1 STARTI NG OF S| NGLE- PHASE MOTORS Thi s |nvemQ@éHfH%%au§S to
. singl e-phase, electronically 5 commutated electrical rmachines. The
knvention is particularly, though not exclusively, appld@ﬁﬁie to

si ngl e- phase switched rel uctance notors. Swi t ched rel uct ance

machi nes typically conprise a stator, 10 with salient stator poles
and stator w ndings for energi sing the stator poles, and a rotor
with salient rotor poles. The rotor is jymounted in bearings to allow
it torotate coaxially with the stator. Mvenent of the rotor is
I:nfluenced by the stator poles according to the 15 energi sation of the
stator w ndi-ngs..- - The theory and desi gn of such machines is well
documented in, for graprrnEXHAPs AahilbRaRCorbR8 Charact eristics, Design
and Appllcatlons 0of Sw tched Reluctance Mbtors and Drives' by

St ephenson and Bl ake, presented at the PCIM"' 93 20 Conf erence and
Exhibition at Nurnitdig, iGeemmipn healetz2b to singldphb@@3. electronichily

common Wih ather LipRacated egiéaegicyfcmmn Pint 1Y ! Ghedntgbyct agee

machi nes can have on

CIrCUItS known as
phases.  These P@rtlcularHYscu%%@RHhr1QHﬁe F§FéP§h¥% %howPPlicghlee Eqch
phase nunbelsinglasphakat edivdhdd aralardtanyeohodoter ent
advantages, it is generally accepted that the single phase systemis
particularly cost-effective for | ow power 30 drive systens. An exanple
of a singl e-phase Pudiiichedi seluctance mRGHLREEYRIFFilY. Eomp#h%e§%&F6F°Sfand
the rotor Ref with salient stator poles and stator windings for

energising the stator poles, and a rotor with salient
rotor poles. The rotor is mounted in bearings to allow
it to rotate coaxially with the stator. Movement of the
rotor is influenced by the stator poles according to the

15 energisation of the stator windings. The theory and
design of such machines is well documented in, for
example, the paper ‘The Characteristics, Design and
Applications of Switched Reluctance Motors and Drives’ by
Stephenson and Blake, presented at the PCIM '93

20 Conference and Exhibition at Nurnberg, Germany, June 21-
24, 1993.

In common with other types of electrical machines,
switched reluctance machines can have one, two or more
25 independent circuits, known as phases. These are
discussed in the reference above. While each phase
number is associated with a variety of different
advantages, it is generally accepted that the single
phase system is particularly cost-effective for low-power
30 drive systems. An example of a single-phase machine is
illustrated in Fig.l. The stator $ and the rotor R of
the machine in Fig.l each have two salient poles, both
stator poles having an exciting coil C wound around them.
The two coils are connected together to form the phase



the machine in Fig.1l each have two salient poles, both stator poles

. having an exciting coil C wound around them The two coils are
gonnected together to formthe phase
2 . Wi nding. Thi s exanpl e shows two poles on each of the
stator and rotor, but other nunbers of poles can be used. Furt her,
this exanple shows the rotor rotating internally in the stator bore,
t hough arrangenents are known where 5 thesrotor rotates around the
outside of the stator (these are known as 'inverted nmachines).
Fig.2 illustrates the static torque curve of the machine, i.e. the

torque T devel oped winshingn ar fihisarexampdestshowsl@wo podrsi bat eaahcofr ehe i s

applied to the phasf WdidaRd Astér, but othHRCHIMNe S otfhso%g'()%

Plod gkaki, on
[err] of the rotor a curve is a characteristic doJ%Iy

._ Such . ,
salient notors and Furéﬁer’cﬁhlﬁée¥%ﬂﬁﬁﬂ steusorhengpteregotating inteppapilne
control includes the ' toppatyr bode, okhwogbr arrangemdmysuere’ gidwat iwherat

| ow speed. The torqufs ,$te@NtERALEY arouna thY &g%faé io@gtﬁggﬁ&l I NGpese.

current fromrising abqve a , .. maxinum leve y repeatedly chopping it
during the phase 2re knoymqast | dAVHEF£dd.makingisdher speeds the rise and
fall 20 times for the current wll be such that the current is

switched on and of el iggasttzggesﬁq&gr%%%ﬁccea%ér &3{6}% of thd HacBdnand

i's not chopped in norma erati on. I's con

through the switchihd arfdi®edonaue T developgd whgn ar PRityagys Songkpak

voltage is applied dxaciantidh curreavetisedppliédecphaise pidid R@ndinghkes bS

;Eg so-cal | ed fundU i SePuhae 0BYE" 0f LQPELALL 0o YU N tRE chapriNg
a curve is a characteristic of doubly salient motors and

can be calculated or measured.

15 Machine control includes the ’‘chopping’ mode of motor
torque regulation at low speed. The torque is controlled
by inhibiting the winding current from rising above a
maximum level by repeatedly chopping it during the phase
conduction period. At higher speeds the rise and fall

20 times for the current will be such that the current is
switched on and off only once for each phase conduction
period and is not chopped in normal operation. The
torque is controlled through the switching angles, i.e.
the angular positions at which voltage is applied to and

25 reversed at the phase winding. This is the so-called
‘single-pulse mode’ of operation. Both the chopping and
single-pulse modes are discussed in the Stephenson and
Blake paper referred to above.

30 Such machines are normally ‘rotor position switched’,
i.e. the voltage is applied to and reversed at the phase
winding according to the angular position of the rotor.
The rotor position is determined either by a physical
transducer which measures rotor shaft position or by



sihgl e- pul se nodes are di scussed in the Stephenson and Bl ake paper

.referred to above. 30 Such machines are normally 'rotor pasition
swi tched', i.e. the voltage is applied to and reversed at the phase
wi ndi ng according to the angular position of the rotor. The rotor
position is determ ned either by a physi cal transducer which
measures rotor shaft position or by
3 al gorithnms whi ch deduce the positign from ot her vari abl es
in the machi ne, such as current and flux. |In |ow cost drives,
sinple position transducers are generally used, typically conprising

an optical dor Hal | hﬂécﬁ:ﬁttrﬂsvhﬁegﬁldedud;ei xad é&s%&lle)nsgabﬁro@{& Jaking18s a
sensor to detect the Qxi mty,of a castellat ane or net
assenbl y moufit ‘e?eonm?f%{el%edt osr&,/cs & CUEETRE SR S8 | §nﬂgg"’f figst
same nunber of cast®ivgs.ofsimpdet Posibion huanpdlesrs are genepeddlt vekér

arrangements are posghidalylcomprisingnONn SpE SELEMBRAL §aQh - bE ASHUGEY Sce
typically use_ a si or

ngl e sensor one-, and two-phase systens; t
sensors for & gl’feo%r“:-opt%‘?e Sgﬁg?’érﬁ‘%c?mact e§§eﬁsﬁ‘$gs?%rt% dieﬁregg- Bﬁgse
system In a singl eepdwigeityysoém ai tdastied lebadorvans npice ddgnet |asgewbly

ysed to Qecodg trmfébﬂﬂﬁgdcgntﬁﬁb5§8§8f ERaft ., ThQrOMthuéQEQIyPH§£tEHQ
information within one roto e machi

ol i tch. In.th e of _Fig.1,
the sensor would S&me nH‘B{’ IP? H?Sﬁ(?éilg%ﬂﬁﬂ &5 it cﬁ?@ﬂhgﬁst%lﬁﬁt or
pol es wer e ftibdyglaldtdreed awrbhgehentss sy pgoaisédlei. e. the rotor 20
position shoyy and general |l yknown as L[err], since the phase wi ndi ng

has maxi mum i nductance at this rotor ggsi tion). ,ASfum' nsg t he vane
has a mark/space r AFIDRFAEFCIRE transducers typically use a single

sensor for one- and two-phase systems; two sensors for a
four-phase system and three-sensors for a three-phase
system. In a single-phase system with one sensor, simple

is logic is used to decode the output of the sensor to
provide rotor position information within one rotor pole
pitch. In the machine of Fig.l, the sensor would
normally be positioned to indicate when the rotor poles
were fully aligned with the stator poles (i.e. the rotor

20 " position shown and generally known as L., since the phase
winding has maximum inductance at this rotor position).
Assuming the vane has a mark/space ratio of unity, the
sensor would also indicate the position 90° away
{generally known as IL,,, since the phase winding has

25 minimum inductance at this position); i.e. with the rotor
poles midway between the stator poles.

