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Cycloconverters

10.1/ Introduction

SC:RS are extensn.vely used in AC to AC energy conversion in the fields of
very high power applications viz., traction, steel plant and other process plant
drives. AC to AC converters take power from one ac system and deliver the power
to another ac system with waveforms of different amplitude, frequency and or
phase. The AC S)fstem can be single or polyphase depending upon the application.
A cycloconverter is a converter used for conversion from AC to AC at different
frequency level and consists of two thyristor converters connected back to back
[Fig. 10.1(a)].
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Fig. 10.1(a). Layout of Cycloconverter.

The waveform of the AC output across the load is shown in Fig. 10.1(b) [the
load being assumed resistive type]
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Flg. 10.1(b). Load vollage and current waveform.
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Fig. 10.2(b). Wavetorms of thyristor currents and load voltage.
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CYCLOCONVERTERS
T e T T 1
hile the voltage 3 ¥
w ge and curren waveforms are shown in Fig, 102(8) , the positive

group of converters conduct f
RS et Qw_ae”_”:da half cycles while the negative group coor

The thyristors cond ith firi

voltage im<mv47um ld ?mé:.ﬂ i :::.m angle of 0" (., Like dicxdes. The cutput

by the 3 ency of the input (the load voltage magmitude being

verned ;

gove m. transformer tum ratio). The current from the supply (1) 12 a
continuous sine wave.
- L“ﬂ&nﬂw&mwﬂua that the ocﬁE. voltage of the cycloconverter contamns
E‘mm { th i¢ content. By varying the firing sequence of the thy ristors.
the frequency of the cutput voltage waveform can be varied In practxce. a poly-
phase cycloconverter is more common as it produces a flexible convertes.

A careful observation of the cycloconverter circuits would reveal that if at
any instant 55.553.»3 conducting in both +ve and -ve groups. a short arout
exists on the supply via thyristors. To avoid this problem, a reactor can be ineeried
between the groups in order to limit the circulating current (the firing control
circuitry can also be arranged so that neither group is fired while current flows i
the other group).

Phase delaying of the thyristors’ conduction is also possible. The thyrustors
then do not conduct for its full period but for a limited period from the mnstant of
firing. This phase controlled operation reduces the harmonic content of the load-

voltage waveforms.

% Three-phase Three-pulse Cycloconverter with Resistive Load
Fig. 10.3(a) represents a three phase three pulse cyclo-converter when pos-
itive group of converters are designated as P and negative group as N. The
waveforms being shown in Fig. 10.3(b), the thyristors are fired at such angles as
to follow the sine wave pattern at output (the fundamental wave). Since the load
is resistive, the voltage waveform would contain zero period. Each group (positive
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Fig. 10.3(a). Schematic of three phase three pulse cycloconvener.

Scanned with CamScanner

s, W WRLE YELE VDL Snaaas



FUNDAMENTALS OF ===
i — y ‘of five half cycles. The output of g,

5 itive group as the
o) of thyristors AXe 06 1o that of the Po% Outpyy
p differs 18 H.(MI_MW.:::&Q of input cycles (here one output Gmun_m

v input Qn_mmv. The current waveforms lead to unbalance
ivel

NTALS OF POWER ELECTRONICS AND DRivgs

)

or negatiV
negative grou
wave in not compos
occupies just Jess than

in the supply-

Fundomentel v {-+ve)

Output voltoge ©f
positive group of
converlter

Qulput voltoge of
negative group of
converter

ﬂ____zaoimzm_ v
ove
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Fig. 10.3(b). Cycloconverter Outputs.
@ Qperation of a three phase three pulse Cycloconverter with R-L Load

Assuming the load to be inductive, the output voltage waveforms and input

phase current waveforms are shown in Fig. 10.4. The load current is lagging the
voltage and as the direction of load current determines which group would cor
n:nﬁ.. the group on-periods are delayed relative to the desired output voltage- The
zdﬁ.mwcnm in the groups are fired in such a way so that the output as close a5
w,.omv;v_o to a sinewave is generated. The lagging load current takes each grovp
into the inversion mode and the group will cease conduction when the load
current reverses. Due to overlap, the current would likely to be continued E..o:m:
the lower inductance in the load may render the load current &mno::n:_o:mv. The

