"SPEED CONTROL DEVI CE FOR A STEPPI NG MOTOR' This invention relates to speed

control devices for stepping notors, and in particular, although not so
restricted to closed | oop speed control devices for stepping nmohoip migedato

drive print 5 . heads of printers. It is known to use open | 06p* §e$ vi ho
nmet'heds for stepping rotors wherein no detector is provided for d-ti ng

thé.vp'osition or rate of rotation of the-—Totor of the stepping notes}The
"phase change" timng (as used herein, the term "phase change" refers to a
change 10 in the coil or coils of the stepping nmotor to which driving
current is applied to '¢PEERCHFRGE r?&)’“?"e&'&’l‘r“e&@g‘?m&c'é%r ation of the
motor froma rest posjition, deceleration of the nmotor froma noving state

or constant speed opttift FBRERYISR RALAERS FogsPercaBORiTOE #RVICEP AFaF R PF om a

control curve experinentally determ ne nd .15 stored in,a nepory. Thus,
o vy of - ex AN 4 REFHET GEa PO APk 9 COREACERS STt e

circuit is provjded for, driving.the stgppipc tor, data fo ed congrol
s Stored ih o 1O o FRataliatfie ' FREEekellPh s R el bo REEE HiEEE 1

to start, firgdadd 1 ned stored tinme period is read fromthe nmenory
and at 20 g t he atdlgrrggt%{wzg%g% € first stored time period conmes to an end,

phase change (drivingd iaf xh&is #BlGe Bﬁezp%f_?%rdﬁdiﬁgn%etﬁéd@%@%ﬁ:?gﬁv\ie% mbtlrs

next tinme period is read fromthe nmenory. is procedure is fo

repetitively W {kerdelf Ad1aetdcdtlorDEd \WREP1HIAC 865 HetbctigSenL RBBNGSNS 62 IXavt Ng
the, program of stored time periods. In this 25 way, the notor speed is
I’gl'

sed to a const adtaSRELE the rdtor of the stepping motor. The "phase change”
' timing (as used herein, the term "phase change" refers to a change
10 in the céil or cpils of the stepping motor to which driving current
is applied to effect d:iving) required for acceleration of the
motor from a rest position, deceleration of the motor from a moving
state or constant speed operation, is determined in advance by
calculation from a control curve experimentally determined and
15 stored in a memory. Thus, by way of example,.where a microprocessoi
or micro-cocmputer controlled cirquit is provided for dtiving the
K_) ' : stepping motbr, data for speed control is stored in a ROM. At the
time tyat the driving of the stepping motor is to start, a first
' preaetérmined stored.time periocd is read frdm the_memory_and at
20 the time that the first stored time pe;iod comes to an end, phase
change (driving) of the motor is performed and, simultaneocusly,
the next time period is read from the memoxy. This procedure is
followgd rééeﬁitively with the interval between successive phase
- changes following the program of stored time periods. In this

25 way, the motor speed is raised to a constant speed.



A driving force [err] required to rotate a stepping notor for onée step may
be defined as follows: [err] [err] + fu .. (1) 5 where x
represent s _the amount of rotatlon mis the mass of the | ecad, [err] is the
i yary to rotate the notor for the anmount x, -and fu irs the kinetjic
yorce of the load. Integrating equation (1) above, the follomnng
equationTs 10 obtained: [err] = %err] + fu |, .(2) \,f
During a constant speed period, the Tinme period of t he phase 15 change
required for constant speed rotation is set. FEach tine that the tinme

i od t b ted
Fo e The ot of iioh ePREC, ERIRIRY ¢ Tl BPRUGRRY Wal D [ ohont
above, the C%ﬁ%lngt&etp Hgfbge&%mege;{]\qgg yhhiase changes is stored in

menory. e noto ers ecel’eration condition, the first
calculated time period is read out of 4he nenmory. At the end of that first
ti me period, phase change isgef fegted a%d thg negt time peri@g is read out
fromthe menory. This proceduf® is rePeatgd until the notor slows and
finally cones to rest. 25 o open | oop control, where the
notor is to be advanced ‘only a slight increnental angle, half of a
predet erm ned nunber of steps or phase changes are used for accel eration
control and viterer gnEeptiengntst ehe amoenti el rétatidecal dsatheonasorifr che load,
Accor di ngly; the known open.loop stepping notor driving N
is the time necessary to rotate the motor for the amount X, and 1‘)

gg is the kinetic friction force of the load.
Integrating'equation (1) above,'the following'equatien is

10 obtained:

+ fu veal2)

During a constant speed period, the time peried of the phase
15 chenge required for constant speed rotatien is set. Each time that
the time period comes to an end, the'phase'is ehaﬁged. The above
action is repeated to drive the ﬁdtor at a constant speea.
During deceleration, as noted'abcve; the calculated time period
between phase cﬁanges is stored in memory. As the motor enters
20 the deceleration condition, the.first calculated time period is read
out of the memory. At the end ef that first time period, phase
change is effected and the next time period is read out from the
memory. 'This prodedure is repeated until the.motof slows and
finally comes to rest.

25 In such open loop control, where the motor is to be advanced
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5 met hods+are characterised by cal culated intervals of phase change
based on anticipated accel erati on and decel eration characteristics of the
steppi ng notor. However, this approach has certain disadvantages. Fi
vi bration during acceleration or deceleration caused by variations ig
powef-supply or vari-ations of the load 10 on the stepping notor i
prevgpted. Figure 1 illustrates tHT S Vi bration, wherein the ordinate
represents the step distance (increnental advance) of the stepping notor
whil e the abscissa represents elapsed._tine. Timpes. T to.T each
represent one of SPLY 8 SHGhfpingse ﬁéttaér?l’?%d ?arllrgc’f)eaf ipﬁa%etc?ﬂéﬁaagf’
advance. for 15 accel eratjon or_ decelerati cont ral S i he
7S FSE e PhetRRontT SrER TR ny bl bl

menory. Anot her Wh st eppi ng F1VI

that the speed of uld'SeRlANRG"GIB! 9{%g@gg%rrg@&qggaéi%ndéa'*wg. pul ses of

the predeterm ned {1 Mg peri riving system of the stepping notor

i's locked for a periodyg ortdk.ggly(,zghe knowt? opeh Efdlp! Stdgp2hy Rt aRlivifi@t the

i nterval between phase chang driving) of the Stepping notor is fixed by

the pre-cal gul at egedode DY RLSARBE: SLACEy NAlch AltRal MR rIsTH UBt phateCENSIGE
where the driving systemof the stepping notor is |locked. In US. Patent

Speci fication No.p2sd¥3n lakicfpdte@Sfstellofitidh and dpPEIRA2EL0H ERArat@¥kLeriker
a stepping notor is disclosed wherein, -4- after initial driving by an

external pul se, téag tnet Stegpingmoten. bpckewshathkiapsamchrioan aettaimsducer
comect ed to the output of the stepping notor, the transducer being in the
fo of an disadvantages. First, vibration during acceleration or deceleration
‘caused by variations in the power supply or variations of the load
1o on the stepping moﬁor is not prevented. Figure 1 illustrates this
vibration, wherein the ordinate represents the step distance
{(incremental advance) of the stepping motor ﬁhile the abscissa

represents elapsed time. Times Ta to Ta+ each represent one of

9
the predetermined time pericds calculated in advance for
15 acceleration or deceleration control and stored in the memory.
Another disadvantage of the known stepping motor d:iving
' method is that the speed of the stepping motor cannot respond to
- driving pulses of the predetermined time period when the driving
systém of the stepping motor is locked for a period of time.
20 This results from the féct that the interval between phase changes
(driving) of the stepping motor is fixed by the pre-calculated
time periods and does not take into account intervals where the
driving system of the stepping motor is locked.

In U.S. Patent Specification No. 3 863 118, a closed-loop

25 speed control device for a stepping motor is disclosed wherein,
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opti cal positi on detecting device. An adjustable time delay 5 is provi ded -
in the feedback loop for adjusting the effective swtching angl e or phase
change ,ﬂ-«- interval, the interval being in turn controlled by a .
corrpara whi ch conpares an external timng signal with the feedback

si gnal . ¢ present invention seekg to provide a speed-control device 16
for a Stpl ng motor for detecting and storing the time intervals betvvee\/

t he phase changes dur| ng accel eration and using the’ sane time intervals

reverse order t Qf? - P10k 5 QP%&%EA@WG& %%é%ld%gfé 7R roI or .is drive

The application o e p ase change’si gnal ed in response to

the later of theg,epdpboR ;rmdetﬁr Qe&akéauéern@or&%ewai 3NEh& due g}aeg pul se

representative of an incréenmental advance of the stepping notor, ereby the

af or ement i oned QieSenR¥aRS HELHoESS, PHENGABIudRE SngbLy tHaY sDEP VLT 2
driving circuit for the stepping notor having a diode for checking Inverse

current i nSertedpbﬁ&a&eng_moﬁxeéée%Tthﬂ?\ deRlite ANfln aGUEEMe iV Gahly Circuit
20 provided for controlling the supply of current to the excitation coil
of each phase, weepRviaed il the fdedbhtk lobp | foFead Fuss Phd TheSePINRIGON
circuit, an inproved speed control device for a stepping notor is achieved.
According to thewptasegt anglecat iphasthetiangestidie igveevallodha SpReTal QRling!
device for a stepping notor conprising: first detector neans for

produci ng ti m ngnpeiesontzplded byaki venpakatdry whicthe pemdaaiesaaly @xtermdl t he
stepping notor in a first direction of traverse; nmotor driving neans for |
advanci ng t he stéppinhgiomalowith tihedfesiback| sigpahs peri odically actuating

The presen; inQention seeks to provide a speed control device
10 for a stepping motor for detecting and storing the time intervals
between thé.phase_changes.during acceleration and using the same
time intervals in reverse order to control phase changes during
deceleration, ' The application of the phase
miy be. countroiiedi
change signa%{in response to the later of the end of a predetermined
15 time period and a timing pulse representative of an incremental |
advance of the stepping motor, whereby the aforementioned dis-
advantages are o;rercox;xe. i’-'efsr:\bé’ , by providing a driving circuit. '.;;
' foF the stepping motor having a diodé for checking inverse current
'inserted between an excitation coil and a current switching circuit
20 proQided for controlling the supply of current to the excitation
coil of each phase, where said drive circuit iﬁcludes a spike-
suppressor circuit, an'impro§ed speed control device for a stepping
motor is ‘achieved.