Positive torque is here defined as driving the motor in
the forward, clockwise direction so that the angle of
30 rotation ¢ is increasing positively in Figure 2. It will
be appreciated with reference to Figure 2 that the motor
will only start from rest in the forward direction if the
motor is in a position corresponding to a region of

positive torque, i.e. in the region between points 2 and



sensor would al so indicate the position 90[err] away (generally

. known as L[err], since the phase w nding has 25 m ni mum i nduct ance at
tthis position); i.e. with the rotor pol es m dway between the stator
pol es. Positive torque is here defined as driving the notor in

the forward, clockwi se direction so that the angle of 30 rotation [err]
IS increasing positively in Figure 2. It wll be appreciated with
reference to Figure 2 that the notor Wil only start fromrest in
the forward direction if the notor is In a position corresponding to
a region of positive torque, i.e. in the region between points 2 and
4 4 of Fi g ef2.FiQurhe.ot ber thandthéd Hamel pligsehei plasg windings

ener gi sed when the fOlQf g sLp @h%ﬁg%ﬁg]fgy’Qe§Qogg'£mk?aﬁﬁn c%grQS%g%%YEQ

torque, i.e. bet ween poi Nt s
reverse direction. 4% ?“h%a'kﬂﬂ‘é%et%rque Wi nRli ngeteesthePinted Pnaad i okhof
substantially zero rotor willdr gid®e inethat ré*ﬁ@é‘ée hﬁlx\aeerioﬁm ntg thanghdser

bet ween 5 PO 1%1ﬁn OqISS erd i Eior \év:a:l l’x tg %h%s‘:?nt%ally ze{'(g

order to overconme thisp em o nrella g vari ous
met hods are known f¥Rresi ti-6ni 3§ &Rast betWﬁ#QnRﬂimtﬁ fthandopr e&t bahyeear

position with respasdidt® 4hend 5, theétmdtdr RAMAr eagnergisig t he phase
wi ndi ng, thus ensuring that the motor will start and will rotate in

t he desired direction. Such a systemis disclosed in, for exanple,
15 US 4932069 whirhowier| beesveneoms ethis spreblemdot punkehiability in

magnets genef@l |y nptitaithddn vl otbainetnddsl &6d i#bwa foe positionif§OLhEO

hold it at rest in a‘PreEEJEEd géégéét %ngular position with respect to the

stator before energising the phase winding, thus ensuring
that the motor will start and will rotate in the desired
direction. Such a system is disclosed in, for example,
is US 4932069 which discloses the use of so-called ‘parking’
magnets generally mounted on the stator and acting on the
rotor to hold it at rest in a preferred starting
position. Such a position would typically be around
point 3 on Figure 2, where the torque is at or near a
20 maximum value.

There is one characteristic of parking magnets that is
often apparent when the drive has been operating and is
switched off. The rotor coasts down in speed until the

25 speed is low enough for the magnets to ‘grab’ the rotor
and prevent further forward movement. The rotor then
oscillates around a final resting position, the amplitude
of the oscillations gradually decaying as the kinetic
energy in the rotor is dissipated in friction and in eddy

30 current losses induced by the field of the magnets in the
stator and rotor. This process of cocasting down and
oscillating can take some time, particularly when the
load. torque diminishes with decreasing speed and the
friction in the system is low.



position. Such a position would typically be around point 3 on

. Figure 2, where the torque is at or near a 20 maxi mum val ue.

Ehere is one characteristic of parking magnets that is often
dpparent when the drive has been operating and is switched of f. The
rotor coasts down in speed until the 25 speed is | ow enough for the
magnets to 'grab’ the rotor and prevent further forward novenent.
The rotor then oscillates around a fingl resting position, the

anpl i tude of the oscillations gradually decaying as the kinetic
energy in the rotor is dissipated in friction and in eddy 30 current

| osses induced by thieidieharaftddiastiagnreds intdddfce some prabdemandor @her .

This process of co | : ive OSCLLL At ] n Kk one..t
particul arly when ?ﬁ%%fg&fgﬁMQFgggh?o?ﬁh%gdin?%%s%gggﬁﬁ%h %€c§8§s?%lbsg§€b
and the fri cBVbiched (Hfd sk ém iastespt is made to re-start shortly

5 ~ This charaftervwaids; Celte | BbEOHUGRYS GELI AWM eff bA tdcillatory
operation of &he driyfsiefd HXATPhE rif dilRa9"NEiddkes charSihl CRELLN]
and an attenpt is nade to re-start shortly a}.erwar S, e Totor may
still be in an osciIta@HAPPEOPriagyRATIitdPIniern $HE RELCS §RPe iTRARPALes
t'hat Ithedrotor is tohthe Windlngppr apideat ehpesi ¢bidl fidhseXEhé akiwdidd rg
reapplie t L nd) n condi tions h i .ndi.n y
be energi sed when ?’ﬂée %&ﬁ%&gagﬁgngﬁ%a%$€%esharsegVgir?go?a?é letgmrr%llogrlur%%
devel oped torque toRA¥HRUR [Hevied@PeA bpravartowaxsisiGhe regperuet (neay Zerom

point 3 in Frgure 2cépy@s dge RPI Mroh) point 3 Ah FRGSrP 0 Nowd s tgyigite 4hr.om

t he parki ng magnet 88 9seS Loine. LRe (Lelaticvely small) . main torque and the

rotor is i kePy TSP rn PRRCFEG F6R™ $IF BARGIE TRgpEe opposes
the (relatively small) main torque and the rotor is
likely to stay in that position, failing to start.

15 In some known systems, the sensor is so positioned that
it produces signal transitions in advance of the rotor
reaching the aligned position. This is done for reasons
associated with better operation at high speeds. It
follows that, at zero or low speeds, where energisation

20 of the phase winding is linked directly to the edges of
the sensor pulse train, these systems could allow
energisation of the winding in a region where the
negative torque is sufficient to set the rotor into
rotation in the opposite direction. While to overcome

25 these and other problems it is possible simply to wait
until the oscillations die away and the rotor is in a
desired starting position, this may not be acceptable to
a user requiring a rapid re-start.

30 It is an object of the present invention to provide a
. rotor position transducer which provides more reliable
starting of electrical machines, particularly of single-
phase switched reluctance wmotors, than has previously
been possible.



