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cffﬁﬁ?FCLfCIRCUIT FOR AN I NDUCTI VE LOAD This invention relates to contro
e F or inductive electrical |oads.’ The invention is
ahrchcge?rly 5 applicable to a drive for a switched rel uctance notor
ives uni-directional current pul3es froman alternating current
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A typical control circuit for an inductive electrical

10 1oad, such as an electric motox drive, could draw from &
' single-phase mains supply, making use of a diode bridge
rectifier and a smoothlng capacitor to derive a direct
voltage. Capacitively smoothed rectifiexrs are well known

for their high- ‘harmonic content, poth in relative

15 amplitude and the extent of the harmonics, of the current
drawn from the malns supply.

The switched reluctance motor is operable' with uni-

directional, but pulsating, winding currents which are

20 controlled by'a power converter which uges gemi-conductor

switches in known controls. The currents continue to

flow through diodes in the conventional converter after

a ewitch has ceased to conduct. When a winding current

is carried solely by the diodes at least & proportion of

25 the energy in the winding is returned to a smoothing

capacitor. The smoothing c¢apacitor serves two wmain

. purposes: firstly to accept the enerxgy returned from the

motor w1nd1ngs and secondly to provide a relatively

smooth direct voltage supply., derived from the single-

30 phase alternating current mains supply, for the power

converter circuit which provides and controls the
pulsating current supplied to the motor windings.

Legiélation is being introduced which is degigned to sget



25 the energy in the wnding is returned to a snoot hi ng capacitor
The snpot hing capacitor serves two nmain purposes: firstly to accept the

energy returned fromthe motor windings apd secondly to provide a
relatively snooth direct voltage supply, derived fromthe single- 30

phase alternating current mains supply, for the power converter circuit
whi ch provi deg
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exceed tshe setatramgemadﬁbtth&P tﬁe converter
circuitry betwegn the.oai NShe Urgdty a,rmhm-he addathonglcapﬁwppﬁﬁrﬁtﬁ oPd&r to
keep the required in the converter ‘circuitry between the mains

" supply and the smoothing capacitoxr in orxder to keep the

amplitudes of currents, at frequencies above the

10 fundamental fregquency, within any limits laid down.
The invention is defined in the accompanying claims.

The desired waveform might conveniently be sinusoidal or

15 gubstantially so. Foxr example, the means for sensing
deviation may include a comparator having an input in the
form of the desired waveform, an input of, or derived
from, the ac supply current, and an output of the
deviation between the two. The deviation is used to

20 actuate the voltage boostex preferably substantially to
suppress the 'harmonic current components in the ac
supply.

The actuating means may include a modulator operable to
25 produce an actuating signal for actuating the voltage
pooster. The modulator may be a pulse width modulator.

The voltage boogter may comprise a suppxessor switch and

a flyback diode arranged to charge the dc link capacitox
30 when the suppressor switch is open circuit.

In the case of 1nduct1ve loads, such as switched
reluctance motors, in which only a uni-directional
current is required, it is poseible according to the



applitudes of currents, at frequenci es above the 10 f undanent al
frequency, within any limts laid down. The invention is defined in the
~acconpanying clainms. The desired maveforn1§1ght conveni ently be sinusoida

or: 15 substantially so. For exanple, the neans for sensing deviation
may include a conparator having an input in the formof the desired

waveform an igﬁ%n‘eflonort&e;ﬁiﬂﬁﬂléé-qwet mm@@rswm/bzc%iwﬁseabﬁ aihe
out put of the devi.at,ion _between
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nodul at of. Thesnnnkxﬁebooster may conprise a suppressor switch and a

fl yback di ode arranged to charge the dc link capacitor 30 when t he
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required, it ipResEdddeaaceontiol systeem for an ‘inductive load, the
' gystem comprising first and second alternating current
10 (ac) input terminals; current pulse control wmeans,
operable to control the current in the inductive load,
having a pair of power terminals and a control terminal,
one of the power terminals'being connectable to one end
of the inductive load; capacitor means connected to the
15 other power terminal; rectifier means operably connected
with the ac input terminals and arranged to provide a
charging current to the capacitor means, the rectifier
means ihcluding an energy storage inductor and sSuppressor
switch means operable to boost the voltage across the
20 capacitor to a value which exceeds the peak voltage
between the ac input terminals to control the current in
the inductor'according to its frequency of switching and
its switching duty cycle to maintain the boosted voltage
applied to the capacitor means and to suppress the higher

25 harmonic current components drawn at the (ac) input
terminals.

The invéntion may also be considered as a curxent control
system for an inductive load, the system compriging first
30 and second altexnmating current {ac) input. terminals,
pulse control means having an input and an output, which
output is connectable to one end of the inductive load
and which is operable to control the curxent in the
inductive load; voltage boosting means connected with the




32 invention to mninise the number and/ or expense of the addltlonal :
conponents required to enable the converter to reduce the anplitude and
range of harnonics relative to a fundanmertal frequency drawn from an
al-ternating current 5 supply. According to one enbodi nent of the
invention there is provided a control systemfor an |nduct|ve | oad, the
system conpri $bpgtf tostthmdpekeondontrel naepny eads anranged t@ abPOSEnput

term nal's; C{fﬁée%lg%les%et%%{ Hhe MRANSIAP S @t EnadDs poahéObouhagéur rent
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rectifier nmeameansclopkrapba enemgnmmmkagbelnduxeut amd %h@pﬂ@§ﬂﬁt°r
according to its frequency of switching and its switching
duty cycle to wmaintain the boosted voltage applied to the

pulse control means and to suppress harmonics of ac
10  supply current.

Thus, a control circuit for an inductive load may include

a first semiconductor gwitching device (SSD), operating

at a first load control freguency and drawing power from

15 unipolarity capacitor means, and a second 8SD operating
at a second, relatively higher, £requency and with a
predetermined duty cycle sequence and controlling current

in an energy stofage inductor either in series with an ac
terminal of single phase rectifier means ox in series

20 ‘with a dc¢ terminal thereof,'whereby'when the second SSD
conducts, current in the energy storage inductor
increases, and, when non-conducting, a proportion of the
energy in the said inductor is transferred via diode

means to the capacitor weans to replace the power drawn

- 25 . therefrom by the load control circuit, the power for the
rectifier means being drawn from a single-phase ac supply

from which the ac current drawn from the ac supply and
controlled . by the second §SD is made to track
approximately a sinusoidal waveform at the'frequeﬁcy of

30 ° the ac supply by modulating the said duty cycle seguence
during each half cycle of the ac supply.

Preferably, the fregquency of switching of the suppressor
switch means or the said second SSD is between S5kHz and



switch means operable to boost the voltage across the 20 [
V. : capacito
val ue which exceeds the peak voltage between the ac input ternigals tg to @
cogtrol the current in the inductor according to its frequency of sw tching
and its switching duty cycle to maintain the boosted vol tage ‘applied to the
gggggh;o: negns and tohsuppress t he hi gher 25 har noni ¢ current
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According to one form of the Yd89 0n there is provided
a current control circuit for an inductive load
comprising: fixst and second alternating current (ac)
input terminalsg; a rectifier arranged to xeceive a
10 . current from the input terminals and to provide a
rectified output; load current control means having a
pair of power terminals and a control terminal, one power
terminal thereof being connectable with one end of the
inductive load; suppressor switch means having a pair of
15 powexr terminals and a control terminal, one 'power
terminal thereof being connectable with the other end of
the inductive load, and a capacitor'connected between the -
other power terminals of the current control means and
the suppressor switch means; an inductor connected in the
20 path between the first ac input terminal and the other
end of the inductive load; & first recirculating diode
connected to conduct from the other end of the inductive
1oad to the other power terminal of the current control
" means; and a second recirculating diode comnected to
25 conduct the other power terminal of the switch means to
the one end of the inductive load.

A plurality of inductive loads may share a connection
with the rectified output of the rectifier, each
30 inductive load having current control means, the other
poWer terminal  of each being connected with the
capacitande means and each having a gecond recirculating
diode connected to conduct from the othexr powsr terminal
of the suppressor switch wmeans to a respective one end of

ot



“ bposting means incl udi i
, ng capacitan i '
an inductor arranged to carPy t he ge means for storing the boosted vol tage,

and su : current fromthe ac i i

accordpﬁgefgo{t:mﬁtCh nmeans operable to control the current :Rpghetfﬁg]nals

mai ntain the boostggqsgrfg'Of SM1FChlng nd its swtching duty cycle tgctor
! e a

suppress harnoni cs of ac 18 pplied to the pulse control neans and to

an inductive j ) : uppl y, current. Thus, a control ci i
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uni pol arity capacitor neans, quency and drawi ng power ffom 15
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by an iéhf%fé&gf QQEFr gﬁ@“@aid unidirectional currents
may be provided by a unipolarity capacitor which receives
- 10 its power under the control of a common suppression SSD
from a single- phase ac voltage souxce via & diode bridge
rectifier and an energy storage inductor and in which the
common SSD switchés with a higher frequency than the
individual control 8s8ps and with a duty cycle which
15  varies during each half-cycle of the ac supply so as to
modulate the ac supply current to be approximately
sinusoidal at the ac gupply frequency but containing a
small ripple component of current at the said higher
frequency. The individual control SSDs axe connected
20 petween one end of the capacitor and one end of the orx
ecach load and the other end(s)of the loads is/are
connected to the common $S8D whose other terxminal is
‘connected to the other end of the capacitor and in which
the other end of the or each load is cqnnected via &
25 diode to the one end of the capacitor and the one end of
" the or each load is individually connected via diode to
the other end of the capacitor and in which the switching
of the common SSD alternately chaxges the said energy
stdrage inductor from the ac supply when the cowmmon SSD
30 js ON and allows it to discharge into the capacitor when
the common SSD is OFF so that the capacitor is maintained
charged to a direct voltage which exceeds the peak value
of the ac supply voltage. '




25 'therefron1by the load control circuit, the ifiel
_ _ _ , power for the rectifier
nmeans being drawn from a singl e-phase ac supply fromwhich the ac current

drawn fromthe ac supply and controlled by the second SSD i
_ _ _ _ is made to track
approxi mately -a sinusoi dal waveform at thé frequency of 30 the ac o

supply by nmodul ating the said duty cycle sequence during each hal
the ac supply. Preferably, the frequenc ofq ? alf cycle of

