WD 2008/ 054687 PCT/ US2007/ 022788 A Method and Apparatus for Elimnating
Stall and Cogging I M517 in Milti-phase Stepper Mdtors Background of the
Invention 5 This invention relates to stepper notors such as descri bed

within US paf@osReaab 7, 425 entitled "Ml ti-Functional El pef/ikfomiemger
Mot or Assenbly Having |ncreased Mot or Torque" and US Patent 6,879, 128

entitled " us..For In Controllin h Phase of
a Milti- PH%@%“& cﬁAp%@ﬁ*sa{or%Hm@twggﬁtgﬁ g:&ié)qyl'ﬂﬂ)r por at edﬂ‘ﬂgﬁi n for

pur poses ofn MatigHaRe Steppet N6teRd em general |y associ ated with such stepper
nmotors is the possibility of notor stall when the torque generated by the

associ ated | oad exceeds the notor rating. 15 A further problem occurs when

t he assoc'@é&grduﬂﬂ%?ﬁé’ﬁﬁénﬁ&? notor rotor to lead or lag the notor stator
to such an extent as to cause the rotor to junp from one stable position to

a new stable position, which is known as "cogging". 20 Wen such stepper

notors are_enployed in .co rcial i ons the tor. | oad gener at ed
by the asermnﬁf’% %rﬁ'%ﬁ%%retﬁgp%%mpﬁﬁ?é&lc ﬁadﬁﬁ%“t?e&YVﬁ@'ﬂg?S p@feé"ﬁpgr not or s
enpl oyed '65967h£25 ShtitRe! Bl vuﬁé@&%qiEﬁé&n@sﬁédﬁakmtbro%e%@ﬂavmggh as fifty

percent to defer the onset of such stal or co da One approach used
to defer tlhereagedMotaickorage’ rﬁﬂd)Uso?gtghh‘@BY 1aa§@m 0 aﬁmﬁnaﬂd US pat ent

Cool g HbPLItHS Foc FsPRRGE ) GIRF EBCh PRRar S UMM Heey o rotor of

equi valentMétoeldwhighipagente afte idtbasitaidrimiein fonplipdseg ofrefégntel 30 si gnal
processor, such as that described within US patent 6,121,744 entitled
"Control Apparatus for Position Control Mtor" and US patent 7,081, 730

entitled IoneigBiEnt YeherallfFadsd el vifh st i8OS InaRR ls'?FFér JUSeB GR2788

motor stall when the torque generated by the associated load exceeds the motor
rating.

15
A further problem occurs when the associated load causes the motor rotor to
lead or lag the motor stator to such an extent as to cause the rotor to jump from

one stable position to a new stable position, which is known as “cogging”.

20 When such stepper motors are employed in commercial applications, the torque
load generated by the associated equipment is estimated and the rating of
stepper motors employed is then selected to exceed the estimated load by as
high as fifty percent to defer the onset of such stalling or cogging.

25 One approach used to defer the occurrence of motor cogging is described within
US patent 5,250,867 entitled “Permanent Magnet Brushless DC Motor Having

Reduced Cogging” wherein the motor stator is custom configured.
To employ a motor of equivalent load rating, a feedback circuit including a digital’

30 signal processor, such as that described within US patent 6,121,744 entitled
“Control Apparatus for Position Control Motor” and US patent 7,081, 730 entitled
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"Motor Controller Systemfor Large Dynami c Range of Motor Qperation" is
usual ly required. In nost applications, the feedback circuit for preventing
stalling is incorporated 5 within the servo-notor circuit, per se, and
cannot be us¥®® WH54@i sting notors One purpose of the i RSTVEROTAAI&Etion is
to provide a sinple arrangenent whereby the position of the notor rotor to
the notor “SiadContsold Sysne toraiigs Dyhamid REngH oPMotsrOpeératiog” isasi s to defer
the onset of stalling or cogging at all times of notor 10 operation. A
further puisygderesuirefle i nvention is to provide an add-on rotor-stator
control circuit for use with an existing notor arrangenent when additi onal
or changing |oads are applied, as well as enabling an existing notor to
accommodatla naodt@adlicatﬁnahﬁhel‘fea@badkmﬁm:uttiformreventing&staudngésjinksbmaraleung of the
not or . vention The | ead or rel at ons be ween t he

st at or andNBB%(H}e %qrvg @&855'@?”'%8?6?9'%“ %”Htﬁgt%?gd‘” E&n i®ng basis
to determ ne the possible occurrence of notor stalls and not or coggi ng.

