N ) Y Rt
"I MPROVWEMENTS | N OR RELATI NG TO DC MOTOR DRI VEN SERI AL PRNTERS AND >
PRECI SI ON AUTOVATI C CARRI AGE CONTRCOL APPARATUS THERFOR', Thi s, |rnuﬁﬁ|GQT7C)§?:?
relates to DC notor driven serial printers and to aut omatic control

apparatus for effecting precision control of the speed of novenent of the
cafriage.of such a printer. As will be nore clearly appreciated 5

Iateréﬁ?ﬁ I nvention seeks to provide automatic precision carriage contro

appar afds of rel ativel,y | ow codt= hi gh performance and hi gh precision and
accuracy. The invention is illustrated in and explained with the aid of the
acconpanyi ng drawi.ngs, in-which:- 10 Figure 1, which is proviged

for purposes of prelimnary explanation, is a sinplified block diagram&f a
known phase- | oc legHphRAEMERDS 110 bR AIINTANG STONVDC QROTOR SDRIVENASERITALS advant ages

to be descri bed prairPERs ANDI PRECTEION AUVZOMATICNCARRIAGE CCONTROL/ APPARATUS

apparatus, i s alTHarEFOR" provi ded for QruFoses of prelimnary

expl anation. Figure shows the apparatus o lgure 1 nodified in

accordance with another invention nade by the inventor of the subject of

t he present invention, by the addition thereto of an acceleration feedback

| oop for elimnati gleTT e'%"é elate. & o6l Wroargjegegﬁﬁhl able to occur

with the unnodified p1ase control apparatus shown in Figure 1;

Figure 3 is an ®xphtera opd ta Micf Fenkrel| !92?5#-’&% ifog, e¥facting poses of

conparison, the 5aeedidn BSn&%?PQf‘S&eC%H@d Q2! BivdEntide the RaSEagoCked | 00p
control apparatds shown in gure 1 and the speed/tine response
curve obtai ned ©f such a printer As will be more clearly appreciated

5 later the invention seeks to provide automatic precision
carriage control apparatus of relatively low cost, high

-
/

performance and high precision and accuracy.

The invention is illustrated in and explained with the
aid of the accompanying drawings, in which:-

10 Figure 1, which is provided for purposes of preliminary

| explanation, is a simplified block diagram of a known
Phase-locked loop control apparatus which has certain
disadvantages to be described later herein,

Figure 2,which does not show a known apparatus, is also

15 provided for pruposes of preliminary explanation. Figure 2
shows the apparatus of Figure 1 modified in accordance with )
another invention made by the inventor of the subject of ' Y
the present invention, by the addition thereto of an
acceleration feedbaék loop for eliminating undesired

20 oscillation effects liable to occur with the unmodified
phase-locked loop control apparatus shown in !'iguré 1;

Figure 3 is an e‘xplanatory graphical figure illustrating,
for purposes of comparison, the speed/time response curve
obtained with a phase-locked loop control apparatus shown in

25 Figure 1 and the speed/time response curve obtained
with the modified control apparatus having an acceleration
‘feedback loop and as illustrated in Figure 2;
Figure 4 is a simplified block diagram of a preferred form



With the nodified control apparatus having an accel erati-on feedback | oop
and 'as illustrated,in Figure 2; Figure 4 is a sinplified block diagramof a
preferred form -2- of carriage control apparatus enbodying the present
invgntion; Figure 5 is a graphical diagram explanatory of the operation of
t he enbodej’r'r‘ent shown in Figure 4; and Figure 6 shows the enbodi nent o
Figure 4 in circuit 5 diagram form Like references denote |i k@jt\-s _
in the drawi ngs. Anal og-type apparatus 2rpl oyi ng a tachoneter gener r has
been wi dely used for the automatic precision control of the carriages of
serial- printers driven by D.C. notors. Digital type 10 detectors such as
r ot ar x—encoder of ¢anrdage cwotril appahtulcenbodping the (present degenrtidpnavai |l abl e
in recent years, and accordingly, control systens of the digital type '
utilizing such det efigeze Bate & gyaphicadrdiagram expdgratosy 9f theer carri age
control. Because of its good control precision and relatively sinple 15
circuitry, di g%aﬂ%@ﬁt?%@am&%toﬂ%iﬁmrﬁoﬁkéﬂdl oop type and

whi ch conpares the phase of signals froma settable reference oscillator
produci ng a ref er enE&IpFeELE gee shedinegt of Figpred LRi¥FABWi th that of
signals froman,encoder _driven by the notor has been used to provide

di gi tal sPgnal ﬁﬁmd??ﬂ'b‘tly swi t ching 20 vol tage applied to the notor

for speed and directiyg Qe DRYANPE LI p2led 15 G BLafSis.

Analdg-type apparatus employing a tachometer generator has

\

A been widely used for the automatic precision control of the

c_arriages of serial pi'inters driven by D.C. motors. Digital type
10 detectors such .as rotary ehcode’rs, linear encoders and the like
have bécome readily available in recent years, and accordingly,
cont.rol syétems of the digital type utilizing such detectors
have. found increasing usage for printer carriage control.
Because of its good control precision and relatively simple
15 circuitry, digital control apparatus of the phase-locked loocp type
and which compares the phaée of signals from a settable reference
\_/ oscillator producing a reference frequency depehdent on the speed
setting with that of signals fi'om an encoder driven by i:he motor
_ has been used to provide digital signals for directly switching
20  voltage applied to the motor for speed and direction of' movement
- control of the carriage.
. Figure 1 1_3 a simplified block diagram of a typical known
control apparatus as just deséribed for providing precision
automaﬁic speed control of a printer having a carriage 13 driven