15 In some known systens, the sensor is so positioned that It

. produces signal transitions in advance of the rotor reachi ng the
al i gned position. This is done for reasons associated with better
operation at high speeds. It follows that, at zero or | ow speeds,
wher e energisation 20 of the phase winding is linked directly to the
edges of the sensor pulse train, these systens could allow
energi sation of the winding in a region whereg the negative torque is
sufficient to set the rotor into rotation in the opposite direction.
While to overcone 25 these and other problens it is possible sinply to
wai t until the oscillations die away and the rotor is in a

desi red starting pasi tion, EhiendBy oBfLeb®oRCosR Al ddon to pPolPsl a

requiring a rapid re-start., . I's an object of the pres i

i nvention to provi d@tRY Positienyitgansgurer ofeX rdhSdaEEF 1GhT SR B hor e

reliable st aliliowg Gbrefester aad-smaitiings, particularly of single-

phase swi tched reluctance notors, than has previously been possi bl e.
I't is a further object of the invention to provide a )

rotor position trafSFeEELnBortan WeectfPear Richithe whpkpntion themeowdst or

faster re-startingprovided adotieratirig hachive aspeati sihgt hestav@nte@antihgr e

S ator pole” 570, BeAENEE LRI AL DR SORASL N ASLAL g one

or more of the poles, a rotor defining rotor poles and a

10 rotor position transducer comprising a member arrénged to
rotate with the rotor, a first sensor arranged to be
influenced by the movement cf the member to produce first
signals indicative of positions of the rotor relative to
the stator of substantially zero torque, and a second

15 sensor arranged to be influenced by the member to produce
second signals indicative of positions angularly in
advance of the first signals, intervals between the first
signals and the second signals being indicative of
different regions of torque production.

20
The invention includes introducing a second sensor to the
conventional rotor position transducer for a single-phase
machine, which sensor is positioned in such a way as to
provide extra information on the position of the rotor.

25 This allows the control system of the machine to
determine when the windings should be energised, thus
providing reliable starting, and when the phase windings
should not be energised, thus avoiding rotation in the
wrong direction. The second sensor may also be used as

30 a timing sensor for the operation of the machine at high
speeds.

Also according to the invention there is provided a
system comprising a machine as defined above, a



or nore of the poles, a rotor defining rotor poles and a 10 r ot or

. position transducer conprising a nenber arranged to rotate with the
rotor, a first sensor arranged to be i nfluenced by the novenent of
t he nenber to produce first signals indicative of positions of. the
rotor relative to the stator of substantially zero torque, and a
second 15 sensor arranged to be influenced by the nenber to produce
second signals indicative of positions angularly in advance of the
first signals, intervals between the first signals and the second
si gnal s being indicative of different regions of torque production.
20 The i nvesbhorol et udes iantgwdditt NGrwrReeend eistr i dperably

conventional rot OrCBRﬁéé&%{' EJxaQSLQHSEEOBQAg Lh%' Qgh’c’ré?f'f‘éxe o ener?gggmﬁ@’

whi ch senser is positioned in su I de ex

i nformati on on t hePpdset WSRISRIt héhﬁomntr?@ler bping r@lwl"?hé'—o clt r ol
system gf the naEhste anldo second aegﬁam; neovh@adheind ngingsg shaul chde
ener gi sed, thus V, i,abl ng,wh h

wi ndi ngs 8 st?ﬁtﬂéf gé%ﬁdl{r% % Sgﬁké&g&%l du;ah %he %tal& ‘EnQQ?ie?ls
wrong direction. Th@ §€§Eﬂ§eséh@oﬁwﬁﬁyhap§§aﬁﬁe%%%@ ébeEﬁbY engbling nghe

sensor for the opegrathoRe Ofo tdear@GRIIAQKAL . hi gh speeds.

Al so according to the invention there is provided a system
conprising a machine as defined above, a

7 cont r ol | Eheandvgnsionc lrlgor axjandst twhi ahmeshegercdblstarting a
connected fQ@p actugihgiebyndde ﬁ@&hiﬁé' &fs ! P LOLF&H seot hﬂoove coRPag€ing
wi ndi ng, the controIIeF belng#h onﬁJved;o t he €4 1 dgnd sec.ond
SI gnal s to det erm ﬁlg iL ﬁ{.‘hlbg 1lrs an sSecon s:.gna S, an energlising

the phase winding in an interval between one of the first
and one of the second signals to move the rotor in a
desired direction.
15
The invention can be put into practice in various ways,
gome of which will now be described by way of example,
with reference to the accompanying drawings in which:
Figure 1 is a cross-section of a known single-phase
20 switched reluctance machine;
Figure 2 is a diagram of static torgque for the
machine of Figure 1;
Figure 3 is a schematic diagram of the position of
sensors relative to the stator of a motor according to
25 the invention;
Figure 4 is a schematic diagram illustrating a motor
system according to the invention;
Figure 5 is a diagram of the position sensor outputs
of Figure 3; )
30 Figure 6 shows a machine and control system
according to the invention;
Figure 7 is a schematic diagram of a delay control
system incorporating the invention; and

Figure 8 is a timing diagram for delay control using



5 starting procedure in accordance with the said intervals to

. actuate the switch arrangenent thereby enabling the machine to start
reliably. The invention al so extends to a nethod of starting a 10
si ngl e-phase machine as referred to above conprising nonitoring the
first and second signals; and energising t he phase winding in an

I nterval between one of the first and one of the second signals to
nove the rotor in a desired direction. 15 The invention can
be put into practice in various ways, sone of which will now be
descri bed by way of exanple, with reference to the acconpanying
drawi ngs in which: the system ofFFggliee 17j s a cross-section of a known

si ngl e- phase 20 swi t ched rel uctance machi ne; Figure 2 is a
di agram of static torque for the machi ne of Figure 1,

Figure 3 is a scheritduredi agrmwst the. posangsmept c©f a zebsor posditabnve

to the stator of a dﬂHerdu@%Qor(ﬁP'ﬁg d19 a2%elucthh€e I:ﬂzlst%&t E8Naccordance with

Figure 4 is sche |c dlagramll
invern

ust rat
according to the invention, oo L‘ If%g%'fé’sSa 1588 %‘ﬁt?%c?r'?/"b?nett [p§ the
position sensor out%ﬂH@ﬂtlon havdhgFitgar etgucg@re of Figuid qurimcpogiages a

gachi ne7 and coRt i asy&ﬂiahedf relgeegﬁ@lé Nehalc®ihBe &MRNL I ONfhe drive
I gure is a sc enat1.c | agr am.o a el a ontr
é%Ff %. ﬁéaﬁ
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i ncorporating the it drgructance 1Eeg§?¥1§gi§ §%¥§ﬂ$ggodﬁﬁﬂr5m

for delay control usitar 12 Coils 14 are mounted on each of a pair of
10 opposed stator poles 16 and are connected to form a phase
winding. The rotor 12 defines opposed rotor poles 15.
A parking magnet 17 is mounted on the stator as shown in
Figure 3. At rest, and assuming a sufficiently low load
on the motor, the parking magnet will attract the rotor
15 so that it is maintained in a non-zero torque starting
position. For the sake of clarity these components are
only partially depicted in the motor of Figure 3. For
this illustrative embodiment they have the same structure
as the single-phase machine of Figure 1 with the addition
20 of the parking magnet 17. As with Figure 1, the number
of poles on either or both of the rotor and stator may

differ from that depicted.

An RPT 18 comprises a vane 20 which is mounted to rotate
25 with the rotor 12 on a shaft 22. First and second
position sensors 24 and 26 are arranged to be influenced

by the passage of sectors 28 of the vane 20.