Digital conparators are er‘rPIo yed to determ ne when such |ead or Iag is
equal to JPNYPEEROSE of Mhing %FW@PB?W%’#@CPW\@W@@ dmalearangrmentamierebEncoder

provi des not or
stalls anﬁH%@?%@B@om l‘ﬂBtdigo@“ e @EEO??{ 'lol%q% rﬂtq&@@%ﬁgvﬁorqﬂé g{]rae lis a
bl ock di agoatmaihg é)as;spomlfersthemmeet ofmiaihng;ylsd;cmgmg aﬂamtln@@mﬁidmﬂ' E SHEET
(RULE 26) WD 2008/ 054687 PCT/ US2007/ 022788 Figure 2 depicts the system of

Fi gure™ ARSRAY9%e control apparatus interposed between the notor controller
and the notor driver; Figure 3 is a graphic representation of the notor

torque as a function of rotor- 5 stator displacenent;
A further purpose of the invention is to provide an add-on rotor-stator control

circuit for use with an existing motor arrangement when additional or changing
loads are applied, as well as enabling an existing motor to accommodate a load

15 which may from time to time exceed the rating of the motor.
Summary of the Invention

The lead or lag relationship between the stator and rotor of a stepper motor is
20 monitored on a continuing basis to determine the possible occurrence of motor
stalls and motor cogging. Digital comparators are employed to determine when
such lead or lag is equal to or greater than a predetermined value and an
incremental encoder provides such information in feed-back relation to thereby
prevent motor stalls and motor cogging.
25

Brief Description of the Drawings

Figure 1 is a block diagram of a typical stepper motor system;
30
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Figure 4 is a block diagramof the control apparatus of Figure 2 adapted for
the elimnation of stalls and cogging; 10 Figure 5 is a flow chart
representation of the sequential state logic used within the control

appar at us of WPi2§@/0846837 and Figure 6 is flow chart represeP€BUS27/BL788he | ag
correction logic used within the control apparatus of Figure 2. 15

Descri pti qriguré 2t dupidts qieeémdmlisrbo%r@eﬂwtﬁﬂi@é&ntf&fa@béraws iflefpld8egi rcui t
conponents of the invention, as own in Figures d 2, the follow ng

i nf or mat | GetwersWiReiMoter ganteolteriandiibe matpr dves; better 20 under st andi ng of the
invention. Figure 3 represents a stepper notor torque output waveform9 as a
function of the stepper notor-stepper notor stator displacenent steps. 25
As shown iFr'rgu?é@is:a graplait:efppresemaﬂon ob treimotes tompierasna fuorotjos ofinetort he r ot or
is le d|n a]ga the stator by a full step. Wien the rotor reaches a
|l ead o gat q‘élﬁﬁ’ ﬁ‘ull steps, the motor is in a very unstable state.
If the rotor i's aIIowed to approach a lead or lag equaling 2 full steps,
the rotor may junp to the next stable position. If this occurs synchronism

30 bet weeffiguie 408 arkipelediagmmef the eantral eppaniatys efifdguies? adapted feother
fr equencyﬂl%gg o|f${5atlls and. C%l:f(isﬁ .TUTE SHEET (RULE 26) WO 2008/ 054687

PCT/ US200 o elrmn 'his possibility, the rotor nust be kept in
the stable region indicated wherein the rotor |eads or |ags the stator by

or nearoefull reby the,. nmojor will prodyce maxi orque. 5 In
o CypiBal FRSE b 3oL fegrbseriton pengshabartR HETodE UsPRUMT anai ¢o
the | ead 4f coritebl @pphidud SfMuregngerror is then used to calculate the new
speed in which the notor nmuSt nove in order to mnimze the error. In a

syst em needi ng fast
Figure 6 is flow chart representation of the lag correction logic used within

the control apparatus of Figure 2.
15
Description of the preferred Embodiment

Before referring to the circuit components of the invention, as shown in Figures 1
and 2, the following information shown in Figure 3 is helpful to a better

20 understanding of the invention.

Figure 3 represents a stepper motor torque output waveform 9 as a function of

the stepper motor-stepper motor stator displacement steps.

