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MAGNETIC RECORDING AND REPRODUCING APPARATUS 

The present invention relates to a magnetic recording 

and reproducing apparatus 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 VTR of a h~lical scanning system, a video signal 

reproducing magnetic head i5:i~nerally ~qunted on an 

electromechanical transducing element (hereinunder referred 

to as "head aqtuator"). 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 enabling the magnet-
' 

ic.head mounted on the heao'actuator to automatically follow 
i. 

the recording track, which is called.I~~- auto. tracking 

control t;chnique. .---------------·· 
j 
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2 
For example, several kinds (e.g., four kinds} of pilot 

signals for tracking low fr_equencies 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 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. 

In a wobbling system which has been put to practical 

use in f-inch VTR produced by .Ampex, D-2 format digital VTR 

DVR-10 produced by Sony 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 

wobbling frequency. The repra!uction envelope 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 Industrial Co., Ltd., VHS VTR F75 produced by 

Mitsubishi Electric Copr. and the like, the reproduction 

envelope signal from the magnetic head is supplied to a 

sample-and-hold circuit at the central portion o-f the field 

which has been read. The vo~tage to be applied to the 
.IC.. • -actuator or the rotation phase of the capstan motor is then 

changed by' one step (e.g., increased) and the envelope level 
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' of the next frame is compared with th~ 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 

trackin~ 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 referrl!lf to as "DTF") 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 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. 

3, June (1982) is schematically shown in Fig •. 75.._ 
~ ' 

In order to briefly expl~in the high-speed superior 

reproducing method using this prior crr't; Fig: 16 shows the 

high-speed; superior reproduction servo_ system. In Fig. 76, 
·,;.. -
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a rotary magnetic he.ad 1 is driven by a head 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 shown) agrees with the angle of the recording 

track (not shown) and generates a track trace pattern for 

the magnetic head 1. The tracking error signal from the 

tracking error detector 3 and the inclination correction 

pattern from.the
0

inclination 66rrection pattern generator 4 

are added by an adder 5. 

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 re._ferred to as 11 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 (hereinu'nder .re-
ij ' .. 

ferred to as "inclination error") is produced and a noise is 
.lC... ~ ·-

produced on a reproduced picture. 

------.--····· 
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' As an example, Figs. 77 anq 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 th~ 

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 ~ime of reproduction at speed 5, _and C a trajectory 

of the ~agnetic head 1 produced a~ the time of reproduction 

at speed 5 in the reverse direction. As is obvious from 

Figs. 77 and 78,·· the trajectoi;-y of the magnetic head 1 must 

be corrected to be A from B a?cc·for the purpose of noise-

less reproduction. 

Fig. 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 handless 

recording system utilizing an ~zimuth loss. If .it is 
;. ' .. 

assumed that T is a 1/2 periqd of the rotary drum and tp is 
.lC. :. a track pitch, the inclination error which may be caused at 

the time o~ reproduction at speed n is represented by tp(n -
..... # -

.. ·.·.·.- .. ·;· 
. :·.~ .. ~~~·~::_~-~·~Y::. 
,, -~:_.:~-~-~:C:.,~"".'. 
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1), wherein n is an integer. In 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 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 1 

is corrected so as ·to move in parallel ·to the trajectory of 

the recording track even at the time of reproduction at a 

different speed;. However, the.mere displacement of the 

magnetic head 1 in conformi ty:t~d th the a·ngle of the record­

ing track further generates off-track due to the linearity 

of the trajectories of the 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 by a 

closed loop, which is represented by the surrounding broken 

line in Fig. 75, is generally added. 

Any system such as the pilot system, wobbling system 
. . 

and mountaineering system described _above may b~ adopted as 

the controlling 

but in order to 

~ ' 

method ·for the auto tracking control system, 
': 

obtain a high-definiiton image even at the 

time of pioduction at a different speed, since it is 

1ii1iii1ii1nr 
.,. 
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necessary that the magnetic head 1 follows the nonlinearity 

of the recording track ·(hereinunder referred to as "track 

rolling 11
), 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 SY.Stern of a video tape recorder of a VHS system as a 

magnetic recording and reproducing apparatus which is 

described on p. 187 of Introduction to Magnetic Recording 

Technique, by Yokoyama, editea· by Sogo Denshi Shuppan-sha. 
71 :lC: • I 

In Fig. 80, a video tape (magnetic tape) is supplied from a 

feed reel 6 and the tension of the magneti~ tape travelling 

system 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 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 linear track of the video tape is erased 
~ ' ... 

by a sound erase head 15, and thereafter a sound and a 
.l.t. : 

control pulse are recorded on the linear track by a sound 

control head 16. A pinch roller 18 is provided so as to 
..... -
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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 ~agnetic 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 fb"W 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 

stretched by the rotation of the capstan sh~ft.lJ. Thereaf-
"' ... 

ter, the video tape is wound ~round the take-up. reel 19. 

During this time, it is necessary tha1.tfhe tension of the 

magnetic tape travelling system is controlled to a constant 
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value 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 deteriorated. In addition, the ~ear of the head is 

increased. 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 repr~ucing system is deteriorated. 

As a countermeasure, a conventional VTR is provided with a 

tension control mechanism such as that shown in Fig. 81. In 

Fig. 81, for example, if the tension of the magnetic tape 

travelling system is increased, since the balance between 

the tension control 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 tension of the magnetic tape traveiling system 
\. 

is restored to the original tension.~~In this way, the 

.... _;::..,. 
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tension of the magnetic tape travelling system is kept 

constant. 

In a high-definition TV or a digital VTR 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 conventional VTR, since the 

means for tracking error correction 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. I • 

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 ex·ample, up to the vicinity of 1 KHz to several KHz 
' 

is selected by virtue 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 h~gh freque~cy. The 
~ ' 

primary mechanical resonance. frequency of a general actuator 
\. 

is obtained.by dividing the root of ~h~quotient obtained by 

dividing fhe spring constant of the actuator by the mass of 

.· ::..:! 
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the' movable portion of the actuator by 2n. 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 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. In a high-speed noiseless reproducing appara-

tus in a conventional VTR, the tracking error is corrected 

by mov~ng the magnetic head in the direction of the width of 

. the recording track by the head actuator. The amount of 

tracking error which is correctable is therefore limited to 

the range in wh~ch the head actuator is movable. For this 

·reason, the range in which t&eChead 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 ~etermined by the standard, so that a small-sized 

head actuator is naturally required. 

To meet such demand, a piezoelectric element consisting 

of two pasted piezoelectric sheets (hereinunder referred to 

as 11 bimo:tphous cell"), a lamination.type piezoelectric 
~ . ' ' 

element with ·a displacement ~nlarging mechanis~ such as a 

lever and. a b~ckling spring attached~~h~reto-and a moving 

coil suppdrted by a spring and electromagnetically driven in 
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a magnetic circuit (hereinunder referred to as 11 electromag-

netic actuator") have been proposed as a small-sized head 

actuator 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 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: ·. 

. . 
; = d31 x V x t 2 x Sk x R • 

wherein ; : displacement, V : applied voltage, d31 • 
piezoelectric constant, !: effective length, t: thickness of 

one sheet of piezoelectric element, sk4: electrode coeffi­

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

The piezoelectric constant d31 is a function of the 

applied voltage V, and when V is large, a31 also becomes 

large. Sk and K are constants determined by the configura­

tion of the bimorphous cell. 
;I ' .... 

Thus, it is understood ~hat the amount of displacement 

(of the bimorphous cell is.deter~in~& by various factors. 

· . '."'F·5;:,~-p=.~ .. · 

.. ·'.~~~£~::-~~ .. '· ~· 
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In order to increase the primary m·echanical resonance 

frequency of a bimorphous cell for DTF control, it is 

necess~ry to increase the thickness t of one sheet of 

piezoelectric and reduce the effective length 1. In other 

words, it is necessary to reduce 1/t. However, if 1/t is 

reduced, the amount of displacement ( of the bimorphous cell 

is also reduced by the square of 1/t, which is disadvanta-

geous to the bimorphous cell for high-speed superior repro­

duction which requires a large amplitude. That is, a 

bimorphous 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 compos·ed with more importance attached to either 

DTF control or high-speed supertior reproduction. 

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-mrn 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 is selected so as to have a large 
' .. 

amplitude and a small mechanical resonance gain. However, 

it is the effective length 1 of the btrnbrp~oµs cell in the 

term of a•square that mainly influences the amount of 

-

... :' .. :·'·~ .. :... , .... •.· .. 
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displacement ;, and the larger the effective length l, the 

larger the amount of displacement ;. 

As the head actuator is accommodated in the rotary drum 

having a limited diameter, as described above, the effective 

length l is also limited. Various attempts have been made 

at increasing the effective length l 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 

disclos~d in Japanese Patent Publication No. 41130/1988~ 

However, even if the amount of displacement ; is increased 

by increasing the effective le~gth 1 in this way, there 

remains still another problem~G I • 

Fig. 84 shows the relationship between the effective 

length of a bimorphous cell and the inclination of a magnet­

ic head. As is clear from Fig. 84, a large amplitude 

increases ~he inclination of the head, inevitably resulting 

in the deterioration in the picture quality. 

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 
;; ' a wide frequency band is essential, a bimorphou$ cell havirig 

.L 

"" 

a high primary mechanical resonance ~:f:.e~uency is sel~cted 
. -
r 
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even at the sacrifice of the possible speed in high-speed 

superior reproduction. 

As described above, it is .impossible that. a bimorphous 

cell simultaneously 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 example of this type of head actuator will be cited 

one des6ribed in NEC Technical Beports, Vol. 40, No. 5. pp. 

118 to 122 (1987). In this exam~le, no inclination of the 

head is caused by displacement.unlike a bimorphous cell, but 

since a lamination type piezoe'lectric element having a small 

amount of displacement is used as a driving element, it is 

impossible to optain a large amount of displacement. Even 

if the amount of displacement is largely increased by a 

level or a buckling spring, when the head actuator is 

accommodated 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. 

~ ' '" Thirdly, it is assumed that an electromag~etic actuator .. 
is used as a head actuator. An exampte:of the electromag­

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

. ~~---~ .. : ;(>> . ~ .... 
. :~~;.~~J~~~~f 

. -~· f-~~~~ j.;.. ' 



:,,.,:' .. ·.. 16 
:::/·~~'.'::·"'-. -~ .. 
:-:..-:=, 

:· 173219/1988. An electromagnetic actuator is known to have a 

comparatively large amount of displacement in comparison 

with the above-described.two actuators. The structure 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 advantages . 

