1 MAGNETI C RECORDI NG AND REPRCDUCI NG APPARATUS The present invention . -
relates to a -magnetic recording and reproduci ng apparaLHS$aﬁqVﬁﬁan$%i”'".H
particularly, to a high-speed reproducing system a tracking cantraol yst em *
and a‘tension control systemfor a video tape recorder (hereinunder

referred to as "VIR') of a helical scanning system In a conventional auto’
tracki ng reproduci ng- apparatus in a VIR iT a helical scanning system a

vi deo si gnal. -

MAGNETIC RECORDING AND REPRODUCING APPARATUS

The present invéntion relatés to a maénetic recording
and reproducing ap?aratus and, more particularly, to a
high-séeed reproducing system, a tracking control system and
a tension control system for a video tape recqrder
(hereinunder referred to as “VTR")_of a helical scanning

system.

In a convehtional auto tracking reproducing apparatus
in a VIR of a hglical scanning system{ a video signal
reproducing magneticihead igéé?nerally mounted on an o
electromechanical transducing element (hereinunder referred
té as "head actuator”). At the time of reproduction, the
head actuator is driven perpendicularly to the direction of
the travel of a recording track, thereby giving automatic
following control over the magnetic head so as to prevent
the magnetic head from leaving the recording track.

Various methods have been proposed and already put to
practical use concerning a technique of enablin? the magnet-
ic'head mouhted on the head: actuator to aﬁtomatically follow

the recording track, which is called;an auto. tracking

control technique. - i
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reproé%?' gﬁhégneiié head is general |y nounted on an efﬁé??bnechanicé
transduci ng el enent (hereinunder referred to as "head actuator"). At the
time of. reproduction, the head actuator is driven perpendicularly to the::
direction of the travel of a recording track, thereby giving automatic
foll owi ng control over the magnetic head so as to prevent the magnetic head
from leaving the recording track. Variousmethods have been proposed and
al ready put to practical use concerning a technique of enabling the magnet -
i ¢ head nount eFagh exedpigad sgyeralokindsadeetnri £anry kiodsdwof pilot

signals for tracking low frequencies in a band other than a

video signal band are overlapped with a video signal and

separate pilot signals are recorded on adjacent several

{four) tracks, as known in an'8-mm VIR format. In this

pilot system, a tracking error signal is detected by a

difference in a crosstalk level between the left and right

tracks at the time of reproduction. |

Ih a wobbling system which has been put to practical

use in }-inch_YIR produced by Ampex, D-2 format digital VTR

DVR-10 produced by Sony Corporation and the like, the .

magnetic head is forcibly vibrated minuteiy in the direction

of the track width at a constant frequency which is called a

wobbling frequency. The repréuction envélope signal from

the magnetic head is synchronously detected at the wobbling

frequency, whereby a tracking error signal is detected.

In a mountaineering system, which has been put to

practical use in VHS VTR, NV-10000 produced by Matsushita

Electric Induétéial Co., Ltd., VHS VTR F75 produced by

Mitsubishi Electric Copr. and the like, the reproduction

envelope signal from thg mﬁgnetic head is supplied to a

sample-and-hold circuit at the central portion of the field
which has been read. The ;&;tage to be appliedﬁto the

actuator or the rotation'phase of thgcbépstaﬁ motor is then

changed bygdhe step (e.g., increased) and the envelope level
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t he re?ﬁ?ding track, which is called an auto tracking -control technique.
2 For exanple, several kinds (e.g.; four kinds) of pilot signals for
tracking 1ow frequencies in a band other than a video signal band are
overl apped wth a video signal and separate pilot signals are recorded on

adj acent several :
- 3
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of the next frame is compared with the value of the sample
and hold value. This series of operation is repeated until
the envelope level of the next frame becomes smailer. When
the envelope level of the next frame becomes smaller, the
direction of the applied voltage is reversed and the enve-
lope level of the reproduction signal is upwardly converged
toward the maximum value.

In a conventional auto tracking reproducing apparétus,
a tracking error is detected by the above-described various
tracking error detecting methods and the detected tracking
éfror is fed back by the head actuator which is accommodated
in the rotary drum. |

Such a movable head is not only used for dynamic track
following (hereinunder referrt¥ to as "DTF“3 control for
correcting a tracking error during normal-speed reproduction
but also often used at the time of superior reproduction
(high-speed reproduction, slow reproduction and still
reproduction).

As an examéle of such a movable head used for noiseless
superior reproduction, the system of a movable head de-

scribed on p. 41 of National Technical Report. Vol. 28, No.

3, June (1982) is schematically shown in Fig. 75
o7 LS

In order to briefly explain the high-speed superior
reproducing method using this prior 5¥tf ?ig.'76 shows the

high-speed"s'uperior reproduction servo system. In Fig. 76,

[ R,
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(four) PTe “as known in an 8-mm VIR format. In this pilot system a
tracking error signal is detected by a difference in a crosstal k | evel

bet weepxtig 1 eft and right tracks at the time of reproduction. In a
wobbl i ng system whi ch has been put to practical use in 1-inch VIR produced
by Anpex, D-2 format digital VIR DVR- 10 produced by Sony Corporation and
the liKe, the magnetic head is forcibly V|2;ﬁted mnutely in the direction
of the track width at a constant ffehuency ich is called a wobbling

frequency. , IR@ar9PmagHELEENhERYCL OPS &+ 0Pdh By MNhead actuator 2
perpendicularly to the direction of the travel of the tape.
From the reproduction envelope signal.from the magnetic head
1, an amount of tracking error is detected by a tracking-
error detector 3 and a tracking error signal is output. An
inclination correction pattern generator 4 corrects the
inclination of the magnetic head from the tape speed infor-
mation so that the angle at which the magnetic head 1 scans
a tape (not showﬁ) agrees with fhe angle of the recording
track (not shown) gnd generates a track trace pattern for
the magnetic'headhl. The tracking error signal from the
tracking error detector 3 and the inclination correction
pattern from_thé'inclination correction pattern generator 4
are added by an adder 5. e o

The operation of a conventional system will now be
explained. The angle at which the magnetic head lhtraces
the tape at the time of normal-speed reproduction
(hereinundér referred to as "speed 1") is the same as the
angle of the recording track. However, at the time of
reproduction at a different speed, since the angle at which
the magnetic head 1 traces the tape does not agree with the
angle of the recording track, off-track (hereindhder.re-
ferred to as "inclination error") is produced and a n01se is

ac ¢ -
pProduced on a reproduced picture.
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t he mat *tead is synchronously detected at the mobbllng frequency,
whereby a tracking error signal is detected. In a nountaineering system
whi ch %as been put to practical use in VHS VIR, NV-10000 produced by
Nhtsushlta Electric Industrial Co., Ltd., VHS VIR F75 produced by

M tsubishi Electric Copr. and the like, the reproduction envel ope signal

fromthe magnetic head is supplled to a iinple and-hold circuit at the
central portion_of the field hi¢ch has_been read. The voltage to be applied

to the ctuator &° PRe®FPR P@anﬁése73fa?ﬁe7%ai%H%Wﬁ¥kﬁQ#1Ysshﬂ%nthe

relationship between the recording track pattern on the tape
and the trajectories of the magnetic head 1 produced at the
time of reproduction at a speed five fimes as high as the
normal speed (hereinunder referred to as "speed 5") in the
forward direction and the reverse direction, respectively.

.In Figs. 77 and 78, the symbol A represents a trajectory of
the magnetic head 1 produced at the time of normal-speed
reproduction, B a trajectory of the magnetic head 1 pr&duced
at the time of reproduction at speed 5, and C a trajectory
of the'ﬁagnetic head 1 produced at-fhé time of reproduction
at speed 5 in the reverse direction. As is obvious from
Figs. 77 and 78, the trajectory of the magnetic head 1 must
be corrected to be A from B 32¢C for the purpose of noise-
less reproduction.

Fié. 79 schematically shows an inclination error
pattern of the magnetic head 1 produced at the time of
reproduction at a speed n times as high as the normal speed
(hereinunder referred to as "speed n", n is any given real
number) . |

It is now assumed that a VTR has a guard bandless
recording systém ﬁtiiizing an azimuth loss. If dt is
assumed that T is a 1/2 peéiqd of the rotary dfﬁm an& tp is
a track pitch, the inclination erroraﬁhich méy be caused at

the time of reproduction at speed n is represented by‘tp(n -
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changed by™0ne step (e.g., increased) and the envel ope |evel of the next
frame is conpared with the value of the sanple and hold value. This series
of -pperd#§#ési-i-s<repeated until the envel ope.level of the next frame becomes
smal l er. Wien the envel ope | evel of the next franme becomes snaller, the
direction of the applied voltage is revergsed and the enve- |ope |evel of
the reproduction signal is upward.-y convedged

1); wherein n is an integer. In this wai, the inclination

error pattern is represented by a function having n as a
parameter. In other words, the inclination error pattern
changes depending upon the tape travelling speed. .The
inclination correction pattern generator shown in Fig. 76 is
so designed as to generate an inclination correction pattern
by utilizing tape speed information such as a capstan.FG
signal.

When the inclination correction pattern is supplied to
the head actuator 2, the inclination of the magnetic head.l
is corrécted éo as to move in parallel to the trajecﬁory'of
the recording track even at the time of reproduction at a
different speed.. However, the.mere displacement of the
magnetic head 1 in conformit$ith the angle of the record-
ing track furtherlgenerates off-track due to the linearity
of the trajectories of tﬂé recording track and the magnetic
head 1 or the phase deviation of the track. 1In order to
prevent such off-track, an auto tracking control system by a
closed loop, wﬁich is represented by the surrounding broken
line in Fig. 75, is generally added.

Any system such as the pilot system, wobbling system
and mouﬁtaineering system describediébbve may be adopted as
the controlling method'for;£Qe auto tracking céntrol system,

but in order to obtain a high—definiéioh image even at the

time of production at a different speed, since it is

k.
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toward the maxi num value. In a conventional auto tracking reproducing
apparatus, a tracking error is detected by the above-described vari ous
tracking error detecting nmethods and the detected tracking error._ is fed
back by the head actuator which is accommpdated in the rotary drum Such a
novabl e head is not only used for dynam c track follow ng (herei nunder
referred to as "DTF") control for correctigg a tracking error during

nor mal - speed reproduction put also often used at the time of superior
reproduct i 8@cessary that the magnetic head 1 follows the nonlinearity

of the recording track'(hereinunder.referred to as "track
rolling"), it is desirablé to adopt the pilot system or the
wobbling system which allows a comparatively wide controlled
region. Since the controlling method and operation of the
auto'trécking control system have already been known,
detailed explanation thereof will be omitted here.

The tape tension control will now be explained.

Fig. 80 shows the structure of a magnetic tape travel-
ling system of a video tape recorder of a VHS system as a
magnétié recording énd reproducing apparétus which is

described on p. 187 of Introduction to Magnetic Recording

Technigué, by Y6koyama, edited by Sogo Denshi Shuppan-sha.
In Fig. 80, a video tape (ma%gitic tapef is supplied from a
feed reel Gjand the tension of the magnetic tape travelling
syétem is detected by a back tension post 7. The informa-
tion recorded on the video tape is temporarily erased by an
all—widthzerase head 8. The magnetic tape travelling system
is stabilized by impedance rollers 9 and 10. A rotary drum
11 includes an upper cylinder 12 and a lower cylinder 13. A
video head 14 is secured to the upper cylinder 12. The
sound signal on the llnear,track of the video tape is erased
by a sound erase head 15, and thereafter a sound and a

ic : -
control pulse are recorded on the linear track by a sound

control heéad 16. A pinch roller 18 is provided so as to

Y -
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peed- reproductlon sl ow reproduction and still réproduction). As an

such a novabl e head used for noisel ess superior reproduction,

@@ of a novabl e head de- scribed on p. 41 of National Technical

28, No. 8, June (1982) is schematically shown in Fig. 75. In

Abriefly expl ain the high-speed guperlor repr oduci ng net hod usi ng

r-art, Fig. 76 shows the hi gh-sPeed-superior reproduction servo

Jﬁé}a %%pstaﬂ shaft 17 and a video tapé at a constant
pressing force. The capstan shaft 17 is opposed to the
pinch roller 18 so as to control the deviation“df the
trajectory of the video head from the video track on the
video tape by causing the video tape to travel. A take-up
reel 19 is provided for taking up the video tape.

Fig. 81 shows the structure of a conventional tension
control mechanism (tension servo mechanism). 1In Fig. 81,
the rotation of the feed reel 6 is suppréssed by a hub brake
20. The tension of the magnetic tape travelling system is
detected by a tension control arm 21. The force proportion-
al to the amount of displacement of the tension control arm
21 is.applied to" the hub brake -20 by a spring 22, the spring
22 being capable of varying th¥ force which is applied to
the tension control arm-21. A tension adjust lever 23 for
adjusting the reference tension of the tension control
mechanism is connected to the spring 22.

The operation of the conventional tension control
mechanism will now be explained.

The video tape supplied from the feed reel 6 is clamped
between the pinch roller 18 and the capstan shaft 17 and
Sﬁretched by the rotation of the capstan shéft.lj. Thereaf-
ter, the video tape is wouﬂh:around the take—upfreel 19.
During this time, it is necessary that the tension of the

Magnetic tépe travelling system is controlled to a constant

b
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a rotary magnetic head 1 is driven by a head actuator ‘2 perpendicularly to
the direction of the travel of the tape. Fromthe reproduction envel ope
signal fromthe nagnetic head 1, an anmount of tracking error is detected by
a tracking error detector 3 and a tracking error signal is output. An

I nclination correction pattern generator corrects the inclination of the
magneti c head fromthe tape speed infor- tion so that the angle at whi ch

the magnetyffeash ]ﬂ%’@r\:‘}ne spaces between the vided tape and the

all-width erase head 8, the video head 14, the sound erase .
head 15, the sound control heed 16 and-the like are optimum.
Needless to say, when the tension of the tiavelling system
is increased, the spaces between the heads and the tape are
reduced, so that the high-frequency characteristic of the
recording and reproducing system is enhanced but the scuffs
of the tape are increased and the durability of the appara-
tus in the still state for continuously reproducing the same
track %s deteriorated. In addition, the wear of the head is
increaséd;' On the other hand, if the tension of the travel-

- ling system is reduced, since the spaces between the heads
and the tape are increased, the high-frequency characteris-
tic of the recording and rep¥¥ducing system is deteriorated.
As a countermeasure, a conventional VTR is provided with a
tension control mechanism such as that shown in Fig. 81. 1In
Fig. 81, for example, if the tension of the magnetic tape
travelling system is increased, since the balance between
the tension coﬂtrol arm 21 and the spring 22 is disturbed,
the spring 22 is extended. At this time, the hub brake 20
is relaxed and the rotation of the feed reel 6 is made free,
whereby the amount.of feed of video tape is increased. As a
result, the teﬂsion of theaﬁggnetié tape'traveiling system

is restored to the original tension.JFIh this way, the

- -
b
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a tape (not shown) agrees with the angle of the recording track (not shown) -

and generates a track trace pattern for the nmagnetic head 1. The tracking
error signal fromthe tracking error detector 3 and the inclination
correction pattern fromthe inclination correction pattern generator 4 are
added by an adder 5. The operation ofni onventional systemw ||l now be
expl ai ned. The angle at which the mag c head 1 traces the tape at the

e O N oa 88 thePhaghet 1 @ e LPE" ELOVOTREnG CLFLLSH 19 AgpesPecd 17) 1

constant. ' |

In a high-definition TV of a digital VIR for digitally
recording and reproducing a video signal and a sound signal,
since the amount of information recorded is greatly in-
creased, the technique of high—density recording and repro-
duction with high-accuracy DTF control are essential in
order to enable long-time recording on a cassette tape of a
limited size.

In a DTF apparatus in a convent10na1 VTR, since the'
means for tracking error correctlon is merely a movable head
accommodated in the drum, the DTF control capacity is
determined by the performance. of the head actuator for
moving the movable head. anc T

As the head actuator 2 which is generally used for DTF
control in a wide frequency band with a high accuracy, one
which has no phase shift up to a comparatively high frequen-
cy, for example, up to the vicinity of 1 KHz to several KHz
is selected by ;irtue of its good control capacity. The
head actuator 2 which does not cause a phase shift up to a
high frequency is required to have a mechanical characteris-
tic which does not resonate up-to'a high frequency. The
Primary mechanical resonaﬁééxfrequency of a gegeral actuator
is obtained by dividing the root of the quotient obtained by
dividing the spring constant of the actuator'by the mass of

b
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angl e of.the recordiﬁg track. However, at the tine of reproduction at a

-di f f er é’swspeed, since the angle at which the nagnetic head 1 traces the. ...

tape does not agree with the angle of the recording track, off-track
(herei nunder re- ferred to as "inclinaiion error") is produced and a noi se
I's produced on a reproduced picture. ]As an exanple, Figs.77 and 78

SChenat'C%%Lym%Q%W1%h%ortion of the actuator by 27, A high primary

resonance frequency is therefore obtained either by lighten-
ing the mass of the movable portion of the actuator or by
increasing the spring constant of the éctuator.'

As described above, a movable head is generally not
oniy used for DTF control at the time.of normal-speed
reproduction but also often used at the time of superior
reproduction. In a high-speed noiseless reproducing appara-
tus in a conventional VTR, the tracking error is corrected
by moving the magnetic head in the direction of the width of

" the recording track by the head'actﬁator. The amount of
tracking error which is correctable is therefore limited to
the range in which the head actuator is movable. For this
reason, the range in which tha8%head actuator for driving the
magnetic head is movable is preferably as wide as possible.

- In a conventional structure, however, the head actuator must
be accommodated in the rotary drum, the outer diameter of
which is determined by the standard, so that a small-sized
head actuator is naturally reguired.

To meet such demand, a piezoelectric element consisting
of two pasted piezoelectric sheets (hereinunder referred to

as "bimorphous cell"), a lamination type piezoelectric

P T

element with a displacement gnlarging mechanism such as a
lever and. a buckling spring attached '€hereto and a moving

coil suppd%éed by a spring and electromagnetically driven in

- he -
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rel ati onship between the recording track pattern on the tape and the
traj ect.ories of the nmagnetic head 1 produced at the tinme of reproduction at:
a speed five times as high as the nornal speed (hereinunder referred to as’
"speed 5") in the forward direction angdhe reverse direction,

respectively. In Figs. 77 and 78, the $y#bol A represents a trajectory of

t he magnet ',g?&f%{jl mgﬂ%h(ergégetfm%ntd I Y¥fe eh'aaltoSB%ed' SN LN bl on,

trajectory produced at 't repro tion at

speed 5, andh © AL AR O Kl BRopeted BEAd Lndi20u45datheblie i e Of

reproduct
actuator which has a wide movable range, and some of these

have been put to préctical use.

The cases of using these head actuators for DTF éontrol
and high-speed noiseless reproduction will be considered in
the following.

Firstly, it is assumed that a bimorphous cell is used
as a head actuator. A bimorphous cell is known among
piezoelectric elements as an element which has a large

~ amplitude for the driving voltage. The amount of'displace-
ment £ of a bimorphous cell is represented by the folloWing
equation: “ -

22 ang 0o

E=d31XVx 5 xSka

. t
wherein £ : displacement, V : applied voltage, d31

piezoelectric constant, f: effective length, t: thickness of

one sheet of piezoelectric element, S,,: electrode coeffi-

cient (0.94 to 0.95), R : loss factor (0.9)

The piezoelectric constant @31 is a function of the

applied voltage V, and when V is large, d31 also becomes
large. Sy and X are constants determined by the configura-

tion of the bimorphous cell.
LI ) . AN
Thus, it is understood that the amount of displacement

£ of the bimorphous cell is.determiné& by various factors.

Sk o
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at spee “I'n the reverse direction. As is obvious fron1F|gs 77 and 78
t he treﬁe@tory of the magnetic head 1 nust be corrected to be AfromB or-
for the purpose of noise- |ess reproductlon Fig. 79 schematically shows “an
inclination error pattern of the nmagneti ¢ head 1 produced at the tine of
‘reproduction at a speed n tines as hlgﬁ_ s the normal speed (hereinunder
referred to as .'spe n' S ang %hven teal nunber), It is now assuned

that a VTR has éléﬁ' 5 5§h&pg§§as e primary mechahical resonance

- frequency of a bimorphous cell for DTF control, it is

necessary to increase the thickness t of one sheet of
.piezoelectric and reduce the effective length ¢£. In other
words, it is necessary to reduce f/t. However, if £/t is
reduced, the amount of displacement £ of the bimorphous cell
is also reduced by the square of £2/t, which is disadvanta-
geous to the bimorphous cell for high-speed superior repro-
duction which requires a large amplitude. That is, a
bimorpyous cell for DTF control and a bimorphous cell for
high spééd'superior reproduction have antipodal require-
ments. In most cases, the system of a bimorphous cell is
therefore composed with more importance attached to either
DTF control or high-speed supdrior reprdduction.

For example, in a tape format having a wide track pitch
such as the tapes of a publicly used VTR of VHS system and B
system and an 8-mm tape, since DTF control with a compara-
tively accuracy is not required, the head actuator is mainly
used for high-speed superior reproduction, as in the prior
art, |

In this case, a head actuator having a large
Piezoelectric constant d31 1s selected so as to have a large
amplitude and a small mechan;cal resonance galg: However,
it is the effective length ¢ of the ﬁ&mbrphoﬁs cell in the

term of a’square that mainly influences the amount of

-
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recordi N Systemutilizing an azimuth loss. If it is assumed that T is a*
1/ 2 perﬁ%’wof the rotary drumand [err] is a track pitch, the inclination
error whi ch may be caused at the tinme of reproduction at speed n is L
represented by [err] 1), wherein nis an integer. In this way, the

i nclinati.on error patternis repﬁesentid&by a function having n as a

paraneter. In other words, the inclination error pattern
displacement £, and the larger the effective length ¢, the

larger the amount of displacement £.

As thg head actuator is accommodated in the rotary drum
having a limited diameter, as described above, the effective
length £ is also limited. Various attempts have been made
at increasing the effective length ? as much as possible.
For example, there are an annular bimorphous cell 2a carry-
ing heads 14a and 14b shown in Fig. 82, which is disclosed
in Japanese Patent Laid-Open No. 22285/1980 and leaf
bimorphous cells 2b and 2c shown in Fig. 83, which are
disclosed in Japanese Patent Publication No. 41130/1988.
However, even if the amount of displacement £ is increased
by increasing the effective length £ in this way, there
remains still another problemad v

Fig. 84 shows the relationship between the effective
length of a bimorphous cell and the inclination of a magnet-~
ic head. BAs is clear from Fig. 84, a large amplitude
increases the inclination of the head, -inevitably resulting
in the deterioration in the picture guality.

On the other hand, in a tape format having a narrow
track pitch such as the tapes of a high-definition TV VTR
and a digital VTR, since DTF control with a high accuracy in
a8 wide frequency band is essentxal, a blmorphou;kcell having
@ high primary mechanical resonance £requency is selected

o
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changes dependi ng upon the tape travelling speed. The inclination
correction pattern generator shown in Fig. 76 is so designed as to generate
an inclination correction pattern by utilizing tape speed information such
as a capstan FG signal. Wien the incli f on correction pattern is supplied
to the head actuator 2, the inclinatio the magnetic head 1 is corrected

[he'i e P o8 perke inculng LbCpegEings 1 R H g6 Lok oven
d'Sp'ace”%ﬁbeQEtherroductlon.

As described above, 1t is 1mp0551b1e that a blmorphous
ceil 51multaneously satisfies both requirements for DTF
control in a wide frequency band with a high accuracy and
for high-speed superior reproduction.

Secondly, it is assumed that a lamination type
piezoelectric element with a displacement enlarging mecha-
nism attached thereto is used as a head actuator.

As an ggample of this type of head actuator will be cited
one déséribed in NEC Technical Reports, Vol; 40, No. 5. pp.
118 to 122 (1987). 1In this example, no inclination of the
head is caused by displacement.unlike a bimorphous cell, buf
since a lamination type piezd@%ectric element having a small
amount of displacement is used as a driving element, it is
impossible to obtain a large amount of displacement. Even'
if the amount of displacement is largely increased by a
level or a buckling spring, when the head éctuator is
accommodatéd in. the rotary drum of the VTR, the displacement
is influenced by the centrifugal force of the displacement
enlarging mechanism, thereby causing offset in the displace-
ment.

Thlrdly, it is assumed that an electromagngllc actuator

is used as a head actuator. An examﬁfe‘of the electromag-

netic actuator is disclosed in Japanese Patent Laid-Open No.

Sk o

This Sheet Has Been Rerlaced

KA




fead 1 in conforntt mnth t he angl e of the record |ng track

magnet ¢

furt hefs eheeetes off-track due to the linearity of the trajectories of the _

recordrng track and t he magnetic head 1 or the phase deviation of the L

track. “Tn“order to prevent such off-tr , an auto tracking control system
.gsed .l oop, which is represented t he surrounding broken line in

Cy%i om and BIAT IPRBE, | A EyerErpRideshi éﬂfgt%%téﬁéﬁ 'nggggég,m%xfgg““g

ntrollin h h rackin r ol
controlling nethod L0 108 8UL0LEaKE N ST LSlerY S Bomparison

with the above-deScribed_two actuators. The strudture of an
electromagnetic actuator is shown in Fig. 85.

In Fig. 85, the head 14 is held by a movable coil 24
and the movable coil 24 is supported around a permanent
magnet 25 in such a manner as to be movable in the axial
direction. The position of the head 14 is therefore adjust-
able as desired by supplying an appropriate driving current
to the movable coil 24.

Such an electromagnetic actuator has many edvantages_
when it is used for high-speed superior reproduction. For
example, a driving voltage of_ several V is sufficient, and
there is no hysteresis or nollticlination of the head. The
high reliability is secured. There is no deierioration with
time. In addition, since an electromagnetic actuator is
cheap,'it is suitable to practical use for a publicly used
VITR. However, a general electromagnetic actuator for
superior rep:oduction has a frequency response characteris-
tic such as that shown in Fig. 86. When an electromagnetic
actuator is used for superior reproduction, since the spring
Constant is set at a weak value with respect to the force
generated by the coil in o;éer to increase the hhount of
displacement, the mechanical resonandé frequéncy is low. 1In

addition, 7it is necessary to sufficiently separate the

- - .
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but |n'6}der to obtaln a hlgh definition inage even at the tinme of
product# v a different speed, since it is 7 necessary that the
nagnetf%”head 1 follows the nonl|near|ty of the recording track

(herelnunder referred to as "track rolling"), it is desirable to adopt the

pi |l ot gystém or the wobbling systemwhi&h allows a conparatively w de

controlled .
driving coil from the magnetic head through a certain member

in order to avoid the influence of the magnetic field
genérated from the driving coil whilé driving the actuator.
gsince the secondary resonance frequehcy caused by this
member exists comparatively close to the first resonance
frequency, the DTF control system must be composed by a
compensation outside the resonance for controlling in a low
frequency band than the primary resonance frequency. That
is, since it is impossible to enlarge the controlled region,
a DTF control in a wide frequency band with a high accuracy
is not-realiéed.

If the spring constant is increased for DTF control,
DTF control in a wide frequency band with a high accuracy is
possible. However, in orderaio use such an actuator for
superior reproduction, it is necessary to increase the force
generated by the driving coil for the purpose of obtaining a
displacement with a large amplitude. It is therefore
necessary to apply a large current, which is a problem in
the respect of heat generation or the like.

Consequently, it is also difficult that an electromag-
netic actuator has a DTF control capacity and a high-speed
superior reproducing capacity at the same time.

To sum up the above eiﬁlanation, it is iméaésible in a
Conventional apparatus to simultaneously realizg DTF control
in a wide controlled region such as.several hundred Hz with

T -
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regi ont=-Sknce the controlling nethod and operation of the auto tracking
controg}agﬁien1have al ready been known, detailed explanation thereof wll
be omitted here. The tape tension control will now be expl ained. Fig. 80
shows the structure of a magnetic tape travel ling systemof a video tape

record9¥ of a VHS systemas a nagnetlc r cordlng and reproduci ng apparatus
mthhiiS “desgribed @ 8 0] du tic Re or di

Techni: quea 9}9 oﬁS?ggagy %e éb%/ggb %‘Qﬂd&@hﬁ@dﬁaﬁ s"”hatl 9 slﬂ . 80, a
VIdeoitap%uggagnetéseégfe%e tfmggl gmh ﬁ”géithe normal speed.

The problems of a tension control device in a conven-

tional magnetic rééording and.reproducing apparatus will now
be explained.

Figs. 87 and 88 show a conventional magnetic recording
and reproducing apparatuse, in particular, a tape tension
control device described in Japanese Patent Laid-Open No.
56036/1990. Fig. 87 shows a recording and reproducing
state, and Fig. 88 shows a high-speed tape travelling state.

A magnetic tape is drawn out of a tape cassette (not
shown) and constitutes a tape travel path such as tﬁat shown
in Fig. 87. A tension lever 28, and arms 29 and 30 are
integrally ratablé around a himged support 31.

At the time of recofding and reproduction, a tension
post 33 is brought into contact with the magnetic tape and
simultaneously a tension band 34 is brought into contact
with s feed reel 35 by a slider 32, as shown in Fig. 87.

% The magnetic tape is fed toward a take-up reel 36 by a

capstan at a constant speed and supplied from the feed reel

P Lt L0

35. At this time, thelmoment of the tension lever 28
Produced by a spring 38 between a tension release lever 37
and the tension lever 28 iggyalanced with the resultant
force of the moment of the ténsion léver 28 produced by the

force app¥iéd to the tension post 33 by the tension between

= F
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&l-:6. and the tension of the magnetic tape travelling.systen1is .

detecte.’by a back tension post 7. The informa- tion recorded on the video
tape is tenporarily erased by an all-wi dth erase head 8. The nmgnetic tape:

travelling systemis stabilized by inpedance rollers 9 and 10. A rotary

drum 11 includes an upper cylinder 12 qp?La | ower cylinder 13. A video head

14 is secured to the upper cyllnder
track of tHapevigtddesapd asdeﬁaseddbyha momenteprsdubeddbySthandriber eaf t er

a sound and a control

e sound signal on the |inear

pul se are recorded on the linear track by a sound
tional force between the tension band 34 and the feed reel

35. The tension of the magnetic tape is mainly controlled
by the frictional force applied to the feel reel 35 by the
tension band 34.

For example, if the tape tension becomes larger than
the balanced value due to an external disturbance, the tape
tension between the tape guide 39 on the feeding.side and
the tape guide 40 on the take-up side as seen from the
tensiog.post 33 also becomes large. As a result, the
tension'post 33 is pushed out to the left-hand side‘of-the
balanced position shown in Fig., 87. The tension lever 28 is
thereby rotated counterclockwise around the hinged support
31 and simultaneously the arli'30 is alsd rotated counter-
clockwise. With the reduction in the contact force between
the tension band 34 and the feed reel 35, the frictional
force is reduced, and consegquently the tension is relaxed,
whereby the tension post 33 is restored to the balanced
position in the end.

On the other hand, when the tape tension becomes
smaller than the balanced value due to an external distur-
bance, the frictional force between the tensionkband 33 and
the feed reel 35 becomes l;fge and, as a resulg, the tension
1s increased, whereby the tension pd?%:33 is restored to the

balanceqd ﬁoéition.
- A
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control h@ad 16. A pinch roller 18 is prOV|ded so as to clanp A
capst an shaft 17 and a video tape at a constant pressing force. The capstan
shaft 17is opposed to the pinch roller 18 so as to control the deviation
of the trajectory of the video head fromthe video track on the video tape
by causing the video tape to travel. A taEQ}up reel 19 is provided for

taklng up t he vi deo tape.
The tape tension is kept constant in this way at the .

time of recording and reproduction.
puring high-speed iape travel, the tension post 33 is

: moved to a éosition at which the tension post 33 is ﬁut of
contact with the magnetic tape by the slider 32. The
tension band 32 is relaxed to a position at which the
teﬁsion band 33 is out of contact with the feed reél 35, so
that thé tension control mechanism is separated from the
tape travelling system. The tension control mechanism is
also separated from a capstan 41 and a pinch roller 42. 1In
‘the caéé of high-speéd tape travel from the feed reel 35 to
the take-up reel 36, the take-up reel 36 is rotated as a
desired speed to, wind the magnetic tape therearound, and a

constant load is applied to the feed reel-35 to an extent

S .,

which prevents the relaxation of the magnetic tape. On the

other hand, in the case of high-speed tape travel from the

PN B e e o s

take-up reel 36 to the feed reel 35, the feed reel 35 is

rotated at.a desired speed to wind the magnetic tape

AR CA R T e

therearound, and a constant load is applied to the take-up
3 reel 35 to an extent which prevents the relaxation of the
F: magnetic tape.
i In the tape tension control mechanism of a conventional
magnetic récording and repfdducing'apparatus habing the

) .
above-described structure, a specialitape tension control

Other than: the application of a load in the direction

=
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Fig. 8r~eh0ms the structure of a conventional tension control mechanism -
(tensi qREEEFYD. mechanism). In Fig. 81, the rotation of the feed reel 6 is
S By a hub brake 20. The tension of the nagnetic tape travelling
systennts detected by a tension control é&ﬁl The force proportion- al to
t he anmp@gessaf--di spl acement of the tension trol arm21 is applied to the
hub br ake: ﬁgnpyaﬁystm ithge 2P rddtd ospiofnghd? theved oFpahlke tapedlsyine@ t he
force Wi‘ch is applied to the tension control arm21. A tension adj ust

lever 23 fgfepgbditiming hei ghefsperd e dpentiranedf, t Mheck@Tor@) Qo rol

conventional tape tension control mechanism cannot respond
to a transient tension change, ahd the tape is sometimes
damaged, or by a change in the contacting state between the
magnetic head and the tape caused by a tension change, a
fluctuation in the output which leads to deterioration in
information is apt to be caused.

In addition, the tension controlled region for the
conventional tension control device is narrow, and a tension
change‘whlch can be suppressed by the conventlonal tension
control dev1ce is only not more than several Hz. Therefore,
in a VIR for high-density recording and reproduction such as
a digital VTR adopting this +wmpe tension control device, it
is impossible to constantly keep the optimum space between
the magnetic head.and the magnetic tape, thereby making good
recording and reproduction impossible.

SUMMARY OF THE INVENTION

Accofdingly, it is an object of the present invention
to eliminate the above-described problems in the prior art
and to provide a magnetic recording and reproducing appara-
_tus vhich is capable of realizing both DTF control in as

wide a controlled region a%s several hundred Hz wWith a high -

accuracy and noiseless reproductlon &t a high speed such as
; ..

- P
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mechanismis connected to the spring 22. The operation of the conventional
tensi on control mechanismw ||l now be expl ained. The video tape supplied -
fromthe feed reel 6 is clanped between the pinch roller 18 and the capstan
shaft 17 and stretched by the rotatioaggf the capstan shaft 17. Thereaf -
ter the video tape is wound around t take-up reel 19. )uring this tine,

S NeGesAl LRH diligs! kAR AbrhAE SPEBE'WEChERE SLEYELbLAEiSHSteM IS

controll@ const ant
in picture quality.

It is another object of the. present invention to
provide a magnetic recording and reproducing apparatus which
is capable of realizing the constantly optimum contact
between the head and the tape by a tension control in a wide_
frequency band with a high accuracy, thereby enabling good
recording and reproduction.

To achieve this aim, a magnetic recording and reproduc-
ing apparatus according to the present invention is provided
with.a'tape drawing actuator and'a,tape‘tension actuator on
the magnetic tape exit side and the magnetic tape entrance
side, respectively, of a rotary drum with a magnetic head
provided thereon in magneticn%épe travel path in addition to
a conventional head actuator.

These tape actuators may be operated differentially and
are capable of freely change the tape travelling speed on
the head surface.

Use of such tape actuators enables not only DTF control
and tension control separately from each other but also
track control and tension control in a high-freguency band

with a high accuracy in combination with DTF control and

\\

tension control. - -

"
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9 val ue 'so that the spaces between the video tape and the all-width erase

head 8, :i:he video head 14, the sound erase head 15, the sound control headﬁﬂﬁ

ces between the heads and the tape

16 and the like are optinmm hbedlessgéo _say, when t he tension of the

travelling systemis increased, the s
ar.e reduced,

t hat ' enc racteristic of the recording and
SO tha &ﬂﬁﬁahgga §q§§$%angﬁ%€§e fesént {nventlon J

reproduci ng systemis~en

10

15

20

25

prov1des a magnetic¢ reproducing apparatug enabling
reproduction both in a normal-speed reproducing mode and in a
high-spéed reproducing mode qomprising:

(a) a magnetic tapé feeding means including at
least a capstan motor and a reel motor for causing a magnetic
tape to travel; | |

(b) a head actuator mounted on a rotary drum so as
to move a magnetic head in the direction of the width of a
recording track on said magnetic tape;

(c) a tape drawing actuator provided on the exit
side of sald rotary drum 1nclud1ng a movable ‘tape pass roller
which periodically reciprocates synchronously with said
rotary drum at’ the time of high-speed reproduction mode so as
to draw said ma&netic tapeguggd o

(d) a tape fension actuator provided on the
entrance side of said rotary drum including a movable tension
roller which differentially reciprocates with respect to said
movable tape pass roller.

The ‘tape tension actuator may reciprocate
Synchronously with 1/m (m is an integer) of the rotational
frequency of said rotary drum at the time of high-speed
reproduction mode and the tape tension actuatqg and said tape
drawing actuator may be differentially driven -in accordance

e : -

with a trlangular signal which is synchronous with 1/m of the

rotatlonél frequency of said rotary drum.

" e -
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of théwfape are increased and the durability of the appara- tus in the

still state for continuously reproducing the same track is deteriorated. ln S
addltlon the wear of the head is increased. On the other hand, if the =7
t ensi on of the travel - ling systemd $4reduced, since the spaces between the

heads and the tape are increased, the high-frequency characteris- tic of .

the recording and remnedﬂsgﬁsti&swﬁwéuéiﬁﬁ@rap;sﬁae&xs Aﬁa;ﬁ APER&F measure,

a conventional VIR is provided with a tension control ani sm such as
that showngbfiprige:81. In Zig. 81, for exanple, if the tension of the
magnetic tape

(a) a tracking error detecting means for

genefating a tracking error signal indicating a tracking
5 ‘error of said magnetic head; and
(b) a tracking control circuit for supplying a
predetermined error correction signal to sald head actuator
and said tape tension actuator on the basis of said tracking
error signal, wherein the high-frequency component of said
10 tracking error signal is corrected by said head actuator and
the low-frequency component of said tracking error signal is
correcfed by said tape tension actuétor. |
The tracking control circuit may inclﬁde an
estimated external disturbarice which electrically simulates
15 an (input voltage)/(displaégg;nt) tranéfér characteristic
showing the relationship between the_input voltage of said
tape drawing actuator and the diéplacement of said movable
tape pass roller and said tracking control circuit exerts
feedforward control over said tape drawing actuator so that
20 said estimated‘extefnal disturbance cancels the real external
disturbance.
The said tracking control circuit may include a
.tension control systém #h}gh electrically simulates the
relationship between the input voltage of said tape tension
25 actuator and the displacement thereg;,:and ;aid tension

control sSystem estimates the tension which said tension

S h -
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traveITlngwsysten1is I ncreased, since the bal ance betweeh the tension
control. arm 21 and the spring 22 is disturbed, the spring 22 is extended.
At this tinme, the hub brake 20 is rel gxed and the rotation of the feed reel
6 is nmade free, thereby the anount of*Teed of video tape is increased. As a
lt, th ig.ta n stemis restored to
esult; the tﬁgeEpQé@éﬂJEE ??gﬂﬁ%bgdtﬂggneigg apega%é exer%s feedback

the ori gi nZCYERsi SN
control over said tape tension actuator 8o that the estimated

tension agrees with the reference tension. The relationship
befween the input.voltage of said tape teﬁsion actuator and

5 the amount of displacement of said tension rolier may be
constituted by said (input voltage)/displacement) transfer
characteristic and said tension control siénal may be fed
back both to said tape tension actuator and to said feed reel
motor or said capstan motor.

10 Each of the tape actuators is preferably composed
of a tape drawing or pushlng roller, an arm for rotatably

holdlng

- A -
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, 'itgf the magnetic tape travelling systen1is képt'ddﬁéfahf. In'é¥} g
hlgh--f, “tlon TV or a digital VIR for digitally recording and reproducing
" a video S|gnal and a sound signal, since the amobunt of information recorded =+~
is greatly in- creased, the technique of high-density recording and repro-
duction with high-accuracy DTF control e essential in order to enable
| ong-tine recording on a cassette tape2 alimted size.
the roller with respect to a predetermined rotary shaft, an
arm driving portion for driving the arm and a positién
sensor for detectihg the displaced position of thé_arm
driving portion. Electrical and mechanical characteristics
of both tape actuators are preferably set to be equal in
order to allow them the differential_action;
Iﬁ the present invention, the head actuator and the
tape drawing actuator are connected in a common DTF control
system and constitute a control loop for eliminating a
tracking error in cooperation by the negative feedback of a
trackihé error signai of the movable ﬁead to bqth aétuators.1
The head actuator compensates for a small amplitude in
a high-frequency band of a tracking error, while the tape
~ drawing actuator‘compensatesnfgr'a large'émplitude in a
low-frequency band of a tracking error.
In order to combine DTF control with tension control,
the control voltage generated from the tracking control loop
Qf the tape drawing actuator is supplied to the tape tension
‘actuator, and by the differential action of both tape
actuators, a desired stable tape tension is obtained,

thereby realizing a good contact between the tape and the

head. _ :
a s "A

In order to properly control the tape tension actuator,

- . JL: -
it is preferable that the dynamic characteristic of the tape

tension actuator is electrically estimated and a tension

ke

u ﬂn
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In a DTF appar atus in a conventional VTR since the means for ﬂ‘hiaSIleieu"hﬁsBeenReplaced

error correction is nerely a novable head accommobdated in the dr

control capacity is determ ned by the performance of the head a mwmm
novi ng the novabl e head. As the hea& a@8twator 2 which is generally use

DTF control in a wide frequency band with a high accuracy, one which has no
phase shi ftes;plm@tangodgmael ﬁeryelecgtricaddqemlm;laﬁmm e elatfori-o the

vicinity of ﬁlﬁ"gefﬁeéﬁvﬂﬂé‘lvgﬂ?aéé 'LsoelbeeCtl%(inﬁy Vi r uee t%f | ts n%o.od cont rol
e .

capacity.

actuator and the displacement of the tape tension actuator is
provided. This relationship is expressed by (input voltage)/

‘5 (displacement) transfer characteristic and the external
tension disturbance applied to the tape tension actuator can
be estimated therefrom.

Thus a second aspect of the present invention
provides a magnetic reproducing apparatus which is capable of

10 controlling the tension of a magnetic tape, said apparatus
comprising:

{(a) a tape feeding means for feeding said magnetic
tape at a predetermined speed to a rotary drum accommodating
a magnetic head; _

15 .- . (b) a tape tension actuator provided on the
entrance side of said rotary drum and including a movable
tension roller which movably comes into contact with said
magnetic tape;- .

(c) a tension roljer position detecting means for

20 detecting the position of said tension roller; and

(d) a tension control circuit for moving said
tension roller on the basis of a signal supplied from said
tension roller detecting means so as to control the tension
which said tension roller receives from said magnetic tape to

25 be the reference tension, said tension control circuit
including a tension control system which electrically
simulates an (input voltage)/(displacement) transfer
characteristic showing the relationship between the input
voltage of said tape tension actuator and the displacement of

30 said tension roller, whereby ‘the tension which sa1d tension
roller receives from sald’magnetlc tape is estlmated by said
tension control system and the estlmated tension is so
controlled as to agree with the reference tension.

+ The estimated tension may be divided according to

35 the frequency band, a high-frequency component being
negatively fed back to a tape tension actuator while a low-
frequency component is negatively fed back to said feed reel
motor provided on said magnetic tape feeding means. Other



3 g
feSes

| ead dctuator 2 which does not cause a phase shift up to a hlgh frequency

Is redquired to have a nechanical characteris- tic which does not resonate

up to! a hi gh frequency. The prinmary nmechanical resonance frequency of a

general actuator is obtained by divird®g-the root of the quotient obtained

by di i ding the spring constant of the actyator by the mass of t he
m)vablle porfealxss MY ke dncduded per mpntAoReghabeveaip connection

10

15

20

25

30

with the first aspéct of the invention.

Therefore, if the high-frequency component of the
tension error signal is negatively fed back to the tape
tension actuator and the low-frequency component of the
tension error signal is negatively fed back to the feed reel

motor so that the estimated tension agrees with a preset

reference tension, tension control in a wide frequency band
is enabled. _

In this way, according to the present invention,
tracking control in a wide frequency band and a wide dynamic
range with a high accuracy is enabled in the normal
reproduction mode in cooperation with the head actuator
having a large high-frequency band gain and the tape
actuatdrs'having a large low-frequency band gain. By this
division of the frequency band, tracking control in a wide
frequency band is realised even in a tape format having a
narrow track pitch. -.

According to the pxesent invention, the tape
actuators can change the tape travelling speed by the
differential action of the tape drawing actuator and the tape
tension actuator, and the change in tension is suppressed by
both tape actuators.

The change in tension caused by the electrical or
mechanical characteristics of the actuator itself or an
external disturbance when the pair of tape actuators
reciprocate is suppressed by feeding back the signal
generated from the tension estimating device to the tape
tension actuator and the feed reel motor.

By such simultaneous control of DTF and tension, a
tracking error is eliminated and a good'contac%fbetween the
tape and the head is obtained, thereby enabling high—quallty
signal reproduction during normal-speed reproduction.

s

% A -
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3 requency is therefore obtained either by IF@ﬁTeEMS] e ced
of thegrgmvabl e portion of the actuator or by increasing the]E tou
of theF&ttuator. As described above, a _novable head is gene Hig
used for DTF control at the tine-of'h&?nﬁl-speed reproduction but also
often @sed at the tinﬁ of sugetigr rggaodu tion., I n a high-speed noisel ess
reprodci ng appara- t Eanaa RIFY REREThI oOd/TEe (invenbien iprevidesi a
corrected by nnvtm t he nganetic head jn the, direction of the width of the
Fecor di ng tPagREb: FEBREAHCTRY aREA st Whish (S capable of DIF

control for enabling a magnetic head to follow the recording
track of a magnetic tape; said apparatus comprising:

5 (a) a rotary drum accommodating said magnetic head
and a head actuator which can displace said magnetic head in
the direction of the width of said recording track;

(b) a feed reel motor for feeding said magnetic
tape from a cassette at a predetermined speed;

10 (c) a pair of fixed tape pass rollers on the
entrance side of said rotary drum for introducing said
magnetic tape supplied by said feed reel motor to a
predetermined position on the entrance side of said rotary
drum; o

. ang o S

15 (d) a pair of fixed tape pass rollers on the exit
side of said rotary drum for introducing said magnetic tape
drawn from said rotary drum to a predetermined position;

(e) a take-up reel motor for taking up said
magnetic tape supplied from said fixed tape pass rollers on

20 the exit side at a predetermined speed;

(f) a tape tension actuator which includes a
tension roller for applying a predetermined tension to said
magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass rollers on the entrance side and

ic - -

25 applies a predetermined tension to said magnetic tape in
accordance with the amount of displacement of said tension

roller;

(g) a tension roller position sensor for detecting



tracking error which is correctable is therefore limted to eﬂRblmai R
whi chithe head actuator is novable. For this reason, the ran , 4
head actuator for driving the magnetic head is movabl e is pr

wi de as possible. In a conventional _structure, however, the head actua

must be accommobdated in the rotary drim the outer dianeter of which |s
it er T ned B BEep LR, OF AR el e PR UL dbbsien
of two pastgékﬁggggelectrrc sheets (hereinunder referred to
(h) a tape drawing actuator which includes a
movéble tape pass roller for lowering the tape travel speed
5 on said rotary drum by stretching said magnetic tape while
passing said fixed tape pass rollers on the exit side ahd
displace said movable tape pass roller;
(i) a movable tape pass roller position sensor for
detecting the displacement of said movable tape pass roller;

10 (j) a tension servo controller including an
externhal tension disturbance estimating device, said tension
servo confroller inputting a target teﬁsien signal and an
output of said tension roller position sensor and outputting
a tension control signal tqrﬁeld tape ten51on actuator;

15 (k) a DTF controller including a tape drawing
actuator ex;erqal disturbance estimating device, said DTF
controller inputting a target track position signal and the
output of said movable tape pass roller position sensor and
outputtiﬁg a Qracking control signal to said head actuator

20 and said tape drawing actuator;

(1) a position control circuit for electrically
fixing the position of a movable tape pass roller on the
basis of the output.ofesaid hovable.tape pass.toller position

.~

Sensor; and 1 -
¢t -

25 (m) a position control circuit for electrically

fixing the position of said tension roller on the basis of

SN -

the output of said tension roller position sensor.

The gap between said fixed tape pass rollers on the
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i s "biyorphous cell"), a lamination type piezoelectric eIenenTmymka}BsBmmR
di spl gcenent enl argi ng nechani sm such as a ever and a buckling

attactfed hereto and a noving coil supported by a spring and
electronagnetlcally driven in maghetT ¢ circuit (herei nunder re e

to as i'electr net,ic actu tor"g have been groposed as a snall-5|zed
head actuatGP gide M@y benSeinpt RafddghkiY i8Kgesf dimension that

the outer diameter of sald tension roller, and the gap

between said fixed tape pass rollers on the exit side is set
at a slightly iarger dimension than the outer diameter of
5 said movable tape pass roller and the tape tension actuator
may include a tension arm with said tension roller fixed at
one end thereof and carrying one selected.frqm the group
consisting of an exciting coil and a permanent magnet aﬁd the
other of‘said groﬁp fixed on the actuator base, and
10 determines the displacement position of said tension roller
by the exciting current supplied to said exciting coil; and
| said tépe drawing actuator may inciﬁde a roller arm
with said movable tape pass roller fixed at one end thereof
and carrying one selected from the group consisting of an
15 exciting coil aﬁd a permanéﬁ%imagnet and the other of said
group fixed on the actuator base, and determines the
displacement position of said movable tape pass roller by the
exciting current supplied to said exciting coil.
. The DTF control signal of said DTF controller may
20 be supplied to said tension servo controller and said tape
tension actuator corrects the tension of said magnetic tape
in correspondence with a change in the tape travelling speed

caused by the DTF control.

2

o

The tension servo.controller may include an
25 external tension disturbance estima%ina device which
.electricéliy simulates the relationship between the input
voltage 6f said tape tension actuator and the amount of

displacement thereof, said external tension disturbance
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have béén put to practical use. The cases of using these head actuators for

DTF c troI

fol | oWl ng.
actuahor

and hi gh- speed noi sel ess reproduction will be considered in Lﬁésur
Flrstly, it is assumed that a bi norphous cell is used as a head™ -

A bi nor phous cell is knomﬂ'éﬁbﬁg pi ezoel ectric el ements as an.

el emerit whi ch has a_l arge . anpl,i for the driving voltage. The anmount of
¢ blugs walkage) (i

dlsplace
equat i:on:

10

15

20

25

meFtipaEing, A

Yigendnp ngeap (inpub, splagenenthg
transfer characteristic circuit.

The DTF controller may include an external tension
disturbance_estimatingldevice which electrically simulates
the relationship between the input voltage of said tape
drawing actuator and the amount of displacement thereof, said
external tension disturbance estimating device including an
(input voltage)/(displacement) transfer characteristic
circuit.

The DTF controller may include an external tension
disturbance estimating device wﬁich electrically simulates
the’réiationship_between the input voltage of said head
actuator and the amount of displacement thereof, said |
external tensidén disturbance ‘estimating device including an
(input voltage)/(displacemégga transfer Eharacteristic
circuit.

The DTF controller may_supply'the hiéh-frequency
component of said DTF control signal to sid head actuator and
the low-frequency component of said DTF control signal to
said tape draﬁing actuator.
| The tension servo controller may supply the high-
frequency component of said tension cohtrol signal to said
tape tension actuator and;the'low-frequency cegponent'of'éaid
tension control signal to said feed reei motor.

The tension servo controli;f-and said DTF
controllér may include digital high-speed computers for
éxecutin&”ténsion computation and DTF computation,

res i .
pectively heet Has Been Re| laced
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is Sheet Has Been Re; placed

[err] wherein [err] : displacenment, V : applied voltage, [erﬂ?
pi ezogl ectric constant,[err]: effective length, t: thickness o“'ﬂﬂe#ﬂ#ﬁ”l”"’
of piezoelectric elenent,[err]; electrgde coeffi- cient (0.94

| oss factor (0.9) The piezoelectric constant d31 is a function of the
applied voltage V, angavhesr\safd ! B4se ththicd SCRRAYEale 84 [tearﬂd and K
are constants determ ned by the configura- tion of the binorphous cCel

Thus, it isgayadengt aetuabet hép pieumMeof di spl acenent

(a) a yoke holder fixed on a VIR deck base and

composed of a material haﬁing a high pérmeabilitY}
5 (b) a permanent magnet fixed on said yoke holder;
(c) a support shaft implanted in said deck base or
said yoke holder:; ' |
(d) an arm which is rotatably supported by said
~ support shaft and carries at the end thereof a tension roller
10 or a movable tape pass roller which comes into contact with
said magnetic tape;
(e) an exciting coil which_is-fixed on said arm in

such a manner as to be rockable in the state of facing said

permanent magnét; and

ang o )
15 (£) a yoke disposed in close contact with said

yoke holder and in proximity to said exciting coil.
Said tension roller or said movable tape pass
roller may be supported by said arm in such a manner as to be

adjustable in height.

20 One ‘of said arm and said yoke may be provided with
a light emitting device and the other thereof is provided
with a light receiving device, said light enitting device and

said light receiving dev1ce constltutlng said tension roller -
position sensor or said movable tape pass roller position
aL <

25 sensor.

" Said light receiving device may be composed of a

- -

one-dimensional type light receiving device which

photoelectrically detects the relative displacement of said



[err], of‘the bi nor phous cell is determ ned by various factorEhSQWaLBsBﬁchlmmd

ordergto increase the primary nechani cal resonance frequency
bi nor phous cell for DTF control, it is necessary to increase
t of one sheet of piezoelectric and r¥duce the effective Iengt err

.to reduce, er However, if [err
ot her “DrdiighE e hiRRI5Y AeYit2 h84VSSik réht receiving dev1ce.

IS

Said direction of magnetization of saig permanent
magnet may be different from the direction_of magnetization
of said exciting coil between'the respective opposing sides.

5 A Hall element may be previded on either of said
arm and said yoke or eaid yoke holder and a permanent magnet
is provided on the other in such a manner as to face each
other, and the position of said tension roller or said
movable tape pass roller is deteeted by magnetoelectrical

10 conversion.
| Sald support shaft may be provided with a mirror, a
light emlttlng device for radiating laser beams to said |
mirror and a one-~dimensional light receiving device for
receiving the iight reflected from said mirror so as to

15 detect the position of salérgen51on roller or said movable
tape pass roller by photoelectrical conversion.

Said light emitting device may be provided with a
light shielding plate for shielding said light receiving
device from the outside light.

?20 The ﬁagnetic reproducing apparatus may further
comprise:

slant pins which are provided on the entrance side
and the exit side, reepeefively, of said rotary drum;

| a tape ioader on the entrance side of said rotary

25 drum provided in such a manner as técﬁe slldable along a
gulde gréove provided on said VTR deck base for loading/ |
Unloadinsbséid magnetic tape and carrying said slant pin and

said fixed tape pass rollers on the entrance side; and



T el

reducéﬁi-the anount of displacenment [err] of the blnDrphousTmﬁmkaH&

reduced by the square of [err], which is disadvanta- geous t
bi nor phous cel |l for high-speed superior repro- duction whi ch I”’”m
| arge anplitude. That is, a binorpheusscell for DTF control
bi mor phous cell for high speed superior reproduction have antlpodal
require- ments. | n nostapashksadenersthemat sikeaplsaid eedtarys drum
therefore cohposed with nore inportance attached to either DTF control or
hi gh- speed preeided irpuchica imanndnrasetaniie sliidablienpd ohar maiguisdd ng a
wi de track pitch

groove provided on said VIR deck base for loadlng/unloadlng

said magnetic tape and carrying said slant pin and said fixed

5 tape pass rollers on the exit side.

One of each pair of said fixed tape pass rollers on
the entrance side and on the exit side may be a flange for
positioning the upper end of said magnetic tape and the other
of each pair has a flange for positioning the lower end of

10 said magnetic tape.
Elther of sald both tape actuators and said both
| tape loaders may be dlsposed on the underside of said VIR
deck base and the other is then disposed on the upper side of

said VTR deck.
ang - C

15 The movable rollers of said both tape actuators may
project into the upper side of said VTR deck base
therethrough and guide grooves along which said movable
rollers move are provided in such a manner as to be
continuous with said guide grooves for said tape loaders.

20 Oth;r features mentioned in accordance with the
first and second aspects may also be used.

A fourth aspect of the present invention provides a

magnetic reproducing apparatus which is capable of high-séeed
noiseless reproductlon in whlch the tape travelllng speed is

Ic -
25 intermittently lowered during the hlgh-speed travel of a

magnetic’tape for reproducing signals when said tape

A -

travelling speed is lowered, said apparatus comprising:

(a) a rotary head accbmmodating a magnetic head



gg‘.u
such as the tapes of a publicly used VIR of VHS system and [err] sysfeﬁfaﬁd"”
an 8-mm tape, since DIF control with a conpara- tively aumumaa
required, the head actuator is nmainly used for high- speed
reproduction, as in the prior art. +n36htrs case, a head a
1 arge piezoelectric constant [err] is selected so as to have a

anpl i tude amidaashead actwatoral resonance gain. However, is the
ef fective | ength [err} of the binmorphous cell in the tern1of a square that
mai nly influences the(Rhountfegd reel motor for feeding said magnetic

tape from a cassette at a predetermined speed;
(c) a pair of fixed tape pass rollers on the
5 entrance side ef said rotary drum fof introducing said
magnetic tape supplied by said feed reel motor te a
predetermined position on the entrance side of said rotary
drum;
(d) a pair of fixed tape pass rollers on the exit
10 side of said rotary drum for introducing said magnetic tape
drawn. from said rotary drum to a predetermined position:
| (e)'-a take-up reel motor for taking up said
magnetic tape supplied from said fixed tape pass rollers on
the exit side at a predetermined speed;
15 (f) a capstan mgggrifor_coﬁffolling said magnetic
tape on the take-up side at a constant speed;

(g) a éape tension actuator which includes a
tension roller for applying a predetermined tension to said
magnetic tape by stretching said magnetic tape while passing

20 between said fixed tape pass rollers on the entrance side and
applies a predetermined tension to said magnetic tape in
accordance with the amount of displacement of said tension
roller; | .

s ¢ A

(h) a tension roller p051t10n sensor for detecting

b { T4
25 the displacement of said tension roller of sald tape tension

actuator;

S he

(1) a tape drawing actuator which includes a

movable tape pass roller for lowering the tape travel speed



14 di sprracenent [err], and the larger the effective length 1, the Iarger
the amgunt of displacenent [err]. As the head actuator:is acconnndated in
the rotary drumhaving a limted dianeter, as described above, the
effective length [err] is also limted7 Various attenpts have been nade at
increasing the effective length | as much as possible.

10

15

20

25

on said rotary drum by stretching said magnetic tape while
passing said fixed tape pass rolleers on the exit side and
displaces said movable tape pass roller;

(j) a movable tape pass roller position sensor for
detecting the-displacement of said movable tape pass roller;

(k) a tension servo system including an external
tension disturbance estimating device, said tension servo
system inputting a target tension signal and an output of-
said tensidn roller position sensor and outputting a tension
control signal to said tape tension actuator;

(1) a high-speed reproduction controller for
inputting the rotary.drum PG slgnal and the FG signal
generated from said capstan motor or said take-up reel motor
and supplying e_high-speed reproduction driving signal to

210G L
said tape drawing actuator;

(m) a position control circuit for electrically
firing the position of a movable tape pass roller on the
basis of the output of said movable tape pass roller position
sensor;

(n)x a position control circuit for electrically
fixing the position of said tension roller on the basis of
the output of said tension roller position sensor; and

'(o) a DTF controller including a tape actuator
external disturbance estimating device, said DTF controller
inputting a target track position sfaﬁ51 and the output of
said movdble tape pass roller position sensor and outputting
a trackiﬁ& control signal to said head actuator and said tape

drawing actuator;
Sheet Has Been Replaced
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For exarrpl e, there are an annul ar bi nor phous cell 2a carry- ThﬁshwaﬂsBéeﬂae laced

and 14b shown in Fig. 82, which is disclosed in Japanese Pater’ m m,lﬁmn

No. 22%85/1980 and | eaf blnDrphous cells 2b and 2c shown in Fi
are disclosed in Japanese Patent Pubti3@ation No. 41130/1988. However, even

I f the amount of dlsplacenent [errL i s, increased by, increasing the
effective | ength [err¥heredni sajdytenpipon ¢anbrol Signal ;podnsaidrbbghns.

Fig. 84 shows the rel ationship _between the effectiye length of a bi nprphous
cel | and t hEPEREl FRREPEHCELOR AhniNWing signal are differentially supplied

~to sa1d tape tension actuator and said tape drawing actuator,
respectlvely, thereby reciprocating said tens;on roller and
5 said movable tape pass roller.

Said tape drawing actuator may reciprocate
synchronously with 1/m (m is an integer) of the rotational
frequency of said rotary drum.

Said DTF controller may include a two-stage

10 coupling control circuit for controlling said head actuator
and said tape actuators by a common control system and sets
the frequency (coupling frequencY) at which the gains of'the
respective control loops by said both tape actuators are
equal in the v1c1n1ty of the frequency of said triangular

15 signal for driving said tape ten51on actuator.

Other features mentioned in connection with

" previous aspects of the invention may also be provided.

A fifth aspect of the invention provides a magnetic
recording and reproducing apparatus which is capable of

20 controlling tﬁe tension of a magnetic tape to a predetermined
value, said apparatus comprising:

(a) a rotary head accommodating a magnetic head;

- (b) a feed ree};motor'for feeding ?aid magnetic
tape from a cassette at a predetermined speed:

25 (c) a pair of fixed tape?;aES rollers on the
entrance;slde of said rotary drum for introducing said
magneticgﬁabe supplied by said feed reel motor to a

predetermined position on the entrance side of said rotary



.....

head. As is clear fromFig. 84, a large anplitude increases the |ncI|nat|on*“
of- the head, inevitably resulting in the deterioration in the picture
guality. On the other hand, in a tape format having a narrow track pitch

such as the tapes of a high-definitiog TV VIR and a digital VIR since DIF
control with a high accuracy in w de frequency band is essential, a

bi mor phous ge@kls having high primary mechani cal resonance frequency is

sel ected . :

(d) a'pair of fixed tape pass rollers on'the exit
side of said rotary druﬁ for introducing said magnetic tape.
drawn from said rotary drun to a predeternined position;

5 (e) a take-up reel motor for taking up said
magnetic tape supplied from said fixed tape pass.rollers on
- the exit side at a predetermined speed;

(f) a tape tension actuator which includes a

tension roller for applying a predetermined tension to said
10 magnetic tape by stretching said magnetic tape while passing

between said fixed tape pass rollers on the entrance side and

applies a predetermined tension to said magnetic tape in

accordance with the amount of displacement of said tension

roller;
a0g g
15 (g) a tension roller p051t10n sensor for detecting
the displacement of said tension roller of said tape tension
actuator;

(h) a tension servo controller including an
externalnfension disturbance estimating device, inputting a
20 target tension signal and an output of said tension roller
position sensor and outputting a tension control signal to
. said tape tension actuator; and
(i) a position'pontrol means for f;iing said
tension roller on the basis*of the output of said tension

It :
25 roller position sensor.

" The gap between said fixed tape pass rollers on the

entrance side may be set at a slightly larger dimension that

heet Has Been RT‘laced
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15 even at the sacrifice of the possible speed in high-speed superior
r-eproduction. As described above, it is inpossible that a binorphous cel

si mul taneously satisfies both requirggents for DIF control in a wde o
frequency band with a high accuracy and for high-speed superior

reproduct itfe W H damdtier %ﬁ%%ﬁ@%eﬂﬁbx@ﬂo&fl‘éiatlon type piezoelectric

elenment wth.,a displacenent enlarging necha-
Other features mentioned in connection w1th the

previous aspects may, of course, be provided.

In the high-speed reproduétion mode, the tape can be
subjected to rocking motion by both tape actuators between
the entrance and the exit of the rotary drum while causing
the tape'to travel at a high speed, and in the state in
which the tape speed is relatively lowered with respect to
the head, a signal is intermittently reproduced.

