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WD 2004/ 057747 PCT/ C B2003/ 005384 Power Conv
WeHYHET U’ This i nvention relates to power conv:l{(:zﬂ/eﬁz"wmh384

apparatus for use with, or as part of, electrtcal
appar atus whi ch enpl oys a pul sed current | oad
invention is particularly 5iapplicable to, but nmmmu"mmmmmmm
limted to, notors and power supplies. A large nu

of power electronigs a ications now require the *166166*
generation of an EM@EE@&%@GM%e st age.

Taki ng the exanple of a variable speed notor, shown in
Figure 1, the notor will derive a power supply froma

Thet anctaridn aelansi 06 p@up:pl qpnlérs'mn tgparadl@ [foc ake waklt,agreas part of,

and frequenc The fe a mains.
Clqctltc@éﬁplg%am%\%ihéﬁ‘ seP § a R@fﬁr%psetloui Lfgtﬁdt‘tﬁt‘é‘ﬂf‘ i§ pyhpularly
apBiAbRPY b@YR Frfad B, R;'Bf&r?%]os aﬁ’@lééﬁ" as to

revent’ unwanted signals gen rate y the equi pent

from bei ng propagated over the supply. The "cleaned

supply is then converted to dc by a dc link stage 20,
A THEE YIRS Sf RPYY HFECUOTHEY RRRISABOTS, PR JCRWES ithe éimcmnon of an
IO
il a B0 A0, L9 L FIGLL O BERLUSE Bfio. shown i
Figte h, &8 rAoteARdAt defve a bwkhiuppBXadralagtandhel aithmm kupply 10 at the
St age i ncl udes a boost Active Power Factor Correction
load agléag(ebtf@sfteqmuene/ st hg @)mrzsssumhu ig tﬁed/\tm 3 mtéélscféé‘-‘é rlidpwlich serves
Anot her exanp

to PR it ey aRY e Bh SurSg T ls B bESyEBE R indil's o prevent

una/antéﬁls@cthaw SeriésRbd 9T the GqRPWRt FORPbEIAS prophgat@Sser the supply.
pes of power supply a nmains ac supply is First

Thcdq:ﬂvmetdeduttmy dcthbrconeerteditoge Opavieringdtags 2c Tate aoneersion to dc

._required vol tage yRi cal ssive.forns _of power

inqlgfho et S W CR PP dBd Ameroas b it Rplge & more even,

dchﬁééeoﬁpdt HEAMAO G Ri drRBtudhAY: SipadiRs! Th bfs éﬂﬂﬂ[ﬂe afie de link
the voltage and current wavefornms 25 drawn fromthe

starsann@ué@;:pplbpostEAst;w Glesen dtattor Comsatiohistage (bSpsnifalr@stage) 25

t hos et out in British Standard EN
W’é?%bttbl 59 esﬁ@@%fnoéﬁguﬁ)hb?l "EMC Directive
(89/ 336/ EEC), define an acceptable |evel for the

harnmonic content in the current which electrical
Armqmﬂrmxemlajobm fseorh an mggrmediate @Jﬁtpgey;s iasacwet dc-t@sdcagpnverters

t abl | of t di stort
WS AR op e e PP R 18 Coste PR B ARV tHRpy &g 2c supply

is AP cHfverted to dc before bein g converted to dc at the required voltage.

Typically, passive forms of power conversion which include an intermediate dc stage
have a disadvantage in that they distort the shape of the voltage and current waveforms
drawn from the mains supply. Electromagnetic Compatibility Standards (EMC), such as
those set out in Brtish Standard EN 61000-3-2 (1995) and in the EMC Directive
(89/336/EEC), define an acceptable level for the harmonic content in the current which
electrical equipment draws frlom a mains ac supply, as well as an acceptable level of

voltage distortion. These standards place constraints on how power conversion can be

carried out. In addition, the power factor is of concern since this will determine the
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30 carried out. In addition, the power factor is of
r jnce this will determne the WO 2004/p@/dihG03/003384
“&8%%8%%8%&3/00.5384 2 rating of conponents sugﬁkég 300338
the mai ns cabl e and whether the |ocal mains supply
systemw || be adequate. The way in which the dc |ink
is inplenmented varies accordpng to the required output
5 power of the system For a | ow power |oad, a dc
aut ' - ol b Lagi n -
wufit B o BP0 3501 W S5 T gho N neer Bl ol mains supply
Sygt&gtwmiberade'@t@ar allel with the load. |In order to
maintain a highly regul ated dc voltage, the dc side
capacitor Cdc nust have a high capacity. The |arge
TE SRR Plicidfe GRS i R ARby SO SReal Pod i Frchisaitta ouepu
poURE BSthe Upstky. Wen 163§ org Madusec ehpubanlSt AaHid\edivaBUWimply by
voltage {Vac) is greater than the dc voltage (Vdc).
plafivez 4 enpatitarisdeeasrossriteseutpies the bedgearscuffiersimopraalicd parhtthe load.

peaks, which causes a,significant |ow frequenc
In Bl ik e hahty Feebieq iy LOVERP bR dE st RBRTIY (g must have a
high &&a&t}.h%e@&fgé Qﬁﬁﬁbiio@ CRVK ROWeh e iﬁp’Lﬁtd%‘:%nPEH MaveSd (W power
or "hi gher power | oads ‘the harnonic content woul d

fadiwe acth culrent sveldls draehifned thy ndes ENDly edehathe ansgnonde of the
lLead to apn unagcceptably | ow pgwer factor. Vari qus
malg HIAUG YEL 28 S Ak STRGE LB thet 6 ¥ 6 Ve Jh iy current
e, i t it | QR 0 -
S T 6 e Of MRt Ak L BRh RO GRS AB¥ frequency
harrvadit egntehi. | [t' is chischirtmos@ncdnéent skead . linthe thisilpppaéh td low power
circuit inproves the input current shape b splittin
SyRieTES elY) FiRke fg)aaégéﬁef BPWEIORAY e harmaanis Fentest i dreach the levels
. £ eur . ns
L e R O Gl R S i e
(Vac) is greater than the dc voltage (Vvdc). However,
for the valley fill circuit, current is drawn_ when
Varigys m@mwa ¥t OEFR df:eéﬁ?medst@plﬁww% ther @ualisy of b npaf current.
s Vi Thi 3 h i.Se
AL AP PR (el b A ek e U oy valley
filll Fegrcusitcandser dseldr | The vaBeyt filli @rcuitr esprbvésneiinpancurrent shape by

I nproved power factor. . ) )
splitting the dc’ link capacitor into two. For the standard bridge rectifier, current is

drawn from the mains supply when the magnitude of the mains input voltage (Vac) is
greater than the dc voltage (Vdc). However, for the valley fill circuit, current is drawn
when the magnitude of the mains supply is greater than half of the dc voltage (Vdc/2).
This means that current is taken from the mains for a longer period than that of the

standard bridge rectifier, resulting in an improved power factor.

Due to the harmonic limitations of the above schemes,actively controlled input rectifiers

are often used. The most common of these is the boost APFC stage shown in Figure 1.

