CCNTROL Cl RCU T, AND SYSTEM FOR A SW TCHED RELUCTANCE MA WNE@$&D OF
. CPERATING This ynvention relates to a control circuit f hed
rel uctance machine which may be run as either a notor ar a generator he
control and swjtching circuit connected with a switched reluctance nachi ne
and +he maching itself may 10 collectively be called a swtched
reluctance drive.. These are generally known in the art, for exanple they
are di'scussed in "THE CHARACTERISTICS DESI GN AND APPLICATICNS OF SW TCHED
REL[JC-I-ANCE .L‘\Q IO R X 4 ENTY < 5

Conf erence, Nur m@iﬁmslé;% %g% or %;ﬁﬁd{pl cal sw tch| ng circuit for’
a switched relu -called dc link capacitor
arranged across the input termnals connected with the 20 power supply.

The purpose of g d@.n'v'e'i‘ﬁ:ﬁﬁpa(i‘etl‘&rtéss t8 SQDO&QnéréfCtéiféﬁiléC EQputy

vol tage such as a [full-wa rectified 230 volts European ac nalns supply or
a 120 vol P US aB%Wihshedk Lﬁfﬁmt%e maql}i%s"ﬂ“gﬁ*bd%ﬁié@%rwltl%% ¢ither a
desirabl e to redivtord b eogEHrdtswunt and/ or the size of control circuits
wher ever possible to reduce costs and the space taken up by them 30 It
I's also found that the presence of a dc |link capacitor has an adverse
effect on the p@he fcanmtaolof ande switchédgr etirtaite cysheotedausitl a -
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an object of the present i1nvention to provide a con Circui
swi t ched1Pel uct S aatdively t st called a switched reluctance drive.

These are generally known in the art, for example they

are discussed in "THE CHARACTERISTICS, DESIGN AND

APPLICATIONS OF SWITCHED RELUCTANCE MOTORS AND DRIVES" by

Stephenson & Blake, Seminar 5, PCIM Conference, Nurnberg,
15 June 21 1993.

A typical switching circuit for a switched reluctance
machine will include a so-called dc 1link capacitor
arfanged across the input terminals connected with the

20 power supply. The purpose of the dc link capacitor is to
smooth a rectified ac input voltage such as a full-wave
rectified 230 volts European ac mains supply or a 120
volt US ac mains supply.

25 In mass-produced articles it is desirable to reduce the
component count and/or the size of control circuits
wherever possible to reduce costs and the space taken up
by them.

30 It is also found that the presence of a dc link capacitor
has an adverse effect on the power factor of the switched
reluctance system, causing increased supply currents and,
hence, some drop in efficiency.



avoi-ds the use of a dc Iink capacitor for snoothing the input supply
voltage. 5 According to the present invention.there is provided a control
circuit for -a switched reluctance nachise phase whi ch nachi ne conprises a .
stator, a rotor and at |east one phase wi nding associated with at |east
sonme-of the 10 stator poles of the or each phase, the control circuit
conprising: first and second supply voltage input termnals, the
first input term nal being connectable with one end of the mnndlng

swi t ch arrangengnt xsmaact@damuroﬁhehenpdemgnﬂuhﬂman@nametebb&dvidﬁwmect
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wi nding current path; a capacltor an é atr
the capacitor af¥aisis tthg iuserobher ngcsdin IF?P@Gﬂﬁ@@t@@nﬂﬁmﬂnthingvﬁmalng

and the swtch anpytIeEsply d1ddged secondary winding current 20 pat h;
and a uni |rect|onal current device connected to conduct from between the
wi ndi ng ard the switch arrangenent to between the thyristor and the

capacitor, the mmpdrdxngtmbngheppmabbau(1nnﬁnhﬁanithﬁeépﬁesgﬁ?ﬁﬁaéiﬂﬂger
signal to the tr in N1.2 nducti on i e .t he
vol t age across og&gg)plac orlﬁgcéecgzdgga {"g# ﬁcé'elé‘\?gﬁn%é‘}?%esﬁ%%e
arrangenent is Gﬂ'@sﬁd ma¢kine veompvhsasea tsteam.ora;iargtonr padt aratledst
enabl e the capagjfdry ﬂ%é"owlndhﬂ?SQ%QB@?att@ﬁO‘%ﬁh:ﬁ h&"‘iggé?gsomewﬁ l?%

capacitor is sufficien di sc ristor ceases to cond c

wi ndi ng 1@ then%&ﬂﬁﬂﬁeﬁp¥¢%n9?h§ §uﬁ§3ﬁ%ﬁhcﬁ apeo Eher gentmed Birewitbr
again, through tdympriiglingct i Pt CUah@Nt se88KHCE suppifen vdlttiges WM it
arrangement Istermlnals, the first input terminal being connectable
with one end of the winding; a switch arrangement
connected with the winding and being operable to connect
15 the Winding with the second input terminal to create a
primary winding current path; a capacitor and a thyristor
having a trigger input, the capacitor and the thyristor
being serially connected across the winding and the
switch arrangement to form a secondary winding current
20 path; and a unidirectional current device connected to
conduct from between the winding and the switch
airangement to between the thyristor and the capacitor,
the thyristor being operable to conduct in response to a
trigger signal to the trigger input and to maintain
25 conduction while the'voltage across the capacitor exceeds
a reference level.