The RPT 18, unlike known RPT's for single-phase
30 electronically commutated machines, has the two position
sensors 24 and 26 which cooperate with the wvane 18. In
this example, the vane is made of aluminium or some other
suitable material which is opaque to the infra red light
to which the sensors respond. Also in this example, the



the systemof Figure 7. Figure 3 shows the arrangenent of a rotor

. position transducer (RPT) on a reluctance notor in accordance with 5
tthe invention. Figure 4 shows a first enbodi nent of the i nvention
havi ng the structure of Figure 3 incorporated in a swtched

rel uctance machine drive. The drive i ncludes a rel uctance
machi ne having a stator 10 and a rotor 12. Coils 14 are nounted on
each of a pair of 10 opposed stator poles 16 and are connected to forma
phase wi ndi ng. The rotor 12 defines oppdsed rotor poles 15. A
parking magnet 17 is nounted on the stator as shown in Figure 3. At

rest, and assum ng gerfdddd fax%ntdp)‘_ﬂcaw EQQgches, P& 1R, fﬁ@iAoroeszh%\aHérKyng
magnet will attractHétqhee rqI i.S nmain

3 o8 % in a ggn zero
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are only par tqfaiﬁr)stdpﬁ credthe shd ldstomeaarisoRi guree Jothdiprtypes ofhis

illustrative embodig@ort hey. gha\z@mh@fsae’e SkI UEbaE L ive serBdriN@ould be
si ngl e- phase ,ITB.ChI n dition_20 of the parking

d
magnet 17. A% wthﬁ‘%&’b%%njuﬁgwﬁﬁﬁb‘é?eha sultgblsovaBeon either or both

of the rotor and stator may differ fromthat depicted. An
RPT 18 conprises a mangad cMirClasl %nrr@agteeéot 8f" 0h&h €022 he é@ét%xtshﬁsrekor
12 on a shaft 22. First and s posi tion %ensors 4 and 26 are
arranged to be inflTRhc@pe 20 recl‘f?gfltvﬁetﬁaéséﬁérﬁ’?p% RS sr°2’8’roﬁ°°9ﬁe gafte
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t he vane 18 In thi s exanpl e, the vane

and 26 which cooperatcg]rvvlt

is made of al unini utf Bengroular codpridgnee n‘é? el captiren 1i8eophque
to the infra red | igdt rotor podewhbchithetlsensontserédponz2 A sthd Bthhos

exanpl e, the pole 16 (i.e. the position of L., . The sectors 28 on the

vane have unity mark/space ratio with respect to the

15 voids between them. During the passage of a void past a

sensor the sensor output is high. Thus, the first sensor

also indicates the passage of the centre-line of the

interpolar space on the rotor 12 past the centre-line 32

of the stator pole 16 (i.e. the position of L., . The

20 output of the first sensor 24 is shown in Figure 5 as a

function of rotor angle for the rotor rotating clockwise

in Figure 3. It will be seen that the output of the

first sensor is a unity mark/space ratio signal, with

transitions coincident with the points of minimum and

25 maximum inductance, in accordance with the position of
the first sensor relative to the vane 20.

The second sensor 26 is positioned to cooperaté with each
sector 28 at a position that is angularly displaced by an
32 angle X from the first sensor 24 in Figure 3. In this
example the angle X is 30°. 1In general terms, the angle
should be around 0.17 of the rotor pole pitch, though
values between 0.10 and 0.20 will generally be
acceptable. The output of the second sensor 26 is also



9 sensors are optical switches, Part No. HOA 0825 nade by

. Honeywel | Inc. of Freeport, Illinois, US A It wll be under st ood
by the skilled person that other types of sensor, e.g. Hall-effect
or capacitive sensors could be 5 used in conjunction with a suitable
vane. The position of an edge 30 of each of the sectors 28 of
the vane 20 relative to a corresponding rotor pole, and the position
of the first sensor 24 relative to the 10 stator pole 16 are such
that the first sensor 24 i ndi cat es-% he angul ar coi nci dence of
the centre-line of that rotor pole 15 with the centre-line 32 of the
st at or pol e ti f r] e r nst.he
vane have unity nar%&%pace réﬂﬁnﬂaf%h ?@?ﬁé@%iﬁﬂt o éﬁ% é%%%hﬁ %gggog lg

them During the REYDFLYa WG Fapgspsathat of %@%s%ﬁr%QKEh¥§n§§WaBGFﬁut
is high. Thus, the¢ict isenserrotor cydleso’ i ndi cates the passage of the
centre-line of the i nterpol ar space on the rotor 12 past the
centre-line 32 of the stator pole 16 (i,e. the p05|t|on of L[err])
The 20 oufput oft t'e ¥ espPBRRSRE 4 the shbhheq PeEsgnr Ehat fdhe, sensor
function of rotor aagfiether vhhe rotwd mdtabenghdifoelwwieh respectntbi ghee

3. It wll be See”g%ﬁ?é tﬁﬁ%&keyt o&’Ieé A enout chgﬂ%s&g %ﬁ@sﬁéﬁé«? %f:“@h%y

mar k/ space ratio si fransitions coi ints
of minimumand 25 IDICERAtARR | SRRtashdeson | theyRBF dands ﬂFPﬁrtwérﬁéslpyon
of t he firstskefisixig r oahi iched ovhhe waide e sensors b'{}hetlii@C@adue

posi t1on thattls anbuiaify Qrenre: ond, efBfd wout, 38G58ELE” Ao Popp
.sensor 24 in Figur eP881t3r?P~°trﬁ the ro"—%(aﬁfﬁ:)ljé:tlﬁé:aé:t‘?@i e XY ds3glamet]imes| n
general terns, the ﬁ@@é§Sary to sHidd dhEESaheuﬁd Qnd7tmé ddie rigf @hipokay
ggzggiahrg?g$he outpu¥gu$ thebgéé%%% sed sg¥e§%%m; S f&%'hon gﬁfﬁéﬂéy °e
mechanical fixing.
15
In the embodiment shown in Figure 4, a motor controller
36 controls the actuation of a conventional switch
arrangement 38 for energising the phase windings in
response to an input speed or torque demand. The
20 movement of the vane past the sensors 24 and 26 produces
two outputs that are decoded by the controller 36 for
starting the machine and actuating the switches in
response thereto.

25 One way of making use of the extra information afforded
by the presence of the second sensor 26 is to combine
logically the two outputs and for the controller 36 to
allow the energisation of the phase winding only when the
first and second sensor outputs are both high, i.e. in

30 region P of Figure 5. This prevents energisation near
the L., position where, by inspection of Figure 2, it will
be seen that the torque is low and insufficient energy
would be imparted to the rotor to enable it to overcome
the retarding torque of the parking magnet 17. This



10 shown in Figure 5. The output of the second sensor is :
ssentially the sane as that of the first, but advanced by 30[err] in
the rotor cycle. 5 It will be apparent to the skilled person that the
sensor . and .the vane could all be shifted with respect to the
stator and rotor poles wthout changing the nature. of the I nformation
derived fromthe RPT. In other words, by shifting both the vane and
t he sensors by the sane 10 angul ar anouht the sensors would
kndicate the sane positions of the rotor as it rotates. It is