Two control loops — a voltage control loop and a current control loop - define the

switching action of power transistor TR1. The voltage control loop maintains the dc
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25 Due to the harnmonic [imtations of the above
Gp ctively controlled input rectifiers S
‘NgfpgﬁR3§2d The nost conmon of these is the boo 'ﬁcﬁﬂﬂﬁmbﬁ”
stage shown in Figure 1. Two control |oops - a
vol tage control |oop and a current control [oop -
define the 30 switching actBon of power transistor
TRI. The voltage control | oop nmaintains the dc WO

- linké&%/'@ VA Bg{e%?rgp ?e/va 513@ Iﬂls 1533dh§cm§d %9 |aﬁﬁﬂﬁn & MCmplitude

fie required Tevel his is achi eved
of thelcusentnegpntrio lenpds ictmets retﬁ%cxtche Ther cugrent ccontrobloolpoampurss the

current, ref erenc The nt co trol ens -
inpi e ol WE 1A ETereten doOES BREhes G e hense I dp e i gouli-loop
confriiesMRL LBt SR ER onk A68s mUat §c mamank oqme &8 Chnvention is
structure dictates that one | oop nust be dom nant. H
thatgbe en@éntconurehidopndaminbtes. hdthist s theleffedtt thatodd woltaglecregulauon

dom nates. This has the effect that dc voltage
(partiggat v dUBRS YAREFRY BYANEY Ii§ ligiiedngug fuihsi lgﬁt‘e‘évéﬁP’%’}ﬂnF% of the
ed, i t.ed Al C £
slavp Bob L GEENY titGedsl ME BRE' 9 ECE: Ol ol (cao
corr(paﬁ)@t?dstfaﬂm@s ifitation.conpensates for this Ilimtation. 10
Figures 2 and 3 show both the start-up transi ent and
the steady state performance of the converter.
Fi glh'géc %)In J%|8’| hgg k(({ﬂ{[l éhea%?lq ng Lxsaﬁglg{n]tﬂzﬁr)d thg Iélt{%acg}? &Xt%r %rormdnce of the
conlérfed! @@y (0 <\Vde0005 sdamdl), tHnwaveRe i6 Qﬂ@brﬁﬂo‘ﬂed V@€ action of
| Vac is achieved, the bfost APFC stage actively
the bopstrashgs isherdlenant lf:MdPe‘ﬁ Vid ) beOse tearnriditiony Vde > | Vad is

Si NPSoi ver 0 actor. The hi
achigy d‘éﬁgwsgﬁ\%% y ﬁéwﬁ‘é'tﬁe 1‘5’“56}153‘?:‘0 ‘gen@’r*?é‘a““a“y

sinus8iddl SifrOver eoéd/\b&@&' ﬂagtoacm@n, aﬁffréqn&c9%9§&nﬁ98§éaroh%e main
and i's direcfly related to thé swtching frequency of

SOHEROmpments | @tﬁtf@dthgw“tl@hmggampeqxﬁéh@yocmrconhfertcr and is directly

nverter e suffi tl r e n
retafe b & e o o B3t nnehieee] silhas Hoagenpygor the
conw&seﬂ@sxIHévsqmlaeﬁtlﬁe@s&rtt@mp&%a%oﬁm TifARE Qe EscEt e EMC
of power conversion and an inproved type of power

standardgert er. Accordingly, the present invention provides
a power converter according to claiml.

The present invention seeks to provide an improved method of power conversion and an

improved type of power converter.
Accordingly, the present invention provides a power converter according to claim 1.

A converter of this kind has an advantage in that the current drawn from an ac supply can

~ fall within limits imposed by EMC regulations, with a simpier and cheaper apparatus in

comparison to known converters of a similar power rating. For example, the link
capacitor can be constructed as a film-type capacitor which is capable of coping with the
required ripple current and is cost-effective. The converter meets EMC regulations

because the dominant frequency of the supply current, i.e. the frequency with the greatest
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25 A converter of this kind has an advantage in that
the current drawn froman ac supply can fall wthin
wWOinYETT4Tposed by EMC regul ations, with a si npPEFGEAY3/00S384
cheaper apparatus in conparison to known converters
of a simlar power rating. For exanple, the link
capacitor can be constructedgas a filmtype capacitor
whi ch is capable of coping wth the required ripple
current and is cost-effectiye. The converter ets EMC
mpRtyF alsi GHE! 40 Mo BRUERCY 1 W6 rFenSHIEEs PHRRIS0g BF TG of the
r; leaxBeehinid | r :
o B s sy R s s IR R BB hasmonics
of itmt eguahing drdgnendyr eferea dyadofvhicheomcatesohtt aghsswppthyn@frdquency,
the mpjority of the harﬁgyic contentltﬁxaﬁ ghe , _
suchyisthiEh gPEGTHRIOR OF 2 1 Ched FIRds APWEL IR O maRic content will
I [ ' [ : | oad
B L
a high speed notor or a swi tched node power supply,

the harnmonic content will 5 be | ocated outside the
Begause| e egpasdpidiorseng aatt of the s lENCsiagn Al dicdsonvBEga e 2 small

g SERSF IO SIS Pl f e Eahll SH0° 1%, e

cofferte£dlGd pRfGasit tandhdilys (@phcisfE ehedpufitordn lhe Ehank stage is
converter. It is preferable that the size (capacity)

magsthed e thezgmeint of enaigy Hat idransferrediizgge indgicd e elamensdn thy input

. the unt .of..ener hat i,s. transterr from
FE e FT 1 e &oP tloat s if S FL AP e hegugre of the
momu\%indvidgﬁ Not Wendif@@airs ik RwhldRed offMiRfendrgyii@ed MR winding is
one of the notor w ndings (or winding pairs) is ,
safelyi tratséarask fo, thehde dinkr eppasit@rr @d dnathehevipidingd vy thiont creating an
transferreg to the dc link capacitor (or

saf.el S
excﬁﬁ%ﬁ%é?‘zrﬁor\tdﬁ?}%\jenw thout creating an excessive

over-vol tage event. 15 The converter is particularly
wel | -suited to | oads which can tolerate some variation
The gonvdrist is patienlads polwitedre lapdscwhisheentielegate gome variation in

switching frequency, which |ies outside the hanmnic . .
e gt AHEPRR ST R BARFRY Ho® BT AfaltEy G BRL Gusice e
harfhdHic $1REEShCRIPESified Us Th@ENW dialiRets! eb WatRic &idiEsded motors
which drive a [oad such as an inpeller are 20

sugbans | oaiiched yrelpstance uhetess Mhigeidaryeds iloeth skgh sas an impeller are
par(t:igll}l\flrelryt\wecrll-g}citeﬁ rEcl) ei%ig%%’versf ib';/caeco%ge ervo?rtfhig%n%'? since some variation
in the operating speed of the impeller can be tolerated. Surprisingly, the actual vanation
in the operating speed of an impeller has been found to amount to less than 1% of the

normal operating speed due to the high inertia of a fast-moving rotor and impeller.

The impeller can form part of a fan or pump for moving a fluid, such as a gas or a
liquid, along a flow duct. In the field of appliances, the impeller can form part of a fan
for drawing dirty air into a vacuum cleaner. In these types of application it is not

critically important that the impeller always operates at a precise speed.
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in the operating speed of the inpeller can be

wbqluﬁf/(%?ﬁ Surprisingly, the actual variation pé&hGeR®3005384
operating speed of an inpeller has been found to
anount to less than 1% of the normal operating speed
clue to the high inertia of a fast-noving rotor and
inpeller. 25 The inpeller cah formpart of a fan or
punp for noving a fluid, such as a gas or a |liquid,

Enbb@ingenas bf ¢ iduaitionlwilltroev bé déstribéd afithlrefenmes o theedrawings, in

inmpeller can formpart of a fan for drawng dirty air
whigkt 0 a vacuum cl eaner. In these types of application

it is not critically inmportant that the inpeller

al ways operates at a precise speed. WD 2004/ 057747

Fidafel{ ch3RODEhONRI8AN obpEwdradnheEtdr Sopfupbhéng povesdttd @nmnotor, using
11 now be described with reference to the draw ngs,

a bppst A htaghi gure 1 shows a known form of power
converter for supplying power to a notor, using 5 a
boost APFC stage; Figures 2 and 3 show the performance

Fi RfestNeh PO WS apeefdretnd@fof hegpsreerkonvdried of Bighreshows a

irst operating state of the power convener “of Fi gure
1, 10 Flgure 5 shows the current drawn by the
conyerter

Figgied shos Srscatidtne i Sediantend o Fitlbe 11 15
Figure 7 shows the varlatlon in current between the
first and second operating states of the power

Figuon§ ehdes thefcuFiegudrawh;byEhgycoreeBersdfdugure ds r ent
waveforns for the power converter of Figure 1; 20
Figure 9 shows a third operating state of the power

E&‘PQ&%‘E&% a@éco’r:lﬁ Eleatﬁlig stafd FUREpdRerSdAVEeE b FRitte [;] oW
Tn the w nding of the notor shomn in Figure 1; Flgure
11 shoms power flows both into and out of the power

Fisi) abPiG (R SR 8 CHBsa BT Fs SR i Blime stes of

thg%gd%TQanggggéngﬂg1pf the present invention;

Figure 8 shows current waveforms for the power converter of Figure 1;

Figure 9 shows a third operating state of the power converter of Figure 1;