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

example, a driving voltage of_peveral Vis sufficient, and 

there is no hysteresis or no~1~clination of the head. The 

high reliability is secured. There is no deterioration with 

time. In addition, since an electromagnetic actuator is 

cheap, it is suitable to practical use for a publicly used 

VTR. However, a general electromagnetic actuator for 

superior reproduction 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 respec~ to the force 
" ' ..... 

generated by the coil in order to increase the amount of 
\. . 

displacement, the mechanical resonanc~ frequency is low. In 

addition, ~t is necessary to sufficiently separate the 

·.: :~7-.:~y>~.::.::/J . 

·';:•~~L 
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driving coil from the magnetic head through a certain member 

in order to avoid the influence of the magnetic field 

generated from the driving coil while driving the actuator. 

since the secondary resonance frequency 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 realized. 

If the spring constant is increased for DTF control, 

DTF control in a. wide frequen~y band with a high accuracy is 

possible. However, in order~:lt«:> 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 ~o 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 explanation, it is impo~sible in a 

conventional apparatus to simultaneoa~ly realize DTF control 

in a wide ~ontrolled region such as several hundred Hz with 

- -···--·- ---- - - . --- ----··--· -- -·· .. 
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r· a nigh accuracy and noiseless reproduction at a high speed 

such as several ten times as high as the normal speed. 

The problems of a tension control device in a conven-

tional magnetic recording 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 that shown 

in Fig. 87. A tension lever ~~, 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 ~upplied from the feed reel 

35. At this time, the moment of the tension lever 28 

produced by a spring 38 between a tension rel~ase .lever 37 

~ ' ' ' ·and the tension lever 28 is balanced with the .resultant 
'i, 

force of the moment of the tension le~er 28 produced by the 

force app~ied to the tension post 33 by the tension between 

- - ' 

...... ~t.:)~~-.· ;~~-
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tape guides 39 and 40 and the moment produced ·by the fric­

tional force between the tension band 34 and the feed reel 

35. The tension of the magnetip 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 

tensio~ 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 ··counterclockw-i-se around the hinged support 

31 and simultaneously the ar1rt,~o· is also 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, 

whereby th.e 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 tension band 33 and 
~ : ..... 

the feed reel 35 becomes large and, as a result, the tension 

is increased, whereby the tension po~~ ~3 is-restored to the 

balanced position. 

1ii1ITi1Jf 

·: .. •.. "'._.,::::;..~.~--".:-."·°?' ::-::-::;,:_;:- .. 
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The tape tension is kept constant in this way at the 

time of recording and reproduction. 

During high-speed tape travel, the tension po.st 33 is 

moved to a position at which the tension post 33 is out of 

contact with the magnetic tape by the slider 32. The 

tension band 32 is relaxed to a position at which the 

tension band 33 is out of contact with the feed reel 35, so 

that the 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. In 

·the case of high-speed 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 mag~~tic tape therearound, and a 

constant load is applied to 'bhe feed ree,l · 3 5 to an extent 

/ which prevents the relaxation of the magnetic tape. On the 

.···. 

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

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

rotated at,a desired speed to wind the magnetic tape 

therearound, and" a constant load is applied to the take-up 

reel 35 to an extent which prevents the relaxation of the 

magnetic tape. 

In the tape tension control mechanism of a conventional 

magnetic r~cording and reproducing ·apparatus havlng the 
·i. 

above-described structure, a special~tape tension control 

other than;~he application of a load in the direction 

-

--~--:~:·,,: ·:. .. . 

~- :.:.: '·- . 
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r:~::-~·, contrary to th.e direction of the travel of the tape is not 
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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 whi~h 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 which can be suppressed by the conventional tension 

control device is only not more than several Hz. Therefore, 

in a VTR for hiqh-density rec9!ding and reproduction such as 

a digital VTR adopting this ~:fitPe·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 

According~y, it is an object of the present invention 

! to eliminate the above-described problems in the prior art 
1-
j • t. and to provide a magnetic recording and reproducing appara­
t 
t I tus which is capable of realizing both DTF control in as 

I wide a controlled region a'S' .several hundred Hz •with a high 
I ~ 

~ ; accuracy and noiseless reproduction alt ~ high speed such as 

. . 
• 

. . .... ~ ." '>.··:;.=::-.'-~-~·---· 
.. "·: .. f,f/;:;/:·-~-:-~\.: · . 
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several ten times of the normal speed without deterioration 

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 opt~mum 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 rnagnetic~~epe trave~ path in addition to 

a conventional head actuator. 

T~ese 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-frequency band 

with a high accuracy. in combination with DTF control and 

tension control. ~ . 

.l(, . 

. . 
~ 

·.;.· -

-·~;,·..:.:. .. 
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Thus a first aspect of the present invention 

provides a magnetic reproducing apparatus enabling 

reproduction both in a normal-speed reproducing mode and in a 

high-speed reproducing mode ~~mprising: 

(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 

10 recording track on said magnetic tape; 

(~) a tape 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'the time of nigh-speed reproduction mode so as 
:1 :lG . . I • 

15 to draw said magnetic tape; and 

20 

(d) a tape tension actuator provided on the 

entrance side of said.rotary drum including a movable tension 

roller which differentially reciprocates with respect to said 

movable ~ape pass roller. 

The ·tape tension actuator may reciprocate 

synchronously with l/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 actuator and said tape ,, ' .... 
drawing actuator may be differentially driven-in accordance 

.lC. ~ 25 with a triangular signal which is synchronous with 1/m of the 

rotational frequency of said rotary drum. 

D 
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·The magnetic reproducing apparatus may further 

comprise: 

(a) a tracking error detecting means for 

generating 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 said 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 

corrected by said tape tension actuator. 

The tracking control circuit may include an 

estimated external disturbance which electrically simulates 
:i :"\G I • 

15 an (input voltage)/(displacement) transfer characteristic 

showing the relationship between the input voltage of said 

tape drawing actuator and the displacement of said movable 

tape pass roller and said tracking control circuit exerts 

f eedforward control over said tape drawing actuator so that 

20 said estimated external disturbance cancels the real external 

25 

disturbance. 

The said tracking control circuit may include a 

tension control system which ele.ctrically simuloates the 
. ~ . 

relationship between the input voltage of said tape tension 
.lC.. ~ 

actuator and the displacement thereof, and said tension 

control system estimates the tension which said tension 
i::. ....... 

;-..,,.~~--··-.;.~ .. --.;..: . : · ...... ~· ..... ·.' ...... 



.... ~ . .-.. · ...... 

.- 25 -

roller receives from said magnetic tape and exerts feedback 

control over said tape tension actuator ~b that the estimated 

tension agrees with the reference tension. The relationship 

b~tween the input voltage of said tape tension actuator and 

s the amount of displacement of said tension roller may be 

constituted by said (input voltage)/displacement) transfer 

10 

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 roller, an arm for. rotatably 

holding 

·, 

-· 
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the roller 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 the 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. 

In 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 

tracking error signal of the movable head to both actuators. 

The head actuator compensates for a small .amplitude in 

a high-frequency·· band of a tracking error, while the tape 

drawing actuator .compensates~f8r a large' amplitude 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 

of the tap~ 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. 
;. ' ..... 

In order to properly control the tape tens~on actuator, 

it is preferable that the dyn~mic chi~a~teristic of the tape 

tension actuator is electrically estimated and a tension 

·~· -

-

. . ,: ·~;· .. · 
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es~imating device for electrically simulating 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 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 r~~r-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 said tension 
. ' ' roller receives from said~ m_agnetic tape is est:imated by said 

tension control system and ihe estimated tension is so 
. .lC.. :.. • 

controlled as to agree with the reference tension. 
; The estimated tension may be divided according to 

35 the fre<;N!n~y 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 

.. __ . __ :......:...:__• ·-··. --
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fe~tures may be included as mentioned above in connection 
with the first asp~ct 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. 

10 In this way, according to the present invention, 
tracking control in a wide frequency banq 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 

15 actuators having a l~rge 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 p~~sent invention, the tape 
20 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 
25 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. 

lo By such simultaneous control of DTF and tension, a 
... 

tracking error is eliminated and a good·contact between-the 
tape and the head is obtained, ther3~y~enab~ing high-quality 
signal reproduction during normal-speed reproduction. 

. -
~ 

_; ·>5~f:~~~d·,; .. 
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Thus a third aspect of the invention provides a 

magnetic reproducing apparatus 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 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 position on the entrance side of said rotary 

drum; 
·, 

:l :ic: •I • 

(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 ~t 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 
.lt. : 

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 

-
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ii1i1ilimnnr ~···· 
the displacement of said tension roller of said tape tension 

actuator; 

(h) a tap_e drawing actuator which includes a 

movable tape pass roller for lowering the tape travel speed 

s 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; 

10 

(i) a movable tape pass roller position sensor for 

detecting the displacement of said movable tape pass roller; 

(j) a tension servo controller including an 

external tension disturbance estimating device, said tension 

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; 
'.l:'\G . I • 

15 (k) a DTF controller including a tape drawing 

actuator external disturbance 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 ~racking control signal to said head actuator 

20 and said tape drawing actuator; 

25 

(1) a position control circuit for electrically 

fixing the position of a movable tape pass roller on the 

basis of the output of sa.;i..d movable tape pass,toller position 

sensor; and .. 
.l • . .... ~ 

. 5m) 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 between said fixed tape pass rollers on the 
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entrance side may be set at a slightly larger dimension that 

the outer diameter of said tension roller, and the gap 

between said fixed ~ape pass rollers on the exit side is set 

at a slightly larger 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 from the group 

consisting of an exciting coil and a permanent magnet and the 

other of said group 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 tape drawing actuator may inciude a roller arm 

with said movable tape pass roller fixed at one end thereof 

and carrying o~e selected from the group consisting of an 

15 exciting coil and a permane1i~magnet a~d 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 S!ignal of said DTF controller may 
' 20 be supplied to said tension servo controller and said tape 

25 

tension actuator corrects the tension of said magnetic tape 

in correspondence with a change in the tape travelling speed 

caused by the DTF control• ...... 

