Laundry Machi nes using such Mdtor Controls" TH S | NVENT,

el ectronic controls for electric notors, |aundry machi res |ncIu |n

controls and/or nethods of operating said controls. It is an object of the

present invention to provide an electronic notor control for controlling

electric notors and/or a | aundry machine including such controls and/or a’

met hod of operating a |aundry machi ne using such controls which will at

| east provide the public with a useful choice. Accordingly in one aspect of

t he |nvent|omgﬁmwsbrm&ﬁqwénnemuzutﬁ4GBa3DBrJVG/usnethod of cycllcally

reversing an o ) . , f_ -|ngs
T ot - s-And Hadndey #a ~

on a stator

stator and UQQQQJMgngggggggggkp?ol apparatus and means to i ndi cat e the
posi tion of the reaifyg SFNyERITHN %ﬁﬁ?& NGd Ne 1ol (?ohﬂifblﬁt ' $8r

and t hen contan|n a correct sequence of conmmutati ons_sele roma

desired tineed®e G BRtPFed A@RNATh! machines: iiartuding r ensh reeRkrolse
power fromtl&@xdoﬂdidwwzoa‘si@fl f‘ﬂtlﬁ@ 581Qr cbAteeaw., towards zero speed

f t at t est t th t t

el ative Lo the itk dis e lahiect pf bha preseht shrantan. o Brovide: anne

rotf)_r-, and (d)l,ecmfamtdnemoebﬂr émtsbbY\mbn ocentmodu.ﬁ.nlgn ehewhr:tlc motors
‘1cation erse t ev [ | S

glto PI | rotati %é’drﬁ’(f t%egﬁ’%ga?yogﬁo@ﬁt%ge #.13?%5?;11 at ?’\Fgﬁ t%8{‘ﬁ£85, atag{rh}w} g

Agents' Reference: P4164GB-JDB/JVGE s Title: "EIectricéE;Nor Cbnt Is and

known, wi t homethedayofipppgragipgnes laundeysmaching msbog spcl feontngls &

o entry into sghd PW1Ql at least provide the public with a useful choice.
Accordingly in one aspect of the invention may broadly
be said to consist in a method of cyclically reversing an
electronically commutated motor having a plurality of
windings on a stator and rotor having magnetic poles
rotatable relative to said stator and using electronic
control apparatus and means to indicate the position of the
rotor said method comprising the steps of
(a) initiating and then continuing a correct sequence oﬁf
commutations selected from a des1red time of and a desired
number of commutations,
(b) removing all the power from the windings and allowxng
the rotor to coast towards zero speed of rotation,
(c) testing and establishing the position of the rotor
relative to the stator at least during a latter part of the
coasting of the rotor, and
(d), when the rotor has slowed to a condition in which
application of reversed commutation will cause reversal of
rotation but is still rotating and the position of the rotor
relative to the stator is known, without delay applying power
to the stator windings by effecting entry into said correct
sequence of the communtations, the position of entry into
said correct sequence being determined by the direction of
rotation of the rotor before stopping and the position of the

S



sequence of the communtations, the position of entry into said correct-
sequence being deternined by the direction of rotation of the rotor before
st oppi-ng and the position of the rotor relative to the stator, to cause
the rotor to change direction, the correct conmmutations follow ng
dutonmatically to maintain rotor rotation in the changed direction, and
repedting the steps (b) to (d) to give cyclical reversal for a desired
time. In a further aspec¢t the invention consists in control apparatus for
an electronically conutated notor having a plurality of wi ndings on a

st at or adapt ed rotolre redlatdivies dicy tiwnsltatenl, atd eaunseotheanotpragmethange

2 S5 fing. moaBdEBetiohe e’ Bt M Aonailiat £l 'Rl ARG IR SRIRILRL
t he nun‘negI of tot amaintain rbhorotmtatﬁ.qn dési rthe obhmqedmdi(rle)cmrt,crnm@
Conar ds. zero. "oheayiRictne, BELpd ful! efl 14 £8 Slvdiqhicdl Feidradf S04
and indicate rét@ﬁsé6§ﬂttéﬂehelat|ve to said stator, and (d)  Pattern

reverse neans operaighe g Edf¥ﬁ8¥“%% e Eh&”ihv&helbﬁab@dﬂiéﬁﬂ'IKJé%ﬁfﬁol
when the rotor has slowed to co %Fpn in |ch a Ilca4lon -of reversed
S%P ep 1 tat

conmut ati on wi PPPRZALYs, t obatery haying 2
control signal plh@a&ﬁftycbfewmnﬁmysoom LAY @‘dapwwtw lwsu\hwhi\wllﬁe

said rotor to ¢ %m%%a%edecghan g\” txj]o%uc;rt'la‘x Rrin% fl?nag E?E: dli)‘r)fgg rotatable
relative to said stator said control apparatus comprising:
 (a) Timing means to time the period of rotation or counting
means to count the number of rotations_of the rotor in a
desired direction, - o
(b) Switching means to disconnect power from said windings
to allow the rotor to run down towards. zero speed of
rotation,
(c) Detecting means to test, establish and indicate rotor
position relative to said stator, and
_ (d) Pattern reverse means operable in response to a signal
ﬂ\f=_ from séid-detecting means when the rotor has slowed to a
condition in which application of reversed commutation will
cause reversal of rotation bnt is still rotating to cause
WA control signals to effect entry into a seguence of
commutations which cause said rotor to change direction
without testing for rotor direction.
Preferably the control apparatus further comprisés
braking means to brake the motor comprising switching means
: ha#ing some inpendance to connect one end of each winding to
.a similar end of other windings, the other end of the
windings being connected together and comparator means to
compare the voltages between opposite ends of the windings
to enable the speed of the rotor during braking to be
established.



Preferably the control apparatus .further conprises braking neans to brake

- the nbtor conprising sw tching nmeans having sone inpendance to connect one _
end of each winding to a simlar end of other w ndings, the other end of
t he wi ndi ngs bei ng connected together and conparator nmeans to conpare the

[ vol t ages between opposite. ends of the windings to enable-the speed of the
rotor during braking to be established. There is also disclosed a neth
of electronically cyclically controlling the supply of power to an electric
notor, which nethod includes the steps of (a) setting a desired speed of
rotatlon (b) applying power to said notor at an initial rate for a

predet ermi ned perThere o iscalspatdisqlosed om @e)ﬁhodet@i nﬁi&g}:ldxd-qq:bhd
at tai ned at ‘dyiel LD &Bﬁt%nmﬁgofu@csﬁ%ﬂ' B2 nc |ng QﬁSP SRR ON

the resistance to-rqtatian: of e pomer-
supply to t MOREoWhieh m?EB@@t#Hﬁlggﬁﬁs PS)SFSPFdP but with the notor
runni ng- |r|tt&»reﬁgfﬁﬁnghaeaéspﬁeang aeahofhgoggﬁgbngdjusted I n accordance

thereby charkit)  BREIAS B8 Seesa;pgg Cngdin ot FEbALEL cfe’ SR a i ng
t he formardpmedetemmtnadwpﬂrﬁodstdeacceﬁerateTtheerototurther disclosed a
met hod. of Cyﬁ“ Cadet'ermining the speed attained at the end of ‘the period |
" of acceleration, which speed depends on the resistance to
'rotation of the’ motor, . - o
. (d) switching of £ the power supply to the motor, v/
(e) repeating steps (b) to (d), but with the motor running
" in the reverse direction and with the power. adjusted in
accordance with the previously attained speed to adjust the
'f*acceleration rate and therehy change the motor speed towards -
' a desired ‘speed, and
_(f) repeating the forward and reverse cycles as desired




controlling the supply of power to an electric notor having a rotor said
arrethod'including the steps of setting a desired tinme of rotation of said
rotor in one direction starting rotation of said rotor in said one
direction setting an intitial-"power on" tinme during which power i.s applied
+0 said notor, swtching off power at the end of said initial power on"
tite causing'the rotor to slowuntil in a condition to be reversed,
checking the ranp down tinme the rotor takes to slow to a condition ready
for reversal, causing reversal of direction of rotation of said rotor,

appl ying power to said rotor for a further "power on" time which is such

desi red time. swit G ofP oEHEFRPs affciordl A fRsha OF csyeLicRiry
"power on" ti contagdilinghdidie reppply ek ipowen tmven tébecteieraobr dhaethgon
Ceversal and Soiteat, WAL meERoNnt1GR10Y, ErebBbprrof  sEREFhY, 8 p L Fea
ti me which isﬁiﬂﬁ1@gatosaté°§UQﬁ saldhsotozovin one dimeqiiion satarting
dosi red |engt f oo, G2 i1 EokoL ML Sa 18T RRE W1 fEL fE Srteing an
of time so th %Qﬁj m‘tﬁf"%mr—imﬂ during,ghigh speWernds mpplisd| to
P i1 ot i v btk ot it el o
t.hg supply O BSWEF t%%an t@l"é%‘trf’_@% ég? ’?’Fbttglfod¥9nc$ﬁ‘a‘l'%g}"!we1 stiGpsgof
setting a desicoaditjead taf bet zeversefl,t ichecking the ramp down time the
V rotor takes to slow to a condition ready for reversal,
causing reversal of direction of rotation of said rotor,
applying power to said rotor for a further “powér on" time
which is such that said further "power on" time plus said
ramp down time equals said desired time, switching off power
to said rotor at the end of said further "power on" time,
-again-qhecking the next ramp down time feversing direction
of the rotor to said one direction when said rotor is in
- ‘condition for reversal and applying power to said rotor for
NS ~a still further "power on" time which is such that said still
further “power on" time plus said next down ramp time equals
said desired time and repeating the cycles for a desired
\_ length of time, adjusting the "power on" time at desired

intervals of time so that the adjusted “power on"



of the otor, sensing the resistance to rotation of the notor and using
-responées fromthe sensing neans to actuate adjustnent means to adjust the
power supplied to the notor to change the notor speed towards said desired

speed and t hgmepesrt e fhetherohadift byele pinge thfe Yaatlsrabpotinkosert 8
sai d desired speed of rotation, switching off the supply of power to the

nmot or, stopprevidvs ivadfi epciedeynal sr spdad idesired yine, of operations
with the.notor'running in the reverse direction. There is further disclosed
an electrical coRhese Asapdspodisgdiased la/ controlling the supply of

el ectrical power to an electric notor having a rotor said control neans
conpri si ng e thdd nof neheetronivaldy peyweddciad lyaicdntatodl iong atise ostpply
coasting timng means to tine the length of tine said rotor takes fromthe
ti me power. ief powethctioodh elhectrictmotior sadd wedhodhiiheludingsthe
condition for reversal of direction of rotation,. and reversing neans to
reverse t he stiepstodnset tingdar desiredcapesdd oforotaition rofe trewor or
reversing and to.switch on'sai'd sw tching neans when reversing is to be
effected. - of the matere sensinghthedresistencente sotaddion efitthe neans
for cyclically controlling the supply of electrical power to an electric
notor sai d &93Qn ANt wiNgorespansesntrom thes sensig e BarnH i Artkuateset
" a desired speed of rotation of .the rotor of said.

adjustment means to adjust the power'sﬁpplied”fo the motor
_'ibuchange.the'mqtbr'spééd toﬁabds_;aid'desired #peed and |
_ then opefate.the motor within a rangeIOf speeds at or close ~
" to said désiredSSpeed of_rotat;on;:switéhiﬁé off_ihé supply
bf boﬁér to the_mptor, sﬁbpping iﬁs.rotation énd;then
'repeaﬁing the cycle of operations with the motor running in
the reverse direction. : | | | | |
- Thé:e is fuftﬁer diséioéed an

electrical control means for cyclically controlling the
supply of éleétrical boﬁer to an eieqiric.moﬁer.having a
.roﬁbr sai& cohtrol.means-comprising switching means to
'SWitch power to said motor on and off, coasting timing N
ﬁeans'to tidé thé'length of time séid rotor takesqfkom the

time power is switched off thereto to the time when said

rotor is in condition for reversal of direction of

rotation; and reversing means to reverse the direction of

said fotor when said rotor is in condition for reverSing

and to switch on said switching means when reversing is to

be effected.



notor, gensing means to sense resistance to rotation of the notor and
adj ust nent neans responsive to said sensing neans to adjust the power

supplied to the m@HEté(1§“¥ﬁ¥éﬁt §a§géﬁogga05?tomards the desired speed.
ina

and to then operate the notor w range of speeds at or close to said

desired speedgaff ok O oiL.C Riead S THUPS o ' : gl ¥naf said
not o1’ aftgr aegég?'?égi?i Eg"gﬁ%&r g{?g?lsi ng m%s}%é&p%%yb%é%$fgjff?ﬁg %’?orsﬁ:ﬂs

substantial | yagpBRooer! 6168RE celle pbudre (¥ dipYUIUALILE pEor cBgRbed Wi th

t he notor runni the reverse direction. There i1s still further

di sclosed an gigetroAfk €BHLFOL HRARNS iNeludilng Bdtrian) mdansngpepapserp! y
of electrical power to an electric notor having a rotor. said control neans

conprising swebcBeBlanBaBsred $\peled ofOWRILaltd oRict NBH @ rPLORNEF 0841 dPOver
timng nmeans to tinme. the | ength of power tine when power is sw tched on,

coasting tinmeteRpNBen8ihgMReans tongeh sef ridststarice v arotakbonfopthee
time power is switched off thereto to the tine when said rotor is-in

condition formétuprsad 28jdstaehtonedh s Plediponsivie e said nge nsbng heahisne
the stroke tinme during which said rotor rotates between reversals setting

means to set saigd§hsvkehei ponegrnsapplieda tdedivecthotiorolto tacweel edaedr ai c
subtracting neans to - 6- al gebracially subtract a previous coast tine
fromsaid strskkdtmaoborotawards &headeisdw edeistperegl faord £ hpemmeoperateand
- reversing neans to reverse the direction of said rotor when said rotor is
in condition the meterswhfhindat papget off speeds at or close.to saiﬂ
s o desiredlspeed of rotation, SQitcﬁing means.to switch off
the supply of said motor'after a desired.time'énd reversing
means operable after the motor haé'substahtiélly.étopped to
cause the cycle of operating to.be“repeated'with the motor
running.ih the reverse direction. o -
| There is still further disclosed an
éleetricallcpntrol means.for cydlically Qontrollipg the
~ supply of electrical power to an electric motor ﬁaving a
Eotoﬁ said control meansléomprising switching ﬁeans'to
switch power to said motor 6h‘éﬁd'off, poﬁer timing means
to time the length of bower'time when power is switched on,
coasting timihg means to time the-léngth of time séid rotor
takes from the time power is switched off thereto to the
time when said rotor is in conditidn:fdr'reversallof
direction of_rotation stroke"tiﬁing méans to time the
stroke time during which Said.kotpr rotate; between

reversals setting'méans to set said sfroke timing means to

a desired stroke time,'algebréic subtracting means to



On sai g switching neans when reversing is to be effected. Al so disclosed is
a nmet hod of operating a lundry machi ne having a container for a wash | oad
of soiled fabrics in wash water and a reciprocable agitator in said

compr o1 no” (PEShEREFRILE, EBbER Ak M. ai sl Has T e BBk B e on

ot or"Jont ' cRVRRY HRR ke A rik oo, Mnd SSb N o8 AR obF E8hd
 Checki ng 1 needircevefeftf wRBRD E riveied, GHY i t€°€e?£e %ﬁem&nrt e
Tetor a2 SodfPOR RS EGuPF, 15 EhoRAnRRL N 5 °?V3’f§'f4§a%°f's§ﬁ§p%§t st ehe
Said stens 6 Soph &8s oJRERE bRahl LR WARKIIHE 399 brpueLgh) 0 °

Iaundry machi ne having a con arner for a wash sol | ed
wat er and a reci grocat in said container, an electric nDtor
driving said: aglggt éﬁé§1?$%ﬁn% %% to set a desired rate and anplltude of
time and/ or n |d t

maé‘lﬁid’dcﬁ £ ope Haﬁihgupp hﬁh?? anfcni% h%'in’#q édh@édf@ {'“ .

control means contro ctrrcal power to sal

motor in ong Gfagh néwltfysei1éaqrsafgassahdumhh%reﬂ -and 4 ncluding the
steps of setting a selected one of said plurality of sequences so that 'said

22' L 2tn g; Iofs r¥d1{ioddbIeCagi G Los 1Al 8hLANcOWLEAGed WY ﬁhaéleecﬂ:?c
| . motor_driving.saio agitator said method comprising the QJ
'_steps of starting rotation of said motor in one direction
setting an initial “power on" time during which power is
applied to_said_motor, switching off power at tne end of
said initial "power on" time, allowing the motor to slow
down until in a condition to be reversed, checking_the time
between the powen off condition and a condition when the
_rotor is in'condition to be nevensed causing reversal of \;j
direction_of'the rotor_as soon as the.motor is in.condition -
'_ for'reversal and repeating the ,said steps as desired. -
There is further disclosed a . -
method of operating a 1aundry machine having a container
for a wash load of soiled fabrics in water and a _
'reciprocatable agitator in said container, an electric
motor_driving said agitator, setting means to set a desired
rate_and'amplitude_of_tine_and/or angle of'oscillating
_ rotation of said agitaton an_electronic,control.means
controlling”the supply of_electnical poﬁen to'said electric

motor in one of a plurality of scquences said method



washi ng pperations, sensing the resistance to oscillation O said agitator
due-td the wash load in said container and adjusting the power supplied to
said-electric motor so that a selected rate of removal O soil from said

soil ed fabricgdis, @St ane | 8Lbysashi s¥etingher seleckwd lvtie Ufscip@d a
| aundry machi ne.including a container for a wash | oad of soiled fabrics in

wat ef” a reci IAGEPPLE G $84 GEntesSBbILAAE! Baler agd tatdX i dPivEn dh Vi ng
said agitator, setting nmeans to set a desired rate and anplitude of

osci |l ating i@y P Phg SPo€a 6PbhAUOF ing! ACHESHI phede! 10l aTasefuerse ref | i ng
the supply of electrical power to said electric notor in one of a plurality

of sel ected SAMINEESoperd tPénspi Genslihg! Che pediistancen teswsdillation
rotation during a wash phase, selecting nmeans for selecting a desired one

of said sequeoesatd dfPtatoragbenyoatheonashl doaddin saislcontaidwr cand,
regul ar, heavy duty, wool, and permanent press washing actions is to be

ef fected by tddjuskingetisai powercsuppl tedotor shideedecitrdicusiotprssnivhat
means to sense the resistance to oscillating rotation of said agitator due
to the wash leaselectéd rcabe aofecremavahdpfissoddbt fromnsadds soidied fiabrskesi
sensing neans to adjust the power applied to said electric notor so that a
washi ng acti drs rsashstantimhly hachhegwedected rate of renoVal of soil from
said soiled fabrics is substantially achieved. To those skilled in the
art to which the The&g: isn fuatexs digadhpsath®yes in construction and widely

di ffering enbodi nents and applications of the invention will suggest
L laundry machine including a container for a wash load of

- soiled fabriecs in water a réeipfocatable agitatoﬁ in said

' container an electric motor driving said agitator, setting
means to set a desired rate and amplitude of oscillating
rotation of said agitator, electronic control means
controlling the supply of electrical power to said electric
motor in one of a plurality of selected sequences so that
said agitator is driven in oscillating rotation during a
 wash phase, seiecting means for selecting a desired one of
said sequences so that a washing action selected from such
as delicate, regular, heavy duty, wool, and permanent press
washing actiéns is to be effected by the machine said
electronic control means incldding sensing'meahs to sense
the resistance to oscilléting fotatiqn of said agitator due
to the wash load in the container and adjustment means
responsive to said sensing means to adjdst the pdwer
applied to said electric motor so that a washing action

résults such that a selected rate of removal of soil from

said soiled fabrics is substantially achieved.
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t hensel ves wi thout departing fromthe scope of the invention as defined in
t e hppended clainms. The disclosures and the descriptions herein are
purely illustrative and are not intended to be in any sense limting.
Preferred forns of the invention will now be described wth reference to _
he acconpanying drawi ngs in which, Figure 1 is a.block diagramof an TNJ
ectroni c conTeothosecskillledcdm thle artelteiwhithathe fowentioed notor ™
driving an agitator .and spin tub of a clothes washing machi ne, Figures 2
and 3 i1l uséxatesfFMeanynchangesgdnviconstinmuction and WidglycHdEkerdsad n
relation to Figure 2 and counterclockwi se in relation to Figure 3, Figure 4
i s a di agrembsdbmengsnendr appatica biions afs, theoiny ertioni ¢ipdywsueggest
comutation circuitry, Figure 5is a circuit diagramof a voltage
di gi ti si ngtihemselvesswdthauthdeipardimgof.r o gihe He9Be a0f | §hLdi agr am of
notor reversing sequences. Figure 7 is a flow diagram of ? riving val ues of
i ndex and invertiomi gsr defined;y im dheidRpendsd e %?ﬁin'ﬁ@-the-rotor

Vel oci 1y pAbseleSHGERNand HeT GeFFS RHLOAR (Rtct s ¢ | BEFREYr o at fon i n a
wash mode.  Ff gure 28vie®add arlinoe) ihferdded' St 3 "Pn3gh{ Ole HiE"
" limiting. | | |
Preferred forms of the invention will now be described
with reference_tp_the,éctompanYing drawings in which,
Figure 1 is a block diagram of gn“electronic,control
circﬁit to control an electronically commutated motor
driving an agitatqr;apd.spin tub ofzg lethes w;shing
‘machine, | . _ : :
| Figures 2 and 3 illustrate EMFs in windipgs”with_the
rotor rotating clockwise in relation to Figure 2 and
=counterclockwise_ih ;glation to_Eigute 3, | -
~Figure n,is,aniagram showing motor stétor g;ndings,
and_electronic power commutation circuitry; _ o o/
Figure 5 is a circuit diasram-of a voitage digitising
circuit used in the invention. |
o Eigure_G i;-a_floy diagram of motor rgversing
sequenteé.“ |
Figure 7 is a flow diagram of deriving valueé of index
apd indexr, _ ' J |
Figure 8 is a flow diagram fbr déterminihg thé rotor

position,




the stroke tinme is variable, Figure 10 is a graph show ng a series of
acced edation profiles, Figure 11 is a graph show ng resultant curves under
operating conditions between the conpletion of the acceleration node
Fd the cut off point of applying power to the notor, Figures 12 to 16 are
ow di agrans show ng various phases of operation of the caontrol circuit of
Flgﬁ¢e 1. Figure 16a is a diagrammatic view of a speed sensor Figures 17,
18 and 19 are figures repeated froma Boyd & Muller U'S. Specification
4,540,921 to provi de background to the present ‘invention. This invention
relates in general to & laundry nachine with a cabinet a wash water
container.in its cabinet, a spin tub in the container reciprocating '
agitator in the s’plFligtm:le dhdis eotgraplor showingg thee mogtont andi rhexfma sthé
tub. The | aung e ;n%@ r | d_on
t he agltator aﬁ% g& usﬁﬁﬁgayigﬁn8£bff1§|ﬁgk?g esg%%%g F%gg?gna 9 *% ?ﬁe
sensi ng neans©°ssiddptdng rotadieon li-yl adjﬂﬁhque)f the profile of velocity

to the agitator aspijgiireatioyf £y &Vﬁiﬁ%ﬁ&%tb{ﬁ GRaRS L d r{%éﬁ&:& whe
removal and mgﬁhlggs gé\nt remal n stUbstantially constamnt accordi ng %o
a desired set Hfg8tsP Fﬂé%bﬁ@ vaFdableyundry nachlnes are required to
wash a wide vari et pighrealtd ots addgsapneshéwing af Fevlles | ct fwc@r@réabéﬁc
types reqU|re goEfirent treatment to achi eve an appropriate wash

Figure 11 is a graph showing resultant curves under
operating conditions between the 'completion of the
acceleration mode and the cut off point of applying power to
the motor, : :

Figures 12 to 16 are flow diagrams showing various
phases of operation of the control circuit of Figure 1.