According to the present invention there is

25 provided a speed control device for a stepping motor comprising:
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5" said.nmot'or driving nmeans at least in part in response to said tinmng
pul ses during acceleration of said stepping notor, said speed contro
i ncl udi ng menory nmeans for storing the time intervals between resp
actuations of sai-d notor driving neans during.accel eration of sa
nmot.or, said speed 10" ° control neans being aaapted to actuate sai
dri whg neans during deceleration of said stepping notor at intervals which
are a function of the stored acceleration intervals in said nenory neans

appl i ed in reverse grdera, o§%g991%9tsgﬁ.g;ﬁtig§% it puPLQAYE) A eht 470

pul ses representative of the 1ncre- advance of said stepping

motor in a directiofs Qhel [RAMRLSH APRARINEE dO ch&thpbilg HbEACLhON £i88¢ d
speed control neans being adapted to detect the direction of traverse and

periodically to actgpdeReseh deNBifverdéi Wbbsk WA hedRATbr idAvELSIQNERE t O
the timng pulses fromthe one of said detector means associated 20 with
the direction of traseppifg Glotén} Gpaé®dnttb Mbbads pE¥Riceably astnatifspeed
control neans is adapted so that the intervals of actuation of said notor
driving neans duri ngpicieneter dridingbesansaat i deadt fimnpartonal respbase aoskaiad t o
the stored acceleration intervals. Said speed control neans may be adapted
25 so that the ivimngapelses dwtinatdcrrleafatdan sl steppinggnateanssaid - 6-
during deceleration are substantially equal to the stored accel eration

i nterval s. Alternat $reeidycontrohenasnseingiading apupryt npyisnfonwtoring the be

i gcrenental | y advanced over a short di stance w thout
time intervalsbetween respective actuations of said motor driving

means during acceleration of said stepping motor, said speed
10 control means being édapted to actuate said motor driving means
during deceleration.of said stepping motor aﬁ intervals which
are a function of the stored acceleration intervals in said
memory means applied in reverse order; énd second detector
means for pfoducing timing pulSes representative of the incre~
15 = mental advance of said stepping motar in a direction of traverse
opposite to the first difection, said speed control means beiné
K,) : adapted to detect the direction of traverse and periodically
to actuate said motor driving means at least in response to
tAe timing pulses from the one of said detector means associated
20 with the direction of traverse of said stepping motor.
Pfeferably said speed control means is adapted so that
the intervals of actuation of said motor driving means during
‘deceleration bear a fixed functional relationship to the stored
accgleratién intervais, Said speed control means may be adapted

25 so that the intervals of actuation of said motor driving means



a constant speéd period, said speed control neans is adapted peri odical ly
to actuate said notor driving neans in response to said timng pul ses
during acceleration of said stepping notor after an initial actuation of
sai d ~driving nmeans. Said short distance of increnental-advance of
said s ihg 10- - notor may be representéd by an even nunber of tini ng .
pul ses, id speed control means being adapted to provide a nunber of N
actuations to said notor driving nmeans including said first actuation equal
to [(total numberdwfingideicaernarionsarensukstiapbirilYc?BIRdnEAIChEIRILTER of
stepping notor)/2] + 1 during acceleration, 15 and being further adapted
during decel er at i anseleratdppatntes¥t¥f-not or drivi ng means at intervals which

are respective functions of the intervals between said first actuyation and
a second actuation afdter@ehEwlysitddesrise yheirasrth StRRREN: P¢SF the | ast

actuation during accel eration, plied ip reverse order, 20 . .so that the
nunber of act uati'iﬁ1§edtﬁqrﬁﬁe?f&}gge?_dé’laf‘ﬁ?fpi°§e5qau§g°’fto%fﬁﬂcﬁl “HERBEr of

tim I in desired i [ 1.
Sai o Spoed cont 1ot FRRFE, PRI BB oy netete R ShORE ATl O diskled

NS pr y 1'nclude ul'se generator

product ng per | o0 ¢ b6, 1 EGLa1d Ue50WRLGIns Beans TRAPEOLP! o 1O

sai d nenory meanst Tor e stor I'nterval” data to a val ue

representative of%%&g%hgtﬁlg% durliﬁgad-ccpfgryg@%h :glgt 841 st 4dgidgeans

actuation during erationand coupled to said pul se generator neans for
counting down thefahy, 2 flrdaf PERE1LEONCE QAL ITRAGS sRCE ML Ai0tns Rebhll the ()

next actuation |

Said shoyt distance of.ipcrementa; advance oﬁ said stepping

10 motor may be fepresented by an eﬁenxummer of timing pulses,
said speea control means being adapted to provide a number
of actuations to said motcr d:iving @eans:incluging said first
actua;ion equalzthota; eumber o? timing puLses in desired
incremental advance of steppipg motqr)/27 + 1 during acceleration,

15 and being further adapted during deceleration to actuate said |
motor driving means at intervals which are respective functions
of the intervals between said first actuation and a second
actuation and between successive actuations except for the
last actuation during acceleration, applied in reverse order,

20 so that the number of actuations during deceleration is equal
to ZYtetal number of timing pulses in desired ineremental advance
of stepping motor)/2/ - 1.

Said speed control means preferab;y includes pulse generator

means for producing periodic pulses; and decele:aﬁion eounter

25 means coupled to said memory means for setting by the stored

interval data to a value representative of the next interval
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of said mptor' driving means during deceleration is in response 5 to the
counting down t'o a predeterm ned | evel of said decel eration counter neans.
The speed control device may be in conbination with a stepping notor i ch
i ncl udes at | east. one pair of coils, each coi| of said pair having aéggist
end-comonl y connécted'to the first 10 end’of the other coil of t ir
and«w second end, a change in the coil being energized effecting a phase
change to advance said st epping notor, said notor driving means including

current sw tching ci We%nr%%% éﬁ%@ﬁ&%‘éﬁé yac%ﬁ%ﬁo%ddmntghge&QQQMOﬁngné)f

each pair of coils for -controlling the suppl urrent “15 to sa

coils, spike-suppresgay 1Qlir1£3“sh<§“’p%ﬂ§e %%HQ%%rbﬁééé\Ee?mS%Qan'éS&o&P@h&% nd
ends of said pai r of COI|S, and di ode connected internedi ate the secon

end of each coil of saidspadd chxtzQ:QJ hSardNge i ﬁﬁ:@@céd tBa€ WheChd xtS Wit i Bg
circuit neans for stopping inverse current. 20 2 -7- Figure 1 is a

wavef orm il |l ustratings tdagdvikdtort &R iAG mahé GRIPLAG JEBENralidya8 DY rdsponse
conventional driving nethod, the ordinate representing step di stance and

t he absci ssa reprsesemt ithg edwnpdngl downeto 8 predetermined Fevglireef 2aid d@celeration
fragmentary perspective view of a dot head carrier driving mechani smof a
dot printer having acsinggpimepngptor driven by a speed control device

accordlng to the present
The speed control device may be in comblnatlon with a stepping

Kyi motor which includes at least one pair of coils, each coil
of said pair having a first end commonly connected to the first
10 end of the other coil of the pair and a second end, a change
in the coil being enefgized effecting a phase change to advance
saiﬁ stepping motor, ;aid motor driving means.including current
switching circuit_mgans respéctively coupled to the_second
edd of each pair of coils for controlling the supply of current
15 to said coils, spike-suppressor circuit means coupled between
said first and second ends of said_pair of coils, and a diode
o, connected intermediaté the second end of each coil of said
pair of coils and the respective current switching circuit

means for stopping inverse current.

20

25



I nvention; Fi gure 3 |s atimng chart illustrating operation of ‘the. 10

dot head carrier driving mechanismof Figure 2; Figures 4 and 5 are timng
charts illustrating two enbodi nents of methods of driving the dot head v
carrier g riving mechani smof Figure 2 al ong increnmental shorter distances
than pRYFi gure 3;- 15 - Figure 6 is a block di&gramof a speed - .
contr evice according to the present invention; Figure 7 is a circuity®
di agr of the speed control device of Figure 6; -and Figure 8 depicts
wavefornms at various points in the circuit 20 ~of Figure 7. Referrlng
now to Figure 2, ard@iréeheails @awaveliorsriliustratenyathes mibxatiandef apri nter
conprises a stepping notor 1 having a timng disc 2 nounted on an out put
shaft | a of wshepsingppotey doiven b¥f ke conventgonhls dzr2ving pethpddetheni th a
plurality of radially 25 extending slits 2a therethrough, one such slit
general | y beir@inate- Ssppesentidadsten dastaincesand the csciash reprenedting ol ution
of the stepping nmotor 1. The distance between each slit is determ ned by

di vi di ng t heelapsadgtiéhesc i nto equal parts, correspondi ng to the nunber of

st eps necessary for one revol ution of the stepping notor 1. The
respectSive slits aFédeRd écied Sya%n&m @&FSE%Fﬁé"?l%eHg"%é‘t 8% Bead of
conventional construction, general on Si st n% of a |9ht SO rce such as
ali ght en11:FPFE}%T %yxng m chanism f a dot printer having stepp

motor driven by a speed control device'acccrding to the present Q:J.
invention; | |

Figure 3 is a timing chart illustrating operation of the

10  dot head carrier driving mechanism of Figure 2:

Figures 4 and 5 are timiﬁq éharts illustratiné two
embodiments of methods of driving'the doﬁ head carrier driv;ng
mechanism of Fiéure 2 along incremental shorfer distances than
in Figure'3;

15 Figure 6 is a block diagram of a speed control device
according to the present invention;

Figure 7 is a circuit diagram of the speed control device

' of Figure 6; and
Figure 8 depicts waveforms aﬁ varioﬁs points in the circuit
20 | of Figure 7.

Referring now to Figure 2, a dot head carrier driving
mechanism for a dot printer comprises a stepping motor 1 having
a timing disc 2 mognted on an output shaft la of the stepping

motor. The timing disc 2 is provided with a plurality of radially

25 extending slits 2a therethrough, one such slit generally being
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positioned. on'one side of the timng disc and a |light sensitive device such
as a photodi ode, on the opposite side of the timng 10 disc. The
‘detector 3 is nounted on a substrate or base 4. A plurality of noun

hol es are provided on the base so that it may be nmounted in a plur . of
posi=i ons di spl aced-in ‘the directi ong epresented by arrow AL Adriv gear
Sa i¥“nmounted on the shaft la.and is in driving engagenent with a driven
gear 5b. 15 The driven gear Sb is coupled for rotation with a

bel t-driving gegrovidedhfcrh eatipPerés” aquived 66r and fhvolabich bEnineg belt 6.
The other end of the timng belt 6 is supported on a freely rotatabl e gear
Sd. A dot headsteppieg mbtios Louhediilstahdre betweengebet ts1ht fizr dbedrmined

di spl acenent in response to the rotation of the stepping 20 notor 1. A
dot head 8 usabbe dividprd rthengimisg niisat dukco eqtdie pdots heatkaspondioy tor

di spl acenent thereby. In the arrangenent of Figure 2, it is possible to

det ect nore prethedupbenefpatins pecessarhcfodoondaavoehirn9f Thellstiepginche
reci procal_displ acement thereof,: by providing two detectors 3, 25

ei ther asSoci at BERF th tThe Sesrective $dits sre2detecyed by antongieriotype of

slits on the timng disc 2 or_a separate timng disc. This pernits

separ at e cont r oFi®f9: figteftep| hcsneravegtionad G%Stﬁéa‘iﬁ-%rﬁ?‘@l?afw each

direction of its di,splacenent,, either by alternative control of a common
speed control dgexﬁtiégé‘&%cﬂ?g%&%t Sources UGB ¥ &Y AILHEREndYSEe Figure

PG A T R T e e
sui table phase §hANGC sl PBLEEERER] o We U881 LOMa0%or SRL Ni0ER)
10 disc. The detector 3 is mounted on a substrate or base 4.
A plurality of mounting ho;es are provided on the base so that it
may.be mounted in a plurality of positions displaced in the direction
represented by arrow A. A driving gear Sg_ié mounted on the
shaft la and is_in dfiving enéﬁgement with a drivén gear 5b.
15 The driven gear Sb is coupled for rot;;ion with a beit-driving'
gear 5¢ which éuppo:ts_qne énd of and drives a timing belt 6.
The other end of the timihg_belt 6 is supported on a freely rotatable
gear 54. A dot head carier.7 is coupled to the timing belt 6 for
Lateriél displacement in response to the rotation of the stepping
20 moto; 1. A dot head 8 usablg for printipg is mounted on the dot
head carrier for_displacement thereby.
In the arrangement of Figure 2, it is possible to detect
- more precisely the.position.of the dot head carrier 7 during the
feciprocal displacement thereof,_by providing two detectors 3,

