2250613 {err] System For Controlling The Rotational Speed O A Rétary
Menber The present invention relates to a systemfor cgr&?r %Ir,]‘lg ng the

rotati onal speed of a rotary nenber and pﬁrticul arly t L? a system .
sinplified in construction and i nproved in accuracy. Currently, many speed
controllers for rotary nenbers which are required to be rotated accurately
at --a constant spediystem RomontrellinedcThepRotatéoned &peed capstan or
the like, utilize a frequency generator (hereinafter called "FG') for
generaﬁng an A C. signal havi tional to the rotational
speed of the rotary nmenber and a speed detector for generating a control
out put corresponding to the FG signal. Fig. 3 of the acconpanying draw ngs
is a block diagramillustrating the basic structure of such a speed
controller according to the prior art. This speed controller conprises
a motor 1 to be controlled, an F& for generating an FG signal, and a
speed detector 4 for receiving the FG signal fromthe -F&. The speed
detector 4 comghé spresentvdmizandonlSrébatesodieci agsystemdforogantzmlling
signal having |l eading and trailing edges fromthe FG signal, and a_period
det ect or theor rodesdonald tspeeds ofd af nokampemenhesorhdoParbigrleziy 11
generating a _control output . corr ndijng to ,the, detected eriod The
speed con%r‘tﬂ-t? er® RFSHRN %’rgégg aln'fi??ﬁftrg‘:tﬁﬁ‘ 'H’?ot Foved 15

phase co cecr{:sraatcl)p.g .the c_ont_rol output from the period

Currently, many speed controllers for rotary members which
are regquired. to be rotated accurately &t a constant speed,
for example, a video tape recorder drum, capstan or the like,
vtilize a frequency generator (hereinafter called "FG") for
generating an A.C. signal having & £requency proportional to
the rotational speed of the rotary member and a speed detector
for generating a contrbl output corresponding ¢to the FG
signal.

Fig. 3 of the accampanying di'awings is a block diagram illustrating the
basic structure of such a speed controller according to the prior
art. This speed controller comprises & motor 1 to be
controlled, an FG2 £for generating an FG signal, and & speed
detector 4 for receiving the FG signal from the FG2. The .speed
.detector 4 comprises a wave shapér 15 for producing a speed
proportion signal having leading and trailing edges from the
FG signal, and a period detector 7 £for detecting the period
of the speed proportion signal and for generating & control
output . correéponding to the detebted period. The speed

controller further comprises a £ilter 9 for smoothing or



détector 7, and a notor drive - circuit *M0. As wll be apparent,

the speed controller is of a direct drive type wherein the rotary nenber is

connected directly to the rotor of the motor 1. In such a speed controller,

it .is generally known that the frequéhcy in the FG should be set higher in

order to inprove the stability and rotational performance of the speed
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i's higher, the delay of phase in the speed detector 4 is
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simlarly increased, thereby requiring a lower tinme constant in the
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speed detector 4 is correspondingly reduced and the ripple

frequency of the oui;pu{: - is similarly increased, - thereby
reguiring a lower tiine constant in the subsequent filter 9
and increasing the phase margin in the control system.

However, the FG freguency 'cahnot " be thoughtlessly
increased because of various 1limitations in <the  actual
system.  Thus, there have been made wvarious proposals to
enable the speed controller to perform sufficiently
even at lower FG frequencies. One of the typical proposals
is the use of a filter capable of effecting the phase
compensation. However, the essential function of such a
filter resides in stabilizing any system which is inherently
unstable or. substantially unstable, by deforming the gain of
the system or part of its phase frequency characteristic, but
it cannot basically "improve the performance of the speed
control system as by increasing the £frequency in the FG as
described .hereinbef_ore.

Since the éntire operation of such a speed control system
"has. been already known in the art, the description will be

made only with r_espect to a speed detector which also relates



to the present inventidf. First of all, the prior art speed detector 4
showmn in Fig. 3 will be described in operatlon If it is assuned that the
rotational speed of the motor is [err] aRd the FG frequency is f, the
rel ati onship between these factors can b represented by: [err]

(1) where KG is a speed-frequency conversion constant. It is now assumed
t hat thtdcﬁ}ﬁlmeweasbmim with the passage of tine. Nanely, it is-
assuned ;that: [err] .. (2) The operation of the
speed det ectRirst aofi hatlyi nbhes priam aTtri gpeed Adetretoat afti oshowspetn
in the notor 1 varies with the passage of time, the FG frequency is

nodul at €d&-0 3 Hge B4 ¢%Pﬁ‘gfi¥l‘?ﬁeﬁéﬁ\ﬁ§n t he adj acent |eading edges
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[err] @&@qﬁdmrgﬁg}umgo}d@@smthy rotatlonal speed [err] of
the notor is constant [err] is a period-voltage conversion
constant (Hkred rl/ThaviKg - Nagminus polarity). For .candn ence, the
mnus polarity of the constant [err] is intentionally selected since the
pol ar|tylmrqm]iﬂa|@eemmmn¢b q:mvers#on cpastpnt. This is ‘true
of one It is now assumed that the rotational speed varies with
the paesage of ti:ﬁe_. Namely, _it is assumed that: |

Na(t) = Nuo + A N (t) - ceeal2)
The operation of the speed detector 4 at this time is shown
in Fig. 4. | |

As the rotatiohal speed in the motor 1 varies with
the passage of time, the FG frequency is modulated to change
the length of time between the adjacent leading edges in the
speed proportion signal. The period detector 7 detects the
changed time 1length and generates a corresp_dnding control
voltage. More particularly, as will be apparent from Fig. 4,
the control output V:(t) is represented, when T, <t £
Tass(n=0, £1,%2...), by:

Ve(t) = Veo + A Ve (t)

=Vio + K+ AT, _
= Veo+K, - {(Ty -T.-;)-—T} | eees(3)

where V:o is & control output voltage when the rotational
speed N., of the motor is constant, and K, is a
period-voltage conversion conétérit (herein, having a minus
polarity).- For convenience, the minus polarity of the

constant K, is intentionally selected since the polarity of A

T 4is opposite to that  of AN.. This is true of one
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enbodi nent of the present invention which will be described. Al though the
description nmade here uses the | eadin dges of the’speed proportion signal
to detect the length of tinme, the trail'ing edges thereof can be used g
simlarly. As will be apparent fromFig. 4, the process is directly an FG
si gnaémbiodisthent NS Hr thes presdIEinventiodPwhichs Wil sbepsdeséribéact i ng
a so-called "zero crossing tinme" in a nodulated carfier to determ ne
any ohktiough the pdescuiptiohe madle | berenmisemntbenveadingt ledgsisang into
a voltage to restore an original nodul ation  si gnal Ther ef ore it can be ’

antlcﬂb%t EEeFﬁatPFqPQW%dEFQPPBnqcre‘éﬁl'é?ﬁ thenlangth efc tidey, thephase
di d Actual Ly.. if. d that the it
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[err] is RefrAqYensy abpaenthoppsd FAAt i §Nalkng cdds g arniiféét ppase

