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ROTATI ONAL SPEED CONTROL APPARATUS FOR DC MOTOR 225[ err] 066 The

present invention relates to rotational speed control apparatus for a

notor, e.g. rotational speed control apparatus for a DC brushl ess notor

which is driven by a relatively |ow voltage froma DC power source.

Recently, high quality audi o apparatus has been devel oped, and a high grade «
motor ‘is required for use in such high quality audi o apparatus.

Particularly in rotational speed control of a DC brushless notor, rapid and
accurate control i s ROPATIONAL SFEEIO CORTROIO APPARNTUS OWORf DC MOTOR! Of | i @25@0@@
rotational speed of the notor rs elucidate ereafter with reference 1o

FIG 7, FIG 8, FIG 9 and FIG 10. FIG 7 is circuitry of a first exanple

of a rotational speed control apparatus for a DC notor in the prior art.

Three driving coi IThedprestdtainvetitioh tdlatestiar ratztivoabespeed tantirbé

positive line 40 of a DC power suppy at one end. The ot her ends of the
driving coil epparata® fod aidnckoe, coupl gdtabionad speede comtrolohpphnatinag
transistors 44, 45 and 46, respectively. The collectors of the transistors

44, 45 and 4€csre BE cnsbdeshrmatgn whpekiiordriyen big smy@lativgdy low
respectively. _The emtters of .tthe driving transistors 44, 45 and 46 are
grounded, an¥otFRISHATRR & PCtPRWEFr FIRERE-t r ansi stors 44, 45 and 46 are al so
grounded t hrough resistors 51, 52 and 5 respectively. Position gsensors

54, 55 and 56 for REEAEFI¥y N’é‘ %Pﬁﬁ%yoﬁﬁai‘?ﬁg?%%ﬁs&’fast heen 3?6?1% * mount ed

in the DC ' '

v

and a high grade motor is required for use in such high quality

audio apparatus. Particularly in rotational speed control of a

DC brushless motor, rapid and accurate control is required.
- A conventional method for controlling the rotational speed
of the DC motor is elucidated hereafter with referénce to FiG. 7,
FIG. 8, FIG. 9 and FIG. 10. FIG. 7 is circuitry of a first
example of a rotational speed control apparatus for a DC motor in
the prior art. Three_driving coils 41, 42 and 43 of the motor
are connécted to.the positive line 40 of a DC power suppy at one
end. The other ends of the driving coils 41, 42 and 43 are
coupled to the cdllectors of driving transistors 44, 45 and 46,
_respectively. The collectors of the'transistors-44, 45 and 46 E;,

are grounded through capacitors 47, 48 and



nmotor. .The position sensors 54, 55 and 56 are Hall devices, for exanple.
The outputs of the position sensors 54, 55 and 56 are inputted to a current
switching circuit 58. A notor driving circuit 20A conprises the transistors
44; 45, 46 and the current switching circuit 58. The outputs of the current
switching circuit 58 are applied to the respective bases of the driving
transi stors 44, 45 and 46. The collectors of the driving transistors 44, 45

and 46 IN§d Siske d in Ok h@i | I S
o o0 o PRI HIEy | DIPRY GaRUESSS broNG, HETNTRE Sratplalhal,

61, respectiqg] a5 THIRd NP8l AVET frbiiRILE, (ahdothbhsageéfe&e%hbahﬁwﬂﬂnéIers
62, 63 and 64 are connected to the p05|t|ve | ine 40 through resistors 65,

66 and 67, lﬁxansmsnnﬁs/4Jhe4@uﬁ@at460£réhaldbfEeaanﬂealthwbhuhlers 62, 63
and 64 are connected in common,  and resistors 68, 69 and 70 are connected

dcross the iresdridtompBs, a5el and 581 poespottikelgti.fferential anplifiers 62,
63 and 64, respectively. A series connection of resistors 71 and 72 is
connect ed between the Bositior semsor9 54d Sheandt 6t o2 sensfinghe the
differential amplifier 62, 63 and 64 connected in common. A capacitor 73

i s connecteGQ&ﬁﬁmﬂﬂﬁkrﬁpﬁiﬁ#an@fIth% notandarpempunsedoAnpdiber Dfet ween

the resistors 71 and 72. The junction point is connected to the invert
motor. The position sensors 54, 55 and 56 are Hall

devices, for example. The outputs of the position sensors

54, 55 and 56 are inputted to a current switching circuit
" el 58. A motor driving circuit 20A comprises the
transistors 44, 45, 46 and the current switching circuit
58. The outputs of the current switching circuit 58 are
applied to the respective bases of the driving transistors
44, 45 and 46. The collectors of the driving transistors
44, 45 and 46 are connected to the invert inputs (-) of
differential amplifiers 62, 63 and 64 of amplifiers 121,
122 and 123 through resistors 59, 60 #nd 61, respectively.
The noninvert inputs (+) of the differential amplifiers
62, 63 and 64 are connected to the positive line 40
through resistors 65, 66 and 67, respectively.

The outputs of the differential amplifiers 62,
63 and 64 are connected in common, and resistors 68, 69
and 70 are connected across the invert inputs and the
outputs of the differential amplifiers 62, 63 and 64,
respectively. A series connection of resistors 71 and 72

is connected between the positive line 40 and the outputs



input of a differential anplifier 74 through a resistor 75. The output o
the differential anplifier 74 is connected to the invert input thereof °
t hrough parallel connected resistor 76 and capacitor 77. The output volta
of a reference voltage generator 78 for generating a reference voltage VWr
I's applied to the noninvert input (+) of a differential anplifier 79 of a
rotating speed setting circuit 93. " The output of the differential

ampl i fierof9the aeffesiendial tHifp Decre©i62, t6anshdt o4 8énnbctld ngrounde
at the collector. The emitter of the transistor 81 is connected to t
positive tommoAl tAr eapacd toanstants aronreedt tedubetw&€nabhei posdtieet ed to
the base of a transistor 83, too. The enitter of the transistor 83 is
grounded 1hneudh ande$hstdmn@tknnipadnmnbnmwemhttheheeshs&orS|ﬁnut (-) o
the differential anplifier 79, too. The collector of the transistor 83
connect edand 7Re pﬁbetdwadhimaAﬂbin#cigﬁﬁQnm%@t%dotOBQhan@nV§r&Iso
connected to the noninvert input of a differential anplifier 85. The outp
of the diinputnefap dﬁﬁfﬁr&&thﬁi|%WR%iﬁﬁ§%eiﬂtEh¥%%€ n#eFESLESAr t her eof
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and therebg a "voltage follower circuit" is The_out put vol tage 3
di f

"f' of thé Theeny BPtaﬁﬁ|QhQﬂd#ﬁf4%§Qﬁﬁ#4eﬁpﬁ%ifﬁﬁrnﬁﬂlﬁ§ert i nput of

the differenti al lifier The
' connectegn%o the invert input thereof through parallel.

connected resistor 76 and. capacitor 77.

The output voltage pf-a;refgrence voltage_
generator 78 for-genératiﬁg a-refefence voltage Vref is:
applied to the ndninvert 1hpuﬁ_(f) of é.differential
amplifier 79 of a rotating speed setting circuit 93. The
output of.the_differential,amplifier_79.13 éonhected to
the base of a trhnsistor-Sl whiéh-is grbuﬁded at_the
collector. The emitter of the transistor 81 15 connected
to the positive line 40 through a constant current_source
80 and is connected to the base of a transistor 83, too.
The emitter of the .transistor 83 is grounded through a
resistor 84 and is connected to the invert input:(-) of
the differential amplifier 79, too. The collector of the
transistor 83 is connected to the positive line 40 through
a resistor 82 and is also connected to the noninvert input
of a differential amplifier 85.

- The output. of the differential amplifier 85 is
connected to the invert input.thereof and théreby a

"voltage follower-circuif" is formed. The output voltage

r:
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output, of the differential anplifier 74 is connected to the current
swtching circuit 58 through a resistor 87. The operation of the prior art
is elucidated with reference to FIGs. 8(a) --- 8(g). Signals output from
the position sensors 54, 55 and 56 are inputted to the current sw tching
circuit 58. In the current switching circuit 58, current-switching signals
whi ch are applied to the bases of the transistors 44, 45, 46 are generated

on the Dbasiseel opNensl Qs AiciUl Tl i#KerP U 1 O P10 St54tned, 56

The waveforns of the current-swtc ing signals are shown in FIGs. 8(d),

8(e) and 8(fpnidbereUinpic oW t Chithe Sirgepdrtishomplinidd Gs.  &hd), 8(e) and
8(f) are applied to the bases of the driving transistors 44, 45 and 46,

respectivel yutpat bifether daFireridn®ialg dnlia iies M cs | corilecte@davd 43 are
controlled thereby. In FIGs. 8(d), 8(e) and 8(f), the high level represents
a period ofthéOcatreenti eoli tedbdngeeivfcuitstguiditinanghira angsisbor &dunt er
el ectronotive voltages shown in FIGs. 8(a), 8(b) and 8(c) are generated in
each driving coil 41, Th2, operiatioayofutthen pfiatharbtis efuchdat&inotor. In
t he wavefornms shown by FIG 8(a), 8(b) and 8(c&, shaded areas represent
wavef or s netithbye@erencg dor FdGss 8 (@l mg - B (e drilgmaleoertrut, 42, 43.
The counter electronotive 4
from the position sensors 54, 55 and 56 are inputted to
the current switching circuit 58. 1In the current
switching circuit 58, current-switching signals which are
Y applied to the bases of the transistors 44, 45, 46 are
generated on the basis of the signals output from the
position sensors 54, 55, 56. The waveforms of the
burrent—switching signals are shown in FIGs. 8(d), 8(e)
and 8(f). The current-switching signals shown in FIGs. .
8(d), 8(e) and 8(f) are applied to the bases of the
driving transistors 44, 45 and 48, respectively, and the
currents flowing the driving coils 41, 42 and 43 are
controlled thereby. In FIGs. 8(d), 8(e) and 8(f), the high
level represents a period of 120 electrical degrees of
instructing current flow.
Counter electromotive voltages shown in FIGs.
8(a), 8(b) and 8(c) are generated in each driving coil 41,
42, 43 by revolution of the rotor of the DC motor. In the
waveforms shown by FIG. 8(a), 8(b) and 8(c), shaded areas

