2 fequirenments, pulse notors are generally enpl oyed because-they can
control the sheet feeding anount easily and accurately. Pulse notors have
the characteristic that a constant output torque.can be maintained by .
controlling the rotational speed in proportion to a variation in the power
suppl y- voltage (if any). A serial printer using an unstable power supply

t heref@re nmust control the rotational spee? of a sheet feeding pulse notor.
This gentrol is typically perfornmed by confrolling the interval between the
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frequency). 'S con 'S ma e wmth the“restoration curve
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involves a plurality of operations such as accel erating the pul se notor,
driving thecphdtat ougiue torgue dat be Haditiined byl ¢ontrolliflg decoitationtl spged e pul se
notor. The speed of the sheet feeding pul se notor nmust therefore be

control | ed padpartion td @ vadatiomin thé powesssuppht vaitage {if\aaypf t he power supply
out put voltage with respect to each of these operations so that the best
control can be i dpbsenialprister usingsanhunstablespawersupplydherefore muist comtroldhé s known
a nmethod of determining a proper speed (i.e., determnjng the interval

bet ween t he refatioral speqslgrpfl aeehepgfw@gml%@m-oﬂuswn&rﬁb@mvgalﬂmemm by
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motor must therefore be controlled taking into account the restoration curve of the power

supply output voltage with respect to each of these operations so that the best co_ntrol can
be implemented. |
To achieve such a 's.peed control, there is known a method of determiﬁing a
proper speed (i.e., determining the interval between the pulses supplied to the pulse
motor) by checking the output voltage of the power supply circuit every time the sheeti
feeding pulse motor is rotated for eac_:h operation. | |
This conventional method ls excellent in achieving accurate.torque coﬁt_rol, but
imposes the problem of overloading the arithmetic and logic circuits of the printer due to
the complicated processing involved in calculating optimal speeds while checking th,e.
voltage during each operation. ' _ N
Accordingly, an object of the present invenﬁon is to provide simple and proper
speed control of a sheet feeding motor of a printer or the like using an unstable power
supply. | | |
The present invention provides an apparatus for controlling ﬁle time interval
between driving pulses of the sheet feéding pulse motor of the printer in accordance with

the power supply voltage during the sheet feeding operation. The apparatus of the



bet ween driving pul ses of the sheet feeding pulse hotor of the printer in
accardance wth the power supply voltage during the sheet feeding
operation. The apparatus of the 3 i'nvention includes a controlTer

. controlling a driving signal used to drive'a’notor in_accordance with the

- level of a power supply voltage, the controller conprising nmeans for
detecting a power supply voltage; a first menory device for storing

i nformation representing the charact@istic restoration curve of the pow
supply vol tage; a second. renory .device for storing.information representlng
t he rahmmshcmdwtwmmrmmmngaldmmgasignﬂ used toddive a amdortine plurality
of vol tages making. up-the.characteristic power supply restoration curve;

means dcoordanes withitheylexeloffa powerupply mltageyﬂw@bnqu@nmwmmtfen stic -
restoration curve fromthe infornation.stored in the first nenory device;
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corresponding to one of the-estimated current power supply tages is read
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with a pulse driving signal in accordance wi.th the read tine interval

(i . e. the ousrest power 3uppl§ violtagwestiniased by exid emnaungTinmlp aivd nfeans farher

objects, features, and advantages of the present invention are
changmg the speed of the motor in accordance with the read rotational speed.

In operation, a power supply volmge'ts detected at the start of the sheet feeding
operation. Current power supply voltages at various periods of time durmg the sheet
feeding operatron are esttmated from the initial sheet fwdmg power supply voltage
detected, the time that has elapsed from the start of the sheet feedmg Operatton ‘and the
power supply voltage restoration curve information stored in the first memory device. A
time interval between driving pulses corrésponding to one of the'eStimated current power
supply voltages is read from the second memory device so that a sheet feeding pulse [
xnouwlsdnwenvwﬂtapuhednwmgsummlulmxonhnaawmhthenaulunwlnmmwﬂ
(1e anapmmpnﬂwdnwmgpuheﬁammmqﬂ A

The above and other objects features and advanmges of the present invention are
disclosed as is apparent from the following description of preferred embodiments, of
which: S

Flgure 1 is a diagram showmg a variation of an output voltage of an unstable
power supply circuit of a printer to which the present invention is applied;

Figure 2 is a block diagram showing the geneml configuratton of an embodiment
ofthepmxmmtnnmmuon, |

a



di'scl osed as is apparent” fromthe follomnng descrlptlon of preferred
enhodi nents, of which: Figure 1 is a. diragram’show ng a variation of an
out' put voltage of an unstable power supply circuit of a printer. to which
the present invention is applied; Figure 2,is a bl ock diagranlshomdng t he
general configuration of an enbodi nent of the present.: i nvention;
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sheet feed'@ﬁb&ﬁﬁf Fmrpi‘ | 3; Figure 5is a flowhart show ng the
accel eration con opera >Figure 4; Figure 6 is a flowhart show ng

t he speed change 3g.f | ovvchart
showi ng t he dece%?gﬁa%@g&g%%gﬁpg# OFW ?Starree
platen roller 1 F;gwst@aaldwmwsﬂawﬂgetﬁeh&ewumw B?éraﬁ&?&f'i:l uts

surface in co-operation with sheet biasing rollers 2, 3 that apply a pre

ned pressure on FipuréBeeh floWharlshowing thé kded bhaﬁgerdm&bpdpamm 6f\Piglure 4;

feeding pulse motor 5 to forward the sheet vertically through a preset
distance. Tl notor 5 is coupled to the ptaten roller | through a-

transm ssi on mechani sm 4, which operates to rotate the roller | in response
to rotation of tFigue?ds aﬁlowchqmtlshmwmg t{ledmlejamwmﬂopemnonbﬁﬁgm4a
carriage 9 that is_novably nounted on guide nenbers 7, 8. The carriage 9 is

nmoved by a pul semxﬁxwrez,laplamnouerimpmﬂsmmmmg)w(msm\m)rmbf
t he sheet. The nmotor 11 is coupled to the carriage 9 through a tining belt
10, whi ch olt&surface ip go1apgration vithsheetbjasing rollers. 43 that applyap: t he

W pressure on the sheet. The platen roller 1 is rotated by a sheet feeding pulse motor 5 to
forward the sheet vertically through a preset distance. The motor 5 is coupled to the
platen roller 1 through a transmission mechanism 4, which operates to rotate the roller 1
in response to rotation of the motor 5. ' |

A printing (recording) head 6 is fixedon a carriagé 9 that is movably mounted on
guide members 7, 8. The carriage 9 is moved by a pulse motor 11 to slide the printing
head 6 across the width of the sheet. ;I'he motor il is coupled to the carriage 9 through
a timing belt 10, which operates to move the carriagé 9 in response to rotation of the
motor 11. |

The printing head 6, the carriage driving pulse motor 11, and the sheet feeding
pulse motor 5 are connected to drive circuits 26, 27, and 28, respectively. These drive
circuits 26, 27, and 28 receive control signals from a control circuit 20.