. . it ohi
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, \ . . or ! rding to one formof th
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conprising; first.8AdeSRGOWh AR NBNIifpLt Chbrhdahls and first and
second direct current (d¢) output terminals; an energy
storage inductor connected with the £irst ac¢ input
terminal; suppressor switch means connected across the

output terminals of the rectifier; £irst and ‘gsecond

10 serially connected capacitors having terminals commonly
connedted, at respective one ends with the sgecond ac

input termihal;'a first boost diode connected to conduct

from the first dc output terminal to the other end of the

first capacitor; a second boost diode connected to

15 conduct from the other end of the second capacitor to the
gsecond de output terminal; first current control means,

having first and second power terminals and a control
terminal, the first powex terminal being connected with

the other end of the first capacitor and the second powex

20 terminal being connectable to one of the inductive ioads;
second current control means,_having first and second

power terminals and a control terminal, the first power
terminal béing connectable with the other of the
inductive loads and the second power terminal being

25 connected with the other end of the second capacitor; a
first recirculating diode connected to conduct from the

other inductive load and the first capacitor; and a

second recirculating diode connected to conduct from the

second capacitor to the one inductive load, the

30 suppressor switch means being operable to control the
current in the energy storage inductoxr accoxding to its
frequency of switching and its switching duty cycle to
maintain the rectified voltage applied to the capacitors

and to suppress the harmonic current components drawn at




laput termnals; a rectifier arranged to receive a0
the input termnals and to provide a rectified output; |oad current
control neans having a pair of power terngnals and a control terminal, one
pewer termnal thereof being connectable with one end of the inductive

| oad; suppressor switch neans having a pair of 15 power termnals and

a control tend N, inPR€e cPAMBRaler m nal thereof being connectable with
the other end of the inductive |load, and a capacitor connected between the
ot her power termnals of the current control nmeans and the su

ressor

swi tch nmeans; am amdiliernaoivediedhis foemw oL thepéﬂﬁeb'éﬁ-%egg?h]@"???st a
i nput term nal ,and the_other { L ndUShaNEeh0ddind tfHd Stirst ac
recirculating %+%§%Sc§ﬁﬁgg{e ﬁ%ﬁ%ﬁﬁ&ﬁggifggﬁ1%ﬁeeother end of the :

i nducti & | oadinput heesnhnelpdaetetdrninal of the current control means;

and a second recircul ating di ode connected to 25 conduct the other
power termnal of the switch neans to.the one ,end of

he..j nd ' d. A
plurality of ihBUEPFReCF oBlRS e ‘éﬁ’rﬁ%&qrbﬁ“\ﬁﬁﬁﬁ% %eﬂrgggg.?]ﬁ !Dg
output of the pgchbbiser cofaebtdd ueed i tnolumgduwme |tded heawiond cc gongente 6t r ol

means, the Oth%%e single- phase ac supply current drawn by e.g. &
10 ~  bridge rectifier. In the parﬁicular form, two series
connected unipolarity capacitors define a common mid-

point which is the negative terminal of one and the
positive terminal of the other. The said mid-point is
connected to one ac terminal of the bridge rectifier and

15 - to one ac supply texminal, usually'the ‘neutral’, and the
positive terminal of the bridge rectifier, (oxr the other

a¢ bridge rectifier terminal) is connected via a diode to

the positive terminal of said one of the two capacitors

and the negative terminal of the bridge rectifier (or the

20 said other ac bridge rectifier terminal) is connected via
a diode to the negative terminal of the said other of the
capacitors. The energy storage inductor is connected
between the other ac supply terminal, usually the ’'line’,

and the said other ac bridge rectifier terminal,

25 " semiconductor switching device (SSD) is connected across
the dc terminals of the bridge rectifier so that, when it
 conducts, current in the inductor increases and when it

is non-conducting the inductor releases enexrgy to the twe
capacitors alternately, charging the one capacitor when

30 - the said other ac supply terminal is positive with
respect to the said one ac supply terminal, and charging

the other capacitor when the said othex ac .supply
terminal is negative with respect to the said one ac

supply terminal. The SSD switches at a ftequency of at'

current from

c




pewer term nal of each being connected wth the capacitance neans and each
havi ng a second recircul ati ng di ode connected to conduct fromthe other
power termnal of the suppressor switch ngans to a respective one end of
I s associ ated inductive |load. The current control circuit may use

sem conductor switching devices (SSD's) for the load current control 5
means for -t eadll 1@@CPimé§dHﬁEi ¥Poqheady wietbey ad hainleymsmtywith
timng and fation o a nqdulagﬁﬂa%nid&#%gh'og LnCHEL gNtyEDet &£ OF
each load i s cordwey IBFY AR GhdiS, ME 88 HEd ?alg ¥

uni di rectign _
currents may ben@ravigiesbby o um meidaly:ecabach@WOMPcﬁoPE‘éBFvgg %e
I'ts power under the contro cq_r%o ﬁsiﬁu SShinh 1 oanheocashyl o
phase ac voItaﬁ%rgﬁﬂFc r9wh gggﬁbde r?ﬁge ectiifier an anvegggg%hibgyage
i nduct ors and i nabhtahnt Aevebhage BIPEHI 2t SRR LHAhE VF quency t han
the_individualﬁﬁggg 'tﬁgD?e%Rdvﬂﬁha afduhe eyckappliyclroliage inaspase
durtng eaqh haof-gﬁg.gagt tggtagth%ggg'éﬁ%fghé(arawn from the POSitive
terminal of the first capacitor and returned to the said
mid-point may differ from the load current drawn from the
10 mid-point and returned to the negative terminal of the

other capacitor.

In a variant on this form of the invention, the energy
storage inductor(s), can take the form of two windings on
as the same magnetic core ox two windings each on itslown
magnetic core,'in which the position of the first said
winding is in series between the positive dc¢ terminal of
the Dbridge rectifier and one terminal of the
semiconductor switching device (SsD) and a diode is
20 connected between the common point between the $SD and
the end of the first winding connected to it and the
positive terminal of one capacitor. The position of the
second said winding is in series between the negative dc
terminal of the bridge rectifier and the other terminal
25  of the 88D, and a diode is connected between the common
point between the SSD and the end of the second winding

connected to it, and the negative terminal of the othex
capacitox. -

30 This form of the invention and its variants are
particularly applicable to loads which take the form of
an even number of windings of a switched reluctance motor
where one end of each winding is connected to the wid-
point between the two series capacitors, and the remote




npdul ate the ac supply current to be approxi mately sinusoidal at the ac
supply frequency but containing a small ripple conponent of current at the
sai d hi gher frequency. The i ndi vi dual cq&;rol SSDs are connected .20

bet ween one end of the capacitor and one end of the or each |oad and the
ot her. end(s)of the loads is/are connected. to the comon SSD whose ot her
termnal is congeslef LOchhe1eLbRAcEW:iRdihECLE0O8MEStaNLananhESD tbo
ot her end of the or eac oad s conhected Via a,25 di Qde

ch ) tqQ.t

end of the capathePoabBivhcterBiRal F ife GPAEHHY Gt 4 ﬁda§P§§a?$§
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onmon al ternately. _charge ' -
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val ue of the acvééppﬁy 9§P?§gego Othe Ibgg&txgg aQ@rWHhQﬁ CYEeCehe! Nonkeak
capacitor. '

. The invention also extends to a method of operating &
control system or circuit according to the invention in
which an ac supply is applied to the ac input terminals,
the pulse control means are actuated in accordance with
the demand imposed by the load({s) and the suppressor
switch means are switched to control the current in the
inductor by its duty cycle and its switching at a highex
frequency than the output from the pulse control means,
so as to maintain the boosted voltage on the capacitors
and to suppress harmonics of the ac supply current.

Also according to the invention there is provided a
method of suppressing harmonics in the control of a
switched inductive load supplied £rom a xectified
alternating current (ac) source, the method comprising:.
a) esupplying the load from a charged emoothing
capacitor; _ |
b)  controlling the application of source voltage
to the éapacitor by actuating a suppfessor switch;
c) comparing the ac source c¢urrent waveform with
a reference waveform;
d) .. switching the suppressor switch to maintain the
ac source current waveform substantially in
conformity with the reference waveform.

Preferably, the duty cycle of the suppressor switch is

~ O «



7=According to another form the invention provides a current control
circuit for at least two inductive | oads having a common connection between
them the circuit conprising: a rectifier, having first and second 5
akternating current (ac) input termnals and first and second direct
current (dc) output term nals; an energy storage inductor connected with
the first ac i[\P&%ié&[]mé@fdix?glp@é%};S@q@ﬁ%@mn&aﬁxmtmmrMBﬂ he
output termnals of t rectifrer: fjrst d seco r.

connect ed capacf¥ors R vitg’& taé‘rrﬁ"mﬁ]s}"co'n%ﬁl ;rsgﬁgg%ge&f aﬁiﬁr e%%ilé%“:fi?/% one
ends with the segonguppréapotr Seitthaheansfis spréabesably oae beasecakeuto

conduct fromt I rst . dc p Lpa he other end of the first
capacitor; a sgﬁgﬁdébg%gttgggdékcgﬁég%?e%ué§1&5 conduct fromthe other
end of th®e second capacitor to the second dc output termnal; first current

control neans, Baybng fééi%i@@n&?fﬁ{%ﬁ@%f ERE i Rlentadsh ariIINtAGW be
termnal, the first pgﬁer termnal Dbeing coqpected w th_the other end,of
the first capacBesFraked hbYsetd¥d Powexanple Withy Frefefengs c&5fne BSbl e

to one of the ipduehpudyiegddrawings in which :

10 Fig.1l is a circuit diagram of a first embodiment of the
invention for a single- phase switched reluctance wmotor;

Fig.2 is an idealised wave diagram illustrating the
relative voltages across components in the circuit of
15 Figure 1;

Fig.3 is a modification of the - circuit of Fig.l for a
polyphase motox;

20 Fig.4 is a circuit diagram of a further embodiment of the
invention and a variant thereon;

Fig. 5 is a waveform diagram associated with the
embodiment of Fig.l, 3 or 4;

25
Fig. 6 is a schematic diagram of a c¢ontrol function
circuit for use with the invention;and
Figs. 7 and 8 are examples of altermative bi-directional
30 switches which can be used in the embodiment of Fig.4.