25 by a D.C. motor 4 by means of a belt running over pulleys 14 and



Figure 1 is a sinplified bl ock di agram of a typical known control apparatus
as just described for providing precision automatic speed control of a
printer having a carriage 13 driven 25 by a D.C. notor 4 by nmeans of a
belt running over pulleys 14 and 3 - printing on.paper 15 The
i1l us ted control apparatus of Figure 1 includes a phase detector 2 for
. det ec@g the phase difference between reference speed pul ses appearing on
the oufput lead 6 of a reference esti<lator 1 and a train of
speed- dependent 5 pul ses whi ch appear on the output lead 7 of an
encoder 5 coupled to the D.C. notor 4 driving the printer. The speed . and;
direction of pointtingnomfpaphe 15.C. Thetidlustrated montodl agpayatassef t chi ng>
circuit 3 controlled by pulse signals which are f-ed over lead 8 fromthe
conparator 2 Eheunend inalpdey 3 phase fetestaraRi fox dptegring the-phasfence on the
det ect ed phase difference. Control systens as_illustrated by Figure 1 have -
been wi del y eﬁ‘bf-%ﬁféﬁcﬁéﬁéﬂgé“ HeESTERERSPERS RUISAR aPRRANiRg o1 She Mtput
oscillators s

'n the’ i nteor f@a  pF A e PR R ReEet o419 EMS Foepec doptpadtis' 121 °
e royabds t nBLth Fhi T 3PERE Fncrad BHRRL Ge8h 82 fp fel 9%{?" WEER |1 1y
(r)fel ;P?vrele;e;remgﬁ u'fggééels%g%érl%er e?"&re ge éﬁ%’fﬁ%a?@%t ?d Flf'parmun?!syof
heat. 20  HopeMilaei S0 Q¥ hiH. 00! nobbe! 8 @Sntdd1484 iy gdsmcﬁbgd’”e 1 have. .
circuit 3_controllea bf pulse signalsiwhich';re fgd'over lead 8
from the comparator 2 and the duty cycle of wﬁ1Ch varies in
1o,.'_ dependence on the detected phase difference. .

Control systems as illustrated by Figure 1 have been widely
empldyea_hecausé they have the advantages that reference
oscillators such as 1 and'ph#se comparators such as 2 are readily
available in the integrated circuit form and switching circuits

15 such as 3 can easily be composed of trans;stors: they are of
quite high control accuracy as regardg'the dont:olledﬂSpeed since
. this is determined by the stability of the reference osciilato: 1; \_,f
and the circuitry and the motor have only relatively small losses
and therefore generate acceptably small amounts of heat.
20 However, khowﬁ control systems as illusﬁ:ated by Figure 1 have
_ the disadvantage that their high control loocp gain, which cannot
easily be changed, makes them uridesirably liable to oscillate,
with consequent poor stﬁbility. This disadvantage-is particularly
troublesome in those cases in which the control system is used in

25 ~an apparatus for controlling the speed of the carriage of a serial



‘the di sadvantage that their high control |oop gain, which cannot easily be
changed, makes themundesirably liable to oscillate, with consequent poor
stability. This disadvantage is particularly troublesone in those cases in
“whi ch the control systemjs used in 25 an apparatus for controlling the
speed of the carriage of a seri al -4- printer designed for hig :
response since, in such a printer, the frictional |oading and the®
of the noving parts are kept |low so asdt=0 be small having regard to the
‘out put of the notor used. The practical result of instability is the 5
produetion of oscillatory effects which cause irregular dot intervals and
poor Ywrinting cerinker designad fop highpspeedcrespense aincecilnpsygh &rs of the
serial type designed to-print with high dot densities in order to achieve a
high quality ofPg3nkeri the fxickienml leadiagoand ghefinentis cSLCERR BOVRT
elimnated by a 10 sufficient reduction in the control. | oop gain, the

adoption of thiRSTERRRA BAPE IGH) 80 i3ty ER he FRALIORFVIG EREATAaER FeofpiNEat i on
of the. aut owat 19F SHRHER G SHRcPTARARRD eshLt E KhekEHY ERcensi ot
S L1 DESeT L AP S RO WOl B T
i fects i n the Btekyafyind JORBETRSALONT STy VALER LOMR Bflrerf Bld)

5\ inple circul trypwWybeh $ReklsS e [ oS sbfladiCe il Bedidrd@ o print with high

~ _ dot densities in order to achieve a high quality of printing.

Although the_above difficulties could be eliminated by a
) 1o ~sufficient reduction in the control loop gain, .the adoption of
this expedient would involve not only undesirable complication
of circuitry but also considerable reduction in the precision and
accuracy of the automatic sp_ud control.
The inventor of the invention the subject of the present’
15 application, has made another invention (which a Japanese Patent
Application No. 56~-9974 was filed to protect), which sought to
\_ improve stability and suppress consequent undesirable oscillatory
effects in the carriage controlling apparatus by providing
additicnal simple circuitzry which enables this to be done without
20 lowering the loop gain. Figure 2 is a block diagram illustrating
this other invention. In Figure 2, the difference signal
appearing on lead 8 from the phase detector 2 is coaverted by a
circuit including a low-pail filter 9 into an analog speed signal
which appears on lead 1l and which is then converted by a

25 differentiating circuit 10 into what may be termed an acceleration



20 |'owering the loop gain. Figure 2 is a block diagramillustrating this
other invention. I'n Figure 2, the difference signal .appearing on | ead 8