When the switch arrangement is closed, the invention uses
the secondary current path to'enable the capacitor to
30 discharge through the winding. When the capacitor is
'sufficiently discharged the thyristor ceases to conduct.
The winding is then supplied from the supply which also
charges the capacitor again, through the unidirectional
current device, when the switch arrangement is



3 subsequently opened. The invention also extends to a switched reluctance
drive systemconprising: a switched reluctance machi ne having 5 a.rotor
and a stator, respectively defining rotor and stator poles, and a phase

wi ndi ng associated with the or each phase of the machine; an electrical
power supply; first and second supply voltage input term nals respectively
connected across the power supply, the first 10 I nput term nal being
connected with one end of the winding; a switch arrangenent connected with
t he wi ndi ng andsuopeegoeatily opemect. t he wi nding with the second i nput
termnal to create a primary winding current path; a capacitor; a
thyristor, having a trigger input, the 15 capacitor and the thyristor
bei ng serially &bgndoventieonos SPh@xﬁFndBngoaﬁchW-ﬂzcm s ugtanese daive o

form a secondar kywiagi '?ﬂm&ﬁ‘fﬁrﬂgaoaé hgwiBEHed EEMbESﬁEéOR\%'ch&&her Hvidfyi ce
.connected_to conduct fromhetween the w nding gnd_the sw tch arrangene to
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bei ng operable to Conduct I'n response to a trigger signa e trig er
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and to becorre nonconducthng when Lhe Vel Lage, 36955 LR SERACILSE Sl

terminal to create a primary winding current path; a

capacitor; a thyristor, having a trigger input, the

15 capacitor and the thyristor being serially connected

across the winding and the switch arrangement to form a

secondary winding current 'path,- and a unidirectional

current device connected to conduct from between the

winding and the switch arrangement to between the

20 thyristor and the capacitor, the capacitor being

chargeable through_' the winding and the unidirectional

current device, when the switch arrangemént is open

circuit, to a voltage in excess of the voltage applied by

the power supply across the first and second terminals

25 and being dischérgeable through the secondary current

' path when the switch arrangement and the thyristor are

subsequently closed, the thyristor being operable to

conduct in response to a trigger signal to the trigger

input and to maintain conduction when the voltage across

30 the capacitor is greater than the voltage across the

first and second terminals and to become non-conducting

when the voltage across the capacitor falls below a
reference level.



Additionally, the invention extends to a nethod of controlling a swi'tched

- rel uetance machine having a rotor, a stator, a phase w nding associ at ed
with at least sonme of the stator poles of the or each phase of the machine,
5 means for sensing the position of the rotor in a conduction
angle with respect to the stator and a cont#ol circuit as defined above,
the nmethod conprising: actuating the switch arrangenent of the control
circuit and the thyristor to conduct at the beginning of 10 t.he
conducti on angl éd@?/lttlr@%e &he ddavenstiiong extesdst choaraametierd  taf

duct i i ; gl '
cease conducti ngontridle jengl &Evﬁﬁ%lﬁe@%ﬁhbﬁﬁn@@gh?ﬁgi?ﬁrﬁ?ﬂg{&gge% nlg:n:%r,

repeating actuation of the s h arrangenent an

tc
deact uation of Eh&EEVoh ArPRRAJENWARDIBg asspglakgd,widshd @t ileRskn famef
the or each phas# tHee swasantpoYee st athe &y adhitpHaled dF atd GadHine,

vari ous ys, of | C i1 now,be descri.bed b of exanple with
r ef erenc\(,a\@t 0 thzr'%é%c;csorrpf\g#yi %&w ' ng S npgﬁ-ll;:lor\/\,h?ghm%\(ﬁ. 1Py sPherfhti c
di agram of a knewndgtisirednglleiotidic cedgpect; tbi ghe ssatodi amd aeanadintarol

cont rol i roui t G N def {ifed W58HE Ot hgSnethod comfifahd s @ 11m ng
di agram for operation of the circuit of Fig.2 according 1o I nventi on;
Fig.4 is a circuit didagiuskg dhel switeh | sxraegerent @f thercemerel rcui t

of Fig.2; and Figrzuit art agiereofr sster therosmast @mnte i ddfimfing of
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salient rotor pewitchrmkmangement to cease conducting at the end of the
| conduction angle of the phase; and
repeating actuation of the switch arrangement and
the thyristor and deactuation of the switch érrarigement
15 for_ each conduction angle of the or each phase.

