; €3e% HC% >>?@ @6BTHCHOP1 A NEW METHOD TO DETECT THE TRUE ZERO CROSSI NG
PO NTS OF THE PHASE BACK EMF FOR SENSORLESS CONTROL OF BRUSHLESS DC MOTORS
Field of the Invention [0001 ] The present invention generally relates to
detection of rotor position of sensorless brushless DC (BLDC) notors. In
particular, the invention relates to 4 system and net hod for phase-del ay
free detecting of zero crossing points of phase back EMF in sensorless BLDC
not ors. Background of the Invention [0002] Detecting of phase back EMF zero
crossin gArNE%tf MEAGRE)D oF Oslo ki Cd's T HEL R 1Bt OFR O+3R OSSTNG ®OINTS

det-erm ni ng_rotor E’OSi tions in controlling of phase conmutation in BLDC

not ors. Tr daft TR PHASENB AfeKeE MR F{9RoSENS@ 3 (GONSTR@E. OFen
performed using position sensors. wever_ present day nethods have
gravitated towards sensorl gg%ﬁ§iﬂeEH§Sdﬁ $6MPol of BLDC notors. [0003]
Several nethods for sensorless detection of rotor positions have been

devel oped. Sone of the existing nethods are: a) detecting rotor positions
of unexcited phase vol t ages usiFgeg Igw pass filters; b) conparing
integration of unexcited phase fe @één‘ﬁnﬂﬁna preset threshold voltage; c)

i ndirect posinhl ensi gr integration, of third. harponjc stator
vol t ages; d?dotggﬁgll}gté} r%]égeﬂgilé\r’]ea gn ogen%fi@%vgﬁ@&eﬁi ngﬁtle‘fd)tbo P%Tgrfj‘oéx?(gﬁ%’d %kal man
filter positifRplestb-iBiélDM (B1sey ﬁa%ﬂ)trs.sqaﬁ)%ﬁ:uﬁ?,dthgqh{'églﬁnsrﬁﬁ%grtg); gand f)
measuring inductance variations wth respect to rotor positions. [0004] The
above net hodgstémvamdirhehed Gmrphiasdiésl e frea ARBERDBH 20 redsiRiydnk ageshasyhen
usi ng back EM- ZCP detection, the concern is wth the accurate detection of
t he true zZCPackoEMbhasensodess BIMPCtohototsgh notor terminal voltages. During 2
comut ati on of each phase of a BLDG notor, a well-known problem of voltage
spi kes occurring on the silent phase voltage when one excited phase is
switched off. (0005] Usuallyyn_these .val.tage spi kes are | arge enough in
anplitude to cause a vol tageB(a:?%(%og}'@d@gﬂ{eﬁgV%%PEnt phase voltage from
positive to negative or vice versa. Each of these comutations produces two
ZCPs on theygob i i r
ol se ZCPs B the o s Rl FRNS o b ohfs R e SRpEes?
swi t chi ng- oBL DI rioters dasiednatised ffoﬂﬁetérhﬁrﬁﬁ%@dtbﬁﬁoﬁﬁ@ﬁsehp&ﬁ@r@ﬁﬁlgaoﬂﬁlﬁi'se
concern when the comutation control of the sensorless BLDC nbtor are
dependent opomhwtatienac BLAK ofotarhe Jeadi@hmlly( 8GBlerminigs ofwtorgidsnidas haye
attenpted to filter away these "fake" ZCPs, but have di sadvant ageously
resul t ed i nbeRls Pefenmsd §Fing HROSHEM tSpRforfys, However preses- dey amethnds thage ef or e,
the limtation.on.the eed range. [0007] It can.thus be seen that there
exi sts a negﬁlVf%‘Fdiowagﬁepa%rﬁeﬁg?tw@nﬁé Rpgd A Y- motge appl i cabl e way
for detecting zero crossing points of phase back EMF in BLDC notors that
can overcone the disadvantages of the existing art, particularly in
hi gh- speed [Hob%] RBHASmeBbaNBLY Rhsdiles |dyRabh 0k L’&Qpﬁosgt%sprhg?ee Yee
i nvention seeks to provide a phase-delay free, sinple ‘and robus met hod f or
det ecti ng zdewelapeds Soimg opierkistind mpthadearbad) defeMing 1t EMBRIING HF uBbkdedOt OF S,
whi ch is independent of notor speed and paraneters.

' phase voltages using low pass filters; b) comparing integration of unexcited phase

voltages with a preset threshold voltage; c) indirect position sensing from integration
of third harmonic stator voltages; d) conducting signals of freewheeling diodes; €)
extended Kalman filter position estimation with current sensors and voltage sensors;

and f) measuring inductance variations with respect to rotor positions.

[0004] The above methods have their own inherent advantages and disadvantages.
When using back EMF ZCP detection, the concern is with the accurate detection of

the true ZCPs of phase back EMF through motor terminal voltages. During



(0009] Accordingly, the present invention provides a sinple and phase-del ay
free ZCP detecting circuit and a corresponding | ogi c processing nethod to
identify the true ZCPs bel onged to the silent. phase back EMFs. The
detecting circuit and the 3 processing nethod can be applied to all the
sensorl ess BLDC notors and unlimted2speed ranges. Therefore, the universal
sensorl ess control of BLDC notor can be inplenented easily with this

i nventi on. coReHMoACEROSEh PYh% of 3 BLDI SReGL-ihd\g, | i vi des a
system for detecting Z_ear ori%r os(s)f ngsggzc'{nfrfsot%zgg‘g%ﬂ ‘é@%&é@%ﬁa@%ﬁ na
brushl ess Bfikenbé@urrimg\wntie silddk phiab vbMagelwitioh Bkd@dphaRal switd@kd sgnmut at i ng
each of a plurality of phases of the brushless DC ndtor, the system
conprising: a ZCP level detection circuit for receiving term nal voltages
of each of a g}l{ ality of phases of the brushl ess DC notor and a neutral

vol tage and® %&Bﬂbﬁ Shese yoliageopikes vaeq larggtopoughfio ramgditidedb causelauvaltege y of
hases of the brushl ess nmotor, the ZCP | evel output conprising a