- fromthe phase detector 2 is converted by a circuit including a I'owpass -
fiiter 9 ;nto an anal og speed signal which appears on lead 11 and which is

then c rted by a 25 differentiating circuit 10 info what may be
ter med “accel eration -5- signal which appears on lead 12. This

accel eration signal is enployed to 4mgdul ate the frequency of the output
signal fromthe reference oscillator 1. The control systemillustrated by
Figure 2 is- functionally equivalent to a speed control apparatus 5. -
conprising an apglalgwiidicapbedrachbniiieag 2. aThis aceélantiaediagnil lisop, aaél
has the advantage that it inproves stability wi thout reducing the rapidity
of response anemployedptemodulateatbe direquarcy ph thesewthutysigmalpinse- | ocked

| oop control apparatus of Figure 1. Figure 3(a) shows at 16 a typi cal
speed/ ti ne respbhereference perillator lp pThe cohteiedystegpitnatrated pyar at us
as illustrated by Figure 1, and Figure 3(b) shows at 17 a typical

- speed/ time resBéIrre gu#wémeu%&tmvmrﬁe@ssaseq PRl RBRRUMUE| gur e
2. In both Figures 3(a) and 3(b), the horizontal |ine 18 represents a speed

setting PmeanscPERris Sﬁ%g\“ng“? SR s RFuRinG A2 AtteleRgtirn feedpack
Figures 1 and curves, il]ustr te chan es of d occurring
foll owing an i i%?? t c%ﬂ L P ‘Y‘I‘gg ﬁ‘c’é’ ®speed
setting signal §8 u t“ﬁwﬁeeo‘ Pg:esgoxlzsse %RB'nigﬂ precifibn B8 SPR3LEN

froma conpari

/7

possessed by the phase-locked loop control apparatus of Figure 1.
‘Pigure 3(a) shows at 16 a typical speed/time response curve for
10 | a phase-locked loop control apparatus as illustratéd’ by Figure 1,
and Figure 3(b) shows at 17 a tﬁpical speed/time response curve - |
for a control apparatis as 'illustfatéé by Figure 2. In both
Figures 3(a) and 3(b), the horizontal line 16 represents a speed
setting (means for changing the speed setting are not shown in
15 Figures 1 and 2) and the curves illustrate changes of speed
occurring following an initial stopped condition at an initial _
time O when a speed setting signal for the speed setting 18 is | \J
applied. As will be apparent from a compariscn of Figure 3(a) - |
and Figure 3(b), the difference between the two speed/time
20 . characteristics lies-in the elimination, from Figure 3(b) of the
. oscillations present in Figure 3(a), the two characteristics |
being alike in other respects.
.Before proceeding to description of the present inventiocn,
it should be pointed out that the apparent overall printing speed

25 . of a serial printer can be substantially increased if the control



and Fi gure 3(b), the difference bet ween t he two speed/ ti ne 20.
characteristics ligs insthe elimnation, fromFigure 3(b) of the ,
oscillations present in Figure 3(a), the two characteristics being aléi ke in

ot her respects. Before proceeding to description of the present iny I on,
It should be pointed out that tfe apparent overall printing speed 25 of
sa serial printer can be substantially increased if the control -6- "of '

the carriage is-such as to cause it to nove at high speed during intervals
7, Ui h 10, At oG £ Wb ABCLeECYd BRI B abaBRREC, o
2 control appar at ST al ARtemveldH e Qi Seiil B LERiGea ' L cr®
imes 10 cause the race vy RS hel St B8 PRimeliy L 1188 o Bndinsit

necessity of provifiidng dhrt posHBEHANIER! erlskdl0 1l MindCL{ D brbnPUr POSE.

~According to one aspect of this invention an automatic precision control

appar at us § or t he ifivdritiiag cseeks darlonG- omEO&#'&!?w'ﬁfmpiid&;%&oi ncludes a
phase-| ocked | oop speed control circuit including an -accel eration-dependent

frequency 15 appatiaitas i wiiichdadbas kinpeoedVana hrapRd UteiipBhisd A Efildes
frequency of a settable source of reference oscill-ations the phase of which
_is conpared with when thasearxiiage gpeed iar peljiizddbyo be Sie@uoed, and which
\\/ ' operates at such times to cause the required lower speedto
be rapidly attained without the necessity of providing a
10 . mechanical braking device for the purpose. |
According to one aspect of this invention an automatic
precision control apparatué for the carriage of a b.c. motor
driven serial printer includes a Ipha'se-locke'd loop speed )
control circuit includin§ an acceleratim-deéendent ftequgncy
15 - modulation feedback loop which modulates the set frequéhcy of
| a settable source of reference .oscillations the pl#se of which
| is 'compared with the phase of signals broduced by a .siénal l- |
'generator driven by. the motor to prqduce phase difference
represéntativa_ simls which are converted and fed into said
20 settable source of refez;euce'osc:l.l..zlationsz.' and a mode selection
circuit to which phase difference representativé signals
are supplied and which includes means for producing a braking:
‘effect on the motor by reversing the _poia:ity of the energising
voltage supplied thereto in order to reduce the speed of the
25 carriage rapidly when the mode selected involves reduction of
. the curhge speéd. . | |

