: LSS Thweac \ Rt ot
ae -2y n&d* nB nC L(RzE5 o » .

. CLstmEl 4s fast as the evaluation
N r 1 J ; i )

o L : kit used aré already
ure 2492  Schematic Cia r"rcun ' N FRN Y.
: coof mlcroorocessor At lahlo thia -




}ICROPAOCESSOR-CONY {OLLED CYCLOCONVERTER  (R,17)

i T pront pdne) |
. g Joutput ¢ lvoltage |totor
' 1 frequency [j1atio r direction
A last paper about the £, - ‘
TP 't roaoeo Zoro-point
subgect is by bonf B. slerocorputer H : detector
) : : \y; v6 : ". L l “
Park & T.H.Choi . It is S s
) ' : ' Counter of PLL
. 6-bit ri frequancy
publlshed in the countor %6 mltiplication.
- PU'V/(‘:'\('D (256 x fi HZ)
proceedings of 1979 ISCAsS. . " 136 .
" ; : . . - [3-input AlD gate x
The 3'-pulse circuit is 36 for producing
e : —> toth P- gnd N~ | bseq Load current
converter triggera| 6 | direction

detector .x 3

;cxtended to 6 pulseslbylvjv
36

ﬁsing an interface trans- ' s -

] Photo-couplers x BEAJ

former. As a result, it is ; o e

A ) : : - INPUT ; .36 © ., OUTPUT

possible to control the ‘ ‘ -

& —~ - , 3 A - 3 # . A

: iy cycloconverter

output frequency from O = — ,

close to the line frequency

which is not possible in Figure 2,10 3ystem Block Di~rran
_ , . 1

the other arrangementss g
I . :
KC3-80 microcomputer kit is used. The required interface was,

just six 6-bit ring counters and 36,3-ihput'AND,gates, The
auxiliary circuits are also minimals one-crcssing poiﬁt detector
for the input 11ne voltages, three load current dlrectlon
detectors and one PLL frequenCJ multlpller. The flrlng angles

%are calculated accordlng to the equatlon 2 8 agaln for phase U

.only. For the output phases v & W, the values of £p can be o

used-with taklng into account the 1&00 and 240° phase dlfferences.

\
\



©III.

CHAPTER 111

CONTROL METHOD
USED IN THIS THESIS

GENERAL INFORIATION |

-The survey of the works published on the subject

ﬂas showvn that either a very simple approach is
used as that of Ref.15,or with an attempt to
eliminate any need for hardwired logic c1rcu1try,

a very comnlex system is arrlved ate

In this thesis, a different;approach is adépted in

the sense that no attempt is made to replace all

the functions of the conventional control Qircﬁitry

.-

by the microprocessor but rather:an ecohomical'and -~

simple deolgn is trled to be arrlved gt by comblnlng

the advantages of both.

In order to keep the work within manigéabie iimits'

a single phase to single phase configuration was ' .

, used. The principle, is howevef_easily:éxpﬁhdéﬁle

to 3 phase to single phase or 3 phdse tc 3 phase

CaSeSe
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I11.2

- The firing Dulses for the cycloconVerter were

derived u51ng "optimum’ firing- scheme"- for a constant

-'7output frequency iees5 Hze Varying the_delay angle £

‘throughout each half cycle of the output wéVeforms
the best approx*matlon to a s1nu301dal output current,
hence the minimum current harmonlcs is obtalned.

The microcomputer system as well as the power 01rcu1t
and the- requlred interface were bullt, which will be
dlscussed later'ln this chapter. Also the softwareb
was developed and tested. Flnally, the output wave-

forms for varlous power factor 1oads are obtalned..