The tension servo· .. controller may include an 
.lt. ~ 

external tension disturbance estimating device which 

electrically simulates the relationship between the input 

Voltage or said tape tension actuator and the amount of 

displacement thereof, said external tension disturbance 
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estimating device including an (input voltage)/(displacement) 

transfer characteristic circuit. 

The DTF controller may include an external tension 

disturbance_ estimating device which electrically simulates 

5 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. 

10 

15 

The DTF controller may include an external tension 

disturbance_ estimating device which electrically simulates 

the relationship between the input voltage of said head 

actuator and the amount of displacement thereof, said 

external tensi6n disturbance·estimating device including an 
• 4 :i:ic I • 

(input voltage)/(displacement) transfer characteristic 

circuit. 
. . 

The DTF controller may supply the high-frequency 

component of said DTF control signal to sid head actuator and 

the low-frequency component of said DTF control signal to 

20 said tape drawing 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 component of· said ..... ~ . 

tension control signal to said feed reel motor • 

25 
.lt. : 

The tension servo controller and said DTF 
. . 

controll~r may include digital high-speed computers for 

executingNtension computation and DTF computation, 

respectively. 

. . :v :;:·· .· 

.. .;.~.-:.:-..... _ ....... 
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Each of said tape tension actuator and said tape 

drawing actuator may include: 

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

composed of a material having 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 

10 or a movable tape pass roller which comes into contact with 

15 

20 

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 magnet; and 
:t :lC: I • 

(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 

adjustabie 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 ., ' .... 
position sensor or said movable tape pass roller position 

.l t. : 
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 

............._ 
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light emitting device and said light receiving device. 

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 said 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 detected by magnetoelectrical 

10 conversion. 

Said support shaft may be provided.with a mirror, a 

light emitting 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 
71 :ic r • 

15 detect the position of said tension roller or said movable 

'20 

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 magnetic reproducing apparatus may further 

comprise: 

slant pins which are provided on the entrance side 

and the exit side, respectively, of said rotary drum; 
. ~ ·' .... 

a tape loader on the entrance side of said rotary 
.JC.. : 25 drum provided in such a manner as to be slidable along a 

guide groove provided on said VTR deck base for loading/ 
o:;N -

Unloading said magnetic tape and carrying said slant pin and 

said fixed tape pass rollers on the entrance side; and 
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a tape loader on the exit side of said rotary drum 

provided in such a manner as to be slidable along a quide 

groove provided on said VTR deck base for loading/unloading 

said magnetic tape and carrying said slant pin and said fixed 

s 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. 

15 

20 

Either of said both 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 upper side of 

said.VTR deck. 
:'J. :l<:i 

The movable rollers of said both tape actuators may 

project into the upper side of said VTR deck base 

therethrough and quide 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. 

Other 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 appar~tus which is capable of high-speed 
;> • . . ' 

. . 

noiseless reproduction in which the tape travelling speed is 
.lC. : 

25 intermittently lowered during the high~speed travel of a 

magnetic.tape for reproducing signals when said tape 
-;;. .... -

travelling speed is lowered, said apparatus comprising: 

(a) a rotary head accommodating a magnetic head 

.··_;:." .· 

~~··. 
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and a head actuator; 

(b) a feed reel motor for feeding said magnetic 

tape from a cas_sette at a predetermined speed; 

(c) a pair of fixed tape pass rollers on the 

5 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; 

(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; 

15 

(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) 
7J. :\C: • , I ., e 

a capstan motor for controlling said magnetic 

tape on the take-up side at a constant speed; 

(q) 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 

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; .. ... 

(h) a tension roller position sensor for detecting 
.lC.. :. 

25 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 
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o~ 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 

5 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 tensi6n roller position sensor and outputting a tension 

10 control signal to said tape tension actuator; 

(1) a high-speed reproduction controll~r for 

inputting the rotary .drum PG signal and the FG signal 

generated from said capstan motor or said take-up reel motor 

and supplying a high-speed reproduction driving signal to 
:i. :'\G 

15 said tape drawing actuator; 
I • 

20 

(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 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 
.lt. ~ 

25 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 

drawing actuator; 

- .. ·"'-·:-·.~:=: 
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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 tension roller and 

5 said movable tape pass roller. 

Said tape drawing actuator may reciprocate 

synchronously with l/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 vicinity of the'frequency of said triangular 
:l:'\Ci . ·' . 

15 signal for driving said tape tension 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 the tension of a magnetic tape to a predetermined 

25 

value, said apparatus comprising: 

(a) a rotary head accommodating a magnetic head; 

(b) a feed reel motor. for feeding s~id magnetic 
:> ' 

tape from a cassette at a predetermined speed; 
r· .... . 

(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 
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drum: , 

(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 

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 

15 

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; 
71 :iG I • 

(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 

external tension 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· control means for fixing said 
~ ' ~ 

tension roller on the basis~of the output of said tension 

25 roller position sensor. 
.l • . .... . 

The gap between said fixed tape pass rollers on the 
-;;.N -

entrance side may be set at a slightly larger dimension that 

i1liiil1nii 
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the outer diameter of said tension roller. 

Other features mentioned in connection with the 

previous aspects may, of course, be provided. 

In the high-speed reproduction 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 reproduced image everf in a high-speed tape 

travelling state. 

In order to rock the tape actuators, a triangular 

having a frequency synchronou~ with 1/rn {m is a positive 

integer) of the rotational frequency of the rotary drum is 

applied to the actuators. 

.lC... • 

iii1i1i111nr 
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41. 
It is preferable that the tape tension actuator and the 

feed reel motor are also subjected to tension control during 

such noiseless high-speed superior· reproduction. 

The present invention is further characterized in that 

the tension at the time of recording 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 th~s purpose, the tape tension actuator provi~es 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 estimaf~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 reference 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 recording and in reproduction. 
~ . ' 

The above and other obj~cts, features and·advantages of 

the present invention will become cl~~r~ from.the following 
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42. 
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 and reproducing apparatus according to 

the present invention; 

Fig. 2 is a perspective view explaining the principle 

of the 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 sch~matically shows the recording track pattern 

of a VTR; I ' 

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'-t:ime 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 ·and the tape .. 
actuator in accordance with.the present invention; 

·1-

Fig. 9 shows the relationship b:ei:w.een the displacement 

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

the present invention; 

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

first embodiment; 

Fig~ 13 schematfcally shows a modification of the tape 

actuators in accordance with the present invention; 

Fig. 14 is ·a block diagr~~ of the DTF control system in 

the first embodiment; I • 

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. 17 a~d 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 example of a position se~sor of the .. 
tape actuator in the first embodimen~~of the-present inven-

tion; 

· ...... ·· 

:< ·..: ,.~ ··~: ..... ~ 
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, Fig. 21 shows the frequency characteristic of the tape 

actuator in accordance with the present invention; 

Fig. 22 is a block diagram showing another example 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 control system 

in accordance wi,th the presen!:. invention; 

Figs. 27 and.28 show oth1!tt' examples of a position 

sensor of the tape actuator in accordance with the present 

invention; 

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 
~ ' ' .forces of ·the movable tape pass roller portion;'-.. 

.l c.. . 

. .. .· ·-~::.:~.:.:.:-:-. :: 
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Fig. 33 is a frequency characteristic diagram showin.g 

the estimating capacity of the tension estimating device in 

accordance with the present invention; 

Fig. 35 shows the open loop characteri.stic 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· invention; 

Fig. 38 is ·a block diagr~~ for realizing I in Fig. 37; 

Fig. 3 9 is a perspecti va :u,tiew 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 present invention; 

Fig. 41 is the block diagram shown in Fig. 40 which is 

represented by ~ransfer functions; 

Fig. 42 shows the external disturbance suppressing 

characteristic of the external disturbance suppressing loop 

of the tape actuator; 
~ . 

Fig. 43 shows· the structure of a tension cGntrol 

mechanism using the tension control system in a third 

embodimen~ 6f the present invention; 

This Sheet Has Been Replaced 

I 1111111 •II~ l~I Ill Ill\ 
/I 



'·:~-;~: . , Fig. 44 shows the structure of a modification of the 
~-.... 

~:~:~--~: · _tension control mechanism shown in Fig. 4 3; 
~~\." ::~ .. 

Fig. 45 shows the structure of an optical sensor for 

.. detecting the amount of displacement of the tension arm 

shown 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 

detecting the amount of displacement of the tension arm 

shown in Fig. 44·; 

Fig. 49 is a block diagra\n of the tension control 

system in the third embodiment; 

Fig. 50 is a block diag~am of the principle of control 

of the tension control system shown in Fig. 49 which is 

represented by transfer functions; 
·. 

Fig. 51 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 section~l view of a tape actuator 
~ . ' 

driving mechanism in the third embodiment of th~ present 
~ 

invention; 
... . . .... \,, -

.... ..:.,._._: :~_~ ... '.'"""."~ ·:· 
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Fig. 53 is a partially cutaway perspective view of the 

~- . . . 

tape actuator mechanism shown in Fig. 52; 

Fig. 54 is a plan view of the main part of the movable 
.. ·-· . 

. . . coil portion and . the permanent magnet s.howing the positional 

relationship thereof; 

Fig. 55 is a sectional view of the structure of the 

main part of a ligh~ 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 example of the 

tape actuator driving mechanism; 

Fig. 58 is ·another example of a tape actuator with a 

reflecting mirror type posi tisJi detectin·g ·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. ·6 0 is a sectional view of still another example of 

a tape actuator provided with a position sensor having a 

light shielding plate; 

Figs. 61 and 62 show further examples of a t~pe actua­

tor-provided with a position sensor having a Half e;Lem~nt; 
., ' ' 

Figs. 63 to 65 are plan·. views of a magnet~c recording 
\. 

and reproducing apparatus with the tape:actuators in accor­

dance witli the present invention mounted thereon, wherein 

. ·---· -~· ------ ·-.·-:--.-~ .. :~~--:. -~-. 



t¢::' . 

.. :--.~''' 
.)«·· 
'I::::-~ .. 