The present invention can be put into practice in various
ways, some of ‘which will now be described by way of
_ example with.réference to the accompanying drawings in
20 which :
' Fig.l'is a schematic diagram of a known switched
reluctance drive; '
Fig.2 is a diagi‘am of a control circuit according to
the invention;
25 . Fig.3 is a timing diagram for operation of the
| circuit of Fig.2 according to the invention;
Fig.4 is a circuit diagram of an alternative power
supply for the circuit of Fig.2; and |

Fig.5 is a diagram of a further embodiment of the
30 invention.

In Fig.1 of the drawings a switched reluctance drive is
shown. This comprises a single-phase machine M having a
rotor R defining a pair of salient rotor poles, and a



5 stator S defining a pair of salient stator poles. A controller C controls
.the switch T for connecting the winding 14 associated with the stator poles "
to the supply vol tage according to the novenent of the rotor in known 5

manner. The rotor position is sensed by a rotor position encoder E. The
contirol led switching required to effect rot&tion of a switched rel uctance

machine wll be known to the 10 skill ed person and is discussed in
detail in the PCIM'93 referred to above. For notoring action, the
wi nding is ener @@&Plbyf ﬁmrmg arpaie efiisalientastaton @oles .

approaches a 15A.coﬁEfBIIepqéeconEP@léﬁ?hEhshﬁtéﬂﬂTC? g EBBnEEtﬁﬁﬁn%%g'se

the winding generally before alignnent he rot or e~stator

pol es, since th&idHAY ildh agsociatesd, wispesheostakor eﬁﬁe'r%%éi% feher sappdahent
and woul d tend txmmgeeaééwr@mgneettné hbeemeh@rofT{aneaﬂeube«r 18X k@ldiwn?0

over whichh the switch T i.g conducti ng LS known _as t ond I on an l,e and
i s generalP y det8HSed by'S FE-GEsPPEA LS. s%ee °rc$(§’ 19he
process i s sim legodsacdpt 25 that the winding is typlcally energised

as the poles are noving apart. The power flowis then fromthe shaft of the
machine to the supply or some other sink of energy (not shown in the
figures). 30  Theferrt¥elhed swirehing regquiredover effippty rotagdont of a

si ngl e phase [IT_ﬁel Nswitdhddy lré‘lué%ﬁn&@' tﬁacﬁixl?é( ' (Ullrlg. tBe”BthSWH‘ |Ct£5 r ‘i‘:{He OL
say, S. i S, |ca domesti ¢ el ectrjca suppl y_ net wor
The ac pgerTE ’yiﬁ?fs ‘{ec}sa §SuseRd AR defAtl tidh RhmRCIY ‘93

paper referred to above.

For motoring action, the winding is energised by
switching on the switch T as a rotor pole approaches a

15 stator pole. The switch is switched off to deenergise
the winding generally before alignment of the rotor poles
with the stator poles, since the direction of the
developed torque reverses after alignment and would tend
to oppose the movement of the rotor. The angular extent

20 over which the switch T is conducting is known as the
conduction angle. and is generally determined by the
desired output.

For generating action, the process is similar, except

- 25 that the Winding is typically energised as the poles are
moving apart. The power flow is then from the shaft of
the machine to the supply or some other sink of energy
(not shown in the figures).

30 Referring now to Fig. 2, an ac power supply 10 denotes a
single-phase mains supply at 120 volts providing a
maximum current of, say, 12 amps. This is typical of the
US domestic electrical supply network. The ac power
supply 10 is connected across the ac input terminals of



6 a diode bridge 12 in conventional manner and a | ow val ue snubber

. capaeitor -13 is connected across the supply also in conventional manner.
The diode bridge 12 produces a full-wave rectified dc output of about 110
volts. This 5 is still subject to the characteristic ri ppl e of a
rectified ac supply with which the person og ordinary skill in the art wll
be famliar. The motor wnding 14 of the single-phase switched 10
rel uctance nmotor Mis serially connected with an NPN transi stor 16 across
the output of tha divdgebtddge Thz imld@mtent idnaheandnmesimidra l'Em'vSvalue

cted th t r 1 e tran5| 16is
Connect od w th oniuBBSE! c¥bRCLEdy 1 A6 dEndched Hefoed hd Aty ys
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field effect trapsistor ( I nsul i pol a