In this way, it is possible to intermittently obtain a
high-quality reproéucea image even in a high-speed tape
travelling state. |

In order to rock the tape actuators, a triangular
having a frequency synchrondd€ with 1/nl {m is a positive
integer) of the rotational frequency of the rotary drum is

applied to the actuators.

| ]
('\
r

This Shiet Pllitimlcielnllieﬂlaced
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ni sm atTatned thereto is used as a head actuator. A$ an-éXanpl e of ‘thit
type ofg.head actuator will be cited one described in NEC Technical Reports,
Vol . =ORG5 pp. 118 to 122 (1987). In thi's:exanpl e, no inclination: of -
the head is caused by displacenent.unli ke a binmorphous cell, but since a

| am nation type piezoeaectric elenment having a small anount of displacenent

is used-as a driving elenent, it is inpog?'ble to obtain a | arge anount of

di spl acerment . Even if the anpunt of displ@aCenent is largely increased by a

| evel or a buckEtngssprefigrabbhentbat thhedtape vbemsions actuator and the

feed reel motor are also subjected to tension conﬁrol during
such noiseless high-speed superior'réprodhction. |
The presenﬁ invention is further characterized in that
the tension at the time of fecording and reproduction is
controlled to be the optimum value by using the tape tension
actuator.
" In the present invention, tension control by the tape
. tension actuator is realized independently of DTF control.
For this purpose, the tape tension actuator provides a
desired tension fof.the tape at the.tape entrande.sidé of
the rotary drum and the tension control system uses the
(input voltage)/:(displacement).transfer characteristic. The
tension control system estim3dt®s the tension which the tape
tension actuator receives from the tape travelling system
and exerts feedback control of the tape tension actuator and
the feed reel motor so that the estimated tension agrees
with the fefergnce tension.
| As described above, according to the present invention,
it is possible to control the tape tension in a wide fre-
quency band with a high accuracy and to obtain the optimum
tape tension both in recordiﬁg énd.in_reproducﬁion.
The above and othér o;jecﬁs, features and advantages of

Ie : - .
the present invention will become clear from the following

Sa - -

"



accommodated in. the rotary drumof the VIR the displacenent is inftuencea
by the centrifugal force of the displacenent enlarging nechanism thereby
" causing offset in the displace- nent. Thirdly, it is assuned that an- gt
el ectromagnetic actuator is used as a head actuator. An exanpe of the
- electromag- etic actuator is disclosed %ﬁZJapanese Pat ent Lai d- Open No.

description of the preferred embodiments thereof, taken in
conjunction with the accompanying drawings. |

BRIEF-DESCRIPTiON OF THE DRAWINGS

| Fig; 1 schematically shows.a first embodiment of a
magnetic recording aﬁd_reprodﬁcing a?paratus according to
the present invention;

Fig. 2 is a perspective view explaining the principle
of thé present invenfion;

Figs. 3 and 4 are explanatory views schematically
showing a change in the tape travelling speed caused by the

operation of a tape actuator in accordance with the present

invention;

Fig. 5 schematically shows the recording track pattern
of a VTR;' .- 1 oo

Fig. 6 shows the (displacement angle)/(torque) charac-
teristic of a tape actuator according to the present inven-
tion;

Fig. 7 is a time chart showing the operation of each
element at the "time of high-speed noiseless reproduction;

Fig. 8 schematically shows the mechanical positional
relationship between the fixed tape pass rollers and the
rotation axis of the movable tape pass roller-a?d the tape
actuator in accordance with the present invention;

»

Fig. 9 shows the relationship between the displacement

angle and ;the length of the drawn tape in Fig. 8;

Ca - .
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16 173719/-1988. An el ectromagnetic actuator is known to have a
conparatively |arge anount of displacenent in conparison with the

above-described two actuators. The structupe of an electronmagnetic actuat or= -

is shown in Fig. 85. In Fig. 85, the hqu 4 is held by a novable coil 24
and the novable coil 24 is supported aro#Ml a pernmanent nagnet 25 in such a

manner as to bef.irg)vaitﬁ &H dél’ T -e{i!atq-ghggﬁgogetwggﬁ PRel Eﬁggégiceh@ﬁ&head

14 is therefore adjust- able as desire uppl yi ng an appropriate driving
current angle and the amount of displacement in the direction of the

width of the recording track of the tape drawing actuator in
the first embodimént; | |

Fig. 11 is a block diagram of a tracking control system
in sﬁperior reproduction in the case in which the ideal
mechanical characteristics are Sbtained in accordance with
the present invention;

Fig. 12 is a block diagram of a servo.system in the
first embodiment;

' Fig. 13 schematically shows a modification of the tape

actuators in'accordaﬁce with the present invéntion;

Fig. 14 is -a block diagram of the DTF control system in
the first embodiment; ang o vt

Fig. 15 is a sectional view of the structure of the
head actuator in.the first embodiment;

Fig. 16 schematically shows a tape actuator in accor-
dance with the present invention;

Figs.117 and 18 schematically show the magnetic circuit
explaining the principle of driving the tape actuator;

Fig. 19 is a sectional view of the tape actuator in
accordance with the present invention;

Fig. 20 shows an examﬁi% of a position senﬁbriof the

~ tape actuator in the first embodimenftof the "present inven-

tion; :

= b
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to the novabl e coil 24. Such an el ectromagneti c actuator has many

advant ages when it is used for high-speed superior reproduction. For

exanpl e, a driving voltage of several V.s sufficient, and there is no

hysteresis or no inclination of the head. - The high reliability I s secured.

There is no deterioration with tife. In4ddition, since an el ectromagnetic
I.s suitable to practical use . for, a publicly used VIR

ag;[/vgste(r)r ;Sggtﬁf‘i ﬁeﬁﬂ‘?"fﬁrﬁﬁetﬁ@%’\%’t Shargeteristis qfeﬁ:rb@dlf@tﬂeon has a
frequency resi)é)glrs elnc haacrcaocl.zdearx;cse_ with the present invention;

Fig. 22 is a blo;k diagram showing another example of
the DTF control sysf.em;

Fig. 23 is a block diagram of a DTF control circuit in
the presenf invention whiéh is represented by transfer
functions; |

Fig. 24 shows the pole-positioning in the DTF control
sysfem in accordance with the present invention;

Fig. 25 shows the open loop characteristic of the DTF
control system in accordance w1th the present 1nvent10n,

Fig. 26 is a block diagram of a tension control system
in accordance with the present invention;

Figs. 27 and 28 show othsx examples of a position
sensor of the tape actuator in accordance with the present
inveqtion;

Fig. 29 is a block diagram of a tension control circuit
in the present invention which is represented by transfer
functions;

Fig. 30 shows the pole-positioning of a tension esti-
mating observer in accordance with the present invention;

Figs. 31 and 32 schematically shows the balance of the

S ) N
.forces of ‘the movable tape#pass roller portion;:

a2
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tic sucﬁ““'

for sup
wthre
anmount of

®ct to the force generated by the coil in order to increase the
di spl acement, the mechanical ggﬁnance frequency is low In
addition,it is necessary to suff|C|entIy parate the 17

-

Fig. 33 is a frequency characteristic diagram showing
the esfimating capacity of the tension estimating device in
accordance with the present invention;

Fig..35 shows the open loop characteristic of the
tension control system in accordance with the present
invention;

Fig. 36 is a block diagram of the structure of a
hardware in the tension control system in accordance with
the present invention which is composed of a high-speed
computer such as a microcomputer;

Fig. 37 is a flowchart of the tension estimating
algorithm in accordance with the preSent'inventioh;

Fig. 38 is-a block diagram for realizing X in Fig. 37;

Fig. 39 is a_perspectivenvieb of another example of the
tape actuator in accordance with the present invention;

Fig. 40 is a block diagram of a second embodiment of
the presént invention;

Fig. 41 is the block diagram shown in Fig. 40 which is
representéd by ;ransfer functions;

Fig. 42 shows the external disturbance suppressing
characteristic of the external disturbance suppre§sing loop

of the tape actuator;

Fig. 43 shows the stxﬁéture of a tension centrol

mechanism using the tension control gystem in a third

embodiment 6f the present invention;

heet Has Been Replaced
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"that shown'in Flg 86. \Wen an electronagnetlc actuator is used:
i or reproduction, since the spring constant is set at a weak val ue
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fromthe magnetic head through a certain nenber in order to
fluence of the magnetic field generated fromthe driving coil = =
¥W¥I'ng the actuator. since the secondary resonance frequency caused
menber exists conparatively clga to the first resonance frequency,
@it r ol systen1nust be conpose g& a conpensation outside the

: |
oL P g ileg et RGO R DI R TS
tens§%ﬁ"hoﬁi§zﬂzﬂéﬂﬂéﬂlsd 3ol 95 Figqueasy band with a hlgh

accuragy .

- Fig. 45 shows the structure of an optical sensor for

'ﬁlﬂdefecting the amouht of displacement of the tension arm
.;hown in Fig. 43;

Fig. 46 shows the structure of a modification of the
optical sensor shown in Fig. 45;

Fig. 47 is an explanatory view of a magnetic sensor for
detecting the amount of displacement of the tension arm
shown in Fig. 43; |

Fig,'48‘is an explanatory view of ‘a magnetic sensor for
detectihg the amount of displacement of the tension arm
shown in Fig. 44; -

Fig. 49 is a block diagrafi of the tension control
system in the third embodiment;

Fig. 50 is a block diagram of the principle of control
of the tension control system shown in Fig. 49 which is
represented by transfer functions;

Fig. él is .a block diagram of the principle of control
of the tension control system having no driving portion
which is represented by transfer functions;

‘Fig. 52 is a detailed sectional view of a tape actuator
driving mechanism in the tgipg embodiment of thékpresent

invention; e

" s
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| f the spring constant is increased for DTF control, )TF

is not r Zed.
control .W de frequency band with a high accuracy is possible. However,
in orde use such an actuator for superior reproduction, it is necessary

the force generated by the driving coil for the purpose of
di spl acenent with a | arge aag#itude. It is therefore necessary
ar ge current, which is a pr emin.the respect of heat
ener Lon” or “thegl ike. 1@%@1'51% dult awdy2 e sPelcltiitel vilhdbfakhe
el ectromag-
. tape actuator mechanism shown in F1g 52-

to incré
obt ai ni g

Fig. 54 1$ a plan view of the main part of the movable
"%ﬂ coi1 portion and the permanent magnet showing the positional
relationship thereof;

Fig. 55 is a sectional view of the structure of the
main part of a light emitting portion;

Fig. 56 is a schematic plan view of a light receiving
element showing the positional relationship between a ray
and the light emitting element;

Fig. 57 is‘a sectional view of another eiample of'fhe
tape actuator driving mechanism;

Fig. 58 is -another example of a tape actuator with a
reflecting mirror”type positidfi detecting means mounted
thereon;

Fig. 59 is a plan view of the main part of another
example of the permanent magnet shown in Fig. 54;

Fig. 60 is a sectional view of still another example of
a tape actuatorxprovided with a position sensor having a
light shielding plate;

Figs. 61 and 62 show further examples of a tape actua-
tor provided with a position sensor having a Hall element;

Figs. 63 to 65 are pl;ARViews.df a magnetié recording.
and reproducing apparatus with the tdpe-actudtors in accor-

dance with' the present invention mounted thereon, wherein

-k o
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hetic acfUator has a DTF control capacity and a hi gh-speed superior

repr oduc “%wcapacity at the same tinme. To sum up..the above explanation, it

is i "’px I'e in a conventi onal apparatus to S|nultaneously real i ze DTF
control an a wde controlled region such as several - hundred Hz with 18 a

hi gh accuracy and noi sel ess reproductlon4d§ a high speed
" Fig. 63 shows the state of normal-speed record-

1ng/reproductlon,

and Figs. 64 and 65 show the state of superior repro-
duction;

Fig. 66 is a plan view of the main part of another
embodiment of a magnetic recording and reproducing apparatus
according to the present invention after tape loading;

Fig. 67 is a plan view of the main part of a magnetic
recording and reproducing apparatus shown in Fig. 66 before
tape loading;

| Fig. 68 is a detéiled side view of a-meéns'for regulat-
ing the magnetic tape in the verfical direction in accor-
dance with the present invention, seen in the direction of
the travel of the magnetic tape; vt

Fig. 69 is a partially sectional view of the details of
‘@ mechanism of'vertically moving the tape pass roller on the
take-up reel side in accordance with the present invention;

Fig..70 is a plan view of the main part of still
another embodiment of a magnetic recording and reproducing
apparatus according to the present invention after tape
loading;

Fig. 71 is a plan view of the main part of the magnetic
recording and reproducing £pg§ratus shown in Fié. 70 before
tape loading; ‘ 1o o: .

S o . .-

Sheet Has Been Replaced




fgﬁgigﬁmggntrol device in a conven- tional . magnetic recordi ng and
repr odu##g apparatus will now be explained. Figs. 87 and 88 show a
conventional magnetic recording and reproduci ng apparatuse, in particular,
a tape tension control device described jn Japanese Patent Laid-Qpen No.
56036/ 1.990. Fig. 87 shows a recdrdi ngdaidd reproducing state, and Fig. 88
shows -a*hi gh-speed tape travelling state. A nmagnetic tape is _drawn out of a
tape cassette (Bi@. 72 is a detailed sectional view of the embodiment

shown in Figs. 70 and 71 showing the tape actuator disposed

on the under surface of the_baSe; |

Figs. 73 and 74 show the operation of the tape actua-=
tors in the embodiment shown i£ Fig. 70 and 71 at the time )
of superior reproduction.

— - Fig. 75 shows the system of a conventional magnetic
reproducing apparatus;

Fig. 76 shows the high~speed superior reproduction
servo system in a conventional magnetic reproducing appara-
tus; -. | | .

Figs. 77 and 78 show the relationships between the tape
pattern and the trajectory of the scanning magnetic head in
the cases of normal-speed travel, and reversely travelling
at a speed five times as high as Phe normal speed, respec-
tively;

Fig., 79 schematically shows inclination error patterns
which are to be followed by the magnetic head in a conven-
tional magnetic‘feproducing apparatus;

Fig. 80 shows a magnetic tape travelling system in a
conventional VTR; |

Fig. 81 shoﬁs a conventional tensioﬁ cdntf?i mechanism;

Figs. 82 and 83 are plan views of conventional head

actuators;
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T

eUeral ten tines as high as the normal speed. The problems of a '~ =



shown) BWEEoristi tuteés a tape travel path such as that shown in Fig. 87. &

tensiongayver 28, and arms 29 and 30 are integrally ratable around a hinged .
support At the time of recording and reproduction, a tension post 33 ig"""

-brought'lnto contact with the nagneth tape and sinultaneously a tension
band 34.is brought into contact tt1s;5 d reel 35 by a slider 32, as
shown |n Fig. 87. The magnetic tape is e toward a take-up reel 36 by a

capstan at a cqaglagy $hAeRd RAd 2upALiEHshiBTbbEAckRCEnECRl raRLIval (i s

time, the nonmenf “of the tension
length of the bimorphous cell and the inclination of the

;magnetiq.head in a conventional head.actuator;

Fig. 85 is a sectional view of a conventional head
actuator;

Fig. 86 shows the frequency characteristic of the head
actuator shown in Fig. 85;

Fig. 87 shows the structure of another magnetic tape
tEHQelling system iﬁ a conventional VTR; and

Fig. 88 shows the structure of the tension control
system in the VIR shown in Fig. 87. .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will be explained
" hereinunder with reference to the accompanying drawings.
-Fié. 1 shows a first embodiment of a magnetic recording
and reproducing apparatus according to the presené inven-
tion. In Fig. 1, a rotary drum 51 with a magnetic-tape 50
wound therearound accommodates two magnetic heads 52a and
52b. Tﬁe magneéic tape 50 is drawn out of a feed reel 53
and wound around a take-up reel 54. Both reels 53, 54 are
. driven by motors 55 and 56, respectively. 1In order to feed
the magnetic-tape 50 in the direction of the trayel at a
constant speed, a capstan 57 and a pinch rollef‘SS for
clamping the tape 50 therebetween are provided. The capstan

57 is driven by a capstan motor 59. In order to wind the
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produce&giy“a spring 38 between a.tension rel éase |ever 37 -and the-tens
|l ever 2§ is balanced with the resultant force of the noment of the tensig
| ever 28-produced by the force applied to the tension: post 33 by the &
t ensi on- bet ween 19 tape guides 39 and 40 and the nonent produced by the
fric- tional force between the tension %33? 34 and the feed reel

~tape 50 around the rotary drum 51 at a predetermined incli-
nation angle, slant poles 60a and 60b are prov1ded on the
entrance 51de and the exit 51de, respectlvely, of the rotary
drum 51.

The present invention is characterized in that a tape
drawing actuator 61 and a tape tension actuator 62 are
provided on the exit side and the entrance side, respective-
ly, of the rotary drum 51.

The tape drawing actuator 61 includes a movable tape
pass roller 63 which comes intq contact with the tape 50,

-.énd a roller arm 64 for holding the pass roller 63 is'rocked
by a driver 65. The rocking angle of the roller arm 64 is
detected by a p051t10n sensor 66.

Fixed tape pass rollers 67 and 68 are prov1ded on both
sides of the trajectory of the movable tape pass roller 63,
and the gap between the fixed pass rollers 67, 68 is so set
as to allow the movable tape pass roller 63 to pass
therethrough. In this embodiment, the movable tape pass
roller 63 passe§ the intermediate point of the fixed tape
pass rollers 67, 68 and at this time the gap between the
movable roller 63 and the fixed roller 67 is equal to the
gap between the movable roller 63 and the fixed roller 68.

) Similariy to the tape drawing actuator 61,Tthe tape
tension actuator 62 also includes a tape fension roller 69,

a@ roller arm 70, a driver 71 and a position sensor 72, and
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35. The,-”nS|on of the nagnetic tape is mainly controlled by t he frlctlonal
force aﬁblled to the feel reel 35 by the tension band 34. For exanple, if .
the tap&* ension becones |arger than the bal-anced val ue dué to an external D
di sturbédnce, the tape tension between the tape guide 39 on the feeding side '
and the tape guide 40 on the take-up Si%f as seen fromthe tension.post 33
al so.becones Iarge As a result, the te 20n post 33 is pushed out to the

| of t-hang, e18°c ghe BEL FSIESE: PF5 A0 PR diovidba Yo bl 4588k "

| ever 28f}
of the trajectory of the movable tape ten51on roller 69.

principle of Operation of High—speed_Supérior Reproduction

Fié. 2 is a perspective view explaiﬁing the principle
of the operation at the time of high-speed superior repro-
duction.

In Fig. 2, the speed of each part of the apparatus and
the speed of £he magnetic tape are schematically shown,
wherein VA is the speed of the magnetic tape 50 on the.
rotary drum 51, VB the moving speed of the movable tape pass
roller 63 of the tape drawing actuator 61 and Ve the speed
of the magnetic tape 50 driven by the capstan motor 59 or
the take-up reel motor 56.

High-speed superior reproductioﬁ is an operation of
intermittently reproducing a picture while causing the tape
at a speed any given times as high aé the normal speed.
Conventionally, the head is caused to follow the track only
by the head ‘actuator during this high-speed tape travel, so
that the high spéed which enables reproduction is limited.

In the present invention, in order to solve this

| problem, the tape drawing actuator 61 and the tapg tension
actuator 62 provided on thé exit side and the ént;ance side,
respectively, of the rotary drum 51, are differeﬁtially
operated so as to produce a period in which the travelling
speed of the tape 50 is relatively low with respect to the
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t her eby ®fot:at ed count ercl ockwi se around t he hi nged support.:31+arn
simul tat eously the arm 30 is also rotated counter- clockwise: Wth the
reducti @ in the:contact force between the tension band 34 and the feed
reel 35, the frictional force is reduced, and consequently the tension is "
relaxed, whereby the tension post 33 is 3§tored to the bal anced position
-in the end. On the other hand, when the pe tension becones smaller than

the bal anedyal e 1l 4 ARG ANy HithlispdldN e g dudict | Yled orce

bet ween t

high-speed reproductlon is carried out in thls perlod,
reproduction with a good quallty is enabled even durlng'
high-speed tape travel. o

It is now assumed that the positional relationship
between the fixed tape pass rollers 67, 68 and thé movable
tape pass roller 63 is such as that schematically shown in
Fig. 3. In Fig. 3, the gaps d' between the two fixed tape
pass rollers 67 and 68 is equal to the diameter d of the
movable tape pass roller 63.

A static system will first 35 considered because it is
easier to understand. It is here assumed that one end of
the magnetic tape_SO is fixed and the movable tape pass
roller 63 is moved by a distance Ax within a time At, as
shown in Fig. 3. An arbitray point Dy on the free end side
of the magnetic tape 50 is moved to the point Dl which is 2
x Ax distant from the point DO' Therefore, the moving speed
of the point D0 at that time is 2 times as high as that of
the movable tap; pass roller- 63. 1In other words, if it is
assumed that the speed of the movable tape pass roller 63 is
,VB' the speed of the free end side of the magnetic tape 50

is 2 xv Since the movable tape pass roller 63 must pass

B.
through the gap between the two fixed tape pasg rollers 67
and 68 for tape loading, as is clear from Fig. 1, the

following relationship must hold:

“‘ﬁﬁ'iiﬁ‘li‘i‘i:ﬁﬂi"fi‘mn i



wher eby &
tape_te,ﬂﬁ‘n is kept constant in this.way at the tinme of recording and
repr odugsd-on. During high-speed tape travel . the tension post 33 is

735 becones large and, as a result, t He  teHST O P& T Rer
.tension post 33 is restored to the balanced posi-tion.

54

- ar > a

--However, if the difference between d and 4' is Ad, Ad is

?*preferably as small as possible. This is because as Ad.

f_ﬁecomes larger, the above-described linearity of the speed

of the free end side of the magnetic tape 50 and the moving

speed of the movable tape pass roller 63 is disturbed more

and the controllability is deteriorated. Therefore, in the

explanation of the principle of this embodiment, it is
assumed that Ad = 0 and the linearity holds,'and in later
explanation, Ad will be taken into consideration.

The case in wﬁich the magnetic tape 50 is moved at a
statienary speed by the capstan motor 59 will next be
considered. Since. the fixed end of the magnetic tape 50 is
coneidered to move at a speed of VC, the speed Vp of the
other end of the magnetic tape 50 is represented as follows:

Va = Vo + 2 x Vg
The fixed tape pass rollers 73, 74 and the movable tape pass
roller on tﬁe tape entrance side of the rotary drum 51 are

also provided such that a similar relationship holds.

The relationship between the speed Vg of the movable

ltape pass rollers 63 (fhe movable tape tension roller 69)

and the speed V, of the magnetic tape on the rotary drum 51
shown in Fig. 2 is as described above.
Returning to Fig. 2, when the tape speed Ve becomes

higher than the dynamic track following (DTF) speed

20 The
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B¥e/55ition at which the tension post 33 i's out: of* ébﬁfaéf“MAth'fﬁé
nagnetléhfape by the slider 32. The ansion band 32 is relaxed to a position

t he ten§$9n control nmechanismis separated fromthe ape travelling system
The tengkon control nechanismis |so sepagated froma capstan 41 and a
' r 42. In he case of hiyh-spe tape travel fromthe feed reel 35
to he t&Keiyp R €5, thdehdakeadtuadient 136 tilte rdtdd drum $5) relticlpeed to
w nd th@-ﬁ&gnetlc tape therearound, and a

r“has been explained in the prior art, the movable tape pass

;ﬁroller 63 is moved in the direction of the relaxation of the
ifﬁagnetic tape 50 and the movable tape tension roller 69 is
i'@éved in the direction of the stretch of the magnetic tape
50 so as to lower the speed of the magnetic tape 50. 1In
other words, by differentially séerating the movable tape
pass roller 63 and the movable tape tension roller 69 in the
oéposite phases by the same amount, the speed VA is lowered
to a speed which allows the head actuator DTF for a constant
period. Thus, it is 90551ble to prevent a change 1n tension
by moving the movable tape pass roller 63 and the movable
tape tension roller 69 in the opposite phases by the same
amount. | |
A method of controlling the speed VA of the magnetic
tape 50 on the rotary drum 51 to the speed which allows the
head actuator DTF and noiseless reproduction by driving the
_ movable tape pass roller 63 and the movable tape tension
roller 69 by the tape drawing actuator 61 and the tape
tension actuator 62, respectively will now be described.
Fig. 5 schematically shows an example of a VIR record-
ing format. If the magnetic tapé speed at the ?}me of
nbfmal—speed reproduction is v, v is represented by the
following equation:

. v = fo (m/sec)
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t°1s applied to the feed reel 35 to an extent hich prevents the *
relaxatgggggf the magnetic tape. On the other hand, in the case of

hi gh- spd®d-t ape travel fromthe wake-up reel 36 to the feed reel 35, the
feed reel 35 is rotated at a desired speed to wind the nmagnetic tape
therearqund, and a constant load is applied to the take-up reel 35 to an
extent Which prevents-the rel axation aof SBe magnetic tape. In the tape

t ensi on =cont r ol; chani.sm of .a conventional magnetic recordi ng and
reprodu¢1rﬁ?%§ﬁ&8?§tg§ §§iﬁgt§ﬁéonaf %requencng§z5 of'gge rotary

drum 50, and a =

onst ant =TT

. -
R

sind _
wherein TP represents a track pitch and 6 a track angle.

If it is assumed that the tape speed V' which a conven-
tional DTF servo system composed of the head actuator
accommodated in the rotary drum 51 can follow is n times as

high as the normal speed, V' is represented by the following

equation:
T V! = nv (n is an integer) ;
As described above, when VC > V', in other words, at the
tiﬁe of high-speed repfoduction, the movable tape péés
 roller 63 and the movable tape tension roller 69 are moved
in the opposite phases by the same amount at a speed of VB
so as to intermittently lower the speed Va of the magnetic
tape 50 on the rotary drum 51 to the speed V' which allows a
conventional DTF system éo follow. In this way, noiseless
reproduction which is conventionally impossible in
high-speed reproduction is intermittently enabled.
Additionaliy, the characteristics of the displacement
angles and the torques of the tape actuators 61, 62 have a
slight nonlinearity, as shown in Fig. 6. _
'Thé tape drawing actuator 61 énd-the tape tension
actuator 62 are preferably driven at a speed V;.by a trian-

gular signal having a duty of 50% such as that schematically

shown in Fig. 7A in order to prolong the
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of a load in the direction contrary-to the direction of the
e tape is not exert-ed during hi-gh-speed tape travel . :
.t.he conventional tape tension control nmechani smcannot respond
iLent tension change, and the e is sonetimes damaged, or by a
: e contacting state between

= yeproduction-possible period as much as possible with
'W’consideration of the reduction ratio of the tape speed on

" the rotary drum 51. |

In this case, the speed VA of'the magnetic tape 50 on

the rotary drum 51 obtained from the above equation V, = v,

+2x,VB[ .
is such as that as schematically shown in Fig. 7C.

In Fig. 7C, if the tape speed VA on the rotary drum 51
is selected so that Va is V', which is the speed allowing
the heéd actuator DTF, V, takes the minimum value, as
represented by the fbllowing eéuation, which is ﬁhe moSt
efficient,:

Va (min) = Vo - 2 x Vg = V!

In this case, sinéé Vg is in the opposite direction in
Fig. 4, it is represented by -~ VB' At this time, the
noiseless reproduction-possible period T', in other words,
the period in which the rectangular wave Va < V! in Fig. 7C
must be at .least the period which enables the magnetic head
52 to reproduce one screen, namely, not less than 1/f
second. Therefore, in order to enable reproduction of not
less than one screen in the noiseless reproduction-possible
period T!', the one c&cle'time T of the rectangu1§r wave
shown in Figq. 7C must be an integral.number of }at 1éast

two) times of the rotational frequency 1/f of the rotary
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‘magnet | &3
out put ¥i‘ch | eads to deterioration in information is apt to-be caused. In
additio e tension controlled region for the conventional tension

controlddéV|ce is narrow, and a tension change whi ch can be suppressed by
the conventional tension control device is only not nore than several Hz.
Therefofe, in a VIR for high-density recoﬁtﬁ ng and reproduction such as a

digital "VIR adopting this tape tension co device, it is inpossible to
constantlurtmebltheImpthnmnwapacthémﬁapﬁﬂactuators 61, 62 are driven
synchronously With'the.rotation of'the rotary drum 51,

From the explanation of the principle, it is understood
that intermittent noiseless reproduction is possible at the
time of high-speed reproduction. ' Full-time noiseless
high-speed reproduction which is continuous without a pause
of screen, although it is composed of a series of successive
stop-frames, is also enabled by storing the noiselessly
reproduced screens in a picture memory and outputting the
stored pictures in a period in which noiseless reproduction
is impossible. |

Servo System for High-speed Reproduction

The servo system in the magnetic recording and repro-
ducing apparatus for realizing the aboﬁe-described principle
of 6peration will here be explained. As is obvious from
Fig. 1, the tape drawing actuator 61 and the tape tension
actuator 62 are composed of actuators which practice not
linear motion but arcuate motion, as explained in the
principle of operation. When the arcuate-motion is approxi-
mated to linear motion, a nonlinear error is caused in this
structure in principie. Fig. 8 schematiéally shows the
positional relationship between the movable tape' tension
ro;ier 69 (tﬁe movable tape.pass roller 63) andfthe fiked

tape pass rollers 73, 74 (67, 68) in the first embodiment in

order to show this error. In Fig. 8, Y represents the
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d and the tape caused by a tension change, a fluctuation in the %



thead and the magnetic tape, thereby making good recording and N

t he magHEEs
greprodu Eien i mpossi bl e. SUMVARY OF THE | NVENTI .ON. Accordlngly It is an
object"§ e present invention to eliminate the above-described probl ems+:*

in the gri-or art and to provide a magnetic recording and repr oduci ng

appar a- §; whi ch is capabl e of realizing both DTF control in as vide a
control g&d. regi on as several q%[ed ngyﬁth a high accuracy and noi sel ess
repr odug n at a high speed suc

dength of the arm 70 (64) and B the displacement angle of

f{he arm 70(64). The relationship between the displacement

:.angle.s of the movable tape tension roller 69 and the length

" of the drawn tape 50 when the relationship shown in Fig. 8.
is satisfied is shown in Fig. 9. As shown in Fig. 9, in the
jdeal state wherein Ad = 0 mm, an approximate linearity is
obtained, but the larger Ad becomes, the more remarkable
becomes the nonlinearity in the area in which the movable
tape tension roller 69 is close to the fixed tape pass
rollers 73, 74 (in the region in which the displacement
angle B is 0 to 10°C in Fig. 9). Accdrdingly, in this
embodiment, Ad is set at 1 mm in the system so that the
nonlinearity is almost negligible.

.It is, however, the general case that the nonlinear
error increases due to the mechanical restriction of the
tape deck or nonuniforﬁity of the mechanical setting accura-
cy, so that it is necessary to take this nonlinear error
into considératiqn in the control system. For example, in
the example shown in Fig. 10, the nonlinear error is large
in comparison with that shown in Fig. 9. When the mechani-
cal characteristic E introduced from a circuit represented‘

by 75 in Fig. 11 is nonlineér as shown in Fig. {0, there is
a risk of the nonlinear-error exceeding the range in which
it is possible to correct the tracing of the head actuator

76 in the DTF control shown in Fig. 11. The present
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22 seve!ﬁ% ten times of:the nor mal speed Wi t hout deterloratlon In picture
qualityg |t is another object of the present invention to provide a
magnet i #¥-ecor di ng and reproduci ng apparat us which is capable of realizing"™
the constantly optimum contact between the head and the tape by a tension
control .in.a wde frequency band with a hgqhp accuracy, thereby enabling
good '

7 i{nvention therefore requires a DTF control system in a wider
dynamic range with a higher accuracy than in a conventional

DTF control system.

To meet this requiremént, in the present invention, the
track range is.corrected not only by a head actuator having
a narrow dynamic range but also tape actuators having a wide
dynamic range.

Fig. 12 is a schematic block diagram of a servo system
in the present invention.

Fig. 12 includes the concrete flow Qf signals in the
aéparatus shown.ih Fig. 1 which is subjected to high-speed
reproduction control, DTF control and tension control.

The structure of DTF control will be briefly explained
in the following. -An envelope signal reproduced by the
magnetic heads 52a and 52b is supplied to a DTF circuit.
The DTF circuit obtains a tracking error signal from the
envelope signal and the high~frequency component thereof is
fed back to. the head actuator 76, the low-frequency
component thereof is fed back to the tape drawing actuator
61 and the DC component thereof is fed back to the capstan
motor 59 or the reel motor 56. In order to prevent a
tension change caused by the DTF operation of th? tape
drawing actuator 61, a driving signal fbr the tabe drawing

actuator 61 is also supplied to the tape tension actuator 62

through an adder 91.
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repr odusae®iig apparatus according to the present invention is provided with
a tape w=1g actuator and a tape tension actuator on the nmagnetic tape -.

d the magnetic tape entr.ance side, respectively, of a rotary

exit sif
. magnetic head provided thereon in magnetic tape travel path in

drum wi
addi ti a conventional head actuagg These tape actuators may be
oper at ferentially and re capabl af freely change the tape travelling

speed The structure of tension control will be briefly
;&éscribed in the following. A movable roller position
1§nal for detecting the position of the movable roller 69
?f;ga a driving signal supplied to the tape tension actuator
5252 are supplied to a tension estimating device 92. The
lztension estimating device 92 estimates the tape tension on
the movable roller 69 and outputs an estimated tension
signal to a tension servo circuit 83. The tenéion servo
circuit 83 compares the estimated tension signal with a
.reference tensiOn signal to obtain a tension error signal.
The low—freqﬁéncy component of'thé tension erior signal is
fed back to the reel motor 55 and the high-frequency

component thereof is fed back to the tape tension actuator

62.

The structure of high-speed reproduction control will be
briefly explained in the following. A capstan FG signal (or
a reel FG signal output vwhile the reel motor is driven, for
example at éhe time of high-speed reproduction) which

| indicates the tape travelling speed and a drum PG signal are
supplied to a superior reproduction signal generator 80.
The superior reproduction generator 80 generates a superior
reproduction signal for operating the tape draw%gg actuator
61 and a tape tension actuator 62 from these two signals.
The details of each control will be described léter.

The operation of the servo system will be explained in

Sheet Has Been Replaced

TN

eproduction. To achieve this aim a'magnetic recording and:<. ..



he head

t ensi on wrol separately fromeach other but also rack control and
tension®B®trol in a high-frequency band ith a high-accuracy in conbination

wi th DTREsgentrol and ansion control. 23
1 62 |
%:the following. Normal-speed reﬁroduction will first be
?Eexplained. When the.magnetic tape 50 travels at a normal
i reproducing speed, the superior reproduction signal genera-
" tor 80 generates no correction pattern, so thét_the tape
: drawing actuétor 61 is fixed at a predetermined position.
The position of the tape drawing actuator 61 may preferably
be either mechanically fixed or electrically fixed by a
position controller by a closed loop constituted by a
p$§ition sensor (nof shown) pro&ided on the tape drawing
actuator 61.

The tape tension actuator 62 is fixed to a éredeter;
mined position in the same way as the tape drawing actuator
61, and exerts tension control for suppressing the change in
the tension of theamagnetic tape 50 and maintaining the
tension at a constant value by a closed loop.

Since the tension control system is constituted by a
closed loop, as described above, control in a wider
frequency band than a conventional mechanical tension
control is enabled and the performance of the tension |
control system is enhanced.

' The details of the structure of the principle of

tension control will be described later. . .
Since the DTF operation in the range in which the speed
of the magnetic tape 50 is correctable by the head actuator

76 is completely the same as that in conventional high-speed
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i nvention provides a magnetic

r epr odufl pde and in a hi gh-speed reproduci ng node conprising: (a) “a "S-
[ "ape feeding neans including at | east a capstan notor- and a reel
ausing a magnetic tape to t el; (b) a head actuator nounted on

um so as to nove a magnetic ad in the direction of the width

ﬁ%éﬁidﬂE%épﬁﬁﬁdﬁﬂibﬂ?ﬂﬁ%ﬁﬂdhéﬁﬂ&ﬁ thereof will be omitted.
In this case, the superior reproductlon 51gna1 generator 80
gegenerates no signal, elther.
| However, the present invention is_different from the
e p?ior art in that since a tracking error is corrected by the
ceoperatiOn of the head actuetor'76 and the tape drawing
actuator-Gl, DTF control having a wide dynamic range is
realized.

The opeeetion of the servo system in a high4speed range
in which the speed of tﬁe magnetic tape 50 cannot be cor-
rected by the head actuator 76, which is the main pert of
the present invention, will now be explained. When the
apparatus is operated at a high speed which makes the |
correction of the epeed of the magnetic tape 50 by the head
actuator 76 impossible, noise bars or mosaics are displayed
in the reproduced screen in a conventional apparatus.

In the present invention, by operating the tape drawing
actuator 61.and the tape tension actuator 62 in accordance
with the above-described principle of operation, the speed
of the magnetic tape 50 on the rotary drum 51 is periodical-
ly lowered to a range in which the speed of the magnetic
tape 50 is correctable by the head actuator 76. ﬁhile the
magnetic tape speed is in the range which enables the head
actuator 76 to correct the tape speed, in other words, in

the reproduction-possible period T', the amount of relative
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(c) a
|nclud|6%§% novabl e tape pass roller which periodically reciprocates
synchro i

node SOy ‘as to draw sai d magnetic tape; and (d) a tape tension actuator
,0n the entrance side of said "GYary drum i ncl udi ng a novabl e
ol l'er ‘which differentially reciprocates with respect to said

i ggﬁtﬁ%f AdvBlatibif HethR en®ihle0FerVrdnYy tFRCK & rii“rﬁ.;: ate

%fmagnetic tape 50 and the magnetic head 52, namely, tracking

.a.error is corrected by a DTF control system which will be
'déscribed in detail in Figqg. 12. A tracking error signal is
obtained by the known wobbling method, pilot method or the
1ike. In this way, it is possible to obtain a good
reproduéed picture without a noise caused by off-track in
the reproduction-possible periocd T'.

The reproduction-possible period T; is at least 1/f
second, as described in the explanation of the.principle.

A superior reproduction signal for driVing the tape
drawing actuator 61 and the tape tension actuator 62 is
output from the tape superior reproduction signal 80. Thé
superior reproduction signal 80 detects the speed of the
magnetic tape speed which cannot be corrected by the head
actuator 76 from the inputs of a tapé speed signal such as a
capstan FG signal and a drum PG signal. On the basis of the
.principle described in the explanation of the principle, the
superior reprodﬁhtion signal generator 80 outputs a driving
voltage pattern for operating the tape drawing actuator 61
and the tape tension actuator 62 so as to form a gpeed
pattern such as that shown in Fig. 7C. In a pér@bd other
than the reproduction-possible period T’, sincefno
teproduqed‘picture is obtained, if a good picture reproduced

in the reproduction-possible period T' is stored in a

\\\\\\\\\\\\f\fi i’

je” drawi ng actuator provided on the exit side of said rotary drum -

'y with said rotary drumat the tine of high-speed reproduction "~



synchr ¢ ?Usly with I/m (mis an integer) of the rotati o= :
sai d rgtary drumat the time of high-speed reproduction node and t he tape
BE8tt uat or "and said tape draw ng actuator nay  be- djfferentieﬁﬁﬁ& I
driven’i'n accordance with a triangul ar signal mhlch i's synchronous mnth 1/m
of the. rotatlonal frequency of said @?sary drum - 24

-.‘

_:picture memory or the like in every cycle period, and the

stored picture is output in a perioa'other than the
reproduction-poﬁsibie périod'T', continuous high-speed
reproduction is enabled.'.By this 6peratioﬁ, a good repro-
duced picture free from noise, which ié'impossible in a
conventional servo system, is continuously obtained, al-
though it is composed of a series of successive stop-frames.

As described above, since the tape tension actuator 62
constantly keeps acting by a closed loop in a tape tension
servo.system in a wider range than a conventional mechanical
actuator, the magnetic tape 50 is maintained at the optimum
tape tension in any state. By virtue of this effect, the
magnetic recording and reproducing apparatus of the preéent
invention enables é good reproduced picture to be obtained
in a wide tape speed range from a low speed to a high speed.

The tape actuators 61, 62 may practice arcuate motion,
as shown in Fig. 13.

DTF Control-

The operatién of DTF control according to the present
invention will be explained in the following.

Fig. 14 is a block diagram showing an examplg of DTF
control. In the present invention, a tréqking error signal
is detected from a reproduction signal supplied ¥from the
magnetic head 52 in a pilot system shown in the related art,

and the head actuator 76 and the tape drawing actuator 61
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"The ma{ reproduci ng apparatus may further conpk{se'-(éy“é_{ﬁaékpﬁg
error ecting neans for generating a tracking error signal indicating a
tracki r-ror of said nagnetic head; and (b) a tracking control circuit. <%=r

wher ei
correct

for su"“ylng a predeterm ned error correction signal to said head actuator
and sakf tape tension actuator on thegfesis of said tracking error signal,
he hi gh-frequency conponent “said tracking error signal is

arEYeEGéﬂrbcaﬂlﬁcéUﬁpDédaﬂﬂr tracking control. 1In other
f'words, two-stage coupling control system is adopted in the
?wpresent 1nvention. ”

In Fig. 14, the DTF control outputs from the acﬁuators.
76 and 61-afe added to the target track position by an adder
85 and a tracking error signal is supplied to both actuators

~ through a compensator 56.

The output of the compensator 86 is directly supplied
to the head actuator 76 and simultaneously supplied to the
tape drawing actuator 61 through a head actuator equlvalent
c1rcu1t 87, a compensator 88 and an adder-89. - Therefore,
the output of the equivalent circuit 87 indicates the value
estimated by the head actuator 76. A signal for superior
reproduction is suéplied to the other input terminal of the
adder 89.

The tension control system includes the tension
estimating device 92 and the tension servo circuit 83 shown
in Fig. 12.: A tension estimating signal is supplied from
the tension estiﬁating device 92 to the tension servo
circuit 83, A driving signal supplied to the tape drawing
actuator 61 of the DTF control system is supplied to
an adder 91ﬁtogether withlthe output of_the tensién servo
circuit'é3. | | )

The output of the adder 91 is supplied to ehe actuator

62 and output to the tension estimating device 92 for
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said tgpe tension actuator. The tracking control circuit may include an
xt ernal di sturbance which electrically sinulates an (input
di spl acenent) transfer characteristic showing the relationship

he input voltage of said tape éﬁxnng actuator and the
nt of said novabl e tape\pass r er and said tracking control

¢ xe{éﬁtéﬁgiﬁg}/\a{ﬁd@%‘}% over }hqﬂ}eeq_fravm.n act atorotso t hat

" the actuator 62 receives from the tape. The output of the

tension estimating device 92 is supplied to a subtracter 90.

The tension estiﬁating device 92 electrically simulates
the relationship between the input voltage of the tape |
tension actuator 62 and the displacement of the tape tensioh.
roller 69 by using the (input voltage)/(displacement)
transfer characteristic in this embodiment.

Such a two-stage coupling control system is known, for
example, on pp. 203 to 208 of the transactions of Optical
Memory Symposium '85 held on Dec. 12 ﬁo 13, 1985. 1In the
field of optical disk tracking control, it is known as a
control in a dynamic range.

In the field~the of tracking control of a VTR, however,
a tracking error is conventionally corrected only by the
head actuator 76 accommodated in-the rotary drum 50, which
makes such a two-stage coupling.control system inapplicable.
In the present %nvention, since the tape arawing actuator 61
is newly providea as a tracking error correcting means,
application of a tﬁo-stage coupling control systém is
possible, so that DTF control in a wide frequency band and a
wide dynamic range with a high accuracy is.enabied.

In the embodiment shown in Fig. 14, the pr;sent inven-
tion is applied to a digital.VTR. In a digital VTR, since

the amount of recording information increases, high-density
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di sturbance. The said tracking control circuit may include a tension

control ;systemwhich electrically sinulates the relationship between the
I nput vé?tage of .said tape tension actuator and the displacenment thereof,
and said tension control systemestimtes the tensi'on which said tenS|on'

B 68

trecorhing by narrowing the track pitch is essential in order
_to meet the .demand for a higher picturé gquality,

..multifuncéion,_iong-time recording and the like. .The_
recording track generally has a nonlinearity of a track
(hereinunder referred to as "track rolling") mainly caused

- by a mechanical factor. Since the track pitch becomes
smaller than the amount of tracking roiling with such
reduction in track width, in order to exactly trace the
narrow track, DTF control having a controlled region at
least 10 tlmes as large as the fundamental frequency of the
track rolling is requlred. The fundamental frequency of
track rolling dépends upén the rotational frequency of the
rotary drum, For. example, when the rotational frequency of
the rotary drum iéll,aoo rpm, the DTF control system is
required to have a controlled region of not less than 300
Hz.

In order to have a wide controlled region, the head
actuator 76-is required to have a good controllability. 1In
this embodimenf,\an electromagnetic actuator shown in
Fig. 15 is adopted.

The magnetic head 52 is supported by a coil bobbin 94
through a leaf spring 93, and around the coil bobbln 94 an

.

-excitlng coil 95 is wound.
The coil bobbin 94 is axially movably supported at both

ends by a cylindrical yoke 98 and discal yokes 99, 100
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rol l er receives fromsaid magnetic tape and exerts feedback control over
~said tagg tension actuator so that the estimated tension agrees with the

ref erencé tension. The relationship between the input voltage of said tape °
tensi on-actuator and the anount of displacenment of said tension roller may

be constituted by said (input voltage)kfgsplacenent) transfer
characteristic and said tension contro I gnal nmay be fed back both to said

Lape { engl 20,6 HEROLL 2001 Re8 208, 1650 "RShoURE Bhg hedBLE EBR3LERA™' 0"

Each of . uat preferably coNpose
of a polymer material is provided at each joint between the

gimbal spring 96 (97) and the coil bobbin 94.

i Within the coil bobbin 94, cylindrical pérmanent
magnets 102, 103 are fixed between the yokes 99 and 100, and
a center yoke 104 is provided between both permanent magnets
102, 103.

Thus, the head actuator 76 having the above-described
structure can move the head 52 as desired by appropriately
controlling the exciting current applied to the exciting
coil 95 in the same way as in a conventional.actuator shﬁwn
in Fig. 85.

As is clear from Fig. 15, a head position detector 105
constantly detecté the position of the head 52 optically or
electromagnetically.

In Fig. 15, although a bimorphous cell or other ele-

' ments may be used as the head actuator 76 so long as it has
a2 good controllability, since this embodiment is applied to
a publicly used éigital VTR, an electromagnetic actuator is
adopted with importance attached to inexpensiveness and high
reliability. Even if an electromagnetic actuator is used,
coexistehce.of.DTF-controllability and superior feproduc-
ibility is impossible, as described in the prio£ art. The

electromagnetic actuator in this embodiment has a structure

giving priority to DTF controllability. By increasing the
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of a tgpe drawing or pushing roller, an armfor rotatably hofding =" 26 th
rol ler gi.t h respect to a predetern1ned rotary shaft, an armdriving portion
for drwvrng the armand a position sensor for detectlng t he -di spl aced
position of the armdriving portion. Electrical and nechani cal

char act;erl stics N 70

elastlc modulus of the gimbal springs 96,-97 shown in
Fig. 15, the primary mechanical resonance frequency is
ﬁéightened, thereby obfaining a characferistic that the
phase is flat 05 up to a frequency of abouﬁ 1 KHz. However,
when the elastic modulus of the gimbal springs 96, 97 is
increased in this way, the resonance peak gain is increased,
thereby deteriorating the controllability. To prevent this,
in this embodiment, the position information on the movable
portion of the head actuator is detected by the head posi-
tion detector 105, as shown in Fig. 15. The position signal
énd the driving voltage fof:the head actuator fG are inpﬁt
to a speed estimating device composed of a circuit which
electrically simqlates the (input voltage)/(displacement)
transfer characteristic of the head actuator 76, and the
speed of the movable portion of the head actuator 76 is
estimated. Tﬁé estimated speed is negatively fed back to
the exciting coil 95 for ‘electrical damping. Thus, the head
actuator 76 functions as an actuator having a good
controllabilitfiup to a high frequency band.

By using such an actuator as the head actuator 76, a
DTF control system which is capable of DTF contro} in a wide
frequency band with a high accuracy ié indeed rgalized, but
since the elastic modulus of the gimbal spring% is increased
as a result of attaching importance to DTF controllability,

a large current is required when the actuator is driven at a
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of both tape actuators are preferably set to be equal in order to altow -
them t hg=:di fferential action. In the present invention, the head actuator

and t he=t'ape drawi ng actuator are connected in a common DTF control -:system: =%
and constitute a control loop for elimnating a tracking error in

cooperation by the negative feedpack off b tracking error signal of the

novabl e: head to both actuators. The head actuator conpensates for a snal

anpl i t uddangehiagplitadesnepdh prebdema sunabkasgthber gepevhitiont bE hape

drawi ng actuator conpensates a large anplitude in a
at that time limit the tolerable amplitude to a narrow

range. In other WOrds, the dynamic range is narrowed.

As a countermeasufe, in the present invention, the head
actuator 76 compensates mainly for a small amplitude in a
high-frequency band of a tracking error, while the newly
provided tape drawing actuatoi 61 compensates for a large
amplitude in a low-frequency.band of a tracking error. The
tape drawing actuator 61 is designed as a voice coil type
electromagnetic driven actuator which has no support spring,
as shown in Fig. 16, so as to have a large ld#—frequency
gain. The tape drawing actuator 61 has a similar structure
to a magnetic circuit which has been put to practical use as
a swing arm actuatér, which is a tracking arm actuator of a
hard disk driving apparatus. Fig. 17 shows the magnetic
circuit of the tape drawing actuator 61, Fig. 18 shows the
principle of driving the tape drawing actuator 61 and
Fig. 19 is a sectional view of the tape drawing actuator 61.

The roller arm 64 is rotatably supported by a yoke 106
of the driver 65, and a permanent magnet 107 is fixed to the
yoke 106.

As is clear from Figsf 17 and 18, the’permaqent.magnet
is magnetized such that the directions of ﬁagneﬁization are
opposite on left and right sides. A movable coil 108 is

fixed to one end of the arm 64 and is movable perpendicularly

1
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IOMFfrég%%hcy band of a tracking error. In order to combine DTF contro
with tension control, he control voltage generated fromthe .tracking
control B¥%op f the tape drawi ng actuator is supplied to the tape tension =3
ctuator, and by the differential action of both tape ctuators, a. desired
stabl e tape tension is obtained, hereb alizing a good contact between
the tape and the ead. In order to propé?ﬁg control the tape ‘tension
act uat or, riedavisectablithet ditrecitdody oénthechagaetéecasion of the tape
permanent magnet 107.
| “In this way, by supplylng an approprlate current to the
c011 108, it is possible to rotate the tape pass roller 63
to any given pos;tlon by the electromagnetic action of the
coil 108 and the permanent magnet 107.
In Figs. 17, 18 énd 19 is shown the magnetized tape
drawing actuator 61, and it is preferable that the tape
tension actuator 62 has a similar structure.
Fig. 20 shows an example of an actuator roller position
éensor. In Fig. 20, a rotary shaft 109 of the .actuator is
provided with a-mirror surféce portion 109a. The light from
a light emitting device 110 is reflected by the mirror
portion 109a and-received by a light receiving device 111.
The light emitting device 110 is preferably composed of
a combination of a laser oscillator and a collimator or the
like.
As is.obvious from Fig. 20, the rotational angle of the
rotary shaft of the actuator 61 is detected by the light
receiving device 111, thereby making it possible to know the
position of the roller 63.
The torque characteristic of the tape actuator having
'the above-described structure is almost flat 1rrespect1ve of

the displacement angle, as shown in Fig. 6. The (displace-

ment angle)/(voltage) frequency characteristic of a tape
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tension actuator is electrically estimted and a tension 2T e
device for electrically sinmulating the relation- ship between the voltage -

to be input to the tape tension actuator-and the displacement of the tape ="
tension actuator is provided. This relationship is expressed by (input
vol tage)/ (displacenent) transfer char%ﬁéeristic and the external

actuator is free from a mechanical resonance up to a high
frequency band, as shown in Fig. 21, so that the actuator
has a good controllability. |

In the present invention, tﬁe heéd actuafor 76 and the
tape drawing actuator 61 are controlled by a common control
system for correcting a tracking error. The coupling
frequency of the two-stage coupiing control (the frequency
at which the gains of the control loops of both actuators
become equal) is determined as follows. The fundamental

__frequency of a tracking error caused by a honlinearity error

due to the mechanical characteristic E durihg high-speed
superior reproduction which requires a wide djnamic'range is
mainly determined by the frequency of the driving pattern of
the tape drawing'actuator 61. Since the tape drawing
actuator 61 is driven by a frequency synchronous with the
rotational - frequency of the drum, e.g., a triangular signal
having a frequency of X Hz during high~speed superior
reproduction, as described above, the amplitu@e of a
low-frequency c;mponent of a tracking error of not more than
X Hz becomes large, so that this component must be mainly
corrected by the tape drawing actuator 61 having a wide
movable range. _ S | - ;

For this reason, the coupling frequency 1s set in the
vicinity of X Hz in this embodiment. In this embodiment, X

= 7.5. In other words, by selecting the common frequency in
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¥l .
t ensi on™di st urbance applied to the tape tension actuator can be estimated
therefrom Thus a second aspect of the present invention provides a
magnet it reproduci ng apparatus which is capable of controlling the tension
of a magnetic tape, said apparatus conprising: (a) a tape feeding nmeans for
feeding said magnetic tape at a predetg I ned speed to a rotary drum
accommodati ng a nagnetic head; (b) tape tension actuator provided on

the this. way, it is possible to assign a high-frequency compo-
nent of a tracking error mainly to the head actuator 76,
which has a high high—frequehcy followability and a
low-frequency component of a tracking error mainly to the
tapeldrawing actuator 61 which has a large low-frequency
torque and a high low-frequency followability.' In this way,
in a two-stage coupling control system, two actuators
simultaneously follow one controlling target and the
controllability for following the target is divided into two
parts depending upon the frequency band. Therefore, when
the phase dlfference of the actuator control systems is 180 .
deg at the coupling frequency, the total gain becomes - « dB
(antiresonance is caused). In this embodiment, the system
is stabilized by éhe structure in which the movement of the
tape drawing actuator 61 follows the movement of the head
actuator 76 and the amount of phase compensation at the
coupling freéuency is determined by pole-positioning.

In the control system shown in Fig. 14, since the DC
component or the low-frequency component of a tracking error
signal is corrected only'by the tape drawing actuator 61,
the amount of correction is sometimes restricted. Fig. 22
shows an example of a control system ip vhich the correction
of a low-frequency csmponent is assigned to the' tape drawing
actuator 61 and the capstan motor 59 or the reel motor 56.

In this control system, the position of the movable tape
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entrance ‘side of said rotary drum and including a novabl &t ensioff*rof I'ef
whi ch novably conmes into contact with said magnetic tape; : - :
(c) a ¥ension roller position detecting neans for detecting the positign::
of said tension roller; and (d) a tension control circuit for noving said
tension:-roller on the basis of a signal_supplied fromsaid tension roller
detecting neans so as to control the’?éﬁsion whi ch said tension roller

receives fromsaid n%gpqtic tape to be the reference tension, said tension
control @assixoller 63 is detected and the DC compohent of the

deviation of the detected position from thé'referehce

position (e.g., the ceﬁter:point 6? the mOvabieirg'éf"'
fed back to the capstan motor 59.or tﬁé'féél}ﬁﬁfbf”5€. “ﬁi.-
this structure, the two actuators 76, 61 of the two-stage
coupling system are constantly operated within the respec-
tive movable ranges.

Operation of DTF control

The principle of DTF control has been described above.
The operation thereof will now be described with reference
to'fhe block diagram shown in Fig. 23, which is obtained by
rewriting the DTF control system shown in Fig. 14.

Fig. 23 is a block diagram of DTF control in this
embodiment of the'present invention which is represented by
transfer functions. The symbol s represents a Laplace
operator. i

In Fig. 23, the reference numeral 120 represents a
transfer fdhction circuit as a means for separating a
tracking error signal into a low-frequency component and a
high-frequency component. The high-frequency component is
fed back to the DTF control system and a low-frequency
'compopent is fed back to the capstén motor.SS.QrAthe reel
motor 56. The reference numeral 86 is a transf;r function

circuit representing a compensation filter, which is a

primary low pass filter represented by the following equa-
tion:
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I ncl udi g“é tensi on control systemwhich electrically simulates an (input'J

vol t agegt(di spl acenent) transfer characteristic show ng the relationship
bet ween="the i nput voltage of said tape tension actuator and the
dlsplacenent of said tension roller, whereby the tension which said tension
roller geceives fromsaid magnetic tape is estimted by said tension
controlzsystem and the esti mat ed tensr@ﬂSrs so controlled as to agree with
t he reference tension. The estimted tension may be divided according to 35
t he frequency ?and a high-1requency conponent being

(s) =

1+T,8 "
The reference numer%l 121 is a transfer function represent—

ing the galn of an ampllfler for adjusting the servo gain
for DTF control. The head actuator 76 is represented by a
transfer function circuit representing the (input volt-
-age) / (displacement) transfer characteristic. The symbols
KHt, Rp, myr Cy and Ry are trapsfer function representiﬁg a
torque constant, coil resistance, mass of the movable
portion, v1sc031ty coeff1c1ent and elastlc modulus, respec-
tlvely.' The reference numeral 87 is a transfer functlon
circuit representing the filter electrically simulating the
frequency characteristic of the head actuator 76 and repre-
sents aﬁ equivalenf circuit of the actuator 76. The
reference numeral 88 is a transfer function circuit repre-
senting a compensator, which is a read

lag filter represented by the following equation;
1l + nszs

f2 (S) =

1 + TZS

The reference numeral 122 is a transfer function
representing a gain of an amplifier. The tape tension
.actuator 61 is represented by a transfer functiep'circuit
for the (input voltage)/(displacement angle) chhracteristic.
The symbols KHt, Ry, Jp and C, are transfer functions
representing a torque constant, coil resistance, inertia of

the rotary portion and viscosity coefficient of the rotary
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negatively fed back to a tape tension actuator while a | ow frequency
conponent is negatively fed back to.-said feed reel notor provided on said

magnetic tape feeding neans. Q her - 28 - features may be included as.
menti oned above in connection with thgﬁjlrst aspect of-the invention.
e

Therefore, if the high-frequency co

nt of the
. portion, respectively. The reference numeral 75 is a

nonlinear function of the rotational angle B which repre-
‘sents the relationship between the displacement angle of the
tape drawing actuator 61 and the amount of displacement
thereof in the direction of the width of the recording
track, shown in Fig. 10. If the tape drawing actuator 61 is
used in a narrow range in which the rotational angle is
resﬁricted, for example, in the vicinity of the point at
which the displacement angle of the dt and the amount of
displacement thereof in the width of the recording track are
Bo; £,(B) can be approximated to

df4 (8,) |

aB
A position sensor 66 is represented by a transfer function

= constant.

circuit for the gain of the sensor representing the (input
voltage) /(displacement angle) characteristic, The reference
numeral 124 is a transfer function circuit representing a.
compensation filter for stabilizing the position control
loop for eléctriqally fixing the position of the tape
drawing actuator.61. The compensation filter is a read 1lap

filter represented by the following equation:
1 + n4T4S

£4(s) =
1+ T4S

The reference numeral 125 is a transfer functionx}epresent-
ing the gain of an amplifier for determining the loop gain

of the position control loop.
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tension error signal is negatively fed back to the tape tension acttat or<seEs
and the | owfrequency conponent of the.tension error signal is negatively .
fed back to the feed reel notor so that the ‘esti mated tension agrees W theagze:
preset reference tension, tension co&i ol in a wide frequency band is R
enabled. In this way, according to t present invention, tracking control

in a wde frequency band and a w de dynam,c range with a high accuracy is

enabl ed i n t het dorariing mgnk s ianato @t nesh i%oFeRRAdUHdhead

act uat or : . .
‘ signal of the magnetic head by a pilot system is passed

through the low pass filter 120 in which the cut-off fre-
quency is several Hz, and thé low-frequency component is fed
back to the capstan motof 59 or the reel motor 56. Simulta-
neously, the phase of the tracking error signal is compen-

) sated by the compensator 86 composed of a primary delay
filter héving a low frequency in which the cut~off frequency
is several Hz and the tracking error ié amplified by the
amplifier 121. The amplified tracking error is supplied to
the drive amplifier (not shown) of the head actuator 76.56
as to drive the head actuétor 76. As a result, the magnetic
head 52 is moved and the first control loop is closed. The
output of the amplifier 121 is input to the head actuator
equivalent circuit 87, which is 5 filter electrically
simulating the (input voltage)/(displacement) characteristic
of the head actuator 76, a secondary delay filter in this
embodiment in which the cut-off frequency is the primary
resonance frequency of the head actuator 76. The output
signal is supplied to the compensator 88 so that the

two-stage control loop including the first control loop ig
stabilized. For example, this signal is supplied.to the
compensator 88 composed of the.filter represente& by the

following equation:
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having a | arge high-frequency band gain and the tape actuators havif
| arge | owfrequency band gain. By this division of the frequency band,
tracki ng control in a wde frequency band is realised even in a tap&" fo&ﬁnﬁ
‘having a narrow track pitch. AccordlngR the present invention, the tape
actuators can change the tape travelli éyspeed by the differential action
of the tape draw ng actuator and the tape tension actuator, and the change

in tension is- gu?p;essed by BQTQStape act uat or s.
S) =
2 .
_ 1+ T.8
wherein the transfer functions_T2 and n, are so determined

that all the poles of. the confr01 system shown in Fig. 24
are disposed in the region of the negative real axis (con-
vergent pole-positioning). The output of the compensator 88
is amplified by the amplifier 122 to a gain which enables
tﬁé output io couple with the first loop at X Hz and is
supplied to a drive amplifier (not shown) through an adder
123 of the position control loop of the tape drawing actua-
tor 61 and the -adder 89 for a signal for superlor reproduc-
tlon so as to drive the tape draw1ng actuator 61. As a
result, the magnetic tape 50 is moved in the direction of
travel through the mechanical characteristic E circuit 75
shown in Fig. 14 énd the second control loop islclosed SO as

to correct the tracking error.

In this embodiment, by the above-described two electri-
cally coupled two-stage coupling control loop, DTF control
in a wide f}equepcy band and a wide dynamic range with a
high accuracy is realized, .The open loop characteristic
thereof is shown in Fig. 25.

In the system shown in_Fig. 23, a part of the DC
component of a tracking error is corrected by the tépe 

- N

drawing actuator 61. Since the movable range for the tape

- drawing actuator 61.is limited, the remaining DC component
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“The change in tension caused by the electrical or nechanlcaf
characteristics of the actuator itself or an external disturbance when the

pair of tape actuators reciprocate is suppressed by feeding-back the signal -~

generated fromthe tension estinating device to the tape tension actuator
and the feed reel nmotor. By such sinultaneous control of DTF and tension, a
tracking error is elimnated and:a go@{kontact between the tape and the

head i s obtai ned, thereby enabling high- %gallty si gnal reproduction during
norna|_Sb%egeéeba@hu§@|§ge capstan motor 59 or the reel motor 56.

Naturally, the servo gain at this time is so constituted as
.to be highér'than that of the two-stage coﬁpling_control
system composed of only the tape drawing actuator 61.

According to this structure, since the two actuators
76, 61 of the two-stage coupling control system are almost
exempt from the correction of the DC component, they can
constantly operate in the movable range.

------- However, according to this system, since DTF control is
exerted by feed backing the low-frequency component of a
tracking error.to the tépe drawing actuétor 61 and moving
the magnetic tape 50 in the direction of travel, change in
tension is caused in principle. To prevent this, in this
embodiment, by appiying the driving voltage for the tape
drawing actuator 61 also to the tape tension actuator 62, as
shown in Fig. 14, the two tape actuators 61, 62 are differ-
entially operated in any mode (e.g., normal-speed reproduc-
tion mode'of-hig@-speed superior reproduction mode).

This differential action is aimed at_suppression of change
in tension caused by the tracking operation of the tape
drawing actuator 61. Howéver, only when the electrical and
mechanical characteristics of the two tape actuators 61, 62
are completely equal, the exact suppre551on is p0551ble.
Actually, even if an equal voltage is applied to the two

tape actuators 61, 62, it is generally impossible to operate
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[err] 29 Thus a third aspect of the invention proVFdes a magnetic

repr oduci ng apparatus which is. capabl e of DTF control forsgmabling a = . . ...z
magnetic head t'o follow the recordi ng-track of a magneti¢ tape; said '
apparatus conprising: (a) a rotary d%gi?acconnndatyng said nmagnetic head

the two tape actuators 61, 62 in completely the same.way due
to the nonuniformity of mechanical and electrical character-
“istics and a.chahge in tension is ineﬁiﬁable} In the
present invention, the chénge-in tension is corrected to the
optimum tension value in any mode by a tension control
system by a closed loop which will be aescribed in detail
hereinunder.