25  As shown in Fig. 3, a stepper mator produces maximum torque when the rotor is
leading or lagging the stator by a full step.
When the rotor reaches a lead or lag equaling 2 full steps, the motor is in a very
unstable state. If the rotor is allowed to approach a lead or lag equaling 2 full
steps, the rotor may jump to the next stable position. If this occurs synchronism
30 between the commanded commutation frequency and the actual rotor frequency

may be lost.
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response or quick reaction to changing |loads, a significant anount of
processing 10 is required to control the system By using a feedback device
such as an increnental encoder, for exanple, the position of the rotor can
be det ect ed. WB200815¥i8Mg t he rotor position and comandedP@DER200WI22788he | ag
(the rotor trailing behind the stator) can then be 15 calculated. As |ong as
the calculated lag is equal to or less then one full step the notor wll
continue to rotate synchronous to the applied coomutation. If the |ag
exceeds onko ¢liminatst s pagsdildy atherrotan smushbietkepbin thastakle segion indieatgdup or t he

e ot or WIS RRETpP BBR % jadke @' Selby BEbear e Ty Sl MR 20T 1
current i snetoanglgsrodace heaximumdorge,. to create either a clockw se or

count ercl ockwi se novenent. The notor will rotate by finite amounts
dependi®ng on the magnitude of the current change and the | oad applied to

t he notor inalle i : i I ides 10
Ul ses. per /T I BE! olGRa BendaIdPfl IR R NoRhe ea
conpr i ses atdagicthe retoepBhiperrof i thestuspd tdpalnulatertnet rmew speed int Wbicktthe or, t he

position of the r r to t .1 g obseryed. As a | rts to occur
bet ween tHgOt%ﬁ%llsPé‘%aetlrﬁgrA;e?&?%lﬂ%\ﬁqu ﬁ}eq?féor'r %P}Sﬁ?%ﬁ?e@gg%&l ong as the

t orque exgegsthskhs quitkuehchsieitechdnginPivads esigafidamarhoest dfproddsingot or, the
rotor will start to rotate. 4 SUBSTI TUTE SHEET ( RULE 26) 2008/ 054687

PCT/ US8007$ (eapiirgd to aentreldhesyslem-ot at es, the difference or "delta” in counts
between the rotor and stator is updated. As long as the delta between the
rotor and stator remains at 10 counts (one full step) or below, no action
i s taken. By udihgadeddmchatemmersuchesr ar mcrémentd| ¢dmoder.dooexareplehése 11 count s,

e | oad Rl S, Bl BRI e R e el PR P b
10 count s @mrh&%ded position, the lag (the rotor trailing behind the stator) can then be
15 calculated. As long as the calculated lag is equal to or less then one full step the
motor will continue to rotate synchronous to the applied commutation. If the lag
exceeds one full step, the stator must wait for the rotor to catch up or the rotor
may enter an unstable location at which time cogging may occur, or the motor
may stall.
20
A stepper motor moves in discrete steps, as the current is changed in the
windings, to create either a clockwise or counterclockwise movement.
The motor will rotate by finite amounts depending on the magnitude of the
current change and the load applied to the motor shaft. The incremental encoder
25 described herein provides 10 pulses per full step and the waveform used to

commutate the stator comprises 10 micro steps per full step.

Upon commutation of the stator, the position of the rotor to the stator is observed.
As a lag starts to occur between the rotor and the stator, a torque is produced.
30 Aslong as the torque exceeds the amount needed to move the load applied to

the motor, the rotor will start to rotate.
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When ‘this occurs in a lag condition, the comutation of the stator is
stopped and 10 held at the last current |level giving the rotor the
opportunity to catch up, Wien the delta between the rotor and stator drops
to 10 count swonods@kswar the stator commutation will contikrtEURSIVEIE as t he
count remains at 10 or below If the count of 11 is again reached
comutation will once again stop waiting for the rotor to catch up. 15 If

the delta count goes to 12, the rotor has stopped and has now started to
reverse f rsntheimeotonratatesethediifference or ideliadimeounts betwesn beesdtar@ndont i nue,

the roror Statb! s iRt 8 R B the Bffia buRRndhE VAR Bl SRibl Baihl o2 DC0N
this fr omdoontsr(bné@.:u step) ot Isslowshection isakiken. dpthSdeﬂte Bdieeen tiveargded

direction s will realign the 20 stator to within 11 counts of the rotor
after whi aﬂdtth%%%mﬁafﬂ%% iceugﬁsoﬁ\@e' BP"%%@\/BOtouﬁ‘Fﬁl eSPMSGreRIRE count

drops to 1fan file thiY \}dllgﬁletefﬁhéeamﬁﬁlﬁéﬂld?ﬂfréﬁdénc R thBY¥6tor Mg Bhgaﬁoum

increases to 12 and a step in the reverse |rect|on IS agaln

| ead condinushiberoeghtdiask tOéQdJQﬂgtSthe%& ator) is handled differently. Lead
conditions can occur for various reasons such as a high deceleration rate,
or a |oad becom ng decreased. In either case the rotor will tend to | ead

the st at onwWhésthid Bcdure in adag edvititioronhé eomatutation of thélsmomstStbppsébEadmead count
exceeds 10 ijjne full ste whi ch roduces t he hi %best anount of torque.