. Figure 16a is a diagrammatic view of a speed sensor

Figures 17, 18 and 19 are figures repeated from a Boyd
& Muller U.S. Specification 4,540, 921 to provide background
to the present invention. -

_ This invention relates in general to a laundry machine

with a cabinet a wash water container in its cabinet, a spin

_ tub in the container reciprocating agitator in the spin tub

N o and a motor for driving the agitator in the spin tub. The

laundry machine may comprise sensing means for sensing the

:,load on the agitator and adjusting means operating in

response to signals from the sensing means to adjust the

power by adjustment of the profile of velocity to the

agitator as indicated by a velocity/time graph such that soil
removal'and washing activity remain substantially

e



action, 1In general, with vertical agitator washing machi nes, as agitator
vePocify IS increased, soil renpbval and wear and tear also increase. An
appropri ate bal ance between soil renoval and wear and tear is necessary.
It is a major objective of laundry machines to wash each type of fabric
wit'h. an agitator action appropriate to the load type and size. For

et o1 e RRREHHE B et Al b U8 B RRE AR E U B borl i 0l h

‘during the m? gégg which are typically only slightly soiled, require
gentleness o] action wi'th | ess enphasis on soil renoval, whereas

R ST Ty SRS Fhgys g &Matﬁ% f

nor e V|gorous wa |ca axl|'s Iaun ry machi nes
enpl oy vari ogg trxira%saqi tdAHEHES, Or‘ﬁifPeFQHi{eEio%HIeQV mv cheesd by
an electric notor into OSCI| atory notion at the agitator e|r was h

mode.  Such ““ﬁl@ﬁ?eﬁrﬁﬁ%ﬂ'%é‘itn?éﬁ@%b%l:bfi@?@shﬂma
Therefore to provide wash actions suitable for [oads ranging ron1d |cate

garments to beadiony Sdin ekraral el thov@otieal sagttatoeswashing e gearing

or switched speed notors each of which is costly. Further, as wash load is

i ncreased t omactd nea,eascAgitidtyorf oveochtyt 28t inopeaked| solidr remaral

soil renoval typically decreases and nean gentl eness increases. Variance of
soi | renoval arddwgant lagrdedeaa sl sacirasessei ndAnaapppopeda tenibfalamide/ of
wash action throughout the wash |oad. Therefore.it is difficult to

mai ntai n gooaeﬁusnnp@mﬂdnnﬁmﬁya&tandamwmvyanocheAESiofnecessary. It is v

'a ‘major objective. of laundry machines to wash each type of
fabric with an agitator action appropriate to the load type
and size. 'Fon.exanplc, clothes which fali-into the broad
: catcgory.of delicates, " often synthctic in origin, or
fragile items which are susceptible to damage during the
wash but which are typically only slightly soiled, require
gentleness of wash action with less emphasis.on soil \;}
removal, whereas "regular® items such as cottons which are i
:strong'whcn wet oan_withstand a mofe vigoroﬁs wash action.
.Conventionai.vertical axis laundry machincs empl oy
‘various types of transmissions to convert rotary motion
'provided by an electric motor into oscillatory. motion at.
the agitator fon their wash mode. Such motors are
-generally ‘of “essentially constant speed types._ Therefofe
to provide wash actions suitable for 1oads ranging from
delicate garments to heavily soiled hard wearing garments
requires multiple gearing or switched speed motors each of
Which is costly. Further, as wash load is increased

towards rated capacity for a constant amount of water, mean

- 11~



this type under varying |load conditions. The use of agitator drive systens
such as disclosed in the John Henry Boyd Australian Patent Specification
AU-A-85 - 183/82 AND THE FI SHER & PAYKEL United Ki ngdom Patent UKN2095705
wherein th =10 Y [veet ' el.e ' Iy controlled
nDtQLgeithgﬁﬁ%tr1cﬁ?%gZEigiéﬁggfn%g%Pé%%gg ?éaﬁﬁf?hngﬁh??bgggsoscrlIaFOry
rotation i § ehahl ek bY Wi HlE o€ V8O SR v Blhoy 81 2bh@NgBht] BReTR! A1 S8 OVI des
opportunity for varying the speed and rate of revers of the agitator to

obtain the GRS oMl leend ol Y88 ot brp2EPVEE R88n"8BE 18R tear for

each category of |oad. However The problemof variation sol'I" renoval and

al so wear amidugiout t8hd GasIsi Zéadl | | ThécapbPe. 18hes airfbbowi Bg,
descri bes apparatus to carry out an oscillatory rotation of the agitator .

during a wasHintgithgoodiwddie perat srmdnc®Rei e | Daen &Fy t hach@paBngsmachi ne
and then on command to spin the spin tub in a spin phase of the washing
cycl e, andthd sprtiype paider oageimged odd hedridi tdphsd i on cycle. Later in
this specification a-detailed description is given of preferred forns of
sensi ng neans {Thesarsee dfhagitstdroair ive ts)st emsdsycheasi dbscosedcinng
means to correct for velocity - 12- variations adjusting neans to

adj ust t hethewdohappleinry Boychdugfinaltian Ra tentt (S peeibicationcAhrA+B8Fe of
vel ocity as indicated a velocity/tine %fa h, and setting neans to alter

b
the str oke~an§B48a1 MiRe THE FISHER e PAYKEL dinited Kingdom Patent
UKN2095705'wherein the agitator may pe directly driven by

an electronically controlled motor either with or without.a
f_simple.speed'reduction.unit énd.oscillatény rotation is
'.enébled.by.pefiodic reversal of rotation of the motor
provides opportunity fof varying the speed and rate of
reversai of thé agitator to 6btaih the appropriate balance
between soil removai and wear and tear for each category of
1oad. However the problem 6f variation of soil removal and
also'uéar and tear with load size still remains. |
| | . The.. - follbw;ng
describes apparatus to carry out an oscillatory rotaﬁidn of
the égitator during a washing phase'of the cycle 6f
_-pperations of the washiﬁg maéhine and then on command to
spin the spin tub ih a. spin phasé of the washing cycle, and
is principally concerned wifh the égitatidn cycle.
- | Later in this
specification a dgtai;ed désériptién is givén of preferred
forms of sensing méans to sense the.wagh load in the

laundrj machine, correcting means to correct for velocity

- 12-



‘renoval and wear and tear such that wash perfofnance remai n substantially

congtant for a particular setting with-variation of load size. The

preferred formof the invention is based on the Boyd and Muller U. S

Speci fication 4,540,921 which is incorporated by reference herein. For
rs andln of the present invention excer

e Eé?SCSngv”mi‘%ié’%%egpSSea fog nésn 521 4483 SEQ APURT P Calie

SpactT1 cat e FebLfafhE 65 pPBLFIbatiRe o Sar%%nrgoflﬁ oeéd /ch%ﬁémm |

gggmj} ?E::'(tji gﬂd%fgég%@ﬂ; %’ %ggéﬁ/ﬁ%g?gﬁ?{gl %E ib’ala&dtatﬁ oth y'§5 3@%@?%@ havi ng

a plurality gof n g S t b | d, and :
S 4k "hO95ELARESARUTR! BF BRePS £18htEH Ylon ATRALL0,

rot at abl e neans ‘associ ated w at “stat’i offary. asse ive

magneti c CoOupkh&\al eaﬁ‘d'@@aﬁ"yaﬂdt Beap 3¢cRI thlaIGSsn ‘?‘f"&:‘ﬁfgx{}% $ & are

commut at ed wi t hout brushes sensi ng the rotational sitron the rotor
as it rotatesutétdneisley SbahboaAtY raFsanBayticiParoldedaq g wiliect i vely
applied by commutation-circuirt :17 to the wi ndi ng stages in presel ected
orders of segelgeboheddi Dgadt sigest one of the w nding stages unpomered at
any one tine while the other wi nding stages are powered in - 13-

response to a pafherpreferpedr pormi oflakher dnventiage ics giaISeZi th aHeui t 13.

The control apparatus conprises a general purpose

Boyd and Muller u. S. Specification y, 546 921 which is
1ncorporated by reference herein.__

For assistance in the full understanding of the present
invention excerpts from the Boyd and Muller Specification
4,540, 921 are inserted herein but no Claim is made to the
subJect matter described and claimed in that Specification.

| Referring to figure 1 of the drawings,

An electronically commutated motor (ECM) 2 is described

.in detail in the Boyd/Muller US Specification 4 540 921.- ke

The ECM 2 constitutes a stationary assembly having a
plurality of winding stages adapted to be selectively
commutated, and rotatable means associated with that
stationary assembly in selective magnetic coupling relation

: with the w1nding stages. The winding stages are commutated
| 'without brushes by sensing the rotational pos1tion of the
rotor as 1t rotates within the stationary assembly. DC
-voltage is selectively applied by commutaticn circuit 17 to
the w1nding stages in preselected orders of sequences
leaving at least one of the winding stages unpowered at any

one time while the other winding stages are powered in

- 13-



m croconputer 10 eg an intel 8049 which receives commands for exanple from
a console 11 having a series of push.buttons or other user operable '
controls 9 and the m croconputer 10 stores patterns of signals which feed

t hrough a Pul se wi dth nodul ation control neans 18 and a conutation control
-signal generator 8 (which are described in nore detail later) to a three

pha%€ power bri, i t,chi LLcant A7 . N r Wer lies are
fed by a DC ngg%%ﬁgplﬁlﬁ%ﬁig i?#oﬁorslggﬁél gggf_'%if )gggﬁ\rl\g’r%lz'%%%ndi ng of
t he ECM whi ch i Wgﬁiho er wwndings in the stator of the ECM are
under. power. ?ﬁﬁg%%?ﬁ ggéxp aln%%'further | ater. Signals fromthe notor
windings are fed iqed oltirafe & FaEhE%cbhpFEsksld, g@RefBIC UG den tNe
Boyd Muller Specification and_étiﬁel ow |§IF‘1 r%f%?fon_ t§o Flgguree'_4._g:‘ ?%I sen

speci ficati onpiapé AmPUTENCR SPPin efnt €1t BO4Y GhOERNPELRAVES cRiRinds
switching circuits also feed through a current sensing circuit 5 to the

m croconput er £50. ekamyle Facon i Prehisslei 1Y Rav ohgld s8diesspeedpudamand
rate velocity timer 16 are provided and;a conmutation rate sensing device
14 but any ot battoatsorors pddrkrantsero o perabler gonyrdksi Beandy the used as

wi |l be explained further later. A pulse width nodulation control circuit
18 i s provi degicrocomgadt ereris st ot es hpst vteshsngf natpnaksavbdeli figedo - 1
4- t.he present invention when operated to cause washing, functions as
follows. The theeugdr asdudme widkhimadulation cosbrel means 18 and a

comutation control signal genérator 8 (which are described

in more detail later) to a three phase power bridge

switching circuit 17. The nééessary power Supplies are fed
by a DC Power supply 12. 1In addition signals are fed from
a winding of the ECM which is unpoﬁered when other windings
in the stator of the ECM are under power. This will be
explained further later. Signals from the'mptor windings
L are fed to 2 vo;tage digitising circuit 13, as déscribed in
- the Boyd Muiier Specifiéation and below iﬁ'relation-to
Figure 4 of this spécification, and are thence supplied to
S\t the miqrocomputef'10. Power switching circuits also feed
through a current sensing circuit 5'to the microcémputer
10. A loop position erfor indicator 15 and a speed demand
rate velocity timer 16. are provided and a comﬁutation rate
sénsing device 14 bﬁt any other rotor speed and position
varying device may be used as will be explained further
later. A pulse width modulation control ecircuit 18 is
provided. | |

In broad terms a clothes washing machine according to

- 1L-



requi renents by operating push buttons controlling its console

mYtrocomputer. As a result the console mcroconputer sends a series of

data values to the notor control mcroconputer 10 and these are placed into -~

registers (menory |ocations) of the sane nane, in the notor contro
Ycroconputer 10. Data transmtted fromthe console is broken up into BWuA

ups: G olhe postenhsirnentinmaNbenorperated -t preause vashimg 02H -

SPIN 03H - TEST 04H - MOD|FY, 05H - STATUS 06H - STOP 07H - -PUMP Group 2

contai ns er FINERRS dB L OLPAMENETER range error detected 09H - PARI TY

error detected H - ND eryor detected G oup .3 contains paraneter
data: OBH to 7F3Ahﬁ1e°m% °Y_:oﬁ?$8Ftﬁi Br GESHT rspeﬁd?ﬁéfﬁ%%ﬂg whi ch group

to expect dlﬁreitqqgreach',q(’:%%néﬁgyagghgt Bi‘r of - ru%&i&fnﬁ;[ he ] rfgiﬂggaf%got out
of step wit§ SHECIED 1 Ay PhFS =W e Ip--as @ tange
. Howey this d data i g 3 b
out o de thei ot oo el BRBST: i s o Rl th P R R P e er e ar e
of f set aftehfﬂ?ﬁ@éﬁﬁﬁ%é?*%%ﬁEge#vsgriggtB?td%&%yvaiu%g to the motor

control microcomputer 10 and these ére placed into

registers (memp:y'ldcations) of the same name, in the motor

| ¢§ntrol microcomputer 10. Data transmitted from the

console is broken up into 3 groups: \J.
Group 1 contains the command words:
o 00H = BRAKE - -
01H - WASH
02H - SPIN
O3H - TEST -
O4H - MODIFY
O5H - STATUS
06H - STOP
_ O07TH - PUMP . o
Group 2 contains error codes:
08H - PARAMETER range error detected A
" 09H - PARITY error detected ' -
OAH - COMMAND error detected
Group 3 contains parameter data: o’

OBH to 7FH

The motor control microcomputer prOgram*knbws which group to
exbeét'during each communication, therefore if the progrém has
got out of step with the console in any way this will be picked
up &s a range error. | _
However due to this data structure some data ih-group 3 ﬁay
be outside their:working range so within the iistinéfsome |

parameters are offset after they have been received so that_théy

- 15-



fall within the correct value to be used within the program To maintain
Functron overviews, at the beginning of:- the wash cycle the consol e
nlcroconputer 19 control s the filling of the bowl. Wile the bow is
f||||ng a spin command is sent to the notor control ‘microconputer. The

$pi. speed is peIY wOvhispPpheXichRirelet ALRMEANE ivsedBi It pose pfogPam,
n1XVfﬁe soap powder while the bow is being filled. Once the bow is filled

the consol e then sPodsainVaSh fametidn oviehw iewsyr atorthelbegidfing 6f athe wash
the agitate cycle. This agitate cycle starts fromrest, ranps up to speed,
mai nt ai ns t hi sep@kedther canpotéchderoced putree il ddmbr alosstiise tHikl $hgpofll the
within one forward or reverse cycle of the agitator. Once the agitator has
stopped the. priwks iBhikpethedbowlt he §idddinge adispdor icommand. s oslest nfoahhe
agitating notion. The console mcroconputer 19 deterninés all these

paramet ers whitoterteentnel wAiere6PmpYt eash The s rareed) 1gyeohere %9%5e

and is |loaded into the notor_controller 10 befqgre the start of the c

The not or cont?bﬂ’!‘%*if&@tébﬂt?ﬂuﬁppy ABd; Aitss MAEis @ UKRIFS S drhinel é?’s“t%he soap
account for the |load in, orde intain. the q&@: effective dir.

to gentleness PAHAH "E%%ﬁu?@eop°gﬁeiégPF&Pﬁhﬁ bn 1ARE] HRE | ép%ﬁ3?§|éalled
o Ton 1T Fob e "HAEE' e b R o AR B A 8o 1
LD oSN agBe BEECFRHERES T RIRE RAAR SyIYL LBEEEL 8 Eron
e Coneo = TS REETRIAGS oSk At e e A
a -16- predetermined time and then coasts to a stop all within one
forward or reverse cycle of the agitator;. Once ﬁhe agitator has
stopped the process is repeated in the opposite direction thus
producing an agitating motion.  The console microcomputer 19
determines all these parameters which detérmine what sort of
wash is required eg. gentle cycle, and is loaded into the motor
;dg_ . controller 10 before the start of the cycle.
The.motor controller 10 continually modifies these wash
S parameters to accbuht for the load in order_to maintain the most
>~ effective dirt removal to'gentleness ration. Because of the
_agitating motion the load is shuffled arbund the bow; and this
affects how fast the agitator ramps to speed and how long it
takes to come to a stop at the end of the stroke. Therefore to
- maintain constant wash effe?tivenéss these parameters are
monitored_and modified each stroke cycle to maintain the ideal
conditions requested_bx-the console microcomputer.

- The motor controller 10 will continue this action until it

receives another command from the console microcomputer. In a

- 16-



listtle nore detail, the wash node runs as follows. On receiving a "WASH'
co nd a junp is made to the WASH rout’ine. Low speed.wi ndings of the
notor are set and a brake is set off. The routine then waits for the
Consol e microconputer to send the wash cycle paraneters ie: (1) TSTROKE

Toe tine f t 0 agi mé§e O thQn \\RAMP The,
t|€'me It taﬁ%si?%érggge gsggglf’roﬂnrf% ceﬁsatsrp( 3) Eil;I‘:“D%?:x’DiEQ %ﬁggﬁ:lsom ty whi chu

-the agitator -migh reaelvahigeia tMNASHS conidnd | 8&jibpUPs MEER tBeeBeRUSH
been placed in the appropriate registers they are then checked for errors.

Checks for oéfefnelr OLewasPedds & IRin g WL dtie ﬂoﬁbﬁchrwsg@kanauv‘aewme is
motor is stationary. A routine now sets LORATE = ENDSPD = ACCSPD.

is the notosespses, ACRSPPoutilee thwaeddits £oe ﬂDéOCoﬁHBIerQﬁehonm@Q&%kn
the correct wash ranp rate. ACCSPD may beconme greater than ENDSPD to

achi eve thet@ose¢ndt thecvbshaicywle paraneterssexpeai ned in nore detail

|l ater, the speed rate tinmer RATETMR used in the tinmer interrupt routine for
the speed reference count i's | oaded with the count set.in LORATE
previously.. The position error counter 15 is cleared and current trip and
pattern error c({#kui TSTRPEEr eJae time tfer veabe hber efietheogeikrbppadseone
the spin cycle routine. At this p0|nt the plateau time, TFLAT, is

cal culated from - -17direction.

(2) WRAMP  The time it takes to reach speed from rest.

(3) ENDSPD The velocity which the agitator must reach ‘w/

after the wash ramp time is up. -

'When:thése-ﬁéVe been placed in the appropriate registers
they are then checked for errors. Cheéks for other errors are
also made encluding'é check to make sure the motor is
stationary. _ _ ,

A routine now sets LORATE = ENDSPD = ACCSPD. LORATE i$ the
motor speed, ACCSPD is the speed that the motor must reach t&ﬁf
obtain the correct wash rémb rate. ACCSPD-méy become greater |
than ENDSPD to achieve the correct acceleration ramp. C;

. As is explained in more detail later, the speed rate timer
RATETMR used in_the-timer interrupt routine for-the'speéd
reference count is loaded with the count set in LORATE
previously.

The position error counter 15 is cleared and current trip
and pattérnlerro?'circuits are reset. In the wash inode the
program bypasses the spin cycle routine.

: At this point the plateau time, TFLAT, is calculated from

- 17=



the original information sent by the Console n1cfatonputer To do this it
setS({the coast time at 180nS. This is a time choosen which guarantee's that
the notor will have coasted to a stop with very little load. Thus the
plateau time is calculated: TFLAT = TSTROKE - WRAMP - 15 (180nt tine count)
usinig a | ong dd I LeLau! 1R§oﬁﬁa9wﬁsseé%7by 286Schnkole WBUFR GO, To

Thé~fout i nes up to poi nt have onl een setting the wash paraneters

for the firstgstipke. 1'2! h§e£9' hﬂw E€a¥€| yeheast’ 480RSed TRIF A a Ainédhddisen
t he randon1access nmenory in the notor control mcroconputer 10:- TSTROKE

total stroke Jii®h kSarhhO8efSSthbe EBekmsRepdwald havieeToardadd . td\RAMEop
time to full speed NDSPD full speed count LORATE (set at ENDSPD) speed

rate ACCSPD y{#ietyéafy ENDSED: Resel er shignthet lALEBUGt im(es dts. FoH1F)1 el of
ranmp flag ENDFLG (set FALSE) plateau time flag SLECTR position error
counter RATETMR TEEATa: TSRROEE sclRANMPeod15e(dBomSe timesmoarhtioop error
counter TFLAT - calcul ated from above paraneters; tinme at maximum speed At
this point the waséimgcéeleng bégen. aTooantu&fl?SSGﬁVﬁﬁé nmot or into notion
we nmust first set bit pattern pointers | NDEXR and | NDEX. For the wash
cycle the directib27 okt 86uSorn Ras=alB0mBakepprogdm set at CCW (count er

cl ockwi se) for the first stroke, thus: |INDEXR = 12D

The routines up to this point have only been setting the
wash parameters for the first ‘stroke.” The following values as
'gz "referred to above, are set in the random access memory in the
motor control microcomputer 10:-
. TSTROKE total stroke time, ie. from rest to peak speed and to
' rest again.
WRAMP ° time to full speed
ENDSPD full speed count
. LORATE (set at ENDSPD) speed rate ;
ACCSPD (set at ENDSPD) acceleration rate
ALGFLG (set FALSE) end of ramp flag
ENDFLG (set FALSE) plateau time flag
SLECTR  position error counter
RATETMR (set at LORATE) sets speed reference to speed loop

S . error counter
TFLAT 'c=1culated from above parameters; time a2t maximum speed

At this point the wash cycle can.begin.

~To actually set the motor into motion we must first set bit
pattern pointers'INDEXR and INDEX. For the wash cycle the
direction of motion has arbitrarily.beep set at CCW (counter
clockwise) for the first stroke, thus:

INDEX3.=_12D.