represent waveforms made by driving currents flowing in

the driving coils 41, 42, 43. The counter electromotive



voltages are inputted to the anplifiers 121, 122, 123, respectively, and
are anplified thereby. The outputs of the anplifier 121, 122 and 123 aré
added at the respective output terminals of the differential anplifiers 62,
63, 64, and a pulsating current output VD is output as shown in FIG 8(g).
The | evel of the output VD varies in conpliance with the rotating speed of
the rotor. The output VD s snoothed to a DC voltage "e" by a filter

clroui t copneasdelard\q iR &P S Tdne Tanpitlei BRs0ARRC 435 TGand the, DC

vol tage " |s app X e invert-inp ferent'i anpllflgg

74. The r%@bb@g;i%m%d Hid 1d¥% Cdrh dﬁﬂiﬁ@é SRELEBVES THE Qﬁtt?}‘ﬁttss'dlnal "f_"_

for designating the rotating spee the rotor on the basi s of the

ref erence thel @@ i¥idr afext he 3 2fa@nce3valktagadeanatathe tesprdlifffer ence
bet ween the output "f" and the output "e" is applied to the current

smntchungoumpumlmdﬁmidalsfufcmhéemifﬁarenblag amplifiers, s2hedFvel s of
the current-switching signals shown in FIGs. 8(d), 8(e) and 8(f) are varied
by the di 6#ier andea @mdsﬂtmnﬂncuﬁmamuroebpstfVDmﬂsgouNthea$HshqmpCO|Is
41, 42 and 43 are controlled to rotate the rotor at a predeterm ned

rotati ng $pefdG.B{@he Fheorlewel of thetdootpdta¥Bywarips dm put VD for
controlling the rotating speed of the rotor is generated on the basis of

t he count epmpild@ncendtithe the inofeat ipscspeed of the wpterng dée s 41, 42,

43.
output VD 1is smoaothed to a DC voltage "e" by.a filter circuit

composed of the resistors 71, 72 and the capacitor 73, and
the DC VQltage "e" is applied to the invert-input of the ;J _
differential amplifier 74. |

- The rotatipg-speed setting circuit 93 generates
the output signal "f" for designatiﬁg'the rotating speed
of the rotor on the basis of the reference voltage Vref of
the reference voltage”generator-7éf- A difference between
the output "f" and the output "e" 1ig app;ied to the
current switching circuit 58. 1In the.current switching
circuit 58, the levels of-the.current—switching signals
shown 1h FIGs. 8(d), 8(e) and 8(f) are'varied_by.the- . -~
difference, and thereby thé currents flbwing in the
drivihg coils 41, 42 and 43 are controlled to rotate the
rotor at a predetermined rotating speed.

-In the prior art, as.meﬁtioneduabove, the output
VD for controlling the rotating,Speed of the rotor is
generated on the basis of the counter electromotive

voltages generated in the driving coils 41, 42, 43.



Therefore, in the event that the magnetic force of the pernmanent nagnet
mounted in the rotor varies owng to a tenperature change during continuous
operation of the notor, for exanple; the counter electronotive voltages of
the driving coils 41, 42, 43 vary. Consequently, the |level of the output VD
ig varied, and thus the output of the differential amplifier 74 is varied.
Atcordingly, the output of the current switching circuit 58 is varied, and

the rotalingnspesdsQ! UAC (i Wvatfl | Gt IS PALSLPEPIELOE of the

rot-ati orral speed control apparatus o e prior art Is elucidated

hereafter. FbGninktit maignet Wohrfed Nt SEFONEbEXAMPALIEE bREnEOLat honal
speed control apparatus. Referring to FIG9, a notor 21 is driven by the

nmotor drivi ggmplei-ature2@nehieh difr i dorreinwdid épedavionheff thet

exanpl e. The rotational position of the rotor of the notor 21 is

det ect ed bympesirt,i Forsexampd HAthdTanttéad elhectramet hvenvelitageshefnot or.
The outputs of the position sensors 54, 55 and 56 are inputted to a

rotati ng spehe detedngngodilrscuil, 42 amB avany at i CenseerentlysetBegnal PFG
Is output. The rotating speed pul se signal PFGis a pulse signal having a
peri od TFG bewvel of ithneccatputoptl tisonedr ied i and othus nthe pewtiput ofe
rotor. The rotating speed pulse signal PFGis applied to a rotating speed
error si gnathgeddfferendialaampladifiieyr sheecks reaktedice Acepndinghsatbe 23

conprises a first timer 24 and a second tinmer 25, and the first outgut PFG
output of the current switching circuit 58 is varied, and

the rotating speed of the rotor varies.

S A 'secoﬁd example of rotational speed control
apparatus of the'prior art is elucidated hereafter. FIG.9
is circuitry of the second example of the rotational speed
control apparatus. Referring to FIG.9, a motor 21 is
driven by the motor driving circuit 20 which is identical
with thet of the fifst example. The rotational position
of the rotor of the motor 21 is detected by position
sensors 54, 55 and 56 which are mounted on the motor. The
outputs of the position sensors 54, 55 and 56 are inputted

(L "to a rotating speed detecting circuit 4, and a rotating
speed pulse signal PFG is output. The rotating speed
pulse signal PFG is a pulse signal having a period TFG
which is inverse proportional to the rotating speed of the
rotor. The rotating speed pulse signal PFG is applied to
a rotating speed error signal generator 31. A rotating
speed reference signal generator 23 comprises a first

timer 24 and a second timer 25, and the first output PFG



6 of the rotating speed error signal generator 31 is applied to the

first tinmer 24. An output signal AC and an output signal BR are out put
fromthe rotating speed error signal generator 31 and are applied to a

current control circuit 30. The current control circuit 30 is conposed of a
constant current source 26, a first switching circuit 27, a second b
switching circuit 28 and a second constant current source 29 which are e

coupl ed i 15 S GHLS e £ FE L QL AL r 1Bt B?FHQEE Aetetor R fii[%sgpmpp{@&am, .

eurrent source 26 1S connected to a positive I'fne Vcc of a ower sowce,

and the seePthe NHANt LHEF €54 . S-OHﬁCSu%BuitS_ s‘i%ﬂ'leﬁd_ %jri_d“%rﬂrdi_ﬂfkﬂxt 'Thé
first swtching circuit 27 is controlled by the output signal AC~ and the

second sWglighiald BR ldrl towfput £P6h! ehbedobutlihg epleRd eFrdialsiihallhe

junction point between the first switching circuit 27 and the second

swi t chi ng generaitor? @1 samdrawet £ppl dedheoi aveur rienguicontroldidifranent i al

anplifier 104 of an integrating circuit 100, and the positive line of a

- referencedol t e soummentl owtral refecehte3Volisagemposied iof @onnected to
the noninvert input thereof. A series connected resistor 101 and capacitor

102 are ceemnstaadt sunrent wowreeulsi eanfibnbtoswikehdings evigrauidt 2hplifier

104 and the invert input thereof, and thereby an integrating circuit 100 is-
formed. @ second switching circuit 28 and a second constant o

current source 29 which are coupled in series with each
other in the named order. The first constant current o
sourée 26-1s-connectéd to a positive line Vcc of.a DC ' -
power source, and the second constant current source 29 is |
coupled to the ground. - _
”The-first'switchingfcircuit 27 is controlled by
the output signal AC, and the second switching circuit 28
- is controlled by the output signal-BRT The Junction point
between the first switching circuit 27 and the.second
switching circuit 28 is connected to the invert input of a'
- differential amplifier 104 of an integrating circuit 100,
and the positive line of a reference voltage Source 103 of G
a reference voltagé'Vrefl'is connected to the noninvert
" input thereof. A series connected resistor 101 and
‘capacitor 102 are connected: across the output terminal of
the differential amplifier 104 and the invert input
thereof, and thereby an integrating-éircuit_loo_is.forﬁed.
Moreover, a diode 120 is coupled across the output

‘terminal and the invert input of the differential



Mor eover, a diode 120 is coupled across the output termnal and the invert
I nput of the differential 7 anplifier 104 in a manner that the cathode
of the diode 120 is connected to the output termnal. A capacitor Ch is of
a smal | capacitance as a high pass filter for noise reduction. The output
of the integrating circuit 100 is applied to the notor driving circuit 20
t8 control the rotating speed of the notor 21. The operation of the

ratati ngfzg%g@mqtérolmmﬁ{ aa} qﬁaﬁﬁ ¢ henaecend Eé’tﬂédéréfe’éﬁ@h‘io'd%

i1 lustrz wave orn1c arts shown I n . 10(a) --- 10(d). In

FIG 9, the fragubomiedted '€ dthdtogbpet ﬁéfﬁfnawnah Ehfakcd to? Ch
proportion to the rotating speed of the rotor. In the rotating speed

reference siignaf genmisll DIcaFac Btdnéstasqaantghapassi ghaterefoesantiisey a
first reference tinme interval is generated by the first timer 24, and then,
by receivi ngeduetiliorst Sthercuvmye of gthé, integratingqodreuditgddd is
representing a second reference tine interval is generated by the second
timer 25. Aapptldtaddos il matar edckvingeciregitie20ntd bgonthelstiveof t he
first reference tine interval and the second reference tinme interval. In
the rotati ngodipdddersraediaghathgareter 02131, when the period of the.

rotati ng speed pul se signal PFGis
The operation of the rotating speed control

apparatus of the second prior art example is illustrated
by waveform charts shown in FIGs. 10(a) ---

o 10(d). In FIG.9, the frequency of the rotating speed

| pulse signal.PFG is in proportion to the rotating speed of
the rotor. 1In the rotating speed reference signal
generator 23, a first square wave signal representing a
first reference time interval is generated by the first
timer 24, and then, by receiving the first square wave
signal, a second square signal representing a second
reference time interval is generated by the second timer
25. A rotating speed reference time T is defined by the
sum of the first reference time interval and the second
reference time interval.