BI urality SFePSH Qfﬁ'}t Eg‘fsﬁvr?gta%fdé%@ R?éCEWésthP%P%proVi@%ggiS%efég@f)ssi ng
Poi nt of a Smii each a plurality of phases of the brushless
DC not or ; ggyégl%se %@@ggP Ioo;a{l?ec?r Oegép\slioﬁgtﬂf’ rsEe Riiass P’P 86¢ WIEp Aefel

out put s angut FCIHEPH Aibdr Bl TPy Lgnal CPrpil S8, 55

conprising a plurality 1of rpuI sescggror%gg%?ﬁ%l%n%ac%tﬁggbhT%f%etﬁaek%pmﬁ ity of
fal ling angrodusédigy thel gwiteHing-BE dakiHg 8bintrtAbn GEReleRMBI HLdBES: by st
fal se ZCP maski ng siﬂgjnal for maski %g a fi rs{l pl Sreallitﬂg‘% fa?[ge@az%i from
the ZCP pukereesi whl thandmfmtatipeenadl sftha séisoféssBISIE dndt6Pa%idgpédent he
first fal se ZCP, maski n? signal conprises a plurality of pul ses

cor r espond PR dtectien of thege BCBs-al ity of fal se ZCPs; and a state conparat or
for conparing |ogic values of the ZCP | evel outputs corresponding to a
plurality of pulses of the first masked ZCP signal, and for masking a

second pl ufgabiit ate a tr ZCR s, ; rein the
o arali (. SPoef Peing AARaLRE dirBitiodhfor v dfed ok s a8t B nea
wi dt h. ( 00ditadvadGaeehidivhg i r e . rese LI t | on
provi des a net hodgf orlyde%lgf:etdi 1gg<ﬁ§2tgi;tgﬁc?1§§§i %SPP%B%%?’ F%Cgé:igeorh;éfagh%@e back
EMF in a bthestfbresthe Dfitatidroon thespeed rangd. ural ity of switching signals for
comut ating each of a plurality of phases of the brushless DC notor, the
met hod conprises the steps: receiving a plurality of term nal voltages
hase vol tages of the brushless DC 4

correspondj top a plurality of )

not or ; gen@ﬁg}]i ﬁgcaa subefert Qh%ftﬁzepemsés/anegdnf@u@ phasecdelaynGeqppngd wiidet y of
hase volt : nenati,ng a ZCP Lse signal, fromth lurality of ZCP
Cevel out piteed fuBf ASHRBF 3w oor e z<de Froring gmis o1 pose raskbVG By

masking th i i N I ZCP..maski ng.signal thereby
renovi ng aB%iér@;Ithp Slsfrflgﬂ:%;&} §¥&?d aelr}gee(’a?%%‘éaﬁ%ﬁ%sa%fztﬁg reﬁs%a%’ R (‘S‘{kgﬁ!a’élked ZCP
si gnal ; pehighispeddBIEDSnadtérsconpari son of logic values of the plurality of
ZCP |l evel outputs corresponding to a plurality of pulses of the first
masked ZCP signal to nask away a second plurality of false ZCPs and to
generate a true ZCP signal of the phase back EMF, wherein the plurality of
pul ses of the ZCP pulse signal is of a first predeterm ned width. Brief
Description of the Drawi ngs | 0012] A preferred enbodi nent of the present
invention will now be nore ﬁ@wﬁegﬁlﬁﬂ%‘@a}wwm reference to the draw ngs
of which: (0013] FIGI illustrates a typical sensorless BLDC notor in

d A Y i . 01 FI.G2 d]llustrat CcpP
ot ect 1 on oo A preRnE HARhiGTVERS kP Broyhdd plask-aflsg e, BBEHE rofuficcr s on
i it of mEthed 2o i {nlol l: A,
FI G AB a ot tomi o acu phiHisin S iCphate BEC EINT 1 SORORLDBESE, 15 &
ZCP | evel matopytwhidh iphaiepertienf offthélot spek@@dd parinGeRA i1 | ustrates the ZCP

| evel output of phase A of FIG4D with a high sanpling rate, FIG SB a ZCP
| evel output of phase B, and FIG SC a ZCP | evel output of phase C, and

FIG SD a ul se signal, (PZABQ);
%8:5)09? Accordsm A the(present )invention provides a simple and phase-delay free
ZCP detecting circuit and a corresponding logic processing method to identify the true

ZCPs belonged to the silent. phase back EMFs. The detecting circuit and the



5 [0018] FIGG6A illustrates the swtching signal Sue, FIG 6B the sw tching
signal 5~,, FIG6C a swtching signal SBH, FIG 6D a switching signal SBL,

- FIG 6E a switching signal S~H, FIG 6F a switching signal SQ., and FIG 6G a
First false ZCP masking (MZ) signal; [0019] FIG 7A illustrates the ZCP

. pulse signals (PZAB~), FIG 7B the First fal se ZCP masking (MZ) signal,

FIG 7C a First masked ZCP signal (PzZM, and FIG 7D a True ZCP signal

(510 R R Tk St BB ™ 7
i } ] i ; FI.G 10
SETer 9 088 B ket %, AR IR 00l oL AR 105D b

(PZ~; and [ifkhlentddadily Wwith dst kRSor® | 0gical circuit for masking a Second
set of false ZCPs and for generating the True ZCP signal (ZT~c)~ Detailed

Description of the Drawings [0024] A nmethod and system for detecting the
Zzero crossing ?Oi nts_of phase back EMF in BLDC notors with a preferred
enbodi ment [8418] dkeserdingdy). in larfirsthaspeet] Itimnvinvgntites provides ansyseat forl detanting
provided tq, describe the preferred enbodinent. It shall be apparent to one

ski |l ed in 4R eTEHAIMS ¢£CPRae! phtse brckeBMEoim arbmshessgP@anotortiaving mout

o’ obscur e BT ik G b8 Arinltinarich O & PRELSHeF Py of the - !
har act eri s fryBL i ] - del

vt om ana TSt DE RO sy dohc Thbfasidd § AT S0 RUGRSH 6fel o o1t age

or a Vi rt uabcelghg fehindNJIBER o%&‘chdi'f%cﬂhg%gt?-eof o daF tﬁé‘ﬁnﬁ%lé Seﬁt%&toﬁ‘eﬂt hod,