In the preferred embodiment, the control circuit 20 is composed of a !
microcomputer that includes: a read-only memory (ROM) 21; a random-access memory
(RAM) 22; a central processing unit (CPU) 23; interface circuits 24, 25; and a character
generator 29. The ROM 21 stores information in the form of various tables (Tables 1 to
4), in addition to operation programs of the CPU 23. The interface circuit 24 receives
print instructions from an external host machine (not shown), such as a personal
computer, and the interface circuit 25 relays control signals from the CPU 23 to the
drive circuits 26, 27 and 28. The character generator 29 converts character code date



motor 11. The printing head 6, the carriage driving pulse notor 1 1, and

- the sheet feeding pulse notor 5 are connected to drive circuits 26, 27, -and
" 28, respectively. These drive circuits 26, 27, and 28 receive contTol
signals froma control circuit 20. In ¢he preferred enbodi nent, the contro
circuit 20 is conposed of a m croconputer that i ncl udes: a read only menory
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stores fafigLmation in the formof various tables (Tables 1 to 4),
addrtron to operation programs of the CPU 23. The interface crrcurt 24

recei ves pri t t ?ﬁ&éﬂi’é}g&ﬁ&t ), such
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generator 29 converts character ‘code date 5 contai ned in each print

i nst r uctireuit 3 variesosith nrinutelyechanging Il donditions.o Thietoutmn voltige of thehe | i ke. A
power supply circuit 30 provides operating power to all of the conponents

of the muadupplmmtmtSOTkéecpMﬂwwnpplgmnﬁZﬂmhﬂcsampbdaMeomdteﬂhus t he
output voltage of the circuit 30 varies with mnutely changing | oad

condi t | digisal by an gnalogdpdigital (6A/R)heonyerter 3kuppl y circuit: 30 is fed to the
control circuit 20 whi l e sanpl ed and converted éxqmaggl tal data by an- -
‘anal og- t o- di Higuse 3 @bpwﬂ@ogwm&pwaqf.thﬁm@sim byethg GRY 28 ofthey of

t he process|ng execuyted t he 23 of the .pc')ntrol circuit 20 in
accordam ﬁé nce Wit e preseniiprention. povver of ‘the printer is

o G Spitatheta etk TS S bk, O
circuit 30 at a-ta "no-load” condition is sampled by the A/D converter 31 (S1). The
voltage Vo (Figure 1) will hereinafer be referred to as the "no-load voltage”, and may
be any common value such as 45V. A predetérmin’ed voltage (e.g. 4V) attributed
to the sheet feeding_ motor as a load is subtrected from the no-load voltage V4, and the
resulting voltage difference is stored in RAM 22 as an estimated power supply output
voltage Ve (S1). When the output voltage has been restored completely during a
subsequent sheet feeding operation the output voltage should be restored to this estimated
voltage level. (See Figure 1). This estimated output voltage Ve will hereinafter be -
referred to as the "restored voltage”. The CPU 23 then waits for the arrival of a print
instruction from the external host machine (S2).

Upon reception of a print instruction, the CPU 23 (83) checks whether the

J

carriage driving motor 11, the sheet feeding motor 5, or the print head 6 have just been
driven. - For example within the last 500 ms, which is the typical time required for the
output voltage to stabilize after the power supply circuit 30 has been switched from the
‘load to the no-load state. If none of the elements have been driven, the power supply
circuit 30 is detected as being in the no-load state at the current time with the output

~ voltage being stable. In that case, the current no-load voltage Vg, is sampled by the AID
'converter 31, and a restored voltage Ve is estimated again in the same manner as in Step

S1 based on the current voltage .Vo-.' Based on this estimation, the restored voltage Vg is



violtage [err] (Figure 1) wil'l hereinafter be referred to as the "no-1|oad
vol tage, and may be any comon val ue such as 45V. A predeterm ned voltage
drep (e.g.” 4V) attributed to the sheet feeding notor as a load is
subtracted fromthe no-load yoltage [err] rp?lnd the resulting voltage
difference is stored in RAM:i22 as an estirtated power:’supply out put voltage.
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circuit 30 is detec as being in the no-load state at the current tine

wi th the oudPheckswhetrer bf noptheiedre any hon-phodessed peint instructionsqS2) amat, | ifad
voltage [err] is sanpled by the A/D converter 31, and a restored voltage Ve
i s esti mat etheregarentherstepsS3sandeS6raneirepeatesl. i n Step S1 based on the current
voltage [err]. Based on this estinmation, the restored voltage [err] is 6
updat ed i n RAM 27h¢ gxyve-dascribas printing andsticetifeeding operations are\akiernatelyhent s
have been driven, the output voltage cannot be considered stable at th

cur rent ti neerformeddppeach -IWIMHM%M thepript IpstRyCHions receiv

et Tuct | orbY BedSRUR Tinal ST ot Haiedies S0 GSGF MATE fosed the star
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printing operation to thereby estimate the restored voltage Ve. As will be described
below, the estimated restored voltage Ve is used to control the speed of the sheet feeding

motor 5 during the sheet feeding operation (S6).

Figure 4 is a flowchart showing in more detail the sheet feeding operation S6 of
Figure 3.

The sheet feeding operation includes five sub-operations: pre-rush (S11);
acceleration control (S12); speed change control (S13); deceleraﬁon control (S14); and
post-rush (S15). '

Before the start of the sheet feeding operation, a pre-rush operation (S11) is
executed to accurately position the sheet feeding motor 5. In particular, before changing
the frequency of the driving pulse signal used to control the sheet feeding motor 5, the
motor is energized for a short period of time, e.g., 3 ms, with the current frequency of
the driving pulse signal as output by the motor drive circuit 28.