Figure 10 shows current flow in the winding of the motor shown in Figure 1;
Figure 11 shows power flows both into and out of the power converter of Figure 1;

Figure 12 shows a first operating state of a power converter in accordance with an

embodiment of the present invention,

Figure 13 shows voltage waveforms in the power converter of Figure 12;
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Figure 13 shows voltage waveforns in the power
woonvestier of Figure 12; 30 WD 2004/ 057747 PCT/GB2003/005384
PCT/ GB2003/ 005384 6 Figure 14 shows a second
operating state of the power converter shown in Figure
12; Figure 15 shows a third operating state of the
power converter shown in Figure 12; 5 Figure 16 shows
current drawn fromthe supply by the power converter
Figat | Fishowea d&ond Fepgratieg fatesiioivs pawéraomyvbrtapdpwniimigure 12;
state of the power converter shown in Figure 12;
Figure 18 shows current flows through the notor
. Wi ndi pgs , : ‘o 9.
Fislg 1o g% M onRallsHAE ot e bl ikl A MERIgye 12
Fi gure 20 shows the variation in voltage pul ses
supplied to the I oad shown in Fiqure 12; 15 Figure
Fig@ed 6ishpws ewrans sirdwmy LOpuihe Quridy bh 816&@%&8“%% Figure 12;
Figure 12; Figure 21b illustrates the effect of
reduci ng the conduction angle on flux build-up in the
Fi ghr@qq sBHRNVA f&dﬁiﬁ)%a‘ﬁt‘m glstate 30tHel fPee Sovkridd sisdvawint Fgure 12;
appl i cation of the power converter of Figure 12 to a
vacuum cleaner; Figure 25 shows a known type of dc

. power , suppl y: Figure, 26 shows .a,. qwer . in

FioliedS e B it EHba TR RORE R fiiley FRUE piERe L2
invention. Figures 27 and 28 are schenmatic sectiona
views, fromthe side and front, show ng the

Figafeploi shatvs onltage dchess ploavds capatitaershewn of FRiugtitE 12 to the
agitator of a surface-treating 30 device. WO
211114/ 11-57747 PCT/ GB211113/11115384 7 By way of

Fi gﬁ%%%b%? the BRALLA iPLOIYiEPuReP QippBEd vh BRMNSiBEHIWIdinFigure 12;
the present iInvention, Tthe conventional technique o
active power factor correction wll now be descri bed

| Figlurrtla 21a illustrates flux build-up in the load shown in Figure 12;

Figure 21b illustrates the effect of reducing the conduction angle on flux build-up in the

load shown in Figure 12;

Figures 22-24 show the application of the power converter of Figure 12 to a vacuum

é]eaner;
Figure 25 shows a known type of dc power supply;

Figure 26 shows a dc power supply in accordance with an embodiment of the present

imvention.

Figures 27 and 28 are schematic sectional views, from the side and front, showing the
application of the power converter of Figure 12 to the agitator of a surface-treating

device.
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nore detail with reference to Figures 4 - 11. 5
woonkiegbirstly at Figure 4, the power factor pCcT/GB2003/005384

correction circuit conprises an inductor L2 and a

power sw tching device, such as a power transistor

TR1, placed in.parallel across the output of the

bridge rectifier D -D4. A dijode D5 and capacitor Cdc

are placed in parallel with the power swtching

device TR1, with the dc output being taken across 10

capacitor Cdc. Figure 4 also shows a load in the form
By Why 8f t¥RpANARE a8ditd phBMdy £ butdramaerstmiion. of the prdsedtshvention,

phase conprises a pair of power switching devices TR2 _
the quRGentiowabrtéchgiquetdf 26 viviDOMER GaoIr, CoTisetion Mall iigvnRe fleserped in

one af the_stator phase,w.ndings of the notor. A 15
morﬁQFﬁmoloYmbfeéﬂggced@,ﬁwefJ?6\/1?de a path for the

“free-wheeling' current through the wi nding when the

sw tching devices TR2 and TR3 are sw tched off. A '
Lookimgdimdtlp halSiguwsf 4,tthe powet Beton gerrediion simelt Compiises anjaductor L2

nd BB RY LA GG VRt "o oe D8 DB R LaCBp il BFigh across
i . ; ©4. Ciar §Héd DsSinindpRartemic 8¢ placed in
the tgﬁtgag%gﬁgtbﬁgmﬁ;eg%mﬁﬁhg IBr;gtor swi tches TR2 gnd TR3 (ang _
paralle¥ w2 th euacholies)swittRing devconilRdl bed the da onipidreinhteken across
actively shapes the input current whereas TR2, TR3
capagiter £6iRt r ol | ed accor di ng to the required accel eration
or steady state running of the notor. For sinplicity,
in the follow ng description certain assunptions have
Figlre @nalsmelesws2b loadtihehe ddriragka ago-phasetshetctied Fdlmkance motor. The’

~ capacitor (VCdc) .i s_constant @,nd r eat 5 t.he peak.
firsty pleasP fGORPTiveY R Of RONET SWiCEIRE VRS Qo hafin FRACS Bith a
win?%%hwqr eﬁ){a%inﬁnﬁﬁ?\ﬁl%nﬁ%ﬁg Bt g st & %_&‘:Mir%n%snﬁ” thd RB8fr. A

I ”e. the swtching frequency of TRL. Is greater than
pairtdiedisdus thih DVgprow el Leeptly f@fthe TRE2-WiRE)ing 3l through the winding
whe%oé:éé‘rs/vs(/i:tl'c%i?n?tg,drgevﬁ)%/ %E%Oa%%/ '919?3334 sw?tchcd off. A second phase of the
motor has the same form as the first phase, comprising the power switching devices -

TR4, TRS, winding W2 and diodes D8, D9. The operation of switch TR1 of the PFC

“circuit is independent of the operation of the motor switches TR2 and TR3 (and TR4

and TR5). TRI1 is controlled in a manner that actively shapes the input current whereas
TR2, TR3 are controlled according to the required acceleration or steady state running

of the motor.

For simplicity, in the following description certain assumptions have been made:

- the voltage across the dc link capacitor (VCdc) is constant and greater than the peak
rectified voltage, |

- the switching frequency of TR1 is much greater than the switching frequehcy of the
load (i.e. the switching frequency of TR1 is greater than the switching frequency of

TR2-TR5).
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Three states of operation are shown in Figures 4-11.

t Figure 4 The PFC switch TRL i s on angcCT/GB2003/003384
w?v%?‘%@%é”TRZ TR3 are off. The period during which 5

TRL is switched on is chosen so as to actively shape

the input current. Current flJows fromthe ac supply,

through the bridge rectifier” D-D4, inductor L2 and

TR1. The on/off time of TRL is chosen so that the
Thres kraesstof topemtigh aiestioen or Figargsahdl .t hus t he i nput

current 11-2) has the shape shown in Figure 5. 10

State 2 - Figure 6 TRL is off while TR2 and TR3 are

are two current loops: 11: Wth TRL off,

Su%%érgigg¥o?ed in L2 is transferred to Cdc, which
TheE eml dweitdhnTR1 nebn an@dwuch@nTRa TR? acuefferithe pericel diging which

own in Figure 7. 15 12: ond | oo n
TR3 (i FRUCOH CBE §oviTePRas Bt DU TRPGARITRY Ve e fsp flows

frofUHeCH sxﬁﬂ rﬂﬁauoﬁttﬁ’e Qoé Fedfier DRD4ThRiANRIE08nd TR1. The
currents ver a perio are shown in Figure 8

on/bff 1588 ocPFRIEE€BhdsBAO dmpam ¢1m‘en&h¢owghstldu<ad)r Iahyandi threg the input
make up the difference between input current 1L2 and
currdng Dot g thecthape pOWD WEESWe PWp) . This causes a 20
vol tage ripple on Cdc of the form shown in Figure 8.
The maximumripple is AV. The size of AVis inversely
Stdtebat duk®6t he capaci tance of Cdc, i.e. a small _
voltage ri Ie AV requires a Iarge capaci tance. State
TR3 is offi vhitee V2 28d TRE aresof £ while TR2 and TR3 are of f.