25 ~ either associated with the same timing disc 2, a different group



the dot head carrier caused by various factors. Accordingly, 10+ ,two
such detectors are printed;this is particularly advantageous where the
driving.frequency of the stepping notor is high. Figure 3.is a timng chart-
for a @_e_d control device according to the present invention as

partic fly adapted to the dot head carrier driving nechani'sm of Figure 2.
The left--15 most region of Figur® 8 represents a period 9 at which t’:g_é
stepping notor is at rest. Reference nuneral 10 represents the drive
starting tinme at _which the stepping notor is actuated for the first time.
Ref er ence nurRf &Hi8s| opetFhg SiPRG AEF i DQT A SEEREA at PRI TS ence hunmer al

12 refers to a period of constant 20 spe rive and_reference nuneral
13 refers to TRigePeTRItar sePazare SRRFERE °4 Trp%sgfﬁﬁém?fétr f’Sd%’eogﬂ'\g under the

control of the speed .conjrol device_as nmprg parti.cularly described bel ow

The st epping (0) el iﬁ SPRR ‘fﬁ‘ét%ﬂ gﬁ,%g#%acﬂ?}t,' fg&&fcﬁf ed wWith a
certain phase,,,a_selected one or mre 25 cQil.s t ei ng
ener gi sed. TH5EF %’a’tvg FRETS ? e?)fp ianﬁmonnis)?%erdo%%g%%r]fn%n‘)é ged%] %%?gjéneie nt, this

phase i s changed, . i 2rent |l kS | NQL,04 bei ng
Fopr oschted By Sh° BRSSRCenCREL (e FibnS B SRV AT S ARG

phase change JiolNntbs |4sSbe L il ddeliPsdd cubarkbtsls SCkHREORA Lhe 5
st eppi ng nmotor 1 (phase change) is effected and the stepping nmotor 1 begins

to rotate. Atgdeheas@iati tHrasid Reaphsents iahengedst dditable phssed | | be
nore particularly described below, is set to be actuated for nmeasuring a Q

timng pul se iHange \eimihg Chetwdhe tihat ewd/ Airf&iohsi & aeigrekal wlavbEtaseen
actuation or phase changes.during the constant o '
the dot head carrier caused by variqus'fécpo;s. Accordingly,
_ AR PRl s s adveatayecas
lo . two such detectorsl particularly[where
the driving frequency of the stepping motor is high.
Figuze 3 is a timing chart for a speed contfol device
accordihg to the presént invention as particularly adapted to
the dot head carrier driving mechanism of Figurelz. The left-
15 most region. of Figﬁre 3 repfesénﬁs a period 9 at which the
stepping motor is at rest. Reference numeral 10 represents the
drive starting time at which'the'stepping motor is éctuated for &;}
the first time. Reference numeral 1l refers to a period of
acceleration, reference numeral 12 refers to a period of constant
20 speed drive and reference numeral 13 refers to a period of
deceleration, all of these péridds being under the control of
the speed control device as more barticularly described below.
The stépping motor 1 is of the type which, when at

rest, is excited with a certain phase, a selected one or more

25 of the coils therxreof being energised. To actuaté the stepping
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10 speed‘control period 12. Waveforma of Figure 3 shows the timng

pul ses produced by the detector 3. If the first timng pulse [err] is not
ptoduced during the.tinme [err] as nmeasured fromstarting tinme 10, p e
change and therefore the further actuation of the stepping notor 1,@

ef f&ct ed upon the  output of the tim ng pul se [err]. In other 15 rds
dur®rg the accel eration period 11, .thé®imterval between phase changes is
determned by the later of the period [err] and the occurrence of the next
timng pulse. Sinmultaneous with each phase change, the tiner is reset to
nmeasure, once - afeF¥, =P HPTERREe ﬁé??’c?d’ Al thif, PDAERiF FRARsdur® FEEferitat ed

until the notor

e dition where, t ul se err S
produced duri ng ?ﬂe”ﬁr‘é"’%‘q&ef%ﬁ’heﬁ ‘%er? flé?’ﬂe ecl"lt"“-‘t ﬁ?@‘p
const ant speed contr eri o d se _chan e s ef ect ed at
the end of Ioeach B |§ﬁa‘fé’f'r‘]'av°lf%ﬁ%e—t§a§{] WSRF & BERTTS PPt St %he
end of the peri ri , S Lve time
25 i nt eraI g&f EJ tL edrth err ébet'argléén(%?'r‘%e SEar |ir?§ |(rir-'1t!:l 10 and

the figst ti g&é}i}iﬁg'm%%ﬁrei r(]thé‘Q dagh erS@éﬂcEEé Shat L4l ngﬁlﬂnéem%‘i 1

successive timng pulSes until “timng pul'se [err], respective are stored

in a menory as prymsPed tz‘o%H{:@r Ing é?é%&hb%geiﬁ‘ﬂhe-rﬁﬁéﬁ ié rEﬁahéEderé{aéjiegﬁy
be referred to as tinme [err] where m= 1,

above, in the cegsiiantbespeed p“&@kéﬂarmwdé&ri&a bbléﬁ, 4§ Us’lJ.t t:base Ebﬁzéﬂeﬁl ng
rg(se I's produced during the tine period [err], so that the notor phase
Fran

ge is effeckesl masitidgeactiffing rphlrserrﬁztraeﬁami [ ervhe, ihtevhl NEr ibetHg
reset at that tine. However, it is 10 possi blfe .that the ting pul se is
not produced durliltag;vahequveémchctuation or phase changes during the constant
10 speed control period 12, Waveférm a of Figure 3 shows the timing
. pulses produced Sy the detector 3. If the first.timing pulse tl
is not produced during the time tc as measured from starting time 10,
phase change and therefore the further actuation of the stepping
motor 1, is effected upon.tbe.output of the timinq.pulse.Tl. In other
15 words, during the acceleration period ll, the interval between
phase changes is determined by the later of the period tc and the
K/ ' occurrence of the next timing pulse. Simultaneous with each phase
change, the timer is reset to measure, once again, the time
period tc. The abo&e.procedure is repeated until the motor enters
20 the condition where timing pulse 'I'n is produced during the pre-
determined period tcf at this stage, the constant speed control period 12
is reached and phase chaﬁgg is effected at the end of each period tc,
since the timing pulse occurs prior to the end of the period.

During the acceleration period 11, the respective time

25 intexva;s tl' tz,...., tn;l between the starting time 10 and the



[err] because not or speed has decreased due to a rapid increase i'n notor
load. In this case, phase change is synchronised with the output of the
timng puI s _and the tiner is reset at this later tine, as is the case
during t cel eration period. During the 15 constant speed control
period 1 1e tirme interval between timng pulses is nbt stored in the =
menory, SO that const ant speed contryl -f or steppi,ng notor 1 can be achi eged
by repeating the above- nentioned process. Wen the nunber of steps.
(generally timng pul ses) from 20 the starting tine 10 reaches val ue
L-(n-1), wherfirktetjirhg pdiseprledaaebmeni sedfaf ixserbibwingf pitsepand equi r ed
for driving the stepping notor over the prescribed distance, the stepping
not or 1 ent ersicekssidec timingt P‘@ksqseumﬁd. t8ingnpulee Tecpl sespectavelani od, the
i deal brake force [err] required for one step of the stepping 25 notor 1
in the carri cape dténedngn e ORTPRS BB OFOLR gewfé-czlhw Bescribed beldgef i ned as
follows: 2 [err] = [err] - fu Q where m equal s the mass
of the | oad, Thesetidecinkerypls Mayche HeAEreft £0i 3f tARe HgnMasKe ® BduaPs t he
di stance that the nptor is rotated in one step during deceleration, [err]
equal s Yhe time:r r%tfu‘lred to decelerate over the distance x, and fu is the

kinetic friction force on_the |lo in this case the carcia Vin
nmechani sm 10 As no ‘%/\ﬁgﬂ gﬂt °°’(’§§‘ani% s??ﬁdeﬁ?’éﬁ‘@é %ﬁ@g ir j'?sp may
be expressed i?ss ufsvgall %’gt the timing pulse is produced during the time period tc'

so that the motor phase change is effected at the end of the time
period t s the timer being reset at that time. However, it is

10 possible that the timing pulse is not produced &urihg the period’
tc because motor speed has decreased due to a'rapid-incréase in
motoxr 1oaé. In this case, phase change is synchronised with the
output of the timing pulse and the timer is reset aﬁ this later
time, as is the case during the acceleratien period. During the

15 éonstant speed control period 12, the time interval between timing
pulses is not stored in the memory, so that constant speed control
for stepping motor 1 can he.achieved by repeating the above- &'}_
mentioned ptodess;'

When the number of steps (generally timing pulses) from

20 the starting time 10 reaéhes'value.L7(n-l), where L equals-the
predetermined total numbe? of steps required for driving the
- stepping motor over the prescribed distancé, the stepping motor 1
enters the deéeleraticn period 13. In the deceleration pericd,
the ideal brake force fsp required for one step of the stepping

25 motor 1 in the caziiage driving mechanism of Figure 2 may be



-

[err] = [err] . ... (4) 15 | f factors other than
kinetic friction force are ignored, the ideal braking condition is obtained
when [err] = [err]..Fromequations (2) and (4), the followi ng relationship
between [err] and, [err] is obtained. 20 [err] = [errt]l:
(5).~Accordingly, it- has been found that_there is a definite funcid I

rel =i onship, as indicated by equati 6n1%5'), between the time [er]

necessary for one step rotation of the notor in the acceleration 25

period and the élge err] Qg{ges.sary for one step rotation of the - 13-
motor in the cofP&®e8r3 HEIHES " r ed speed control during decel eration. If
the kinetic friction force fuis so small as to be disregardable, it is
possible to consider [err] to be approximately equal to [err]. Taking the
foregoing into considgratjgn,_ atdthe tine thatgb t hp(3l,ast phase change
is acconplished in thesmonstan%“;s'pqed control period, ‘{hetimer resets the
actuator for the tinme period F[er#®, expressed as a definite function of
the last time interval [err] of the timng pul ses getected and stored
during the accelgiAal hOSnReE Ok miks dFetRXRbba} i1ANcRis thES oFt e aliiRe
period F[err], the 10 ~ phase change is effected and the tinmer is reset
to the period Figivihg Béchanap fSéqQihlastie kilstdrcentinit the wokbE iisnketatrls
[err] between timing pulses [erf] and [err] of the acceleration period 11
as stored in thenmmensyep Aacingidegeleradinn ,Ng_{ heuabs aher timeoeqidre@do phase
nge is effected at intervals which are a fRinction 15 of the

i mterval s bet wedecdlegatd aver nghet dhetahde axid anfeff iissthet kimetge friction

force on the load, in this case the carriage driving mechanism.
10 When equation (3) is integrated, the time tép may be

expressed as follows:

ts = zmx seve ‘4)
P fu + £
sp

15 If factors other than kinetic ffictioq force are ignored,
the ideal braking condition is obtained when fsT = fsp. From

K equations (2) and (4), the following relationship between tsp

) and, tsr is obtained.