Operation of Tension Control System

The operation of a tension control system in this
embodiment will now be explained.

-In a conventional tension control, when the force 6f
the spring 22 is balanced with the tape tension, the amount
of displacement of the tension control arm 21 is regarded as
the tension, and the amount of displacement is fed back to
the reel motor 6 as the detected tension value, as shown in
Fig. 81. |

Strictly speaking, however, it is up to the spring
resonance frequency of the tension control arm 21 which is
supported by-the‘spring that the amount of displacement of
the tension control arm 21 supported by the spring is
proportional to the tape tension, and beyond the spring
resonance frequency, the phase of the change in the tension
applied to the tension control arm 21 is deviatea from the
phase of the change in the position of the tension control

arm 21. Actually, the phase is shifted by 90 degrees at the
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and a head actuator which can di spl ace said magnetic head in the direction
of the width of said recording track; (b) a feed reel notor for feeding.
said magnetic tape froma cassette at a predeterm ned speed; (c) a pair of
fixed tape pass rollers on the entrance side of said rotary drumfor

I ntroduci ng said nmagnetic tape supplled85& said feed reel notor to a
predeterm ned position on the entrance side of said rotary drum (d) a pair

of fixed sppinpasssordnas sfregudrecyexdnd by 80 degrees at a higher
frequency. As a countermeasure, in a conventional tension
control system, the controlled region is limited by the
phase shift of the cpring support system including the
tension control arm 21.' This means that the tension detect-
able by the tension control arm 21 is limited to the fre-
quency band of not higher than the spring resonance frequen-
cy of the spring support system including the tension
control arm 21. It will naturally be considered to lighten
the tension control arm or increase the spring constant in
order to heighten the.spring resonance frequehcy. However,
there is limitation in lightening the tension control arm,
and if the spring constant is increased, the tension control
arm 21 does not mcce much even if there is a change in
tension, thereby lowering the detection accuracy.

In this embodiment, the tension control arm is not -
mechanically supported by a spring but what is called
electrically supported by a spring by electrical position
control. In.addition to the electrical position control,
the frequency band in which the tension is detectable is
enlarged and, as a result, tension control with a high

| accuracy is also enabled. This method is shown in Fig. 26.
Fig. 26 is a block diagram of a tension control system
in this embodiment. In Fig. 26, the reference numeral 126

represents a circuit for an electrical characteristic of the
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side of said rotary drumfor introducing said nagnetic tape drawn fromsaid
rotary drumto a predeterm ned p05|thn (e) a take-up reel- notor for ,
taking up said magnetic -.tape supplied fromsaid fixed tape pass rollers
on the exit side at a predetern1ned (f) a tape tension actuator

whi ch includes a tension roller for §§§fy|ng a predeternmined tension to
sai d mMgheddXon aftuit it 163 GFepre SeHtd P AR | (gdritit@atidd | € passing between

said fixed tape pass rollers on the entrance side and applies a

predet ergnate ) LA WoBedge ) Beid kit idl  The reference

numeral 127 represents a c1rcu1t for a mechanical character- -
istic of the tension actuator 62 representing the (displace-
" ment angle)/ (supplied voltage) characteristic. The refer-
ence 128 represents a circuit for a tape mechanical charac-
teristic F which is determined by various characteristics
such as the length of the arm 70 of the tape tension actua-
tor 62, the geometrical positional relationship between the
tape tension roller 69 and the fixed tape pass rollers 73,
74, the (stress)/(straih) characteristic'of the magnetic
tape 50 in the longitudinal direction and the.sectional area
of the magnetic tape 50. The reference 129 represents a
circuit for é travel pach mechanical characteristic which is
determined by various characteristics such as the geomecri-
cal positional relationship between the tape tension roller
69 and the fixed tape pass rollers 73, 74, the balance of
the forces of the magnetic tape 50 and the tape tension
roller 69 acd the geometrical positional relationship
between the tape tension roller 69 and the rotary shaft of
-the driver 71 for the tension actuator 62.
The reference numeral 130 represents a position con-.
troller for electrically fixing the ténsion.actuﬁfo; 62 at
the reference position. The reference 131 reprcsents a

driver for driving the tape tension actuator 62. The
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accordance with the anount of displacement of said tension roller; (g5¥a
tension roller position sensor for detecting =~ - 30 - the dlsplacenent of it

said tension roller of said tape tension actuator; (h) a tape draw ng

PR

act uator whi ch includes a w 84

refe;gnce-numeral 132 represents a tension estimating device-
for'electrically estimating the tape tension from the
driving voltage or driving éurrént and the detected amount
of displacement_output from the positioﬁ sensor 72. The
reference numeral 133 and 134 repreéent compensators for
feed backing the differénce between the estimated tension
‘value output from the tension estimating device 132 and the
reference tension value, namely, amount of tension change
caused by'external disturbance to the tape tension actuator
62 and the feed reel motor 55 so as to stabilize the loop.

- A driver 135 drlves the feed reel motor 55.

The reference numeral 136 represents a c1rcu1t for a
tape mechanical characteristic G representing the tape
tension changing characteristic caused by a change in the
rotational angle. A subtracter 137 calculates the differ-
ence between the estimated tension value output from the
tegsion estimating device 132 and the réference tension
value. An adder 138 adds the position control signal from
the positioﬁ controller 130 to the tension control signal
from the compensator 133.

In Fig. 26, the total tension of the magnetic tape
travelling system is obtaingd by adding an gxternél ten;ion
disturbance (external disturbance caused by the dynamic
friction received by the tape from the shaft and the drum

and a change in the frictional coefficient of the tape and
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movabl e tape pass rolier for 1owering the tape travel speed.on said rotary

drum by stretching said magnetic tape whil e passing said fixed tape pass
rollers on the exit side and displace said novable tape pass roller; (i) a
nmovabl e .t ape pass roller position sensor for detecting the dlsplacenent of
sai d novabl e tape pass roller; (j) a 8&psion servo controller including an
external tension disturbance estlnatlng device,_ . sai_d tensiqn servo

control | 80 EXFETNadg distarbancecAsi sheslongl tadd nal éd-tr&?ttl@fn &f dheensi on

roll er position sensor and outputting
“tape) to the sum of the change in the tension value caused

by the change ip the rotational angle of the tape_tension
actuator 62 and the tension cﬁange caused by the change in
the rotational angle of the reel motor 55. On the basis of
the thus-obtained tension, the tape tension actuator 62 is
displaced. ..

The driver 71 for the tape tension actuator 62 has
already been described with reference to Fig. 17, but it
will be explained in more detail hereinunder. The magnetic
circuit is closed by. the yoke 106 and the permanent magnet
107 which is mggnetized in the direction perpendicular to
the rotating surface of the movable coil 108 and in which
the direction of magnetization is divided into two opposite
directions with respect to the rotary arcuate direction.
Therefore, a high magnetic flux density is obtained in the

-perpendicular direction to the rotating surface of the
movable coil 108. When a current is applied to the movable
coil 108, the movable coil 108 is rotated.by the force
caused at the portions indicated by the reference numerals.
108a, 108b in Fig. 18 according to the Fleming's left-hand
rule.. Furthermore, in order to measure the amount of-
displacement of the arm 70 or the tape tension rbiler 69, an
optical position sensor such as that shown in Fig. 20 is

provided, as described above.
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a tension control signal to said tape tension actuator; (k) a DTF

controller including a tape drawi ng actuator external disturbance h;;ﬁ
estimating device, said DTF controller inputting a target track position . .7
signal and the output of said novable tage pass roller position sensor and

outputting a tracking control signal t aid head actuator and said tape

Tt ORI A AR

sald_nnvaghewhggg EﬁésfﬁﬁhLﬁén 8 I%E@Q of tension change is a high
frequency and in a wide dynamic range. It goes without
saying that.in the case in which the fﬁndamental wave of
tension change is a comparatively low frequency and has a
small amplitude, it is possible to use an LED, which is
cheaper, as the light emitting device 110 and a separation
detector, which is cheaper, as the light receiving portion
111. It is also possible to detect the position by a
magnetic means, which is cheaper, as shown in Figs. 27 and
28. | . '
2 In Fig. 27, a Hall element 140 is provided on the arm
integrally with the exciting coil 108 and the Hall element
can electrically detect the rotational position of the
tension roller 63 in cooperation with the permanent magnet’
107..

In Fig. 28, a Hall element 141 is provided on the
exciting cqil 108 on the opposite side of the rotary shaft
109, and tﬁé permanent magnet 142 fixed for position detec-
tion and the Hall element 141 can electrically detect the
position of the tension roller 63 in cooperation with each
other. o
By the above~described structure, the tape‘%ension

actuator 62 is driven by an electromagnetic force and can

detect its owr amount of displacement.
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sensor; and (nm) a position control circuit for electrically fixing the
position of said tension roller on'the basis of the output of said tension
~roller position sensor. The gap betweenh said fixed tape pass rollers on the
--31- entrance side nay be set at a slﬁb?tlyilarger di mensi on that

,In this embodiment, since the tension estimating device
132 constitutes what is called a co-dimensional observer
(hereinundgr referred to as "tension estimating device") in
the modern control theory which'electrically'siﬁulates the
transfer characteristic Idriving.current/displécement) of
the tape tension actuator 62, it is possible to detect the
tape tension applied to the tape tension actuator 62 in a”
wider frequency bana in comparison with the conventional
mechanical tension detector such as that shown in Fig. 81.

The above-described principle will be explained in more
detail. "Fig. 29 shows the transfer functions of the tension
estimating device 132. | |

Fig. 29 is obtained by converting the block diagram of
the tension control system shown in Fig. 26 into the trans-
fer functions of the control theory. The symbol.s is a

Laplace operator.

The reference-nuﬁeral 126 represents a transfer func-
tion including the coil resistance R in the tape tension
actuator 62 and the force constant Kt of the eiectromagnetic
driving portion,.127 a transfer function including the
inertia J of the movable portion of the tape tension actua-
tor 62 and the viscosity function C, 128 a transfér function
indicéting the transfer charactefisﬁic of the:chahge'in.the
tape tension with respect to the change in the rotational

angle of the tape tension actuator 62, and 131 a transfer
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the outer dianeter of said tension roller, and the gap between said fixed
tape pass roll'ers on the exit side is set at a slightly larger dinension .
than the outer dianeter of said novable tape pass roller and the tape B
tenston actuator may include a tension armw th said tension roller fixed
at one end thereof and carrying one selected fromthe group consisting of
an exciting cqil and a per manent nagékB and the other of said group fixed

Censi on r SHREEIRY he:BRELE, 5oL FFane e pRRERCEREERE RECUbI AR Bhesi | and

tape tension imparts to the tape tension actuator 62.

The reference numeral 130a :epresentS-a phase lead
filter, which is a compensator for compensating a position
error signal which is a differehce between the position
signal output from the position sensor 72 of the position
control group for electrically fixing.the réference position
of the tape tension actuator 62 and the reference position
signal PN' and 130b represents the gain of an amplifier for
determining the loop gain of a position control feedback
lcop. The reference numeral 133a represents a high pass
filter, which is a part of the compensator 133 for feeding
back a comparative;y high frequency component in the con-
trolled region in the tension control system to the tape
tension actuator 62, and 133b represents the gain of an
amplifier for determining the loop gain of a feedback loop
with respect to the tape tension actuator 62. The reference
numeral 134a represents a low pass filter, which is a part
of the compensaéor 133 for feeding back a comparatively
low-frequency component in the controlled region of the
tension control system to the feed reel motor 55, and 134b
is fhe'gain of an amplifier for determining the;}oop gain of
the feedback loop with respect to the feel motor 55. The
reference numeral 55a represents a transfer function includ-

ing the coil resistance R; and the torque constant K;,, and
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said tape drawing actuator may include a roller armwth said novable tape =

pass roller fixed at one end thereof and carrying one selected fromthe
group consisting of an exciting coil and a permanent nagnet and the ot her
of said group fixed on the actuator base, and determ nes the displacenent
position of said novable tape pass rolﬁkg by the exciting current supplied

to said exciting coil. The DTF control signal of said DTF controller may be
suppl i ed B8bs&@ dreasfesn fvackdopodncdnidngatbeszpyatipaaleddestiacdyat or
corrects the tension of said nmagnetic tape

of the reel motor 55. The reference numeral 136 is a

tréﬁsfe: function répresenting the'(tape'ténéion)/(angle)

characteristic which indicates the influence of the change

_in the angle of the reel motor‘55 on the tape tension.

The reference numeral 150 is a transfer functioh
circuit electrically simulating the transfer functioﬁmlzs,
and 151 and 152 are transfer function circuits electrically
simulating the transfer function 127 by the eguivalent
conversion of the control theory. The reference numeral 153
and 154 are the feedbéék gains of the observér:(tensidn
control system) which are fed back so as to converge the
differences between the output of the position sensor 72 and
the respective oufbuts of the transfer function circuits
150, 151 and 152 on zerxro in order.that the dynamic charac-
teristics of the transfer function circuits 150, 151 and 152
which electrically simulate the characteristic of the tape
tension actuator 62 agree with the characteristic of the
actual tapeltenéion actuator 62. The reference numeral 155
is a transfer function represented by the inverse character-
istic of the transfer function 131.

In Fig. 29, when a driving voltage to be input to the
tapé tension actuator 62 is input to the circuii‘ISO which

. electrically simulates the coil resistance R and the force

constant K1, the output b' of the tension estimating device
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in corréspdndence Withna:Change'in the tape travelling speed caused by the ™

DTF control. The tension servo controller may include an external tension

di sturbance estimting device which electrically sinulates the relationship™ =%

bet ween the input voltage of said tape si on actuator and the anount of
‘di spl acenent thereof, said external teneitbn di sturbance -

132 becomes the estimated value of the actual driving force
b of the tension céntrdl system. The transfer functions of
the circuits 151 and 152 are Qollectively.representéd

by the foliowing equitioh: | |

1
¢ — o — ees (1)

J's s J's?
Since the transfer function circuits 151 and 152 simulate
the transfer funcfion of the mechanical characteristic of
the tape tension actuator 62, when the output b' of the
transfer function circuit 150 is input, the output d' of the
transfer function circuit 152 ought to be the estimated
value of the rotational angle d of the tape tension actuator
mechanical characteristié circuit 127. Howe#er, the trans-
fer function circuits 151 and 152 are provided with integra-
tors therewithin, and even if the transfer functions are the
same as the characteristic output from the circuit 127 in
the tape tension actuator 62 with respect to the frequency
characteristics, the dynamic characteristics thereof are not
equal thereto due to a difference in the initial values of
the integr;tors. Therefore, the difference e between the
actual amount of diéplacement d" detected by the pqsition
sensor 72 and the estimated value 4d' of the tension estimat-
ing device 132 is fed back at gains Fl and FZ’ whereby the
dynamic characteristics as well as the frequency character-

istics agree with those of the actual tape tension actuator

62.
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32 estimating device including an (input voltage)/(di splacenent) transfer
characteristic circuit. The DTF controller may include an external tension

di sturbance estimating device which electrically sinulates the relationshifp™#*.
bet ween the input voltage of said tape drawi ng actuator and the anount of

di spl acenent thereof, said external teggyon disturbance estimating device

i ncl uding an (i nput voltage)/ (di $pl ace t) transfer characteristic

circuit. The above-described structure is well known as the

structure of a co-dimensional observer in the modern éontrol
theory. It is in order to freely determine the convergence
of the observer that the signa1s are fed back in the two
loops at the gains of F, and F, to the input terminals of
the transfer function circuits 151, 152 which

— - 1 : .
include the integrator (—— in a Laplace conversion) in the
model of the tape tensionsactuator 62. A co-dimensional
observer to which the driving vbltage and the displacement
-of an object of control are input is generally used to -

estimate the internal speed thereof. If the feedback gains

Fi, F, of the co-dimensional observer are adequately larger
than the pole 156 of the observer in Fig. 30 (the negative
real number is large), in other words, if the values of Fiy

F, are large (high gains), in the state in which the dynamic

2
characteristic and the static characteristic of the object

of control agree with each other, it is possible to estimate
the tensio;. At this time, since the dynamic characteristic
agrees with the static characteristic, the following rela-
tionship holds:

a' = d _ _ eee (2) |

Fig. 30 showslthe pole-positionihg of this.control
system. The reference numeral 156 represents the pole of

the tape tension éctuator 62, 158 the pole of the position
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The DTF control ler may include an external tension disturbance estimating
device which electrically sinulates the relationship between the input
- voltage of said head actuator and the anount of displacenent thereof, said

external tension disturbance.estimating device including an (i nput
vol tage)/ (di spl acenent) transfer charéggeristic circuit. The DTF controller

nodd act ua BT ana ORabRER POt TAERORES ol ROt CovRLeh P L1 59 SRTBR Sl gnal 1o
of the feedback loop to the reel motor 55 of this control
system, 160 the pole of the feedback loop to the tape
tensién actuator 62 of this control syétem; and 157 the pble
of the tension estimating 6bserver. The abscissa represents
a real number axis and the ordinate aﬁ imaginary number

axis.

Since the transfer function circuit 150 do not include

ag integrator, the driving force b' is represented as
follows:
. b'=b o e 3
Since the dynamic characteristic of the object of control
agrees with that of the model in the observer, the'speed and
the acceleration as well as the displacement agrees with
those of the model. Therefore, the force c¢' applied to the
arm of the tape tension actuator 62, which is equivalent to
M times of the acceleration is represented as follows:

¢! =c e (4)

Since the .sum of the driving force b and the torque a

" is the torque c in the original tape tension actuator 62, as

in the following equation; |

b+a=c¢c . ese (5) .
the following relationship hoids.from the formblas 2 to 5:

b + a =c¢' ees (6) ‘

b' - ¢' = a
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said tape drawi ng actuator. The tension servo controller nmay supply the
hi gh- frequency conponent of said tension control signal to said tape s ey
t ensi on actuator and the | ow frequency conponent of said tension control o
signal to said feed reel notor. The tension servo controller and said DIF
controller may include digital high-spe§p3conputers for executing tension

conput ation and DTF conputation
: that’ is,

a' = a vee (7)

This means that a' in the signal path in the observer
represeﬂts the.torque caused by the tehsion, and that it is
pbssible to detect the torque caused by the tension by
taking out a'.

The relationship beﬁween the tape tension and the
torque which the tape tension applies to the mechanical part
of the tension actuator is shown in Figs. 31 and 32.

Fig. 31 schematically shows the balance of the'forces
of the tape tension roller_69.ana fhe magnétic tape 50. In
Fig. 31, the symboi KI represents a modulus of longitudinal
elasticity and C1 the viscosity coefficient of the magnetic
tape 50. Ty représents a tension value and T, an external

tension disturbance value.

Fig. 32 shows the mechanical relationship between the
positions of the movable tape tension roller 69 and the
fixed tape pass rollers 73, 74 and the length of the arm 70.

From the statical point of view, the force which the
tape tension roller 69 receives from the tape 50 is repre-
sented by 2 (T, + T;). However, since_thé actual magnetic
tape 50 is not a rigid body and is considered as a
viscoelastic body, it is necessary -that the'taéé tension

value also changes with time and position as parameters.

One of the characteristics of this embodiment is that the
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33 EaCh:of'saia tapé fén;fgﬁ actuator and said tapé.dramdag éctuafor-hﬁy.T'
i nclude: (a) a yoke holder fixed on a VIR deck base and conposed of a e
mat erial having a high perneability; (b) a pernanent nagnet fixed on said o
yoke hol der; (c) a support shaft-inpl ed in said deck base or said yoke
~hol der; (d) an armwhich is rotétablyingported by said '

1eng£h of the tape between the rotary-magnetic head 52 which

is used for tension control and the tension roller 69 which

is the point'of application for the_aétual confrol is

shortened so as to avoid the influencé of the dynémic

characteristic in.the longitudinél direction of the tape as

much as possible. Actually, the magnetic tape 50 is #qund

around the tension roller 69 at a contact angle of not 180°,

as shown in Fig. 31, but less than 180°, as shown in

Fig. 32, If the contact angle is represented by 180° - 291

(61 is a positive angle), the force applied to the tension

roller 69.isifepresented by 2coéel'(Tﬁ + TG). As shown in

Fig. 32, the tension roller 69 is connected to the rotary

shaft of the actuator driving portion 71 through the arm 70

having a length f; the torque applied to the tension roller

69 by the tape tension is represented by the following

equation:

a = f8 (TN + TG)
fg = 2rcosf, «eo (8)
Therefore, the felationship between the tape tension value
aa (= Ty TG) containing the external tension disturbance

and the torque a which the tape tension applies to the

actuator 62 shown in Fig. 29 is represented by the following

‘\

equation:

a = 2rcosb,aa ' eees (9)
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support shaft and carries at the end thereof a tension roller or a novable
tape pass roller- which conmes into contact with said nagnetic tape; (e) an:
exciting coil which is fixed on said armin such a manner as to be rockabl-
in the state of facing said permanent net; and (f) a yoke disposed in
cl ose contact with said yoke hol'der an n proximty to said exciting coil
Sai d tension roller or said novabl e tape pass roller nay be .supported by
said arm iR &ie, othamhand,s the wstimated tape tension value a’a' is

‘obtained from the estimated tape tension torque a' by
multiplying a‘ by the reciprocal of f8, as represented by
the following equation:
a’' a'
aa' = — = —— .o (10}
f8 2rcosBl
In this way, it is possible to obtain the tension by
estimation. Additionally, when the observer is matched with
the model, the tension estimating capacity of the tension
estimating device 132 depends upon the two feedback
gains Fl' F2, and represented by the following equation;

F 1 , .
aa' = aa ees (11)

s + F.35 + F
F; mainly determine§ the frequency which allows the estima-

tion and F2 mainly determines the stability of the observer
loop.

Fig. 33 shows the tension estimat;ng capacity of the
tension estimating device 132 in this embodiment. 1In this
case, the external disturbance estimating capacity is about
1 KHz.

The estimated tehsion aa' is compared with the refer-
ence tension Ty, which is the.optimum value of the tension,
and the tension error, namely, the external tensibn distur-
bance.ﬁaiﬁe TG is detected. Only. the high-fréquéncy compo-
nent of the external tension disturbance value'TG is taken

out by the high pass filter 133a and fed back to the tape

AR
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adj ustabl e in height.- Cne of said armand said yoke nay'be pr?ifﬁ%d WEH
light emtting device and the other thereof is provided witha l'i ght
receiving device, said light enmtting device and said |ight receiving
device constituting said tension rolle osition sensor or said novable
tape pass roller position sensor. Said ght recei ving device may be

phot ool ectPrEiPRyGLREESE P2 a kiR oo RRteE CRERLELGN G £ ghic

includes phase compensation and amplification. Simultane-
ously, the low-frequency component thereof is taken out by
the low paés'filter 134a and-fed back to the feed reel motor
55 at a gain of Gc. The reason why.the frequency band is
divided as described above is because the tape tension

~ actuator 62, which has a small mechanical time constant, is
genérally suitable for the control in a high-frequency band
but since the movable range is limited, it is impossible to
control a change in the tension which has a controlled
valuable approximate_fo that for a direct current. -In the
pole-positioning of the transfer functions fg and f6 shown
in Fig. 30, for example, the points which are closer to the
original point than to the pole 157 of the observer (for
example, about 1/10 of the pole 157 by the real number) are
selected for the pole 160 of the tension control loop to the
tape tension actuator 62 and the pole 159 of the tension
control 1opp to the feed reel motor 55.

Fig. ;4 shows the transient bghavior of the estimated

external disturbance at this time. The actual tension value

Tr agrees with the estimated tension value Tp aft?r a

constant time. _
In Fig. 34, the transienﬁ characteristic df the esti-

. mated tension value T of the tension estimating device 132

and the actual tape tension change Tp from the start of
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34 Ilght en1tt|ng devi ce and said | i ght rece|V|ng deV|ce;$ 

magneti zati on of said permanent nmagnet may be different fromthe dlrectlon _—

of magnetization of said exciting coil between the respective opposing
sides. A Hall elenent may be provided on 5-?her of sai d armand sai d yoke
or said yoke holder and a per manent nmagne

‘operation is shown. The abscissa represefits a time and the

ordinate a tension force.

| Figs. 35(a) and,35(b) show the.épen loop characteristic

Qf the tension control system of this embodiment. In |

Fig. 35(a), thé ordinate represents a-gain and the abscissa

a frequency. In Fig. 35(b), the ordinate represents a phase

and the abscissa a frequency.

In the above, the principle and the operation of the
tension control system in this embodiment have been ex-
plained. |

| Wﬁén the tension is controlled by the aboﬁe—dgscribed
method of estimating the external tension disturbance, the
estimated tension is exactly detected up to a much higher
frequency than thét substituted by the amount of displace-
ment of the tension control arm like in a conventional
tension contrdl mechanism, thereby realizing tension control.
in a very wide frequency band.

"Since. loops are complicatedly intertwined in such
tension control\unlike in a simple feedback loop having one
input and one output, a large amount-of operation is re-
quired. Although the integrator, amplifier, adder, sub-
tracter or the'iike can naturally bé-constituteq by an
analog circﬁit by using an operation amplifierfbr the like
which produces féw offsets and drifts, since such an ampli-

fier is expensive and the circuit becomes a large scale, it

eet Has Been R laced

HII\I\\ \III\\ \l\l II!



is provided 6n the other in such a manner as to face each other, and the
position of said tension roller or said jgtovabl e tape pass roller is:

det ect ed by magnetoel ectrical conversion.. © ~ Said support shaft may be
provided with a mirror, a |light enittingBkaice for .radiating | aser beans
to said mrror and a one-di nensional |ight receiving device for receiving
the |ight isfdesirable oo silgh talXproperate thy deiRidrddmposét | 9P Ofesaid
tension roller or said movabl e tape pass roller by photoelectrical

conver si orlike.

Fig. 36 shows the structure of the hardwares in
the control 5ystem shown in Fig. 29 which is cbﬁstituted by
a microcomputer. It is possible tb realize the control
system havihg a very few hardwares, as shown in Fig. 36.

In Fig. 36, the reference numeral 161 represents a
sensor amplifier, 162 an analog/digital converter for
converting an analog signal supplied from the sensor ampli-
fier 161 into a digital signal and 163 is a high-speed-

- operation circuit for digitally executing the estimation of
a tension and compensafion thereof by a micfocomputér or the’
like on the basis of the transfer functions shown in
Fig. 29. The reference numeral 164 represents a cur-
rent/voltage converter for taking out the driving current
for the tension control mgchanism in the form of a voltage
and 165 an analog/digital converter for converting the
analog output of the current/voltage converter 164 into a
digital sianal.\ The reference numerals 166, 167 represent
digital/analog converters for converting the result output
from the high-speed operation circﬁit 163 into an analog
output. Fig. 37 shows an example of a flowcharttshowing the
algorithm of the estimated tension ﬁhiéh is computed by a
digital operation by the high-speed operation circuit 163 in

the structure shown in Fig. 36. ‘The integration factor I
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Said light emitting device may be provided with a-lighﬁﬁihfe ding plate for
shielding said light receiving device fromthe outside light: The.pagnetic...
reproduti'ng apparatus may further conprisé: slant pins which are provided '
on the entrance side and the exit side, respectively, of said rotary drum
a tape Ioader on the entrance side of sd&ﬁrcnary drum provided in such a

manner o be.sl| .dabl al,on e. gropove provided on said VIR deck
base for pbggpnép % . %7 gealg g bg ge s%ructure of the block

diagram of Fig. 38.

A§ described above, according to this'embodiment;'singe
the tape tensidn actuatbr 62 suppfesses a tension change in
the high-frequency band and the féed reel motor 55 suppress-
es a tension change in the low-frequency band, the tension
control accuracy is enhanced and a tension control system
capable of tension control with a high accuracy in a wide
frequency band and a wide dynamic range is realized.

In this way, according to the present invention, since
the control_raﬁges"and the dynamic ranges of a DTF control
sysfem énd a.tension control system are enlarged by using
DTF control and tension control utilizing an external
disturbance observer, good reproduction is poséible not only
in a normal-speed reproduction mode but also in a high-speed
superior reproduction mode,

Although the tape tension actuator 62 is disposed on
the top side (on the side of the rotary drum) of the VTR
.deck in thié embodiment, it may be provided on the back
surface of the VIR deck with consideration of the limitation
of the size of the VTR deck, as shown in Fig. 39. A similar

. effect is produced by a compact structure in which the
magnetic circuit of the actuator is accommodatea in the VTR
deck.

Operation in High-speed Superior Reproduction
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unl oadi ng éa'd magneti ¢ tape and carrying said slant pln‘and said fixed ~

tape pass rollers on the entrance side; and - 35 a‘t.ape | oader+onthe eklt‘“

side of said rotary drum provided in such a’imanner as to be slidable al ong
a guide groove provided on said VIR deck base for |oading/unl oading sald
magneti c tape and carrying said sl ant thOdhd said fixed

The operation of the apparatus at the time of
high-speed superior reproduction in which the Speed of the
magnetic tape 50 cannot be corrected by the head actuator 76
will now be expiained as the main part 6f the present
invention. |

When a conventional apparatus is operated at a high
speed at which the speed of the magnetic tape 50 cannot be
corrected by the head actuator 76, a screen has noise bars
or becomes a mosaic screen. In the present invention, by
operating the tape drawing actuator 61 and the tape tension
. actuator 62 in accordénce with‘the'above—deSCribéd princi- -
ple, the speed of the magnetic tapé 50 on the rotary drum 51
is intermittently lowered to the speed at which the head
actuator 76 can correct the speed of the magnetic tape 50,
for example, the normal reproduction speed. In the period
in vwhich the speed of the magnetic tape 50 is correctable by
the head actuator 76, namely, the reproduction-possible
period T'\explained in the above principle, the correction
of a tracging error is enabled by the above-described
two-stage coupling DTF control system in accordance with the
present invention even in the worst case in which, for
example, the speed changes by the mechanical characteristic
shown in Fig. 10 and the tracking error patterﬁkexceeds the
~range in which the head actuator 75 can correct a tracking

error. The reproduction-possible period T' is a period in
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tape pass rollers on the exit side. One of each pair of said fixed tape
pass rollers on the entrance side and on the exit side may :be:ia flange for:
positioning the upper end of said nagnetlc tape and the ot her .of each pair
has a flange for positioning the |lo nd of said nagnetic tape. Either of
said both tape actuators and said b\gfﬁfape | oaders may be di sposed on the

under si de of 'said VIR deck base and the other is then di sposed on the upper
side of saVi@i¢hrrafedtgast one picture is reproducible, namely, at least

m,/f (mo is an integer of at least 2) sec, as described
above. A superior_reprodﬁction signal génefator (not shown)
outputs a sigﬁal for superior reproduction for driving the
tape actuators 61, 62. 1In this embodiment, a driving
voltage pattern for digitally operating the tape actuators
61, 62 is output so as to produce the speed pattern shown in
Fig. 7 by inputting the tape speed information from the
capstan portion such as a capstan FG signal and a drum PG
signal on the basis of the explained principle. The hard-
ware structure of the superior repfoduction signai generator
can be realized by simple digital circﬁits, but explanation
thereof will be omitted here.

In a period other than the reproduction-possible period
T', since no reproduced picture can be obtained, a good
picture reproduced in the reproduction-possible period is
stored in each cycle period, and during the period other
than the reproduction-possible period T', the stored pic-
tures may be output. By this operation, a good reproduced
picture free from noise, which is impossible in a conven-
tional servo system, is continuously obtained, although it
is composed of a series of successive stop-frames.
As described above, the tape tension actuator é; is con-
stantly operated by a tape tension servo in a wider range

than by a conventional mechanical system. It goes without
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The movable rollers of said both tape actuators nay-pTOjéét nto_the-upper -~
side of said VIR deck base therethrough and guide grooves. along hi ch said . -
nmovabl e roll ers nove are provided in such a manner as to be continuous with -

sai d gui de grooves for said tape | oader her features nentioned in
accordance wth the first and second asgég may al so be used. A fourth

aspect of LBeipLEeERAL | gs r pagat us
which is caprIg gﬁ %i spegggﬁg§se+€sssﬁeg$o %%géfg 8§EB£EQP%8 ?%pe
travel l'inggaeeg@tifum tension in any state. Thus, this embodiment of
a magnetic recording and reproducing apparatus can produce a

good reproduced picture in a wide tape speed range from a

low speed to a high speed.

Second Embodiment

A second embodiment of the present invention will be
explained.

Fig. 40 is a block diagram of a DTF control system in a
second embodiment qf_the'present invention. This~embodiment
is different from the firsf embodiment in that an element
which is the same as the tension estimating device 132 used
in the first émbodiment for the detection of a tension and
constituted by an external disturbance observer in the
modern control theory is provided in the tape drawing
actuator 61 as a tape drawing actuator external disturbance
estimating device 170. Since the principle and the struc-
ture of th; extgrnal disturbance estimating device 170 are
completely the same as those of the tension estimating
device 132 in the first embodiment, as shown in Fig. 41,

.explanation thereof will be omitted.

The estimated external torque disturbance ‘which is the
output of the tape drawing actuator external disturbance

estimating device 170 and is applied to the actuator driver
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|ntern1ttently Iomered durlng t he hi gh-speed travel of a:hagnetlcﬁtape fof
reproducing signals when said tape travel ling speed is | owered, said
apparatus conprising: (a) a rotary head. acconmpdati ng a nmagnetic head
36 and a head actuator; (b) a feed reel notor for feeding said magnetic

Rl

103
65 is positively fed back after it is multiplied by — ~
. Kl
which is the inverted characteristic of the tape draw1n$

. Kt

actuator electrical characteristic 4e—23— by a circuit 171
Rl

so as to cancel the external torque dlsgurbance. The

external disturbance suppressing characterlstlc at that time

is shown in Figqg. 42. -
B When an external disturbance suppression loop is newly
provided in the tape drawing actuator 61 in this way so as
to cancel the external disturbance, the position of the tape
d:awing actuator 61 is fixed as if there were no external
disturbance with respect to an'external diéturbance'in the
suppression controlled region of the external disturbance
suppression loop (within about 1 KHz in the example shown in
Fig. 42) which ié caused by, for example, the vibration of a
VTR deck mounted on an automobile. The tape drawing actua-
tor 61 is more susceptible to an external disturbance than
the head actuator 76 because the mass of the movable portion
of the tape drawing actuator 61 is large, and the tape
drawing actuator 61 is a cantilever arm system which is not

supported by a spring.  This suppression loop is therefore
very effective.

In a control system having the above-descEibed struc-
fure,.since the tépe tension.actuator 61 does hot vibrate

even due to a sudden external disturbance such as the
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) fw“ééssétte at a predeterm ned speed; (c) a'pair of fixed tape
d@r:s on the entrance side of said rotary drumfor introducing said

magneti c. tape supplied by said feed reel notor to -a predetermned position..

on the entrance side of said rotary d (d) a pair of fixed tape pass
rollers on the exit side of said rota um for introducing said magnetic
t ape drawnyibratieni df rbtharYTRrdeck p copstaint cstablesl DTBi¢owtrolels a
take-up reel notor for taking up said
enabled.
As described aboﬁe, écco;ding to this embodiment, a
tracking error correction means is newly provided as a
movable roller in a tape travel path outside of the drum,
DTF control is carried out in a two-stage coupling system in.
a wide frequency band and a wide dynamic range with a high
accuracy. In addition, the tension is detected by an
external disturbance observer so as to constitute-a tension
control system capable of tension control in a wide frequen-
cy band and a wide dynamic range with a high accuracy.
Accordingly, this embodiment enables good reproduction not

only in normal-speed reproduction but also in reproduction

at a speed selected from a wide range.

Third Embodiment

In the above embodiments, the tape drawing actuator and
the tape tension actuator help the DTF control of the
magnetic head qu carry out high-speed noiseless reproduc-
tion. 1In the pfésent invention, the optimum tension control
is enabled by using only the tape tension actuator. A third

.émbodiment which enables suitable tape tension contro} only
Sy the tape tension actuator will be exﬁlained\he;einunde:.
The structure of the tape tension actuator in the third

embodiment is the same as those of the first and seconﬁ
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magneti c tape supplled fromsaid fixed tape pass rol'ers on.the exit side
at a predeternined speed; (f) a capstan motor for controlling said nagnetle
tape on the take-up side at a constant spéed; (g) a tape tension actuator -

whi ch includes a tension roller for aAé ng a predeternined tension to
sai d magnetic tape by stretching said gietlc tape whi |l e passi ng between

sai d fixeGiAREmans r0|11e%{s§_é§}{" é&ectr%&t 'y P?lﬁsg')l m%%efmaq Heidgrount

predeterm ned tension to sal'd nagne

of di spl achiRpendy G hﬁ@ﬂ'@thgh accuracy by a feedback system

which presumes the relatlonshlp between an 1nput voltage and
' dlsplacement in the same way as in the first and second
embodiments.

Structure of Tape Tension Actuator

Fig. 43 shows a structure of a tape tension actuator
similar to that of the tape tension actuators 62 in the
first and second embodiments, respectively.

In Fig. 43, a tape 201 fed from a feed reel 200 is

. introduced to a rotarderum.Zoé through fixed pass rollers:
202 and 203. |

A tape tension actuator 205 includes a rocking arm 206
and a tension roller 207 provided at one end thereof is
moved in the direction indicated by the arrow and adjusts
the tension of the tape which comes into contact therewith,
as desired.

The rotary shaft of the rocking arm 206 is represented
by the reference numeral 208, and a permanent magnet 210 is
fixed at the other end the rocking arm 206. Around the
permanent magnet 210, an exciting coil 210 is fixed and, as
a result, by supplying a predetermined exciting eurrent to
the exciting coil 210, the permanent magnet 20§~is mdved to

a predetermined position, as desired.
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roller; 'a ten5|on roller p05|t|on sensor for defectlng the
dlsplacgﬂent of said tension roller of said tape tension actuator; (i) a
tape drawng actuator which includes a nmovabl e tape pass roller for

| owering the tape travel speed 37 106

- In Fig. 43, the exciting ¢oil 210 is fixed on a yoke
211. The yoke 211 has a magnetic shielding effect for
preventing the leaiage of a magnetic flux to the outside.
The rocking arm 206‘is rockably éuppoxted by a.gimbal sbring
212 or the like. |

Although Fig. 43 schematically shows the structure of
the tension actuator 205, the concrete structure of thereof
can be the same as that shown in Figs. 15 and 16..

Fig. 44 shows a modification of this eﬁbodiment. In
this modification, a tension arm 212 is directly connected
to the pgrménent magnet ?09, and the tension arm 212 and the
‘tension rollef 207 linearly move, as shown in Fig. 44.

In this embodiment, the position of the tension roller
207 is constantly detected and compared with the reference
value or a estimated external disturbance value for a
predetermined tension control. Fig. 45 shows a position
sensor of the tape tension actuator 205 shown in Fig. 43.

A position sensor 214 includes a light emitting device
such as a iaser\diode or an LED and a separation light

- receiving device 216 such as a photodiode.

The rocking arm 206 is provided with-a reflgcting
mirror 217 for reflecting the light from the light emitting
device 215, and the reflected light enters the*light receiv-

ing device 216 after it is converted into parallel rays by a

lens 218.
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on said rotary drum by stretching said magnetic tape whil e passing said-
fixed tape pass rolleers on the exit side and displaces. sahﬂﬁggvabie t ape::.
pass roller; (j) a novable tape pass roller p05|t|on sensor. Tor % detectlng

. the dlsplacenent of said novabl e tapeé$§ roller; (k) a tension servo
system i ncl uding an external tension tur bance estinating device, said

tension servo Setreficrejutitiengroundr ¢ft lighti entwxdiy trd ByHwt put of
said tension roller position sensor and outputting a tension control- signal
to said t&mmdxmﬁngﬂﬁenﬂdﬁﬂzmﬁ or the p031t10n at which light enters

the light rece1v1ng device 216 is changed by the rocking

motion of the rocking arm 206, whereby the position of the

tension roller 207 is elect#icaily detected.

Fig. 46 is another example of the position sensor 214.
The position sensor 214 includes a light emitting device
219, a collimator lens 220 and a light receiving device 221,
and each of these eléments is supported in a fixed state by
a holder 222,

The rocking arm 206 is provided with 5-1ight shielding
portion 207a and the interruption by the light shieiding
portion 207a between the light emitting device 219 and the
light receiving device 221 enables electrical position
detection,

Positional detection is also possible by a magnetic
sensor. Fig. 47 shows an example of such a magnetic sensor.

In Fig. 47, a permanent magnet 223 is fixed to the
rocking agm 206, and two Hall elements 224 and 225 are fixed
in the vicinity of the permanent magnet 223. By comparing
the outputs of both elements 224, 225 by a diffe;ential
amplifier 226, it is possible to obtain a desired position

[ Y

signal.

Such a magnetic sensor is incorporated into the tape

tension actuator 205, as shown in Fig. 48.
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(1) a high-speed reproduction controller for inputting the rotary drum-F
signal and the FG signal generated from sai d capstan. igtot =or=¥aid take- up
reel nmotor and supplying a high-speed reproduction driving signal to said
tape drawi ng actuator; (m a position control circuit for electrically
fixing the position of a novable tape pi{}Sroller on the basis of the

out put of said ¥alkeuk S ef .. pasiti ns@r; (n) a_pesition

control circuit for elgcﬁggcgpPySEBLL inPF2y.' 48 35"ehe sgmé &sPeRat
shown_in Fig. 44 and the permanent magnet is fixed to a part
of the tension roller 207 which is fixed to the tension arm

213.

Tension Control System

An example of a tension control system using the tape
tension actuator 205 and the position sensor 214 is shown in
Fig. 49. This control system resembles that in the first
embodiment shown in Fig. 26.

This control system is characterized in that the
extgrnal tension disturbance is electiicallylestimated by an
external tension disturbance estimating device 230 from the
input voltage of the tape tension actuator 205 and the
displacement of the tension roller detected by the position
sensor 214.

This control system is further characterized in that
the tension error obtained by comparing the estimated value
with the ;eference value is divided into a high-frequency
component-énd a low-frequency component, the former being
supplied to the tape tension actuator 205 and the latter to
the feed reel motor 233. |

The high-frequency component of the tension error is
sﬁpplied from a compensator and a driver 231 t?kthe tape

tension actuator 205, and the low-frequency component
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fixing t he position of said tension roller on the basis of the out put of

said tension roller position sensor; and (o) a DTF controlB&EESRel uding a-

t ape actuator external disturbance estimating device, said DTF controller
inputting a target track position siggﬁ nd the output of said novable
tape pass roller position sensor and tting a tracking control signal

to said heatbrsdtiad sl &P £rdndRE compensator and a driver 232 to
the feed reel motor 233.

When the tape tension actuatqr 205 and the reel motor
233 correct the-errors,.these chﬁnges in tgnsibn are re- |
placed by characteristic circuits 234 and 235 and fed back
to the tape tension actuator 205.

In Fig. 49, the tension ch;nge caused by the displace-
ment of the tape tension actuator 205 and the tension change
caused by the displacement of the reel motér 233 are first
added. To the sum is then added an external disturbance
such as an external'disturb;nce produced bylthe friction
between the shaft énd the drum which is receiﬁed’by'the tape
and a change in the frictional coefficient of the tape, and
the total sum is -fed back to the tape tension actuator 205.
That is, this totﬁl sum represents the total tension of the
magnetic tape travelling system. In this way, with due
consideration of all elements of a tension error, this
control system enables tension correction in a wide frequen-
cy band with a high accuracy.

Fig. SO-is obtained by converting the block diagram of
the tension control system shown in Fig. 49 into.the trans-
fer functions of the control theory. The symbol s is a
Laplace-operétor; LR

The reference numeral 236 represents a transfer func-

tion including the coil resistance R in the tape tension
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38 whefein said tension control signal and said high-
driving signal are differentially supplied to said- tapa_;ggs|gﬂ;

‘speed reproducti on:
: ;Jab@t or.

and said tape drawi ng actuator, respectively, thereby r'éci procati ng said j
tension roller and 5 said novabl e tape pass roller. Said tape draw ng

act uat or

rot ati onal

t wo- st age

———. e e e s

may reciprocate synchronously'jﬁ[ 1/m(mis an integer) of the

JESHIO%0Y S Ll AL R TP GO0 Ty, el ude

netic driver, 237 a transfer function 1ncluding the spring

constant k of the tape tension actuator 205 and méss-M of

the movable portion. The reference numeral 238 a transfer

function circuit electrically simulating the transfer
function 236, and the reference numeral 239 is a transfer
function which constitutes a feedback loop togéther with
transfer function circuits 240 and 241 and simulates the
transfer function 237 by the equivalent conversion of the
control theory. The reference numeral 242 and 243 are the
feedback g&ihs of the observer (tension control system)
which are fed baék so as to converge the differences between
the output of the position sensor 214 and the respective-
outputs of the transfer function circuits 239 to 241'are on
zero in order that the dynamic characteristics of the
transfer functions 238 to 241 which simulate the character-
istic of the tape tension actuator 205 agree with the
character;stic of the actual tape temnsion actuator 205.

The feference numeral 244 represents a high pass
filter, which is a part of the compensator for feeding back
a comparatively high frequency component in the controlled
region in the tension control system to the tape tension
actuator 205, and 245 a low pass.filter,'whichfis‘a part of
the compensator for feeding back a comparatively |

low-frequency component in the controlled region of the
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coupllng control CIrCUIt for controlling said head actuator and'sald tape
actuators by a common control systemand sets the frequency (coupking-: SV
frequency) at which the gai'ns of the respective control |oops by said both

tape actuators are equal in the vicinigrggi t he frequency of said
triangul ar signal for driving said tap sion actuator. Qher features

menti oned kenefonecohtpodi ERspenvtoushaspeedsreél thetoavessionraay al so be
provided. A fifth aspect of -the invention provides a magnetic recording and
reproduci ngegepeneeunuBirad R36C2BpPeSefits the gain of an amplifier

for determlnlng the loop gain of a feedback loop w1th

respect to the tape tension actuator 205 and the reference

numeral 247 the gain of an amplifier for determining the

loop gain of the feedback loop with respect to the reel

motor 233. The reference numeral 248_represents a transfer

function indicating the coil resistance R; and the torque

constant KtL' and 249 a transfer function indicating the

rotational inertia J of the reel motor 233.

Operatioq of Third Embodiment

The operation of the tension control system in.the
third embodiment will now be explained.

In a conventional tension control, when the force of
the spring 22 is balanced with the tape tension, the amount
of displacement of the tension control arm 21 is regarded as
the tension, and the amount of displacement is fed back to
the reel motor 6 as the detected tension value, as shown in
Fig. 81. E .

Strictly speaking, however, it is up to the spring
resonance frequency of the tension control arm 21 which is
'supported by the spring that the amount of displacement of
the tension control arm 21 supported'by the spring is
proportlonal to the tape tension, and beyond the spring

resonance frequency, the phase of the change in the tension
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fcontroll?ﬁg*

apparatuﬁLConpr|S|ng (a) a rotary head accommpdati ng a nmaghetic head;

a feed reel”

notor for feeding said magnetic tape froma cassette at a

predeternined speed; (c) a pair of fixed]th pass rollers on the

entrance' si

de of said rotary drum for introducing said nmagnetic tape

suppl i ed byappilikd ded theeltension toortrmledetrer2d Hed davdiatiedn fyon the
entrance side of said rotary

phase of the change in the positlon of thé tension control
arm 21. Actually, the phase is shifted by 90 degrees at the
spring resonance frequency and b& 80-degrees at a higher
frequency. As a countermeasure, in a conventional tension
control system, the controlled region is limited by the
phase shift of the spring suppogf system including the
tension control arm 21. lThis means that the tension detect-
able by the tension control arm 21 is limited to the fre-
quency band of not higher than the spring resonance frequen-
cy of the spring support system including the tension
control arm 21. It will naturally Be cohsidered to lighten
the tension control arm or increase the spring constant in
order to heighten the spring resonance frequency. However,
there is limitation in lightening the tension control arm,
and if the spring constant is increased, the tension control
arm 21 does not move mich even if fhere is a change in
tension, thereby lowering the detection accuracy.

In céntra§t, in this embodiment, it is possible to
detect tension in a wide frequency band irrespective of the
spring resonance frequency of the tension control arm.

In this embodiment, a tension estimating device consti-
tutes what is called a co-dimensional observer§fhereinunder
referred to as "tension estimating device") in the modern

control theory which electriéally simulates the transfer
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the ten5|on of a nagnetlc t ape: to a predetern1ned value said |

(b)




- 39 - drism (d) a pair of fixed tape pass rollers on the exit side of
said rotary drumfor introducing said nagnetic tape drawmn fromsaid rotary -
drumto a predeterm ned position; (e). a take-up reel notor for taking up-
said magnetic tape supplied fromsaid fixed tape pass rollers on the exit

side at a predeterm ned speed,; 113
" chafacteristic {driving current or input volt-

age/displacement) of the tape tension actuator. It is
therefore_posSible to detect the'tape tension applied to the
| tape tension actuator in a wider frequency band in compari-
son with the conventional mechanical_tension detector such
as that shown in Fig. 81.
The above-described principle will be explained in more

detail. Fig. 50 shows the transfer functions of the tension

éséimating device.
In Fig. 50, when a driving voltage to be input to the
,taﬁe tension actuator 205 is input to the circuit which
simulates the coil resistance R and the force constant K,
the output b' of the tension estimating device 230 becomes
the estimated value of the actual driving force b of the
tension control system. If the transfer functions of the
circuits 239, 240 and 241 which constitute the feedback

group are equivalently converted by the control theory, the

following equation holds:
1 1

M'S S 1

1 1 M's? + k¢
1+ . « k! .
M'S S ’
That is, the transfer function circuits 239, 240 and 241
\k
simulate the transfer function 237 of the tape_ tension

actuator 205. Therefore, when the output b' of the transfer
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() a fapé fension écfuator whi ch includes.a tensién-fa{ngE;g;t;bpryingné””
predeterm ned tension to said magnetic tape by stretching said magnetic - -
tape whil e passing between said fixed tape pass rollers on the entrance "
side.and applies a predeterm ned tension to said nagnetic tape in
accordance wth the anount of displacenegty qf said tension roller; (g) a
tension roller, position sensor for detec ;k t he di spl acenent of sald
tensi-on rofhectibnsaidcudpe288nisobnpatjathe; output d' of transferring

the transfer function circuits 239, 240 and 241 ought to be

the estimaied valuelof the output d of the tape tension

actuator 205. However, the transfer function circuits 239,

240 and 241 are provided with an integrator therewithin, and

even if the transfer functions are the same as the charac-

teristic output from the circuit 237 in the tape tension

actuator 205 with respect to the frequency characteristics,

the dynamic characteristics thereof are not equal thereto

due to a different in the initial values of the integrators.

'Thereforg, the differenée e between.the'actual émount of

displacement 4" detected by the position sensor 214 and the

estimated value d' of the tension estimating device 230 is

fed back at gains of f1 and f2, whereby the dynamic charac-

teristics as well as the frequency characteristics agree

with those of the actual tape tension actuator 205.

The above-described structure is well known as the
structure:pf a co-dimensional observer in the modern control
theory. It is in order to freely determine the convergence
of the observer that the signals are fed back in the two
loops at the gains of F, and F, to the input
terminals of the transfer function circuits 239 and 240
: A

which include the integrator (—— in a Laplace-convéfsion)
S

in the model of the tape tension actuator 205. A

co-dimensional observer to which the driving voltage and the
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(h) a tension servo controller including an external tensron‘drsturban i
estimating-device, inputting a target tension signal and an out put of sald
tension.roller position sensor and outguttlng a tension control signal to
said tape tension actuator; and (i) a position control neans for fixing
said tension roller on the basisof the oitgﬂs of said tension roller '
positionh sensor. The gap between said fi ape pass rollers on the
entrance sgflsphagehentedfasnaobliegbt b¥ baﬁﬂgbldhﬁ?nﬁhﬁﬁttEétgenerally

used to estimate the internal speed thereof. If the feed-

back gains fi, f2 of the co-dimensional observer are ade-
quately larger than the pole of the observer (the negative
real number is large), in other words, if the values of £,
f2 are large (high gains), in the state in which the dynamic
characteristic and the static characteristic of the object
of control agree with each other, it is possible to estimate
the tension. At this time, since the dynamic characteristic
agrees with the static characteristic, the following rela-
tionship holds: . |

a' =4 | ee. (21)

The relationship between the poles is the same as in Fig. 30
for the first-embédiment.

Since the transfer function circuit 236 and the model
‘thereof do not include an integrator, the driving force b’
is represented as follows:

b' = b ces (22)

Since the dynamﬁc characteristic of the object of control
agrees with that of the model in the observer, the speed and
the acceleration as well as the displacement agrees those of
the model. Therefore, the force c' applied to Fhe arm of
the tape tension aétuator 205, which is equivaient to M

times of the acceleration is represented as follows:

i



- 40 - the outer dianeter of said tension roller. Clher features nentloned
in connection with the previous aspects may, "of course;="be pravided. Fn the =+
hi gh- speed reproduction node, the tape can be subjected to rocking notion

by both tape actuators between the entrance and the exit of the rotary drum

whi | e causi ng
Since the sum of the driving force b and the torque a

is the torque c in the original tape tension actuator 205,
as in the following equation;
b+a=c¢c | | e (24)

the following relationship holds from the formulas 21 to 24:

b' + a = ¢! _ ... (25)
b! = c' = a

that is,
a' = a -... (26)

This means that a' in the signal path in the observer
represents a tepsion, and that it is possible to detect'the
ﬁension irrespective of the spring resonance of the tension
mechanism by taking out a’.

The estimated tension a' is compared with the reference
tension value,.and only the high-frequency component of the
tension error is taken out. by the high pass filter 244 and
fed back to the tape tension actuator 205 at a gain of f3.
Simultanequsly, the low-frequency component is taken out by
the low p;ss filter 245 and fed back to the feed reel motor
233 at a gain Qf f4. The reason why the fregquency band is
divided as described above is because the tape tgnsion
actuator 205, which has a small.mechapicgl time»cbnstant, is
generally suitable for the control in a high4f?5quency band

but since the movable range is limited, it is impossible to
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the tape to travel at a high speed, and in the state.in which thé”tépé)?*“
speed i sgretatively lowered with respect _to the head, a signal is .-
intermttently reproduced. In this way, it is p055|ble to |ntern1ttently
“obtain a high-quality reproduced i nmage en, in a high-speed tape travelling
state. In order to rock the tape actuatghk7eatr|angular having a frequency

synchr onoug eyt 1hm-Aghis EnPRRL! RsiBhoFRILnChabg b8HELLT1Y freauency
8 e act ua

of the rotary run1|s ap ors.
valuable approximate to that for a direct current.

In the pole~positioning of the féedback gains £, and
.f4, for example, the pdints which are closer to the origihal
point than to the pole of the observer (for example, about
1/10 of the pole 157 by the real number) are selected for

" the pole of the tension control loop to.the tape tension
actuator 205 and the pole of the loop to the feed reel motor
55. This relationship is also the same as in Fig. 30 for
the first embodiment.

.Eig..34 shows the_transiént'behavior,of the estimated
external diétufbance at this time. The actual tension value
agrees with the estimated tension value after a constant
time.

In the above, the principle and the operation of the
tension control in the third embodiment have been explained.
In some cases, the magnet 209, the electromagnetic coil 210,
the yoke 211, etc. shown in Fig. 43 cannot be mounted on the
actual taéé tension actuator 205 due to the limitation in
space or cost.

According to the tension control system in this embodi-
ment, even in the case in which the tension.ro;ler_cannOt be
controlled by an electromagnetic driving deviég, as de-
scribed above, it is possible to control a tension in a

wider frequent band than a conventional tension control
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41 It is greferable th ﬁ?the tape ten5|on actuator and the feed reel nDtor
are al so Subjected to tension control during such noi sel ess high-speed -
superior reproduction. The present inventi-on is further characterized in
that the tension at the time of recording and reproduction is controlled to -

be the opti num val ue by u5|ng t he tape tﬁﬂf%fn
sys;em. An example is shown in Fig. 51. Fig. 51 is ob-
tained by replacing the_input voltage of the tape tension
actuatof 205 by cohstantiy 0 and the input volta§e of the
-external tension disturbancelestimating device 230 by
constanfly 0.

The operation of the tension control system shown in
Fig. 51 is -the same as the operation of the tension control
system shown in Fig. 50 except that in the formulas 20 to
26, it is assumed that b = 0, b” = 0. In this case, the a’

. in the signal path in the external tension disturbance
estimating device 230 is the estimated external tension
disturbance. Therefore, after a' is compared with the
reference tension, it is fed back to the reel motor 233 at a
gain of f4, fhereby enabling a change in the tension of the
magnetic tape travelling system to be suppressed in a wider
frequency band than a conventional tension mechanism.

When the tension is controlled by the above-described
method of-estimating the external tension disturbance, the
estimated tension is exactly detected up to a much higher
frequency than that substituted by the amount of displace-
mént of the tension control arm like in a conventional
tension control mechanism, thereby realizing'gﬁpsion control
in a very wide frequency band. |

‘The open loop characteristic such as that shown in

Fig. 25 can also be obtained in the tension control system
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actuator’”ln ‘t he present |nvent|on tension control by the tape t ensi on
act uat or 8 real i zed i ndependent |y of DTF control. For this.purpose, the

t'ape tenSLon actuator provides a de5|red tension for the tape at the tape'“;

entrance side of the rotary drum and tﬁo t ensi on control system uses the
(i nput vdltage)/(displacenent) transferl 4i8racteristic. The tension control

The tape (SHRHE S 8/t adha dpr o o EHETRIRORE, BReoToPR B Eb Y onsi on

actuator - %pde tension actuator 205 in a high-frequency range is made
higher than that of the loop of the reel motor, for example,
20 dB/ded, so as to suppress the phase shift to not more
than 90° in the controlled region and secure the stability
as a whole, it is possible to secure the gain of the reel
motor loop in a low~frequency ronge.
| Since loops are complicatedly intertwined in such
tension control unlike in a simple feedback loop having one
input and one output, a large amount of operation is re-
quired. Although the integrator, ampllfler, adder, sub-
tracter or the like can naturally be constituted by-an |
analog circuit by using an operation amplifier or the like
which produces few offsets and drifts, since such an ampli-
fier is expensive and the circuit becomes a large scale, it
is desirable to digitally operate by a microcomputer or the
like. The structure of the hardwares in the control system
shown in Fig. 50 which is constituted by a microcomputer is
such as th;i: shown in Fig. 36 for the first embodiment. It
is possiblo to realize the control system having a very few
hardwares, as shown in Fig. 36.
As described above, according to this embodiment,.sioce
the tape tension actuator 205 suppresses a ten%fbn change in
the high-frequency band and the feed reel motor 233 sup-

presses a tension change in the low-frequency band, the
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gﬁﬁg: . e
t he feed reel nmotor so that the estimted tension agrees with the reference
t ensi on. *As descri bed above, according to the present invention, it is
possible to control ‘the tape tension in.a wide fre- quency band - wi'th a hi gh
accuracy and to obtain the opti numtape tension both in recording and in
reproduction. The above and ot her object ,%tyatures and advant ages of the

present invention will become clear fromthe follow ng
tension control accuracy is enhanced and a tension control

system capable of tension control with a high accuracy in a
wide frequency band and a wide dynamic range is realized.

Additionally, the actuator in this embodiment has a
performance equal to the performance of a ceramic actuator
of a piezoelectric element or the like, a rotary motor, an
ﬁltrasonic motor or the like.

As described above, according to this embodiment, the
tension which the tension roller receives from the magnetic
tape travelling system is estimated by the tension control
-system and a driviﬁg signal based on'the oﬁtput signal of
the position sensor is fed back either or both of tape
tension actuator and the reel motor so that the estimated
tension agrees Qith the reference tension. Consequently, it
is possible to enlarge the tension controlled region,
increase the amount of suppression of tension change and
enhance the control accuracy. Thus, the present invention
is especielly effective for the tension control of a digital
VIR or a high-definition VTR the magnetic head of which is
required to have a high recording density and which is
required to control the space between the magnetic head and
the magnetic tape to a constant value. |

Structure of Tape Actuator
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42 descrrpfron of the- preferred enbodi nment s thereof taken in €onj unct.i ¥
wi th the acconpanying draw ngs. BRI'EF DESCRI PTI ON CF THE DRAW NGS Firg. 1
schematigal |y shows a first enbodi ment of a magnetic recording and

reproduci ng appar at us according to the prﬂsgﬂt i nvention; Fig. 2 i's a
perspective view explaining the principle he present invention;

The concrete structure of the tape drawing actuator and

the tape tension actuator which are used in each of the
above-described embodiments will be described hereinunder.

| Figs, 52 to 56 show the eoncrete structure of a tape
actuator incorporating a position sensor. A yoke holder 251
is fixed to a VTR base 250, and a yoke 252 is integrally
fixed on the holder 251. A supporting shaft 253 is implant-
ed in the yoke holder 251 and a roller arm 257 is rotatably
supported by a support shaft 253 through upper and lower
bearings 255, 256. A tape pass roller 258 is rotatably
supported at the free end of the roller arm 257, so that
when a magnetic tépe (not showh) comes into contact with the
roller 258, a predetermined stretch/relaxation or a desired
tension value is imparted to the magnetic tape, as described
above. The roller shaft 259 of the roller 258 is firmly
fixed to the arm 257 by a scfew 260, and adjustment of the
roller 258 in the direction of the height is carried out by
a screw 258a provided on the shaft 259,

A driVing;coil 262 is fixed to a coil holder 261 which
is previded at the other end of the arm 257. The driving
coil 262 can displace the roller 258 around the shaft 253 by

. -@ given angle in cooperation with a permanent magnet 263
which is fixed to the yoke holder 251, as deséfibed aﬁove.-

In order to detect the position of the displacemeqt of

the arm 257, a light emitting device 264 such as a laser
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Figs. 3 an
t ape tragelllng speed caused by the operatlon of a tape actuator in
accordance with the present invention;, Fig. 5 schematically shows the
recording track pattern of a VIR Fig. ws the (displacenent

angl e)/(torque) charac- teristic of at Zctuator according to the

present inven- tion; Fig. 7 is atim chart show ng the operatlon of each:

diode is prov1ded on the arm 257, and the light which has
passed through a slit plate 265 is emitted in the direction
indicated by the arrow in Fig; 52.

The radiated light 266 is received by a one-dimensional
fype light receiving device 267 which is fixed on the yoke
252, whereby the position of the displacement of the arm 257
is electrically detected.

As is clear from Fig. 54, the permanent magnet 263 has
a configuration of a sector and divided into two parts in
the direction of the rotafiop of the coil 262.

Fig. 55 shows the light emitting device 264 and the
slit plate 265. The léser beams radiated from a light
emitting element 268 such as a laser diode is converted into
parallel rays bf a collimator lens 269. The parallel rays
are emitted through the slit 265a of the slit plate 265 as
slit light 266 having an oblong section.

Fig. 56 shows the slit light 266 radiated onto the
light receiving surface 267a of the one—dimenéional type
light receiving device 267. As is clear from Fig. 56, it is
possible to detect the position of the roller 258 from the

slit light 266 which moves to the right-hand or left-hand

direction.

LY

As the light emitting device, an LED may be used in

place of the laser diode.

heet Has Been Re laced

Tl llll\\ |\|I \IH



el ement at=t he time of hi gh-speed noisel ess reproduction; Fig. 8
schemat i @l'l y shows the mechanical positional relatlonshlp bet-ween t he
fixed taﬁ% pass rollers and the rotation, axi s of the novabl e tape pass
roller ahd the tape actuator in accordance with the present invention;
9 shows t-he relationship between the dlsguggenent angle and the Iength of
t he dramﬁ tape in Fig. 8§

Fig., 57 shows another example of an actuator which
resembles that shown in Fig. 52. The same numerals are

provided”fOIfthe elements in Fig. 57 which are the same as

those shown in Fig. 52, and explanation thereof will be

omitted.

In the example shown in Fig. 57, a magnetic element not
an optical element is used as the position sensor.

2 Hall element 270 is fixed on the distal end 257a of
the arm 257, and a magnet 271 is fixed on the base 251 at
the positiop facing the Hall element 270. The relative
relationship between the Hall element 270 and the-mégnét 271
displaces with the rotation of the arm 257, whereby the
position of the roller 258 is.electrically detected.

Fig. 58 shoﬁs still another example of an actuator. 1In
this actuator, the position sensor is composed of a reflect-
ing mirror 272 fixed on the rotary shaft of the arm 258,

The laser beams radiated from a light emitting device 273 is
reflected by the mirror 272 and received by a light receiv-

ing device 274, whereby the rotational angle of.the arm 257

is electrically detected.

Fig. 59 shows another example of the permanent magnet
263 shown in Fig. 54. As is obvious from Fig. 55 the

Ak

permanent magnet 263 is composed of two connected trapezoi-

dal magnets.
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43 Fig. 10 shoms t he relatlonshlp bet ween t he dlsplacenent angle and t he
anount of displacenment in the direction of the width of the recording track
of the tape drawing actuator in the first enmbodinent; Fig. 11 is a block

di agram of a tracking control systemin superior reproductlon in the case
in which the ideal nechanical- character;fgz S are obtained in accordance
with the present invention; Fig. 12 is ck diagram of a servo systemin

the Fig. 60 shows a further example of the actuator shown
in Fig. 52. A light shielding plate 275 is provided between
the slit plate 265 and the light réceiving device 267 so as
to prevent the ingress of the outside light.