ZCP |l evel signals of each phase voltag Irst obtalne Anong

det ect ed Z@Rd hewetral siofjagel ad foo peneriRg ad CGP YBBESEp@IITIR YadlGISELplaatity BV,
whi ch are true ZCPs and other ZCPs are caused by comutations, which are

consi der ed Phases ©f HrpbrusidessclRCt metoguthgt 7GR desl outpat feahmpeising aopluratitis ofig poi nt
| evel signals vari vmé%h t he excjited phase current, inductance and back
EMF of not 6PE8 aPMﬁJS‘?ge fit Cqrreseondingntoqach Zsees Crassiag Paindoh aphaseovelised ses

di ISl r fall i he ZCP. | | si l's i
order Lo eretneekf of BplhiaF"He BfLeS B hEIrRRESS I atciSed RHboRIBHIRIB er s and
Che ot supe 008k by 485) ol o PSR .1 2

pul se signal. As the first e S|pgnal S
substanti alZiGP palse essgrndompasiiha skl T Sirdindtly foheagopPryhat ed- of f

excited phase, a first false ZCP masking signal having pul ses w der than
the ZCP pubbwaldty pifhlling anbpsing edgeofrihes slurdltty fof QP fevelrqltpuity; ©first ghise ZCP
si gnal s. aring the logic values of the ZCP |evel signals, the pul ses of
the ZCP pu seng} fori rasking g faugt phrality of Zars ZGRe franh¢hd BGPcpulsd ues of

the current. pul se.are different fromthe .|ogic value of a preceding pul se.
Corres pond%lggéj)?,ngfcfr R @SVB‘F%CI t ignadthe disst false ZEP wasking signék as t he

s way, - ERaPricA B AALN opbiing B B Btiedfor s A 25 ne”

phase backa Eifescopipardie BPdGaSe WdidAlhe oF iy epCiks ui¥ Gork Q80 &in

processing. [0027] Referring to FI'G 1, the system Iieg%lhﬁ’ accoreggnce ®ith the

present i nientglenlityooppilses o tHBLAS: RisRid 20P Aok HHd! B nRBKIES At §Rbndr0dul e
25, and a Zerq Crossing Point (ZCP) detection nodul e 35. 0028] The BLDC

mot or 20 t PYraliy of falsendlFPssiosgencrsteat e Z€Phegriahgvlichie chepplassdisy ofipulstor 13,

and a pluraljt wit.ches controlled by a plurality of switching signals
(5,~, SBH,® ﬁ%@?‘,ﬁs@ﬁr}ﬁ§&f,a)ér5tm¥@d%m1@ﬁ’é§1dﬂbi ng coupl ed to each phase

of the stator 12 phases for comrutating the phases of the stator.

[0011] Accordingly, in another aspect, the present invention provides a method for
detecting Zero Crossing Points (ZCPs) of phase back EMF in a brushless DC motor
having a plurality of switching signals for commutating each of a plurality of phases of
the brushless DC motor, the method comprises the steps: receiving a plurality of

terminal Voltages' corresponding’to a plurality of phase voltages of the brushless DC




[ 0029] The ZCP detection nodule 35 receives inputs of term nal voltages
fromeach phase of the stator 12 in the BLDC notor 20 and al so a neutral

. voltage VN.fromthe center of a star connection of the stator w ndings or a
virtual neutral voltage fromthe equivalent circuit in FIG3. The ZCP
detection nodul e 35 conpares the tergi nal voltages with the neutral voltage
VN to obtain individual phase voltages (V~ or VAVN, VBN or VB-VN, V-~ or
Vo-VN) of each phase_and use themto determ ne the ZCPs. An exanpl e of
phase vol t &orpfeentiating A plwalityi of ZKRvlevieh oBipBts 4¥om [tBO 3Mralitye of GRasket ect i on
nmodul e 35 is, al so coupl ed & the commutation control nodule 25. The

commut at | onfOLAgEEgTer gBuIIS% signal deomy theaplaralith ef ZEPslevel ontputseusigr

det ection The ~.conmrut at i on .conf rol nodul e utilizes the data to
generate t Eg)qtsé\%\ﬁ? Shy Bgﬁf%rﬁﬂ?%a ?‘@Hnaé%ﬂ% {’3S€1ar?k1§g, H}e, ZéglP,“ESScstg)“alt Wigcht r ol

t he plural it ipt mgf L.aon ng.rol. of e tor 20.
The commut alti ofﬁlgecgmpr% 0 %&%ﬁe&gwgﬁksa f\}gsflpﬁ%%%%oﬁ %J]s{: ar ?nfgjdet ails
of whi ch wigtdersiog atflstiniskEZ CHisHaMS s&fh A i8d bi o the
pr esent inventio%. [%031] Ref er;%iﬁngﬁtodl‘lzll?:H Z?Qtaﬂtehce ég%d{e]?felg%ggﬂl%%ﬁle 35
conpri ses thezdmalityvel ZABtlewd botputs catdsporthordi £ PlurARPiof palsk BEthefireim t he

term nal voltages and the neutral voltage to generate a plurality of ZCP

| evel out ptesked ZQEsignary npsk awey asspanddpnglityoof falde ZEPs el phgenerateal t ages
of the BLD&BrTQtﬁr .20 agle %@CP L\evel outputs 41 conprises of rising and
falling edy88ZChaigal phihephase brrk TVIF; wheringherpluralitypptpdses sifitheyEPr i se and
fall throu . val sles indicating. a ZCP. 8 [0032] The ZCP | evel

out put s 419§Fé251é§%2s|c\)/%dﬁr8§pr deigrfupe ‘at or 42 which detects and
consolidates the falling and rising edges of all the ZCP outputs 41 of the
di fferent phases and generates a ZCP pul se signal (PZ~C) 43 conprising a
pul se at each falling or rising edge of all the ZCP | evel outputs 41.
[0033] Referring to FIG SA, B and C, the respective ZCP |l evel outputs 41
(ZA, ZB, Z~) of each of tBeefiDesesptidiasfabe DAgwibBgs C) of the BLDC notor 20 are
shown. The generated ZCP pul se signals (PZ~0) 43 are shown in FIG SD, where
each of th[% gzul es pepresents an occurrence of a ZCP. The pul ses are
nunber ed 1[9PtP114 Preteried fmmbpdgaent icthet prasent Havention ovillondw de wore figlyone