and [err] 1s an anplitude at t he changéd rofatlona speed (pe zero

val uean 6l EighalhembBulaginy Oprésesse’ [ Wamelly, | tSeéompribes’ |the
(5) and when the values f., [err] are changed to various different val ues,

it hasteéepsn éﬁurﬂbteetinge aeclsy-cdlbedsc"tero]| crossing timeBsetneda by
t he foI I OWI ng -equation as_the denodul ated output is processed to -
ext r Jeedplatadafarsienato coptermines r apYrehange oxldifunthen: PeEiPE PEm
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restore an original modulation signal. Therefore, it can be

anticipated that if ‘the modulation frequency is higher, the
delay of phase is correspondingly increased. | \J
Actually, if it is assumed that the itein- Aﬁ.(t) of the
equation (2) is a single sinusoidal wave, or. - | '
ANa(t) = AN, cos (2z £a t + 0 a) ()
where £, is a frequency at any changed .'rot.at'iOnal speed, 0 .
is an initial phase and AN, is an amplitude at the changed
rotational speed (peak Zero value), and that the FG signal or
carrier V. (t) is set by: | |
V.(t) = sin (27 £.t) | e (5)
and when the values f.,"e = and AN,, are changed to 'vario:us '
different values, it has been found that the- delay of phase U'
€, can be 'represented by the following | equation as the'
demodulated output is processed to extract a :Eundamental wave
component from Fourier expansion: '
6. % (360 x £.)/f [ ° 1 e (8)
From this equation (6), it becomes apparent that the delaya v
is directly proportional to the value £, and inversely
proportional to the value f,

The approximation of the equation (6) is Itaken as the



proportional to the value [err]. The approximation of the equati-on (6) is

taken as the such a reason why the %eed detecting process detects the

i nverse of the frequency or a change inQhe period rather than the :

frequency itself and then generates an output voltage proportional to that

change. The grocess may cir.eate sone error if tHe regul ation ( %err % is
t
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Fig. shows the val ues of [err which were determned when it is .
assuneertoat if ttre eqegulatioh) , ([AMN.JAWJ) [ ds | tbo Yarge.5 Frbm a
bl acketed nunerals (t) represent tines on detection. I n such a-case,

from t k¥ieduacrdeulationse hewayet; phtisdias r peans fopndsehhay nevessois =
45 [err ... (8) ‘'This can be antjcipated alsqQ fromthe
wavef oFLFshM#Pﬁ%_ s pr8REsuBk adcav@tugi gRuch,  highexs, It?"%de?g?ood
(hat | el GRAT, A LERE, Chale el Y Bl B ' ox
example, at a value equal to 10% of the peak zero value, the
error in the value 6, will be ie_ss than one pgrcent. This
delay of phase was also confirmed from an experime'n_t in
which the motor cdntrql system was actually used. ’

Fig. 5 shows the values of A Na.(t) and A Vy(t) which
were determined when it is assumed that in the equation (4),

ANpo/Noo = 0.01 = 1 [%],

f. = £./8 [Hz], and o ceeel(7)

6. =0T71"°1] o
In Fig. 5, the blaéketed numerals (t) represent times 6;1
detection. In such a ca;se, from the equation (6), the delay
of phase® , is represented by:
6. = 360/8=45(" 1 ceee(8) |
This can be ant:l;:_ipat_ed al;o from _the waveform shown in Fig.
5' . . . |
' From such a calculation, it is easily understood that if
tt_;e detected time _le_ngth of the FG signal for a half-period
is conve_rted into a voltage, the de.'__Lay of phase 6 . becomes
- half the value determined from the equation (6). This is
because this value is equiva_lent to two times the FG
frequency in the aforement_:ioned demodulating process. I

In distinction from the detecti_ori of one complete period,



~half the value deternmined fromthe equation (6). This is because this
value is equivalent to two times the FGfrequency in the
af orenenti oned denodul ating process. In distinction fromthe detection of

one conpl ete peri od, however, outputs,fromthe speed detector 4 (shown
by b and c in Fig. 6) may create a ri ppl(‘?with any changed DC conponent
even if the rotational speed has no variation and when the FG signal is
distorted or when any offset i's produced in the wave shaper 5 as shon;in

Fig. | rea,# Ln | agplell’ 'Rty V41 T sttherl bRt PONERdde
devi a?Fg-r%QJFr%émt eﬁéié% §gg"é'd.r&;s?n§§get he 'frequencyq of thei,1 Pasi c %pple
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systemin order to avoid the increased irregularity in the rotation. .
Howevewert hif t the cotsitdonalusspend shasi pioervaxiatiprr and mhen thet K6

ripple frequency, and this will offset the forenentioned -ippr.ovenent of
the pfidgaade| 4§ QhSEPTEEINIORH mrﬂeﬁggtiﬂﬁgﬁ?tsg%d?rqgﬂﬁ?g ir?eagg‘iees
may al so be .requirgd. -This NS t 1 hemaglu peed (o] P .
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ripple or any wvariation in the DC conponents even if any offset is produced
i n t hecirasporss atowithe bEGapgfixeqmendy omaFi filter may shewaddedi gnts,
however, this conplete period process will also produce a ripple in FG
fre-qué:,;'@), fiskepheip order to avoid the increased irregularity . in

the rotation. However, the time 'constant ‘must be sufficiently U
higher relative to the ripple freguency, and this will of_fset"
~.the aforementioned improvement of the phase de'l'ay' involved
with the detection of speed. - Further measures may also be

required. .

This means that the actual speed control system cannot
advantageously utilize the above half-period -process of
detect'in:g the s'peed' for a half period of the ‘'FG signal, with
respect to performance and cost. '

On the contrary, the complete period pt'ccess of perfbrmirig'

a detection for one complete period will not produce any U
.ri'pple or any variation in the DC components even if any.
offset is produced in the shaper 5, as will be apparent from
Fig. 6. As shown in Fig. 5, however, this coxnpl_éte period
.'process will also produce a ripple in FG frequency when there
is any variation in the rotatic’mal' speed. Naturally, the
magnitude of such a ripple is relatively large while the
ripple f£requency 'is relatively 1low, in comparison with the
half-period pro';:_eSS'. Thus,.' the time constant in the

subsequent filter 9 must be increased. The control system

will be highly limited in performance when the wvalueg , is



i any variation in the rotational , speed. Naturally, the magni tude
of such arippleis relatively large while the ripple frequency is
relatively low, in conparison with the half-period process. Thus, t he
time constant in the subsequent filter 9 nust be increased. . The
control systemw || be highty limted in perfornmance when the value[err] is
conbined with the phase delay, due to the increased_ tine constant
in the fcembingd Awtihbugﬁhﬁhel’bﬁﬁér arlayyi | ORes tRe BhSceddcTeamacthiimge

the rd&&ati onal speed y se an FG signal for one conplete period as
descri beG°§§6\§§ A/ §?&§ 5&33"5 be used despite its unsatisfactory
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rotatlona a rot ry nmenber, which can prevent its performance from

bei ng | oppraddcv@s destchdbed fsmuencxmmnprobesseumtt abeatusédcﬂnnqpite
| evel in light of the standard perfornmance of the prior art, or,

ot her wodds, unbathsfsaboryr e xiformanteprif evaniaisr Fusten udi ﬁ&tﬁﬂfé’ns
same FG frequenc (see Japanese Patent Publication No 2 712) 'I;I}gt
proposal digitate nshatpethgesti EXRIVEREY r FARRPLe PR B R(ﬁ e %