In the rotating speed error signal generator 31,
when the period of the rotating speed pulse signal PFG is
longer than the rotating speed reference time T, it is

" determined that the rotating speed of the rotor is lower
than a predeterﬁined rotating speed which is set by the

first timer 24 and the second timer 25. Thus, the output



| onger than the rotating speed reference tinme T, it is determ ned that the
rotating speed of the rotor is |lower than a predeterm ned rotating speed’
which is set by the first tiner 24 and the second tiner 25. Thus, the .
out put 8 signal AC for increasing the rotating speéd is output fromthe
rotating speed error signal generator 31 and is applied to the first
swtching circuit 27. On the other hand, when the period of the rotating .
speed pul seghadnAC PbP iincHeadigig 1R tdeatDigt spdedpeedonepatereom i Ae T,
it is determned that the rotating speed of the rotor is higher than the

pr edet er nthedrotastingg speedd erartt tdigmul génesrgbatr SR &nd decreasing the
rotating speed is output fromthe rotating speed error signal generator 31,
and i s appbpiiledotbhéheeddrd ts\avtidiihnipgicineui ©826f tOw ther otherontro
circuit 30. The above-nentioned configuration for controlling the rotating
speed i s hanill i wheno thee perillddedf thaearetatinegt speedopulse signal '
monomul ti-vi brator nmethod". FIG 10(a) is the waveform chart of an exanple
of the ouPBGtisi ghartac dhanFithel gapating eperd creferenaet témeal,exanpl e
of the outgut si.gnal BR The first switching circuit 27 closes during the
hi gh | evel tptfi datermipedo thatt theyratatdng gpeed Pt the EQEPENLSS | ows

into the jpvert ipput of the differentj al _
h gﬁer tﬁgn tﬁe predetermined rotating speed, .and the
output signal BR for decreasing the rotating speediis

output from the rotating speed error signal generator 31,

and is applied to the second switching circuit 28 of the </

current control circuit 30. The above-mentioned
configuration for controlling the retating speed is
familiar to one skilled in. the art as the "double-
monomulti-vibrator. method”. |

FIG.10(a) is the waveform chart of an example of
the output signal AC and FIG.10(b) is the waveform chart
of an example of the output signal BR. .

The first switching circuit 27 closes during the

high level period of the output signal AC, and a constant o

current flows into the invert input.of_the-differential
amplifier 104 of the integrating circuit 100 from the
constant current source 26. On the other hand, the second
switching circu1t128 closes during the high level period
of the outbut signal BR, and a constant current flows from
the invert input of the differential amplifier 104 to the

constant current source 29. Consequently, an invert input

$
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anplifier 104 of the integrating circuit 100 fromthe constant current
source 26. On the other hand, the second switching circuit 28 closes during
the high level period of the output signal BR, and a constant current flows
fromthe invert input of the differential anplifier 104 to the constant
current source 29. Consequently, an invert input 9 current CPO of the
dffferential anplifier 104 is generated at the junction poi nt between the

first swtchiyor&it cepd SF 8Ré Hh?fé?ﬁﬂ'ﬂ@ai%ﬁ@%‘i?ﬂe@ nou 11 Getierdd by
t he wav®‘or m of FI G 10(c). The output voltage he differential

amplifier 1Qf ithéhpuiicbyohhporarebetweeh the Firdk. sKaftebing dikcuit
FI G 10(d), when the rotating speed is | ower than a predeterm ned val ue,

since the oWwpuwindithel sé€ond owipohingceirentiti 28wasi shownhdy iyt i nput
of the differential anmplifier 104, and the inflow of the invert input
current CPOwavefgrmesefit BTG by0 6eposi tive level in FIG 10(c). Consequently,
the Il evel of the output voltage VT of the differential anplifier 104 is

| oner ed. However, -sincBhe heutpotievaR0age VBupfedhacddfferientiimlert i nput
termnal and the output termnal of the differential anplifier 104 in a
manner that antpel idffiele 10kr bef shewnobyethedwayefnemo@fpHIG-dOfiddal , t he

| evel of the out put voltﬁge VT is kept to the value of a dlfference bet ween
Referring to FIG.10(d), when the rotating speed is lower

than a predetermined value, since the output signal AC is

output a current flows into the invert input of the
ot differential amplifier 104, and the inflow of the invert
input current CPO is represented by a positive level in
FIG.lO(c);' Conéequently, the level of the output voltage
vT of.the differential'amplifier 104 is lowered. However,
since the diode 120 is coupled across the invert input
terminal and the output terminal of the differential
amplifier 104 in a manner that the anode thereof is
connected to the output terminal, the level of the output
voltage VT is kept .to the value of a difference between
the forward voltage'VBE of the diode 120 and the reference
voltage Vrefl. o |

On the other hand, when the rotating speed is

lafger than the predetermined value, the output signal BR
is output, and a constant current flows.from the 1ﬁvert
input of the differential amplifier 104 to the ground.
The outflow of the invert input current CPO is represented

by'a negative level in FIG.10(c), and the level of the

10



the forward voltage VBE of the diode 120 and the reference voltage Vrefl.

On the other hand, when the rotating speed is |arger than the predeterm ned
val ue, the output signal BRis output, and a constant current flows from

the invert input of the differential anplifier 104 to the ground. The
outflow of the invert input current CPOis represented by a negative |evel ¢
in FIG 10(c), and the |evel of the 10 out put voltage VT increases as
shown in FIG 10(d). The output voltage VT becones equal to the refergnce
vol tage Vrefl when the rotating speed reaches the predeternined valueg
Since the integrating circuit 100 has an extrenmely |large gain, input of
the invert current CPO which exceeds a predetermined tine |ength
results in saturation of the integrating circuit 100, and the out put
voltage VT is held to a mininumvalue which is lower than the reference

vol tage Vrefl. Consequently, the response characteristic of the
integrating circuit 100 is deteriorated. In the integrating circuit 100,
saturation is prevented by the di ode 120. In general,- the forward
voltage [err] of a diode is about 0.7 volts. Therefore, at least 2 volts
of DC power source is'required to activate the integrating circuit -100.

For exampl e.outble o144 W191563AM6 U bR AROFRS U0LE] NIrlldhsfge Dattery

wi th an out put vol tage™ of - devi ce ving 0 - - olts of
f orwar d voltage VT becomes equal to thg reference voltage Vrefl when the
rotating speed reaches the p;edete;mined vélue. |
Since the integrating_circuit.lbo-has an“extrémely large o
gain, imput of the .invert current CPOi.which e#ﬁeeds a
predetermined time length_ resulté in__saturation of the:
integrating circuit 100, ahd thg output voltage VT ié held to a
minimum value which is lower than.the feference volfage.Vrefl
Consequently, the response character1st1c of the 1ntegrat1ng
circuit 100 is deterlorated._ In the 1ntegrat1ng circuit 100,
saturation is prevented by the dlode-lzq. In general, the
forward voltage Vi of a diode is about 0.7 volts. Therefo:e, at

least 2 volts of DC power source is required to activate the

¢

integrating circuit 100. For example, in a rotating speed
control apparatus using only one battery with an output voltage

of 1.5 volts, a ‘device having 0.2 --- 0.3 volts of _fqrward

-Il-



-11- - 12 - voltage is required, and such a diode is not comercially
avai |l able. According to a first aspect of the present invention, there is
provi ded rotational speed control apparatus for a notor, conprising: at

| east one position sensor nountable on said notor for sensing the
rotational position of a rotor of said notor, a current switching circuit
for generating current-switching signals for switching currents flowing in
driving-coils of said notor, on the basis of the output(s) of said position
sensor (™, an anplifier for anplifying said current-switching signals to a
| evel corresponding to a predeternined rotational speed of said rotor, a
pul se generator for generating a pul se signal having a frequency
proportional to the rotational speed of said rotor, on the basis of said
out put (s) of said position sensor(s), atimer circuit for generating a
sawt oot h waveform signal in synchronismwth said pul se signal, and a

rect angul ar - 13 - wave signal which steps up in response to said pul se
signal and steps down when said sawt oot h waveform signal reaches its peak
" level, an acceleration pulse generating girtcuit for generating an

‘voltage is required, and such a diode is not commercially
available.

According to a first aspect of the present invention, there
is provided rotational speed control apparatus for a motor,
comprising: at least one position sensor mountable on said motor
for sensing the rotational position of a rotor of said motor, a
current -switching. circuit for generating current-switching
signals for switching currents flowing in driving coils of said
motor, on the basis of the output(s) of said position
sensor(s), an amplifier for amplifying said current-switching
signals to a level corresponding to a predetermined rotational
speed of said rotor, a pulse generator for generating a pulse
siénal having a frequency proportional to the rotational speed of

‘ot said rotor, on the basis of said output(s) of said position.
sensor(s), a timer circuit for generating a sawtooth waveform

signal in synchronism with said pulse signal, and a rectangular



out put signal having a phase opposite to said rectangul ar wave signal, a
decel eration pul se generating circuit for generating a rectangul ar wave ’
whi ch steps up in response to said pul se signal
said sawt oot h waveform si gnal reaches a predeterm ned voltage, a current
circuit conprising a series arrangenent of a first. constant current *
a second switching circuit and a second
constant current source which are coupl abl e between both ends of a DC.power . _
source and are arranged to generate a current in response to swtchi ngsof
said first swtching circuit by said output signa
pul se generating circuit and said second switching circuit by said
rectangul ar wave signal from said deceleration pulse generating

and an - 14 - integrating circuit for integrating said
circuit and outputting an out put
Because it uses the

si gnal

contr ol
sour ce,

circuit,
current output fromsaid current control
for controlling the gain of said anplifier
position of the rotor and not the back-e.mf. of the rotor

the rotational speed control .agparatus is free from the

of external conditions such as tenperature. According to a

si gnal
rot ati onal
coils,
i nfl uence

a first switching circuit,

and st eps down when

fromsaid accel eration

second aspegavefsighel AWhEeRNétdpavep tinoRespdieketd Sald Plildedsigbatamnal speed

contr ol

apparatus for a notor,

level, an acceleration pulse generating circuit for generating an
output signal having a phase opposite to said rectangular_wave
signal, a deceleration pulse generating circuit for genmerating a
rectangular wave signal which steps up in response'tO'said'puise
signal and steps down when'saidjsawtooth waveform signal reaches
‘a predetermined voltage, a current control circuit comprising a
series arrangement of a first constant current source, a fifst
switching circuit, a second switching circuit and a second

constant current source which are'couplabie between both ends of

a DC power source and are arranged to generate a current in

response to switching of said.first switching circuit by said
output signal from said acceleration'pulse generating circuit and
said second switching circuit by said rectangular wave signal

from said -deceleration pulse generating circuit, and an

conprising: at |east one position sensor
mount abl e omteps downt wiied @&id cswwitogth heavebdm isigmal peacidsoritsf paak ot or. of
said notor, a

(&

R )

x
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pul se generator for generating a pul se signal having a frequency
proportional to the rotational speed of said rotor, on the basis of the
out put (s) of said position sensor(s), a rotational speed reference signal
generator for generating a time |length signal having a predeterm ned tine
| éngt h corresponding to a reference -15- rotational speed of said rotor,
& rotational speed error signal generator for generating an accel eration
signal which is for instructing increase of said rotational speed of said
rotor Weén the period of said pul se signal fromsaid pul se generator is

| arger than-said time |length of said rotational speed reference signal
generator, or a deceleration signal which is for instructing
decrease of said rotational speed when the peri.od of said pulse signal is
smal ler than said tinme length of said rotating speed reference signal
generator, a current control circuit conprising a series arrangenent of a
first constant current source, a first switching circuit, a second
switching circuit and a second constant current source which are coupl abl e
bet ween both ends of a DC power source-gad-are arranged to generate a
current in response to switching of said first switching circuit by said
accel erati on singegtatdng ciacdiis €opiidteyvatihng mgidicucnent bytpsti frotessider ati on
signal, an integrating circuit for integrating said current output from
said current cunrend contcol t chrmbiidbuapdt butpptiing uarpudutpuynalighalr for
controlling a nmotor driving circuit, and a clanp circuit for clanping the

_controlling the gain of said amplifier.