20 oty = ts,r\/_L = cee(5)
mx + (tsT) . fu
'Accordingly, it has been found that there is a definite functional
relationship, as indicated by equation (5), between the time tsT

necessary for one step rotation of the motor in the acceleration

25 period and the time tsP necessary for one step rotation of the
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pul se [err] and between the successive timing pulses [err];[err],...,[err],
taken in inverse order, all said tine periods having been stored in the
menory durj} the acceleration period 11. This process is repeated until
t he | ast change is carried out at the end 20 of the tine period
Flerr] whi a-function of the time period [err], bringing the <
decel erati eriod to an end. By-wuiartue of the above- described net hod,"*f‘f
~the dot head 8 of Figure 2 can be snmoothly driven through both accel eration
and decel eration wi thout being influenced by variations in the supply
vol tage or Vabtad i{@NEhd tohbe loFathe Aesired bpeadentraixfuring degedapidmt
quality can be realised, since the -14- print timng of the dot head is
synchr oni sed rgi the KiRetic Exrpétildhefddcel f isubs estadhdasiitbhbe lddstegrrdgble,
obtai ned by dividing the tine interval between the timng pul ses during
const ant spedd il ipessibite tpeq:dn;déenfts?qtmlbel epppchrindrely equal to t Men dot
head carrier 7 is increnentally travefsed over only a short distance, it is
necessary to drive Tekingtthgpforgonirdrinte ernsdierptdannathtmdeise ¥ME ti i ng
charts illustrated in Figures 4 and 5, wherein there is no period of
const arft speddie J@stsphasaichande dm 2eremphishednin thReCWSERPT (FRRDIOPERDYI d be
10 advanced over too great a distance if the constant speeg“ggr 'god S

5

i ncor por at ed Feriedre thcHESTroRfts Bhe prEates: X 1he e BT o 8 on
the actuating of the stepping nmotor in-an n- bered . number of st , in
this ex;rrp: e,gexSF?(s%etde%§.43\%38‘??&%1%6“%3‘8%?{\4&;%%?% ﬁﬁ?%ré"?il -lS e\aﬁii .I :ai} |
wavef orm d deéjfl %rtxé éiginé) %ﬁgeg tHiert]:.ggt:esc‘i QQ& lst%?’:e& ed?z&?&? nt:r.'ﬂ%dacceI.eira'l:i.cm '

period. At the expiration of this stored time period F(tn_l), the

10 phase change'is effected and the timer:is iesét to the period
F(tn_z), also expressed as a function of thé.tihe interﬁal tn—2
between timing pulses Tn-3 and.'rn_2 of the acceleration period 1ll
as stored in the memory. Accordingly, during'the deceleration
period, phase change is effecfed at intervals which are a function

15 of the intervals between the starting time 10 and the first timing

pulse T, and between the successive timing pulses Tl) Tz;""Th-l'

1
taken in inverse order, all said time periods having been stored
in the memory during the acceleration period 1l. fhis process is
repeated until the last phase change ;s.carried out at the end

20 of the time pefiod F(tl)'which is a function of the.time period ty
bringing the aeceleration périod to an end. By virtue of the aboye-
described method, the dot head 8 of Figure 2 can be smoothly driven
through both acceleratidn ané deceleration without being influenced

by variations in the supply Qoltage or variations in the load.

25 Moreover, extremely good piint quality can be realised, since the



& . .,
by arrowheads. Wien the phase is changed at a drive starting tine, as

i ndi cated by reference nuneral 14, the stepping notor enters an
accel eration period-15. The time period [err] between the starting tinme 14

and the first timng pulse is detected and stored 20 in a menory.
Phase change is effect'ed by the first timing pulse and the interval
betwsen said first timng. pulse and-t¥e-second tinmng pulse [err] i ored

~in the nmenory when phase change is next effected by the second timng

pul se. The foregoing process is repeated until the /(total nunmber of .
steps)/ 2/ + 1 'te¥iftduming of5the dotokeask apivnchrenised erifddthemisefofFi gur e
4) phase change is effected. - 15 - This narks the end of the

accel erati on perthgdtifgngnenkses FeyihHh theotiningRhtadnred Pyndeding the. I n
t he decel eration period 16, a nunber of phase_changes equal to /(total
nunber of steps)#Bf interpl betyeenghe %Pé“%fq“ééf%di,%‘r?'?ﬁ gﬁésﬁf’&nﬁ?‘?dof

Figure 4, two phase 5 changes. pecifically, a tinmer would be set at
a period which i%igefjdﬁ&??ﬁpgfg?‘iéq‘fﬁrgef‘?\%rvaI before the last tine
interval, Jerr], a ti i nferval . desi gnated as Flerr In_other words, the
stored ti ni peri od [e%]eniésc’q:u F39 5?55:%5 gegse?ﬁlcﬁe etnﬁ]énffertlro‘ﬁerésf?eorve\fhi ch

t he next phase ) f ‘ t ' ' Lor to
period [err], pgér;ﬁgg;[égrgff,Jisggﬁ%édgggisdgg%érgﬁﬁgggptﬁlgg%'ee?irtég s\/ﬁ%gﬁi’%e | ast
phase change is ghbecidecdrdabs W chodeE8eNhRd el del Bhddes! DLitisRPREQs 1gACh

oghe time periods during the acceleration period 15 is stored, except the
| ast period, angrigaeds Qf ahdS,Std:R4nPEIdrR08s ind PeBdd Hf IBUSESR 9p&lRd. 1O

determ ne the period between 15 phase changes in the decel eration
period 16 unti| Th@6etedudts OfrolnSthe fact that the stepping motor would be
.io advanced over too gréat.a di#tance if the constant speed period
is incorporated in the cycle. |
| Figure 4 illustrates a speed contrél based‘on the actuating
of the stebping motor in an even-nﬁmbered number of stgps, in
this example, six steps. Wé;eform € depicts the timing pulses
15 while waveform d depicts the phase change signai as represented
by arrowheads. When the phase is changed at a drive starting time,
&,3 _ as indicated by reference numeral 14, the stepping mbtor enters
an acqeleratiap period 15. The time period tcl between the
staxting time 14 and the first timing pulse is detécted and stored
20 in a memory. Phase.change is effected by the first timing pulse
and the inﬁervals between said first timing pulse énd the second
timing pulse tc2 is stored in the memory when phase change is
next_effected by the seéond timing pulse. The foregqing process
is repeated until thé Zjiotal_number of steps)/27'+ 1 'th (fourth,

25 for example in the embodiment of Figure 4) phase change is effected.



conplete. Figure 5 illustrates the nethod of speed control .utilised,where
the stepping notor is driven by an odd nunbered nunber of steps. In this
enbodi mep&,. the nunber of steps of an accel eration 20 -period 18 and a *

N period 19 are equal. The first phase change is-perforned at a
ing tine 17, at which time the stepping notor bedgins to rotate.
In the acceleration period, the tinme interval is,between the starting ti e
17 and the first timng pul se and befweRT successi ve timng pul ses

t hereafter is 25 det ected and stored in a menory. During the
decel erati on peri od, - 16- e tinme i rva s t tored are uti]ised as
the basis of Eh’es FRRES rﬁ?ﬁ o lon t?gt R r?°§ é§§?’§/€eﬁg%£&'§’c?‘féﬁ1§t3§ P1‘3rjrnﬁ"Jr'R§3er se

der. B wh yt | tati
necessary fof °f FRETRSAPAFRiTAE: o FRE Ss 5fmg%gape%d§bﬁ°orr?h§
d d dist f t h t 17,
three furt ﬁe?”wﬁdasa*erhﬁgssicéﬁ%%%?ee@???ﬁ?%% piindeBe el L LT
ffected. Thegp | th
'ghagg ghanges at I%§é$%£f§§éQ¥?%gg£%;§& errfﬁﬁg?gy?ﬁhqﬁgng4e?r gﬁ e°
processsi s i1 Lpialdedl edspblds £icailly, t@eﬁwmmwa&e afanéﬁEerrmenand the

phase change signals as represented by arrowheads in waveformf of Figure

S. In Figure &g 4 hanetich skown eiﬁpqademt beforde¥hE Qad€ Ckdi Dikdr@aife
present invention. The stepping notor 1 and the timng disc 2 are shown in
conj uncti on wn:tp TaV\/Qi@Qtﬂn@.arvéll HeShnhted as et S0LOrEn 3ehal wdras pehl coupl gdy
to a conparat of“3 Each det ector

stored time period tc2

which the next phase change is effected, and the time period prior

is utilised to determine the pericd after

lo- to period tcé; period tcl,.is ueed.to determine the period when
the last phase change is effeoted; e.period'represented by F(tcl).
In summary, each of the time periods dﬁring the.acceleration period
1S is stored, except the last period, an@ each of the stored
periods is used in inverse order to determine the period between
15 phase cheﬁges in the deceleration period 16 until deceleration is
complete. | . | ‘ -
Figure S illﬁsﬁrates the method of speed control utilised
where’ the steppxng motor is driven by an 0dd numbered number of
steps. In this embodiment, the number of steps of an acceleration
26 period 18 and a deceleration period 19 are equal. The first phase
chanée is performed at.a drive starting time 17, at which time
the stepping motor begins to rotate. In the acceleration period,
the ﬁime_interval is between the searting time 17 and the first

timing pulse and between successive timing pulses thereafter is

25 detected and stored in a memory. During the deceieration period,
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3, 3' produces an ,output signal when each slit 2a is in registration
therewith. The detector 3 is associated with the forward direction of
traverse of the dot.head carrier 7 while the detector 3' is associ &g\ Wi th
the reverse or return traverse of said dot head 20 carrier. v?-j’
conparator 30 disti-ngui shes between the two detectors by counting the
tim=ng pul ses fromthe rest positiodbat one end of the traverse, although,
in an alternative enbodi nent, the direction of rotation can be detected by
the order of pul se detection dependent euAaon the position of the respective.
detectors. 25 the Aiwrﬁnﬁgrm%gh%ﬁ Firared age it agd _Sr Bhe bagisiofethe
representative -17- of the position of the stepping notor, and _therefore
of the dot headtt2f PRE}CS REtVesd SyffiesEtVe ahase GHARIRS t &R MiNTEFSS OBt he

conparator 30. Start/stop signals and reset signals nay be respectively 5
applied to ternfhaidy ?é %ﬁﬂp% wRetH EFVET Sﬁ?%%é’ﬁf"éjrtr‘l‘&g L 5UFER Gr from the

conpar at or 30, i can produce sych signals_ in_respons 0 counting of
the timng pul s\rg%a%q?ﬁenercggﬁrypg?’éle&les %ﬁnf%tcf‘]'l ﬁa‘(')af §§r°‘€(§515u?telpﬁén?/ari ous
counters gnto | i tal, i e | t t f.Lhe

st eppi ng Fmtor%&%\gh%%grggp%hag%F%#%gp%é‘ﬁ%%lt E‘ga e?frlr%na 52
represents a ch ' ROM £\ ' e (o ter m . The
.reset signal at t %tthg?%{gﬁgﬁn%%ql'stﬂgggl e ?g %%Sﬁ'?éehraégg%,a%4g&%a§% to
reset these cougials,t@ " aRaQ% .ShidllraBOQS OmerlPd At floe1bpiin 1he

application of the%tar4? sign& to the ternminal 22. The start 15 si gnal
ag‘ff‘ ied to terneffdctdd Bys tA@RIppEtedtion ok theeephhaaé idbanges at intervals
defined as F(td3), F(tdz) and F(tdl). This process is illustrated
10 by the timing signals of waveform g!and_the phase change signals
as represented by arrowheads in waveform f of Figure 5.
In Figuré 6, there is shown a speed control device
according to the present invention. The stepping motor 1 and the
timing disc 2 are shown in conjunction with twq optical timing
15 detectors 3 aﬁd 3', both coupled to a comparator 30. Each detector
3, 3' produces an output signal when each slit 2a is in registratioﬁ
L/ therewith. The detector 3 is associated with the forward direction
of trayerse of the dot head carrier 7 while the detector 3' is
associated with the reverse or return traverse of said dot head
20 carrier. The comparator 30 distinguishes between the two detectors
by counting the timing pulses from the rest position at one end
of the traverse,although, in an alternative embodiment, the
direction of rotation can be detected by the order of pulse

detection dependent upon the position of the respective detectors.