According to another aspect of this invention an automatic

precision control apparatus for the carriage of a D.C. motor



generator driven,by the notor to produce phase difference representative
signals which a~ converted and fed into said 20 settabl e source of
neLerence oscillations; and a node selection circuit to which phase,
/dlffer e representative signals are supplied and which includes neans for
produ1§§§ a braking effect on the notor by reversing the polarity of the
energ g voltage supplied thereto in order to reduce the speed of the 25
carriage rapidly when the node seleted involves reduction of the carriage
speed. According to another aspect of this invention an automatic preC|S|on
control apparatus for the carriage of a D C. motor  -7- driven serial >
printer includEiven seghal Rrdntemiorleiesy ansigpal generator dxivet babthe 2t
ref erence OSC|IIatory source, phase conparing nmeans for producing si.gnal s
represent at i v@o5PT¢ P?esﬁﬁ‘a%@d?ﬁ%%%é’sﬁ&mmmr ghgse | croppvingsai d
generator and sggnals fromsaid 5 source, nmeans for differentiating

sai d phase di MeBPRFOF Pﬁf"&%ﬁ%ts&ﬂ‘@%’ §e§ﬁ%§e§‘tﬁ‘5’-‘tﬁ Sfuthe phass &iffexsnce
representativ nal s_a tiljsin sane to nodul ate the set frequency
of IOsa| d sour cg’éﬂgﬂm th Eﬁﬁltﬁjffg‘g@@ﬁgcqeéﬁzﬁ?’&mrﬁgnﬁkm s e
conpar mea he voI | S lied 10 to the
m)':n;r :a% whi c%%“g% e?‘%‘élsego 'Q&é MI%’ tig}tﬁf ?ﬂfjﬁ%g@ﬁ%%t of the '

ot o ARReREbER P%‘c‘%’%“% UL Mo E RN o R i e by

reversi ng t he sﬁgnﬁd Ta)id %ﬁ*ﬂ&u@kﬂ& same to modulate the set frequency of

said source, a switching circuit subjected to control by said

phase comparing means and controlling the voltage vhich is supplied
10 to the motor and which determines the speed and direction of |
movement of the carriage, and mode selection means including means
for producing, in accordance with the mode selected, a braking
effect on ;the. motor, by reversing the polarity_ of the motor
ene_rgising_ voltage therehy_ slo_wing the carriage quickly.
15 Figure .-4 is _a simplified block. diagram of one embodiment
| of the pre.sent invention. As will be seen from a comparison of
| Figures 2 and 4, there is added, in Figure 4, a mode selection -/
circuit 19 interposed between the phase detector 2 and the
switching circuit 3. 'l‘he reference oscillator 1 reoeives at 24
.20' "~ - input signals which sexve the purpose of changing the reference
oscillator frequency in order to change the speed setting
| _'l‘he output frequency appearing on lead 6 from the oscillator 1
is determined by the speed setting signal supplicd to the
oscillator l at 24. If a speed setting signal is applied at 24

25 . to change the speed setting to a higher speed than that which



“energi sing voltage thereby slowi ng the carriage quickly: 15 ., Fi gure
4-is a sinplified block diagramof one enbodi nent of the present invention.
As p#i| | be seen froma conparison of Figures 2 and 4, there is added, in

*Figure 4, node selection circuit 19 interposed between the phase detector
2 and the switching circuit 3. The reference oscillator 1 recei ves(%m 20
i nput signals which serve the purpose of changing the reference osc at or

frequen in order to change the speedgsetti ng. The out put frequency
appearing on lead 6 fromthe oscillator 1 is determ ned by the speed
settifg signal supplied to the oscillator 1 at 24. If a speed setting.

si gnaksi s appl i ek aetXeftire applicatitangf sfdid signad s ghikiseepdvancedi gher
speed than that which was set before application of said signal a '
phase- advanced sigpad| apgsassaren chet dutputit Jaad BeofubmStiie ehasd alephetar det ect or
2 (when the phase of the oscillator output signal on lead 6 is leading with
respect to that (¢iex tfhe ghesecdf She Racidiafing cutput signal| emderfl 6 dsd i s

suppl i ed through the node selection circuit 19 and channel 20 to the

swit chi ng ci r cuttadingowith: respect: fR WakRf Fhe ehcsfed PusPut (REIRBL A 4 to the

I ncreased_speed_now_set. On the new, higher, speed setting accurate_and
preci se control 1838 The 3% &F Wppiied é*”ég‘fﬁ’f fRe BAds m*&aﬁé%ﬁpl atory

10 e o HEUS, BAE B S0l e R BB, B 50500 ] freh™
LD 1 a0 | B8 eablf cHTERY pRELE (8 Bl e il el 0 TO0Ce
N On the new, higher, speed setting accurate and precise control
of the motor speed is obtained and undesirable oscillatory
10 effects are avoided by an .automa.t:l.c control process which is the
same as that already described with reference to Figure 2.
If, howgvgr, there is appplied at 24 a speed setting signal which
is such as to reduce the set speed to a lower value than that
prevj.ously.set, a speed reduction sigﬁal is applied to lead 25
15 at the same time that the new (reduc_ed speed) setting signal is
-applied at 24. The signal fed in .at- 25 is applied to what may be
\_ called a 'fbra_king" £lip-flop 23.and sets it, causing it to produce
on lead 21 an output signal which causes the mode selection
circuit lé to switch its input over from the lead 8 to the lead 22,
20 on which appears a phase—deiayed ‘signal (when the phase of the
oscillator output signal is lagging with résp'ect to the encoder
output signal on lead 7). This causes reversal of the polarity
of the input to the mode selection circuit and a braking effect
rapidly reduc:l.:ig the speed of the carriage is cbtained purely

25 electrically because of the consequent reversal of the polarity
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previously set, a speed reduction signal is applied to |l ead 25 15 at

the sanme tinme that the new (reduced speed) setting signal

The si
fl i__Q-_f

I.s applied at 24.
at fed in at 25 is applied to what nay be called a "braki ng" '