Because it ﬁses the rotational position of the rotor and
noi the back-e.m.f. of the rotbr poils, tﬁe rotational speed
control apparatus' is free from the influence. of external
conditions such és temperature. |

According.to a éecond ésbect of the present invention,

.theré is provided rotational §peed.coﬁtrol apparatus for a motor,
comprising: at léasf one position sensor hountable on said motor
for sensing the rotational position of a rofor of said motor, a
pulse generatbr for generating a pﬁlse signél having a frequency
propdrtién&l to the rotational speed of said rotor, on the basis
_ | of the oﬁtput(s) of said position sensor(s), a rotafional speed

reference signal generator for gehérating é time length signal

having a predetermined time length corresponding to a reference



| evel of said output signal of saidintegrating circuit to a pr edet er m ned
| evel . Because of the clanp circuit, a | ower power supply voltage nay be

used. The invention will now be described by way of non-limting.
in which:- FIG1

enbodi nents with reference to the acconpanyi ng draw ngs,

I's a bl ock di agram of a first enbodi mrent of rotational
I nventi on;

and 2(h) are maveforn1chartsﬁ<ﬁ

apparatus for a DC notor in accordance with the present
2(a), 2(b), 2(c), 2(d), 2(e), 2(f),
the operation of the first enbodlnent I'Gs. 3(a), 3(b),

31 a3 Sy B ot BT, £ o o ARG, Bl 3900 SAEEES

4(h) are wa efgeoeh%}; gbfrathk akh %&ﬁe{:ﬁ%ﬁ' %geﬁazsnﬁﬁéh ?

e"circurtfy of a secon odi nent of

enbodi nent ; G.5 is t

3(¢),

speed control

FI Gs.

3(d), ),

o

operation
4(g) and
first

i onal

speed cont rqhseme&ﬁ?%c&@as@o%mt PotdtioRsr ApEan @2 Yidhréfsy RE&SeNt

I nvention: FIGs. 6(a

6(b), 6(c), 6(d), 6(e), 6(f), 6(g) and 6(h) are

wavef orm chahkSpefiodt € said pulse siGRl FromNs&id iPuessegaittaesPo nent ;

FIG7 is the circuitry of a first prior art exanple

larger than sa1d t1me length of said rotatlonal speed reference
51gnal generator, or a deceleratlon 31gna1 which
1nstruct1ng decrease of sa1d rotatlonal speed ‘when the perlod of
sa1d pulse signal is smaller than sa1d tlme length of said
rotatlng speed reference 31gna1 generator, a current control
c1rcu1t compnsmg a ser:.es arrangement of a f1rst constant
current source, a f1rst sw1tch1ng c1rcu1t, a second sw1tch1ng
c1rcu1t and a second constant current source whlch are couplable
between both ends of a DC power source and are arranged to
generate a current in response to sw1tch1ng of sa1d flrst
sw1tch1ng c1rcu1t by sa1d acceleratlon signal and sa1d second
sw1tch1ng c1rcu1t by sa1d deceleratlon 51gna1, an 1ntegrat1ng
circuit for 1ntegrat1ng sa1d current output from sa1d current
control crrcult and outputt1ng an output s1gnal for controlllng
a motor dr1v1ng c1rcu1t and a clamp c1rcu1t for clamp1ng the

level of said output 51gnal of said integrating circuit to a

‘predetermined level.

Because of the clamp circuit, a lower power supply voltage

may be used.

is for

2



of rotational speed control apparatus for a DC notor; FIGs. 8(a), 8(b),
8(c), 8(d), 8(e), 8(f) and 16 8(g) are waveformcharts of the operation
of the first prior art exanple; FIG9 is the circuitry of a second prior '
art exanple of rotational speed control apparatus for a DC notor; and FIGs.
10(a), 10(b), 10(c) and 10(d) are waveform charts of the operation of the
second prior art exanple. FIG 1 is a block diagramof a rotating speed
centrol apparatus for a DC notor of a first enbodi nent in accordance wth
the~pré§ént invention. Referring to FIG 1, the DC notor of the enbodi ment
conprises three driving coils 1A, 1B and 1C. One end of each driving coi
1A, 1B, 1C is coupled to a DC power_source Vcc aqr% t he ot hfsr end qf each
sPHMEYr P iR

driving coil 1A 1B, 1S Svestpeaith Roebe slestet §-Hhin&t or s
2A, 2B and 2C, .respect.iyel The.emtters of the driving transistors 2A,
56 and 20 APEOLURREE (AL ML BEESRERTH danthh AT S B e i FRAY ot o o
are coupled to the anplifier 7. Three position sensors 54, 55 and 56 are

nounted on the notor and are spaced apart 120 degree of electrical angle
around the rotor. The outputs_of the gosition sensors_ 54, 55 and

56 are applied to a pdSkGibnisehshicki dtagramzofang 3ddare sReBIENGnef s

VA, VB and VC are utgut from
rotational speed control apparatus for a DC motor in

accordance with the present invention;
FIGs. 2(a), 2(b), 2(c), 2(d), 2(e), 2(f), 2(g)
o and 2(h) are waveform charts of the operation of the first
embodiment;

FIGs. 3(a), 3(b), 3(c), 3(d), 3(e), 3(f) and
3(g) are waveform charts ' for constant rotational speed -
operation of the first embodiment;

FIGs. 4(a), 4(b), 4(c), 4(d), 4(e), 4(f), 4(g)
and 4(h) are waveform charts for variation of rotational
speed  of the first embodiment;

FIG.5 is. the circuitry of a second embodiment
of rotational speed control apparatus for a DC motor in .
‘accordance with the present invention;

FIGs. 6(a), 6(b), 6(c), 6(d), 6(e), 6(f), 6(g)
and 6(h) are Wavéform charts of the operation of the second
embodiment; .

FIG.7 is the circuitry of a first prior art example
of rotational speed control apparatus for a DC motor;

FIGs. 8(a), 8(b), 8(c), 8(d), 8(e), 8(f) and
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the position sensing circuit 3 as showm in FIGs. 2(a), 2(b) and 2(c). The
signals VA, VB and VC are inputted to 17 a current switching circuit 6,

and current-switching signals TU, TV and TWare generated as shown by FIGs.
2(d), 2(e) and 2(f). The current-switching signals TU, TV and TWare

applied to the anplifier 7. In the anplifier 7, base input signals of the K
driving transistors 2A, 2B and 2C for switching current flow ng the driving
coils 1A, Nk &l Gy e on b t e r t ching..
signal s leJﬂ(%T)sl and TW@f&%t %§£?glsw ?lgk%er g%:rt%t%” |°|§ t(-ilc(‘;éJ frégg% w° \A
current swirtcéxagiétircuit 6, the anplifier 7 and the transistors 2A ZB and
3C. The signals VA VB and VC. are applied to a rotating speed sensing
circuit 14, and a rdTmegispﬂed eigoal tc® i BUSdRUSHd 2Sora BRIt By &l Pe2( 9) -
The rotating speed signal FG-is applied to a rotating speed pul se signal
gener at or &, rataticpahtsprgd spaedop Wpparaiugneds aPP6 ntdtbsh ssygnchroni ze with
rise edges of the rotating speed signal FG are generated as shown in FlGs.
3(a) and 3(b). The rotating speed pulse signal PFGis applied to a

decel eration pul se signal generator 8, an acceleration pulse signal
generator 9 and a tifi#éIs ci¥@(al, 100(bh, th@(FDnﬁndcﬂﬂddﬂtanE watveerfip my

process. of

¥

harts of the oper-atlon of the second pr'lor' art example.

FI1G.1 is a blockxdiagram-of{a-rotating speed
control apparatus fof'a'DC motor of a first embodiment in 'LJ
accordance with the preeent invention. Referring to |
F1G.1, the DC motor of the embodiment comprises three
dfiving coils 1A, 1B and 1C. One end of each driving coil
1A, 1B, 1C is coupled t0'a_DC power source Vecc, and the_..
other end of each driving coil 1A, 1B, 1C 1is coupled to
the collectors of driving transistors 2A, 2B and 2C,
respectively. The emitters of the driving transistors 2A,
2B and 2C are connected to the ground and the bases of
these transistors are coupled to the amplifier.T. : ”w;
Three position sensors 54, 55 and 56 are mounted e
on the motor and are spaced apart 120 -degree of electrical angle around

- the rotor, The outputs of the position sensors’

54, 55 and 56 are applied to a position sensing circuit

)

13, and square wave signals VA, VB :and VC are output from
the position sensing circuit 3 as shown in FIGs. 2(a),

2(b) and 2(c). The signals VA, VB and VC are inputted to

17



capacitor Cis started at the tinme of input of the rotating speed pul se
signal PFG and the voltage across both termnals of the capacitor C

i ncreases fromzero volt to a voltage V1 as shown in FIG 3(c). The voltage
across 18 - both the terminals of the capacitor Crapidly falls to zero
volt when it reaches the voltage V1, and the operation is repeated each
i iput of the rotating speed pul se signal PFG  Thus, a sawtooth wave signal
VS is gg%era eshimSerstioswi tehbhg { 8LuitThe ande curientvSwiftdhimgi gnal VS

i s-determ ned by a current flowing into the capacitor C and i s changed by
an adj usti ng irgreaiss VI cHTV sandt TWhare gentbetkidgase showa dyaRJEsaf t he
current results in the change of the rotating speed of the notor as
described i r2{dbxaid(keramda(£y. I n the decel erati on pul se signal generator
8, as shown in FIG 3(f), the output signal PBR of the decel eration pul se

&i gnal generator 8 turTize acaryeénteswltahingesignelst TUnpV. @nad ¥ @neat i ng
speed pul se signal PFG and when the.saw tooth wave _signal VS reaches a
pr edet er mi n@PRAdiadhdee \ohe t B BLEBOF - Ei gndh PBR eBPAd ey T.ohass el .
Consequently, the pul se width TBR of the outBut signal PBR i s deterq;ned by
the vol t age WEPUL R g2 1OF ctRandpEvEREN§ERNEY ST 44t KB PR Ao Bor.

t he ot her h%&gfc ‘ié“g§¥r§%¥p#iogigga%hgTS;1V1ng coils 1A, 1B and 1C

are generated on the basis of the current-switching.
. signals TU, TV and TW. A motor driving circuit 20 is
s composed of the current switching circuit 6, the amplifier
| 7 and the transistors 2A, 2B and 3C.

