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2119186 El evator Pol yphase Mdtor Control This invention pertains to

el evators, in 5 particul ar, polyphase notor control in elevators. It is

wé | known that the speed and torque of a QgLyphase i nduction nmotor is
functlon of . the frequency of the alternating power that is suppli e21t]g91ﬁ86
the‘ﬁptor and the voltage that is applied to the windings. It is also well
known that the notor can operate at either a synchronous speed, the sane =§\

frequency as the power to it, and an asynchropous speed, higher or 15 ! '
| ower than that frequency. It operates at the synchronous speed when t

motor is under no |oad and at EtBea8s¥npblPpRESe SPEESr VEGRLESE MOt or S
under | oad or being driven. The speed difference is known as slip, the .

magni t ude of which dramatically - inpacts the 20 ~ notor's efficiency and
performance. The typical polyphase notor is given requirenents for maxi mum

Slip by the manufactur e bYRh6ahtYoRDBULEL HRe . 1doRPOML (G ON dhe Mot or

desi gn and whether it is ori-n generati ng, Ing. To
devel op maxi mu toPéHélﬁﬁéaﬁnxPﬁ?YEhﬁﬁ?oﬁ“Oé@F| conbegl imeelevatarster | oad
conditions should be held at that figure. For instance, if a two-pole

-2- nmotor .is powered froma 60 Hz. source during notoring, the speed at
rated torque woul d be about 3540 r.p.m, that being a positive slip of +1
Hz. Fol  owi ng a conversé&tcaacepl}] bn0wnstMQtthmessmee&5andttnrque|dfuhe

mtor is Operat'ngp@&yﬁhﬁggegn&ﬁéﬁbohSmotor is a function of the
S frequency of the alternatlng power that is supplled to
\¥’ 10 the motor and the voltage that is applied to the
| ' w1nd1ngs. :
| It is also well known thai the motor can operate
“at elther a synchronous speed, the same frequency as
the power to it, and an asynchronous speed hlgher or
15 lower than that frequency. It operates at the
| synchronous speed when the motor is under no load and
at the asynchronous speed when the motor is under ioad
. or being driven. The speed difference is known as
slip, the magnitude of which dramatically impacts the
20 motor's efficiency and performance. '

' The typical polyphase motor is given
requirements for maximum-slip'by the manufacturer,
typically about #1Hz., depending on the motor design
and'whether it is motoring or regenerating, or |

25 brakingQ' To develop maximum torque and maximize motor
efficiency, the slip under load conditions should be
held at that figure. For instance, if a two-pole-



greater than the frequency, power can be supp]fed fromit or regenerated
back to the source. The slip also should be maintained within those limts
in this case, but, for regeneration or braking, the speed of the 10 not or ¥

may for instance, 3660 at rated tordfue. 1In this case the slipis _
neg -1 Hz. So, it is not surprising that nmany techni ques have been -~ .
trie control slip precisely; however, nost have net with | ess than

desiTalf e resyle beauseelas (LU 2268 h80 GOTLLY. ah0OSORBLLERLET O 00

not provide goo manc n-an-e con
‘particularly itimeospaec A%drdsedntirnguseraudd hﬁthOBGrﬁé#ﬁanee where nust

be superior tqh%QabethngsboggggbezgllgpgklQ@tkgns For instance, for a
confortable ride the nmust be accel erated and decel erated snoothly,

wi t hout vibration 59&1H89§8 ayEPNVEEEesGONERPEpelti SAIEt the $aBe. |t

shoul d al sp berﬁftfelrﬁ.kaenh,f whieCholfBanssi bpehavlfly r gedespded paRIh iand, 25
Se car

natural ly, it nus% er%bgd in such a way as_to rOV|de Ck

posi tioni ng af R efl&ﬁ?ﬁ FreﬂﬂSPFXnt9°¥ﬁ£ it o nig?pﬁg?gn B%moperated

at near zero dfeed, rageortiatiednbagkwhpckher eciiseet r efaensyipoatsol is

critically i t O e n o} t t he
MRRLLARL bk ﬁaiﬁ?ggheﬁ ﬁi@ﬁﬂﬁ tRose limits”{n @h?g cffel

present invention is to provi phase_not or - power ed el evat or 'wWith -
speed and tor%@é'céﬁfrSFgeﬁEEBFaPﬁg°Fo FﬂElpﬁveﬁFFoﬁpe?ﬁe?g F&eprovi ded an

5 elevahqy syotem maypPbesi Bor anaehnabasseebestrrstmt fbrgeai d IWieHis
case the slip is negative -1 Hz.. :
So, it is not surprising that many technlques i;}
have been tried to control sllp precisely; however,
_ . most have met with leés than desirable results because
15 they are too costly, too complicated or do not provide
good performance. _ _ :
In an elevatdr,Slip_control_ .;is particularly
important and demanding because'motor performance
there must be superior to that in most other
20 'appllcatlons. For instance, for a comfortable rlde
the motor must be accelerated and decelerated
smoothly, without vibration.and_noise;-yet, for system
speed it must be fast. It should also be efficient,
which means it should'regenerate_power, and, | -
25 . naturally, it must be ope:ated in such a way as to
provide precise car positioning at the floors. Most
important, the motor must often be operated at near
zero speed, a condition in which precise frequency control
is critically important for smooth performance.

&



havi ng N phases and correspondi‘ng wi‘ndi ngs, N.being two or nore; a D.C
power supply; 10 an inverter, powered by the supply, for _
pt ovidi ng current or voltage to each stator winding in the notor, )
i nverter having an input for each wi nding and a correspondi ng out a :
pos{tion encoder for providing a signal_1p (TACH that identifies e notor
shaff.position; an elevator car that is propelled by the notor.; an
~elevator control systemfor controlling the operation of the inverter to
produce alternating N A ophaee 6firthetpoesentt higeedtiorsaisl i gimavidendi ngs
to control notor gpe .p.m L direction; t system
P88dvbhaBehbroflbBwaPda ILIEFALON il HEPifia

. . m
bei ng characteri Zg Sal system conpri ses:” neans T Or

provi di ng a si gnaktoggheLEdnPEPLn 25 response to the TACH signal to control .

motor speed (r.p.m); neans for providing a signal (SLIP) in response to
t he. TACH signal to cont Agicorddndi toethacinyentitem, tthermtis RravidGeshap

-frequency and @heéﬁ@ﬁg&&&cgngém(goggyggan f the alternating current or
led t

voltage that is suppli o'the nmotor by the inverter; means responsive to
the SLIP signal and TACH si-gnpbli¥phapeoeldctgie mofon] sabd nepwpts at F

SYNCH, said signab-'g nt i,f ying_an_angul ar sition on _a.sine curve, and
for providing Ns c?(k)' §gs gééfg?seggﬁ Fgﬁfﬁgéﬁf]{iﬁag Yﬁ%&f—’%%br%%%’t%g on said
sine curve at difftwoeer apygelkar positions thereon, said positions .
a D.C. power supply:
o 10 ' an inverter, powered by the supply, for .
\» _ - providing current or voltage to each stator winding in

‘the motor, said inverter having an input for each
winding and a corresponding output;
a position encoder for providing a signal
15 (TACH} that identifies the motor shaft'positioﬁ:
' an elevator car that is propelled by the
motor; - o
~an elevator control system for controlling
the operatibn of the inverter to produce élternating N
20 phase current or voltage for said stator windings to
control motor speed (r.p.m.), slip and direction;
the elevator system being characterized in
U/ that said control system comprises:
_ means for providing a signal (AMPLITUDE) in
25 response to the_TACH'signal'to control motor speed
(r.p.m.}); ' |
means'fbr'providing.a signal (SLIP) in
résponse-to the TACH signal to control the difference
between the motor_rotatidnélfrequencyandthefrequency :
30 (F SYNCH) of the alternating current or voltage that is
supplied to the motor by_the inverter; | '

. means reéponsive to the SLIP signal and TACH
signal for éroviding a signal that repeats at F SYNCH,
said signai idéntifying an ahgular position on a sine

35 curve, and for providing N second signals, each |
represgnting the Y-coordinate on said sine curve at’
different angular posi;idns thereon, said positions

. on - .. o - - e cm——



-4- being equally spaced aparf by [érr], said N second signals being .
provi.ded in a successive sequence during each notor rotation, the sequence

in one or direction being the reverse of the sequence in the 5 opposite ¢
di rectj nmeans for varying the nagnitude of each second signal as a

functi or”“of the AMPLI TUDE signal; and neans for applying each second sigmal -
to a 10 "different one of the inverter inputs according to said successi?ﬁ
sequence. . Preferably, the polyphase notor is.powered by an inverter that

is powered by a battery that is chargéd®hy a battery charger. The inverter
is controlled in such a way 15 that the gggeor slip is controlled to

achi eve maxdeimg tegigablantPaged FREE kY r’@'é?rer%ﬁlidgﬁ] 56O ge the battery.