.23 and sets it, causing it to produce on l.ead 21 an output signal

Y¥ses the node selection circuit 19 to switch it.s i nput over from
-8 to the lead 22, 20 on whi ch appears a phase-del ayed si gnal
(when the phase of the oscillatgpr output signal

is lagging with respect to

t he encoder output signal on lead 7). This causes reversal of the polarity
of the input to the node selection circuit and a braking effect rapidly~
reduci ng the spgedeef vbivageasipplgedit® abive rthel pptoel \AsP?Ehe phaseectri caWy
because of the consequent reversal of the polarity -9- of the voltage
suppl i ed to dri savintednsignal S\dst engrated-whad\thec adtex gpeed decomerener at ed
when the notor speed becones |ower than the speed setting, the flip-flop 23
is reset to effdowerswhan tihegspeed Bettinde thel Siip-dlopidT iBtrepstitny effect
re-entering the 5 control node existing prior to braking. As will be
seen, the contr ewitshdngetn thetmodehsekaction [girenit dfnfoxr rprepteEing ¥ during
accel eration as during deceleration is obtained. FEigure 5 graphically

“illustraes thecontnod: mede; exhsteing: Briory ta raking: Afcwidicbe saepyithgs are

changed.

f a speed 10 . settin signal a gjli%ed at 24 _is changed from.
level 0 to | eveFonerod ensyregethat 9&?&9‘ Falya e fRee RRRCPET | ed by the

cont r ol

apparatus increases froma éevel

10

15

20 .

25

during acceleration as during gecte(ieraflon 4is obtained. -
Figure 5 graphically illustrates the operations which take
place when the speed set:f.:i-.ngs are changed. If a speed
setting signal applied at 24'is changed fron level O to

level 28 at a time 31, the speed auccﬁaticany'cont.ronea
by the cdntroll'app'ar—atus' iricreases from a level 0 to

'a level 30 as shown by the curve 26..If,at a time 32, the speed
setting signal at 24 is inéfeas'ed to a 1ev‘e1'27',' the speed (see
curve 26) automatically controlleéd goes up to a level 29.
If, at a time 33, the speed setting signal at 24 is reduced to

the level 28 again, the autcmatically controlled speed is

' reduced tothe level 30 as shown by the :Eull line cutve 26.
The broken line 34 shows, for comparison purposes, the way in

' which this speed reduction'-w‘ouid'éccur if the circuitry in Figure
4 additional to that in rig'ure 2 were not prov:l.ded "i.'é.'-, without

" use of the present invention. It will be at once apparent that
the time taken to effect speed reduction is much longer with
the broken line curve 34 than with the full line curve.

| The remainder of Figure 5 shows, at 8, 22, 25 and 21 signals

“a

<



‘a level 30 as shown by the curve 26. Ifat a time 32, the speed setting
signal at 24 is increased to a |level 27, the speed (see 15 curve 26)
aut tically controll'ed goes up to a level 29. If, at a tinme 33, the speed
‘setting sjgnal at 24 is reduced to the |level 28 again, the automatical-ly
controll ed speed is reduced to the Ievel 30 as shown by the full Ii urve
26. The broken line 34 shows, for conparison purposes, the way in §§§§f

whi ch this speed reduction woul d occdP Tf the circuitry in Figure
additional to that in Figure 2 were not provided i.e. w thout use of the

pr esent invention. I mnll a n ar.ent that the tine taken to

ef f ect—speed r cWRFERT ﬁﬁ%ﬁ Iﬂﬁd@% ﬁ%ﬁﬁdtﬂ% BFﬁﬁ%ﬁ line curve 34 than
with the full Iine rve 62 naind Fi qat 8
22,. 25 and 21 si gn %Oa gip’f)&g'ri ng aces %‘% en?"eﬁit;:I | N Fi gure
4. Figure 6 is r iﬁgha Ehpg 0 I I agram
formin Figure %&kew‘#ﬂg to 4?bl ogi giﬁlsb g I nt gb?g{&g circuit
reference osciljigf 9p ﬁaaau&ﬁtaa%mmbﬂfage,téeeauamta?%asf@ dgy an

accel eration signal fed to 1t over lead 12 fromthe Iow pasS filter in

~bllock 9. ghe osgdingafiqubidy HdaRLAGE BYCin aB8Ele3RtHh REgEM £8aORlLWi Ch i's
frequency- divided by a programmable frequency divider 37. The divider 37

di vi des down t hévdrReda fu2egit €lie | Tow Pass \E2Stdx AR BIRXkOSC| IThet decillator tO
a frequency which is determ ned by the speed setting signal fed in at 24
| a_knd supplies i tmlouhmiesvmﬂ aead B8 antdutppbasignal which is frequency—
\/ diwt:i.ded by a programmable frequency divider 37. The divider 37
| divides down the input frequency i,t: receives fm the oscillator
10 toa f:equency which :i.s determined by the speed setting signal
fei_l in at 24 and supplies its output over lead 6 to the phase
detector 2 which detects the Aifference in phase between the
- ocutput signal on lead 6 and the signal, applied at 7., from the
encoder 5 (not shown in Figure 6). The phase difference signals.
15 frem the phase detector 2 are converted intc analog signals by
means including a suitable c:l..rct.xit 39, known per se (it may be
\_ _ a capadita_t:l.#e circuit of the charge-discharge relaxation type)
-and a low pass filter arzangement 9 which_ includes resistors
41, 42, 44, a capacitor 43 and an amplifier 40. The analog speed
20 signal appears on the filter cutput lead ll and is converted
into the acceleration signal on lead 12 by a differentiating
circuit 10 comprising capac:l.tdr 46 and resistor 45. The part of
the circuit enclosed by the broken line 47 may be constituted
by a commercially available integrated circuit structure designed