The signals VA, VB and VC are applied to a
rotating speed sensing circuit 14, and a rotating speed
signal FG is output as shown in FIG.2(g). The rotating
speed signal FC 1is applied to a rotating speed pulse
signal generator 5, and rotating speed pulse signals PFG
which synchronize with rise edges of the rotating speed
signal FG are.generated as shown in FIGs. 3(a) and 3(b).
The rotating speed pulse signal PFG is applied to a
deceleration pulse signal generator 8, an acceleration
pulse signal generator 9 and a timer circuit 10.

In the timer circuit 10, charging process of a
capacitor C is started at the time of input of the
rotating speed pulse signal PFG, and the voltage across
both terminals of the capacitor C increases from zero volt:

to a voltage V1 as shown in FIG.3(c). The voltage across
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of the tinmer circuit 10 turns to a high Ievel when the signal VS starts to
rise, and turns to a | ow | evel when the |evel of the signal VS reaches the
voltage V1 as shown in FIG 3(d). In the acceleration pul se signal generator

9, an output signal PAC turns to a high level at the fall edge 19 ~ of the
output signal PTO and turns to a |low level by input of the rotating speed
pul se signal PFG as shown in FIG 3(e). Consequently, the output signal PAC «
has substiinth athy termpRaskt 6rpiase capddizct@utapidinl r£T0s €6e out puf .
signals PBR and PAC are.applied to a current control circuit 30 conpoded of
a first caorsd andltuwhent isoneaeh2s, a fthrestvadtdgehiViy, camduthe27, a second
swtching circuit 28 and a second constant current source 29 which are
coupl ed iopematienwis hrepeatedheachn inpaithafedhe dotatimg $peed const ant
current source 26 is connected to a positive line Vcc of a DC power source,
and the Jatar eeR2bNPFCur r Thussoar savimath wans algnal ni¥Sgisund. In.the
current control circuit 30, the output signal PAC is applied to the first

swi t chi ngenexated 2as ghewnhinoBLEus (SilgnaThesr fse Jpime VS 0of hEhgecond
switching circuit 28. An invert .input current. CPO of the current control

circuit 30ERabL Y Asdeherninednbyi gn cyainant flowing into: the -

capacitor C and 1s changed by an.adjusting.means:which is

not shown in the figure. :The change of the current

results in the change of the rotating speed of the motor

as described in detail.hefeinafter,d . . . ) g}
In the deceleration pulse signal generator 8, as

shown in FIG.3(f), the output“signal;PBR of the

deceleratioﬁ pulse'sign&1 generator-8 turns a high level.

at the time of input of the rotating-speed.pulsessignal

PFG, and when thé’saw~tooth-ane-signal VS reaches. a

predetermined voltage V2, the outﬁut*Signal-PBR turns to a

low level. Consequently, the pulse-width TBR of the -

output signal PBR is determined by the voltage V2, and

therefore can be changed by varying .the voltage V2.

On the other hand, the other output signal PTO
of the timer circﬁit 10 turns to a high level when the
signal VS starts to rise, and turns to a low level when
the level of the signal VS feaches-the.voltage V1 as shown
in FIG.3(d). | |

In the'acceleration'pulse 51gna1 generator 9, an

output signal PAC turns to 'a high level at .the fall edge
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between the first switching circuit 28 and the second switching circuit 29.
The inflow or outflow of the invert input current CPOis shown in FIG 3(g).
In FIG 3(g), the inflow and outflow of the invert input current CPO are
represented by a positive waveform and a negative waveform respectively.
The invert input current CPOis inputted to the invert input of an
ihtegrating circuit 11 which is conprised of a differential anplifier 11A

a-20  :capasftehie oabfud EeghaliopTl,; ahide tdirbfserttd alowndvdi ey 11A is
coupled\ﬁcross t he power source Vcc and the ground. Inflow of a current -

from the firsipednstatheCHbL8BingOBbeRd2PullGel 34 gnaeHFG iditsitdwr NEn
differential anplifier 11A is controlled by the switching circuit 27 which

is closed byFEppB{eht i oOonketihentlyputthe @utpuRAGSIigwad ®ACJ Itvg of t he
current fromthe invert input to the second constant current source 29 is
tontrol | ed bsuhsieanttabilysant ohpogiter phiase2®finttiheh outpsitosseidsial PTO.
application of the outgut signal PBR  Since the constant current
characteristic of the Thesoutpust shenadsr EBR a5dr PAC@ries aRidnked 4o vt t h
that of the second constant current source 29, average invert input current
CPO i s propdtircsiat eentralreirends BOt vemrosgd ofn@ fdifith constant he

out put si gnal PACéFI G 3(e)é and the tine le %th TI?R of trke7 out put sié;nal
PBR (FI G 3(f§Yrrent 3PUrenc&6voftt £4ESY, Ml tehing, circuit 27, a 'secon

switching ecircuit 28 and a second constant current source

29 which are coupled in series with each other in the
ot named order. The first constant current source 26 is
connected to a positive line Vecc of a DC power source, and
the second constant current source 29 1is coupled to the
ground. In the current control circuit 30, the output
signal PAC is applied to the first switching circuit 27,
and the output signal PBR is applied to the second
switching circuit 28.

An invert input current CPO of the current
control circuit 30.is output from the junction point
between the first switching circuit 28 and the second
switching circuit 29. The inflow or outflow of the invert
input current CPO is shown in FIG.3(g). In FIG.3(g), the
inflow and outflow of the invert input current CPO are
represented by a positive waveform and a negative
waveform, respectively. The invert input current CPO is
inputted to the invert input of an integrating éircuit 11

which 1is comprised of a differehtial amplifier 11A, a

20



ref erence voltage source 103 is applied to the noninvert input of the
differential anplifier 11A. Consequently, an output signal VT is output
fromthe integrating circuit 11. The output signal VT is applied to the
anplifier 7. The waveform of the output signal VT is shown in FIG 3(h).
Referring to FIGs. 3(e) and 3(f), when notor speed reaches the
predeterm ned target value, the tinme length TACis equal to the time length .

TBR. Therggﬁhg,itbli»ed RMRI g | {2 (ﬁg&l{]rl@nt 59 BeePERENTYRSt & gl&)]tailtlfletzerp-,\ _

and hence the out put signal integrating Circ ‘wgual

to the refignenee coRplage adrdisls WhE powe APBLIEHe! 9ckNEnRAORKRY ut - of
the differential anplifiéﬁ 11A, by p%e ?naglnar§ sﬁor?gprgﬁgt%g?¥g§? of th

di f f er ent [aiflewpbiff aclcurbeh ol he"plr¥¥ &6ndpRhitedulreehite sddidd ier 7,
in order to control the base-currents of the driving transistors 2A, 2B and
2C. Conseféetol ghet Hiaveurtr driput |ofv tige i difheréntyaldampiligibs 13R and 1C
are controlled to control the rotating speed of the rotor. FIGs. 4(a) ---
4(h) are havebutrodfed: dyoftheheswipsrtaingncbfctht 2%t whieh 3peedosed rol.
apparatus in which the rotating speed of the rotor is |owered by increase
of a | oadPyfappdiaapion Rdf dihe mptrut-ligia) PAGe pndlodtTEGMOBfthe

rotating sgeed signal FG is prolonged by
e current from the invert input to the second constant

ey

-+

current source 2951s.controlled-by.the.second switching

circuit 28 which:1S*c105ed'by épplicaﬁIOn-of the output

signal PBR. Since tﬁe”constant current characteristic of LJ

the first constant cUrrenf source 26 is identical with

that of the second constant current source 29, average

invert input cﬁrrent'CPO is proportional to a difference

between the time length TAC of the output signal PAC .

(FIG.3(e)) and the time length TBR of the output signal

PBR (FIG.3(f)). A reference voltage Vrefl of the

reference voltage source 103 is applied to the.ndninvert

input of the differential amplifier 11A. Consequently, an

output signal VT is output from'the_integrating.circuit-. R

11. The output signal VT is applied to the amplifier 7.

The waveform of the output signal VT is shown in FIG.3(h).
Referring to FIGs. 3(e) and 3(f), when motor

speed reaches the predetetmineditarget value, the time

EY

1éngth TAC is equal to the time length.TBR.
Therefore, the invert input current CPO becomes.