Fig. 7, s;ieed control system conprises a notor 101; an FG 102; a speed
det ect or €Y% a shaper .105 for preparing a speed proportion signal

haying | eadigh oAl 1£8' bvatcRIN Suck a° boibRih h ki lpri6oNerts e

applicant had proposed a system for controlling the rotational
speed of a rotary member,' which can prevent its performance
from beinlg lowered even if the FG frequency cannot be set at
@ satisfactory level in hght o:E the standard perfomance of
-the prior art, or, in other words, which can provzde an
improved 'performanc.e using the same FG frequency (see
Japanese Patent Publication No. 2-19712). '

This proposal will now be described with
reference to Fig. 7. : | | -
| Referring to Fig. 7, & -speed control system comprises: a
'motor -101:; an FG 102; a speed detector 104; a shaper 105 for
preparing & speed _propo'rtion- | signal having 1leading and
"trailing edges, based on an FG signal £from the FG 102':”'3
first period detector 107a for detecting the length of time
{or :oeriod) between the adjacent 1leading edges of the spee.d
proportion | signal and generating' a control outout
corresponding to the detected oeriod; 8 second period
detector 107b for detecting the 1length of time (or period)
between the adjacent trailing edges of the speed proportion
. signal and generating a control- output corresponding to the’

‘detected period; an output selector 111 for alternately
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first period detector 107a for detecting the length of tinme (or period)

bet ween the adj acent | eadi ng edges of the speed proportion si gnal and

generati ng a control out put corresﬁondl ng to the detected period;
a second period detector 107b for detecting the length-of time (or '

peri od) between the adjacent trailing edges of the speed proportion signal

and geedegting a tdentr ontputpsut abr r dheondEdgsto tamd desedomli ppergda an

output selector Ill for_ alternately =~ selecting the - outputs of —~the
fi rstdesﬁe ozgcdfda ;nd omrez eBt cfrié-t%?al%dfgmEmogthilnlgertl’l@%&bput\!f
snoot h e out put of t ut pu sel ect or or performng t he
phase élﬁ Cat iHEBHE ¢ h &éllem OXnd BeR Pﬁpiﬂgl vetbPrcuPPaiﬁo As

in t ti or |or

now aé’é‘a éégéﬁg?ﬂt ﬁ?‘?ﬂeat F%%%%@SE&F?% 8500 0, ot bR I, Bibenll |
tinme.13pe operatlon of the speed detector 104 made under such an
assunpti-on is shown in Fig. 8. As the rotational speed of the notor
101 vari eAs with phesagforémentdonedhe sr@atigemint | acEskd Aigd, tor egnbt i Ng
in variations of the tine |engths between the adjacent |eading edges and

bet weEﬁiPﬁeaém-acféhtlSrapM epsmed thathdhehapotaticonal ppeed toDnthe

S|gnal The irst. period detector 107a responds to .the changed
ti me BPEAGLY arﬂ@ts\/\é’é:ht tﬁ@ssagFa%tt*‘E%dl ﬂ'&eemrﬁ%i‘m ofc&he c%ﬂeﬁg

t t d h h d
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t he "sane .detection' system' as | one
passage of time, . the FG signal is modulated resulting in

variations of the time lengths between ‘the adjacent 1eading_ v
edges and between the adjacent trailing edges in the shaped'
speed proportion signal. The first period detector 107a
responds to the changed time length hetween the adjacent
leading edges to produce a control output while the second
period detector 107b responds to the changed .time length
between the' adjacent trailing edges .to produce a control
output. The first and second period detectors 107a and 107b
define the same detection system as the aforementioned
one-complete period detection system according to the prior
art. o | |

Therefore, the control output \'/ .of the first period
detector 107a and the control output V,;. of the second period
detector 107b are respec_tively represented, when T:e< t =
Tires (k=0, % 1,%2.....), by: o

Vi (£)=Veat AV, (t)

Vi o 4KV A Ty |

- Vro#RV{(Teu-Tsr-2)-T) ....(9)
and, when T.,., <t STz.uloa (k=0, £ 1,% 2.l....), .hy: o



6ne-corrp| ete peri od det ectgi_oh sy*'sl?.'t"ém according to the prior art.
Therefore, the <control output [err] of u\e first period detector 107a
and the control output’[err] of the second period detector 107b are :

(5 "and, wndh 1G a8 VB ey oY L e terd

....(10) The out pulyse }g‘;.tgr:; 111 selects, as the output of the speed
det ect or. 104, the oltdhut o T Y i st peri od detector 107a during a period

of tim®between a é\hrf,ﬁﬂh?{('i‘. Wheq, | heyost gut -of the first, peri@y detector
107a changes fromone value to anot hef and a time [err] when the output of

the second prFHé obuighfct eelbtiorchangesselestw)e wsl utheo aatpuer . ofhethe
out put selector 111 al so selects, as the output of the speed detector 104,
t he out mpeed tdetectoandlPé;i dheleoutput 10£h the | Fjrstpepeviodi detector
between the tine [err] and a tinme_[err] when the output of the first period
det ect ol OFya uRimges & r BRrdnd af uctime s hatween TR s timee Tex pu¥hed; r Fher

the speed Gei€'e¥ 1he °20.2% "BREESE" GdeR¥eok® 167h° Ehah§LE! £rom one
value to another and a time T..., when the output of the
second period detector 107b changes from one value to another.
The output selector 111 also selects, as the output of the
speed detector 104, the butp’ut of the second period detector
&,.,‘ 107b during a period of tig\e between the time T.,., and a time
T...z when the output of the £first period detector 107a
changes from one value to another. Thus, the outpuf Vs of the
speed detector 104 can be represented by: ' J
CVe(t) =
Ve (£)(Tas € £ = Teusy) OF
Vee (£){Texss < & S Torwz)
(k =0, £31, x2,...) I & § B
It has been found herein that if the values £., 0 . and A
N.. in the equation (4) are changed to various numerical
\_J values and when the demodulated output V, obtained at each of
the changed values is subjected to Fourier expansion to
extract the basic wave component, the delay of 'phasee' v can
be represenf.ed by:
ey = (270 x £.)/f.
= {(360 x £,)/f£.) x'0.7’5f' ] eesa{(12)
The use of the approximation symbol in the above eqﬁation
(12) is for the same reason as ‘in the a'foreme'ntio'ned example

according to the prior' art. It is thus understood that the .