The invertegi snoud Py ihd e@Nth MRAGNIdaks Ve sdiemenidurlined to
control the nbtor's speed and torqu Accordi.ng to anot her

e. 20 .
Cfeature, tPRSHMOERE FOFREIP (YT SEFPHEUM '] ISP ovi des si gnal s
- that represghteétionmibé ixh Mterrepaesk antl e mequdsiay itrhdde signal s, the
inverter is driven so as to follow a sine curve pattern that is at the
desired 5reqepReyte5diFB8FtLAB/ conputed slip and at a desired nagnitude to
achi eve ‘desi red not or nepasacbenvarybnghehe shagnifhdeccieprtts are digitally

produced by sensi.ng.the.nmptor : ROSLEI ap@p L phgdENE{ynaccunul ating a

count and aS8§RERE SPﬁétaéoﬁnfﬂﬁ%Ebggp%?t?@% to the desir%d 30 slip. The

accunul at eda@@unt occurs in sone particular period of tine that corresponds

to one-quarter of themBQBE0@09fabgﬁgiﬁhnéaéﬂryecoﬂakéﬂgnéhtboaacount'the
.oet-

characteristic interrelationship ween. the vario . S, o
10 difﬁerent one of the 1nverter.1npu¥s acggrdlng to said [

P successive sequence..
Preferably, the polyphase motor is powered by an
inverter that is powefed.by a battery that is charged by
a battery charger. 'The in.ver'ter' is controlled in such a way
15 that the motor siip is controlled to achieve maximum |
tofque and also maximum regeneration td charge the
battery. The inverter's output frequency and
magnitude are also controlled to control the motor's
speed and torque. L ; ]
20 According to another feature, this inverter is
controlled by a device that provides sighals that
:represent a computed motor speéd'énd slip. Using -
these signals, the inverter is driven so as to follow
a sine curve pattern fhat is at the desired frequency’
25 for the édmptted slip and at a desired magnitude to
achieve desired motor opefation with that slip.. These
signals are digitally prodﬁced by sensing the motor
_shaft position and constantly accumtléting a count and
augmenting that count in'proporﬁion to the deéired N
30 slip. The accumulated count'occurs_in some particular
period of time that cof:esponds to one-quarter of the
period of that sine curve. Taking into account the
characteristic inter:elafionship.bétween the various
phases of the signals that are to be Supplied to the
35 motor, the relative instantaneous Y-value on the sine
curve signal.at each phase is prodﬁcéd_from that



1

phases of the signals that are to be supplied to the 35 notor, the relative
i nst ant aneous Y-val ue on the sine curve signal-at each phase is produced

f Bom't hat -5- count. The Y-value is adjusted up and down to reflect_the
i nstant aneous | evels for each phase that drives the inverter. This s
a s(gnal whi ch i's supplied to each phase input on the inverter by a
switching 5 arrangement. The magnitude of Bhat signal is scaled up or
down to control notor current or voltage. Hence, starting with a sinple
count that represefPY¥nfimt ofhgp¥evatneg shaddipoted iwm amdl St rip smflect

nunbers to that, atHH'EhBGﬁﬁ@aHébM@ iév@IQVngdeééht Qé’théﬁ“&¥f¢¥stc’
control notor spee sngsand torgue. A feature of the invention is that

d
the slip control tHAE FBVEERFEyedTRES \BiGI9F i $RINBLOtIGh tie RRLLISS
encoded at..a very bogbatht phagéarinpgbeont tiog ileertdrbys & peickcH:mt her
wor ds, many tines ' eac e 1 The .control is .universal; it
can be used on'% I g%%ﬁg%ﬁgﬁ% no .o% S&’{Q ﬁ'{d&g@e a%%rr%r%ﬁ’f nsglgtl"h"“els ot osrcaslﬁzded
count with differelp vl dcenntd gtertiehsmoten, cheient tdratvd ktdae .not

inherently frequengyntbM sedytlbgCRien 20 SOMSIO! cSud®lHatOMYpredoned de
speed ranges, especially at npear’ zero_and | ow speed, hence making i1t very
attractive for el eUaFBFsSPeed R Shakt (Pl tiRgP ANY i AAHPT FORFeMPTREES se

slip control, the tovenatpnaophleiplesse efeines ald Profidedveio gk into the
CeLleryy 20, A DRkt Eef LeUEal RO SRS B el
| oad.i s counterwei ghtedd feature of the invention is that the slip
&J _ control that is achieved is very precise, because the
shaft is encoded at a very high rate, far higher than
..the.mdtor's speed, in other words, many times during
15 each revolution.

The control is universal; it can be used on all
multiphase motors, and by augmenting the motor speed:
count with different pole configurations, and, being
that it is not inherently frequency limited, it can

20 control a motof over very wide speed ranges,
especially at near zero and low speed, hence making it

- very éttractivé'for elevators. At the same time, by

providing for very precise slip control, the invention
optimizes regeneration of power back into the battery,

25  and that is a feature which is particularly useful in
an elevator system where regeneration occurs about 30%
of the time because the locad is counterweighted.

'Othér objeéts, benefits and features of the
invention will become apparent to one skilled in the

30 art from the following description of an exemplary

embodiment of the invention.



Ot her objects, benefits and features of the invention will become apparent
to one skilled in the 30 art fromthe follow ng description of an

‘exenpl ary enbodi ment” of the invention. -6 - Fig. 1 is a block diagram of ¢
an el-evator systemutilizing an inverter to drive a 3-phase notor, andthat.

I nver eing powered by a battery and 5 controlled in accor dance With -
the p t invention; Fig.. ? is a block diagramof an anplitude and
frequ control (AFCL) that is usedsln the systemin Fig. 1 to drive t he
inverter to obtain slip, torque and speed control ;- and 10 Fig. 3
consists of several waveforms that are ih a conmon time base. Fig. | shows

an el evator contr syste i.ch | u nber of net | conponent s
that are 15 welf%k%bw% g%g@ g%% dé%gggaﬁs o?nc???vég ¥ %yfﬁémlnventlon
Hence, t hose wnnbnnemgs=ar2nmmtud93t¢|@edvenadétahaseeRQEQI.t@ndhe extent
that is needeqré@ SEeELoE Boenk WoRELEE b ngﬁgtegggoaﬁats i ncl ude a

ol I er a

notion contr g [ e ‘genet torque controller,
and ot her3 i de9R$%9bted i AFCIEFARGR W+F“FF53 &rﬁﬂe%Fe%%Y%Ptk%P 10 is

connected by a Cabﬂ‘ﬁglbti)saaCBll@&Jerd\Ba@h&mlaf a'ﬂeaﬁplltﬁdgosmct ed.-to the

h duct t h 2 t
T the ot HERRTVRY £ eReroelEFChE PRt t Chedtets "HRe cvpPRhLtRs
tachomet er oWzt , 1 T¥eHidiee gtiaé, 1mwerherltneohﬁa;nt9h198|goaQueefIectlng
the instant angous  SOEed-OleLdf; ana

10 Fig. 3 consists of several waveforms that are in
a common time base. : . = s o

Fig. 1 shows an elevator control system which
includes a number of functional cémponents that are
‘15 well known and whose design is not critical to the
‘invention. Hence, those components are not described
in detail, except to the extent that is needed to
describe the invention. These components include a
motion controller, profile generator and speed and
20 torgque controller, and others identified in what
follows. |
In Fig. 1 an elevator car 10 is connected by a ' ;J
cable 11 to a counterweight 12. The car is connected
to the phase induction motor 13 which receives 3-phase
25 ' power from an inverter 14. The motor drives a |
tachometer 15 (shaft encoder) which produces a
tachometer outpht. TACH 1 signal, on the line 15a,
that signal reflecting the instantaneous speed of the



3 : ' )
-7- motor. The inverter receives DC power froma battery 16, and the
battery is charged by a charger 17 which is connected to a power source.