The control circuit of Fig.l is applicable to a single-
phase inductive load, such as a switched reluctance {SR)
motor. The circuit comprises a pair of alternating




second current control neans, having first and second power termnals and a
control termnal, the first power term nal being connectable with the other
.of the inductive |oads and the second powefyterninal being 25 connect ed
w=th the other end of the second capacitor; a first recirculating diode

connected to conduct fromthe other inductive |load and the first capacitor;

and a second regﬁfgghgti(@g)qi Qd@eC e cieart v cairput exminkks sbecand N
capacitor to the one inductive |oad,.the 30

bei ng oper abl e ¥&%B8REFEFPhe ¢ ¢ et *Fn H%?é“iélﬁéfﬁpé?g?’%“ﬁ@# uct{g?gnsUl
ac_co;d! ngt}]o |tsj._ﬁ:sgqﬁlﬁdulsttahcev\ﬂlt)ahtogomcad tervinachiofy addipdey brddagse
mai nt ai n e rectifti, 0 ge. | t iR Capagi t

t he harmonic ch?gtﬁf‘%gg\r%po#ljgn?gagrB%\ngggt A t sg ac ': n%%tﬁ'?g(rinéi ﬁ%llangF?'Zn '
_alternatiSe to Thiesphesm winghog hdenfithe (ke Mesen i soapecipdbetween

respectively cogpactgd Midh Jfe TontleAC tRansisitlRUb 4l @hd B¥e iddilleator
of a harmonic suppression transistor 16. A smoothing -
capacitor 18 is connected between the collector of the
control transistor 14 and the emittex of the suppressgion
10 transi_s'tor 16. A second inductor 10b is connected from
the positive'terminal of the bridge rectifier 11 to the
collector of the suppression transistor 16, adjacent the
winding 12. The inductors 10a and 10b can be used
together or as altexrnatives. The negative terminal of
15 the bridge rectifier is connected with the emitter of the
suppression transistor 16. It will be apparent to the
skilled person that, as either ox both of the inductors
10a and 10b can be used, the purpose is to provide for an

inductance at the input before the load and load control
20 means. '

. A first recirculating diode 20 is connected to conduct
from the collector of the suppression transistor 16 to
the common point between the collector of the control

25 transistor 14 and the smoothing capacitor 18. A second
recirculating diode 22 is connected to conduct from the
emitter of the suppression transistor 16 to the emitter

of the control transistor 14 adjacént the oppogite end of
the winding 12.
30

‘The suppression transistor 16 and the first diode 20
operate as a booster flyback converter, the switching of
which is controlled to maintain the voltage across the
éapacitor 18 at a relétively constant level which is



| n both of these forns the invention enploys a novel form of boost
“converter used to reduce the harnonic content of the single- phase ac

supply current drawn by e.g. a 10 bridge rectifier. In the particul ar
ferm two series connected unipolarity capacitors define a comon m d-
poi nt which is the negative termnal of one and the positive termnal of

the other. Thesseétrhmitabby ngrestegnrideredthe prekavaldrageapfoftheheac
bridge rectifi

€ 15 uppl pake Wil .
"heutral ', and!%ﬂggg%éiFng e#&?%é%ggf ?héﬁﬁiﬁ%%ggrégtifjeﬁﬁy(%émﬁﬁggother
ac bridge rectiThercoaguihary Autyosysdee®f it HHRRREIHhetBRRFLFVRT

term nal of saiflgong aaahggtbaocm«aagi b@lch 3rd st ftﬁldl%ﬂ&iﬂ' VEhd exdi Sappdfy t he
|

bridge rectifier (or the sai d ot her, ac br

s . e rectifigr termnal) is
connect e vi a at@i 8¥e+Eo thfe NAGHSE VEMONHT AWgEeT i%ﬁ%?cé%ﬁw %ﬁétﬁg
capacitors. TEeppDY' Gyofl ehReRdifdualry litice nacticarhet veemihsionker ac
supply term nal _ usual

the 'ljine’ .. t Sal her ' L
Corminal - o5 he Aippkatifep LRt fhEr (6 OF fuls Wigth RolBIsEaChE o
the dc term nal 80efl00kBzbriindgerdesct £6¥ ekt sbot gt ingvshihke cendbleshupgdr ent

in the inductorgLbncreagRs @bl tis, in practice, part of a control
10 subcircuit which monitors the capacitor voltage and
adjusts the duty cycle of the pulse width wmodulating-

.(PWM) control so that the mains supply current has its

harmonic current components adequately suppressed, with

the major component at supply frequency {(eg. 50 or 60Hz).

15 Of course another supply frequency could be used. The
duty cycle of the PWM will vary according to the load,

and within each half c¢ycle of the supply voltage. Such

.control subcircuits are known in the art. An example of

one that could be used is the UC 3854 chip manufactured

20 by Unitrode Corporation_of'the UsA.

‘Whenever the transistors 14 and 16 are conducting
together, the voltage across the capacitor 18 is applied
to the motox winding 12 in é'directiop to increase the
25  winding current. The capacitor 18 is thus partially
discharged; whereas the current in the inductor 10a

and/or 10b increases by virtue of the suppression
transistoxr 16 conducting.

30 If, while the control transistor 14 is conducting, the
suppression transistor 16 is turned off, the current in
the inductor 10a and/or 10b is transferred to the first
diode 20, thus charging the capacitoxr 18 and consequently
reducing the inductor current relatively rapidly. On the




i s non-conducting the inductor rel eases energy to the two capacitors
alternately, charging the one capacitor when 30 the said other ac
supply terminal is positive with respectqyfo the sald one ac supply
termnnal, and charging the other capaC|tor when the said other ac
supply tern1na| I's negative with respect to the said one ac supply '

term nal. e%é%swawahescrﬂé @uffeﬂueagy e atotor| wasdingo %3 nBseehe
frequency of the ac su ty i C S ul aggdyeri ng
each hal f cycl@h%?lﬁheggEggggpl r éﬁce ?% Egghngﬁg cgﬁteﬁt of

the current draﬁanéiﬁﬁbthe4a®e§upmhg aaaaSnnalVaﬁéeﬂévy t oThe ratgg Rfain a
vol t age across gach capaci cegds $dimudsalonakhe of
the ac supply Ggﬁpg $ﬁ t%l FQFﬁe fa%%g%ﬁ c?ﬁe | oad current drawn from
the posisive teuwaakso&ndhenfthetlwp@%ﬁm@'?s aw:hé:%mg,edlq Fhgga8q &
m d-point may 'ff§'{: ol O hﬁﬁnéoadtﬁ rr et e dreen dH=a19d he£10 inductiaghagoi nt’
and returned t nega térm nal of the other %PaC|t05 a the
' (through which the currents are £1 nd on
circuit voltages present in the circuit loops carrying
the currents. In the case of the inductor 10a and/or 10b
10 the inductance is small and the circuit voltages include
the instantaneous mains voltage (tending to increase the
current) and a large voltage across the capacitoxr 18
(tending to reduczng the current). In the case of the SR
motor winding, the inductance is larger than that of the
15 inductor 10a ‘and/oxr 10b and the circuit voltage
assoc1ated with the loop from the control transistor 14,
through the winding 12 and the first diode 20 is
relatively small, arising from small voltages associated
with the semi-conductor forward drops and winding
20 resistance. Thus, while the transistor 14 is conducting
(whether or not the transistor 16 conducts) the average
voltage applied to the motor winding 12 ig positive,
cauging wotor f£lux linking that winding to increase.

25  Whenever the transistors 14 and 16 are both non-
' conducting together, the current in the inductor 10a
“and/or 10b reduces relatively quickly, partially chargmng

the capacitor 18. However, the current in the wmotor
winding 12, if present, flows through the diodes 20 and

30 22 also partially charging the capacitor 18. The motor
winding cuxrent decays more dquickly than when £free-

wheeling conditions apply through one diode and ome
conducting transistor.



In'a variant on this formof the invention,

can take the formof two w ndings on 15 t he sanme magnetic core or two
wi ndi ngs each on its own magnetic core, ki which the position of the first
said winding is in series between the positive dc termnal of the . bridge
rectifier and one termnal of the sem conductor sw tching device (SSD)
and a diode i gndde pne2RARCHEERCINCES Adie: CHIERE ok Niwlistheerot frOtSSD
and the end o ftl

rst wn connected tp it dt ti nal
of one capaci ttdye ‘Fﬁénﬁé§|tpﬂfon1%f 18h CRREVF RS %\% d?vg?%éé \yogleér%én
bet ween the n%ly@i%t@{@mopfwimm iy els exgatiore arahaing of
term nal 1H’§I t he SSD, .

poi nt bet Ween Linking) the) Y:Hé % ,g(l?o#l%créaggnnect ed between the commn

t he energy storage inductor(s),

€ second wi nding connected to it,
and the gnegative term nal of the other capacitor. 30 This form of
the inventio ri ar d%iﬂetrﬂdélr'ﬂt@. K ERPRhesdne in thads
whi ch t ake thgn?% o ?’B'EX )éger?%%ﬁ‘Ol ﬁ’f

é’g_s of a sm}tchedd ﬁb %ance
not or Wwhere onindwndtof b0 ARRARF NPk @%M’@c? TeRt 8 HG- Y pBFh ween
the two series;capagihotgatrand whehr egeEerence to Fig.2 which, for

simplicity of explanation, assumes that the inductor is
10 limited solely to the inductor 10a. The voltage wave
form V, in Fig.2 appears across the dc terminals of the
bridge rectifier 11. It can be assumed, for the sake of
simplicity of explanation, that the inductor 10a is
rideal’, i.e. it possesses no resistance. There can
15 consequently be no direct voltage component appearing
“across it. Also, since the transistor 16 switches at a
fregquency usually in excess of 18kHz, the inductance of
the inductor 10a is relatively small, a_nd the component
 of voltage acrosg it at the frequency of Vv, will be very
20 small compai-ed to V,. Thus, the voltage at the frequency
of V, appearing across the transistor 16 will closely
résemble V, of Figure 2 and this defines the low frequency
component of potential at the Lower end of the motor
winding 12. '
- 25 '
It will be understood that the potential across the
transistor 16 switches at high frequency between zero
when conducting and V, when non-conducting. Due to the
modulation of the duty cycle, the low frequency component
30 of this potential closely resembles the wave form V, in
Fig.2. . The potential of the upper. end of the winding 12
takes either of two values, the first being V,, when the
transistor 14 is conducting, and the second being zero
when the diode 22 conducts. It is thus clear that in




10 end of each alternatewinding is connected via an SSD to the positive
term nal of one capacitor and via a diode to the negative termnal of the
ot her capacitor, and the renote end of each remaining w nding is connected
vika an SSD to the negative term nal of t H ot her capacitor and via a di ode
to the positive termnal of the one capacitor. The invention al so extends
to a nethod of_operating a ntrol st 0 LG Ukt . ac L A0 ; th

i nvention in vﬁln’rsghi aﬁ#‘&c %‘ﬁ%cgﬁ/u‘?% %pltﬁgéd %’ggﬁiég’%gyi n%l%tw‘%gr r%&%a .S?St he
pul se control aeahbable fot ushedpplimsddarnedeawehtage Henbhe vipdied by

the | oad(s) a'nfizt\?jﬁi Hpagiis‘ﬂreng"“tfoc R RS ANELRWHE A dntE ONhekekBe
current in the fnductor byTits.