25 A timing pulse signal, in digital form if desired, representative



]

circuit 23 which produces a pul se-output responsive to the change fromthe
"Low' to the "High" state. The output of differentiation circuit 23 is )
appliegsto an OR gate 60, the output of the OR gate 60 being applied to a °
pulseiéz}tribution circuit 24 which produces 20 a drivi-ng signal for
the st&dping notoer 1 which is shown as a four phase sfepping notor. Each,
pul se output fromthe OR gate 60 rauses an output fromthe pul se P~
distribution circuit 24 to a driving circuit 25, which in turn actuates one
phase of driving coils 26 of the stepping notor 1. Each driving signal

represents g RRERs2Bion ofCHRAN GRSl B6@H, hf dabredRet &€ thb eyt Nng not or .
The operation of -18- the steppihg notor driving circuit 25 is discussed

bel ow i n coa@cCtdAneW thhyFb8 Wl ida addas cutbubaietgisdlf 5bdyerhet 0 state here
that the current in the respective coils is turned "on" and "off" in
response t ccmparsbdzvBoOg signal. 5 = - __ Because of the actuation of
the stepping notor, the timng disc 2 advances so that a timng pulse is
generated by the steirefstnp Sigrralshand rapet isignals mhp ompsperttaveld0 as

di scussed above. A pul se generator 31 is adapted. to have its pul se output
cont r®l | ed dpplied gt permiz@lérdrand 2AMDeitliey €2om An externalrsounce b@

time, a pulse is generated by the pulse generator 31 and fed to the counter
33 t hrough &xemAND g&FEa%EPPrtiha yhieh cappercduge AuBhgaiamady seragpaniseé " Hi gh”
start signal fromthe term nal 22. The output of the counter 33 is applied
to a decodet® Saunidagt efi 6 pividdcenieest gite BeAPuP iitfedstaRPLisdn val ue Qf)
the counter 33 15 equal s, a perio%rLer%J as determ ned by the pul se
period of tcffgeﬁu‘f’% put the v;rious count into a starting condition .

simultaneous with the start of the stepping motor 1. Thé.start -

10 signal appliéd to the terminai 22 represénts a change in state ffam
"Low" to "High" at the terminal 22.--The reset signal at the
terminal 21 is applied to counters 33, 40 and 47 to reset these -

' counters to "zero" simultaneous. or immediately before the

application of the start signal to the terminal 22. The start

15 signal applied to terminaij22 is applied to a differentiation p—
citcuit 23 which produces a pulse output responsive to the change
from the "Low" to-the "High" state. The output of differentiation o
circuit, 23 i; applied to an OR gate 60, the output_of‘the OR gate 60
being applied to a pulse distribution'circuit 24 which produces

20 a driving signal for the stepping motor 1 which-is shown as a four
phase-stepping motor. Each pulse output from the OR gate 60 causes
an output from the pulse distribution circuit 24 to a driving B
circuit 25, which in turn actuates one phase of driving coils 26
of the stepping motor 1. Each dfiving~signal represents a phase

25 - change sufficient to actuate the stepping motor.- The operation of
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generator, 31 The output of the decoder 34 is applied to a differentiation
circuit 35 which serves to produce a pul se when the output fromthe @mcoder
34 changes froma "Low' to a "Hi gh" state, representative of the p Jgﬁe of
the period [err] .20 A differentiation circuit 36 produces a pu
out,put coincident"with the | eadi ng edge ©f each timng pul se, in other
“wor®€, when the timng signal changes froma "Low' to a "Hi gh" state. The
pul se output of the differentiation circuits 35, 36 is applied to an OR
gate 63, the outhetsteppivy chtéms dapplrigeditanis I tippeitissed bellow-ifl op 37
which in turn, produces one pul se when the output - 19 - of both

di fferenti ati oncenresgiios W35h Bigures fdnd Hor ét dheifbeswfifipigntototstate| i p-fl op
37 is applied to the pulse distribution circuit 24 through the OR gate 60,
wher eby the st eppfadhabtidie surzenst i the ¥erpeetinenseilis is Harged com” opndf
both the passage of the time 5 period [err] and the next timng pul se.
A differentiati OREE] F&ﬁﬁsmastrtedﬁb%ér&"w §é‘3’éﬁ}t'put in coi ncidence with
the trailing edge of the outgut pul se fromth fllg flop 37. At this tine,
if the oufput from poSFEauss f.t?heotc"t“ﬁéi?féesd'étte 5% ?%i“ﬁo‘t‘“"ﬁl'gwe tHmng ¢ he
count val ue of count ot t he out frontthe
differentiati onagfcr éu?‘?v%efssq ﬁ 5‘%#@ &F HPeF % PFﬁﬁﬁt"fh%
"12" out put of d s, coupl ed thro h_a |nver and an AND
gate 64 to the Wﬁ%‘hg Pu éo‘lfo tﬁe ‘%8 at°r4%t9 *Fhe Ei é%%ﬁﬁ to the AND

- ggte 64 being from thg ,ﬁfw PHecbELINAL s Yaablls £ t&vfelé«ﬁ% pukd Pegde

ough the dlfferentl on |rcu e output o
controlled by an output 32 from an AND gate 6l. At the starting

10 | time, a pulse is generated by the pulse generator 31 and fed to
the counter 33 through an AND gate 62, the other input to AND
gate 62 being the "High®" start signal from the terminal 22.

" The output of thé counter 33 is applied to a decoder 34 adapted
to produce a "High" output when the count value of the counter 33
15 equalé a period tc'as determined by the pulse periocd of the pulse
| generator 31. The output of the decoder 34 is applied to a
‘differentiafion circuit 35 which serves to produce a pulse when
the output from the decoder 34 changes from a "Low" to a “Higﬁ“
‘state, ;epresentative'of the passage of the period tc'

20 A differentiation circuit 36 produces a'puise output coincident
with the leading edge of each timing pulse, in other words, when
the timing signal changes from a "Low" to a "High" state. -

The pulse output of the differeﬁtiétién circuits 35, 36 is applied
to an OR gate 63;.£he output of which is applied to a ﬁ-type

25 flip-flop 37 which in tuzrn, produces one pulse when the output
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differentiation"circuit 38, when passed by the AND gate 64,.is al'so applied

t hr oug delay circuit 42 to a WRITE terminal of a RAM43. It should al so
be not Y (Dhat this signal is applied through an OR gate 65 as a cl ock :
circui t\"xp the counter 40. Al so, at this 20 time, the output of a

three-state buffer-41 is enabled, so that the output of*the counter 33, .~
representing el apsed tine for the gr_i_od_ bet ween phase changes, is appli el
through the buffer 41 to a data bus [err]-[err=] of the RAM 43. The period
represented by the count of the counter 33 is.read into the data bus at an
address 25 ] . Ofet e Af ata
T T B0 . ¥ pPERUPeREG ol cRtiaths) 38 £8P indieo L nRE SGRET
circuit 38 is apphbegh tNEPMIRTa; delaY: & pUide Ph1dd diberaheddn (@A Of
the counter 33 to clear the counter for the next cycle. 5 The
foregoi ng desceylgsh anecaR e ) WRErdtie tholdlebfihd hotdte 151 £ tepgedOt O 1
by one step. During the acceleration period 11, as discussed in connection
with Figure 3,imrRepérid E6rtte RESKRIcA LMDt theOfhiBaAgaLOUA®Winkr om t he
flip-flop 37 through the differentiation circuit 35, causing the fip-flop
37 to change Ifkriod ¢r amiathd @ekt ttiméng Ifugbe. out put. However, the second
actuation of the flipgeflop 37 required to produce a phase change does not
occur until the nexta|dZfersntddgioroivcuiitnBfprodyred ai puksecontgad, imt whi ch
poi nt the output of the flip-flop 37 changes from"H gh" to "Low' and the
count val ue ofcaimgidenne: witlgThestxgilingedgn af the output BPANSH3frem thescri bed

~above. The counter 33 is then cl eared and
flipr-flop 37. At this time, if the output from position "12" of

the decoder 44 is not "High", i.e., éhe éount value of the
10 _ counter.4olis not 12, the output pulse frcm_thg differentiation
circuit 38 is_input to.the counter 40 for up counting. fhe "iae
~ output of the decoder 44 is coupled through an inyerter and an
AND gate 64 to the "UP" termingl o£ the counter 40, the other input
to the AND gatg 64 being from the Q output terminal of the flip-
15 f}o§.37 through the differentiation circuit 38. The output of the
d;fferentiation circuit 38, when passed by the AND gate 64, is
a;so applied through a delay circuit 42 to a WRITE terminal of a
RAM 43. It should also be noted that this signal is applied through
an OR gate 65 as a clock Circu;t go_the counter 40. Also, at this
20 time, :he-output.of a three-state buffer 41 is enabled, so that
the output of the counter 33, representing elapsed time for the
period between phase changes, is applied through the buffer 41 to
a data bus Do - D7.of the RAM 43, The period represented by the
count of the counter 33 is read into the data bus at an address

25 as determined by the count of the counter 40. After the data is
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t he phase change i.s effected by neans of the driving pul se distribution
circuit 24. In"this manner, during the accel eration period, the caynt
val ues of the counter 33 between one step change and the next step, K
are successively.stored in the RAM 43. 20 ~Wiile the ¢ j
Figure 6 is provi‘ded with-only 12 ste{®s-in the acceleration period, this is
.meretfy by way of exanple in order to sinplify the circuit and any nunber of
accel eration steps may be incorporated depending on the characteristics of
t he stepping rm‘f@’-’-ﬁeEv@htPft%Bg“ﬁceF@ SLERRF PS Ghenpéfiarephiatier, 25

12 steps are nenorized in the RAM43. At the end of the step. -21-
change for the €4eRit P& L8rrPalied ShrpaIh or 8etasostiqudh S 2o Fif Che2Tecoder
44 becomes "H gh", a I%fi gg a signal- throggh t he invertegﬂrto the AND gate
64 to prevent tTFeméﬁgfi AtPOIFOSPEHIPI et FEE N FPORFOIRERE AN e 8F*Fhe RAM 43
and to the clock i.nput of 5 the counter 40. After the acceleration
period is over,clfcﬁg’l eadi ng edge of the respective timng pul ses, as

i ndi cat edzby t he out ' |, of . t | fferentiati | r.Qui ppears
earlier tliuan t he out S{'ﬁe %h?%%igﬁ ﬁfggé%% fgr %en Fg‘?% oér%géﬁ é%lgt I‘%}%Qiot?