_ - INDEX = 00 |

and the direction register DIRECT = O1H for CCW.



| NDEX = 00 and the direction register DIRECT = O1H for CCW - 8- The wash
amp time WRAMP is |oaded into a long timer for the beginning of the wash
ranp cycle. Comutation now takes place, and the notor is started up.
After passing through the required time for or nunmber of conmutation )
é:htlnes t he program.ends At the end of the agitate cycle the console ; &
croconputﬁhelﬂaﬁhlraQ@n&i&etUﬁ#ﬂﬁhiﬁohQRQQﬁniﬂthmtl%mse?im¢Cr6@anMGe¥‘
10 to stop the agitate cycle-and turn on the punp to drain the wash bow .
‘before gO|n@e$ﬁ961?5e°§plﬁenﬂééh REmp |aY eecx fIAMMER t1oRoRew dbakes Pheee,
to enabl e notor, rever t:0 b% effected the invention requires to determ ne
the positi ofn®f thRemP PBriéu ﬁ§ & MPeng of the rotor after pomer to the

h b ff h hi f th
Thvent i on cannobt BET Saﬁsﬁapg-“a“bm& e O] (f o “pEchTher aot ng
d | ect t t t
nebean <t SFRRRERS30k.r SRTTHGR, SHe” SR, offfhy gi%re;@&ané?ﬁeess;ry
t tart th t
eor o ol VETBREE BOER e BEEPBdeaR WsckBRg¥ler MO UT Wng 2 compend
particul ar gb Qﬁ‘ge?lééoi'scBh%fr'%fl.ﬁlé'rym‘i%%conl'ﬂhﬁé}‘ sid %‘&@% éﬁ@ é’%ﬂtétéed

vol tages received fromthe voltage digitising circuit are tested a

soon as congyeIenhAlY thkhs odr theglpmlpe\&l dridin thenans 865l befored 6in
have been sensed operations proceed to advance in sequence to connuta

wi ndi ng st afiebo thecspphempdleary bits are not
' As will belexplained in more detail later, to enéble motor\J

reversal to be effected the inventieh'requires'to determine the
position of the rotor during coasting of the rotor after power
to the stator has been cut off. It will be clear however that
this aspect of the-iniegtipn cannot be put into use until the
rotor itself has been'pﬁerating underean e;ectrdnica;iy
commutated sequence. Accordingly'wheh the rotor haszbeeh |
stopped e.g. at the very_stért of_a"ﬁashing cycle it is (W
necessary to start the.mOtor when the position of the rotor is
not known. 'Accordingly the techniqﬁe'déscribed in the Boyd ;J_
"Muller'speCification in paftieular'at page 55 is preferably

' used, In this technique the digitised voltages received from
the voltage.digitiSing eircuit are tested and as soon as
complementary bits or logic levels in the proper test bit order
-have been sensed operations proceed'to advance in sequence to
commutate the winding stages. 'If cemplementéry'bits are not
sensed in the predetermined proper test bit order in a
predetermined time period operations take place to advance

commutations in the séquence rapidly and force commutate the
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sgnséq in the predeterm ned proper test bit order-in a predetermned tine
peri od operations take place to advance commutatioms in the sequence
rapidly and force commutate the - 19- notor, thus causing the rotor to
oscijlate-briefly. Thus if for exanple clockw se rotation is required and
thetégnsing I ndicates that the rotor is starting to_run in the

cpuﬁtérclockmwgeterpe@PP&nP%ﬂ%@ﬁ&nﬁhe|ﬁﬂ%§ﬁ(ﬁ°eP%ﬂﬁ%%aQﬁsﬂ%#REQYn”tﬁ?%slif for
s offected toCRAMERe; CLOGKMSS T AREIEON 1 SRYITad ARG THIE 7R SI76 rpebeates
and & swi {ohi niDBEL B8 FREGR &F (ARG LI (RohiFHD Y R SR ST Re Bk se

27 and 26 and. ERFEERBRENGR e notBrCd vee e o MPOTE RNt A O hepeion
w ndings to th e su [ rajl. T 3 ¢ .S , 23 '
and 24gmay be Sggg\rﬁ dzt g%gg c?ﬁ’ﬁfﬁ%ﬁar?fg%frs%tﬁg’g%n\ém{%ffrp%r

switches 31, SgoaRfed 9By 10° e detitlelf! to® ARSI b0 Furiith Ghe idrarest

Wien the notor is statiofary there i's no information as to the position of

the rotor so ifirecB@onknown as to which pair of switches to turn on to get
the rotor to rotate in the correct. direction so a sel ected upper and-| ower

switch are turned PRusSrafieriritd it FiYued 4 andle gnsrovited Qf OfhMéé | phase
rotate in the correct direction and a 50% chance that it will rotate in the
I ncorrect dirembtonr. 20nwdltgoai icommon podvitdedt iand e swihahping aasidgd 0L 1t heliich
once power has been applied senses
- three switching devices 22, 23 and 24 connect the lower supply
positive rail 25 to the ends of the windings 26, 27 .and 28 and
three further switches 31, 32, and 33 connect the ends of the
~ windings to the power supply negative rail 35. The upper
. switches 22, 23 and'zu-méy-be referred to as the A+, B+ and C+
switches and the lower switches 31, 32 and 33 may be referred to
. .as the A=, B- and C- switches.
‘When the motor is statioﬁary there is no information as to
the position of the rotor so it is not known as. to which pair of
gﬁﬁ "~ switches to'turn.on to get the rotor to rotate in the correct
direction so a selected upper-and~1ower-switch are turned on.
Statistically there is a 50% chance the rotor will rotate in the
correct direction and a 50% chance that it will rotate in the
~incorrect direction. An algorithm is provided in the
microprocessor 10 that once power has been applied senses
whether the motor is going in the correct or the wrong direction
and in the event that the rotor is rotating in the wrong

‘' direction the algorithm advances commutation signals quickly

. through the sequence of commutations until: the correct sequence

- 20-



wRet her the notor is going in the correct or the wong direction and in

thé- event that the rotor is rotating in the wong direction the al gorithm

advances comut ation signals quickly through the sequence of commutations ~
il the correct sequence - 20- i's adopted and the rotor synchronises

VQ&ES IR it S kg | @R?ngé:sfwﬁ%% é%eh?iﬁﬁsiﬁend”e“: Yy sty
Wil Suscr and %%oaf‘s%ﬁé‘héé}ﬁ%é%ﬁdt%€¢%#ﬂ? bir kb oht o o BRY T Eakce Wee or
wrong d'r.e.c S Wt%@@%%&éeﬁgvﬁnéﬂﬂ Egg @E.»B%F {.l, H&% the

di rection. arrangenen ery direc

motor is rewawm{ use ﬁ%%etﬁﬁges% tRyepih niesgm' @srﬁe%%?k%%%lg and

further iater Is no notor is allowe suf i cl-ent

coast 10 ZewIANGUEIid FAE6 | SPnetProRi B &iilS50%a0t! BHeAkdfel 1M 11 1N
start up algorltEL1|s descrlbedQ?% Boyd & Mul e? 5 540, S more ful ll s%art

col 8 line 1% ahearoag ditedBidon ruemS?tleénseﬂopndndOkeaévbrnanGSf.henCQJom%G
line 44. There nust be sone randominitial rotation ie. sone oscillation

of the rotobaxk irhethee misghtbedireetionst aThusowient thikearrangehendt Rviedy.
A random start neans that the rotor will start in the wong direction in
50% of al |- $dmet $he Stimectivml gpribémorsr oi asreversedr bhendifetheoprefsent
rotation in a tine dependent on the initial rotor position, the pair of

swi tches fi Agveatdaf &ad widdl the deseribedafiurtiien athredsphase usegdolta eECM

as descrlbed by Boyd and Muller there are 24 commutations per rotor )
revol uti on. th@ moetar is allowed sufficient time to coast to zero and then

is started up using this starting algorithm.{ This start up
‘algorithm is described in Boyd & Muller 4,540,921 more fully at
: eol 8 line 23 et seq and col 23 line 57 et seq and col 24 line
43 to cole26.line 44, There must be some random initial
- rotation ie. some_escillation of the rotor and there must be
time to start correct direction of rotation; _

. A random start means that the rotor will start in the wf&ﬂ%
direction in 50% of=all.starts.u'5tart up algorithm restores the
correct direction of rotation in a time dependent on the initi{J
rotor position,. the pair of switches first energised and the

-~ motor . load. : | _ _ ,' _ _ |

‘With a three phase 8 pole ECM as described by Boyd and
Muller there are 24 commutations per rotor revolution. With an
8 to 1 coupling=rétio between motor and agitator (e.g. by belt
and pulley arrangement) and typiqel.agitator stroke angles ef |

1450 to 250° of arc and acceleration times of 120 to 200

-

%

milliseconds respectively the motor is required_to accelerate to

speed in the range of 7 to 30 commutations. At startup the |
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8 to 1 coupling ratio between notor and agitator (e .g. by belt and pulley
arrangement) and typical a gitator stroke angles of 1450 to:250[err] of arc
and acceleration tinmes of 120 to 200 milliseconds respectively the notor,

is required to accelerate to speed in the range of 7 to 30 commtati ons.

‘At Startup the - 21- nmotor may require 1 to 2 commutation angles to
redsre correBOLOEBt Beyoreaaidieyri ftl%%ntc%%tﬁ% anekef bR Ceesba e oporrect

period. The resultant effect is . a delay in reversal foI I ovveciﬁly [

accel eration rotaydeds oft & BRLH codte REPRANIIAN e %&E§haﬁ??%ﬂd-
th hi hi I t th I t f t t

Hence erat L‘ng‘;‘%pé” t'a%a:I erdsstyan laeﬁsiia%e.fﬁ ﬁé?e?%a 22 fhe L8 cupnta

al so can reduce tE e of sai ng& q§boverall ef fect, i s reduction

in desired wa8f®f FFB Hb§° fﬁﬁ§ L OL5ER Mg ﬁqﬂfrﬂwﬁﬁﬁn 9%vention a nore

posi ti ve accel or ALt L SOBFCA! 63 dIPSS: RIN Yo 1 GRln L |15 reated

renovenent and rate o i S achleved e spee

position of thg li-.%%cm 'e‘f-atdi%nf %ffortn'es a%‘iab%tﬂd}g Haeesrd e no&éwéu

of the rotor 1's nonitored down to a position.in which it is in condition

for reversal, jagpRhses %%tm%stso t harthled, d@hydaln W%dﬁs OLT'66 & &H

to cause the rotor to reverse direction preferably within a single

comut atj on apghgcendnadl rawe! b HHQr rlehiovidl.i N THEe GWHEIQEL CefféSELiON
Wi thout reverting to the start up algorithm Accordingly the rotor may be

accel erated upeaacsmemd1&nde@ammmammgm e rfrorarhnes.Ng t he power sSwitching
sgquence as described in Boyd & Muller 4,540,921 referring to the tables 1
- Thus according to the present invention a more positive
acceleration and consequently a more positive rate of soil
removement and rate of wash action is achieved by monitoring the
speed and positidn of the rotor while the rotor is coasting.
Then when the position of the rotor is monitored down to a
position in which it is in condition for reversal, power is
- switched to the motor such that Torque is generated to cause the
i@j“- - rotor -to reverse direction preferably within a single
commutation angle and allow the motor to run in the opposite
\y;.' - direction without reverting to the start up algorithm.
' Accordingly'the rotor may be accelerated up to speed and
maintained at speed using the power switching sequence as
deseribed in Boyd & Muller 4,540,921 referring to the tables 1
and 2 therein and in particular at col 6, lines 24 to 39 where
the following passage appears:
"The winding stages of motor M as explained for instance in
the aforementioned Alley U. S, Patént 4,250,544 are
- . commutated without brushes by sensing the rotational

position of the rotatable assembly or rotor 15 as it rotates
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and 2 therein and in particular at col 6, lines 24 to 39 where the
fcﬂﬂomﬁng.passage appears: "The wi nding stages of notor M as explained for
instance in the aforenentioned Alley U S. Patent 4,250,544 are conmut at ed
wi t hout brushes by sensing the rotational position of the rotatable
agsenbly or rotor 15 as it rotates - 22- within the bore of stator 13,
and--utilising el wdthivalthe poxies ofersdatian] 3 and kil being ehectoiagl onal™
position of the rotor to sequentially a%ply_a_DC vol tage to each of the

wi ndi ng stages i #l@neler ganepated an & foMpEEOBHroLchhienteta thanaliepesitihen
the direction of the rotation of the rotor. Position_sensing may be

acconpl i shed by @fp&bet rokolethecSesyential 1y rarPohs? ViC t vol heesatr earhopf
the ECMto provide a:sjngltat:d sigqgl iq%@catiye_of t he éotationa

position of the EBfINANGENEs SEFEES AN (5T SRAP L RIRFES SPLABpPY €&F 5 ofr of
voltage to the w_nding stages.of, the .nmotqr." The present.inventipn s
concer ned mﬁth'rﬁsgﬁﬁﬂfﬁﬁrgﬁﬁtbﬁeéﬁ@&}Qﬁﬁ}Qﬁx;{%?éifhntﬁ% ?o¥°gﬂF#8n of
coasting and usi t Qg .i..nf on [ t Qe _ |y, i 0 a

si ngl e commut at i-gﬁ.e P?itoké rg?git?%ﬁ %gnnélqﬁ%fgf%)ﬁée)%mgé%{% a%‘é d :
measurenents tak . e 4G A '_%hifﬁ Yor gl : 0} At

21 i.e. the cent ?gsgi‘ﬂbﬂedtgﬁggéﬂﬁﬁ[a?g W nj'ieﬁﬂgé/sgﬁ S %I)\Ae€+ %ﬁe)e gg?gir‘:%'é’g {?Aﬁdthe

in Figures 2 andggysyehpEls deake siaed taltdid S gnaitcidaiu €bvé | deiSthat e a
single electrical revolution of the rotor in degrees and essentially show
"the wave forms ofoBational position of the ECM rotor to ¢ontrol the timed ..

sequential épplicatidn of*voltage”to the winding stages of

- the:motOr.“ -"

The present invention is concerned with the monitoring of
- speed and position of the rotor while coasting anqusing this
information to reverse the motor preferably in a sihgle
_commutation. | |

- If the rotor to the motor is rotated and voltage ~

measurements-taken:at the ends of the phases with respect to the
star point 21 i.e;-the centre of the three phase windings, EMFs
‘Wwill be generated and in Figures 2 and 3 such EMFs have been Q)
.plotted{-'The-Figures-illustrate a single electrical revolution
‘'of the rotor .in degrees'and esséntially show the wave forms of a
‘three phase generator with the exception that the wave forms
instead of being sinusoidal areetrapezoidal;L-The three phases
havé been indicated by the letters A (pecked line), B (full
‘line) and C (slashed line). For example in B phase it will be
"seen that in Figure 2 the EMF-goe$7frbm"a maximum negative ét
zero degrees through zero voltage to a maximum positive, stays

at a maximum'pOSitive for 120° then goes from maximum through
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thrﬁe phase generator with the exception that the wave forns instead of
‘béi.g sinusoi dal are trapezoidal. The three phases have been indicated by
the letters A (pecked line), B (full line) and C (slashed line). For
exanple in B phase it will be seen that in Figure 2 the EM- goes froma

RGeSt Pea gk MRS BRIE SR ool Al AR R e ror
- 23. vi : at ; .
? ﬁi °1900 ana 2RS, 880 thEn Fared BUOAE MR KT oM B dod B4R, TR T
200 . ees. .
rect o hBE 3ol ARRR AN TLQUNEE (L SO QA oA ALY e vion
Fi gure-3 whi gl se,e_i%éwfi%eadq%%r&l)o%vg S£ dilofrﬁﬁiérpdﬂ. quéid | EMF

Referring nowto Figure applying voltages to the w ndihgs and assum ng

that wi ndi nggdflersthony REi Rémparied Widhd MG hich B aftbddis id we

wi sh to have power on the notor at zero degrees such that we have a nmaxi mum

EMF across t beuntepclaedvliizes d1meotivn @YU idtidmck Referd IMEtid.to Figure
switches 22 (A+) and 33 (C-) would be switched on, connecting power from

the posi-tivedyaebp2yinlgr voditageist to Zhe witEingplare adsulings that wWinding
the neutral point 21 and the C phase w ndings 27 through switch 33 to
negative rai 203%s Xhuwindieg i27g imyd mndo wHinglimeg 28niish B lemddthedt cif we wish
therein indicated to obtain nmaxi num Torque in the notor the connections :
woul-d be A+ tadhavet powier 6®0 tnegmotaord aith@er®+ degre@s muasthetho v earfigwee ta
B+ . and A- to 1800 angle then C+ and A- to the 2400 angle, C+, B- to the
3060 angl e, maxigum EFF BREOSS0[LBe moLoy @nd id e iddint FRRAHS N at At
and G again._, Thus N L
. clockwise direction, switches 22 (A+) and 33 (C-) would be
switched on, connecting power from the positive rail 25 through
switch 22 to the A phase windings 20 through the neutral point
21 &and the C phase windings 27 through switch 33-to negative
rail 35. Thus referring again to Figure 2 with the notation
therein indicated to obtain maximum Torque in the motor the
- . connections would be A+ and C- to the 609 angle and then B+ and
| C- at the 1200 angle to B+ and A- to 180° angle then C+ and A-
U to the 2409 angle, C+, B- to the 300° angle, A+ to B- to the
3600 angle, the sequence commencing at A+ and C- again. Thus
_there is a sequence of six different patterns-and'eaeh goes to
600 of angle of rotation giving 360° in rotation. Referring to
the tables herein, Table I summarises the sequence of control
signals required for each step in the sequence described above.
Referring to Table I it will be seen that the rows numbered 5
down to 0O correspond to the sequence of digital signals required
to control the A+, B+ and C+ switches 22 to 24 and the A-, B-

and C- switches on or off. A.0 in the
- 24



there is a sequence of six different patterns and each goes to 600 of angle -
of nrotation giving 3600 in rotation. Referring to the tables herein, Table

| sunmarises the sequence of control signals required for each step in the
sequence descri bed above. Referring to Table | it will be seen that the

rogs jnunber ed .5 doy : ( ob ndiagidt &l 15i3GN3 o
reqaf r ed t'oe*‘a?ﬁﬁ O*VWQ#]%ggrgogiggggﬂ%+gg%m£tgghzgqggptﬁ gdZEna?gldt %e 1Al-l?ln%|-h %antj#'
G itch | & & t ' irgat i Rat: A

s turned ot Sy Sahoted' thf LRE sufbon 1p BUrfed BE% CXHUATLS B IRt e

This is a “%&?&Aq’foﬁ'%é’éélﬁéle befayse RanhEf BRNBREratiomebet itk of the
er

m croconput er . wo " furt control lines are Used to control whether or
not the uppgfs FoddPitér t Chws LaPtREFSGontAbd Indesaked LuGedotior ontrialr
current.  Thus t?merncroconpUter 10 is programmed to contain the pattern
shown in Tahitether Té¢ B6t €tReudpPefr om Lewert swiitghesl arecpuil sewmtidtth
control |ine show each.step in the sequence descri bed above wth each step
i ndexed fromdduldteéd tdecontrahrketior NDEKrentounThusl &bewmderosompuders 10
obt ai ned by applying the control signals of Table 2 which is the reverse of
the sequence fpriegtanied Toecontain thet NBEKerneskpEne ins Tabler dnenddieorsix
position in the comutation sequence for each table at any tinme... At each
comut at i on ¢oIREG $ sEremrbetht ba n;shtuﬁpr|eachaﬁwﬁﬁﬁhv&Paérﬁagé}nﬂuﬁh°w
reset to O to continue the cycle. 1In each table-%gother L ndex i

S

ref erenced "qagi)@8epainnbhei saaHepRecARAGEADEH APON & Mbhyicaf ibep indexed

di scussed bel ow. The I NDEXR row has entri.e Lch are i eac i

patterniITtﬁﬁ?%é%u%ﬂc%=%ﬂdtBPfF8VéHFr%SP iH§E§f|-gﬁaﬂ#%ﬁay%égﬁﬁﬁg;}°tati°”i
is obtained by applying the control signals of Table 2 which is

»

the reverse of the sequence of Table 1. The value of INDEX
therefore is a reference of position in the commutation seqﬁence
for each table at any time. At each commutation INDEX is
~incremented by 1 until a maximum value of 5, then reset to 0 to
Hcontinuedthe cycle. In each table another index is referenc¢d '
"INDEXR" as mentioned in connection with flow diagrams‘discuéséd

below. The INDEXR.row has entries which are unique to each

i _ pattern in the sequence and different for Table I and Table.2 S5/
that a.given pattern is uniquely indentified for clockwise and

. counterclockwise rotation. Determination of the time for

_co@muta&ionyis explained in detail in Boyd/Muller and excerpis
arg.given.later._ Now during coasting (as described by

- Boyd/Muller) transitions in signals from comparators monitoring
_EMF.signa;s'contain poéition information. @ To repower the motor '
~while still spinning such that the motor continues-to run in
sequence in the same direction requires that values of INDEX and

INDEXR be computed such that correct switching sequence is
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thaf a given pattern is uniquely indentified for clockw se and
couritercl ockwi se rotation. Determ nation of the tine for conmutation is

explained in detail in Boyd/ Miller and excerpts are given later. Now

during coasting (as. described by Boyd/NUIIer) transitions in signals from
conparators. npnjt EMF si ion | tion .

boter the noRtk CakPdcas: eRpYabRRA[ g BORAVRRLYeFh Ao GPicoRlissiidaation is

LB, SoLnce el bR %%ﬁﬁﬁ@@%%%ﬂﬁ%mm«
d f ' I
s SR R b O D PN, o
I
et L1, 00 S BREEHR, AP F A RTINSV NRR YIRSl WL

i ni tiated, prefgy Péﬁlihgzé‘% iaé‘glzé PSWE@EkQQGSSFEQQioht 1y E'ni'ﬂﬁart%fqe%rferf‘%{?ably

t he diagraniof Fi gures hat for  any comutation i nterva

unpower ed . phas§ht@esgﬁﬁiéscg@mggaﬁigﬁibéglaEX|nuniin one sense through a
zero to a maximumin the other sense and it is that phase which is going to

be turned on in thetnexilcpemHbsedonromt Eh¥atiagraiabst Fe glir@s0Q0ERd & vhait
deternmine when to turn that phase on by deteérnining when that phase crosses

through the zefar pamnt60Theominat etient tdtbyviabeinsehef unpbwage dc phiaseatttyes EMF
for exanple by circuitry as shown in .Figure 5 in which VA is a neasure of
this voltage tis zgoingofrematpeamaximum inmndnegsédseVBhresughmaagere ¢ whe
voltage to zero volts in winding 28 and VC is a neaure of the voltage to
zebo vol t's i n Waxiohwy 7. theeather sense and it is . that phase which is going
to be turned on in the next commutation interval so that the
microcemputer can determine when to turn that phase on by
~determining when that phase crosses through the zero point.
This is effected by the use of vcltage compafators for example
by circuitry as shown in Figure 5 in which VA is a measure of
this voltage to zero volts appearing in winding 20, VB is a
A . measure of the voltage to zero volts in winding 28 and VC is a
meaure of the volpage to zero volts in winding 27. When for
example a voltage VC is greater than the voltage VN on the
reutral point N (21) Figure 4 the output of the comparator 36
will be high. When the voltage is less than the voltage VN at .
the neutralupoint,.the output ‘of the conparator 36 is low and
. the output of these comparators is fed directly into the
. microcomputer 10 which reads in the comparatives, - It is to be
noted that. the output is.comparative when the circuitry is
looking at the comparator-fof-the unused ﬁinding at any one time

which will change sense when the EMF in that winding crosses

zero. The microcomputer is then informed that it is almost time
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exanple a voltage VCis greater than the voltage VN on the neutral point N
(21) Figure 4 the output of the conparator 36 will be high. Wen the
voltage is less than the voltage VN at the neutral point, the output of the~
conparator 36 is low and the output of these conparators is fed directly
ipto the mcroconputer 10 which reads in the conparatives. It is to be ..
nat.ed t hat’ tbecommpﬂp’BgdcdmpammnndanﬂﬁuwiﬁhytheCpneSqntsihwehtﬁgnaﬁithé¢’
conparator for the unused winding at any one tine which will change sense
when the EMPaih - shgcedisidiengenCoros sing in Thesequence pif ctheset hisna low
informed that it is alnost tinme - 26-  to commute and in accordance with
t he ‘pr esent tPn@chighn thignsitdon Sh& nextonerds cd diglhgtenaaleeqtieapeition
there is a lowto a high transition the next one is a high to a | ow
transition TRER LeW £8 Righ high L@ 1RW ANP LARtIRFIRE | fnt hat gy, Thibus
the m crocopput er. knows where each winding is in the seguence and it knows
Which of s hEBBoIGF ROPBRUEES KoK & BHaTs Rarh Wi ing LEnlh gie spauehes
m croconput er .| 0gks _for a transidtion < LL..al.80 whet | sg ld Db
Tow gorn hEBH oF KRGRooaREsH o o3 Rimraratiied ORI A6t o LK, fetE
where the.r bSO r ehation .t t 1,.ndl ahat : '
I ndi cati onsEf\?m?I Féggliﬂﬁbm %‘ee (E:}'c")i'c grcgﬁp\sﬂgs%qi ﬁﬁoc%%]%%% %‘E%%fﬁ%ﬂo%ﬁt %F’
foll ows eitherat £.el , | @ 2 i : -t L r | oL, : Lot
and cyol os S5ag; Aol wRlesh? 7 SHRRAAIND 10 Ll [EERA OB by £, BBARE 10w
sefge

ol Rl L7, Shabhen ol Byt hd e Amee eyt et g5
reducing thpepgBsdhi Lot theOwlindingdlehd what the next indications will be
from -the comparatives. Accbrdingly the mierocomputer follows
either table 1 or table 2 depending on the direction of rotation
and cycles:continﬁe=witn the correct switches being turned on at
the correct time.
" In the 4,B, &.C circuits of figure 5, as shown with
‘reference to the € circuit resistance 37“and'capacitance.38 g
provide a filter effect reducing the sensitivity to transiéﬁ%ﬁﬁ
Now during coasting, the EMFs are'sti1l present in the motor
and thus zero crossing trgnsitions will also still be-presenﬁ W
and‘reéult*in’signalé*being sent by the comparators to the
microcomputer these signals being_digitised by the digitising
circuit 13, figure 5. - |
"The Boyd Muller Specification describesﬁoberationé for
-repowéring*an ECM after coasting-under-contfoi of the appgratus
- theérein described and~is-repeated=ﬁith reference to Figures 17,
18 and 19 as follows. '
© . ®wIn‘Figure 17 the relaying routine of step 588 is shown.