the DC power may flow to and fromthe battery through the inverter Po FN\
5 may flow to the battery by regeneration fromthe notor as a rGSU|té§g;L

the nmotion of the car in one direction (e.g. down), -and that, in additi

~to ‘+he charger, charges the battery. The battery provides nDst of the surge
or peak power to the inverter, meaning that 4he 10 systemis virtually

i sol ated fromthe power. source, which elininates one source of .RFl and

~other electrical ny&ss, thale Cﬁﬂret}l{:'érd rlé%e'ﬁetsh%cp%%'érslf%bﬁn”haﬂgtE’é?{rUrb

“other equi pment connected to it. A sy$tem controllér 18 receives car
controls and 15 ddid @ndfhe Patesiands &S’Iﬂﬁﬁﬁdci’ﬂfeé FeRISTdYi Bhich

controller 19 overisa dﬁnrr@dﬁew tof d ipteRerl Sdurtiea rrumwuccpawéel luey §26dS
. signals fromlines_ _19b file gener qLor det er m ned

a b 2 Ln
or programed nmann & a%‘itfa‘oq s bzf e clfl’lra?r ggbtq\p‘%n & efﬁerVel 8V?§
- profile for the elmapatihow o ttzhewmas:ueryr dap aegenesationnfronn thenmobbr

this concept being,shpunduy MUERANS AN S E\?\ﬁe e 'lheoasnaaeteeemn

provi des an out put, PROF 1 S|gn on line 2 is supplied to a speed
and torque cont rol (8- A5 a"éipé'é’@tand-"c %ttPthGnFPaEBSFl'des in
response to the mear]géa o ,baa-_tfdﬁ’)&t Ii(ﬁeslwe,rySIpervid&sgmab:: of khee

2_1a, the SLIP 1 Sl%rtgner ef 15%%(’:3' pS: rg:[ rt% ﬁ]glvpe t%r th é %HE@ tﬁgO: 1

si gnal generated b ue control
um t al so 30 1@rowystem drs [Vimtualdy aspé@dml mcmuttpm pomLBWDEel

|\ which eliminates one source of RFI and other
electrlcal_nolses that can build up in the power _
system and disturb other equipment connected to it.
A'system controller 18 receives cér'controls and
15 - calls, and in response communicates with a motion
confroller 19 over a plurality of lines 19a. The
motion controller sends signals from lines 1%b to a
proflle generator 20, which, in a predetermlned or
programmed manner, establishes a particular motion or
20 velocity profile for the elevator car to move in
response to tﬁe motion cbntrol, this concept being
shown in numerous patents. Thé profile generatof
provides an output, PROF 1 signal, on line 20a which
is supplieq_to-a speed énd torque control 21. This
25 speed and torqué'COntrol unit provides, in response to
' the PROF 1 signal,'a'first DC signal, SLIP 1l signal,
on line 21a, the SLIP 1 sigﬁal'reflecting a desired
slip for the particular PROF 1 signal generated by the
profile geherator'. The speed and torque control unit also
30 provides, on line 21b, a second DC outpdt, AMPLITUDE 1



-8- signal, which represents the desired anplitude of current (or voltage)
nmot or wi nding to nove the car as desired. The interrelationship
the SLIP 1 and 5 AVPLI TUDE 1 signals determine the torque and speed ¢
/nmotor, and the interrelationship is established through feedback

, that control centering on sensing the TACH 1 signal, supplied from
the tachoneter, ‘and-supplying it to the gotion controller, 10 t he profite

- generator, and the speed and torque controller, mhich use it to generate

their reéspecti n n H@E s to obtain
a desired nnto%f ﬁé o?%%%%@ g%%?%%%%# g?cjé& any in ]% 40Q%%ntrol the
car notion as. ceqaen‘édw%voltage) THe tiEHRAter giiEnding s dnasippitieed to an
anpl i tude and &gquen&ysgpgarot circuit (AFCL) 22 which also receives the
SLIP 1 and AMPLI TUDE 1 signa AFCL circuit uses those signals to
generate PHASE 1, 2T %-s?gﬁﬁt%l%*vb?“ﬂl’eptt?ﬁ‘é’ée%tﬁtﬁ §hifes 298 each 20

of those ssgnahmpnnnpmtslnglgnsletdeesmmfnemxhuntbrduénqﬁurspnﬁdudﬁnt whose

magni tude i S veplefotda 2ehepled: kel ALLON {6, APHILEE dlgnal i

order to contro e caf ion i & cer aln e signal's ( PHASE
1-3) are phaseﬂhegegh ése¢h@E#rQQDtﬁbl bshathecqrtral ofentering om (e. g. 0,

120, 240, for §e§51ﬂ$a§ﬁer@i@ﬁ 1@?91?&@”@&&%)&&19%@‘9” frequency
reflects the desiyed notor eed and. slip for a selected SLIP 1 S|gnal

. Their magnitudE3FRPNRLES: d%% rRPRHI I i rehiithe PRtIRN FPEFRY @ ed. by
‘the 30 MPLI fhbbpiosiwatenerator, and the speed and torque

controller, which use it to generate their respective i_}
signals, and the SLIP 1 and AMPLITUDE 1 signals to '
obtain a de51red motor performance characterlst1c at

any instant to control the car motion as requlred
15 The TACH 1 51gna1 is also supplied to .an
amplitude and frequehcy control circuit (AFCL) 22
which also receives the SLIP 1 and AMPLITUDE 1 signal.
The AFCL circuit uses those signals to generate PHASE
‘1L, 2, 3 signals over the three output lines 22a, each
20 of those signals comprising a staircase sine wave of
high resolution, whose magnitude is varied in a
selected relation to the AMPLITUDE 1 signal in order
to control the car motion in a certain manner. )
The'signals-(PHASE 1-3) are phased apart as'required ~;)
25 by the phase of the motor (e.g. 0, 120, 240, for a 3-
phase motor, the example shown), and their frequency
‘reflects the des1red motor speed and Sllp for a
selected SLIP 1 slgnal. Their magnitude reflects
desired . motor current, that being controlled by the
30 AMPLITUDE 1 signal.



-9- These PHASE 1-3 signals that conprise the AFCL output are supplied to a
current regulator (CR) 23, which then produces output CR signals, also _sine
wdves; on-its output lines 23a, these signals being 5 provided to a pulsey
wi dt h nodul ator (PWW 24. The PWM supplies correspondi ng out put sign L;i _
PWW\si gnal s, each signal conprising a pulse whose duration varies in
proportion to the magnitude of its correspondlimg CR signal. The PWM signal s
are supplied to the inverter 10 on line 24a. The current regul ator

provi des closed | oop copt ol e nbtor current to ensure that i

accurately tracks the Pﬁl\%ﬁe 1%%?9%2?55.19 U#% WAfe GREMS 509 ?Ft\% I

known in the fiel doutipiet PA¥é ssyppl sed hiad areurstg iregyuladmon ERW3t,0 15

the inverter turn | r ' f [ : and of f
FRPEE A fer? S d A O o R e Slodd)t | WG it

in direct proportion to t duration of_] ses In ] signal. The:
‘inverter turns the"d%eser9n bt RIEERIE ahichast 23y Jihess SigRals Bedngur ati on

of the pul ses shatpeovipdésder@ta pidlwe RWAEH divdiflatidiat (pwd)t 28 bahkg PwM

applied on the lines 14a to_the noto .mnndegf. %gﬁg@ge Eﬁﬁaduratuon of -

those pul ses that HFFREISHETHRRTRUICHAS QHHRTS & S F2 sihdSGit 84l

fashi on by the AFGiachreignal tdmnprisiage a/gulese ofhastee dqurlagzdonovatries. 25

[ nverter output argy Shiisol(Rin Ale kndiHagrfitifd RAUGtd REr2uspiinatngner On
a fromt t he

each of the lines 14 e inverter conprises voltage pul ses,
i nducti ve charact efi%#3ts ofhe RVMtignals Ane isyppldiadude Fhe davediter(1)

through the nppor ewerimacimf tife |duteenid regidatdrherbvadesnetogkat hat
,Cuﬁifnt belng the'fgéémgghtrol'of the motor current to ensure that it '_
accurately tracks the PHASE 1-3 signals. This type of
control is well_khown in the field.
The PWM signals that are suppliea'from the PWM to
15 the inverter turn separate sections or portions of the
 inverter on énd off in direct proportion to the .
~ duration of the pulses in the PWM signal. The
inverter turns the battery voltage on and off in
proportion to the duration of the pulses that_comprise
20 the PWM. signals, that voltage being applied on the
' lines l4a to the'motor windings. ~Because the duration
of those pulses that drive the inverter are
interrelated in a sinusoidal fashion by the AFCL
N circuit, the average values of the pulses on the
' ' 25 inverter output are sinusoidal also. But, even though
the output signal on each of the lines 14a from the
inverter comprises voltage pulses, the inductive
characteristics of the motor result in a sinusoidal
- current (I) through the motor over each of the lines
30 l4a, the.frequenéy of.that current being the primary