transi stor® or a #wecHEntth sl\r‘/ﬁz?f 26°A ‘-S}F?I (ﬁ!’f?li%-‘rﬁq@lﬁté& ré‘éPPflﬁerOFS@R)
18 and a capaC| t peclfded Wlslhﬂapﬂ.yloﬁﬂﬂ&t etietl aste t pervbndior é—fd?‘@r%
or

transi stor. Q? ?Eogécﬁlﬁ CR1i8b| S congect ed wth the capaci

and the cat hode 0 ?‘? tonnected with the w nding
14 and the positive output of the d| ode. br| dge 12. A diode 22 is connect ed

ibte:[smgg?hozigeen\c/im gﬂgngg?%gna?gnd%@ g@ t he capamé]fer té%pé% Stﬁl ano
end. 30 TH: conFPBPCtéFFEw“EOt%CUré%@?@allﬂscmﬁﬁﬁﬁdomlth an’ NPN

transistor 16 across the output of the bridge 12. The
collector of the transistor 16 is connected with the
motor winding 14 and the emitter of the transistor 16 is
connected with one side of the bridge dc output. Other

15 types of switch arrangement could be used in place of the
transistor 16. These may be other semi-conductor-based
types, such as. the power metal oxide silicon field effect
transistor (MOSFET) , the . insulated gate bipolar
transistor or a mechanical relay.

20 . |
A silicon controlled rectifier (SCR) 18 and a capacitor
20 are serially connected across the winding 14 and the
transistor 16. The anode of the SCR 18 is connected with
the capacitor 20 and the cathode of the SCR 18 is

25 . commonly connected with the winding 14 and the positive
output of the diode bridge 12. A diode 22 is connected
between the winding 14 and the collector of the
transistor 16 at its cathode end and between the SCR 18
and the capacitor 20 at its anode end.

30
The control circuit according to this invention is
arranged so that the output of the rectifying bridge 12
has no dc 1link capacitor connected across it. The
circuit of this embodiment of the invention functions as



arranged so that the output of the rectifying bridge 12 has no dc link

. capagitor connected across it. The circuit of this enbodi nent of the

i nvention functions as 7 follows: When the circuit is first initialised,
by connecting the bridge 12 to the ac supply 10, the capacitor 20 will 5

" charge up by virtue of current flow ng thrqugh the wi nding 14, diode 22
and capacitor 20. The voltage to which the capacitor 20 charges wl|l
depend on the peak value of the rectified mains, the paraneters of the
capacitor 20 andfohdowength of tine allowed for this 10 initialisation.
Under ideal circunstances, the capacitor voltage m ght reach tw ce the peak
value of the rectified mains. Wen it is desired to start the notor (which
coul d be 15 WhaBstheonttenéht iai fhrsheinitialived heby nconnecsingobhe
process) the trapgiggaer 156 ¢ eRde 40 s&gﬁygt 18L iR S&Q%éc@f: NS0 will
conductloq%angle ﬁO'that th?§gntqr wi nding 14 i s energised. %rnu taneously -
with actuatlion ofPRRESt r'¥si oM 1¥EUeHeCBCRUMrant gfdewingegthropgk the
capacitor 20 w2fiddihgchar, geidde @mhand sgsaiiecy 2oNdi Mhet WEBdgPats
formed by the S 1.ndi 14 d.the transistqr _16,. energi sin he
wi nding. After ;ﬁ%%gpt E?ﬂ% rr\ga %%%ggpaﬁt%}?a%e% ‘F’?‘if\aggpﬁpgcﬁé’r Zgga,’t‘
to, and then bel ¥alueheok ethef i reicelpped walinmge thempdwanetiaie bE thHae
SCR 18 will beco ] n t n 18 1 Sea Jiever ntd '
-di fference_acr osgsf)ta?ﬂ%%g %r%ﬁ? ;M%%oqi%f‘ﬁle'émfn&rlﬁ% 1§f}§9%ﬁer?°?1ak%lﬁl?r om
the bridgkd 12 t hiBighath82pirhar W%%rd-ilq%gaéurawﬁvmﬁéanceapn’ébesgapacibgrt he
winding 14, the ve2BagetRight Aedlch hevivy\tiheSpRBKY value of the rectified

mains.

When it is desired to start the motor (which could be

15 almost concurrent with the start of the initialisation
process) the transistor 16 is made to conduct at the
start of the conduction angle so that the motor winding
14 is energised. Simultaneously with actuation of the

_ transistor 16 the SCR 18 is also fired. The capacitor

20 20 discharges through a secondary winding current path
formed by the SCR 18, the winding 14 and the transistor
16, energising the winding.