Operations commence with BEGIN 651 and proceed to product the.
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e
Now, during coasting, the EMFs are still present in the notor and thus zero
Crossing transitions will also still be present and result in signals being
sent by the conparators to the mcroconputer these signals being digitised
by the digitising CIrCUIt 13, figure 5. The Boyd Mill er Specification

thz?%‘pﬁzfgt’ﬁidtt ?éxﬁtstﬁt“ﬁﬁéﬁgoﬁé‘l GRacbes abRten Eoinds ol o rfetne
17, 18 19 ! F

“1s shoan. oMEEe xf;'fts"com%#‘%t?t%éé?hﬁﬁgtﬁandbﬂgggét % 1&3&?? DB6
27- OFF 6

M At" step g i cro?%nﬂ%ﬂgéuggn#sgﬁgégé) g&}ghgfﬁnggﬁggN?#%n&%t 1@%|n§(g

producing a daqtarc L Hﬂﬁgvﬂmmpﬁpt §3316w1§5ee6n€19€5ﬁ'tn11r‘E'oa%wjﬁi e From

hi‘gh-1'ow spee romthe | ow speed connection

arrangenment tghe lfbtghsﬁé’@&dc&ﬂﬁ‘é‘@@ibﬁ“aﬁ'ﬁﬁ%ﬂgﬁﬂt to Wi‘gﬁo'ﬂiiéte‘ﬂr cOhntRitlion
for 10 mil'liseconds as by any suitable ,routine, such as counting froma

preset. numberargamg émve 7€y O, Midsrséawpﬁsé'rl 610ndet st Popendi milhd seecomysl4d by
armature 155 to cone to rest in the high speed position. However, during

‘this waiting gmyrisultdbice rcéwtidd, obucht ag dbhasingr frem laa\peesE(tt aivmber down
through a significant angle for commutation purposes. Accordingly, at step
659 a routinceo zenmpcuiredstep : 68T eini ardertbe permétoftheNDEX afyr AdTt lrermature
senhsed dlgltlzed vol tages on conparator outputs A B, and C of Figure 6

when. t he wi ndidfy & xpme sbe respoiarthe hmabwspeeﬂ RR8itsomi nglopreyeugi dyring

patterns of dlgltal signals on lines 62 beginning with the
his waiting period, the rotor-15 of motor M has, or may have,

- rotated through a significant angle for commutation purposes.
Accordingly, at step 659 a routine is executed for;deterﬁining'
the value of INDEX from the sensed digitized voltages on
comparator outputs A, B, and C of Figure 6 when,the:winding
stages are temporarily unpowered, and resuming producing

_pattefns of digital signals on lines 62 beginning with the

_%g/ . pattern of digital signals (ard thus a corresponding set of

_control signals from control signal generator 51) indentified by

gw;_ S the value of INDEX so determined. The digitized back emfs for

three wye-connected winding stages S1, S2 and S3 are:.illustrated
in Figure 18 and tabulated in Tables III and IV for clockwise
"and counterclockwise rotation respectively. _
In Figure 18 and in the first three réws of Tables III and
. 1V, the logic levels of the digitized voltages on input lines o,
-1 and 2 of microcomputer 61 (fig 1, 4,540,921) .are shown when
., rotor 15 (fig 2 4,540,921) is coasting. Each of the six coiumns
: wl shows the .logic levels of the digitized back émfs present at any.

given time. As the rotor turns, the logic lévels_of a given
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pattern of digital signals (and thus a corresponding set of cdntrol signal s
from control signal generator 51). indentified by the value of I NDEX so

determ ned. The digitized back enfs for three wye-connected w ndi ng stages

S1, S2 and S3 are illustrated in Figure 18 and tabul.ated in Tables Il and .
| V-or cl ockw se -and countercl ockwi se rotation respectively. In Figure 1Q3¥f
arkL{i n the f¢elumphate. reRd asedrdy dbe Login Jevekpeinobhe pelump bexthtd
digitized voltages on input lines 0, 1 and 2 of microconputer 61 (fig 1,
4,540, 921) atkesné@hAtwhe hpat&helslehngPaﬁfﬁﬂ;qmn)i$sre%abﬁdngthgagnsép

the six colums shows the_logic | evel s .of the digitized back enfs present
at - any gi vent€Y@es bagipnggadfodn hhes 1afifrmorfk colvmpldireaghedy theglogic
colum are replaced by .the 1ogi¢ |eyels inn the colum next to,the, right -
When the ri ghEYAbSt PEELANAEAIT, dacikbs Lefdmitt sebares peyehing.rhrpHehnshe
| eft - nost colu s reached. thed.oqic 'Jlevels beglin again i he, ] ef t - npst
col umm, " ¢ycl %ﬁg}}?ﬂfoﬁah%?ﬁgr@m urﬁjfégs?_ggosﬁ’eo.ws Iﬁﬁﬁ%’gﬂ%ogﬁgvén ti“g Ilog ¢
superi nposed, gon' th ogic . zer. g _que VQﬁ&ﬁ%? 1 | Qb kZ k
enf's on the ngﬁ%'gpheghg? % g%aggga%%hzﬁgigl | Z 5% deﬁ?%gagh%%yggngﬁg _
time and thekr cha tg okher sval ue L £ ddTB5a P& fEicLeapt :m
~information %%pggrﬁggégegéiHg%?ﬁeékosﬁﬁgagiéfgﬁééturH?ﬁgé?ﬁgoétlgﬁgngnfotlme

identify theapgopRELiPOCARRigRsSRBUItHR Y Yallf Y OO MbiRés Obe8f SUEPicient
turning rotor and for resum ng comrutati on whenever conmutation is

i nterrupted DifeFAseIbhNGed pefmder den@ihg tHire | pEksdt Lieh c6f1 theUtopPRL Ak PBSor
of step 659 as described in further detail in Figure 19 are used in "
rel ayi ng rout$ nen888oi hdtheifyefther gitoperodiciant ,imnsequenceefiornbegbrning
_commutation of ‘such turning rotor and fOr-resuming commutation
whenever commutation is-interruptéd“or discontinued.
Accordingly, the index-determining operations of step 659 as
~described in further detail in Figdre-19*are-used-in relaying
routine 588 in the preferred embodiment, and are used in other
_embodiments of the invention whenever it is desired'to begip:
~commutation in sequence. \~,
In Figure 19 operations commehce-with BEGIN 671; and
microcomputer 61, (fig 1 4,540,921) inputs all thé'lines 0, 1\
and 2 of port P1 at once by masking with ALLHI=07 (binary
00000111). As a result there resides in microcomputer 61 (fig 1
4,540,921) a three bit binary number having binary digits
~-corresponding to each of the digit&ied’vbltages‘on the three
.'-1ines; - This binary number is designated DATA1 and stored in
step 673. Then at step 675, micromputer 61 inputs all the lines
0, 1 and 2 -of port P1 again in'search-of“digitized voltages
 corresponding to an adjacent column of digitized voltages in

‘Figure 18.
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embodi ments of the invention whenever it is desifed to begin- comutation
I*n sequence. In Figure 19 operations conmence with BEG N 671, and

m croconputer 61, (fig 1 4,540921) inputs all the lines O, 1 and 2 of port
P1 at once by masking with ALLH =07 (‘binary 00000111). As a result there

resides in mcroc uter 61 (fig 1 4,540,921) a three bit binary nunber -
havifg binary di g?ﬂ& c&ﬁ’éﬁ%ﬁ@li%@l T’%gﬁﬁcﬁuﬁk pREadngd: AnesteR BIfaron sorded

7™ . LB TRT (65 ER Bal i Gl
2 o5 AR, S - AR TR B BT e
Lt o031 e 10 51 S ST A S PSSR0 LSRRI eh GRS

DATAL- DATAZZ) e IgM il e d YAl Cfn U ffFe S4B bl CTh! ¥nkOTHBYE 1211 0F v

adj acent rightward colum 1n gure and in

correspondi ng derrid¥poHd g 11 e '@irétefon HepoAENIDATRR e b_mmgtlw.m a
made back to step 675 to 1 hput another set, or instance, of digitize :

vol tages unti lbrahdi A M bt 10§ b 2eeley0bt90e6 LApheURHohept 88§72 Whi Ch
s different fromDATAL. At step 685, the difference DATA2- DATAL is

conput ed. Wiedn¥tamdaR9 dfs digictired W 61 pEgePULRtiblahasnstaned vel degidfized
DATAL and DATA2 which are in adjacent colums of one of the Tables.IIIl or
| V.. Each Tabl gdlitlages |15 [flaursd \at ustse pf 678, whbehhissdiffediehtefeome DATAT. At
DATA2- DATALl, in the columm correspondi ng

S’ -step 685, the difference DATA2-DATA1 is computed.

When step 68§ is reached, microcomputer 61 has stored values
of DATA1 and.DATAZ,which are in adjacent columns of one of the
Tables.III.or IV. Each Table III or IV lists values of R3,
which is the difference DATAZ-DATA1,'in the column corresponding
to the digitized Back emfs in DATA1. - Beneath a value of

- difference R3 in each of column of Table III or IV are values of
| W | INDEX and INDEXR. The values of INDEX and INDEXR are precisely
the values for identifying the proper Table I or Table II and
the proper column therein containing the digital signal pattern
which microcomputer 61 can and does then -produce to resurme
~commutation of the winding stages.at the proper point in
sequence., (Beneath the tabulated value of R3 in Table III is an
entry designated"Offsef R3" which is a number calculated in the
program listing of Appendix I for microcomputer table lookup
_purposes)., |

If the direction determined is counterclockwise, a branch is

made from. step 689 to step 691 for table:lookup in a table in
microcomputer 61 (fig 1 of 4,540,921) having the information
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to the digitized back enfs in DATAL. Beneath axalue of difference R3 in

eaqh of colum of Table IIl or IV are values of | NDEX and INDEXR. The
‘val ues of INDEX and | NDEXR are precisely the values for identifying the
proper Table | or Table Il and the proper colum therein containing the

dyoital signal pattern which m croconputer 61 can and does then-produce to
gsune conmfieunbri miTablee wWhdingrevagBs andt B¥DEXepeiheri ENDEX sios) Rowred ;=

(Beneath the tabul ated value of R3 in Table IIl is an entry

desi gnat ed" GNDEXR v Resel b addingel2chpcINBESS: |ﬂftm®qnﬁinqnmiamt|ng

of Appendix | for mcrocol uter %able | ookup purposes). I|f.the dlrectlon

det-er ni ned %€ %&IEHNGE IR | Sy afchrpachads F‘laé‘ﬁ—\ §irop eBER H89 e oskie p

o table | aYR ol ﬁlab:ﬂoqe R EhOSCIRRS! 18 nib ebav ekt Fee ot

determ ned 2 SAGi BT L ASAE Fng 18 %ﬁ*&%“-ﬁaﬁ?gﬁgﬁa M%l??&dfe&??r'&c’w”s R3

table | o0kugd sypsdb! © INDERH DL FBLLET a8 Ted hib L0k i ddKion
pid TN JbEX PROES. INPRE:

i nformati on I N rows i'S rese

equal to INQI;XW% di rﬁﬁééx"”sté cggf_lf_ﬁtsgte fgg gtse%x%%g:blﬁ%,iggﬁ%%e

693'i s executed, RETURN *67. 'S reac ati

described ngre g@nQ@gdné@w folloms Nlcroconputer 61 (fig .1 of. 4,540,921)
identifies successive patterns. of the control signals and of the digital

signal s 'of Tabl Thel -cpetddidlys ¥ UeSgF eangi X peedederiddd WIPe gehetdllus

of the index is determned fromthe sensed _ N
as follows. - Microeemputer 61 (fig 1 of 4,540,921) identifies
successive patterns of the control SignaISsand-Of the digital

. signals of Tables I and IIiby-valués'of-aﬁ”index‘designatéd
INDEX. A value of the index is determined from the sensed
digitized voltages:when the winding stages are temporarily
unpowered. - Microcomputer 61 (fig 1 of 4,540,921) resumes
producing#successivé pétterns of-tﬁe digital signals which '
causes control signal generatér 51 (fig 1 of 4,540,921) to 3~’
-generate successive patterns of the control signals in sequence
-beginning with a pattern of the digital signals and control &)
signaIS“determiped from the sensed digitized voltages. The

~ lookup table information stored in microcomputer 61 (fig 1 of
‘4,540,921) is a function, i.e. & predetermined correspondence
_between members of two.sets of numbers. The sets of numbers
involved here"ére'values of INDEXfothhe-Oné hand and values of
the differences R3. Equivalently, Tables III“and*IV-can_be
.regarded as tabulating INDEX aS'a=fun¢tion of digitized back emf
'ibself.wslt'is:élso-to be understood that there are a multitude

- of equivalent ways made known by the disclosure made herein, of
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digitized vol tages when the wi nding stages are tenporarily unpowered.

M crioconputer 61 (fig 1 of 4,540,921) resunes produci ng successive patterns
of the digital signals which causes -control signal generator-51 (fig 1 of
4,540, 921) to generate successive patterns of the control signals in

Sequéﬁce beginning with a pattern of the digital'signals and control

si gral's det er ARHEA NBr P @& unetdan mediating the tdigktized backupnfabl e
information stored in mcroconputer 61 (fig 1 of 4 540,921) is a function,

i . e. a predet dNEPRBA LGN £ HANE YaNiARAR PuRiRY SINBEX \Whieh scan be used to
nunbers.' The sets ,of nunbers involved here-are val ues, of | NDEX on the one

hand and. val u8etsruimne hhe AroReds RREPIERAR Resinningahp teqyenegdvhen._ can
b ded -tabul at.i I N f ! f digiti back, enf itself.
Tt 15 al S0 - ; BOBBUYARIPEL JEELIR A uAkte HNET THE (TURRRSEIVE A GEIERE Ghys

e known bygh b6 s SGGIRS T S Senell are SILAPE 1B bl WELbe) of
whi ch can. be Hﬁefinh%xd.ert?xr%‘g.’h%e@%so.ra%%rm&t%gﬂ A A L a function

sequence"when commutafi on bé&gi ns agai n. € ‘successive patterns

di gital signapg andyumeRl Pe ie%wt_%aagb@ R tddd &b twiqfféﬁeéd of 0Pl £ 8K hen
the index is advantageously determ ned’as a function of a nunber
| Néh & InRD&So 8bfputer

represented byheh@in@ingd stagleld 20¢ \tnpIas MMeNurf fi & &)
tenporarily unpowered, gﬂd n?%roconputer 61 (fig 1é¥h4w54b,921) r esumes

produci.ng pat6¢r (Figedi ofi By 5oL, 921e Meahines) mfoduwi P pd Bl ern 98¢ §inning
identified by the value of the index so determ ned. The index is determ ned
as-a first funithoshef patherncofr eveccomtawblbysiidrelsenixteh tifidd zisyl the value
of the index so determined. The index is determined as a first
function of a number represented by the-sensed.digitized
voltages when the winding stages are temporarily unpowered and
. the preselected éequence is for clockwise'rotation-of the
rotatable means. 15 (fig 1 of 4,540,921) and determined as a
. second.function of the number so represented when the
KwJ . preselected sequence is for counterclockwise rotation, and
microcomputer 61 (fig 1 of 4,540,921) resumes producing patterns
beginning with the pattern of the control signéls identified by
the value of the index so determined. The value of the index is
also_determined as a function of the difference of first and
second numbers represented by different instances*of~the_sensed
:digitiied.voltages,-and‘micrqcomputer 61 begins with the patterﬂ
of -the control signals identified by the value of the index so
determined.
- The value of the index is determined as*a'fundtion of the
difference of first and ‘second numbers represented by different

- instances of the sensed digitized voltages unless orne of the



-vol tages when the wi nding stages are tenporarily unpowered and the
pTQseIected sequence is for clockwi se rotation of the rotatable neans.. 15
(fig 1 of 4,540,921) and determ ned as a second function of the nunber so
represented when the presel ected sequence is for counterclockw se rotation,
. m croconputer 61 (fig 1 of 4,540,921) resunes producing patterns S
?)Qgi nni ng winwmbérsphst &énnaopethofcpredsitermineds numhens, csudly asc0 V&ﬂldle\?-‘j
of the index so determ ned. The value of the index is also determ ned as a
function of and miereempubesr 6{lj begiagd widho tdien pasdiern f ddat eentrol
different instances of the _sensed digitized voltages, and m croconputer 61
begi ns wi t h $¥&ndhet tAanbifige SYnths valyeaof ithendindey 38 defeexminedor A
t he i ndex so, determ ned. Tpgﬁé%lue of the index is determned as a function

of the diffeEnkc® &Peei PELTLIRTsBBGN FORGRNTe PIMDES % SERIRPERY f%rfé}ﬁferent
nunbers 1 i 1PeEaigegren, blle, sPReado nBIRIAY SR ideS i FafppTated and o

m or conput er egin B e;pa D@ hg QN [ 4 | &4

by the val ue‘”‘grl“%)h‘gfiﬁ‘&gxiggége?gr beEeinngdl 8 LW eo RS BE LAENILEE Srbnce
nunbers repr ; | RSt ances «@fe .?a?aggg-' Idd ag

I s cal cul at elgr?.l:%fgtl{i/’gl g'}éﬁg%t@ﬁ%ei EgeQQi g d‘%tt'etror%"3 ed as ﬂ%‘nécc% izrg%n%&%heﬁgh
di fference. s the gdhhfegengfal mikcPoromPuter Bredaiiqy M ned e gz 1 such
~as 0, +3, a;HdTé Et% a%’d mhgr oébrrpgt er 61°(fig 1 of A‘fl g?oe%g‘l) begins ’\I\A§¢t1‘|ﬁt he

- pattern of thepL®stwthsteeapatident ofi edebyolnte olalsigrfl § Neddivierié® by the
det er m ned. croconputer 61 (fig 1 of 4,540,921) in this way prevents
sensed di gi ialage vof t tigesindex so ‘determined. = Microcomputer 61 (fig 1 of

4,5#0;921) in this w;y-preventswsenSed“digitized~voltages
representing a number in a predetermined set, such as 1 -and 7,
from being used to determine the beginning pattern of control
signals, Microcomputér 61 (fig 1 of 4,5u0;921) repetitively
senses the digitized voltages while the winding stages are
temporarily unbowered and determines the beginning pattern oft
”thg-control-signals_as-soon as a change occurs in any one.oé*{he_
-sensed-digitized voltages."
- Table 3 herein is equivalent to Table III in"the-Boyd Mull&}.
spegification.
It is to be noted that in Boyd/Muller when the motor is
operated in the:agitate mode tOureverse-motdr direction a
- definite time is allowed for-the‘rotorato éoéstfto~a:stop and
then random restarting is effected with a 50% chance that the
rotor will start in the wrbhg direction necessitating adjustment
of the commutation to reverse the rotor direction and accelérate
- to speed in the right direction. - This-gives irregular

accelerations to the rotor and thus causes irregular washing
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representing a nunber in a predeterm ned set, su ch as 1 and 7, from being
use’d'to determine the beginning pattern of control signals. M croconputer
61 (fig 1 of 4,540,921) repetitively senses the digitized voltages while’
the wi nding stages are tenporarily unpowered and deterni nes the

begi nni ng-pattern of . the cqntrol, signals as sopon as a change occurs in any
one~dgf the seRSEdof &% irzet-:’dﬁ&ol ta‘gfé'soq'éaftﬁ]ev 3this i pventign 18| ’npathenabieal

uhen e ot ok 895 S5 EARRE HAGKE 14 1S HOCES (479 GURFES. HOE oPV A FRLRE ohnathe
Cestarting | SERFBCERT Wi B0 A AL Wt RAAPL AT RuPET BISFRorRPEREr
Foror di recti SALARGSEREL MisTh T aiB et d D O 0B S SR Lo

33 % et ron to tisal VeRk B (bl YN NS COETe APERT FoulE TR those

of finding whagetch@s Fo°TsetS NG HHMH e e S8 §051 6@ d1id { S0aBCUMEPLREnyi | |
be. Thus with a transition the m croconputer cal cul ates which sw tches

shoul d be on pbywapy one tine. If we want to start at that .time we apply
power with those switches so set or indexed these tables and start applying
power. Tiners areTpmevisdedepriovidess as £fol IowWdT TI MER, LONG TI MER,

COVMUJTATION TIMER. In this inplementation an I NTEL 8049 1-chip
mcroconputer is = - SHORT TIMER, LONG TIMER, COMMUTATION TIMER.

N\t L - In this implementation an INTEL 8049 1-chip microcomputer is
used for motor control microcomputer'jo. - It éontains an 8 bit
timer. This timer can be driven by either an external
oscillator or directly from the ALE'pulse which is Bivided by a
factor of 32 before entering the timer (ALE'=.CLOCK/32); The

" microprocessor clock runs at 10 MHZI so therefore a |
. (10MHZ/15)/32=20.833 KHZ clock signal is applied-to the timer,
gwf - This. provides a count every 48 microseconds in the timer and in
operation the timgr is locaded with a count of 2 thus providing

s . an interrupt pulse every 96 microseconds. This interrupt rate

1 provides the base timing to the motor controller.

On interrupt the program is forced to jump to a Timer
Interrupt Routine. On entry to this routine the timer is
reloaded with a count of 2 to provice.the 96 microsecond base
time .