) uty cycle and it Smﬁtﬁpl at_a_ hi gher
frequency thanthée auppitufeontthe thd sdFHIE2dans as‘gél%\s 2%8%wi nfai n

the boos§ ed vol{aggapiet NEoFanad t applandtionsuppr ass regersei cpobkriby ac
supply current.

1

winding voltage which will reduce winding current.

From the above it will be apparent that the transistor 16

can, by manipulation of its switching duty cycle, control

10 and modulate the current in the inductor 10a and/or 10b
irfespective of the conducting or non-conducting
pehaviour of the control transistor 14. In conjunction

with the'recirculating diode 20, a charging curxrent can

be applied to the capacitor 18 whose voltage is

15 maintained thereby at somewhat greater than the peak of
the ac supply voltage irxrespective of the switching

action 6f the transistor 16. The transistor 14 can, by

its conduction, increase motor flux and, by its non-
conduction, .decrease motor f£lux therxeby providing the

20 necessary control of the winding current for the switched
- reluctance motor.

Fig. 3 illustrates a further embodiment of the inventiop

which is for a two-phase motor. This embodiment of the

25 invention is also applicable to other numbers of phases.
' Each motor winding 12 and 12a has control transistors 14
and l4a and are commonly connected by their ends remote

from thé transistors 14 to the suppression transistor 16.

A pair of second recirculating diodes 22 and 22a are

30 connected to conduct to the respective ends of the
windings adjacent the emitters of the control transistors

14 and 1l4a. Each control transistor operates
independently to control the current pulses in its
winding; The single suppxession transistor 16 operates



Al so according to the invention.there Is provided a neth i ng

( ( _ _ _ od of suppressin
harmoni cs in the control of a switched inductive |oad supplied ffgn1a "
rectified alternating current (ac) source, the nmethod conprising: a)
supplying the | oad froma charged snoothi¥gy capacitor; b) controlling the

application of sourcé voltage to the capacitor by actuatin
_ : ( . a suppressor
switch; c¢) conparing the ac source current. wavefor 0 or

. ( ) mwth a refere
waveform d) aswikedonsy the W@s§bﬁ AR UL nBPH £HEERE é‘t’%r gggrce
currfnt “ﬁvefﬂéﬁﬁ?ﬁyesﬁaﬂﬁéﬁt|af 1k QAYE tQkanir 1 riole thef aceaupply .
waveform Preferably, the duty cycle of the suppressor switch is vari ed
according to a sequence which repeats every half- cycle of the ac supply.

FQSSI rgggﬁ?cxllogl SWigt C{%Il%@faﬁé‘@ atppleasaa tiwet mnm accpréingabPy” at

5 . thelT%%éhéﬁbéﬁ thfiﬁg gﬂapgéutral ac input terminals L
and N_are'connected to the'gc inputs of a diode bridge 24

comprising diodes_24a, 24b, 24c and 244 as before. An

inductor 10 is connected between the line terminal L and

"the diodes 24a and 24d. The neutral termipnal N is

10 conpected directly between the dicdes 24b and 24c. In
this ewmbodiment the gsuppression transistor 16 is

connected across the remaining terminals of the bridge so

that its collector is connected as a common path from the

diodes 24a and 24c¢ and its emitter is connected between

15 the Qiodes 24b and 244. A pair of storage capacitors 1l8a

and 18b have a common commection with the neutral ac

input terminal N at the connection between the diodes 24c¢
and 24b. '

20 A .diode 26 is connected to conduct from between the
diodes 24a and 24c¢, i.,e. at the connection with the
collector of the suppression transistor 16, to one end of
the capacitor 18a. Similaxly, a diode 28 is connected to
conduct from the other end of the capacitor 18b to the

25 emitcter of the transistor 16 between the diodes 24b and
244. It will be clear from the dotted line in Fig.4 that
the diodes 26 and 28 c¢an alternatively be connected with
the line voltage between the inductor 10 and the diodes
24a and 243. In either position the diodes are exposed

30 to substantially the wmains supply voltage if the voltage
drops across the diode bridge are discounted.  Again, the
suppression transistor is shown on its own for the sake
of clarity although, in practice, it way form part of a
control subcircuit, such as the Unitrode UC 3854



5-Some specific enmbodi ments of the invention will now be described by way
of exanple with reference to the acconpanying draw ngs in which 10

Fig.1is acircuit diagramof a first enbgginent-of the invention for a
si'ngl e- phase swi tched rel uctance notor;

: _ _ 19.2 is an idealised wave di agram
illustrating the relative voltages across conponents in the circuit of 15

Figure 1; Fig.g3.hgracindbhi 59t bADePbakhenebgest édofi FegitsfOor e

; i . . popatyphase
notor; 20 |g.£ IS a ClﬁgUIt dlagran1of§a further enbodinentpofy?he
i nvention and @EvHeWaHRWPEBALESN: VEfy. 5 is a wavef orm di agram associ at ed

2L;Prgref522??22e2}rgLiFf?.lj 3 or_4h 25 Fig. 6 is -a schematic diagramof a
exanpl es of al PePRat \F’eft mo&rq;giv?j[%g%gﬁé na\llgév]v}[ %%ﬁ"egg%:ﬁlgéggﬁsggéiﬁedr ?n
t he embosgli ment aophBisg., 4 ar€heocvornilyl connegtedof aki gne P§dapBPF@§8Pe%i8 a
singl e- capacitors 18a and 18b. A control transistor 14’ has its
collector connected between the diode 26 and the positive
plate of capacitor 18a and its emitter connected with the
one end of a first winding 12a. The diode 28 is
10 connected to conduct to the common connection between the
diodes 24b and 24d from the negative plate of the
capacitor 18b. The winding 12a, commnected with the
emitter of the control transistor 14‘, is also connected
to a first recirculating diode 32 which returns winding
15 energy to the capacitor 18b. '

A further control transistor 14’/ has its collector
connected with the one end of the winding 12b and its
enitter connected with the common connection between the

20 diode 28 and the negative plate of capacitor 18b. A
second recirculating diode 30 is connected to conduct
from the one end of the winding 12b to the common
connection between the collector of the tramsistor 14f
and the positive plate of capacitor 18a.

25 | |
The inductor 10, the diode bridge 24 and the suppression
transistor 16, together with the diode 26, whichever
position it is in, work as a boost converter to charge
the capacitor 18a to greater than the peak supply voltage

30 and to maintain it at this value for the positive half
cycles of the ac supply when the line terminal voltage is
greater than that at the neutral terminal. Also, the
equivalent boost converter with the diode 28 is arranged
to charge the capacitor 18b to greater than the peak



phase’inductive load, such as a swtched rel uctance (SR) notor. The
circuit conprises a pair of alternating 12 current (ac), line and
neutral, input termnals L and N respectiy ly. The line termnal L is
connected via a first inductance 10a to one ac termnal of a diode bridge
rectifier 11 conprising diodes 1la, 11b, 11c and 11d. 5 The phase

- winding 12 of th LS 2GRNREC 1 t g t
transistor 14 gﬁgpigegggﬁﬁg%t or ao?%a%%gﬁ%ﬁﬁqsmujt?e@g%nﬁ%? .ﬁzfo?hzgl
A smoot hi ng capaghtaveldhakt corfdesedrbe ¢ h@r‘)‘ga Yec‘f’B%no;&{%egégnt-rol
g;ggzhs}géugfogg?mggglenbbgggg@f {be pewwr agmimnthe neutradsi tesmipel A

nd ob is connected fromthe positive term nal of the bridge
rectifier 11 .t3°48%€ ol | ector of the suppressi on transistor 16, adjacen?

;P$e¥L235ng 12. ThThe i nductors | Ca and | ob can be used together or as

I ves. e._n tisye ' o . dwri e .

connected withT emgﬂ%‘t%t%erl o}f’hﬁ%gl PRl s0{ s lachievd &yl dge derivilbent iirs -
detail for the positive half cycles of the ac supply.
The skilled person will be aware that a similar

considerationlapplies mutatis mutandis, to the negative
10 half cycles. '

The transistor 16 switches ON and OFF many times in each
rectified half cycle, the switching frequency being

i5 typically in the range 20kHz to 200kHz. During each ON
' period the current through the inductor 10, flowing
towards the diode bridge 24, flows via the diode 24a, the
trangistor 16 and the diode 24b to the neutral terminal

N, causing the current in the inductor 10 to increase by

20 an increment + dI,,. When the transistor 16 turns OFF,
the current in the inductor 10 flows via the diode 24a

the diode 26 and the storage capacitor 18a to the neutral

_ terminal N. Since the voltage across the capacitor 18a

is greater than the peak voltage across the ac terminals,

25  the current in the inductor 10 decreases by a decrement
of approximately -dI,, during which time the. voltage on

the capacitor 18a is charged by a smaller increment.
Whenever the transistor 16 conducts the diode 26 is

reversed biassed and the capacitor receives no charge
30 ‘from the diode 26. '

TIf the .diode 26 is connected directly adjacent the
jpductor 10, the current path while the transistor 16
conducts is unchanged. However, the current path while




suppression transistor 16. It wll

: be apparen i
as either or pparent to the skilled person that,

both of the inductors | Ga and | ob can be used '