CYCLOCONVERTERS 105
1

input current waves are not sinusoidal and are heavily distorted, it even changes

waves S

hape in every cycle (however, when the input and output frequencies arc

in exact multiple, the wave form will repeat over each period of output frequency )-
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Fig. 10.4. Waveform of three phase three pulse cycloconverter with inductive load.

10.4 Three-phase Six-pulse Cycloconverter

Fig. 10.5 represents a three phase six pulse cycloconverter whose output
1%

m

<o:wmm Vg for a fixed firing angle o is given by Vo = 3 o cosa= V. cos o, where

V.. is the amplitude of the line to line input voltage. As the firing angle « is

R A BN AL R R AR
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Fig. 10.5. Three phase six pulse cycioconverter operation.

increased from 0 to 7, the output voltage varies from Vy, to— V4o If @ is modulated
slowly compared to the input frequency £, the output voltage of the cycloconverter

is a sine wave (Fig. 10.6).
V.
a=cos™' .|amiec_._ A
<m=

Vys Vvr Var Ver Var Vee Vv Vvr Ver Ver Vey

Cycloconverter
output
voltage

Fig. 10.6. Output voltage of a three phase six pulse cycloconverter.

In a practical cycloconverter circuit, the function for @ is ma:ﬁw:« :H"
plemented indirectly by comparing the line to line voltage with the desired och_mwm
waveform V" and turning on the next thyristor when the voltage Vo woul
closerto V,". Just before instant ¢ (Fig. 10.6), Vyp is connected to the output
Thy and Th,. The next commutation is form Th, to Th,, connecting ViR

output. At this time , Vy; and Vy; are equidistant from Vy'. However:

through
to the

Vys is

.the negative to the positive

CYCLOCONVERTERS -

T nr

diverging while V\; is converging on v, Then Tt

’ v .
the value of Vyz The next firing is initated b
(Vo = Vyg)- This continues comparing,

o B Uigereed and ¥V, assumes

¥ wempating (V,, ~ V") with

The cycloconverter described aboy
the current EHDEMT the —O/—& ‘.wﬂ_.—ﬁw/«m-”” ”—M“QP_A 9.7:. x...rl.&:l« M« e corrertey aa
0 > e ) rectional thaugh the output vollage
alternates between positive and negative amplitudes Fig 107 oo = P
ative converter. It is also a twv guadrant converter vE::# nwm\w}n. .. ...,.n”.m.
through the load is just the reverse to that of the previous Q?.. anilelS
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Fig. 10.7(a). Two quadrant cycloconvertar schematic
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Fig. 10.7(b). Output wavelorm.

10.5 Four Quadrant (Bilateral) Cycloconverter

In order to obtain a bitateral load current, a negative and 2 positive
cycloconverter are to be placed in parallel The direction of the thyristors are
inverted for the negative converter with respect to the positive converter. Because

the SCRs are inverted, the output voltage takes a negative step at commutation.
This combined circuit is known as Four quadrant cycloconerter. The circuit dia-
grams as well as the waveforms are shown in Fig. 10.8(2) and (b). It may be ooz.a
that the direction of the step change in V, at the point of commutation indicates
which converter is operating at any point in the cycle. At t, operation shifts from

converter.

wA MR
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Flg. 10.8(a). Four quadrant cycloconverter schematic,
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Flg. 10.8(b). Output waveform.