el ectrical : from CP. pul ses. wi thout false ZCP pulses to 18
ZCP pul sesde\%mé/%e%lwffggrﬁﬂ?estgé,geéﬁ‘rvb'fgs\?fwr‘mgépend on the motor parameters
and its operation status. [0034] Referring to FIG 3, the ZCP | evel
detection circuit 40 is shown where every a plurality of conparators are
utilized tpoiRtEIG. Pillestihs PHPKE [ I . DI, ZCP | evel
out put s 41|!.D T:?le ZCP | evel det ect%ﬁh@?%u??%@gﬁﬁgg%%c{ gg%eglg

resi st or s presenhinyhnticex; ni nal vol t ages, input buffer anplifiers, a virtual
neutral voltage generator, a selecting switch for the actual neutral

vol tage or the virtual neutral voltage. The conparators are for generating
Zer o-crossj int.]evel signals fromthe three phase voltages. The
‘operation &&%&‘gﬂﬁ 3{“6%?%32&%&5@@%}*@@@0&?@6\7\”1 to one skilled in the
art and the present ZCP |l evel detection circuit 40 is a non-limting
exanple. [0035] Referring to FIG 4A, the phase voltage of phase A, V~, is
shown wi t hyod [ i | i i h hich S,~ in FIG 4B, and
the zZCP Igveﬁolgﬁ)%ﬁﬁ?l@& ggfQgﬁggé\}%?&%fbﬁﬁ@ﬂu&ﬁ%e switching OFF of the
switches for the phase conmutation results in voltage spikes 51 in phase A
as seen in FIG 4A These voltage spi kes 51 may cause ZCPs when their

anpl i t udedoefst HGet Aeiinsygites Bphasbeohagafiphay A BIGAB £ ishdoMgdan s . phase
back EMF %Eeiat ed, by the novenent of the rotor with reference to the :
stator, itHPthaswiteling et Sas andBGADPa ZEP levet butpuesfphast AagdIG.19 spi kes
51 generated by the switching-off of the switches for the phase
commutations are referred to as false ZCPs. The ZCP | evel outputs 41 from

h | qye on ¢ rcyi for ph CZA | in F|G4C Th
ot her 1 wo T T6RE IRl B 2o Al oupRR SR s A o RGN idhy chigha, &' and
C al beil dainbRigfie, FO1D087CPIORPbuBE! Hphhid WAFIGI & EVBp 18yl g PUI s€

signal (PZ,~c) 43 fromthe pul se gehera en undergoes a Tirst

maski ng utofphasen) aadF[@§DafZCB®ul&€Bi§ﬂalS(iPZﬂ )(MZ) signal 44. The First false
ZCP masking (MZ) signal is generated fromthe swtchingoff signals (S~;

5~,, SBH, SBL, ScH, ScL,) for masking away a first set of false ZCPs. The
First false ZCP masking (M) signal 44 conprises a plurality of pulses
having a narrow and fixed wdth which are slightly wider than the pulses in
the ZCP pul se signal (PZ~c) 43. The plurality of pul ses are independent of
t he speed and the paraneters of the BLCD notor 20. The resulting First
masked ZCP signal (PZM 45 conprises a set of true ZCPs and a second set of

rr 1 — g~ o . r 1 — N -




[ 0040] Where ZA, ZB, and Z~ are the ZCP |l evel outputs 41 fromthe ZCP | evel
detection circuit 40 and "delayl" is a first predeterm ned width or

- duration of the pulses of the ZCP pul se signal (PZ~o0) 43. Referring to
FIG8 a logical circuit for generating the ZCP pul se signal (PZ a, B~) 43 as
shown in equation ( 1) is shown, whgre "delayl" could be set by the
product of Rdl and Cdr. (0041 ] Using binary states to represent the ZCP

S £ R BT i S W7 e, 5 o
.S Z, by 21, .1101, .

S B e ARG I 55 AR b T W

2' 1004F b 130 o ; 10S

Gotoonr L e SR ARG Slpsig oot SRS 2

6' 0011Fai seiphdt at e 5' 0113Fal sei 6State 60011TrueState 1' 1015Fal sei $St ate

6' 0011Fal se [0042] Were the Pul se Nos. correspond to the Pulse Nos. in
FI G SD. The True ZCPs can be seen to occur at Pulse no. 1, 4, 7, 10, 13,
and 16. 11 Fi ﬁLJ Fal se ZCP masking (M) signal (0043] Referring to FIGS
and FIG 6 thpdwl'ﬁ d A llustratessthe KEH mdep signals (PaspuFES 7Babe Fizst false@CPRL1, 14
and 17 whi re 0. ref to presently as the first set of false ZCPs,
occur duri %%sﬁﬁ%(@égﬂgﬂﬁngf%%@oﬁﬁﬁt‘%@gézﬁ sgnal RZwnand FHedDpadses of the
stator. F@ﬁgﬂfﬁ@ﬂﬂgg,FbG.GA, B, Cand D, these first set of false ZCPs
occur, when any on 6Pt he excited phases is switched OFF. As such, the
swtching signals (S, ~i, 5~,, SBH, SBL, ScH, Scr.) used for switching the
plurality of switches for commutating the stator phase can be used for

gener at i ng [19aek FiG §rilhistrates n Iddies eirduif fof poRkatRl they SR pdlcPsi m,{ij;ng Tabl e
1 by renoving the first set of false ZCPs, the follow ng %K}ABLE. I'Ss
obt ai ned. TABLE. 2 Pul se No. St at usZAZgZ~(ZA, Ze, Z~)Back EMF ZCP ?1State

11015True3§ogi eFé‘;’%O%lgFal se4State 21004True6St ate 2' 1004Fal seSt at e
31106Tr ue9SLAlle ™ S5-7 1¥BHER e degical eirat by Teeneratimr theeFinst loe Z&4Ps saskdimt e

50113Tr uel@@%&@' 0l113Fal sel6State 60011Truel8State 6' 0011Fal se [ 0044] The
First Fals sking (Mz) 44 signal, can be derived fromthe

[0022] FIG.10 illustrates a logical circuit for generating the First masked ZCP signal
(PZyy); and '

[0023] FIG.11 illustrates a logical circuit for masking a Second set of false ZCPs and
for generating the True ZCP signal (Zyapc).