Th There are tvv? é:urrent | oops: 11 - Wth TRl off, energy
grte(?]reeavc?ﬁurtcé\ | VP ansferred to Cdc. 12 - Wth TR2 and

I1: TW3thotRi theerf‘eb'%)f abtedi i IR Nelithgsiivtd te dueesviactd réssilts in a net
recovered back To Cdc. 30 WD 2004/ 0 57747
redRETHICBRhRILBr@05884 as shown in Figure 7.

I2: In the second loop, energy stored on Cdc is released through winding W1.

The net current flowing into Cdc is I1 — I2. The average currents over a period of time
are shown in Figure 8. It can be seen that capacitor Cdc must, at any time, make up the
difference between i'nput current IL2 and the output current IW1 + IW2). This causes a
voltage ripple on Cdc of the form shown in Figure 8. The maximum ripple is AV. The
size of AV is inversely related to the capacitance of Cdc, i.e. a small voltage ripple AV

requires a large capacitance.

State 3 — Figure 9

TR1 is off while TR2 and TR3 are off.

There are two current loops:

I1 — With TR1 off, energy stored in L2 is transferred to Cdc.

12 — With TR2 and TR3 off, the current in winding W1 reduces and is recovered back to

Cdc.
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9 Wiile they are not shown, the current flows for
mﬁndiqg W are the sane as for wwnding W1. I& igﬁﬁld 03384
WR2RYEH% r om t he above that while the overall 'f 1037005
power PIN, i.e. power taken 5 fromthe ac supply, is
the sane as the overall output power Pow, i.e. power
delivered to the |oad, over9one cycle of the mains
supply, the input power profile is very different to
wHiR€h HiR Wbt , thE M&én@ﬂoﬁ§ foc‘xj_wmirf 7l Qe 2031 as for winding
paci t or c copes wth the instartaneous difference
Wibet ween i nput power and out put power. For a high power
| oad, this demands that Cdc nust have a | arge val ue.
As an exanple, for a 1.5kWIload, Cdc 10 nust have a
r i I QV.
e sH Y B HeaP R he ST el FHER Qord e RARIRAEA AR walen
frofhBe & PPl ¢UE tieganty @&vwhe braml bhepus pewkyPds, CappRet Bdlvered to
with EMC standards, i.e. the dom nant frequency )
the dendp OMemens aycithel hampains 8gnbn e Bmpuk prvePrefde is very different to
fr ency W th.15 c i gher, .swit chi. equency .
e o QU PRe rRiOutp & oWl Bl d S0 rBdiRR e B e

insGHah€\ls diff6RBc@BetWaén irput povwiethnanbugid pbatt. SFas iR pbwer load,
turned off. The penalties of this schene are that the

thiscdgsearids dhatGdde must hava\eelaege|valuge Asiuexamplgulior krgSkW load, Cdc
capacito ich j th physically |arge and

) @ﬁ?ﬂ@é#iéﬁ%?#ﬁﬁébqg%'Capacitor Scheme Wth the
schenme according to the invention, as shown in Figure

12, the mains filter (Cl, C2, L1) and bridge
In supmhanfyi &nis (EheniXproxrdss rregoai netdble Howpyteyqltags Vslcaand thé shape of

t.he inductoy L2,. switch TR, diode D5 and.large :
the SRACTATERT! RV AT (P ORIy biiP TP e EMGTindards, . the
dorﬁﬁgﬁtcfrgﬂenc%mpox&ﬁ iE'tMszﬁ@epﬁ‘_@ sy G GhdI &S nfdins frequency with
capaci tance which is of a considerably snaller val ue

the 26uchhiigherrmritadfing frequeacy of swipadRlaupadmpsisdvan tha S0Hz signal.

e I R bS58 TRl AP BB s o

thi€édhemle drBahat @BCIAPAdifR CMtem@dt KNe IR valaSeuiki®g a capacitor
energi sed, the energy stored in the |i1nk capacitor Cdc

which iy bpthdihysicallpleege arsl axpenspei.nt 30 where the
rectifier diodes Dl-D4 begin to conduct and the
requi red notor power is

Small DC Capacitor Scheme

With the scheme according to the invention, as shown in Figure 12, the mains filter (C1,
C2, L1) and bridge rectifier (D1-D4) are retained. However, in place of the inductor L2,
switch TR1, diode D5 and large capacitor Cdc, there is now only a single link capacitor
Cdc. . The liﬁk capacitor Cdc has a capacitance which is of a considerably smaller value
than that of the larger capacitor Cdc shown in Figures 1-11. The same two-phase motor

serves as the load, as before.

In overview, this scheme has the effect that, each time one of the motor phases is
energised, the energy stored in the link capacitor Cdc is rapidly removed to the point

where the rectifier diodes D1-D4 begin to conduct and the required motor power is
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WD 2004/ 057747 PCT/ GB2003/ 005384 10 taken directly

wbhamshasai ns supply. The continuous pul sing atr/B8¥R5/005384
directly from the mains supply to the notor w ndings
WL, W2 results in a simlarly pulsed input current
waveshape, shown in Figure 16. The input "m filter
formed by Cl, C2 and L1 reggces the peak input
current to an acceptable | evel and introduces a

continuous current 5 wavezshape.simlar .to that for an
kL iroraly OB F P B S bG TRPRE GRS, et PEERT e fgectl from
the GHA R € RESpIY No tRE MbBEIMISENWY WA M2l e ﬁhevwrmmrlfgmge& input

18. Operation of the circuit will now be described in
current adesthapd,.shbwuarin figtred 6 ofTheheputi ‘m dilter fammled HyeCl, C2 and L1

descri bed. 10 State 1- Figure 12 TR2 and TR3 are,.
redyqis thenRsk dRPYI S UBRBY 1i28 SotaREARST I FIRP AMRLIOGFER a GaRigRuous current

w1 By L aeresty 10T

cur@fsQf $hd Windidgst We apdiwigarersbotvinfih igude 08les. As TR2 and
TR3 are turned on, the voltage across Cdc falls very
qui ckly to the instantaneous value of the rectified

I NS pl.y., ..as.q.S .0 Eigur e ; I o

OrGB 2P HBR i RESRRYPe LB AT bl a8, Pl 88 o e i

wilCep@ettiggace of Cdc. 20 State 2 - Figure 14 TR2 and TR3
remain switched on to energi se the winding W.. Wen

VCdc falls to the rectified voltage |evel, the

uyrent/ r supplied to the load is no |onger
Stafe bpg e

y by the capacitor Cdc but is also drawn

TRILAETRBYrE R AddnBichSrgiss WP hdidswshown by the
current flowin Figure T4, Because Cdc stores very

little energy, 25 VCdc is forced to follow the

tifl [ |t _Thi [ts i | t _
sosf PSS bk P o b oGS als P i o0 e mains
peak QAfaddTRhIALS M GOIRGS Jacicss EadTon aiceskidpe btverfdiodsst Nes TR2 and

mai ns supply to the windings. There is no significant
TR3 ateciumadi e, shemelapy astess &gle, falds very quikkihsode ipgmganeous value

of the rectified mains supply, as shown in Figure 13. The voltage across Cdc falls very

quickly because of the small capacitance of Cdc.

State 2 — Figure 14

TR2 and TR3 remain switched on to energise the winding W1.

When VCdc falls to the rectified voltage level, the current/power supplied to the load is
no longer supplied only by the capacitor Cdc but is also drawn directly from the mains
supply, as shown by the current flow in Figure 14. Because Cdc stores very little energy,
VCdc is forced to follow the rectified in'put voltage. This results in a voltage ripple on

Cdc of around 85-100%.