*[err] It. has b€en found herein that if the values [err] [err] in the
equation (4) are changed to various nunerical values and when the
denodul ated output [err] obtained at gaoh of the changed values is :
subjected to Fourier expansion to extract the basic wave conponent, the
del ay of phase[err] can be represented by: [err] [err] The use of the

appr ogpeBhi Aetediwt 103 tSRoRAO\EN eRUgLI ON €bd) bé freduded sdme phasen as
.in the aforenmentioned exanple according to the prior art. It is thu
under dedsyg t et tahe levepeedhivitect 5% 10smailder | rthan. tha&:ancbfe rbl!g

I n phase del a a level about 25% smaller ¢than tha&

one- cORPrEPBP SFPod!-’@E@@ét i detegking, A¥SHM n@caoFding ptoo, QFt P'Ff'ﬁr
shows [err] at the settings shown in the equation (7), as in the prior
art of E : The bracketed nunmerals (t) represent tines on detection.
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Fig. ifl t{wé dematpenr ¢onLroassyuy e&hbaSpmascdmaﬂ bfpprsgandaa dophéed
ripple frequency with the sane advantages "as those of the

af or ebeatketed lminfexads o(it )erepriesentystimes onhdetegiiord rilgpl this
frequency al so serves to decrease the time constant of the subsequent

filterasggofromThhe equatism (12)yy dhefelay: of RhASE ofof 1%8he phase

delay in the gontztl(alal Q0B 75Eurt her mor e, the pr opose‘d. ..{13)

It will be apparent_: from Fig. _9 that the speed _contrcl
system has a reduced. ripple_ and a doubled ripple f£frequency
with the same advantages as those o0f the aforementioned
_half-_period _dete_ction system. The increased ri_pple.frequency
allso serves to decrease the time constant of the subsequent
filter 109. This naturally involves the reduction of tne
phase delay in the control 1loop. Furthermore, the proposed
system performs the detection _of __time length. in the same
nranner as in the prior art one-complete period detection.
Therefcre, it does not have the disadvantages of .the
half-—period detection, that is, any ripple created in the
control output due to a distorted FG signal or an offse_t in
the shaper 105 or any deviation in the DC potential.

' The speed detection system previously proposed by the
applicants has many advantages in comparison with the prior
art. However, it includes two additional problems in that
~ the system requires two period detectors, resulting in
enlargement of the entire circuit, and in that if the two
period detectors are different in characteristics from each
other, a difference between the outputs of these periocd

detectors will be produced creating a ripple in the resulting

r



system performs the detection of .tinme- length in the sane manner

as in the prior art one-conplete peg'od detection. Therefore, It
does not have the ‘disadvantages of e hal f-period detection, that
is, any ripple created in the control output due to a distorted FG

si gnal orcamtrdX seutputt Heevinged ts0basianfregiendwnfi n evrRn DEhed ckbere.
The speed detection system previously proposed by the applicants has many
advant ageks iBP copphe L 1oR %Ptﬁh?h§°EP¥8P9§EtFpeeﬂowever; it includes two
addi tihal problems in that the system requires two period detectors,
resulting in enlargenment of the entire circuit, and in that if the two
period detectors-are different in characteristics fromeach other, a

di fference between the outputs of these period detectors will be produced
creating a ripplefd n tHerafesnd t iadg objeett ref otheutpheseny iimveation to
frequency [err] even when there is no variation in the rotational speed. It
i s therefprovideoty cepeel tdetectorntconsisting ab provingle Hakf-period
detector consisting of a single half-period detection type detector.

el enent . detebtionntiypendepectert elgBeAtion provi des a systemfor

trolli t h tati I d of t ] bd s
Compr i ng. AJ0° £848 cBiinc FhencRERRERE SRR AATL, RN deR, & FRYMEER, for
comprising: AJO RS ot . fer BeP? Si'ghal ™"
Specd of CEnbERtERG ERK FofptIGHLET BRERATIOL OB 2o0aYC eRBREDN paLe

detecti nggyébemZebRApres9ngkng interval of said FG signal, the zero
| evel corresponding to the desired rotational speed of said rotary
A) a frequency generator for generating an FG signal

T

&J which is an AC signal h;ving a frequency proportional to fhe
" rotational speed of said rotary member; ' ' '
B) & iero crossing intervai detector for detectihg the
zero crossing interval of said FG signal, the. igro level
" corresponding to the desired rotational speed of said rotary
“member; |
C) transfer means for holding the zero crossing interval
detected by said zero crossing interval detector and' then
outputting said zero crossing interval in response to'the néxt
" occurrence of a zero crossing: ' '
U ' D) adder means for summing the zero crossing interval
detected by said zero crossing interval detector and the iéro
‘crossing interval outputted from said transfer means; and
E) drive means for driving said <zotary member in
‘accordance with the result in said adder means such that the
rotational speed of said rotary member willl be 'cdnsisiént
with the desired speed. | | |
'In such an arrangement, the <zero ¢rbssing' intefval

gdetector 'detects & zero crossing ihterbal, thét is, & half



‘meitber; C) transfer means for holding the zero crossing interval detected
by said zero crossing interval detector and then outputting said zero
crossing interval in response to the né&kt occurrence of "a zero crossing; -D)
adder nmeans for summing the zero <crossing interval detected by said
zero crossing interval detector and the zero crossing interval outputted
from sai a e ans; I i an [ I\ N ' fary
renbe P TSthe o adhee duasiAte® Iy | Klgedl etk e 3 Bty

r ot at igaialoa SPeeFec®! eRed adtictied NBEFET cYbobbinke imWIAL e delia
desired speed. In such an arrangenent, the zero crossing ‘interval
detechy dethalf-pertod crassi khei nteanafert means, &hml delayest i agroof
the nodulated FG signal rather than a conplete period thereof. The

det ectoxmpssdng civserngli nisr sumned duithedthe £e%Q f Grassing integwval
transfer neans.. The_del ayed, zer rossing ipjerval is su 1th the zero
crossiimpediaery pfRed aﬁ%’r?gaﬁFch%Ean ‘ﬁgﬁgct , ﬁfﬁﬁgﬁ}"\?,\ge‘é%lf‘ ng
used COnt.r the r | S ofet r Therefore, no
del aytto gﬁ"§s%1w eblg‘;?égr\i'eg‘?}ggdl e%%gdf‘;? héef?:é) é%%%rﬁlggsléﬁcr eased in
frequency rheteforeV tHot 1P 68 dridtINilIche EfO8€édJevel Ci¥althe
detector, the system can realize mnmany advantages such as reduction
of riR®Isignallutsi dncfeasedif fwt firequencyt aklsw hewsthPrtecruwde yof tahe
present invention utilizes a wave shaper which serves as neans for

shapi §ingde FEZergnalcragsing heAnéepyryi nfetectorhe theo BY8temg ioarerval

det ect or. Thi s
realize many advantages such  as re_c_iuction of ripple,

reduction of manufac;j:uring cost and others. U

Preferably, the present invention_ utilizes a wave shaper
which serves as means for = shaping the_'._ FG signal and then
supplying it to the zero crossing interval detector. This
makes the operation of the zero crossing interval detector
more accurate. For example, with use of a wave shaper which
is adapted to output a square-wave signal having a value

variable on the =zero crossing o_f the FG signal, the .zero
_crossing interval detector may simply_ detect the time léngth
required to change the value of this square-wave signal from
one to another as a zero crossing interval- in the FG sigﬁal. \J
This means that the zero crossing . interval detector can be
qperatéd more simply.