~substantially zero, and hence the output signal VT of the
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decrease of the rotating speed. Consequently the period of the pul se signal
PFG al so increases as shown in FIG 4(b). The period PVS.of the signal VSis
i ncreased by extending the tine length ZVS at the zero | evel as shown in
FIG 4(c). Therefore, the tinme length TTO at the zero | evel of the output
signal PTO increases, and the tine length TAC at the high | evel of the

odut put signal PAC al so increases as shown by FIGs. 4(d) and 4(e). The tine

I ength TBR ah tidig atiingtitc irt@id 1PBR ¢ Seq@a Dt €6 Ntlle coapépehcef vobeagel t age
V2 is nbf'changed. Therefore the time length of the positive |level of the

i nvert i nputvrefilr eiicBPQs apprigad tdathé heonimeetr enthputt of heheegati ve
kevel 22 t hereof as shown in FIG 4(g). Consequently, the |level of the
out put si gndifferenttiad iampigirtiie ngLTA r chy t tHd tmsgiaary sbBoshodmcudt

FI G 4(h). The output currents of the anplifier 7 are increased by decrease
of the out peff feicgnalf \the atif idientiakmupiibieng the driving coils 1A 1B
and 1C are increased and thereby the rotating speed of the rotor_increases.
In the first enbodi nefheofoutput wignal ¥hets apptied tQphhat avplifdesyt put
signal VT is generated on the basis of the output signEIs PA& gng PBR whi ch
are obt ai ned .f A@morslery Jimtqantrgkdtheibpse P TremEs ot stheqEeriyitke out put

of the position sensors 54, 55 an 6 fo .
P transistors 2A, 2B anéjéE. éonsequently, the currents

flowing in the driving coils 1A, 1B and 1C are controlled

to control the rotating speed of the rotor..
s ' FIGs. 4(a) --- 4(h) are waveform charts of the
operation of the rotating speed control apparatus in which
the rotating speed of the rotor is lowered by increase of
a load, for example. Referring to FIG.4(a), the period
TFG of the rotating speed signal FG is prolohged by
decrease of the rotating speed. Consequently the period
of the pulse signal PFG also increases as shown in
FIG.4(b). The period PVS of the signal VS 1s increased by
extending the time length ZVS at the zero level as
shown in FIG.4(c). Therefore, the time length TTO at the
zero level of.the 6utput signal PTO increases, and the
time length TAC at the high level of the output signal PAC
also increases as shown by FIGs. 4(d) and 4(e). The time
length TBR of the output signal PBR is maintained constant
if the voltage V2 is not changed. Therefore the time
length of the positive level of the invert input current

CPO is larger than the time length at the negative level
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detecting the position of the rotor. Therefore, unlike the prior art of
usi ng counter-electronotive voltage, the output signal VT is free fromthe
variation of the nmagnetic force of the rotor nmagnet due to a tenperature
change, for exanple. Thus, the variation of the rotating speed due to the
tenperature change is prevented and accuracy of the rotating speed is

I nproved. FIG5 is circuitry of a second enbodi nent of the rotating speed -

control apRarab¥SaknNsAGHA’ dANFT M4 (g )t.ne qufseiied IMENLRE. 1 EREET bENT 49
FIG S5, a notor 21 is driven by the notor driving circuit 20 which is f&;

identical tnétbutpat efighbe Wi of eNeodimtsyra thmg reiwd¢udtall position of the
rotor of the notor 21 is detected by position sensors 54, 55 and 56 which
are nountéecpeasbs 88 shownt dh. FIG: 4ddi)put Thed ddepyposeurventensdrs 54, 55
and 56 are inputted to a rotating speed detecting circuit 4, and a rotating
speed pul tkesagphifPEG ITs avet fnicricaerest omdekdrease af nthe peetpptl se si gna
PFG is a pul se signal having a period TFG which is inverse proportlonal to -
t he rotat$hgn8beﬁﬂ.oanﬂhéheoc@rréntﬁlﬁinﬂhnq;thﬁﬁﬁrtnﬂme cobhbhal 1RFG i s
applied to a rotating speed error signal generator 31. A rotating speed :
ref erencelBi gnd| 1§eﬁéﬁaﬂaﬁrgasédnﬁfﬂ£é§19é'qhﬁ sthe inpfatvingnepecdeednd ti mer

25, and th
he rotor increases.

‘In the first embodiment of :the rotating speed .
control apparatus, the output signal VT is generated on.
the basis of the output signals PAC and PBR which are W
obtained from the rotating speed signal FG, which is made “
by the output of the position sensors 54, 55 and 56 for
detecting the poSition of the_rotor. ‘Therefore, unlike' 
the pribr art of using:counter-electtomotive voltage, the
output signal VT is free from the variation of the ..
magnetic force of the rotor magnet due to a temperature
change, for example. - Thus, the variation of the rotating
speed due to the temperature change is prevented and 
accuracy of the rotating-speed'is improved. : : S~

FIG.5 is circuitry of a second embodimént of
the'rotating speed control apparatus in accordance with
the present'lnvention} Referring to FIG.5, a motor 21 is
driven by the motor driving circuit 20 which is identical
with that of thé-fifst embodiment. The rotational.
position of ‘the rotor of the motor 21 is detected by

position sensors 54, 55 and 56 which are mounted on the
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rotating speed pul se signal PFG fromthe rotating speed error signal
generator 31 is applied to the first tinmer 24. An output signal AC and an
out put signal BR are output fromthe rotating speed error signal generator
31.and are applied to a current control circuit 30. The current control
circuit 30 is conposed of a constant current source 26, a first switching
cfrcuit 27, a second switching circuit 28 and a second constant current

source ;% Wiictibra! € THURhAShd ts S6F | five Vho 41 £P6H 8éRS6rsnsahessagRd geder .
The-fir constant current source 26 is connected to a positive |ine Vcc of

a DC pover s¥¢ daputbd Mo LG5k EDNE  Spée € UdE BOE L SRy 6Er@@1ts4counled to
the ground. The first switching circuit 27 is controlled by the output

signal AC, and-otiatingr epbalvipuulsdosDénali PF@81s soutptt othereByombhe out put
signal BR The junction point 24 between the first switching circuit 27
and t he secihe switadiing speadigulse i slgmahcRF@dis oatpelseveignahput of a
differential anplifier 104 of an integrating circuit 100, and the positive
line of a rbboriase penloak TGl o3l sfinverserenceorvblongd Wetgei-s
connected to the noninvert input thereof. A series connected resistor 101.
and a capacirodetiors speasbrafecihel eekars (The oebatingrapeed Pulsge

differential anplifier 104 and the invert i nput
: signal PFG is applied to a rotating speed error signal

generator 31.
A rotating speed reference signal generator 23
\.~ comprises a first timer 24 and a second timer 25, and the
rotating speed pulse signal PFG from the rotating speed
error signal generator 31 is applied to the first timer
24. An output signal AC and an output signal BR are
output from the rotating speed error signal generator 31
and are applied to a current control circuit 30. The
current control circuilt 30 is composed of a constant
current source 26, a first switching circuit 27, a second
switching circult 28 and a second constant current source
va 29 which are coupled in series with each other in the
named order. The first constant current source 26 is
connected to a positiVe line Vecc of a DC power source, and
the second constant current source 29 is coupled to the
ground.
The first switching circuit 27 is controlled by
the output signal AC, and the second switching circuit 28

is controlled by the output signal BR. The junction point
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thereof, and thereby an integrating circuit 100 is formed.” A snal |
capacitance Ch is a high pass filter for noise reduction. The output of the
integrating circuit 100 is applied to the notor driving circuit 20, which ’
controls the rotating speed of the notor 21. A clanp circuit 105 is
connected across the output termnal and the invert input of the
differential anplifier 104 to clanp the | evel of the output signal VT.
Confi gur abeoweeh the ¢lizsp ewitshingTircwl tic2Zaded tikeesétond Two .~ .
transistors 109 and 113 which are coupl éd at the bases with each otheﬁgﬂre -
connect edsvbtechéngosiltricud tl i28e isf admedaTqbvir tloartevert hnphot oft be '
emtters. The collector of the transistor 109 is connected to the

col | ect ordbffarenthslsamplifdemmd 4 of an dorrgnating checviteldd,a
transistor 106, A positive voltage of a reference voltage Vref2 is applied
to the badBdo Fhsheosﬁl&ﬁyﬁstlémemf arrr@fr@f@%c@lfmmg@oweezmg eft to a

clanp volta e which is |ower than the 25 rence voltage Vrefl. The
out put sig@nkf %"Tepgep?'eg‘é?ﬁgédvfrﬁfr% HS r@qmeég tQ tRenembAVERE ¢l anp
vol t age. I ter %f a. transistor 107, |ch S cogfﬁﬁted to the DC

power sou EB ﬁFeP e c8 S&LISS qannest i B8 & const ant

current source % 8 h i
transi st of2R3H1FOr 418 ' &re comnect

the differential amplifier 104 and the invert input

R, %da%rc}shse tc}_;[eh_er tend {;I_Q{?mfnaitg% of the
thereof, and thereby an integrating .circuit 100 is formed.
A small capacitance-Gh_is,a-high bass filter for noise o
reduction. : The output of thé integrating circuit 100 is
applied to the motor driving ¢ircuit 20, which controls
the rotating speed of the motprbzl. '
A clamp-circuit.ips.is connected achss~the
output terminal-and the invert input of the differential
amplifier 104 to clamp the level of the output signal.VT.
~ Configuration of the clamp circuit 105 is _
elucidated hereafter. Two transistors 109 and 113 which
are coupled at the bases with each other are connected to .}x
the positive line of the DC power source Vcc at both the
" emitters. The collector of the transistor 109.is
connected to the collector of a transistor 110 and is also
connected to the base of a transistor 106. A positive.
voltage of a reference voltage Vref2 is applied to the
base of the transistor 110. The reference voltage Vref2

is set to a clamp voltage which is lower than the
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connected to the constant current source 108. The collector of a transistor
113 is coupled to the base itself and is connected to the ground through a
constant current source 111. A current mrror circuit 119 is conposed of
the transistors 109 and 113 and the constant current source 111. The
current of the constant current source 111 is set smaller than that of the
cénstant current source 108. In the current mirror circuit 119, the current

fl.owi ngiin theféranee ste1tdP8 Veetdval The badpudf stilghallr rsijgt or 113, and a
constantcurrent flows through the transistor 109 by neans of the constant
current sourprevédrdted fivem beingNbwedddr 66 WRiskCthdn 1HO cismppeleddes at about 1
volt of a DC power source. The base of the transistor 107 is connected to
t he col | ect cFheofemhtter avfi at brafbbstiod 167¢owhdched st connecdieidotto ttdreri nal
of the differential anplifier 104 of the integrating circuit 100. Moreover
the enitter I nower rsomreeoVcd0ati theonnddeetoroe tiseconneciteidn i asfe t he
differential anplifier 104. 26 The operation of the rotating speed
control appa&nd ef i ¢comrstapbnaurnendi seHrces 10Bucwhdchd 1 tﬂi‘%’éﬁ%‘%rﬁi’e to

wavef orm charts shown in FIG6(a) --- 6(h). In the rotatinq speed sensing
circuit 4, &he other end. The emitter of the transistor 110 is also

connected to the constant current source 108. The

collector of a transistor 113 is coupled to the base.

itself and is connected to the ground through a constant
N, current source 111.

A current mirror circuit 119 is composed of the
transistors 109 and 113 and the constant current source
111. The current of the constant cufrent source 111 is
set smailer than that of the constant current source 108.
In the current mirror circuit 119, the current flowing in
the transistor 109 is equal to that of the transistor 113,
and a constant current flows through the transistor 109 by
means of the constant current source 111. The current
mirror circuit 119 is operable at about 1 volt of a DC
power ‘source.