#oneti nes ne : hi e rs.and the vane.Jj.n . thi
because of space r%%%i éﬁ%&?gﬁofL%g%QEogggggg%%et%F rel'td 1%%# ni & IV\@Me
fi xi ng. 15 ISt RENGNBIFACHES: shBRAS| Fari fer elmplenensedr il ber
?6 controls the ﬁC@ﬂ%fpilqlingf d@ecoauepﬁt@na&oﬁwtuﬁh sensors a4 Apgergyt tﬁ&d
or energising the in .. oL esponse. _to an, input. speed.
or torque demand. C%n%%g)lyﬁg é‘E]gf'srﬁ)rv(ta-'r}rlfeen W%J‘T_’Cl?ef'u r\?EHStB%%? ‘?%té)rsg“ﬁléio}lggﬁﬂ
and 26 produces combings ignaputegihdr attoddbioded bygnabs dom tdlel phagé
for starti ng:dé&@i@aembﬂetamea&wg_tlhﬂgetBﬁl?%écleﬁé 88sired rotor
-response thereto. 2 . One Maytof nakl%ﬁ Hs€.0 .the extra jnforpatjon
af f or ded by “’Fﬁgepre‘s@nce“bf R eT SRt FR A sBhsBH99Ee| 8-t 0 Hontt e
| ogically the two cwparentarfrdrorFidierecoft tbat ethd6 starting . regliloow B hés

energi sation of theiRhA%TE W BY BYLANLY gﬁ@ndigﬁal outpu;cgr ok and §sﬁeﬂ£i§

sensor outputs are hot region P of Figure 5. Thi

_ _ h |%h ,.e..In 30 I ol _ _
prevents enerdi sat i%h 3Wcar being hygh 19%r'y’ ‘posi ti on where, by inspection
of Figure 2, it wll be seen that the torque is |ow and insufficient

ener gy woul dr P&, | e tlidnt RE L0 LBNEIAY! Cudd 10 QYELCOFBrhe

' extra information provided by the second sensor 26 by

using not only the extra position information but also

15 the directional information which may be deduced from the

sequence of occurrence of the rising and falling edges of

the two outputs from the sensors 24 and 26. When a

command to start the drive is received by the controller

36, the position of the rotor can be immediately

20 determined to be in one of the four regions P, Q, R or S

from the output of the two sensors. The controller 36

waits to receive information as to whether the rotor

moves to another region. If, for example, the region R

is followed by the region Q, the rotor is moving anti-

25 clockwise and no action is taken. The monitoring process

continues until the rotor is known to be moving in a

clockwise direction in either region P or Q. The phase

winding is then energised in the normal way and the motor

will start and run up to speed using conventional

30 energisation patterns thereafter, as known in the art.

In a further embodiment shown in Figure 6, a timer 40 is
incorporated. Normally, the timer would form part of the

controller 36 although it is shown as a separate entity



the retarding torque of the parking nmagnet 17. Thi s

. energi sation schene inproves the reliability of the starting process.
This can be inplenented easily by supplying the outputs fromthe
sensors_24/26 to the controller 36 for the switched reluctance notor
and using 5 conbi national logic to allow firing signals for the phase
energisation to be available only at the desired rotor angle, i.e. in
the region P of Figure 5. It will be apparent fromFigure 5 that the
starting region Pis signified by bot h*®f t he digital outputs of the
sensors 10 24 and 26 being high or "1'. In a nodification of
the invention, useihSriBdge0f #d1€ the sakeC¥Er@1hpi@ymation provided by the
second sensor 26 by using not only the extrda position information
but al so 15 the directional information which may be deduced fromthe
sequence of occurr &heetifex M risshnganged ftal Iriengiedgelse afutput of the tww

outputs fromthe S%@%Q[ﬁszﬁtl afil 26 F\A@ﬁntﬁ% re elve(épm§QtEO éﬁ arg; fde

drive is recelved é he control ler e position of e rotor
can be i medirat el y 490 LiMege tEeniETEG tpOF; th@nerQFPrt H& o e FRBIFE KO Q
Ror S f r omanbeheut pAteof at hemhsitnd SefSpESeiveher o aitaH en .36 The

wai ts 10 reoel ve | BLOpIBL! 90 @5 (uHbchfelo WA QLebBhine yngq TRECERESE 12

anot her reglon. exa
region Q the rot 0|lha|ss eﬁfﬁ?th"%ifi(lco% to &%kwl%whhﬁhnéa%t?—% ‘F?smer
taken. The noDnit OeBghpE086ME predetedBiddUdmelblt| cblift I ViOhowss K&y to

be noving i | pck d tion t her i . _The
phase '10W| ndi ﬁeseg ?ﬁe%m ﬁerg%l g'gldog ?Eegfrll%ron% pu&% %an ?ﬁ%osn%rtls?rs
will start and run ZGp ard speed uBRiR) €anvdst | brkan 300 lnéﬁéﬂgﬁs&thaén the

patterns thereaftebscaglkpovhisi mdhe dHiled away and the drive can be

restarted using any suitable method for starting from
rest.

15
Because of the non-linearity of the torque imparted to
the rotor by the parking magnets, both the amplitude and
frequency of the oscillations wvary during the settling
period. However, a predetermined time-out wvalue of

20 around 200msec has been found to be appropriate for small
drives rated up to around 1kW. Larger drives may require
a commensurate increase in the time-out wvalue. Whiie
this method can use wvirtually any spacing between the
sensors, it is found that setting the transition point of

25 the second sensor to be approximately at the detent or
rest position of the parked rotor under the influence of
the starting magnet is preferred. This is because
information provided by the two sensors on the position
of the rotor is at its densest for the .rotor movement

390 close to the energisation point.

When the starting routine has been commenced, the timer
40 can be reset and used to monitor the subsequent

starting routine. If the position information from the



In a further enbodiment shown in Figure 6, a tinmer 40 is

. kncorporated. Normally, the tinmer would formpart of the controller
36 although it is shown as a separate entity

12 - in Figure 6 for the sake of clarity. The timer 40 is
arranged to receive the output of the two sensors 24 and 26. Fromthe
recei ved outputs, the tiner 5 40 tinmes the novenent of the rotor from
one region to anot her after a command ii8 received to switch on. The
purpose of the timer 40 is to determ ne when the rotor 12 has
effectively cone to_a halt, in which case the tiner . reaches sone
predet ernmi ned ti me- %&ESQ: Sﬁf??énﬁeqﬁﬁrﬁgdﬁﬁs not daddcate Hhahdmife Tk 8ne

of the outputs frormddencsedsahsough, sapyd tawed oZ6the FThgtoxanP bt akemd S

ndicate that the iy a pARRddalibans havesdl sl By AN Jdiy AN e

restarted using any sujt start
Because of the non-1§ fdaxted BPdt¢h$1ﬁﬁﬁﬁﬁeal%?%94(ﬁf ggttle befqrp anatberpy

t he parki ng nmgnet Sattfmﬁﬂt tie wgd idddesgdt. A sxii@mmayu&flanh@ermd
oscillations vary c%g Qgt%gtggggg of 40 %?%kﬁ% ngfvg
value ar nsec a

predeterm ned tine- out S been ?ound to be
appropriate for small drives rated up to around 1kW Larger drives

{rﬁy req;lihrg @%E‘Eiirle?iideafcﬁ ither aagetiondbe sédBnd Hensues inWtiHee
fohﬁdnfha? Sg?[]l ﬁ;elt{%}é # i ta?lc%) Fs?pam e ggtggegﬂet ]él‘éeec%ansd a:tensor (% ltbe
approx|nate|y0at th@p@kgﬁgng(gspeed EP- A 0692865 {(Turner) discloses a
method of generating firing angles for a switched
reluctance machine which determines the switch-on angle
by timing a delay period from a rising or falling edge of
an RPT signal.
15
Referring to Figure 7, a controller for a switched
reluctance motor comprises a comparator 120 which is
arranged to receive a first input 122. This is a signal
proportional to the phase winding current in the motor.
20 A typical comparator for this application would be an
LN339 manufactured by National Semiconductor with or
without additional hysteresis components.

A second input 124 corresponds to a predetermined or

25 adjustable maximum current reference signal. In the case
of a fixed value of current reference a simpler
comparator can be used, such as an appropriately biassed
transistor. In this embodiment, having the simplified
comparator, the reference =signal 1is chosen for a

30 particular motor to correspond to a level of current
which is above the peak value of current which will be
expected to occur in the single-pulse mode. This allows
an automatic transition between chopping and single-pulse
modes of operation, as will be described below.



rest position of the parked rotor under the influence of t he

tarting nagnet s preferred. This 1is because I nformati on

provi ded by the two sensors on the position of the rotor is at its

densest -for the rotor novenent 30 close to the energisation point.