After the pre-rush operation, the CPU 23 _carries out .the acceleration control
operation (S12). In the acceleration control operation, an output voltage at the start of
the sheet feeding operation (hereinafter referred to as the “start voltage V1", Figure 1) is



sheet feeding operation is perforned to advance the sheet one line (S6)..
Then the CPU 23 checks whether or not there are any non-processed print .
instructions (S2) and, if there are, the steps S3 and S6 are repeated. The
above-described printing and sheet fegding operations_are alternately
performed for each line to be printed I n accordance with the print

i NSt ruct | otate .
| asts %W "aﬁ&ﬁd% ng?%‘g%lﬁ oﬁit%he St %”‘%ﬁe{lﬁ@dprr nt1ng oper}gl%"{rifiqh t he ?""‘-"_
| at est ghgst! ﬁbée]erbt‘éﬁ Oéetectipg, start of the printi ng
operation tfé&jﬂ %yggslér mate the restgrtggﬁvoltagg [err] "As'will be
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speed of the sheet feeding notor 5 duri ng t he sheet ‘feedi ng operation (S6).

Fi gur e opetasion (SI3)\wchart showing in nore detail the sheet. feeding operation
S6 of Figure 3. The sheet -feeding operation incl udes five sub- oper ati ons:

pre-rush (SIihlhe smddm@m&obop&mﬁbn,(tﬁdﬁstomtmeﬁvd@t@eouﬁpﬂvdtages 13);
decel eration control (S14); and post-rush (S15). Before the start of the

sheet fipestimaged pasedonche surqoraémgery@ sothatthe tmweéf feading
accurately osrtron t he sheet feeding notor 5. Inparticular, before
changi vgdemtae em@ﬁmnph&velmbfgpwdyé si gnal- used to control the

sheet feedi ng. not or the notor is energiz rrod of tine,
e.g., 3 i ns, mmeﬁp@d&bﬂw aaerﬁe%dheﬁi’ﬁgﬁrsm f%hal as
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e’é‘t
2o b S oty P BB o §3afieh “%%e\ﬁ%g' @E?ﬁr T B
Fi gure ghlink $he speéd change control operation, and the sheet feeding motor 5 is decelerated
according to the selection. After the deceleration e_ont_yql operation, the post-rush

operation (S15) is executed to bring the sheet feeding motor 5 to a complete stop. The
post-rush operation ensures a complete stop of the sh.eet.feeding: motor 5 by energmng
the motor for, e.g., 20 ms, using the last frequency of the pulse.:drivix_lg signal output by'
the drive circuit 28. However, the motor drive circuit may repetitively output a signal
for, e.g., 2 ms and tenninare the signal for, e.g., 4 ms for a number of times (e.g., 4),
instead of energizing the motor -for 20 ms. This latter method is advantageous in keeping
the sheet feeding motor 5 from overheatmg . -~
Both the acceleration control operatlon and the deceleratxon control operauon are | U
effected by the number of stages, e.g., five stages, used to control the sheet feeding
motor 5 independently of the sheet feeding distance. Hence, the speed change control
operation is effected by the number of stagé', ;Which ie the numher obtained by
subtracting the number of stages in both the acceleration control and the deceleration
control operation from the sheet feeding distance, i.e., by N—lO,-;assuming that the sheet
feeding distance is equal to N. _ '_ _ _ .
However, if N <10, the sheet is fed at a constant. speed corresponding to the
time interval between pulses (i.e., frequency) of a driving pulse s1gnal supplied to the



detected, and a degree t'o which the fiotor 5-4s accelerated is sel ected: ‘As
a result, the sheet feeding notor 5% s accelerated according to the
selection. After acceleration control, the CPU 23 executes the speed change
control operation (S13). In the speed change control operation, the
restoration |evel of the output voltage gg estimated based on the start
voltage [err] so that the torque fequired for sheet feeding under the

esti mat ed : 7 e ; \ _ dxange contr ol
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operation, the CPU 23 st ecel eration contr I'on (S14). In

t he decel edadeleratiow oortedl, operati on, a degree to which the sheet feeding
notor 5 is decelerated is selected based on the output voltage estimted
during the spee®igiraisgis adftowehatt shpwirgs the accederdtiormeomiol @pefation (812 imFigurd i s
decel erated according to the selection. After the deceleration control
oper at i on, 4) fredesaidt - r ush operation (S 15) is executed to bring the sheet
feeding notor 5 to a conplete stop. The post-rush oBeration ensures a

conpl ete st op .ofA §taY voltage Vi desampledrby the A/D gorvesteg32i(B31) hEhemptthe stagr | -
e.g., 20 ms,_using,the last f{requency of the pul.se drivin i gnal ut by
the drive ¥PKagsiYsiscompsprd, with aTesiorsd; ltage Veavhich wvw&ﬁ%em &@)D-y-

out put a sigpal for, e.qg., .2 and terminate the si | for, .e.g. ne
Tor s numbVer Yertbe St pied Vs 1 Ruangst o vaive Agrd fidhe rstaned Spthies Voo s,
Thi s Iatteg gst hod i.s advantageous in keeping the sheet feeding notor 5
from overh Sa hg. Both the acceleration control- operation and the
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effected by t r of stages, I ch I's the nunber obtal ne

subt ract i ngodsite BdRbRIItaés W afkedivided b ol néss Ghé el timb pefbd betweand t he

decel.eration control operation fromthe sheet feeding disfance, i.e., by
N-1 O, assupulses ofithe pulse deivixed sifwad ¢itd §l)dtots ¢S)CJecorrespotiding toothbl fivdstapesused f N
[err] 10, the sheet is fed at a constant speed corresponding to the :
in the acceleration control operation are defined on a range basis. In Step $24, the
appropriate one of the time intervals ta (1) to ta (5) corresponding to the start voltage .Vs

read in Step S21 (or changed Step S23) is selected, as will be described in detail below.

TABLE 1
v Output Voltage at * | Vg < 28 '_2s<vs$33 33 < Vg.< 38 |38 < Vg
Sheet Feed Start

) _
ta (1) | 370 |  3.60 310 | 2.8
ta (2) 2.80 2.70 2,60 2.40
ta (3) 280 2.70 2.30 2.00
ta (4) 2.80 2.60 2.10 1.70
ta (5) 1 2.8 260 2.00 1.60



tine interval between pulses (i.e., frequency) of a driving pul se si gnall
. supplied to the 8 notor 5 wt hout@mdergoi ng the operations of