 This.routine has two major functions:
(i) Decrementing Timer Register counts every 96 microseconds,
-and setting:the appropriate.timeout flag when the counts

reach zero,
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used for notor control mcroconputer 10. It_contains an 8 bit tinmer. This
-t{mer can be driven by either an external oscillator or directly fromthe
ALE pul se which is divided by a factor of 32 before entering the timer (ALE-
= CLOCK/ 32). The microprocessor clock runs at 10 MHZ so . therefore a

(1@3142/ 15)/ 32=20..833 KHZ clock signal is applied to the timer. This o
provi des a countThers ars threestiBansregiskersi wsedand in operation the ™
timer is |loaded with a count of 2 thus providing an interrupt pul se every

96 i cr oseconds.{@Phi ShofterRedRY r BiBeBr ovi des the base tining to the notor

controller. On interrupt the pro s forced to junp to a Timer Interrupt
Routine. ‘On entAflnjQAﬁﬂyﬁﬁﬁikﬂgﬁgﬂéthiﬁﬁris're1oaded with a count of 2

to provide the 96 Jm crose qﬂﬁbaff time This routine has two major
functions: (i) D&re 5?%} vet*BEht st er counts every 96 nicroseconds,

There are tnr oo o gt &id, (Flnd’ () 48R, PBRBRAR R 3HOh, H¥ictrrupt]

Commut ati on Del 3h oFidFrd Gatd @ SELAY demBAH 8CoFEE Tifieds 3o Aikhd )

are decrenented ‘each interrupt; therefore using a count o
T oo Bh AN Hnd LR ELNohe 06 Mooy 20,
register (c),. amilNiNdREdS C1E5CA567x 96 microseconds). - For extended
time delays:using'register-(c);:an'intermediate prescaler .
register which is initially set to 7TFH (127) is decrementési
s-evefy-interrupt.' Only when the Prescaler Régister reaches.
zero is the register (c¢) decremented. Therefore the long
timer can achieve time intervals of 127 x 96 = 12 |
“milliseconds to 127 x 256 x 96 microseconds = 3 seconds.
- In order for the main program to use these time délays a
count must be put into the'aﬁpropriate Timer Register. The
‘timer flag must then be tested periodically to see whetﬁ@i
‘the time is up.
(1i) The second function of this routine is to provide they)
.Speed Demand Rate function 16 of fig 1. ‘ie. to provide
a count rate to position error counter 15 equal to the _
required motor commutation rate. This a achieved by
setting the Speed Rate Timer Register-(RATETMR) equal
- to the count for the period of the required commutstion
rateieg.lACCSPEED,'ENDSPD.“ Thus on every timer
interrupt the RATETMR is decremented and once it is
- zero the 'Position Error Counter 15 is decremented. The

RATETMR is automatically relocaded with the correct



egister which is initially set to 7FH (127) is decrenented every

interrupt. Only when the Prescal er Register reaches zero is the register

(c) decrenented. Therefore the long tiner can achieve tinme intervals of

127 x 96 = 12 mlliseconds to 127 x 256 x 96 mi croseconds = 3 seconds. In
ordgr for the main programto use these tine delays a count nust be put

i nt he appropri a¢eudt nendRehestgele Fepetritsef ol 29 nvdnuoiisew e dtaiximd
periodically to see whether the tine is up. (ii) The second function of
this routine i's tRefevrrilegt hewSpbedFbDgunedbRuhd chudst imof1o® ahairitg of. tikee
to provide a count rate to position error counter 15 equal to the required
ot or commut atreversipg sdguenaeachi $hedphesestt inyentd oPpddadwiidtle bE remsumed
Regi ster (RATETMR) equal to the count for the period of the required
conmut at i on r atke ®gthagrbPEepompNbePDhasThiBednotbetier pppd licaitdoruef thawer to
RATETMR i s decrenmented and once it is zero the Position Error Counter 15 is
decremented. Yhe megemvandsthet BRECT cAB| pWitrbadeal i dm es h@ldopow@r is35-

d th l f h
Frgure 6 whi §rﬁﬁ’écén#?@ﬁ?teﬁsr?moﬁg?h'seagléir2?%%833&&5% roio, 18 3R%. e 150-200
t t b d t ¢ £ th
bopii cation ofbPbhERe SRRtRcPrat or 2hiy TRE RSLTRsPELRMR: MhIFRAR ar Kipytrary
d
PO seconts. dPerabas HiRg o0  ePhBLERRy, ARM BrbirdE, pofler® 13 ubhelo beiOhs
of coasting. Afn&i@%é@dpfﬂeslbéktHﬁ”%ﬂdoéfcﬁ%ck is made in block 42 of the

A register DIRECT provided in the microcomputer 10 to indicate

"whether the motor is going clockwise or counterclockwise. In
the event that direction of rotation is clockwise the register
'value is changed to counterclockwise ready for starting in the
next direction and vice versa, so that the“appropriate blocks 43
énd 44 are used as required. There is a second timer called the
- short timer 45 which is set to a value of 40 milliseconds. This
&,/_ " timer provides a safety_feature in that should the rotor stop
| then of course the succession of EMFs will also stop and no
kﬁ}' measurable'signéls will be transmitted to the microcomputer to
‘work on., Accordingly the second timer assists in avoiding
maloperation.
There is a third timer which is the commutation timer 45
"which is set to 20 milliseconds. Now that value corresponds to
a rate of occurrence of zero crossings sufficiently low as to
2llow reversing to take place., Next there is a tag rotor (tag
corresponding to R3 in the Boyd Muller Specification) position

indicator, block 47, which senses the position of the rotor.
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i ndi cated in block 41 and a check is nmade in block 42 of the regi ster

DI RECT provided in the mcroconmputer 10 to indicate whether the notor is-
goi ng clockw se or counterclockw se. In the event_:that direction of
rotation is clockw se the register value |Is changed to countercl ockw se
re for starting in the next direction and vice versa, so that the Y
apmpr iate 'Bhi)ék2848-e&ﬁ&=€44tar $ables ds angy b, dAbIRhel cbébng seedwhehnB s -
called the short timer 45 which is set to a value of 40 milliseconds. This
timer provi geedBiB@dety 8eafniPB icAockal send@ countennlnciotbpe téed téble 5
~course the succession of EMFs will al so stop and no neasurable signals wll
be transn1tt%k@?oiFhésnFSﬂHéSRﬂuP@rgﬁofWGWkQQHNt%QﬁiﬁQKW%ﬁQ't%ech@ﬁbmﬂsehas
timer assists in oi di ng nmal opecatiqgn. There i,s a third tinmer which is the
commutation 1% ﬁﬁéiaﬁacmrg Eé‘ﬁ?og-ﬁof 'ﬁ‘ﬂ'ﬁ%@conﬁ!“%imtﬁeﬁd&ade by
corresponds te of occurren f. zero crossings sufficiently |ow as

to aIIOM/rev%$g$%5§95'?éﬁesgﬁggg;g?héXtétﬁ@PeCPsigéiﬂ}§(ﬁQﬁ W Fs of the
correspondi hhckbe, d . Spesifi.cati Si 14,0 at or

b ock a7, whareat¥ 4lel REsPRKTebbTt. hael BBy MU BT 4 ae

to tables 4 ﬁn@bfocfc;apgg %9?5”9)“%3%}:?3?“1: Letn.;_l.:ofs.‘a.rt?.%lﬂ redfﬁe?}m ?b}efgg&?ri%ﬁ

cl ockwi se to counterc se and ta IS réquire

count er cl oc %ﬁ%é&ﬁ&?ﬁ?%éetﬁé kﬁf?é%ﬁ%ﬂ%\d ag‘};‘%gfr’?!t'%d;? ,éﬂfraem?- ?thlwé

~a start is made by inputting the values of : s the outputs
of the voltage ddtht2SbIgcRi 6¢Ui t Thedbeaatar 9 $hd’ @ tah TFX Ytfeh Wifpared

(block 60 figure 8) that is the location. Then the values corresponding to
t he EMF sigmﬂsbkﬂekj&autthﬂ_aggynanadeqhenednd if the short timer is noﬁ‘J
equal to zero bock 63 that is to say a transition has not yet
- been reached the,computer:(as_indicated by line 48) takes the
- measurements again of A, B and C, comparing tbem,to the previous
value, . As soon as data 1 is not equal to data 2, data 1 is then
subtracted from data 2 and this gives a value in hexadecimal for
the tramsition. That is put into the storage register calleg
. "Tag" block 64. Then the flow diagram is‘traversed_furtheégjb
see if the modulus of data-2 minus data 1 equals 0, 1, 2 or 4
each of which is one of the-allowed values, If it is not,'thi;p
-is something wrong and it.is é matter of going back to the
beginning and restarting the whole procgdure-again-because the.
values are incorrect for whatever reason. Normally however'such
values are correct and there is a valid change and the_routine_
above set forth is then mbved out_of. . If there is no transition
‘Wwithin 40 milliseconds as indicated~bY-the short timer then the
-rotor is down to a sbeed at which reverse direction can take

-place. If a transition is obtained within 20 milliseconds as
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as data 2 block 61. These data 1 and data 2 are then conpared in bl ock 62.

If they are equal and if the short tiner is not equal to zero bock 63 that

is to say a transition has not yet been reached the conputer (as indicated -
by line 48) takes the neasurenents again of A B and C conparing themto

t'he previous value. As soon as data 1 is not equal to data 2, data 1 is

t hew=€ubt r act daddcahedady EQmﬂYQﬁﬁQPQyﬁkﬁﬁni&hﬁﬁmﬁh¢|WQ&Qmeé$na$ilbrsphaning
transition. That is put into the storage regi ster called "Tag" bl ock 64.
Then the flowBd Agrake Ereates, S ergfera Taabled on nevenstll ardoitdbsa

2 mnus data 1 equals 0, 1, 2 or each of Wiich is one, of the all owed
val ues. [If iPECESHETY (&G un é"hs!"(?r@] the REARERGR 88210, o Hhi e :b?ngof'h'@er

Val tos ar o | nEB Bt FaRaned Byae Abscked 1 hiY @(%ﬁ@?ﬁ%rﬁ%\?ﬂé@ ek
I d f h

moved out of - TP Sefadd R, SomiRERR, Gt AR RE S A deta

by th h R&EFS:

/et on o PEB BOSLATRY 0ndks, D % 3 2RARLE o} g OGP 15 st

direction can

mlliseconds h | qﬁggng

still spinni ngﬁgt ng}lr at ergr&gz?t%er '?xh hat al do%gfded?%?giw@e?ggl ﬁg%]%iibﬁ
necessary to ku@p&hgoug»htbh@a%%qwac%e&sﬁwg a |dev REal Dot | EF¢ F@@oﬁ%osition
reached 0 as checked in block 49 then we have to check to see if the

comut ati-on tevery tieguahel Gequanceheriegone Hnadugl, 11If i theé Sl oWk tihen

it.i's known that the rotor is still spinning. The sequence goes around -
mori- or i hg t hehpoki tiisose tk€ewi NGOum ild idmten raded (@Eetlitil @ Ievgen| teanfthée
rotor pOSItlozxpected coasting time), times out then it is necessary to apply
--a dynamic brake, e.,g. by short circuiting all the windings one
to the other, . The short timer 45 is a safety device which
ensures that the routine is not continually gone through
searching for a timing out when in fact the rotor has stopped
.and- although looking for a change no such change will occur
- because there is no EMF generated to create such a change. Thus
when the commutation period gets greater than 40 milliseconds
the device times out. Assuming that a transition-has beeh found
within the allowable parameters then values are derived for
- INDEX and INDEXR at block 53 whihh is explained in detail in
figure 7.  When the rotor is down to a speed a2t which revérsal
can take place, information stored in register TAG-and direction
registef DIRECT defines where the rotor is and its direction of
rotation. Accordingly values of INDEX and INDEXR according to

either Table 4 (clockwise to counterclockwise rotor position

sensing) or Table 5 (counterclockwise to clockwise rotor
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every tinme the sequence has gone through. |[|f the-long tinmer which is set
for 180 mlliseconds (a little longer than the, expected coasting tine),
times out then it is necessary to apply a dynam c brake, e.g. by short
circuiting all the wi ndings one to the other. The short tinmer 45 is a
sqigty devi ce which ensures that the routine is not continually gone P
t Arough - seaPOFikd ofoisen siingh reitchasen iand seindhngs oepErBis edt ¥bhieh wad~
al t hough [ ooki ng for a change ,no such change will occur because there is no
EMF gener at 88USE & &Qrgusydi® Fhshifer chneauepctBenfintari 68 pevesse
gets greater,, th 40 mlli,seconds the device }jines t, Assum ng that a
transition Hagesggﬁnféﬁﬁ&xﬁiﬁnﬂrﬁ' ug | Sveet %ﬁTan@#efﬁrtﬁéﬂmPgﬁuégeaF@F
derived for | NDEX, and | NDE b] ock 53 lch is explained.in detail in
figure 7. vﬁgﬁmtﬁgergﬁﬁprié%ﬁﬁﬁ?4§;ékﬁﬂn§gkeﬁoeﬁfcﬁgrﬁeﬁﬁgﬁpgcﬁﬁet3&85e

pl ace, info hQQ St [ aQister dj ty regi ster.bl RE

defi nes V\he?‘ggth?iggrn} gr%lg’s cgré’(fqﬁi:éedi'}‘oec%ﬁg’oféé%@a’é‘?g%) ﬁg%go?%ﬁ&"y%e

val ues of | NOEYeAI de VDI AP 90T Ul dibyBa11eE TR0 FodokCL8CkH 5epbastion

count ercl ockwi se rotor 0Sitidn sensl countercl ockwse to

clockwi se rgheke EfF C i@@ﬁig{ﬂ,omy@e@iwh&s Carrd OBIRR _ﬂ”gs.%ﬂghggfxgt gro%nolow

energi zed which wll cause atorque to the rotor which cause t

reverse dirget h@ghf GO@,I ttheP tPUr¥iT i §5di w58 f1h OF1 gupaPRei Ehpebihel afd
t he- notor wi ndings when the rotor is coasting are those resulting from

cl ockwi se rhtst been teslkehed-4nvitlind @rewtémetipad 120 mdilfsguoads, (dhdnormal
supposing the rotor is in a pos!thop mhere ENF C !s.high,.ENF B_!s Iom/anq!f
EMF A is chaperagibnimafdert drisngiition pdint r3hsias obeeni neabbedn FIfupewEr
s reached 322e applied to continue in the same diréction the switchings to
the windings would be A+ and B- but sihce it is required to
reverse direction and it will be .seen that in Figure 3
transition ﬁoint 57 corresponds to transition point 55 in Figure
2 so that to provide reverse torque switchings B+ and A- will
energize the required windings. In some circumstancés
energizing of C- instead of A~ may be used since EMF A is \fi
falling to the right of transition point 57 while C is rising.
Thus in Table 4, Index 3 relating to table 2 is chosen in L) '
preference to Index 4 and when the'EMF in the selected winding
- . drops back tb zero due to rotor speed dropping to zero
commutation increments to index 4 in Tabie 2 and sequence
continues in selected order. The position loop error counter 15
. 1s set to a restart-value in'blocku53$-thé speed demand'rate 16
.is set to a restart speed in bloék-53b and the microcomputer

then returns the timing to a main commutation programme. Of

course during agitate the reverse routine shown in Figure 6 is
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has been reached in time greater than 20 mlliseconds (in normal operation)
aftefr transition point 56 has been reached. |f«—,.gower were applied to
continue in the same direction the swtchings to”the w ndings would be A+
and B- but since it is required to.reverse direction and it will be seen
that .in Figure 3 transition point 57 corresponds to transition point 55 in

i et 2 50 1 PahekBelr 861 4t eBLf SRyiebsiic IS MBI A hifle WALA cvele

energi ze the urre ngs. I n Some Circulstances energizing .0

i nstead of A- ed.siknee E i o f ; - ot 0l il T L
poi nt 57 whi | geker @gf’??iﬁé’. his E:vr?”%é’bfbé' %dﬂlmr?g'ei%??t %%tw; *flo’*"_*% [eimhdn 05

chosen.in preferpReempRtePdqy 4o2reaveerrid@ ENrther o raRetast ov ¢dli it o

drops back to zero due to rotor speed dropping to zero comutation

i ncrenents toe| gdeyrainingakthen? spigningyence continues in sel ected order.

The position loop error counter 15 is set to a restart value in_block 53a

the speed demand Istwild@ be Selent chat &yt Aidl luwdag ithelreiersdh rmutime in

m croconputer then returns the tinmng tio a main comutation programre. O

course duringwhijchathet jpo sidionsofr dhiei rotarods imerHitpned glqgwp tgx point and

reverted to at each reversal until the end of the wash cycle determned in

thi s met hod bgpeednmindwirdehl shel netiorh isorbmaredndditdrage Siggutngy ersalo @ peversal

and a further routine entered into e.g. draining then spinning. Lt will be

seen that by £an| bei s§fessededdr e sig@liencampuliatdion mrerderd (Gsgie tthe motor

rotor i's nonitored down to aﬁgoint and speed in.-whjch the rotor is ;F

condi tion for tPebBPFSathFonghe s SEOP BFOLMVATSE (H LGP &L P8 of

péﬁfod Ca”S'“9n§Qﬁm”ﬁ%EEss braking has had to be effected. When braking is

effected it may be necessary to go back to the start routine
above described.in which the selected switches are turned on and
indications from the windiﬁgs used to indicate whether the rotor
is moving in the right direction. If it is not, then the motor
is force commutated to change direction of the rotor and pick up
acceleration speed as above described. However this does not
happen usually in practice but the smooth transition with change
of direction withih about dne commutation period effected.

s Furthermore even with dynamic braking in which the motor
winding ends are connected together it is still possible to
monitor the velocitj of the rotor ddwn to the point of reversal
thus feducing the time in which reverssl is effected. In the
voltage digitizing cireuit of*Fig 5, unlike the Boyd Muller
circuitry, the star point voltage VN is brought into the circuit
13. 'The'voltagé ét the star point is the vector sum of the
thfeé EMFis generated_in the wihdings'and varies ét the

commutation rate, The signals from the comparators are not in



to pass through the stop and reverse direction w #hout |oss of rhythm
unlless braking has had to be effected. Wien braking is effected it may be = °
necessary to go back to the start routine above described in which the -
sel ected switches are turned on and indications fromthe w ndings used to

di cate whether the rotor is noving in the right direction. If it is nQLQ

tken the nottive isanfersey wamreitas can t opehaogpcdi terhien cobstiag dut azed in " .
pi ck up accel erati on speed as above described. However this does not
~happen usualsyychrqrisn iwitibuth ¢ heotsomoahdt aacerdinglyi thech@loeidly of the
direction wi thin about one comutation period effected. Furthernore even
with dynam ecdireakican ibe g asur @ and orevensahgcemngieneed whene thed viedgetityr
it is still possible to nmonitor the velocity of the rotor down to the point
of reversal figlds e widesined tleveln whhud invbestingsferf &caa@;tlinmshend

vol t age d|g|%ﬂ2|ng circuit off Fig 5 wunlike the Boyd Muller circuitry,
star. poi nt V1% & DAEIRE |FefkpRce ias (PRt cheen; interrypiedothage the pﬁ@nges

and vari s HBidle SAKARRLASGri e P B SOEEd SR LHE, B %Ssé%e%?rawopi
QSECH‘OS. st A% R ek S St o 5 FhieycPt; EGS, pattarRodsr in’ be
Thus i tosBl 5‘3 et SRR V\‘r}?t%{ﬁsgﬁ i hfetTnchborh SRsrinsh"

“interrupted theg AR Fuk 61, PLAGRLAECLEPBEFOLEAR) WRRARUTOCT S

go fromall Os to aII he sane ernis

sufficient tsgiepadse FMe 3 rEdh& 053 r@dﬁ@@me brerlgt fsnhne.ﬁlalIh%msfg%r drdp
figure 4, braking is ef’fecte by maki ng
in theae_switches and although VA VB and VC all move together
ahd therefore it is not possible to tell the position of the
rotor, the comparators of figure 5 will detect small voltage
‘variations (about. 1 or 2 volts) betweén-the VA VB and VC voltage
‘and the VN voltage to enable the rate of movement to the

indicéted_and passed on to microcomputer 10.

5
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swi tches 31, 32 and 33 conductive there is a snmall ~voltage drop in these
:sw tches and al though VA VB and VC. all nove together and therefore it is
not possible to tell the position of the rotor, the conparators of figure 5
will detect small voltage variations (about 1 or 2 volts) between the VA VB
and”YC vol tage and the VN voltage to enable the rate of novenent to the

OPMPPRPPRPOORRRO

i nd¥cated and passed on to m croconputer XABLE IP2 ~Rail Line
Di sabl e Sequence of Patterns D 7 Top -
1 0 1~ 0 11 G 6 " Btm
0 1 0 1 0T A 5( B-
1 1 1 0 MH&EQBWIAIJ{QN R | 1
0 .0 1S 3(A) 1 1
0 1 1 GN - 2(Bt) - 1 0
1 1 1AL 1(C) 0 0
1 1 1 S O0(At) L - 0 1 - 1 1
 Sowmy:  kine  Disane sechence qr Pattdms ]
+ A+ SI GNALS: o C C A- A-
B- B- 7 Teop 0 1 -0 v 0 1
I . '
: G 6 Btm 1 0 1 0 1 0
,'-‘M." I
T _
A 5(B=-) 1 1 1 1 c c
L
4(ct) 1 1 1 0 0 1
S
I 3(4=-) 1 1 0 0 1 1
G
L N 2(Bt) 1 o o 1 1 1
A
- L 1¢C-) 0 o 1 1 1 1
L S
0(AtL) 0 1 1 1 1 0
INDEX: - ' o 1 2 3 & 5
INDEXR: 0 1 2 3 & 5
CONTROL: A+ B+ B+ C+ C+ A+
'SIGNALS: o C- A~ A~ B- B~
DIGITISED .
VOLTAGE 01 02 o4 01 02 04

MASK: ' (B) (&) (C) (B) (&) (€}
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D G Tl SED VOLTAGE : 01 02 04 01

02" 04 MASK: (B (A (O (B
(A (O - 42- DATA FOR COUNTERCLOCHWEBE R@TATI ON P2 Rai | Line
Di sabl e Sequence of Patterns D 7. Top _
0 —~ 1 0 1 0 11 G 6 Bt m 1,
o U1 o 1 O ~DATA- FOR: COUNTERCLOCKWISE ROTATION o
------------------------ T 5(B-) 0 0
1.1 1 1 AL 4( C+) 1 0 0
1 1 1S . 3(A-) 1 1 0 0
1 11 G S 2(BY) 1 1 1 0 0
1 NA 1(C) 1 1 1 1 0 0L
S O At) P2 Rail ¢ 1 1 1 1 0
| NDEX: Line Disable 0 1 Spquenpe ofy Patterns
| NDEXR: | o | 12 13 14 15 16 17 CONTROL:
A+ C+ C+ B.. B. . A+ SIGNALS:*® - - B- B-
A~ A Cp C DI GFISED VOrgpGE 0 1 0 1 ®4 92
01 04 02 01 : | :
G : 6 Btm 1 ] 1 0 1 0
I o S G i e P A G e - e @ S S G S SR M GR  G GN G S G B S S e S G B - = & e P
T 5(B=-) 0 0 1 1 1 1
. ._
L 4(C+) 1 0 0 1 1 1
S 3(4-) 1 1 0 0 1 1
I
G. 2(B+) 1 1 1 0 0 1
N
A 1(c-) 1 1 1 1 0 o
L \rt
S O(At) 0 1 1 1 1 0
INDEX: | o o 1 2 3 & 5
INDEXR: 12 13 14 15 16 17
CONTROL : A+ C+ C+ B+ B+ A+
SIGNALS: : B- B- A- A~ C- C-
DIGITISED |
VOLTAGE 04 02 01 o4 02 01