When the starting routine has been comrenced, the tiner 40 can be

reset and used to nonitor the subsequent starting routine. If the

position information fromthe 14 13

first and second sensors does not indicate that the rotor has noved

through, say, two of the regions P, Q R and S In a predeterm ned

initial period, the starting routine Is aborted and the drive all owed
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It will be seen that the RPT comprises a vane having four
sectors 137 which produce digital outputs from the first
and second senors 24 and 26 of even mark/space ratio.
The four sectors 137 indicate that it is attached to a
four-pole rotor of a single-phase machine. The second
sensor 26 is spaced from the first sensor 24 by between
0.1 and 0.2 of the rotor pole pitch, i.e. 9°-18°. In this
embodiment the rotor pole pitch is 90°. The outputs of
the sensors 24 and 26 are used on start-up, as described
above, by the controller. Following start-up, only'the
output of one of the first or second sensors 24/26 need
be used in controlling the motor. The output from the
RPT sensors 24 and 26 is more or less a square or other
wave shape providing transitions at the fixed rotor
position with respect to the stator as referred to
previously. Starting the motor is achieved as described
above using the controller 36.

A further input 138 to the timer and dela&ICircuit 134 is
a time delay control signal which adjusts the delay
applied before a switch-on signal is applied to the AND
gate 130. While an AND gate is shown, it will be

apparent that other mutual gating arrangements could be

Lc“%?ﬂﬁelggt g& Erﬁl D {R&S &&Qi&%ryathrrc%%ﬁl WAy Chgi S

IS a signa Eroport onal
P



wi t hout additi onal hysteresi s conponents. A second input 124

.iorresponds to a predeterm ned or 25 adj ust abl e maxi num current

rHef erence signal. 1In the case of a fixed value of current reference
a sinpler conparat or can be used, such as an appropriately biassed
transistor. In this enbodi nent, having the sinplified conpar at or,
the reference signal is chosen for a 30 particular notor to correspond
to a level of current whi ch is above th® peak val ue of current which
will be expected to occur in the single-pulse node. This allows

an automatic transition between chopping and single-pul se nodes of
operation, as will BEEYSR B 5 d%ﬁ ° Jep

14 An output 126 fromthe conparator 120 triggers a

monost abl e mul tivi bral Ofuxégﬁ'xcéc’)\?sj %E:dh% @hgulnégoi)qﬁaw’tbe adgu_sg?%if E?

duration at logic |evel ing t nal - t%at
i s connected to one2dhpgEnent of the delap- 44&ﬁﬂ@qgﬂ§ an%b%uy}me¥héngt¢@%av

input to the AND gabétput 132 Ldfidls ideimudifutcohdZofiied byt thersbdth el sy

circuit 134. flr t 13 e di l.a |% %?4 |s
the output fromthe roJf s(?sf%l%on t%asth ur(;ierftr @Eg“w :%gtl ¥:°8EIS§E 'S
accordance with theabﬁés@ﬁuqmﬁhéntlme delay. |blwmaq:aere§erentbﬁa@uwet
RPT conprises a vangzpawiaRd BPUEixed.  S€BEOR1LG/ sMiatlgl OdiiceiSt@ésad

out puts fromthe fI%Si and second senors 24 and 26 of even
mar k/ space rati o. *The four sectors 137 indicate that it is attached
to a f8ur-pole rotor of a single-phase machine. The second

In a low-speed chopping mode, the comparator 120
generates its output when the winding current exceeds the
predetermined maximum current reference signal 124, which
reference signal 124 is set for a particular motor to
15 which the controller is connected. As mentioned above,
this may be equivalent to a winding current which is in
excess of the current expected in single-pulse mode at
which the motor in question is designed to operate.
Typically, the maximum current reference level is chosen
20 with regard to the ratings of the semi-conductor switches
in the converter switching circuits and the thermal
rating of the motor. The maximum current reference
signal may be user adjustable, within the current rating
of the switches, so that a particular controller can be
25 adjusted and set _for a particular motor or as a means of
speed or torgque adjustment while the motor is running.

At low speeds, there is sufficient time in a phase
conduction period for the winding current to rise above
30 the maximum current reference level. The output from the
comparator generated when the maximum current reference
is exceeded triggers the monostable 128 which produces a
pulse of fixed duration at logic level ‘0‘, which is a
winding current switch inhibit (switch-off} signal.



sensor 26 is spaced fromthe first sensor 24 by between 0.1 and 0.2
.of the rotor pole pitch, i.e. 9[err]-18[err]. In this enbodi nent the
rotor pole pitch is 90[err]. The outputs of 20 the sensors 24 and 26
are used on start-up, as described above, by the controller.

Fol l ow ng start-up, only the out put of one of the first or second
sensors 24/ 26 need be used in controlling the notor. The out put
fromthe RPT sensors 24 and 26 is noregr |ess a square or other 25
wave shape providing transitions at the fixed rotor position with
respect to the stator as referred to previously. Starting the notor
i s achi eved as descFibedlogic ‘0'gsreugsiwidlt heodere rollayic36.0’ (B@ritch-A

further input 138 t@rﬁ)h%dd;f{m mﬁh cielleamgl gseét1i§4sé Sthat the as“ht@ﬁlﬁﬁ' ay
control signal which, adg.;cs % dag’ h aﬁ% before a swt
signal is applied to'1 Soriate tEh §8p P Ivél%ﬂ'}%\lﬁsgzﬁp@”ieg $RBWN,

it will be oo aremst that d@th@xommmahegh@w g laver, afge nend saldei dhbe
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tman% of the I ntr
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or in response to aosigunibtcHasomearlomeer albjeott tol tisy/ séteife of th% $Agnal

adj usting the time gelayendl £hoat LUB! ¥eahPCIULRYE 134 Jx%l% gglhxed

The del ay strategy Is di scusse
choppi ng node, the %%Fﬁﬁﬁ SR f@é is established about the maxlmum current

10 reference level when the motor speed is low.

As the motor speed increases, there will come a point at
which the maximum current reference level is not reached
in a phase inductance cycle such that the output from the

15 monostable is a constant logic ‘17. This permanently
enables the AND gate 130 subject to the timed output of
the time and delay circuit 134, which is then used to
control the switching of current to the windings, i.e.
for operating in the single-pulse mode. The motor

20 speed/torque is then controllable by adjustment of the
delay before a switch-on signal is generated by the timer
and delay circuit 134.

Two methods of triggering the time delay are illustrated
25 graphically in Figure 8{a) and (b).

In Figure 8(a), an output of the RPT has a trailing edge
N which is used both to switch off the current in the
phase winding and to start timing a delay. After the

30 expiry of the pre-determined delay, the current is
switched on again and the cycle repeats.

In Figure 8(b) the delay is initiated by the rising edge
M of the RPT signal. In either case, the time delay from



generates its output when the wi nding current exceeds the

. predet erm ned maxi mum current reference signal 124, which ~reference
signal 124 is set for a particular notor to 15 which the controller is
connected. As nentioned above, this may be equivalent to a w nding
current which is in excess of the current expected in single-pulse
node at which the notor in question is designed to operate.