- 10, - frequency of the PHASE 1, 2., 3-signals. The harnonics are
[ al |y suppressed due to the motor's-inductance, and, hence, the-
gr provides, in effect, sinusoidal 3-phase current to the notor, that ¢
5 Jwrent being in response.to digital pulses that reflect the current's
frequency, magnitude and the phase relq}ignghip anong the notor's w ndings,
This current | is adjustable inits frqu ncy and its magnitude, through™*
whi ch the notor speed, torque and 10 slip are controlled. This

adj ustment is FeeRffehicyhed theopghrsehe ,ABCL 3CkligHALs22, ThBendehahied
description of Mhiﬁh fokLowa. Fig. 2'sho%5 t he AFC% cirEuit'ZZ. The AFCL
circuit recei ve&S &3P 1Y FRPPERGS S s EnEC15 e AREPTUPE 1 si gnal

The SLIP 1 sighalductangel.i eddt,ohancel,t &be comerbtkkegrosidésatbn (VCO 30
whi ch produces g t put; qLgNaL | | c+aTPELV. L.gn which is
supplied-to a Fr?ﬁggroga§§?géghgigrghggeabggfggg 8? gﬁFs§§%§tgsgﬁ??equency
(VCO frequency FErend beingedn segpPopset tendigitad pelsegerhadt the SLIP 1
signal, which garibetadhuscagdreatweerrpradatel, Minagdipagkt s ene negative
val ues, those | evels d?flnlng a_not or Sp ed rgnges over..which the frequency
of the VOO nmayPPRP§ £§1854PF PlRoFBPngllg? mgsor’s windingsr, THHP 33 al so
recei ves a CLKcoutrent di dsakdfjustrblel dokiBé; fraguescgnahdsitsbes the
signal fromth t he, LLiR%f u t o PLEAdUGI a LPDa f out put
signal, also aﬁg_ggﬁgagf %ﬂ%égghakﬂgfs.&ﬂgcﬁogég gg%g?feaé%gg?_+$ﬁe 32a to
a SLIP couft er s3dp 3xe rengsgAdedrhodBipupdaystment Eﬁlﬁ?@@ﬂﬁlb$hed

through the AFCL circuit 22, the detailed description
of which follows. ' | o
'Fig. 2 shows the AFCL circuit 22. The AFCL
circuit receives the SLIP 1:signa1 and also the _
15 AMPLITUDE 1 signal. The SLIP 1 signal is applied to a
voltage controlled oscillator (VCO) 30 which produces

an output vCo signal, on line 30a. The VCO signal,
which is supplied to-a flip-flop 32, consists_of a
" string of pulses whose frequency (VCO frequency) F1l

20 Qaries in proportion to the'DC level of the SLIP 1

signal, which can be adjusted between predetermined

positive and negative values, those levels.defining a

motor speed range, over which the frequency Qf the VCO _

may vary to control motor slip. o | ' ' ;;J
25 The flip-flop 33 also receives a CLK output

signal from a clock 34; that signal strobes'the signal

from the VCO to the flip-flop output, producing a

flip-£flop output'signal,_also a string of pulses at

Fl, which are supplied over line 32a t6 a SLIP counter
30 33; it counts those puisés. The SLIP counter '



- .11 - continually'couhts up, and on'reaching its maxi mum count (e.g. N
bits) starts over. So, its output is actually.a signal, COUNT 1, &Y
reflecting the count at any*instant. 5 Fig. 3 shows this type
recurring count over time, the Y coordinate there representing the digital
output or COUNT 1, the X-coordinate tine._The SLIP 1 signal is also
supplied to a second flip-flop 36. Also strobed by the CLK signal, this 10
flip-flop is responsive to_the polarity of the SLIP 1 signal, changing
state from high to¢PBRABEALANI AQURES tHRt FRA 7 t3LIFh Ut FFRHe a
count direction sigbaht (.8l 0mabitshaseapr@esgsr i hesdl iRk @ud®it tig count
up or to count down, 1, fromt P, 15 ounter, .is supplied on
lines 34a to a not Sthgggg ?I\/%}g%l éré%@"f \/\}11 cﬂe%fes%tlrré%etm/eesc?’ﬁgt put
from anot her counteny spetantSPEED) counter 40, over the lines 40a. The
SPEED count er -rsecei ves § oyt r ’ | & | i

flip-flop 42a. This 20 E?f i Q?F%%é 4%%%%%?3 OI%L}[{%% pél}sturi{?%z’s%ﬂb a
train of square watdMpul §B8.Y qPRERing &L pFRRAQIKPRYE TS theo diwd tddt put
froma divider cireéutpud2er WWOTHT I Bf etive Sxidodd¥AAsd Hiade t hat i s supplied
on the line 15a. That |jne |l y. conprij ses, two_|ines 5 _each whi ch |
provi de a. square wave —bﬁ?sgﬁgl t%‘/%rl ¥ac 150? hselfl?pr&tlhéed f)tlﬁ &S5 These
lines being in qua@iapoftopodf errilspastyobaheryli thaldILiigianal 4Zhisecei ves
the square waue pukges-plofngs Cfedbingide NS AUl PSS o A% sLIP 3

out put, trigger pulses Ich are at a repetition )
. signal, changing state from high to low depending on
T - . .

N that polarity in order to.providé a count direction
' - signal, CD signal, that commands the SLIP counter
to count up or to count down. COUNT 1, from the SLIP
15 counter, is supplied on lines 34a to a motor speed (MS)
adder 38, which also receives the output from another
counter, speed (SPEED) counter 40, over the lines 40a.
The SPEED counter receives the output from a

s

‘circuit 42 which includes a flip-flop 42a. This

20 flip-flop 42a provides on its output lines 42b a
train of square wave pulses. These are provided in
response to the output from a divider circuit 42e
which receives the TACH signal that is supplied on
the line 15a. .That line actually comprises two lines,
each of which provide a,square wave pulse relative
to each other, the pulses on these lines being in

' quadrature (90°_apaft). _

The divider circuit 42& receives the square
wave pﬁlses cn one of these lines and provides, as
30 .its output, trigger pulses which are at a repetition
' rate that is equal to or lower than the repetition

rate of the square wave pulses provided to its input.



ratexthat is equal to or lower than the repetition rate of the square wave
pul s rovided to its input. -12- The output fromthe flip-flop 42ais

pr ov to the input of the SPEED counter 40. Both of the signals ‘that . +
conprihge the TACH signal are al so supp[ied to a conparator circuit 42C, and
5 this circuit produces, in response, an output signal, which, depending.
upon the rel ationship between those tMD 1Hut ses (i.e. mhlch one Ieads whi*¢h

one | ags), represents the _directiopn. i| |ch nmotor. i s turn- ing. The
out put from t h&REoRPBEPHFOFTRB ERE Eéﬂ' oP é%bb?l%ﬁ°Y%@%§fT?pF9?op 42d,
which, in respanper pfodHeespBEDOGbPHtesi Yoal which is either high or: | ow.

This sional is supbligq Lo Lhe couplicophiel cOLRIgel LoD HhScouplser 40 to

comand it to- count up or ~count al sés 42a,
dependi ng on 1Bre whebhenpphéedi gnah cgmhaght@r ¢bmpulﬁu$321|&mdthe SLI P

counter, tle SPRED eaUBLEL BkoGuEes)i BHOKELYOROUN! 3n UutpEEed Syndnd then

counts up again, can al so count down Een ing on the output fromthe
flip-flop 42d. W?HEhreQBPFnﬁénﬁnUBGPpﬁPes¥3 ) 1°€ghkﬁ betyeem, t4RS& ounter 20
40. This signaoi pudkee shown wnlEhgona 1d8@s | epeich i ome rbags ¥ pr COUNT 2

rom the ot or EEPPSPERE] the gt BebBEHPL R wBECR end! fEELLEY, QG ETDRT21ET
gener at ed veryinapidﬂyedgutngteéchmrbhattompetathe 2% isrothen the effect.

of this beiong t{gbi1iha 6t atwﬂal-fpealatan dvﬁléﬁsoir‘/epeé’[%ﬂs@rec' sely. The
pur pose for the divider then becones correlating that count to the driving

frequency of -t RECABFEE, aRhPBRPRE A&EB3La¥YLFR 1S either high or low.