MASK: | () (&) (B) (C) (&) (B) -
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MASK: - (O (A (B (0 (A (B - 43
.CLOCKW SE  ROTOR POSI TI ONSENSI NG (LOW TO Hi GHSPEEED W NDI NGS) B

0 11 0 A 1 1 1 o o0
0C 1 0 0 0 1 1 HEX 6
2 3 1 5 TAG 2 - 41 -2
4 wv -1 (DATA2-DATAL) INDEX: - 5 o} | 1 2 3 4
| NDEXR: 5 0 1 2 3 4  APPENDI X TABLE IV
CLOCKW SE TO COUNTERCLOCKW SE ROTOR PCSI TI ON SENSI NG B 0 0
1 1 1 0 A 1 1 1 0
0 0C | 1 0 0 0 1 1 HEX:
6 2 3 1 5 4 TAG 2 -4
1 -2 4 -1 ( DATA2- DATW 3 2 1
0 5 4 INDEXR 15 13 12 17
16 - 45- | S |
.C.L.QQKRI&E*_B.QT.O.B_P.QS.III.QLS.EHS.I.N.G
(LOW_TO HIGHSPEFD WINDINGS)
- B 0 0 1 1 1 0
A 1 1 1 0 0 o0
c 1 0 0 0 1 1
| BEX: 6 2 3 1 5 4
\'\.’/ ) )
(DATA2-DATA1) | |
S\:f-":
| INDEX: 5 0 1 2 3 4

INDEXR: 5 0 1 2 3 4
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TABLE V COUNTERCLOCKW SE TO. CLOCKW SE ROTOR PCSIHLCN SENSING B 1

0 0 1 1A 1! 1 1
0 0 0C 0 0 1 1 1
0 HEX 3 - 2 6 4 5 1 TAG 2
_&:1 4 -2 1 -4 (DATA2- DATA1) | NDEX: 3 Lg?
I 0 5 4 | NDEXR: 3 2 1 0 %

5 4 - 46- As stat ed above tggjgh&bhhsing-circuit 13 is
responsive to the Back EMF of the ECM 2 Htle a sinul ated signal

indi cative of the position of the ECM r : ocity control of the ECM 2
i's provided by a m croconputer controllegﬂgﬂd%ggﬂ i npl enrentation of a

posi.tion control loop referred to later. Position and velocity feedback

information is contained in thes _ of td& 1g6fi sing circuit
13. Commutation rate sensing s NEYEITS ntrol
m croprocessor 10 supplies a count—of ,one to p05| Ion error counter 15 for

each commutation. - Each count decrenents.the counter by one. The count rate

is therefore proportlonal_to notor velocity. Requested velocity information
is provided by o - '

B 0 0 1 1 1 0

A 1 1 1 0 0 0

C 1 0 0 0 1 N W
HEX: 6 2 3 1 5 4

TAG: 2 -4 1 -2 4 -1
(DATA2-DATA1) -

INDEX: 3 2 1 0 5 4

INDEXR: 15 1% 13 12 17 16
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ekt .

speed demand rate timer hardware/ software 16 mhicthuppIies a count rate to
position error counter 15 equal to the required notor comutation rate,

that rate having been indirectly selected by appropriate actuation of

manual selection control] in the user controls 9. Speed demand rate timer
16 npllfler stages, pulse width nodul ation controls 18, comrutation
conerol - signal generator 8, commutation circuit 17, voltage digitising
circuit 13 and comrutation rate sensing cirgyi define the feed back
position control |oop the summation point bgﬁﬁgjiﬁé-position-error counter

15. The position error counter 1 IS WP dihbfe itive pulse
rates fromthe speed denmand rate 1opgRag! PESTIION & on rate
sensing device 14. The output from-™- 4/> tne posttr error counter 15

appears as‘an error signal being the al gebraic difference between the two
counts which controls the current (and hence power) in the notor by a

Pul se Wdth Mddul ated Control Circuit 18 with current linmit  control 5. The
error is the dfference between tbe desired count gas |nd|qated frqnlthe
speed demand rate indicator 16 as conpared with the comutation rate device
14. A zero PWMrate is the equivallent of & zero cgunt andga 100% WM rate
is the equi val ent of a full scale count. This aspect is explained nore
fully in Paterft SpeC|f|ca@|on U D Serial TNo. 709043 Nei | 4Gor don @heyne
filed 7 March 1985 which is incorporatéd herein by reference and which
expl ai ns i nproved pul se wdth nodul ated centrol nethods fer contrelling

cuy rent (and e power)_to an inductive Ioad with special applications to
D. & Mot ors. his vvay-’the Di gi €al 4 5 1
TAG' 2 -1 4 . =2 1 -4
(DATA2-DATA1) _ '
INDEX: 3. 2 9 o s 4
INDEXR: 3 2 10 5 4
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Posiltion control loop is arranged so that when the ECMis rotating at a

speed |l ess than that requested by Speed Demand Rate Tinmer 16 |-ow speed

ower is increased until current limt is effected to give faster -
éccel eration but during steady speed operation the error and hengg PWMstated
pul ses are mai ntained and controlled to control the power input.to the ECM, '
to that whi above shief iddigiriti simgraiinteuit stdetls tesponsiveobs Shar BapkoEMFedt
and in the preferred enbodi nent include a command m croconputer 19 which
transl ates the ES#r 2coomprady ide @ ssigpel ated shgnabt dndiocativle of the

m croconputer 10. Thus the speed demand rate is set by conmands initiated

by the userpegﬁtﬁghsog &he s@ad@trol's have conmands relating to a wash
pr ogr amme selec%lon e.g. delicate, regul ar, heavy dut¥ - 48- ‘wool,
per manent press SﬁGCéW§o°9ﬂ§HQAHQﬁ Qﬂ#eﬁqﬂmﬁt%smarev dedeby eagmipppecomput er

Se?rﬁ%“ ag&%&%%&@iga-ﬁiélealaﬁ%ﬂ%:&@gﬁfpé }e?mfsﬁfr?ééﬂér*?ﬁﬁﬂgr

§ﬁ3 M?Z‘; LEE?%FH@&” 'Y addy Etn%m% Pl Gkl b “t%es»ﬁ?%‘vsﬁnfgr?asiﬂn
be used. THES %eaﬁaﬁséghha@gn%a‘% oﬁ.‘f‘é%omﬁ%%ﬂ"% oL E{ 4155 Gh Sutboe
enabl es the; g eeéo.%uagsil t% fs@ntgqn;gg@torﬂdaqde ﬁ?fﬁrrwg Q%,t O?éhQPGf‘

9 this indica es a profi veloc ity ainst tinme of on

the oscill gifEye dﬁP&@éﬁQBrOﬁotQﬁpi‘:ﬁl%@t Q' RN OIMIY o po°§1£TPd’n b&.ssﬁ’n

~power is applied to the notor to achieve three steps in the hal
dounter 15 for each commutation. Each count decrements the

W
‘ecounter by one. The count rate is'theiefore propoﬁtional'to
motor velocity. Requested'velpcity information_is_provided bj
speed demand rate timer hardware/software 16 which supplies a
count rate to position error_counter_ls equel to the required
'metqr’commutation rate, that rate having been indirectly
selected by appropriate actuation of manual selection controjei
"in the user controls 9. Speed demand rate timer 16,.amplifiéfﬁ

'steges, pulSe width modulation.cohtrols 18, commuﬁation control
signal generator 8; commutation circuiﬁ 17, voltage digitisingg;f
circuit 13 and commutation rate sensing circuit 14 define the
feed back position control loop the summation boint being the
position error counter 15.

The position error counter 15 algebraically sums the

'positive pulee rates from the speed demand rate 16 and the

negétive;cdmmutatioh rate sensing device 14, Thezddtput from
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Ea

.
cyclie, an initial step 120 of acceleration from zefo velocity to a-desired
‘maxi mum vel ocity a second step 121 at which the maxi numvelocity is.

mai ntai ned until a cutoff point 122 is reached when power is renoved from
‘the notor and a third step during which the rotating assenbly of the notor
“and the agitated thegFgoasts to a_ st I n accordance wi_th

ol sdr for oxHipl BOSLEER198TOF 0UNERENdan SPReSTS Per HoATEPN | rhet nE
oxpl ai ned.ur EhEr < & BF 810 A0E PR EpEe L B thRER: ther FuBosP Ut iiah controls
conatant  spectfeeRErapk: eRUcREpberBob®hd: 287 Ehe) BB5L0CRvs & Ththe, M kn

ctroke time. MOSRFLERECEopERoL EFCOYE 16 LIEACLFERe TIMstD JoheR st The

plateau tine dpPoRr gseipgt &i’?k‘g?%h¥e0881:€:ﬁlbh?‘|€h% BEs1rlq ?E:%%'ti.{%% iR ckidg

I s dependent on nechanical con rons Lnvolving the itnertia of e rotating

assenbly i nclp'xdmgt&é_esﬁe_éerde&ahberaeéoan_amdatbe 36| bt eomPas e¥S HATMAILHEG
drive gear against which is acting the resist-ance of the |oad of fabrics

placed in thecommatétDonr. rdeeondvigeyithe aogerot PWM FaReWils tHPRQBivIFIET
vary according to the |l oad placed in the washing nmachi ne plus other smaller

factors such e éheerdfectindf ahdabi NQORPPHM bedei Bigsthd dquiivelemtshifng full
action will vary froma gentle action if the "delicate" control is actuated
to a heavy dusgaliegeovnt. acThba aspebt isecawxpldingd ponter flulily dex Pattetht | n
a particular washi ng machi ne whi ch has been nade, five types of washing
A Specification U.S. Serial No. 709043 Neil -Gordon Cheyne filed 7
March 1985-whicﬁ_is.incorporated herein by reference and which
explains improved pulse width'modﬁlated.control methods for
controlling current (and hence power) to an inductive load with
special applications to D.C., Motors. In this way the Digital
Position control loop is arranged so that when the ECM is
rotating at a speed less than ihat=requested by Speed.Demand
'Q/ . Rate Timer 16 low speed power is increased until current limit
__is,effegted to give faster acceleration but during steady speed
.operétion the error and hence PWM pulses are maintained and
.controlled to control the power input to the ECM to that which
is sufficient to maintain speed.
~User controls 9 are provided and in the preferred embodiment
include a command microcomputer 19 which translates the user
commands into signals to the motor control microcomputer 10.
Thus the speed demand rate is set by commands initiated by the

user cqhtrols.g and these controls have commands relating to a

wash programme selection e.g. delicate, regular, heavy duty,
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actions had been provided as nentioned above nanely delicate, regular,
heavy §uty, wool and permanent press and three different water |evels so
that it is possible to have 15 conbinations or 15 different agitator
velocity profiles that nust be achieved. To do this comrand ni croconputer
f eeds conmands based on information fromuser controls 9 to the nntorx
ntrol nicrdeputRermENeHf I €& i ard t3ksececbel aet on rede tinge tot walter
time and the nmaxi mum speed of rotation according to the_selection nmade in
the user condeyelci@@sit %‘:aﬁtﬁ%ﬁ’%ha%\)ei%e‘ﬁag?épl gyedrmeBach: 6ft these
command m croconputer 19. Mtor, control n1croco uter 10 retains this
i nformati on ém@Q%%hﬁhdg1ﬂﬂ??ﬂﬁ(ﬁ°%?f&ﬂﬁ@%§%: rekengrehe, r agGeiegation

P50t PG, BREF § R TIRSE GHRaReF EFCORRAL SRPYSedrag the
To 11gure 1o burath, LR e %bfoér'{%-l%i?f?@%r‘%&s%ﬁ BRE S Pbb vpReFre

showi ng the effach ol YeliGPdne dRANG iy ACCEh oF 2ELPD. 1 TEHS kbYre2dsl Srdun

pl ot "of veIOC|ty versus tine mat 1 on provi

operating th? r4¥8n gﬁQﬁtJ £ 't %H{%%if@a%& basgdy OHftQSuFQEOEnb%BSr%E%r brdve

at zero spee cont en position error counter
Zero. Accordb%% §%§|nes an acceleratlon rate.i-.e. requested
vel ocity that nust b achieved in the acceleration tinme 128 of figure 9.

That vel oci'ty .campee dove by ided @ éDéSEr&hde 88htAbRL iREMc@rcuit which
comutation rate and suitable circuitry provided dependent on v
. enables the speed of the motor 2 to be controlled.
~ _Referring now to figure 9 this indicates a profile of
velocity against time of one half cycle in the oscillatory
rotation of the agitator by the motor 2. ‘As may be seen power
is applied to the motor to achieve three steps in the half
cycle, an initial step 120 of acceleration from zero velocity to

‘s -desired maximum velocity a second step 121 at which the -

-

¥

maximum velocity is maintained until a cutoff poinﬁ 122 is ™
reached when power is removed from the motor and a third step
- during whieh the rotating assembly -of the motor and the agitaﬂ;}
then coasts to a stop substantially in accordance with either
for example curve 123 or as is-shcwn in smaller pecked lines
curve 124, the curve 124 starting from a different cutoff point
-125fwhiéh will be explained further later. Thus there are fhree
different times, an acceleration time 128, a plateau time
referenced 129 when substantially ‘constant speed is maintained
‘subject to matters discussed below and a ccasting time
‘referenced 130.- The sum of these times results in a total

stroke time,
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the type of information provided. The various curves V1 to V4 in figure

10 show € he different acceleration rates resulting fromvelocity demand

rates for one resistance to rotation of the nmotor and show the tinme taken

to reach a maxi numvelocity or speed. As can be seen in figure 9

accel exation rate increases wit increasing speed demand rate. Each curve

is ntially I'i Rfrthese timesithe pocelenatidinneime Medclndcauesidteay
speed i s al nost independent of speed demand rate but is a function of the .

| oop -gain of timephedtanem ebectoonicably Foontnplyabe betothley coeeiting tHite
accel eration nmust be such that a set speed i.e. the plateau 'speed 121

shown in figur8B® hsisdeprndent copameehanteal acanditkonsAdowondiviglgy thiee inertia

command nust be set to provide a definite acceleration rate i.e. - 51-
reachi ng the Xt WdPtatingiaepenbly inepuding the rotaroeft theagotaroand
I's not at thi téne nown and.therefore initially a speed denmand rate is

initialise.d whic FLOn. 24 1 §259¢43 et dbdive Eearnaeginsh vhishudseiecting
arbitrary predsteriy condi tions, . Thé eferred nefhod . of operation is
toinitially g;&e s%gsg‘t?qca? eo%le%%ol%ﬁ?c‘ﬁfV\h{’rf%ui’iaf’ﬁdagnagg& gPaD; &4b 3.
rate which is | |y 4l han, t ultiyately desired and then-to adj ust
t he speed dem%%#égﬁaﬁ%hXEﬁhﬁ3ﬁ§%ﬁ€$§}%@s1?@dwi%£e§e898 PRe2R8xY 2H¥According
cycles. Thus g@igvi 3, ' | ' t uld be
CYCL s (Thus Goriche A SRPTLIRS ML W SSHBEE RO B RS "SEhEr Sngp er
over | 0ad -ocCuiTddibr sl Sad AH € Vérlr &yt 6% Ugba BPnk Neip! 8PPLEBEEngE. t N
vekgplty control |loop-in any known way such that the tine takenh P0 reach
t he” _ - A desired washing action will vary from a gentle action if
' the "delicate" control is actuated to a heavy duty vigorous
action if the "heavy_dutj" control is actuated. In a particular
.Wéshing machine which has begn made, five types of washing
actions had been provided as menticned above namely delicate,

régular, heavy duty, wool and permanent press and three

different water levels so that it is possible to have 15

combinations or 15 different agitator velocity'brofiles that
. must be achieved.
(N L To do this command microcomputer 19 feeds commands based on

infofmation from user controls 9 to the motor control
- microcomputer 10 which define ﬁhe acceleration time, the stroke
time and the maximum speed of rotation according to the
'selectiorn made in the user control eircuit 9 and whiéh have been
preprogrammed into the command microcomputer 19.
Motor control microcomputer 10 retains this information and
commands the motor to agitate following the required profile via

. the digital position control loop as explained below repeatedly

- 50~



requi red pl ateau speed when speed denmand rate tiner 16 is |oaded with that
pl atedu speed rate is greater than the range of tinmes required. One way is
to adjust the error value contained in position error counter 15 required
to achieve 100% PM\WM rate. |If the load i'n the nmachine is light the agltator %
Q; accelerate to speed nore quickly than if the load is heavy.

cor di ngl y urtd lprisstrtu¢tednt ¢ ost pp oby dek epeogmandi ng clo dop ub €' ch)rrpureﬁi
such that the speed at the end of the. required acceleration tine is
neasured. |f -thdthemsethed Dot ospntieol eqfli aedelpeedionhd iniec 1@8orgaii e
I ssues an instruction to increase the speed demand rate at the begi nning of
t he next -agietxpl@ingd okith Sref emenge tot fidguoeodOis above speed at that
time the commandis to reduce the speed denand rate and thus reduce the
pover applied tdhfiiginaeltoane shown tmi"pa&tcuuvgpeoﬁ thehivelioasittiyntt infe
the - 52- acceleration rate is carried out' on each half cycle whether
that hal f cPA¥WIng ithe R feptrti weleeityndemandonn ?ﬁcﬁigﬁﬁéigm-orﬂhvatua

ot onof 1 RA 8 G PG4 AT el Pkt RRuE hﬁ?mshgoreiﬁaaﬁz%&?{-é“ he
22l e T A AR ELE G EOEL i, BRAITIR
e UL ke RS NP AR, LBEr B REEBHET 110D B e
oL oL o Mg s 0k BN SBOBGLLD 1UPeBERAFSY LWBpriite
Speed i s naithleaicoathaiy alifusid 1% A Nt SOLEE €£0RFate 1, e. requested velocity
that must be. achieved in the acceleration time 128 of figure 9.
That velocity can be provided either as motor RPM, agitator RPM
or commutation rate and suitable cifcuitry provided dependent on
the type of information provided. - The various curves Vi to Vi
in;figure 10 show the different acceleration rates resulting
from velocity demand rates for one resistance to rotation of Ehe
motor and show thé time taken to reach a maximum velocity or“ 
speed. |
- As can be seen in figure 9 acceleration rate increases witﬁg'
increasing speed demand rate, .Each'CUrvé'is essentially lihear
over its first portion. Time to reach requésted”speed is almost
- independent of speed demand rate but'is a function of the loop |
-gain of the position control loop. - | | |
For~any.given velocity-profilé the acceleration must be such
that a set speed i;e.'the plateau’speed5121 shown in figure 9 |
.must be achieved ih'a'certain time. Accordirngly the command

must be set to provide a definite acceleration rate i.e.
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rate 16 to the speed denmand rate required for the-pl ateau speed at tinme 127
Sin figdre 9. However consideration nust now be given to the circunstances
illustrated in figure 11. 1In this-figure the denmanded velocity is shown by
a pecked line 130. A series of curves are shown, the upper curve 131

Shoviyg an CKghsAIfk EAY SHESpldR 10U AvHIind IR S FHLISn the

1334nd 134 s ershooting Curve el"oci'ty.
bout by th ' bt t it d 5.
about - by egg;wwg RYShbeCBtChthd's (i:‘ikb%exé W' P U drfer {g{%foé;ié%‘i% d&

If there is eavy load I't takes consi derabl e power to ge

the power tos?@kdt Beﬁﬂﬁﬁdrig%eg'i%ati?ﬁttilﬁ'lsfelﬁahﬂi%‘iuuivfﬂq (e Niré d £hum

speed and that is indicated by a large counter value 1 n the position error

counter 15 aggeB@nes 3nbl give¥Miinkl @nlderciarbiitr ald pMeCRitiriivedt the
time of reaching the - 53- point 135 in figure 11 (which corresponds

Wi th point 1@dniftibgsle Thet peeferd edome thAWE ofappdretilon the 1@t thaumy
required to maintain the notor at the demanded velocity 137 and the notor
wi Il thus cosétnaespeedcreter demahdr whishowtilili resaid dwereshcstc G reati due
seen by either of curves 131 and 132. This can be provided for by adjusting
the val ue serate whéchodst sdaghtiyr lessntbanlIhat fulttima telty ale giased | amd
‘error count is set at a low level there is an undershoot bel ow point 135
with the powehenhta BEUHgtI &hel Bpgedotiemppd: fe teo W astidakityy Wie desinreded
and conparing that speed with a desired_count rate or alternatively the

accel er at i onSB®RRAr O¥ &R bbenBextardfEdcV8lEBeve THYSELVING @ Aah tarfion whjch

Oey Shoot ang Dt D YL ORL L 8L pSOURele® o5 bohth ot el 4 Sene
. maximum speed with the possibility of overload occurring. This
is achieved by adjusting the loop gain of the velocity control
loop in_aﬁy known way such that the time taken to reach the
required plateau speed when speed demand rate timer. 16 is loaded
with that plateau speed rate is greater than.thé_range of times
_ required. One way is to adjust the error value contained in
ﬁ“/ ~ position error counter 15 required to achieve 100% PWM rate. If
the load in the machine is light the agiﬁator.willuaccelerate to
speed.mofe quickly than if the load is heavy. Accordingly the
present invention provides programming of the microcomputer such
that the speed at the end of the required acceleration time is
measvred. If that speed is below the required speed the
microcomputer issues an,instructibn to increase the speed demand
~rate at the beginning of the nex; agitatcer stroke., Similarly if
the.m§tor is above speed at_ﬁhat time the command is to reduce
the speed demand rate and thus reduce the power applied to bring

the motor up to the plateau speed. 'This.testihg of the
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denandid_velocity straight line 137. The val ue of thé position error

counter. or the speed demand rate can be adjusted at any tine under control
of the m croconputer so that the actual count can be updated or nodified as
desired and since the ccunter is within the mcroconputer, it can be |oaded |
atgany tinme. Now the yalue of that couynter at 127 in figure 9 is an RN

i ng-i/f ect rrea%ﬁ?%lﬁaﬂgnv\,ﬁ§ﬁel'éa"d.ca'\ﬁ&de%@ tﬂ;ﬂlee%\c'hi%gl@a?%élﬁn"bﬁéher et
counter we have.a | arge,wash | pad,. a small, K value in the counter ows a

small wash IRt %ﬁigoiﬁuif‘héﬁ%ﬁ&’é’ﬁ"@ t"ﬁ‘é“?’a%‘iﬁe‘?"t%%ts%“ﬂag@ ggg}’rscj??ow
the | oad as fhaj, lLoad i eas ' xcess.. of that. reguir to npiptain,the
profiIe.aS'e&ﬂlg?ﬁeggYSpﬁéiﬁ?g?ﬁ%gq§ﬁua Qﬂuﬁh?n&ﬁ%ﬁ$i%€$ﬂgbﬁggﬁg%ﬁﬁdlmé'

can adjust t a t . of; h : ' [ . What i €|

That the. val 08¢ of ¢ Re=88 FEEER B 4o B, Uk HNGK %, 4 w8 "hes 8pE8F° B

the bow theé.@chStﬂgtoiﬁﬁg?%tgig%??ﬂ&ea%oc'ocgdﬁs.lé‘lffo 4Getr 36a ¢ {6n! PQ%E%Fured

I ncreased the value iIs adjuste n the, counter to allow snma anount

overshoot. . J§i gagAthkbl 2Mey el eObn@v &S Bl fYIG£AINS dd\CeBérPkfoheratld b

the agitator slightly and 1ncreases the turnover in the clothes. This is

expl ai ned abgygay s bPRenRatkatodadelRratidln HEtESEE Y | o st VO8I WRESEOPNES
provi ded by novenent of clothes through the water and how vigorous this

novenent is pledteaunspeélicisoakhievedalin W \vwwt e delcercmsiog tiwe sanake

l ength slightly the required wash requirements are mai ntai ned. The

accel erati onsubstantilal eunifoymdéyi ofd ope rfedii caxdnp| thuke| a thé tnedsh Thes .

such that slight |engthening of the stroke angle does not result in ,

excessi ve veateebergtion. iheontinelied &bo mhﬁwmiw-m:@empbmtewequg '

ad;q;tlng_ in the desired time, and this acceleration speed is maintained
within practical limits.