Unl i kéOa Ih& %tdhallqst@wreeg eM@b@wagt FriosthgtapPortaniiyto cateh yed V¥eRause
t ﬂeﬁ%’d’v
2082}0 62262'5@%%%%?? Hagétgggﬁcsits%tgﬁ@ﬁ%#%@ﬁp%go& hgt hé%? a to increase

causi ng a chomutetionledr cadiaue msriongas theocayurd remfamlsraa* WOodrdrelbwald thount
i ncreases to ‘é”do mai nta| ITB.XI ﬁﬁm chle as wel t the rotor

f r u e &2 g'ﬁrgvﬁﬁ :
from ent ePHY RSO gaf: d e rﬁﬂ?cﬁgééﬁé RVail|ig &dithepl e j unp

ahead to Qotdew &dtalplp. position causing cogging, a mcro step in the

commanded direction 1s inserted. This will advance the stator to within 10
15 If the delta count goes to 12, the rotor has stopped and has now started to

reverse from the commanded direction of rotation. If allowed to continue, the
rotor will start to move closer to an unstable position. If this occurs the rotor may
jump to the new stable location causing cogging. To prevent this from occurring
one micro step is taken opposite the commanded direction. This will realign the
20  stator to within 11 counts of the rotor after which the commutation is stopped, as
above, until either the count drops to 10, at which time the commutation will
continue, or the count increases to 12 and a step in the reverse direction is again

made.

25  Alead condition (the rotor leading the stator) is handled differently. Lead
conditions can occur for various reasons such as a high deceleration rate, or a
load becoming decreased. In either case the rotor will tend to lead the stator. As
in the lag condition no action is taken until the lead count exceeds 10 (one full
step), which produces the highest amount of torque. Unlike a lag condition,

30 however, the stator is not stopped because stopping the commutation of the
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counts keeping it at a position of maxi mumtorque, at which tinme the

commutation will continue as long as a | ead condition exists at 10 counts or
10 below. In either case of lead or a forced notor reversal, by holding the
| ead and | agwopomjosie®n bet ween the rotor and stator respeti/vsbgr/02zrsdr eaki ng
force is applied to the rotor helping to control the |oad which has becone

great er thaiof WBulddil BauskPtnd i tBt?rgplrE?éé)Eads?ngﬁﬂmé'r c{%{gréﬁs%%%é}gr By

addi ng a counter that” maintalins the erence ‘bet ween e conmmanded steps
and t he adowak. nunber of steps output to the notor driver, the nethod
described herein can work as a positioning system By injecting |ost steps
when the rotor is 20 within limts, the notor will position to the conmanded

nunber of |stherstor Vetd @Un® incréd8e3%oCAN tdMaiEH RakiMReNtdriGe bBivRAtRd Ssteps to
control the maxi num acceleration and velocity of the notor due to the

i nj ect &d reygntithe radefifrersentaring aniunstabledeeation, whighsmauereate@nbe saved and
made avai l 3 i icedf Lt red. t.he
control li n@ggg\r/%@%lj%p t% QQ%‘%%%&%&’ %tggll\étézogﬁlobodrﬁhrs I(ﬂ%. ﬁg(;&%aarg'ﬁtégg feg 'E ignals
can al so like gemeranided directiowiscCinertédathis witl ssdvahoe thesstatordo dhih mgg pattern
wai ting for tg When connect ed th a tinmer, a signal

rotor,to catgch up. W
can al so K@Yf ﬁ@egtrgdt Efﬁﬁﬁﬁ'ﬁﬂﬁ MaxImu tPUsy ah\é@}ghdim%ﬁ\?anced during the

speci fi ed doiRuthatiéh Gaf EdifinLiBals |an¢1%§lsﬁeaa ebRditiGPBgists M Ftsor | T the |ag
between 30 the rotor and stator inhcreases by another count, a signal can be

gener dfed befle. 6  SUBSTI TUTE SHEET (RULE 26) WO 2008/ 054687
PCT/ US20071022788 indicates the rotor has reversed direction, and that the
applied torque by the load has becone greater then the torque which the

not or can |pkeftdérceasel df I¢dLocaiRca® htoter fevabat byticiding tise @adlaredagbe gener at ed
that indicates the stator 5 was advanced with respect to the incomng step
command i MESHIQDbe§vesmihe ptor anghstatod resnestieelpya Praakingareguis appiedio gr eat er

than the Q& 816 MM thRENTIBIAE lo&RRhRhIHASecome greater than the torque

15 which the motor is capable of producing.