_representative I Ng,0fnd .erg' Qe dfERd -ackBiddAeSogase, the
step change of %ﬁgthgt%p Ptﬁgbeﬁ"%t@gf llgf{s&befalrg?(e)f.ne ath"tahe éﬁﬁ :(L)%ﬁt E%&
predeterm ned pgoiied 1€] bk afiRubiéd 1hNoreBPRIdG1EDFAude B AR 164 2
constant speed. In the course of such constant speed rotation, if t o§ nuch
|l oad is appliedpdddebhso SlsCEPigigaticd @b dutphtefrcan 8 ELIPYEpt 3P AGYEugVEN 15
i t~the tinme period tc passes. This case is anal ogous to the

the differentiation circuit 35, causing the fip-flop 37 to change

10 from a “Low" to a "High" output. However, the second actuation
of the flip~flop 37 required to produce a phase-change does n§t
occur until the next leading edge of a timing signal is received,
at which point the output of the flip-flop 37 changes from "High"
to "Low" and the count value of the counter 33 is written in |

15 the RAM 43 as described above. The éounter 33 is then cleared and

: ;he phase change is_effected by means of the driving pﬁlse
distribution circuit 24, 1In this manngr, during the acceleration

~ period, the count values of the counter 33 between one step change
and the next step change are successively stored in the RAM 43.

20 While the circuit of Figure 6 is provided with only 12 steps
in the acceleration period, this is mgrely by way of example in
order to simplify the circuit and any number of accelerﬁticn steps

- may be incorporated depending on thg chafactgristics of the
stepping motor. Even if full_achleration is achieved earlier,

25 - 12 steps are memorized in the RAM 43. At the end of the step



L&

accel eration pe'?i od where the step change does not occur until the l.eading

edge of thg._- ext timng pul se appears. This makes it possible for the notor
speed to r nd to the predeterm ned tine period, albeit -after a del ay, ot
despite tRe plication of a load to 20 the notor. The notor enters the
decel erati control period when thgre are twelve steps'renmaining in thes™.

traverse of ‘the step notor. The transition to the deceleration node is il

achi eved by the "stop” signal at the terminal 22, which may be produced by -
the 25 CORRasqE @br 3hed Swdlis2aUSESR] ab@wetﬂﬁpqe'b&ufoakwon"&he & gnal at

t he - 22- termnal 22 is changed froma "H gh" to a "Low' state. This
change causes tA8 dutoRet 4aUbscodes DIESIgAP QAEGRGiRY adsidralceiugAt t1en circuit
39, the signal being applied to the differentiator through an inverter. The
pul se out put fineardeetslithecimigateiéintd preventitheuappliBatonapplguides hr ough
an OR gate 66 and through a delay circuit 45 to a READ term nal of the RAM
43. At the same thaTWRITEceamiiradseof ddwi RAM 43samsd|tectisd chyck Hapsowft er 40
which is coupled to address bus [err]-[err] of the RAM 43, and the counter
40 is iddexedthy ¢dwteppAO.cati on of the output fromthe OR gate 65 to the
clock 10 termnal of the counter 40. The data fromthe data bus
[err]-[err] at the 3&cexithd aepelesation pexjoddis wverie theukheading7edgei ch is
adapted to count down to zero. This counting is achieved through the output
signal s of th&EptheFegeertiye tindss prlsas e ApHRERd By SBYIPUERYAND gate 67
to the clock termnal of the_counter, 47. The.ofher 15 - input to the ANO
gate 67 is thégg’éﬁloﬁ'f ??egﬁé?f%ﬁené?frﬁ"ﬁafi"fk‘it :;J]' appears earlier than

the output pulse of the differentiation circuit 35 representative
10 of thé passing of the period t - In this'case,.the-step change
of the stepping motor 1 is perfoiméd.aﬁ'the énd'of the predetermined
period tc' so that the stepping moﬁor 1l rotates at a éohstant speed.
In the course of such constant speed rotation, if too muéh load
is applied to the stepping motor 1, sﬁep change may not occur even
15 if the time period t_ passes. This case is analcgous.to'the
acceleration period where the step change does.not occur until the
leading edge of the next timing pulse appears. This makes it g;)
possible for the motor speed to respond to the predetermiﬁed time
period,_albeit after a delay, despite the application of a load to
20  the motor.
The motor enters the deceleration control period when there
are Ewelve steps remaining-in the traverse of the step motor.
The transition to the deceleration mode is achieved by the "stop"
signal at the terminal 22, which méy be:produced by the

25 comparator 30 as discussed above. Specificaliy, the signal at the
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applied through an.inverter. The counter 47 counts down the predeterm ned
period until it's output equals zero as determ ned by a decoder 48. Wen the
out put of the decoder 48 becones "Low', a pulse is produced by a :
differentiation circuit 49, whose out put 20 forms another inpui.to the
OR gate 60 to produce ‘a phase change Ehrough the pul se distributifo A\ rcuit
24.~Fhe output of the differentiat of®circuit 49 is al so applied gh
the OR gate 66 to effect indexing of the address and the witing of the

t ent f th d ' A0, 2 " T ta i
Comtens o 41e BKaBEEs ditod 1k WAL, Pouour seape, ofE Sy
47, wh in d - t. d j | t 0. Th
47, aher o1 SounaSptad RE1J QLTES UL LeLAGROUP's MEDHGSOIRR O O The

~output of the PulsegendyalAl stinailBetnd UEher ¥ Q0USRSaL R SHEGRSS Ve phase

changes 5 characteristic o eration perrod 13 Figure 3.

Figure 7 shows Fﬂﬁog%\&\ngn@éﬁtﬁﬂt e Fllisel HORli £:5m? bndfaileBerehi ERPIGAT
notor 1 in detail. veforms f, g, hand i in Figure 8 represent the

wavef orns gt thecipeuit S97Bs kih1ied [theSbdte SROSK] igage |68t bRd ThirBudthe &éXagui t of -
Figure 7. As is apparent 10 froma consideration of Figure 7, two
i dentical circuidikcaie 43 evid@EAD elrinisdl i tHengaphBse At and gaveseindd, as
defined by the left-nost coils in Figure 7, the other driving phase C and
phase D as repregenaddrdys démiredgin sebed¢tedoby hencdunger 40/ whildie isvwepupled
circuits are identical, like elenents having the sanme reference nuneral, 15
oﬁ*l"y primed. A twaddrassgbus fgnhy &l the|Radt 43 wiand hthef counder v rist bpdexed
by the applicatién of the output from the OR gate 65 to the clock
10 terminal of the counter 40. The data from the data bus D,-D, at
the selected address is stored in the counter 47 which is adapted
to count down to zero. This counting is achieved through the
output signals of the pulse generator 31 which are applied through
an AND gate 67 to the clock terminal of the counter 47. The other
15 input to the AND gate 67 is the "stop™ signal at terminal 22,
applied through an-inverter. The counter 47 counts down the
W predetermined period until its output equals zero as determined
by a decoder 48. When the output of the decoder 48 beccmes "Low",
a pulse is produced by a differentiation circuit 49, whose output
20 forms another input to the OR gate 60 to produce a phase change
through the pulse distribution circuit 24. The output of the
differentiation circuit 49 is also applied through the OR gate 66
to effect indexing of the address and the writing of the contents
of the next address into the counter 40. -
(;'_’

25 The data in the RAM 43 which is selected.counter 40 is again

-
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coils is to be actuated. A spike suppressor circuit 52 is eonnected. across
the coils and consists of a pair of diodes 70, 71 and a zener diode 72. A
switching circuit 53 for closed-1oop constant current is common to the two °

%y, i s connected to 20 the commonly connected emtters of
transi-stors 73 and 74 of the switching circui't 51 for switchi rlg"
phases and B respectively. A co n swtching circuit for closed |oop pad
constant current may be provided” “phases A and B since the two phases
are never simultaneously actuated, in other words, current is never applied
25 at the sa i.me_baqth i k4 of phase
B. -. 24 -.sﬁ%eg’gvﬁg?cﬁ?w Ei £r‘f:)'uitw 2@%’% .Jgo‘%{)r?tro ﬁgﬁb y gﬁz%%r#?yf ci r(F:)ui t 54
i nsuring a cqpRst C lode | Sap S LMESN nd of
each of the %’lel gg%‘etf ?%.i‘%tcﬁ’ﬁg%?s‘? g aﬁgeB&gﬁgkﬁ%@agﬁ)?ﬁat ed 33“%% ng

transistors 73,44 dQtes RGN B9irg"¥Ed $815 signal Wukfik oFadle ullye nut ual
I nduct ance bet aiénc tﬁ%eecoi l's. Igignal I ?ﬁ a fl ;?Wneel ‘di ode 56 is provided

bet ween 'groun%n@e&lcémlsoma ResidRBedithehSusRisksvo phpbashadgend B. To
supply current to the coil of phase A - as shown by waveformh in Figure. 8,
the coid of phHASBcredistiOloss upPldeedlaaitiod Geriod Al bErRiguréil. the tine
[err] has passed. During the time [err], the energy in the coil of phase B
~is consunmed by the migjulte- ¥ Enpwe ther deiviagi ¢ixsBit \B%e fior Hiet codds[ 86 rdf has
passed, current begins to be supplied to the coil of phase A by the .
swi t chi ng ci rend stégpinghistazul risndetaidduaravefionns casgs b rhdthdocurrent [
reaches level [err] 15- . determ-ned by the switching circuit 53, a
transi st or 75Figfureh® represent the waveforms at the points marked with

corresponding letters'ih the circﬁit of Figu;e_?. As is apparent

10 from a consideration of Figure 7; two‘idén;iéal circui;s are
provided, a first driving phase A and éhase B, és defined 5& the
left-most éoils in Figure 7, the qther.driving.phgse C and phase D
as reéresented by the fiéht—moét coilé ih-Figure 7. The two circuits
are identical, like eiemenﬁs héviﬁg the same referegce numeral,

15 only ﬁrimed. A switchin§ circuit 51 selects which of ghe two motor
coils is to Se actuated. A spiké suppressor circuit 52 is L
connected across the coils énd éonsists of a pair of diodes 70, 71 ~
and a Zener dioée 72, A.switéhing circuit 53 for closed~loop
constant currenf is bcmmon to the two phases and is connected to