10.6 Cycloconverters with Polyphase Outputs

High power applications involve the use of polyphase output generating
cycloconverters. Fig. 10.9 represents 3 pulse phase controlled converters in order to
generate three output voltages. Each converter has six thyristors (three carrying
positive load currents and three negative load currents). The input voltages are

vy vy VR

GR1 fm GR2 7

F1g. 10.9. Three pulse polyphase output cycloconverter bridge.

la!.l..zilrl}l...l..lll..t(...l.l.i...tl.. =

line to neutral voltages. f; D v
* F18-10.10 shows ¢,
cycloconverter. I¢ & waveform at ph
._w.vc_ voltages m,sm: wwmanmo”mﬁ.mhmﬁww foch Ehmw pulse noﬂ,”wmx_..*ﬂw _%_WA”%MM
PR occur | N :
circuit. Fig. 10.11 represents the R-phase =:qm nw_“ﬂwwhwwﬂ.:wu_mmww il

Desired voltage woveshepe
Desired current woveshepe

Load vollage
(phase R)

Load voltage
(phase Y)

Lood voltage
(phose B)

Fig. 10.10. Waveform of output voltage of phase R, yand B ol the
three pulse polyphase output cycloconverter.

R phose line 1’

current of — e e
group-1 1 ‘£ '—\
R phase line

current of
group-2

R phase line
current of
group-3

Totol R phase
line current

Fig. 10.11. R-Phase line current of the three puise polyphase output cycloconverter.
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Fig. 10.12. Six-pulse bridge cycloconverter for polyphase output,

Voltage
\\\ Current
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Desired |~
output

== v —— — —

Rectifying

Fig.

10:13. Load voltage waveform of six Pulse bridge cycioconverter

for polyphase output.

It may be evident that the high
waveform to the nmm:‘mm.mm:cmomammiwwmwmmﬁ

generally limited to one half to one thi - In practice the output frequency 15

CYCLOCONVERTERS . I

_ When a polyphase output cycloconverter is used to feed a balanced load,
the :.ﬁ..:. current is much more evenly balanced. The total foad current is not
identical in each Qn._a and the fundamental component of the Joad current lags
the m—:uv_xe.c_gmm slight more than the load power factor angle. The commutation
of the thyristors are natural and the firing must be adjusted such that the output
of the cycloconverter voltage is nearly sinusoidal.

10.7 Circulating current mode operation of Four Quadrant Cycloconverters

For a four quadrant operation of a cycloconverter, both the positive and
negative groups conduct continuously with rectifying and inverting modes. The
mean between two groups is fed to the load and some of the ripples get cancelled

_in the combination of two groups. The two group voltages should ideally be
mostly identical sinewaves at the oatput frequency, but in opposition.

A centre tapped reactor may be connected between the positive group and
negative group as shown in Fig. 10.14.

__llllll_ +ve group
|

HEEEN

S g
Recctor

|__ )>>T: ,V
!
I

I
J -ve group in

./

Fig. 10.14. Four quadrant cycloconverter circuit simplified.

1
| (I

The circulating current mode operation exists when there is a flow of har-
monic current between positive and negative group of converters. A non-circulat-

. ing current mode also exists when the flow of current is blocked between these

two groups.

During conduction of +ve group of converters, the delay angle being a”, the
delay angle becomes o while negative group of converters conduct. The mean
output voltage of the converter group is maintained equal to the back e.m.f. of the
inverter group provided o* = (180° - o). This avoids the circulating of large low
?macm:@ currents between these groups. However, the instantaneous voltages of
these two groups vary to some extent and harmonic currents circulate unless they
are suppressed or limited. The production of group currents may be explained
following the operation of the cycloconverter as shown in Fig. 10.14.

bw.” : . . —— .
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current) induces a voltage across th
converter circuit. However, the rever .
in the negative group to flow. After 1, re Shie « .,
<o:,_wc, gets induced in the reactor and the current i, (the negative gro
v,.pn.u,\:osa:m. This is possible to utilise the stored energy of the req ctor, w; nt)
of __. , _‘_ _u!.&nﬂm_qffgm in ,nn:.._w_ga and .
i, rises to the peak. Hence the load current become i; (=
n )
cyrrept hasa mean, yalue equal to ,Ep...?m: 2. maximum value o@ ,_o.ﬁk G
load current is superimppsed by the n__..m__:.mp_nﬁm current and causes higher |
of each group. B iia "
L Cireulaling gurs de operation'ts allowed only when
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is low so that continuous load current with a better waveform $3n be maintajpe d
At higher levels of load current the circulating current mo :
: Yol { Vi) o t 1 Tears 1 .

operation woy| b,

prevented either using a reactor or by using proper control circuitry 'in the fiting
angle control.