. . - . . . . e
- accel erations speed change, and deceleration control. Figure 5is a

fl omchart showi ng the accel eration control operation (S12 in Figure 4)-in
detail. A start voltage [err] is sanpled by the A/D converter 31 (S21).
Then, the start voltage [err] is conpared with a-restored voltage Ve which
was previously stored (S22). . 1f Vs > Ve, the start voltage Vs .is changefgto
a value equal to the restored voltage Ve (S23). The CPU 23 obtains an ,
accel erat i (Phettim®iritéivhls t& (Drtoda i(5) infachkelidge lof (the’ doceleritionime ltsblehieon ti ne
table is shown in Table 1 (below), In the acceleration tine table, all _
possi determinedtprionitd eperatiome of thesprinteli ini tHe dollowing ffashion. anges, -:and the tine
period between pul ses of the pulse driving signal [ ta (1) to ta (5) ]

cor r espondiAsydescribddeabiove cthe taacaleration dontroltdperativnds executedrwith enlyofiveper at i on
are defined on a range basis. In Step S24, the appropriate one of the time

i nt er stages. t Singe the period inwolved in the fiveditages ivsa shorteompared withbe time | read in
Step S21 . (qr. changed Step S23). is selected, as will be described in detail -
bel owreqrisd for resforing; Q/BBE-’H&;& liage, e restoged outpyt voligge insthat period 15 < 33 38
< Vs Sheet., Fe tar . - : , 3.6 - 3.10

>. 80 Degieie: eﬂ“§‘s? the pfpbeVoltage can, be Jedied equal to sheiait voltage Yy, 1, (3)
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time intervals ta (1) to ta (5) are detefmined as degrees to which the mofor Sistobe
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ta (5)- 2. 80 ‘ © 2.60 Yoo . 2,00 1.60 -9- The

time intervals ta:(1) to ta (5) in each range of the acceleration tine

table are determined prior to operation of tfge=printer in the follow ng

fashion. As described above, the acceleration control operation is executed

with only five stages. Since the period involved in the five stages is so

short gonpared with the tine required for restoring the output vol t‘@%%%lt he
{!

rest ared oumpesleratedvaighin the fiverstage periedl ok theageelepatior controlopemtionse t

vol tage can be deenmed equal to the start voltage [err], during th .
accel erat i oerF%g ﬂ%ilccs@gataé F%%?mwspﬁe‘fﬂéhﬁéﬁﬁﬂ%mé &%’éﬁ&&!‘“&gm‘?“t he
time intervals tge({&é tg ta (5) are determ ned as degrees to which the
motor 5 is {(GFSGH BW& erated within the five-stage period of the
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shown in Table 1.7 This arrangenment is nore practical and produces

sat i sf act or yariges ab siownieTalled. ofhis Rfraigeiitent i Morpractical add ptoduces (5) has
been read in Step S24, a stage count mis set to 1 (S25). Then, the

f requenci es satisfadterydesulisng pul se-signal of the sheet _
St : When one of the time intervals ta (1) to ta (5) has been read in Step S24, a stage

count m is set to 1 (S25). Then, the frequencies of the driving pulse-signal of the sheet
feeding motor 5 is changed (S26), and a timer fs started simultaneously by setting the
timer to ta (m), which is the time interval of an mth sﬁlge (S27). Upon elapse of the |
time interval ta (m) as detected by the timer (S28), the stage count m is incremented

_ (S29). The CPU 23 then checks whether or ﬁot m is equal to 6 (S30). If m is less than
6, the operations from Steps S26 to S30 are repeated. Accordingly, the phase of the
sheet feeding motor 5 is switched for every one of the read time intervals ta (1) to ta (5),
thereby increasing the speed of the sheet feeding motor 5.

\ . When the stage count m has reached 6, the acceleration control operation is
terminated and the speed change control operation begins. Figﬁre 6 shows the speed
change control operation in detail. |

First, the CPU 23 checks whether or not the start voltage Vg detected at the start
of the acceleration control operation (S21) is less than the minimum vbltage required for
driving the printer, e.g. 23V (S41). If Vg <23V, then it is deemed that the start voltage
Vg =23V (S42). | |

“Then, assuming that the output voltage V at the current time (hereinafter referred
to as the "current voltage") is equal to the start voltage Vg, a time interval to
~ corresponding to such current voltage V is read from a speed change time table (referred
to as a function "TABLE 1(V)" in Figure 6) within the ROM 21 (S43). The speed



f'eeding notor 5 is changed (S26), and a tiner i:s started sinultaneously by
setting the tiner to ta (n), which is the tine interval of an nth stage
(S27). Upon el apse of the tinme intervalfta (n) as detected by thé timer
(S28), the stage count. in is increnented (S29). The CPU 23 then checks
whet her or not mis equal to 6 (S30). If mis less than 6, the operations
from St eps 826 to S30 are repeated. Accordi ngI y, the phase of the sheet _
feedi g é‘”@.é ea@dq, s tan(k
to ta Eg? ere ysfgr%ﬁgggbn‘g&% he spee@gﬁrﬁt H{e&}gﬁ[ele &Eg n%lerr?gfrg?dS When
the Sﬁ/@%eﬁqﬂﬂieﬁthﬁ%ﬁﬁ% Bﬂoﬁlvtff&négv%ﬂwwﬁﬂﬁ@ﬁﬁﬂhwr tion is
“terminated and the speed change control operation begins. Figufre 6 shows
the spewespohdingdoeact ramigeo(Bach tinintervaleh 3kt thefsin & such kat GHHoR8 spéedcks

whet her or not the start voltage Vs detected at the start of the

accel proglucing the predetermiredatoraue reqaited for sheetsfeadngtcamhe attained.aneach t age
required for driving the printer, e. g 23V. (841) 1f Vs. [err] 23V, then it
i s decomsespondingtveltage.art vol tage Vs = 23V-(S42). Then, assum ng that the
output voltage V at the currel (herer nafter referred to as the.

"current voltage") is equal to e start voltage [err], atim interval to
correspondi ng fa.such current volt - om a speed change tine

table (referrdd to asv__nctlon '*TABLE@@& in H'gure 6) within the ROM
21 (S43). The [speed..—_¢CJ Tapre rs-such as shown in Table 2
(below), in M q e<p285|ble curre ‘?Q/oltag V are' set forth in
cach Tange. Edeh g o oryal [fr] sel iperein ik such that  a motor
gggeqrgr]ggtjci Eg thei?p-rge&tetéeﬁﬁl ned |t or que2r \ui red- | or sheet feedi ng can b€
attained at edch cq&sspord2¥g voI tage. 2A'B)_E2 _