20 the commonly connected eﬁitters of éwitching trans;stors 73 and-74
of the s&itchinélcirﬁuiﬁ 5; fér switching phases A and B respectively.
A common switching circuit for ciosed loop constant current may be
provided for phases A and B Since the two phases are never

simultaneously aétuated, in other words, current is never applied

25 at the same time both to the coil of phase A and the coil of phase B.
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switching circuit 53 is turned off. As a result, the coil of phase Ais cut
off froma current source [err]. The energy applied to the coil of phase A
i*s consumed in the transistor 73 of the switching circuit 51, int coil,
and also in the closed circuit 20. of the flywheel diode 56, @
gradual | y decreases. - Wien the energy Jegches level [err], the tra&a tor 75
i s ¥rned "on" again and current applied to the coil of phase Ais
~increased once again. The above- nentioned action repeats in order to
control the curhenéwichihf ciobhitheBVaeRoherdileansy heéddtrol Tircuit 54  When
a phase change is to occur, in other words, when the -25- current is to
be cut off fromnghaswy & corithnt baragmd. el diedphss dsBintetposdd keevaeppr essor
circuit 52 actuates so that the current supplied to the coil of the phase A
reduces snoot hlopeasnd eéverdhnofichhef coilshdefirdnguphases A anfihg andi tie of phase
B is also constantly controlled 5 bet ween the current values [err] and
[err]. Furt herassetiatedr switching tthansigitegs of3 ,phafor cheghind iaverss so
constantly controll ed between the current values [err] and [err]. During
the time 3 err] curreal sausedt PEMutyaddindugtancerRetivgen; thricrblfce Finaddivent ed
fromflowng to the coil, as shown in waveformh of Figure 8, by nmeans of

t he di ode 55. fOle“heR&cﬁ‘tﬁenaﬁ 8 PRRYided sbetyepn groppd 3o8t Fhec CPBPTOf t he

circuit and it is possible to prqvid stable_switching circuit for

cl osed- 1 oop corfSP¥ ti@ﬁr?érﬁh.e %ﬁﬁfgc?g‘??ﬁl%af‘ﬁ R*hange readily the constant
current value by ch ng the |evel of  wavef.or sho i.n Eigure 8 between
[e&rT] 15 and [era#]ﬁgs?% ]tyhguﬁ’f)eﬁ’t%r B R ootk °gffhas \r%]'s AR REYn Y

unnecessary 10 . yeform h in Figure 8, the coil of phase A is not supplied with

10 current until the time tg has passed. During the time tgs the
energy in the coil of phase B is consumed by the spike-suppressor
circuit 52. .ﬁhen the time ts hag passeq, current begins to be
supplied to the coil of phase A by the switching circuit 53.
This current gradually incregses. If the current reaches level I1
15 'determined by the switching circuit 53, a transistor 75 of the
switéhing circuit S3 is turned of€f, .As a result, the coil of
phase A is cut off from a éur;ent sogrce Vﬂ. Thé energy applied to
thé édil of phase A is consuhed in the transistor 73 of the
switching circuit 51, in the coil, and also in the closed circuit
20 of the flywheel diode 56, and gradually decreases. When the energy
reaches level Iz, the transistor 75 is turned "on" again and current
applied to the.coil of phase A is increaﬁed oﬁce again. The above-
mentioned actidn repeats in order to control the current of the
coil between.I1 and.Iz.

25 .When a phase change is to occur, in other words, when the
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prepare special"nntér current sources. Finally, with respect to the.energy

out put of
vi brati g
of steppi
possi bl e
of maki ng

ptors. It is also possible 20 to reduce as small as

I nventi on andudessy ilbetb aleovet Ry Lxmi phdsd hearst epphegppbiai tocptase B,
where the stepping notor is driven over relatively short incre- nental

di st ances,

notor is thus m ni m zed so that extrenely good print quality can be
real i zed frorrcathivtcopltiof dheiphasepdredivers Smcotidysgembony irowaveions k. speed
control system according to the present invention. The tim ng pul ses

produced nay The ERIE@REER FBPFHAECE MBape iBndF Rfs5f cerriratie contFelfehe

heat generated in the coil. This may be realised by the ste
e constant  current valwesvariable so that the val ue nost
properly assigned in accordance with the rotation speed of the notor
used. In summary, the speed control device according to the present 25

is

he notor, it is possible to reduce, as small as possible, the
4qaierated by excessive input, which is normally a characteristic

>

- 26-
dethinemikeysuprgssor airstidps? aatubkes soptisat the bruarenh sopplied

di spl acenent of the dot head carrier. The vibration of the stegpln not or

usual | y? expemeEResR] ther FHFeat CBurSh0 A T - de%&]tEFﬁ{ iOf THhFeR

avoi ded.

Even

the stepp nga%#%rtﬁ°§h€¥%§5e@aﬁﬁar?ﬁ%p§'s'a?‘%% 5, PoiRiie Bkdten, ”‘at

renoved,

1o

15

20

25

L e BBl SRUL  oeeiot AR e TELS, b, URENEE 05, nase (s

never changecf GRETY

Il1ustrated %@8@&4@%& ﬁtu&ﬁeir%%me is prevented from flowing to the coil,

Im g pulgé i's pr

as shown in waveform h of Figure 8, by means of the diode 55.
Accordingly, there is no fear of destruction of the circult and iﬁ
is possible to proviae a steble switching circuit for cloeed-loop
constant current.

It is pessible.to change readily the constant current value

1
and I2 in the control cireuit 54. This makes it unnecessary to

by changing the level of weveforms shown in Figure 8 between I

prepare special motor current sources. Finally, with respect to
the energy outpﬁt of the moﬁer,.it is possiﬁle to reduce, as small
as possible, the vibratien generated by excessive input, which is
normally'a characteristic of stepping motors; It ie also possible
to reduce as small ae possible the heat geﬁerated in tﬁe coil.
This may be':ealised bj the_seep of making the eoﬂstant current
value variable so that the:value most properly assigned ih
accordance with ﬁhe rotatien speed of the motoi is used.

In summary, the speed control device according to the present

'inventiOn and described above may contreol the stepping motor, even

ccor |ngly,

t hig

T

e

&
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i nvention overcones the defects of the prior art. It shoul'd be noted that
the present invention is applicable, not only to the carrier driving
mechani sns of printers, but also to other devices incorporating stepm
notors, where it is desirable 20 to driuggthe stepping notor at °
speéd wit hout any*vwibriation through use of.predeterm ned steps, for
exahrpl e, magnetic head driving devices. Attention is dirtected to the fact
that this applicatiRréaser sesppifgtdotsr f1y aviNethopsOralit i1y ShoetiGhticrby
Application 25 No. 8423502. - -27- CLAIMS 1. A speed control device
for a stepping not (en€alN@issantgs, fdafihedidiye6hDy anbanstémy, pt adighi spgeeldi. M ng
pul ses representative of the-increnental advance of the stepping notor in a
first direction of wibazeremeof mhonotdri ¥$ npusesindmizrd advimati extreineld good '
st eppi ng notor; speed control neans-periodically actuating said notor
driving neans at | qednhtiquapaty cen beegpahizedt frapapddati pringepuirsegpeiatiing
accel eration of said stepping notor, said speed control neans incl uding
menory neans f@r stibosteRPingemtiofeand,pefRAfds CHRMTRG e StER REEPFHNTat? €I ons
of said notor driving 10 = means during accel eration _of said.stepping
notor, sai d speed GBREFY iAEHdOBei Fhe P8 PHS s R FIreeS BRY Boesd &P vi ng
means during decel eration of said steEpcié‘{]%grmtor at intervals which are a

t

function of the stdPegLiRats| BhaPFLHP PEAGHRTE 3 P nEtfo PYSRIBSRESMppl i ed

| n r,ever se order; %@dtgeecdggdheda%t gacagr%.rerne% vibration of the stepping motor
\!/ usually experienced during acceleration and deceleration can
10  be avoided. Even if too much loaa is applied to the stepping
| motor, so that the stepping motor is stopped duﬁing a driving
period, when the load is removed, the rotor begins to rotate
again. This is because.the'phase is never changed until a timing
pulse.is produced.
15 . Accordingly, the illustrated embodiment of the present
invention overcomes the defects of the prior art. It should
be noted that the present invention is applicable, not only
to'thé.carrier driving mechanisms of printers, but also to other
devices incorporating #tepping motors, where iﬁ is desirable
20 to drive the stepping motor at high speed without any vibration
through uée of predétermined steps, for exémple, magnetic head
driviné devices.
Attention is directed to the fact that this application
describes matter for which protection is sought by Application

25 No. 8423502.



15 for pr es representative of the increnmental advance
of said steppln not or i n a direction of traverse opposite to the first

directi ' MHHE nmeans being adapted to detect the direction
of travl \.‘ 0 actuate2said notor driving means at | east

I n resp t to 20 thetlmng pul ses .from the one of said detector neans:
associatad/wth the direction of travenampf said stepping notor. 2. Adrs-

speed control device as clained in claim1l in which said speed control
means i s adapted.so X peed tontrdledeal e @br acstiegpion mftogacwhpmdsong:dri vi ng
means during decel eration bear a fixed 25 functional relationship to the
stored accel er atfiigst idetectc peans fof ProfucingAt ipid@dpeknesr piprgeentative
claimed in claim2 in which said speed control neans is adapted so that the
interval s of .actdathorngfensaral mvancelrifviing sherrisgdratergiai@céixstation are

substantially equal to the stored acceleration intervals. 5 4. A speed
control device &4refwioneef ithaverfen 3o%ax G\Fﬁ‘{'}ﬁgl%aﬂﬁef‘tfaéé"mﬁé Wi d
stepping notor is to be increnmentally advanced over hort di stance

wi thout a chnst ATEPRIEBORF BRFess 5P r§ e%ec?néoﬁﬁrr’ﬁfh ¥s2qtaaning,sayd
periodically to actu;Cr sai d not or Jc_lrl\{__l ng I n_response tg sai.d timng
pul ses during 1§t FFEEHRT BEABH 3¢ Ex:t tp(?ﬁg HYy TRERBEeaF? eﬁm PR al

actuation of sai driving, ne eed control Vi ce .as
clained in clai ﬁu&se%%r\'i\’)ﬁ % agﬁ"?lcfra% % ° %I s?léiﬁ(szg pc?fm?nnf?rtgﬁénstal SRR Shce of

sai d stepping MQf,d:S oL SR ‘iﬁ@fﬁ&@g%e&?y%e%ﬂs”f&b@{o gt RenPul ses, said;

speed
interval,between respective actuations of said motor driving

10 means during acceleration of said stepping motor, said speed
control means being adapted to.actuate said motor driving means
during deceleration of said stepping.motor at intervals which
are a function of the stered acceieratien intervals in said
memory means applied in reverse order; and second detector means

15‘ for produeing'timing pulses representative of the_incremental
advance of said stepping motor in a direction of traverse
opposite to the first direction, said speed control means being T
adapted to detect the direction of traverse and periodically
to actuate said motor driving means at least in response to

20 the timing pulses from the one of said detector means assoc1ated
with the direction of.traverse of said steppihg motor.

2. A speed control device as claimed in claim 1 in which said
.speed contrel means is adapted so that the intervals of actuation
of said motor driving meahs during deceleration bear a fixed

25  functional relationship to the stored aeceleration intervals.
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15 control ‘neans. bei ng adapted to provide a n Lans to said
mot or driving neans including said first actuati mmmuﬂ“ﬂmm ’!ﬂal nynber
of’ timng pulses in desired incremental advance of steppl ng [ )[2 °
during accel eration, and being further adapfged during deceleration tiﬂl'
actwate said notor” driving neans 20 at intervals which are respectve
functfons of the intervals between said first actuation and a second
actuation and bet wegh SYCLaaal w6l WilviBD%LX e Ral B L0G, IASh AGLHALLGN
during acceler- ation, applied ih reverse order, so thaf e nunber o
actuations during d | heing ikl t nﬂﬁ? L
25 I n desi redgi n%e.eér?:%ﬁrggdﬁﬁgei%fadg&ﬁ%ﬁg@%t or ? éﬁeq{vaig rg6{| QICP%ﬁSE
speed control devi ces amigl @itBBidivifd deBhd du iWhideBeidi8tion ’a%g_sﬂ%?iaﬁt%%{]).i
i ncremental advance of said stepping notor is represented by an o nurber
of timng pul ses, seéishlspeatheCottireal adtraBsatdiI8hNthraddiLd so that the nunber
of intervals between actuations of the notor driving neans during
accel erati on equal s4t heAnspeedr cdntrol afeviiae evsvalsimeet e @DaRe 1URH ivBASH O | NY
decel eration, said speed control neans being adapted so that all of the
i nterval s between atheuszbsondend salié steppingimbrongsnenne fhdreRgntdiqe! fv@htaD
are stored including the interval between the first actuation and the first
timng pul se. 10 over a shogpedidteonsr wikthalwy rceommsant spasdl periadyy spiecedi ng
claimin which each. sai d .detector neans includes a disc nenber

junt ed for rotati ofPasf SAtOXMEPPF nif Aderfedaprrieditaidycta authareestidl |y

spaced apertures therethrough, and an optical
motor driving means in response to said timing pulses during