: 0 _ ( , the purpose is
50 provide for an inductance at the input before the |oad and Iogd Eontrol
0 means. A first recirculating di ode280 is connected to conduct from

the collector of the suppression transistor 16 [
to the ¢
the collector of the control 25 O i

( 1 - transj-stqr 14, and the Nl
Cﬁpa0|tor 18. th&uﬁﬁﬁﬂﬁ#%&??c&ﬁaPFWUQQqﬁﬂgqa?ﬁ53Q§hﬁéﬁﬁegﬁgggg%n £ rom
the emitter of jihe SMPPEESEEORE IS Sher chpatdtbire ldrw tter Lhe mey

_ _ t&@dt r ol
transi stor 14 adjacent. the opposite end of the windin

( ] _ g 12. 30 The
suppressi on t r 8FWEF M6 and the first di ode 20 operate as a booster '

fl yback converter, the switching of which is c i nt ai
voltage gcross ghie t(i‘?eo%cét_:}aQ.fi\z]eB?'glf" Rhald vel 32@53%53; Fa&nntﬂi}e Qxintlg
terminal voltage is less than the neutral terminal
voltage, the current path while the transistor 16
conducts is from the neutral terminal N through the diode
24c, the transistor 16, the diode 24d and the inductor 10
io to the line terminal L. While the transistoxr 16 ig non-
conducting the path for the cuxrent is from the neutral
terminal N, through the capacitox 18b, the diode 28, the
diode 244d and the inductor 10 to the line terminal L. IE
the diode 30 is connected directly adjacent the inductorx
15 10, the curxent path when the transistor 16 is non-
conducting is from the neutral terminal N through the

capaéitor 18b, the diode 28 and the inductor 10 to the
line terxminal L.

20 By modulating the duty cycle of the transistor 16 in the
above embodiments, the increments and decrements of
current in the inductor 10 can be made to follow the wmuch
jower frequency wave form of the supply voltage as ghown
in Fig.S5. The cuxrent increments and decrements shown

25 in Fig.5 have relative frequencies, in comparison with
the frequency of the supply voltage, that are greatly

reduced from that of practical situation for the sake of
clarity.

30 It will be apparent from the foregoing that the actuation
of the suppression transistor 16 to control the current
drawn from the supply must be based on a comparison of
the actual cuxrent waveform with a desired waveform
which, in this case, is the ac input ginusoid Vg, in



|

13 substantially greater than the peak voltage of the ac supply, for
exanple 1.5 x the peak ac

supply voltage. The conduction duty cycle of the
suppression transistor 16 is nodul ated dq&{ng each half cycle of the ac
stpply 5 to avoi d the higher

( har moni ¢ "currents drawn fromthe ac supply
fromexceeding the limts on harnonic em ssions. The suppression transistor
16 is pulse widih nndglated at 20-100kHz in order for

) tt to be inaudible to
the human ear.F¥B8*®ransistor is, in practice, part of a control 10
subcircuit which nonitors

the capacitor voltage and adjusts the duty
cycle of the pgl.sg gi)gltjjli@gy}aeéggaﬂ RMarfiiaml wird dhhdormse thei hesédppl y
current has itS*H4FioRi ¢ CUrFent conponent deguat ely SpnpLessag. aisbh the .
naj or conponenbfattl'@um%ﬁﬁ%éﬂ”t%dﬁre’{"e’g?nﬁ %o%mﬁ 15 C? &%Iurse :
anot her guppl y . @q¢eReY 1C@ekd the peeposeEhefdexplepardos: the BRM-HITH

vary according to the |oad,, and

wi t hic ach_hal cl g i@k1ihe anupnput :
vol t age. Such antFSF°§ﬁchP8uiF?pégéeﬁgéwnogn kﬁgéar?}.Anygxa e gf pne

that coul d be ygElidetine OF 3854 i Gednvsr aeh®r AVEETLing Kif i 954 &

Corporation of éggﬁé%%%or 36. " The non-inverting input to the comparatox

3¢ is fed with a reference signal Vi that equates to &

10 reference voltage at which it is required to maintain the

| : voltage V.. The output of the comparator 36 iag fed aé a
control signal to a voltage dependent amplifier 38 which

is connected to amplify a signal V, which is indicative of

the supply voltage. The output from the amplifier 38 is

15 fed to the inverting input of a second comparator %0.

The non-inverting input is fed with a signal V; indicative

of thé gupply current. This may be derived from the

| rectified oxr unrectified supply, but should be from some

point in the circuit before the inductive load 12. For

20 example, a voltage proportional to the rectifier current

at the point X between the diodes 11b and 11d could be

used. Alternatively, the point Y between the inductor

10a and the reétifier cgould be used. Equivalent'pointg

% and Y are marked on Figures 3 and 4. The output of

25 . the comparator 40 is a control signal for the suppressi?n

switch 16. The actuating signal for the awitch 16 is

provided by a pulse width.modﬁlatér 42. Thus, ag the

capacitor V, exceeds a desired motor supply voltage, the

comparator 36 will produce a reducing output that

30 decreases the gain of the amplifier 38. The ovexall

sinusoidal shape of the waveform of the. gignal V,

jindicative of the supply voltage is.maintained, but its
ampiitude ig reduced. The sinusoid is compared with Ehe_

signal V;. Any variance between the two signals will




Whenever the transistors 14 and 16 are conducting together, the voltage
across the capacitor 18 is applied to the notor winding 12 in a direction
to increase the 25 wi ndi ng current. The capacitor 18 is thus

par_tlal |y discharged, whereas the curred? in the inductor 10a and/or | ob

I ncreases by virtue of the suppression transistor 16 conducting. 30 I f,

while the control trapsistor 14 is C I QG : 5SSk 0 r |
16 is turned dﬁ_‘efs,u]t%e”&urar erhcf&_iznéf%eg{l}ggﬁ%t ggufglgelang/or l.0 iagét ?{;ﬁiy?te(r);ed
ﬁgdh PC1_enf | [?‘t divaelee 26f thes @ikpuft ngft blecapHdas ovi%haﬁ‘edt‘g%é’&uearﬂ y

I ng e i) or r o td I g t dvei 136 ot her
the current i rp?qﬁéé 'm)‘.fl'gérJ éﬁﬁdﬁ’g&?z&’?%ﬁé‘? %me%lg#és/s?%%u%ﬁl%ch% f??stedi gggd’zo
and the control transistor 14 reducing relatively slowy. The rates of -
change of the gurgents wlepeadnontdte vk uesrabnthevsbre formcuisemasicanti©on
t he i nductances. i nclu |ng,oigaége cas%c&f

track the ¥ waveform with significantly reduced
harmonics. Furthermore, the circuit of Figure 6 also
maintains the voltage V. across the capacitor at a correct

level by means of the same pulse width modulated
10 suppression switch 16.

The cixrcuit of Figure 6 is applicable to the ewbodiments
of Figures 3 and 4 of the drawings. Concerning Fig.4,
15 the high frequency ripple present on the current through
the inductor 10 can be by-passed through a filter
capacitor placed across the line and neutral terminals.
This reduces still further the high frequency component.
of current flowing from the ac supply to an even lower
20 ~level. The sinusoidal shaping of the current makes it
likely that the current harmonics at multiples of the

mains frequency can be sufficiently lowered to satisfy
legislative requirements.

25 The duty cycle vaxiation of the transistor 16 in Fig.4 is
adapted to maintain the voltage across each capacitor at
a relatively constant degired value somewhat in excess of
the peak ac supply voltage. This voltage control function
can still be performed even if the load imposed on the

30 two capacitors 18a and 18b by the switched reluctance
motor and its switching devices is unequal.

The circuit of Fig. 4 uses, in effect, two half-wave
rectifiers of the diode/capacitor pairs 26/18a and 28/18b



a-notor w nding, the rate of change of i nductance (through whi |

currents are flowi ng) and on the circuit voltages éresen? I n {ﬁg EP?cuit'

| oops carrying the currents. In the case of the inductor 10a and/or 10b 10
the inductance is snall and the circuit -vglg ages include the instantaneous
mai ns vol tage (tending to increase the current) and a large vol tage across
the capacitor 18 (tending to reducing.the current). In the case of the SR

not or wi ndi ng, E&Whhﬂﬂgétéaeﬁ ithel ayagaiciitoarns titx aﬂdthéb15 193¢ﬁ&ﬁ$or

10a and/or lob an e CUi oI e A5 &@gp
I rom
the control traﬁ‘%’r’s’il?ﬁ igk t# %js?f: V\%}?\l%l%g ande&he £ rst pll ode %0 is-
;:I ati veljy tsnal#cr@gssmrh@ fdiodessabl wiie abeidaesd ared Wieh FHE" ching
m - conduct or for n 0
the transistor 39°i% condﬁ@%? rEE %140 the chaﬁgihgne&rreﬁhuSormhhée

ng et her not the_t
‘the averdge vol CapRChpprFeddaodp e1%t8?u£ilnﬂ?ﬁﬁr1§ éﬁm %%Qr‘g%G%%%gQ%;tS)
{T?;ﬁgl fs'tgﬁs' ! gfl{ragﬁgeét Wiah@ Nardsuitiigasen 2many Wn‘ﬂraame\rely hestrong

in the inductor h%&‘ogﬁﬂ’ﬁorar&yi)gd%&gn}n& agﬂgng££%?§é€€8£hei6 tah;e BaBheNt
chargi ng frequency and relying on the 1nd3§égnce of Ehe lndﬁ%tor
| 10, the ac current c¢an be shaped to be pseudo-sinusoidal
10 as explained above. However, the voltages across the
capacitors 18a and 18b must exceed the peak supply
voltage so that the boost converter function of the

circuit can take place.

15 If the loading placed on the capacztors 18a and 18b
differs due to a very low motor speed, the duty cycles of
the transmstor 16 for the positive and negatlve half
cycles can be arranged to differ so that the more heavily
loaded capac1tor can receive wmore charge. This is &

20 significant benefit for drives which have to operate at
low Speed for othef than a very short time such as
acceleration of the motor from rest.

If the diodes 26 and 28 are positioned as shown dotted in
25 Flglé the diode bxridge 24 and transistor 16 of Fig.4

becomes a bi-directional switch operable during both the

positive and negatlve half cycles of the mains current.