This signal is supplied to the count control terminal i-}
on the counter 40 to command it to count up or count '
down the pulses from the flip-flop 42a, depending on

15 whether the signal is high or.low. Just like the SLIP

) counter, the SPEED counter also continuously counts up,

resehs, and then. counts up again. It can also count
down dependlng on the output from the fllp—flop 424.

_ " The result is an output signal, COUNT 2, from the counter

. 20 40. This signal is also shown in Fig. 2. -The repetition

rate for COUNT 2 is F2, which is in proportion to the
motor speed, since they are generated from the motor's
rotafion. The pulses that comprise the TACH 1 signal
are generated very rapidly dtring each rotation of the

25 motor, the effect of this being that the rotational

' position is resolved very precisely. The purpose for
the divider then becomes correlating that count to the
driving frequency of the motor, which is necessary in
‘order to take .into account the number of poles in the

30 .motOr, since the number of poles determines the speed
of the motor. This correlation is important because



order to take into account the nunber of .poles in the 30 notor, since the

nunber of pol es determ nes the speed of the notor. This correlationis

| fport ant - because '-13- the repetition rate F2 should correspond to tmi::>

driving frequency. For exanple, conparing a four-pole and two-pole notors;

thegshaft position in the four-pole notor nf t be resolved so that the
COUNT 2 is pro- 5 duced nore rapidly per volution. Hence, the TACH

signal nmust be divided by two for a two-pole notor, otherw se F2 woul d be

too high - the not BRewbEPRt HotODe 35t o?ﬂ%‘a’cﬁ WRIHGFRIE 19 Fheadgdvinshi s
assumes 't hat the Sﬁﬁ&ﬁaﬁ@mtmrl&m fwmﬂwmgtraewtdoﬂeoand
revoluti on woul d be the fane r%? cg not or, speed. ) Th% reaso or
this will becone eb8A Rote BV HPIA [ﬁﬂ%

descri ption;, whi chmotétr mhoty beha)teécrbmd heo bdsa € ﬁl'reeqlmlmy ZFZLS @rlcm—gher or

| ower frequenc S t QEQMI &0F to
vary the dr|V|%g f?§%%§2t§§§f%héfégg $§% actua nntor spee t ?? being
done in order to cHHEPR} RESH derivwEledidy HRIETOINEVP-R CMIGPL2,
producing at its ogtpetEwlsaes? ?»mmrb@wwtmqwm theMdcdibd sro2dd hse Bem
of the two. The effect of. ad {k d CQUNT 2 is,.t.0 shaorten the
time it takes to oBYATN F 4T |°E %nlg%?\lls R BN m AP 152 AFS9M§E shorten
TinFig. 3. In othbatvxﬂnelssarm; t&@dﬂﬂﬂ%mmmttaedc.omm,. tthe <loopd/of
maveform A wi b | NELESRERECANSE D KO P GOIRS e%sas:dg.é%% e GRS sBleRACT

the sl ope w | ess ecause T w I ncrease. chan I'ng the V
fre&ijency T can b@? e e of U ot e relglsle dpecome ever more apparent

from the remaining portions of this description, which

will show that from the basic frequency F2, a higher
or lower frequency is established from the COUNT 1
15 'signal in order to vary the driving frequency.from
that 6f the actual motor speed, this being done in
.order to control slip.
The MS adder adds COUNT 1 and COUNT 2, producing
at its output lines 35a, an output COUNT 3 which is
20 the sum of the two. The effect of adding COUNT 1
and COUNT 2 is to shorten the time it takes to obtain a
particular COUNT 3 (waveform A), and thus shorten T in
Fig. 3. In'other words, as the SLIP counter counts'
_ up, the slope of waveform A will increase because T
25 becomes less. As it counts slower, the slope will
' be less because T will increase. So, by changing
the VCO frequency, T can be increased and decreased
in proportion to'COUNT 1, that range being the
SLIP RANGE or At, that.defining_a change in frequency
30 between Fl, the frequency of COUNT 1, and F2, the
‘frequency of COUNT 2.



I n pr-oortlon to COUNT 1, that range being the-SLIP RANGE or At, that
def' o a change in frequency 30 between F1, the frequency of -COUNT 1, and
: frequency of COUNT 2. - 14 - "As explained later in detail, to. *

mai n .in a certain slip, COUNT 1 is controlled to be higher or Iower than
COUNT 2 by an anmount. that equals the slip that is desired (e.g. specified.
for the motor). 5 The overall action oi.the-AFCL circuit on the notor's
operation is represented by this equation (1)."F SYNCH = F(MOTOR) F(SLIP)
(1) Here, F SYNCH i 8sakgplehpefir dgbercyn(¢g8rasdl the msEaIn3asignal s,

which is the |ggerbeh gﬁaw naoﬁﬁ@qwemgycoﬁemhéféﬁ@ bé higngptor speed and

COUNT 2 is a function of dependi ng. on the direction of
rotation, beca8§e1€E8NTtQaEaﬁ°B§T 2dBMmanﬁﬂ?u6F 2EoRRralS FERG | P, the
az_rrehas t he VCQlﬁpeaualtacys %Blbéd[@é[b depeaﬂf%eagf@ﬁ the &%&ﬁﬁj gnal , t

-whi ch may he ec . noo ansi t.ion between notor
functions i o%ﬁﬁlﬁeara&ﬁléﬁgfg ﬂﬁo?#%nfﬁ? cfﬁﬁ%##n%n % CT%E%rs%eed"
(near zero speedﬁratmoaddstrenreeeﬂtkﬂﬂbs thhe eddatisd flko provides a
digital output, QC signal, which is a representatlon 20 of the nunber
(0-4) of cycles nade by the COUNT 2. Each c cIe is_a quadrant, representing
90[err] in a full. cycleFof¥86B0" + 75 (MBTPR| st FHELMY adder out put (Hay have
"N bits, but actually use NNX bits for COUNT 3,. and the remai nder of the N

bits for tndi cating Lhe R8s 9 d188' AUIeLDG.SOP thaf NSeSUR Sl 11 tha

1-3 signals, which is the inverter driving frequency. _
10 F MOICR is the motor speed and COUNT 2 is a function of it, )
but may be * depending on the direction of rotation,
because COUNT 2 can be a down count or up COunt; F-
SLIP, the same as the VCO freqﬁency, may be * depend-
ing on the SLIP signal, which may be t to effect * slip.
15 Thus, a smooth transition between motor functions is
obtained, Which is'important for leveling at "close
speed” (near zero speed). . .
- In addition to COUNT 3, the adder 35 also provides
a digital output, QC signal, which is a_representation
20 of the number (0~-4) of cycles made by the COUNT 2.

Each cycle is a quadrant, representing 90° in a full.
cycle of 360°. To do this, the MS adder output may
“have N bits, but actually use N-X bits for COUNT 3,
and the renalnder of the N bits for indicating the
25 quad:ant and the sign of the sine curve in that qua-

drant. :

COUNT 3, from the MS adder; is ‘supplied to a
second adder, the PHASE adder 44. The PHASE adder
44 also. receives, on the lines 46a, a phase identifi-



COUNT 3, fromthe MS adder, is supplied to a second adder, the PHASE-.adder
44. The PHASE adder 44 also receives, on the |ljnes 46a, a phase i \fl-,
cation (PC) signal, froma ring counter 46, that signal being prow d i'n
response to the CLK signal. The PC signal identifies, at any instant in
tinme, one of the desired phases, i.e. windings (e.g. 00, 5 1200, 2400).