27<V <28 " 2,70

m$v<mj . 251

29<V<I0 - 2.35

30<V<3l 2.20

31<v<32 |- 207

32<LV<33 1.96

33 V<34 1.86

<V 177

IB<LV<36 . 1.68

36 V<37 S 1.61 S :

37<V<38 . 154 | o —

BV <39 147 | | N

¥V | 1.41 | B |

W< V<4l 1.36

41 <V <42 L3

22<v<4 | 126

$B3<Vv<4s | 12

4 <V<45 - 1.18

45 <V < 46 ' 1.14

46 <V 1.1



: ' [err](ms) 23 < Vw<.24 % .- 2.70 24[err] V < 25

V-(V) - _

2.70 25 < V.< 26 . 2.70 26 < V < 27 : 2.70 27<V<28
2.70 28 <V < 29 2.51 29 <V £ 37_ 2.35 30 [err] V
<31 2.20 31 [err] V < 32 2.07 32[err] V<33

1.96 33 <V < 34 ~1.86 34 [err] V < 35 - 1.77 35
<V < 36 © 1.68 36 [err] V < 37 - 1.61 37 <V < 38
1.54,38<Vv<39 adi S (V ity <V <
g e Then, 8 difference geJV)“l?etﬁgexﬁMaﬁ'% stifnated stored vgl%é%’e“ﬁd

\1/ : 36423<V<ﬂxé current voltagfl\i 4i1s 2%?3%? Z@d“é‘ﬁtﬁe\At%oﬁésponding t‘l’ﬂiel voltagk differentér 1 ]

Ve-V is read from a restoration time table (referred toasa function "TABLE 2 (V¢-V)"

in Figure 6) within the ROM 21 (S43). The restoration time table is as shown in Table 3

(below), in which all the possible voltage differences (Ve-V) are divided into ranges of -

1V from approximately OV to 23V, together with times At (hereinafter referred toasa

"unit restoration time") required for the corresponding voltages in each range to restore

1V of output voltage. Each tirrie, entry At is determined prior to operation of the printer

based on a time constant of the already identified characteristic output voltage restoration

curve and the corresponding voltage difference V-V entry. | |
“Furthermore, a time (tjny), whicﬁ represents time elapsed from the start of the

speed change control operation, is set to 0 (S43)



fhen,

~and the current volt

age V i s obtained,

a difference([err]) between the already estifmated stored vbltage Ve
and a tine [err] corresponding to

" the voltage difference [err]is read froma restoration tinme table (referred

to as a function

"TABLE 2 ([err])™
The restoration time table is as shown in Table 3 (bel ow),

i a~Hi%dTe 6) within the ROM 21 (S43).

in which all the

possi bl e voltage differences (Ve-V) are divided into ranges of 1V from

approximately OV to
a "unit restoration
range to restore 1V

23V,
time")
of - out put vol

prior to operation
identified characte

pf the printer
istic\wiNufV)vol t age

.entr

r estAt éms)on _cur

correspondi ng volta
whi ch represents ti

operation, is set t
[err]-V [err] 1

< Ve-V < 3

<5 16}

12.01 7 < Ve-V < 8

je difference [err]
re el aVgedV{€dm t he
b O SS43% TABLE 3

5.81
9
41 @é‘% \3%
3<Ve- v<04608

4<Ve-V<5
5<Ve-V<6
6<Vg-V<7
7< Ve-V <8
8<Ve-V<9
9<Ve-V<10
10 < Ve-V < 11
11 < Vg-V < 12
12 < Vg-V < 13
13< Ve-V< 14
14 < Ve-V < 15
15 < Vg-V < 16
16 < Ve-V < 17
17 < Vg-V < 18
18<Ve-V<19
19 < Ve -V <20
20 < Vg-V <21
21 < Ve-V<22

22< Ve'v

K Ve- V3Pé¥}

entry. Further nofje,
start: 62.3&he spedd change control

[err]

-V fv)

err] és 89 13
< Ve XOQﬁir] 9 |
16.41
- 13.87
12.01
10.60 -
9.48
8.58
7.83
7.20
6.67
6.21
5.81
5.46
5.14
4.87
4.62
4.39
4.19
4.00

3.83

together with times At (hereinafter referred ta_as
required for the corresponding vol tages in each .
LEEhch tine,

t%gg En
ased] on a t|ne const 4

At is determ ned

nt of the already _
ve and the

atinme (tint),

At (s)

. 38.49

20.08 4 < Ve-

87 6 < [err]-V <
9.48
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V =
7



9-< [err] - V 10 © ©8.58 10 < Ve-V [err] 11 7.83 -
1] <Ve- V<12 S 7.20 12<Ve-V[err] 13 : 6.67 13 <

Ve'- V<14 6.21 14 < Ve - V[erﬂ,,lS 5.81 15 < Ve-V <
16 5.46 16 < [err]-V[err] 1¢ - 5.14 17 < [err]-V

[err] 18 4.87 18 < [err]- V [err] 19 4.62 19 <

=¥ < 20 i He 21<
%Z{ { Lj\/ S5,  Then, CPU %gﬂ# zv}egﬁf Ee)lr. P?{'@é 'Z:hﬁ'éntvoltage \' hasSr%%heé tﬂe_,?_ han

CPU Z3 chec { r Rétks Whedier bf a6h@e tnet)emaor ed
vol t age Ve @%%ﬁ%ﬁyeqtsw gl?%%thgggcg{?\bmet her or not the ti m&*lfi I nt

that has el meﬂpmasqaﬁmmémufastomtmnem G4y me At (S45). If the
time that has elapsed tint has not reached the unit restoration tinme At

read out of Tabl 4f the tithe tiashaselapsed|tiabas Motiresched ttheyenit hestoratiestime e\t read a

val ue 1V hi gher than the previously obtained value. In that case, the tine

thdt has el apsefiTablet, ithe cyrrent adltdge Vidids not yeo beest restoned ta arvalue ¥ highen than

(S47) in order to drive the sheet feeding notor 5 in accordance with the

tirme intervahe previouslyrobtained value.c Znithiat case; the time that baselapsed it it wpddated byap| e

e P e oot The e iniareal t (9475 1o s 30 Bive e et e ot $5n
accordance with the time interval t, previously read from the speed change time table
(Table 2). _

The CPU 23 then controls the frequency change of the driving pulse signal of the
motor 5 (S48) and simultaneouéiy activates the timer by setting the time interval t,.
Then, the CPU 23 checks whether or not the time interval tg has—elapsed (S50). If the
time interval tg, has elapsed, the stage count m is incremented (S51). In Step S52, the
CPU 23 checks whether or not the stage count m has reached a stage number N-4, which
represents the step at the end of the speed change operation. If not, the CPU 23 executes
Step S44, as dcscﬁbed above.