@Q\o_ono:g:ﬁ Circuit Equations

In case there is no firing delay in a half wave phase controlled cycloconver.

ter, the average direct voltage output (V) given by

m m
Vieowy=Vy| = [sin| —
de (0) m n m

where V, is the peak ac value of the input wave, m being the number of phases.

On ¢he other hand if the delay angle of the converter thyristors are slowly

varied, the output voltage per phase Ve tay for continuous current conduction is
given by

<&. = <§ - |sin

[In practical thyristorised cycloconverters, the firing angle of the positive

group cannot be reduced to zero as this corresponds to firing angle of 180° delayed
firing is not acceptable because sufficient margin must be allowed for commuta-
tion overlap as well as for the thyristor recovery time. Similarly, the firing delay
angle of the positive group cannot be reduced below a finite value].

10.9 Advantages and Disadvantages of Cycloconverters

The following list gives the chief advantages and disadvantages of

cycloconverters over dc link inverters.”

A dc link inverter has two power controlle

First the input waveform is rectified to give a de waveform. This waveform is then inver

. ert the
rs connected in cascade. Their role is to conv

i : ency-
input frequency to another value of output frequency using the “medium” of high ?3:%& A

ac waveform at the output. AC or DC converters can be controlled *:movﬁan:n_«.

B i) Cyelocany

vt 1@, Tsolation of a defective e

Y CYCLOCONVERTERg 1 .

——— W Ao e,
T ———— rv\ A

.«/@nm.-mmma /oy , ; T —— e

U] P.ma ENCy conversion i 4 ‘singl
cycloconverterg While de¢ line Bzmo ra redibe e e hetcle fn
“ Gy In' dyclacdin) 4 e nverters require two power stages.
J0e T Sr.:w,.__: %%wmwﬂr.qm.:avﬁ; ,<c=um,m and :‘nmsosQ are controllable
N il ,.,v..mmnn._..,_,n:nv\ is controllable. «
Ep;:x w,n.gd.j%rﬁﬁAn:n.czm while additional
heeded i de'link inverter tircuits if SCRs

; VTN |

. commutation

211019
s un) o »y.q

_._ < .,, _,
v.\:._w.r_.u : :,v”y_.r_.,_,_...:can distortibn' is''lower in
ntsual de link'invertdrs (- o o |

: R does not require he cycloconverte

e S iiia et o SR does, ©! require the cycloconverter to

b :____m jn_ :s.,:._ _hw:.ﬁm.::uan _Szn__‘ for'thie'dclink inverter, it is to

¢ syitched off 6 réplAcd & thiyriafaro! couninos suals oo psc] o

! POLOMY 1Ny 1 5 ofl 1oy ot ‘

(vi) ._: Q&omoaé%r. the power :..jm_. or 15 bid Bn,zo.s.a_ while in de link
inverter it is unidirectional unless the inverler is ready to reverse the

power flow.

iad

Disadvantages

fQ (i) nwn_oncsﬁzﬁ operation is possible only for frequencies less than
_5.: of the input frequency. On the other hand, for de link inverters
wide range of operating frequencies is possible.

(if) Cycloconverter requires a large number of SCRs while the dc link
inverter requires lesser number of SCRs.

(fif) Complex control circuitry is needed in cycloconverter while the con-
trol circuitry in de link inverter is much simpler.