!!;::·. ·~ 48 
Fig. 63 shows the state of normal-speed record­

ing/reproduction; 

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. 6·a· is a detailed side view of a means for regulat-

ing the magnetic tape in the vertical direction in accor-

dance with the present inventi9n, seen in the direction of 

the travel of the magnetic ta.pa; I • 

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 embodi~ent 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 apparatus shown in Fig. 70 before .. 
tape loading; .JC.. ~ 
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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 operatton of the tape actua-·.!.· 

tors in the embodiment shown in 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 t~ajectory of the scanning magnetic 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 

which· ifre to be followed by the magnetic head in a conven­

tional magnetic reproducing apparatus; 

Fig. 80 shows a magnetic tape travelling system in a 

conventional VTR; 

Fig. 81 shows a conventional tension contra..! mechanism; 

Figs. 82 and 83 are plan views of conventional head 

actuators; 
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' Fig. 84 shows the relationship between 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 
.. 

travelling 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 will be explained 

hereinunder with ·reference to the accompanying drawings. 

- Fig. 1 shows a first embodiment of a magnetic recording 

and reproducing apparatus according to the present inven­

tion. In Fig. 1, a rotary drum 51 with a magnetic tape 50 

wound therearound accommodates two magnetic heads 52a and 

52b. The magnetic 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. In order to feed 

the magnetic tape 50 in the direction of the tra..._vel at a 

' constant speed, a capstan 57 and a pinch roller 58 for 

clamping the tape 50 therebetween are provided. The capstan 

57 is driven by a capstan motor 59. In order to wind the 



51 
tape 50 around the rotary drum 51 at a predetermined incli­

nation 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 

pass roller 63 which comes into contact with the tape 50, 

and 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 position sensor 66. 

Fixed tape pass rollers 67 and 68 are provided 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 equa~ to the 

gap between the movable roller 63 and the fixed roller 68. 
' .. 

Similarly to the tape drawing actuator 61,_ the tape 

tension actuator 62 also includes a tape tension roller 69, 

a roller arm 70, a driver 71 and a position sensor 72, and 
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·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 explaining 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 the 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 reproduction is an operation of 

intermittently reproducing a picture while causing the tape 

at a speed any given times as high as 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 speed which enables reproduction is limited. 

In the present invention, in order to solve this 

problem, the tape drawing actuator 61 and the tape tension 

actuator 62 provided on the exit side and the ent~ance side, 

' respectively, of the rotary drum 51, are differe~tially 

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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magrietic head 5 2 even during high-speed tape travel. Since 

high-speed reproduction is carried out in th~s period, 

reproduction with a good quality is enabled even during 

high-speed tape travel. 

It is now assumed that the positional relationship 

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 d of the 

movable tape pass roller 63. 

A static system will first be 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 D1 which is 2 

x Ax distant from the point n0• Therefore, the moving speed 

of the point D0 at that time is 2 times as high as that of 

the movable tape pass roller· ~3. In 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 x VB. Si~ce the movable tape pass roller ~3 must pass 
ii. 

through the gap between the two fixed tape pas~ rollers 67 

and 68 for tape loading, as is clear from Fig. 1, the 

following relationship must hold: 
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f · .. However, if the difference between d and d' is Ad, Ad is 

· ... preferably as small as possible. 
~- . 

This is because as Ad-

becomes 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 which the magnetic tape 50 is moved at a 

stationary speed by the capstan motor 59 will next be 

considered. Since.the fixed end of the magnetic tape 50 is 

considered to move at a speed of Ve, the speed VA of the 

other end of the magnetic tape 50 is represented as follows: 

VA = VC + 2 x VB 

The fixed tape pass rollers 73, 74 and the movable tape pass 

roller on the tape entrance side of the rotary drum 51 are 

also provided such that a similar relationship holds. 

The relationship between the speed VB of the movable 

tape pass rollers 63 (the movable tape tension roller 69) 
... and the speed VA of the magnetic tape on the ro~ary 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 
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~fallowa~le to the head actuator in the rotary drum 51, which · 

t:·'·.has been explained in the prior art, the movable tape pass 

·· roller 63 ·is moved in the direction of the relaxation of the 

·magnetic tape 50 and the movable tape tension roller 69 is 

moved in the direction of .the stretch of the magnetic tape 

so so as to lower the speed of the magnetic tape 50. In 

other words, by differentially operating the movable tape 

pass roller 63 and the movable tape tension roller 69 in the 

opposite 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 possible to prevent a change in 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 VTR record­

ing format. If the magnetic tape speed at the time of 

normal-speed reproduction is v, v is represented by the 

following equation: 

. v = fa (m/sec) 
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wherein f is the rotational frequency (Hz) of the rotary 
2 x T 

drum 50, and a = ~~~-P-
sine 

wherein Tp represents a track pitch and 0 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: 

V' = nv (n is an integer) 

As described above, when Ve > v•, in other words, at the 

time of high-speed reproduction, the movable tape pass 

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 to follow. In this way, noiseless 

reproduction which is conventionally impossible in 

high-speed·. reproduction is intermittently enabled. 

Additionally, the characteristics of the displacement 

angles and the torques of the tape actuators 61, 62 have a 

slight nonlinearity, as shown in Fig. 6. 

·The tape drawing actuator 61 and the tape t.ension 

actuator 62 are preferably driven at a speed VB 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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~J0-~~production-possible period as much as possible with 

. ~_\:· 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 VA = vc 

+ 2 x I VB I 
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, VA takes the minimum value, as 

represented by the following equation, which is the most 

efficient,: 

VA (min) = Ve - 2 x VB = V' 

In this case, since VB is in the opposite direction in 

Fig. 4, it is represented by - VB. At this time, the 

noiseless reproduction-possible period T1
; 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 l/f 

second. Therefore, in order to enable reproduction of not 

less than one screen in the noiseless reproductio~-possible 

peri'od T', the one cycle -time T of the rectangular wave 
.._ 

shown in Fig. 7C must be an integral number of ~at least 

two) times of the rotational frequency l/f of the rotary 

. ·-.-,;.:.· .. ·.· .· 
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drum 51. In.this way, the tape actuators 61, 62 a+e 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 Re?roduction 

The servo system in the magnetic recording and repro­

ducing apparatus for realizing the above-described principle 

of operation 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 b~t arcuate motion, as explained in th~ 

principle of operation. When the arcuate motion is approxi-

mated to linear motion, a nonlinear error is caused in.this 

structure in principle. Fig. 8 schematically shows the 

positional relationship between the movable tape~ tension 

roller 69 (the movable tape pass roller 63) and the fixed 

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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;:::::iength of the arm 70 (64} and a the displacement angle of 

.... 

)" tJie arm 70 (64). The relationship between the displacement 

~ angle a 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 

ideal 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 displac~ment 

angle Bis 0 to 10°C in Fig. 9). Accordingly, 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 nonuniformity of the mechanical setting accura-

cy, so that it is necessary to take this nonlinear error 

into considerati~n 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. ll is nonlinear as shown in Fig. 10-, 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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invention 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 requirement, 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 ra~ge. 

Fig. 12 is a schematic block diagram of a servo system 

in the present invention. 

Fig. 12 includes the concrete flow of signals in the 

apparatus shown in 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 the tape· 

drawing actuator 61, a driying signal for the tepe drawing 

actuator 61 is also supplied to the·tape tension actuator 62 

through an adder 91. 

.. ~: ... ' 
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The structure of tension control will be briefly 

l~~escribed in the following. A movable roller position 

fJ,_.·~signal for detecting the position of the movable roller 6 9 
~4r~ .. ·· 
:-/and a driving signal supplied to the tape tension actuator 

· 62 are supplied to a tension estimating device 92. The 

· tension 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 tension servo 

circuit 83 compares the estimated tension signal with a 

reference tension signal to obtain a tension. error signal. 

The low-frequency component of the tension error 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 while the reel motor is driven, for 

example at the t~me 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 ~ superior 

reproduction signal for operating the tape drawitl'9 actuator 

61 and a tape tension actuator 62 from these two.signals. 

The details of each control will be described later. 

The operation of the servo system will be explained in 

1iiii1i11nr 
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Normal-speed reproduction will first be 

explained. When the magnetic tape 50 travels at a normal 

reproducing speed, the superior reproduction signal genera-

tor 80 generates no correction pattern, so that the tape 

drawing actuator 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 
·-

position sensor (not shown) provided on the tape drawing 

actuator 61. 

The tape tension act.uator 6 2 is fixed to a predeter.;.. 

mined position in the same way as the tape drawing actuator 

61, and exerts tension control for suppressing the change in 

the tension of the magnetic tape 50 and maintalning 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 principl~ 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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r<'super1or reproductioni explanation thereof will be omitted. 
·;;_; ~ .. 

~;:-, In this case, the superior reproduction signal generator 80 

· · ·qenerates no .signal, either. 

However, the present invention is different from the 

prior art in that since a tracking error is corrected by the 

cooperation of the head actuator 76 and the· tape drawing 

actuator 61, DTF control having a wide dynamic range is 

realized. 

The operation of the servo system in a high-speed range 

in which the speed of the magnetic tape 50 cannot be cor­

rected by the head actuator 76, which is the main part of 

the present invention, will now be explained. When the 

apparatus is operated at a high speed which makes the 

correction of the speed of the magnetic tape 50 by the head 

actuator 76 impossible, noise bars or mosaics are displayed 

in the repr.oduced 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 ·hea·d actuator 76. While 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 

lf i1iii1i1i1hT 
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'j:t,;positional deviation between the recording track on the 
:: ... 

magnetic tape 50 and the magnetic head 52, .namely, tracking 

error is corrected by a DTF control system which will be 

described in detail in Fig. 12. A tracking error signal is 

obtained by the known wobbling method, pilot method or the 

.like. In this way, it is possible to obtain a good 

reproduced picture without a noise caused by off-track in 

the reproduction-possible period T'. 

The reproduction-possible period T' is at least l/f 

s.econd, as described in the explanation of the principle. 

A superior reproduction signal for driving the ~ape 

drawing actuator 61 and the tape tension actuator 62 is 

output from the tape superior reproduction signal 80. The 

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 tape 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 reproduction 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 speed 

pattern such as that shown in Fig. 7C. In a period other 
. .. 

. ' 
than the reproduction-possible period T', since no 

reprodu~ed"picture is obtained, if a good picture reproduced 

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

11iiilii. 
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· .·· pictui:e memory or the like in every cycle period, and the 

stored picture is output in a period other than the 

reproduction-possible period T', continuous high-speed 

reproduction is enabled. ·.By this operation, a good repro-

duced picture free from noise, which is 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 present 

invention enables a good reproduced pic~ure 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 operation of DTF control according to the present 

invention will be explained in the following. 