Detailed Description of the Drawings

[0024] A method and system for detecting the zero crossing points of phase back
EMF in BLDC motors with a preferred embodiment are described. In the following
description, details are provided to describe the preferred embodiment. It shall be
apparent to one skilled in the art, however that the invention may be practiced

without such details. Some of the details may not be described at length so as not to

obscure the invention.




swi tching signals, TABLE.l and TABLE.2 and may be represented by the
follow ng | ogical equation: Mz {(SAH XOR S,, ~del ay2) AND NOT SAH} OR {(S~
XOR S~ del ay2) AND NOT SAL} OR {(SBH XOR SB~del ay2) AND NOT SBH} OR {(SBL
XOR SBL del ay2) AND NOT SBr.} OR {(SoH XOR SCL~del ay2) AND NOT ScH} 12 OR
{(SQ XOR Soi, _delay2) AND NOT Sol) IR (2) [0045] Were Sue, SBH,
SoH, 5,~,, SBL, SoL are the switching“signals of the plurality of swtches
for commtating the BLDC notor 20. "delay2" is a second predeterm ned width
or duration where delay2 is greater than delayl. Referring to FIG9, a

| ogical circuit for g,ener ating the First false ZCP Masking (MZ) 44 signal

as shown i nl09&%lafrenidingyo the oprraling chrresteristigs oA BR:DG mater, Bsimple, loy-¢ase

duct of Rd d Cd2... [0046] The First Fals, Ma . 44 t
ot 1yt B PRSE-45Y 5o S oo T ddestBu ke B9t ek antehihg CFF
f it i Nng: [ t L h f.al Z d
Cemovi ng. t o) Sefen AT Bleed HEMMed SRR Brolréiomd]

Referring tmeflo@ 7€P 18l Libhal ofaake hlzs@véliageaire (dfé bRl t ARk e first

set of false ZCPs is shown. The | ogi cal equaflon of the nasking operation

may be repr ésenédBCR&vePijats, Béme Z ANDarbI@Endiied by phase back EMF, (vBich[48048]
Referring to FIG 10, a logical circuit for generating the first masked ZCP

si gnal (PzZMrug8CRs aoH otier i4CRsquratcrased (3) carsmetations, wiicke aéGionsideped | falgeZ TABC)
[0049] The first_set of false ZCPs have been renoved to obtain the first
masked zCP 4F§habinepihgurationsol the flsezerratossing Beint level sigvalsivetes with ke a

st at e conpar.at,o 8 is perf.o d to i.denti the true ZCPs fromthe
renai ni ngp s%gﬁ%pg%? %’1{‘%1“ Ilg‘iurg%@ﬁ% af’?llg’éaf)% ﬁ’? f8OPRe ¢ (REeSPEp 1yegion
ZTASC) 49. j 4 C ri nl f | ses
opr asent | palEes BAUENESR ot i e Lo hotding 10 theIRIRY RERIAD e ot
movenment  of ZCReletélt 9nalsSinvoider 16T @mARAE hiuchfR f dhOleadi@r disclosed motor

parameters and the motor operating status.

[0026] These fixed width pulses make up the ZCP pulse signal. As the first edge of
the false ZCP level signals substantially corresponds to the switching-off signal of the
commutated-off excited phase, a first false ZCP masking signal having pulses wider
than the ZCP pulse signal is applied to mask the first plurality of false ZCP signals.
Comparing the logic values of the ZCP level signals, the pulses of the ZCP pulse
signals are identified as true ZCPs when the logic values of the current pulse are
different from the logic value of a preceding pulse. Correspondingly, if the logic value
of the current pulse is the same as the logic value of the preceding pulse, the current
pulse is a false ZCP. In this way, the phase-delay free and true zero-crossing points
of all the phase back EMFs can be obtained ‘with the simple circuit and logic

processing.

[0027] Referring to FIG.1, the system 10 in accordance with the present invention
comprises a BLDC motor 20, a commutation control module 25, and a Zero Crossing

Point (ZCP) detection module 35.



[ 0050] The states conparison may be derived from TABLE 1 and TABLE 2. The
final output is the True ZCP signal (ZT~C) 49 which nmay be represented by
- the | ogical equation: ZTASC = PzM k), if [(Zn, Zs~ Zc) at PZMk-1)~ XOR

[ (ZA, ZB, Zc) at PzZMKk)] _ "True" ... ... (4) [0051] Were k is the
pul se nos. 1, 3, 4, 6, 7, 8, 10, 12, 713 15 16, 18, ... [0052] To
understand the | ogic of the states conpari son reference should be made to
TABLE. 2 an 49 ¢ ulse nos.

1, 4, 7, ®°§§G@ﬁ@1£gfeﬂw&%rk%‘ﬁ Piga @r@mpﬁsﬁf%a Shicteld b z*a%s 3 t he ZCP

| evel sign r ul s pe e a.change in
the logic \?(gﬁrugg %@? g{g%ln |é1fgs‘%?§lt%1ecggtrregpa$’n8 PS‘HF“S%’ ﬁ'ﬂ q%g}gsg S are
then identi$je8.18 I ~al ue
WP Ch ot e SR LSLF T PICHRAL SR ConBleTth SRt B o