(v) At smaller load currents, the cycloconverter may create problem
in firing delay control. This does not occur in dc link inverter
control.

mc\h 0 Factors affecting the harmonics in Cycloconverters

Following factors usually have the governing role on the harmonics of
cycloconverters :

(@) Number of pulses per cycle

(b) Circulating or non-circulating mode of cvo_.m.zo?
(¢) Continuous or discontinuous conduction. .
(d) Effect of overlap.

(¢) Effect of load power factor.

(/) Control methods.

Example 10.1. Why the output frequency of a cycloconverter is significantly lower

than the input frequency ?
mc-n:h. amm:nn the cycloconverter is a phase controlled AC-AC converter

producing the desired output AC voltage by selecting segments of the input voltage

 wmm WL YRV Bl
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= Phihh R
ents of input wave) utilizing Natury

10.14
2 esizin ¢ wave from segments .
= m§~mwmp mm..ﬂm%mnﬂdhn:s‘ becomes significantly lower than the inpy;y e
commu )
quency.
Example 10.2. How the finng

ly sinusvidal 7
a low frequency output voltage nearty o
ﬁwﬁ_.w? The output of cycloconverter is given by

pulses ina cycloconverter should be arranged t, get

Vo= Vo may €05 @ if o is held constant. [a being the firing angle)

On the other hand if @ be modulated, the average output will vary accorg.
ing to the relation
.
Vo=Voma S| 5 ()

= <o (max) sin 0 ANV
Variation of sin 8 (¢) in accordance to the equation sin 8 (#) = sin wy ¢ yields
an average sine wave output. For controlling the output voltage, the maximum
excursion of & around 772 is controlled causing the control of cutput voltage b
depth of modulation. :

Example 10.3. In a cyclo-converter what is the relation between triggering angles
of the thyristors of bilateral converters and why ?

Solution. In a bilateral converter if one converter is operated at a time while
the other is inoperative, it is not essential to vary the trigger pulses of the other.
But the trigger circuits are kept operative in such a way that when both the
converters are simultaneously operated, the average output voltage of both the
converters remains same though instantaneous values may differ. Assuming o,

and a, to the firing angles of positive and negative converter, in continuous
conduction, it is required that

Q\.TQ:HH
or, R‘HHIQ..,.

This firing angle relation must be maintained between the triggering angles
of the two (positive and negative) converters. S

mﬁuﬁg three pulse pol . i !
yphase cycloconverter feeds a single phase load a
230V,25Aatap.f. 0.8. lag. What is the supply voltage ? ¢ Ty

Solution. The output voltage being given by

Vor =V || T |in[ B
0 —
@~ Vi | |50 m | |cos @

; | (m). (x
its peak value is ﬁ = il b ux 2 _\:_.; where V, . _ is the supply voltage:

Ve, W WEALE VEAE AV T —

h

CYCLOCONVEKTEKS

e e et ettt yas

win

L

Tmmﬁﬂ- NrS.%MllW.u_DH w\é\u v

H:?\v pe A value » 2N ..\w volts m w uu
e _\-l: = Nuau LMX m sin m ,\M
J 3
=278 volts.
muuavg\?‘?: 5 Mre thyristor rating for the cyclocomoerter of Ex. 104 7
Solution. The worstcase will appear when the output frequency m very low
and a converter group is acting as a rectifier feeding a de loacd for 3 suéficwntly
vai_._maa period, the current being equal to the maximum value of the
cycloconverter load.

Since the maximum value of the load becomes (25 ¥2) A, for the thyrstor,
2542
~ = = = M *
o .d.ull 041 A
PIV=V3V,, =3 x278 xV2

=681V (at higher value of PIV rating may be
selected with a conservative design)
[ . 2

Example 10.6. A three pulse cycloconverter has output voltuge of 250 ¥ t2 ferd
single phase load at 50 A. If the foad p f. is unity, find the input power per passe omd the
power factor.

Solution. Input power/phase

=1250x50x1=4.17 kW.