Thi ~PC i s a nunber which, if added to CQU 3, would reflect what would be
COUNT 3 at that phase; that is, a phase shi t ed by sonme anount reflected in
the PC signal. |In cgdtkonwPCs,sidreali nirwowntsimg aaunteal 146 ,pradnaitdes a

"circulating 10 ighialp {“qﬁgg i &), i phads sddad dp U sidgfadhects a
count for one of t%%g%%gses ?%géfa]l I s al so added mkgﬁﬁfﬁg%Cé si gnal
in the PHASE adderTh %r%ﬂu%+$@ﬁ%.¥Q§%ﬁkﬁ%ﬂstfﬁﬁ FepridsdAnd tfe timgnt

gu?]glrant f]9r thedpbﬁéeofoushé hﬂed:ﬁ'ef]d Sxﬂ'@és}]eﬂ m.@th?.nbﬁngﬂu@i@anm°ggy be

i fferent. for I L en ase...Thus, . the output from R er 44

i ncludes (1) a g% #1 )s dl'lt}fltsa e’psre%erh 8% %léiﬂ g_M%glea[ he count

for a particular p'ooritOUN'bH coton s fref et pﬂmwcarldi 2 COUNTYI3t alt

‘representation .of {% 2$ha?é“E¥Hé¥“1§(” t {?@ ddme %hggntCCUNT 4
L ha t

represents. the coor or any point. RESurde oM but
only between' 0- 90[€¢¥iectrdnin H1q RE %JHE‘ -opeTrn PHhRE #erdse & ﬁE curve

for that coordinatging Geneted Qﬁbﬁnﬁf&’llw?ﬂx&ﬁhde—gﬂas "rculatdege in the
2 the OLK rafl COIRKEST BAiPURe o Siyndinelt Sodbiscd Sy Ta 3o B e T dPRetor
unit 48, over the ai¢munﬂ4ﬁprIaneenﬁxﬁhaaghases. The PC signal 1is
~ also added with the QC signal in the PHASE adder,
producing a PQ signal that represents the right
quadrant for the phase for the PC signal, since the
15 guadrant may be different for a different phase.
Thus, the output from the PHASE adder 44 includes
- (1) an instantaneous digital representation, COUNT ¢4,
of the count for a particular point X or counts for
one phase, and (2) a digital representation of the
20 quadrant for the PQ signal and its sign.
COUNT 4 represents the coordinate for any point
on the SINE curve in Fig. 3, but only between 0°-20°.
From the two, the proper point on the SINE curve for
that coordinate is generated at any instant. This
25 is done in the AFCL circuit for each phase, each time
' the PC signal changes, which occurs at the CLK rate.
COUNT 4 and the PQ signal are supplied to a sub-
tractor unit 48, over the lines 44a. 1In response to
the PQ signal, the subtractor provides an output,
30 the IC signal,IWhiCh is the proper éoordinate'value for
‘the quadrant indicated in the PQ signal for COUNT 3.



the PQ signal, the subtractor provides an-output, 30 the IC signal, whi ch

S pr oper coordi nate value for the quadrant indicated in the PQ signal
for (ANT 3. ~ -16- The subtractor counts down fromthe COUNT 4 signal for R
ot he adrants during the presence of a PQ signal identifying that

- quadrant which, if not present, inactuatigs_the subtractor. Then, it can -be
seen that 5 the effect of the PCsignal is to shift the IC signal betmeeh
0, 120[err] and 240[err]. The I1C signal fromthe subtractor is a.
‘coordinate (e.dhexpubsRacker| sopptfi SA¥A SROM hae QQQNTo4aS+%B%hpf?%ble
RC%150 hThat b@ﬁ%tgQabdaéﬂtgsaﬁﬁlﬁgpahél@ﬁéﬁén%@ ofnanbersienabe lﬁOngNE
table, that nu rr.esp in ne, va r t on the
- curve between Gf& nggéfgr?FatTaEagfﬁpghublﬁ?bdbgegog greg Ut put 1ines
50a, a digital ioatcpubteS| Ghé, suhatacsorhe Ehea,vatueanobetﬂeenobmdtnate
i dentifiedsby UbelBne BEi LhicHRSOLEEELedhf O L Ltyyfor its
quadrant. The gﬁg f%egQ Bflg gupp |e8 to ag ?glgﬁi toEaﬁa 0g {t§ _
converter 52 whBEWeBPoBUeced28 andl 84°%ut put, DRIVE 1 signal, on I|ne 52a.

This DRIVE 1 signal The iUthgﬁdltQramsﬁhéCBuﬁtf§§£6r5ﬂs &méﬁbr@iﬁﬁtéECEiVES

20 the PQ 5| naI de en uadrant th i.dentifier
I dentifies, FcﬁesQ?he g igsgaﬁafa%%?mﬁgn?hnﬁﬁs?%?veoo? L%%%T?ve
val ue, mhich gtabéebhaowRBVE 1Tbagnat shenalgaddpessesty ﬁatti¢mﬂqmadrant.

For exanphg, gemﬁaﬁ h%ﬂeago&ﬁﬁ t B10R M &) nifbb A 3rre iV,e in

quadrants 3 an as shown g en Sine curve contarnir 1" (SIG

1' being SIG 1t8ntbﬁe5PPEeV§ﬂHB éBFvé)P°¥hEs°a Fﬁ?ISENﬂeC%UY%e |s _
between 0°-90°. The ROM thus: produces, on its output ()

11nes 50a, a digital output, siG 1, that. is the sine
_ value for the coordinate identified by COUNT 3, but
15 still uncorrected for the polarity for its guadrant.
The SIG 1 siénal is supplied to a digital to analog'
(D/A). converter 52 which produces an analog output,
DRIVE.1l signal, on line 52a. This DRIVE 1 signal is
supplied to a switch circuit 54, which also receives
20 the PQ'signal and, depending on what quadrant that
identifier identifies, switches the DRIVE 1 signal
between a positive'or negative value, which gives
the DRIVE 1 signal the right polarity for the quadrant.
For example, the SIG 1 signal (so also DRIVE 1) would -
25 be negative in quadrants 3 and 4, as shown by the broken ~
. sine curve containing SIG 1' (SIG 1' being SIG 1 on
the true sine curve). Thus a full sine curve is
generated throuch the four gquadrants shown over time -
as different SIG 1 signals are provided and given the
30 right polarity. | ' '



-

generated through the four quadrantss: shown over tinme - as different SIG 1

signals are provided and glven the 30 right polarity. - 17 - From
switch-cifcuit the DRIVE 1 signal is supplied on |ine 54a to an anpliff{é¥y

(G 56, whose gain.is controlled in response to t he magni t ude of the:

AVPLI TUDE 1 signal, in order to produce an output, 5 DRI VE 2, whose
nagﬁ??ude Is proportional to the AVPLI TURE+4l signal. This DRI VE 2 output
signal is simultaneously supplied to three switches 60, 62, 64, each one
correspondi ng to one phlasmndthe/esmftdme:nmmrﬁ grthe em:ﬂvaorlo\smblmg dse of the

PHASE 1, 2, 3 10 | t legnal _
fromt he ring count eélgpgéét%atﬁ?egn%{g E“.g:ent I fyl'ng teegep\ré’gsg’%?oggtoﬁe DRI VE 2

signal, and, depengéiy b% ePrErehird simraspanse o dhe magnidwdecids i s

actuat ed,  whi ch transf aisLi DR R hsl 9N a0 YrodiR Ofanl Dutpults
sanpl e and hol {}Eﬁg és 55,  whi ch produces, a staircase sine signal over

time - as the narhqse ik i PIER G &Pe H¥e PHASE 1,
PHASE 2 and PHASE BVBLIMEDS . 1 T8isgrRRHASE 'ﬂhld:‘HJEEfEQ 2 RiAPt3 sdiggad] dsare t hus

20 phased accord r feleaeNcy,

SYNCH ('see equatio éﬂﬁieﬁﬁ%%%\%e ﬁ%@sﬁ p cor‘f?‘r rét r?lo g%arr)éﬁé S
provided. Assune a€3GR-fRE CHT TRRUIC NI IBOCNE Phase @rdve ©F dheven by
vari abl e frequencyjgyéyeerlsi durt fﬁ&ﬁamw\e@m i+ nehatagee 1t,he ,f Bequenci es

of the VCO ou&gu OéFgﬁﬁﬁgd TACH signal s and .sli chaG%pter|s$|cilr%gqlred ;
for, (Case 1) Zero®t ﬁﬁﬁn%%%h? RSrgLve g
. from ;he rlng counter 46, that signal identifying
~ " the phase for the DRIVE 2 signal, and, depending on
what that signal is, one of these switches is actuated,
which transfers the DRIVE 2 signal to correct one of
15 the sample and hold circuits 55, whlch produces a
. staircase sine signal over time - as the DRIVE 2
signal is generated..'The SH outputs are the PHASE 1,
PHASE 2 and PHASE 3 signals.
The PHASE 1, PHASE 2, PHASE 3 signals are thus
20 phased according to the PC signal and are at a common
frequency, F SYNCH (see equation 1).'
" To demonstrate this slip control, this example is
provided.- Assume a two-pole AC motor ét 3600 r.p.m.,
that is, driven by variable frequency drive using the
25 invention; what are the frequencies of the VCO'output
. (F1) and TACH signals and slip characteristics'required
for, (Case 1) zero torgue; (Case 2) positive driving
torque; and {(Case 3}'negative regeneration or
‘braking using a constant AMPLITUDE 1 signal.