_ After a short time, the capacitor 20 will have discharged
25 to, and then below, the rectified supply voltage from the
bridge 12. The SCR 18 will become non-conductive when

there is a reverse potential difference across it. The
current through the winding 14 is then taken from.the

bridge 12 through the primary winding current path formed

30 by the winding 14, the transistor 16 and the power supply
10.

At the end of the phase conduction angle, the transistor
l6 is rendered non-conducting in order to initiate



10. At the end of the phase conduction angle, the transistor 16 is rendered
. non-gonducting in order to initiate 8 deenergi sation of the w nding 14.
Wien the transistor 16 ceases to conduct, the continuing current flow that
exists by virtue of the inductive nature of the winding is diverted from
the #ransistor 16 through the diode 22 5 8 to charge the capacitor 20.
VWhile the current continues to fl ow because of the inductance of the
wi ndi ng, the voltage across the capacitor 20 will rise steadily, exceeding
the supply vol t aigenergisat somi 0f théewindéngemdr.gi sathem tiie ttwansisitog.
The current fallfg tQe2868 £8 condfdt: Lfie Hléiﬁ@t c&!&‘g £° Pl ER&E
di ode ceases to conduct. The nmagnetid f ux create the vgltage acros
the notor windi RKERES oY tikrewadadt Fbe dndustivel ngtadecof dhpiewidding in
the rotor relatiyme dDvébeed! p6m BREOLFRABiELoENE 6C UM e t@ASHE N92 Of
swi t ched rel uct gnce .not or theory. According tqQ the timngr Ired to cause
c <dpa W

equ t
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pol es approachestot fitowr decasiser df thet ibduathmaiecbfigghe wd ndindpct ther

anot her conducti e. he_ci Lt.r a he_seguence of
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the initial 25 excesdirgetheacsupplyt woltagsaciamd this wdildr mffmbt bde-t he
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us
conduction cycle. A<onduction cycle wavefdrmtimng diagramis shown 1n 30
Fi gure 3.10 [err]2Rd: t WReDokhggSuients fIrwW \weRFeR) aklie[ 8dode ceases to

conduct.

The magnetic flux created by the voltage across the motor
winding during the conduction angle will produce torque

15 in the rotor relative to the stator according to the
conventional teaching of switched reluctance motor
theory.

According to the timing required to cause rotation of the
20 rotor, as the next alignment of stator and rotor poles
approaches, the transistor 16 must be actuated again to
conduct for another conduction angle. The circuit
repeats the sequence of events described above for the
second and subsequent cycles. However, the initial
25 ~ voltage across the capacitor is determined by the
magnitude of the voltage to which it was charged at the
end of the previous conduction cycle. | '

A conduction cycle waveform timing diagram is shown in
30 Figure 3. Vy,, is the voltage across the winding and I,
is the winding current. The winding current is made up
of an initial portion coincident with the current in the
capacitor 20 (I,) and the silicon controlled rectifier
(Isw) through the secondary current path and a subsequent



Is the winding current. The winding current is nmade up of an initial

. portion coincident with the current in the capacitor 20 [err] and the
silicon controlled rectifier [err] thrQugh the secondary current path and.a
subsequent 9 portion coincident with the rise in supply current [err]
befdre the transistor is switched off [err] gThereafter [err] continues to
flow through the diode (ID) to charge the capacitor. 5 1t wll be

recogni sed by those of ordinary skill in the art that, in the

mass- product i on prtdicre soincigentamdeh thechiae imeupplyl eanarent t(Igyppy)

advant age of di LNg it h |4 nk | 1 or the. order. o
[err] 10 rafbge?%gzd%{%i rﬁa{g\?/éo%t%f ai%na%%cgi tcggrf ofﬁé'f"ﬁ‘una [é?r’]
rated at 400 volThexrafterrhun sonsinyeseftia Hlhowdbhronghc shendicsiepddeht

cost saving. Furddeiid¥se dHE ég%@y@ggpt in the power factor as a 15
result of elimnating tthe dc |ink capacitor neans that a given drive can be

run Wi th IPower supply currents. This can be a particul ar advantage, in
terns of the domEstwilElbetrecognispfl pynehoeiek of didindny esk Sl ht £8 ehe

Anerica, where th np openating Lint | d_ot herw se, 20 be reached
W Eh arelat vel3Es mdt b s At ooty Sp LPCAShESH LY appienfede

for a donestic appth awoaguuin oleamens, ¢helkdvanyadgeanti diepensdingf w2khiA
fromthe suppl bt g4 Sy 44N \% [ t ' i
The | mproved: povir SFEEEoror it "capagitol EVERS, otder, W L600RFREHTE
reduce t A vol t -Ea¥Rd eak e80PVeddhtffour 1R%y 3wisieddd sapasktaicofir pyeupd

around 1.4kVA, w4 gharsdaveatadl acf 0w WA th?@é, ldfersdipid Ya "Rét | BegEfit

above. ) .
in both space and component cost saving.