Figure 3.1 shows the block diagram of the systems

OP;RATIOJAL ASPEC To Oor Tﬂh SYSTEM

1) Rules of eohtfolz ‘
. : 2=t j

1Nith reference to section le2alc and figure'l 12\

the ontrol c1rcu1try should be able to perform certaln '

) dutles whlch can be summarlzed as followss:
~aJ.To generate 'the reference sine wave i.es 5 Hz

“b. To getftﬁo'medulation signals using the supply

voltages;having 1800,ph§se'differenee with one another
¢. To determine the crossing instants of the reference

signal with the two modulation signals

.
\



_; d. To output the firing pulses depending ‘upon the

crossing; that is whether it is an ”1ncrea51ngﬁ
or a ”decrea31ng" one W1th respect to the
modulatlon signal '

e. To get feed—back ffom the output current in order:

| to know its polarlty at that 1nstant | v

e USlng the current feed—back to generate the blocklng
'signal of the thyristors (for P as well as N‘group;
éonvertersj | i | o

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 instances

The reference sine wave whose amplitude and’the frequency

determines the output‘yéltage amplitude and frequency dis

gt A2 Yy AV wmooeceor ﬂnggtgll_r. Thls

PRI L - Pl A -

ﬁ.:

iodit

.\\

t21 sine
. v Al \ . . "
wave is then converted into an analog signal by means

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

2). Interfaclng Clrcu1t°

The operatlons llvted qbove are uontrolled partly by

the microprocessor but also;hardw1red loglc andtanalog
circuits j namely two crossing detec lors, a current zero
detector, a positive going Zero crossing detector,

two phase shifting (20°) circuits and an 8-bit D/A c¢onverter

are employed.



- Two crossing detectors are used ~to detect the crossing

- p01nts of the reference sine wave w1th the two modulat1”u

I

signals (these" two modulatlon signals bemng 180o out of

phase). .They are 81mp1e comparators each one hav1ng two

_ monostable multivibrators at thelr outputs (fngk 2) the one

belng positive edge and the Ouher .one’ negatlve edge
triggered respectlvely. AS a rcsult of thls, elther

output 1 or output Z of the crossing detector goes

high dependlnv upon the 1ncrea51ng or the decrsasing

character of the modulatlon 31gnql, whenever a crossing:

exists. The wldth of the monostable output pulses is -

adjusted for a minimum width due to considerations

explained in sectioanII.S .

The curfent Zero‘detector circuit givesltﬁo butﬁuts

one of which indicates the curreut polarit; and the

other output stays hlgh for a short perlod every “time i

a polarity chance tzkes olzce. As can be seen fron the
c1rcu1t dlagrum in A 3, the comﬁarlﬂon is not done with O V
as would be expected but w1th a small voltape (50 mV).
Assuming that this current feed-back is obta 1ned across. a’
10 Ohm res 1sto in serles w1th the load thls voltage
corresponds to a current of 5 mA« So, in reality, not

the zero cr0531ngc are detected, but the. p01nts at Wthh

the current falls below 5 mA 1n either’ dlrectlon. The

reason for this is that the current.w111 not reverse by



P I

A

'itseif but will feverSe only‘if the other fectifipr is

turned on, whlch agaln can be done after tho cnrprant,

has gone to zero. dlth a 31gnal whlch does not reverse

- but goes to zero slowly and stays“there, it,pan become

difficult to detect the exact zero crossings. Hence,"

it was»deeided to detect crossings of the 5 mA point.

‘It is important to note that the feed-back re51stance

ust be selected in accordance with - the 1oad re51stance

so that it detects these S_mA,p01ntswbut not a much

higher level in magnitude.

.The supply voltage .zero crossing detector is similar

to the crossing, detector. In other words, it is a special
case of the crossing detector 1n the sense. that it is
posltlve edge sen51t1ve only which. means'that it has

just one monostable mult1v1brator.(therefqre only one

koutput) and one of its inputs is at groﬁnd level.

.The circuit thus obtained detects only'positiVe going

zero crossings as required.

)

'Thé.modulition signal is obtained from the supply

.voltage. However, as 1ndlcated in seetién Ie2e1c it

must be phase shifted by S0° before use. The circuit .-

in A 8 simply does this job.~Besides,thqt, it attenuates

_the voltage waveform by a factor of 2/n as de51red

a(eee flpure 1. 12).