Frequency change of the driving pulse signal fbr the sheet feeding motor 5 is
repeated in accordance with the previously read time interval tg until the time that has
elapsed tjn¢ reaches the unit restoration time At (S44, S45, S47, S48 to S52). _

The fact that the time that has elapsed tin; has reached the unit restoration time At
(S45) indicates that the current volfage V has been restored to a level 1V higher than the
previously obtainéd value. In that case, the CPU 23 executes Step S46 to select a new
time mterval to based on the restored, new current voltage V.

In Step S46, the CPU 23 resets the time that has elapsed tigg to 0, updates the

_current voltage V to a value 1V higher than the previous value, reads a new time interval
to corresponding to the updated current voltage V from the speed change time table
(Table 2), calculates the voltage difference V-V between the restored voltage Ve and

the updated current voltage V, and reads a new unit restoration time At corresponding to

the voltage difference from the restoration time table (Table 3).



motor 5 (S48) and sinultaneously activates the tinmer by setting the tine
-~ interval to. Then, the CPU 23 checks whether or not the tinme.interval to
- has elapsed (S50). If the tinme interval to has el apsed, the stagé count m
I.s incremented (S51). In Step S52, therePU 23 checks whether or not the
stage count m has reached a stage nuntfer N-4, which represents the step at
the end of the speed change operation. If not, the CPU 23 executes Step _
S44, as described above. Frequency ctfange of t he driving pul se signal ng
" the sheet feeding notor 5 is repeated in accordance with the previously
read tinme interval to until the tinme that has el apsed tint reaches the unit
restoration time At (S44, $S45, S47, S48 to S52). The fact that the tine
that has elEneqeehcyichangeef the deiving pulse signal forthe sheat ifesding meoton S {sS45)

indi cates that the current voltage V has been restored to a | evel 1V higher

than trepeagadeagaiuin sccordaare withuthe new read emadntervabto und thiptimesthatasut es Step |
S46 t I t t I t
Vol t aglaDse ﬁm%@&?ps g i estaEpion e Ao $45, 447, Sn 0 5L %haES%@CHL?”m

35: Locht esft e ot P i SPHERE 1y ok et St 5520 ot et 53? rent
\Y

x8| Eggg di f?‘erence [erw%?ag‘é%,ﬁh&?% or-el;g&\k/ogtagea@e angiﬁe updgt ed

C"§ ol i eBaial i VERES BalR el ieab R 5Bl )] ity finiehistiptonc 9

Fr equepethedipifge Qlfse"sigﬁaﬂmwwaﬁld%bﬁea Eifeﬁ@ﬁi’mi‘n@ﬂté ﬁe?&ﬁﬁ’l‘edfféﬁghéeg ot or 5
Is repeated agaih in accordance with the new read tine Interval to until

t he tifesdingad theacadestinwael] butplt volagh &oni the speéd cliabgé eablé (Tublé 2)jranier ]
(S44, S45, S47, S48 to S52). The speed change control operation continues
by repminm@etsheetfﬁeabag Stort HushP a driving puise slgnalﬂnvmgethareadmmevol ves the
steps of: reading fromthe restoration time - _

interval between pulses.

When the step count m reaches step number N-4 (representmg the end of the
‘speed change control operatlon), the CPU 23 begms executxon of the deceleratlon control
operatlon

Figure 7 illustrates the deceleration control operation (S14) in detail.

During the operation, CPU 23 obtains a deceleration time table Within the ROM
21 (S61). The deceleranon time table is shown i in Table 4 (below) In the deceleratlon
time table, the poss1ble current voltages V at the end of the speed change control \J
operation (i.e. at the start of the deceleration control operatlon) _are dmded mto four
ranges with the time intervals ta (1) te ta (5) porrespohding to the five Stages performed
during the deceleration cdntrol'bpera_tion. In Step S61, one of the time inte;vé\lé ta (1) to
ta (5) corresponding to the current voltage V finally obtained in Step 546 is selected.

>



tabl e an estimated output voltage that is being restored (Table 3); reading
a time interval for the driving pulse signal’ that would allow a
predet erm ned torque required for sheet feeding at the read estimted”

out put voltage fromthe speed change tabLeggIable 2); and _driving the sheet
feeding notor 5 using a driving pul se sign having the read tine interval
bet ween pul ses. Wen the step. count mreaches step nunber N-4 (representing
the gnd of the speed change .control operation), the, QPU 23 begi ns execution
of the decel eration control “operation. Figure 7 |IIustrates t he

decel eration control operation (S14) in detail. During the operation, CPU
23 obtains a deceleration tine table within the ROM 21 (S61). The
deceleration tinme table is shown in Table 4 (below). In the deceleration
time table, the possible current.voltagggﬂéi%t the end of the speed change
control operation (i.e. at the start o ecel eration control operati-on)
aré divided into four ranges with the tine intervals ta (1) to ta (5)
corresponding to the five stages perforned during the decel eration control
operation. In Step S61, one of the tinme intervals ta (1) to ta (5)

correspon [V iTnarty opfarned 1n SLEP 946 14
sel ect ed. TABLE 4 Qutput Yoltage gt Speed Vs [err] 28 28|< [err] |[err]
33 33 < [¢rr] < 38 38 < [err]] Chance {Control End (V) ta (1) : 3430
2. 90 Output. Vidltage at Spéed’( VeI P8 (|28 < Vg < 3B W< V. 5_383 <V :
270 550 [ere (8) g S=377b s 70 7] 330
ta (4) Chance/Canitrol End (V).|10 3.70 '3.70 ta (;)
4.10 4.10 4.1 - 4.10
\m/ _

ta (1) 3.30 290 | 250 1.70

ta (2) 330 | - 3.10 2.70 2.30

ta (3) 4.10 3.70 3.70 3.30

ta (4) 4,10 4.10 3.70 3,70

aG) 4.10 4.10, 4.10 4.10




-17- The time intervals ta (1) to ta (5) in each range of the decel eratlon

" time table are determned prior to operation of the printer in the

foll owi ng fashion. Since restoration the output voltage during
decel eration control is negligible, Tt out put voltage during the
decel eration control operation can be deemed equal to the current voltage V

at the end ofné BmeSpRpvIOBANI® BOB) ixPbachRY@igé bPthe dBbelelioh (Rhd taBfe drde

decel eration control operation, i.e., at the end of 'the speed change

-
contr ol degreinéd prior tdupmcbfqﬁe pﬁﬂteﬁ heﬂie folowingdfashion, Sineé fek@fdtiogairendi ng