Plateau speed is maintaihed by-adeSting the speed demand
rate 16 to the speed demand rate required for the plateau speed
at time 127 in figure 9.

. However consideration must now be given to the circumstances
illustrated in figure 11. In this figure the demanded Velo&zéy
is shown by a pecked line 130. A series of curves are shown,
the upper'curve 131 showing an overshoot and curve 132 shcwé a;}
lesser overshébt while curves 133 and 134 Show two ‘undershooting
curves of velocity., - This is brought about by the yarying
pdsition error count in the position error counter 15. If there
‘is a heavy load it takes considerable power to get to speed and
the power to get to speed is greater than that required to

‘maintain that speed and that is .indicated by a large counter
- valuve in the position error counter 15 and hence a high PWM

"ratio in circuit 18.. Accordingly at the time of reaching the
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the speed command rate and controlling overshoot aIIOws slight increases so
*that uhder very heavy | oads the stroke length is increased slightly. If
the acceleration rate is not controlled then typically with a velocity
controlled notor if just a final speed is requested, the error in position

oot (o1 aPaEcI380 M Haait C UtEoR (En e S fp 3@2?%529& 17,
Cratod abovel tRIrECSD) Ehard &°s°§f3£se“9.9°~i§?* %»Sﬁié‘%ﬁénﬁﬂ pRFOE, BnapFequired
I I s

.gogg:rg)gl ;as't%’pﬁ%rq%%%lbrg'% o a s ogédagngdﬁus ar gv%ggcfﬁg ??2n318§| }‘,"5@ }"8“’"
controlled. w1 0nils ARHAORN dd HodllérdedFop %  brt ! tER! Bnblovershoot

guar ant eed tha t he notor would coast to a stop before an attenpted reverse

or alnost tozg Thep veelseen m@u@y%yeguggchﬁyyéifﬁyiegnﬂt1gguldThfspggﬁlBge

to end up with a shorter stroke tine as the |oad 1ncreases because we have

the sitationpkbetdelde forxipfumdjusting ety dbuet sewisin| thé spebgoioheeerape
no clothes in the water. 'As the clothes |oad increases the coasting tine

becomes shor teunted NBYS (e tired nitderl tRESTLUOR érrdr gooene DEcesesaktesslow
and since that area is proportional to the stroke angle that we are

applying to lewetl sheee lisadnonundersimdtativel od pletrt et35 i whthstkeéf poved then

nore quickly then the stroke angle applied tQ the |oad is decreased which

i s di sadvant hgébgslevied ledpodift dyeftihe tatiay éroviceekingsof etheaspegdt and it

is desired to increase stroke to the load as the | oad increases and

t frer ef ore t hEORBRFaREnghedc miese With s siepisir@acoumt Ratekert akberpatively

t9 a the acceleration power can be maintained to above peint 135 so

that there is an overshoot and then the automatic erfor counting
is cerried out to reduce the overshooting curve down to the
demanded velocity straight line 137. The value of the pcsition
error counter or the speed demand rate can be adjusted at any
time under control of the microcomputer so that the zctual count

fiqf _ éan_be updated or modified as desired and since. the.ccunter is

- within the microcomputer, it can be loaded at any time.

-Kow the value of that counter at 127 in figure 9 is an
‘indirect measure of the wash load., Where we have a high value
in the counter.ﬁe have a large wash load, a small value in the
counter shows a small wash load. Now to further incresse the

~ power that wefhave applied to the load as that load increases in
excess of that required to maintain the prcfile.as explained to
maintain a given lével,explained.in.background.we'can adjust the

amount ofjoyershoot'to.obtain~any profile. .. What is done is that

the value of the counter is sdjusted such that with -only water
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predeterm ned figure by a command received fromcircuit 9. This stroke tine
is for{practical purposes the same for all wash duties. This nmeans that as
the coast tine decreases the plateau tine nust be increased so that the
point 122 in figure 9 is not a point fixed in time but a point which is
determ ned as follows. For each hal f %cle the m croprocessor neasures tqg?

tife to coasipf tH® posledbefRets (8O SOBET shePY t 9%@5 Spodbes@ng added
{“hér?EQSF?ZZ%C@S%L&%%%@#W#?%#«Eh’éﬂéthfaié%% sgipatac. b dne’ fdkinger vo
:g”f‘t qz hd eg;pﬁ%@eéséﬁ Suaty 8 Souer Shaghs or Abos. srehd EERHRY ; f@reerfcot
coastin- ti'rreg nen& s ke M@%@Wg’%&e f gﬁst égg\-’%h%s%&?l@% &

the first th@ﬁ@?@ﬂ?@étﬂﬂgaﬁﬁfﬁ ?% % ﬁﬂeeéisﬁﬂeErO”TBQ%”ﬁ (ﬁ%ﬁ#ﬁ@d“above

122 and for t second, assum ng same acce erafion t

127 to. the pg ngf ?a%g%ﬁdlﬁ:di%ﬂé‘fﬁél OBuf’ eSSaRt BUIGULERE - arcﬁu@s‘a sﬂrpwn

by the |ines respectively Accordingly at least in the

preferred f %thh%éd“@ntmmmrbpeélwsesoahraakhomf waltert e how
techni ques for controll'ing acceleration and al tering the acceleration tine

a desired coplgeriouy tHis auV et D8 determbaes the seliat remdvallhe However
desi red maxi num speed in the second zone of figure 9, recalculating the

pl ateau .ti netyorninereasiald thyel strepenliengthnslbghtdgstheg rteque ried weesh ast
hal f cycle and then reversing the rotating assenbly imedi ately at or near
zero speed. requdraments tare maintatned. of Thayaceglieredimasiriote and velocity
peffornance desired in for example delicate wash are such that slight
lengthening of the stroke angle does not result in excessive
washing action. | | |
The function of maintaining acceleration rate by adjusting

the spéed command rate and controiling=overshoot'aliows slight
increases so that under very heavy lcads the stroke length 1<
increased slightly. If the acceleraticn rate is not contro¥f€d
then typically with a velocity controlled motor if’just a final
speed.is'requeSted,'the error in position error counter QQ-
increases and the acceleration rate decrease with load and
results-in a decreased stroke angle and lowered soil level
‘removal.

It is necessary now to looklét the coasting'timé'and curves
- of fiéure 9. - As stated above the deceleration rates of the

agitetor and motor -are not electronically controllable. The
. rotating assembly can only be allbﬁed-tO'ccaS£ to ‘a stop or be

braked to a stop and thus are not electronicelly controlled.
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Correctjons are made continously and by nonitori#g the curve such as those
Shown |L figure 9 on a oscilloscope it can be seen that variations occur
substantially all the tinme because the |load on the agitator nay well depend
on the position of the clothes in the container and those cl othes may be
bunchgd or balled in some cases and al nost inmediately the bunching can be
freee by the gt df obh@cepdftssimRavernefigzsd 0 &hadstithAquld de guaranteed

considerably |ighter than when the clothes are bunched. The tine to
accel erate tob %gb bhf pked napldapeagtntifpdr s§ePsbediore Bh aditemptad rgyerse

there is a hi era t.on l.ch prevents b b ces for
exanplg.if aI ngﬁ?ﬂgglggogu tﬁﬂnggfﬁrﬁpfﬁéﬁrﬁﬁlll Ni Tt'ﬁbt q@ﬁ@ﬁﬂn??kﬂ?ﬂ;d
in "averagin t her,e be v

l, d b h d
of.actuationg%? P%§SEB+?a§8reﬁﬁdugﬁﬁégeoﬁl5 S?E F%%t r gﬁags B eJd%Fe

o oquirod. TioneREEs BFEbPE fe' Rpy sk 2%3‘%902*"3@55. B8 il e e
stroke time t@oé(é‘iytot.ﬁtéh‘&?ti‘i‘laiEe{zHéhe‘éﬁetha%xhﬁur@l%&‘?x%% W'ﬁ#\ ‘%«a@ére

closely nonitored so that extra area un e curve of figure 9 an

therefore theygxghe éié%é?ai‘gbﬁ iﬂ&r%%be'ﬁh@%@%s‘&ﬁ%‘g‘j t%eI R Y shorter

ext endi ng the power cut off point as required. The sequence of operations

wi |l now be exbdatigsd tRe'&radi GAdeP thE EbWedmgmpr%h@Mbeldbn{ésMe%% Ead
to 16.  The flow chart of the main routine shown in ure 12 can

expl ai ned W tdd meé etl@ﬂﬁeai'éafisubﬁoﬁorflﬂbaaﬂ.stbh(thremstlrmmr e@glleetHat we are
a |tate and the first initial block 140 is shown in nore detail in
. applying to the clothes load or the agitator if deceleration is
effected more quickly then the stroke angle applied to the load
is decreased which is disadvantageous. The opposite effect is
however desired namely that it is desired to increase stroke to
the load as the load incresses and therefore the following
technique is also adopted. The stroke time is set to a
_prédetermined figure by a command received from circuit 9. This
k*j . stroke time is for practical purposes the same for -all wash
duties. This means that as the coast time decreases the plateau
time must be increased so that the point 122 in figure 9 is not
a point fixed in time but a point which is determined as |
follows. For each half cycle, the microprocessor measures the
time to coast from plateau speed to substantially-Zero speed and
the microprocessor subtracts that time from the stroke time and
also subtacts the required acceleration time from the stroke
time.which leaves a plateau time reqﬁired-for the next stroke so
_ that for each,half'cycle of the agitator the microprocessor

. calculates a new .plateau time depencing on the last ccasting
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figure 13 where the notations are: T-stroke is stroke tinme, Wranp is ranp

time, (and End-speed is the nmaxi mumrequired speed. Once initialisation has

taken place there. are four things to do, first it is necessary to start at

the beginning of the stroke to accelerate till point 127 in figure 9 is

6iached to maintain a plateau speed along the plateau 121 shown in flguwudp
n

t

.

d then to gigRstand & WP Bét S€enoNPomN A3 gheen 9s wirler lidd fefrferdtt chktaANl”
en to reverse the direction of agitation and reconmence the cycle in a

"upsi de dowtinis pasd tiwe éxampl éat ofhdififienehtgpleteauTitdae steayes shown., In
shown in figure 12 where acceleration is shown in block 141 maintain
pl at eau spemmeﬂﬂnmstrtﬂkcm&aﬁdeuthnmde&elbhatalme toaextiend f5®m poigitovieT
in block 143 change direction is shown in block 144 .and additionally in
bl ock 145 t Iter epaisnta TR iandnfon bhenadeond,t esausing th&guﬂtam @edel eng tHion
concluded and if so the command nicroconputer 19 sends a signal to the |
mot or - cont r HIiM,crigemptherpebnt nl a7 r tpt bﬁep§ééﬁeﬂ@5 andy (Qﬁqgiqrﬁﬁﬂon
that agitation is to be ended. |f the‘answer H ﬁ en tg§ 4K§e% _
mai nt ai n coém:QQﬁFQ#ﬁSmﬁPEN?%c??SnaEyEPQWPsbﬂa fartnd§ § cycle
and so on until the interrupt signal_is. gi e answer. ults I n
the end of dRIRAGH ¥ t HRCGRE ?ﬂgl%yeg Xfﬁéﬁ &§ §5%1 qﬂﬂﬁ qqnﬁ“%e
whi ch does. not fo art 0 the res ferr f
15 when i deneidRretartatantth EREb RPEIER. B AdY el t#.%"orl st ?er-
m croconput er r e ti i ry. -
for the bl at®AiFY %ﬁlﬁ ef*‘s?%#?ﬁ&f‘%gi dfeCpIEEs M Ez*'giaﬁk*’?lﬁla%réﬁ&?&ﬁ?@ it
desired controlling the overshoot or vndershoot in relation to
the desired maximum speed in the second zone of figure 9,
recalculating the plateau time for each half cycle depending on
the coasting time in the last half cycle and then reversing the
rotating assembly immediately at or near zero speed. This
allows the maintenance of any required washing performance.
Corrections are made continously and'by moniﬁoring the curvs
such as thoseé shown in-figure 9 on a oscilloscope it can be Seen
that variations occur substantially-all the time because thg B
load on the agitator may well depend on the position of the
clothes in the ‘container and thoségclbthéS'méy:Be bunched or
balled in some cases and almcst'immediatéIY“thé'bunching can be
freed by the agitator action so that the load on a rest half
' cycle is considerably lighter than when the clothes are
bunched. The time to accelerate to a given speed méj take a
nUmber’chStrdkeS’to settle'out'és'theré'is7é'ﬁigh é9eraging put
“on which prevents big disturbances for example if ‘a bunching is

' only momentary then if it were not for some ‘delay in averaging
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t he acceptance of the agitate paraneters are shown in block 150 and in

bl ock %51 there is a calculation of the initial pl ateau tinme shown as
initial T-flat. This time is arbitrarily selected for the first stroke as
the stroke time (which'is a set tinme) minus the ranp tine Wranp which is

th l'erat | time and .t bi t 150 milli ds which is tak
Loses a1 cac G R A (rover: Slept Fdturianoss T8 FoRcopnedTor ot |
ti s the initial J-flat ti l.e_the fi ined by the,

cal cut at1 on SHMHR 16D ot e dddn nd ofnds B0 K iRy LRl gprous an
Cnitialisati ! : : . I . .

goi ng o be SPPbAAG AR & HAR, p4E e Bled 5t oFh LBRS batt BRnoiae
actual coastizng td rmﬁicsq‘iss%ihat {Egsi st &pd used as will be expl ai ned
later. As a nexXt step It 7S necessary to know the speed to which the notor

is to be accel eratedy -1&&@&&@@#&12 é‘ﬂiéﬂf{@;@ FLAUR: {;&swelépesd?i%gg{e ¥ne

to be attained in the tinme interv on applyrng a known anount o

and accor di NnHtprcide | LRI VAP 0CHy I Nt SPEeEh ftt INé Cthé NRa RDhaE pet@

be accelerated referred to as ACC speed is shown as being the end speed

i . e. the maxiwddld Redndrte kL o1 shitdr édesPAH A€ U At r 5P R GHEAFTEh e
sel ected and the end speed for exanple as it is seen in figure 10 for any

gi ven vel oci teurdensf.f nucd @ andntipdr éfor € othne rexctrent stisolve rénigl éyf br near
and if commands are given to supply power to the notor so that a
subst anti al | yelawiear loadd araulidrbe sgained nnd extendime th & epowleracdtdof
SQZ?d and for %he firsE stroﬁ; t he deﬁandeq velpci;y is to be equal to the
plaf eau speedoind. sEndeqidaed. However as expl ai ned above it is
‘The sequence of operations will now be explained in relation
to the flow diagrams shown in figures 12 to 16. The flow chart
of the main routine shown in figure 12 can be éxplained with
reference to figure 9. This is the routine required to agitate
end the first initial block 140 is shown in more detail in
figure 13 where the notations are: T-stroke is stroke time,
iui_ W-ramp is remp time, and End-speed is the maximum required
speed. Once initialisation has taken place there are four
things to do, first it is necessary to start at the beginnirg of
the stroke to accelerate till point 127 in figure 9.is reached
to maintain & plateau speed along the plateau 121 shown in
- figure 9 and then to. coast to a stop after power has been
-switched off at 122 and then to reverse the direction of
agitation and recommence the cycle in a "upside down"
© disposition from that shown in figure 9. These steps are shown

in figure 12 where acceleration is shown in block 141 maintain

plateau speed shown in block 142 the decelerate or coast is
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preferably to arrange the gain of the position | op such that acceleration .
is always less than normally required if initial acceleration speed denand
rate equal s End-speed when the agitator is operating»LQ_water only. The
practical result of this is that End- speed or maxi mum speed i s not actually

hi d I
T 'e.vﬁahl Qhé'hrfm‘?«aim he aca%? “nrie 5?5 iéﬁkﬁﬁaﬁg{sthp???é“%kf%%? :
set T the 1 e p ey, AR todh i oMer s 49, bFES o “%tt"ﬂ?nmyﬂ&t?‘a' to
h h
RS S R %'SE#“% bg §§ ﬁiéggﬁda?’%? 361 Ry oty ©
m croconput ei.—,gkcz% e(%]p 9§é§d£°azﬁ68n§i) 8 EHEU&‘étoPe'bbhtK—%‘iWS how -

long it has sone hing so t acceleration tinme is the

accel erati on QI MM PAREP £8 {H6¥F Lut NERE! ¥egLeREeldl a Avlehews itind atlet

155 the mcroconputer then |oads the speed demand rate' 16 and this is set

at a rate eqy ?ﬁaf&w 6 05 @t é pdle §0CCTF Wohehahswerhe sf nosttherr dhe as we
have di scussed above is the End-speed as shown in block 153 figure 13. As

shown in bl ogedtridite i Ditasn Sé6sstdanddchangketdrieetivakeyclleads whil e
as shown in block 157 the tinmer runs down to. zero and at this stage the

mot or vel oCi i MMt di died e oreas hidr thenit cyel at 2887 sandnaurtidt Yhe ritn tead" ratpdinn
in block 158 the actual speed i's nmeasured by use for exanple of the

comut ati on rsdtgnaslenis gl N Arw9$06’k)1anﬁwgnr€e§u\lﬁ§rént kb reng \of]

bet ween conmmutations is neasured the notor .control m.corconputer. Tha ﬁ}?
act ual speedag;ugﬁﬁgnggpqmtmetmgsgbggdcycle then goes into a further routire

which dces not form part of the present invention.
‘Now referring to figure 13 when initialisation is commanded

. the parameters fed to the.motor control miCrocomputér 10 are
stroke_pime and acceleration time ‘but it is necessary for the
plateau time i.e. for the point of 122 to be calculated. Thus
the acceptance of the agitate parameters are shown in block. 150
and in block 151 there is = calculatlon of the initial plaé@gu
time shown as initial T-flat., This time is arbitrarily selected
for the first stroke as the stroke time (which is a set time\u/
minus the ramp time Vi-ramp which is the dcceleration time and
then an arbitrary 150 milliseconds which is taken to be a

' reasonable cossting time. Thus for the first stroke the T-flat
time equals the initial T-flat time i.e. the time obtained by
the calculation shown in block 151. This procedure is nedessary
'since on initialisation there is no information as to what the

_real coast time is going to be so an estimate 'is made and

. subsequently after every stroke . the actual coasting time is



‘which- is required in block 159. If it is less-than the End-speed then the
Wﬁcrocdnputer checks to see if the acceleration speed is less than an:
arbitrary nmaxi numas seeg in bl ock 160. |If it is then the acceleratlon
speed is increment omRe step and retesting is carried out as seen in 'block

iiy;ét | fetsQelt'ﬁﬁﬂ?Ahe@ G ed he‘%l"?ﬁzﬁ e e EPRatRegc e E?SELEZZ‘E' [0 chock
Lest Ts ended 14 S’.’%*ﬁ?%ﬁ%%?f?han e GORR8E P kb Ens SR BE KD BF*%
163 tests ar %H@%'&& SF$ 14 tSé‘eaé&éiJé‘ﬂ-aEQEEd gga%eé‘h%gt gannenmgtk %n

mnimum if so then the accel eration speed crenente y one

step as indi g &b ithd ! Hpded kel ﬁ@'ﬁe“@ﬂt&bﬁeéciﬁ|%ﬁéthQHerih%3%§al 128

adjusted to provide an acceleration which will achieve the require

denanded vel aoi tappliytinig 4 hen éw freandusEof Ebwérpéﬁﬂeﬁﬁcb?dﬁﬁﬁﬁﬁ ed Q" shown
each half cycle. Looking now at figure 15 which is the flow chart to

mai ntai n t he ip Alemk siEFthe BEedd oo ‘wiaschethe seot bp Tsftat behachelerzted
initially was the timng calculated in block 151 of figure 13. At point 127
. figure 9 the refesdtabrimes ACCispesed 19 Smokspasdbehngt beemehdr speed i.e.
intended to just maintain that speed. |If the notor is not up to speed or
above speed e maxigmmhapede tothe obtainedofieri the| pastiebkarowenb

End- speed. The position error counter is also adjusted for whatever
overshoot is FWORNARE 56l qehied iand |theend ctpeadtferf pyamphar esof tf iguseen
1 ‘where a test j.s made by the microconputer in block 165 to see if the

| er at i onidpdd@yre g1r°e:ﬁ‘§'r VHarEAIRS ErRAQRLEY HemARE: (hefeheration at the

commencement is virtually lznear and if commands.are given to
'_supply prower.to the potbr so that a substantially linear
~ acceleration is obtained vp to the fixed demanded speed and for
the first stroke the demanded velocity is to be equal to the
plateau speed i.e. End-speed. However as explained above it is
preferably to arrange the gain of the pesition loop such that
R,j aqceleration is always iess than normally required if initial
- acceleration speed demand rate equals End-speed when the
agitatof i§ operating in water only._.Tbe practiczl result of
this is that End-speed or maximum speed is not actuslly achieved
in time interval 128 for the first stroke.