Ref erring 12 phises ok, commurginpethe phasesibf the @fat@ener ating the True ZCP si gnal
(ZT~c) 49 signal as shown in equation (4) is shown. [0053] The final output
fromthe ZCP detection nodule 35 is thus the True ZCP signal (ZT, esc) 49,
which is then fed back to the comutation control nodule 25 for the

comut at i ofP02Ynthe LCEY th%OBm%ﬁ%reCmeS inpoB44f texminall volthges fpym eadhat ed by

a person skille nthe t heI0|caI circuits of FIG3, FIG8 to
FIG 11 do beﬁse P?Fhe St%tﬂ‘é H@rﬁiD 0f0k Qﬁpﬂé}ﬁo ampatrahylisge Nndiamd iheof ¢ he

t il t hads not
LT «cot Pl RoRErRBLIRP S ab) f A% Rl AR e RS,
circuits, edquitedddt Wat@t af FiG '3”""%@ 7P ALkt gaﬁlﬁakeé&m}%{fese tReGH ?ﬂélat i ons

m croprocessors. (0055] It will be appreciate t various no

and i npr ovestageswithnhd aeuten @olge &/,per stainSkdividest phﬂsdb@ Ed (WKNt(f}OV
departure fromthe scope of the present invention. alnms 1. A system
for detect Vngvﬂe@ro\’]ﬁ?f ss¥ongr VoV of @éﬁhﬁdl)asmdmbaﬂmnhadkteﬁhﬁe itie ZCPs.ushl ess
DC not or havi n%B@épl ural i téaOf sw t chi ng S|gnal s for commutating each of a
plurality of ghasg ypHagsrof phesesA, Vo isshewn islliGH 4dyst em conpri si ng: a
ZCP |l evel detection circuit for receiving termnal voltages of each of a
plurality of phases of said brushless DC notor and a neutral voltage and

for gener ajops] BhelZCP E4Eltion module 35 is also coupled to the commutation control

module 25. The commutation control module 25 receives data on the ZCPs from the
ZCP detection module 35. The commutation control module 25 utilizes the data to
generate the switching signals (Sag, Sga, Scu, Sar, Sr, Scr) to control the plurality of
switches for the commutation control of the BLDC motor 20. The commutation
control of BLDC motors 20 is well known in the art, details of which will not be

further discussed unless it pertains directly to the present invention.

[0031] Referring to FIG.2, the ZCP detection module 35 comprises a ZCP level
detection circuit 40 which receives input from the terminal voltages and the neutral
voltage to generate a plurality of ZCP level outputs 41 (Za, Zg, Z¢) corresponding to
each of the phase voltages of the BLDC motor 20. The ZCP level outputs 41
comprises of rising and falling edges indicating a change of state when the phase

voltages rise and fall through a zero values indicating a ZCP.



output for each of a plurality of phases of said brushless DC notor, said
ZCP level output conprising a plurality of rising and falling edges

- corresponding to each Zero Crossing Point of a phase voltage for each of a
plurality of phases of said brushless DC notor; a pul se generator for
-receiving said plurality of ZCP | evek outputs and for generating a ZCP
pul se signal, said ZCP pul se signal conprising a plurality of pul ses

o ur ai 1ty SPSnE 208 Nshtniet 48 o reivithing & pabp asmoRiond staAee
Ki i ali t fal.se 7 g Z i | df
goner ati ng "t s BleleSle s ahdiSRe £08c3 of B Rer 2L F el St i difin Gl
conprises ahideslhmd ddn¥rafis M@F?ﬁls@ﬁ@féaﬁé?ﬁ%nd. @c&ﬂg?px‘?%ﬁ.géjafphfs? by Qzlcﬂgfglsiﬂ%t y of

fal se ZCPs; and a state conparator arin c values o d zCP

| evel out pot ssingedgesfalldheCP ] Phtpadlit y of pul ses of said first nmasked

ZCP signal, and for masking a second plurality of false ZCPs to generate a
true ZCP signal; wherein said plurality of pulses of said ZCP pul se signal
is of a first predeterm ned width. 2. The systemin accordance with claim

1, wher ei nl%933ldRefepring to ARGHAKBragd i, gharespentiye iZE3 lexelpoutputs i4ly(Zaf Zpul ses

di f st f ON t o OFF of f said pluralit
of  phaces 68 ehih of JE MaPhassridoh. @ of MecBLYG: sitar thagchasncelia th
laim 1, i i al | f f said first false.zZ ki
clai m 1y VRERELDL 28P DL YepL SRS R ol bR Wl SRl TSk e
W th clai NplsesWBfe&int aﬁﬁd&uﬁ@rﬁ@b@a%@%ﬁﬂl&g%gﬁ 5 OF1 ngglgﬁ%‘l han said

first predetermned width. 5. The systemin accordance w wherein

sai d st at ebenotpdithat the s puBveFursid che SRR Bl Rhy by Rim bAFepdicRs havi ng

a plurality of pulses each having a pul se having a sanme |ogic value as the
precedi ng pithew false E€6Prpuddes daild FHCRpalses withf 10BCPepuleds, shic weitialpehd
plurality of false ZCPs. 6. A method for detecting Zero Crossing Points
(ZCPs) of PhteaneiarRraremetersang ity opsmtioastads. not or having a plurality of
switching signals for cormmutating each of a plurality of phases of said
brushl ess DC notor, said nethod conprises the steps: a. receiving a

plurality @534] eR@FeHFHg ¥ ‘Fk@iaﬂ%ﬁe Zep ﬁe%P&é%é’éthS% cgrgui%‘m? lisusrh%lvxifnt %hé)r]; every a
' plurality of comparators are utilized to latch onto the phase voltage sigﬁals to produce
the ZCP level outputs 41. The ZCP level detection circuit 40 comprises of tapped

resistors for high terminal voltages, input buffer amplifiers, a virtual neutral voltage

generator, a selecting switch for the actual neutral voltage or the virtual neutral voltage.

The comparators are for generating zero-crossing point level signals from the three

phase voltages. The operation of such latching circuits are well known to one skilled

in the art and the present ZCP level detection circuit 40 is a non-limiting example.