Power flow to the load (motor windings) is dominated by flow from the mains supply to
the windings. There is no significant intermediate energy storage, as in the boost APFC

stage previously described.
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30 stage previously described. WO 2004/ 057747
wa sl /B3903/ 005384 11 State 3 - Figure 15 TRPCIGB2NRBIS3L4
are swtched off. There are two current flows: 5 11 -.
Cl, C2 and L1 forman input filter which reduces the
switching frequency (notor)_ . conponent of the input
current. Wien TR2 and TR3 altk turned off, current
continues to flowin L1. 12 - After TR2 and TR3 have
been turned off, current continues to flow through
wi nding WL and is recovered to Cdc. 10 The size of
Stateabaligwe 18dc i s heavily dependent upon the total
ne tr I from winding W and fromthe
TRf?}%@%éﬂWﬁ%’F%{aﬁfQ part of the input filter during
Thetd@e tivBRurritafloWwdR2 and TR3 are switched off. It is
al so heavily dependent_ upon .the total ener

: gy.
11 @ hris? and &4 Tormmnwnpii fHEFT Whidhtpdpsesihe AYIEHRE degrency (motor)
duri the ti hat ' :
oI TR AP ot b
ﬂovyg{ Lpge applied across the capacitor Cdc is kept

within., a predetermined linmt; in the enbodi nent
12 -clesitari BB, andhaR3| hanet beep §unest o8 cpgete coatipuspdy. flow through

. State 4 - Fiqure 17 TR2 and TR3 are switched off.
ngmge‘,ﬁ’laﬂ“fl‘%?C%Pheéf’%g"egg% stored in the w nding has been
- recovered and hence the winding cun-ent has fallen to
zero. Current still flows into the inductor of the
Thei sipaibf Eapacser Clc anticavilyadeperdent aporp SheFiofal caeres EHsigged from
_the jnput, current. drawn rom.tpe C I . b -
W‘“g@én“)tqlh‘gid ffﬂ’é’ t eng‘fC‘%ruH A AR °§§H@B}F¥“ ﬁh%r i the time

1 gni can

ha GPISPQH&WRBE‘EI tReiche@BEENEYs fko hB&/iRBiPEn&MPRbOn thiRNetal Bnergy
t ther ul ated at etshe Cswi tching frequency of the Foad. The

’ tranisfeptet! fiothtvend{ng W2C2d from thegnductersL] during the time that TR4 and

TRS are switched off. The capacitance is selected so that the maximum voltage applied
across the capacitor Cdc is kept within a predetermined limit: in the embodiment

described, that limit is selected to be 400-500V.

State 4 - Figure 17

TR2 and TR3 are switched off.

Here, all of the energy stored in the winding has been recovered and hence the winding
current has fallen to zero. Current still flows into the inductor of the input filter L1 and

charges Cdc.

Figure 16 shows the input current drawn from the ac supply. It can be seen that the
input current has a significant component at the frequency of the mains supply, and is
modulated at the switching frequency of the load. The input filter (C1, C2, L1) restricts
the size of the component at the switching frequency, and it is preferable to match the
input filter to the switching frequency. The provision of the small dc link capacitor Cdc

allows the current drawn by the load closely to follow the mains supply. The size of the
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the size of the conponent at the switching frequency,
and it is preferable to match the input filter to the
wosLehtAg frequency. The provision of the smaPCTEB2003/005384
't nk capacitor Cdc 30 allows the current drawn by the
| oad closely to follow the mains supply. The size of
the WO 2004/ 057747 PCT/ GB20@3/ 005384 12 dc link
capacitor Cdc is chosen in accordance with the work
demanded by the |oad . applied to.the dc link.
de ISt s%\}%,cl‘?%f‘ g Raatior firh P ot rsy pasdP gy he toad
applfgat 8 the W09 A st RBcHBed dbdke CRPACIOE®in GRE foTSHf BQulsed motor
arge enough to accept all of the energy transferred
windihgmhd edcelink gagattopliasemuit izt hggs evaugbup askemieal] afthenenergy
vol tage capabiljt 5 of . the canponents,. as, sho in_ ...
trangfeiged BOwDA-Freretsed PRAGAMBIGES TEHREL ERyeeUing B ;vpltes chpabilicy
r tod t st fabbe for all types of |oad.
of tl‘% cro@r[}?))‘?)%ghas ﬁ%o% mﬁ

iTS e large ar 1009 ripple conponent on the
dc link voltage causes a significant variation, over

~the course of one cycle of the sup#ly,.oé tPe OVBT < oad
It issapkppyisdeed thay hiseCTIU0aTYRER THE PYaR RIS Olgpbes of load.
._Lhis has t f t f id |
rsl el 008 1 SORRER0ind T By o

signiffdageviriitiohl eetencyorte dftumengtiasf tieuppply, oSthepodiey supplied to
current pul ses, at the switching frequenc

i A y of t )
the Joodd, W hgiptherlonds is hanotem Hus hagihe &Hect traj @e&e%@&%ﬁ Fgtor will

the switching fregue st D -
vank il Eh e e YT et Sl Fehe fjapency of the mains
sup;{]g.g Weab by hangia: pelseQut thenswibbidgMeeqiieanygaf de. 1048, appear in the

wever, even in view of the above, this circuit
inpwr earepeeithis semends dhatt g switehang fraqppesy of He| load must be

I

HowWHRE advefNnt BeWastythel AHove hdisn@itoust drrgumentyis Wwhld-shiealdto many
shoul d have a hi gh operating frequency, of the order
typesfof 2K}dzd dpadsosush 3s it BPWEWheEs the swPERing fraquenny e highppe where

. .requir nt whi ' rr : it

o SR Dol g By TP P ISR e A o

shoSlBERAE 4 Rig@x6p&au® fRpPERY] bRt yrdeBdf GXIpr more, in order to
Surprisingly, it has been found that the variation in

comiphy withpeeant #9E savircmavs Mhish gitkes iparmengarant destgyged to
. .Speed, of the motaor. .l for 0 td - 1
e 58P sTEL . PSR oSBT SRRSO bl
35,0008Pm Os@p &gy, it has been found that the variation in input power does not
have a significant effect on the speed of the motor. Indeed, for a motor operating at

95,000rpm, a peak-to-peak variation of 800rpm has been observed.

A number of other changes have been found to be required for optimum operation of the

new converter with a pulsed current load.

It is preferable to avoid any significant build-up of flux in the motor windings. To avoid
flux build-up in any magnetic material, the volt-seconds applied during de-energisation

must be substantially equal to the volt-seconds applied during energisation. For equal
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25 A nunber of other changes have been found to be
wd efdioEedy for optimum operation of the new corMEYGRAV3/005384
with a pulsed current load. It is preferable to avoid
any significant build-up of flux in the notor.
wi ndi ngs. To avoid flux build-up in any magnetic
material, the volt-seconds Ebplied during
de-energi sation 30 nust be substantially equal to the
ener%ﬂslatioﬁ af@idenafpidatiof provisghefiak diusldtupowill Berprepprabnalio the
004/ 057747 PCT/ CB2003/ 005384 13 energisati on and
voltage erpdiedi sati on periods, the flux build-up will be
proportional to the voltage applied. Figure 20
illustrates the sequence of voltage pul ses which are
Fig@RRbiiBehtlafestthe satfuBfliengrSvolthge pulkdsew bl @fe dhplicdgo tieevindings of
hal f cycle of the input supply. Due to the small val ue
the plota@ahring fpae hialfyelevad| thagwut sinpbs Rpel&r egmmalhyplugef Cde, the
. _half cycle. During.Q. < Ting 05§, .. nlLitu
inpuyrVQliage TS FAAHY %“é““&ugﬁen’balfﬁg‘ﬂgf 1?6‘6%}# ?aﬁ%% Sod 00ss, the
ampif@de $fftRe @BRAZ pifle @fridghBle offOpdrR@as Préate tishir iheGniplieude of the
i medi ately preceding on period and, as a result, flux
voltege pasaiguringnthe immastiasely porss dhmgtondesigd anfiodsed Easult i bigld-up

. th L od 0.005 Ti 0.01s the. 10 [ i tud f
i e 48 ehor e oHipkRe g TrepFiond P o gots e

ampIiEd PPk L8 @ pulsB®luri! th@ @ Pt oweisdbss 1Ren the amplitude of the
I mredi ately preceding on period and, as a result, flux

voltage palsaipurivg (he iommadiatelypresgdalg queperiodsindf asen easgltsfux oild-up
..and de-energisatjon. Figure 2la illustrates_. how,fl
Wil R PSR O FHEHST G 371 dpP R HaL FIRTe A Tustrates

howlHh Li‘]’d'lu?%?rf Ei‘cu R/ HRE Tth DSk 8&%%8“% SarhOURd bR ad the period.

probl em o uirld-up in the notor illustrated in
Fi gures 12- 26 can be avoi ded by reducing the

W 3B e R AR s B RS B Re Bl sgea n igures 12
26 dahlHaShhREE Dy O didd e RishiEkivR 53R, D& (RY BhrdBEn bPtHetingrgisation
way. 20 Thefe are other factors which nust be
periodnsi ‘der pdsbeffogwe 2Hb i8ngraggsslaaw Suxpenideep ran be adoided in this
Excessive reduction of the energisation period wll
Wa¥esult in periods of no nmotor current, which wll
have a detrinental effect on the harnonic content of
the input current drawn fromthe supply. Al so, there
Thevd late behea fasend woichnouetabe cohadged betare rtbnitenefgisation period is

reduced. Excessive reduction of the energisation period will result in periods of no
motor current, which will have a detrimental effect on the harmonic content of the input
current drawn from the supply. Also, there will be a need to increase the peak current if

the motor is to develop the same rated output power with a reduced energisation period.