Figs. 61 and 62 show examples of the position sensor

composed of a combination of a Hall element 276 and a magnet
277. In Fig. 61, the Hall element 276 is fixed on the arm
257. In Fig. 62, the Hall element 276 is provided at the
protruding portion 257b at the distal end of the arm 257.

Structure of VTR Incorporating Tape Actuators

As described ébove, in the present invention, the tape
actuators are disposed at least on one side of the entrance
side and the exit side of the rotary drum so as to enable
DTF control, high-speed noiseless reproduction or tape
tension control.

Embodiments of the present invention.in which the
above~described tape actuators are incorporated into a
digital VTR or the like will be explained hereinunder.

Fig. 63 séhematically shows the structure of a digital
VIR in which a tape tension aétuator and a tape drawing
actuator are provided on the entrance side and on the exit
side, respectively, of a.rotary drum. b
- A tape cassette 301 is mounted on the base 300 of a VIR
deck, and the tape 302 is loaded on é rotary drum 304

accommodating magnetic heads 303a and 303b.
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first: enbodi nent;: Fi.g. 13 schematically shows a nodification of “the tape-
actuators, in accordance wth the present invention; Fig. 14 is a bl ock

di agram of the DTF control systemin the first enbodinment; Fig. 15 is a
sectional view of the structure of the head actuator in the first

enbodi ment; Fig.- 16 schematically shows gg pe actuator in accor- |ance
with the present i nvention; Figs. 17 ang- ¥ schematically show the nmagnetic

circuit
In order to’'drive a feed reel 305 and a take-up roll

306 of the cassette 301, a feed reel motor 307 and a take-up
reel motor 308 are provided in.the-cassette deck.

_ Fig. 63 shows the state in which the tape is loaded.
The tape 302 fed from the feed reel 305 is introduced to the
rotary drum 304 through guides 309, 310, later-described
fixed tape pass roller 311, tensioh-roller 312, fixed tape
pass roller 313 and slant pin 314, |

. On the exit side of the rotary drum 304, the tape 302
is introduced to a capstan 319 through a slant pin 315,
fixed tape'pass roller 316, tape dfawing'roller 317 and
fixed tape pass roller 318. A pinch roller 320 is pressed
against the capstan 319, and the tape 312 is further intro-
duced to the take-up reel 306 through guides 321 and 322.

A tape tension actuator is represented by the reference
numeral 323, and a tension roller 312 is supported at the-
end of a tension arm 325 which is rockably supported by a
support shaft 324 of the tape tension actuator 323, as
described abov;. A signal from a position sensor 262 which
is accommodated in the tape tension actuator 323 is supplied
ﬁo the tension controller, as described above, aqd a control
signal is supplied ffom the reel motor cdntrol}gr-sz to the
feed reel motor 307. |

A tape drawing actuator 328 has a rocking arm 330

supported by a support shaft 329, and the tape pass roller
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explaining the principle of driving the tape actUafo}fﬁ¥i§ 19 |s a'n"'

secti onal
i nventi on;
act uat or

view of the tape actuator in accordance with the present

Fig. 20 shows an exanpl e of a~position sensor of the tape
in the first enbodi ment of the present inven- ion; 44

317 is fixed at the end.of the arm 330. A signal-obtained
from a position detecting means 331 which is accommodated in
the tape drawin§ actuator 328 is supplied to an actuator
éontroller and a capstan contfoller. This signal is also
sgpplied to a reel motor controller 332 and qonfrols the
take-up reel motor 305.

Fig. 63 shows the digital VTR in fhe state of
nofmal-speéd recording/reproduction, and Figs. 64 and 65
show the digital VTR in the state of superior reproduction
in which the actuators are differentially operated. The
6peratioﬁs'of the digital VTR in the respectivé states.will
be explained in the following.

At the time of normal-speed recording/reproduction, a
tape travel patﬁ.similar to a conventional one is formed, as
shown in Fig. 63, and the magnetic tape 302 is fed from the
feed reel 305 to the take-up reel 306 at a constant speed by
the capstan 319.

The movable tape pass roller 317 of the tape tension
actuator 328 on the take-up side is mechanically or electri-
cally fixed at a predetermined position. On the other hand,
the tension roller 312 of the tape tension actuator 323 is

pressed against the magnetic tape 302 at a constant force.

Ak

Simultaneously} the feed reel motor 307 is so controlled
that the tension of the magnetic tape 302 takes a desired

value. As a result, the balance of the tension roller 312
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Fig. 21 'shows the frequency characterlstlc of the tape actuater |n
accordance with the present invention; Fig. 22 is a bl ock di agram showi ng::
anot her _exanpl e of the DIF control system Fig. 23 is a block diagramof a
DTF control circuit in the present iniﬁg$pon which is represented by

Ife-

transfer functions Fig. 24 shows the positioning in the DITF control

systemina hf\@ ?Lél%?.lgw ateRhibhv @Rl ¥ensioh o@ﬁ@‘?@ag‘ﬁ@ci@en

| oop characte |st|c 0
tape 302 takes a desired value. This position is detected

by a position detecting means 326 as the reference position
of the tension roller 312. By radiating the.ebleng or
elliptic light from the light emitting portion in the method
shown in Fig. 55, it is possible to enhance the detection
sensitivity and make the relative positional relationship -
between the ray 266 and the light receiving device 267 loose
in fhe direction orthogonal to the direction of the rotation
of the tension roller 312. When the diameter of the magnet-
ic tape 302 woundiaround the feed reel 305 changes with the'
travel of the magnetic tape 302, the tension changes, and
with this change, the position of the tension roller 312
deviates from the reference position. The position detect-
ing means 326 detects the amount of movement of the tension
roller 312 and so controls the feed.reel motor 307 ae to
restore the tension roller 312 to the reference position.

If the tension is changed by an external disturbance,
the balance%of forces is lost and the tension roller 312
moves from the reference position. This amount of movement
is also detected by the position detecting means 326, and
the feed reel motor 307 is so controlled that the tension
roller 312 is restored ﬁo the reference pbsitioﬁf

At the time of fast-forward at which the magnetic tape

302 is fed from the feed reel 305 to the take-up reel 306 at
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control éystenIin’accordance wi th the present inventieh F|g 26 is a block "
di agram of a tension control systemin accordance wth the pr esent
invention; Figs. 27 and 28 show other exanples of a position sensor of the
tape actuator in accordance with the present invention; Fig. 29 is a block
di agram of a tension control circuit ngpe pr esent i nvention which is
‘represented by transfer functions; g' 0 shows the pol e-positioning of a
tension egthigh speed, control of the tension is carried out in the

same way. At this time, the tension value may be set at a

different value from that for normal-speed record-

ing/reproduction. |

At the time of rewinding at which the magnetic tape 302

is fed from the take-up reel 306 to the feed reel 305 at a

high speed, control of the tension is carried out the other

way around. That is, the tension roller 312 is fixed at a

predetermined position, and in accordance with the amount of

deviation of the movable tape pass roller 317 from the

predeterminedpposifibn detected by the posiﬁibn detecting

means 331, the take-up reel motor 308 is so controlled as to

keep the tension constant.

The case in which superior reproduction is carried out

at a speed different from the speed at which the signals are

recorded will now be explained.

In superior reproduction, a method of tracing the
recording track on the magnetic tape 302 by moving the
magnetic head 303 itself in the direction of the width of
the track and a method of tracing the recording track by
moving both the magnetic head 303 itself and the movable
.rollers 312, 317 are adopted, and these two metegds ‘are
switched over each other dependlng upon .the tape feeding

speed.
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nating observer in accordance with the present invention; Figs. 31 and 32
schematical ly shows the balance of the forces of the novable tape pass v
rol ler portion; 45 Fig. 33 is a frequency characteristic diagram show ng
the estimating capacity of the tension estimating device in accordance with

the present invention; : 128 |
- In the case of moving only the magnetic head 303, the

tension is'controlled in the same way as at the time of
fast-forward when the magnetic tape 302 is fed frdm the fee
reel 305 to the téke-up roll 306, whiie the tension is
controlled iﬁ the same way as at the time of rewinding when
the magnetic tape 302 is fed from the take-up reel 306 to
the feed reel 305.

- In the case of moviﬁg both the magnetic head 303 and
the movable rollers 312, 317, the tension roller 312 and the
movable tape pass roller 317 are moved by the same distance
in the reverse phases in linkage #ith each other.

The structure of a VTR aeék incorporating tape actua-
tors in accordance with.the present invéntion will be
understood from the above explanation.

In the present in?ention, since the movable pass roller
and -.the tension roller move with respect to the fixed tape
pass rollers, it is necessary to exactly regulate the
position of the tape both in the direction of the travel and
in the direétion\of the height so as to feed thé tape to the
cylinder groove of the rotary drum. In addition, a simple
and highly accurate structure for drawing the magnetic tape
from the tape cassette and loading it on the rotéry drum for

' the purpose of recording or reprbducing is requi};d.
To meet such demand, the present invention also pro-

vides a magnetic recording and reproducing apparatus
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Fig. 35 Shows the open | oop characteristic of the tension control syéten1in'ﬁ
accordance with the present invention; Fig. 36 is a block" diagram of the
structure of a hardware in the tension control systemin accordance with

the present invention which is conpos?ggq§ a hi gh-speed conputer such as a
m croconputer; Fig. 37 is a flowchart he tension estimating algorithm

|0 fo00r Al o e WA 1 JAMHY bilEhalitm 38 A B Ui LD O
ment thereof will be shown in Figs. 66 to 69.

The main.parts of Figs 66 and 67 are the same as
Fig. 63. The.same numerals are ptovided for the élements
which are the same as those in Fig. 63, and explanation
thereof will be omitted.

Fig. 66 shows the recordiﬁ;/reproducing state after
loading the tape, and Fig. 67 shows the state before loading
the tape in ﬁhich the cassette is inserted .

The guide 310 on the entrance side and the guide 321 on
the,exit;§ide-are_movable before and after tape.lbading as
in the prior art, and the details thereof will be omitted.

The fixed tape pass rollers 311, 313 and the slant pin
314 must be moved before and after tape loading in order to
draw the magnetic tape 302 from the cassette and introduce
it to the entrance side of the rotary drum 304. The present

. invention

is characterized in that both the rollers 311, 313 and the
'slant pin BiZ are fixed on one tape loader 340 and integral-
ly moved, thereby enabling the exact positioning of each
tape guide.

Similarly, on the exit side of the rotary dfum 304, the
slant pin 315 and the fixed tape pass rollers 3131 318 are

fixed on one tape loader 341 on the exit side, thereby
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Fig. 39 is a'perépective vi ew of another exanple of the tape actuator in
accordance with the present invention; Fig. 40 is a. bl ock di:agram of a
second.enbodi nrent of the present invention; Fig. 41 is the bl ock di agram
shown in Fig. 40 which is representedgﬁg transfer functions; Fig. 42 shows
the external disturbance suppressing Hacteristic of the external
di sturbance suppressing |l oop of the tape actuator; Fig. 43 shows the
st ruct ur engblingedaitegrednttaple loading and the exact positioning of
the tape 302 on the exit side.
Although the details are omitted in Fig. 67, the tape
' loader 340 on the entrance side and the £ape loader 342 on
the exit side are introduced to guide grooves 342 and 343,
respectively, which are provided on the deck base 300. The
tape loaders 340, 341 are vertically movably provided in
order to introduce the magnetic tape 302 to the rotary drum

304 and catch the magnetic tape 302 of the tape cé;sette
301. _
 The deéck base 300 ié'also provided with a catch 344 on
the entfance side and a catch 345 on the exit side whicﬁ

can exactly position the fixed tape pass rollers 313 and 316
after tape loading, as shown in Fig. 63.

Fig. 68 shows the travel path of the magnetic tape 302
after tape loading.

As is obvious from Fig. 68, on the entrance side of the
rotary drum1304, the fixed tape pass rollers 311, 313 and
the slant pin 315 are positioned only by the tape loader 340
on the entrance side in order to exactly position the
magnetic tape 302 with respect to the tension roller 312 of
the tape tension actuator. .

Similarly, on the exit side of the rotary d;um 304, the
tape loader 341 on the exit side exactly positions the slant

pin 315 and the fixed tape pass rollers 316 and 318.
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mechani sm using the tension control systemin a third enbodi mrent of the

present invention; Fig. 44 shows the structure of a nodification of the
tensi on control mechani sm shown in Fig., 43; Fig. 45 'shows the structure of .
an optical sensor for detecting the am)]JaZOf di spl acenent of the tension

armshown in Fig. 43;
' The present invention is further characterized in that

the pair of fixed tape pass rollers regulate the position of
the upper and lower ends of the magnetic tape 302 on the
enfrance side and exit side by flanges in ordér to regulate
the positiop in the direction of the width of the tape 302.
In this way, the magnetic tape 302 is exadtly fed to a
predetermined cylinder groove of the rotary drum 304,
thereby reducing the generation of a tracking error. The
upper flange 316a of the fixed tape pass roller 316 regu-
lates the upper end of the magnetic tépe 302,'and the iower
flange 318a of the fixed tape_pass'roller"318 regulates the
lower end of the tape 302. |

" In this way, the magnetic tape 302 can pass the travel
path in the state'of being exactly positioned in the verti-
cal direction.

Fig. 69 is an enlarged view of the tape loader 341 on
the exit side.

In order to exactly position the flanges of the fixed
tape pass.;ollers 316, 318, height adjusting screws 316b and
318b are provided at the fixed portion of the rollers 316
and 318, respectively; thereby adjusting the heights of the
respective tape pass rollers at the time of asseﬁbly.

The fixed tape pass rollers 311, 313 provided on the
tape loader on the entrance side of the rotary. drum 304 also

regulate the upper énd lower ends of the magnetic tape 302.
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Fig. 46 shows the structure of a nodification of the optical sensor shown
in Fig. 45; Fig. 47 is-an explanatory view of a magnetic sensor for
detecting the amount of displacenent of the tension armshown in Fig. 43;
Fig. 48 is an explanatory view of a ﬂﬁg tic sensor for detecting the
anount of displacenment of the tensio shown in Fig. 44, -

Filg. 49 gs byl Al e O thO L4 ATarklPla WELENR ' £ikbE LipEC

enbodi nen
pass roller 311 regulates the lower end of the tape 302 and

the upper flange 313a of the fixed tape'pass roller 313
regulates the upper end of the tape 302. The adjustment of
the height of each roller on the tape loader 340 is carried
out in the same way as on the exit side. '

As described above, the tape aétuators in accordance
with the present invention are mounted on a digital VTR
deck.

In the above-described embodiment, however, since the
actuators and the tape loadérs are mounted on the upper side
of the deck base, it is sometimes difficﬁlt'to arrange theée
elements in a narrow space.

Accordingly, ‘it is preferable to arrange either of the
actuators and loaders on the upper surface and the other on
the under surface in order to enhance the space utility.

Figs. 70 to 74 show a preferred embodiment of the
present inyenﬁion in which either of these elements ié
disposed on-thexupper surface and the other on the under

surface of a VIR deck.

In Figs. 70 to 74, the same numerals are prqvided for
the elements which are the same as those in Fig. 63, and
explanation thereof will be omitted. N
Fig. 70 shows a recording/reprgducing state after the

completion of tape loading and Fig. 71 shows the state

This Sheet Has Been Reillaced
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Fig. 50 is a bl'ock diagram of the principle of control f the tension
control systemshown in Fig. 49 which .is epresented by transfer functions;
Fig. 51 is a block diagramof the principle of control f the tension
control 'system having no driving portjqgn hich is represented by transfer
functions; Fig. 52 is a detailed sediddnal view of a tape actuator riving

_rﬁechani Srpaeif'ozteh eta;[phei r]fjoae n?‘g? iir;lergq i%fh -tt%ee ra%seergashsveetr'gé 0%2 is
inserted into the deck.

The structure of the tape adtuators in this embodiment
will first be explained.

Fig. 72 shows an example of a tape tension actuator
350. Since a tépe drawing actuator 351 has the same struc-
ture, detailed explanation thereof will be omitted.

In Fig. 72, a support shaft 352 is fixed on the deck
base 300 and a tension arm 355 is rotatably supported by the
support shaft 352 through bearings 353, 354. At the end of
-the tension arm 355, a tension roller 356 is providéd. This
embodiment is characterized in that the tension arm 355 is
disposed on the under surface of the base 300. The tension
roller 356 p:ojecfs into the upper side of the base 300 from
the underside of the base 300 through a guide groove 357
provided on the base 300.

According to this embodiment, no part of the driving
portion of the tape actuator is disposed on the upper
surface of the base 300, thereby facilitating the mounting
of other elements such as a tape loader on the upper surface
of the base 300.

As is clear from 72, a driving coil 358 is provided on
the tension arm 355 in such a manner as to intégrally rotate
therewith. On the under surface of the base 300, a holder

yoke 359 is fixed. A permanent magnet 360 is fixed on the
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47 Fig. 53 is a partlally cutamay perspective V|em10f the tape actuator
mechani smshown in Fig. 52; Fig. 54 is a plan view of the main part of the
novabl e coil portion and t he per manent magnet show ng the positional '
rel ationship thereof; Fig. 55 is a sectional view of the structure of the
main part of a light emtting porti01{;5

holder yoke 359 and a yoke 360 is provided on the holder

yoke 359.

As is clear from the first embodlment, by supplylng a
predetermined current to the dr1v1ng 0011 358, it is p0551-
ble to position the tension roller 356 at any given position
by the electromagnetic action with the permanent magnet 360.

In Fig. 72, the guide groove 357 is provided with a
roller insertion hole 357a which has a larger diameter than
the other groove portion, thereby enabling the roller 356
having a large dlameter to be ea511y installed from the
under surface of the base 300 toward ‘the upper surface
thereof.

In this embodiment, the guide groove 357 not only forms
the path along ;hich the tension roller 356 moves but also
the guide groove through which the support shaft of the tape
loader passes. By continuously providing the tension roller
path and the guide groove in this way, machining is facili-
tated.

The tape drawing actuator 351 has the same structure.
In Fig. 71, the movable tape pass roller 362 is shown. The
groove for allowing the passage of the roller 362 is a guide
groove represented by the reference numeral 363 and the

roller insertion hole having a large diameter is represented

by the reference numeral 363a.

Sheet Has Been Re laced
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Fig. 56 is a schematic plan view of a light receiving el ement showing the
positional relationship between a ray and the light emtting el enent; Fig.
57 is a sectional view of another exanple of the tape actuator driving
mechani sm Fig. 58 is another exanple of a tape actuator with a reflecting
mrror type position detecting means @Gt ed t her eon; Fig. 59 is a plan

view ol the Mihd BRiheChrBB9L"5E3 SRS Okit 8188 1B GHL, "REL" A3 M 11
the groove through which the support shaft of a
later-described tape loader passes.

As described above, accordiﬁg fo this embodiment, the
tape actuators 350, 351 are disposed on the under surface of
the deck base 300.

On thq_other hand, the tap;-loaders are disposed on the
upper surface of the deck base 300. In Fig. 71, the tape
loéder on the entrance side is represented by the reference
numeral 364 and the tape loader on the exit side is repre-
sented by the reference_npmera1'365.

On the tapé 1oéder 364, the fixed fape pass rollers
311, 313 and the slant pin 314 are integrally fixed.
Similarly, the slant pin 315 and the fixed tape pass
rollers 316, 318 are integrally fixed on the tape loader 365

- . on the exit side.
The support shaft 366 of the tape loader 364 on the
entrance side moves along the guide groove 357 so as to
- safely intrgduce=the magnetic tape 302 to the rotary drum
304, as shown in Figs. 70 and 71. Similarly, the support
shaft 367 of the tape loader 365 on the exit side moves
along_thg guide groove 363 so as to safely introdﬁce the
magnetic tépe 302 from the rotary drum 304. &
As is clear from Fig. 70, the tape loader 364 on the

entrance side is provided with a relief groove 364a to which
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Fig. 60 is a sectional view of still another exanple of tape actuator ,
provided with a position sensor having a ight shielding plate; Figs. 61 and
62 show further exanples of a tape actua- tor provided with a position
sensor having a Hall elenent; Figs. 63 to 65 are plan views of a magnetic
recordi ng and reproduci ng apparatuSlﬁ@?h t he tape actuators in accor- dance

W th; the present, invention nounted thereon erei
the tension roller 356 can move. This relief groove 364a

forms a space in which the tension roller 356 moves at the

time of high-speed nbieeless reproduction, as shown in

Figs. 73 and-74. |
Similarly, the tape loader 365 on the exit side is

provided with a relief groove 365a to which the movable tape

pass roller 362 can move.

As described above, accordlng to this embodiment, the

ten51on roller 356 and the movable tape pass: roller 362
differentially move and the tape loaders 364 and 365 do not
qbstruct the movement of these rollers. .

While there has been desctibed wﬁat ia at present
considered to be preferred embodiments of the invention, it
will be understood that varlous modlflcatlons may be made
thereto, and it is 1ntended that the appended claims cover
all such modifications as fall within the true spirit and

scope of the invention.
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48 FiQJ 63 shows the state of nornal -speed record- |ng/reproduct|on and R

Figs. 64 and 65 show the state of superior repro- ductlon Fig. 66 |s a
pl an view of the main part of another enbodi nent of Bee HasB
and ‘reproduci ng apparatus accordi ng t3¢& te present i nv "ﬁ"'

| oading; Fig. 67 is a plan view of the _pmin part of a
1. A magnetic reproducing apparatus enabling

ape

CLAIMS

repfoduction botﬁ in‘a-hormal-speed reproducing'mode and in a
5 high-speed reproducing mode comprising:

(a) a magnetic tape feeding means including at
least a capstan motor and a reel motor for causing a magnetic
tape to travel;

(b) a head actuator mounted on a rotary drum so as

10 to move a magnetic head in the direction of the width of a
recording track on said magnetic tape;

(¢) a tape drawing actuator prov1ded on the exit
side of said rotary drum including a movable tape pass roller
which perlodlcally reciprocates synchronously with said

. 15 rotary drum at the time of high-speed reproduction mode so as
to draw said magnetic tape; and

(d) a tape tension actuator provided on the
entrance side of said rotary drum including a movéble tension
roller which differentially reciprocates with respect to said

20 movable tape pass roller. |

2. A magnetic reproducing apparatus according to
claim 1, wherein said tape tension actuator reciproéates
synchronously with 1/m (m is an integer)[of'ths_rotational
frequency of said rotarYJArum at the timé of high—speed

25 reproduction mode.

3. A magnetic reproducing apparatus according to

claim 2, wherein said tape tension actuator and said tape

drawing actuator are differentially driven in accordance with

I|I||II| 0] A lIIl



recordi ng and reproduci ng apparatus shown in Fig. 66 bé&hiofieetHayBeen ﬁﬁg;'
Fig. 68 is a detailed side view of a meiins for regul at- ,mmnﬂmﬁaﬁm
tape in the vertical direction in accor- dance with the i on
seen in the direction of the travel~ d3St e nmagnetic tape; Fig. 69 I's a
partially sectional view of the details of a nechani smof vertically noving
the tape pa&<nisingylash signaladigh deesynichranouge ¥ditdadsam 9f thee
present invention; Fig.70 is a plan view of the majn part of stil
rotational frequency of said rotary drum.

4. A magnetic reproducing apparatﬁs according_to
.claim 1, 2 or 3 furthér compriSing: o

5 (a) a tracking error detecting means for
generating a tracking error signal indicating a tracking
error of said magnetic head; and

(b} a tracking control circuit for supplying a
predetermined error correction signal to said head actuator

10 and said tape tension actuator on the basis of said tracking
error signal.

- 5. A magnetic reproducing apparaﬁus accofding to
claim 4, wherein the high-frequency component of said
tracking error signal is corrected by said head actuator and

15 the 1ow—frequené§ component of said tracking error signal is
corrected by said tape tension actuator.

6. A magnetic reprdducing apparatué which is
capable of controlling the tension of a magnetic tape, said
apparatus. comprising:

20 (a) "a tape feeding means for feeding said magnetic
tape at a predetermined speed to a rotary drum accomﬁodating
a magnetic head; .

'(b) ' a tape tension actuator providgd on the

entrance side of saidlrotary drum and including a movable
25 tension roller which movably comes into contact with said
magnetic tape:

(c) a tension roller position detecting means for

detecting the position of said tension roller; and

* [ L M H *




another enbodlnent of a magnetic recordi ng and reproduci ng ap
according to the present invention after tape loading; Fig. 7
view of the main part of the magnetic recording and reproduci
shown in Fig. 70 before tape |oadirg;140 49

is Sheet Has Been R
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(a) a tension control circuit for moving said

tension roller on the basis of a signal supplied from said

tension roller detecting means so as to control the

tension

which said tension roller receives from said magnetic tape to

5 be the reference tension, said tension control circuit

including a tension control system which electrically

simulates an (input voltage)/(displacement) transfer

characteristic showing the relationship between the

input

voltage of said tape tension actuator and the displacement of

10 said tension roller, whereby the tension which said

tension

roller receives from said magnetic tape is estimated'by said

tension control system and the estimated tension is

controlled as to agree with the reference tension.

t=1e

7. A magnetic reproducing apparatus which is

15 capable of DTF control for enabling a magnetic head

to follow

the recording track of a magnetic tape; said apparatus

comprising:

(a) a rotary drum accommodating said magnetic head

and a head actuator which can displace said magnetic head in

20 the direction of the width of said recording track;

(b) a feed reel motor for feeding said magnetic

tape from a cassette at a predetermined speed;

(c) a pair of fixed tape pass rollers on

the

entrance side of said rotary drum for introducing said

- 25 magnetic tape supplied by said feed reel motor to a
predetermined position on the entrance side of said
drumnm;

(d) a pair of fixed tape pass rollers on

IIIIIIII IIIIII IIIII IIIII Il il
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Fig. 72 is a detailed sectional view of the enbodi nent 2“S$ma}hs pRe

and 71 show ng the tape actuator disposed on the under s ase
Figs. 73 and 74 show the operation of %ﬂe t ape actua-
enbodi nent shown in Fig. 70 and 71 at e tinme of superlor reproductlon. -

Fi o 76 sholbabnetFaiScEebaty BRIRoRoF copsRRERELNG £FRA BHGER T aRE
convent i onay, JBANgL L6 L§RROIERE) APIA'Eo a predetérmined position;

(e) a take-up reel motor for taking up said

magnetic tape'supplied from said fixed tape pess rollers on
5 the exit side at a predetermined speed;

(£) a tape tension actuator which includes a
tension roller for applying a predetermined tension to said
magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass'rollers on the entrance side and

10 applies a predetermined tension to said magnetic tape in
accordance with the amount of displacement of said tension
" roller; |

(g) a tension roller position sensor for detecting

the displacement of said tension roller of said tape tension
15 actuator;

(h) a tape drawing actuator which includes a
movable tape pass roller for lowering the tape travel speed
on said rotary drum by stretching said magnetic tape while
passing said fixed tape pass rollers on the exit side and

20 displace sald‘movable tape pass roller;

(1) a movable tape pass roller position sensor for
detecting the displacement of said movable tape pass roller;

(3j) a tension servo controller 1nc1ud1ng an
external tension dlsturbance estlmatlng dev1ce, said tension

25 servo controller inputting a target tension signal and an
output of said tension roller position sensor and outputting
a tension control signal to said tape tension actuator;

(k) a DTF controller including a tape drawing

HIIIIII IHIH | Hlll | IIII



tus; Figs. 77 and 78 show the relationshi ps between the tapss $hedt HES Bre laced
the trajectory of the scanning magnetic head.in the cases o

‘travel, and reversely travelling at a speed five tinmes as hi IHE
normal speed, respec- tively, Fig. 7 henatlcally shows i

patterns which are to be followed. by e “magnetic head in a conven- tlona

magnet i r%‘l{ﬁf&{%{'%ﬁ&ﬁ{ﬁ L@lstﬁr%an%oe S‘e@%aacf%g'lfet\}fc R id aﬁ/el ling

system in

controller inputting a target track position signal and the
- output of said movable tape pass roller position sensor and
outpuﬁting a tracking control signal to said head éctuator
5 and said tape drawing actuator;

(1) a position control circuit for electricaily
fixing the position of a movabie tape pass roller on the
‘basis of the output of said movable tape pass roller position
sensor; and

10 (m) a position control circuit for electrically
fixing the position of said tension roller on the basis of
the output of said tension roller position sensor. |

8. A magnetic reproducing apparatus which is
capable of high-speed noiseless reproduction in which the

15 tape travelling speed is intermittently lowered during the
high-speed travel of a magnetic tape for reproducing signals
when said tape travelling speed is lowered, said apparatus
comprising:

. ) (ai\ a rotary head accommodating a magnetic head

20- and a head actuator;

(b) a feed reel motor for feeding said magnetic
tape from a cassette at a predetermined speed;

(¢) a pair of fixed tape pass rélleis on the
- entrance side of said rotary drum for introducing said

25 mégnetic tape supplied by said feed reél motor to a
predetermined position on the entrance side of said rotary
drum;

(d) a pair of fixed tape pass rollers on the exit

(A
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conventional VIR Fig. 81 shoms a conventlonal tensi on cont il o,
Figs. 82 and 83 are plan views of conventional head actuator ,ﬂ,

84 shows the relationship between the effective Iength of th
side of said rotary drum for introducing said:magnetic tape

‘cel'l and the inclination of the - 143 -~

drawn from said rotary drum to a predetermined position; .

(e) a take-up reel motor for taking up said
magnetic tape supplied from said fixed tape pass rollers on

5 the exit side at a predetermined speed;

(£) a capstan motor for controlling said magnetic
tape on the take-up side at a constant speed;

(g) a tape tension actuator wﬁich includes a
_tension roller for applying a predetermined tension to said

10 magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass rollers on the entrance side and
applies a predetérmined tension to said magnetic tape in.
accordance with the amount of displacement of said tension
roller;

15 (h) a tension roller position sensor for detecting
the displacement of said tension roller of said tape tension
actuator;

(i) a tape drawing actuator which includes a
movable tape pass roller for lowering the tape travel speed

20 on said rotar& drum by stretching said magnetic tape while
passing said fixed tape pass roilers on the exit side and
displaces said movable tape pass roller;

(j) a movable tape pass roller posétibn sensor for
detecting the displacement of said movable tape~pass roller;

25 (k) a tension servo system including an external
tension disturbance estimating device, said tension servo
system inputting a target tension signal and an output of

said tension roller position sensor and outputting a tension

RN A



shows the str

87. DESCR

10

15

(1) ‘a high-speed reproduction controller for
inputting the rotary drum PG signal and the FG éignal
generated from said capstan motor or said take-up reei mofor
and supplying a high-speed reproduction driving éignal to
said tape drawing actuator; |

(m) a position control circuit for electrically
fixing the position of a movable tape pass roller on the
basis of the output of said movable tape pass roller position
sensor; |

(n) a position control circuit for electrically
fixing the position of'said tension“rollef on the basié of
the output of said tension roller position sensor; and

(o) a DTF controller including a tape actuator
external disturéénce estimating device, said DTF controller
inputting a target track position signal and the output of

said movable tape pass roller position sensor and outputting

. a tracking control signal to said head actuator and said tape

20

25

drawing actuator;

wherein said tension control signal and said high-

speed reproduction driving signal are differentially supplied

to said tape tension actuator and said tape drawing actuator,
respectively, thereby reciprocating said tensign roller and
said movable tape pass roller. *

9. A magnetic reproducing apparatus according to
claim 7 or 8, wherein each of said tape tension actuator and
said tape drawing actuator includes:

(a) a yoke holder fixed on a VIR deck base and

= AR FURSLENPE W L7 T P

magneti ¢ head in a conventional head aetuator; F|g '”5'|S'a sectlonal V|e
of a conventional head actuator; Fig. 86 shoms t he frequency

of the head actuator shown in Fig._8 44 Flg 87 'shows the stru

anot her nagnetlc tape travel ling sys emin a conventional
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Enbodi ments of the present invention will be expla|
reference to the acconpanying drawings. Fig. 1 shqws a fi
a magnetic recording and reproduci ng apparatus accordifigito :
inven- tion. In Fig. 1, arotary ew@yst with a magnetic tape 50 round -~
t her earound accommodat es two nmagneti ¢ heads 52a and 52b. The .nagnetic tape.

r52e: 2 ggaWScA?ma!}oeSﬁddr ?vﬂ;?ggldﬁiﬁgh?gi%u;gti reSpect |a{&/§e31li§t nr g(réglermt oB?te.gd
the magnetic tape 50 (b) t iz plivmericntn meigridte £i586lorfsala yoke holder:
(c) a support shaft implanted in said deck base or
said yoke holder:;
5 (d) an arm which is rotatably suﬁported by said
support shaft and carries at the end thereof a tension roller

or a movable tape pass roller which comes into contact with

said magnetic tape:; - -

T (e) an exciting coil which is fixed on said arm in

10 such a manner as to be rockable in the state of facing said
penﬁanent magnet; and

(f) a yoke diéposed in closé contact witﬁ said
yoke holder and in proximity to said exciting coil.
10. A magnetic recording ahd reproducing apparatus

15 which is capable of controlling the tension of a magnetic
tape to a predetermined '{alue . said apparatus comprising:

(a) a rotary head accommodating a magnetic head;
(i':) a feed reel motor for feeding said magnetic
tape from a ca;sette at a predetermined speed;

20 ' (o) .a pair of fixed tape pass rollers on the
entrance side of said rotary drum for introducing said
magnetic tape supplied by said feed reel motor to- a
predetefniinéd position on the entra.nce. side of.‘said rotary
drum;’

25 (d) a pair of fixed tape pass rollers on the exit
side of said rotary drum for introducing said. magnetic tape

drawn from said rotary drum to a predetermined position;

* [ L M S * | I|I
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constant speed, a capstan 57 and a pinch roller 58 for clanping the tape 50'“
t herebet ween are provided. The capstan 57 is driven by a capstan notor 59
.In order to wind the 51 tape 50 around the rotary drum51 at a
predeterm ned incli- nation angle, -slig <ol es 60a and 60b are provided on
the entrance side and the exit side, respectively, of the rotary

10

15

20

(e) a take-up reel motor.for taking up said
magnetic tape supplied from said fixed tape pass rollers on
the exit side at a predetermined speed;

(£) a tape tension.actuetor which includes a
tension roller for applying a predetermined tension to said
magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass rollers on the entrance side and
applies a predetermined tension to said magnetic tape in
accordance with the amount of displacement of said tension
roller;

(g) a tension roller position sensor for detecting
the dieplacement of said tension roiief of said tape tension
actuator;

(h) a tension servo controller including an
external tension disturbance estimating device, inputting a
target tension signal and an output of said tension roller
position eensor and outputting a tension control signal to
said tape tension actuator; and

(i) a position control means for fixing said
tension rolle% on the basis of the output of said tension

roller position sensor.
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drum 51. The present |nvent|on S characterlzed in that a tape dramnng T
actuator 61 and a tape tension actuator 62 are provided on the exit S|degﬁmhﬂﬁ
and the entrance side, .respective- |y, 1€% the rotary drum51. The tape . ssif& ...
drawi ng actuator 61 includes a novabl € pe pass roller 63 which cones into
contact with the tape 50, and a roller %a; hol di ng the pass roller .

63 is rocked by a driver 65. The rocklﬁgsgﬁa of the roller arm64 is

detected by a position sensor 66.

MAGNETIC RECORDING AND REPRODUCING APPARATUS

A magnetic recording and reproducing apparatus for

recording a desired sound or picture signal to a magnetic
. tape by a magnetic heed. At the time of normal-speed

£;cording-;ﬁd reproduetion, the magnetic tape is taken up at -
a constant speed, but by changing the tape travelling speed _ _
of the tape on the rotary drum, DTF control and high-speed
noiseiess reproduction are enabled. The tension of the tape
on the egirance side of the rotaif drum is conﬁrolled to a
desired value. This apparatus comprises a tape tension
actuator and a tepe drawing actuator on the entrance side
and on the exithside, respectively, of the rotary drum. In
DTF control, both tape actuators correct a tracking error of
the tape in cooperation with each other. 1In high-speed '
noiseless reproduction, both tape actuators are differen-
tially driven so as to lower the tape travelling speed on

the rotary.drﬁm. Both tape actuators are driven in feedback

control using the modern control.
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Fi xed tape pass rollers 67 and 68 are provided on both S|des of the fl'
trajectory of the novable tape pass roller 63, and t he gap between-b”ﬁm
fixed pass rollers 67, 68 is so set as to all ow t he novabl e t ape pass™
roller 63 to pass therethrough In this enbodi ment, the novabl e tape pass
roller 63 passes the internedi ate point of the fixed tape ass rollers 67,
68 and at this tine the gap bet npthe I ovable roller 63 and the fixed
roller 67 is equal to the rap bmﬁ he novabl e roller 63 and the fixed
roller 68. Simlarly to the tape dramnng actuator 61, the tape

FIG. [/
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tension actuator 62 also includes a tape tension raller .69, a roller arm
70, a driver 71 and a position sensor 72, and 52 fixed tape pass rollers
73 and 74 are provided on both sides of t he trajectory of the novable tape
tension roller 69. Principle of Operation of H gh-speed Superi or
Reproduction Fig. 2 is a perspectb\fl;ﬁifw expl aining the principle

FIG.2
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the operation at the time of high-speed superior repro- action. In Fig. 2,
the speed of each part of the apparatus and e speed of the magnetic tape .
are schematically shown, herein VA is the speed of the magnetic tape 50 on
the otary drum 51, VB the noving speed of the novable tape pass Iler 63 of
the tape drawi ng actuator 61 and [ rr] the speed the nmagnetic tape 50
driven by the capstan notor 59 dake-up reel notor 56. Hi gh-speed
superior reproduction is an operatlon of :
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termttently reproducing a picture while causing the tape a speed any given
times as high as the normal speed. nventionally, the head is caused to
follow the track only the head actuator during this high-speed tape travel,
so at the high speed which enables reproduction is limted. I'n the present

I nvention, in order to solve this oblem the tape drawi ng actuator 61 and
the tape tension tuator 62 proYl%%pzﬁi the exit side and the entrance side,
spectively, of the rotary drum differentially erated so as to

produce a period in which thicﬁizﬁplugpg

Va= Vc+2XVa Ve

= Tp x2
sin@ -
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speed of the tape 50 is relatively low with respect to the 53 magnetic
head 52 even during high-speed tape travel. Since high-speed reproduction
is carried out in this period, reproduction with a good quality is enabled
even during high-speed tape travel. It is now assuned that the positional

rel ati onship
05/73

T F1G.6

TORQE (g-cm)

-10 O 10

DISPLACEMENT ANGLE (DEG )
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between the fixed tape pass rollers 67, 68 and the novabl e tape pass roller
63 is such as that schematically showmn in Fig. 3. In Fig. 3, the gaps d'
between the two fixed tape pass rollers 67 and 68 is equal to the dianeter
d of the novable tape pass roller 63. A static systemw || first be

consi dered because it is easier bgé nderstand. It is here assuned that one
end of the magnetic tape 50 is f z & the novabl e tape pass roller 63 is
noved by a distance Ax within a tinme At, as shown in Fig. 3. An arbitray
point [err] on the free end side

- (A),
FIG.7A )
SIGNAL FOR | | /
SUPERIOR 0 . _
REPRODUCTION T ;
(sec)
-{m)
FIG.7FB l
MOVEMENT OF
TAPE ACTUATOR | /
o) -
(sec)
PEPRODUCTION-
POSSIBLE PERIOD
(m/sec) e ——
1 T
TAPE SPEED
ON THE ROTARY Vc ) )
DRUM | ?
(Va) 1. J
A J\
- ' ! . : -
(=v") g + r
{sec)
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of the magnetic tape 50 is noved to the point [err] which is 2 x Ax distant
fromthe point [err]. Therefore, the noving speed of the point [err] at
that time is 2 tines as high as that of the novabl e tape pass roller 63.

In other words, if it is assuned that the speed of the novabl e tape pass
roller 63 is [err], the speed of the free end side of the nmagnetic tape 50
iIs 2 x [err]. Since the novable t@? ?&s roller 63 nust pass through the
gap between the two fixed tape pass rollers 67 and 68 for tape |oading, as
is clear fromFig. 1,,the follow ng relationship nmust hold:

FIG.&8
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54 [err] However, if the dif ference between d and [err] is [err] is
preferably as small as possible. This is because as Ad. becones |arger, the
above-described linearity of the speed of the free end side of the nagnetic
tape 50 and the noving speed of the novable tape pass roller 63 is

di sturbed nore ()8/73
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nd the controllability is deteriorated. Therefore,
I's ssuned that [err] O and the linearity

principle of this enbodi nent,
hol ds,

it
and in |ater xplanation,

in the xplanation

Ad will be taken into consideration.

of the

The

case in which the magnetic tape 50 is noved at a tationary speed by the

capstan notor 59 will next be
nagnetlc tape 50 is consi dé€g
the :her end of the magnetic t

df t

Z'z)s

onsi dered. Since the fixed end of the
nove at a speed of [err],

pe 50 is represented as follows: [err]
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re fixed tape pass rollers 73, 74 and the novabl e tape pass oller on the
tape entrance side of the rotary drum51 are so provided suc h that a
simlar relationship holds. The relationship between the speed [err] of the
nmovabl e pe pass rollers 63 (the novable tape tension roller 69) d the speed
[err] of the magnetic tape on the,rotary drum51 Owm in Fig. 2 is as

descri bed above. Returning to Gj'i when the tape speed V  becones

hi gher than the dynam c track follomnng (DTF) speed
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al lowabl e to the head actuator in the rotary drum 51, which has been
explained in the prior art, the novable tape pass roller 63 is noved in the
direction of the relaxation of the magnetic tape 50 and the novabl e tape
tension roller 69 is noved in. the direction of the stretch of the magnetic

tape 50 so as to |ower the sp gf3the magnetic tape 50. In other words,
by differenti al operatl vabl e tape pass roller 63 and the novabl e
t ape tension qu% ‘Eghe
80
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opposi te phases by the sane anount, the speed VA is laowered to a speed

whi ch allows the head actuator DTF for a constant period. Thus, it is

possi ble to prevent a change in tension by noving the novabl e tape pass
roller 63 and the novable tape tension roller 69 in the opposite phases by
the sane nount. A nethod of conir /idg the speed VA of the magnetic ape 50
on the rotary drum51 to the speed which allows the ead actuator DTF and
noi sel ess reproduction by driving the ovable tape pass roller 63 and the
novabl e tape tension

52a 52b
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56 wherein f is the rotational frequency (Hz) of the rotary 2 x T drum 50,

and [err] wherein T represents a track pitch and [err] a track angle. "If it
i s assuned that the tape speed [@rr,]?i/ni ch a conven- tional DTF servo

syst em conposed of the head act1 t/o cconmmopdated in the rotary drum 51 can
followis ntimes as high as the normal speed, [err] is represented by the

fol | owi-ng equati on:
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[err] as described above, when [err], in other words, at the .inme of

hi gh- speed reproduction, the novable tape pass oller 63 and the novabl e
tape tension roller 69 are m)veglaﬁ,?g_ opposi te phases by the sane anpunt
at a speed of [err] o as to intek ntly |ower the speed VA of the
magneti c ape 50 on the rotary drum51 to the speed [err] which allows a
onventi‘onal DTF systemto follow. In this way, noiseless eproduction which
is conventionally inpossible in igh-speedreproduction is intermttently

| FIG.17
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Addi tionally, the characteristics of the displacenent ngles and the torques
of the tape actuators 61, 62 have a light nonlinearity, as shown in Fig. 6.
The tape drawi ng actuator 61 and the tape tension ctuators 62 are
preferably driven at a speed V by a trian- ular signal having a duty of
50% such as that schematically shown in Fig. 7Ain order to prolong the

16/73
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P

57 reproduction-possible period as nuch as possible with consideration of
the reduction ratio of the tape speed on the rotary drumS51. In this case,
the speed VA of the magnetic tape 50 on the rotary drum 51 obtained from
t he above equation [err] [err] is such as that as schematically shown in
Fig. 7C. In Fig. 7C, if the tape speed [err] on the rotary drum51 is
selected so that VAis [err], which is the speed allow ng

17/73
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t he head actuator DTF, VA takes the m ninumvalue, as represented by the
follow ng equation, which is the nost efficient,: [err] in this case, since
VB is in the opposite direction in Fig. 4, it is represented by - [err].

At this tinme, the noisel ess reproduction-possible period T ; in other
words, the period in which the rectangular wave [err] in Fig. 7C nust be at
| east the period which enables tfg/n?gﬁeti c head 2 to reproduce one screen,
nanely,” not less than 1/f
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synchronously with the rotation of the rotary drum 51. From the expl anation
of the principle, it is understood intermttent noi sel ess reproduction
is possible at the time of high- spé ﬁ%productlon Ful I -ti nme noi sel ess

hi gh- speed reproduction mhlch i's continuous w thout a pause f screen,

al t hough it a series of successive stop-franes, is al 50
enabl ed by storing the nﬁlselessly reproduced screens.in a picture menory
and outputtijng the storcu>p. tures in a period{in which noiseless
repr i i | e 0
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nervo System for Hi gh-speed Reproduction The servo systemin the magnetic
recordi ng and repro- ducing apparatus for realizing the above-described
principle of operation will here be explained. As is obvious fromig. 1,
the tape drawi ng actuator 61 and the tape tension ctuator 62 are conposed
of actuators which practice not inear notion but arcuate notion, as
explained in the rinciple of operation. Wien the arcuate notion i s approxi-
ated t'o linear notion, a nonH Fr3derror is caused in this tructure in
principle. Fig. 8 schenmatica 1]] shows the

FIG.29
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déitional rel ati onshi p between the novabl e tape tension oller 69 (the
novabl e tape pass roller 63) and the fixed ape pass rollers 73, 74 (67, 68)
in the first enbodinment in order to showthis error. In Fig. 8, [err]

represents the 59 length of the arm 70 (64) and [err] the displ acenent
angl e of the arm 70(64). The rel ati onshi p between the di spl acenent
2273
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angle [err] of the novable tape tension roller 69 and the length f the
drawn tape 50 when the relationship shown in Fig. 8 s satisfied is shown in
Fig. 9. As shown in Fig. 9, m;t)h}a t?@l state wherein [err]=0 mm an
approximate linearity-is btained, |arger Ad becones, the nore

remar kabl e econes the nonlinearity in_lt.hb: rea in which the novabl e ape

region in which the displ atenent nchaE is Oto [err] in Fig. 9).
S

tension roller 69 is close to the fi)@ % e pass ollers 73, 74 (in the
o
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nlinearity is alnost negligible. It is, however, the general case that the
nonlinear ror increases due to the nechanical restriction of the pe deck or
nonuni formty of the mechani caI2 jt g accura- , so that it is necessary
to take this nonlinear error to ¢consideration in the control system For
exanple, in e exanple shown in Fig. 10, the nonlinear error is large
conparison with that shown in Fig. 9. Wien the nmechani- 1 characteristic E
introduced froma circuit represented 75 in Fig. 11 is nonlinear as shown

in Fig. 10, there is F/6\27

- e
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risk of the nonlinear error exceeding the range in which is possible to
correct«the 'tracing of the head actuator 76 in the DIF control shown in
Fig. 11.- The present 60-«i'fivention therefore requires a DTF control
systemin a wider dynamc range with a gipher--aécuracy than in a
conventional DTF control system =™ IR
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To meet this requirenent, in the present invention, the rack range is
corrected not only by a head actuator having narrow dynam c range but- al so
tape actuators having a wide ynamic range. Fig. 12 is a schematic bl ock

di agram of a servo systemn the present invention. Fig. 12 includes the
concrete flow of signals in the oparatus shown in Fig. 1 which is subjected
to hi gh-speed eproduction control, DTF control and tension control. The
structure of DTF control will be b7|7e LIy explai ned
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the follow ng. An envel ope signal reproduced by the agnetic heads 52a and
52b is supplied to a DIF circuit. he DTF circuit obtains a tracking error
signal fromthe nvel ope signal and the high-frequency conponent thereof is
nd back to the head act'uator 76, the | ow frequency nponent thereof is fed
back to the tape drawi ng actuator and the DC conponent thereof is fed back
to the capstan tor 59 or.the %%Z»mor 56. In order to prevent a nsion
change caused by the DTF operdt'i bn the tape awi ng actuator 61, a driving

signal for the tapeﬁm/vié,? 3/
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tuator 61 is also supplied to the tape tension actuator 62 rough an adder
91. The structure of tension control will be briefly described in the
following. A novable rollers f}fi»ﬁ n signal for detecting the position of
the novable roller 69 nd a d ?SI gnal supplied to the tape tension
actuator 2 are supplied to a tension estimating device 92. The
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ension estimating device 92 estimtes the tape tension on he novable roller
69 and outputs an estimated tension Lgnal to a tension servo circuit. 83.
The tension servo ircuit 83 conpares the estimated tension signal with a
eference tension signal to obtain a tension error signal. he |owfrequency
conponent of the tension error signal is ed back to the reel notor 55 and

t he hi gh-frequency onponent thereof is fed back to the tape tension
actuat'or The structure of hP&hf&§b8ed reproduction control will be iefly
explained in the follow ng. A capstan FG signal (or

FlG. 34
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reel FG signal output while the reel notor is driven, for anple at the tine
of hi gh-speed reproduction) which dicates the tape travelling speed and a
drum PG signal are pplied to a superior reproduction signal generator 80. e
superior reproduction generator 80 generates superior production signal
for operating the tape drawi ng actuator and a% ape tersion actuator 62 from

these two signals. The det aigﬁ Q?Beach control&'vm’ |1 'be“ des%i bed | ater. The
operation of the servo syst lﬂ be explaines in o
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62 the follow ng. Normal -speed reproduction will first be explained. \Wen
the magnetic tape 50 travel Sgi{ ? ormal reproduci ng speed, the superior
reproducti on signal genera- ‘generat es no correction pattern, so that
the -tape drawi ng actuator 61 is fixed at a predeterm ned position. the
position of the tape drawi ng actuator 61 may preferably be either
mechani cal Iy fixed or p xed by a
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position controller by a closed |oop constituted by a position sensor (not
shown) provided on the tape drawing actuator 61. The tape tension actuator

62 is fixedt deter-qt
drauing actuator 1. and oAb 8

osition in the sane way as the tape
nsion control for suppressing the change

in he tension of the magnetic tape 50 and maintaining the ension at a
constant value by a closed | oop. Sinceﬂéa?é;. control systemis

constirtuted by a | osed | oop,

as descri
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requency band than a conventional nechanical tension ontrol is enabled and
the performance of the tension ontrol systemis enhanced. The details of
the structure of the principle of ension control will be described |ater.
Since the DTF operation in th%éi gf in which the speed the magnetic tape
50 is correctable by the headt lﬂ' or is conpletely the sane as that in
conventional high-speed

FIG.38
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generates no signal, either. However, the present invention is different
fromthe prior art in that sing gracking error is corrected by the
ooperation of the head actuatd 8#51 nd the tape drawi ng ctuator 61, DTF .
control having a wi de dynamc range is ealized. The operation of the servo
systemin a high-speed ranggan whi ch the speed of the nmagnetic tape 50

het
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he present invention, will now be explained. Wen the pparatus is operated
at a high speed which nakes the_ ¢tion of the speed of the magnetic tape
50 by the head ctuator 76 inposgggﬁgxgnoise bars or nosaics are displayed

t he reproduced screen in a conventional apparatus. In the present

I nvention, by operating the tape drawing tuator 61 and the tape tension

actuatqor 62 in accordancg th the above-described principl¢ of operation,
t he speed the ' e 50 on enr erorm5t-s—p¢ri odi cal - | owered
to a range in ichthe—é ne :
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pe 50 is correctable by the head actuator 76. Wile the gnetic tape speed
Is in the range which enables the head tuator 76 to correct the tape speed,
in other words, in e reproduction-possible period [err], the anount of

rel ative 64 positional deviq}G?? etween the recording track on the
magneti c tape 50 and the magneti clhead 52, nanely, tracking:
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e
error is corrected by a DIF control systemwhich will be describe
detail in Fig. 12. Atracking error signal is obtained by the- knowss
wobbl i ng nmet hod, pilot method or the .ike. In this way, it is possT]
obtain a good eproduced plctur ?*%30ut a noi se caused by off-track’ir
reproducti on-possi ble period F repr oducti on- possi bl e peri od: T“'>;
| east 1/f econd, as described in the explanation of the principle A ¥
superi or reproductlon signal for driving the tape raw ng actuator 61 aﬁd
t he- tape tension actuator 62 is %

FIG.43
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output fromthe tape superior reproduction signal 80. The uperior
reproduction signal 80 detects the speed of the agnetic tape speed which
cannot be corrected by the -head-ctuator 76 fromthe inputs of a tape speed
- signal such as a apstan FG signal and a drum PG signal. On the basis of the
rinciple described in the 8 anation of the principle, the uperior
reproduction signal genera$ éﬁy Bt3out puts a driving oltage pattern for
operating the tape drawi ng actuator 61 d the tape tension actuator 62 so as
to forma speed sttern such as that shown in Fig. 7C. In a period other

FIG. 44
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an the reproduction-possible period [err], since no produced picture is
obtained, if a good picture repro #ﬁgd I n the reproduction-possible period
T is stored in a 65 pictudgsh? nﬁ'or the like in every cycle period,
and the stored picture is output in a period other than the

reproducti on-possi bl e period [err], continuous high-speed

. FIG.45
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&7

%ﬁoductlon i's enabled. By this operation, a good repro- iced picture free
f.om noi se, which is inpossible in a onventional servo system is
c¢entinuously obtained, al- ough it is conposed of a series of successive
stop-franes. As descrlbed ab nce the tape tension actuator 62

I’ hstantly keeps acting by a gZd;Ioop in a tape tension rvo systemin a
wi der range than a conventional nechanical tuator, the nmagnetic tape 50 is
mai nfai ned at the optinumpe tension in any state. By virtue of this
effect, the gnetic recording and reproduci ng apparatus of the present

FIG. 47
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s TAPE TRAVELLING SYSTEM
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The operation of DTF
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P

netﬁp head 52 in a pilot systemshown in the related art, and the head
acthator 76 and the tape drawi ng actuator 61 are electrically coupl ed
forptracklng control. In other '925 two-stage coupling control systemis
adopted in the present inventﬂéﬁ?r Fig. 14, the DTF control outputs from

the. acfuators 6 and 6l are adaea TOo the target tTack—positipn by an adder
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5 and a tracking error signal is supplied to both actuators hrough a .
conpensator 86. The out put of the conpensator 86 is directly supplled ¥
head actuator 76 and sinmultaneously supplied to the ape drawi ng actuator 61
t hrough a head actuator equivalent ircuit 87, a conpensator 88 and an adder
89. Theref ore, he output of tha& l ent circuit 87 indicates the val ue
stimated by the head actuator 7u?§§ for superior eproduction is
supplied to the other input term ngd he | der 89.
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“The tension control systemincludes the tension t#R&EFrg device 92 and the
tension servo circuit 83 showmn Fig. 12. A tension estimating stgnal is
supplied frome tension estimating device 92 to the tension servo rcuit 83.
A driving signal supplied to the tape drawing tuator 61 of the DITF control -
systemis supplied to adder ?4?%3& her with the output of the tension
servo rcuit 83. The output o he adder 91 is supplied to the actuator and
output to the tension estimting device 92 for
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67 outputting an estimated tension which the tension roller of the actuator
62 receives fromthe tape. The output of the tension estimating device 92
is supplied to a subtracter 90. The tension estinating device 92
electrically sinmulates the.rel ationship between the input voltage of the
tape tension actuator 62 %15[.9% di spl acenent of the tape tension
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oller 69 by using the (input voltage)/(displacenent) ransfer characteristic
in this enbodi nent. Such a two-stage coupling control systemis known, for
xanpl e, on pp. 203 to 208 of the transactions of Optical enory Synposium
"85 held on Dec. 12 to 13, 1985. In the ield of optical disk tracking
control, it is known as a ont%\g/?ga dynami c range. In the field the of
tracki ng control of a VIR, ho tracking error is conventionally
corrected only by the ead actuator 76 accommobdated in-the rotary drum 50,

FIG.55
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-~ Sy gt sJ . .
akes such a two-stage coupling control system [ nappl [ cabl e. the pr esent
I nvention, since the tape drawi ng actuator 61 newly provided as a tracking
error correcting neans, plication of a two-stage coupling control systemis
ossible, so that DTF control in a w de frequency band and a de dynam c
range Wi th a high accuracy is enabled. In the enbodi ment shown in Fig. 14,
the present inven- on is appl :Tg 23 digital In a digital VIR, since
t he anount of recording infornétilo ncreases, hlgh density
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68 recording by narrowing the track pitch is essential in order to neet the
demand for a higher picture quality, multifunction, long-tinmg recording and
the like. The ecording track generally has a nonlinearity of a track

her ei nunder referred to as "track rolling”) mainly caused y a nechani cal
factor. Since the track pitch hecones maller than the anmount of tracking
rolling with such 487’73

FIG .58
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eduction in track wwdth, in order to exactly trace the arrow track, DTF
control having a controlled region at east 10 tines as |large as the
fundanmental frequency of the rack rolling is required. The fundanental
frequency of rack rolling depends upon the rotational frequency of the
otary drum For exanple, when the rotational frequency of he rotary drum
is 1,800 rpm the DTF controf] S8mis equired to have a controlled region
of not less than 300 In order tb have a wide controlled region, the head
ctuator 76 is required to have a good controllability. In
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pis enbodi nent, an el ectromagnetic actuator shown in g. 15 is adopted. The
magneti ¢ head 52 IS supported by a coil bobbin 94 rough a | eaf spring 93,
and around the coil bobbin 94 an“citing coil 95 is wound. The coil bobbin
94 is axially novably supported at both ends by a cylindrical yoke 98 and
di scal yokes 99, 100 50/73

FIG.6/
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69 through ginbal springs 96, 97. A nounting nenber conposed of a polyner
material is provided at each joint between the ginbal spring 96 (97) and
the coil bobbin 94. Wthin the coil bobbin 94, cylindrical permanent agnets
102, 103 are fixed between the yokes 99 and 100, and center yoke 104 is
provi ded between both permanent magnets )2, 103. Thus, the head actuator 76
havi ng t he aﬂove-describsQLYﬁpSture can nove the head 52 as desired by
appropri ately
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ontrolling the exciting current applied to the exciting oil 95 in the sane
way as in a conventional actuator shown on Fig. 85. As is clear fromFig.
15, a head position detector 105 constantly detects the position of the
head 52 optically or lectromagnetically. In Fig. 15, although a bi norphous
cell or other ele- nts may be used as the head actuator 76 so long as it
has good controllablllty L%ﬁg this enbodinent is applied to publicly used
digital VIR hn electrongéi actuator is
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opted with inportance attached to inexpensiveness and high liability. Even
I f an el ectromagnetic actuator is used, existence of DTF controllability
and superior reproduc- ility is inpossible, as described in the prior art.
The ectromagnetic actuator in this enbodi mrent has a structure giving
priority to DTF controll a%lﬂf’y.“j By increasing the 70
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el asti c nodul us of the ginbal
resonance frequency is hei ghtened,

mechani ca

characteristic that the phase is flat [err]
when the el astic nodul us of the ginbal

the repogpap peak gain is increased,
ﬁ’f;rfgo prevent this,

KHz. However,
I ncreased in this way,
deteriorating the controll abi
posi tion information on the novable portion of the head actuator
105, as shown in Fig.

detected by the head posi -

position sig
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and the driving voltage for the head actuator 76 are input to a speed
estimating device conposed of a circuit which electrically sinulates the

(i nput voltage)/(displacenent) transfer characteristic of the head actuator
76, and the speed of the novable portion of the head actuator 76 is
estimated. The esti mated §§gﬁﬁa? negatively fed back to the exciting coi
95 for electrical danping sy the head actuator 76 functions as an

actuat or having a good controllabllity up to a high frequency band. By
usi ng such an actuator as the head actuator 76, a
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OTF control system which is capable of DTF control in a w de frequency band
with a high accuracy is inde EL, %{;ﬁi zed, but since the el astic nodul us of

t he ginbal springs is increav&d a result of attaching inportance to DTF
controllability, a large current is required when the actuator is driven at

a 71 | arge anplitude, an%probl ens such as the generation of heat
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at that tine limt the tolerable anplitude to a narrow range. in other . :
words, the dynamic range is narrowed. As a counterneasure, in the present

i nvention, the head ctuator 76 conpensates mainly for a small anplitude in
a igh- frequency band of a trachrmyerror while the newy rovided tape

drawi ng actuator 61 conpensat esHfp | arge nplitude in a | owfrequency
band of “a tracking error. The ape dramﬁng actuator 61 is designed as a
voice coil type lectromagnetic driven actuator which has no support spring,

s showmn in Fig. 16, so as to have a |l arge | owfrequency

FIG.69
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ain. The tape drawing actuator 61 has a simlar structure o a magnetic
circuit which has been put to practical use as swng armactuator, which is
a tracking armactuator of a ard disk driving apparatus. Fig. 17 shows the
magnetic ircuit of the tape drawi ng actuator 61, Fig. 18 shows the rinciple
of driving the tape draw ng as?ﬂb?g; 61 and g. 19 is a sectional view of
the tape drawi ng actuator 61.YFHe'oller arm64 is rotatably supported by a
yoke 106 the driver}65, and a permanent nmagnet 107 is fixed to the ke 106.
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e e e

As is clear fromFigs. 17 and 18, the pernmanent nmagnet magneti zed such that
the directions of magnetization are opposite on left and right sides. A
novabl e coil 108 is fixed to one end of the arm64 and is novabl e

per pendi cul arly 72 rel 5@)}’@?30 the direction of the nagnetization of the
per manent magnet 1}07.
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In this way, by supplying an appropriate current to the coil 108, |t S
possible to rotate the tape pass roller 63 to any given position by the

el ectromagnetic action of the coil 108 and the pernmanent nmagnet 107. In
Figs. 17, 18 and 19 is shown the pmagnetized tape draw ng actuator 61, and
it is preferable that the tape éﬁ? L.on actuator 62 has a simlar structure.
Fig. 20 shows an exanple of an ddr roller position sensor. In Fig. 20,
a rotary shaft 109 of the actuator is provided with a mrror surface
portion 109a. The light from
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alight emtting device 110 is reflected by the mrror portion 109a and
received by a light receiving device 111. The light emtting device 110 is
preferably conposed of conbination of a laser oscillator and a colli mator
or the ike. As is obvious from g.' 20, the rotational angle of the otary
shaft of the actuator 61 is (gt 'i?t,_&d by the light eceiving device 111,
thereby nmaking it possible to Know the osition of the roller 63. The torque
characteristic of the tape actuator having
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he above-described structure is alnost flat irrespective of he displacenent
angle, as shown in Fig. 6. The.(displace- nent angle)/(voltage) frequency
characteristic of a tape 73 actuator is free froma nechani cal resonance
up to a high frequency band, as shown in Fig. 21, so that the actuator has
a good controllability..
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‘In the present invention, th@,:ﬁq/'?&ct uator 76 an'd the tape draw ng
actuator Q1 arerm.n.t_r_nL.l.e.d_b;z -a.comon_control systemfor correcting a

t racki Hrror. t wo- st age coupling control
(the frk_oaency } whi ch the ins of the copirgl |oops of both actuators
econe det er m ned %ol | ows. The uﬁd;arrent al requency of a
t racki Eﬁrror kaused by a r@l nﬁarlty er f to the mechani cal
charact&rgstic | during hi gf&s@%ﬂ uperi or egrmnduct ion which requires a
w de dy’;‘ﬁa,;n c rajjge i s ai n|yéiel;[1ﬂl_ljﬁ ned by ? equency of the driving
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he tape drawi ng actuator 61..Since the tape drawing ctuator 61 is driven by
a frequency synchronous withithe otational frequency of the drum e.g., a
triangul ar signal aving a frequency of X Hz during high-speed superior
eproduction, as described abdgd Zf??*/@ anplitude of a ow frequency conponent
of a tracklng error of not nore than Hz becones |large, so that this

conponent nust bE_m_nLgc_o.L.:-ect-ed—b-y—t—he—{—a-pe—dm—ﬁg—aﬂt uator 61 having a
wi de ovabl e rang For this reason, the coupling frequency is set in the
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cinity of X Hz in this enbodinent. In this enbodinment, X = 7.5. In other
wor ds, by selecting the common frequency in 74 this way, it is possible
to assign a high-frequency c

qyﬁp nt of a tracking error mainly to the
head actuator 76, which has a éﬁﬂﬁl

gh-frequency followability and a
| ow- f requency conponent of g tracking error nginly to the
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e ey ,gg:‘}% ,.-‘
t ape drawi ng actuator 61 V\/ni"éh"’hé_i’s%é{il' arge | owfrequency torque and a high
| ow-frequency followability. In this way, in a two-stage coupling control
system two actuators simult ﬁz? foll ow one controlling target and the
controllability for follow ngﬁ heé-target is divided into two arts dependi ng
upon the frequency band. Therefore, when the phase difference of the
actuator control systens is 180 leg at the coupling frequency, the total
gai n becones - dB (antirgsonance is caused). In this enbodi nent, the
systemis stabilized by tt‘glﬁtructure i n whi ch_fhe|novenent of the
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tape drawi ng actuator 61 follows the novenent of the head actuator 76 and
the anount of phase conpensation at t Re-oupling frequency is determ ned by
pol e-positioning. In the. cont @V &P8tem shown in Fig. 14, since the DC
onponent or the | ow frequeficy conponent of tracking erfor ignal is "

corrected only by drawi ng actuator V1, amounf of correction is
sonetipes restricteyd. Fig. 22 hows an exanpl g of fa contrpl systemin which
the correction f a Now frequency component i ass$igned tp thetape draw ng
ctuator 61 and the cqpstan notor 59 or the rkel tor 56}
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in this control system the position of the novable tape 75 pass roller
63 is detected-and the DC conponent of the deviation of the detected
position fromthe reference position (e.g., the center point of the novable
range) is fed back to the capstan notor 59 or the reel notor 56. By this
structure, the two actuators 768¢18f the two-stage

\ TRAVEL
OF TAPE

STRONG .  WEAK

s\

This Sheet Has Been Reﬂlaced

RN




coupling systemare constantly operated within the respec- tive novable
ranges. operation of DTF control The principle of DTF control has been
descri bed above. 'he operation thereof will now be described with reference
to the bl ock di agram shown in’ékglzég,-mhich is obtained by ewiting the
DTF control system shown in Fi Fig. 23 is a block diagram of DTF
control in this nbodi nent of the present invention which is represented by
ransfer functions. The synbol s represents a Lapl ace

FIG.82
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perator. In Fig. 23, the reference nuneral 120 represents d
function circuit as a neans for se Eeng a racking err or:s 38
| ow f requency conponent and a |g 67@2 ncy conponent. The fifghudpke

conmponent is ed back to the DTF control systemand a IOMFfrequency*@ﬁponent
Is fed back to the capstan notor 59 or the reel otor 56. The.re
nuneral -86 is a transfer function ircuit representing a conpensa
filter, which is a primary |low pass filter represented by the foll
equa- :

FlG.84

30..
INCLINATION
OF HEAD ool
| {degree)
l° T T 7 STy
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tion:

76 The reference nuneral

REPR

121 is a transfer function represent-
the gain of an anplifier for adjusting the servo gain for DIF control
The head actuator 76 is represented by a transfer function-circuit

I ng

representing the (input volt- ?g?‘)jgdl spl acenent) transfer characteristic.