Looking now at figure 14 which is a flow chart during the
acceleration phase the timer is set to W-ramp which is a fixed
‘time in block 154, This timer is a timer which is set to the
time and then. counts down to zero so.it~is.set-witﬁ an initial
value that is equal to the time that is required. It is set

rqpning whicbfggtomatically happens when the timer is loaded and
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adjustnent is made as indicated in block 166. If it is greater, then the
positidn error counter is adjusted by ar. increment which is a constant K
times the accel eration speed mnus the End-speed. Ok course if undershoot
is desired, the sign in this formula would be reversed. #fHowever in

practice undershoot is not desired if the required speed is not_ achieved. j
agt.er i ni-ti altheamiaraqomput ef { g¢nges WHLDsi e ge tiad ba@r o im ftame nf
173.the notor continueﬁ-at ifs desired speed until the tiner counts down to
zero as showkhoW R long 4t BafstakegetondPcgome thding sprhs aarelgnatdon
of figure 9, ,power, is . cut off. to e motor., It is tqQ be noted-.that the
quest-igon of- (F?}Hﬁ?erfssatsq% af"sc%ln%r#‘lg?ﬁ P?r%ﬁ&“e shown &&r géa%fd Yotham &ith el ope
then - 62- ccel,eration speed wi| | puch_greater than the End-spee

and an over sﬂ&@fcﬁesr%%qh’g'éeﬁ?\gy‘oﬁgB%Sr mg_§§,°°1°f”§ @rllt?‘% Ir11° the
foll owed and f.lhisSqedsS a e.,stroke_angl e will. inGr

slightly as t e%c{)gd?ﬂlénnpdr)eraésgés. 16 . #ug %P%Eeriﬁt ﬁgkl gg'd%ft %ea\%; | &I!i%ayet?:tﬁeer
the stroke :awcﬁ‘eﬁ}%éﬂurﬁﬁfemw@n%ﬂ ‘ehkegt pisk %%:%W'%Wr@hw rate

substantial |y constant as ween a'light and a heavy load." It is noted

that the str@lgcud¥ed auby &t NEle bBhaLlBBe bl ake sRBUNS i B1RIENS IV T e

tradi tional agitator washing nachine with an induction motor it has a fiXed
speed so thati3not g lshalapsin N1 66Kk 0kB6t tHE pbeYrt i saErted dnte sddidration

angle is virtually always constant although under heavy load it may reduce
‘slightly. tbide sa glaud twinileé amcslhiownt ba bIbekl 157r ke [pigidr eudd tdwid o
does not change with load.  The power that_goeg into thq_loaq ipcreases g_,
but only suf kiesioewind at-  this stage the motor velocity will have reached
about point 127 and at that point as shown in block 158 the
asctual speed is measured by use for*example“of the éommutation'
rate sensing shown in bloeck 14 figure 1 where the interval |
between commutations is measured by the motdr'contrql
micorcomputer. That actual speed is compafed'with the speed
.which- is required~ib-b10ck"159;' If it is less than the .
End-speed then the microcomputer checks to see if the !
acceleration speed is less than“an arbitrary maximum 2s seen in
block 160. If it is then the acceleration speed is increment\_s
one step and retesting is carried out as seen in block 161. If
the actual speed is not less than End-speed or acceleration
speed is not less than the maximum then a check is made as in
‘block 162 to check if ‘the actual speed is greater than the
End-speed.  If no then again the test is ended. If it is
. greater than End-speed then as indicsted in block 163 tests are
" made to see if the actual speéd is greater than'an”éfbitrafy

minimum, if so then the acceleration speed is decremented by one
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{-
to.naiqtain that profile. The profile may be nodified in accordance with
'the load and that is novel. Thus, nodifying the profile actually
overadapts the accel eratfon power® to give an overshoot to give a greater
.area under the curvevof,. Figure 9 and thus apply extra power where there

i 5. arheavi er ge@3fl as THIE ddted 11 BloOWafEL 1 0 ZRTEhis Why | Eﬁ’é@&&e?ﬁ?ﬁ‘ﬂ.‘i@n

of he | oad on the agitator. Having reached point 122 and the tine

i ndi cat ed i nrialteck sl ek it dd RA prov e LWVHe &6l & PEXo A WhPchOREil Ngchi EFe
of 180 mlliseconds (just greater than the expected coast tine) is chosen

as shown in ltheclk ehifi fdd demanded tvel oaity wighpd tHé obméwbrask, 176nhard
then the notor coasts and the agitator wll sl ow-down under the | oad

i nposed by t peoclestshds aff exitiest ffor addaimd aleff feyodlse. The mi cr oconput er

wai ts on speed to fall to zero or the tinmer to enpty. to zero as shown in

bl ock 177 whet hel-ooking mow ratadHagureeri® orhich is thest£hiow nchéntkt @ 78aintéin
the-tinmer equals zero then braking is effected as shown in block 179 and

t he codi ng TYheaPlsatiesy ispeer.f | ﬁ*%éﬁé‘lﬁ%d‘aﬁl hern met ckonpuibrt ashtebwn

in block 180. In such a case the notor is restarted under circunstances

above out!ind@itdalavcivas the taing calrulrbed gin bhocktidh of fheuneohd.
e on o R BT el AT e ST S e
i oh eaual s ghle TR (o S lddP o (U RAPRI: Jhbk 2hpdah oLrk B
agi t atﬁ'{or. Thﬁo??@ &iso%é%n%psl%%e%p%fe& rbpr raoz;bqfe épeed_ by this method the motor
- will automatically settle to the End-speed. The position error
coupter is also adjusted for whétever'oversbcoﬁsis required ard
_ this,is.illtstrated.in the flow chart of figure 15 where a test
is made by the microcomputer in block 165 to see if the
scceleration speed is greater than the End-spéed if not, then no
_ .adjus;menp_is made.as_indicated in_blégk 166, If it is greater,
g_;f -~ then the position error counter is adjusted by an increment
'which is a'constaht K times phe aCcelératicn speed minus £he
__Endrspeed.,_Of_course if undershcot is desiféd_the sign in this
fotmula would be reversed. However in practice undershoot is
not desired_if_the réquired speed is nbt achieved #fter
_ initialisatioﬁ step.- After thé.adjustment has been nade in
~block 173. the motor continues at_its.desirgd'speed~until the
timer counts down to zero as showh in block 174. At this stege,
which is point 122 on the curve.of figure 9, power is cut off to
the motor. It is to be noted that the question of compensation

is one where if there is & large load of clothes then
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I's measured and the information supplied to the mcroconputer as is

descri bed above. As described above, while the rotor is coasting, EMFs are
ggnerated in the one or nore unused w ndi ngs’and these EMFs can be sensed

tb indicate when an EMF changes sense i.e. crosses over a zero point.
However other position or velocity and di:;rection sensing devices can be
provided e.g. Hall effect devices or light intercepting devices or with nel
ECM type eg. brush,. indiction or synchronous notors, it is still possible’

t
to nmeasure the v o t c of.,.neeq,to W
position,; on%yc%g%rﬁt%sg#ﬁgamaéégc%ﬁpu ‘g‘%l_?s%gngggg'\?\hgﬁaﬁhgl\’aot%}r}ﬁi%peed
appr oachi ng angb@in overshoogti curivie such asotbiati of 13640r 132 prfiguresithyg
and the tine Nad O Do Nh SAP el s |15 NE@ d d g :
ol Ul 2t ng. Mk ks PeOFRoReR PN (Wb fe BEAREE E5UCHAR tHE stroke
effected. by t2angIR) vhdlr dnguaase oslightliyn@s cthe| dord) Ancrenses: hi The e

is not zero H%héf‘ethét Qbaaa%ﬂee.dﬂﬁféh&ﬂyz@:@a%&e_%ﬂé‘ _é.@fékéhﬁﬁg]l@ and
mlliseconds. us_the calculation shg\gn 1 N :PI ock 151 (fjgure 13% of
T-stroke m nddgr hag anydeprevad | pifechdsins npiRtainting A ¥aghakate he
di fference bafubsstad®laliy!constant asdbébtweeat wall ighteandkan Heavy Todd) or

t t d that . ' ti f t | gt g

whi oh 15 subdtt 8 Sl thak tBRCaRPRe,FuR L& Adllrglned it RidiatidRe .
get to zero iandlednckéhsdsan Whthrattraditionadhagitatop washing imakiolinend

Phe Tof ot _ : i tial T iln P Wa ¥ 0 <
180. Once tﬁ?ﬁ?&‘ﬁg&g’?%ﬁggﬁ; o 34 BeE' & elxcaiiodia 46 GREROL QAL W

braked to a $lags dthe|stxokear Sdmen sfiaycithergsame but the stroke angle is .

virtually always constant although under heavy load it may
reduce slig__ht;ly. . With a traditional machine the actual
stroke profile virtually does not change with load. The
power that goes into the load increases but only sufficient
to maintain that profile, The profile may be modified in
~accordance with the load and that is novel. Thus, modifying
the profile actually overadapts the acceleration power to
give an overshoot to give a greater area under the curve of.
Figure 9 and thus apply extra power where there is a heavierg_
load . Thus the time to coast to zero is an indirect measure
of the load on the agitator. | | -
Having reached point 122 and the timer indicated in \J
- block 171 has timed out as shown in biock 174 a coasting time
of 180 milliseconds (just greater than the expected coast
" time) is chosen as shown in block 175 (figure 16) the motor
turned off as in block 176 and then the motor coasts and the
agitator will - : - -




then for .an ECM reversal is usually effected in a single commtation
perlod a& I s described above. In the event that agitation is to cease as
illustrated at 145 in flgure 12 then other parts of the washing cycle take
over for exanple the drain is opened and the water allomed to drain out. As

ool oai 1y S 1 STRIh08E, RETLBRaRLBEEKER, Brible BEMRcand ptherre

for the next er different adjustnents are possible e.g.
only every tewﬁﬁ?%w o% f eff€§€¥ hal f cycle could be used to make the

adj ust ment or the fﬁ@ﬁﬁiéfbébﬂ?ﬁtdeﬁaﬂtﬁeéhog QV?519n§o§9%9%Fo€|tg§a

averaged to give a "power e next second

i's the nmeasurigign&f ﬁ@eaﬁﬁﬂﬁtté'ﬂgrargg‘EH@wﬁtEPKE% ERe 199 gh%%hggeﬁﬂgﬁ%lmer

on" time for the next hal ycle. This invention been descr

relation to aredands aersl by gOPNLEatedeant oh Whoeh 9 ges. diﬁﬂéa@‘iﬁi@rragﬁ%als
in controlling accel eration rates and HHX|nun1speeds ut ot not or

types, for exagre @ren rokakinmg heteffecbédaasoshong in bheckr4§9ntind the

i nvention may be used. Such a nmotor may only be accel erated in a manner
broadl y dependwding T+flatinbeinitiapoleflab sébecbedrianthehmibpodomputer as
However by controlling the cut off point 122 at which power is applied to

the notor by fhewmckn i adle test Innsuch aneakel theymbtofr bs reetartedeunder
time to give an acceleration tine and plateau tinme for the next half cycle,
consi der abl e &dfiquAstaness Abave tortkned oinewkbiabt ihgmayrrestaststianthe

mnnh a deS|red de%ree of gentl eness of washing.
direction or the wrong direction at random and force

commutating is-necé$sary as described above. If the timer does
not equai zero, the microcomputer is programmed to T-flat which
equals the remaihder-of the linear time ﬁlus the initial T-flat
time. The time to coast to zero speed is an indirect méasure.of
- the load on the agitator. The position and speed of the rotor
is measured and the information supplied to the.microcomputer as
o' is described above.
hAs described above, while the rotor is coasting, EMFs are
) generated in the one or more unused windings and these ENFs can
be sensed to indicate when an EMF changes sense i.e. crosses
over a zero point. However other position or velocity and
direction sensing devices can be proviced e.g. Hall effect
devices or light intercepting devices or with non ECM type eg.
brush, indiction or synchronous‘motors, it is still possible to
measure the EMFs. However with such motors we do not reed to
know poSition, only speed: Thus the micrécomputer senses when

the rotor is approaching a position in which it is in cecndition

- Ela



Thus referring to figure 16a, a speed sensor driven by a rotor has a ring
nagne( 71 the nultiple holes of which actuate a Hall effect transducer 72,
the signals fromwhich are in the formof pulses whi.-ch vary in |ines
according to the speed of rotation of the ring nmagnet 7X. Wien the pulse

ot sachPof PEEEFEERE AR8 bARIHIRY el o Fadd it s Sod L L6
o cor o heaRF B2 AP EELHCTn Radot1 sl FAE VA1 | X' fufs e : 'C“
switching off, QOK‘QiftQEQEg@ o aasaa@. lfg BRIy Cbg'glﬂaqgo.{%w § &L x{;éér p%%r

reversing i's neasured use next hal f n1ne

on” time whgh mér%febibskaQN ah%qw &h 1 gasch'niw U 2

above descriptions are based on using a fixed stroke tine, t{iainventlon in

this aspectretor ahgs Pedied BbozerbCepeWd 1 na1\e¥d aHan STk 1] I%e conds.
operation. Thus where the stroke timg is to be variable according to %

| oad i-n therweshilng ¢abcandtioheshong ta blgeke 154, (Sigure st 3) rog éﬂ'-ﬁﬁ'oke._

figure 9, the acceleration tinme 81 plus the plateau tine 82 are set by the
oper at or aarimus r¥-ramp meausr $50gmilldseednds. \lisg@oaimiass o tawedig Ndvap
a fixed power on" tine. A small load will give a coast tine indicated
bet ween poithe &Bf SerleBdewbebweaedel&) mdlld seeonds ange thead afiveds Gime
steeper delay curve 86 with a coast tine indicated between points 83 and 87
and accordmﬁygptf@rnﬁngrrotor to come to zero and that provides a new
ca@lceculation for the plateau time which is substituted for tha%“’
shown in block 151. However if the timer does get to zero in
- block 178 then ‘the rotor is braked to stop in block 179 znd the
- T-flat selected to be used-is the initial T-flat as indicated in
block 180. Once the rotor is at -or near stopped, then unless
the rotor has been braked to a stop as illustrated in block 17§
then for an ECM, reversal is usUally.effected-in a single
commutation period as is describec above. o i;ﬁj
- In the event that agitation is to cesse as illustrated at
145 -in figure 12 then other parts of the washing cycle take deJ
for example the drain is opéned and the water zllowed to drain
out. ﬂAs_described above, the coasting time of a previous half
_cycle;is-algébraically subﬁractedﬁfrom the stroke time to give
the "power on" time for the next half cycle. However'different
adjustments are possible e.g. Only every tenth or other number
‘half cycle could be used to make: the adjustment or the coa%tlng
times over a period, eg. over one second sveraged tc give a

. Ypower on" time for the next second..



will be.in condition for reversal much earlier than in the |light | oad coast
time curve 85. If reversing is thus effected with a shortened stroke tine
nore consistent washing performances will be obtained, whether the |oad is
|l or large. Reference is hereby nade '"to co- pendlng U K Paten

Aggllcatlons No. 8726788 (published as GB A 2198263) and 8726789 (publlshed
as @8 A 2197967). 67 -68- CLAIMS 1. A nethod of cyclically reversing
an electronically commutated notor having a plurality of w ndings on a
stator and a rotor having nagnetic poles rotatable relative to said stator
and using el ectronic control apparatus and means to indicate the position
of the rotor, which nethod conprises t he steps of (a) initiating and then

continuing a correms‘amewftwrm&ﬁfmg ¢! enbee&rmﬂﬂ@%fsﬂ thae
of and a desired nunber of commut ations, (b rquV|n%Z t he pomer from

the windings #tFoke ohiRg Fﬁeﬂ%ﬂ%watoﬂﬂy t PBwatdd (ﬁQFs Beg next half
rotation, (c) cyai%t.l Nerhdid igRieditiion hag B&rp@éédﬁbéﬁ mq-ém@ioﬁetataae

ST AR B AT MR A TN A AR
rever sed comnﬂmncantmol1immuaecebasatﬁbno&atﬁ&namm hakimanmstspdedsyt abatg
and the p03|t othe¥ hBEokC'Qfpes, for example an induction motor, not
according to the present invention may be used. Such a motor

_ may only be accelerated in a manner broadly dependant on the

N N number of poles in its rotor and the 1load. However by
controlling the cut off point 122 at which power is appiied

to the motor'by subtracting the coast time of one half cycle

 from the stroke time to give an acceleration time and plateaun

time for the next half cyéle,.considerable control is given

to the rate of extracting dirt consistent with a desired

degree of gentleness of washing.

o Thus referring to figure 16a, a speed sensor driven by

- _ a rotor has a ring magnet 71 the multiple holes of which

\_/ actuate a Hall effect transducer 72, the signals from which
are in the form of pulses which vary in lines according to
the speed of rotation of the ring magnet 71. When the pulse
time reaches a predetermined length of time, reversing is
effected.

Also photo sensitive devices not according to the
present invention, can be used; for example as described in
U.S. Patent Specification 4,005,347 which is incorporated
herein by reference. 1In either case the time between
switching'off power to the motor and the motor being in
condition for reversing is measured and used in a next half
cycle to determine the "power on" time which will give.the
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relatiye to the stator is known, w thout delay applying power to the stator
w ndl nfgs by effecting entry into said correct sequence of the comutations,
the position of entry into said correct sequence bei nhg determ ned by the
irection of rotation of the rotor before stoppi-ng and the position of the
rotor relative to the stator, to cause the rotor to change direction, thgﬁi
correct commmutations followi ng automatically to maintain rotor rotation<¥n
t he changed direction, and repeating the steps (b) to (d) to give cyclical
reversal for a desired tine. 2. A met hod accordimg to Claim1, which
I ncludes the steps of followi ng the direction and sequence of EMFs in said
wi ndi ngs af teeq washtagnacthoned therefromand, as the rotor nears

a position where AiB dgh the" HBdwy. deéci-ﬁi.’»ﬁiéhggaz@?# %he aeﬁx{

transi tions points en positive and negative for e
changing th %’éﬂ@eﬁﬁiﬁd‘éftéﬂﬁwiiﬁﬁl dnvention 4o this ampagionan rﬁ31$<Prke

when a vol taﬁettmeéléfgaceownthoacvaiihm %Q:'r%d’eed:i\ﬁi@@ﬁ&aﬁon A net hod

e nd ) .o e ek EhsupChokd, KLl et ol d iemiatds
sequence of tenthéalbadsinhdhe washiagg ctuly &nd fefecﬁihg étd/dilgﬂ:ﬁeu@hi hat
crossing betiRbRf bl et PELa) sbr¥RaRrH0 o Enel Robp Rt o eind s i Flng 0L
accor di ng t otigkaphateanhtime 82 anres sek by cphef operatoy aldcqrhb.ng it s
to indicate fHguPPredt GeRtIbnkAS 'd¥ O¥igorousness of washing to a fixed
"power on" time. A small load 'will give a coast time
 indicated between. points 83 and 84 with a delay curve 85.
‘A lerge load gives a steeper‘delay curve 86 with a coast time'
indicated between points 83 and 87 and accordingly the motor
will be in condition for reversal much earlier than in the
- light  load coast - time curve 85. If reversing  is thus
effected with a shortened stroke time more consistent washing
performances will be obtained, whether the load is small or
large.. | . . .
‘Reference is. hereby made to. co-pending U.K. Patenu
Applications No. 8726788 (published as GB A 2198263) and
8726789 (published as GB A 2197967). -

“
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5. A nmet hod according to any one of the preceding clains wherein said
change ifn t he sequence of commutations occurs within a single conmmutation
change to cause a change direction of r tat on of the rotor. 6. A nethod
according of cyclically reversing an electronically conmutated rotor,
§dbstantial|y as hereinbef ore described with reference to Figures 1 to 8
of ke acconpanying draw ngs. 7. Control -apparatus for an electronically
comut at ed notor having a plurality of wi ndings on a stator adapted to be
sel ectively conmmutated and a rotor having magnetic poles rotatable relative-
to said stator, which control apparatus ce@P«ises:. (a) tinmng neans to
tinme the perig&gﬂ&icnarion or counting neans-to. count the nunber of

rot ations: of &tor in a desired direction, (b) switching nmeans to

di sconnect power fromsaid windings to allow the rotor to run down towards

nect pover T _ | run d
i cate rot of ‘postt  Aeched; e SISy TRERLRhE pn® MRS 0Ly

means oper abl computakiednsotor hayviggaa plunaddity of stindipgeon arstator
rotor has sl 0‘#\@ EOrBtGQ”ﬂhH.R? %ébﬂ@tf@.ﬁ@ écﬁst&’@aﬂﬁ EYPAEfYe to said

comutation will cause reversa rotation but | s still rotating to cause
control si gnas$aterciandusing yelegereniggenteods apparatusi ad Means kRise

sai d rotor tojipadeateditifeigoitidhcyt €REt rBtokgt @hidh RILIVA comprises
the steps of | .

. (a) initiéting and then continuing a correct sequence of
commutations selected from a desired time of and a desired
number of commutations,

(b) remo#ing all the power from the windings and allowing
the rotor to coast towards zero speed of rotation,
(c) testing and -estabiishing the position of the rotor
relative to the stator at least during a latter part of the
coasting of the rotor, and -
(d), when the rotor has slowed to a condition in which
application of reversed commutation will cause reversal of
\~/“ rotation but is still rotating and the position of the rotor
- relative to the stator is known, without delay applying power
’ to the stator windings by effecting entry into said correct
N . sequence of the commutations, the position of entry into said
correct sequence being determined by the direction of
rotation of the rotor before stopping and the position of the
rotor;rélative to the stator, to cause the rotor to change
direction, the cofrect commmutations following automatically
to maintain rotor rotation in the changed direction, and
repeating the steps (b) to (d) to give cyclical reversal for
a desired time. :
2. A method according to Claim 1, which includes the steps
of following the direction and sequence of EMFs in said
windings after power has been removed therefrom and, as the
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8. Control apparatus according to aim?7, wherein said detecting neans
detecy the direction and sequence of EMFs in each said winding after power
has been renpved therefrom and detect voltage transi-tion points between
positive and negative polarity and said pattern reverse:neans are actuated
to reverse the sequence of commutations about the tinme when a voltage ~ ;
transition point occurs in a selected w nding. 9. Control apparatus ¥
according to Caim7 or Claim8, which includes: (e) a commtating circuit
responsive to said control signals to cause electrical power froma power
source to be applied comutatively. to said w ndings and |ntended to cause
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commutations when the frequency has fallen to a value suchy

~ that the rotor is in condition for reversing and the polarity
is at or near zero crossing between opposite polarities in :
a selected winding. . : - :
4., A method according to Claim 3,'which includes the step
of testing all the windings to indicate the position of the
rotor. N : S :
S. A method according to: any one of the preceding claims-
‘wherein said change in the sequence of commutations occurs
within'a single commutation change to cause a change
direction of rstatigncgﬁnthe rotor. I k‘*/
6. A m,ethod of cyclically reversing an electronically
commutated rotor, substantially as hereinbefore described
with reference to Figureso 1 to 8 of the accompanying
drawings. ' '
T. Control apparatus for an ‘electronically commutated motor o
having a plurality of windings on a stator adapted to be
selectively commutated and a rotor having magnetic poles
rotatable relative to- said stator, which control apparatus
comprises: = _ Ly
(a) timing means to time the period of rotation or counting
means . to count the number of ‘rotations of the rotor in a
desired direction, o ' -
(b) switching means to disconnect power from said windings
to allow the rotor to run down towards zero speed of
rotation,
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end of the wi ndings being connected together and conparator neans are
provi ded to conpare the voltages between opposite ends of the wi ndings, to
enabl e the speed of the rotor during braking to be established. 11

Cant r ol

apparatus Lorsan electronically comutated notor, substantially as

hdreipbef ore described with reference to Figures 1 to 8 of the
acc®panyi ng dr awi ngs.

(c) detecting means to test, establish and indicate rotor
position relative to said stator, and -

() pattern reverse means operable in response to a signal

from said detecting'neans when the rotor has elowed to a
condition in which application of reversed commutation will
cause reversal of rotation but is still rotating to cause

control signals to effect entry into a seguence of
: '”commutations vhich cause said rotor to change direction

without testing rotor direction.

8. Control apparatus according to Claim 7, wherein said
detecting means detect the direction and sequence of EMFs in
each said winding after power has been removed therefrom and
detect voltage transition points between positive and
negative polarity and said pattern reverse means are actuated .
to reverse the sequence of commutations about the time when
a voltage transition point occurs in a selected winding;
9. Control apparatus according to Claim 7 or Claim 8, which
includes: :
(e) a eommntating circuit responsiVe to said control signals
to cause electrical power from a power source to be applied
commutatively to said windings and intended to cause said
rotor to rotate in a desired direction,

(f) testing means responsive to any EMF generated in at
least one unpowered winding to test the polarity and
frequency of any EMF generated in the unpowered winding,
(g) commutation reversing means to reverse commutation to
give the correct sequence of commutation to rotate the rotor
in the desired direction, and

(h) commutation reversing actuating means to reverse
commutation when said frequency is at a value such that the
motor is in condition to be reversed and the polarity in a
selected winding 1is at or near a zero crossing between
°PP£"°',;’L.ES\ polarities.

10. Zapparatus according to any one of Claims.7 to 9, wherein
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" braking means to brake the motor are provided, comprising
switching means having some inpedance to connect one end of
each winding to a similar end . of other windings, the other
end of the windings being connected together and comparator
means are provided to compare the voltages between opposite
ends of the windings, to enable the speed of the rotor during
braking to be esta‘b(l‘iéshed. Yo “‘“7 .

11. Control apparatus or am electronically commutated
' motor, substantially as. hereinbefore described with reference
to Figures 1 to 8 of the accompanying drawings.
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