Fig. 14 is a block diagram showing an example of DTF 

control. In the present invention, a tracking error signal 
. . . ' 

is detected from a reproduction signal supplied ~rem 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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electrically coupled for tracking control. In other 

i;:· words, two-stage coupling control system is adopted in the 
·\···· 
.. present invention. 

In Fig. 14, the DTF control outputs from the actuators 

76 and 61 are added to the target track position by an adder 

SS and a tracking error signal. is supplied to both actuators 

- through a compensator 86. 

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 equivalent 

circuit 87, a compensator 88 and an adder-89. Therefore, 

the output of tJ:ie equivalent circuit 87 indicate.s ·the value 

estimated by the head actuator 76. A signal for superior 

reproduction is supplied to the other input terminal of the 

adder 89. 

The tension control system includes the ten~ion 

estimating device 92 and the tension servo circuit 83 shown 

in Fig. 12.~ A tension estimating signal is supplied from 

the tension estimating device 92 to the tension servo 

circuit 83. A driving signal supplied to the tape drawing 

actuator 61 of the DTF c.ontrol system is supplied to 

an adder 91 together with the output of the tension servo 
~ 

circuit 83. 

The output of the adder 91 is supplied to the actuator 

62 and output to the tension estimating device 92 for 
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R. outputting an estimated tension which the t(!nsion 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 estimating device 92 electrically simulates 

the relationship between the input voltage of the tape 

tension actuator 62 and the displacement of the tape tension 

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 1 85 held on Dec. 12 to 13, 1985. In 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 7 6 accomrnoda ted_ in ·the rotary drum 5 0, which 

makes such a two-stage coupling control system inapplicable. 

In the--pre~ent invention, since the .tape drawing actuator 61 
'· 

is newly provided as a tracking error correcting means, 

application of a two-stage coupling control system is 

possible, so that DTF control in a wide frequency band and a 

wide dynamic range with_ a high accuracy is.enabled. 
'-

In the embodiment shown in Fig. 14, the present 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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' 

-recording by narrowing the track pitch is essential in order 

.. to meet tl}.e .demand for a higher picture quality, 

multifunction, long-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 rolling with such 

reduction in track width, in order to exactly trace the 

narrow track, DTf control having a controlled region at 

least 10 times as large as the fundamental frequency of the 

track rolling is required. The fundamental frequency of 

track rolling depends upon the rotational frequency of the 

rotary drum. For example, when the rotational frequency of 

the rotary drum is 1,800 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. In 
\ 

this embodiment, 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 bobbin 94 an .. 
exciting 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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through gimbal springs 96, 97. 

69 
A mounting member composed 

of a polymer material is provided at each joint between the 

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

Within the coil bobbin 94, cylindrical permanent 

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 shown 

in Fig. 85. 

As is clear from Fig. 15, a head position detector 105 

constantly detects 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 

a good controllability, since this· embodiment is applied to 

a publicly used digital VTR, an electromagnetic actuator is 

adopted with importance attached to inexpensiveness and high 

reliability. Even if an electromagnetic actuator is used, 

coexistence of DTF controllability and superior ~eproduc-

ibility is impossible, as described in the prior art. The 

electromagnetic actuator in this embodiment has a structure 

giving priority to DTF controllability. By increasing the 
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elastic modulus of the gimbal springs 96, 97 shown in 

Fig. 15, the primary mechanical resonance frequency is 

heightened, thereby obtaining a characteri_stic 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 

and the driving voltage for the head actuator 76 are input 

to a speed estimating device composed of a circuit which 

electrically simulates 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. The estimated speed is negatively fed back to 

~he exciting coil _95 for ·electrical damping. Thus, the head 

actuator 7·6 functions as an actuator having a good 
'· 

controllability up to a high frequency band. 

By using such an actuator as the head actuator 76, a 

DTF control system which is capable of DTF control in a wide 

frequency band with a hfgh 'accuracy is indeed realize_d, but 
' 

' since the elastic modulus of the gimbal spring~ is increased 

as a result of attaching importan~e to DTF controllability, 

a large current is required when the actuator is driven at a 
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71 
large· amplitude, and problems such as the generation of heat 

at that time limit the tolerable amplitude to.a narrow 

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

As a countermeasure, 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 actuator 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 F~g. 16, so as to have a large low-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 actuator, 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 Figs. 17_and 18, the· permanent magnet ... 

is magnetized such that the directions of magnet'l.zation are 

opposite on left and right sides. A movable coil 108 is 

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

permanent magnet 107. 

In this way, by supplying an appropriate current to the 

coil 108, it is possible to rotate the tape pass roller 63 

to any given position by the electromagnetic action of the 

coil 108 and the permanent magnet 107. 

In Figs. 17, 18 and 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 

sensor. In Fig. 20, a rotary shaft 109 of the.actuator is 

provided with a mirror surface 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 haying 
... 

the above-described structure is almost flat irrespective of 

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

ment angle)/(voltage) frequency characteristic of a tape 
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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, the head actuator 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 coupling 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 nonlinearity error 

.due to the mechanical characteristic E during high-speed 

superior reproduction which requires a wide dynamic 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 amplitude of a 

low-frequency component 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. 

' For this reason, the coupling frequency is 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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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-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. 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 difference 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 the structure in which the movement of the 

tape drawing actuator 61 follows the movement of the head 

actuator 76 and the a~ount of phase compensation at the 

coupling frequency 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 in which the correction 
. . . " 

of a low-frequency component 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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pass roller 63 is detected and the DC compohent of the 

deviation of the detected position.from _the· reference 

position (e.g., the center· po.int of the movabl~. rarig~l,_::j,,s 
· · ··. ·.:;:~.~~~rh~-~~~~t'.:::·:_!_··· .. · 

fed back to the capstan motor 59 or the.reel.motor·s6. By 

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 the 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. 

In Fig. 23, the reference numeral 120 represents a 

transfer fuhction circuit as a means for separating a 

tracking error signal into a low-frequency component and a 

high-frequency component. The high-frequency 9omponent is 

fed back to the DTF control system.and a low-freq~ency 

component is fed back to the capstan ~otor 59 or ... the reel 
.... 

motor 56. The reference numeral 86 is a transfer function 

circuit representing a compensation filter, which is a 

primary low pass filter represented by the following equa­
tion: 

··:. ·:: .. : · .. •. 
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1 
f 1 (s) = -----

1 + T S 
The reference numerll 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 

KHT, RT, mH, CH and RH are transfer function representing a 

torque constant, coil resistance, mass of the movable 

portion, viscosity coefficient and elastic modulus, respec­

tively.· The reference numeral 87 is a transfer function 

circuit representing the filter electrically simulating the 

frequency characteristic of the head actuator 76 and repre-

sents an equivalent circuit of the actuator 76. The 

reference numeral 88 is a transfer function circuit repre-

senting a compensator, which is a reaQ 

lag filter represented by the following equation; 
1 + n 2T2s 

f 2 (S) '-=.------
1. + T2s 

The reference numeral 122 is a transfer function 

representing a gain of an amplifier. The tape tension 

.actuator 61 is represented by a transfer function· circuit 
. '- -

for the (input voltage)/(displacement angle) ch'aracteristic. 

The symbols KHT, RT, JT and CT are transfer functions 

representing a torque constant, coil resistance, inertia of 

the rotary portion and viscosity coefficient of the rotary 

11Hn1ii1nr 
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portion, respectively. The reference numeral 75 is a , 

nonlinear function of the rotational angle B which repre­

sents the relationship between the ·displacemen_t 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 

restricted, 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 

B0, £3 (8) can be approximated to 

= constant. 
dB 

A position sensor 6~ is represented by a transfer function 

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 electrically fixing the position of the tape 

drawing actuator 61. The compensation filter is a read lap 

filter represented by the following equation: 
1 + n4T4s 

f
4

(s) = ~~~~~~ 
1 + T4s 

~ 

The reference numeral 125 is a transfer functio~represent-

ing the gain of an amplifier for determining the· loop gain 

of the position control loop. 

li1l1JU11li1Df · 
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,A tracking 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-

quency is several Hz, and the low-frequency component is fed 

back to the capstan motor 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 having a low frequency in which the cut-off frequency 

is several Hz and the tracking error is amplified by the 

amplifier 121. The amplified tracking error is supplied to 

th~ drive amplifier (not shown) of the head actuator 76 so 

as to drive the head actuator 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 a 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 freque·ncy 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 is 

stabilized.· For example, this signal is supplied to the 
.. 

compensator 88 composed of the filter represent~d by· the 

following equation: 

. -· 
:;'~.~~~"-
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l + n2T2S 

f 2 (S) = ------
1 + T2S 

wherein the transfer functions .T2 and n2 are so determined 

that all the poles of. the control· 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 

~s amplified by the amplifier 122 to a gain which enables 

the output to couple with the first loop at X Hz and is 

supplied to a drive amplifier (not shown) through an adder 

123 of the pos·ition control loop of the tape drawing actua­

tor 61 and the adder 89 for a signal for ~uperior reproduc­

tion so as to drive the tape drawing 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 and the second control loop is closed so as 

to correct the tracking error. 

In this embodiment, by the above-described two electri-

cally_ c:_oupled two-stage coupling control loop, DTF control 

in a wide freque~cy 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 tape 

drawing actuator 61. Since the movable range for the tape 

drawing actuator 61-is limited, the remaining DC component 
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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 coupling 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-fre~uency component o~ a 

tracking error to the tape drawing actuator 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 applying 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· or high-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. However, only when the electrical and 

~echanical characteristics of the two tape actuators 61, 62 
' 

are completely equal, the exact suppression is possible. 

Actually, even if an equal voltage is applied to the two 

tape actuators 61, 62, it is generally impossible to operate 

li111m1r111Mr 
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the two tape actuators 61, 62 in completely the same way due 

to the nonuniformi ty of mechanical and elect.rical character­

istics and a change in ten.sion is inevitable. In the 

present invention, the change in tension is corrected to the 

optimum tension value in any mode by a tension control 

system by a closed loop which will be described 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 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. 

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 amount of displacement of 

the tension control arm 21 supported by the spring is 

proportional to the tape tension, and beyond the ~pring 

resonance frequency, the phase of.the change in the .tension 
.. 