Figs.7 and 8 illustrate other forma of bi- directional

switch that could be used. It will be apparent to the
30 - skilled person that others exist. -

The invention may be considered as a modified boost
converter applied to the control of inductive loads.



the capacitor 18. However, the current in the notor wnding 12, if
present, flows through the dlodes 20 and 30 22 al so partlally char gi ng
t he capacitor 18. The notor w nding curregt decays nore quickly than when
free- wheeling conditions apply through one di ode and one conducti ng

transi stor. 15 While the transistor 14 is non-conducting (whether or not
t he transi stor ¢i&IMs:conducti ng) the average voltage applied to the notor
wi nding 12 is negative causing flux linking the winding to decrease. 5 The
ability to control independently the current in the inductor 10a and/or |ob
and the currentl.in #hanididientionak curxent atded) weontrelesyatem Som @ 2

whi ch, for si ”@dl@ nef smheaabbonnaa@ﬂ@e%atmfgtae $0hust Olgd 58 nlihg

linited solely to e ln uctor : vol tage wave form %r%] i.n H
appears écrossﬁﬂﬁ§QR:RQ%%ﬁﬂa?sr%F°¥h@efln1n9 rotor poles a t 'Tedst

one phase winding, the system comprising: a rectifier,
having an alternating current (ac) input and a dc output;
a de link capacitoxjcontrol means arranged to control the
current supply to the phase winding from the capacitor;

10 a voltage booster including an inductor arranged in the
path of the current from the ac input; suppressdr switch
wmeans arranged to control the supply of current to the dc
link capacitor from the rectifier; sensing wmeans for
sensing deviation of the ac input current from a desired

15 waveform and being operable to produce an output
indicative of the dgeviation; and actuating wmeans
responsive to the deviation for actuating the voltage
booster to compensate for the deviation_to maintain the
ac input current sﬁbstantially following the desired

20 waveform to suppress harmonics of the ac input current,
and to charge the capacitor to a voltage in excess of a
peak value at the ac input to the rectifier.

2. A system as claimed in claim 1 in which the desired
26 - waveform is derived from the ac input voltage.

3. A system as ¢laimed in claim 1 or 2 in which the
inductance is connected to the input or the output of the
rectifier. '
30 ,

4, A system as claimedlin claim 1, 2 or 3 in which the
control switch means are c¢onnectable to one end of the
phase winding and the suppressor switch means are
connectable to the other end of the phase winding, and in
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bridge rectifier 11. It can be assuned, for the sake of sinplicity of
expl anation, that the inductor 10a is''ideal' 1i.e. it possesses no

rqsistance. There can 15 ~ consequently be no direct voltage conponent
appearing across it. Also, since the tranggstor 16 switches at a frequency
usually in excess of 18kHz, the inductance aof the inductor 10a is

relatively small, and the conponent of voltage. across it at the frequency

?L [ferr] wi || b?)h‘iehy]tﬂQe volragld boopberd furtdhenr | indhudest e §ovbagk at
e frequency of,.[err]. a ri C ' 65104

resenble [err] S‘FL’éﬁgﬁPé‘B%j%gﬁaépt ‘?s‘%@%@?éiﬁ%ﬁiﬁeﬁugﬁ%ﬂ?gbagﬁg}tt of
potential at thé&o therdentink capa@bier Wherithe SIPPXSSSOL,SWltGL means

understood that jthe Resi @y 3@Cr 0ss the transistor 16 switches at high
frequency between zero when conducting.and [err] when non-conducti ng. Due

to the nnéu!ation of the duty cycle, the |l ow frequency conponent 30 of
t hj[ S ][09'[ ?nt :c alt h@ .osely sy@itﬁ??la% cllbdmedy énf any ¢Erelaims A ¢-@.4 e which
potential o upper_.end.of t . ndi t gke ' ..Of
the first being }'@Er]a\::tmg&nghexlﬂga% & N9 e T AKEFoBL1REL O opdPaly Pl USS
' produce an actuating signal for actuating the suppressor
switch means in response to the said deviation.
10 .
6. A system ag claimed in claim 5 in which the

modulator is a pulse width modulator.

7. A system as claimed in any of claims 1 to 6 in which

15 the sensing means include a comparator arranged to

receive a first input derived from the ac input current

. and a second desived waveform input indicative of the
waveform of the ac input voltage.

20 8. A system as claimed in any of claims 1 to 7,
including wonitoring means for providing a capacitor'
signal indicative of the magnitude of the voltage across
the de¢ link capacitor and means responsive to the
capacitor signal for adjusting the amplitude of the

25 desired waveform, thereby to maintain the dec 1link
capacitor voltage at a predetermined'level.

9. -A method of suppressing harmonics in the control of
an inductive load supplied from an alternating current
30 (ac) suﬁply using a wunidirectional current contxol
¢circuit comprising: first and second gwitch means, each
switch means having first and second power terminals, the
second powér terminal of the first switch means being
connegted with one end of the load and the first power

O



transi stor 14 is conducting, and the second being zero when the diode 22
conducts. It is thus clear that in 16 Fig.2 the anplitude of the
vertically shaded area is available for the application of a voltage to the
wi'nding 12 which will tend to increase w nggng current, whereas the
anplitude of the horizontally shaded -area is 5 available for the
application of a reverse polarity w nding voltage which will reduce w pding
current. From therahaud of whel seeongpawéhcht weenshbeingnspunerted Wagh py

mani pul ation of chi.ng .@u c . I Bhe
current in the |h%u Sg%E gaaﬁg/g¥e xs&grrggggggkgiey capaadtgﬁda ﬁE?P

d
or non- conductcngnbah@@(ﬁﬂrQﬁSt¢h9c§h¥$5lPPWSHSFﬁﬁleﬁ} 9% Eﬁ%]%ﬁg?lon

with the recircylati-pg dispde a%@; tReC l&éeanagpwen:eatarmanameoappheeeemnahe
capaci tor 18 whose vol t age

d
than the Peak oﬁ“&lﬁ&haﬁ‘e§ﬁﬁ:ols§lyﬁf3t‘abgg? P‘%‘%%rg%c‘ic%n\t}g&etf&% q}%“,%%t £oRA" &f

the first powex terminal of the second sw1tch means to
the first power terminal of the £first switch means;
second diode means connected to conduct from the second
power terminal of the second switch means to the second
10 power terminal of the first switch means; and a rectifier
arrangement having a unidirectional current output and
including rectifier means, having ac input terminals and
dc output terminals, and an energy storage inductor
_ connected in series with one of the terminals of the
15 rectifier means, the unidirectional current output of the
rectifier arrangement being connected across the power
terminals of the second switch means, the method
comprising:
a) rectifying the ac¢ supply into a unidirectional
20 supply: _ '
b) controlling the supply of current to the load
from the capacitance means by actuating the first switch
means;

c) charging the capacitance means to a voltage in

25 excess of the peak value of a voltage at the ac input
terminals of the rectifier by actuating the second switch
means;

d) comparing the ac supply current waveform with a
reference waveform; and
30 S e) dontrolling actuation of the second switch means
' to suppress the higher harmonic components of the current
drawn at the ac input terminals.

AN



aetion of the transistor 16. The transistor 14 can,
- increase notor flux and, by its non- conducti on,

t her eby providing the 20 necessary control of the wi nding current for

the switched reluctance notor. Fig. 3 illustrates a further enbodi nent of
~the invention which is for a.two-phase no#dr. This enbodi ment of the 25

I nvention is also appllcable to other nunbers of phases. Each notor w nding
12 and 12a has _control gﬂSlstors 14 and l4a.and

. re co nly._canngct ed b
their ends rendte ffbn1?ﬁ FandSst FRYEL o e §§ﬁﬁﬂé ngo ﬁﬁﬁiﬂiﬁ y
A pair of SeCOMntﬁ:@J]ﬂQuigﬂt hmegudtddas @2 ahb 2Zecand 38witchconemms edaxto

conduct to the re t|v d éﬁg éqkaﬁgﬂi the emtters of the
contr ol transi S éﬁhsﬁégq&éﬁﬁy“ ro Fansi st or oper at es’
i ndependently to control the current pulses in its winding. The single

suppr ESSiSOn tralris_i St}Qrmééh_Qaera%t €aimdd in claim 10 or 11, inclﬁding
| controlling actuation of the second switch means by
regulating the switching duty cycle to suppress the
higher harmonic components of the current drawn at the ac
input terminals.

by its conducti on,
decrease nmotor fl ux

10
12. A method as claimed in claims 9, 10 or 11, including
controlling a supply of current to the load by actﬁating
the first switch means substantially independently of
actuation of the second switch means.

15

13. A method as claimed in claim 9, 10, 11 or 12 in
which a signal indicative of the voltage across the
capacitor is compared with a desired reference level and
the comparison is used to influence switching of the
20 second switch means to maintain the capacitor voltage
substantially at a desired reference voltage.

14. A unidirectional current control circuit for an
inductive load, comprising : first and second switch

25 means, each switch means having first and second power
terminals, the second poWer terminal of the first switch

means being connectable with one end of the load and the

first power terminal of the second switch means being
"connectable with the other end of the load; unipolarity

30 éapacitance means connected across the £first power
terminal of the first switch means and the second power
terminal of the second switch means; first diode means
connected to conduct from the first power terminal of the
second switch means to the first power terminal of the

o
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‘as before to reduce the anplitude and extent of the harnonic content of the
current drawn fromthe ac-supply. Fig. 4 illustrates an alternative circuit
.according to 5 t he inventi on. Line and neutral ac input termnals L

and N are connected to the ac inputs of aJgiode bridge 24 conprising diodes
24a, 24b, 24c and 24d as before. An inductor 10 is connected. between the

line termnal L and the diodes 24a amnd 24d.  The neutral terminal Nis 10
connect ed di 1 eqt,ybelypom tieatls 00gaa24bcend dede heabhi mm@m@m

t he suppression tranS|stor IS cgnnected Cross i gmdg%
termnal s of tM@RﬁuQ@ef§@mﬂﬁhe|?§CEBI<§ﬁ%ﬁr| c¥Bhia a Eoraand pat h

fromthe di odessﬂfhgcmnﬂeaﬂg a6d tihes ﬁndmiarpmwenomminallbeﬁm&e iBirst the
di odes 24b and 24d. air of, st g S b haus nmon
connectlon\Mtf?Y*\c%eﬂg?%? 8hFﬁ§ﬁﬁ ?e%%?ggka%&aﬁ&?%é connectlon pe &ﬁen
the di odas 24c wmidPdéet 2onal chutiesde @BtputcarkcingludingnKRICIFIRE
between the di Ges, 24Ha0fg?46, inpht Rerkilhaa@nngid i@ dﬂﬂ;ﬁuﬁ heeplheTs or

of the suppression ran5|s , qQne end o a C|t 18
Simlarly, a di@aé 28 pgeggwn§§pgagpolnductor conneé%égi Sﬁth of

the current between the ac input terminals and the dc
6utput' terminals of the rectifier means the

10 unidirectional current output £from the rectifier
| arrangement being connected across the power terminals of

the second switch means, the rectifier axrrangement, the
'second switch means and the first diode forming a boost
convertor operable to charge the capacitor to a voltage

15 in excess of the peak value of a voltage at the ac input
terminals of the rectifier.