torque; and (Case 3) negative regeneration or braking using a constant

AMPLI TUDE 1 signal . -18- Case 1: FM =860 Hz. F SLIP = 0 F SYNCH = 60

Hz. frequency = 0 5 _ TACH frequency = 1024 )
pul s econd Case 2: FM =60 Hz. F SLIP = +1 Hz. F SYNCH = 61 Hz. VCO
frequericy = 170. 10 ' ' - 18 JACH frequency = 1024 —~.
pul ses/second Case 3: FM =60 Hz. F SLIP = -1 Hz. F SYNCH = 59 Hz. - Y0

frequency = -170 15 : TACH frequency = 1024
pul ses/ second Hence, witR26Ri4:syEtem AefZar can be noved from zero to
full speed at a controlled rate apdsmrph=apcontrol |l able slip, by

controlling the SLIP 1 and AWVPLIT ~Signals. 20 . Cbviously, |
vari ous operations in this'Systen%Egyﬁgg be€¢0$ﬁéd Wi th conputer based
equi pnent. Discrete portions havev@eefiregeeney +h®s description for

illustrati to d t ' ' ion. T
| ustratl pur poses (0] enons r@émeﬁifgg%m%%flt%fml%@/éwﬁglOn (0]

one skilled in the art 25 t here no ations and vari ations that
can _be made to the enbodf#Eft2f hafMhaséHeds- shown described without
departing fromthe true scope of fheLipventl ogz. Sone of those vari ations

F SYNCH = 61 Hz.
, VCO frequency = +170
10 - TACH frequency'= 1024 pulses/second
Case 3: FM . 60 Hz. | ' -
F SLIP = -1 Hz. o
F SYNCH = 59 Hz.
. _ VCO frequency = =170 _
15 " TACH freguency = 1024 pulses/second
] Hence, with this system the car can be moved from
zero to full speed at a controlled rate and with a
controllable slip, by cohtrolling_the_SLIP 1 and
AMPLITUDE 1 signals.
20 Obviously, various operations in this system.
may be performed with computer based equipment.
Discrete portions have been used in this description
for illustrative purpoées-to dempnstrate'one way to
impiement the invention. To one skilled in the art
25 there will be modifications and variations that can
- be made to the embodiment that has been shown
‘described without departing from the true scope
of the invention. Some of those variations
.may include the use of a computer to carry out a
30 number of functions performed in the discrete system
comptising the AFCL circuit.



may include the use of a conputer to carry out a 30 nunber of functions
performed in the discrete systemconprising the AFCL circuit. - 19- “Ne
use of the invention to control a 3-phase notor has been shown an D
descri bed because it facilitates an understanding of the inventio n
so, it should be apparent to one skilled in the art 5. that it could be
used=to control ot her motors, such as a,3-phase motor, sinply by-using the
ri ght phase signal relationship, in order to identify the phase w ndi ngs
and in order to generate the correct- coordi nate on the sine curve for the
wi nding and 10. establish the correct polarity for it. Al though the

i nvention has been shoie fuse us® g ipréntaldn e tdontrwl ent3-phaklkee not or,

it could be used I Q t, .4 Furthe rel.ating the
anpl i tude -and sl i%&%‘loﬁéeér)e%{%m %%n slq{é{%lﬁérdol’%éfggecgr? be obt ai ned,
e.g. one signal ceacilitates nn omndersiandimomt the dmagpaitigni.t Fvien be
seen that there ag®, MYsROPld Bd | Pvatdie 1 i Wi 10kd G rC YRk Rt

i nducti on nntfrs and that the_invention nay be carried 20. out in nany
ways, perhaps’ thrbidh thrfRitis RR i4995t 0PI Vardthiaty MorFar sygh 2s
conput ational type I+plsis@nmotdrf simpperdoruethdtid e ignaciphlageCi rcuits

and units that ha¥§g§§fﬂr§f§€fé&§ﬁkpJTEQ Jga@riébffgéﬂtf¥§ e phés%p )
' windings and in order to generate the correct
coordinate on the sine éu:ve for the winding and
I : 10. establish the correct polarity for it.

Although the invention has been shown for use for
controlling the current of the motor, it could be used
to_contfol motor voltage. Further, by correlating the
amplitude and slip, different motor and slip controls

15. can be obtained, e.g. one signal can dictate motor
torque. '

From the foregoing it will be seen that there are
many applications for the invention to control

- induction motors and that the invention may be carried
20. out in many ways, perhaps through computer utilization
for carrying out various computational type functions
‘that are performed by the discrete circuits and units
N that'have been described. This may, in fact, be an



econonical Ly attractive alternative to using such itenms as the adders,

_ counters and flip-flops, which sinply provide a convenient, conparati veI y

| ow way to performcertain functions that could be done in 5 a .
COMpu , for exanple, one using a mcroprocessor. Qther nodifications,
variations and alterations nay be nade to the enbodi nents of the invent'i.@_
t hat have been descri bed w t hout depart2|0ng_fromthe true scope of the
invention as described in the 10 clains that follow. 21 - Clains: 1.
An el evat or systammiorspllysiaig re qiol wep ledde ralagdiviel ¢onmisang sauc&i rmt or having
 phases and C&ESRANMIID MdUIdI0% o %n%hfavmq RGBS, Swhich a
D. C. power supp an inverter, powere e sup or providing
current or voI%’d@fél)t cPréﬁ‘@Hi%tQatQﬂn%W(ﬁ’ﬁg |Ct‘P"tPﬁéa|ﬁ3f*’@r1¥ d8Wd CeRer t er

having an inpujay Ofo QRGIE AaN it Al @rﬁ;&&b@x%p@t'h@tn&o@lmpﬁb dbde in-
a positionzencoder for r0|d| g@a}tslgnal A hat |dent|f|esthe not or

shaft posiTiorf SRFRY q €95 é’l e& BV CERETREESSPTan el evat or
control system for Qidrenr (uiddnfg.cfdi:ldﬂse opariattiomsofanthe litevrarttienst o produce

al ternating N n@éﬁsc?e) %Hq'ee@ eVQJrer%‘Zi‘infe%rtss%'fd t%teatl?&ze‘f’('t'i%”%gatto control

not or speed (r d| rection; the elevator system being
charact eri zed have. tmefszﬂ%%rhqdo 1§§’§_t"é’-rnd@®¢§|t|l§§s from the true

sco,pe of the invention as described in the
10 clalms that follow. :



20 i means for providing a signal (AVMPLITUDE) in response to the
TACH signhal to control notor speed (r.p.m)5 neans for providing a signal

(SLIP) in response to the TACH signal to con ce 25 between
the notor rotational frequency and the- frequ “ “‘ m “u t he ;; E}
e
I ¥'ng

alternatlng current or voltage that is suppl'i €o the" not or by the

i nvé®ter; means responsive to the SLIP signal and TACH signal for p

a signal that repeats at F SYNCH, 30 saiglhysignal identifying an angular
position on a sine curve, and for providing N second signals, each
representing the Y-chwimknate on said sine curve at different angul ar

posi tions thereon, safa'p05|t|ons bein equally spaced apart by [err], said
N second 35 S|gnals bei ng prBV| g&? Sduri ng each
notor rotation, the sequence arpéﬁyphﬁﬁéﬂelectrﬁﬁzmoﬂﬁﬂﬁﬁﬁdnw1M@£o&g t he:

reverse of the seq Nyt ecti Qr. v I n the
magni t ude of each ?g%&frc‘jé gﬁ%soegés) a uncftg cfg}t In?lﬁDE%r Sﬁ' 5.
and nmeans for applth@)Q%uﬂPE%tond signal to a different one of the
inverter inputg according to $ai Q:.s%fgsls\(ﬁ, uence. 2. An elevator
systemas clainmed in claim1 10 ; wherein sai C. power supply conprises .
a battery and a battery char g¥t. inyertgy o RopRrsd Hysttd@ #8Edi-ng°Fo clai m

1 or 2, characterizarbvidinftcitichtRAN VI 1Yagel @6 @akth $tado¥ winding in

the motor, said inverter having an input for each
winding and a corresponding output:
10 a position encoder for providing a signal
(TACH) that identifies the motor shaft position;
an elevator car that is propelled by the
motor; | _. |
_ an elevator control system for controlling
15 the operation of the inverter to produce alternating N
phase current or voltage for said stator windings to
control motor speed (r.p.m.), slip and direction;
' the elevator system being characterized in
that said control system comprises:. _
‘means fbr'p£o§iding'a signal (AMPLITUDE) .in
fesponse to the TACH signalffo-control motor speed
W, o (x.p.m.); '