In the above arrangement of the present invention, the
rotational speed of the rotary member can be controllied by
the drive means, based on the comparison of ~DC wvoltages.
More particularly, t_hé drive means may compare the output of
the_ adder means wi.th_ a DC voltage representative of the
desired rotational speed 6:_ .the rotary member. If there is

any difference betwéen the output of the adder means and the



hmakes the operation of the zero crossing -interval detector nore

accurate. For exanple, wi‘th use of a wave shaper which is adapted to out put
a square-wave signal having a value variab®Re on the zero crossing of the-
FG signal, the zero crossing interval detector may sinply detect the tine
lengt h regyi hed dehenagne (LiVe! neadls (Hay TBMRVC¥ReS FOEAt] bR Okbden
another as a zero crossing Interval in the FG signal. This neans that the
zero Crosggngthiel erpGtaggt ciefabesan gutivpethetd guch sithe y. dififerenzeoves
arrangerrent of the present invention, the rotational speed of the rotary
menber cadebreasedr alsl emidly ashepabsibdexrans, based on the conpari son of DC
vol tages. More particularly, the drive neans may conpare the output. of the

adder neans with #&$C furt r preferred v&hat & (&ddteF 18t HFQvided
speed of the_ratar nber . If there js,any_difference b R.the

out put of iPhP“'}dﬁé’ :ﬁﬁs‘gﬁﬁrt feans @%o?ﬁﬁggfiyﬁe'lﬁq% ﬁé\gﬁg t*&{%‘;e the
control t] ti f o] W ottplt e
di fferencésnﬁ:go _éc&ggéegggggr]ﬁ%dh %‘Eg%osasiﬁ%#e??q%g f‘i}rﬁatjls"lg!r1 pr ef _e?reg t hat
a filter kneprauaded pgabal veen mAgeadise Tepaecanéoptedll | wtabawls with a
optim ze the control. For exanple, such a filter may snooth the output of

t he adder redaged onopke thevepeed Adternativellys wkhe afiltlerednayi gerform
| evel . Alternatively, the filter may perform any phase conpensation so as

to renoveanyy phase compensatfiomesopds $OniFENOVELENRY aRphese BekaY kTR

of a variable characteristic type which does not depend on the filter and
can vary the speed control. _

"The -transfer means may be o0f &a wvariable characteristic
x,/ type which does not depend on the £filter and can 'va-:r.'-y the
contrel  characteristics (amplitude and phase-frequency
characteristics) by regulating their coefficients. | |
| The rofai‘y member described may take many conf_iéufétipns
such as drums &nd others. One of the most general meahs_'for
| rotatably driving the rotary member is a motor. ‘I‘be drive
means may include suéh a motor. In such a case, the dr_ive
means further includes & motor drive circuit for con_frofl_ling
 the rotational speed of the motor based on the resi:lt f.lrom
 the adder means.
Y ' The invention will be further described by way of non-

~limitative example with reference to the accompanying dfawing's,
- in thch:-
| Fig. 1 is & block diagram of the circuit layout in one
embodiment ©f a system for éontrblling the rotational 'speed
of a .rotary member, which is constructed in accordance 'w_ith
the present dinvention. .. .

_-?ig. '2 is & timing chart illustrating the operation of
“the embddimént shown in Fig. 1. N _ '

Fig. 3 4is & block diagram of the circuit layout of a



control characteri’stics (amplitude  and phase-frequency
characteristics) by regulating their coefficients. The rotary nenber
descri bed may take many configuratips such as druns and ot hers. One of:
t he nost general neans for rotatably driving the rotary nmenber is a notor.

The drive neans, nay include such t . uc Case. .t he dii ans
furt heFYSEELdEL T rfb‘?'btfr%ﬁ ci ?%glot g-Pgratécl?%far ol {&lpﬁegf h'gpff otgt i (%?\g?rgeed
of .thepﬁ%r b3 ! dsasididd R tdecori@icdaaien the poyert pet T |
be fur er%Jésg'rillq%ggqb%/Q\%al{/ of non- limtative exanple wt hbr eference’To

t he acconmpaiy,ng4drogi ROStimAnghi éRartFiflldstrating ottheli opegatifion hef
circuit layout in one enbodi nent of a systemfor controlling the rotational
speed dhea pritcar \arnte systemshown e gy 8¢ ed in accordance with the
present invention. Fig. 2 is atimn Ch%g“ illustrati nﬁF%he opey ation of
the embodi Fdit- shodk§ i& Eigerem ghpwing sthe, cantzol, wanelpras. 10, ¢

| ayout of. a system_ f¢ contyolling the rotational speed of a

r ot ary%eﬁr%ﬁel’% ?%rfsitQU ‘ed in accordance with the prior art. Fig.
4 is atim chgt i'l'gx‘?ct' : | g aﬁgr ' thenPre¢Re apid¥sSt @Pt
shown in Fi#g:#?. igj".1 |s{aggécﬁ]agﬁgfr%s owaé\%%éemscontrol wavg?orrrs in the
prior ghistensigdnpfg Fiz. 3. Fig. 6 illustrates -~ various problens in

the prior art systemof Fig. 3. Fig. 7 is a block diagramof the circuit
| ayout in &Fig. 7 4is &  block diagram of the circuit 1layout in &
| system previously proposed by the applicants. -
Fig. B8 is & timing chart d4llustrating the operation bf
the proposed system in Fig. 7. - - . _ S \.J
Fig. 9 is a diagram illustrating control waveforms in the

proposed system of Fig. 7.

~Referring to: - Fig. 1, there is . shown a speed control
system of the present invention whic'h comprises a 'zérd
crossing intervél detector 207 £for detecting the time length
_Qf one half-period in a speed proportion signal; .transfer o/
lxn'eans 212 for transferring & detection output .in
synchronization with the trailing edge of & speed
proportional signal generated after passage of the other
- half-period thereocf; and an edder 213 for summing - the
'detection output and the transferred output to produce a
control output or speed detectof.'output.