on the actual voltage at that tine. Therefore, the deceleration control .
oper at i the outpy voltage during deeeletution control is megiigible, Sheautpbevaltage dariag dhe so as
to be within five stages fromthe end of the speed change operation. The -
time i ndeeelesitiontcontro) operatian ¢an) beadeemedtegual todtie aurrcntgvaltage Moatthe end ofie
motor 5 is to be decel eratedto inplenent such deceleration. It should be

not ed tthespeadechange contral waemtion. (tjthe gtartof thg deejeration,pantrol APRTAEDY, set by
1 ot Ap-c 5 HOBAA the Ppeed GhRaEe GRBROLPRANa e 32890 AL ekt Fpding, ot e e -
(1) o dtor 5d1?érsrééx§n$xna”dé€3t i av%iég%ﬂ%ﬁ el b AR o1 he
Si mil ?29921%326 o roqyten OF ek oS T Bin e dicitmelinopbe. 1
?tSERng) as @%’ rg%f@%eﬁfgﬁﬁgw\mr s%n;@%v%%&é@agz )cgﬁnt m
. TCIBTESF i ARl g R RHEHRL othin e  adelrli 5 o, “ount
S ! et e, ANt a0 I (PO S8 (0 11
c hangednaylbeenamdﬁmy sey Byhdividing e obsible cunient veltages ¥ évery 1¥ 4lgo in the-
deceleration time table; however, the four-range dmsxons used above in the preferred
embodiment is practical and satisfactory.
When one of the time intervals ta (Dtota (5) is r&d in Step S61, the CPU 23
switches the frequency of the driving pulse signal for the sheet feeding moto_r 5 (862),
while simultaneously settirig the timer to a time interval ta (5-N +rﬁ) for an inth step
(S63). The CPU 23 then checks whether br not the time ihterval ta (5-N+m) has_
elapsed (S64). If the answer is affirmative, the stage count m is incremented (S65).
Then, CPU 23 checks whether or not the stage count m has reached a step number N+1,
which occurs at the end of the sheet feeding operation (866),’ and if not, the CPU 23
repeats the steps from S62 to S77. The frequency of the dnvmg pulse signal for the
sheet feeding motor 5 is changed in accordance with the read time intervals ta (1) to ta
(5), thereby decelerating the sheet feeding motor 5. | |
When the step count .m has reached the sheet feeding end step number N+1, the
CPU starts the post-rush and then terminates the sheet feeding operation.
As described above, the time intervals at the respective periods during sheet
feeding are determined based on the data read from the table, with no actual secondary
voltage being detected for every frequency change. While tfxe conventional method that

"



(5), thereby decelerating the sheet feeding notor 5. Wen the step count m
has- reached the sheet feeding end step nunber N+ 1, the CPU starts the
post-rush and then terninates the sheet f #edf ng operation. As descri bed
above, the tinme intervals at :the respectiVve periods during sheet feeding
are determ ned based on the #data read fromthe table,#with no actual
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as determ niR@gntige time interval between pul ses of a driving pul se signal
corresponding to each step of the sheet feeding notor with such a sinple
operation as reagsdesétitied iﬁ&ﬁ@fo%eéoﬁiépa%ﬁpﬂﬁ%réﬂ&nﬁinﬁ&iﬁﬁrﬂis&h&aﬁ&ﬁs@@' ving
conplicated calculation. As a result, the.load of the CPU is kept to a

m ni mum so dewtminingtheptimelintervalcsetwenn pudses of aalrivingpulse Sighalrcomespdridimg toons
and variations to the present invention wll be apparent to those skilled
in the art #eachnstethof thersbegsifeesiing motorswithesucha simplehopegationTasureading idata footya
certain enbodi ments of the invention have been specifically described

herein, it Vblestoredinsamemeory and notinvolving complicated; calewiation,y Asa Tegulb theer et o

Wi t hout depart,i fromihe scope.qf the present invention. 1. .
control | er ?Q?Fi‘g\gh?d’lq 183@5@!%%%%&% highzsgeed,processingcandieAttai PPﬁ
accqigance

Other modifications and variations to the present invention will be apparent to
those skilled in the art from the foregoing disclosure and teachings. Thus, while only
' certain embodiments of the invention have been specifically described herein, it will be
apparent that numerous modifications may be made thereto -‘wiﬁlont departing from the

scope of the present invention.



with the | evel of a power supply voltage, the controller conprising: means -
for detectlng a power supply vol tage; a first.menory device f.or storlng

I nf orn®&
t he po o a second menory devi ce for ‘stori ng i_nf or rratlon '
represe "wgﬁ H’ nsh| p bet\/\eeps’t]@ rot ati onal speed of the motor and
the plura es mal- ki ng up the characteristic restoration curve
of the power supply rréans for estCIAIMSY a current power supply voltage”@pn
the characteristic restoration curve fromthe information stored in said
first menory device; neans for reading a rotational speed fromsaid second
nmenory device corres ondln to the current power. supply voltage estinmated
by saild estA centrolderfon E&MMM@%%HM%@WW%tor in
accordance with the read r ot atlonal speed 2. A controller according to
cl ai mvith thedeesliof apawes supply ¥9ltage: eé@‘ﬂfﬁﬂ%’é‘?n’@nﬁ@gor drive circuit

outputting a dr| Vi nal at different frequencies in accordance wth t he
rotati onal TB{RRS H%G?tﬂ’% 1 & d. second nenory device, said

Fequi rod oaﬁfs?&eén?f °r4é§i°'s?°ra tgﬁﬁ%%%aiqhoa%p?%%&n%ﬁagsa%ﬁ%w% b0 = on
contrq}ok%%? &#}5@6:{1&1& ur| ng‘% 9| n the notor- conpri.ses-a: sheet -

f eedi ng use feedl ng operatlon of a pr| nter, and

wher ei n sai deddBh® Pq],e the _
£ m drY‘ﬂeﬁbé%HtobEI ng out put&gt different tine higp

driving pulse slgna he pul ses I nterval s

i n aceRpdshORe Wiatiotdl Spécd 6ftthe At tor BRPMe phiraLPSS kasePRaking dpsBie d second

menory device,  said . rotational . speed informati on represent| ng the tine
characteristic restoration curve of the power supply;

[ 1

means for'estlmaun'g a current power supply voltage ot the charactensuc
restoration curve from the iﬁfonhation'stored in said ﬁrstmemory dev1ce, )

means for reading a rotational speed from sdid second memory device
correspondmg to the current power supply voltage estimated'B'y said estimating means; |
and

means for changing the speed of the motor in accordance with the read rotational
speed.