The synbol s
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[err] are transfer function representing a torque constant, coi

resi stance, mass of the novable portion, viscosity coefficient and el astic
nodul us, respec- :ively. The reference nuneral 87 is a transfer function '
circuit representl ng the fi I.zgl.?éfctri cally sinmulating the frequency
characteristic of the head. a 76 and repre- ;ents an equival ent
circuit of the actuator 76. The eference nuneral 88 is a transfer function
circuit repre- enting a conpensator, which is a read ag filter represented
by the foll ow ng equation;

. FIG.86
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[err]~The refeéerence nuneral 122 Is a transfer function epresentl ng na ga| n
of an anplifier. The tape tension ctuator 61 is represented by a & a"r}Sfer
function circuit or the (input vdltage)/ (displacenent angle)
characteristic. synbols [erf3 !=73r ansfer functions representi ngﬂa—ft or que
constant, coil resistance, ineftia of the rotary portion and viscosity

coefficient of the rotary F/G 87
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77 portion, respectively. The reference numeral 75 is a nonlinear function: 7™

~of the rotational angle [err] which repre- sents the relationship between
t he di spl acenent -angle of the pe drawi ng actuator 61 and the anount of

di spl acement ereof in the direction of the width of the recording ack,
shown in Fig. 10. -I1f the tape drawi ng actuator 61 is ed in a narrow range
I n which the rotatlonal angle is stricted, for exanple, in the vicinity of
t he poi nt at

MAGNETIC RECORDING AND REPRODUCING APPARATUS

Thé'present invention relates to a maénetic recording
and reproducing apéaratus and, more particularly, to a
high-speed reproducing system, a tracking control system and
a tension control system for a video tape recorder-
(hereinunder referred to as "VTR") of a helical scanning

system.

In a conventional auto tracking reproducing apparatus
in a VIR of a helical scanning system, a video signal
reproducing magnetic head i;;égnerally mounted on an
eiectromechanical transducing element (hereinunder referred
to as "head actuator"). At the time of reproduction, the
head actuator is driven perpendicularly to the direction of
the travel of é recording track, thereby giving automatic
following contiol over the magnetic head so as to prevent
the magnetic head from leaving the recording track.

Various methods have been proposed and already put to
practical use concerning a technique of enabling thé magnet-

ic head mounted on the head’ actuator to automatically follow

the recording track, which is called;an auto. tracking

control technique. " .. REPLACEMENT SHEETS  SG
T o B Description : paged .../ to. paged . 7
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i ch the-displacement angle of the dt and the anmount of splacenment thereof
in the width of the recording track are [err] can be approximated to [err]
position sensor 66 is represented by a transfer function rcuit for the galn
of the sensor representing the (input | tage)/ (di spl acement angl e)
characteristic. The reference nmeral 124 is a transfer function circuit
representing a npensation filter for stalkylizing the position control op
for electrically fixing the position of tfe tape

For example, several kinds (e.g., four kinds) of pilot
signéls~for tracking low frequencies in a band other than a
video signal band are overlapped with a video signal and
separate pilot signals are recorded on adjacent several
{four) tracks, as known in an 8-mm VTR fofmat. In.this
pilot system, a tracking error signal is detected by a
difference in a crosstalk level between the left and right
tracks at the.time of reproduction. |

In a wobbling system which has been put to practical
use in }-inch.VTR produced by Ampex, D-2 format digital VTR
DVR-10 produced by.Sopy Corporation and the like, the |
magnetic head is forcibly vibrated minutely in the direction
of the track width at a constant frequency which is called a
#obbling frequency. The repfdéuction envelope signal from
the magnetic head is synchronously detected at the wobbling
frequency, whereby a tfacking-error signal is detected.

In a mountaineering system, which has been put to
)ractical use in VHS VTR, NV-10000 produced by Matsushit;
flectric Industfial Co., Ltd., VHS VTR F75 produced by
{itsubishi Electric Copr. and the like, the reproduction
:nvelope signal from the magnetic head is supplied to a
iample-and-hold circuit at the éentral portion of the field
‘hich has been read. The J;Ltage to be applieé~to the
Ctuator or the rotétion'phase of thé%bépstaﬁ motor is then

changed by* one step (e.g., increased) and the envelope level

P -
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awi ng®dctuator 61. The conpensation filter is a read lap Iter represented
by the followi ng equation: [err] e reference nuneral 125 is a transfer
function represent- g the gain of an anplifier for determning the | oop
gain the position control |oop. 78

) _ 3

of éhe next frame is compared with the value of the sample
and hold value. This series of operation is repeated until
the envelope level of the next frame becomes smaller. When
the envelope level of the next frame becomes smaller, the
direction of the applied voltage is reversed and the enve-
lope level of the reproduction signal is upwardly converged
toward the maximum value.

In a conventional auto tracking reproducing apparatus,
a tracking error is detected by the above-described various
tracking error detecting methods and the detected tracking
error is fed back by the head actuator which is accommodated
in the rotary drum.

Such a movable head is not only used for dynamic track
following (hereinunder referr&¥ to as "DTF"3 control for
correcting a tracking error during normal-speed reproduction
Jut also often used at the time of superibr reproduction
(high~-speed reproduction, slow reproduction and still
eproduction).

As an example of such a movable head used for noiseless
superior reproduction, the system of a movable head de-

scribed on p. 41 of National Technical Report. Vol. 28, No.

}, June (1982) is schematically.shown in Fig. 75«
LI LS
In order to briefly explain the high-speed superior

‘eproducing method ﬁsing this prior art, fig.'76 shows the

high-speed® superior reproduction servo system. 1In Fig. 76,

S
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A tradk¥ig error signal obtained froma reproducing signal of the magnetic
head by a pilot systemis passed through the |ow pass filter 120 in which
the cyt:off fre- uency is several Hz, and the |ow frequency conmponent is
fed bdck"to the capstan notor 59 or the reel notor 56. Sinulta- teously,
the phase of the tracking error signal is conpen- ated by the conpensator
86 conposed of a primary delay ilter having a | ow frequency in which the
cut-off frequency s several Hz andtiihe trafking error is anplified by the

mplitier 1a2 115;)Jahrey e}t\r?&ri\gtiiecd ﬁeraadeli r%.gs edr::'ri?rreni %ys %pgleiagd atc?:uator 2
perpendicularly to the direction of the travel of the tape.
From the reproduction envelope signal from the magnetic head
1, an amount of tracking error is detected by a tracking-
error detector 3 and.a tracking error signal is output. An
inclination correction pattern generator 4 corrects the
inclination of the magnetic head from the tape speed infor-
mation so that the angle at which the magnetic head 1 scans
a tape (not shown) agrees with the angle of the recording
track (not shown) and generates a track trace pattern for
the magnetic head-l. :The tracking error signal from the
tracking error detector 3 and the inclination correction
pattern from thé'inclination correction patﬁern generator 4
are added by an adder 5. e o

The operation of a conventional system will now be
explained. The angle at which the magnetic head 1‘traces
the tape at the time of normal-speed reproduction
(hereinunder referred to as "speed 1") is the same as the
'angle of the recording track. However, at the £ime of
reproduction at a different speed, since the angle at which
the.magnetic head 1 traces the tape does not agree with the
angle of the recording track, off-track (hereiqﬁhder.re-
ferred to as "inclination erfor") is produced and a noise is

I : -
droduced on a reproduced picture.
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he drd@é%éﬁ&ﬁﬂiier (not shown) of the head actuator 76 so s to drive the
head actuator 76. As a result, the magnetic ead 52 is noved and the first
contrel loop is closed. The utput of the amplifier 121 is input to the head
actuatfor ‘quival ent circuit 87, which is a filter electrically inulating the
(i nput vol tage)/ (di spl acenent) characteristic f the head actuator 76, a
'secondary delay. filter in this nbodi ment g n which the cut-off frequency is
the primary esonance frequency of the he actuator 76. The output ignal is
supplied to theasoapessample 38F&@s! A1 4tk 78 schematically show the
relationship between the recording track pattern on the tape
and the trajectories of the magnetic head 1 produced at the
time of reproduction at a speed five times as high as the
- normal speed (hereinunder referred to as "speed 5") in the
forward direction and the reverse direction, respectively.
In Figs. 77 and 78, the symbol A represents a trajectory of
the magnetic head 1 produced at the time of normal-speed
reproduction, B a trajectory of the magnetic head 1 produced
at the time of reproduction at speed 5, and C a trajectory
of the'hagnetic head 1 produced at fhé time of reproduction
at speed 5 in the reverse direction. As is obvious from
Figs. 77 and 78, the trajectory of the magnetic head 1 must
be corrected to be A from B O2¢C for the purpose of noise-
less reproduction.
| Fié. 79 schematically shows an inclination error
pattern of the magnetic head 1 produced at the time of
reproduction at a speed n times as high as the normal spéed
(hereihunder referred to as "spzed n", n is any given real
number) .
It is now assumed that a VTR has a guard bandless
recording system ﬁtiiizing an azimuth loss. If dt is

a7 8

assumed that T is a 1/2 period of the rotary drum and tp is

b SO -
3 track pitch, the inclination error which may be caused at

the time of reproduction at speed n is represented by.tp(n -

This is the replacement sheet
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0- st age E6THF61 1 oop including the first control loop is tabilized. For
exanple, this signal is supplied to the onpensator 88 conposed of the
filter wepiesented by the Il ow ng equation: 79 [err] wherein the
transfer tunctions [err] and [err] are so determ ned

. 6

1); wherein n is an integer. 1In this way, the inclination
error pattern is represented by a function having n as a
parameter. In other words, the inclination error pattern
changes depending upon the tape travelling speed. The
inclination corféction pattern generator shown in Fig. 76 is
so designed as to generate an inclination correction pattern
by utilizing tape speed information such as a capstan FG
signal.

When the inclination correction pattern is supplied to
the head actuator 2, the inclination of the magnetic head 1
is corrécted so as to move in parallel to the traiettory of
the recording track e&en at the time of reproduction at a
different speed.. However, the.mere displacément of the
magnetic head 1 in conformit$™ith the angle of the record-
ing track fgrther generates off-track due to the linearity
of the trajectories of thé recording track and the magnetic
head 1 or the phase deviation of the track. In order to
prevent such off-track, an auto tracking control system Ey a
closed loop, wﬁich is repfesented by the surroﬁnding broken
line in Fig. 75, is generally added.

Any system such as the pilot system, wobbling system

and mountaineering system described above may be adopted as

L L

the controlling method for the auto tracking control system,
but in order to obtain a high-definifioh imade even at the

time of production at a different speed, since it is
Thig is the replacememn sheet
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that all the poles of the control systemshown in Fig. 24 are disposed in _
the region of the negative real axis (con- vergent pole-positioning). The .. -
out put of the conpensator 88 is anplified by the anplifier 122 to a gain S
whi ch enabl es the output to couple with the first loop at X Hz and is .
supplied to a drive anplifier (not shown) through an adder 23 of the
position control |oop of the tape drawing actua- or 61 and the adder 89 for
a signal for superior reproduc- ion so as 'Po drive the tape draw ng

actuator GfecéSsdryilde € MEASLLS AERF PEI1IR The M flariy O
of the recording track (hereinunder referred to as "track
rolling"), it is desirable to adopt the pilot system or the
wobbling system.which allows a comparatively wide controlled
region. Since the controlling method and operation of the

' auto'tracking control System have already been known,
detailed explanation thereof will be omitted here.
The tape tension control will now be explained.
Fig. 80 shows the structure of a magnetic tape travel-
ling system of a video tape.recorder of a VHS system as a
magnetié recording and reproducing apparétus which is

described on p. 187 of Introduction to Magnetic Recording

Technigué, by Y6koyama, edited by Sogo Densﬁi Shuppan-sha.
In Fig. 80, a video tape (ma%%%tic tapef is supplied from a
feed reel 6 and the tension of the magnetic tape travelling
sy;tem is detected by a back tension post 7. The informa-
tion recorded on the video tape is temporarily erased by an
all-width erase head 8. The magnetic tape travelling sy;teh
is stabilized by impedance.rollers 9 and 10. A rotary drum
11 includes an upper cylinder 12 and a lower cylinder 13. A
video head 14 is secured to the upper cylinder 12. The
sound signal on the linearatrack of the video Fape is erased
by a sound erase head 15, and thereafter a sound and a
control pulse are recorded 6n the li;Za} track by a sound
control héaé 16. A pinch roller 18 is provided so as to

e .
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: gf “t'hé nechanical characteristic E circuit 75 hown in Fig. 14
and the second control loop is closed so as o correct the tracking error.
In th|&¢aﬂb0d|nent by the above-described two electri- ally coupled
t wo- stagé coupllng control |oop, DTF control a w de frequency band and a
wi de dynam c range with a .gh accuracy is realized, The open | oop
characteristic hereof is shown i n Fig. 28 In the systemshown in Fig. 23
a part ‘of*-the DC onponent of a tracking error is corrected by the tape
clamp a capstan shaft 17 and a video tape at a constant
pressing force. The capstan shaft 17 is opposed to the
pinch roller 18 so as to control the deviation of the
trajectory of the video head from the video track on the
video tape by causing the video tape to travel. A take-up
reel 19 is provided for taking up the video tape.
Fig. 81 shows the structure of a conventional tension
control mechanism (tension servo mechanism). In Fig. 81,
the rotation of the feed reel 6 is suppressed by a hub brake
20. The tension of the magnetic tape travelling system is
detected by a tension control arm 21. The force proportion-
al to the amount of displacement of the tension control arm
21 is applied to"the hub brake-20 by a spring 22, the spring
22 being capable of varying the¢ force which is applied to
the tension control arm 21. A tension adjust lever 23 for
adjusting the reference tension of the tension control
nechanism is connected to the spring 22.
The operation of the conventional tension control
nechanism will now be explained.
The video tape supplied from the feed reel 6 is clamped
>etween the pinch roller 18 and the capstan shaft 17 and
~ stretched by the rotation of the capstan shéft-17 Thereaf-
‘8r, the video tape is wougg.around the take-up‘reel 19,
)urlng this time, it is necessary that fhe tension of the
Mmagnetic tépe travelling system is controlled to a constant

This is the replacement sheet
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awi ng actuator 61. Since the novable range for the tape awi ng actuator 61
is limted, the renmai ning DC conponent 80 is fed back to the capstan
motor 59 or the reel notor 56. Naturally, the servo gain at this tinme is so
constituted as to be higher than that of the two-stage coupling control

ystem conposed of only the tape drawi ng actuator 61. .

valﬁe so that the spaces between the video tape and the
all-width erase head 8, the video head 14, the sound erase
head 15, the sound control head 16 and the like are optimum.
Needless to say, when the tension of the travelling system
is increased, the spaces between the heads and the tape are
reduced, so that the high-frequency characteristic of the
recording and reproducing system is enhanced but the scuffs
of the tape are increased and the durability of the appara-
tus in the still state for continuously reproducing the same
track is déte;iorated. In addition, the wear of the head is
increased. On fhe other hand, if the tension of the travel-
ling system is reducea, since the spaces between the heads
and the tape are increased, the high-frequency characteris-
tic of the recording and rep¥¥ducing systém'is deteriorated.
As a countermeasure, a conventional VTR is provided with a
tension control mechanism such as that shown in Fig. 81. 1In
*ig. 81, for example, if the tension of the magnetic tape
-ravelling system is increased, since the balance between
che tension coﬂtrol arm 21 and the spring 22 is disturbed,
:he spring 22 is extended. At this time, the hub brake 20
‘s relaxed and the rotation of the feed reel 6 is made freez
‘hereby the amount of feed of video tape is incgeased. As . a

2

‘@sult, the tension of the magnetic tape'travelling system

-S restored to the original tension.?“In this way, the

Thig is the replacement sheet



According to this structure, since the two actuators 6, 61 of the two-stage
coupling control systemare al nost xenpt fromthe correction of the DC
conponent, they can onstantly operate in the novable range. However,
according to this system since DIF control is terted by feed backing the
| ow-frequency conponent of a racking error to the tape draw ng actuator 61
and moving he nmagnetic tape 50 ipn the.gwggction of travel, change in ension
is caused in,principle. To prevent thi% ~in this nbodinent, by applying the
driving veékhadenf of the mdPhetic tape travelling system is kept
constant.
In a high—definition TV or a digital VTR for digitélly
recording and reproducing a video signal and a sound signal,
since the amount of information recorded is greatly in-
creased, the technique of high-density recording and repro-
duction with high-accuracy DTF control are essential in
order to enable long-time recording on a cassette tape of a
limited size.
In a DTF apparatus in a conventional VTR, since the
means for tracking error éérrection is merely a movable head
accommodated in the dfum, the DTF control capacity is
determined by the'performance_of the head actuator for
moving the movable head. aac o L
As the head actuator 2 which is generally used for DTF
control in a wide frequency band with a high accuracy, one
vhich has no phase shift up to a comparatively high frequen-
2y, for example, up to the vicinity of 1 KHz to several KHz
is selected by Qirtue of its good control capacity. The
iead actuator 2 which does not cause a phase shift up to a
1igh frequency is required to have a mechanical characteris-
:ic which does not resonate up to a high frequeqcy. The
drimary mechanical resonan%élfrequency of a gegeral actuator

s obtained by dividing the root of the quotient obtained by

dividing thé spring constant of the actuator by the mass of

-
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awi ng a%f%%ﬂor 61 also to the tape tension actuator 62, as owmn in Fig. 14,
t he tmo;tapg actuators 61, 62 are differ- tially operated in any nobde
(e.g., HOPMAI-speed reproduc- on node or high-speed superior reproduction
node). is differential action is ained at suppression of change tension
caused by the tracking operation of tthtape awi ng actuator 61. However,
only when the electrical and chani cal acteristics of the tw tape

TEAVT) S A FOLmEETBRL L B8he Lo 0 CoP I DAY ©
resonance frequency is therefore obtained either by lighten-
ing the mass of the movable portion of the actuator or by
increasing the spring constant of the actuator.

As described above, a movable head is generally not
only used for DTF control at the time of normal-speed
reproduction but also often used at the time of superior
reproduction. 1In a high-speed noiseless reproducing appara-
tus in a conventional VIR, the tracking error is corrected
by moving the magnetic head in the direction of the width of
the recording track by the head-actﬁator. The amount of
tracking error which is correctable is therefore limited to
the range in which the head actuator is movable. For this
reason, the range in which tha“head actuator for driving the
magnetic head is movable is preferably as wiée as possible.
In a conventional structure, however, the head actuator must
be accommodated in the rotary drum, the outer diameter of
#hich is determined by the standard, so that a small-sized
lead actuator is naturally reguired.

To meet such demand, a piezoelectric element consisting
>f two pasted piezoelectric sheets (hereinunder referred to
1s "bimorphous cell"), a lamination type piezoelectric
:lement with a displacemen%gqnlarging mechanisn;;uch as a
-ever and. a buckling spring éttachedlﬁhéreto'and a moving

:0il suppd&éed by a spring and electromagnetically driven in

Thig i e 1a0apemes sheet
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tape actuators 61, 62, it is generally inpossible to operate 81 the two
tape actuators 61, 62 in conpletely the same way due to the nonuniformty
of nmechani cal and el ectrical character- istics and a change in tension is
inevitable. In the esent invention, the change in tension is corrected to

the timum tension value in any noge by qlﬁknsion control

a mégﬁetic circuit (hereinunder referred to as "electromag-
netic actuator") have beeﬂ proposed as a small-sized head
;ctuator which has a wide movable range, and some of these
have been put to practical use. |

The cases of using these head actuators for DTF control
and high-speed noiseless reprodqction will be considered in
the following.

Firstly, it is assumed that a bimorphous cell is used
as a head actuator. A bimorphous cell is known among
piezoe%ectric elements as an element which has a large
amplitude for the driving voltage. The amount of'displace-
ment £ of a bimorphous cell is represented by the following
equation: " -.

22 g

£ = d31 x V x t2 X Sk

wherein £ : displacement, V : applied voltage, d31
piezoelectric constant, ¢: effective length, t: thickness of

X R

one sheet of piezoelectric element, Sy4: electrode coeffi-
cient (0.94 to 0.95), R : loss factor (0.9)

The piezoeiectric constant 431 is a function of the

applied voltage V, and when V is large, d31 also becomes
large. Sk and K are constants determined by the configura-

tion of the bimorphous cell.
I L
Thus, it is understood that the amount of displacement

¢ of the bimorphous cell is determinéd by various factors.

‘S b -
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sten1by#§§§§%sed | oop which will be described in detail reinunder. eration
of Tenskgp. Control System The operation of. a tension control systemin this
bodi nent-will now be explained. In a conventional tension control, when the .

force of e spring 22 is balanced with the tape tension, the anmount

di spl acement of the tension control ar 2 I s regarded as e tension, and

the anount of displacenent is fed back To e reel notor 6 as the detected

tension value, @a ebdem tb increase the primary mechanical resonance
frequency of a bimorphous cell for DTF control, it is
necessary to in&rease the thickness t of one sheet of
piezoelectric and reduce the effective length £. In other
words, it is necessary to reduce £/t. However, if f/t is
reduced, the amount of displacement £ of the bimorphous cell
is also reduced by the square of £/t, which is disadvanta-
geous to the bimorphous cell for high-speed superior repro-
duction which requires a large amplitude. That is, a
bimorpﬁous cell for DTF control and a bimorphous cell for
high speed superior reproduction have antipodal require-
ments. In most cases, the system of a bimorphous cell is
therefore composed with more importance attached to either
DTF control or high-speed suﬁ@%ibr'reprddhction.

For example, in a tape format having a Qide track pitch
such as the tapes of a publicly used VIR of VHS system and B
system and an 8-mm tape, since DTF control with a compara-
tively accuracy is not required, the head actuator is mainly
used for high-speed superior reproduction, as in the prior
art.
In this case, a head actuator having a large

Plezoelectric constant dy; is selected so as to have a large
amplitude and a small mech;;ical resonance gaiﬁj However,

it is the effective length £ of the &mbrphoﬁs cell in the

term of a;séuare that mainly influences the amount of

A .

Thig is the replacement sheet

Date: 7 g AllG 1936



t he tenSJOh contro

#-;y;speaklng, however, it is up to the spring sonance frequency of- - .-
arm 21 which is oported by the spring that the anount

of dlsﬁﬁﬁaenent of e tension control arm 21 supported by the spring is
oportional--to the tape tension, and beyond the spring sonance frequency,

t he phase of the change in the tgnsion pkied to the tension control
Is deviated fromthe se of the change ilifzt he position of the tension
control

P gioplatinehe £°aRl 3he' Ta2bl! B Y e0cEPL °TenGtn' 1S the

jarger the amount of displacement £.

As the head actuator is accommodated in the rotary drum
having a limited diameter, as described above, the effective
length ! is also limited. Various éttempts have been made
at increasing the effective length £ as much as possible.
For example, there are an annular biﬁoféhous cell 2a carry-
ing heads l4a and 14b shown in Fig. 82, which is disclosed
in Japanese Patent Laid-Open No. 22285/1980 and leaf
bimorphous cells 2b and 2c shown in Fig. 83, which are
disclosed in Japanese Patent Publication No. 41130/1988.
However, even if the amount of displacement £ is increased
by incréasing the effective length 2 in this way, there
remains still another problemid e

Fig. 84 shows the relationship between the effective
length of a bimorphous cell and thé inclination of a magnet-
‘c head. As is clear from Fig. 84, a large amplitude
.ncreases the inclination of the head, inevitably resulting
.n tﬁe deterioration in the picture gquality.

On the other hand, in a tape format having a narrow
:rack pitch such as the tapes of a high-definition TV VTR
‘nd a digital VTR, since DTF bontrol with a high accuracy in
- wide frequency band is egéﬁntial, a bimorphou;\cell having

high primary mechanical resonance f£feduency is selected

- .
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82 spr{hg resonance frequency and by 80 degrees at a hi gher fréquency. Ag“éf'”
counterneasure, in a conventional tension control system the controlled
region is limted by the nase shift of the spring support system i ncl udi ng
the ension control arm21. This neans that the tension detect- |e by the
tension control arm21 is limted to thd §re-

eveh'ét the sacrifice of the possible speed in high-speed

superior reproduction. J

As described above, it is impossible that a bimorphous

cell simultaﬁeously satisfies both réquirements for DTF

control in a wide frequency band with a high accuracy and

for high—speed superior reproduction.

Secondly, it is assumed that a lamination type

piezoelectric element with a displacement enlarging mecha-

nism attached thereto is used as a head actuator.

As an ggample of this type of head actuator will be cited

one déséribed in NEC Technical Reports, Vol. 40, No. 5. pp.

118 to 122 (1987). 1In this example, no inclination of the

head is caused by displacement.unlike a bimorphous cell, but

since a lamination type piez8&%ectric element having a small

amount of displacement is used as a driving element, it is

impossible to obtain a large amount of displacement. Even

if the amount of dispiacement is largely increased by a

level or a buckling spring, when the head actuator is

accommodatéd in. the rotary drum of the VTR, the displacement

ts influenced by the centrifugal force of the displacement

:nlarging mechanism, thereby causing offset in the displace-

ient.

LN

I
Thirdly, it is assumed that an electromagnetic actuator
‘S used as a head actuator. An examﬁie:of the electromag-

‘®tic actuator is disclosed in Japanese Patent Laid-Open No.

LT "I

This is the replacement sheet

Date: 28 MG \9%_



uency ] Zﬁéﬁiﬁot hi gher than the spring resonance frequen- of the spring &+~

suppor t_system including the tension ontrol arm21. It will naturally be
consi dertizt:o: 1 i ghten he tension control armor increase the spring
constani. i.n rder to heighten the spring resonance frequency. However, here
is limtation in lightening the tension ntrol arm nd if the spring
constant:is increased, the tension cont m 21 does not nove nmuch even if

there i's a, £hage1 998 ENAP 1 ddEFEHRNGHRY iatGuatorddiseKidwh 3F HAY a | N
t hi s enbodf hent, the tension control armis not
comparatively large amount of displacement in comparison
with the above-described two actuators. The étructure of an
.electromagnetic actuator is shown in Fig. 85.
| In Fig. 85, the head 14 is held by a movable coil 24
and the movable coil 24 is suppbrted around a permanent
magnet 25 in such a manner as to be movable in the axial
direction. The position of the head 14 is therefore adjust-
able as desired by supplying an appropriate driving current
to the movable coil 24.

Such an electromagnetic actuator has many édvantages_
when it is used for high-speed superior reproduction. For
exémple, a driving voltage of_ several V is sufficient, and
there is no hysteresis or nolieclination of the head. The
high reliability is secured. There is no deferioration with
time. In addition, since an electromagnetic actuator is
cheap, it is suitable to practical uﬁe for a publicly used
VTR, Howeyer, a géneral electromagnetic actuator for
superior réproduction has a frequency response characteris-
tic such as that shown in Fig. 86. When an electromagnetic
ictuator is used for superior reproduction, since the spring
onstant is set at a weak value with respect to the force
jenerated by the coil in o;é%r to increase the ghount of
lisplacement, the mechanical resonandé frequéncy is low. In

iddition, /it is necessary to sufficiently separate the

e -
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echanica;~y'supported by a spring but what is called ectrically supported -- -
by a sthn by el ectrical position. ontrol. In addition to the electrical
POSi t i Ojgaven f ol, e frequency band in which the tension is detectable is

| arged and,” as a result, tension control with a high curacy is al so

enabl ed. This method i s shown in Fig. %f Fig. 26 is a block diagramof a
tensi on- control -systemthis enbodi nent 7In Fig. 26, the reference nuner al

126 repregenls,d E{FUEoh OfhdmEdSet {1 G ad AR 'S &1 Neember

in order to avoid the influence of the magnetic field

generated from the driving coil while driving the actuator.

3ince the secondery resonance frequency caused by this
nember exists comparatively close to the first resonance
frequency, the DTF control system must be composed by a
sompensation outside the resonance for controlling in a low
frequency band than the primary resonance frequency. That
is, since it is impossible to enlarée the controlled region,
1 DTF control in a wide frequency band with a high accuracy
is not-realieed.

If the spring coﬁstant is increased for DTF control,
JTF control in a wide frequency band with a high accuracy is
bossible. However, in orderato use such an actuator for
superior reproduction, it is necessary to increase the force
jenerated by the driving coil for the puipose of obtaining a
lisplacement with a large amplitude. It is therefore
lecessary to apply a large current, which is a problem in -
‘he respect of heat generation or the like.

Consequently, it is also difficult that an electromag-:
letic actuator has a DTF control capacity and a high-speed
superior reproducing capacity at the same time.

To sum up the above ekplanation, it is impBESible in a
‘Onventional apparatus to simultaneodsly realize DTF control
+N a wide rontrolled region such as.several hundred Hz with

>
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83 ten§§§§%§Cfuator 62 representing the (generated torque)/ (input voltage)-

charac{gristic. The reference nuneral 127 represents a circuit for a
mechangea*tharacter- stic of the tension actuator 62 representing the
(di spl ace- "ent angle)/ (supplied voltage) characteristic. The refer- nce 128
represents a circuit for a tape mechani charac- eristic F which is
det erninéd by various characteristics i%

§ a high accuracy and noiseless reproduction at a high speed

: sucﬁ,as several ten times as high as the normal speed.

The problems of a tension cpntrol device in a conven-
tional magnetic reéording and reproducing apparatus will now
be explained.

Figs. 87 and 88 show a conventional magnetic recording
and reproducing apparatuse, in particular, a tape tension
control device described in Japanese Patent Laid-Open No.
56036/1990. Fig. 87 shows a recording and reproducing
state, and Fig. 88 shows a high-speed tape travelling state.

A magnetic tape is drawn out of a tape cassette (not
showﬁ) and constitutes a tape travel path such as that shown
in Fig. 87. A tension lever 28, and arms 29 and 30 are
integrally ratable around a himged support 31.

At the time of recording and reproduction, a tension
post 33 is brought into contact with the magnetic tape and
simultaneously a tension band 34 is brought into contact
with s feed reel 35 by a slider 32, as shown in Fig. 87.

: The magnetic tape is fed toward a take-up reel 36 by a

capstan at a constant speed and supplied from the feed reel

P e !

35. At this time, the moment of the tension lever 28
Produced by a spring 38 between a tension release lever 37
and the tension lever 28 iQEQalanced with the resultant
force of the moment of the tension 1&ver 28 produced by the

force appliéd to the tension post 33 by the tension between

Sk o
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uch as %%e [ength of the arm 70 of the tape tension actua- or 62, the
geonet ra#El--posi tional relationship between the ape tension roIIer 69 and
the fixed-tape pass rollers 73, 4, the (stress)/(strain) characteristic of
the magnetic ape 50 in the longitudinal direction and the sectional area f
the magnetic tape 50. The reference 129 represents a ircuit for a travel
pat h nmechani cal characterlstlc thCh |slé§ern1ned by vari ous

characteristics s% gﬁ;the geonet posi.ti onal relatlonshEp bet ween
the tape t%aRT S @ﬁa?ﬁ &E@mﬁ§s§rP keeds bys they frilgs pal ance

of
tional force between the tension band 34 and the feed reel

35. The tension of the magnetic tape is mainly controlled
by the frictional force applied to the feel reel 35 by the
tension band 34.

For example, if the tape tension becomes larger than
the balanced value due to an external disturbance, the tape
tension between the tape guide 39 on the feeding side and
the tape guide 40 on the take-up side as seen from the
tension post 33 also becomes large. As a result, the
tension.post 33 is pushed out to the left-hand side of the
balanced position sho&n in Fig. 87. The tension lever 28 is
thereby rotated"counterclockwise around the ‘hinged support
31 and simultaneously the arli'30 is alsd rotated counter-
clockwise. With the reduction in the contact force between
the tension band 34 and the feed reel 35, the frictional
force is reduced, and consequently the tension is relaxed,
Wwhereby the tension post 33 is restored to the balanced
oosition in the’ end.

On the other hand, when the tape tension becomes
Smaller than the balanced value due to an external distur-
dance, the frictional force between the tension band 33 and
the feed reel 35 becomes 1;fge and, as a resulg, the tension

. . .I':,'
LS increased, whereby the tension poé% 33 is restored to the

balanced position.

- .
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he forceelef.the magneti c tape 50 and the tape tension ol ler 69 and the

geonet ricdl - posi tional

rel ati onship etween the tape tension roller 69 and

the rotary shaft of he driver 71 for the tension actuator 62. The reference

nuner al

tension actuator 62 at e reference posit
iver- for driving the tape tension actuat

e e v r——————_— .

130 represents a position con- oller for electrically fixing the

Lé The reference 131 represents a
2. The

The tape tension is kept constant in this way at the

time of recording and reproduction.

puring high-speed éape travel, the tensiop post 33 is
ywed to a éosition at which the tension post 33 is eut of
sntact with the magnetic tape by the slider 32. The
ansion band 32 is relaxed to a position at which the

ansion band 33 is out of contact with the feed reel 35, so

hat the tension control mechanism is separated from the

ape travelling system. The tension control mechanism is

lso separated from a capstan 41 and a pinch roller 42, 1In
he case of high- speed tape travel from the feed reel 35 to
he take-up reel 36, the take-up reel 36 is rotated as a
esifed-speed to, wind the magnetic tape therearound, and a
onstant load is applied to the feed reel-35 to an extent
‘hich prevents the relaxation of the magnetic tape. On the
ther hand, in the case of high-speed tape travel from the
:ake-up reel 36 to the feed reel 35, the feed reel 35 is
‘otated at.a desired speed to wind the magnetic tape
:herearound, and a constant load is applied to the take-up
‘eel 35 to an extent which prevents the relaxation of the
nagnetic tape.
In the tape tension control mechanism of a conventional
nagnetic recording and repfdducing'apparatus haVing the
) .
above-described striucture, a specialitape tension control
Other than; the application of a load in the direction
. _
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84 ref &
electr;p
drivin ;‘;nrent and the detected anount of displacenent output fromthe
positi om.sensor 72. The eference nuneral 133 and 134 represent conpensators
for eed~backing the difference between thgggitinated tensi on al ue out put
from t B8E8hsion estimting device 132 an e eference tension val ue,
nanelya_anmmﬁﬁaéﬁ FQn§P§ndéH&ﬁ§é°n of the travel of the tape is not

exerted during high-speed tape travel. Therefore, the

conventional tape tension control mechanism cannot respond
to a transient tension change, and the tape is sometimes
damaged, or by a change in the contacting state between the
magnetic head and the tape caused by a tension change, a
fluctuation in the output which leads to deterioration in
information is apt to be caused.

In addition, the tension controlled region for the
conventional tension control device is narrow, and a tension
change-whlch can be suppressed by the conventlonal tension
control dev1ce is only not more than several Hz. Therefore,
in a VTR for high-density recording and reproduction such as
a digital VTﬁ adopting this +4wmpe  tension control device, it
is impossible to constantly keep the optimum space between
the magnetic,head_and the magnetic tape, thereby making good

recording and reproduction impossible.-

SUMMARY OF THE INVENTION

Accofﬁingly, it is an object of the present invention
o eliminate the above-described problems in the pfior art
ind to provide a magnetic recording and reproducing appara-
-us which is capable of realizing both DTF control in as

7ide a controlled region a%‘several hundred Hz with a high

B LT L e P

iccuracy and noiseless'reproductidn d% a high speed such as
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ausedtﬁy external disturbance to the tape tension actuator 2 and the feed
reel notor 55 so as to stabilize the |oop. driver 135 drives the feed reel
notor '65. The reference nuneral 136 represents a circuit for a ape
mechani cal characteristic G representing the tape ension changi ng -
characteristic caused by a change in ﬁb% stational angle. A subtracter 137
calcul ates the differ- nce between the estinmated tension val ue output from
the ensi oseesraheiemgtinss f 1dre snrmale speedr witboudn dietedioratiomdder
138 adds the position control signal from

in picture quality.

-

It is another object of the. present invention to
provide a magnetic recording and reproducing apparatus which
is capable of realizing the constantly optimum contact
between the head and the tape by a tension control in a wide
frequency band with a high accuracy, thereby enabling good
recording and reproduction.

To achieve this aim, a magnetic recording and reproduc-
ing apparatus according to the present invention is provided
with_a_tape drawing actuator andla tape tension actuator on
the magnetic tape exit side and the magnetic tape entrance
side, respectivgly, of a rotary drum with a magnetic head
>rovided thereon in magneticﬂ%épe travel path in addition to
1 conventional head actuator.

These tape actuators may be operated differentially and
re capable of freely change the tape travelling speed on
he head surface.

Use of such tape actuators enables not only DTF control
ad tension control separately from each other but also
rack cont;ol and tension control in a high-frequency band

ith a high accuracy in combination with DTF control and

‘\

:nsion control. 2

-
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he posﬁFFBﬁ'controller 130 to the tension control signal omthe conpensator
133. In"Fig. 26, the total tension of the nagnetic tape avelling systemis
obt ai ned--by addi ng an external tension sturbance (external disturbance
caused by the dynam c iction receiveddpy the tape fromthe shaft and the
drumd a change in the frictional coefficient of the tape and

Thus a first aspect of the present invention
péovides a.magnetic reproducing apparatus enabling
reproduction both in a normal-speed reproducing mode and in a
high-speed reproducing mode comprising:

; (a) a magnetic tape feeding means including at
least é capstan motor and a reel motof for causing a magnetic
tape to travel; |

(b) a head actuator mounted on a rotary drum so as
to move a magnetic head in the direction of the width of a
recording track on said magnetic tape;

- (c) a tape drawing actuator provided on the exit
side af said rotary drum including a movable tépe pass roller
which periodically feciprocates synchronously with said
rotary drum at the time of high-speed reproduction mode so as
to draw said magnetic tape;uggd o

(d) a tape tension actuator provided on the
eﬂtrance side of said rotary drum including a movable tension
roller which differentially reciprocates with respect to said
movable tape pass roller.

The tape tension actuator may reciprocate
synchronously with 1/m (m is an integer) of the rotational
frequency of said rotary drum ﬁt the time of high-speed
reproduction mode and the tape tension actuator and said tape

LS

drawing actuator may be differentially driven-in accordance
e -

with a triangular signal which is synchronous with 1/m of the

rotational frequency of said rotary drunm.
Trig is he replaoemen sheet
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an extérnal disturbance in the |ongitudinal direction of the tape) to th&® ™"
sum of the change in the tension value caused by the change in the
rotational angle of the tape tension ctuator 62 and the tension change
caused by the change in he rotational angle of the reel notor 55. On the
basis of ae thus-obtained tension, the4tape tension actuator 62 is
i splaced. The driver 71 for the tape tension actuator 62 has Lready been
descri bed wi th refer@h¢e magrEtjc reprigducingi pppatatugl mayefurbhevre det ai
her ei nunder. The magnetic '
comprise:
(a) a tracking error detecting means for
generating a tracking error signal indicating a tracking
‘error of said magnetic head; and
(b) a tracking control circuit for supplying a
predetermined error correction signal to said head actuator
and said tape tension actuator on the basis of said tracking
error signal, wherein the high-frequency component of said
tracking error signal is corrected by said head actuator and
the low-frequency component of said tracking error signal is
corrected by said tape tension actuator.
The tracking control circuit may include an
estimated external disturbarce which electrically simulates
anG .
an (input voltage)/(displacement) transfer characteristic
showing the relationship between the input voltage of said
tape drawing actuator andlthe displacement of said movabie
tape pass roller and said tracking control circuit exerts
feedforward control over said tape drawing actuator so that
said estimated external disturbance cancels the real external
disturbance.
The said tracking control circuit may include a

tension control system which electrically simulates the
_ ¢ ,

relationship between the input voltage of said tape tension

I S S

actuator and the displacement thereof, and said tension

Control system estimates the tension which said tension
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IfCUh% .k.s closed by the yoke 106 and the permanent magnet )7 which is
magnétized in the direction perpendicular to he rotating surface of the
novabl.-e .coil 108 and in which he direction of nmagnetization is divided into

-.‘. .

two opposite rections with respect to the rotary arcuate direction. R
erefore, a high magnetic flux denstt35is obtained in the rpendicul ar
direction to the rotating surface of the vable coil 108. \Wen a current is
appl i ed t golhernveselives| £ro8 sealid magaetdccbhpeladdi exentst geeldpachke f orce
used at the ‘portions indicated by the reference nunerals
control over said tape tenhsion actuator so that the estimated
tension agrees with the reference tension. The relationship
between the input voltage of said tape tension actuator and
the amount of displacement of said tension roller may be
constituted by said (input voltage)/displacement) transfer
characteristic and said tension control signal may be fed
back both to said tape tension actuator and to said feed reel
motor or said capstan motor.
Each of the tape actuators is preferably composed

of a tape drawing or pushing rolier, an arm for rotatably

holding

She -
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8a, 10851

86"1'n Fig. 18 according to the Flenming' s left-hand | e. Furthernore,
i n or d@ssso- measure the anount of splacenent of the arm 70 or the tape
tensi ga<roller 69, an tical position sensor such as that shown in Fig. 20
i s ovided, as described above. 86 The structure shown in Fig. 20 is
suitable to the case

' - 26

the Eoller with respect to.a predetermined rotary shaft, an
arm driving portion for driving the arm and a position
sensor for detecting the displaced position of thé arm
driving portion. Electrical and mechanical characteristics
of both tape actuators are preferably set to be equal in
order to allow them the differential action.

Iﬁ the present invention, the head actuator and the
tape drawing actuator are connected in a common DTF control
system and constitute a control loop for eliminating a
:racking error in cooperation by the negative feedback of a
:rackihé error signai of the movable head to both aétuators.

The head actuator compensates for a small amplitude in
« high~frequency"band of a tracking error, while the tape
irawing actuator compensatesnfgr a large'émplitude in a
.ow-frequency band of a tracking error.

In order to combine DTF control with tension control,
he control voltage generaéed from the tracking control loop
f the tape drawing actuator is supplied to the tape tension
ctuator, and by the differential action of both tape
ctuators, a desired stable tape tension is obtained,

Glereby realizing a good contact between the tape and the

2ad.
Ea "

In order to properly control the tape tension actuator,

: is preferable that the dynamic chgfééteriétic of the tape

-énsion actuator is electrically estimated and a tension

ede o
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I n whi:ch the fundanental wave of tension change is a high frequency and in--.
a W de dynamc range. It goes wi thout saying that in the case in which t
fundanmental wave of tension change is a conparativerTF@WSﬂPEdﬁ&ﬁey“ﬁ

a small anmplitude, it is possible to use an LED, which is cheaper, as the

light emtting device 110 and a sepagation detector,'fﬂ%ﬁp [ Rﬁﬁp - as
the light receiving portion 11. It ié9also possible to etec?if € pggption

by a magnetdi Rty div e | fof EARAN1 A1 15N SWRuh BtTHES €12 314G on-
ship between the voltage “to be input to the tape tension
actuator and the displacement of the tape tension actuator is
provided. This relationship is expressed by (input voltage)/
(displacement) transfer characteristic and the external
tension disturbance applied to the tape tension actuator can
be estimated therefrom.

Thus a second aspect of the present invention
provides a magnetic reproducing apparatus which is capable of
controliing the tension of a magnetic tape, said apparatus
comprising:

(a) a tape feeding means for feeding said magnetic
tape at a predetermined speed to a rotary drum accommodating
a magnetic head; _

(b} a tape tension actuator provided on the
entrance side of said rotary drum and including a movable
tension roller which movably comes into contact with said
magnetic tape;- ..

(c) a tension rolder position detecting means for
detecting the position of said tension roller; and

(d) a tension control circuit for moving said
tension roller on the basis of a signal supplied from said
tension roller detecting means so as to control the tension
which said tension roller receives from said magnetic tape to
be the reference tension, said tension control circuit .
including a tension control system which electrically
simulates an (input voltage)/(displacement) transfer
characteristic showing the relationship between the input
voltage of said tape tension actuator and the displacement of
said tension roller, whereby the tension whichigaid tension
roller receives from said’magnetic tape is esﬁimated by said
tension control system and the estiggtgd tension is so
controlled as to agree with the refe;ehce tension.

- The estimated tension may be divided according to
the frequency band, a high-frequency component being
nNegatively fed back to a tape tension actuator while a low-
frequency component is negatively fed back to said feed reel
motor provided on said magnetic tape feeding means. Other .



excit c0|I 108 and the Hall elenment an electrically detect the

rot aty onal position of the ension roller 63 in cooperation with the
perwé%ent magnet 07. In Fig. 28, a Hall elenent 141 is provided on the
xcitimg coil 108 on the opposite sidggofl. the rotary shaft 09, and the -

per mgnent magnet 142 fixed for p05|t|on detec- ion and the Hall elenent 141

Sma?hd et I keathved ohaf bk NEnoThabaNa S 'mditol difteP o Ve liPlodithdd fpPer ati on

In FH§L .27, a Hall elenent 140 is provided on the armntegrally with the -
hg

w;th the first aspect of-the invention.

| Therefore, if the high-frequency component of the
tension error signal is negatively fed back to the tape
tension actuator and the low-frequency component of the
tension error signal is negatively fed back to the feed reel
motor so that the estimated tension agrées with a preset
reference tension, tension control in a wide frequency band
is enabled.

In this way, according to the present invention,
tracking control in a wide frequency band and a wide dynamic
range with a high accuracy is enabled in the normal
reproduction mode in cooperation with the head actuator
having a large high-frequency band gain and the tape
actuators ‘having a large low-frequency band gain. By this
division of the frequency band, tracking control in a wide
frequency band is realised even in a tape format having a
narrow track pitch. .-

According to the pxesent invention, the tape
actuators can change the tape travelling speed by the
differential action of the tape drawing actuator and the tape
tension actuator, and the change in tension is suppressed by
both tape actuators.

The change in tension caused by the electrical or
mechanical characteristics of the actuator itself or an‘
external disturbance when the pair of tape actuators
reciprocate is suppressed by feeding back the signal
generated from the tension estimating device to the tape
tension actuator and the feed reel motor.

By such simultaneous control of DTF and tension, a
tracking error is eliminated and a good-contac%kbetween the
tape and the head is obtained, thereby enabling hlgh—quallty .
signal reproduction during normal-speed reproduction.

Thig is the replacement sheet
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t her.! ﬁy@lhe above-described structure, the tape tension ctuator 62 is

drlvéhfby “an el ectromagnetic force and can etect its. anHLrQP
dlspPacenent 87 In this enbodi nent, since the ten5|on est 1 mat eVlCQMb
132 dgfstitutes what is called a co- di mensi onal obser ver

- 29 - Dae: 2 5 AUG 1996

Thus a third aspect of the invention provides a

’

magnetic reproducing apparatus which is capable of DTF

é
H

control for enabling a magnetic head to follow the recording
track of a magnetic tape; said apparatus comprising:

(2a) a rotary drum accommodating said magnetic head
and a head actuator which can displace said magnetic head in
the direction of the width of said recording track;

(b) a feed reel motor for feeding said magnetic
tape from a cassette at a predetermined speed;

(c) a pair of fixed tape pass rollers on the
entrance side of said rotary drum'for.introducing said
magnetic tape supplied by said feed reel motor to a--
predetermined positign on the entrance side of said rotary
drum; o

(d) a pair of ffggé fape paég rollers on the exit
side of said rotary drum for_introducing said magnetic tape
drawn frdm-said rotary drum to a predetermined position;

(e) a take-up reel motor for taking up said
magnetic tape supplied from said fixed tape pass rollers on
the exit side at a predetermined speed;

(f) a tape tension actuator which includes a
tension roller for applying a predetermined tension to said
nagnetic tape by stretchinq said magnetic tape While passing
Jetween said fixed tape pass rollers on the entrance side and

-l\—.

ipplies a predetermined tension to said magnetlc tape in

accordance with the amount of displacement of said tension

> A -

roller:;

(g) a tension roller position sensor for detecting



(hereji nunder referred to as "tension estimating device") in the nodern
cont r'ol theory which electrically sinulates the transfer characteristic
(drivjng current/displacenent) of the tape tension actuator, Gds repageghent L shest
p033|ble to detect the tape tension applied to the tape tenS|on actuat 62
in a:wvider frequency band in conparison with the conventi onal &EG

t ensi on detector such as that showri30Fg. 81. The aboPMescrl bed
princi.ple will -be explained in more letail. Fig. 29 shows the transfer
functions @hetﬁésmdm§3m$néspiw§ﬁﬂdgt@éﬁﬂ@é rgdler of said tape tension

PR R

actuator;
| (h) a tape drawing actuator which includes a
movable tape pass roller for lowering the tape travel speed
on said rotary drum by stretching said magneﬁic tape while
passing said fixed tépe pass rollers on the exit side and
displace said movable tape pass roller;
(1) a movable tape pass roller position sensor for
detecting the displacement of said movable tape pass roller;
(j) a tension servo controller including an
exterhal tension disturbance estlmatlng dev1ce, said tension
servo controller inputting a target tension signal and an
output of said tension roller position sensor and outputting

a tension control signal tqri?;d tape ten51on actuator;

(k) a DTF controller including a tape drawing
actuator external distufbance estimating device, said DTF
controller inputting a target track position sigﬁal and the
output of said movable tape pass roller position sensor and
outputting a tracking control signal to said head actuator
and said tape drawing actuator;

(1) a position control circuit for electrically
fixing the position of a movable tape pass roller on the
basis of the output of said hovable tape pass:*oller position
sensor; and i 1 - ) .

_ (m) a position control circuit for electrically
fixing tée position of said tension roller on the basis of

the output of said tension roller position sensor.

The gap between said fixed tape pass rollers on the



Fig. ¢9 is obtained by converting the bl ock diagram of the tenshggﬁgygﬁ;
systehi shown in Fig. 26 into the trans- fer functionsg of &aeﬁgﬁg%éxﬁﬁﬁg
theory. The synbol s is a | aplace operator. The r ef ef BRAS WY [Br'a 126
repre@ents a transfer func- ion including the coil resistanceﬁRgiﬂUG .
tape'd ension ctuator 62 and the forcejgonstant KT of el ecttomagnetic -
riving portion, 127 a transfer function including the nertia J of the '
movabt e pordiarnmde tdid aRfy NSO ACtAI1 YhtAY AGddie mGASIdy fncti on

C, 128 a transfer function .
the outer diameter of said tension roller, and the gap

between said fixed tape pass rollers on the exit side is set
at a slightly larger dimension than the outer diameter of

; sald movable tape pass roller and the tape tension actuator
may include a tension arm with said tension roller fixed at
one end thereof and carrying one selected.frqm the group
consisting of an exciting coil and a permanent magnet and the
other of said group fixed on the actuator base, and
determines the displacement position of said tension roller
by the exciting current supplied to said exciting coil; and

. said tape drawing actuator may inciude a roller arm

with said movable tape pass roller fixed at one end thereof
and carrying ohg selected from the group consisting of an
exciting coil and a permané%%gmagnet aﬁd the other of said
group fixed on the actuator base, and determines the
‘displacement position of said movable tape pass roller by the
exciting current supplied to said excitiﬁg coil.

. The DTF control signal of said DTF controller may
be supplied to said tension servo controller and said tape
tension actuator corrects the tension of said magnetic tape
in correspondence with a change in the tape travelling speed
‘caused by the DTF control. - - - .

C N

The tension servo.controller may include an

-~ . -

o

external tension disturbance estimating device which
electricéliy simulates the relationship between the input
voltage of Said tape tension actuator and the amount of

displacement thereof, said external tension disturbance



‘lng_the transfer characteristic of the change in the ape tension w.th
“2F0 t he change in the rotational ngle of the tape tension actuator - -
62, ahd 131 a transfer 88 function indicating the transfer

char afgt-eri stic which the tape tension inparts to the tape tension actuator:s -

62. The reference nuneral 130a represgpts a phase |ead

[y

? estimating device including an (input voltage)/(displacement)
transfer characteristic circuit. |

The DTF controller may include an external tension
distutbance_estimating device which electrically simulates
the relationship between the input voltage of said tape
drawing actuator and the amount of displacement thereof, said
external tension disturbance estimating device including an
(input voltage)/(displacement) transfer characteristic
circuit.

The DTF controller may include an external tension
disturbance estimating device which electrically simulates
the réiationship between the input voltagé of said head
actuator and the amounﬁ of displacement thereof, said
external tensidn disturbance estimating device including an
(input voltage)/(displaceméﬁgs transfef.characteristic
circuit.

The DTF controller may_supply'the hiéh~frequency
component of said DTF control signal to sid head actuator and
the low-frequency component of said DTF control signal Eo
said tape draﬁing actuator.

The tension servo controller may supply the high-
frequency component of said tension control signal to said
tape tension actuator and the'low-frequency cqmponent of said

]

tension control 51qna1 to said feed reel motor.

IL L
The ten51on servo controller and sald DTF

controllér may include digital high-speed computers for
executing ténsion computation and DTF computation, |
respectively. This is the replacement sheet
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filterz-which is a conpensator for conpensating a position error signal
which is a difference between the position ignal output fromthe position
sensor 72 of the position. ontrol group for electrically fixing the
refer'ence position of the tape tensi actuator 62 and the reference
position ignal [err] and 130b repres s the gain of an anplifier for-

numeral 1333, 1 opr esehieia o gRiAacebf FEReLof i FALEE fdPapiRipase °C

nuneral 133a represents a a

fﬁgpggﬁ?to%££%§nhogdkgsigggn%§ki%ciagg§rativer hi gh frequency conponent in

(a) a yoke holder fixed on a VIR deck base and
composed of a material ha&ing a high permeability;

(b) a permanent magnet fixed on said yoke holder;

(c) a support shaft implanted in said deck base or
said yoke holder; | .

(d) an arm which is rotatably supported by said
support shaft and carries at the end thereof a tension roller
or. a movable tape pass roller which comes into contact with
said magnetic tape;

(e) an_exciting coil which is fixed on said arm in
such a manner as to be rockable in the state of facing said

permanent magnét; and

: and vt
(f) a yoke disposed in close contact with said

yoke holder and in proximity to said exciting coil.
Said tension roller or said movable tape pass
roller may be supported by said arm in such a manner as to be

adjustab%e in height.

One ‘of said arm and said yoke may be provided with
a light emitting device and the other thereof is'provided
with a light receiving device, said light emitting device and

said light receiving device constituting said tension roller -

LY

position sensor or said movable tape pass roller position

sensor.

" Said light receiving device may be composed of a

L~ T

one-dimensional type light receiving device which
photoelectrically detects the relative displacement of said .. ,
| ia is the_replacsment sheet
Thie ts ) %P AUL WO



rolled region in the tension control systemto the tape ension actuator 62,
and 133b represents the gain of an nplifier for determining the {"oop gain
of a-feedback |oop ith respect to the tape tension actuator 62. The
refefénce umeral 134a represents a | ow pass filter, which is a part f the
conpensator 133 for feeding back a-cagparatively ow frequency conponent. in
the controlled region of the ansion control systemto the feed reel notor

Sepac AR, e g eptoamia e [t g rdcgp 00 7 of 1o

Said direction of magnetization of said permanent
magnet may be different from the direction of magnetization
of said exciting coil between the respective opposing sides.

A Hall element may be provided on either of said
arm and said yoke or éaid yoke holder and a permanent magnet
is provided on the other in such a manner as to face each
other, and the position of said tension roller or said
movable tape pass roller 1is detected by magnetoelectrical
conversion.

- Sald support shaft may be provided with a mirror, a
light emlttlng dev1ce for radiating laser beams to said
mirror and a one-dimensional light receiving device for
receiving the light reflected from said mirror so as to
detect the p051tlon of saldrgén51on roller or said movable
tape pass roller by photoelectrical conversion.

Said light emitting device may be provided with a
light shielding plate for shielding said light receiving
device from the outside light.

The ﬁagnetic reproducing apparatus may further
comprise:

slant pins which are provided on the entrance side
and the exit side, respeé}lvely,_of said rotarx drum;

a tape loader on the entrance side of said rotary
drum prov1ded in such a manner as tébbo slldable along a
guide groove provided on said VTR deck base for loading/
unloadinsbséid magnetic tape and carrying said slant pin and

said fixed tape pass rollers on the entrance side; and

Thie is thz feP‘”’W shoet
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ef erence nuneral 55a represents a transfer function includ- ing the coil .
resi stance RL and the torque constant [err] and 89 55b a transfer

function including the rotational inertia [err] of the reghjgRtfp réﬁlabefﬁhﬁ{ sh'tl
reference nuneral 136 is a transfer function representing the (ta - o
tension)/(angle) haracteristic which ggdicates the infl ue_rlljc.(;:‘ of A\:\ﬁr‘%

, a tape loader on the exit side of said rotary'drum
provided in such a manner as to be slidable along a guide
groove provided on said VIR deck base for loading/unloading
said magnetic tape and carrying said slant pin and said fixed

» tape pass rollers on the exit side.

One of each pair of said fixed tape pass rollérs on
the entrance side and on the exit side may be a flange for
positioning the upper end of said magnetic tape and the other
of each pair has a flange for positioning the lower end of
said magnetic tape.

Either of said botb_tape actuators and said both
tape loaders may be disposed on the underside of said VTR
deck base and the other is then disposed on the uppér side of

said VIR deck.
ang o o

The movable rollers of said both tape actuators may
project into the upper side of said VTR deck base
therethrough and guide grooves along whiéh said movable
rollers move are provided in such a manner as to be
continuous with said guide grooves for said tape loaders.

Othér features mentioned in accordance with the
first and second aspects may also be used.

A fourth aspect of the present invention provides a
magnetic reproducing apparatus whjch is capab}e of high—séeed
noiseless reproducﬁion in which theQFape travelling speed is
intermittently lovered during the high-speed travel of a
magnetic?t;pe for reproducing signals when said tape

travelliﬁg épeed is lowered, said apparatus comprising:

(a) a rotary head accommodating a magnetic head .



.n the-angle of the reel notor 55 on the tape tension. The ref erence

nunmeral 150 is a transfer function ircuit electrically sinulat
transfer function 126, nd 151 and 152 are transfer function ci

electrically inmulating the transfer function 127 by the eqyhigas

onversion of the control theory. The neference nunmeral 153 nd

I ng the

rcuits

S0 repla mom o
150 Al T harm suse

feedback gains of the observer (tension ontrol system) which areIQe@ K6 K996

SO0 as to coan@rgchéhe atteaesses between the output of th
72 and he respective outputs of the transfer function circuits

ition sensor

(b) a feed reel motor for feeding said magnetic

tape from a cassette at a predetermined speed;

(c) a pair of fixed tape pass rollers on

the

i entrance side of said rotary drum for introducing said

magnetic tape supplied by said feed reel motor to a
predetermined position on the entrance side of said
drun;

(d) a pair of fixed tape pass rollers on

rotary

the exit

side of said rotary drum for introducing said magnetic tape

drawn. from said rotary drum to a predetermingd position;

(e)"a take-up reel motor for taking up said

nagnetic tape supplied from said fixed tape pass rollers on

the exit side at a predetermined speed;
¢ o
(f) a capstan motor for controlling said

tape on the take~up side at a constant speed;

magnetic

(g) a ﬁape tension actuator which includes a

tension roller for applying a predetermined tension

to said

magnetic tape by stretching said magnetic tape while péssing

between said fixed tape pass rollers on the entrance side and

applies a predetermined tension to said magnetic tape in

accordance with the amount of displacement of said tension

roller:; R

ER s
(h) a tension roller position sensor for

Il L -

detecting

the displacement of said tension roller of said tape tension

actuator:

S e

(i) a tape drawing actuator which includes a

movable tape pass roller for lowering the tape travel speed.



50, 153%.and 152 on zero in order that the dynam c charac- eristics of the... ..
transf®€r function circuits 150, 151 and 152 hich electrically sinulate the
characteristic of the tape ension actuator 62 agree with the characteristic
of the ctual tape tension actuator 62. The reference nuneral 155 s a

transfer function represented by the nggrse character- stic of the

transfer function 131. 1n Fig. 29, whén a driving voltage to be input to

T s T S 10y el Sl St bl e ik
passing said fixed tape pass rolleers on the exit side and
displaces said movable tape pass roller;

() a movable tape pass roller position sensor fbr

5 detecting theldisplacement of said movable tape pass roller;

(k) a teﬁsion servo system including an external
tension disturbance estimating device, said tension servo
system inputting a target tension signal and an output of.
said tensién roller position sensor and outputting a tension

+ control signal to said tape tension actuator;

(1) a high-speed reproduction controller for
inbutfing the roﬁary.drum PG Signal and the FG signal
generated from said capstan motor or said take-~up reel motor
and supplying & high-speed Féproduction dfiving signal to
said tape drawing actuator?nc o

(m) a position control circuit for electrically
fiéiﬁg the position of a movable tapé pass roller on the
basis of the output of said movable tape pass roller position
sensor; ‘

(n)ﬂ a position control circuit for electrically
fixing the position of said tension roller on the basis of
the output of said tension roller position sensor; and

'(o) a DTF controller including a tape actuatof

L4

external disturbance estimating device, said DTF confroller
inputting a tafge£ track position é?;;él ana the output of
said movébie tape pass roller position sensor and outputting
a trackiﬁ& control signal to said head aétuator and said tape

drawing actuator; : This is the replacement sheet
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onstant KT, the output b' of the tension estimating device 90 132
becones the estinmated value of the actual driving force b of the tension
control system The transfer functions of the circuits: 151 apd.152. ar. { shoeh
col I ectively represented by the follow ng equation: [2?'? 5 88960ReaRbh

- 38 - outg: 25 AUG 1996
wherein said tension control signal and said high-
séeed reproduction driving signal are differentially supplied
to said tape tension actuator and said tape drawing actuator,
respectively, thereby reciprocating said tension roller and
5 said movable tape pass roller. |

Said tape drawing actuator may reciprocate
synchronously with 1/m (m is an integer) of the rotational
frequency of said rotary drum.

Said DTF controller may include a two-stage

1 coupling controi circuit for controlling said head actuator
and said tape actuators by a common control system and sets
the ffequency (cbup}ing frequency) at which the gains of-the
respective control loops by said both tape actuators are
equal in the vlcinity of the frequency of said triangular
signal for driving said taégmieﬁsion éeéuator.

Other features mentioned in connection with

" previous aspects of the invention may also be provided.