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 
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82 
spring resonance frequency and by 80 degrees at a higher 

frequency. As a countermeasure, in a conventional tension 

control. system, the cont_rolled region is limited by the 

phase shift of the spring 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 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 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 ~s 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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tension actuator 62 representing the (generated 

torque}/(input voltage) characteristic. The reference 

numeral 127 represents a circuit 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)/(strain) characteristic of the-magn!;!tic 

tape 50 in the longitudinal direction and the sectional area 

of the magnetic tape 50. The reference 129 represents a 

circuit for a travel path mechanical characteristic which is 

determined by various characteristics such as the geometri­

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 and 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 tension actuator 62 at 

the reference pos~tion. The reference 131 represents a 

driver for driving the tape tension actuator 62. The 

1rri1nm1nr 

. ·. ·--
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refe~ence.numeral 132 represents a tension estimating device 

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 

reference numeral 133 and 134 represent compensators for 

feed backing.the difference 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 drives the feeo reel ~otor 55. 

The reference numeral 136 represents a circuit 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 

tension estimating device 132 and the reference tension 

value. An adder 138 adds the position.control signal from 

the position conFroller 130 to the tension control signal 

from the compensator 133. 

In Fig. 26, the total tension of the magnetic tape 

travelling system is obtained by adding an external tension 
. . 

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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an external disturbance in the longitudinal direction of the 

tape) to the sum of the change in the tension value caused 

by the change in the rotat~onal angle of the tape tension 

actuator 62 and the tension change 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 perman~nt magnet 

107 which is magnetized 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 surf ace 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 

lOBa, 108b in Fig. 18 according to the Fleming's left-hand 

rule •. Furthermore, in order to mea~ure the amount of 
...... 

displacement of the arm 70 or the tape tension r~ller 69, an 

optical position sensor sue~ as that shown in Fig. 20 ~s 

provided, as described above. 



86 
'The structure shown in Fig. 20 is suitable to the case 

in which the fundamental wave of tension chan9e is a high 

frequency and in a wide dynamic range. ·It goes without 

saying that in the case in which the fundamental 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 coil 108 on the opposite side of the rotary shaft 

109, and the 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. 

By the above-described structure, the tape'tension 

actuator 62 is driven by an electromagnetic force and can 

detect its own amount of displacement. 
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In this embodiment, since the tension estimating device 

132 constitutes what is called a co-dimensional observer 

(hereinunder referred to as "tension estimating device") in 

the modern control theory which electrically simulates the 

transfer characteristic (driving current/displacement) 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 band 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 numeral 126 represents a transfer func-

tion including the coil resistance R in the tape tension 

actuator 62 and the force constant KT of the electromagnetic 

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 transfer function 

indicating the transfer characteristic of the_ckange 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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function indicating the transfer characteristic which the 

tape tension imparts to the tape tension actuator 62. 

The reference numeral 130a represents a phase lead 

filter, which is a compensator for compensating a position 

error signal which is a difference between the position 

signal output from the position sensor 72 of the position. 

control group for electrically fixing the reference 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 

loop. The reference numeral 133a represents a high pass 

filter, which is a part of the compensator 133 for feeding 

back a comparatively 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 13 4a represents a low pass .filter, which is a part 
'. 

of the compensator 133 ror 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 the gain of an amplifier for determining the.loop gain· of 
. ' ' 

the feedback loop with respect to the reel motor 55. The 

reference numeral SSa represents a transfer function includ­

ing the coil resistance RL and the torque constant KLZ' and 

iii1i1i1Ui 
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SSb a transfer function including the rotational inertia JL 

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

transfer function representing the (tape tensj,on)/(angle) 

characteristic which indicates the influence of the change 

in the angle of the reel motor 55 on the tape tension. 

The reference numeral iso is a transfer function 

circuit electrically simulating the transfer function ... 126, 

and 151 and 152 are transfer function circuits electrically 

si~ulating the transfer function 127 by the equivalent 

conversion of the control theory. The reference numeral 153 

and 154 are the feedback gains of the observer (tension. 

control system) which are fed back so as to converge the 

differences between the output of the position sensor 72 and 

the respective outputs of the transfer function circuits 

150, 151 and 152 on zero 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 tape tension 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 

62 is input to the . . ' "' which tape tension actuator circuit 150 

electrically simulates the coil resistance R and the force . 
constant KT, the output b' of the tension estimating device 

·• 

.:<:···:·:: .. '.: 

.. ; .. ! .. ;.:· . . ·. 
•, 
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132 becomes the estimated value of the actual driving force 

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 

• (1) 
J'S2 

. . . 
J'S s 

Since the transfer function circuits 151 and 152 simulate 

the transfer function 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 characteristic circuit 127. However, 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 integra.tors~ Therefore, the difference e between the 

actual amount of displacement d" detected by the position 

sensor 72 and the estimated value d' of the tension estimat-

ing device 132 is fed back at gains F1 and F2, whereby the 

' dynamic characteristics as well as the f requendy character-

istics agree with those of the actual tape tension actuator 

62. 
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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 

of the observer that the signals are fed back in the two 

loops at the gains of F1 and F2 to the input terminals of 

the transfer function circuits 1?1, 152 which 

1 
include the integrator (-- in a Laplace conversion) in the 

s 
model of the tape tension actuator 62. A co-dimensional 

observer to which the driving voltage and the displacement 

of an object of control are input is generally used to · 

estimate the internal speed thereof. If the feedback gains 

F1 , F2 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 F1, 

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: 

d' ~ d ... (2) 

~ig. 30 shows the pole-positioning of thi~\control 

sys_:tern. The reference numeral 156 represents the pole of 

the tape tension actuator 62, 158 the pole of the position 

; •a•.:.".::~.~- •• 
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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 

tension 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 

an integrator, the driving force b' is represented as 

follows: 

b I =: b • • • ( 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' =; c { 4) 
·. 

Since· the ,_sum of the driving force b and the torque ~ 

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

in the following equation; 

b + a = c . . . (5) 

the following relationship holds.from the formhlas 2 to 5: 

b' + a = c' ... (6) 

b' - c' = a 

0 o'\fi~~Af..::·' '·: .• ... 
....... ;-. ~ :,. . : .. _ .. . 
.. ;.··: :~:~,·~~-· ,;~· ~--:·-.. . 
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that' is, 

a' = a • • • ( 7) 

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 

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 and the magnetic tape so. ln 

Fig. 31, the symbol K1 represents a modulus of longitudinal 

elasticity and c1 the viscosity coefficient of the magnetic 

tape SO. TN represents a tension value and TG 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 SO is repre-

sented by 2 (TN+ TG). However, since the actual magnetic 

tape 50 is· not a rigid body and is considered as a 
.... 

viscoelastic body, it is necessary ·that the· tape tension 

value also changes with time and positi~n as parameters. 

One of the characteristics of this embodiment is that the 
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length 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 actual control is 

shortened so as to avoid the influence of the dynamic 

characteristic in the longitudinal direction of the tape as 

much as possible. Actually, the magnetic tape 50 is wound 

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° - 201 

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

rol1er 69 is .represented by 2cose 1 (TN + 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 r, the torque applied to the tension roller 

69 by the tape tension is represented by the following 

equation: 

a = f s (TN + TG) 

f 8 = 2rcose1 
• • • ( 8) 

Therefore, the relationship between the tape tension value 

aa (=TN+ TG) containing the external.tension disturbance 

~nd the torque a which the tape tension applies to the 

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

equation: 

a = 2rcose1aa • • • ( 9) 

··:.-.,=:.·;..'_;-

. . .. . .. . ..~ .. ~::: 

. --~-~- ..... 
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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 f 8 , as represented by 

the following equation: 
a' a' 

aa' = --- = ----- • • • (10) 
2rcose1 

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 F1 , F2 , and represented by the following equatio~1 
Fl . 

aa' = aa ••• (11) 
JS 2 + F2JS + F1 F1 mainly determines the frequency which allows the estima-

tion and F2 mainly determines the stability of the observer 

loop. 

Fig. 33 shows the tension estimating 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 TN' which is the optimum value of the tension, 

and the tension error, namely, the external tension distur-

bance value TG is detected. Only the high-frequency compo­

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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tension actuator 62 at a transfer function of f 5 which 

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 
·~ 

55 at a gain of G6• 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 

generally 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 to that for a direct current. ·In the 

pole-positioning of the transfer functions f 5 and f
6 

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 tQ the 

tape tension actuator 62 and the pole 159 of the tension 

control loop to the feed reel motor 55. 

Fig. 34 shows the transient behavior of the estimated 

external disturbance at this time. The actual tension value 

Tr agrees with the estimated tension value Tp after a 

constant time. 
. ' 

In Fig. 34, the transient characteristic df the e~ti-

mated tension value Tr of the tension estimating device 132 

and the actual tape tension change Tp from the start of 

-- - ---- ---· - -

::..·};· 
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operation is shown. The abscissa represents a time and the 

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. 

When the tension is controlled by the above-d~scribed 

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 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, add~r, 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 

.. ,, .. : __ :.;· 
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is 9esirable 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 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 compensation thereof by a microcomputer 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 mechanism 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 signal. The reference numerals 166, 167 represent 
\ 

digital/analog converters for converting the result output 

from the high-speed operation circuit 163 into an analog 

output. Fig. 37 shows an example of a flowchart ·showing the 

algorithm of the estimated tension which is computed by a 

digital operation by the high-speed operation circuit 163 in 

the structure shown in Fig. 36. ·The integration factor E 

· . . ··~(~··<··· . . -
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shown in Fig. 37 is realized by the structure of the block 

diagram of Fig. 38. 

As described 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

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 _ranges.and the dynamic ranges of a DTF control 

system and a tension control system are enlarged by using 

DTF control and tension control utilizing an external 

disturbance observer, good reproduction is possible 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 this embodiment, it may be provided on the back 

surface of .the VTR 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 accommodated in the.VTR 

deck. 

Operation in High-speed Superior Reproduction 

· ... ··~~···. :;· .. ':"" 
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' 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 explained as the main part of 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 accordance 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 normal reproduction speed. In the period 

in which 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 tracking e-rror 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 patter~ exceeds 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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which at least one picture is reproducible, namely, at least 

mo/f Cm0 is an integer of at least 2) sec, as described 

above. · A superior reproduction signai generator (not shown) 

outputs a signal for superior reproduction for driving the 

tape actuators 61, 62. In 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 reproduction signal generator 

can be realized by simple digital circuits, 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 ~eproduction-possible period T', the stored pie-

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, a~though it 

is composed of a series of successive stop-frames. 
I." 