Typi cal ly, the maxi mum current reference | evel7is chosen 20 with regard
to the ratings of the sem -conductor sw tches in the converter

swi tching circuits and the thernal rating of the notor. The

maxi num current refBpendgitch-off qayndpe j8E P BFe adiorsteaameleni ehingathe
current rating opt Dfiuth hesuiucties, afgldéatata paet i Gesdred iyl -pRivesan
be 25 adj ust ed t%\ﬁr r.ticul ar [ _or_as means. of .
speed or torque adj% rrgﬁtﬁn ﬁogl({?%éor%t or%cfg)?%lﬁ% i ng the mO%OKt Psi™9
speeds, there is sufPRierehted | iif @aphhgevaried, ugsdnpduehe otelser iddadt
the wi ndi ng cerrenttéocontolahmee t3rque ahferdmxing!Bpeddr 60t thefasednce

| evel. The output fromthe conpar at or generated when the maxi num
current reference _.I's exceeded triggers the nonostable 128 which
produces a plFswidf fhexceptrE atheh, avhibgi theevysten' degpirihedls ig

\&ndi ng curr$ﬂ_t szi égthpi%hi@i %mﬁfé/mérﬁﬁ-&i‘df )Cci)p‘éirﬁﬂé:,-the p%sition_itngh of the
Is logig, 'O uf_w roduce 0Qqi.Cc Laksw -
of f) output fromth Wﬁ\ﬁl'%ﬁg ‘g%”d’ts&? h‘g’flqgﬁaé’egaﬁyc%ihﬁg 11588 8&9&% of
associ ated wibh thethhaBeT vpwithwly. | Sogendd fisr possible gto neast e edge
duration of the | ow,puhsehahia1iP Bh{AEARE tiR posiWiBHi BE t&Ur Rt vabhe

fall below the naXxjijgum current reference. level. After the pul se
s removed, the swiPEHR TeSPeCt, & khec RBEOF cRPlRR, CLiiS) BeY TORRIR ARSI
t he signal starting performance of the machine.

15 It will be appreciated that high speed control of a

switched reluctance motor can be relatively easily

improved by incorporating the present invention, since

the second sensor 26 provides further rising and falling

edges, thus giving more flexibility as to the choice of

20 edge to be used from which to initiate the control delay.

The output of the first sensor 24 has a tralling edge

aligned with the L, position, which is a suitable switch-

off point for those operating speeds just above the

chopping mode region. As the speed rises further, it is

_ 25 beneficial to advance the switch off point. The trailing
s edge of the output from the second sensor 26 provides a
suitable edge. Thus, by careful choice of the angle of

advancement of the second sensor with respect to the

“first, an edge of the second sensor can be arranged to be

30 in a position that can alsc be wused for driving the

machine after start-up at high speeds. Thus, the wmachine

can be started by the use of information from the two

sensorsg, as described above, run up to some intermediate

speea in chopping mode by use of the information derived



fromthe tinmer and delay circuit 134. Thus, choppi ng current

ontrol is established about the maxi num current 10 reference |evel

en the notor speed is | ow. As the notor speed increases, there
will come a point at whi ch the maxi mum current reference level is
not reached I n a phase inductance cycle such that the output from
the 15 nonostable is a constant logic '1'. This permanently
enabl es the AND gate 130 subject to the tined output of the tine and
delay circuit 134, mhich is then used to control the swtching of
current to the win for_operati n the single-pulse

node. The not or 9‘ the, gé’é?ﬁt%?’bﬁ%r |2s4 taﬁ‘éln t@S%F?BF‘F’éb‘P%e J’l&t’fﬁésn
of the deIaylghﬁspeedlQpﬂnaﬂmngnrsngaamndsrgﬂmeﬂatgdlbg ¢t tondoy

and delay circuit 134 of the 1nf69%&ﬂ§%hh@g§moéhérééﬂﬁﬂa %Qn%gg bgme delay
are illustrated 25 graphically in Figure 8(a) and (b).

Figure 8(a), an output of the RPT has a trailing edge N whlch |s
used both tosswi t cihdafik the iddnsentited ¢édisodiments phas e wiaidi 0f sewsdcs,

start timng a del gy. %s/%$§%16ﬂ§ 89 ﬁeﬁl§épkh¥ %%metq%ﬁogﬁgtggﬁe@QEHeQ1

delay, the current on agaln and e repeats
In Figure 8(b) thesSdegag F§n§ﬁFt?&§e& Rpitpely; shagedqyane- - It Wwidd ¢
RPT signal. In eitBgpreaietes hehdt nehalelmlidatdwns of points in the rotor

17 the swileheOhle TN R258h 10s By Gmd Rh1BXYRdes? NPAls, the
10 single sensor embodiment would have a vane shape that
replicates the transitions in the first and second
signals at the appropriate positions of the rotor. By
this technique the advanced second signals are determined
by the wvane shape which is suitably modified for the
15 purpose. The two sensor outputs described above would
then be amalgamated as a single sensor output providing
the various transitions of both previous signals.

While the above has described the invention applied to a
20 switched reluctance motor, it can equally be applied to
any electronically commutated machine in which the

machine is controlled as a function of rotor position.

The above description of several embodiments is made by

25 way of example and not for the purposes of limitation.
Many variations can be made to the embodiments disclosed
herein. For example, the invention is applicable to any
form of reluctance machine regardless of the number of
poles, pole shape, speed range, etc. The invention is

30 intended to be limited only by the spirft and scope of
the following claims.



opti mum conduction angle at the desired full-power operating
.condition, according to the notor being controlled, or it. my be
Viaried, using the delay circuit 5 to control the torque and running
speed of the notor. It will be noted that, while the system

described is sinple to inplement and operate, tThe positionin t he
swtch-off point is triggered by the falling edge N of “““ﬁ h
output. Wiile it is possible to nove this edge ‘ﬂ@““&u

adjusting the position of the rpt vane with respect ‘to" the rotor

poles, this may conprom se the starting performance of the machi ne.
15 It will be a§%§%%§ated t hat hi gh speed control of a swi t ched
rel uctance notor can be relatively easily i mproved by incorporating

the present inventign, SANCEjectri hQSb%«SO'&@mﬁ‘EE_‘%QﬁgZQ ert%o@esdémlber

rising and falling edges, thus giving nore tlexibility as, to th

choi ce of 20 ed§E2FOT e F roh (ﬂ?ﬁﬁﬁ WHPFFHQef?ﬁee%ﬁﬁﬁ*§ﬂn3k9%%/
The out put of st he fbikskhosensprehzd podsesa &radvtong Gdgeing rotoal pahesl, wridh
the L[err] position, %E&Peﬁé 18 E?Qh‘éﬁ&%%c&m risin Qf&\exRBéPt Jxoa[n 42939
operating speeds jUSt He ﬁ%de r'égi on. the

rises further, §°25°tateb§h%ﬂ|%ﬁ%ﬂrQQ9Iad@a ééSFh§e§ﬁ?¥c¥F¥ﬁ49ﬁﬁ)9ﬂ.be
The trailing ie@igeented 8, @lkbpubvédant tdfe thecnatbat reopraddups adidxas a

sui tabl e edge. Thus.;B¥aca" SlMcahceobol DE1 BRI E: the rorqr POARGRAIHY

of the second sensor espec
second sensofOcan beh&rﬁéﬁééa o heﬂgﬁantlaﬂhYaZ§§§lﬁP@ﬂuﬁhaPnéa@zﬁ%ﬁ?QQa

used for driving thgensor arf@ﬁéd“%oaﬁéeinﬁﬁﬂceldpbﬁttﬂié @lendpeets . pdddisce

f'he machi ne can be start he use of .infornation fr t
sensors, as descrlbgﬁcgﬁg ST upxPél%%%%v?nfgrn%%Feﬁlons ngﬁléPg MQI

choppi ng node by us@dNﬁnt:heOf rtfher farsbreidmamdintervals between the flrSt
signals and the second signals being indicative of
15 different regions of torque production.

2. An electric machine comprising a stator defining
stator poles, a single phase winding for energising one
or more of the poles, a rotor, defining rotor poles, and
20 a rotor position transducer comprising a member arranged
to rotate with the rotor, a single sensor arranged to be
influenced by the movement of the member to produce first
and second signals indicative of positions of the rotor
relative to the stator of substantially zero torque, and
25 positions angularly in advance of the first signals,
intervals between the first and the second signals being
indicative of different regions of torque production.