 3) Computer and Memory Organization |  _
. The Central Processing Unit (CPU) and its peripherals - -
"are shown in figure A.l- | | A"? P "

The program and the sine table are - stored 1? an’ EPR@M*

ion 1s as follows""

I

The memory organi'“
0000 - 00'2E Main Program

g _— . C

- 0038 - 0081 - Interrupt Service Routlne

EOﬁpm_

S >,01",58 Rl 03 FF « FF (empty Space? e T
S i ew i | |
A 0400 - 04 08 Stack o | .
oM Rt R 'l ]
. E

: Lo e 9”%%** A
As 1ndlcated above a part of the memory 1s}reserved for ?i‘vf
"stack o -This is because the processor 1s used 1n 1nterrupt
,dode and as a result of this the last address pointed
by the progran counter has to be. saved s0 that the :'5“
processor can return to the same program sbep after the_;:

interrupt has been serv1ced. Therefore ‘a i (Random

Access Hemory) is required and the stack p01nter has tot“""’

be loaded aporoprlately at the beglnnlng of the program

to get thls_stack.

(4-) Eraseble programmable read oniy memory

(&) The StuCk is an array of reglsters whlch allows

I

words or. addresSes ‘to be accessed fron the top of thls

array on a last-ln, first-out (LIFO) basise

(

.



':The cdmputef needs'inpﬁt/ouﬁput (I/O)fports to
communicate with the outside world. Here a Z-80 PIO
_(Parallel I/0 circuit) is ﬁéed._ Th%gﬂis‘avprogrammablé,
twd_port device which provides a TTL'Cdmpafible infer-v'
face between peripheral devices and the égSO CPU. It
:Waé decided to use port B to'odtbut the digitally

_Lgenefatédfsine wave as 8 bits datay and port A is
,bprogrammed to operate 1n "Blt Control ilode" - that is e
every blt 2is deflned to be 1nput or output 1ndlvadually,

B as llqted below:

Ds. D5 . Da 50 R D D
output - input - output =~ output output output - 1nput
counter crossing thyristor thyristor thyristor thyristor current
enable interrupt no.4 TI0 3" no.2 . no.l polarity

o : ch*nge_v
Bit O is set whenever the current changes polarity, J
Bits 1 2,3 & 4 are used to flre the thyrlstors. They are
prograrmed to be active low,,These bits are, of course,
not directly coupled tqjtheﬁgateé of thedthyristéfs but
isolation bétween the power circuit and the computer
circuit is achieved using opto-couplers. - Bit5€becbmes‘
‘active whenever a crossiﬁg'oécﬁré béfweeﬁ the\réference' .;
sine wave énd the moduiationksignais.' Bit 6 is used |

. . - . s
for synchronization purposes, that is when a positive

<



g01ng zero . cr0551ng of the supply voltmge is met the G
- processor sets thls blt to enable the counter 01rcu1t
o o (figure A7) oynchronlzatlon of the dlgltal sine wave
‘ to be generated with the supply voltage is ohus'achieved.
Sinceva full period of theksine wéve is approxihafedv
usinc 200 values (See Appendix k) .3), a value needs t0
.be outputted every l msec to obtaln the dlgltal sine waveo{
5 Hz. Two 4518 covt i chlps shown in figure A.7

achieve this by effeci ively dividing 2 1Hz clock by

2000. The output thus obtained is fed to the last

bit of port A, i.es bi£'7.