In such an arrangement, it is assumed that the rotational

" speed of the rotary member wvaries with passage of time as in



‘System previously proposed by the applicants. Fig. 8 is a timng chart
illustrating the operation®of the proposed systemin Fig. 7. Fig. 91is a
diagramillustrating control waveforns ikSthe proposed systemof Fig. 7.
Referring to Fig. 1, there is shown a speed control system of the

present invention which .conprises. a zero crossing interval detector
207 for Mecaﬁmméra:ioxmzdl emtdt:kdn orf@)hal f -Phei cnpera%its:peczf plaopspeedn
signal; transfer neans or transferrin a detection

out put 'dﬁ-?\egyﬂéh?gﬁdﬁt Fbﬁs f\M“f*his shown tir"’almt‘-’n-g edge of a - speed

proporti onal n ate ‘after, passage ot her_ half od .
thereof; . a ﬂ eadﬂfgs:a%é oSPEEA M A emﬁ'&f’gc c?r‘?‘ oY Pit®® an it he

transferéggsa %u £emBr Od%ﬁ %'.Gcongighagut ha%l?he%éeedmgﬁhq(‘atﬂd in

out put an ‘ar ranger’rent I's ass rotational speed of

the rot affegseaey var i g§ Vtthré@ﬁﬁﬁge fhe! i 1&€ngthi "of tiMealpetwesh oraed
equation The operation of a speed detector 204 at this tinme is

shown i naﬂigceﬁt Aleatiiag r @nal | dredil Spgededges aofnotthe XZYapedr | speed
with passage of time, an FG signal wll be nodulated in frequency.
As a rprepertione sigmalh othat| n'iéiu bdtheeed ength a@factime) eﬁHFﬁQQan&he

trailing edges of the shaped speed roportlon si gnal hat is, the | engt
of ti neg’ﬂ% gnEthBdhaY’\uber?’B Ere@w pon(#t?‘f’gl ,Zero TﬁEosfg

eI R A, 1 SRR £ R PR Sl
transfergnt e dgbAgthObLULRME (Gufing2tHe’ half-period. The transfer

means 212 transfers this detection output to a transfer

| , ~ output immediately after the next half-period. _
As will be apparent from Fig. 2, the detection output Vi,
is thus represented, when T;<t <T;., (j = 0,£1,%£ 2,....),
by: |
Via(t) = V'ro + A Vea(t)
= V' + K- AT,
= V'eo + K {(Ty=Ty.,)-Tc /2} sess(14)
As will be apparent from Figs. 2 and 8, the wvalue T; is
identical with the wvalue T,, if it is assumed that the
_ rotational speed N, and the FG signal are the same as those

of the previously mentioned structure of the prior art. The
item V';, is a detection output when the rotational speed N,.
ef the motor is constant. The item K, is the same setting as
that of the previously mentioned prior art example.

On the other hand, the output V., of the transfer means
212 is represented, when T,<t <T,., (j = 0,x1,%2, ....),
by:

Vea(t) Viepo + A Ves(t)

V'eo + Kv- AT,;.,



output imrediately after the next half-period. As will be apparent from
Fig. 2, the detection output [err] is thus represented, when [err] by:
[err] [err] [err] ... (14) As will be
apparent fromFigs. 2 and 8, the vallée [err] is identical with the val ue
[err] if it is assuned that the rotational speed [err] and the FG signal
are the sane as those of:the previously nmentioned structure _of the prior

art.  The itemd &'o i B 4€Fect TBn oltBul2hhen the retaiilddal speed;%err]

f th ' t. . ,The it Is the ' tti t hat - ’
Phe. pr eviinte S3AERT ST oBEARRELA ERAREPY QUERHE BEnAPPEfd dEtar bR put
Lorr PURRSEGEY 2 86 IRETS EHE | MadCRERAR ©tnd Chrapidds Y ontihte [0
suntgetiesr. det aHeir@Fordld wHed'SHSr <Ow py T,LQ0et(ier = o0, %haref @ e,
when [err] [err] [err] [err] [err] [err] o N

Ve (t)
=V:;(t) .."’ VF‘(t) .
=2v.ro + K\'(A TJ +. ATJ-I)

=2V'ro + Ko [{(Ty = Ty-2) - Te/2}
+ {(Ts-y = Ts.2) = T /2}]

=2V'ro + K, {(T; - T;.2) = T.} ' c.-.(16) W
As described, Since-T'j=T2;' and T;.:=T:.-2, when T;< t < .
Tier (3 =0,21,%2,....),
Vie(t)
=2V'r0 + Ko {(Tax = T2x-2) - Tc}
=Ve, (t) o  e...A7)
This is consistent with both the equations ('9) and (11) if it
is assumed that 2V'y, = Vio.
Similarly, also when T,,, <t <T,;.. (§ =0,£1,%2,...),
V'e(t) |
=2V'po + Ko {(Tysy = T5y) = T} u

=2V 0 + Ko {(Tzusr = T2v-y) = T}

=Vez(t) ' ' " eees(18)
This is also consistent with both the equéti'ons (10) and (11).

Since in the equations (17) and (18), the value V',, is a
setting without variation of the rotational speed, this means
that it may be set as follows:

Vo =1/2 Vi, N ee..(19)
It can be easily u’nde;:stood herein. that the arrangement of

Fig. 1 is perfectly equivalent in performance to that of Fig.



fér{i

(16) As described, since [err] when [err] [err]
[err] [err] [err] .(17 ) This is consistent with both
the equations (9) and (11) if it is ass%agd that [err]. Simlarly, also
when [err], [err] [err] [err] [err]
(18) This is also consistent with both the equatlons (10) and (11). Since

var at i ah of SCAES! of BPRonal8eBea, U s mife that NECRISHEE ccpoRfletely

fol | ows¥; | ' transfer --chh#attekisgicde i 1Y ¢the
understood ﬁgkgfﬁi?ﬁat fhe arr%%genenf%ﬁ Fﬁg 1 ?s per?ect Iy eqﬁ?éalent
perfornaﬁselaaibhgtogfsﬁeed,. 7 si nce t he val ue [err] S a

par amet er conpletely Irrespective of t he transfer characteristic
on the varittidss thuspeprioven ithathustheovadvahtiagese Qﬂvaﬁh&geprssemﬁe

pr esent

ripple,
t hose of

I nvention such as reduction of phase_del ay, _i nproyenent

inveptigpe suchoast Tadugtdian, Of aphassppedayy eﬁﬂPF&I"SH{%“cto of

e Ol thBLEys " SRVRETEEOUS! HePr BBRRELiRt MndPRId %S are  EBHp1YRRLY

equivalent to those of the system previously proposed by the
applicants. And yet, such advantages .of the present
invention can be accomplished using only a single zero
crossing interval detector, resulting in simplification of
the circuit layout and further reduction of the manufacturing
cost. | N

Although the system previously proposed by the applicants
is disadvantageous in that the differential characteristics
between the two period detectors used therein produces

@ ripple in the basic frequency £., the present invention

utilizes a sihgle zero crossing interval detector which will

not cause such a problem, resulting in provision of the speed
controller havihg an extremely high accuracy.

The arrangement of the present invention which includes
the transfer means 212 and the adder means 213 is extremely
similar to a transversal type filter. In fact, it can be
understood that, as variation in the rotational speed is
indefinitely decreased, - the interval between transfers
gradually approaches T./2, with the extreme limit providing a
transversal type filter having a delay equal to T./2 and a
coefficient equal to one.