A fifth aspect of the invention provides a magneﬁic
recording and reproducing appératus which is capable of
controlling the tension of a magnetic tape to a predetermined
value, said apparatus comprising:

(3) a rotary head accommodating a magnetic head;

- (b) a feed reelpmotor'for feeding eaid magnetic

a

tape from a cassette at e predetermined speed;
i s -

(c) a-bair of fixed tape pass rollers on the
entrance ‘'side of said rotary drum for introducing said
magnetic=€abe supplied by said feed reel motor to a

predetermined position on the entrance side of said rotary.



Since the transfer function circuits 151 and 152 sinulate the transfer

functi 6h of the mechanical characteristic of the tape tension actuator 62 ="

when the output b' of the transfer function circuit 150 is input, the
output d' of the transfer function circuit 152 ought to be the estinated
value of the rotational angle d of the tape tension actuator nechani cal. .
characteristic circuit 127. However,~t3¥& trans- fer function circuits 151
and 152 are _provided with integra- tors therewithin, and even if the
transfer fuBEMPéns are the sane as the characterlstlc out put fromthe

circuit 127 in
(d) a pair of fixed tape pass rollers on the exit

side of said rotary drum for introducing said magnetic tape
drawvn from said rotary dfum to a predetermined position;

(e) a take-up reel motor for taking up said
magnetic tape supplied from said fixed tape pass rollers on
the exit side at a predetermined speed;

(f) a tape tension actuator which includes a
tension roller for applying a predetermined tension to said
magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass rollers on the entrance side and
applies a predetermined tension to said magnetic tape in
accordance with the amount of displacement of said tension

roller;
174G 4

(g) a tension roller position sensor for detecting
the displacement of said tension roller of said tape tension
actuator;

(h) a tension servo controller including an
externalitension disturbance estimating device, inputtigg a
target tension signal and an output of said tension roller
position sensor and outputting a tension control signal to
said tape tension actuator; and |

(1) a position control means for fiﬁinj said
tension roller on the basis'of the output of said tension

A\- -

roller position sensor.

" The gap between said fixed tape pass rollers on the

entrance side may be set at a slightly larger dimension that
Thia is the replacement sheet
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t he tape tensi on actuator 62 with respect to the frequency characteristics, "

the dynam c characteristics thereof are not equal thereto due to a
difference in the initial values of the integrators. Therefore, the
difference e between the ctual anount4®f-di spl acenent d" detected by the
position ensor 72 and the estimated value d' of the tension estimt- ng
devi ce 132the mutegr diameteai of paid] tensipor rplleker eby the ynanic
characteristits as well as the frequency character- stics agree with those
of the actual tape t&Wdieanfgetuzesr mentioned in connection with the

previous aspects may, of course, be provided.

In the high-speed reproduétion mode, the tape can be
subjected to rocking motion by both tape actuators between
the entrance and the exit of the rotary drum while causing
the tapeito travel at a high speed, and in the state in
which the tape speed is relatively lowered with respect to
the head, a signal is intermittently reproducea.

In this way, it is possible to intermittently obtain a
high-qdality reproauced'image even in a high-speed tape
travelling state. |

In order to rock the tape actuators, a triangulér
having a frequency synchronod§ with 1/m (m is a positive
integer) of the rotational frequency of the rotary drum is

applied to the actuators.

)

- a

This is the replacement sheet
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91 The BBB#¥E- described structure is well known as the structure of a
co-di mensi onal observer in the nodern control theory. It is in order to
freel y #ddt-er mi ne the convergence of the observer that the signals are fed
back in the two |oops at the gains of [err] and [err] to the input

terminals of the transfer function circuits 151, 152 which

. 41

It is preferable that the tape tension actuator and the

L

feed reel motor are also subjected to tension conﬁrol during
such noiseless high-speed superior reproduction.

The present invention is further characterized in that
the tension at the time of recording and reprodﬁction is
controlled to be the optimum value by using the tape tension
actuator.

" In the present invention, tension control by the tape
tension actuator is realized independently of DTF control.
For this purpose, the tape tension actuator provides a
desired tension for‘the tape at the tape entrance side of
the rotary drum and the tension control system uses the
{input voltage)/:(displacement}. transfer characteristic. The
tension control system estimd®®s the tension which the tape
tension actuator receives from the tape travelling system
and exerts feedback control of the'tape tension actuator and
‘the feed reel motor so that the estimated tension agrees
with the fefergnce tension.

As described above, according to the present invention,
it is possible to control the tape tension in a wide fre-
Jjuency band with a high accuracy and to obtain the optimum
tape tension both in recording énd.in reproduc?ion.

The above and othér o;jects, features and-advantages of

b (A - )
he present invention will become clear from the following

This i5 the replacsment sheet
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includexthe integrator (- in a Laplace conversion) in the S nodel of::thginiess
tape tension actuator 62. A co-di nensional observer to which the driving

vol tage and the di spl acenent of an object of control are input is generally
used to estinmate the internal speed thereof. |If the feedback gains [err] ™
of the co-di nensional observer are adequately larger than the pole 156 of

the observer in .Fig. 30 (the negative re%% nunber is large), in other

words, if the values of F1, 2 are Iarge h gains), in the state in which
the dynani escrlptlon of the preferred embodiments thereof, taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 schematically shows a first embodiment of a
magnetic recording and reproducing apparatus according to
the present invenﬁion;

Fig. 2 is a perspective view explaining the principle
of thé present invention;

Figs. 3 and 4 are explanatory views schematically
showing a change in the tape travelling speed caused by the
_operation.of a tape actuator in accordance with the present
invention; | |

Fig. 5 schematically shows the recording track pattern
of a VTR; -' 176 o

Fig. 6 shows the (displacement angle)/(torque) charac-
teristic of a tape actuator according to the present inven-
tion;

Fig..7 is a time chart showing the operation of each
element at the ‘time of high-speed noiseless reproduction;

Fig. 8 schemafically shows the mechanical positional
relationship between the fixed tape pass rollers and the
rotation axis of the movable tape pass roller a?d-thg tape
ictuator in accordance with the present invention;

Fig. 9 shows the relationship between the displacement

angle and ;the length of the drawn tape in Fig. 8;

S A

This is the replacement sheet
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characteristic and the static characteristic of the object of control agree.;-.

with each other, it is possible to estinate the tension. At this tine,
since the dynan1c characteristic agrees mnth the static characteristic, the
following rela- :ionship holds: [err] : ... (2) Fig.

30 shows the pole positioning of this con;@ol system The reference nuneral
156 represents t.he pole of the tape tension actuator 62, 158 the pol e of
the position Fig. 10 shows the relationship between the displacement
angle and the amount of displacement in the direction of the
width of the recording track of the tape drawing actuator in
the first embodiment;

Fig. 11 is a block diagram of a tracking control system
in superior reproduction in the case in which the ideal
mechanical characteristics are 6btained in accordance with
the present invention;

Fig. 12 is a block diagram of 'a servo system in the
first embodiment;

Fig. 13 schematically shows a modification of the tape
actuators in.accordanCe with the present invéntion;

Fig. 14 is -a block diagram of the DTF control system in
the first embodiment; Eelé v

Fig. 15 is a sectional view of the structure of the
head actuator.in the first embodiment; |

Fig. 16 scﬁematically shows a tape actuator in accor-
lance with the present invention;

Figs.'17 and 18 schematically show the magnetic circuit
:xplaining the principle of driving the tape actuator;

Fig. 19 is a sectional view of the tape actuator in
iccordance with the present invention;

Fig. 20 shows an exam§i§ of a position sensor of the
-ape actuator in the first embodimenftof the'pfésent inven-
.ion; :

‘S

This is the replacement sheet
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92 control feedback |oop of this control system 159 the pole of the
feedback loop to the reel notor 55 of this control system 160 the pole of
the feedback loop to the tape tension actuator 62 of this control system
and 157 the pole of the tension estimating . observer. The abscissa .
represents a real nunber axis and Ehe orQi4ate an i magi nary nunber axis.
) Fig. 21 shows the freguency characteristic of the tape
actuator in accordance with the present invention;

Fig. 22 is a block diagram showing another exemple of
the DTF control system;

Fig. 23 is a block diagram of a DTF control circuit in
the present invention which is represented by transfer
functions; |

Fig. 24 shows the pole-positioning in the DTF control
system in accordance with the present invention;

Fig. 25 shows the open loop characteristic of the DTF
control system in accordance with the present invention;

Fig. 26 is a block diagram'of a tension contrel system
in accordance with the present invention;

Figs. 27 and 28 show othexr examples of a position
sensor of the tape actuator in accordance with the present
inveqtion;

Fig. 29 is a block diagram of a tension control circuit
in the present invention which is represented by transfer
functions;

Fig. 30 shows the pole-positioning of a tension esti-
Jating.observer in accordance with the present invention;

Figs. 31 and 32 schematically shows the balance of the

LY

lorces of the movable tape)éass roller portion;:

-, -
‘i o -

Thig is the replacemernt sheet
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Since tHeé transfer function circuit 150 do not include an integrator, the
driving force b' is represented as follows: [err] Since the dynam c
charactguistic of the object of control agrees with that of the nodel in

t he obsérver, the speed and the acpelerat%gn as well as the displ acenent
agrees with those of the nodel. Thbreforé the force c' applied to the arm

O, P B 28 s link e YBh et cboll ot e
| the’estimating capacity of the tension estimating device in
accotdance with the present invention;

Fig. 35 shows the open loop characteristic.of the
tension control system in accordance with the present
inventién;

Fig. 36 is a block diagram of the structure of a
hardware in the tension control system in accordance with

the present invention which is composed of a high-speed

cdmputer such as a microcomputer;

Fig. 37 is a flowchart of the tension estimating
algorithm in accordance with the present invention;
Fig. 38 is-a block diagram for realizing I in Fig. 37;

Fig. 39 is a perspectivéﬂﬁieh of another example of the

tape actuator in accordance with the presentrinvention;
; Fig. 40 is a block diagram of a second embodiment of
the presént invention;

Fig. 41 is the block diagram shown in Fig. 40 which is

represented by transfer functions;

Fig. 42 shows the external disturbance suppressing

characteristic of the external disturbance suppre;sing loop

of the tape actuator;

Fig. 43 shows the stracture of a tension centrol

LN

mechanism using the tension control System in a third

embodiment’ 6f the present invention;
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tape tension -actuator 62, as in the follow ng equation;
(5) the followi ng relationship

46

. Fig. 44 shows the structure of a modification of the
“" tension control mechanism ;hown in Fig. 43;
| Fig. 45 shows the structure of an optical sensor for
detecting the amount of displacement of the tension afm
;hown in Fig. 43;

Fig. 46 shows the structﬁre of a modification of the
optical sensor shown in Fig. 45;

Fig. 47 is an explanatory view of a magnetic sensor for
detecting the amount of displacement of the tension arm
shown in Fig. 43;

Fig. 48 is an explanatory view of ‘a magnetic sensor for
detecting the amount of displacement of the tension arm
shown in Fig. 44; -

Fig. 49 is a block diagraf of the tension control
system in the third embodiment;

Fig. 50 is a block diagram of the'principle of control
f the tension control system shown in Fig. 49 which is
‘epresented by transfer functions;

Fig. 51 is.a block diagram of the principle of control
f the tension control system having no driving portion
hich is represented by transfer functions;

Fig. 52 is a detailed sectional view of a tape actuator
riving mechanism in the tgiqﬁ embodiment of thékpresent |

Xl L -

nvention;

-
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g (7) This neans that a' in
t he S|gﬂar path in the observer represents the torque caused by the
ten5|onf:.3) it is possible to detect the torque caused by the tension
by taking.out a' . The relationship between the tape tension and the torque
whi ch t%e t ape ten5|on applies to the nmechanical part of the tension

act uato?’”t!s shown in Figs. 31 and 32. 47

’ Fig. 53 is a partially cutaway perspective view of the
...tape actuator mechanism shown in Fig. 52;

Fig. 54'i$ a plan view of the main éart of the movable
coil portion and the permanent magnet showing the positional
relationship thereof;

Fig. 55 is a sectional view of the structure of the
main part of a light emitting portion;

Fig. 56 is a schematic plan view of a light recéiving.
element shéwing the positional relationship between a ray
and thg light emitting elemept;

Fig. 57 is_a sectional view of another example of the
tape actuator driving mechanism;

Fig. 58 is -another example of a tape actuator with a
reflecting mirror type posit28fi detecting means mounted
thereon;

Fig. 59 is a plan view of the main part of another
:xample of the permanent magnet shown in Fig. 54;

Fig. 60 is a sectional view of still another example of
1 tape actuatorxprovided with a position sensor having a
.ight shielding plate;

Figs. 61 and 62 show further examples of a tape actua-
‘or-provided with a position sensor having a Hal} element;

Figs. 63 to 65 are plgﬁkviews of a magnet{c recording-
nd reproducing apparatus with the tdpe‘actudtors in accor-

dance with’ fthe present invention mounted thereon, wherein

K- -
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Fig. 31:% Jm%ﬁtically shows the bal ance of the forces of the tape tension

rol ler 8:and the magnetic tape 50. In Fig. 31, the synbol [err] represents
a nodul @&=of |ongitudinal elasticity and [err] the viscosity coefficient of
the magretic tape 50. [err] represents a tension value and [err] an
external tension disturbance value. Fig. 4 shows the nechani cal

rel ati onshi p between the positions of thé vabl e tape tension roller 69

and the Ei xed iaﬁe pgas oIIerE 73, 74 and the | ength_of the arm 70. From
the statical pofmd-of3vEda¥st kBer statenAf cRoFRal-speed record-

ing/reproduction;

and Figs. 64 and 65 show the state of superior repro-
duction;

Fig. 66 is é plan view of the main part of another
embodiment of a magnetic recording and reproducing apparatus
according to the present invention after tape loading;

Fig. 67 is a plan view of the main part of a magnetic
recording and reproducing apparatus shown in Fig. 66 before
tape loading;

Fig. 68 is a detailed side view of a.meéns for regulat-
ing the magnetic tapé in the verﬁical direction in accor-
dance with the present inventign,.seen in the direction of
the travel of the magnetic tape; vt

Fig. 69 is a partially sectional view of the details of
a mechanism of'vertically moving the tape pass roller on the
take-up reel side in accordance with the present invention;

Fig..70 is a plan view of the main part of still

" another embodiment of a magnetic recording and reproducing
apparatus according to the present invention after tape
loading;

Fig. 71 is a plan view of the main part of the magnetic

LN

recording and reproducing épparatus shown in Fig. 70 before

-

tape loading; - I : .
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tape t@

ral ue arso changes with tine and position as parameters. )ne of the
characteristics of this enbodinent is that the. 94

4 43
'Fig. 72 is a detailed sectional view of the embodiment
shown in Figs. 70 and 71 showing the tape actuator disposed
on the under surface of the base;

Figs. 73 and 74 show the operation of the tape actua-.
tors in the embodiment shown iﬂ ?ig. 70 and 71 at the time
of superior reproduction.

—~ - Fig. 75 shows the system of a conventional magnetic
reproducing apparatus;

Fig. 76 shows the high-speed supérior reproduction
servo system in a conventional magnetic reproducing appara-
tus; - | .

Figs. 77 and 78 show the relationships between the tape
pattern and the trajectory of the scanning ﬁagnetic head in
the cases of normal-speed travel, and reversely travelling
at a speed five times as high as the normal speed, respec-
tively;

Fig. 79 schematically shows inclination error patterns
thich are to be followed by the magnetic head in a conven-
:ional magnetic'reproducing apparatus;

Fig. 80 shows.a magnetic tape travelling system in a
:onventional VTR;

Fig. 81 shows a conventional tension cohtrbl mechanism;

Figs. 82 and 83 are plan views of conventional head

-ctuators;

This is the replacement sheet
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B on roller 69 receives fromthe tape 50 is repre- sented by 2 (TN
+ TG . -However, since the actual nmgnetic tape 50 is not a rigid body and
is congigdered as a viscoelastic body, it is necessary that the tape tension.
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| engt h .ne tape between the rotary nmagnetic head 52 which is used for
t ensi on' itrol and the tension roller 69 which is the point of application”

for thegpggiual control is shortened so as to avoid the influence of the

dynani c.eeharacteristic in the |ongitudinal direction of the tape as nuch as

possible. Actually, the magnetic tape 50 is wound around the tension roller
69 at a.contact .angle of not [err], is wn in Fig. 31, but less than
[err], &s shown in ig. 32. |If tﬁe conttatt angle is represented by [err] is

a positive angpgl. ile shekae tarPleddtionkhept BeSWBBn the effective
| length of the bimorphous cell and the inclination of the
magnetic head in a conventional head actuator;
Fig. 85 is a sectional view of a conventional head
actuator; |
Fig. 86 shows the frequency characteristic of the head
actuator shown in Fig. 85;
Fig. 87 shows the structure of another magnetic tape
tEQQelling system in a conventional VTR; and
Fig. 88 shows the structure of the tension control
system in the VTR shown in Fig. 87. | .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention wiil be explained
hereinunder with reference to the accompanying drawings.

Fig. 1 shows a first embodiment of a magnetic reco;ding
and reproducing apparatus according to the presené inven-
tion. In Fig. 1, a rotary drum 51 with a magnetic tape 50
#ound therearound accommodates two magnetic heads 52a ané
32b. Tﬁe magneéic tape 50 is drawn out of a feed reel 53
ind wound around a take-up reel 54. Both reels 53, 54 are
Iriven by motors 55 and 56, respectively. 1In order to feed
‘he magnetic tape 50 in the direction of the travel at a
‘onstant speed, a capstan 57 and a pinch rollef'ss for
*lamping the tape 56 therebetween are provided. The capstan

57 is driven by a capstan motor 59. In order to wind the

Thse i5 the raplapement sheet
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roller B%is represented by [err]. As shown in ig. 32, the-tensi on {EipERezs
69 is connected to the rotary shaft of the actuator driving portion 71

t hrough“the arm 70 taving a length r, the torque applied to the tension =~ -
roller 9 by the tape tension is represented by the foll ow ng equation:

[err] herefore, the relationship between_the tape tension value [err] .

contai ning the external tension disturbdﬁde nd the torque a which the tape

tension a€2£23§ot2r598d the rotary drum 51 at a predetermiped incli-
natibn angle; slant poles 60a and 60b are provided on the
entrance side and the exit side, respectively, of the rotary
drum 51. |

The present invention is characterized in that a tape
drawing actuator 61 and a tape tension actuator 62 are
provided on the exit side and the entrance side, respective-
ly, of the rotary drum 51.

The tape drawing actuator 61 includes a movable tape
sass roller 63 which comes intq contact with the tape 50,
and a roller arm 64 for holding the pass roller 63 is rocked
oy a driver 65. The rocking angle of the roller arm 64 is
letected by a position sensor 66.

Fixed tape p;ss rollers 67 and 68 are provided on both
sides of the trajectory of the movable tape pass roller 63,
ind the gap between the fixed pass rollers 67, 68 is so set
1s to allow the movable tape pass roller 63 to pass
:herethrough. In this embodiment, the movable tape pass"
;oller 63 passe§ the intermediate point of the fixed tape
)ass rollers 67, 68 and at this time the gap between the
iovable roller 63 and the fixed roller 67 is equal to the
rap bétween the movable roller 63 and the fixed foller 68.

| Similarly to the tape drawing actuator 61; the tape
‘ension actuator 62 also includes a tape ten;ion roller 69,

4 roller arm 70, a driver 71 and a position sensor 72, and

This is the raplacement sheet



ctuator&%ﬁ shown in Fig. 29 is represented by the foll owing quation: [err]
95 On tle other hand, the estimated tape tension value [err] is obtained
fromthe:estimated tape tension torque a' by nultiplying a' by the

reci procal of f8, as represented by

52

fixed tape pass rollers 73 and 74 are provided on both sides
of the trajectory of the movable tape tension roller 69.

Principle of Operation of High-speed_Superior Reproduction

Fig. 2 is a perspective view explaiﬁing the principle
: the operation at the time of high-speed superior répro-
iction.

In Fig. 2, the speed of each part of the apparatus and

e speed of the magnetic tape are schematically shown,

ierein V, is the speed of the magnetic tape 50 on the

rtary drum 51, VB_the moving speed of the movable tape pass
ller 63 of the tape drawing actuator 61 and VC the speed

" the magnetic tape 50 driven by the capstan motor 59 or

e take-up reel motor 56.

High-speed suberior reproduction is an operation of
termittently reproducing a picture while causing the tape
. & speed any given timés as high as the normal speed.
nventionally, the head is caused to follow the track only

the head "actuator during this high-speed tape travel,.éo
at the high sp;ed which enables reproduction is limited.

In the present invention, in order to solve this
oblem, the tape drawing actuator 61 and the tapg tension
tuator 62 provided on the exit side and the éntgance side,
spectively, of the rotary drum 51, are differeﬁtially
erated so as to prdduce a period in which the.traveliing

speed of the tape 50 is relatively low with respect to the
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the fol E&iM ng equation: [err] In this way, it is possible to obtain-the . -mshi:
tension by estimation. Additionally, when the observer is matched with the
model , €he tension estimating capacity of the tension estimating device 132.. -
depends “upon the two feedback gains [err] and represented by the followi ng-
equation; [err] F1 mainly determ nes th?iérequency which all ows the estina-
tion and F2 mainly determ nes the stabi WOy of the observer

magrietic head 52 even during high-speed tape travel. Since
high-speed reproduction is carried out in this period,
reproduction with a good quality is enabled even during
high—speed tape travel. |

It is now assumed that the poéitional relationéhip
between the fixed tape pass rollers 67, 68 and the movable
tape pass roller 63 is such as that schematically shown in
Fig. 3. In Fig. 3, the gaps d'.between the two fixed tape
pass rollers 67 and 68 is equal to the diameter 4 of the
movable tape pass roller 63.

- A static system will first bé considered because it is
easier to understand.. It is here assumed that one end of
the magnetic tape 50 is fixed and the movable tape pass
roller 63 is moved by a distance Ax within a time At, as
shown in Fig. 3. An arbitray point D0 on the free end side
of the magnetic tape 50 is moved to the point D4 which is 2
x Ax distant from the point D,. Therefore, the moving speed

of the point D, at that time is 2 times as high as that of

0
the movable tap;.pass roller- 63. In other words, if it is
assumed that the speed of the movable tape pass roller 63 is
Vgr the speed of the free end side of the magnetic tape 50
is 2 x VB‘ Since the movable tape pass roller 63 must pass
through the gap between the two fixed tape pasg rollers 67
ind 68 for tape loading, as is clear from Fig. 1, the

following relationship must hold:

PR
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| oop. -“-3 shows the tension estimating capacity of~the-t€fist Fii
estlnnr+ﬂg device 132 in this enbodinent. In this case, the external
di st ur ~~e estimating capacity is about 1 KHz. The estimated tension aa- -
S co.pared with the refer-- ence tension TN, which is the optinum val ue of
the tehsi'on, and the tension error, nanely, the external tension distur-
bance '_-ai ue TGis detected. Only the hi ggérequency conpo- nent of the

4%t ensi on di stur.bance val ue [err] t aken

ar > d

- However, if the difference between 4 and d' is Ad, Ad is
nreferably as small as possible. This is becéﬁse as Ad.
jecomes larger, the above-described linearity of the speed
f thé free end side of the magnetic tape 50 and the moving
peed of the movable tape pass roller 63 is disturbed more
nd the controllability is deteriorated. Therefore, in the
xplanation of the principle of this embodiment, it is
ssumed that Ad = 0 and the linearity holds, and in later
xplanation, Ad will be taken into consideration. .

The case in wHich‘the magnetic tape 50 is moved at a
tationary speed by the capstan motor 59 will next be
onsidered. Since the fixed end of the magnétic tape 50 is
nsidered to move at a speed of VC' the speed Va of the
cher end of the magnetic tape 50 is represented as follows:

Vp = Vo + 2 x Vé
@ fixed tape pass rollers 73, 74 and the movable tape pass
ller on tﬁe tape entrance side of the rotary drum 51 ar;
50 prbvided such that a similar relationship holds.

The relationship between the speed Vg of the movable
be pass rollers 63 (the movable tape tension roller 69)

d the speed V, of the magnetic tape on the rotary drum 51
own in Fig. 2 is as_described above. |

Returning to Fig. 2, when the tape speed V. becomes

higher than the dynamic track following (DTF) speed

_ Thig is the raplacement sh.ef
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out by .4ﬁ1gh pass filter 133a and fed back to the tape . ...-96 -tension
actuatof**62 at a transfer function of [err] which includes phase
conpensﬁ??@ﬁ and anplification. Sinultane- ously, the |owfrequency
conmponefii /.t hereof is taken out by the low pass filter 134a and fed back to
t he feed reel notor 55 at a gain of [er&%s The reason why the frequency

;ilowaple to the head éctuator in the rotary drum 51, which

?ﬁhas been explained in the prior art, the movable tape pass

'.Ioller 63 is moved in the direction of the relﬁxation of the
pagnetic tape 50 and the movable tape tension roller 69 is
soved in the direcﬁion of the stretch of the magnetic tape
;0 so as to lower the speed of the magnetic tape 50. 1In
yther words, by differentially géerating the movable tape
sass roller 63 and the movable tape tension roller 69 in the
)éposite phases by the same amount, the speed VA is lowered
.0 a speed which allows the head actuator DTF for a constant
seriod. Thus, it is_possibie to preveht a change_in tension
)y moving the movable tape fass roller 63 and thé movable
:ape tension rollér 69 in the opposite phases by the same
mount. |

A method of controlling the speed VA of the magnetic
ape 50 on the rotary drum 51 to the speed which allows the
ead actuator DTF and noiseless reproduction by driving the
ovable tape pass roller 63 and the movable tape tension-
oller 69 by the tape drawing actuator 61 and the tape
ension actuator 62, respectively will now be described.
Fig. 5 schematically shows an example of a VTR record-

ng format. If the magnetic tape speed at the ?}me of
ormal-speed reproduction is v, § ié represented by the
ollowing equation: ‘

. v = fo (m/sec)
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has a sfral| mechanical tine constant, is generally suitable for the contro
in a hiﬁ%?Trequency band but since the novable range is limted, it is

i mpossidble to control a change in the tersion which has a controlled

val uabl’e approximate to that for a direct current. -1n-the pol e-positioning
of the %tansfer functions [err] and [erBK;shomn in Fig. 30, for exanple,
the poiint's which are closer to the original point than-to the pole 157 of

t he obserwkerg¥nrf darfphe repuionsl ofxgquencyole)1 37 Hhe heotawy nunber)

are 2 xT
drum 50, and a = P

wherein Tp répreseit:ea track pitch and 6 a track angle.

If it is assumed that the tape speed V' which a conven-
:ional DTF servo system composed of the head actuator
iccommodated in the rotary drum 51 can follow is n times as
1igh as the normal speed, V' is represented by the following
:quation:

T vt = v (n is an integér)
s described above, when Ve > V', in other words, at the
ime of high-speed regfoduction, the movable tape pass
‘0oller 63 and the movable tape tension roller 69 are moved
n the opposite phases by the same amount at a speed of VB
0 as to intermittently lower the speed Va of the magnetic
ape 50 on the rotary drum 51 to the speed V' which allows a
onventional DTF systeém éo follow. In this way, noiseless
eproduction which is conventionally impossible in
igh-speed reproduction is intermittently enabled.
Additionaliy, the characteristics of the displacement
ngles and the torques of the tape actuators 61, 62 have a
light nonlinearity, as shown in Fig. 6.

Thé tape drawing actuator 6i énd~the tape tension

ctuator 62 are preferably driven at a speed V;.by a trian-

1lar signal having a duty of 50% such as that schematically

shown in Fig. 7A in order to prolong the
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;.iﬁ‘? ‘f he pole 160 of the tension control loop to the tape tension
actuat aff*62 and the pole 159 of the tension control loop to the feed reel
not or g Zi'g. 34 shows the transient behavior of the estimted external
dlsturqgﬁte at this tinme. The actual tension value r agrees with the
estimati&d .tension value Tp after .a conga t time. In Fig. 34, the transient
charactﬁnrstlc of the esti- ated i ensi value [err] of the tension

gtsglr {Taglf’“g gfadﬁ&ll&?-ﬁwlsitm Fdrida aapauicaneisoposRanae kAt fromthe

conslderatlon of the reduction ratio of the tape speed on
the rotary drum 51.

In this case, the speed VA of the magnetic tape 50 on
the rotary drum 51 obtained from the above equation Va = Vg
+2 x|V _
is such as that as schematically shown in Fig. 7C.

In Fig. 7C, if the tape speed VA on the rotary drum 51
is selected so that VA is V', which is the speed allowing
the he;d actuator DTF, V, takes the minimum value, as
represented by the fbllowing equation, which is the most
afficient,:

Vy (min) = Vo - 2 x v = V'
in this case, since V_ is in the opposite direction in

B

'ig. 4, it is represented by ~ V At this time, the

B
10iseless reproduction-possible period T', in other words,
:he period in which the rectangular wave VA < V' in Fig. 7C
ust be at .least the period which enables the magnetic head
2 to reproduce one screen, namely, not less than 1/f
econd. Therefore, in order to enable reproduction of not
e@ss than one screen in the noiseless reproduction-possible
eriod T', the one cycle time T of the rectangular wave

hown in Fig. 7C must be an integral number of {at least

#wo) times of the rotational frequency 1/f of the rotary
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oper at i @#FS shown. The abscissa represents a tine and the ordinate a
tension\;grce. Figs. 35(a) and 35(b) show the open | oop characteristic of
the tengken. control systemof this enbodinent. In Fig. 35(a), the ordinate
represeit’s a gain and the abscissa a frequency. In Fig. 35(b), the ordinate

represeits a phase and the absci ssa a frequency.
N ¢ 58

drumTSI. In this way, the tape actuators 61, 62 are driven
synchronously With'the rotation of the rotary drum 51.

From the-explanation of the principle, it is understood
-hat intermittent noiseless reproduction is possible at the
-ime of high-speed reproduction..'Full—time noiseless
1igh-speed reproduction which is continuous without a pause
»f screen, although it is composed of a series of successive
stop-frames, is also enabled by storing the noiselessly
:eproduced screens in a picture memory and outputting the
;tored pictures in a period in which noiseless reproduction

.s impossible.

jervo System for High-speed ReproductiOn

| The servo system in the magnetic recording and reprb-
ucing apparatus for realizing the above-described principle
£ operation will here be explained. As is obvious from
'ig. 1, the tape drawing actuator 61 and the tape tension
ctuator 62 are composed of actuators which practice not
inear motion bqt arcuate motion, as explained in the
rinciple of operation. When the arcuate motion is approxi-
ated to linearx mqtion, a nonlinear error is caused in this
tructure in principie. Fig. 8 schematiéaily shows the
ositional relationship between the movable tape' tension
oller 69 (tﬁe movable tape pass roller 63) and the fixed
ape pass rollers 73; 74 (67, 68) in the first embodiment in

order to show this error. In Fig. 8, Y represents the
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X =~ the principle and the operation of the tension control system
in thist gﬁﬁodlnent have been ex- plained. Wien the tension is controlled by
t he abo sscri bed nethod of estimating the external tension disturbance, -
t he est,nated tension is exactly detected up to a nuch higher Lrequency

t han thgt substituted by the ambunt of displace- nent of the tension

control Emlike in a convention ten n control nmechanism thereby
reaI|2|§h -tension control in a vg%y frequency band.

1ength of the arm 70 (64) and B the displacement angle of
}the arm 70(64). The relationship between the displacement
.angle B of the movable tape tension roller 69 and the length
£ the drawn tape 50 when the relationship shown in Fig. 8
s satisfied is shown in Fig. 9. As shown in Fig. 9, in the
deal state wherein Ad = 0 mm, an approximate linearity is
btained, but the larger Ad becomes, the more remarkable
ecomes the nonlinearity in the area in which the movable
ape tension roller 69 is close to the fixed tape pass
sllers 73, 74 (in the region in which the displacement
igle B is 0 to 10°C in Fig. 9). Accordingly, in this
abodiment, A4 is set at 1 mm in the system so that the
mlinearity is almost negligible. |
.It is, however, the general case that the nonlinear
‘ror increases due to the mechapical réstriction of the
:pe deck or nonuniforﬁity of the mechanical setting accura-
'+ so that it is necessary to take this nonlinear eiror
to considératiqn in the control system. For example, iﬁ
e example shoewn in Fig. 10, the nonlinear error is large
comparison with that shown in Fig. 9. When the mechani-
1 characteristic E introduced from a circuit represented
75 in Fig. 11 islnonlinear as shown in Fig. {0, there is
risk of the nonl;near.érror exceeding the range in which
is possible to correct the tracing of the head actuator

76 in the DTF control shown in Fig. 11. The present
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ks
Si nce I&@%@“are conplicatedly intertwined in such tension control unlike in
a S|nple f eedback | oop having one input and one output, a |arge anount of
operatléﬁ is re- uired. Al though the integrator, anplifier, adder, sub- -
racter or the like can naturally be constituted by an nalog circuit by.
using an operation anplifier or the |like E%ﬁh produces few offsets and
drifts, "since such an anpli- fier is expe ve and the circuit becones a

| ar ge scajgventiion therefore requirgs a DTF control system in a wider
dynamic range with a higher accuracy than in a conventional
DTF control system.

To meet this requirement, in the present invention, the
rack range is~corrected not only by a héad'actuator having
. narrow dynamic range but also tape actuators having a wide
ynamic range. |

Fig. 12 is a schematic block diagram of a servo system
n the present invention.

Fig. 12 includes the concrete flow af signals in the
§paratus shown in Fig. 1 which is subjected to high—épeea
sproduction control, DTF control and tension control.

The structure of DTF control will be briefly explained
J.the following. An envelope signal reproduced by the
ignetic heads 52a and 52b is supplied to a DTF circuit.

e DTF circuit obtains a tracking error signal from the

welope signal and the high-frequency component thereof is

'd back to. the head actuator 76, the low-frequency

mponent thereof is fed back to the tape drawing actuator
and the DC component thereof is fed back to the capstan
tor 59 or the reel motor 56. In order to prevent a

nsion change caused by the DTF operation of the-tape'

awing actuator 61, a driving signal for the tdpe drawing

tuator 61 is alsb suppliea to the - tape tensioﬁ actuator 62

-.rough an adder 91.
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__?Té to digitally operate by a mcroconputer or the like. Fig.:.

e structure of the hardwares in the control system shown in Fi g.
“constituted by a mcroconputer. It is possible to realize the
;*ygtenlhaV|ng a very few hardwares, as shown in Fig. 36. In Fig.
-eference nunmeral 161 represents a sensor anplifier, 162 an
_.:_'g.i_';'tal converter for 61
The structure of tension control will be briefly
fdescrlbed in the following. A movable roller position
'~ignal for detecting the p051t10n of the movable roller 69

nd a driving signal supplied to the tape tension actuator

2 are supplied to a tension estimating device 92. The

ansion estimating device 92 estimates the tape tension on

1e movable roller 69 and outputs an estimated tension

ignal to a tension servo circuit 83. The tension servo

‘rcuit 83 compares the estimated tension signal with a

:ference tension signal to obtain a tension error signal.

e low-frequeéncy component of the tension error signal is

:d back to the reel motor 55 and the high-frequency

mponent thereof is fed back to the tape tension actuator

The structure oflhigh-speed'reproduction control will be
‘iefly explained in the folléwing. A capstan FG signal (or
reel FG signal output while the reel motor is driven, for
ample at éhe time of high-speed reproduction) which
dicates the tape travelling speed and a drum PG signal are
pplied to a superior reproduction signal generator 80.

e superior reproduction generator 80 generates a superior
production signal for operating the tape drawing actuator
and a tape tension actuator 62 from these two'signals.

The details of eéch control will be described léter.

The operation of the servo system will be explained in

This is the replacement sheet
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convert@n_._'fanalog signal supplied fromthe sensor anpli- fier 161 into-a’ -
di gital gsi.gnal and 163 is a high-speed operation circuit. for digitally
execut i #F%he estimation of a tension and conpensati-on thereof by a

m crocogputer or the like on the basis of the transfer functions shown.in
Fig. 29..The reference nuneral 164 re sents a cur- rent/voltage converter
for takiggg out the driving current fo E%e tension control nmechanismin the

form of 3 X If@g&ﬁ%.m%&%%naggg%gdﬁr@ﬁdﬂé? LA of &5 .5QnueLting the

nal og oﬁiﬁu of the current/volt “con into a
explained. When the magnetic tape 50 travels at a normal

reproducing speed, the superior reproduction signal genera-
-or 80 generates no correction pattern, so that the tape
jrawing actuator 61 is fixed at a predetermined position.
the position of the tape drawing actuator 61 may preferably
>e either mechanically fixed or electrically fixed by a
rosition controller by a closed loop constituted by a
>6§ition sensor (nof shown) pro&ided on the tape drawing
.ctuator 61.

The tape tensiop actuator 62 is fixed to a predeter=-
ined position in the same way as the tape drawing actuator
1, and exerts tension control for suppressing the change in
he tension of the magnetic tape 50 and maintaining the
ension at a constant value by a closed loop.

.Since the tension control system is constituted by a
losed loop, as described above, control in a wider
fequency band than a conventional mechanical tension
>ntrol is enabled and the performance of the tension
mtrol system is enhanced.

" The details of the structure of the principle of
:nsion control will be described later. . .

Since the DTF operation in the range in which the speed

. the magnetic tape 50 is correctable by the head actuator

4o is completely the same as that in conventional high-speed

Thig is the replacement sheet
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i gi t al B5¥%Hal . The reference nunerals 166, 167 represent igital/anal og s
converters for converting the result output romthe high-speed operation -
C|rCU|ﬁ§§EEk1nto an anal og utput. Fig. .37 shows an exanple of a flowchartsges.
show ng=the | gorithm of the estinmted tension which is conputed by a |g|tal
oper at Fon by the hi gh-speed operatloné?qwnut 163 In ne structure shown in
Fig. 3 The integration factor :[err]

gr}uperlor reproduction, explanation thereof will be omltted
- in this case, the superior reproduction signal generator 80
f.generates no signal, either.

However, the present invention is different from the
,fior art in that since a tracking error is corrected by the
sﬁoperatibn of the head actuator 76 and the tape drawing
ctuator 61, DTF control having a wide dynamic range is
ealized.

The operstion of the servo system in a high-speed range
n -which the speed of the magnetic tape 50 cannot be cor-
ected by the head actuator 76, which is the main paft of
1e present invention, will now be explained. When the
oparatus is operated at a high speed which makes the
srrection of the épeed of the magnetic tape 50 by the head
ctuator 76 impossible, noise bars or mosaics are displayed
1 the reproduced screen in a conventional apparatus.

In the present invention, by operating the tape drawing
‘tuator 61. and the tape tension actuator 62 in accordance
+th the above-described principle of operation, the speed

the magnetic tape 50 on the rotary drum 51 is periodical-
lowered to a range in which the speed of the magnetic
pe 50 is correctable by the head actuator 76. kﬁhile the
gnetic tape speed is in the range which enablés the head
tuator 76 to correct the tape speed, in other.words, in

-..& reproduction-possible period T', the amount of relative

Thig is the replacement stoet
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Th
99 shoxﬁth‘Fig. 37 is realized by the structure of the bl ock diagram of
Fig. 38 'As described above, according to this enbodinent, since the tape
tensiod%é@ﬁUator 62 suppresses a tension change in the high-frequency band
and thefeed reel notor 55 suppress- es a tension change.in the :
| owf requency band, the tension controlnaccuracy is enhanced and a tension
cont r ol#syst em capabl e of tension contﬁ% with a high accuracy in a wde -

frequerfey bandoans deviideidunBLkGeEANMRe Seb82hLAG track on the
:'magnétic tape 50 and the magnetic head 52, namely, tracking

error is corrected by a DTF céntrol.system which will be
1escribed in detail in Fig. 12. A tracking error signal is
ybtained by the known wobbling method, pilot method or the
ike. In this way, it is possible to obtain a good
eproduced picture without a noise caused by off-track in
he reproduction-possible period T'.

The reproduction-possible period T' is at least 1/f
econd, as described in the explanation of the principle.

A superior reproduction signal for driving the tape
rawing actuator 61 ana the tape tension actuator 62 is
atput from the tape superior reproduction signal 80. The
aperior reproduction signal 80 detects the speed of the
agnetic tape speed which cannot be corrected by the head
stuator 76 from the inputs of a tapé speed signal such as a
ipstan FG signal and a drum PG signal. On the basis of the
sinciple described in the explanation of the principle, the
iperior reprodu;tion signal generator 80 outputs'a driving
)ltage pattern for operating the tape drawing actuator 61
4 the tape tension actuator 62 so as to form a gpeed
.ttern such as that shown in Fig. 7C. In a period other
an the reproduction-possible period T', sincefno
produced ‘picture is obtained, if a good picture reproduced

+a the reproduction-possible period T' is stored in a

Thig iz the replacement sheet
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In thi may, according to the present invention, since theGERErNoF - raﬁg&sa.,“.

and the dynam c ranges of a DIF control systemand a tensioncontrol system
are enlB#ged by using TF control and tension-control utilizing.an e%ierna
i sturbance observer, good reproduction is possible not only n a '
nornal-speed reproductlon node but al%&ﬁln a. hi gh-speed uperi or
reproducti on node. Al though the tape si on actuator 62 is disposed on he

L0 5 92 B g O Pha AL o sl o e s SEK L0 s
stored picture is output in a period other than the
reproduction-pOSSibie period T', continuous high-speed

;production is enabled. By this operation, a good repro-
iced picture free from noise,-which ié impossible in a
mventional servo system, is continuously obtained, al-
wough it is composed of a series of successive stop-frames.
| As described above, since the tape tension actuator 62
nstantly keeps acting by a closed loop in a tape tension
rvo system in a wider range than a conventional mechanical
tuator, the magnetic tape 50 is maintained at the optimum
pe tension in any state. By virtue of this effect, the
gnetic recording and reproducing apparatus of the present
vention enables a good reproduced picture to be obtained

a wide tape speed range from a low speed to a high speed.

The tape actuators 61, §2 may practice arcuéte'motion,
shown in Fig. 13.

? Control-

The operatién of DTF control according to the present
rention will be explained in the following.

Fig. 14 is a block diagram showing an example of DTF
itrol. In the present invention, a traqking error signal
detected from a reproduction signal supplied ‘from the
netic head 52 in a pilot system shown in the ¥elated art,

and the head actuator 76 and the tape drawing actuator 61

5 the replacement sheet
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Z%he VTR deck with consideration of the limtation f the size. of:i iyt
eck, as shown in Fig. 39. Asimlar ffect is produced by a conpact
%i'n which the agnetic circuit of the actuator is accommodate in

k. peration in H gh-speed Superior Reproduction 100

66

“are electrically coupled for tracking control. 1In other

® words, two-stage coupling control system is adopted in the
: f present invention.
| In Fig. 14, the DTF control outputs from the actuators
6 and 61 éfe added to the target track position by an adder
5 and a tracking error signal is supplied to both actuators
hrough a compenéator 86.

The output of the compensator 86 is directly supplied
> the head actuator 76 and simultaneously supplied to the
ipe drawing actuator 61 through a_head actuator equivalent

‘ircuit 87, a'compensatOr 88 and an adder 89.  Therefore,
1e output of the equi&alent circuit 87 indicatés the value
stimated by the head actuator 76. A signal for superior
:production is suéplied to the other input terminal of the
ider 89.

The tension control system includes the tension
timating device 92 and the tension servo circuit 83 shown

Fig. 12.. A tension estimating signal is supplied from®
e tension estiﬁating device 92 to the tension servo
rcuit 83. A driving signal supplied to the tape drawing
tuator 61 of the DTF control system is supplied to

adder 91 together with the output of the tens%én servo
rcuit.83. )

The output of the adder 91 is supplied to £he actuator

ve and output to the tension estimating device 92 for

i s the ranizoemert sheet
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The opk&¥&ation of the apparatus at the time of high-speed superior
reprodéction in which the speed of the nagnetic tape 50 cannot be corrected
by the@ﬁgad actuator 76 will now be explained as the nmain part of the
preseniZanention. When a conventional apparatus is operated at a high
speed & which the speed of the magnetic tape 50 cannot be corrected by the
head a§t:uator 76, a screen has noise baf'for becomes a nosaic screen. In

t he pr§§éht i.nvention, by operating the tape draw ng actuator 61 and the
t ape t enguifputting an estimated tension which the tension roller of

the actuator 62 receives from the tape. The output of the

tension estimating device 92 is supplied to a subtracter 90.

The tension estiﬁating device 92 electrically simulates
-he relationship between the input voltage of the tape
:ension actuator 62 and the disglacement of the tape tension
‘oller 69 by using the (input voltage)/(displacement)
ransfer characteristic in this embodiment.

Such a two-stage coupling control system is known, for
xample, on pp. 203 to 208 of the transactions of Optical
emory Symposium ‘85 held on Dec. 12 to 13, 1985. 1In the
ield of optical disk tracking control, it is known as a
ontrol in a dynamic range.

In the field the of tracking control of a VTR, however,
tracking error is conventionally corrected only by the
2ad actuator 76 acéommodated in-the rotary drum 50, which
ikes such a two-stage coupling control system inapplicable.
1 the present ;nvention, since the tape drawing actuator 61
; newly providea as a tracking error correcting means,
oplication of a two-stage coupling control system is
'ssible, so that DTF control in a wide frequency band and a
de dynamic range with a high accuracy is enabied.

In the embodiment shown in Fig. 14, the pr;sent inven-
on is applied to a-digital.VTR. In a digital VTR, since

the amount of recording information increases, high-density
This is the replapement sheet
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actuato§'62 I n accordance with the above-described princi- ple, the speed ...
of the magnetic tape 50 on the rotary drum51 is intermttently |lowered to
the spe&d at which the head actuator 76 can correct the speed of the.
magneti ¢ tape 50, for exanple, the normal reproduction speed. In the period
in which the speed of the nmagnetic tape 50 is correctable by the head
actuator: 76, nanely, the reproduction-Sd%sible period T' explained in the

above princigieh &Be correction of a tracking error is enabled by the
above- deF€FPPEHNIWBY sPagEOWaNE thg BYRcKoRiteh i§sessentiadcdmidmdemi th

t he
to meet the .demand for a higher picture quality,
multifuncéion, long-time recording and the like. The
ecording track generally has a nonlinearity of a track
hereinunder referred to as "track folling") mainly caused
y & mechanical factor. Since the track pitch becomes
naller than thé amount of tracking rolling with such
eduction in track width, in order to exactly trace the
arrow track, DTF control having a controlled region at
2ast 10 times as large as the fundamental frequency of the
rack rolling is required. The fundamental frequency of
rack rolling dépends ﬁpon the rotational frequency of the
dtary drum. For example, when the rotational frequency of

1e rotary drum is 1,800 rpm, the DTF control system is

:quired to have a controlled region of not less than 300

b
s e

In order to have a wide controlled region, the head
‘tuator 76-is required to have a good control%ability. In
iis embodiment,\an electromagnetic actuator shown in
9. 15 is adopted.

The magnetic head 52 is supported by a coil bobbin 94
rough a leaf spring 93, and around the coil bd?bin 94 an
‘citing coil 95 is wound. | ‘

The coil bobbin 94 is axially movably supported at both

ends by a cylindrical yoke 98 and discal yokes 99, 100

Thig is the replacement sheet
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e

present.

changesg.by the mechani cal

invention even in the worst case in whi ch, for exanple, the speed
characteristic hown in Fig. 10 and the tracking

error pattern exceeds the ange in which the head actuator 75 can correct a

tracking rror. The reproduction-possible period [err] is a period in
whi ch at | east one picture is reproducé?ie, nanely, at | east

'through gimbal springs 96, 97. A mounting member composed

of a polymer material is provided at each joint between the

gimbal spring 96 (97) and thé coil bobbin 94.

Within the coil bobbin 94, cylindrical permanent
agnets 102, 103 are fixed between the yokes 99 and 100, and
center yoke 104 is pfovided between both permanent magnets
)2, 103.

Thus, the head actuator 76 having the abo#e—described
-:ructure can move the head 52 as desired by appropriately
>ntrolling the exciting current applied to the exciting
»>il 95 in the same way as in a conventional'actuator shéwn
1 Fig. 85. |

As is clear from Fig. 15, a head position detector 105
»nstantly detecté the position of the head 52 optically or
.ectromagnetically.

In Fig: 15} although a bimorphous cell or other ele-
nts may be used as the head actuator 76 so long as it has
good controllability, since this embodiment is applied to
publicly used éigital VTR, an electromagnetic actuator is
opted with importance attached to inexpensiveness and high
liability. Even if an electromagnetic actuator is used,
existence of DTF controllability and superior feproduc-
ility is impossible, as described in the prio£ art. The

ectromagnetic actuator in this embodiment has a structure

9iving priority to DTF controllability. By increasing the

Iiig is the raplacemem sheet
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[err] éﬁérr] is an integer of at |east 2) sec as described ‘above. AT
superig&breproduction signal generator (not shown) outputs a signal for
superi o reproduction for driving the tape actuators 61, 62. In this

enbodi ment, a driving voltage pattern for digitally operating the tape
actuators 61, 62 is output so as to pro?xfe the speed pattern shown in Fig.
7 by inputting the tape speed informati fromthe capstan portion such as

e L Rk S e L e
generatorp; g, 15, the primary mechanical resonance frequency is

heightened, thereby obtaining a characteristic that the
phase is flat 0° up to a frequency of about 1 KHz. However,
when the elastic modulus of the gimbal springs 96, 97 is
increased in this way, the resonance peak gain is increased,
thereby deteriorating the controllability. To prevent this,
in this embodiment, the position information on the movable
portion of the head actuator is detected by the head posi-
tion detector 105, as shown in Fig. 15. The position signal
énd the driving voltage for the head actuator f6 are inpﬁt
to a speed estimating.device composed of a circuit which
electrically simulates the (input voltage)/(displacement)
transfer charactéristic of the head actuator 76, and the
speed of the movable portion of the head actuator 76 is
estimated. Thé estiﬁated speed is negatively fed back to
the exciting coil 95 for electrical damping. Thus, the head
actuator 76 functions as an actuator having a good
:ontrollabilitfhup to a high frequency band.

By using such an actuator as the head actuator 76, a
JTF control system which is capable of DTF control in a wide
frequency band with a high éccuracy.is indeed rgalized, but
since the elastic modulus of the gimbal spring% is increased:
15 a result of attaching importance to DTF controllability,

a large current is required when the actuator is driven at a

This is the Teplacement sheet
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can be Y€alized by sinple digital circuits, but explanation thereof will "Be~==

omtted.here. In a period other than the reproduction-possible period
[err], %¥ince no reproduced picture can be obtained, a good picture
reproduced in the reproduction- possrble period is stored in each cycle .
period, and during the period other ? he reproducti on-possible period
[err], the stored pic- tures may be ou By this operation, a good

reproduchrgechmpqﬂchae f aa@ pebmem\éhsabhl asl 'EH@S?EHEQaLt@.o% 6Kt tional
servo system . is contrnuously obt ai ned, al t hough

at that time limit the tolerable amplitude to a narrow

range. In other words, the dynamic range is narrowed.

As a countermeasufe, in the present invention, the head
ctuator 76 compensates meinly for a small amplitude in a
igh—frequehcy band of a tracking error, while the newly
fovided tape drawing actuator 61 compensates for a large
mplitude in a low-frequency band of a tracking error. The
ape drawing actuator 61 is designed as a voice coil type
lectromagneéic driven actuator which has no support spring,
s shown in Fig. 16,'so as to have a large low-frequency
ain. The tape drawing actuator 61 has a similar structure
> a magnetic circuit which has been put to practical use as
swing arm actuator, which is a tracking arm actuator of a
ard disk driving apparatus. Fig. 17 shows the magnetic
ircoitlof the tape drawing actuator 61, Fig. 18 shows the
‘inciple of driving the tape drawing actuator 61 and
-g. 19 is a sectional view of the tape drawing actuator..61l.

The roller arm 64 is rotatably supported by a yoke 106
! the driver 65, and a permanent magnet 107 is fixed to the
ke 106.

As is clear from Figs. 17.and 18, the permanent magnet
- magnetized such that the directions of magneﬁization are
posite on left and right sides. A movable coil 108 is

+«1xed to one end of the arm 64 and is movable perpendicularly

This is the replacement stet
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S coan%ed of a series of successive stop-franes. is described above, the -

tape tension actuator 62 is con- tantly operated by a tape tension servo in
a W dergg.ange than by a conventional nmechanical system |t goes w thout _
102 sayr’ng that the nmagnetic tape 50 is therefore nmaintained at the optinum
tension in any state. Thus, this,enbodhgift of

. L

relative to the direction of the magnetization of phe
permanent magnet 107.

In this way, by supplying an appropriate current to the
coil 108, it is possible to rotate the tape pPass roller 63
to any given position by the eléctromagnetic action of the
coil 108 and the permanent magnet 107.

In Figs. 17, 18 and 19 is shown the magnetized tape
jrawing actuator 61, and it is preferable that the tape
cension actuator 62 has a similar structure.

Fig. 20 shows an example of an actuator rollexr position
sensor. In Fig. 20, a rotary shaft 109 of the.actuator is
yrovided with a.mirrof surface portion 109a. The light from
. light emitting device 110 is reflected by the mirror
ortion 109%a and received by a light receiving device 111.

The light emitting device 110 is preferably composed of

combination of a laser oscillator and a collimator or the-
ike.

As is.obvious from Fig. 20, the rotational angle of ‘the
>tary shaft of the actuafor 61 is detected by the light
aceiving device 111, thereby making it possible to know the
y>sition of the roller 63.

The torque characteristic of the tape actuaFor having
1§ above~-described structure is almost flat irrespective of
e displacement angle, as shown in Fig. 6. Thé (displace-

went angle)/ (voltage) frequency characteristic of a tape

Thig is the replacement sheet
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a nagnetlc recording and reproduci ng apparatus can produce a good:: :
reproduced picture in a w de tape speed range froma | ow speed to a hlgh
speed. Second Enbodi nent A second enbodi nent of - the present invention will ... .
be explained. Fig. 40 is a block diagramof a DTF control systemin a .

second enbodi ment of the present invention. This enmbodinent is different
fromthe first embodinent in that an elZ8ent which is the sane as the

t ensi on estlnnglng de ce 132 used
tuatoris ree from a mechanical resonance up to a high

frequency band, as shown in Fig. 21, so that the actuator
has a good controllability.
In the present invention, tﬁe head actuafor 76 and the

:ape drawing actuator 61 are controlled by a common control
system for correcting a tracking error. The coupling
‘requency of the two-stage coupiing control (the frequency
.t which the gains of the control loops of both actuators
-ecome equal) is determined as follows. The fundamental
requency of a tracking error caused by a nonlinearity error
ue to the mechanical characteristic E during high-speed
uperior reproduction which requires a wide dynamic range is
ainly determined by the frequency of the driving pattern of
he tape drawing'actuator 61. Since the tape drawing
ctuator 61 is driven by a frequency synchronous with the
otational -frequency of the drum, e.g., a triangular signal
aving a frequency of X Hz during high-speed superior
sproduction, as described above, the amplitude of a
w-frequency cémponent of a tracking error of not more than
Hz becomes large, so that this component must be mainly

rrected by the tape drawing actuator 61 having a wide
)v;ble range. | .
For this reason, the coupling frequency i% set in the
.cinitj of X Hz in this embodiment. In this embodiment, X
= 7.5. 1In other words, by selecting the common frequency in
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in the first enbodinent for the detection of a tension and constituted by
an external disturbance observer in the nodern control theory is provided
in the tape drawi ng actuator 61 as a tape draw ng actuator external

di sturbance estimating device 170. Since the principle and the struc- ure
of the external disturbance estinatingzggyice 170 are onpletely the sane as
those of the tension estimating evice ¥ in the first enbodi nent, as shown

[0 L o LSRR s pEan kPR e S g
nent of a tracking error mainly to the head actuator 76,
which has a high high-frequency followability and a
low-frequency component of a tracking error mainly to the
tape.drawing actuator 61 which has a large low-frequency
torque and a high low-frequency followability. 1In this way,
in a two-stage coupling control system, two actuators
simultaneously follow one controlling target and the
féﬁErollability for following the target is divided into two
>arts depending upon the frequency band. Thereﬁore, when
:he phase diffefénce of the actuator control systems is 180
leg at the coupling frequency, the total gain beéomes - = dB
{antiresonance is caused). In this embodiment, the system
.s stabilized by éhe structure in which the movement of the
:ape drawing actuator 61 follows the movement of the head
tctuator 76 and the amount of phase compensation at the_
oupling freéuency is determined by pole-positioning.

In the control system shown in Fig. 14, since the D€
omponent or the lbw-frequency component of a tracking error
ignal is corrected only by the tape drawing actuator 61,
he amount of correction is sometimes restricted. Fig. 22
hows an example of a control system in which thé correction
f a low-frequency cémponent is assigned tb the' tape drawing
ctuator 61 and the capstan motor 59 or the reél motor 56.

"+n this control system, the position of the movable tape
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ut put of the tape drawi ng actuator external disturbance strnating~device.#;f}3i
170 and is applied to the actuator driver 103 65 is positively fed back

after if*is nmultiplied by [err] which is the inverted characteristic of
the tape drawi ng actuator electrical characteristic by a circuit
171 so as to cancel the external torque disturbance. The

79

passfrollef 63 is detected -and the DC component of the
deviation of the detected position from the reference
position (e.g., the center point of the movable. range) is
‘ed back to the capstan motor 59 or the reel motor 56 z'éf.-
:his structure, the two actuators 76, 61 of the two¥stage
coupling system are constantly operated Qithin the respec-
:ive movable ranges.

Jperation of DTF control

The principle of DTF control has been described above.
he operation thereof will now be_described with reference
:o'the block diagram shown in Fig. 23, which is obtained by
‘ewriting the DTF control system shown in Fig. 14.

Fig. 23 is a block diagram of DTF control in this
mbodiment of the'present invention which is represented by
ransfer functions. The symbol s represents a Laplace
éeratbr; .

In Fig. 23, the reference numeral 120 represents a
ransfer fuhctioe circuit as a means for separating a
racking error signal into a low-frequency component and a
igh-frequency component. The high-frequency component is
ed back to the DTF control system. and a low-freqpeﬁcy
omponent is fed back to the capstan motor 59 or.the reel
otor 56. The reference numeral 86 is a transfer function

ircuit representing a compensation filter, which is a

primary low pass filter represented by the following equa-
tion:

This & the rsplacsment sheet
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ext ernal- dlsturbance suppressing characteristic at that tinme is show in
Fig. 425..\Wien an external disturbance suppression loop is newy provided in
t he tap§ ‘drawi ng actuator 61 in this way so as to cancel the external
di sturbance, the position of the tape drawi ng actuator 61 is-fixed as if
there were no external disturbance wth respect to an external disturbance
in the 5uppreSS|on control | ed region ofghe external disturbance
suppression leop (wthin about 1 KHz in the exanple shown in Fig. 42) which
i s caused by, for exanple, 1he vibration of a

fl(s) =

1+ 7.8
The reference numeral 121 is a transfer function represent-

ing the gain of an amplifier for adjusting the servo gain
for DTF control. The head actuator 76 is represented by a
transfer function circuit representing the (input volt-

age) / (displacement) transfer characteristic. The symbols

$Ht: Rg, my, Cy and Ry are transfer function representing a
orque constant, coil resistance, mass of the movable
sortion, viscosity coefficient and elastic modulus, respec-
:i&ely. The reference numéral 87 is a transfer function
dircuit representing-fhe filter electrically simulating the
requency characteristic of the head actuator 76 and repre-
ients an equivalenf circuit of the actuator 76. The
‘eference numeral 88 is a transfer function circuit repre-

enting a compensator, which is a read

ag filter represented by the following equation;
1l + n2T25

F2(8) s 1+ T,
2
The reference numeral 122 is a transfer function
epreéenting a gain of an amplifier. The tape tension
ctuator 61 is represented by a transfer functiqp'circuit
>r the (input voltage)/(displacement angle) chhraéteristié.
1e symbols KHt, Ry, Jp and Cp are transfer functions
+epresenting a torque constant, coil resistance, inertia of
the rotary portion and viscosity coefficient of the rotary
This is the replacement sheet
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VTR deck nounted on an autonobile. The tape drawing actua- tor 61 is nnrgﬁhnu_g

susceptibl'e to an external disturbance than the head actuator 76 because -
the mass of the novable portion of the tape drawing actuator 61 is |arge,
and the tape drawing actuator 61 is ? antilever armsystemwhich is not
supported by a spring. This suppressi |l oop is therefore very effective.

In a control system hayi,ng,the ove-descri bed sfruc-_urge, since the tape
tensionpaﬁgﬁgPOrr%ipﬂﬁg%V%&Y'vi%Bﬁtée eherfeR ?%W%F%%dﬁ%nl%x?ernal =
disturbggg i%ggg ?&néggon of the roéational angle B which repre-
sents the relationship between the displacement angle of the
'pe drawing actuator 61 and the amount of displécement
areof in the direction of the width of the recording
ack, shown in Fig. 10. If the tape drawing actuator 61 is
2d in a narrow range in which the rotational angle is
sﬁricted, for example, in the vicinity of the point at
ich the displacement angle of the dt and the amount of
splacement thereof in the width of the recording track are
' f3(B) can be approximated to
df3(80)

dg
position sensor 66 is represented by a transfer function

= c¢onstant.

rcuit for the gain of the sensor representing the (input
ltage) / (displacement angle) qharacteriétic. The reference
neral 124 is a transfer function circuit representing a,
mpensation filter for stabilizing the position control

op for electrically fixing the position of the tape

awing actuator.sl. The compensation filter is a read lap

lter represented by the following equation:
1+ n4T4s

f4(S) =
l1+7T,8

4
e reference numeral 125 is a transfer functioni}epresent—
g the gain of an amplifier for determining the loop gain

~.- the position control loop.
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104 vibration of the VIR deck, constant stable DTF control is enabl ed. Assw
descri bed above, according to this enbodinent, a tracking error correction
means is newy provided as a novable roller in a tape travel path outside._. ...

cren el 8
Gt T

of the drum DTF control is carried out in a two-stage coupling systemin -

A £racking error signal obtained from a reproducing
signal of the magnetic head’by a pilot system is passed
through the low pass filter 120 in which the cut-off fre-
[uency is several Hz, and the low-£frequency céﬁponent is fed
rack to the capstan motor 59 or the reel motof 56. Simulta-
ieously, the phase of the tracking error signal is compen-
;atgd by the compensator 86 composed of a primary delay
‘ilter having a low frequency in which the cut-off frequency
s several Hz and the tracking error is amplified by the
mplifier 121. The amplified tracking error is supplied to
he drive amplifier (not shown) of the head actuator 76 so
s to drive the head actuétor 76. As a result, the magnetic
ead 52 is moved and the first control loop %s closed. The
utput of the amplifier 121 is input to the head actuator
quivalent circuit 87, which is a filter electrically
imulating the (input voltage)/(displacement) ch;racteristic
f the head actuator 76, a secondary delay filter in this
nbodiment in which the cut-off frequency is the primary .
asonance frequency of the head actuator 76. The output
ignal is supplied to the compensator 88 so that the
yo-stage control loop including the first control loop is
tabilized. For example, this signal is supplied‘to the
)mpengator 88 composed of the.filter representeé by  the

>llowing equation:
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a wide frequency band and a wi de dynamic range with a high accuracy. 'I'fi ===
addition, the tension is detected by an external disturbance observer so as
to constitute a tensi.on control system capable of tension control in a-wrde::
frequen- cy band and a wi de dynam c range with a hi gh accuracy.

Accordi ngly, this enbodi nent enabl es ﬁ d reproduction not only in

nor mal - speed reproduction but also in reproduction at a speed selected from

a wi de range, Third Enbbd%naamzsn t he above enbodi ments, the tape draw ng
act uat or and_fz(S) = :

1 + T.S
wherein the transfer functions T2 and n2 are so determined

that all the poles of. the control system shown in Fig. 24
ire disposed in the region of the negative real axis (con-
rergent pole-positioning). The output of the compensator 88
.s amplified by the amplifier 122 to a gain which enables
:ﬂé output %o couple with the first loop at X Hz and is
supplied to a drive amplifier (not shown) through an adder
23 of the position control loop of the tape drawing actua-
or Gi_and the adder 89 for a signal for superior reproduc-
ion so as to drive the tape drawing actuafor 61l. As a
esult, the magnetic tape 50 is moved in the direction of
ravel through the mechanical characteristic.E circuit 75
hown in Fig. 14 énd the second control loop is closed so as
> correct the tracking error.

In this embodiment, by the above-described two electri-
11ly coupled two-stage coupling control loop, DTF control
1 a wide ffequepcy band and a wide dynamic range with a-
.gh accuracy is realized, The open loop characteristic
iereof is shown in Fig. 25.