2. A controller according to claim 1, wherein said changing means comprises a

O

motor drive circuit ontputting a driving signal at different frequencies in accordance with
the rotational speed information read from said second memory device, said rotational
speed information represedting the frequency of the driving signal required to drive the
motor at the read rotational speed. |

3. A controller according to claim 2, wherein the motor comprises a sheet feeding
moior for use during a sheet feeding operation of a printer, and wherein said motor drive
circuit outputs a plurality of pulses as the driving pulse signal, the pﬁlseé being output at
different time intervals in accordance with the rotational speed information read |

from said second memory device, said rotational speed information representing the time



i nterval between pul ses for the driving sighal as requi red—te—drive the

mot:or at the read.rotational speed, thereby achieving .a pr ' .
anbunt of notor torque of the sheet f eedi pg, pOt Or for us%@ﬂm‘ﬁgmﬂai““m‘t :
feedi ng operation. 4. A controller acc ing to claim c s x
conprising:.neans for detectrng a no-load~ pomer supply voltage

correspondi gg,
printgp; conple |on rrea r es %Fg %ﬁ% T supp tage Qtttmér&ﬁe

restorationpGonasl ‘gﬂ%ea Féd@féhﬁﬂ: [ﬁﬂﬁg
wherein the restora I oh com;lletro gre IS a tera(r%g{daﬁ?ggﬁﬂl\b? power suppl y

vol t age has féeani mefdr FoL s diiringdthé SRect FRing speiativm, oper ati on; and wherein
said first menory device stores tine interval's required for restoring t he

power supply voltage by a predeterm ned increnment fromthe current power
supply voltage, the time intervals corresponding to various voltage

di f f er ences4bet Wwéecoritivilep avenrding (v claim @, lfmheraiompmmgest oration conpletion
time and the current power supply voltage; and wherein said means for

estimating the cmmnmfor@ﬂmﬂngapm-lpa@pbwegmpplymlmemmmndlﬂgdo acandifionhe
vol tage detected at the beqr nni ngi of a sheet feeding operation as an

initially ewherethePower sepn printefe: neans for calculating a
‘'vol tage difference between the estl mat ed current power supply vo]tage and

the power suppl y coupletign mgang ! Qfe@PE\aHBSGrPO&’GﬁﬁﬁleUﬂlﬁger?éwm& ng the
from sai d { FoEPleHian e Hom Be SeifEisd 51080 HOaL PRy WEECCWbF ol be TEuRfaton
O, g BhBR R TR A B e B VRS el e
\rl\glsfgr;thfoxair i _c%%%é?gcﬁg&% when the el apse of the required

said first memory device stores time intérvals required for restoring the power

supply voltage by a predetermined increment from the current power supply voltage, the
time intervals corresponding to various voltage differences between the power supply
voltage at the restoration completion time and the current poWer supply voltagé; and
wherein

said means for estimating the current power supply voltage comprises:

means for using the voltage detected at the beginning of a sheet feeding operation
as an initially estimated current power supply vdltage;

| means for calculating a voltage differénce between the estimated current power

supply voltage and the power supply voltage at a restoration completion time and reading
the requxred restoration time interval correspondmg to the voltage dlfference from said
first memory device;

means for detecting elapse of the read required restoration time interval based on
the measured time; and

means for updating the estimated current power supply voltage with a value to
.whxch the voltage increment is added when the elapse of the required restoration time has
been detected.
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A controtter—according to claim3 or 4 furthér -conprising: a third
ring tinme intervats for a predeterm ned,step nunber nl
ﬂmuﬂeﬂgﬂmmm”m notor; and a fourth nenory device for storing tinme
i ntervalkks torma predeterm ned step nunber n2 for decelerating the notor;
wherer n said changi ng neans carries opt)y frequency changes of the driving
signal for the step nunber nl in accordance with the.tinme intervals read__
fromtBe thwmmmﬁngmdmmmﬁhmwmmgng oper ati on, and -
wher ei n when a sheet feeding anount' is equal to.a step number N, said
changi ng ma@u&mmm&mfoempmmagfmmmwmmfor t he
step number N-nl-n2 in accordance with the tinme intervals read fromsaid -

secondninferoropelemtingthe Mmoo ardi es out frequency changes for the step number
n2 in accord nce with the tlge |nt,ervals re g)roms i d fourth menory

ggz: gg s'?' %&Wldsr’wﬁ %?% {sntsef) nunmber nl for a predemar% g(rjmry
ngfgef;‘é‘f‘g?rf%%?’f %m’correspondl ng to respective power ailugpl y
fourtﬂ mmry%@?@g%wpﬂéﬂi@ﬁ%‘%‘f%%@ﬁ@%%@ﬁ%ﬁ or a

EL??EL povver W V#Wbﬁ%ﬂel niﬁgég%l angl ngﬂéreﬁgﬁg rea eﬁ l)\r/n?

sai d tw&%me%ﬁw% ggaa fi6H, Hnd A herSin WARRC SHieROfek@ing Hendilt gt ed

power suppl tage at the nning of the sheet feeding operation and

from sainl teustep niiber W, cdaid élﬁnnglmnk cheics dut freqicncy ehavging bpthehe | ast

estimated current power suppl y voltage : A controller for controlling
a dri virigingisigial forsthe step ntimbee Nan P éu aeacbdametwmu thy timte intervals read &/

N 4

from said second memory device, and carries out fre'quem‘,y ch"anges for the step number

n2 in accordance with the time intervals read from said fourth memory device.

6. A controller according to claim 5, wherein

said third mernory-déVice stores time intervals for the step number n1 for a
predetermined acceleration, the time intervals corresponding to respective power supply
voltages at the beginning of the sheet feeding operation;
' wherein said fourth 'mémory "device stores time intervals for the step number n2
for a predetermined deceleration, the time intervals cor:espondmg to respectlve current w
power supply voltages and

wherein said changing means reads from said third memory device a time interval
corresponding to the detected power supply voltage at the beginning of the sheet feeding

operation and from said fourth memory device a time interval corresponding to the last

estimated current power supply voltage.
7. A controller for controlling a driving signal used to drive a motor substantially as

hereinbefore described with reference to or as shown in Figure 2 and any one of figures
3to7. | |



ker ei nbef ore described with -referen&éﬁflftﬁd: or ‘as shown in Fi gure 2 and any
one of figures 3to7. 8. A controller for,- controlling a driving
signal used to drive a notor-substantifally ascherei nbefore described with

reference Lo or as shown in Figure 2. AR ON
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8. A controller for controlling a driving signal used to drive a motor substantially as
hereinbefore described with reference to or as shown in Figure 2.
Y