10 acceleration of said stepping eotor after an initial actuation
of said motor driving means.
5. A speed control device as claimed in claim 4 in which said
short.dlstance of incremental advance of said stepping motor
is represented Sy_an even number of timing pulses, said speed
15 control means being adapted to provide a number of actuations
to said motor drlving means including said first actuation equal
. to /[(total mumber of timing pulses in desired incremental advance
of stepping motor)/2) + 1 during acceleration, and being further
adapted during deceleration to actuate said motor driving means
20 at intervals which are respective functions of the intervals
between said first actuation and a second actuation and between
successive.actuations except for the last actuatlon during acceler-
ation, applied in reverse order, so that the number of actuations
dufing deceleration is equal to (Ttotal nunber of timing pulses
25 in desired incremental advagce of stepping mptor)/g7 -1,

6. A speed control device as claimed in claim 4 in which the



detector in reg1—st—|ha{—|—en—w_t_h_sa|d apertures for detecting the 15,

presence or a f said aperture as-said disc nenber rotates. 8. A

speed cgatrol mﬂiﬂﬂﬂim’ﬂmu E in any preceding claimin which said speed
I c *

contro ns g neans for- measuring the passage of a _
pr edet ed tinme period, said speed co®rol neans being ‘adapted for e
peri od |1y actuating said 20 - notor driving neans during the ot

accel eration of said stepping notor in response to the later of the
expiration of desiregrtncrgmental advrnGenet Feid RFeBRPS RRE U IFi EXRTEER N er et 0
of the next timng pul se, said speed control neans bei n&:%sa ted to reset
sai d measuri ngbWeam s pRbRRGE 5iRing PBISSSH SHAISPRASDFOHT O BHF™5 — neans
during acceleration. 9. A speed control device as clai rre%wi(‘n.an
precedi ng cl ai ReinE RARREPIS 8P FrefekRf &mIOan’éﬁﬁ?‘?]ﬁcgﬁﬂée ncB §?°'P'%ans
for counting the timng pulses frominitjal actuation, sai.d eed _control
nmeans bei ng ad2ptE® F%g%gfiﬁh‘fjé’gsﬂ?%nsrrg%}rngd?ﬁ/e SRS Eﬁﬁallﬁ‘gé --AtmBer

decel eration a ?g}’b%%?ﬂs ge@eseneg%tﬁg\né R Sée%ltra im,nga9&|s§§§? red in

i
defini ng the al 1'0n péri1 od speed contr evice as

claim9 | n whi eBuidg éé%‘é?%%\%%dggée% 56 QRRE 1 1BE Unel Bitdi48Ss Meween

accel erati on period, sired constant speed and a decel eration

period. 10 gt SRRet OBl lkolRaNT:heiREnadRRL R ddusidiacibe peri od of

constant speed control to actuate said notor driving means in response to

the later of saidrdy @Q@iﬁimﬁn@:@ § hEErRET beddhe@h & nb N1 r2@Xhetalliog apual se. 117
A speed control device as clainmed in claim 10 in which o

the first timing pulse. --

10 7. A speed control device as claimed in any.p:eceding claim -
in whicﬁ each said detector means includes a disc member
mounted for rotation by said stepping motor and having.
circumférentially spaced apertures theréthrongh, and an optical
detector in registration with said apertures for detecting the

15 presence or absence of said aperture as said disc member rotates. -
‘8. A speed control device as claimed in any preceding‘cl;im
in which said speed control means includes médéuring means for ;;J

meaéuring the passage of a biedetermined time period, said speed -
control means being adapted for périodically actuatihg_said

20 motor driving means during the acceleration of said stepping o

motor in respodse to the later of the expiration of said pre-
determihed,time period and the dpplication thereto of the next
timing pulse, said §peed control mean; being adapted to reset
.said'measurihg'meéns upon -each actuation of said motor driving

25 means during acceleration.



Q

15 sai d speed control means i-ncludes conpar at o ' ing timng
pul ses for deternining the initiation of dece?UIMﬁm.“HuuﬂﬂLM’Jee ontr ol
dévice as clainmed in any of clainms 9 to 20 11 i%h whiéh %aid c@er

means is an up-down counter for counting up3&t |east in part in response to
ting ng pul ses duri'ny-the accel eration period and for counting down "at .| east
in part- in response to notor driving nmeans actuation during decel erati on,

sai d up-down count & neaspedskicagtrdugeeidet 83s sdadmete inranynpaeeediby clafior
controlling the reading in to said nenory means during acceler- ation and
the witing out of isavhicheswid spesthsontrolngeanscitcdiudes greunter m@ans\ fopewriinting
control device as clainmed in claim12 in which said speed control neans

i ncl udes pul se genéhattimingardsesrfxppotniting astritdene ridsareedapentrol

decel eration counter neans coupled to said nenory neans for setting by the
stored interval daPga®%® beipg adaptgd,fo et fedd impsoprdniNe PRAPE dvrisgval

bet ween notor drivin ans actuation during deceleration and coupled to

sai d pul se generat SFQ?%EHE“?%F i %g td‘%\% AR} By the FPeH QEJtHAT T of
means bei ng adapte ued gg;_i t.he Qext act ua jon_of. said notor driving neans

during decel eratiof 151N Fesponss t6 the 19" P8eSThti ng down to a

predet er i ned | evel;yof Asgh?eﬁgggéﬁ%rlaggﬁQecgy'Ltlgf..?eraezilﬂsclam.génsgﬁfcg, g%gf regl

device as claimed in clai I'ncludi ng accel érati on counter heans coO

t %jalng ngg;srere 0eNCk ALy JUC5H kA" shBh TNy GOLEY e HiRebNE! %Qxefé}ntQrE%L?P 0
a period of desired constant speed and a deceleration period,
10 said speed contfol means being adapted during the period of
| constant speed control to actuate said motor driving means in
response to the later of said predetermined time period and
the next timing pulse.
11. A speed control device as claimed in claim 10 in which
15
said speed control means includes comparator
means for counting timing pulses |
\») | | : | : for determining the initiation of deceleration.
12. A speed control device as claimed in any of claims 9 to
20 11 in which said counter means is an up-down counter for counting
up at least in'part in response to timing pulses during the
acceleration period and for counting down at least in part in
-response to motor driving means actuation during deceleratién,
said up-down counter means being coupled to said memory means
25 - for controlling the reading in to said memory means during acceler-

ation and the writing out of said memory means during deceleration.



15 during accel erat | iting into said nenory neans a val ue

representative of a count upon the next actuation of said nmotor driving
means, 4 sp ﬁmmmu' bei ng adapted to reset said accel eration
counter m 1T B¢ tuati on of3lsaid notor driving neans. 20

15. A sp&éd controf device as claimed in claim14 in which said neasuri n@
' udes said accel eration counter neans and decoder neans for
det ecting a countt3of Asapekdacertrodadevicecas mleingdednsciadpr bsdntetiche of said
predeterm ned tine period. 16., A speed . control device as clainmed in any
precedi ng cl ai'm 88id speed coRBINarEans WinFhudesspeins agrerater mehRpeforncl udes
at | east one pair of coils, each coil of said pair having a first end
-32- commonly coRRRMCEATIRFTEARLT Plitesnand dechteidtier CuRte Redlfe cpERYedand

a second end, a change in the coil beingBenergized ef fecting a_phase change

to advance said §PeffitnBIRE¥ OS2 SafRF ST U PY ity SHREs LRYREFAYI G2 cur rent
ach palt of 5 coi P T OFLER FEPBPITRACEI SELPIS 0BT SREPTAk SO wSR 4 Ehi |,
of said parr of Barted slel AR AEART HECh AR b ool TR G of
Cirouit means T of Ribgeres Pk AR e otk oy b ARV Sl flleall L °0 "
claimed in clai Mdfedd]l WhHAENoeaid aaRpded SSIRBRESSR nbkd QUthatTRANSE isRE4 Udes a
motor driving means during deceleration is in response to the
10 counting doﬁn to a predetermined lével of said deceleration
counter means.
14. A speed control device as claimed in claim 13 including
;cceleration counter means coupled to said pulse generator means
for being counted up thereby and coupled to said memorf means
15 during acceleration for writing into said memory means a value

representative of a count upon the next actuation of said motor

driving means, said speed control means .being adapted to reset

t

Zener di ode coupl ed .

said acceleration counter means upon said next actuation of o

said motor driving means.

20 15. A speed control device as claimed in claim 14 in which
said me#suring means includes said acceleration counter means
and decoder means for detecting a couﬁt of said acceleration
counter means representative of said predetermined time period.
‘16. A speed control device as claimed in any preceding claim

25 - in combination with a stepping motor which includes at least

one pair of coils, each coil of said pair having a first end



gt its anpde‘to said cénrronl y-connected first ends of ‘ﬂ!‘m“‘!&“ﬂm“‘“‘ of
eat ho

coils and a pair of diodes connected at their respecti _ s % 0*each
gt her and to the cathode of said Zener di ode and each bein anect ed. at
its respective anode to the second end of oHe of said coil ¥d diode for
storitng inverse current being positioned between said spi ke-suppressor

ci redit neans 20 " and said switching circuit neans. 18. A speed control

device as claimed comdnytchhebted Wi @ aifdtyvheals dhodrned uphiebhehyeen
ground and said commonly connected first ends of said pair of coils with

the cathode ther eopag®uphes seeosdietlaf ia shafedsinofhet Bei X Bkl eRbrgizedld. A
speed control device as clainmed in any of clains 16 to 18 i ncl udi ng
cl osed-| oop const aaffexrtingrnd pheseshiunge mai advante Rid st2Ppife mbeve said
current in a coil actuated by said current sw tching neans between first
and second current mbeoreldsivi@. mearspércluddng ravrrehdy settcdubs tantuitl Imgams
herein described with reference to and as shown in Figures 6 and 7 of the 5
acconpanyi ng 8ir awi A¢@Rectdvely coupled to the second end of each pair of coils
for controlling the supply of current to said coils, splke-
suppressor circuit means coupled between said first and second
ends of said pair of coils, and a diode connected intermediate
the second end of each coil of said pair of coils and the-
10 . respective current switching circuit means for stopping inverse
current. |
17. A speed control device as claimed in qlaim 16 in which
said spike-suppgessor circuit means includes a Zener diode coupled
at its anode to said commonly-connected first ends of said pair
15 of coils and a p&ir of dicdes connected at their respective
cathodes to each §ther and to the cathode of said Zener diode
and each being connected at its respective anodé.to the second
end of one of said coils, said diode for storing inverse current
being positioned between said spiké-suppressor circuit means
20 and said switching circuit means.
18. A speed control device as claimed in claim 17 including a
flywheel diode coupled between grouhd and said commonly connected
first ends of said pair of coils with the cathode thereof coupled
to said first ends.of the coils. |

25 19. A speed control device as claimed in any of claims 16

to 18 including closed-loop constant current means for maintaining
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the level of current in a coil actuated by said current switching
means between first and second current levels.

20. A speed control device substantially as ﬁerein described

with reference to and as shown in Figures 6 and 7 of the

S accompanying drawings.

10