By adding a counter that maintains the difference between the commanded steps
and the actual number of steps output to the motor driver, the method described
herein can work as a positioning system. By injecting lost steps when the rotor is
20  within limits, the motor will position to the commanded number of steps. Variable
timing can be used between the injected steps to control the maximum
acceleration and velocity of the motor due to the injected steps if required. The
difference in steps can also be saved and made available to the controlling
device if it is preferred that the controlling device is to maintain position control.
25
Diagnostic signals can also be generated to indicate that the stator is in a holding
pattern waiting for the rotor to catch up. When connected with a timer, a signal
can also be generated signaling that the rotor has not advanced during the
specified time indicating that a locked rotor condition exists. If the lag between

30 the rotor and stator increases by another count, a signal can be generated that
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The i'nvention is best understood by now referring to the foll owi ng Figures
1-2 10 and 4-6. A typical stepper notor arrangenent 10 is depicted in
Figure 1 simlar to that described in aforenentioned US patent 6,967, 425
wherei n a novorosomssl | er 11 generates the step pul ses PTAUSINIT®LI7BON
signals described earlier, and supplies 15 the pulses and signals to the
not or dri r I S tef gnal s
needed toY r?%%s%-gg%%‘%# redéa'lsség d\}mﬁeﬁﬁ&d%qgétttﬁé apt\?pgdqenco%grthﬁgbaﬂcaum ng
t he not or hghhkeorns gtrgatebtfwtr\eth%ar(we&/mch theanotnmndnéddugq;eed and direction.
20 A simlar stepper notor arrangenent 10' is depicted in Figure 2 with the
control apparatus 17 of the invention interposed between the notor

control | enn thk ossiecherep ledd exists, @slﬁﬁmmﬁﬂgéﬁamedahdt hidicacds Ve, staod t he
notor driver 12, which contains t ower devices used to comutate the

mot or 34 Was asNapers With respest tQ:M'PWmE‘ﬁpﬁé‘F&PQ@”laﬂdr'QEWU@% thaiite 5| gnal s
generat ed, Iletdhl%r %dﬁfe Ide'h%@tHeegll'lésgré%?[ 'ettb whigR%

cormanded eps a rection signals romt cont roller 1 The
control appapeadwuscel? for elimnation of stalls and coggl ng, as descri bed
earlier, is shown in detail in FIG 4. 30 A delta calcul ation elenent 18

cal cul ates the positional |lead or |ag between the rotor and stator within

t he mot or Thé iffentib@ iy Best.undeestoddy ﬁomfe%ﬁﬁ%tdmm@wmw@ure% 1SIBSTI TUTE
SHEET (RULE 26) WD 2008/ 054687 PCT/ US2007/ 022788 conparator elenment 19 to

i ndi cdfe ®AGA-Ghe lead or lag is less than or greater than the established
limts supplied by the data storage el enment 20. A séquential state logic
el enent 21 receives the input fromthe conparator elenment to take

appr opr i afeypicali stegpdrasetdr errahgemaosi@ isodelicteld firf Eigene d dimtiawterthathe st at or

B N
generates the step pulses and direction signals described earlier, and supplies
15 the pulses and signals to the motor driver 12. The motor driver then generates
the commutation signals needed to drive the motor phases within motor 14, via
encoder 13, causing the motor shaft 15 to rotate load 16 at the commanded
speed and direction.

20 A similar stepper motor arrangement 10’ is depicted in Figure 2 with the control
apparatus 17 of the invention interposed between the motor controller 11 which
produces the commanded steps and direction, and the motor driver 12, which
contains the power devices used to commutate the motor 14 via encoder 13. The
control apparatus 17 receives pulse signals generated by the encoder indicating

25  rotor positions along with the commanded steps and direction signals from the

motor controller 11.

The control apparatus 17 for elimination of stalls and cogging, as described
earlier, is shown in detail in FIG 4.