" The base of the transistor 107 is connectéd to
the collector of the transistor 106 and is connected to
the output terminal of the differential amplifier 104 of
the integrating circuit 100. Moreover the emitter of the
transistor 106 is connected to the invert input of fhe

differential amplifier 104. .
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rotating speed pul se signal PFGis generated on the basis of the outputs of
the position sensors 54, 55 and 56 as shown in FIG 6(b). The rotating
speed pul se signal PFGis generated at each fall edge of the rotating speed
signal FG shown in FIG 6(a). ‘The rotating speed pul se signal PFGis

I nputted to the rotating speed error signal generator 31. In the rotating
speed reference signal generator 23, the output signal PT1 of the tiner 24,

as shown in Fl G 6(Cirnel Wptaltd dh VARSIt 1ngPsbe8 EBALEGLALT NG %&?ed

pul se signal PFG fromthe rotating speed error signal generator 31, arigs
turns to 4hgalavusese! tilel Yeddi fdnibdd ffdret g CeihéPddtefaniRpssed. Then
the output signal PT2 of the timer 25 turns to a high level upon falling of
the out pufesegbfbePTtd walledori RHarisOEHowll 20 WIG. 8 a) he-Low(hgvel after
t he second reference time length T2 has passed as shown in FIG6(d). In the
second enbodi nent ofinFitGe5 rottad ing alpew] spaesing ¢hecabtos,i & set by the
time length T which is the sumof the first reference tine length T1 and
t he secondotaténgnepeednpulsegtsighial RiE®Ils geneffdtd®)onThheebasds when
the time length T is equal to the period 27 TFG of the rotating speed
pul se si gpfl theCputhutsordt ithg pesdd ion t9ensensrd4s Sguandt 56t Ae
"reference rotating _ _ _

shown in FIG.6(b). The rotating speed pulse signal PFG is

generated at each fall edge-bf'the rotating speed signal.

FG shown in FIG.6(a). The rotating speed pulse signal PFG

@ %

is inputted to the rotating speed error Signal generator -

31.

"In the rotating”speed-referenCe*signal_generator
23, the output signal PT1 of the timer 24, as shown in
FIG.6(c), turns to a high level by input of the rotating
speed pulse signal PFG from the rotating speed error
signal generator 31, and turns to ‘the low level after the
first reference time T1 has passed. Then the oﬁtput

signal PT2 of the timer 25 turns to a high level upon falling

of the output signal PT1. The output signal PT2 ' s

turhs to the low level after the second réference_time
length T2 has passed as shown in FIG.6(d).

In the second embodiment of FIG.5, the rotating
speed of the rotor is set by the time length T which is
the sum of tﬁe first reference time length T1 and the
second reférence time length T2 (namely, T =:T1+T2).

Therefore, when the time length T 1s equal to the period

27
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speed” .set in the rotating speed reference signal generator 23. Referring
to.FIG 6(b), in an electrical angle range "a", the period TFG of the
rotating speed pulse signal PFGis |longer than the tine length T.
Therefore, it is determned that the rotating speed is |ower than the
reference rotating speed. On the other hand, the rotating speed has been
i fcreased in an electrical angle range "b", and the period TFG has
decreasgd, SrRGeofhthperbtdtIhg ispeednpudiset kdgriale REGTE thangidtalting t he
el ectri &l angle range "b", the rotating speed is l|arger than the reference
rotating spespeednofintbeecbtocali saegualr aogehec' " reflesr gmerd abtBtAng equa
t0 the tinme length T, and thus-the revolution speed is equal to the
reference rospeed( sptedin theopotationg ispeelde reifestencsalsigmgile range "a",
t he accel eration S|gnal AC turns to a high level at the tine of fall edge
of the out puBCBEEFRBRPT PZB.of the tiner 25 as shown in FIG.6(e) and then
turns to the |ow |l evel _by input of the successive rotatlnq eed pulse

signal PFG The accel eR8 FBﬁigggﬁalFA§ -8dPJes 1o am elecdr &S ng
Than the | MeRERGUA" T thRcPeELba RGeS othel TG tala eHm%Se@TEa%%SEE'G' s
I nputted 28 signal PFG 1s longer than the time length T. Therefore,
it is determined that the rotating speed is lower than the
reference rotating speed. On the other hand, the rotating
o/ speed has been increased in an electrical angle range "b",
and the period TFG has decreased. Since the period'TFG is
smaller than the time-length T in the electrical angle
range "b", the rotating speed is larger than the reference
rotating speed. In an electrical angle range "c", the
. period TFG is equal to the time length T, and thus the
revolution speed is equal to the reference rotating speed.
In operation in the electrical angle range "a",
the acceleration signal AC turns to a high level at the
time of fall edge of the output signal PT2 of the timer 25
as shown in FIG.6(e’. and then turns to the low level by
input of the successive rotating speed pulse signal PFG.
The acceleration signal AC serves to increase the rotating
speed. |
In the electrical angle range "b", since the

period TFG is smaller than the time length T, the

successive rotating speed pulse signal PFG is inputted
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during a high | evel period of the output signal PT2 of the tiner 25.
Consequent |y, the deceleration signal BR turns to a high |l evel as shown in
FIG 6(f). The deceleration signal BR turns to the low |l evel at the tine of
fall edge of the output signal PT2 of the timer T2. The decel eration signal
BR serves to decrease the rotating speed. The accel eration signal AC for €
accelerating the rotating speed output fromthe rotating speed error signal 4
gener at ordwding appi ghdlévellhpetiibdt ofwithehiougmitr clignal/ PE2dof hthe -~ .
decel eration signal BR for decelerating the rotating speed output froiiwthe °
rotating tsimesd 25 orCengequentiiyr atthe decied emadiiicad signdie BRctuwhswi t chi ng
circuit 28. The first switching circuit 27 closes during the high |evel

peri od ofta e hitghk| keweloassshown A@ Fi&d 64 foonsThe dagelenatiems into the
invert input of the differential anplifier 104 of the integrating circuit

100 fromsignabBR tresr tantheodp¥elegel @t the ddme afafrll redgecond
switching circuit 28 closes during the high [evel period of the .
decel er at@forthe PRiPER stgnad Egﬁsf’%tth@tjg‘r r Z%ws T%m t he i nvert input

of the dh{ferentifi.a. tifi r éQ4_to-th constant current source 29. Conse-
quent |y, 49REIRA 0?2% gnal BBnEeEpOs: P UeeT&aEc IR itata M8 fier 104 i s
generated_at the junction point between the first switching circuit 27 and
the secofP <t chi ng 29 : o ' I .

The acceleration signal AC for accelerating the
rotating'speédVOutput'from'the fotating speed error signal
generator 31 is applied to the-first-switching circuit 27, - 'QJ
and the deceleration signal BR fOr.décelefating the
rotating speed output from the rotating speed error .
signal generatoffalvisﬂapplied'to the second switching
circuit 28. -

The first swifChing:circuit 27 closes during the
high level period of the acceleration signal AC, and a
constant current flows into the invertsinput of the
differential amplifier 104 of the integrating circuit 100
from the constant current source 26. - On the other hand,
the second switching circuit 28 closes during the high
level perliod of the deceleration signal BR, and a constant
current flows from the invert input of the differential
amplifier 104 to the constant current soufce 29, Conse-
quently, the invert input current CPO for fhe differential
amplifier 104 is generated at the junction point between

the first switching circuit 27 and the second switching
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circuit 28 as shown by the waveformof FIG 6(g). Referring to FIG 6(9g),
when the rotating speed is | ower than a predeterm ned val ue, since the
acceleration signal ACis output, an invert input current CPO flows into
the invert input of the differential anplifier 104. Consequently, the |evel
of "the output voltage VT of the differential anplifier 104 is |owered from
the reference voltage Vrefl as shown in FIG 6(h). On the other hand, when
the rotatingisrerd 28 yhshiovwhay t tite predefermi o£dFYGL 6¢g)the decel eration
sighral BR is output, and the invert input current CPO flows in the

di recti on. f Refierrdnghviay t(FiGyB{gof when dthié eretatihgaspeedi s 10wero t he
ground. Consequently, the |level of the output voltage VT rises fromthe
reference véhaiga unddetermineth value G singe the apeeberatilon shgnsaflanp
circuit 105 is elucidated hereafter. Wen the |evel of the outgut signal VT
of the inteéﬂatﬁu?uﬁﬂﬂiﬂtﬁﬂHﬂﬁY%ﬁ#ﬂkﬂﬂ#tt¢Hﬁr?mﬁ ¢RQcflovwst hptpetheence
vol tage Vref2, the transistor 107 turns and the transistor 110 turns
OFF. Ther ef dP¥Ferithd nvin 9t tide Wit ferent tﬁ: a%%lifﬁ%rsﬁgﬁm rcuiting

bet ween the output ternm nal of the di

i nvert i npuCOPS&MEN LY o g1y e f'fethén‘%"léal gyoﬂ:l%gﬁu ?ngBtﬁgle VT is
il v R U T R @%@“ﬁn%af% kEbegL
voltage Vrefl as shown in FIG.6(h).
On the other hahd, when the rotating speed is

s higher than the predetermined value, the deceleration
signal BR is output, and the invert input current CPO
flows in the direction from the invert input of the
differential amplifier 104 to the ground. Consequently, -
the level of the output voltage VT rises from the
reference voltage Vrefl as shown in FIG.6(h).