A compromise has been found where the energisation period is reduced only to the point
where the problem of flux build-up is eliminated. In the embodiment of a high spc;d'
motor, we have found that acceptable results-can be achieved by reducing the
conduction angle from 90° to 82°. Of course, the conduction angle will differ for other

applications.
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the notor is to devel op the sanme rated output power
woiziw&77educed energi sation period. 25 A conpPGRGHa003/005384
has been found where the energisation period is '
reduced only to the point where the problemof flux
build-up is elimnated. In the enbodi nent of a high
speed notor, we have foundigdhat acceptable results:
can be achi eved by reducing the conduction angle from
90 to 82. O course, the conduction angle will differ
for other 30 applications. WO 21404/ 057747
TheP 1 SBRAN340ARR4paclthr Thie iv @hnlieg®ferickiebydihel reqiirement to absorb
capacitor Cdc is only governed by the req irenEnﬁ t.0
recaksat dnergyefromahe thasere pafyiceleBndpRBE OIS RCCHeRE P PYRNg normal
durin tor accel eration.. ri. g j f;
orsen B S B A B TR (PR et
wirbNE %3 He® thh dEhatk Apudiidiqug. iThif @dovaek eteavgy ban bieas high
ik capacitor Cdc. This recovered energy can be as
as 3% f tesrablbpofertdfahe atager. pHsve resut qfr@ésw}étr@rthe Agcoyered energy
result of absorbing the recovered gne R -
fro thaimgfimeh@eé&%fd?‘}fo" Tggg PEEESh R 2 i idgﬁﬁsg‘rkgl"acm Cde
mugtn?kéj?hié L Ol ARRGhICIccbEE, toBHSlrelrde of HeSconppdnage conseted to
Into account”, to ensure none of the con?onents
the ceniactadcia Cheuffier dvientvolagsawvientsr ICHell arapereciated that power
over-vol tage events. It will b@ aperﬁciated t hat power
eleqippra¢ ERMPHIFNE HBAPOTNRYR 'S UFEVEEEIX'TVE to over-vol t age
events. Figures 22-24 show the application of the
power converter to driving an inpeller of a suction

| Fighf? 1124 sK@Q UheTepplimtion of The praeeamveiesanett g an ingelter of a

I's an upright type of _vacuum cl eaner, but the vacu

suatioadmein 8oBFERGleantTy e WCYIN GRBFT A B G R type of
vachlgﬁg:c]lleeraher%utstﬂgm&u FLGHEE c8did dfusny gng\)IHJt ElRamge d00acuum

SeS an upstandi ng mal n gody 11 a fan and _
cle BRSrOTA Caboiwigin Rl Qurat22i the aowem cémaderf K10 doopsisag am upgarsking main
and fan wunit. A cleaner head 115 is nted in a
body b itird [Uind BT SETBA 0 EnBRoEDY T BdLge Gagor gnd fon
uGt | | ' h detkelynartiP@aeh €adhedn Gt thddr casing
Unﬁh?%h%ﬁm%ﬂ#gﬁléﬁgihgﬁgkgégt Séﬂaﬁe éramn ffbn1a flpoﬁ
126 Unf acdon Tiler Timi is phodgedlibGhe cleprer hsads Bldathsaughgvhich dirt and dust

apparatus 20 112 in the rmof _a.c oni ¢ _separ at.or
B R A R L T pe—
112 in the form of a cyclonic separator which can separate dirt, dust and other debris

from a dirty airflow drawn in through the inlet 116.

The fan and motor housing 120 supports an impeller 130 and a motor to drive the-
impeller 130. In use, the motor rotates the impeller 130 at a very high speed (of more
than 70,000rpm) to draw air along the paths A ~ H through the cleaner 100. Dirt-laden
air is drawn into the cleaner head 115 via the dirty air inlet 116. The dirt-laden air is
carried by ducting to a separator 112 which serves to separate dirt, dust and other debris
from the air flow (path B). The separator 112 can be a cyclonic separator, as shown
here, or some other form of separator, such as a filter bag. Cleaned air leaves the

separator 112 along paths C, D before entering, via path E, the fan and motor housing
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[RS]
n

froma dirty airflow drawn in through the inlet 116.
The fan and notor housing 120 supports an inp <
WORYHASHd{ or to drive the inpeller 130. In usg%ﬁ?%%%%9anu
notor rotates the inpeller 130 at a very, high speed
(of more 25 than 70,000rpm to draw air along the
paths A - H through the clebher 100. Dirt-laden air is
drawn into the cleaner head 115 via the dirty air
- The - di N i .
120 G e Tbor 07 4 L0 TR B0 e BT SRRSO bt 130 1
filterdy Ghbdustgahiols whichmerheotatmof¢dby {gpataror8)12. The
separator 112 can be a cyclonic separator, as shown
here, or sone other form of separator, such as a
. T r. ha Lifiarl RV :
Figdes g 0, o o0 FEREdp Bt B bR AnEEPRS Bt e moor
houdid 170! Ferdeftsdariggd\DI 2 BlppoaSy sihft ROTWEISEQH 36tathBle3Bbut an axis
15 120. A pre-notor filter is usuall | aced in the
146a THel igme Per 10 copEallnmoupisd| qnghe i@%ﬁ/ 1153 atfthe uggtreg end of the

: ' c ol . . "
shaly 113, e fBLLAE AR bG AR Stins SR 8B the impelir 130
towaRd tAPheusinki1gh vaitien hocts@deli MY bed, MAtRE, sdovdeidiangair into the

120. Sets o?'bearings 143 support a shaft 142 which is
housimgak3&binethaisivgetiem shows  Stal. 142Hs dringe|byethe maefor gvhich, in this

S0 4 TR i I s

es ext end
whitch Q§NeéR@bRmBued Wvitintthe siafgreldoer Fibdfe 24 evarsdsidnh@rough the
housing 135 within a channel 148 and, in use, serve to

mowr oty K -nKb of Hguisoddi nbhel 3Bt¢mist Adwai palet bwirpBsgwivvitched
Shaft 142 is driven by th t or ich,. in thi 0

relugfigti | camaneeh § Bash SeERCPa U nhebl oo, B pe. 1400

andN8f02 Shal Qblel #4000 Rdr 404 nhrfBer WRItGMs T inSlidkabliye wound
nounted within the stator 140. Figure 24 is a section

arotint d.ughe tures omoprAsing pawg oX polex aregfoitridgn series3o faqmme one winding,
tor is a two pol two-phase swiit ghed . rel uct e

c'g'%? oS Pp pc?i%pﬁ%e?’%’ }é\q%g’tvovirndin Wr%aﬁclhloﬁﬁ’ Woﬁ?urgaﬁénnc{ the turns

on gﬁl%ﬁﬂo@@md AARbwindfiRcw2anewh4Pdigulach pol e 140a - |

has a nunmber of turns of insulated wire wound 15
around it. The turns on opposing pairs of poles are

jained. in serdies ta formone wnding, .e.d. the turn
Theiroydl SEVTAOL EFETS ' SPTH (h BRGSO R T gystem
160PR %o ol idEAS TheRhBRl183 hdd@GensbFH0dlS Far dBramiRgithdad®ilar position

shown in Figure 12.
of the rotor 150. In use, the control system 160 uses the information from the sensor
155, together with other information, to energise sequentially the windings W1 and W2
and hence to cause the rotor 150 and the impeller 130 to rotate about the axis 146,
drawing air into the housing 135 along path F and exhausting air along path G. The
windings W1, W2 are energised by turmning TR2-TR5 on and off in the manner

previously described. Control systems of this kind are well known and do not need to be

described further.
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The circuit shown in Figure 12 is used to power and
nmotor. A control system 20 160 is a@S9cB2003/003384
‘”@gh”ﬁayﬂ? The shaft 142 has a sensor 155 for detecting
the angul ar position of the rotor 150. In use, the
control system 160 uses the information fromthe
sensor 155, together wth her information, to
ener gi se sequentially the MAndings WL and W2 and

hence to cause the rotor 150 and the
For @owghzgg,@mmp% r%nganL@otord\y]glw n'borg}ar%P?ﬁ‘l%" ﬁ%eed ocf around

usi I I Q@uiakdv
95 dé% n‘gﬁég 95] g’xal? erY,oﬁo@ij’ g?gtl \fshg,lde@,b%)r ?t:r nllgﬁig nin