Fﬁrthermore, the improvement in the power factor as a
15 . result of eliminating the dc link Capacitot means that a
given drive can be run with lower supply currents. This
can be a particular advantage, in terms of the domestic
electrical supply network of the United States of
America, where the 12 amp operating limit would otherwise
20 be reached with a relatively small drive size. For
example, a typical motor drive for a domestic appliance
with an output of 1kW may draw in excess of 2kVA from the.
supply when it is run from a conventional control
circuit. The improved power factor of the circuit of this
25 invention would reduce the volt-ampere requirement of a
1kW switched reluctance drive to around 1.4kVA, which is
available from the 120V, 12A supply mentioned above.

It has also been found that there is a considerable

30 reduction in the acoustic noise emitted by the machine
when operated according to this invention. This is
because, among other factors, there are 1less abrupt
voltage changes across the winding 14.



It has al so been found that there is a considerable 30 reduction in the
.acoustic noise emtted by the nachi ne when operated according to this

i nventi on. This is because, anong other factors, there are | ess abrupt

vol t age changes across the w nding 14. 10 The SCR 18 is a form of
thyrdistor which is a general termfor a deuwigce which is rendered conducting
in one direction by a firing or trigger signal and will remain conducting
until it is reverse biassed regardless of the 5 . subsequent state of the
firing or tri ggé‘h&sisg'malle i@naec folrm pft ehyrabtdrfwhiehcbsaarmef&m t‘iamnce
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vol t ac sdpply, Spbsequent %t%ﬁ%o°§pbh¢c§bFéngo°61ﬁéﬂgﬁﬂﬁﬂﬁkﬂﬁa HARGr
the circuit is pad ipodentyayedlfsoréndet ackewgr thep ey ivd L efeReras e

the voltage to which the ca aC|tor Q i sed be tolerate
conponent s of cgﬁ?ﬁﬁt}fh%ﬁ "%6'31 ? Yﬁésgﬁﬁa?'ﬁn'fri'%g?ﬁ%gﬁea/%h of
ordinary skill tIawitlile ben\ﬂppamnt stapfie qutaonlch dudbeaty pliesEl afhat

mul ti-phase sw (ghed rél BWIREH SBu1dl BE il £o' BE-FAKRTALD difS, Peen

described in relatlontoarectl esup y cou
equal |y %l | besueh 7 finewnlgtes s@tgobnp@lan ﬁnanalgtecﬁu ngauedmrmeo@g

illustrated in thyristors and the like.

While the control circuit of the invention has been
described primarily in relation to a 120 volt ac supply,

15 it is also applicable to other supplies. However, the
circuit 'is particularly well suited to lower supply
voltages'because the voltage to which the capacitor 20 is
exposed can be tolerated by components of conventional
rating.

20 . .
It will be apparent to the person of ordinary skill that
the invention is applicable also to each phase of a
multi-phase switched reluctance machine. Also, while the
invention has been described in relation to a rectified

25 ac supply the supply could equally well be in the form of
a dc source 24 and a blocking diode 26 as illustrated in
Fig.4.

A yet further embodiment is shown in Fig.5, where the.
30 rectifier bridge of Fig.2 has been replaced by a single
diode 28 -to form a half-wave rectifier in conjunction
with the capacitor 13. The diode 28 is connected to
conduct from the capacitor 13 toward the winding 14. The
capacitor 13 is connected across the supply 10 as in Fig.



Fig.4. A yet further enbodinent is shown in Fig.5 where the 30
- rectifier bridge of Fig.2 has been replaced by a single diode 28 to forma
hal f-wave-rectifier in conjunction with the .capacitor 13. The diode 28 is
connected to conduct fromthe capacitor 13 toward the wi nding 14. The
capatitor 13 is connected across the supplyll0 as in Fig. 2. Like
numer al s have been used to denote |like parts in Figs. 2 and 5. This circuit
operates for positive half cycles as described, for the circuit of Fig.2.
On the negative Ral f Lilel Buymernd sf havegbekn: heedwtocienétenyike parts in
nhibited and theigsl.ve eo@Pis UMiHis (OSrOUDP! JodPadadCe HEBIRP POS! hhYE
again. As the w ndi of the switched reluctance machine 1s a formo
i nducti-ve | oad, chigﬁlﬁﬂ BRribedr ERr tde (ingnit opeFign2ef oIl hhey
skill in the artnéfativeehalfeeriicdesi,s tmuzﬁﬂn?paki €R8! Swi€cANY60hA9 be
t