25 for phase-locked loop control. .A signal applied at 35 serves to



detector 2 which.detects the difference in phase between the output signal
on lead 6 and the signal, applied at 7, fromthe encoder 5 (not shown in
The phase di f f erence signals 15 fromthe phase detector 2

Fi e 6).
e pxted into anal og signals by neans including. a suitable circuit 39,

se (

It may be a capacitative circuit of the charge-discharge

. -6n"type) and a | ow pass filter arrangenent 9 which includes
resistors 41, 42, 44, a capacitor 433nd an anplifier 40. The anal og speed

-20 signal appears on the filter output lead 11 and is converted |nto
the accel eration si. naI on | ead 12d$¥ a differentiating circuit 10
conpri sing cap ghenfiyestion ff pgvemmnt r"'lheo?‘”{ 2t §Pet encl og'eﬁ

I nt egrated ci r SR

by the broken I|ne 47 ﬂﬁﬁﬁge con?%%%%;S%“Py a g&“b 12 g%égh:%gﬁuéﬁhtrolr

A signal

node selectlon cl

| d.a d f
the carri 282 |1§’ (‘ﬁ‘oP %Vﬁﬂ ﬁsgﬁﬁsgogtsgm tg Ehe-siapal }%' 91%}13"0 rm\éerrent 0

an output oi orabeRa el Qﬁﬁ‘f 2y Ted RLIENNE 1pd 28 4 e@%‘*% and to

braking glip-fy,

rm,ne.the.dire

Pty el -155 o4, Aai0eddy SRECHCIA! LY WBOARLILA Y 4, LD

es Its i nput "between the phase-

e

anced si gnal

on lead 8 and & haseaﬂehaa@@eia&mh m&ee%&%ehlbq&amd@d&@%eeﬁé on

circuit 19, which is conposed of gates represented by the usua
conventional s

-l eads 20 to operate the swt

ti mes of

1o

yﬁm-id%aosiﬁ?alceﬂ neelcs a3 S 'Mhaséidelhy fon over
ing circuit 3 controlling t po arity and

lead 22. The said mode selection circuit 19, which is composed

of gates.-represented by the usual conventiocnal symbols and

connected as shown, supplies outbuts over leads 20 to operate

- the switching circuit 3 controlling the polarii:y and times of

15

20

25

supply of the voltage driving the motor 4. The circuit elements
in the switching circuit are again represented by conventional
symbols and are connected as shown. In block 36 is a current

limiter circuit of form known per se and which serves to preveni:

-.the flow of e:teess:l.vely large currents when the direction of motor '

rotation is reversed or the motor is started from rest. As the \/

motor has to reverse the direction of movement of the carriage

-or start it from rest at frequent intervals, the provision of the .

current limiter is very advantageous in ensuring a long service

. 1ife -

The values of the elements 43 and 44 in the low-pass filter
9 are so chosen that the band width of the filter is suitably
lower than the frequency of the encoder signal corresponding to

t':he,speed setting but wide enough to pass the natural frequency .

=

o/



“supply of the voltage driving the notor 4. The circuit elenents in the
switching circuit .are again represented by conventional synbols and are

co cted as’shown. In block 36 is a current 15 limter circuit form
“knz_l_rvx‘ﬁ per se and which serves to prevent the flow of excessively L@
currents %en the direction of notor rotation is reversed or the /1S
started fromrest. As the notor has to reverse the direction of novenent of
the carriage or start it fromrest -al2f+equent intervals, the provision of
t he 20 current limter is very advantageous in ensuring a | ong service
life.- The values of the elenments 43 and 44 in the |owpass filter 9 are so
chosew t hat t heoh&hd eankrhl Gystém. f The craldsnahyral fireqhency camdbe t he
frequency of the encoder signal corresponding to 25 t he speed setting
but w de enoughcalsupates PF mﬁuﬁﬂelfhweém% actualomeagwrepent dBntrol

system The said natural _frequency can be cal cul ated or found
experinental |y 3y¥ BRFHLEU1AE £a5Re e The| Freifton, 42t poxyies, fox, ddoh-Fpsguensy) st or

i tably smal | croRgensetiofin dnd RATach 15 baCr orels. setkebly Flie? no
| f i s, 41 and, 44 id ' ter .for determini
{he. dampiho i PRAoFAes B2 ARERGECEY THE TR oRBt gt e
di f f it it 0] e | _ ¢
esi stor 45 angriafil olpd MRERINIER Blal i pRiGHNGE A BiGeiblif T
\{aL ue as 1O ProgiuC Qafpsly £LLRbE aiﬂeogoﬂrfog%y%. . The time comstant of

\

~ the differentiating circuit 10 is determined by the product of
the value of resistor 45 and that of the Icapac':itor 46, and is
10 chosen at such a value as to produce a differen_tiat;ién effect on
the natural frequency of the control system.
As will now be Seen the improved apparatus illustrated in
Figure 6 for controlling the carriage of a serial printer driven
by a b.c. motor includes .a phase locked loop automatic speed
15 ‘control system, with an acceleration signal detecting circuit
the output from which effects frequency modulation of the
\_ . . reference oscillator. It is stable in operation, substantially
free of oscillation effects and of high speed controlling
precision and accuracy. In addition there is a mode selection
20 circuit which cperates to produce a braking effect on the motor
by reverse energisation thereof during intervals which start at
a moment of change of the speed to a lower value and continues
until a phasé difference signal is detected, thus shortening the
time required to change speed and resulting in substantial’