IﬁgEBZQTﬁﬁvQBcﬁbdraﬁhsln t he manner previously
descri bed. Control systens of this kind are well known
an@UBG?o’Ezﬁ@@ﬂ to be described further. WD

qt4<:_ 584% PCT/ CB2003/ 005384 16 For a two-phase

i #él uct ance notor with a nor mal operating
speegt 9% garound 95, 000rpm we have found that the
foll ow ng conponent val ues, for the ci rcuit shown in
Figure 12, provide good results CI = = 220nF;

he r o
Thez@o%dﬁg%rzﬁ%ﬁ I%Fgg*raﬁ :l’_ rrgo; ‘il ﬁﬁrgger cﬁ gﬂgsuﬁr?dsa high
ope%%astﬁe&ﬂ SPREGavehfién |1§1\éqtlill)0|§p;blﬁ:abt¢uai bihenpds cledvirey a high

to Other |oads having a high 10 swi tching frequencyd
swishnlg frsqueeneyi euchhayiangagorn a‘g@cmiﬁééﬁv nymbsp|of sPAFg ad a low

opelgal%\ggg%g&? ! ;Ad?pﬁ%nilg\ﬂfﬁsgcﬁ glﬁln‘ﬁd g%gfshl%flﬂgy tr aatlng?&\ﬁccé Qich as an

{ | GRS 27 aRindg 38 itfdtélﬁldha:!rﬁ t4€dt in the
ag”g[%pegmlég?@?&:ldn%%ncgorm of a gr ush blallr 170. 15 ?I' 1

forhofl & fbribshrbat Z00conpri ses an el ongated cylindrica
sl eeve 171 having radially extending bristles on its

outer surface, as indicated at 172 e, brush bar .
They @{%pabqlry 17W%e%ﬁna%op%tg ﬁa}mc&rbcaai séerevgh&flt ﬁ\gg radially

BRI ol ordre mcas poiaduagnis vy
modirﬁl:@bn BR AnteTied comtialrshaft7173 via bearings 174, 175. The motor is mounted
centrally within the brush bar and comprises a stator 176 and a rotor 177. The rotor 177
is coaxial with the stator 176 and surrounds it such that the rotor rotates around the
stator. The shaft 173 is fixed with respect to the stator 176 and the brush bar 170 is
arranged to rotate with the rotor 177. The motor is an eighteen-pole, two-phase switched
reluctance motor. A winding for the motor is indicated at 178 in Figure 28. In use, a-
control circuit, such as that shown in Figure 12, is used to power and drive the mdfor.

Each winding is energised in dependence on information from an angular position

sensor (not shown) associated with the rotor.

The motor causes the brushbar 170 to rotate at a typical operating speed of 3,500 rpm.

The brushbar 170 may be included in the vacuum cleaner 100 of Figure 22. The

‘brushbar is mountable in the cleaner head 115, adjacent the suction inlet 116. Rotation

of the brush bar 170 causes. the bristles 172 to sweep along the surface to be cleaned, for

example a carpet, agitating the fibres of the carpet to loosen dirt and dust and picking up
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is coaxial with the stator 176 and surrounds it such
that the rotor rotates around the 20 stator. The
WQ 28T H7xed with respect to the stator 176 adﬁTWﬂEﬂ"B”m*”4
brush bar 170 is arranged to rotate with the rotor
177. The notor is an eighteen-pole, two-phase swi t ched
reluctance notor. A w nding ;or the notor is indicated
at 178 in Figure 28. In use, control circuit, such
as that shown in Figure 1 used to power and grlve

i s
debrineThotusHon ofaie Hftwmlﬁ@nﬁgehfé?@.t%@aw ape PR dRmEiEty G inlet
an, f r [ S
T UL AL A BB o0 L5l (o
bruEHBé@ hb@mal Akotte ik@b@ddeinat fldortiyglifend v@mernailéznr@r.s peed of
3,500 rpm  The brushbar 170 may be included in the
vacuum cl eaner 100 of Figure 22. The brushbar is
nount abl e in the cl eaner head 115, adjacent the .
DCsPwverBupplvet 116. Rotation 30 of the brush bar 170
causes. the bristles 172 to sweep al ong the surfac to
A gseonrd appia@tion §f theoRAWR] €O CEIST Helh 2 £i§i RONET fyPPlYe A typical dc

powsr PRl T POV 005 s per e P P B ce qopverer.

as ﬂ‘@k\fnl 9 Flﬂih% BIcAi o @hingistpplyfside, tHeee M dnl inpodfiters3oo (L1, Cl,
fromthe carpet and into the dirty air inlet 116,

and

C2handcebridgeoeetfeer 308+ Dyspa the igh P@Wéhﬁ'éﬂwlﬂl@%f APRE stage 310 is
oSSR SUPRRE e 5 OSBRI HG TRE! ARE MSIHAEY 5y
incSipBRItHgAhS BeeadAPRD stagat vas_ A)fwmh& ﬁﬂm:rm@dmwernteer cdmetam de

in a do power supply. A tﬁplcal power supply f
volpxgwerTh%b@Q‘r?gs‘\Hﬁ@ siRge s fadfowed b>2k\rﬁrﬂll Prigige @pnvmqroﬁg}é d¥ith a

sho re 25. At _the nai.

°°“§E‘Bb99?‘§¥d& ta%%‘éf‘%rﬁ scogif?”r ﬂ€ M igee 5BBYFCE IS i ‘8’“”““‘
depeRding el yorbihedg@Ratic@Cini 1bade r TROGutphiue th@fmllyeohtrghe@mwge 315 is

rating, a boost APFC stage 310 Is usual
fedi tncaarrporfane@r #bend an Q\Weflléeét‘r@ﬁlaé@@?@esl Fpindugigr dehand an
out?/taﬂtrcrlrco Q‘éﬁ%? torB()f4 I\Fd%oﬁpgr thc{] gu{pn? v&? ofAf? ? 8‘0%%? supply. The

bé ‘mai ntaine near onst an

sw1Yc§Hut1¢ﬁﬂ'€ quehia® ob@beEnd‘gBFcGnSép?@@ 1i5Sis kelkdtod@smdyindisd thel size of the
d@e converter 315. Wth a constant dc |ink voltage
outmflucnrrgmqmmne@rﬁ (H}ec‘f)u\r’hll%rm@@fél%@ﬂr%@ﬁptéblelIQSSCS in the power

e]ectromc %cvrcgsr \A\P{he bridge converter 315. However, the selection of the output

capacitor C4 is further complicated by standard requirements that the output voltage
should be ‘held up’ for a defined period after the input supply has been removed, i.e. the
output should remain on for a fixed time period after the input supply has been removed,
such as during a power cut. This generally results in the capacitor C4 having a fairly

large value, often in the range of 100s of mF.