If the transfer means 212 is made to have a coefficient
regulating function, the speed "detector can be varied in .

amplitude and phase-freguency characteristic. In other



vinvention can be acconplished wsing only a single zero crossing
I nterval detector, resulting in sinplification of the circui-t |ayout and
further reduction of the manufacturi nﬂgost . Although the system previously
proposed by the applicants i s disadvantageous in that the differential
characteristics between the two period  detectors used therein -
produces .a ripple in the basic frequency f,, the present_inventli utilizes
a si nUPé'dfér o] @?%ss?ﬂﬁesnt EPPAFOdet SHTYCMhi EARW MBS0t '%us@gga‘%ﬁloﬁ‘;a%e
pr obl t] i | S N 4@ ¢ oYeTgs e i n ; ly
hi gh g?gt?:tgc%ﬂ #‘ﬁg a%%\ig)ééirr%#\ c# lst hgsgégg‘ggt [ nv%én)%on %I\QC hafg'%f‘%g‘gz t he
transofy NS shibsetfiferithe Siddair ME20®. 213 TRiSXta@VBhYagen tabnot abe
transversal type filter. In fact, it can be understood that, as variation
i n t hebtatimednih $Peedsystemdgiteviansly goopeosedd by tihe appldcazts
bet ween transfersrpgradually appr oaches [errljé?with the extrenme limt

provi dis®s Jananess Fatent faihlication Nog Helie2nd 92424 to [err] and a
ffici | .| f f ' d h

oot {1 f oA tTan,, Frg " Smard | SFteclRE Lolodttabies oHhE Hifve. Shapkr.

I n anplyst ude ‘%@ fﬁggie'éfgﬂé'e'{%reg?r a@h@”ﬁééa%'- shaper bBP ?%%Srbe

words, the speed contro system cdn ave I't1 ona tiron for
regul gndit@ dd Sif CERENFE Veigral Bais'Gsuepeadepiverbrn Nes IPSERECRpeda | ter
2009. This advantage cannot be obtained in the system previously

pr opopevbporttiom agilgnadnt s thade ispanesewBxeformPubbvdiag odeddindei and
2- 1971t2z-)a'11§.|r;[gh%u gr;st.he speed det ector 204 i_ncI udes the wav_e. shaper

| The zero crossing injterval detéction may be accomplished \J
by any other suitable means if it can provide. the
aforémentioned operation of the speed ¢ontr'o11er. such as | a
CR circuit adapted to perform electric charge and discharge,

‘a counter utilizing clock signals to count the length of the
period, and so on. '

Although the detection output has been described as: the
sample holding type,- it may be in the form of output counts
from the aforementidne’d counter utilizing clock signals. In
such a case, obviously, the transfer means 212 may transfer
and output the above counts. It is of course an easy '
operation for the adder 213 to sum these two counts.

Although the oufput of the speed detector 204 has been
shown as being of the sample and hold type, the similar
advantage may apparently be obtained even by using a
so-called pulse width modulation system for changing the duty
cycle of the output depending on-variations of the period.

Although the preferred | embodiment of-_ the present

invention has been described with reference to the direct

drive of the rotary member, the similar advantage may be



205 at the first stage thereof, the wave s'haper'%'- 205 can be onitted if the

FG signal has such a wavefermas in the spe®d proportion signal, that
is, a waveformhaving leading and trailing edges. The zero crossing .
interval detection may be acconplished by any other suitable neans if

it can oHUDMile vt abyr CARP! | GERET ORSE Fhé Oe¥hdrFem PRI ORE Okl Che1t
such as a CRcircuit adapted to performelectric charge and discharge, a

count er astiivé zi ng cl ock si gnals to count the length of the period, and so
on. Althrough t he detection output has been described as the sanple hol ding
type, it naySince nthee presest odnyentiomt providesheaafspeednicomtroller

count er t|||2|n cl ock sign I n_such a case, obviousl the transfer
means 2 re%r?stf"@r the ﬁ%? th Qfe timgk, 0T cE8FPs. cros¥:}ngl singerval
course a5y er r Nty

Al t hough g out 5&? q’ﬂé# é;eégeegg et egﬁort%o ggﬁgg]egr%%&o#%:gggel ng %?e
the Sa”@&ﬁ%m d gpeea tly¥E S'Eixéar robhaR a ApRARSErrid the

obtained even by using a so-called pul$e w dth nodulation system for

changi n@dteckkd y sigelad Oatt eachit pft theeMEIE-pericds dend Ssafmifg the
period. Although t he preferred enbodi nment of t he pr esent

i nvent i diransféxeed designbdid wiitth r ckkeendetectiion diowkputri o offarme a
rotary nenber, the simlar advantage nl%/ be obt ai ned even by any ot her

drive mSOndRGn QUERuLs Lhe| PERA, £O FRbleFRc of dhat Prasent o#PW?BW@IEs
8 sneed SVIR TRl SRLEG ' Blle! "Eahl"0bRvBht bl Oad ik O RS’ "Yysten
previously proposed by the applicants and also additional

\/ 'advantages such that the entire system can be inexpensively

ménufactured with an improved accuracy.



."between the adj acent - edges 4n the signal proportional to the rotational
speed of the rotary menber, transferring the detected Signal at each of the
hal f - peri ods and summ ng the transferred signal w i out put-
to forma control output, the speed gentroller O}IT,'MHMEIWHE"HI’W”“O”
provi des conpletely the sanme advant a%’es as in the system prevsously
proposed by the applicants and al so additional advantages such that the
entire system can be inexpensivel§ ek dt8ired with an i nproved accuraey.
* C L M S*CLAI MS 1. A systemfor controlling th¥s
rotatidnal speed df systemrforecbetrodldings yshenrotetdionalg: speeir efucacy
generator for enerating '‘an FG signal which is an AC signal having a
frequehCH2pY oPERPESnaB2LE ENE ted: SOMPFAEingsed of said rotary nenber; a

zero crossing pnterval detectaor for det 3cti ng the zero cross:%g i nferval of

sai d FG signal 2 t RECHBETCY, (SEPRFEERE FOT pEBERFTaRARL e8P pEportigRal (o
th 3t | | f | : ) hqgl di th
Joro CVBLER s CRAPAC efghl)  Hedihg U P SrequsRlY FrdbaPEioabt (L fs' An

then orbpatibnglsapeedcod £a38Srodary! femder;n response to the next
occurrence of zero crossing : adder neans for sunmng the zero crossing

i nterval detectedzeyosaixbsaing cdatenvali ndetecitodet £orordebectiingzethe
Crossi ng i nterval outputted fromsaid transfer nmeans; and drive neans for
dri vi mg€TCaicFosing y intesvad of said FG signal,  the zero crossing

interval being inversely proportional to the rotational speed

of said rotary member:;

| transfer means for holding the zero crossing ix'uterval W
detected by said 2ero crossing interval detector and then
outputting said zero crossing interval in response to the next
oécurrence of zero crossing ;

adder means for summing the zero crossing interval

detected by said zero crossing interval detector and the zero
crossing interval out;ﬁutted from said transfer means; and |

| dr;ve means for driving said rotary member in
accordance with the result from said adder means such that

the rotational speed of said rotary member will be consistent

with the desired speed. o

2. A system as defined in claim 1, further comprising
wave shaper means for shaping the FG signal and then
supplying the shaped FG signal to said zero crossing interval

detector.