[ the cycloconverter is three pulse hence the power expression must
be multiplied by m Also, cos ¢= unity and V=250V, I=50 A]

ERE]

Again from the given data, the peak value being TW_ w :.m - yau A
V2 x Nmoum% ﬁwwx 2V,

V2 x2501/3 _ 500y
V2 x sin hwln w
Since the load conduction is for 1/3 period,

5 12
?hlh."ﬁ%.g HN@ .»’.

< <-.ik -

3
s —:mu—.; UQ«(mﬂ =V, s X N\,l» =302x29=876 KW.

P.F. (power factor) of the cycloconverter

417
= —=0.4§
8.76
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noerter is fed froma 440V three phase supply

: cloco p
Example Q \uram.mmmes ihe output load voltage for the firing delay angl,
having a reactance of0.2 to be 20 A and assume overlap.

0°. Assume the load current | between the overlap angle (1), load current |
ﬂmo—_wmo“. m\.r mwwwwww_wﬁmawﬁmoz reactance X mn” a n pulse converte,.
Mmﬂw»ﬁmo s;w& a m_m:m delay angle delay angle 0.1 m:.\ma y
: T _
IX,=Vasing, [cos o.— cos (o + Wl

1=20 A, Uﬂn“O.N b\@?‘

Here,
Q“OJSHG\ <i“$°ﬁ

. Wefind 20%x02=440 ﬁwamcuam |

4 x‘.rﬂulemt.

or, . yYREA .
i W2 n % o
or, . cos p=09925. . net p=7.02°
, C3x440V2 . &
L (1+cos7.02)
3V, )
Mf <§Hq=ﬁ sin .M.G +cos :é :
. . [max. volts across the load]
Here ~ V,u,=258.55 volts
- s :
and load voltage = dl.sm.s =182.85 Volts. - ' L

g OUTPUT VOLTAGE EQUATION _uOJ A CYCLOCONVERTER

” Acycloconverter is basically a dual converter operated to produce an alter-
nating output voltage. Each thyristor in the cycloconverter works as a phase
controlled converter with a varying firing angle.

»

‘Il

© CYCLOCONVERTERS /120 13 72 i oy,

(x/m) cay 10 {7NC o
m - ik
afmy RO —
Fig. 10.15.

L@Vfﬁlsé\‘lﬂ“.";ﬂl&r.ﬂl e —

1017

s It is evident that for an m—phase half wave converter, each phase conducts
T

for 7- radians in one cycle of 2 radians (Fig. 10.15). With time origin 0O taken

at the peak value of the supply voltage, the instantaneous phase voltage is given

by
v=Vp cos 0t =2V, cos ot

[Vph is the rms phase voltage of the supply).

For o =0°; the conduction takes place from h| £ wﬁo h+ .2 w For any firing
m m

angle , the conduction is from Hn w +a HS hw +a H Thus, average value of the

output de voltage Vg, equals to the average height of the shaded-area in the given
figure and is expressed as

w:..
m
<.#nm ._. V, cos ot . d (0F).

3
-—+a
m

uﬁs:ﬂumw_WTOMP

For firing angle a:=0, the average value of the direct voltage Vi is given
as
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EXERCISE

@ What is a n%n_cmoze.m:mn ? Explain its operation.
(2) What is the difference between the operation of the three phase three pulse

cycloconverter with R load RL load ? .

3. Draw a circuit diagram to explain the operation of a six pulse cycloconverter ?
What is the output voltage wave shape ? .

4. Describe the operation of a four quadrant cycloconverter.

5. Draw the waveform of output voltages of phases of a three pulse polyphase out-
put cycloconverter.

6. Write a short note on “circulating current mode operation of four quadrant

cycloconverter.”

®> three pulse polyphase cycloconverter feeds a single phase load at 200V, 20 A
at a p.f. of 0.9 lag. What is the supply voltage ?
[Hint. Ref. Ex. 10.4.]

8. A three pulse cycloconverter has output voltage of 400 V to feed a single phase
load at 40 A. If the load p.f. is unity. Find the input power per phase and the

power factor.
[Hint. Ref. Ex. 10.6.]
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