30 A delta calculation element 18 calculates the positional lead or lag between the
rotor and stator within the motor 14 of Figure 2, and inputs the acquired data to a
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The rotor-stator displacenment steps (1-4) of Figure 3 are representative of
the 10 delta between the commanded stator position and the actual rotor
position. Wen a full step is presented to the notor driver 12, via the
sequenti al svetmshbogsc el enent 21 of Figure 4, the notorecatatar/okzsadvanced
by one position. This sequence will repeat for every 4 full steps present ed

Lo the Mo GhpfiEoidenOS (S IRAAE WHERfnd A8 d BEL hieof Glgferposi Ui on

has change ment I'S €nbo the no e(§r|ver 12 of
Figure 2 dmrthéestabhslaed hmdssupplm:dd&ythmt&aeforé@e eteméntl.'m Afsafquewealy 10

st eps present tor ver t ator will be advanced one full
by ot eate it sletut 21 sSeiver nibruiiam e SrmbaiEotAIPTR Hya680 | | ot t o

produce 1@pp@gﬁ9@eéct@h§msé%n4hé%Qhoﬁﬂ\eﬁﬂmﬁc@fae%ﬁﬂﬁblsw @hdStep when
used with step per revolution notor. It 1s understood that

t he cohtrmtoh\p&aﬂéh@moquWIl operate with different notor step ratios and
di fferent encoder line counts. The delta cal cul ation el ement 18, shown in
Figure 4, utilizes two inputs 18A, 18B and generates one output 18C. The

first inpThetbopetdiionds thecortrsiwpparais eVes“rB@ét udiderstdod 8 refeeninglesw emcoder
signals fromthe encoder 13 in Figure 2, which represent the position of

the rotor FlgYe8 4% he notor 14 therein, The second input to the delta

cal cul at | 9o HBFERosrle Br3LAEE: J1er SHER $2FL dlrEGbRL & fRal s from

t he sequenti state logic e enen tron el enent out put
at 18@pr deitajbstwtelee ttlelcommamieelamamr posmohanﬂﬂlee antua'r rator pcnm’mrs bet ween t he
rot or posi d.the stator itian sen ro d or | ag,

whi o ©o: Vst B Srep BraoEe e e il kel 1878 h ekttt (i
26) WO 206 88 bf Piglrela2 04 mdeet ¥dtor Ef&iv@ﬂmbﬁto% pRIsRNThES det er m nes
whet her the | ead or | ag of the rotor 15 of c%ure 21s greater t han t he

est abl i sheeAyaneevsll jERsAt drcevesy ¢ Hell Blsrp aresested/iothgdpator 8five dde el ement 20
and input Soﬁé*&{it‘h défr%fémhuf&afeétﬂgt ﬁi%trbYo‘?g%E1t|Wﬂ‘FltaQecr£\fEB§_%b9 heor lag is out

of limts e sequential state 1ogi mtsfor | ead or
5 | ag1her aicreraerd. Jair ttas eritodiment, étmjmtm‘ driver 12 of Fagyrs ﬂodpetram inan
out-of -1 rrﬂléro slteppder mode of 10, that is, for every 10 steps presented to the motor
driver the stator will be advanced one full motor step.
The encoder 13 is an incremental encoder utilizing 500 fines to produce 10
encoder steps for a rotor movement of one full motor step when used with a 200
20 full step per revolution motor. It is understood that the control apparatus 17 will

operate with different motor step ratios and different encoder line counts.

The delta calculation element 18, shown in Figure 4, utilizes two inputs 18A, 18B
and generates one output 18C. The first input to the delta calculation element at
25  18A provides encoder signals from the encoder 13 in Figure 2, which represent
the position of the rotor within the motor 14 therein.
The second input to the delta calculation element at 18B provides the step and
direction signals from the sequential state logic element 21.
The delta calculation element output at 18C provides the delta, hereafter
30 ‘“difference” in counts between the rotor position and the stator position,

representing rotor lead or lag, which is inputted to the comparator element 19.

SUBSTITUTE SHEET (RULE 26)



condition is indicated to the sequential state |ogic el enent when the
difference is equal to or greater than +11 and an out-of-limts |ag
condition is indicated when the difference is equal to or less than -11,
accordi ngl ywdgbmssagsrenti al state | ogic el ement 21 incl usdes/useam7iornpsst s 21A,
21 B and 10 generates one output 21 C. Input 21A provides the commanded