3. A system as defined in claim 2 wherein the outﬁut of

said wave shaper is a sqguare-wave si’ghal having a wvalue



.aocordance with the result fromsaid adder neans at the rot ati onal
speed of said rotary nenber will be consistent WMU@" ﬂmgeed 2.
A systemas defined in claim1, further corrprl SI ns for
shaping the FG signal and then supplyi t he shaped FG si gnal to said zero
crossing interval detector. .3. A system as defined in claim2 wherein
the out pwiardfatid donvwatite FeaRer crossingsqodr ethevFG ssfgabl hendnwherein
value . _: variable on the zerp crossing of the FG signal and wherein said-
zero Cr’@@slldwg zEng croxoss kg ecintervel eceteckor | Aesecie béﬁ\ﬂeer&nter\'al

subsequent changes in the value of the squaye a zero
cross?ngq%@gl subsequent schanges, 1n ﬂ‘ﬂ\ f\% %déﬁ?%e&q‘?’fﬁ WIS

havi ng o SRR kA AP E456 “FREEFYRE ?**e BbC B S cuent

changes in the value of the square-wave S|gnal and wherein said drive neans
conpares the output of said adder neans with the DC voltage representative

of the dasired rqf agyotem wreededined din ocdeimmSihehereinbither sutput of
difference if any, said drive neans being adapted to control the rotatianal
speed of sadil zetar grossiag sinterval dateéctioxs dk&neenﬁ Ivolkegedhesing. &

i or val Ve 52%5%&%3@3@%2%%“2 el isea?m o EarSdent
the. out pEBAIES] d%ackBr FATRILAS Ehe" CRAGRFeEREYecy £§%3?2{%%°%ﬁ%m
desired 1l i @Pdbe ﬁ@%‘?x‘s Q'onﬁ'ﬁépeé OkfkY SN b€ %l%ti% edder means with
the DC wvoltage representative of the desired rotational speed

~ of said rotary member to obtain a difference if any, said
drive means being adapted to control the rotational speed of

said rotary member such that said difference will be reduced.

5. B A sﬁrétem as defined in cla:.m 2 wherein the output of
.s=1d zZero crosslng interval detector is a DC voltage having a
value correepondzng to the zero crossing interval of the FG
signel and wherein seid drive means compares- the output of
'said adder means with the DC voltage representative "of the
desired rotational speed of said rotary member. to obtain a
difference if any, said drive means being adapted to 'control
: _the rotational speed. of said rotary member such that said

difference will be reduced.
6. Asystenasdefined'.inanYmeofthepreoedingclainsfurthercmprising a

£ilter for smoothing the ou_tput of said adder means and

supplying the smoothed signal to said drive means.

7. A system as defined in claim 6 wherein the output of



~difference if any, said drive neans bei ng adapt eﬂ“ﬂu(ﬂﬂ""mu Ir r ot at i onal

" 'speed of said rotary nenber such that said differd IJI ﬂl‘uced. 6. A
system as defined i-n any one of the&zrecedi ng clainsfubther Scomprising a

filter for snoothing the output of i d adder neans and suppl ying-the

smothed ARl cbBs3ahd UriterVERetdetor 1ih SYBLORGRLARE | REYibE @ aim 6 |

wher errn the outpu sai-d zero crossing interval

det e¢leQhel ScarbEsyohitang heyi thed seroe cxvs=hpyndinterval hofzethe cRESi ng
i nterval of the FG signal and wherein said drive nmeans conpares the output

of ssiignall t andwi vhereénDBaid t Spd veepesnst aconpagest hthelePutRut ot i onal
speed of said rotary nenber to obtain a difference if aqr?/',-*sai drjve nmeans

bei n§ad@apftites wiAdy dhe hBC, modtage, reppesentative;; Beadrsinather

h that iddiff il : d 8, A { j i
e Fothbianal; ‘sEeat® E (qadd EaBErY; MEYx (o) AT &2 didiahdd onY
th f i d i i | id
ie 8 D! S8hSa VP e M CBERKY! NEddiftef TESS ABALEGINC L o

sai d getiad SEMSS| Ngpklie’ ¥ Ogheat orgtary Dmebéfge it Nothatal waid
corresponding to tﬁe zero crossing interval of the FG signal and wherein
sai d ddrfifiecr evaen wThhiee esedbeedut put of said filter with the DC vol tage
representative of the desired rotational speed of said rotary nenber to
obtain a difference if -~ any, said drive neans being adapted to

control , the, rotatj | SE? )f %&Lﬂw I40}. Ar Eﬂﬁmﬁrcmwg” at said
di ff@r‘e_rﬁgyﬂ'ﬂ eé#g% u%e%‘? o' of 1 Eé‘ g/' :.né Q
filter for _phas_e compensating the output _of._ said adder means

and supplying the'cor_npensat.ed signa_l to said' drive meahs. : | \J

8. A sﬁf#tem as defined in claim 8 whei‘ein the output bf
said zero crossing interval detector is a DC voltaée having a
value corresponding to the zero crossing interval of the FG
signal and wherein said drive means compares the output 'of
said filter .with the _bc voltagé representative of thé desired
rotational speed of said rotary mer_t;ber to obtain a di.fference
if any, said drive means being adapted to control the
‘rotetional spee.d _of_ said zrotary .member such that saigd

difference will be reduced. | ot

10. Asystenasdefined_inanymeofﬁxepxeceﬁhagclainsﬁxereinsaidtrmfer :
means is of &a wvariable characteristic type which can change
the amplitude and phase-frequency characteristic of its own

output by regulating their coefficients.

11. A system as defined in any one of the preceding claims, wherein said drive

means comprises:



10. A system as defined in any one of .the preceding cl'm
transfer nmeans is of a variable characteristic type whi m,”; _
anplitude and phase-frequency characteristic of its own m}mmm 2
regul ating their coefficients. 11. A systemas defined in any ‘ond of the

preceding clains,, wherein said drive& ¥r§aﬁs conpri ses: *» C L M S =

- 23 - a motor for rotati sgjd rotary, nenber; and a notor  driVv.
circuit, for control Hl‘?%%”n?%t%ﬂ?% g BaLg ’6?g§5¥dmﬁ5‘g8pb ¥H on the
resul t=f rom sai d adder. neapg. -12.._ . A s f org, _gont ' '
rotational speed of aarot’&?goﬁent%?%vfhecé’syé‘%‘g bel‘fﬁ’ coélg%‘lrtt%cr}%'ei gﬁd ‘the
arranged to u I 2kl ' L b h D £rf T SNEE
to and as |F?§§t§" ?Ig?‘ e ibsﬁgﬁ%u%gifgng%;’%gp Qﬁ%ﬁe@ﬁ%’%y?ﬁﬁwﬂ‘aﬁ ngs. 13.
Vi deo recor diyagh’ Girag@uci ng apparatus including a systemaccording to any
one of the precedi ng clains.

12. A system for controlling the rotational speed of a
rotary member, the system being constructed and arranged to
operate substantially as hereinbefore described with
reference to and as illustrated in Figures 1 and 2 of the
accompanying drawings.

13. Video recording/reproducing apparatus including a

O system according to any one of the preceding claims.