Using a boost APFC stage 310 has the same problems as in the power converter shown
previously in Figure 1, in that it requires C3 to be large (100 - 150uF) and increases the

component count, size and cost of the overall power supply.
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[\S]
n

15 depending only on the variation in | oad. The out put

of the fully controlled bridge 315 is fed to -
WO A9 37 Her 320 and an output filter which incFﬁE@sBzgt‘H/"'bsu

i nductor L2 and an output dc capacitor C4. Vdc_B is

the dc output voltage of the dc power supply. The

switching frequency of the hgidge converter 315 is

selected to mnimse the size of the output filtering

- conponents (L2, C4) whilst i ntai ni ng accept abl e
US‘Pbs%é%CW“Fﬂ%@"H-&Re‘?O 98t oSt 10N PEEVRH e 4B GIOWERSUPPIY can be

| DURAL VESEC b8e § B, 6hin &fiy hGpacitor C3
m°‘§5‘?§8$a%g“ p}g%:tir?%]ﬁ%imfggﬁrthergéc%B?rpF?’caté] Sy Y pactior
of SEANEANT fmanalRnbs shdvad in Feguoel CpUtAy olcbagquershailremoving
be "held up' for a defined period after the in

put
the apyl APFGEstage SA0r ¥aeveaow hag neah F00% gipples vy teanster from the

.remain on f fixed ti | O f t ' SO
oDl 35 AnbL ol RBBRE L S G TBME yc is o
fundd¥rSo @B Qicaldkyvdl Qs (Vac_iA), htw \asipaeidraimEATRaMpagcdrent to the

fairly 25 large value, often in the range of 100s of
transformigg ingow thkrasdirgyyrendbe mRims $1P} HECe A sprlbispragior C3

as in the power canverter sh : V] Y iaur. e.
stoffs v (6 RPESy gt i PRy Be pEhEdtPiBlster Bugifiged by
imponicCRABAS dnNie &@F%P@'ﬂ@ﬁt eEi0H Y1, thé itZ@sfftleic OFhe @fzetdi@he small

overal | power supply. SOPV\D 2004/ 057747

capRGTrGBR 00 B 00B3&pend@it Wpionghe: totek prrgyi éragsfpir¢chfromp the primary
_that_descri bed .previ oysl t he .powe upply can_,.he . )
wind Np &g e e mamarin O Eegabaar o SuPRng el of A input fitter

dur?t\:LQP 6?&% b RO YR c6RRAMeEBPs. C3  of significantly
T sima fe va

ue, as shown in Figure 26. As a consequence
of renmoving the boost APFC stage 310, Vdc_A now has

near 100%r i I Power,.transfer fromthe 5 brid .
ReNDE e COPEE AT Sdgh JPe er Bk PBrAaL H3traeR bfdhe switching
frecg}éf’x?}“tof $h@ 98 doMbgitries nd Iof\gh'?c&dfﬁnﬁs &fe YA18esdsf thendutput filtering

ol tage

(Vdc_A), now varies over tinme. The input _
corsponieast(L2oCtheCapacansCémowrhasso howized keeeppdi widctheyvaf yirgrpower

t he ins s |y, since the small capacitor C3. stares
traniey WPIoPF & TBIICRCT MUY GPERV TSR 1Tt Bfebeen found
thal @NIQ BEEafiibnkecatidess RYuirtd RO G hdwikdten@istshdilar to

energi sation period of the transfornmer. The size of
that ichmaolildl B2 eabemi teqnir@B preyidisiyv ias ythel elpoAatd mequipwnent for the
out%)trste‘htolodt S[l) ger}leordgz}iretaa? r&xscftae}er:sr & ﬁjarfgé 0 uyg) c%a.lcﬂgrr &4. The majority of
the energy storage capacitance is present on the low voltage side, which has advantages

in both cost and size.

It will be appreciated that the invention is not limited to the embodiment illustrated in
the drawings. Specifically, the invention can be applied to mulu-phase systems, for

example with independent rectification for each phase.
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wi nding Np of the transfornmer and fromthe inductor L1
formng part of the input filter during the operation

of the bridge converter 315. Renoving the boost APFC LLOYD WISE
stage 310 has the apparent drawback that the sw tching

15 frequency of the bridge congerter no |onger defines
the values of the output filtering conponents (L2,
Qﬁ%hngapacitor C4 now has to be sized to cope with the
varyrng power transfer, which is a function of the

mai ns supply frequency. However, it has been found

that the val ue of capacitance C4 which is required

with this new schenme is simlar to that which would

h AN Blesticabgnpadiup cemipogisioya mentor havisg ahteasti one switched
requi renent for the 20 output “hold up' period already
(phesatwisdingl landeg aadwitchidg frepashéyowhich. is Hieaterirdn 2KHz and
of the energy storage capacitance is present on the

| rvang@idt tagRivel gl impéilethah@ s RV d AR sioh %_pEQFehu§ frconverting
and size. It wll be appreciated that the rnvention 1s

érifFﬂrﬁ%‘ﬁélﬁerPQﬁn E‘Bg,@qurgc Lbhitskify-ed in 25 the

raw ngs. Specifica the Tnventt on~an be applied

to nmulti-nh tens,. .for ex |l e with i ndependent
rectif nclggpgﬁglg%fsoé5%‘??"%%98.‘”’9[?@5%‘3 agngsqifge. which
1. el ectrical apparatus conprising a notor having
df‘pllﬁg%@@e 5}%“‘{% 2B iRyt filRBse wi ndi ng having a

swi tching frequency which is greater than 2KHz and 5

ar r angedtifyitngamieass dor iectibing:the altednatippeignatonver si on
apparatus for converting power froman alternating

sour cea tapatitor famgioriag ePergyfromttt retefaRi sighar ecei vi ng
power fromthe alternating source, which I nput stage

i ncl udgpo@Put f&?@utﬁhﬂtiﬁ??povd’e@?ﬁdnﬁ Fﬁ@%&?ﬁﬂ% ni&ns and the

rectifying the alternating signal, 10 a Tapacitor

]féa:f}raicﬁ‘& t%r}ﬁégﬁotforr,om the rectified signal, an output

or outputting power fromthe rectifying neans and the
CapacivEI’?éranothteh\nevin@?r%goFéceives power from the output, and wherein the
capacitor has a capacity such that the voltage across the capacitor falls below
15% of the nominal peak rectified voltage of the source during each cycle of the
alternating source.

2. Apparatus according to claim 1, wherein the capacitor has a capacity such
that the voltage across the capacitor falls below 10% of the nominal peak
rectified voltage of the source during each cycle of the alternating source.

3. Apparatus according to claim 1 or 2, wherein the capacitor has a capacity

such that the voltage across the capacitor falls below 5% of the nominal peak

ré_ctified voltage of the source during each cycle of the alternating source.
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wherein the wi nding recei ves power fromthe output,
and wherein the capacitor has a capacity such that
the voltage across the capacitor falls below 15 15%
of the nom nal peak rectified voltage of the source
during each cycle of the alteynating source. 2.
Appar atus according to claim1, wherein the capacitor

a_capaci t uch that t volta across the .
B ebef SRR AGebL T o Al Goeist ik riHing R wherein the
rectified vol ta%e, of the source during each cycle of
t9RPagterhamRicRgasity ix store thesamaush phenaray el isipleased from
claim1 or 2, wherein the capacitor has a capacity
dbe windiag when ths wingingisrsysitcheaseoffapaci tor falls bel ow
5% of the nom nal peak rectified voltage of the
s Wpparaiusi augoeding to ank eretedihg ciditne whalréindhe aistee comprises an
LLOYD WSE 20 4. Apparatus according to any one of

tiRGuRNROBEH RehiCh A fBpeatfly SiWitchEE beR@EIE hh ¥ dtaf &nd an off
capacity to store the anount of energy Ich 1s

SRR 411 AUBGAIESAED YO o seenge
Pl B R TR TP T 1o U

and an off state, wherein the duration of the on '

. fircelestricad appataius RecHingstoaary Brpcgdingoclaim, wherein the motor
avoid flux build up in the inductive load. 6. An

ab ecswitateld mypdanteimnadercor ding to any preceding claim
wherein the notor is a switched reluctance notor. io0

77. MeRcaidal b?pbrﬂﬂ@ébéér'dmgaﬂﬁ@ﬁ)dbf&:eﬁmgeﬂﬁinﬁ)wﬂ%dﬂoﬁg ofa
claimin the formof a vacuum cleaner with an airfl ow

AridbunBRbREP witheard ﬁ?gﬁégllj ??}H;jvﬁ\llvrgeartéﬁ%i&ﬁpfeﬁ@r & suction fan for

drawm ng air along t
drawing air along the airflow path.

LLOYD WISE