In the system shown in'Fig. 23, a part of thé DC
'mponent of a tracking error is corrected by the tape

‘awing actuator 61. Since the movable range for the tape

awing actuator 61 is limited, the remaining DC component
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the tape tension actuator help the DTF control of the magnetic head and
carry out hi gh-speed noi sel ess reproduc- ion. ‘In the present invention, the
optimum tension control s enabled by using only the tape tension actuator.
A third nbodi mrent which enabl es suitable tape tension control only y the
tape tension actuator will be expl ained herei nunder. The structure of the
tape tension actuator in the tF@rd nbgqynent is the sane as those of the

first and seeond
is fed back to the capstan motor 59 or the reel motor 56.

Naturally, the servo gain at this time is so constituted as
.to be higher than that of the two-stage coﬁpling control
/stem composed of only the tape drawing actuator 61.
According to this structure, since the two actuators
3, 61 of the two-stage coupling control system are almost
tempt from the correction of the DC component, they can
)nstantly operate in the movable range.
..... fHowever, according to this system, since DTF control is
:erted by feed backing the 1ow—freguency component of a
racking error to the tﬁpe drawing actuator 61 and moving
1@ magnetic tape 50 in the direction of travel, change in
:nsion is caused in principle. To prevent this, in this
bodiment, by applying the driving voltage for the tape
‘awing actuator 61 also to the tape tension actuator 62, as
own in Fig. 14, the two tape actuators 61,:62 are differ-
tially operated in any mode (e.g., normal-speed reproduc-
on mode or high-speed superior reproduction mode) .
is differential action is aimed at_suppression of change
tension caused by the tracking operation of the tape
awing actuator 61. However, only when the electrical and
chanical characteristics of the two tape aétua?ors 61, 62
2 completely equal, the exact suppression is possible.

tually, even if an equal voltage is applied to the two

tape actuators 61, 62, it is generally impossible to operate
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105 enbodi ments. Tension control is also carried out in a w de frequency
band with a high accuracy by a feedback system whi ch. presupes--t he _
rel ationshi p between an input voltage. and di spl acenent in tthe sane way as
in the first and second enbodi nents.. Structure of Tape Tensi on Actuator
Fig. 43 shows a structure of a tape t§ifsion actuator simlar to that of the
tape tension actuators 62 in the
the two tape actuators 61, 62 in completely the same way due
to the nonuniformity of mechanical and electrical character-
istics and a change in tension is inevitable. In the
esent invention, the change in tension is corrected to the
timum tension value in any mode by a tension control
stem by a closed loop which will be described in detail
reinunder.

eration of Tension Control System

The operation of a tension control system in this
bodiment will now be explained.

-In a conventional tension control, when the force 6f
e spring 22 is balanced with the tape tension, the amount
displacement of the tension control arm 21 is regarded as

tension, and the amount of displacement is fed back to

[

w

reel motor 6 as the detected tension value, as shown in
J. 81,

Strictly speaking, however, it is up to the spring
sonance frequency of the tension control arm 21 which is
>ported by the ‘spring that the amount of displacement of
: tension control arm 21 supported by the spring is
)portional to the tape tension, and beyond the spring
sonance frequency, the phase of the change in the tension
>lied to the tension control arm 21 is deviateﬁkfrom the
.se of the change in the position of the tension céntrol

1 21. Actually, the phase is shifted by 90 degrees at the
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first and second enbodi nents, respectively. In Fig.”43, a tape 201 fed frdir-"
a feed reel 200 is |ntroduced to a rotary drum 204 through fixed pass

rollers 202 and 203. A tape tension acfuator 205 includes a rocki ng ar n-266:
and a tension roller 207 provided at one end thereof is noved in the

direction indicated by the arrow and agysts the tension of the tape which
cones into contact therewith, as desir The rotary shaft of the rocklng

arm 206 éﬁr{ﬁ@rf§§5ﬁgﬁbe frequency and by 80 degrees at a higher

frequency. As a countermeasure, in a conventional tension

control system, the controlled region is limited by the
1ase shift of the séring support system including the
:nsion control arm 21.. This means that the tension detect-
>le by the tension control arm 21 is limited to the fre-
iency band of not higher than the spring resonance frequen-
r of the spring support system including the tension
sntrol arm 21. It will naturally be considered to lighten
1e tension control arm or increase the spring constant in
:der to heighten thé'spring resonance frequency. However,
lere is limitation inhlightening the tension control arm,
1d if the spring constant is inéreased, the tension control
‘m 21 does not mdée much even if there is a change in
:nsion, thereby lowering the detection accuracy.

In this embodiment, the tension control arm is not -
:chanically supported by a spring but what is called
ectrically supported by a spring by electrical position-
ntrol. In addition to the electrical position control,

e frequency band in'wﬁich the tension is detectable is
i:larged and, as a result, tension control with a high
:curacy is also enabled. This method is shown in Fig. 26.

Fig. 26 is a block diagram of a tension coﬁérol system

. this embodiment. In Fig. 26, the reference numeral 126

.epresents a circuit for an electrical characteristic of the
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the reference nuneral 208, and a pernmanent nmagnet 210 is iXed at the other *
end the rocking arm 206. Around the pernmanent magnet 210, an exciting coi

210 is fixed and, as result, by supplying a predeterm ned exciting current

to the exciting coil 210, the permanent magnet 209 is noved to

predeterm ned position, as desired. 8 306 -

tension actuator 62 representing the (genérated
torque) / (input voltage) chafacteristic. The reference
numerél 127 represents a circuit for a mechanical character-
‘stic of the tension actuator 62 representing the (displace-
ent angle)/(supplied voltage) characteristic. The refer-
nce 128 represents a circuit for a tape mechanical charac-
eristic F which is determined by various characteristics
uch as the length of the arm 70 of the tape ﬁension actua-
or 62, the geometrical positional relationship between the
ape teﬁsion roller 69 and the fixed tape pass rollers 73,

4, the (stress)/(strain) characteristic-of the -magnetic

ape 50 in the longitudinal direction and the sectional area
£ the magnetic tape 50. The reference 129 represents a
ircuit for é travel path_mechanical.characteristic which is
2termined by various characteristics such as the geometri-
1l positional relationship between the tape tension roller

} and the fixed tape péss rollers 73, 74, the balance of

e forces of the magnetic tape 50 and the tape tension
>ller 69 aﬁd the geometrical positional relationship
aéween the tape tension roller 69 and the rotary shaft of
ie driver 71 for the tension actuator 62.

The reference numeral 130 represents a position con-
‘oller for electrically fixing the tension actuéio: 62 at
.e reference position. The reference 131 représents a

iver for driving the tape tension actuator 62. The

This is the replacement sheet

‘Date: 2 6 AUG -19%



In Fig. 43, the exciting coil 210 is fixed on a yoke 211. The yoke 2HE-R&E
a magnetic shielding effect. for preventing the | eakage of a magnetic fl ux
to the outside. The rocking arm 206 is rockably supported by a gi nbal g
spring 212 or the like. Al though Fig.éga_schenatically shows the structure

of the tension actuator 205, thé& conc e structure of thereof can be the

mbod, ment R Ch e s T S enes & bR S iR ed
for electrically estimating the tape tension from the
driving voltage or driving current and the detected amount
of displacement_output from the position sensor 72. The
eference numeral 133 and 134 represent compensators for
eed backing the différence between the estimated teﬁsion
alue output from the tension estimating device 132 and the
eference tension value, namely, amount of tension change
aused by external disturbance to the tape tension actuator
2 and the feed reel motor 55 so as to stabilize the loop.
driver 135 drives the feed reel motor 55.

The reference numeral 136 repfesents a circuit for a
ape mechanical characteristic G representing the tape
ansion changing characteristic caused by a éhange in the
>tational angle. A subtracter 137 calculates the differ-
1ce bgtwgen the estimated tensibn value output from the
:nsion estimating device 132 and the reference tension
1lue. An adder 138 adds the position control signal from
e positioﬁ controller 130 to the tension control signal'
‘om the compensator 133.

In Fig. 26, the total tension of the magnetic tape
‘avelling system is obtained by adding an externél tension
.sturbance fexfernal disturbance caused by the dynamic
iction received by the tape from the shaft and the drum

d a change in the frictional coefficient of the tape and
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to the permanent nmagnet 209, and the tension arm 212 and the tension roller *
207 linearly nove, as shown in Fig. 44. In this enbodi nent, the position of
the tension roller 207 is constantly detected and conpared with the
reference value or a estimted external disturbance value for a
predeterm ned tension control. Fig. 485 hows a position sensor of the tape
tension actuator 205 shown in Fig. 43. A position sensor 214 includes a
| i ght enfPt Pr§egedicéisbunbance LaséhedlodgitndinalEBizedtd osepd ahieon
i ght receiving device 216 such as a phot odi ode.
tape) to the sum of the change in the tension value caused
by the change in the rotational angle of the tape tension
ctuator 62 and the tension change caused by the change in
he rotational angle of the reel motor 55. On the basis of
qe thus-obtained tension, the tape tension actuator 62 is
isplaced. ..
The driver 71 for the tape tension actuator 62 has
.lready been described with reference to Fig. 17, but it
111l be explained in more detail hereinunder. The magnetic
ircuit is closed by.the yoke 106 and the permanent magnet
)7 which is magnetized in the direction perpendicular to
le rotating surface of the movable coil 108 and in which
1e direction of magnetization is divided into two opposite
.rections with respect to the rotary arcuate direction.
.erefore, a high magnetic flux density is obtained in the
rpendicular direction to the rotating surface of the
vable coil 108. When a current is appfied to the movable
il 108, the movable coil 108 is rotated by the force
used at the portions indicated by the reference numerals
8a, 108b in Fig. 18 according to the Fleming's left-hand
le. Furthermore, in order to measure the amount of
splacement of the arm 70 or the tape tension roller 69, an

tical position sensor such as that shown in Fig. 20 is

ovided, as described above.
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The rocking arm 206 is provided with a reflecting mrror 217 for reflectiig .
the light fromthe light emtting device 215, and the reflected |ight o
enters the light receiv- ing device 216 after it is converted into parallel "%
rays by a ens 218. 107 Therefore, t§% anount of light entering the |ight

‘The structure shown in Fig. 20 is suitable to the case
in which the fundamental wave of tension change is a high
frequency and in a wide dynamic range. It goes without
saying that in the case in which the fundamental wave of
:ension change is a comparatively low frequency and has a
imall amplitude, it is possible to uée an LED, which is
theaper, as the light emitting device 110 and a separation
ietector, which is cheaper, as the light receiving portion
11. It is also possible to detect the position by a
iagnetic means, which is cheaper, as shown in Figs. 27 and
8.

In Figf 27, a Hall element 140 is provided on the arm
ntegrally with the exciting coil 108 and the Hall element
an electrically detect the rotational position of the
ension roller 63 in cooperation with the permanent magnet’
07.

In Fig. 28, a Hall element 141 is provided on the
xciting cqil 108 on the opposite side of the rotary shaft
09, and tﬁe permanent magnet 142 fixed for position detec-
ion and the Hall element 141 can electrically detect the
osition of the tension roller 63 in cooperation with each

" ther.

By the above-described structure, the tape‘%ension

ctuator 62 is driven by an eléctromagnetic force and can

2tect its own amount of displacement.
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recei ving device 216 or the position at which light enters the |ight
recei ving device 216 is changed by the rocking notion of the rocking arm.
206, whereby the position of the tension roller 207 is electrically
detected. Fig. 46 is another exanple @'7the position sensor 214. The
position sensor 214 includes a light emtting device 219, a collimtor |ens
220 and a |ighfnrekisvergodinert, 29ince thestengion rrsbimathngt device
supported in a fixed state by a hol der 222. The rocking arm 206 is provided
with a |ibht copstitwees what is called a co-dimensional observer

(hereinunder referred to as "tension estimating deyice") in

the modern control theory which electrically siﬁulates the

transfer characteristic (driving current/displacement) of

the tape tension actuator 62, it is possible to detect the

cape tension applied to the tape tension actuator 62 in a'

vider frequency band in comparison with the conventional

aechanical tension detector such as that shown in Fig. 81.

The above-described principle will be explained in more
letail. "Fig. 29 shows the transfer functions of the tension
:stimating device 132._ | |

Fig. 29 is obtained by converting the block diagram of
:he tension control system shown in Fig. 26 into the trans-

‘er functions of the control theory. The symbol.s is a
:aplace operator.

The reference num;ral 126 represents a transfer func-
ion including the coil resistance R in the tape tension
ctuator 62 and the force constant Kt of the electromagnétic
riving portion,-127 a transfer function including the
nertia J of the movable portion of the tape tension actua-
or 62 and the viscosity function C, 128 a transfér function
ndicating the transfer charaétefisfic of the_change-in'the
ape tension with respect to the change in the rotational

ngle of the tape téhsion actuator 62, and 131 a transfer
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portion 207a and the interruption by the |light shielding portion 207a
between the light emtting device 219 and the |ight receiving device 221
enabl es el ectrical position detection. Positional detection is also
possi bl e by a magnetic sensor. Fig. 47 shows an exanple of such a nagnetic
sensor. In Fig. 47, a permanent nmagnet 223 is fixed to the rocking arm 206,
and two Hall elenments 224 and 225 arSf}ixed in the vicinity of the

per manente, manel, 433 R4S 1aGe AU A0k CLATRN 11224 225 by

tape tension imparts to the tape tension actuator 62.

R LAl

The reference numeral 130a represents a phase lead
‘ilter, which is a compensator for compensating a position
:xrror signal which is a difference between the position
‘ignal oufput from the position sensor 72 of the position.
ontrol group for electrically fixing'the réference position
£ the tape tension actuator 62 and the reference position
ignal PN’ and 130b represents the gain of an amplifier for
etermining the loop gain of a position control feedback
oop. The reference numeral 133a represents a high pass
'ilter, which is a par£ of the compensator 133 for feeding
ack a comparativgly high frequency component in the con-
rolled region in the tension control system to the tape
ension actuator 62, and 133b represents the gain of an
mplifier for determining the loop gain of a.feedback'loop
ith respect to the tape tension actuator 62. The reference
umeral 134a represents a low pass filter, which is a part
f the compensaéor 133 for feeding back a comparatively
ow-frequency component in the controlled region of the
ension control system to the feed reel motor 55, and 134b
5 fheigain of an amplifier for determining thei}odp gain- of
ae feedback loop with respect to the feel motor 55. The

aference numeral 55a represents a transfer function includ-

ing the coil resistance R, and the torque constant K;,, and
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anplifier 226, it is possible to obtain a desired position signal. Such a
magneti c sensor is incorporated into the tape tension actuator 205, as
shown in Fig. 48. 108 The actuator 205 shown in Fig. 48 is the sanme as
that shown in Fig. 44 and the permanent imagnet is fixed to a part

55b & transfer function including the rotational inertia J
of thg reel motor 55. The reference numeral 136 is a
transfer function representing the (tape ténsion)/(angle)
‘haracteristic which indicates the influence of the change
n tﬂe angle of the reel motor.SS on the tape tension.
The reference numeralllso is a transfer function

ircuit electrically simulating the transfer function.126,
'nd 151 and 152 are transfer function circuits electrically
imulating the transfer function 127 by the equivalent
onversion of the control theory. The reference numeral 153
nd 154 are the feedbgék gains of the observer_(tension
ontrol system) which are fed back so as to converge the
ifferences betwgen the output of the position sensor 72 and
he respective oufbuts of the transfer function circuits

50, 151 and 152 on zero in order.that the dynamic charac-
eristics of the'trapsfer function circpits 150, 151 and 152
hich electrically simulate the characteristic of the tape
ension actuator 62 agree with the characteristic of the .
ctual tape tension actuator 62. The reference numeral 155
s a transfer function represented by the inverse character-
stic of the transfer function 131.

In Fig. 29, when a driving voltage to be input to the

ape tension actuator 62 is input to the circuiiklso which
lectrically simulates the coil resistance R and the force

-onstant Kt, the output b' of the tension estimating device

This is the replacemeant sheet

Date: AR 1 =35



of the tension roller 207 which is fixed to the tension arm 213. Tensi on
Control System An exanple of a tension control systemusing the tape L
tensi on actuator 205 and the position sensor 214 is shown in Fig. 49. This
control systemresenbles that in the fE{@t enbodi nent shown in Fig. 26.

This control systemis characterized i hat the external tension

di st ur banpgy |1§e@$rﬁ!§% é' é¥tﬁxﬁ£{:g&t€91\pé( &P £xd efoalal easieingi sbyehance
estimating devic
b of the tension control system. The transfer functions of
the circuits 151 and 152 are collectively'represented
by the following equation:
1

1 1
¢ — oo (1)

J's s J's2
iince the transfer function circuits 151 and 152 simulate
:he transfer function of the mechanical characteristic of
-he tape tension actuator 62, when the output b' of the
:ransfer function circuit 150 is input, the output d' of the
:ransfer function circuit 152 ought to be the estimated
ralue of the rotational angle d of the tape tension actuator
iechanical characteristic circuit 127. However, éhe trans-
ler function circuits 151 and 152 are provided with integra-
:ors therewithin, and even if the transfer functions are the
;ame as the characteristic output from the circuit 127 in
:he tapé tension actuator 62 with respect to the frequency
sharacteristics, the aynamic characteristics thereof are not
.qual thereto due to a difference in the initial values of
.he integr;tors, Therefore, the difference & between the
ctual amount of diéplacement d" detected by the position
ensor 72 and the estimated value d' of the tension estimat-
ng device 132 is fed back at gains Fl and F,, whereby the
ynamic characteristics as well as the frequendf cha;acter—
stics agree with those of the actual tape tengion actuator

2.
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I nput vol tage of the tape tension actuator 205 and the displacenent of the

tension roller detected by the position sensor 214. This control systemis _ |

further characterized in that the tension error obtained by conparing the
estimated value with the reference value is divided into a high-frequency
fgnponent_and a.IOMFfrequency cqpponeng, the former being supplied to the
pe tension actuator 205 and the |att to the feed reel notor 233. The

hi gh- f r equencyTR@nghprerdescr heed cnbruptere oisjgell known as the :

structure of a co~-dimensional observer in the modern éontrol

theory. It is in order to freely determine the convergence

>f the observer that the signals are fed back in the two

loops at the gains of F, and F, to the input terminals of

che transfer function circuits 151, 152 which

- - 1

-nclude the integrator (—— in a Laplace conversion) in the

rodel of the tape tensionSactuator 62. A co~-dimensional

>bserver to which the driving voltage and the displacement

>f an object of control are input is generally used to -

:stimate éhe internal speed thereof. If the feedback gains

?1, F2 of the co-dimensional observer are adequately larger

chan the pole 156 of the observer in Fig. 30 (the negative

ceal number is large), in other words, if the values of F,,

7, are large (high gains), in the ;tate in which the dynamic
sharacteristic and the static characteristic of the object
>f control agree with each other, it is possible to estimate
:he tensio;. At this time, since the dynamic characteristic
igrees with the static characteristic, the following rela-
:ionship holds:

ar =4 _ | ... (2)
Fig. 30 shows the pole-positioning of this:control

system. The reference numeral 156 represents the pole of

:he tape tension écfuator 62, 158 the pole of the position
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supplied froma conpensator and a driver 231 to the tape tension actuator
205, and the | owfrequency conponent 109 thereof is suppled froma
conpensator and a driver 232 to the feed reel notor 233. Wen the tape
tensi on actuator 205 and the reel notor 233 correct the errors, these

changes in tension are re- " 92
control feedback loop of this control system, 159 the pole

of the feedback loop to the reel motor 55 of this control
system, 160 the pole of the feedback loop to the tape
tensidn actuator 62 of this control system, and 157 the pole
of the tension estimating observer. The abscissa represents
a real number axis and the ordinate an imaginary number

axis.

Since the transfer function circuit 150 do not include
ag Eﬁtegrator, the driving force b' is represented as
follows:

b' = b _ ~ eee (3)

Since the dynamic characteristic of the object of control
agrees with that of the model in the observer, the speed and
the acceleratlon as well as the displacement agrees with
those of the model. Therefore, the force c' applied to the
arm of the tape tension actuafor 62, which is equivalent to
M times of the acceleration is represented as follows:

c' =c¢ ees (4)

Sincé the -sum of the driving force b and the torqu; a
is the torque c in the original tape tension actuator 62, as
in the following eguation;

b+a=c¢c «.. (5)
the following relationship holds.from the formhlas 2 to 5:

b' + a = ¢c* ' ... (6) |

b' - ¢! = a
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pl aced by characteristic circuits 234 and 235 and fed back to the tape
tensi on-actuator 205. In Fig. 49, the tension change caused by the

di'spl ace- nent of the tape tension actuator 205 and the tension change
caused by the displacenent of the reel notor 233 are first added. To the
sumis then added an external disfurbang@g3such as an external disturbance
produced hy the friction between the shaft and the drum which is received
by the teuﬁé%%ui%a change in the frictional coefficient of the tape, and the
total sumis f%ﬂ back to the tape tension actuator %%?.

= a ces
This means that a' in the signal path in the observer
represents the torque caused by the tension, and that it is
possible to detect the torque caused by the tension by
taking out a’'.

The relationship between the tape tension and the
torgue which the tape tension applies to the mechanical part
of the tension actuator is shown in Figs. 31 and 32.

Fig. 31 schematically shows the balance of the.forces
of the tape tension roller 69 and fhe magnetic tape 50. In
Fig. 31, the symboi K| represents a modulus of longitudinal
elasticity and C, the viscosity coefficient of the magnetic
tape 50. Ty représents a tension value and T, an external
tension disturbance value.

Fig. 32 shows the mechanical relationship between the
vositions of the movable tape tension roller 69 and the
Eixed tape pass rollers 73, 74 and the length of the arm 70.

From the statical point of view, the force which the
c:ape tension roller 69 receives from the tape 50 is repre-
sented by 2 (T + T;). However, since the actual magnetic
:ape 50 is not a rigid body and is considered as a
riscoelastic body, it is necessary -that the'taé; tension
ralue also changes with time and position as parameters.

Jne of the characteristics of this embodiment is that the
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That is, this total sumrepresents the total tension of the nagnetic tape
travelling system In this way, with due consideration of all elenents of a
tension error, this control system enables tension correction in a w de -
frequen- by band with a high accuracy ig. 50 is obtained by converting
t he bl ock di agram of the tensioh cont system shown in Fig. 49 into the
trans- fer functions of the control theory. The synbol s is a apl ace

oper at or . 13hgtH eHEr ERE CL YO SLwdSh IR LSENEP Radd@bSé CheblN82 which
is used for tension control and the tension roller 69 which
is the point of application for the a§tua1 confrol is
shortened so as to avoid the influencé of the dynamic
sharacteristic in.the longitudinél directibn of the tape as
auch as possible. Actually, the magnetic tape 50 is wound
iround the tension roller 69 at a contact angle of not 180°,

1s shown in Fig. 31, but less than 180°, as shown in |

*ig. 32, If the contact angle is represented by 180° - 28

1
f91 is a positive angle), the force applied to the tension

‘oller 69 is represented by 2cosel'(Tﬁ + TG). As shown in
'ig. 32, the tension roller 69 is connected to the rotary
shaft of the actuator driving portion 71 through the arm 70
iaving a length f, the torque applied to the tension roller
‘9 by the tape tension is represented by the following
:quatibn:

a = f8 (TN + TG)

fg = 2rcosf, ... (8)
herefore, the relationship between the tape tension value
a (= Ty * TG) containing the external tension disturbance
nd the torque a which the tape tension applies to the

ctuator 62 shown in Fig. 29 is represented by the following

5

guation:

a = 2rcoselaa eee (9)
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ion including the coil resistance Rin the tape tension 110 actuator 205 ..
and the force constant [err] of the electromag- netic driver, 237 a -3iRe
transfer function including the spring constant k of the tape tension
actuator 205 and mass [err] of the nnvggge portion. The reference nuneral
238 a transfer function circuit &lectritdlly sinulating the transfer

on the other hand, the estimated tape tension value a'a' is
obtained from the estimated tape tension torque a' by
multiplying a' by the reciprocal of f8, as represented by

the following equation:
al . ) a_l
aa' = = ... (10)

f8 2rcosel

In this way, it is possible to obtain the tension by

estimation. Additionally, when the observer is matched with
the model, the tension estimating capacity of the tension
estimating device 132 depends upon the two feedback

gains Fl' Fz, and represented by the following equation;
F .
aa' = 5 1 aa ees (11)
JS® + F,JS + F

mainly determine§S the frequency which allows the estima-

Fy

tion and F., mainly determines the stability of the observer

2
loop.

Fig. 33 shows the tension estimat%ng capacity of the
tension estimating device 132 in this embodiment. In this
case, the external disturbance estimating capacity is about
1 KHz. . |

The estimated tension aa' is compared with the refer-
ence tension Ty, which is the 6ptimum value of the tension,
and the tension error, namely, the external tensibn distur-
bance.Qalﬁe TG is detected. Only the high—frequencf compq—

nent of the external tension disturbance value.TG is taken

out by the high pass filter 133a and fed back to the tape
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function 236, and the reference nuneral 239 is a transtéE:FunctiBrafelveasmg:
constitutes a feedback | oop together with transfer function circuits 240 o
and 241 and sinulates the transfer function 237 by the equival ent .
conversion of the control theory. The reference nuneral 242 and 243 are the
feedback gains of the observer (tensiog(gontrol systen) which are fed back
so as to converge the differences between the output of the position sensor
214 and tbensktepeactuatont tastod th&nsfamsfmmctﬂ@mtéﬂnfgiﬂﬁygﬁs 239 to 241
. are on zero i.n order that the dynanmic characteristics of@the

includes phase compensation and amplification. Simultane-

ously, the low-frequency component thereof is taken out by
the low pass filter 134a and-fed back to the feed reel motor
35 at-a gaih of G6. The reason whylthe frequency band is
livided as described above is because the tape tension
actuator 62, which has a small mechanical time constant, is
jenerally suitable for the control in a high-frequency band
>ut since the movable range is limited, it is impossible to
control a change in the tension which has a controlled
raluable approximate'fo that for a direct current. -In the
>ole-positioning of the transfer fuhctions f5 and f6 shown
-n Fig. 30, for example, the points which are closer to the
>riginal point than to the pole 157 of the observer (for
:Xxample, about 1/10 of the pole 157 by the real number) are
selected for the pole 160 of the tension control loop to the
:ape tension actuator 62 and the pole 159 of the.tension
rontrol lopp to the feed reel motor 55.

Fig. 34 shows the transient behavior of the estimated

:Xternal disturbance at this time. The actual tension value

1

r agrees with the estimated tension value Tp after a

:onstant time.
In Fig. 34, the transient characteristic df the esti-
ated tension value Ti of the tension estimating device 132

~nd the actual tape tension change Tp from the start of
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transfer functions 238 to 241 which sinul ate the chardeferd G tiicr R RaREEE
tape tension actuator 205 agree with the characteristic of the actual tape
tensi on actuator 205. The reference nuneral 244 represents a high pass A
filter, which is a part of the conpensator,ﬁcw feedi ng back a conparatively
hi gh frequency conponent in the control | €@ egion in the tension control
systemto the tape tension actuator 205, and 245 a | ow pass filter, which

Lo paoPart ol GOTCISAA | Hnd SHcIS1 Her2eS0MRa" 2 LIBYY Jhdeheaueney
ordinate a tension force.

Figs. 35(a} and 35(b) show the'open loop characteristic
of the tension control system of this embodiment. In
Fig. 35(a), the ordinate represents a gain and the abscissa
a frequency. In Fig. 35(b), the ordinate represents a phase
and the abscissa a frequency.

In the above, the principle and the operation of the
tension control system in this embodiment have been ex-
plained. |

Wﬁén the tension is controlled by the abo&e-dgscribed
nethod of estimating éhe external tension disturbance, the
astimated tension is exactly detected up to a much higher
frequency than th;t substituted by the amount of displace-
nent of the tension control arm like in a conventional
:ension contrcl mechanism, thereby realizing tension control
-n a very wide frequency band.

"Since. loops are complicatedly intertwined in such
:ension controlxunlike in a simple feedback loop having one
nput and one output, a large amount of operation is re-
‘uired. Although the integrator, amplifier, addgr, sub-
racter or the'like can naturally be constituteq by an
nalog circﬁit by using an operation amplifierfor the like

- hich produces few offsets and drifts, since such an ampli-

fier is expensive and the circuit becomes a large scale, it
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111 tension -control systemto the feed reel notor 233" The ré?erence et
nuneral 246 represents the gain of an anplifier for determning the |oop
gain of a feedback loop with respect to the tape tension actuator 205 and .
the reference nuneral 247 the gain of ag npllfler for determ ning the Ioop
gain of the feedback | oop with respect g t he reel

is desirable to digitally operate by a microcomputer or the
like.

. 'Fig. 36 shows the structure of the hardwares in

the control System shown in Fig. 29 which is constituted by’
a microcomputer. It is possible to realize the control
system having.a very few hardwares, as shown iﬁ Fig. 36.

In Fig. 36, the reference numeral 161 represents a
sensor amplifier, 162 an analog/digital converter for
converting an analog signal supplied from the sensor ampli-
fier 161 into a digital signal and 163 is a high-speed
3peration.circuit for digitally executing the estimation of
1 tension and compensation thereof by a microcomputér or the
like on the basis of the transfer functions shown in
7ig. 29. The reference numeral 164 represeﬁts a cur-

.:ent/voltage converter for taking out the driving current
or the tension control mgchanism in the form of a voltage
Lnd 165 an analog/digital_converfer for converting the
nalog output of the current/voltage converter 164 into a
igital siénal.\ The reference numerals 166, 167 represent
igital/analog converters for converting tﬁe result output
rom the high-speed operation circuit 163 into an analog
utput, Fig. 37 shows an example of a flowchartfshowing the
lgorithm of the estimated tension ﬁhiﬁh is computed by a
igital operation by the high-speed operation circuit 163 in

1e structure shown in Fig. 36. -The integration factor L
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mot or 233." The reference numeral 248 represents a ti&ffster -funcrise PR
- indicating the coil resistance RL and“the torque constant [err], and 249 .a
transfer function indicating the rotational inertia J of the reel Totor. °
233. Operation of Third Enmbodi nent The operation of the tension control
systemin the third enbodi nent wl| W@gF expl ained. In a conventi onal
tension control, when the force of the ring 22 is balanced wth the tape

t ensi on, shbﬁnaﬂnunigof3¢|§§IgggngﬂédOBythﬁetgﬂﬁhQEuQQnBEOEh%f@I%EH53
regarded as

diagram of Fig. 38.

1,

As descfibed above, according to this embodiment, since
the tape tension actuator 62 suppresses a tension change in
the high-frequency band and the feed reel motor 55 suppress-
3s a tension change in the low-frequency band, the tension
:ontfol accuracy is enhanced énd a tension control system
rapable of tension control with_a high accuracy in a wide
‘requency band and a wide dynamic range is realized.

In this way, according to the present invention, since
‘he control ranges and the dynamic ranges of a DTF control
:ysfem and a tension control system are enlarged by using
TF control and tension control utilizing an external
isturbance observer, good reproductien is possible not only
n a normal-speed reproduction mode but also in a high-speed
uperior reproduction mode.

Although the tape tension actuator 62 is disposed on
he top side (on the side of the.rotary drum) of the VTR.
ack in this embodimeht, it may be provided on the back
irface of the VTR deck with consideration of the limitation
f the size of the VTR deck, as shown in Fig. 39i A similar
ifect is produced by a compact structure in which the
ignetic circuit of the actuator is accommodatea‘in the VIR
:ck.

veration in High-speed Superior Reproduction

Thig is the replacement sheet
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t he tehéion, and the anount of displacenment is fed back to the‘Féér'thgrmG*ﬁ'
as the detected tension value, as shown in Fig. 81. Strictly speaking, ..
however, it is up to the spring resonance f+equency of the tension control-
arm 21 which is supported by the spring that the anobunt of displacenent of
the tension control arm 21 supported bqu2§ spring is proportional to the
tape tension, and beyond the spring esonanhcCe frequency, the phase of the
change in the ffbespperation of the apparatus at the time of

high~-speed superior reproduction in which the speed of the

magﬁetic tape 50 cannot be corrected by the head actuator 76

will now be explained as the main part of fhe present

invention.

When a conventional apparatus is operated at a high

speed at which the speed of the magnetic tape 50 cannot be

corrected by the head actuator 76, a screen has noise bars

or becomes a mosaic screen. In the present invention, by

operating the tape drawing actuator 61 and the tape tension

actuator 62 in accordénce with the above-described princi- -

ple, the speed of the‘magnetic tape 50 on the rotary drum 51

is intermittently lowered to the speed at which the head

actuator 76 can correct the speed of the magnetic tape 50,

for example, the noFmal reproduction speed. In the period

in which the speed of the magnetic tape 50 is correctable by

:he head actuator 76, namely, the reproduction-possible

reriod T‘_explainedlin the above principle, the correction

f a tracking error is enabled by the above-described

:wo~stage coupling DTF control system in accordance with the

)resent invention even in the worst case in which, for

:xample, the speed changes by the mechanical characteristic
hown inIFig. 10 and the tracking error patterﬁkexceeds the

‘ange in which the head actuator 75 can correct a tracking

-rror. The reproduction-possible period T' is a period in
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11.2 appiied to the tension control arm 21 is deviated Tidﬁffhé“ﬁﬁﬁgé’ﬁ?”&%ﬁ“
the change in the position of the tension control arm2l. Actually, the ..
phase is shifted by 90 degrees at the spring resonance frequéncy and by 80
degrees at a higher frequency. As a counterneasure, in a conventional =~ .
tension control system the control ljgyjregion is limted by the phase shift

of the spring support systemincluding the

which at least one picture. is reproducible, namely, at least

m,/£ (m0 is an integer of at least 2) sec, as described
above. A superior reproduction signal generator (not shown)
outputs a signal for superior reproduction for driving the
tape actuators 61, 62. 1In this embodiment, a driving
voltage pattern for digitally operating the tape actuators
61, 62 is output so as to produce the speed pattern shown in
Fig. 7 by inputting the tape speed information from the
capstan portion such as a capstan FG signal and a drum PG
signal on the basis of the explained principle. The hard-
waré'struqture of the superior repfoduction signal generator
can be realized by simple digital circﬁits, but explanation
thereof will be omitted here.

In a period other than the~reproduction-possible period
T', since no reproduced picture can be obtained, a good
oicture reproduced in the reproductibn-possible period is
stored in each cycle period, and during the period other
chan the geproduction~possible period T', the stored pic-
:ures may be output. By this operation, a good reproduced
victure free from noise, which is impossible in a conven-
:ional servo system, is continuously obtained, although it
.8 composed of a series of successive stop-frames.
.s described above, the tape tension actuator 52 is con-
tantly operated by a tape tension servo in a wider range

-han by a conventional mechanical system. It goes without
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tension control arm21. This neans that the tension detect-- abf& by t he =%
tension control arm21 is limted to the fre- quency band of nat. hi gher ’
than the spring resonance frequen- cy of the spring support system
including the tension control arm21. It wll naturally be considered to
lighten the tension control armor incrkf§é the spring constant in order to
hei ghten the spring resonance frequency. However, there is limtation in

| i ght eni nGayiaa &dsitorkheomagaietdcmtagped 50f ish&hepeifogec maditrainesl at

i ncreased, the tension control arm 21 does not nove nmuch even if there is a
change i nthe optimum tension in any state. Thus, this embodiment of

- a magnetic recording and reproducing apparatus can produce a
good reproduced picture in a wide tape speed range from a

low speed to a high speed.

Second Embodiment

A second embodiment of the present invention will be
explained.

Fig. 40 is a block diagram of a DTF control system in a
second embodiment of the present invention. This embédiment
is different from the-firs£ embodiment in that an element
shich is the same as the tension estimating device 132 used
in the first embodiment for the detection of a tension and
constituted by an external disturbance observer in the
iodern control theory is provided in the tape drawing
ictuator 61 as a tape drawing actuator external disturbance
:stimating device 170. Since the principle and the struc-
.ure of th; external disturbance estimating device 170 are
ompletely the same as those of the tension estimating
evice 132 in the first embodiment, as shown in Fig. 41,
xplapation thereof will be omitted. _

The estimated external torque disturbance ‘which is the
utput of the tape drawing actuator external disturbance

stimating device 170 and is applied to the actuator driver
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tensi on, thereby |owering the detection accuracy. In contragt;-
enbodi ment, it is possible to letect tension in a w de frequency band
irrespective of the spring resonance frequency of the tension control arm
I'n this enbodi ment, a tension estimating device consti- tutes what is
cal l ed a co-di nensi onal observer (herej der referred to as "tension
estimating device") in the nodern ontreM®@heory which electrlcaﬁly

si nul at es Egeiérﬁ8§1€ively fed back after it is multiplied by —_ T

. Kl
which is the inverted characteristic of the tape drawingZ
Kl
actuator electrical characteristic ée—zz— by a circuit 171
- R!

so as to cancel the external torque disgurbance. The
external disturbance suppressing characteristic at that time
is shown in Fig. 42._ -

- When an external disturbance suppression loop is newly
provided in the tape drawing actuator 61 in this way so as
to cancel the external disturbance, the position of the tape
drawing actuator 61 is fixed as if there were no external
disturbance with respect to an external disturbance in the
suppression controllea region of the external disturbance
suppression loop (within about 1 KHz in the example shown in
Fig. 42) which is caused by, for example, the vibration of a
VIR deck mounted on an automobile. The tape drawing actua-
tof 61 is more susceptible to an external disturbance than
the head actuator 76 because the mass of the movable portion
>f the tape drawing actuator 61 is large, and the tape
irawing actuator 61 is a cantilever arm system which is not
supported by a spring. This suppression loop is therefore
rery effective.

In a control system having the above-deSCf%bed struc-

.ure,.since the tape tension actuator 61 does not vibrate

ven due to a sudden external disturbance such as the
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R
113 characteristic (driving current or input volt- age/displacenent) of the
tape tension actuator. It is therefore possible to detect the tape tension
-applied’to the tape tension actuator in a wi der frequency band in conpari- -
son with the conventional nechanical tension detector such as that shown in.
Fig. 81. The above-described principlkQMI| be explained in nore detail

Fig.'50 SQ@ﬂiaEE%nt5%”%“@’V&%pﬁgd%nsc%kskgﬁttg@ﬁk?@ DTF control is

enabled.

As described above, according to this embodiment, a
tracking error correction means is newly provided as a
movable roller in.a tape travel path outside of the drum.
DTF control is carried out in a two-stage coupling system in
a wide frequency band and a wide dynamic range with a high
accuracy. In addition, the tension is detected by an
external disturbance observer so as to constitute-a tension
control system capable of tension control in a wide frequen-
cy band and a wide dynamic range with a high accuracy.
Accordingly, tﬁis embodiment enables good reproduction not
only in normal-speed reproduction but also in reproduction

it a speed selected from a wide range.

third Embodiment

In the above embodiments, the tape drawing actuatof énd
:he tape tension actuator help the DTF control of the
\agnetic head qu carry out high-speed noiséless reprodu;—
ion. In the present invention, the optimum tension control
.S enabled by using only the tape tension actuator. A third
mbodiment which enables suitablg tape tension céntrol only
y the tape tension actuator will be explainedxhe;einunde:.

The structure of the tape tension actuator in the third

mbodiment is the same as those of the first and seconﬂ
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estimating device. In Fig. 50, when a driving vol tage=FEe~i nput~t o the
tape tension actuator 205 is input to the circuit which sinulates the coi
resi stance R and the force constant [err], he output b' of the tension:
estimating device 230 becones the estinmated value of the actual driving
force b of the tension control system]()i§ the transfer functions of the
circuits 239, 240 and 241 which constitute the feedback group are

equi val entdmposidmearitsad Mertdisor adntdoll hieoral,sd keaddld Pvdig Uty pde hol ds:

frequency band with a high accuracy by a feedback system
_which presumes the relationship between an input voltage and
displacément in the same way as in £ﬁe first and second
embodiments.

Structure of Tape Tension Actuator

Fig. 43 shows a structure of a tape tension actuator
similar to that of the tape tension actuators 62 in the
first and second embodiments, respectively.

In Fig. 43, a tape 201 fed from é feed reel 200 is
introduced to a rotary drum 204 through fixed pass rollers
202 and 203.

A tape tension actuator 205 includes a_rocking arm 206
and a tension roller 207 provided at one end thereof is
moved in the direction indicated by the arrow and adjusts
the tension of the tape which comes into contact therewith,
as desired. |

The rotary shaft of the rocking arm 206 is represented
)y the reference numeral 208, and a permanent magnet 210 is
figed at the other end the rocking arm 206. Around the
rermanent magnet 210, an exciting coil 210 is fixed and, as
¢+ result, by supplying a predetermined exciting éurrent to
he exciting coil 210, the permanent magnet Zoéhis mdved to

. predetermined position, as desired.
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hat is, Thetransfer function circuits 239, 240 and ¥ 5fulate the <
transfer-function 237 of the tape tension ctuator 205. Therefore, when the
out put ks of the transfer 114 function circuit 238 is input, the output
d" of transferring the transfer function circuits 239, 240 and 241 ought to
be the estimted val ue of the output .clefsthe tape tension

. In Fig. 43, the exciting ¢oil 210 is fixed on a yoke
211. The yoke 211 has a ﬁagnetic shielding effect for
prefenting the leaﬁage of a magnetic flux to the outside.
The rocking arm 206 is rockably éupported by a gimbal spring
212 or the 1like.

Although Fig. 43 schematically shows the structure of
the tension actuator 205, the concrete structure of thereof
can be the same as that shown in Figs. 15 and 16.

'Fig. 44 shows a modification of this embodiment. 1In
this modification, a tension arm 212 is directly connected
to the permanent magnet 209, and the tension arm 212 and the
tension roller 207 linearly move, as shown in Fig. 44,

In this embodiment, the position of thg tension roller
207 is constantly detected and compared with the reference
value or a estimated external disturbance value for a
predetermined tension control. Fig. 45 shows a position
sensor of the tape tensicn actuator 205 shown in Fig. 43.

A position sensor 214 includes a light emitting device
such as a iaseradiode or an LED and a separation light
receiving device 216 such as a photodiode.

The rocking arm 206 is provided with-a reflgcting
wirror 217_for reflecting the light from the light emitting
levice 215, and the reflected light enters the‘light receiv-
.ng device 216 after it is converted into parailgl rays by a

.ens 218.
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act uat of 205. However, the transfer function circuits" 239, 2467 and 241 ar &
provided with an integrator therewithin, and even if the transfer functions
are the sane as the charac- teristic output fromthe ciretz237:in the -%.-
tape tension actuator 205 with respect to the frequency characteristics,
the dynam c characteristics thereof aﬂﬂjﬁbt equal thereto due to a
different in the initial values of the integrators. Therefore, the
di fference e.b8hesefories ddieuamonmbuef dfiglitsghiesdpgt tie ddighdt ed by t he
position sensor 214 and the estimated value d' of the tension estimating
devi ce 23@eceiving device 216 or the position at which light enters
the light receiving device 216 is changed by the rocking
motion of the rocking arm 206, whereby the position of the
tension roller 207 is electrically detected.
Fig. 46 is another example of the position sensor 214.
The position sensor 214 includes a light emitting device
219, a collimator lens 220 and a light receiving device 221,
and each of these elements is supported in a fixed state by
a holder 222.
The rocking arm 206 is provided with a light shielding
portion 207a and the interruption by the light shielding
portion 207a between the light emitting device 219 and the
light receiving device 221 enables electrical position
detection.
Positional detection is also possible by a magnetic
sensor. Fig. 47 shows an example of such a magnetic sensor.
In Fig. 47, a permanent magnet 223 is fixed to the
cocking arm 206, and two Hall elements 224 and 225 are fixed
in the vicinity of the permanent magnet 223. By comparing
:he outputs of both elements 224, 225 by a differential
implifier 226, it is possible to obtain a desired position
signal. vt

Such a magnetic sensor is incorporated into the tape

:ension actuator 205, as shown in Fig. 48.
This is the replacement sheet
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fed back at gains of [err] and [err], whereby the dynami ¢ EHAFRES R ERESERARTE
as well as the frequency characteristics agree with those of the actual
tape tension actuator 205. The above-described structure i's-well™known as
the structure of a co-di nensional observer in the nodern control theory. It
is in order to freely determne the coniﬁjggnce of .the observer that the
signals are fed. back in the two .oops a gains of [err] and [err] to
the input tern Fhesactubhert 2agsthbwhuiat FAg.céBClt $h238amad 224@naf ch
include the integrator [err] in a Laplace conversion)

shown in Fig. 44 and the permanent magnet is fixed to a part

of the tension roller 207 which is fixed to the tension arm
213.

Tension Control System

An example of a tension control system using the tape
tension actuator 205 and the position sensor 214 is shown in
Fig. 49. This control system resembles that in the first
embodiment shown in Fig. 26.

This control system is characterized in that the
extgrnal tension disturbance is electficglly'estimated by an
external tension disturbance estimating device 230 from the
input voltage of the tape tension actuator 205 and the
displacement of the tension roller detected by the position
sensor 214.

This control system is further characterized in that
the tension error obtained b& comparing the estimated value
with the ;eference value is divided into a high-frequency
component.and a low-frequency component, the former being
supplied to the tape tension actuator 205 and the latter to
the feed reel motor 233.

The high-frequency component of the tension error is
supplied from a compensator and a driver 231 t?kthe tape

tension actuator 205, and the low-frequency component
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S .n the nodel of the tape tension actuator 205. A co-di nensional oObserver®
to which the driving voltage and the 115 di spl acenent of .an..object of
control are input is generally used to estinmate the i nter nal* *spééd t her eof .
If the feed- back gains [err] of the co-dinensional observer are ade-

103

thereof is suppled from a compensator and a driver 232 to
the feed reel motor 233. J

When the tape tension actuator 205 and the reel motor
233 correct the errors, these chénges in tension are re-
placed by characteristic circuits 234 and 235 and fed back
to the tape tension actuaﬁor 205.

In Fig. 49, the tension ch;nge caused by the displace-
ment of the tape tension actuator 205 and the tension change
caused by the displacement of the reel motor 233 are first
added. To the sum is then added an external disturbance
such as an exteérnal disturbance produced by the friction
between the shaft and the drum which ié received by the tape
and a change in the frictional coefficient of the tape, and
the total sum 1s fed back to the tape ten51on actuator 205.
That is, this total sum represents the total tension of the
magnetic tape travelling system. In this way, with due
consideration of all elements of a tension error, this
sontrol system enables tension correctibn in a wide frequen-
2y band with'a\high accuracy.

Fig. 50 is obtained by converting the block diagram of
:he tension control system shown in Fig. 49 into the trans-
ler functions of the control theory. The symbol-s is a
,aplace'operator. . ot

- The reference numeral 236 represents a transfer func-

ion including the coil resistance R in the tape tension
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quatelyhTarger than the pole of the observer (the negaﬁ%ﬁé Te .
large), in other words, if the values of [err], f2 are |arge (hlgh galns),
in the state in which the dynam c characteristic and tHERSEAL T 2
characteristic of the object of control agree with each other, it is
possible to estimate the tension. At tikg {ime, since the dynanic
characteristic agrees with the static cteristic, the following rel a-

TR ORCSEEIN, St fo5es NN, Tep o ehg{Lbedilnag-
netic driver, 237 a transfer function including the spring
constant k of the tape tension actuator 205 and mass M of
the movable poftion. The reference numeral 238 a transfer
function circuit electrically simulating the transfer
function 236, and the reference numeral 239 is a transfer
function which constitutes a feedback loop togéther with
transfer function circuits 240 and 241 and simulates the
transfer function 237 by the equivalent conversion of the
control theory. The reference numeral 242 and 243 are the
feedback gaihs of the observer (tension control system)
which are fed back so as to converge the differences between
the output of the position sensor 214 and the respective
outputs of the transfer function circuits 239 to 241 are on
zero in order that the dynamic characteristics of the
transfér functions 238 to 241 which simulate the character-
istic of the tape tension actuator 205 agree with the
characteristic of the actual tape tension actuator 205.

The feference numeral 244 represents a high pass
filter, which is a part of the compensator for feeding back
1 comparatively high frequency component in the controlled
cegion in the tension control system to the tapé tension
ictuator 205, and 245 a low pass filter, which?is'a part of
‘he compensator for feeding back a comparative;y'-

-ow-frequency component in the controlled region of the

Thig is the replacement sheet

Date: 9 § AUG 1996



-, l e

for the™iist embodiment. Since the transfer function circuit 336<afd the -
nmodel thereof do not include an integrator, the driving force b' is = . . .
represented as follows: [err] Since the dynamic characteristic of the =~ "7
obj ect of control egrees with that of the nodel in the observer, the speed
and the acceleration as well as the diéblébenent agrees those of the nodel

Therefore, the, force c' applied to the armof_ the tape tension actuator
205, “wii chteRSio S rel Phyafen ' fo 'thie HdRE rdel ndlisk 'A4Y. O

reference numeral 246 repfesents the gain of an amplifier
for-determining the loop gain of a feedback loop with
respect to the tape tension actuator 205 and the feference
numeral 247 the gain of an amplifier for determining the
loop gain of the feedback loop with respect to the reel
~motor 233. The reference numeral 248 represents a transfer
function indicating the coil resistance R; and the torque

constant X and 249 a transfer function indicating the

tL!
rotational inertia J of the reel motor 233.

Operatioq of Third Embodiment
. The operation of the tension control system in the
third embodiment will now be explained.

In a conventional tension control, when the force of
the spring 22 is balanced with the tape tension, the amount
of displacement of the tension control arm 21 is regarded as
the tension, and the amount of displacement is fed back to
the reel motor 6 as the détected tension value, as shown in
rig. 81. )

Strictly speaking, however, it is up to the spring
resonance frequency of the tension control arm 21 which is
supported by the spring that the amount of displacement of
he tension control arm 21 supported by the spring is
roportional to the tape tension, and beyond the spring

‘esonance frequency, the phase of the change in the tension
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i mes of &% e #2cceleration is represented as foll ows: [err] 'Since the sum

of the dLIVIng force b and the torque a i.s the torque c in the original

t ape t eliSion actuator 205, as in the fol l'owing equation; b + a =c¢
(24) the follow ng relationship holds E§0n1the formulas 21 to 24:

applied to the tension control arm 21 is deviated from the
phase of the change in the position of the tension control
arm 21. Actually, the phase is shifted by 90 degrees at the
spring resonance frequency and bf 80 degfees at a higher
frequency. As a countermeasure, in a conventional tension
céntrol system, the controlled-region is limited by the:
phase shift of the spring Suppo;£ system including the
tension control arm 21. This means.that the tension detect-
able by the tension control arm 21 is limited to the fre-
quency band of not higher than the spring resonance frequen-
cy of the spring support system including the tension
control arm 21, It will naturally be considered to lighten
the tension control arm or increase the spring constant in
order to heighten the spring resonance.freqﬁency. However,
there is limitation in lightening the tension control arm,
and if the spring constant is increased, the tension control
arm 21 does not move much even if there is a chanée in
tension, thereby lowering the detection accuracy.

In céntra§t, in this embodiment, it is possible to
letect tension in a wide frequency band irrespective of the
spring resonance frequency of the tension control arm.

In this embodiment, a tension estimating de;ice consti-
-utes what is called a co-dimensional observerxfhereinunder
referred to as "ten51on estimating device") in the modern

:ontrol theory which electrlcally simulates the transfer
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[err] tHat is, [err] This means that a' in the signal path in the observer

represents a tension, and that it is possible to detect the tension '

i rrespective of the spring resonance of the tension mechani sm by taking out
a'. The estimated tension a' is conpared with the reference tension val ue,

and only the high-frequency conponentJ?iEihe tension error is taken out by
the high pass filter 244 and )

characteristic (driving current or input volt-
age/displacement) of the tape tension actuator. It is
therefore possible to detect the tape tension applied to the
tape tension actuator in a wider frequency band in compari-
son with the conventional mechanical tension detector such
as that shown in Fig. 81;

The above-described principle will be explained in more
detail. Fig. 50 shows the transfer functions of the tension
éééimating device. . . | | -

In Fig. 50, when a driving voltage to be input to the
tape tension actuator 205 is input to the circuit which
simulates the coil resistance R and the force constant K.,
the output b' of the tension estimating device 230 becomes
the estimated value of the actﬁal driving force b of the
:ension control system. If the transfer functions of the
:ircuits 239, 240 and 241 which constitute the feedback
[roup are equivalently converted by the control theory, the

‘ollowing equation holds:
r 1

X 4

M'S S 1

2

1 1 M'S® + k'

- .k'
M'S ]
'hat is, the transfer function circuits 239, 240 and 241

.o+

A A

imulate the transfer function 237 of the tape tension

ctuator 205. Therefore, when the output b' of the transfer

This i¢ the replacement sheet

2 6 AUG 8%

Date:



fed back to the tape tension actuator 205 at a gain of [efr].

Smul-t aneously, the | ow frequency conmponent is taken out by the | ow pass
filter 245 and fed back to the feed reel notor 233 at a gain of [err]. The
reason why the frequency band is divided as described above is because the
tape tension actuator 205, which has a snmall nechanical tinme-constant, is
enerally suitable for the control in a ﬁﬁjh}freqqency band ut since the

movabl e r%@%%éf%ﬂiégféﬂEtifBéfig'gﬁﬁﬁﬂjﬂéié(%utput d' of transferring
thé.transfer function circuits 239, 240 and 241 ought to be
the estimated value of the output d of the tape tension
actuator 205. However, the transfer function circuits 239,
240 and 241 are provided with an integrator therewithin, and
even if the transfer functions are the same as the charac-
teristic output from the circuit 237 in the tape tension
actuator 205 with respect to the frequency characteristics,
the dynamic characteristics thereof are not equal thereto
due to a different in the initial values of the integrators.
Therefore, the differenﬁe e between the actual amount of
displacement 4" detected by the position sensor 214 and the
estimated value d' of the tension estimating device 230 is
fed back at gainé of f1 and f2' whereby the dynamic charac-
teristics as well as the frequency characteristics agree
#ith those of the actual tape tension actuator 205.

The above-described structure is well known as the
structure.of a co-dimensional observer in the modern control
theory. It is in order to freely determine the convergence
>f the observer that the signals are fed back in the two
-oops at the gains of Fl and F, to the input
:erminals of the transfér function circuits 239 and 240
hich include the integrator (—E— in a Laplécefconvérsion)

n the model of the tape tensioi actuator 205. A

co-dimensional observer to which the driving voltage and the
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117 control a change in the tension which has a control’l ed vVl uapFesHEEER
approximate to that for a direct current. In the pol e-positioning of the
f eedback ‘gains [err] and [err], for exanple, the points which are closer to
the original point than to the pole of- the observer (for exanple, about. 1/10
of the pole 157 by the real nunber) are selected for the pole of the

tension control .1 oop to the tape tensioﬁladﬁuator 205 and the pole of the
| oop to the tfed reel tor ) .
displacement of an object of control are input is generally

usedito estimate the internal speed thereof. If the feed-
back gains fl' f2 of the co-dimensional observer are ade-
guately larger than the pole of the observer (the negative
real number is large), in other words, if the values of fl,
f, are large (high gains), in the state in which the dynamic
characteristic and the static characteristic of the object
of control agree with each other, it is possible to estimate
‘the tension. At this time, since the dynamic characteristic
agrees with the static characteristic, the following rela-
tionship holds:

da' = 4 ' j cee (21)
The relationship between the poles is the same as in Fig. 30
for the first embgdiment.

Since the transfer function circuit 236 and the model
-hereof do not include an integrator, the driving force b'
.s represented as follows:

b' =b eos (22)
iince the dynamﬁc characteristic of the object of control
\grees with that of the model in the observer, the speed and
-he acceleration as well as the displacement agrees those of
‘he model. Therefore, the force c' applied to Fhe arm of
;he tape tension actuator 205, which is equivaient to M
imes of the acceleration is represented as follows:

c' = ¢ ... (23)
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55. This relationship is also the sane as in Fig. SO*fﬁﬁ”fﬁé:ffféf”' i

enbodi nent. Fig. 34 shows the transient behavior of the estimted external.. . ...

di sturbance at this time. The actual tension val ue agrees with the
estimated tension value after a constant tinme. In the above, the principle

and the operation of the tension control ﬂ the third enbodi rent have been
expl ained. In sone cases, the magnet 209;-the el ectromagnetic coil 210, the
yoke 211, etc. SSneen tihe Eup of3 Wennbotivimgrolonas orarndiethe torque a
' is the torque c in the original tape tension actuator 205,
as in the following equation;

b+a=c | co. (24)

the following relationship holds from the formulas 21 to 24:

b' + a = ¢! _ ... (25)
b' - c' = a

that is,
a' = a ... (26)

This means that a' in the signal path in the observer
represents a tepsion, and that it is Rossible to detgct'the
tension irrespective of the spring resonance of the tension
mechanism by taking out a'.

The estimated tension a' is compared with the reference
tension value, and only the high-frequency component of the
tension error is taken out. by the high pass filte: 244 and
fed back to the tape tension actuator 205 at a gain of f3.
Simultanequsly, the low-frequency component is taken out by
:he low péss filter 245 and fed back to the feed reel motor
33 at a gain qf f4. The reason why the frequency band is
livided as described above is because the tape tgnsioh
ictuator 205, which has a small mechanicgl ;ime-constant, is

‘enerally suitable for the control in a high—fiéquency band

ut since the movable range is limited, it is impossible to
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act ual tébe tensi on actuator 205 due to the |imtationsn-space~or-eaost- =%
According to the tension control systemin this enbodi- nent, even in thgxh
case in Which the tension roller cannot be controlled by an el.ect r omagnetic
driving device, as de- scribed above, it is possible to control a tension
in a vider frequent band than a convent ilomaj tensi on control

contrél a change in the tension which has a controlled
valuable approximate to that for a direct current.

In the pole-positioning of the feedback gains f3 and
_f4, for example, the points which are closer to the original
point than to the pole of the observer (for example, about
1/10 of the pole 157 by the real number) are selected for
the pole of the tension control loop to the tape tension
actuator 205 and the pole of the loop to the feed reel motor
55. This relationship is also fhe same as in Fig. 30 for
the first embodiment.

.Fig..34 shows the transient behavior of the estimated .
external disturbance ‘at this time. The actual tension value
agrees with the estimated tension value after a constant
time. -

In the above, the principle and the operation of the
tension control in the third embodiment have been explained.
In some cases, the magnet 209, the eleétromagnetic coil 210,
the yoke 211, etc. shown in Fig. 43 cannot be mounted on the
actual taﬁe tension actuator 205 due to the limitation in
space or cost.

According to the tension control system in this embodi-
ment, even in the case in which the tension_ro}ler cannot be
controlled by an electromagnetic driving devi@g, as de-
scribed above, it is possible to control a tension in a

#ider frequent band than a conventional tension control
Thig is the replacement sheet
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118 system An exanple is shown in Fig. 51. Fig. 5T §7ob tarned By = :
repl aci ng--the input voltage of the tape tension actuator 205 by constant] .. .
0 and the input voltage of the external tension disturbance estimating o
device 230 by constantly 0. The operation. of the tension control system

shown in Fig. 51 is-the sane as the operation of the tension control system

shown in Fig. 50 except that in the forq!ﬁgs 20 to 26, it is assuned that b

=0, b" =0. tn this case, the a . .
system. An example is shown in Fig. 51. Fig. 51 is ob-

tained by replacing the input voltage of the tape tension
actuator 205 by constantly 0 and the input voltage of the
-external tension disturbance estimating device 230 by
constanﬁly 0.

The operation of the tensi9n'control system shown in
Fig. 51 is.-the same as the operation of the tension control
system shown in Fig. 50 except that in the formulas 20 to
26, it is assumed that b = 0, b" = 0. In this case, the a'
in the signal path in the external tension disturbance
estimating device 230 is the estimated external tension
disturbance. 'Therefére, after a' is compared with the
reference tension, it is fed back to the reel motor 233 at a
gain of f4, thereby enabling a change in the tension of the
magnetic tape travelling system to be suppressed in a wider
frequency band than a conventional tension mechanism,

When the tension is controlled by the above-described
method of-estimating the external tension disturbance, the
estimated tension is exactly detected up to a much higher
frequency than that substituted by the amount of displace-
ment of the tension control arm like in a conventional
tension control mechanism, thereby realizing ggpsion control

in a very wide frequency band.

‘The open loop characteristic such as that shown in

Fig. 25 can also be obtained in the tension control system
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in the signal path in the external tension disturbance estimting device
230 is tagrestimated external tension disturbance. Therefore, after a' is
conpared®w th the reference tension, it is fed back to the reel notor 233
at a gain of f4, thereby enabling a change in the tension of the magnetic
tape travelling systemto be suppresseﬁéi? a w der frequency band than a
conventional tension mechanism Wen the Uension is controlled by the
above- desghowbdineFhgd 60.esThetting ifietkatgainl of etisé obodpsbfir baece, the
estimated tension is exactly detected up to a nuch higher

tape tension actuator 205 in a high-frequency range is made

higher than that of the loop of the reel motor, for example,

20 dB/ded, so as to suppress the phase shift to not more

than 90° in the controlled region and secure the stability

as a whole, it is possible to secure the gain of the reel

notor loop in a low-frequency range.

Since loops are complicatedly intertwined in such

tension control unlike in a simple feedback loop having one

input and one output, a large amount of operation is re-

juired. Although the integrator, amplifier, adder, sub-

:racter or the like can naturally be constituted by an

inalog circuit by using an operation amplifier or the like

thich produces few offsets and drifts, since such an ampli-

ier is expensive and the circuit becomes a large scale, it

.5 desirable to digitally operate by a microcomputer or the

Aike. The structure of the hardwares in the control system

hown in Fig. 50 which is constituted by a microcomputer is

uch as that shown in Fig. 36 for the first embodiment. It

s possible to realize the control system having a very few

ardwafes, as shown in Fig. 36.

As described above, according to this embodiment, since
he tape tension actuator 205 suppresses a tension change in

he high-frequency band and the feed reel motor 233 sup-

tesses a tension change in the low-frequency band, the

This is the replacement sheet

Date:

Z 6 AUl K98



R30S

frequenc;EThan that substituted by the anpunt of di§5réééfwﬁéﬁf;g?¥fﬁg‘
tension eontrol armlike in a conventional tension control nechanism
thereby realizing tension control in a very wide frequency band. The open
| oop characteristic such as that shown in Fig. 25 can also be obtained in
the tension control system 11.9
| | 120
tension control accuracy is enhanced and a tension control
system capable of tension control with a high accuracy in a
wide frequency band and a wide dynamic range is realized.
Additionally, the actuator in this embodiment has a
-performance equal to the perfofmance of a ceramic actuator
of a piezoelectric element or the like, a rotary mdtor, an
ultrasonic motor or the like. |
As described above, according to this embodiment, the
tension which the tension roller receives from the magnetic
tape travelling system is estimated by the tension control
systém and a driving signal based on-the output signal of
the position sensor is fed back either or both of tape
tension actuator and the reel motor so that the estimated
tension agrees Qith the reference tension. Consequently, it
is possible to enlarge the tension controlled region,
increase the amount of suppression of tension change and
enhance thelcontrol accuracy. Thus, the present invention
is especially effective for the tension control of a digital
VTR or a high-definition VTR the magnetic head of which is
required to have a high recording density and which is
required to control the space between the magnetic head and

the magnetic tape to a constant value.

Structure of Tape Actuator
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shown in F|g 50. That is, if the gain of the |oop of the tape ten5|on
actuator 205 in a high- frequency range i s nmade hi gher .than that of the Ioop
of the reel notor, for exanple, 20 dB/ded, so as to suppress the phase
shift to'not nore than [errr] in the conngtied regi on and secure the
stability as a whole, it i's possible to e the gain of the reel notor

L0 s o A SR e e P T T AT

such tension co a sinple fee
one out put thé t!fﬂcget&@f&% actu tecgz.atv'zhofcl"x Saré” used in each of the

above-descrlbed embodiments will be described hereinunder.

Figs. 52 to 56 show the cencrete structure of a ﬁépe
actuator incorporating a position sensor. A yoke holder 251
is fixed to a VTR base 250, and a yoke 252 is integrally
fixed on the holder 251. A supporting shaft 253 is implant-
ed in the yoke holder 251 and a roller arm 257 is rotatably
supported by a support shaft 253 through upper and lower
bearings 255, 256. A tape:pass roller 258 is rotatably
supported at the free end of the roller arm 257, s0 that
when a magnetic tape.(not shown) comes into contact with the
roller 258, a predetermined stretch/relaxation or a desired
tension value is imparted to the magnetic ﬁape, as described
above, The roller shaft 259 of the roller 258 is firmly
fixed to the arm 257 by a scfew 260, and adjustment of the
roller 258 in the direction of the height is carried out by
a screw 258a provided on the shaft 259,

A dr1v1ng coil 262 is fixed to a coil holder 261 whlch
is provided at the other end of the arm 257. The driving
coil 262 can displace the roller 258 around the shaft 253 by
a given angle ip cooperation with a permanent magnet 263
which is fixed to the yoke holder 251, as described above.