[0035] Referring to FIG. 4A, the phase voltage of phase A, Vay, is shown with the
corresponding activations of the switch Sy in FIG.4B, and the ZCP level output 41
of phase A, Z, in FIG4C. The switching OFF of the switches for the phase
commutation results in voltage spikes 51 in phase A as seen in FIG.4A. These
voltage spikes 51 may cause ZCPs when their amplitudes are big enough. But because
they are not caused by the phase back EMF generated by the movement of the rotor

with reference to the stator, it is not considered a true ZCP. As such these voltage



phase vol tages of said brushless DC notor; b. generating a plurality of ZCP
| evel outputs fromsaid plurality of phase voltages; c. generating a ZCP
pul se signal fromsaid plurality of ZCP | evel outputs using a pul se
generator; d. performng a first masking by masking said ZCP pul se signal
using a first false ZCP maski ng sign&l, thereby renoving a first plurality
of false ZCPs and generating a first”masked ZCP signal; e. performng a

stat e conpar.i son of Ii)p%i c values of said plurality of ZCP | evel outputs
cor r espondfRiliesd genprateddiyithy switching-ofisofahe switchekifosthe rphakecontiaitatdognal to

mask away a se ong | u Elit of false ZCPs and to generate a true ZCP
si gnal ; wheeFRIg pgaspffa ¢ (Psy The 261 lswel aytputset IdfraratheZCBdewl detestions of a

first predeternmned w dth. .17 7. Th h i n, accordance with ¢l aim§6,
wher ei ﬁl ?a?ﬁﬁdg%é.pw?sﬁr$h%f‘ 1%61%' () é‘bglﬁée?&e{@h?ﬁ&cﬂ?ﬁs géY?t Si@ll?r;/(r)ll t?g_e
or a se Vs . net hod in. accordance with claim
6, wherei nggwahi%gg ?%gék%a%@gﬁlﬁggﬁi ﬁ&nglk%h%elmﬁﬁﬂﬁ?ﬁqmgﬁ plurality of -

pul ses corresponding to a change of state fromON to OFF of any of said
plurality of phases of said brushless DC notor 9. The nmethod in accordance

w t h cl ai nf0836]wRefering agdin do (HIG: &), ithey ZOIP pﬁ;k@g@ngf(pg%cq 43 ot thelpiseZCP
maski ng signal is of a second predeterm ned w dth. . The nethod in
accor dancegtcratordlahon andergoes elifirstsmaskirgadilinthgpr Bidk tfelseriZ0Pdmudkelish Mg ng
wi-der than .saa:ll%ﬁf IEF«E}S% prf: etermned width. 11. The nethod in accordance
with clai n'80 {itrer 8 fshialpe AR anasking {Ma) signatds kencraied, fromi tHe swisching-

pLurel ! eSS, U000 €PN Eh il BUL S0 SPED DDA PSS,
of pul ses phe Fi?ét%ﬁ@ﬁ@?%&kﬁi@?h&zt)ysig(?& i@k(?lﬁpr‘%gs:)%'pluréﬁfyp% ﬁat‘ﬁge's%%iflﬁgfa' A AT
narrow and fixed width which are slightly wider than the pulses in the ZCP pulse
signal (PZagc) 43. The plurality of pulses are independent of the speed and the
parameters of the BLCD motor 20. The resulting First masked ZCP signal (PZy) 45
comprises a set of true ZCPs and a second set of false ZCPs; the first set of false

ZCPs having been removed by the First false ZCP masking (My) signal 44.

[0037] Referring to FIG. 7B, the First false ZCP masking (M) signal 44 is shown
with the ZCP pulse signal (PZapc) 43 shown in FIG.7A. The resulting first masked
ZCP signal (PZy) 45 is shown in FIG. 7C with a first set of false ZCPs masked away.

[0038] The first masked ZCP signals (PZy) 45 then undergoes a state comparison
“using a state comparator 48 of ZCP level logic values where the remaining second set
of false ZCPs will also be removed. The eventual signal output from the ZCP

Detection Module 35 is a set of pulses making up the True ZCP signal (Zragc) 49 as
shown in FIG.7D.

ZCP pulse signal (PZ,pc)
[0039] The pulse generator 42 which detects the falling and rising edges of all the ZCP
outputs 41 generates a ZCP pulse signal (PZ,pc) 43 comprising a pulse at each falling
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“delay1” could be set by the product of R,; and Ca.

[0041] Using binary states to represent the ZCP outputs 41 of all three phases, i.e.

Za, Zp, and Z and also that of the ZCP pulse signals (PZ,pc) 43, we are able to
obtain TABLE.1.

TABLE.1

Pulse No. Status Z, Zy Zc (Zp, Zs, Zc) Back EMF ZCP ?
1 State 1 1 0 1 5 True
2 State 2' 1 0 0 4 False
3 State 1 1 0 1 5 False
4 State 2 1 0 0 4 True
5 State 3’ 1 1 0 6 False
6 State 2' 1 0 0 4 False
7 State 3 1 1 0 6 True
8 State 4’ 0 1 0 2 False
] State 3’ 1 1 0 6 False
10 State 4 0 1 0 2 True
11 State 5’ 0 1 1 3 False
12 State 4 0 1 0 2 | False
13 State 5 0 1 1 3 True
14 State 6' 0 0 1 1 False
15 State 5 0 1 1 3 False
16 State 6 0 0 1 1 True
17 State 1 1 0 1 5 False
18 State 6' 0 0 1 1 False

[0042] Where the Pulse Nos. correspond to the Pulse Nos. in FIG.5D. The True
ZCPs can be seen to occur at Pulse no. 1,4,7,10, 13, and 16.
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10%4 & () - First False ZCP masking (M) signal

[0043] Referring to FIG.5 and FIG.6 and Table 1, it is observed that the pulse Nos. 2,
5, 8,11, 14 and 17 which are also referred to presently as the first set of false ZCPs,
occur during the beginning of commutation of one of the three phases of the stator.
Referring to FIG.6A, B, C and D, these first set of false ZCPs occur, when any one of
the excited phases is switched OFF. As such, the switching signals (San, SavL, Spu,
SbLs Scu, Scr) used for switching the plurality of switches for commutating the stator
phase can be used for generating mask signals for these first set of false ZCPs.
Modifying Table 1 by removing the first set of false ZCPs, the following TABLE.2 is

obtained.