i nductive foad r b s a i tched, dc i nput vo e S ly. ile e

i nventi on %as begﬁﬁéééggﬁb8§ﬂ #ﬁﬁnﬁﬁﬁ*?c)oﬁﬁﬁﬁlﬁé¥¥i éﬁgkgh?¥$ﬁsY?;F?9§
enbodi ments di sbasowes pbeitivet agadnskilled in the art will recognise
that many variations nay be nade wi thout departing fromthe present

invention. Accordingly, the above description of several enbodinents is
made by way of eR@nmbbe Mindng ef the pwisehed gfelagtance imachinieonis @The

present inventi @BrmS ofNtigiRE ive Dodd M {tede Ll Yallio the SHbitdnendoSenne
of the fo]}owing clains éZ . e .
person of ordinary . skill in the art that the invention is
equally applicable to any other inductive load requiring

a switched dc input voltage supply.

While the invention has been described in connection with
15 the illustrative embodiments discussed above, those
skilled in the art will recognise that many variations
may be made without departing from the present invention.
Accordingly, the above description of several embodiments
is made by way of example and not for the purposes of
20  limitation. The present invention is intended to be

limited only by the spirit and scope of the following
claims.



CLAI MS: 1. A control circuit for a swtched reI uct ance machi ne which
- machine conprises a stator and at | : % vm ndi ng associ at ed
ac

with at | east sonme of the stator pol t he control
age I- t conduct ors,

circuit conprising: first and second

first input conductor bei ng ‘connect abl e wi tig one end of t he m,m“m
means connected with the w nding and 10 bei ng operabl e t Jmmmm"’
wi nding with the second input conductor to create a primary wn |ng ctirren
pat h; a capacit GLAIMSHyristor, having a trigger input, the capacitor and
the thyristor being serially connected across the wi ndi ng and the sw tch
means to forma 15 secondary wi nding current path; and a

uni di rectional clrrend eeutrel cdhreettdion a@wikehed galnatange machdinedi ng

and the switch aghpmgentehihe Eewesaeghs EBYkbe! aha2Be tRastapMe WHasd he

thyri stor belng ope able to cponduct response to a tr er signal to the
trigger 20 103 AP 1HE |“ﬁ"vr:]'b & RAMEOE h‘gg?/cﬁt’( RHRS

t he capacitor eX@Bedhea oref eaehc phames! .thd coﬂtfolcuutcaitclcmmmdémgzzl aim
1 in which the thyri tqr ged. t maln in_canduction while th

vol tage across t %r 40?3 @gec?suq éﬁ?? volltnéod% g rmlﬁagﬁrcfﬁki as
clainmed in clainfirst inpnt\/\/rheﬁmmhé. slwiimg‘] conpecfaizle withudse @#nd of
transistor. 30 ¢ wmdfhﬁ”&#i&cﬁsm&éngé ”@&ﬁ%b&é&"ﬁéh thdwihd %g’"‘r}a\exgﬂ‘i .

the unidirecti ona current-device iIs circult as
claimi1, ¥ 3 orbaing @mexzblice fRwEPNBEEHI Fhenorinding vieh| Flhér saaand| e
to derive . 13 gnpRettéiAIn¥D| t8J6réa08 ANpAImSPY WEhding current path;

a capacitor; a thyristor, having a trigger input, the
capacitor and the thyristor being serially connected
‘across the winding and the switch means to form a

15 secondary winding current path; and a unidirectional
current device connected to conduct from between the
winding and the switch arrangement to  between the
thyristor and the capacitor, the thyristor being operable
to conduct in response to a trigger signal to the trigger

20 input and to maintain conduction while the voltage across
the capacitor exceeds a reference level.

2. A circuit as claimed in claim 1 in which the
thyristor is arranged to maintain conduction while the
25 voltage across the capa_citof exceeds the supply voltage.

3. A circuit as claimed in claim 1 or 2 in which the
switch arrangement includes a transistor.

30 4, A circuit as claimed in claim 1, 2 or 3 in which the
unidirectional current device is a diode.

5. A circuit as claimed in claim 1, 2, 3 or 4 in which
the power supply includes a rectifier operable to derive

as Been Replaced

"l



6. A circuit as clained in claim5 in which the rectifier is a diode
. bridge full-wave rectifier. 5 7. A switched reluctance drive system
conprising: a.switched reluctance nmachi ne having a rotor and a stator,—

respectively defining rotor and stator poles, and & 1Sk
assaci ated wi'th the or each phase of the naghine; 10? ﬂﬂ;m'"' zmlmm
' I ively

power supply; first and second supply voltage input t*erm nal shrespective
connected across the power supply, the first input termninal being connected
with one end of & heeatiiftiied);vaeltage dirom reamgensmdummnnect ed with the