Besides thls P;O another 1nput port is requlrodj4 blts
of which are reserved for the cr0531ng 1nformat10n
(bits 2,3,4 & 5). Bit 1 has the information of the
polarlty of the outout current, that 1s a low 1eve1 on
this p1n means p051t1ve‘-wheneas a hlgh level means
..;M. . -negatlve.,.Blt 0 gets 1nformation'of thé suppl& vo;tage ..
' zero croesing,.aslindioateo abO?e, hamely the\oositive~
going 7ero-orossina.v'The organization of thls 1nput
- port made up of .two 74125 chlps is as follows-

Ip "Dg Dy ’Déf-. Dy D, . D . D

not not crc 81ng cr0531ng crossing crcessing current p051t1ve
used used due to due to due to due to polarity going
: tap 1 tap 1 tap 2 tap 2 0, pos. zero.

up going dovm’, up going down 1, neg. Ccrossing
going ‘ - going - - active

high



I.3

"'LOvIbH*\RP & PHOGRAM

The flowcharts to meet the gating s1gna1 requlrements.

are-shown in flgures‘3-2 & 343" « The main program_gust

‘prepares the conditions required and starts the system‘

at the rlght 1nstant. But the interrupt service routine
is the heart of the program. - Kainly the processor has
two jobsj; either a crossing exists which must be taken

care of, or else it is time to put a new sine value out

to the port. These are all done in interrupt service

routinee.

It is very important not to miss any valid‘interrupt'e
requests. There are three sources of interrupt requests,
two of them being due to crossings of the modulation

signals with the reference sine wave andithe third one
being for the generation of the_digita;rsinevwave.'lt,

is hoted from the flowchart that not every crossing will .

result  in a ch'nge in thyristor DU1595 hFér"instnnce,»

if the current is p051t1ve decreaslnw cr0531ngs of the

modulatlon wave are used only, and cr0531ngs of 1n01eas1ng _
chuaracter are not cons 1dered. They are so forth c“lled in-
valld cros 51nb points. If the current is negatlve on the
other hand the decrea51ng cr0551ngs are 1nva11d. At

the worst case the three 1nterrupt requests might occur

at the same tlme,‘one of them belngulnvalld crossing

1nterrupt necessarlly. The poiht is that the two valid

1nterrupt requnnts are not xllowéd,to beﬁmissed but the

1.4-5. . .'



invalid one. |
The pfégram of the interrunt serviéé roupine is
pregared so that evéry,valﬂftrossing interrupt will |
“be executed in 65 PSec ﬁhereag every invalid one in
53‘Psec. Thesevtime intervals are kept constant by
introducing extra instructions -No opgrationf'kin the
branches where nééessarym.Sine wavé generation on Fhe .
other hand lasts 40 usec. As a result of this, the best
choice of the puléelwidtﬂs of the interpupﬁ signals seems
to be 35 usec and 60 usec, for the reference sine wave ﬂ
and the crossings respectively. This choice gave'satisfact§ry‘
results. : | "
7-80 CPU can be prdgrammed\to fespbnd to the -
maskéble interrupt in,three‘possible modes. In tpis'
work it is decided to use mode 1 . When ‘this mode is
selécted, the CPU.wiil resp§nd\tb an'interrupt by
: exécqting a restartvﬂo loqation OO038H.
7-80 PIO may be operated iﬁfany of four distincL
modes. Port A of PIO is chosen to operéte'inAMOdeAB,
When this mode is selecfed,'the next control word sent
£o the PIO must define which of the port data lines are
to be inputs and which are outputs. \ |

Port B of PIO is programmed on the other hand tc operate
in iiode O, which is output mode. o

-. B ‘I > ) ’
These modes are chosen . at the beginning of the
main program hefore the system starts to operate (See - -

figure 3.2)-
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CCHAPTER IV

' CONCLUSION

IV.l EXPERIHINTAL RESULDS

As explalned in the prev1ous chapter the ;nterrupt

-

0 ———

*ﬁﬁpg ‘serv1ce routlne is the heart of the program. Because
v  < of the reason that the two sources of 1nterrupt requests '7s
/-are serv1ced in the same roatlne the pOSolblllty to mlss‘
an 1nterrupt request arlses. | . »
- The 1nterrupts might be due tos
) A valid 1nterrupt renulrlng 65 psec ;

b) An 1nva11d cr0931ns.1nterrupt -requiring 53 psec

c) A 31ne—wave clock interrupt, requ1r1ng 40 psec

to be serviced. | | e ; »s ,:Jﬂ4i-;?f‘
. If the width of the crossing 1nterrupu 51gﬁal is ddgusted |
to be 60 usec satlsfactory overatlon is ensurea as
(1) if (a) occurs shortly before (b), (b) will be missed
) but Causes no problem since that is an 1nva11d interrupt
_rsquﬂst in dny case |
(ii) if (b) occurs before (a), the 31gna1 due to (a) is-

osbhbill there when'CPU comes out of 1nte‘ru3t serv1ce routine

' s0 thqt (a) is servlced.