20

means for providing a signal (SLIP) in
response to the TACH signal to control the difference
25 between the motor rotational frequency and the'frequency
(F SYNCH) of the alternating current or voltage that is
- supplied to the motor by the inverter;
means responsive to the SLIP signal and TACH
signal for providing a signal that repeats at F SYNCH,
30 said signal identifying an angular position on'a sine
curve, and for providing N second signals, each -
'representing the Y-coordinate on said sine curve at
different angular positions thereon, said positions
'belng equally spaced apart by 360., sa1d N second
35 signals being provided in a successive sequence during

' .each motor rotation, the sequence in one motor



second signals conprises: 15 =means for providing a third
signal in response to said TACH signal and said SLIP signal, said third

sign presenting a notor shaft position w thin one of four possi ble -
‘quad on a sine curve with a frequency of F SYNCH and being repeated a
" pl uralyd of 20 times during each shaft rotation, and for providing.a7™)

fourth signal that identifies the quadrant on said curve, said plurality®
being a function of the nmagnitude of said SLIP signal and proportional to
motor slip represented by said SLIP si@ - 25 4. An el evat or
system according to claim3, characterized in that said neans for providing
said N signaldiceqpibsebeinganbefaevgraelqfngh%0$¢qnﬁnﬁﬁhiﬁ)¢kﬂrs of fifth
and sixth signals ipr onse to said third and fourth 30 signal, each of
said fifth S|§HBP§1F8p$égﬁﬁF?ﬂﬁ an angul ar position on the sine wave
between O[err]-180, saidepnsi fopneabeimg fies rfadgieineRs apagdc or each

fourth signal eggﬁg Qigﬁgidaé'étﬂ(ﬁ#gfﬂsofe gag@ﬁesﬁ%ﬁc%{%ect sign,

ei t her plus of CRY NS adr ts 3 fth signal;

and - 83 -apgans for prOV|d|ng a correspondlng seventh S|gnal in _

response to each fifth gagnsi xbh §g,lgﬂta Jng S ¢h SR S | Reigg the sine
- | on bet ween O- 180 hat 1S |dent|f|ed

X, where X |d$n%hf|es an aggglar i
5 by the fFtFeEehaPne Ot pHhe| IRVELEeL iR S ASHFHES S 1533] 4
characteri zedsutcésaiveasequenes. f or providing N signals conprises:
| 2. An elevator system as claimed in claim 1 o
10 wherein said D.C. power supply comprises a battery and - "
' a battery charger. '

3. An elevator system according to claim 1 or 2,
characterlzed in that said means for providing said N
second signals comprises: o
15 . means for providing a third signal in
' response-to-said TACH signal and said SLIP signal,
said third signal representing a motor shaft position

within one of four possible quadrants on a 'sine curve with
a frequency of F SYNCH and being repeated a pluraliry of
20 times during each shaft rotation, and for providing.a fourth

‘Signal thar identifies the quadrant on said curve, said

plurality being a function of the magnitude'of said SLIP e

signal anad proportional to motor slip represented by said
SLIP signal
25 | 4. 'An elevator systen according to c1ain13,
characterlzed in that said means for provxdlng sa1d N
signals comprlses.
means for providing correspondlng pairs of
fifth and sixth 51gnals in response to said third and fouwrth
30 signal, each of said fifth Signals representing an
angular position on the sine wave between 0°-180°,
said 9051t10ns being lgo degrees apart for each fourth
sxgnal, each of said sixth signals representlng the
correct sign, elther plus or minus, and quadrant for its
35 corresponding fifth signal; and '




‘reans for providing an eighth signal in 10 _ response to-each of said
‘correspondi ng pairs of sixth and seventh signal s, the magnitude of said

Berr)-aoo(err] and is derined as being a partNININ NWEITHE on of72

fifth signal and its corresponding 15 sixth %sidnal. &. #n el evat g~ tem
accarding to claim5, characterized in that: said means for providing said
‘'seventh signal conprises a read only nenory (FKI@ and 20 sai d

means for providing said eighth signal conprises a digital to anal og
converter for providing an anal og signal-f23m sai d seventh signal and a
swtch circuit for providing an anal og output from said analog signal, said
‘anal og out put being either 25 positive or negative as a function of the
sixth signal. 7. An el evat oneayst for guwoovit ity td coryr guperetiing seventh

characterised in tQi‘{;néi" dnE, o:fxé’é & Oé’a}é]li ”ﬁ[é\l:rFea‘}{H" e %n%?”p” S€s:

30 means prov I nCreases progressi’vely
during shaft notioSaig §ﬁ¥eqﬁhd$ ahrkﬁii!ﬂ:r%essmen Xheheret Xsddensifies

quadr ant . - 24- %n ARgalayapesi ¥st e aeder §hag 80P %w&%cadlea@iﬂéam

characterised int ns. for. providing said N second signals
conprises: means f V Svgaggg $199%hal in response to 5 the TACH signal

sai'd signal representing the instantaneous position of the notor -shaft

wi thin one 5. An elevator system according to claim 4,
characterized in that said means for providing N
signals comprises: '

means for providing an eighth signal in

10 response to each of said corresponding paifs of sixth ;
and seventh signals, the magnitude of said eighth
signal being'defined by the’functionsine X, where X
is 0°=-360° and is defined as being a particular
combination of each fifth 51gna1 and its correspondlng

15 sixth signal.

6. An elevator system according to claim 5,
characterized in that: _
said means for providing said séventh signal
comprises a readlonly'memory (ROM) ; and
L 20 " said means for providing said eighth signal
comprises a dlgltal to analog converter for providing
an analog signal from said seventh signal and a switch
circuit for providing an analog output from said
analog signal, said analog output being either:
25 positive or:negative as a function of the sixth
signal.

7. 'A_n ‘elevator system according to any preceding
claim_characteriséd in that said means for prdvidipg N
second signals comprises:

30 l means for prov1d1ng a 51gna1 that increases
' progre531ve1y durlng shaft motion in one quadrant and
decreases in the next successlve_quadrant.



of the four quadrants and the characteristbchot" ver tinme
repi&senting. the direction in which the notor ‘@ﬁ*atln

e or providing a signal in response to the S &”ww,””mgnlm gnal

representing the slip frequency and its character
representing the direction of the slip; and neans for prOV|d|ﬁg A signal —

that represents 15 ‘the sumof said signal that represents the slip et

frequency and said signal that represents24¢he shaft position. 9. An _
el evator system according to any preceding ¢laimcharacterised in that 20
said neans for varying tBe magnelegatof E§§Eeﬁe§@@8r§iﬂ@aéoﬁﬁgﬂi

amplifier (hat duensl veacaRsanabad shopRls LfadaLDOfest G APl TEl B . hg

adj ustabl e as a function of t
appl yi ng each SI&IHHE sﬁJ@i’eHlSZFOerGS@% of the N wi ndi ngs conprises a

'switching circuit having ndag@nteo b@@bgdintthggggthgoggggbﬁgetgothe
out put of galdtgpeﬁgﬁ nabgﬁgpllfl ,_.each one elng responsive t
particul ar “conttol éﬁ Mg SRiCo SRR s FgRERS SN aﬂgaﬁéeapplled
si mul t aneous| y ins tamtad@ouss woisdtdon afdithel Metoenenhaktsai@hcanbre! signals
bei n rovi ded I a el eyat or

Lan o e eno s CReFaPbPEREE oo fnbes

substantially as herein- ore descri
acconpanyi ng dp&ﬁnﬁgsover time representing the direction in which

the motor is rotatlng,

10 ' means for prOViding a signal in response to

e ey

—

the SLIP signal, said signal representlng the Sllp Y4

frequency and its characteristic over time
representing the direction of the sllp,'and_
means for providing_a signal that represents
15 the sum of said signal that represents the slip
frequency and said 51gnal that represents the shaft
position. ' '

2. An elevator system according to any preceding
clalm characterlsed in that.
20 said means for varying the magnltude of each
- second 51gna1 comprlses an ampllfler that recelves an
_analog signal, the galn of said amplifier being
adjustable_as a functlon of the amplitude signal; and
said means fbr'applying each second signal
25 to one of the N windings comprises a $wit¢hing circuit
having N controllable switches éach connected to the
output of said operational amplifier, each-one_beihg
responsive to a particular control signal among N _
control signals that are applied sihultaneously to the
30 switches, a distinct one of said control signals being
provided for each second signal. '

10. An elevator 5ystem substantially'as herein- .
before descrxbed with reference to the accompanying
draw1ngs.