wi ndi ng and operable to connect the 15 wi nding with the second i nput
termnal to create a primary winding current path; a capacitor; a
thyristor, havirfy a tzfi Fdacuifpups tabatmedciitor cdadm hd t hyr iwhish baihey

serially connectisb@fss idiey VAiKHEd bridhd 1My afdangenant to forma
secondary w nding current 20 . pat h; -and a uni directional current device

connect ed >t o conduct from between the wnding and the swtch
arrangenent to beiween shétthgdi dellusuxhdehedeipacidyytent heowppbsihgt kkei ng

char geabl e t hr ough, i _ndy t he .uni di.rectional_ current, devi.c when
the switch 25 uﬁ"%é%%%e%‘?&@opék%}}l&euil}a,vjtr{? & ¥§ °efgt,§nldh aef(l;:?g?rdf
the vol t age appl¥espegtivelpsedisingirptasr end shatbrrpolesd amt@nghase
term nal s and bej j q%g&ﬁlaﬁl h t r g%q‘l en
the switch arraﬁg{e}?}%%ltléan_ t he tﬁ%é%?hgrgfsﬁﬁggﬁen%?%@i ) tkhqeﬁm
thyristor00  aheied@SFdcad ePeWeEorRRRIY h Ed3isdnsando seeond gaupnighal

to the trigger ivyltageddiputterningleopdipbtoivelioncditeyOdd aleraid Agfe t he
capacitor is great crpss the first.apnd,second term

th h | t |
and to becone no?lqg?r:%nﬁﬁgﬁxg mgna’ﬂ‘reﬁi votiRife G8FBERalh e&&ﬁa(ﬁqﬂd’reqt(ﬂ‘?g >

with one end of the winding; a switch arrangement

_ connected with the winding and operable to connect the
15 winding with the second input terminal to create a
' primary winding current path; a capacitor; a thyristor,
having a trigger input, the capacitor and the thyristor

being serially connected across the winding and the
switch arrangement to form a secondary winding current

20 path; and a unidirectional current device connected to
conduct from between the winding and the switch
arrangement to between the thyristor and the capacitor}
the capacitor being chargeable through the winding and
the unidirectional current device, when the switch -

25 arrangement is open circuit, to a voltage in excess of

| the voltage applied by the power supply across the first
and second terminals and being dischargeable through the
secondary current path when the switch arrangement and
the thyristor are subsequently closed, the thyristor

30 being operable to conduct in response to a trigger signal
to the trigger input and to maintain conduction when the
voltage across the capacitor is greater than the voltage
across the first and second terminals and to become non-
conducting when the VOltage across the capacitor falls



below a reference level. 8. A system as clained in claim 7 in which
.the thyristor is arranged to nmaintain conduction while the 5 vol t age

across the capacitor exceeds the supply voltage. :%Wi med
inclaim7 or 8 in which the switch arrangenent .i.n )!ui S a transi :

: 10
10. v A systemas clained in claim7, 8 or 24i n whi ; Eﬂ‘!flmﬂ[]ﬂﬁm onal
_ ' or 10
a

current device is a diode. 11. A system as cl ai ned
in which the power supply includes a rectifier operable to derfver15
rectified voltagpeliowmn arefereame devell2. A systemas clainmed in clairm 11 in
which the rectifier is a diode bridge full-wave rectifier. 20 13. A
systemas clainmed in any of claims 7 to 12, further including neans for
sensi ng the posi&. on %f ayRtamt @s welpimedpetn t@laie st atir . which A the hod

of controlli ng %W%@Sisl aﬂ‘aﬁgba Y mintairPfcEh@ufBidnt thiie_ tthﬁe_
net hod co HSlggoactuatln the swtch arrangenent, of .t he control @I’CUIt
and the tRyri ot GOLERAGE RRRRSEEHEEARAS YR SRS ShE SHER Yati i ad

deact uating the swtch arrangenent. to cease conducting at the end of the
conduction angl S. 30A system as claimed in claim 7 or 8 in which the

switch arrangement includes a transistor.

10 10. A system as claimed in claim 7, 8 or 9 in which the
unidirectional current device is a diode.

11. A system as claimed in claim 7, 8, 9 or 10 in which
" the power supply includes a rectifier operable to derive
15 a rectified voltage from an ac source.

12. A system as claimed in claim 11 in which the
rectifier is a diode bridge full-wave rectifier.

20 13. A system as claimed in any of claims 7 to 12,
further including means for sensing the position of the
rotor with respect to the stator. '

_.14. A method of éontrolling- a system as claimed in any
25 of claims 7 to 13, the method comprising actuating the
switch arrangement of the control circuit and the
thyristor to conduct at the beginning of a conduction
angle and deactuating the switch arrangement to cease
conducting at the end of the conduction angle.
30 '