As.described above, the tape tension actuator 62 is con-

stantly oper_ated by a tape tension servo in a wider range 

than by a conventional mechanical system. It goes without 
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saying that the magnetic tape 50 is therefore maintained a~ 

the 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 embodiment 

is different from the first embodiment in that an element 

which 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 

modern control theory is provided in ~he tape drawing 

actuator 61 as a tape drawing actuator external disturbance 

estimating device 170. Since the principle and the struc-

ture of the ext~rnal 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 ~s the 

output of the tape drawing actuator external disturbance 

estimating device 170 and is applied to the actuator driver 
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65 is positively fed back after it is multiplied by 
R' 

T 

which is the inverted characteristic of the tape 
K' 

drawin~z 
K' -

t t ·1 t . 1 h t -. t • . TZ b . ' t ac ua _or e ec rica c arac eris ic _ y a circui 171 
. R' 

so as to cancel the external torque disturbance. The 

I 

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 controlled 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 

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 actuat~r 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-described struc-
'' -

ture, since the tape tension actuator 61 does not vibrate 

even due to a sudden external disturbance such as the 
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vibration of the VTR deck, constant stable 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 p~nd and a wide dynamic range with a high ~ccuracy. 

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 and carry out high-speed noiseless reproduc-
'-

tion. In the present invention, the optimum tension control 

is enabled by using only the tape tension actuator. A third 

embodiment which enables suitable tape tension control only 

by the t~pe_tension actuator will be explained,hereinunder. 

The structure of the tape tension actuator in the third 

embodiment is the same as those of the first and second 
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embodiments. Tension control is also carried out in a wide 

frequency band with a high accuracy by a feedback system 

which presumes the relationship between an input voltage and 

displacement 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 rotary druni. 204 through fixed pass railers· 

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 

~he 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, ~y s_upplying a predetermined exciting current to 

the exciting coil 210, the ·permanent magnet 2.o~'is moved to 

a predetermined position, as desired. 

. ... ' .. ·'··: .... :·"·.: ~···. ......... 

·~:. _.; 
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, In Fig. 43, the exciting coil 210 is fixed on a yoke 

211. The yoke 211 has a magnetic shielding effect for 

preventing the leakage of a magnetic flux to the outside. 

The rocking arm 206 is rockably supported by a gimbal spring 

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 embodiment. In 

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 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 laser'. diode or an LED and a separation light 

receiving device 216 such as a photodiode. 

The rocking a~m 206 is provided with·a reflecting 

mirror 217 for reflecting the light from the light emitting 

device 215, and the reflected light enters the ... iight recei v.­

ing device 216 after it is converted into parall~l rays by a 

lens 218. 

-·------

.... ·. :!:: ~·-: .. ~- : . · .... 
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, Therefore, the amount of light entering the light 

receiving 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 

rocking arm 20~, 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 differential 

amplifier 226, it is possible to obtain a desired position 

signal. ' .. 

Such a magnetic sensor is incorporated into the tape 

tension actuator 205, as shown in Fig. 48. 

... -::.;.;, .. · ... 
. :• .. · 
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' The actuator 205 ·shown in Fig. 48 is the same as that 

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 

external tension disturbance is electrical~y 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 by comparing the estimated value 

with the reference 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 ~omponent 9f the tension error is 
' .. supplied from a compensator and a driver 231 to the tape 

tension actuator 205, and the low-frequency component 
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thereof is suppled from a compensator and a driver 232 to 

the feed reel motor 233. 

When the tape tension actuator 205 ~nd the reel motor 

233 correct the. e.rrors, these changes in tension are re­

placed by characteristic circuits 234 and 235 and fed back 

to the tape tension actuator 205. 

In Fig. 49, the tension change 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 external disturbance produced by the friction 

between the shaft and the drum which is received 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 total sum represents the total tension of ·the 

magnetic tape travelling syst~m. 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. 50 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 operator. 

The reference numeral 236 represents a transfer func-

tion including the coil resistance R in the tape tension 
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actuator 205 and the force constant KtR of the electromag-

netic driver, 237 a transfer function including the spring 

constant k of the tape tension actuator 205 and mass· 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 together 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 gains 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 t·ransfer 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 

characteristic of the actual tape tension actuator 205. 

The reference 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 tensio~ 
,, 

actuator 205, and 245 a low pass filter, which_ is ·a part of 

the compensator for feeding back a comparative~y 

low-frequency component in the controlled region of the 

... ·~~-~!~-·-
··,-c, 

. . . .• ~ .. 
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tension control system to the feed reel motor 233. The 

reference numeral 246 represents the gain of an amplifier· 

for determining the loop gain of a feedback loop with 

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 RL and the torque 

constant KtL' and 249 a transfer function indicating the 

rotational inertia J of the reel motor 233. 

Operation 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. 

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 displ_acernent of 

the tension control arm 21 supported by the _sp'rlng is 

proportional to the tape tension, and beyond the spring 

resonance frequency, the phase of the change in the tension 
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app.lied 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 by 80 degrees at a higher 

frequency. As a countermeasure, in a conventional tension 

control system, the controlled region is limited by the 

phase shif~ .. of the spring 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 th: .. sp_r_ing 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 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 much even if there is a change in 

tension, thereby lowering the detection accuracy. 

In contra~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-dimens~onal observer,ihereinunder 
. 

referred to as "tension estimating device") in the modern 

control theory which electrically simulates the transfer 
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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 

estimating device. 

In Fig. SO, 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 Kt, 

the output b' of the tension estimating device 230 becomes 

the estimated vaiue 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: 
f 1 .. 

M'S s 1 
= 

1 1 M1 S 2 + k' 
1 + • • k' 

M'S S 
That is, the transfer function circuits 239, 240 and 241 

' .. 
simulate the transfer function 237 ·of the tape_ tension 

actuator 205. Therefore, when the output b' of the transfer 

.·: .: ., 
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function circuit 238 is input,·the output d' of transferring 

the 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 difference e between the.actual amount of 

displacement d" detected by the position sensor 214 and the 

estimated value d' of the tension estimating device 230 is 

fed back at gains of f 1 and f 2, 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 -.of a co-dimensional observer in the modern control 

theory. It is ln order to freely determine the convergence 

of the observer that the signals are fed back in the two 

loops at the gains of F1 and F2 to the input 

terminals of the transfer function circuits 239 and 240 
l . ,, .. 

which include the integrator (-- ln a Laplace-conversion) 
s 

in the model of the tape tension actuator 205. A 

co-dimensional observer to which the driving voltage and the 

ilfii1i11R 
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displacement of an object of control are input is generally 

used to estimate the internal speed thereof. If the feed­

back gains f 1, f 2 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 f 1 , 

f 2 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, sine~ the dynamic characteristic 

agrees with the static characteristic, the following rela-

tionship holds: 

d I ·:: d . . . (21) 

The relationship between the poles is the same as in Fig. 30 

for the first embodiment. 

Since the transfer function circuit 236 and the model 

thereof do not include an integrator, the driving force b' 

is represented as follows: 

b' =: h • • • (22) 

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 those of 

the model. Therefore, .the force c' applied to the arm of 
.. .. 

the tape tension actuator 205, which is equivaient to M 

times of the acceleration is represented as follows: 

CI 
0

:0: C • • • ( 23) 
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' 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 . . . (24) 

the following relationship holds from the formulas 21 to 24: 

b' + a = c' ... (25) 

b' - c' = a 

that is, 

a' = a • • • (26) 

This means that a• in the signal path in the observer 

represents a tension, an.d th~t it is possible to detect 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 filter 244 and 

fed back to the tape tension actuator 205 at a gain of £3• 

Simultaneously, the low-frequency component is taken out by 

the low pass filter 245 and fed back to the feed reel motor 

233 at a gain ~f t 4• The reason why the frequency band is 

divided as described above is because the tape tension 

actuator 205, which has a small mechanical time --constant, is 
. ... 

generally suitable for the control in a high-frequency band 

but since the movable range is limited, it is impossible to 

• -· •. _.... .-.·~~ •. -.ii_).~:;::· 
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control 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 f 3 and 

_f4 , for example, the points which are closer to the original 

point than to the pole of the observer (for example, ab9ut 

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 • 

. 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 electromagnetic coil 210, 

the yoke 211, etc. shown in Fig. 43 cannot be mounted on the 

actual tape 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 roller cannot be 
.. 

controlled by an electromagnetic driving device, 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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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 

constantly O. 

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 = O, b 11 = O. 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 £4, thereby enabling a change in the tension of the 

magnetic tape travelling system to be suppressed in a wider 

frequency band than a conventionai tension mechanism. 

When the tension is controlled by the above-described 

methocf" 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 conven~ional 

tension control mechanism, thereby realizing tension 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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shown in Fig. 50. That is, if the gain of the ioop of the 

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 

motor 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-

quired. Although the integrator, ·amplifier:, 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 that shown in Fig. 36 for the first embodiment. It 

is possible to realize the control system having a very few 

hardwares, as shown in Fig. 36. 

As. described above·, according to this embodiment, since 

the tape tension actuator 205 suppresses a tens"'ion change in 

the high-frequency band ~nd the feed reel motor 233 sup­

presses a tension change in the low-frequency band, the 

... -· ....... :.·. 
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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 

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 

system 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 with 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 especi~lly 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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, The co~crete 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 concrete 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 tape (not shown) 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 roiler shaft 259 of the roller 258 is firmly 

fixed to the arm 257 by a screw 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 provided at the other end of the arm 257. The driving 

coil 262 can displace the roller _258 around the ~haft 253 by 

a giv~n ~ngle i~ 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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diode is provided 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 

type 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 rotation of the coil 262. 

Fig. 55 shows the light emitting device 264 and the 

slit plate 265. The laser beams radiated from a light 

emitting element 268 such as a laser diode is converted into 

parallel rays by a collimator lens 269. Tpe 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 rec~iving surface 267a of the one-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 ~ight-hand or ~eft-~and 

direction. 

As the light emitting device, an LED may be used in 

place of the laser diode. 

------ - -- -- --
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Fig. 57 shows another example of an actuator which 

resembles 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 

om~tted. 

In the example shown in Fig. 57, a magnetic element not 

-- an optical element is used as the position sensor. 

A 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 position facing the Hall element 270. The relative 

relationship between the Hall element 270 and the·magnet 271 

displaces with the rotation of the arm 257, whereby the 

position of the roller 258 is electrically detected. 