: g . . . . : i 5
ona i npat 95 CfaAlarb @R 18/dRe e Ynbitey IR Bpa SR Mg B iiratd bl O
conpar a}j og_iglﬁe f?sgm_ th}md;e eftﬁbii:metd Il'Fhit%lpSmtd/td_eti ta ﬁfcﬂhpgiaﬂ@sviagﬂa:aes pondi ng
step an irection signals .to e or river i gur or

cor Iroecti n§lorae %U@?&%B_a&ﬁdnwtﬁéé’ﬁr‘mﬁﬁoﬁ?att%'Waé‘r"es%!‘glethelrgh% @n‘éﬁ ng from
the not or 15tds d0fof IirARS 1 trfe W_n%ggtrﬁ!eeﬁfogﬁféfeﬁ@nmﬁ 4R mﬁi_ts forlicdd &t i on

el ement 18, on a continuing basis. ow chart 22 within the sequenti al
st at e $oglag haseiniasa st af H10 tosieachand nd0ferdag 30ch iadt amavhoflimits leadn t he

ondoper apedtih B3 EaRhla e bep Bt R BER o8Bt b i AR5 ol Bt on
el ement 18qudl t&ogyreatdr than elitlaing ardelt&f-linhiey lagfcoaditioR'is aitsited whgnof st at or

counts mnus rotor counts, fromthe 25 encoder signals at (24) and a
det er mi nathedHiiferenqe dfeeqial 1o ohless Haan ol | AGGPEHRSYY. 't han 10 counts (25). If

the D i ; bt LSt i { ted (26
via the TNESEGiedBrRieidibic AEnEANg I AN WAppURITIA BiBartP SO LT S ot
gr eat @0 t pemeradescamentwtpat 2HE dnputi2tA providesthd eoasnamdedhstependD is | ess 30
t han -11 ts (27). 1f . D t | than -11 ts the. ded st
o BRI s o B Bob e PR P BOERELeD oL
(29). 9 RIBNELTHE leadErtidg (Hiblrfatf) sUNPIISd B RS 46 pardtdr 1BAEJe<ABé88 |f D

is less than -11 counts a |l ead condition exists, the stator is noved forward
one mi cro€8iigh, the comuanded step and direction data is not allowed to pass

to the mehobufiuk$9E préviabe cBrrdSicHdMd'dteh Uhd dirdlRdR sthal to i D 15 | ess

15 driver 12 of Figure 2 for correcting the movement and direction of the motor shaft
15 extending from the motor 14 and transmits such signals back to the delta

calculation element 18, on a continuing basis.

The flow chart 22 within the sequential state logic section 21 for controlling the
20 relationship between the motor rotor and motor stator to prevent motor stalls is

shown in Figure 5 and operates as follows:

The main loop (23) instructs the delta calculation element 18 in Figure 4 to obtain
delta, hereafter “D” consisting of stator counts minus rotor counts, from the
25 encoder signals at (24) and a determination is made as to whether D is greater
than 10 counts (25). |
If the D is greater then 10 a lag condition exits, which must be corrected (26) via
the flow chart for lag correction (26') shown in Figure 6.
If D is not greater than 10 counts a determination is made as to whether D is less
30 than-11 counts (27). If D is not less than -11 counts the commanded step and
direction data is allowed to pass to the motor driver 12 of Figure 4 (29).
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counts (27) before the conmanded step and direction data is allowed to pass
to 5 the notor driver 12 of Figure 4. The flow chart for lag correction
(26') shown in Figure 6 and operates in the follow ng nmanner. The comranded
step and di M&c20D8s05468dncti on i s stopped (30) and the stat BET/URHWATRZESI on i s
stopped (31) to allow the rotor to catch up to the stator and Dis 10 again

obt al ned 82} ledh g1 Moot ANehd cBRGIROREXISE, YRS iPriciediisaldt than 10

counts (33). If not, a Ilag | onger exists, and the stator commutation is
again enameamlqreﬁjemltm@wmgwandﬁd stemaed disectionegata iginel; alloweiddte psisgial i nput

to whet eyt ffitey 12 a veflfifidlon ik LB Whenef pIEIESTHARLI £F | han 1
count s t heowsitsa{aT) before itinelesmirankded ﬁémamdlré&ibh datd iDallcved i passitbai ned

(32). If Dis ater,_ th n 10 counts and greater than 11 counts, the stator
is reversBg m@gégﬁ’{‘?{r@%f %Ur(es‘g) and Dis again obtained (32). If Dis

great er LIRS cRBHR Sag LBRCBRY D120 SHa AR gLt 58 BbeRInA thoe stator is

20 reduced by one micro-step (25 A sinple arrangenent for controlling
not or r otfoHowing rsarnesr operation for preventing notor stall and coggi ng has

fotary ot penisraRd s EnE B TEhaR b SrorEB AL aR BR%sBloary s opper, or
br ushl esscgmmotationrs b@ppee @3 1)Abtdliowdhe aotoPd tatol upab e/ staldaiEDtel  encoder
and a mcro step resolution of 10 mcro steps per step utilizing a 200 full

step Per 29aiBPbtEinad Sépper notor are disclosed, different encoder types
o oo A BB o EiPBREEON SRa Bl DRI e L0
cl ai med ilag no longer exists, and the stator commutation is again enabled (34) allowing

the commanded step and direction signal input to the motor driver.