15. A circuit as cléimed in c¢laim 14 in which the
rectifier means are a bridge diode rectifier.

20 .
16. A circuit as claimed in claim 14 or 15 in which the
energy storage inductor is connected between the de
output terminals of the rectifier means and the first
powex terminal_of the second switch means.

25 . ,

| 17. A circuit as claimed in claim 14 or 15 in which the
energy storage inductor is serially connected to one of

" the ac input terminals of the rectifier means.
30
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conduct fromthe other end of the capacitor 18b to the 25 enitter of

t he transi stor
dotted line in
connected with

and 24d. In either p05|t|on t he di odes -are exposed 30
the mai ns supp
di scounted. A

16 between the diodes 24b and 24d. It wl
Fig.4 that the diodes 26 and 28 can alt
the line vol tage between:tH i nductor

e if the voltage drops across the dlode brldge are

sake of clarity although, in practice, it nay formpart of a control

subcircuit, suchoofrol NETREFIH MAGE AN
Integrated Crculifs ;

A pair of notor

wi ndi ngs 12a and 12b, each representlng 5 a bhase' are connonly

connected;, at anecamhcobe&ﬂmlﬁ h@oﬁ%@iﬁ&&c&ﬁ?@ Boul 184, “&rﬂl.\

transi stor 14’
positive plate

10

15

{ t { { th d 4 t%e
UiRdag S8 Ehlhe R aREEC ERoRt o i hednee: 4 IO}?&?‘?’%F (Fyback

convertexr. The controller includes a dc link capacitor

switchable across the load by weans of a cortrol switch

and a suppressor switch for controlling the application
of rxectified current to the dc link capacitor. = The
suppressor switch is operated independently of the

control switch in order to control the rectified current -

so that it follows the sinusoidal input voltage waveform.
By this technique, the harmonmcs generated by switching
the rectified input current are substantlally suppressed

EHOS y
| Vg _
) suppre55|on transistor is shown on its own for the

nuf actured by Unitrode
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one end of a first wi ndi ng 12a. The di ode 28

s 10

conduct to the common connecti on between the di odes

&8ad
: . ; o 4?}91‘2%"%95‘ sﬁé BEEN ||
negative plate of the capacitor 18b. The wi ndi ng 12AW:££EEHEEJ§iﬁMﬂJ£::;.
pr :

tRe emtter of the control transistor 14", is a
recircul ating di ode 32 which returns w ndi ng 15

18b. A further control transistor 14') haggis col
one end of the winding 12b and its emtter .onnect

connecti on between the 20 diode 28 ;
18b. A second recircul ating
end of the winding 12b to thg
- the transistor 14' and the poS|t|
10, the diode bridge [24~ane : 3
the di ode 26, whichever position it X
charge the capacitor 18a to greater
to maintain it at this value for

| so

first
capaci tor

—1
| t 0 d
_r%i%#ezi an

This Sheet Has Been Replaced
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-cycl es of the ac supply when the Iine termnal voltage ‘$Hg{§HEETHAS£ﬁEtht
at the neutral termnal. Al so, the equival ent boost
di ode 28 is arranged to charge the capacitor 18b to greate
19 supply voltage and to maintain iit at this value for the. neqatlve half
cycles of the ac supply when the line tern1 al voltage is
neutral term nal voltage. 5 The mannpes
described in detail for the positive H6£J C cles
skilled person will be aware that
nmut andi s, to the negative 10
and OFF many tinmes in each ﬁec
bei ng 15 typlcal

L -

2
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period the current through the inductor 10, flowi ng towa e jﬁQ'Tﬂ
bridge 24, flows via the diode 24a, the transistor 16 an "Qﬁ_
the neutral termnal N, causing the current in the induct

by 20 an increnment + [err]. Wen the transistor 16 turns OFF, the
current in the inductor 10 flows via the di ode 24a the diode 26 and the
storage capacitor 18a to the neutral .terminal N Since the voltage across
the capacitor 18a is greater than the peak voltage across the ac ternlnals
25 the current in the inductor 10 decreases by a decrenent of
approximately [err] during which time the voltage on the capacitor 18a is
charged by a smaller increnent. Wenever the transistor 16 conducts the
di ode 26 is reversed biassed and the capacitor receives no charge 30
fromthe diode 26. If the diode 26 is connected directly adjacent the

i nductor 10, the current path while the transistor 16 conducts is
unchanged. However, the current path while

///-Immmmr
£/ Vsunly

1 Sheelt Iilii |]|3een|lle‘il

aced
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20 the transistor is non-conducting includes the inductor 10,'"thé& GFOGASIBEEN |
and the capacitor 18a to the neutral termnal N 5 For fhe ndHERYARED

hal f cycles of the supply, when the line ternminal voltage is [ess than the
ndutral termnal voltage, the current path while the transistor 16 conducts
is fromthe neutral terminal N through the diode 24c, the transistor 16,
t he di ode 24d and the inductor 10 10 ‘tothe line termnal L. Wile the
transistor 16 is non- conducting the path for the current is fromthe
neutral termnal N, through the capacitor 18b, the di ode 28, the diode 24d
and the inductor 10 to the line termnal L. If the diode 30 is connected
directly adjacent the inductor 15 10, the current path when the
transistor 16 is non- conducting is fromthe neutral termnal N through the
capacitor 18b, the diode 28 and the inductor 10 to the line termnal L. 20
By nodul ating the duty’ﬁycle%ﬁ trme}ransistor 16 in the above -enbodi nents,
i

tthe i ncrenents and decr nents?bf curfent in the inductor 10 can be nmade to

foll ow t he nuch
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Iomer frequency wave formof the supply voltage as shown in Fig.5. The

carrent increnents and decrenents shown 25 in Fig.5 hgve reratiw
fr%equenm es, in conparison with the frequency of .the supp! W’@I&F&@ HAS’]BEEN
are greatly reduced fromthat of practical situation for flhe saREP CED

clarity. 30 It wll be apparent fromthe foregoing that thé a
of the suppression transistor 16 to control the current drawn fromthe
supply must be based on a conparison of the actual current waveformwith a
desired waveformwhich, in this case, is the ac input sinusoid [err] in

21 Figure 5. Figure 6 illustrates an arrangenent which forns the basis of
t he UC3854 chip nmentioned above. (?) Referring also 5 to Figure 1 for
t he purposes of explanation, the voltage [err] across the capacitor, or
nore |ikely an input indicative of it, is fed to the inverting input of a

I« 4]
AW AW
Fig X7
» 7\
4 \/
Fig X' 8

i




conpar at-or 36. The non-inverting input to the conparator 36 is fed with a
reference signal [err] that equates to_. 0 if erence voltage at which
it i.s required to maintain the r‘
36 is fed as a control signal tg ﬂgut
connected to anplify a signal [%__ 2 olcatlv-
vol tage. The output fromthe anplifier 38 s 15
i nput of a second conparator 40. The non- |nvert|ng |nput o—wh
signal [err] indicative of the supply current. This may be derlved from
the rectified or unrectified supply, but should be fromsone point in the
circuit before the inductive load 12. For 20 | t age
proportional to the rectifier current at the poi he di odes 11b
and lid could be used. Alternativelvy, ﬂl i nductor 10a
and the rectifi-er could be used. EqU|vaIe

Figures 3 and 4. The out put of 25
signal for the suppre53|on]:'
16 is provided by a pulse w
exceeds a desired noton

ontrol
e switch
acitor [err]

s

10ms at 50Hz

- FIG.2.
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conparator 36 w !l produce a reducing output__that 30 decr eases

the gain of the anplifier 38.  The =S nusoEal|  sh t he -
wavef orm of the signal [err] i nd éﬁﬂ$@@“‘_£' suppl y veldrager M}
mai ntai ned, but its anplitude is refuced. RE =d 1.s conpay e NTi sHeEET

the signal [err]. Any variance bet n e two signals w Date:

......... Jfu 1996 //
I n a non-zero output which influences the duty cycle of thé=gutﬁg§10f -t ~j
pul se wi dt h nodul at or and, hence, the actuation of the suppression T Swhteh=
16. 5 It will be seen that the current waveformis nade to track the

vol tage waveformw th significantly reduced harnonics. Furthernore, the
circuit of Figure 6 also naintains the voltage [err] across the capacitor

at a correct level by neans of the same pulse w dth nodul ated 10

suppression switch 16. The circuit of Figure—6

Sheet Has Been Reﬁaced
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15 - the high frequency ripple present on the current through the

irnductor 10 can be by-passed through a fllter capaett Ss
the line and neutral terminals. Th ses—st '»urtIRUAQEMfﬂigmirT
frequency conponent of current fl DWI-IIT&JS!HI‘:EWABEB%N Huppl y to‘tg JENe\g r
20 | evel . The sinusoidal shgpi ng GEPLASEDUrrenti: mekes..it..mhrkel-y--t-

the current harnonics at nultipl esofthe marns 11 equerey—can b
sufficiently lowered to satisfy legislative requirenents. 25 The duty

cycle variation of the transistor 16 in Fig.4 is adapted to naintain the
vol t age across each capacitor at a relatively constant desired val ue
sonmewhat in excess of the peak ac supply voltage. This voltage contro
function can still .be perforned even if the |oad i nposed on the 30 t wo
capacitors 18a and 18b by the switched reluctance notor and its swtching
devices is unequal. The circuit of Fig. 4 uses, in effect, two half-wave
rectifiers of the diode/capacitor pairs 26/ 18a and 28/ 18b