3. A machine as claimed in claim 1 or 2 in which the
30 first and second signals are each transitions between
states of a digital output of even mark/space ratio.

4. A machine as claimed in claim 1, 2 or 3 in which the
member defines a set of features for influencing the
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18' fromthe first sensor 24 and thereafter operated in its
. hi gh-speed operating range under single-pulse control by use of the
information fromthe second sensor 26. 5 Wi Le- the 4ltustrated
enbodi nents show a pair of sensors, it is possible to derlv[ H

ot or

same information froma Si ngl e sensor and a sH‘ wll m m

It will be appreci ated that the indications o

cycle are related to rising and falling edges¢ Thus, the" 10 S|ngle
sensor enbodi nent woul d -have a vane shape that replicates the

transitions in the first and second nal e a riate
posi tions of the ro¥9YRSOrs gy produce; fhe ﬂa’&% a&'ﬁi Ster?gngd§é§88823econd
signals are determ ned by the vane shape which is suitably nodified

for the 15 pur pgse. Am%l'{l\ﬁ% SENSOL i Ul mat%wggﬁcy bed ;above, V‘Pﬁ”wﬂuch
then be amal gamated as a single sensor output pr.ovi

transitions of bot hthe et §igRats are a Van039mY+EPté%?EﬁﬁﬁvéthEe VRS
descri bed thesi nvensigmabppby asktiveeen 20% andswptchédthel ustancpohotmitch t

can equal l'y be appl ﬁgféfhbly 17¢ any electronically comutated machine in
whi ch the _ ine 18 controlled as a function of rotor posi tion.
The above descrlptlon of several enbodinents is made by 25 way of

exanpl e and not forethe pumhpeRese oksl icihiatdodn any of Milwimsarlatporss ioan

be made to the enbod%} ﬂtghdl%%agggd tPo ﬁPa ereiing %gﬁcagéaqﬁéarggg} are

i nvention is appliciBie reluc € machine regardless
of the nunbeiOof arran@gde@s pavd tshedereipeeneapchi®®e.  The invention
is 30 intended to be limted only by the spirit and scope of t he
followi ng cl ains. 7. An electrical machine system comprising a m&ghine as
claimed in any of claims 1 to 6, a controller and a
switch arrangement which is operably connected for
15 actuation by the controller to energise the phase
winding, the controller being responsive to the first and
second signals to execute a procedure in accordance with
the said intervals to actuate the switch arrangement to
start the machine.
20
8. A system as claimed in claim 7 in which the
controller is operable to decode the first and second
signals, to determine whether the rotor is moving in the
desired direction, and to continue or discontinue

25 starting the machine in reSpdnse to the decoded outputs.

9. A system as claimed in claim 7 or 8 in which the
controller includes a timer which is operable to time
between the occurrence of the signals to determine, on
30 receipt of a signal to start the machine, whether the
rotor is substantially in motion, the controller enabling
start-up of the machine when the time exceeds a
predetermined time without the occurrence of the said

first or second signals.
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CLAI MVB: 1. An el ectric machine conprising a stator (10) defining
.Stator poles (16), a si ngl e phase w nding (14) for energising one or
fore of the poles, a rotor (12), 5 defining rotor poles (15), and a
rotor position transducer (18) conprising a

rotate with the rotor, a first sensor (24) arranged tgtmm'm 'ﬂ”’ﬁ‘lﬁﬂi’nced
by the novenent of the menber to produce fi rst si gnal s *ndfcat

positions of the rotor relative to the statordlf substantially zero torque,

and a second sensor (26) arranged to be influenced by the menber to
produce second 10 diica 0 n l.ag | nce
of the first signal s glgaérys tleg‘ a8 &igf‘%e% % %h%%% ?ll‘r%{s]tg’%sllc%lné )ta

second signal s bei ngevﬁ%ﬁ%ﬁq e BPNYEPT dighprogress @%gﬁlﬁh§0§fi’rt @ﬁcﬁ:f’eart"

producti on. up2. by Acm@chwrecxaﬂl@xal %Q@olrﬂlﬁbal b1 tRe Whsghsddieent
first and second 5'8”6‘1'15 5f chet® lrSEran éégg\s bs%twegn states of a
digital output of eVER ]f:r%?rfﬁ space ratio. r? IR378chi ne as cl ai ned

inclaim1 or52 in which the nenber defines a set of features for

i nfluencing the sengors ios9§@éirh|c§st Ra afi egt lamér@eczmdcﬁawls to 2® in4.
A machine as clainmed, in clam

t he econd nal s
advanced with respetftd Yie (?Orlrté‘ﬁto@l‘aﬁn%l?so%?/réf}g]{%veteon 6°}v§n8ﬁ§g§/o o%m?
r ot or pol e petehgigateiay diming7¥nformation fiyyom thenfighbheonssedendred
in any of clainm 1 9qf4aid. Which the stator, the 25 phase w ndi ng and
the rotor are arrange% as a switched reluctance nachi ne.
20 18. An el ectrical nmachine system conprising a machi ne as
claimed in any of 12. Aclmithedl 66 Sstartciowt r el |®indi3cphase acsartcrhcal

arrangenment (38) whiy Qghhﬁ 0ReL Al Vas claxmé&?r‘l'}?cérﬁﬂ dOrc@tdati an, by, thee
controller to energise the ase wnding, th
method compr1s1ng

monitoring the first and second signals; and
15 energising the phase winding in an interval between
the first and second signals to move the rotor in a

desired direction.

13. A method as claimed in claim 12, including:
20 decoding the sequence of first and second signals to
determine the direction in which the rotor is moving: and
continuing or discontinuing starting the machine in
response to the decoded sequence.

25 14. A method as claimed in claim 12 or 13, including:
timing the period between the first and second
signals prior to starting; and
starting the machine if the period exceeds a
predetermined threshold.
30
i5. A method as claimed in claim 14, including:
resetting the timer to monitor the progress of the
start-up according to the subsequent occurrence of the

first and second signals.
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control |l er being responsive to the first and second signals to execute a 5
.procedure in accordance with the said intervals to actuate the switch
arrangenment to start the nachine. 7. A systemas clainmed in
claim6'in which the controller is operable to ﬂ mf and
second signals, to determ ne whether the rotor is rm 'lﬂmﬁm““ﬁ“ M
desired direction, and to continue or dlscontlnue startfirg the®*mathihe in

response to the decoded out puts. 8. 22 A systemas clainmed in claim
6 or 7 in which the controller includes a timer which is operable to
time between the oc t ]gﬂqJ 1 & REchPRe’

of a signal to starféJ ?%nggﬁgﬁeggvﬁ ﬁltﬁ% %g eore‘;q&Il g Csub%tant |aQ'fIy

in notion, the cont?%l@eﬁrlﬂéﬁﬁi&m{t RGYsPar £LaBN®f 7 tHR Yac FORETHASASS he
time exceeds a predet er nddiegtdinge okt BPUhd tfereccufrmd)%ﬂghelsam Hinest

or second 5| nal s. st claimed in claim8 in
whi ch the tiner eﬂ%%ﬁ)lé% &t %he pﬁa§¥ or the progress of the rotor
on start-up by the controller accordi ng to the subsequent occurrence
of the first and second signals. 10. A systemas clained in any
of claimse 6 to 9 in which the controller is 25 operabl e to derive phase
w ndi ng energisation timng information fromthe first or second
si gnal s.

; 15 nHLb i HAS BEEN * This Sheet Has Been R

i B D

o waaa g - o

i

A