If D is greater than 10 counts, a determination is made to whether D is greater

15 then 11 counts (35). If D is not greater than 11 counts the stator continues to be

stopped (31) and D is again obtained (32).

If D is greater than 10 counts and greater than 11 counts, the stator is reversed

one micro-step (36) and D is again obtained (32).

If D is greater then 11 counts, the motor is rotating in reverse and the stator is

20 reduced by one micro-step (25).

A simple arrangement for controlling motor rotor and stator operation for
preventing motor stall and cogging has herein been described. The above
method indicates the use of a 2-phase rotary stepper motor, however any

25 multiphase linear or rotary stepper, or brushless motor can be used.
Although a 500 line rotary incremental encoder and a micro step resolution of 10
micro steps per step utilizing a 200 full step per revolution stepper maotor are
disclosed, different encoder types and counts as well as different micro step
resolutions can be used to achieve a similar result.

30
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1. Acircuit for providing opti num performance of a stepper notor
conprising: a rotor-stator control circuit interconnecting between a stepper
notor controller, a stepper notor driver and a stepper notor, said stepper
not or defin a total nunmber of steps per rotation thereof; and an

i ncrenent al @ﬂ"&%der Wi thin said rotor-stator control circuit for insuring a
rotor within said stepper notor lags a stator wthin said stepper notor by

| ess than QghaEdYdinidy ighe of said steps for optimum stepper notor
performance. 2. The circuit of claim1l wherein said neans within said
rotor-stator control circuit further insures said rotor |eads said stator
by | ess thdn or Aecjuait forpreddithgmpémust pqﬂfdrmansabﬂa e@pbmummtnr@pmerisin@t or

Pavi ng & maxi mut 1RGSRy cBOL el o Rl R e ol o SERR MR

rati ng conmonhsoliey; aatelppéomoairam%r araha stEpper motort said lsww@ednfomr definingat i ng
V\ﬁthasteﬁ{a) m)torff rec V|n&Ee&§|t|onal status of a rotor and a
stator witHPH QUNRE'R SiRsPEREptgHoN ircuit for determning a
difference in r@ha.hb:@md@mlénc@aerawdhldlsramwt@ﬂstatwtd@aem sleduvt froatirwunﬁ@@ sai d
stator, said delta circuit including an increnental encoder; a pair

di gi tal corp&r MtBINsSaG piRBRSN AGIOMAds aaﬁa@ﬁWﬁhW SRIGHERRE Ml Pé"%?ﬁr“&iﬂ ‘?r f or

det er m ni ngqugAE e df%gldsété’ﬁsu@r B%M@%&t@@eﬂn{o@é@er@ﬂﬂaﬁé d stator; and a
| ogi ¢ devi ce connecting wth said conparators and with a stepper ot or

driver, said driver providing operating current to said rotor and said

stator, whex eby TheatifbuitOdfOElains 1C Rk lsald reah&vigh (iaﬁ:i actt@rr-stawr?cohir_&ed
position to_ avoid stalling said per nptor adapt circuit of
cl ai m 3 whe¥ey fukiey “lﬁué*i%?a'f’ go@aﬂﬁao@ﬁaéhs&a@nbé{de%%mn Plof Eu‘i/S%'QiQii‘efi xed

posi tion t adyRl aigPeinteh SBpsershEPBPBEIfdRIaPEe. 5. The adapter circuit of
claim3 whereby said stator Is controlled to lead said rotor by said fixed

position to avoid cogging said stepper notor. 11
An adapter circuit for allowing use of a stepper motor having a maximum

motor rating to be used temporarily above said maximum rating comprising:

a rotor-stator control circuit arranged for connecting with a stepper motor for
receiving positional status of a rotor and a stator within said stepper motor;

a delta circuit for determining a difference in rotation position and direction
between said rotor and said stator, said delta circuit including an incremental
encoder,;

a pair of digital comparators connecting with an output from said delta circuit
for determining lead or lag status between said rotor and said stator; and

a logic device connecting with said comparators and with a stepper motor
driver, said driver providing operating current to said rotor and said stator, whereby
said rotor is controlled to lag said stator by a fixed position to avoid stalling said

stepper motor.

4. The adapter circuit of claim 3 whereby said stator is controlled to lag said

rotor by said fixed position to avoid cogging said stepper motor.

5. The adapter circuit of claim 3 whereby said stator is controlled to lead said

rotor by said fixed position to avoid cogging said stepper motor.
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