25 improvement of printing quality when printing with high density



~the natural frequency, of the control system As will now be seen the

_inproved apparatus illustrated.in Figure 6 for controlling the carriage of
a {éwlal printer driven by a D.C. notor includes a phase |ocked |o6op.
aut-ona peed 15 control system wth an accel eration signal
det ect circuit the output fromwhich effects frequency nodul ati on of the
refere oscillator. It is stable in operation, substantially free of -
oscillation effects and of high speedscontrolling precision and accuracy.
In addition there is a node selection 20 circuit which operates to

produce a braking effect on the notor by reverse energisation thereof >
during interval dotshiand erfadlingitanainereaséd aiveedHn @ppaenthprineag dpeed | Chver
val ue and continues until a phase difference signal is detected, thus
shortening the tore achpavedd t o0 change speed and resulting in substantim

25 i nprovenent of printing quality when printing with high density
-13- dots and enabling an increased overall apparent printi.ng speed to be
achi eved. -14- CLAI MS1. An aut omatic precision control apparatus

for the carriage of a D.C. notor driven serial printer,said apparatus

v



~

|nclud|ng a phase-| ocked | oop speed control—ei++euwit—incl udi ng. n Lan
accel erati on-dependent frequency nodul ati on i’iﬂbaCk | oop

nodul.ates the’set frequency of a settable s "m mje OScCi I I atlons
f he phase of which is compared wt 14 ¢+he pha ducec@ a.,

signal generator driven, by the notor to produce phase di’f f &rence
arepresentative signals which are converted and fed into said settable
source of reference 10 osci glgta png:g and a node selection circuit to

whi ch phase difference representatrve srynals are supplied and which
includes neans for producing a braking effect on the notor by reversing the
pol ari¥y* of the energising voltage supplied thereto In order to reduce the

speed of the car{jage rgpadtomathepredésidn contiicappiracas Eorntld ves
reduction of the carriage speed. 2. An aut omati c precision control :

apparatus for thearedngé aFeach.0l kbéor @piven gerisinpridites) sgid apparatas d
apparatus including a signal generator driven by the notor, a settable

reference oscil | adcluing W phaserleciked togarspaed weatsoX clrquitdineiwgiisggnal s
20 representative of the phase difference between output signals from

sai d generat or aada&cgleda&ibn-cdependdttsﬂzmmmmﬂslﬂdpndﬁ@adﬂtml ng said
phase difference representative signals to produce accel eration
represent asi ve swigivhl soduidtes jthesset) frequengiteof @ methable sowmee R& frequency

.of said source, a switching 25 circuit, su#ected to control ¥ sai d

phase conparing refexence escébiaticns thg phase,of whieh 4# compared theto the

mbt or and whi ch -15-
N ‘phase of signals produced by a signal generato: driven by the

" motor to produce phase difference representative signals which

are converted and fed into said settable source of reference

10 oscillations; ‘and a mode selection circuit to which phase
difference representative signals are supplied and which includes
means fer,prodwing a braking effect on the motor by reversing
the ' polarity of the energising voltage supplied thereto in
order to reduce the speed of the carriage rapidly when the

15 mode selected involves reduction of the carriage speed.

\_ N 2. An automatic precision control apparatus for the carriage
of a D.C. motor driven serial printer,said apparatus including a
‘signal ‘generator driven by the motor, a settable reference
oscillatory source, phase' comparing means for producing signals-

20 representative of ‘the phase différence between output signals
from said generator and signals from said source, means for
.'differenﬁiating said phase difference representative signals to
produce acceleration representative signals and utilising the
same to modulate the set frequency of said source, a switching
25  circuit,subjected to control by said phase cofpatring means, and

controlling the voltage which is supplied to the motor and which .



determ nes the speed and direction of novenent of the carriage and mode
sel ectloans for producing, in accoctdance wth the node
se¢tect ed, a braking the notor, by reversing the polarity of the

ot or, er m hereby slowi ng the 5 .carriage quickly. 3.
Appal a MI MWHMI m1l or 2 wherein the notor .driven generator is
a enc er driveen Lbym 4. 15An autonmmtic preci sion control :
apparatus for the carriage of a DC notor driven printer said apparatus
including a phase detector detecting the phase difference between
signals from wéﬂﬂﬁiesgﬂih?rs@hﬂd ahdl dExedtyoh e HBVedien8NGE theNedrridgs iandd-by
means of a programabl e frequency divider froma reference oscillator,™said
det ect or pr ovigdde gselecpidn mehfe includim heans For phteducing| &n vadcpir@anden
dependence on the detected phase difference; a converting circuit 15
converting salwithmqwmpulséest@ahsbxmugmeog o ¢helmotox, Imrpmihsl ter
circuit to which said analog signals are fed; a differentiating circuit

whi ch recei vesheupgharity f $he (ICtoK  energilping odFrgentherelyeslawiagf theyuency
of said. oscillator; neans for applying setting signals to said programmbl e
frequendy di vicaeriage gpicklyset t he frequency fed thereby to the phase
detector; a mmde selection circuit recei VIFH’% out put pul se si glpal s fromthe

phase det ect or¥*and RRBATRHHS I‘ﬁg"]taﬁ@eﬁp’é’r v 1o1°"a2 Sheredn the RQteR) griven
controlling the en i n voI notors and neans

act uat ed when ?ﬁﬁ’%‘iﬁ%g ﬁfiﬁ&f)hf g&"a e is requited to be
reduced, 25 for effe such r dUCtI a y C in
effect on the rh)torm'oy reverm%rectiﬁe po %r?i ‘g?g'[‘ e eﬁéeg %ﬁ%lél%g\%o??ac’gg U
appl i ed ther et £pc motor driven printer said apparatus including a phase detector