TABLE.2
Pulse No. Status Za Zs Zc (Za, 25, Zo) Back EMF ZCP ?
1 State 1 1 0 1 5 True
3 State 1° 1 0 1 5 False
4 State 2 1 0 0 4 True
6 State 2' 1 0 0 4 False
7 State 3 1 1 0 6 True
9 State 3' 1 1 0 6 False
10 State 4 0 1 0 2 True
12 State 4' 0 1 0 2 False
13 State 5 0 1 1 3 True
15 State 5 0 1 1 3 False
16 State 6 0 0 1 1 True
18 State 6' 0 0 1 1 False

[0044] The First False ZCP Masking (Mz) 44 signal, can be derived from the
switching signals, TABLE.1 and TABLE.2 and may be represented by the following

logical equation:

Mz = {(San XOR Say_delay2) AND NOT S5
OR {(Sa. XOR Sy;,_delay2) AND NOT Sy}
OR {(Spx XOR Sgy_delay2) AND NOT S}
OR {(Sp, XOR Sp;,_delay2) AND NOT S }
OR {(Scy XOR Scyy_delay2) AND NOT Sy}
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PZy=PZpc AND NOT M, P € )|

[0048] Referring to FIG.10, a logical circuit for generating the first masked ZCP signal

(PZyg) 45 as shown in equation (3) is shown.

True ZCP signal (Zyapc) »
[0049] The first set of false ZCPs have been removed to obtain the first masked ZCP
signal (PZy;) 45. Following that, a state comparison using a state comparator 48 is
performed to identify the true ZCPs from the remaining second set of false ZCPs thus
obtaining the True ZCP signal (Zrapc) 49. The True ZCP signal (Ztapc) 49
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10%~. & ()- generated by the movement of the rotor 13 with reference to the stator 12.

[0050] The states comparison may be derived from TABLE 1 and TABLE 2. The
final output is the True ZCP signal (Zrapc) 49 which may be represented by the

logical equation:

Zrage =PZm(K), if [(Za, Zs, Zc) at PZyy(k-1)]
XOR [(Za, Zs, Zc) at PZy(K)] = “True” ... ... ... (4

[0051] Where k is the pulse nos. 1, 3, 4, 6, 7, 8, 10, 12, 13, 15, 16, 18, ...

[0052] To understand the logic of the states comparison reference should be made to
TABLE.2 and FIG.7D. The True ZCP signal (Z1agc) 49 comprises of pulse nos. 1, 4,
7,10 13, and 16. Looking at the logic values (Z,, Zg, Z¢) of the ZCP level signals
corresponding to the true ZCP pulses experience a change in the logic values
corresponding to the preceding pulse. The false ZCPs are then identified to be all
pulses experiencing a pulse with a logic value which remains unchanged comparing
with ones of the preceding pulse. Referring to FIG.11, a logical circuit for generating

the True ZCP signal (Zrapc) 49 signal as shown in equation (4) is shown.

[0053] The final output from the ZCP detection module 35 is thus the True ZCP
signal (Zrapc) 49, which is then fed back to the commutation control module 25 for

the commutation control of the BLDC motor 20.

[0054] It will be appreciated by a person skilled in the art that the logical circuits of
FIG.3, FIG.8 to FIG.11 do not limit the scope of the invention. The implementation

of the present invention may be performed by utilizing a variety of methods not
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limited to firmware of CPLD or FPGA, hardware logic using RC delay circuits, or

software or firmware of micro-controllers or embedded MiCroprocessors.

[0055] It will be appreciated that various modifications and improvements can be
made by a person skilled in the art without departure from the scope of the present

invention.
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Claims

1. A system for detecting Zero Crossing Points (ZCPs) of phase back EMF in a
brushless DC motor having a p‘lurality of switching signals for commutéting each of a
plurality of phases of said brushless DC motor, said system comprising:

a ZCP level detection circuit for receiving terminal voltages of each of a plurality of
phases of said brushless DC motor and a neutral voltage and for generating a ZCP level
output for each of a plurality of phases of said brushless DC motor, said ZCP level output
comprising a plurality of rising and falling edges corresponding to each Zero Crossing Point
of a phase voltage for each of a plurality of phases of said brushless DC motor;

a pulse generator for receiving said plurality of ZCP level outputs and for generating
a ZCP pulse signal, said ZCP pulse signal comprising a plurality of pulses corresponding
to each of said plurality of falling and rising edge of said plurality of ZCP level outputs;

a first false ZCP masking signal for masking a first plurality of false ZCPs from said
ZCP pulse signal and for generating a first masked ZCP signal, said first false ZCP masking
signal comprises a plurality of pulses corresponding to said first plurality of false ZCPs;

and |

a state comparator for comparing logic values of said ZCP level outputs
corresponding to a plurality of pulses of said first masked ZCP signal, and for masking a
second plurality of false ZCPs to generate a true ZCP signal;

wherein said plurality of pulses of said ZCP pulse signal is of a first predetermined
width.

2. The system in accordance with claim 1, wherein said first ZCP masking signal
comprises a plurality of pulses corresponding to a change of state from ON to OFF of any

of said plurality of phases of said brushless DC motor

3. The system in accordance with claim 1, wherein said plurality of pulses of said first

false ZCP masking signal is of a second predetermined width.
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said second plurality of false ZCPs having a plurality of pulses each having-a pulse having

a same logic value as the preceding pulse of each of said plurality of pulses of said second

plurality of false ZCPs.

6. A method for detecting Zero Crossing Points (ZCPs) of phase back EMF in a
brushless DC motor having a plurality of switching signals for commutating each of a
plurality of phases of said brushless DC motor, said method comprises the steps:

a. receiving a plurality of terminal voltages corresponding to a plurality of
phase voltages of said brushless DC motor;

b. generating a plurality of ZCP level outputs from said plufality of phase
voltages;

C. generating a ZCP pulse signal from said plurality of ZCP level outputs using
a pulse generator;

d. performing a first masking by masking said ZCP pulse signal using a first
false ZCP masking signal, thereby removing a first plurality of false ZCPs
and generating a first masked ZCP signal;

e. performing a state comparison of logic values of said plurality of ZCP level
outputs corresponding to a plurality of pulses of said first masked ZCP
signal to mask away a second plurality of false ZCPs and to generate a true
ZCP signal;

wherein said plurality of pulses of said ZCP pulse signal is of a first predetermined
width.
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10. . The method in accordance with claim 9, wherein said second predetermined width

being wider than said first predetermined width.

11. The method in accordance with claim 6, wherein said state comparator masks away
said second plurality of false ZCPs having a plurality of pulses each having a pulse having

a same logic value as the preceding pulse of each of said plurality of pulses of said second

plurality of false ZCPs.