///‘Inmdm
' Vﬁmmy

FIG.5.
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23 to charge each the capécitors 18a and 18b.

clarity,

5 capacitors

resulting in many relatively s
16 at high frequen

transi stor
i nduct or 10,
expl ai ned above.

the effect of the voltage
and the switching action of traAsFsEer—36—a+—t
18a and 18b wouHt kil HAS BERN

t r ong "EEEABEPCS.
Cy and relrying on
the ac current can be shaped to be pseudo- si nusoi dal
t he vol tages across the capacitors 18a and 18b

drops across t

for the sake of
j dge 24

| gnori ng,
he di odes of t

't%;@usﬁm

Bak o ac volt

o

However ,

:
Byais, GcilUNal998e.. I
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must exceed the peak supply voltage so that the boost converter function of

the circuit can t

transi stor 16 for
differ so that th
This is a 20

| ow speed for oth

ake place. is
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er a ve
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signifihgant benefit f qhgrive

If the | oading placed on the capacitors
18a and lab differs due to a very | ow notor speed,

the duty cycles of the

VEhe positive and negative half cycles can be aryramnged to
e nore heavily | oaded capacitor can receive norej| charge.
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accel eration of the motor fromrest. If the diodes 26 and 28 are positioned
as shown dotted in 25 Fi g. 4, t1e_dLQde_bLLdge_24_a1d tranS|stor 16 of

Fig.4 becomes a bi-directional sw fichy8R& ,_g\éiggér@c Nq-_tdir‘bm aand
.negative half cycles of the nains furre tpL anc # I jg’ jag
ad &'lﬂ

forms of bi-directional switch tha °“"“ he-tse tip
t he 30 skilled person that others exist. The |nven.lnn Wﬁﬁ”""” """""""
consi dered as a nodified boost converter applied to the control of

i nductive | oads. 24 CLAI Ms: 1. A unidirectional current (dc) control

-system for a switched reluctance nmachine having a stator defining 5
stator poles, a rotor defining rotor poles and at_| east one phase w ndi ng,
the system conprising; a rectifier, having an altlernating currgnt (ac)

i nput and a dc output; a-dc |ink capacitoiQeontragl nmeang~ajg.anded to
control the

B isx ‘L%J |
il

On.

4/
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current supply to the phase w nfli fggf QM T] or' 10 a_voltage
booster including an inductor. a rangq%;g _ &va#%%g$¥]qééﬁnﬁthe
ac input; suppressor swtch mea 10 _con r: r% rrent
to the dc link capacitor fromthe rectifier; senstng gmans&forr Gensyh ,
deviation of the ac input current froma desired 15;===ﬂ@y9ie#ﬂ’ ﬂnﬂ eing
operable to produce an output indigdiive of the deviation; and
actuating means responsive to the deV|at|on for actuating the voltage
booster to conpensate for the deviation to maintain the ac input current
substantially follow ng the desired 20 wavef ormto suppress harnonics

of the ac input current, and to charge the capaC|tor to a voltage in excess
of a peak value at the ac input to the recti

n

s cl ai med
inclaiml in which the desired 25 maveforn1|s -eglvec fro ac
i nput vol tage. 3. A system as cl ai medigbn cfl ai m T o' i whi
i'nductance is connected to the inp 0 he AQut put ¢f t he| 30 4
A systemas claimed in claiml, 2 ¢
ia. Y
L
N 3 220,
x~1 —f%«»sc
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confrol switch means are connectable to one end of t he phase w ndi ng and
t he suppressor swtch neans are Othﬁl’ end of the phase

wi nding, and in ° which the vollft e ItEEStiess Brekhier %’ng%:yuab

di ode connected to conduct the flecti f REBLACEDIY cufr t to
capaci tor when the suppressor sw tch TTEans baldl.t
systemas claimed in any of clains 1 t@/2 in-which tHe actudl iy means:
i nclude a nodul ator operable to produce an actuating si gnal for actuafTng

t he suppressor switch nmeans in response to the said deviation. 10 6. A
systemas clainmed in claim 5 in which the nodulator is a pulse wdth
nodul ator. 7. A systemas clainmed in any of clains 1 to 6 in which 15

the sensing neans include a conparator arranged to receive a first-
i nput derived fromthe ac input current : '

' /‘ Ilnduz:tur
£/~ Vsuniy

heet Has Been Reﬂlaced
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and a second desired waveform i nput indicative of -the waveform of the ac
i nput voltage. 20 8. A sys ny of claims 1 to 7,
oV SteEeT wapaekh of |

i ncluding nmonitoring nmeans for p Df
t he magni tude of the voltage acr{ss t@%&?tﬂxd:fmk ca # LW%E%EET
responsive to the capacitor signa | it yde of b
desired waveform thereby to nmintdi/d .the dc I*l'-%i firbatffﬁrolgt*m tjpge
at a predeterm ned |evel. 9. A net hod of- suppressi Nng harmoni cs Tmt
control of an inductive |oad supplied froman alternating current 30

(ac) supply wusing a unidirectional current control circuit conprising;
first and second switch neans, each switch neans having first and second
power term nals, the second power termnal of the first switch nmeans being
connected with one end of the |oad and the first power 26 term nal of
t he second swi tch nmeans i)ei ng ggnnect e‘d wth
AV AR

]

{

i

i
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-
—
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the other end of the Ioad; unlpolarr-__,;LgELLance means::

-annect ed across

the first power term nal of the flrttﬂﬁgﬁ Feanrs—and the

term nal of the second 5 switc SHEE, k _T~‘j neéﬁi

conduct fromthe first power termn : d s/jic@t_

first power term nal of the first switch neans; Scoesd  dizede reahss !
connected to conduct fromthe second paﬁbr ternlnal of the secord

means to the second 10 power termnal of the first swtch neans; anoﬁa
. rectifier arrangement having a unidirectional current output and including
‘rectifier nmeans, having ac input termnals and dc output terminals, and an
. energy storage inductor connected in series wwth one of the term nals of

t he 15 rectifier neans, the unidirectional current output of the
rectifier arrangenent being connected across the power term nals of the
second switch nmeans, the nethod conprising: a) rectifying the ac supply

into a unidirectional 20 SUQQUL_JQ1E¥HHFO|F’ ng the supply of current
to the load fromthe capacitande neans By agtualtng the ffirst switch

g

This Sheet Has Been Remlaced




means; c¢) charging the capacitance neans to a voltage in 25 excess of
. the peak value of a voltage at the ac input termnals of ectifier by

actuating the second switch neans; d) conpgrgi ng the ac Sutﬁéﬁ@wﬁ SHEET
rolTi

waveformwi th a reference waveform and 30 e) co
actuation of the second switch neans to suppress the hight @aggr__ﬁnﬁlipfg 996
conponents of thABsERrAtent drawn at the ac input termnals. - .27 10,7 A" - °
met hod as glaimed in claim9, including controlling actuation of the second -
switch nmeans by regul ating the frequency of the switching. 5 11. A
met hod as cl ai CONTROL OIRCUDT FbR AR abiutsr 8 higalg | N9 actuation of the
second switch neans by regulating the swich cle to suppress the
hi gher hasr noni ¢_conponents of the current drawn at the ac
A.cox:n:rol, ¢ircuit for an inductive load, such as a phase
Wlﬂdlﬂg of a reluctance motor, includes a boost flyback
coz.wert:er._ The controller includes a dc link capacitor
switchable across the load by means of a control switch

and a suppressor switch for controlling the application

10 of rectified current to the dc link capacitor.  The
suppressor swit_ch is operated independently of the
control switch in order to control the rectified current.
so that it follows the sinusoidal input voltage waveform.

. By this technique, the harmonics generated by switching

the rectified input current are substantially suppressed.

‘Fig 1



|nput ‘termnals. 10 12. A nethod as clainmed in clainms 9, 10 or 11,

i n¢l'uding controlling a.-supply of current to the |oad by actuatlng t he
first switch nmeans substantially independently of actuation of the second
switch neans. 15 13. A nethod as clained in claim9, 10, 11 or
a signal indicative of the voltage acnf s the capacitor is co
desired reference | evel and the conpar gto P
of the 20 second switch means to maintain the capacitor vijl¥Yag@
substantially at a desired reference voltage. 14. A unidirecti o =q;ﬁ§§§nEEB .....

control circuit for an inductive load, conprising : first and second sw t Ch ===
25 means, each switch nmeans having first and second power termnals,

t he second power termnal of the first switch ng ' nectable with

one end of the load and the first power Hﬁrninal d switch nmeans
bei ng connectable with the other end of t | oad;

capaci tance neans connected across |

0a 1a

20

><
RN 74

10ms at S50Hz

FIG.2.




termnal of the first switch nmeans and the second power termnal of the
second switch neans; first diode means connected to conduct fromthe first
power term nal of the second switch means to the first al of

t he 28 first switch neans; and second di ode neans c ﬁﬂﬁmm@@ﬂg%
fromthe second power terninal of the s cond switch éC)the seco
power termnal of the f irst swtch wherein ar § M@R 499pangene(t
having a 5 uni di rectional current utput and i ncl er Ireals
havi ng ac input term nals and dc output term nals and an energy storage

i nductor connected in the path of ‘the current between the ac input
termnals and the dc out put termnals of t he rectifier nmeans

the 10 unidirectional current output from the rectifier
arrangenent bei ng connected across the power term nals of the second smntch
means, the rectifier arrangenent, the second switch neans and the first .

di ode form ng a boost : S

‘Ig'\]l. ka

! ~

N L ha at
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convertaor operable to charge the capacitor to a voltage 15 in excess of

t he peak value of .a veltage at the ac input term nals of e

A circuit as claimed in claim14 in which the rectifier aﬁﬁ?kﬂﬁﬁﬁﬁﬂWSﬂgﬂr
diode rectifier. 20 16. A circuit as clained in claim114 gr 15 whi ch t he
energy storage inductor is connected between the dc out pufl Ra#% milh2i APR:1986<

rectifier means and the first power tegT nal of the second@ SWtTHT TTEans. 25
- 17. Acircuit as.claimed in claim14 o in which the energy storage
inductor is serially connected to one of the ac |nput termnals of the
rectifier means. 30

’//‘IMMUW
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