1o ~ detecting the phase difference between signals from a signal
| geﬁerator driven by the motor and signals gerived by means of a
programmable frequency dividex _froni_a reference _osciiiq._tor, said
detector providing output pulse signals having a duty __c_ycle vary:l.ng'
in dependence on the detected phase difference; a converting circuit
15 convert:l.hg said output pu_lée signals into analog signals; a low
pass filter circuit to which said analog sign_a_lg are fed; a
_ _aifferentiaging circuit which zeceives output from said filter | uﬁ
.circ_u:l.t and modulates the frequency of said oscillator; means for
.applying setting '_ signals to saidl prégr_amblg f:_eque_rx_cy divider to
2_0 . set the frequency _féd thereby to ﬁe phase detector; a mode selection
~circuit :ec_ej.v:l.ng output pulse s:l.gna_ls from the phase detector and .
. controlling the operation o;‘."__a switching circuit controlling the
energising volthge supplied to the motor; and ﬁeans actuated when.
the séee,d. of movement of the carriage is required to be reduced,
25  for effecting such reduction rg_pi#l_y by proc._iuc_j_.pg a braking effect
on the motor by r_ev'ers_:l.ng the pqlu:l.ty of the energising ﬁltége |

applied thereto.



* 16 - 5. Apparatus as clained in claim4 wherei | ast nenti oned
neans conprise a flip-flop which is set by a signal applied thereto at the
sane tine that a setting signal is applied to taﬂ H'H’ﬂumnl equency
di vi der, and whi ch, then, 5 under the contr ﬂm romthe :
phase detector svmtches over sel ectable input | eads “of "t H& rfode se@
‘circuit to cause polarity rey grsal of the input to the node sel ect

circuit and consequent polarl y reversal of the voltage suppliied to.the

motor thereby rapidly slowi ng the 10 carriage novement. 6. Appar at us
as cla-med in any of the preced| ng clainms and including a current limting
C|rcuN,_,|n aCII’CUIt t hr ough whi ch ener SI vol tage is_supplied to the
nmotor. .7. n dppar APREELNS 28 RipiPed chrfergin the lastc 15

ci' ol ?ﬂéﬁ&ii&'ﬂ%&ﬁ% e, SApmEaee ganﬁf»% P8, 9iErin sehd SoPLEMS D, C.
Compar ator for - ASPRRh5oReke Rt e ot b Rt 2 BRECH Bl 4, he
nggSIe{ ggntroll%gpgy ou pa#t Eéo%%’ﬂﬂﬂhase co%gara Se” O‘gaﬁc?bh%ﬁghl "9
i1t er T obbi vi ng aarpersrrared of @ﬂﬁb%@m ai%#”aﬁ*@ et ont’ bt ng
circult receivi nguptdnddlover seledtaBil St 'RAUAPFE thi ok seidblidifedPaCK

CI rcuit

\_ _ circuit to cause polarity reversal of the input to the mode
N

- selection circuit and consequent polarity reversal of
t:he' vbltage sﬁpplied to the motor thereby rapidly sloﬁing the
10 carrxiage movemenﬁ. |
6. Apparatus as clzgj;méd lin any of the preceding claims
and including a current ll:l.miting circuit in a circuit through
- which energising voltage is supplied to .the motor.
7. An apparatus for controlling the carriage of a D.C.
15 motor driven serial printer comprising: a phase-locked

loop speed contrxol circuit composed of an encoder detecting

e

the rotational speed of the D.C. motor; a reference oscillator

prov:l.ding' -referénce speed pulses; a phase comparﬁtor for

detectjng phase d:l.fferénce between the output from the encoder
20 . and the output from said reference oscillator; a #witch:l.ng

circuit controlled by output from the phase comparator for

switching voltage applied to the motor; a :Ee_edﬁack circuit |

" in which is a low pass filter receiving output from said
pbase comparator and a diffe:en'i:iatinq_circuit receiving output

25 from said low-pass filter, said feedback circuit



- 17 - eff cting frequency modul ati on of the out put fromsaid reference
osmllatorm fromsaid differentiating circuit; speed

setting svvt”,m switching the rotational speed of t he mot or by
chan ,rm,l ﬂ”at ion frequency of the reference oscillator;

an @Dde skl ect |Lonn0| effecting speed setting control of the notor,

reve | of the direction of rotation thereof and node sel ection of braking

in response to which node is_sgj gcted. 10 8. Appar atus for

controlling the notor of a DC notor driven serial printer substantially: as:

herein described with reference to Fi gures 4, 5 and 6 of the accomanJg

dr awi ngs.
effecting frequency modula.tion of the output from said

reference oscillator hy an output signal from said
differentiating circuit: ) speed sett:l.ng swtiching meens'
for switching the rotational speed of the motor hy changi:;g
5 ~ the oscillation fre.quency"'of the reference escilletor:
‘and a mode selection circuit effécting: speed settin§ control
of the motor, reversal of the direction of rotation thereof
and mode selection of h:aki.ng in reépqhse to which mode
is selected. | |
10 8.  Apparatus for controlling the motor of a Be motor
driven serial printer substantially as herein described
with refetence to Figures 4, 5 and 6 of the 'a'cco'npanying

drawings.
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