In order to detect the position of the displacement of

the arm 257, a light emitting device 264 such as a laser
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LA N
quired. Although the integrator, anplifier, adder, sub- tracter or the |ike
can natufFally be constituted by an analog circuit by using an operation :
anplifier or the like which produces few'offsets and drifts, since such an
anpli- fier is expensive and the circuit becones a large scale, it is
desirable to digitally operate by a micrpPddputer or the ike. The
structure of yJhe hardwares in the control systemhown in Fig. 50 which is

ot enbor et Tl S o T L o T oY Syt e hvng a
very few passed through a slit plate 265 is emitted in the direction
indicated by the arrow in Fig. 52.

The radiated light 266 is received by a one-dimensional
type light receiving device 267 which is fixed on the yoke
252, whereby the position of the displacement of thé arm 257
is electrically detected.

As is clear from Fig. 54, the permanent magnét 263 has
a configuration of a sector and divided into two parts in
the direction of the rotafiop of the coil 262.

Fig. 55 shows the light emitting device 264 and the
slit plate 265. The‘léser beams radiated from.a light
emitting element 268 such as a laser diode is converted into
parallel rays bf a collimator lens 269. The parallel rays
are emitted through the slit 265a of the slit plate 265 as
slit’ light 266 having an oblong section.

Fig. 56 shows the slit light 266 radiated onto the
light receiving surface 267a of the oné-dimensional type
light receiving device 267. As is clear from Fig. 56, it is

- possible to detect the position of the roller 258 from the
slit light 266 which moves to the xright-hand or left-hand
direction.

As the light emitting device, an LED may be used in

place of the laser diode.
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ardwar ess-as shown in Fig. 36. As described above, according to this

enbodi meat, since he tape tension actuator 205 suppresses.a tension change
in he high-frequency band and the feed reel notor 233 sup- cesses a tension
change in the | owfrequency band, the .120 tension control accuracy is

enhanced and a tension control 123

fig. 57 shows another example of an actuator which
resémbles that shown in Fig. 52. The same numerals are
provided for the elements in Fig. 57 which are the same as
those shown in Fig. 52, and explanation thereof will be
omrtted.

In the example shown in Fig. 57, a magnetic element not
an optical element is used as the position sensor.

' A Hall &lement 270 is fixed on the distal end 257a of
the arm 257, and a magnet 271 is fixed on the base 251 at
the positiop facing the Hall element 270. The relative
relationship between the Hall element 270.and the magnét 271
displaces with the rotation of the arm 257, whereby the
position of the roller 258 is.electrically detected.

Fig. 58 shoﬁs still another example of an actuator. 1In

this actuator, the position sensor is composed of a reflect-
ing mirror 272 fixed on the rotary shaft of the arm 258,
The laser beams radiated from a light emitting device 273 is
reflected by the mirror 272 and received by a light receiv-
ing device 274, whereby the rotational angle of the arm 257
is electrically detected.

Fig. 59 shows another example of the permanent magnet
263 shown in Fig. 54. As is obvious from Fig. 55, the
permanent magnet.263 is composed of two connec;ed trapezoi-

ial magnets.
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system capabl e of tension control with a high accuracy in a mrde'fféﬁﬁﬁﬁevﬁ**“
band and a wi de dynam c range is realized. Additionally, the actuator in
this enbodi mrent has a perfornmance equal to the performance of a ceramc
actuator of a piezoelectric elenment or the like, a rotary notor, an
ultrasonic notor or the like. As described above, according to this
enbodi nent, the tension which the tensibéﬂ@oller receives fromthe nagnetic
tape travelli‘ng systemis estinmated by the tension control systemand a
driving signal Fhgsed0oshblws aufpnthsrgesémple of the actuator shown

in Fig. 52. A light shielding plate 275 is provided between

the slit plate 265 and the light receiving device 267 so as

to prevent the ingress of the outside light.

Figs. 61 and 62 show examples of the position sensor

composed of a combination of a Hall element 276 and a magnet

277. In Fig. 61, the Hall element 276 is fixed on the arm

257. In Fig. 62, the Hall element 276 is provided at the

protruding portion 257b at the distal end of the arm 257.

Structure of VTR Incorporating Tape Actuators

As described above, in the present invention, the tape
actuators are aisposed at least on one side of the entrance
side and the exit side of the rotary drum so as to enable
DTF control, high-speed noiseless reproduction or tape
tension control.

Embodiments of the preéent invention.in which the
above-described tape actuators are incorporated into a
jigital VTR or the like will be explained hereinunder.

Fig. 63 séﬁematically shows the structure of a digital
JTR in which a tape tension actuator and a tape drawing
ictuator are provided on the entrance side and on the exit
;idé,_respectively, of a'rotary drum. s |

A tape cassette 301 is mounted on the base 300 of a VIR
leck, and the tape 302 is loaded on a rotary drum 304

accommodating magnetic heads 303a and 303b.
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the position sensor is fed back either or both of tape t ensi onact-uat or “Af#
the reel notor so that the estimated tension agrees with the reference
tensi on. Consequently, it is .possible to enlarge the tension controlled
region, increase the anount of suppression of tension change and enhance
the control accuracy. Thus, the present, invention is especially effective
for the tension control of a digital VIR2® a hi gh-definition VIR the
magneti ¢ head- of which is required to have a high recording density and
whi ch is requi rkd ¢xdeontoodrine sphesd hedele 303 mdragraiia-teatb Bhd
306 of the cassette 301, a feed reel motor 307 and a take-up
reel motor 308 are provided in the cassette deck.
Fig. 63 shows the state in which the tape is loaded.
The tape 302 fed from the feed reel 305 is introduced to the
rotary drum 304 through guides 309, 310, later-described
fixed tape pass roller 311, tension roller 312, fixed tape
pass roller 313 and slant pin 314,
" on the exit side of the rotary drum 304, the tape 302
is introduced to a capstan 319 through a slant pin 315,
fixed tape pass roller 316, tape drawing roller 317 and
fixed tape pass roller 318. A pinch roller 320 is pressed
against the capstan 319, and the tape 312 is further intro-
duced to the take-up reel 306 through guides 321 and 322.
A tape tension actuator is represented by the reference
numeral 323, and a tension roller 312 is supported at the
end of a tension arm 325 which is rockably supported by a
support shaft 324 of the tape tension actuator 323, as
described abov;. A signal from a position sensor 262 which
is accommodated in the tape tension actuator 323 is supplied
to the tension controller, as described above, aqd a control
éignal is supplied ffom the reel motor cdntrol}gr 327 to the
feed reel motor 307.

A tape drawing actuator 328 has a rocking arm 330

supported by a support shaft 329, and the tape pass roller
Thig is the replacement sheet’
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the magnetic tape to a constant value. Structure of Tape Actuator =~ 121
The concrete structure of the tape drawi ng actuator and the tape tension
actuator which are used in each of the above-described enbodi ments will be
descri bed hereinunder. Figs. 52 to 56 show the concrete structure of a tape

| 126
317 is fixed at the end of the arm 330. A signal obtained
from a position detecting means 331 which is accommodated in
the tape drawing actuator 328 is supplied to an actuator
controller and a capstan controller. This signal is also
supplied to a reel motor controller 332 and controls the
take-up reel motor 305.

Fig. 63 shows the digital VTR in the state of
normal-speed recording/reproduction, and Figs. 64 and 65
show the digital VTR in the state of superior reproduction
in which the actuators are differentially operated. The
operationé-of the digital VTR in the respective states.will
be expléined in the following.

At the time of normal-speed recording/reproduction, a
tape travel patﬁ similar to a conventional one is formed, as
shown in Fig. 63, and the magnetic tape 302 is fed from the
feed reel 305 ﬁo the take-up reel 306 at a constant speed by
the capstan 319.

The movable tape pass follgr 317 of the tape tensien
actuator 328 on the take-up side is méchanically or electri-
cally fixed at a predetermined position. On the other hand,
the tension roller 312 of the tape tension actuator 323 is

pressed against the magnetic tape 302 at a constant force.

\4.

Simultaneously} the feed reel motor 307 is so controlled .
that the tension of the magnetic tape 302 takes a desired

value. As a result, the balance of the tension roller 312
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actuator incorporating a position sensor. A yoke hol der 251 TS4FI%éd to a
VIR base 250, and a yoke 252 is integrally fixed on the holder 251. A i
supporting shaft 253 is inplant- ed in the yoke holder 251 and a roller arm
257 is rotatably supported by a support shaft 253 through upper and | ower
beari ngs 255, 256. A tape pass rqller:?Qﬁ%is rotatably supported at the
free end of the .roller arm257, so thd en a nmagnetic_tape (not shown)
comes int #SchAPhcRtvihe PASiELPn cat selich Hhedeersiemeat sthet magnetigat i on

or a deS|red tension value is |T§arted to the magnetic tape, as described
tape 302 takes a desired value. This position is detected

by a position detecting means 326 as the reference position
of the tension roller 312. By radiating the.oblong or
211liptic light from the light emitting portion in the method
shown in Fig. 55, it is possible to enhance the detection
sensitivity and make the relative positional relationship -
>etween the ray 266 and the light receiving device 267 loose
.n the direction orthogonal to the direction of the rotation
f the tension roller 312. When the diameter of the magnet-
:c tape 302 wound.around the feed reel 305 changes with the
:ravel of the magnetic tape 302, the tension changes, and
'ith this change, the position of the tension roller 312
eviates from the reference position. The position detect-
ng means 326 detects the amount of movement of the tension
oller 312 and so controls the feed.reel motor 307 a§ to
estore the tension roller 312 to the reference position.

If the tension is changed by an external disturbancq,
ae balance'of forces is lost and the tension roller 312
oves from the reference position. This amount of movement
5 also detected by the position detecting means~326, and
1e feed reel motor 307 is so controlled that the tension
dller 312 is restored to the reference positioﬁr

At the time of fast-forward at which the magnetic tape

)2 is fed from the feed reel 305 to the take-up reel 306 at
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above. The roller shaft 259 of the roller 258 is firmy Tixed to the arm =~
257 by a screw 260, and adjustnent of the roller 258 in the direction of
the height is carried out by a screw 258a provided on the shaft 259. A
driving coil 262 is fixed to a coil holder 261 which is provided at the

ot her end of the arm 257. The driving 262 can displace the roller 258
around the shaft 253 by a given angl kbécooperation W th a permanent

magnet 263.vihich _is fixed . to.the yoke holder 251 as descrlbed above. In
order to2d&t8% SPREYso SANtHPI P lﬁb &itEH Cgrried out in the

same way. At this time, the tension value may be set at a
different value from that for normal-speed record-
Lng/reproduction.‘

At the time of rewinding at which the magnetic tape 302
.s fed from the take-up reel 306 to the feed reel 305 at a
1igh speed, control of the tension is carried out the other
ray around. That is, the tension roller 312 is fixed at a
redetermined position, and in accordance with the amount of
eviation of the movable tape pass roller 317 from the
'redetermined_posiﬁibn detected by the posiﬁidn detecting
eans.331, the take-up'reel motor 308 is so controlled as to
eep the tension constant.

The case in which superior reproduction is carried out
t a speed different from the speed at which the signals are
acorded will now be explained.

In superior reproduction, a method of tracing the
zcording track on the magnetic tape 302 by moving the
ignetic head 303 itself in the direction of the width of
ie track and a method of tracing the recording track by
wwing both the magnetic head 303 itself and the movable
1lers 312, 317 are adopted, and these two methods are

. \". -
‘itched over each other depending upon .the tape feeding

eed,.
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the arm 257, a light emitting device 264 such as a l-aséf- - {27 @Fode.j §5% 7
provi ded on the arm 257, and the |Iight which has passed through a slit
plate 265 is emtted in the direction indicated by the arrowin Fig. 52: <& -
The radiated Iight 266 is received by a one-di nensional type |ight
recei ving device 267 which is fixed on EQF yoke

- In the case of moving only the magnetic head 303, the
tension is-controlled in the same way as at the time of |
fast-forward when the magnetic tape 302 is fed from the fee
reel 305 to the take-up roll 306, while the tension is
ontrolled iﬁ thé same way as at the time of rewinding when
:he magnetic tape 302 is fed from the take-up reel 306 to
‘he feed reel 305.

- In the case of moving both the magnetic head 303 and
he movable rollers 312, 317, the tension roller 312 and the
ovable tape pass roller 317 are moved by the same distance
n the reverse phases in linkage with each other.

The structure of a VIR deck incorporating tape actua-
ors in accordance with.the piesent invention will be
1derstood from thée above explanation.

In the present invention, since the movable pass roller
1d .the tension roller move with respect to the fixed tape
.8s rollers, it is necessary to exactly regulate the
'sition of the tape both in the direction of the travel and

the direetiontof the height so as to feed the tape to the
linder groove of the rotary drum., In addition, a simple
d highly accurate structure for drawing the magnetic tape
om the tape cassette and_loéding it on the_rot&ry drum for
2 purpose of recording or reproducing is requi};d.
To meet such demand, the present invention also pro-

vodes a magnetic recording and reproducing apparatus

This '8 the reniacement sheet
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252, whereby the position of the displacenment of the arm 257 g7 R
electrlcally detected. As is clear fromFig. 54, the permanent magnet 263
has a configuration of a sector and divided into two parts in the direction
of the rotation of the coil 262. Fig. 55°‘shows the light emtting device
264 and the slit plate 265. The laser]i®e@ms radiated froma light emtting
el ement 268 such as a laser diode is converted into parallel rays by a

tcﬁlel L-F.BE ﬁécl;%?g&ngfis ndherBpeahbelingyfednnesint t e HhEpUBPeANEnbEL-2652 of
ment thereof will be shown in Figs. 66 to 69.

The main parts of Figs 66 and 67 are the same as
ig. 63. The same numerals are provided for the élements
1ich are the éame as those in.Fig. 63, and explanation
ijereof will be omitted.

Fig. 66 shows the recordin;/reproducing state after
>ading the tape, and Fig. 67 shows the state before loading
1e tape in which the cassette is inserted .

The guide 310 on the entrance side and the guide 321 on
1e exit_gide.are movable befofe and after tape loading as
, the prior art, and the details thereof will be omitted.

The fixed tape pass rollers 311, 313 and the slant pin
4 must be moved before and after tape loading in order to
‘aw the magnetic.tape 302 from the cassette and introduce

to the entrance side of the rotary drum 304. The present
vention

characterized in that both the rollers 311, 313 and the
ant pin 3&4 are fixed on one tape loader 340 and integral-
moved, thereby enabling the exact positioning of each

>e guide.

Similarly, on the exit side of the rotary d%um 304, the
int pin 315 and the fixed tape pass rollers 31?: 318 are

ted on one tape loader 341 on the exit side, thereby

Thia is the replacement sheet
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slit light 266 having an obl ong section. Fig. 56 shows the slit |ight 266
radi ated onto the |ight receiving surface 267a of the one-di nensional type
|l i ght receiving device 267. As is clear fromFig. 56, it is possible to
detect the position of the roller 258 fromthe slit |light 266 which noves
to the right-hand or |eft-hand dlrectﬂdpl As the light emtting device, an
LED may be used. in ol ace of the |aser di ode.

enabiing integral tape 1oad1ng and the exact positioning of
the iape 302 on the exit side.

Although the details are omitted in Fig. 67, the tape
oader 340 on the entrance side and the tape loader 342 on
he exit side are introduced to guide grooves 342 and 343,
espectively, which are provided'on the deck base 300. The
ape loaders 340, 341 are vertically movably psovided in |
rder to introduce the magnetlc tape 302 to the rotary drum
04 and catch the megnetlc tape 302 of the tape cassette
J1. '

The deck base 300 is also provided with a catch 344 on’
1e entrance side and e catch 345 on the exit side whicﬁ
an exactly position the fixed tape pass rollers 313 and 316
fter tape loadiné, as shown in Fig. 63.

Fig. 68 shows the travel path of the magnetic tape 302
‘ter tape loading.

As is obvious from Fig. 68, on the entrance side of the

tary drum:304, the fixed tape pass rollers 311, 313 and

e slant pin 315 are positioned only by the tape loader 340
the entrance side in order to exactly position the

gnetic tape 302 with respect to the tension roller 312 of
2 tape tension actuator.

Similarly, on the exit 51de of the rotary d;um 304, the

>e loader 341 on the exit side exactly positions the slant

p+n 315 and the fixed tape pass rollers 316 and 318}
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123 Fig. 57 shows anot her exanple of an actuator which resenbl es that showm =
in Fig. 52. The sane nunerals are provided for the elenents in Fig. 57
whi ch are the sanme as those shown in Fig. 52, and expl anation thereof wll
ge ontted. In the exanple shown in FL%:% 7, a magnetic el ement not an
ptical element is used as the positi nsor.

The present inventionfis further characterized in that
the pair of fixed tape pass rollers reguiate the position of
the upper and lower ends of the magnetic tape 302 on the
entrance side and exit side by flanges in order to regulate
the position in the direction of the width of the tape 302.
In this way, the magnetic tape 302 is exadtly fed to a
predetermined cylinder groove of the rotary drum 304,
thereby reducing the generation of a tracking error. The
upper flange 316a of the fixed tape pass roller 316 regﬁ-
lates the upper end of the magnetic tape 302,'and the lower
flange 318a of the fixed tape pass roller 318 regulates the

. lower end of the tape 302. |
* In this way, the magnetic tape 302 can pass the travel
path in the state of being exactly positioned in the verti-
cal direction.

Fig. 69 is an enlarged view of the tape loader 341 on
the exit side.

In order to exactly position the flangeé of the fixed
tape pass ;ollers 316, 318, height adjusting screws 316b and
318b are provided at the fixed portion of the rollers 316
and 318, respectively, thereby adjustiﬁg the heights of the
respective tape pass rollers at the time of asseﬁbly. |

The fixed tape pass rollers 311, 313 provided on the

tape loader on the entrance side of the rotary. drum 304 also

cegulate the upper and lower ends of the magnetic tape 302.

Thig js the replacement sheet

Date: 2 5 AUG 1996



A Hall elenent 270 is fixed on the distal end 257a of the arm 257, and a
magnet 271 is fixed on the base 251 at the position facing the Hall el enent
270. The relative relationship between the Hall el enent 270 and t he magnet
271 displaces with the rotation of the arm 257, whereby the position of the
roller 258 is electrically detected‘%ﬁ§$ 58 shows still another exanple of
an actuator. In this actuator, the po$iYion sensor is conposed of a

i) APFAE 6, 215 650 198, hERekOEAEGE M aobe! en AR afite | aser
pass roller 311 regulates the lower end of the tape 302 and
the upper flange 313a of the fixed tape pass roller 313

agulates the upper end of the tape 302. The adjustment of
ae héight of each roller dn the tapg loader 340 is carried
ut in the same way as on the exit side.

As described above, the tape actuators in accordance
ith the present invention are mounted on a digital VTR
ack.

In the above-described embodiment, however, since the
ctuators and the tape. loadérs are mounted on the upper side
f the deck base, it is sometimes difficult to arrange these
lements in a narrow space.

Accordingly, it is preferable to arrange either of the
ctuators and loaders on the upper surface and the other on
he under surface in order to enhance the space utility.

Figs. 70 to 74 show a preferred embodiment of the
resent invention in which either of these elements ié

isposed on the -upper surface and the other on the under

urface of a VIR deck.
In Figs. 70 to 74, the same numerals are prqvided for
he elements which are the same as those in Fig. 63, and

xplanation thereof will be omitted. o

Fig. 70 shows a recording/reproducing state after the

completion of tape loading énd Fig. 71 shows the state
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reflected by the mrror 272 and received by a light recéiv- ing device 274, -
whereby the rotational angle of the arm 257 is electrically detected. Fig.

59 shows anot her exanpl e of the permanent magnet 263 shown in Fig. 54. As

is obvious fromFig. 59, the permanent magnet 263 is conposed of two
connected trapezoi - dal magnets. 134

before tape loading in which the tape cassette 302 is
inserted into the deck.

The structure of the tape actuators in this embodiment .
7ill first be explained.

Fig. 72 shows an example of a tape tension actuator
350. Since a tape drawing actuator 351 has the same struc-
ture, detailed explanation thereof will be omitted.

In Fig. 72, a support shaft 352 is fixed on the deck
>ase 300 and a tension arm 355 is rotatably supported by the
support shaft 352 through bearings 353, 354. At the end of
the- tension arm 355, 'a tension roller 356 is providéd. This
:mbodiment is characterized in that the tension arm 355 is
ilisposed on the under surface of the base 300. The tension
coller 356 projecEs into the upper side of the base 300 from
-he underside of the base 300 through a guide groove 357
>rovided on the base 300. |

According to this embodiment, no part of the driving
ortion of the tape actuator is disposed on the upper |
surface of the base 300, thereby facilitating the mounting
)f other elements such as a tape loader on the upper surface
»>f the base 300.

As is clear from 72, a driving coil 358 is-provided on
he tension arm 355 in such a manner as to inteﬁrally rotate
:herewith. On the under surface of the base 300, a holder

yoke 359 is fixed. A permanent magnet 360 is fixed on the
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1 24 Fig. 60 shows a further exanple of the actuator shown in Fig. 52. A
| ight shielding plate 275 is provided between the slit plate 265 and the
| i ght receiving device 267 so as to prevent the ingress of the outside
light. Figs. 61 and 62 show exanples of the position sensor conposed of a
conbination of a Hall element 276 and a_nmagnet 277. In Fig. 61, the Hal

el enent 276 is fixed on the arn1257.lkf5Fig. 62, the Hall elenent 276 is

provided at the protruding portion 257b at the distal end of the arm 257.
holder yoke 359 and a yoke 360 is provided on the holder

yoke 359.

As is clear from the first embodiment, by supplying a
)redetermined current.to the driving coili358, it is possi;
>le to position tﬂe tension roller 356 at any given position
'y the electromagnetic action with the permanent magnet 360.

In Fig. 72, the guide groove 357 is provided with a
-oller insertion hole 357a which has a larger diameter than
he other groove portion, thereby enabling the roller 356
aving a large diameter to be easily installed from the
nder surfacé of the base 300 toward the upper surféce
hereof.

In this embodiment, the guide groove 357 not only forms
he path along ;hich the tension roller 356 moves but also
he guide groove through which the support shaft of the tape
ocader passes. By cdntinuously providing the tension roller
ath and the guide groove in this way, machining is facili-
ated.

The tape df%wing actuator 351 has the same structure.

1 Fig. 71, the movable tape pass roller 362 is shown. The
coove for allowing the passage of the roller 362 is a guide

~ zoove represented by the reference numeral 363 and the

LN
[N

>ller insertion hole having a large diameter is represented

r the reference numeral 363a.
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Structure of VTR Incorporating Tape Actuators' As described above, in the- :~
present invention, the tape actuators are di sposed at | east on one side of
the entrance side and the exit side of the rotary drumso as to enabl e DTF
control, high-speed noisel ess reproduction or tape tension control.

Enbodi nents of the present inventionsidhi~-which the above-described tape
actuators are incorporated into a di&ﬁ? VIR or the like wll be explained

herei nunder . fid.gite BV 3 YorS s dlie SIAL Y G nfo auskgidsl
the groove through which the support shaft of a
later-described tape loader passes.

As described above, accordiﬁg to this embodiment, the
ape actuators 350, 351 are diséosed on the under surface of
he deck base 300.

On thg_other hand, the tapé-loaders are disposed on the
pper surface of the deck base 300. In Fig. 71, the tape
oader on the entrance side is represented by the reference
ameral 364 and the tape loader on the exit side is repre-
ented by the reference numeral 365.

On the tapé loader 364, the fixed tape pass rollers
11, 313 and the slant pin 314 are integrally fixed.
imilarly, the slant pin 315 and the fixed tape pass
ollers 316, 318 are integrally fixed on the tape loader 365
1 the exit side.

The support shaft 366 of the tape loader 364 on the
i1trance side moves along the guide groove 357 so as to
afely intrﬁduce.the magnetic tape 302 to the rotary drum
)4, as shown in Figs. 70 and 71. Similarly, the support
r1aft 367 of the tape loader 365 on the exit side moves
Long thg gqide groove 363 so as to safely introduce the
agnetic tape 302 from the rotary drum 304. .

As is clear from Fig. 70, the tape loader 364 on the

-.atrance side is provided with a relief groove 364a to which
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VIR in which a tape tension actuator and a tape draw ng actuator are
provided on the entrance side and on the exit side, respectively, of a
rotary drum A tape cassette 301 is nmounted on. the base 300 of a VIR deck,
and the tape 302 is |oaded on a rotary drum 304 accommpdating magnetic
heads 303a and 303b. 125 137

. : O

the tension roller.356 can move. This relief groove 364a
formé a space in which the tension roller 356 moves at the
time of high-speed noiseless reproduction, as shown in
"igs. 73 and 74.

Similarly, the tape loader 365 on the exit side is
rrovided with a relief groove 365a to which the movable tape
»>ass roller 362 can move.

As described above, according to this embodiment, the

:ension roller 356 and the movéﬁie éape pass-rollé} 362
{ifferentially move and the tape loaders 364 and 365 do not
)bstruct the movement of these rollers.

While there has been desciibe& what is at present
:onsidered to be preferred embodiments of the invention, it
7ill be understood that various modifications may be made
:hereto, and it is intended.that thé éppended claims cover
111 such modifications as fall within the true spirit and

;cope of the invention.
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In order to drive a feed reel 305 and a take-up roll 306 of the cassette- - -

301, a feed reel notor 307 and a take-up reel notor 308 ar¢ ' '
cassette deck. Fig. 63 shows the state in which the tape |£’mm wd” il
tape 302 fed fromthe feed reel 305 is introduced to the rotary dru .

t hrough gui des 309, 310, |ater-descrjf3ed. fixed tape pass roller 311,
tension roller 312, fixed tape pass roller 313 and slant pin 314. On the

exit side of the rotary drum 304, thectapRs302 is int Tofy/Rcetr@pRosriont sheet
319 through a slant pin 315, T a
Date: | © B AUG 0%

1. A magnetic reproducing apparatus enabling
reproduction both in a normal-speed reproducing mode and in a
high-speed reproducing mode comprising?

(a) a magnetic tape feeding means including at
least a capstan motor and a reel motor for causing a magnetic
tape to travel:

(b) a head actuator mounted on a rotary drum so as
to move a magnetic head in the direction of the width of a
recording track on said magnetic tape:

(c) a tépe drawing actuator provided on the exit
side of said rotary drum including a movable tape pass roller
which periodically reciprocates synchronously with said
rotary drum at fﬁe tine of high-speed reproduction mode so as
to draw said magnetic tape; and

(d) a tapé tension actuator provided on the
entrance side of said rotary drum including a movablé tension
roller which.differentially reciprocates with respect to said
movable tape pass roller.

2. A magnetic reproducing apparatus according to
claim 1, wherein said tape tension actuator reciproéates
synchronously with 1/m (m is an integer)'of'thi rotational
frequency of said rptary.drum at the time of high-speed

: :eprbduction mode.

3. A magnetic reproducing apparatus according to

claim 2, wherein said tape tension actuator and said tape

drawing actuator are differentially driven in accordance with



fixed tape pass roller 316, tape drawing roller 317 and fixed tape pass
roller 318. A pinch roller 320 is pressed agai nst the capsﬂmmﬂmllmgmmml
tape 312 is further intro- duced to the take-up reel 306 t

and 322. A tape tension actuator is represented by the referendfe tuntrat *

323, and a tension roller 312 is sup grted at the end of a tension arm-325
which is rockably supported by a supg Pt shaft 324 of the tape tension

act uat or % é_a_%n%%i%g gq%n%t omldﬁ ot E‘%?gﬁspgﬁltth ql Sensqr, 2 262 whi ch

S acconnn he ta ensior I's "Suppl
rotational frequency of said rotary drum.’

4. A magnetic reproducing apparatﬁs according to
claim 1, 2 or 3 further comprising:

(a) a tracking error detecting means for
generating a tracking error signal indicating a tracking
error of said magnetic head; and

(b) a tracking control circuit for supplying a
predetermined error correction signal to said head actuator
and said tape tension actuator on the basis of said tracking
error signal.

5. A magnetic reproducing épparatus according to
claim 4, wherein the high-frequency component of said
tracking error signal is corrected by said head actuator and
the low—frequenoy component of said tracking error signal is
corrected by said tape tension actuator.

~6. | A magnetic reproduc1ng apparatus which is
capable of controlling the tension of a magnetic tape, said
apparatus..comprising: .

(a) \a tape feeding means for feeding said magnetic
tape at a predetermined speed to a rotary drum accomﬁodating
a magnetic head;

'(b) ' a tape tension actuator provided on the
entrance side of said rotary drum and including a movable
tension roller whioh movably comes into contact with said
magnetic tape;

(c) a tension roller position detecting means for

detecting the position of said ten51on roller; and -
Thie fa the replacemernt sheet
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to the tension controller, as described above, and a contr nal is
supplied fromthe reel notor controller 327 to the feedJ lﬂ@j u ,”m
tape drawi ng actuator 328 has a rocking arm 330 supporte

shaft 329, and the tape pass roller . 126317 is fixed at the end of th

arn1339. A signal obtained - 140 -

(4) a tension control circuit for moving said
tensioh roller on the ba;is of a signal supplied from said
tension roller detecting means so as to control the tension
which said tension roller receives from said magnetic tape to
be the reference tension, said tension control circuit
includiné a tension control system whicﬁ electrically
simulates an (input voltage)/(displacement) transfer
characteristic showing the relationship between the input
voltage of said tape tension actuator and the displacement of
said tension roller, whereby the tension which said tension
roller receives from said magnetic tape is estimatedlby said
tension control system and the estimated tension is so |
controlled as to agree with the reference tension. |

7. A magnetic repfoducing appafatus which is
capable of DTF control for enabling a magnetic head to follow
.the recording track of a magnetic tape; said apparatus
comprising: | .

| (a) a rotary dfum accommodating said magnetic head
and a head actuator which can displace said magnetic héad in
thé directionaof the width of said recording track;

(b)l a feed reel motor for feeding said magnetic
tape from a cassette at a predetermined speed;

(c) a pair of fixed tape pass rolléfé on the
ehtrance side of said rotary drum for introducing said
magnetic tape supélied by said feed reel motor to a
predetermined position on the entrance side of said rotary
drum;

(d) a pair of fixed tape pass rollers on the exit
This Is the rep!aoemem shee
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froma position detecting means 331 which is acconmodat ed

drawi ng actuator 328 is supplied to an actuator controll e’”mm"mlIHKm:lI’Hm
controller. This signal is also supplied to a reel notor cdntfolterr 332 and
controls the take-up reel notor 308. Fig. 63 shows the digital VIR in-the

state of nornal -speed recording/repsaduct+ on, and Figs. 64 and 65 show the
digirtal VIR in the state of superior reproduction in which the actuators

are differasidalos smbdat@thrjrwefdﬁ | iaitrafudihg dxid alagAdtia tdpe
respective states wll
drawn from said rotary drum to a predetermined position;

(e) a take~up reel motor for taking up said
magnetic tape Supplied from said fixed tape pass rollers on
the exit side at a predetermined speed;

(£) a tape tension actﬁator which includes a
tension roller for applying a predetermined tensioﬁ to said
magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass rollers on the entrance side and
applies a predetermined tension to said magnetic tape in
accordance with the amount of displacement of said tension

" roller;

(g) a teﬁsion roller position sensor for detecting
the displacement of said tension roller of said tape tension
actuator; |

(h) a tape drawing actuator which includes a
movable tape pass roller for lowering the tape travel speed
on said rotary drum by stretching said magnetic tape while
passing said fixed tape pass rollers on the exit side and
displace said ‘movable tape pass roller;

(i) a movable tape pass roller position sensor for
detecting the.displacement of said movable tape pass roller;

(3) a tension servo controller inclgding an
external tension disturbance estimating device, said tension
servo cqntroller-iﬁputting a target tension signal and an
output of said tension roller position sensor and outputting

a tension control signal to said tape tension actuator;

(k) a DTF controller including a tape drawing

This ls the repiaoemgm o
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be explained in the following. At the time of normal-spee i
recordi ng/ reproduction, a tape travel path simlar to a c$umw&mmﬂb$m‘s
formed, as shown in Fig. 63, and the magnetic tape 302 is Q¢ & 1 eed

reel 305 to the take-up reel 306 at a.constant speed by the capstan 319.. . . -
The novabl e tape pass roller 317 of the tape tension actuator 328 on the -~ *
take-up side is nmechanically or elgcigi-_cally fixed at a predeterm ned
position. On the other hand, the tension roller 312 of the tape tension

actuator 3gdviiftor external disturbance estimating device, said DTF
coﬁtroller inputting a target track position sighal and the
output of said movable tape pass roller position sensor and
outputting a tracking control signal to said head actuator
and said tape drawing actuator;

(1) a position control circuit for electricaily
fixing the position of a movable tape pass roller on the
‘basis of the output of sai& movable tape pass roller position

L sensor; and

(m) a position control circuit for electrically
_fixing the position of said tension roller on the basis of
the butput of said tension roller position sensor.

8. A magnetic reproducing apparatus which is
capable of high-speed noiseless reproduction in which the
tape travelling speed is intermittently lowered during the
high-speed travel of a magnetic tape for reproducing signals
when said tape travelling speed is lowered, said_apparétus
comprising:

o (aj\ a rotary head accommodating a magnetic head
and a head actuator;

(b) a feed reel motor for feeding said magnetic
tape from a cassette at a p:edetermined speed;

(c¢) a p;ir of fixed tape pass rélleis on the
entrance side of said rotary drum for introducing said
mégnetic tape supplied by said feed reel motor to a
predetermined position on the entrance side of said rotary
drum; |

(d) a pair of fixed tape pass rollérs on the exif

Tt the B¢ o



pressed agai nst the magnetic tape 302 at a constant force. Sinmultaneously,
the feed reel notor 307 is so controlled that the tensio I muﬂ mnﬁ
tape 302 takes a desired value. As a result, the bal ance X SOn

roller 312

127 is kept at the position at which the tension of the

magneti.c tape 302 takes a desired vglf§3 This position is detected

-

e

side of said rotary drum for introducing said magnetic tape
drawn from said rotary drum to a predetermined position; .
(e) a téke-up reel motor for taking up said
magnetic tape supplied from said fixed tape pass rollers on
the exit sidé at a predetermined speed;
(f) a capstaﬁ motor for controlling said magnetic
tape on the take-up side at a constant speed;

(g) a tape tension actuator which includes a

_tension roller for applying a predetermined tension to said

magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass rollers on the entrance side and
applies a predetérﬁined tension to said magnetic tape in
accordance with the amount of displacement of said tension
roller;

(h) a tension roller position sensor for detecting
the displacement of said tension roller of said tape tension
actuatof;

(1) a tape drawing actuator which includes a
movable tape pass roller for lowering the tape travel'speéd
on said rotar& drum by stretching said magnetic tape while
passing said fixed tape pass rollers on the exit side and
displaces said movable tape pass roller;

(j) a movable tape pass roller ﬁosétion sensor for
detecting the displacement of said movéble tape-pass roller;

(k) a Eehsion servo system including an external
tension disturbance estimating device, said tension servo
system inputting a target tension signal and an output of

said tension roller position sensor and outputting a tension
Thie ls the raplacement sheet
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by a position detecting nmeans 326 as the reference pOSttan @"l”i ten5| on

rol ler 312. By radiating the oblong or elliptic TFEHESNS @w”wul,l S

emtting portion in the nethod shown in Fig. 55, it is possk
the detection sensitivity and nake the relative positional relatlonshlp

bet ween the ray 266 and the |ight «T@ddi vi ng device 267 loose in the
direction orthagonal to the direction of the rotation of the tension roller
312. \Wen cantxitlamdgnalofta maiddiane tansigie agtmatwarsd around the feed
reel. 305 changes with the travel of the magnetic tape 302, the tension
changes, and (1) a high-speed repro uction controller for

inputting the rotary drum PG signal and the FG signal
generated from said capstan motor or séid take~-up reel motor
and supplyihg a high-speed reproduction driving signal to
said tape drawing actuator; |

(m) a position control circuit for electrically
fixing the position of a movable tape pass roller on the
basis of the output of said movable tape pass roller position
sensor;

(n) a position control circuit for electrically
fixing the position of said tension'rolléf on the basié of
the output of said tension roller position sensor; and

(o) a DTF controller including a tape actuator
external disturgénce estimating device, said DTF controller
inputting a target track position signal and the output of
said movable tapé pa#s roller position sensor and outputting
a tracking control signal to said head actuator and said tape
drawing actuator;

wherein said tension control signal and said high-
speed reproduction driving signal are differentially supplied
to said tape tension actuator and said tape drawing actuator,
respectively, thereby reciprocating said tensign rollexr and
said movable tape pass roller. ‘

9. A mdgnetic reproducing apparatus according to
claim 7 or 8, wherein each of said tape tension actuator and
said tape drawing actuator includes:

(a) a yoke holder fixed on a VIR deck base and
Thip s the replacement sheet
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ith this change, the position of the tension roILg[ 12 dEVfé '??%ﬁﬁ%?ﬁ%ﬁ%e
reference posttion. The position detect- ng means™ §
movenent of the tension oller 312 and so controls the "ﬂ“ﬂﬁmnﬂ
as to estore the tension roller 312 to the reference pogitFon.

;.-,3-*.‘
tension is changed by an external dls%urbance he bal ance of forces is |ost .

and the tension roller 312 oves fromeRe ref erence position. This anount .of

nmovenment s al so d te ted % ge position detecting neans 326, and he feed -
reel not or©2BROFE s% cONBRBPF GltH§Y1¥ﬁeat%ﬁghdaermeability,

(b) a permanent magnet fixed on said yoke holder;
(c) a support shaft implanted in séid deck base or
said yoke holder; |
) (d) an arm which is rotatably supported by said
support shaft and carries at the end thereof a tension roller
_ or a movable tape pass roller which comes into contact with

said magnetic tape;

(e) an exciting coil which is fixed on"said arm in
such a manner as to be rockable in the state of facing said
perﬁanent magnet; and |

(£) a yoke éiéposed in close contact with said
yoke holder and in proximity to said exc1t1ng coil.

10. A magnetic recording and reproduclng apparatus
which is capable of controlling the tension of a magnetic
tape to a predetermined Yalue, said apparatus comprising:

o (a) a iotary head accommodafing a magnetic head;

(b) a feed reel motor for feeding said magne?ic
tape from a ca;sette at a predetermined speed;

(c) .a pair of fixed tape pass rollers on the
entrance side of said rotary drum for introducing said
magnetic tape supplied by said feed reel motor to a
predetermined position on the entraﬁce.side of.'said rotary

drum;’

[ 3]

(d) a pair of fixed tape pass rollers on the exit
side of said rotary drum for introducing said magnetic tépe

drawn from said rotary drum to a predetermined position; -
Thig is the replacement sheet
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oller 312 is restored to the reference position. Af’the tiné”ﬂ I '
fast-forward at which the magnetic tape )2 is fed fromthe f MB&I““HH““%““
the take-up reel 306 at 128 a high.speed, control -of the t tsSu s x
carried out in the sane way. At this tinme, the tension value my be set at
a different value fromthat for normal4éspeed record- -
(e) a take-up’reel motor for taking up said
magnetic tape supplied from said fixed tape pass rollers on
the exit side at a predetermined speed;
(f) a tape tension actuator which includes a
tension roller for applying a prédetermined tension to said
magnetic tape by stretching said magnetic tape while passing
between said fixed tape pass rollers on the entrance side and
applies a predetermined tension to said magnetic tape in
accordance with the amount of displacement of said tension
roller;
(g) a tension roller position sensor for detecting
the displacement of said tension roiief of said tape tension
actuator;
(h) a tension servo controller"including an
. external tension disturbance estimating device, inputting a
target tension signal and an output of'said tension roller
position ;ensor and outputting a tension céntrbl signél to
said tape tension actuator; and
(i) a position control means for fixing said

tension roller on the basis of the output of said tension .

roller position sensor.

Thig is the replacement sheet
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i ng/ reproduction. At the time of rew nding at which the nmagnetic tapéﬁﬁbﬁ"“*
.s fed fromthe take-up reel 306 to the feed reel 305 at a high speedkﬁﬁﬁgﬁﬂ%

cont:rol of the tension is carried out. the other ray around. That is, tRgge -
tension roller 312 is fixed at a préedet & mined position, and in accor.dance
W th the anmount of eviation of the npvable tape pass roller 317 fromthe
redeterm ned position detected by th@Bﬁsgﬁpwon detecting eans 331, the

take-up reel notor 308 is so controlled as to eep the tension constant.

MAGNETIC RECORDING AND REPRODUCING APPARATUS

A magnetic recording and reproducing apparatuslfor
recording a desired sound or picture signal to a magnetic
tape by a magnetic head. At the time of normal-speed
£;cording Zha reproduction, the magnetic tape is taken up at -
a constant speed, but ﬁf changing the tape travelling speed .. _
of the tape on the rotary drum, DTF control and high-speed
noiseless reproductionlgre enabled. The tension of the tape
on the egirance side of the rotaf& drum is controlled to a
desired wvalue. Thié apparatus comprises a tape tension
actuator and a tape drawing actuator on the entrance side
and on the exit.side, respectively, of the rotary drum. 1In
DTF control, both tape actuators correct a tracking error of
the tape in cooperation with each other. In high-speed
noiseless reproduction, both tape actuators are dififeren-
tially driven so as to lower the tape travelling speed ‘on

the rotary .drum. Both tape actuators are driven in feedback

control using the modern control.

Figure 1

Thig is the replacement sheet
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The case in which superior reproduction is carried out t a speed different -
fromthe speed at which the signals are ecorded will now be explained. lfa:. .
superior reproduction, a method of tracing thé ecording track on the .77
magnetic tape 302 by noving the agnetic head 303 itself in the direction of
the wwdth of he track and a nethod of tracing the recording track by oving
both the nmagneti.c head 303 itself and the novable ollers 312, 317 are
adopted, and these two net hods aré'ﬁ)i#ﬁﬁﬁ over each ot her dependi ng upon

t he tape feeding -

™t

FIG. /

,.
wrt,
. ., "
s,

175 is the replacement shewt
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eed. 129 In the case of noving only the nmagnetic head 303, the tension
is controlled in the sane way as at the tine-of fast-forward when the
magnetic tape 302 is fed fromthe fee reel 305 to the take-up roll 306,
while the tension is controlled in the same way as at the tinme of rew nding

02/73

when

FIG.2

This is the replacement sheet
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the magnetic tape 302 is fed fromthe take-up reel 306 to the feed reel
305. In the case of noving both the magneti c head 303 and he novabl e
rollers 312, 317, the tension roller 312 -and the ovable tape pass roller
317 are noved by the sanme distance n the reverse phases in |linkage with,
each other. The structure of a VIR deck incorporating tape actua- ors in
accordance with the present invention @3 /7% nderstood fromthe above
explanation. In the present invention, since the novable pass roller
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id-the tension roller nove wth respect to the fixed tape ss rollers, it is
necessary to exactly regulate the osition of the tape both in the direction
of the travel and the direction of the height so as to feed the tape to the
| i nder groove of the rotary drum In addition, a sinple d highly accurate
structure for- drawi ng the magnetic tape omthe tape cassette and loading it
on the rotary drumfor a purpose of ﬂf I n reproduci ng is required.
To nmeet such denmand, the present inve aqF d?so pro- vides a magnetic
recordi ng and reprodUC|ng appar at us-

FIG. 4
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130 including a new tape | oadi ng nechanism A preferred enbodi- nent

t hereof will

be shown in Figs.

66 to 69. The main parts of Figs 66 and 67

are the sane as ig. 63. The sane nunerals are provided for the elenents
hich are the sane as those in Fig. 63, and explanation hereof wll be-. .

omtted.

05/73
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Fig. 66 shows the recording/reproducing state after pading the tape, and
Fig. 67 shows the state before |oading he tape in which the cassette is-

i nserted The gui de 310 on the entrance side and the guide 321 on he exit
side are novabl e before and after tape loading as a the prior art, and the
details thereof will be omtted. The fixed tape pass rollers 311, 313 and
the slant pin 4.nust be noved beforeUdﬁ @3 er tape loading in order to aw
the magnetic tape 302 fromthe cassette and introduce to the entrance side

of the rotary drum 304. The present-
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vention characterized in that both the rollers 311, 313 and the ant pin 314
are fixed on one tape | oader 340 and integral - noved, thereby enabling the
exact positioning of each be guide. Simlarly, on the exit side of the
rotary drum 304, the ant pin 315 and the fixed tape pass rollers 316, 318
are ked on one tape |oader 341 on the exjt side, thereby

07/73
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131 enabling integral tape |oading and the exact positioning of the tape
302 on the exit side. Although the details are omtted in Fig. 67, the tape
oader 340 on the entrance side and the tape | oader 342 on he exit side are
i ntroduced to guide grooves 342 and 343, espectively, which are provided on

t he deck base 300. The ape | oaders 348, %1 are vertically novably provided
in rder to introduce the nagnetic tap 83 30 the rotary drum

rF1G. 9

40
E
£
30
W
o
=
=z
=z
g
o
a
% ~. 4d=0mm
= ’ \\\Ad=lmm
g N4d=2mm
J
-
d=4mm
r=37mm
0 ~ L '
10 20 30

DISPLACEMENT ANGLE A deg :
This is the replacement sheet

Date: 9 ) AUG m _



04 and catch the magnetic tape 302 of the tape cassette 01. The deck base
300 is also provided with a catch 344 on he entrance side and a catch 345
on the exit side which an exactly position the fixed tape pass rollers 313
and 316 fter tape | oading, as shown in Fig. 63. Fig. 68 shows the travel
path of the magnetic tape 302 fter tape |oading. As is obvious fromFig.
68, on the entrance side of the tgry Fqg1304 the fixed tape pass rollers

311, 313 and
FIG.10
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e slant pin 315 are positioned only by the tape | oader 340 the entrance
side in order to exactly position the gnetic tape 302 with respect to the
tension roller 312 of a tape tension actuator. Simlarly, on the exit side
of the rotary drum 304, the be | oader 341 on the exit side exactly
p05|t|ons the slant pan 315 and the i xed tape pass rollers 316 and 318.
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132 The present invention is further characterized in that the pair of
fixed tape pass rollers regulate the position of the upper and | ower ends
of the magnetic tape 302 on the entrance sirde and exit side by flanges in
order to regulate the position in the direction of the width of the tape
302. In this way, the magnetic tape gﬁfcga exactly fed to a predeterm ned
cylinder groove-of the rotary drun1% tHer eby reduci ng the generation of

a tracking error. The fl e 316a of the fixed tape . pass roller 316
regu- /CUyPG‘ f? - '
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| ates the upper end of the magnetic tape 302, and the | ower flange 318a of
the fixed tape pass roller 318 regulates the |lower end of the tape 302. In
this way, the magnetic tape 302 can pass the travel path in the state of
bei ng exactly positioned in the verti- cal direction. Fig. 69 is an
enl arged view of the tape |oader 341 ohg P3&xit side. In order to exactly
position the flanges of the fixed tape pdss rollers 316, 318, height

adj usting screws 316b and

S52a 52b

FIG. /3

51

VTR CASSETTE

Thig is tha'replanemem shoet
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318b are provided at the fixed portion of the rollers 316 and 318,
respectively, thereby adjusting the height,s of the respective tape pass
rollers at the tinme of assembly. The filx8 ?A3pe pass rollers 311, 313
provi ded on the tape | oader on the entrance side of the rotary drum 304

al so regul ate the_upper_and | ower en magnetj.c tape 302 33
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As shown in Fig. 68, the Iower flange 311a of the fixed tape pass roller
311 regul ates the |l ower end of the tape 302 and the upper flange 313a of - .
the fixed tape pass roller 313 aQU|f2f Lthe upper end of the tape 302. The
adj ust rent of he hei ght of each rol N3t he tape | oader 340 is carried at
in the sane way as on the exit side. As described above, the tape actuators
I n accordance ith the present invention are nounted on a digital VTR eck.

In the above-descri bed enbodygﬁyas;h7%§yer,'since t he
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ctuators and the tape | oaders are nounted on the upper side f the deck
base, it is sonetinmes difficult to arrange these |lenents in a narrow space.
Accordingly, it is preferable to arrange, either of the ctuators and | oaders
on the upper surface and the other‘od, Wfder surface in order to enhance
the space utility. Figs. 70 to 74 show a preferred enbodi nent of the resent
i nvention in which either of these elenents is isposed on the upper surface
and the other on the under urface of a VIR deck.

FIG.l7

Thig is the replacement sheet
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In Figs. 70 to 74, the sanme nunerals are provided for he elenents which are
the sanme as those in Fig. 63, and xplanation thereof will be omtted. Fig.
70 shows a recordi ng/reproducing state after the conpletion of tape |oading
and Fig. 71 shows the state 134 before tape loading in which the tape

cassette 302 is'
16/73
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inserted into the deck. The structure of the tape actuators in this
enbodi men¥swi || first be explained. Fig. 72 shows an exanple of a tape
t ensi on actuator 350. Since a tape drawi ng actuator 351 has the same struc-
ture, detailed explanation thereof will be omtted. In Fig. 72, a support
shaft 352 is fixed on the deck dase 300 and a tension arm 355 is rotatably
supported by the support shaft 352 through bearings 353, 354. At the end of
the tension arm 355, a tension roller 356 is_,//)r[‘%vi ded. This

4

-

F1G.20
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. This is the replacement sheet
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enbodi nent is characterized in that the tension arm 355 is disposed on the
under surface of the base 300. The tension roller 356 projects into the
upper side of the base 300 fromthe underside of the base 300 through a
gui de groove 357 provided on the base 300. ‘According to this enbodi nent, no
part of the driving portion of the tape actuator is disposed on the upper
surface of the base 300, thereby facilit 8 t he nmounting of other

el ements such ds a tape | oader on the uﬂp J'g & face of the base 300.
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surface of

i3 is the replacement sheet

th. On the under
ed: magnet 360 is fixed

9

Wi

358 is provided on the tension arm 355

grally rotate there

a driving coil

as to inte

135 hol der yoke 359 and a yoke 360 is provided on the holder:yoke

the base 300, a holder yoke 359 is fixed. A pér

on the

As is clear from 72,
359.

in such a manner
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As is clear fromthe first enbodi nent, by supplying a predeterm ned current
to the driving coil 358, it is possi- ble to position the tension roller
356 at any given position y the electrogygggﬁ$c action with the permanent
magnet 360. In Fig. 72, the guide groov S provided with a oller

I nsertion hole 357a mhlch has R | arger diameter than he other groove

portion, thereby ‘g e dianeter to be
easily installed flromthe nder ¥durface of the base 3 toward the upper
surface hereof. -
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In this enbodi nent, the guide groove 357 not only forms he path’along which
the tension roller 356 noves but al so he guide groove through which the
support shaft of the tape oader passes. By -continuously providing the
tension roller ath and the guide groove in this way, machining is facili-
ated. The tape draw ng actuator 351 has the sane structure. Fig. 71, the
novabl e tape pass roller 362 is showmn. The roove for allow ng the passage
of the rol-ler 362 is a guide roo¥f eﬁgesented by the reference nuneral 363
and the 1}

FIG.29
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oller insertion hole having a large dianeter is represented the reference
nuner al 363a. 136 The -gui de groove 363 on the exit side is also used as
t he groove through which the support shaft of a | ater-described tape | oader
passes. As described above, according to this enbodi nent, the .
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ape actuators 350, 351 are disposed on the under surface of he deck base
300. On the other hand, the tape | oaders are di sposed on the pper surface
of the deck base 300. In Fig. 71, thg)g?py oader on the entrance side is
represented by the reference unmeral 364/ahl the tape | oader on the exit.

‘Date:

9 6 AUG 1098

side is repre- ented by the reference nuperal 65. On the tape | oader 364,
the fixed tape pass rollers 11, 313 and [hg&®I2Ant pin 314 are integrally
fixed. imlarly, the slant piq\§15 and th Eﬁéd t ape pass
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ollers 316, 318 are integrally fixed on the tape | oader 365 a the exit
side. The support shaft 366 of the tape | oader 364 on the ntrance side

noves al ong the gui de groove 357 so 24#& gfel y introduce the magnetic tape
302 to the rotary drum )4, as shown i ié . 70 and 71. Simlarly, the

support haft 367 of the tape | oader 365 on the exit side noves Long the
gui de groove 363 so as to safely introduce the agnetic tape 302 fromthe
rotary drum’304. As is clear fromFig. 70, the tape | oader 364 on the

FIG.27
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entrance$ide is provided wwth a relief groove 364a to which
roll er 35p can nove.

tension r

t he tension
This relief groove 364a forns a space in which the

|l er 356 noves at the tine of high-speed noisel ess reproduction,

as shown #dn Figs. 73 and 74. Simlarly, ggggtaaﬁzgoader 365 on the exit,
side is provided with a relief groove 36 h the novabl e tape
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bass rolier 362 can nove. As described above, according to this enbodi nent,
the tension roller 356 and the novable tape pass roller 362 differentially
move and the tape | oaders 364 and 365 do not obstruct the novement of these
rollers. Wile there has been described what is at present considered .t.o be
preferred enbodi nents of the invention, it will be understood that various
nodi fi cati ons may be nade thereto, and it is intended that the appended
clainms cover all such nodifications as fall within the truespirit and

- 26[73
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scope of the invention. - 138 - CLAIMS 1. A magnetic reproducing
apparatus enabling reproduction both in a normal-speed reproducing node and

in a high-speed reproduci ng node conpr|5|ng (a) a magnetic tape feeding
means i ncl udi ng at _

‘ 27/73'
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| east a capstan notor and a reel .notor for causing a nagnetic tape to
travel; (b) a head actuator nounted on a rotary drumso as to nove a
magnetic head in the direction of ég(e Wj.gth of a recording track on said
magnetic tape; (c) a tape draw ng [Ja’f r provided on the exit side of.
said rotary drumincluding a novabl e tape pass roller which periodically
reci procates synchronously with said rotary drumat the tinme of high-speed
reproducti on-node so as to draw said mag_pet_.i c tape; and
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(d) a tape tension actuator provided on the entrance side of said rotary
drumincluding a novable tension roller which differentially reciprocates
with respect to said novable tape pass roller. 2. A magnetic reproducing - -
apparatus according to claim1l, wherein said tape tension actuator

reci procates synchronously with I/m(mis an integer) of the rotational
frequency of said rotary drumat the tinme of high-speed reproduction node.

3. A magnetd ¢ reproduci ng appar a't){? /apgordi ng to
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claim2, wherein said tape tension actuator and said tape draw ng actuator

are differentially driven in accordance with - 139 - a triangul ar signal
whi ch is synchronous with 1/mof the rotational frequency of said rotary
drum 4. A magnetic reproduci ng apparatus accor di g:g toclaiml, 2 or 3
further conprising: 8 -
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(a) a tracking error detecting neans for generating a tracking error signal
I ndicating a tracking error of sgi,d netic head; and (b) a tracking
control circuit for supplying ag% rmned error correction signal to
sai d head actuator and said tape tension actuator on the basis of said
tracking error signal. 5. A magnetic reproduci ng apparatus according to
claim4, wherein the high-frequency conponent of said tracking error signal
is correcfed by said head pctuator and
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the | owfreéquency conponent of said tracking error signal is corrected by
said tape tension actuator. 6. A magneti c reproduci ng apparatus which is
capabl e of controlling the tension of « gnetic tape, said apparatus.
conprising: (a) a tape feeding neans'jf-%l %edi ng said magnetic tape at-a
predeterm ned speed to a rotary drum accommobdati ng a nmagneti c head; (b) a
~tape tension actuator provided on the entrance side of said rotary drum and

i ncludi ng a novabl e
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tension roller which novably conmes into contact with said nmagnetic tape;
(c) atension roller position detecting neans for detecting the position of

said tension roller; and - 140 - (d) a tension control circuit for
noving said tension roller on the basis of a signal supplied fromsaid
3373
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tension roller detecting neans so as to control the tension which said
tension roller receives from said nagnetl tape to be the reference
tension, said tension control circuit .3de df ng a tension control system
whi ch electrlcally sinmul ates an (input voltage)/ (displacenment) transfer.
characteristic show ng the relatlonshlp between the input voltage of said

t ape tension actuator ang—the—tt+spt | Wher eby
t he tension which said ténsion rgked ﬁfelves from.said nagnetic taqg S
estimated by said tensioh controlzfﬂpte and the estimated tension I%ESO
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controlled as to agree with the reference tension. 7. A magnetic

r epr oduci ng apparatus which is capable of DTF control for enabling a
magneti c head to follow the recordi ngntif pejly of a magnetic tape; said
apparatus conprising: (a) a rotary dﬂiézﬁh%nnndating sai d magneti c head
and a head actuator which can dlsplace said magnetic head in the direction

of the width of -said recording f eedi ng
sai d magnetic tape froma casselte at a rﬁﬁ erm ned speed; .
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(c) a pair of fixed tape pass rollers on the entrance side of said rotary
drum for introducing said magnetic tape supplied by said feed reel notor to
a predeterm ned position on the entrance side of said rotary drum (d) a
pair of fixed tape pass rollers onth§¢it -141 -
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side of said rotary drum for introducing said nagnetic tape drawi fromsdrs

rotary drumto a predeterm ned position; - (e) a take-up reel:;ﬁgt;,g_ré
for taking up said magnetic tape supplied fromsaid fixed tape pass ‘raBiers
on the exit side at a predeterm ned speed; (f) a tape tension actuator...: =x

whi ch includes a tension roller f8'7aF#ying a predeternined tension to. }
said magnetic tape by stretching sai'd nagnetic tape while passing between';’;
said fixed tape pass rollers on the entrance side and applies a b
predeterm ned tension to said magnetic tape in H

FIG. 453
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accordance wth the anount of displacenent of said tension roller; (g) a
tension roller position sensor for detecting the displacenent of said
tension roller of said tape tension actuator; (h) a tape draw ng actuator
whi ch includes a novabl e tape pass roller for lowering the tape travel
speed on said rotary drum by stretching said nagnetic tape while passing
said fixed tape-pass rollers on theggypt%?i de and di spl ace sai d novabl e

t ape pass roller; ' ¢
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Sy
(i) a novabl e tape pass roller position sensor for detecting the
di spl acenent of said novabl e tape pass roller; (j) a tension servo
controller including an external 3&1 gﬁ st ur bance estimating devi ce,
said tension servo controller input gm 4arget tension signal and an
out put of said tension roller position sensor and outputting a tension
control signal to said tape tension actuator; (k) a DTF controller

i ncludi ng-a tape drawi ng , F/G 4
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Xz
- 142 - actuator external disturbance estimating device, said DTF
controller inputting a target track position signal and the output of said
novabl e tape pass roller position sensor and outputting a tracking contro
signal to said head actuator and said tape. drawi ng actuator; (1) a position
control ¢ircuit for electrically fixfQg ¥¥ position of a novable tape pass
roller on the basis of the output of said novable tape pass roller position

-
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sensor; =ﬂﬁd (m a position control ci

p05|t|0|5f i said tension roller onihe
A magndt{

roll er rt i on sensor. 8.
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(a) a rotdry head accommodating a magnetic head and a head actuator; (b) a
feed reel #hotor for feeding said magnetic tape froma cassette at a
predeterm'ned speed; (c) a pair of fixed tape pass rollers on the entrance
side of sai-d rotary drum for introdu@i&Z’EBid magneti c tape supplied by
sai d feed regl—otor—to—apredetermaetd—posti+or—oen—the—entrance—si de of

said rotary qrum (d) a pair of fixed tape pass rollers on the exift
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- 143 - side of said rotary drumfor introducing said magnetic tape drawn

fromsaid rotary drumto a predeterm ned position,;

(e) a take-up reel- "<«

motor for taking up said magnetic tape supplied fromsaid fixed tape pass

rollers on the exit side at a predeterm ned speed,

(f). a capstan notor  for

control ling said nagnetic . L
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tape on the take-up side at a constant speed; (g) a t.apext-ensi on actuator
whi ch includes a tension roller for applying a predeternm ned tension to
said nmagnetic tape by stretching said nagnetic tape while passing betmeen
said fixed tape pass rollers on the entrance side and applies a
predeterm ned tension to said naggﬁéé‘,gape I n accordance with the anpbunt
of displacement of said tension r (h) a tension roller position
sensor for detecting the dlsplacenent of said tension roller of said tape
t ensi on

N
N ~
N & PV LLLAN /
¥ s & ”’4\~ (\ s .
D NI i\
o SN EE M N 1
L ﬁ%l\ﬂh\i;——;_&.; '.“; E |
‘D
SRV L
e LR
Y A N TN
\/\\\\\\\\\\ N /
'y § w ‘

Thig is the replaceimem sheet .

Des 9 4 AUG 1996




actuator; (i) a tape draw ng actuator which includes a ndvabl'e tape pass
roller for lowering the tape travel speed on said rotary drum by stretching
said magnetic tape while passing said fixed tape pass rollers on the exit

si de and di spl aces sai d novabl e tape pass roller; (j) a novable tape pass
roller position sensor for detecting,the displacenent of 'said novable tape
pass roller; (k) a tension servo éjgléﬂgincluding an external tension

di st urbance estimating device,__said tension servo
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systeminputting a target tension signal and an output of said tension
roll er position sensor and outputting a tension
to said tape tension actuator;
i nputting the rotary drum PG si gnal

N
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144 - control signa

(1) a high-speed reproduction controller for
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and suppl yi ng a hi gh-speed reproduction driving signal to said tape draw ng
actuator; (m a position control circuit for electrically fixing the
position of a novable tape pass roller on the basis of the output of said
novabl e tape pass roller position sensor; (n) a position control circuit
for electrically fixing the position of said tension roller on the basis of
the output of said tension roller posiL% eqiensor; and (o) a DTF controller
i ncludi ng a’tape actuator 4 f) '
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external disturbance estimating device, said DIF controller inputting a
target track position signal and the output of said novable tape pass .
roller position sensor and outputting a tracking control signal to said
head actuator and said tape drawi ng actuator; wherein said tension control
signal and said high- speed reproduction driving signal are differentially
supplied to said tape tension actuator, ¢y sai d tape draw ng actuator,
respectively, .thereby reciprocating sgig?t/eési on roller and said novabl e

tape pass roller. F/G . 58
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9. A magneti c reproduci ng apparatus according to claim7 or 8, wherein
each of said tape tension actuator. and said tape draw ng actuator .
i ncludes: (a) a yoke holder fixed on a VIR deck base and - 145- conposed
of a material having a high perneability; (b) a permanent magnet fixed on

sai d yoke hol der;
| 49/73
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(c) a support shaft inplanted in said deck base or said yoke holder; (d) an
armwhich is rotatably supported by said support shaft and carries at the
end thereof a tension roller or a novable tape pass roller which cones into
contact with said nmagnetic tape; (e) an exciting coil which is fixed-on
said armin such a manner as to be rogkabje in the state of facing said

per manent nmagnet; and (f) a yoke dispoiaJlﬁécﬂose contact with said
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yoke holder and in proximty to said exciting coil. 10. A nmagnetic
recordi ng and reproduci ng apparatus which is capable of controlling the
tension of a magnetic tape to a predeterm ned val ue, said apparatus
conprising: (a) a rotary head accommbdati ng a nagnetic head; (b) a feed
reel notor for feeding said magnetic tape froma cassette at a
predet erm ned speed; (c) ajpair of fixed,t pass rollers on the entrance
side of said rotary drum fqr introducih514§? magneti c tape supplied by
said feed reel notor to a ‘

)
N Q:Q:
M 05
S 3
M =
COl’Y)\ _]E
— 2
- 3
i
0]
N~ -
= FrO
v M)
ﬁ-
9)\
< b
M <10
p2 s
N <
N - .
- T
M((?J-\ || S u
9| i P ©) el
= A M ~N1o <
= N 8= g
L7 dut:
@
xr O

FIG.63

This is the replacement sheet

Date: 2 6 AUG 139



predeterm ned position on the entrance side of said rotary drum (d) a pair
of fixed tape pass rollers on the exit side of said rotary drum for
i ntroduci ng said magnetic tape drawn fromsaid rotary drumto a

pr edet er mi ned position; - 146 - (e) a take-up reel notor for taki-ng up
sai d )
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magnetic tape supplied fromsaid fixed tape pass rollers on the exit side
(f) a tape tension actuator which includes a

at a predeterm ned speed;

tension roller for applying a predeternined tension to said nmagnetic tape
by stretching said nmagnetic tape while passing between said fixed tape pass

rollers on the entrance side and appll_ie

magneti c tape in accordarjce with the
(g) a tension rol

roll er;

331

328

iAs

| er position sensor for detecting

redeterm ned tension to said
of displacenent of said tension
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t he di spl acenent of said tension roller of said tape tension actuator; (h)
a tension servo controller including an external tension disturbance
estimating device, inputting a target tensi-on signal and an output of said
tension roller position sensor and outputting a tension control signal.to
said tape tension actuator; and (i) a positjon control neans for fixing
said tension roller on the basis of the §dtppt3of said tension roller
position sensor-
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