The operation of the clamp circuit 105 is
elucidated hereafter. When the level of the output signal
VT of the integrating circuit 100 is higher than the level
of the reference voltage Vref2, the transistor 107 turns
ON and the transistor 110 turns OFF. Therefore, the
transistor 106 turns OFF, and the shortcircuiting between
the output terminal of the differential amplifier 104 and
the invert input thereof is canceled. When the level of
the output signal VT is lower than the level of the
reference voltage Vref2, the transistor 107 turns OFF, and

the transistor 110 turns ON. Therefore, a current flows
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30 fromthe base of the transistor 106 to the collector of the

transi stor 110. Thus, since the base current of the transistor 106 flows’
through the transistor 110 and the constant current source 108, a current
which is larger than the current flowng the transistor 109 flows into the
constant current source 108 through the transistor 110, and the transistor
106 turns ON. Consequently, the invert input 104 and the output of the

di f f er entfirdm attie iba®e dPAtRectphnslisitoeulDed ty ttheea®11¥d®r @ current
flows fromthe invert input of the differential anplifier 104 to the Ow put
term nal theremnsistorhlide t Thasissdncé0&heabahsteheuraarit aif tttee out put
signal VT is maintained at the voltage of the reference voltage Vref2. In

t he cl anptransiston (6506t fitowsrehraughl thee transds tore 1dd lasst dtheand enitter

. “‘."-“

M

of the transistor 106 is 0.1 ---0.2 volts in ON state thereof. Moreover, as

ment i one®anF ARt igeERRhigsouraeelPBe sucusnent whdcheilscdiarger operabl e by

the DC power squrce of about 1 volt, the rotating speed control apparatus
in the sddy W hreert| flowingpkhepFransdstorelos flarsrinte thet s
which is the output voltage of a nveptional dry cell. Although the
present GRASHAY ?EEF%%EHSGQEE?iigﬁ gﬁrPBSﬁBtgP transistar 13 % ef err ed

embodi MRS dre 'Crdfs PSSP IP6S" 2ans "Bl SUEBnTedhet1YS 'the' Fndr €
input 104 and the output of the differential,amplifier 104
are'shortcircuited-with'éaéh other,-a current flows from
the invert input of the differential amplifier 104 to the
output terminal thereof through the transistor 106, and
the level ofrtheioutput-signalfVT is maintained at the .
voltage of the reference voltage Vref2. . In the clamp
circuit 105, the forward voltage across the collector and
- emitter of the transistor 106 is 0.1 --- 0.2 volts in ON
state thereof. Moreover, as mentioned in the foregoing,
since the current mirror circuit is operable by the DC
power source of about 1 volt, the rotating speed control
apparatus in the second embodiment is operable by a DC .
power source of 1.5 volts which is the output voltage of a et
conventional dry. cell.
Although the preseht invention has been
described in terms of the presently preferred embodiments,
it is to be understood that such disclosure is not to be

interpreted as limiting. Various alterations and

modifications will no doubt become apparent to those
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interpreted as limting. Various alterations and nodifications will no
-doubt ‘becone apparent to those 31 skilled in the art after having read
t he above disclosure. 32 - 33- CLAIM 1. Rot at i onal speed contr ol
apparatus for a notor, conprising: at |east one position sensor nountable
omr said notor for sensing the rotational position of a rotor of said notor,
aicurrent switching circuit for generating current- switching signals for
switchi ng cypientd {hoehBlakrk dritérNtasinles refadsaihe Miivde disdlwsesis of
t he out¥elit (s) of said position sensor(s), an anplifier for anplifying said
current-switching signals to a |l evel corresponding to a predeterm ned
rotational speed of said rotor, a pulse generator for generating a pul se
signal having a frequency proportional to the rotational speed of said
rotor, on the basis of said output(s) of said position sensor(s), a tinmer
eircuit for generating a sawtooth waveform signal in synchronismwth said
pul se signal, and a rectangul ar wave

32



signal which steps up in response to said pul se signa

and steps down when

sai d sawm oot h waveform signal reaches its peak | evel, an accel eration pul se

generating circuit for generating an output signal
to said rectangul ar wave signal
for generating a rectangul ar wave si gnal

havi ng a phase opposite
a decel eration pul se generating circuit
whi ch steps up in response to said#

pul se signal and steps down when said sawt ooth waveform signal reaches a
predet erm ned vol tage, a current contrsl circuit conprising a series -~

arrangenment of a first constant curren
a second switching circuit and a se
coupl abl e between both ends of a DC
generate a current

Source, a first switching cirdeit,
onstant current source which are
source and are arranged to .

in response to smﬁtching of said first switching circuit

by said output sk mﬁapgggéa doREEA 5@%&5&& oL SemdtRRe!

said second switc

pgsq‘ rcuit and

sal d rectanguf ar ignal from.

sai d decel erati oft plﬂa§é %M#Fm}l (ﬁeﬂéﬁ!ﬁ tmountablen on nsaigk QPF‘?Tg ferrcuit for
i ntegrati ngsé@ﬂg%ﬂer ?aéaﬁ%haytpd‘s&em:ﬁ %Efda qwtb@rsf 88¥d 'mftog] rcui t and

outputting an ou
Rot at i onal speed"“ccﬁmrl’fB!lt aﬁﬁ&'ﬁ%ﬂ’tﬁ f AT ot
posi tion semchmgl Bigidles for 8Ritthing Wurkentss Elwiing ihérivingtdoins!

of a rotor

O %&h.méggfarbn the basis of the output(s) qf said position
sensor(s),

an amplifier for amplifying seid current-switching signals

to a level corresponding to a-predetermined-rotational speed of
said rotor, ) |

a pulse generator for generating a pulse signal having a
frequency proportional to the rotational speed of said rotor, on
the basis of said output(s) of eaid position sensor(s},

a timer circuit for generating a sawtooth waveform signal
in synchronism with said pulse signal, and a rectangular wave

" signal which steps up in response to said pulse signal and steps

down when said sawtooth waveform signal reaches its peak level,

an acceleration pulse generating circuit for generating an
output signal having a phase opposite to said rectangular wave
signal, _ _

a deceleration pulse generating circuit for generating a
rectangular wave signal which steps up in response to said pulse
signal and steps down when said sawtooth waveform signal reaches
a predetermined voltage,

a current control circuit comprising a series arrangement
of a first constant current source, a first switching circuit, a
second switching circuit and a second constant current source
which are couplable between both ends of a DC power source and
are arranged to generate a current in response to switching of
said first switching circuit by said output signal from said
acceleration pulse generating circuit and said second switching

Al Iy R

ut sig for controlling e gain of said anplifier. 2.
éhr RF g CuLEenta st one

pOSI tion
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a pul se generator for generating a.pulse signal having a frequency.
proportional to the rotational speed of said rotor, on the basis of the
out put (s) of said position sensor(s), a rotational speed reference
signal generator for generating a time |ength signal having a
predeterm ned tinme | ength corresponding to a reference rotational speed of
said rotor, a rotational speed error signal generator for generating an
acceleration signal which is for instrucglng i ncrease of said rotational

speed &% said rotor when the period of said pul se signal from said pul se

generator is |arqeitthankaigi Peéeaﬂgui&nqwe Highal derbfit 8410 ABke ff¥328on
a I [ wh for

Jeference signal generator, or decel eration signa Ich is
i nstructing deR%iERseensratiny cibtwittioA®d speed when the period of said pul se

si gna: is smaller thRAntéqrhtihgRirent Fopfintagehting afalidcurRere dueper ence
signal generatgr, a current control circyit conprising a series .arrangement
of a first con&%’faﬁuwgﬁf‘ts‘iﬁ’&%ﬁ%{ cér?‘*#s?n{m‘n{)%?ﬁbgéf‘r%ﬁpw s&gg%]?ond

SW t chi ng ci r cfod cemtrodlsms ahd finsbAdaiduanplifiamur ce which are coupl abl e
bet ween both ends of a DC power source and are arranged to generate a

current in response to swtching of said first swtching circuit by said
accel erati on s2gnal Rehadiesdldspaedocnhtsol tapparatusi farus mobgr s gomprisinger at i on

signal, 35 an i nkeqledki Néhe® ph&Hfon’ Sindol! RGkabIY cifisdid UidtaR! st PUL
sensing the-rdtational-position of a rotor of said motor,

a pulse generator for generating a pulse signal having a
frequency propottional to the rotational speed'of said rotor, on

s the basis of the output(s) of said position sensor(s),

a rotational speed reference 'signal generator for
generating a time length signal having a predetermined time
length corresponding to a reference rotational speed of said
rotor, .

a rotational speed error signal generator for generating an
acceleration signal which is for instructing increase of said
rotational speed of said rotor when the period of said pulse
signal from said pulse generator is larger than said time length
of said rotational speed reference signal generator, or a
deceleration signal which is for instructing decrease of said
rotational speed when the period of said pulse signal is smaller

\_/ than said time length of said rotating speed reference signal
generator,

a current control circuit comprising a series arrangement
of a first constant current source, a first switching circuit, a
second switching circuit and a second constant current source
which are couplable between both ends of a DC power source and
are arranged to generate a current in response to switching of
said first switching circuit by said acceleration signal and said
second switching circuit by said deceleration signal,
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fromsaid current control circuit and outputting an output signal for

controlling a notor driving circuit, and a clanp circuit for clanping the . )

| evel of said output signal of said integrating circuit to a predeterm ned
| evel . 3. Rot ati onal speed control apparatus according to claim 2,
wherein said clanp circuit conprises: a current mrror circuit having an
ouput connected to the collector of a first transistor which has a base
whi ch is connectable to a reference _VSEt age source so as to receive a~,
reference voltage, a second transi stof having a collector which is

connectable 10 aaROiftkgPAnG i To2Ategkat iy Ghud %uffﬂ?ﬁeﬁ&t%ﬁ gto the

emtter of the first t anS| a constan OWEl SoUr ¢e ~connect ed
at one end f¥® EBi¢Enrrent éqnﬁrﬁ% qireuit ﬁﬂﬁrﬁ’é‘ltg'?‘éfrmar@ eutmtcsEmRd at t he

ot her end tgc,grc_guﬂﬁbu@_ﬁg @.n{olﬁbfchrtlbWIc‘iE@ﬁiﬂ)aahdlg an em tt.er connected to
the input of sai

of said integrat Fnﬁgﬂ"’r CRATCY df‘(”hecﬁ'&?én%ful% eé'é(]:oﬁ SPUEPBE and a

base conneckfghaloof saiauintegratingheireuitetd anfédH’temlImdl level.
Rot ati onal speed control apparatus for a notor, substantially as

herein described with reference to, or with reference to and as illustrated

in, Figures3l toRdtahioﬂabLsp&edScmtdoB aﬂparhéusaamnpémw rtg cllaim Ags.
wherein said clamp circuit comprises: .= . -
a current mirror circuit having an :ouput -connected . to ‘the
collector. of a first transistor which has a base which is
- connectable to a .reference voltage source S0 as to ‘receive a

reference voltage, . S _ o U

a second transistor having-a collector which is connectable
to a power source and an emitter. which is ..conne_cted -to ‘the
emitter of the first tramsistor, - _ B '

a constant current power source connected at one end to the
emitter of the first transistor and connectable at the other end
to ground, and _ :

a third transistor having an emitter connected to.the input
of said integrating circuit, a c_bll'ector connected to the output
of said integrating circuit and the base of the second transistor
and a base connected to the output of the current mirror circuit.

4. . Rotational speed ‘control apparatus . for a -'-motor, ' "

substantially as herein described with reference to, or with
reference to and as illustrated in, Figures 1 to 4 or Figures 5
and 6 of the accompanying drawix_zgs'.
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