o

(i i) if (c) occurs before (a) or (b), (a) is still

. R
o

serv1ced. o : w““

In this way it is eneured tnat (a) is never mlqsed.

The width of the sine-wave clock 1nterrupt should
noﬁ however be greater -than 40,psec since otherwise two
sine values willybe outputted conseqﬁently. The width‘

was therefore adgusted to be 35 nsec. Due to thls it

(a) occurs at least-do psec before (¢) or (b) occurS‘f

at least,18 psec before (c), (c) will be mlssed. ThlS f~
is not very important, since the output Waveform will be
5.001 Hz in that cycle instead of 5.00 Hz. ThlS lu w1th1n

’

the accuracy of the 2 LHz clock in any case. )
In section I. 2 1b ooeratlon with contlnuous outout
current was discussed. The condition for'thls was_stated'
in equation 1.4 as: ,
: 0££ 4y ,where @ #"tan;l(wL/R)

In the 51ng1e nhase to single vhase converter this conditiopn
'L)

e
]

very difficult“to be achieved, because peferring to

Y
e

gure l.12, the firing angle of thyristors can be.near

o o e N
or even above.90 . Consequently, even!wlth;very hlahly
inductive load, continuous current can never be obtwlred .

Such o cqse would ﬁOo nrise 1n 3 ohase to 81nv1e ohwoe

‘cycloconverter in.which a rode ately lnduetlve loud would:

\
)

onsure continuous current.



- system, continuous

- current was simulated

S

In order to demonsrate

' the capabilities of the

ﬂ?»fin thrée,differe#tt

- . oscillogram is shown in |

. figure 4.}; . '

Due to above considerations, the operation of the

‘ present system is diSruptéd when the current feed-back

level goes below 50 mV in either direction as this is

translated as a current pOlariP*“fhﬁ?gé°

‘ways. In the fir:
case positive current

was simﬁlﬁted and the

e

Figuré 4.1 Output voltage | = . &

| wave-forn for positive

- wave-form is

onted in

42, | -

. jFigure 4.2 .
Output voltage ' i

gdwave-florm for _ .

Vnegative current |

51, | . v, | .



"Finaliy the oscillograms corresponding to a sine-wave
. L . .

J»_GUtﬁut current are shown in figures 4.3a & 4s3b &

o I
B 1111

Output voltage wave- forns correspondlng
to. 31nu301da1 output current :

- 52



The results shovwed that thls method of control 1s

;evpractical solutlon for cycloconverter control. blnce v Q?E
'ﬁthe ba51c aim was to 1ntroduce the new techn1¢n on31st1ng'”
of mlCPOpPOCGSoOP and analog c1rcuitry Itiu preferred to

see the experlmental results almply in a 31ng1e phase to-

Ve

single phase converter. The method however apvlles easilyej

vto the 3 phase .to single phase case. ~Then four ext

crossing detectonsand also an output port (8 blts) are

requlred 1f the 12 blts“0»=Q¢ nut‘are To be directly
: i

Alternat vely, w1thout

couoled to the 12 thyrlstors'

uslng any’ rew outnut 'Dort, aﬁf4 Lo 16 decoéer cou1d~be

!
1

mnloyed to select 12 thyris ﬁoré' bJ 4 bltS
'°lonly. . , - , SEn C

~

' \‘ if ”TI.‘




. ; i

- whenever the processor

. l‘efn,l“ nee: ulne ‘.iCVC. .L.L egmncy 1C 1ncr~eased.
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