Fig. 58 shows still another example of an actuator. In 

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. 59, the 
' ... 

permanent magnet 263 is composed of two connected trapezoi-

dal magnets. 
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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 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 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 schematically shows the structure of a digital 

VTR in which a tape tension actuator and a tape drawing 

actuator are provided on the entrance side and on the exit 

side, respectively, of a rotary drum. 

A tape cassette 301 is mounted on the base 300 of a VTR 

deck, and the tape 302 is loaded on a rotary drum 304 

accommodating magnetic heads 303a and 303b. 

il1ili1ii1iiHr 
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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 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 intrqduced to a caps.tan 319 through a slant pin 315, 

fixed tape pass rolier 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 above. 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, and a control 

signal is supplied from the reel motor control~er 327 to the 

feed reel motor 307. 

A tape drawing actuator 328 has a rocking arm 3.30 

supported by a support shaft 329, and the tape pass roller 
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, 

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 308. 

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 
.. 

operations of the digital VTR in the respective states.will 

be explained in the following. 

At the time of normal-speed recording/reproduction, a 

tape travel path 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 ~ovable tape pass roll~r 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. 

Simultaneously, the feed reel motor 307 is so ~ontrolled 

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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is kept at the position at which the tension of .the magnetic 

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 

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 the direction orthogonal to the direction of the rotation 

of the tension roller 312. When the diameter of the magnet­

ic tape 302 wound around 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 as 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 to the reference pos1t10~. 

At the time of fast-forward at w~ich the magnetic tape 

302 is fed from the feed reel 305 to the take-up reel 306 at 

. .·.".; . ········ 
·· .. ·.···· ... 
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a high 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 

predetermined .position detected by the position 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 tFack 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 methods ·are 
' .. 

switched over each other depending upon.the tape feeding 

speed. 
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, 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 

controlled in 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 moving 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 with each other. 

The structure of a VTR deck incorporating tape actua­

tors in accordance with.the present invention will be 

understood from the above explanation. 

In the present invention, 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 direction'· of the height so as to feed the 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 rotary drum for 
.._ 

. ' the purpose of recording or reproducing is requi~ed. 

To meet such demand, the present invention also pro­

vides a magnetic recording and reproducing apparatus 

.· .. 
~-~~=~.:~;~·~::·~~~ .: 
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including a new tape loading mechanism. A pref erred embodi-

ment thereof will be shown in Figs. 66 to 69. 

The main .p~rts of Figs 66 and 67 are the same as 

Fig. 63. The same numerals are provided for the elements 

which are the same as those in Fig. 63, and explanation 

thereof will be omitted. 

Fig. ~6 shows the recording/reproducing state after 

loading the tape, and Fig. 67 shows the state before loading 

the tape in which the cassette is inserted • 

The guide 310 on the entrance side and the guide 321 on 

the exit· side are movable before a.nd after tape . loading 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 31°4 are fixed on one tape loader 340 and integral-

ly moved, thereby enabling the exact positioning of each 

tape guide. 

Similarly, on the exit si~e Qf the rotary drum 304, the 
II. .. 

slant pin 315 and the fixed tape pass rollers 31_6, 318 are 

fixed on one tape loader 341 on the exit side, thereby 



enabling integral tape 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 tape 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 cassette 

301. 

The deck base 300 is ·~lso provided with a catch 344 on 

the entrance side and a catch 345 on the exit side which 

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 drum 304, 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 drum 304, the 

tape loader 341 on the exit side exactly positions the slant 

pin 315 an·d the fixed tape pass rollers 316 and 318. 
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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 

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 exactly 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 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 flanges of the fixed 

tape pass rolle~s 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 assembly. 

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 and lower ends of the magnetic tape 302. 
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As shown in Fig. 68, the lower flange 31la of the fixed tape 

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 actuators 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 loaders are mounted on the upper si.de 

of the deck base, it is sometimes difficult to arrange these 

elements in a narrow space. 

Accordingly, ·1t is preferable to arrange either of the 

actuators and loaders on the upper surf ace 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 in~ention in which either of these elements is 

disposed on _the '·Upper surface and the other on the under 

surface of a VTR deck. 

In Figs. 70 to 74, the same numerals are provided for 

the elements which are the same.as .those in Fig. 63, and 

explanation thereof will be omitted. 

Fig. 70. shows a recording/reproducing state after the 

completion of tape loading and Fig. 71 shows the state 
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before tape loading in which the tape cassette 302 is 

inserted into the deck. 

The structure of the tape actuators in this embodiment 

will 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 

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 provided. This 

embodiment 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 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 integrally rotate 

therewith. On the under surface of the base JOO, a holder 

yoke 359 is fixed. A permanent magnet 360 is fixed on the 

... 



135 
holder yoke 359 and a yoke 360 is provided on the holder 

yoke 359. 

As is clear from the first embodiment, by supplying a 

predetermined current to the driving coil 358, it is possi­

ble to position the tension roller 356 at any given position 

by the electromagnetic a~tion with the permanent magnet 360. 

.. In Fi9. 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 diameter to be easily 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 which 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 d~·awing 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 364 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. 
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The guide groove 363 on the exit side is also us.ed as 

the groove through which the support shaft of a 

later-described tape load.er passes. 

As described above, according to this embodiment, the 

tape actuators 350, 351 are disposed on the under surface of 

the deck base 300. 

On th~. other hand, the tape loaders are disposed on the 

upper surface of the deck base 300. In Fig~ 71, the tape 

loader 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 numeral 365. 

On the tape loader 364, the fixed tape 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 ar~ 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 introduce, 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 the guide groove 363 so as to safely introduce the 

magnetic tape 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 

___ ...;3 
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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 noiseless reproduction, as shown in 

Figs. 73 and 74. 

Similarly, the tape loader 365 on the exit side is 

provided with a relief groove 36Sa to which the movable tape 

pass roller 362 can move. 

As described above, according to this embodiment, the 
- .... 

tension 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 described what is at present 

considered to be preferred embodiments of the invention, it 

will be understood that various modifications may be made 
.~ :.:·. ·. . . 

thereto, and it is intended that the appended claims cover 

all such modifications as fall within the true spiri~ and 

scope of the invention. 

lii1lii1iinr 
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CUIMS 

l. A magnetic reproducing apparatus enabling 

reproduction both in a normal-speed reproducing mode and ln 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 mag~etic tape; 

(c) a tape drawing actuator provided on the exit 

side of said rotary drum including a movable tape pass roller 

which periodically 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 movable tension 

roller which differentially reciprocates with respect to said 

20 movable tape·pass roller. 

2. A magnetic reproducing apparatus according to 

claim l, wherein said tape tension actuator reciprocates 

synchronously.with l/m (mis an integer)·of the rotational 
.·. 11."· 

frequency of said rotary drum at the time 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 

· 111111111111111111111111111111 
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a triangular siqnal which is synchronous with 1/m of the 

rotational frequency of said rotary drum,;" 

4. A magnetic reproducing apparatus 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 

10 and said tape tension actuator on the basis of said tracking 

error signal. 

5. A magnetic reproducing apparatus according to 

claim 4, wherein the high-frequency component of said 

tracking error signal is corrected by said head actuator and 

15 the low-frequency component of said tracking error signal is 

corrected by said tape tension actuator. 

20 

6. A magnetic reproducing 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 accommodating 

a magnetic head; 

(b) a tape tension actuator provid~d on the 
... 

entrance side of said rotary 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 

111111111111111111111111111111 
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(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 

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 so 

controlled as to agree with the reference tension. 

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 roll~is 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 rotary 

drum; 

(d) a pair of fixed tape pass rollers on the exit 

11111111111111 11111 1111111 1111 
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side of said rotary drum for introducing sa-id magnetic tape 

drawn from said rotary drum to a predet~rmined position; 

(e) a take-up reel motor for taking up said 

magnetic tape ·supplied from said fixed tape pa$S rollers on 

5 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 

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 ~aid fixed tape pass rollers on the exit side and 

20 displace said'111ovable tape pass roller; 

(i) a movable tape pass roller position sensor for 

detecting the displacement of said movable tape pass roller; 

(j) a tension servo controller including an 
~ 

~ 

external tension disturbance estimating device, said tension 

25 servo controller inputt-ing a target tension signal and an 

output of said tension roller position sen~or and outputting 

a tension control signal to said tape tension actuator; 

(k) a DTF controller including a tape drawing 

11111111 111111 11111 1111111 1111 
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actuator external disturbance 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 h~ad actuator 

5 and said tape drawing actuator; 

10 

(1) a position control circuit for electrically 

fixing the position of a movable tape pa~s roller on the 
-- .. 
basis of the output of said movable tape pass roller position 

sensor; and 

(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. 

s. 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: 

(a) , 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; 

(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 rotary 

drum; 

(d) a pair of fixed tape pass rollers on the exit 

f f llllll llllll lllll lllll ll llll 
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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 

5 the exit side at a predetermined speed; 

(f) a capstan 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 tensio~ 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 predete.rmined tension to said magnetic tape in 

accordance with the amount of displacement of said tension 

15 

roller; 

(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 rotary drum by stretching said magnetic tape while 

passing said fixed tape pass rollers on the exit side and 

displaces said movable tape pass roller; 

25 

(j) a movable tape pass roller posttion 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 tension roller position sensor and outputting a tension 

11111111111111111111\111111111 
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control signal to said tape tension actuator; 

(1) a hi~h-speed reproduction controller for 

inputting the rotary drum PG signal and the FG signal 

generated from said capstan motor or said take-up reel motor 

5 and supplying 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 

10 sensor; 

(n) a position control circuit for electrically 

fixingthe 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 

15 external disturbance 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 ~ctuator; 

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 tension roller and 
~ 

~ 

said movable tape pass roller. 

9. A magnetic reproducing apparatus according to 

claim 7 or a, wherein each of said tape tension actuator and 

said tape drawing actuator includes: 

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

111111111111111111111111111111 
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composed of a material having 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 coif which is fixed on-sald arm in 

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

permanent magnet; and 

(f) a.yoke disposed in close contact with said 

yoke holder and in proximity to said exciting coil. 

10. ~ magnetic recording and reproducing apparatus 

15 which is capable of controlling the tension of a magnetic 

tape to a predetermined value, said apparatus comprising: 

20 

25 

(a) a rotary head accommodating a magnetic head; 

(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 rot~ry drum for introducing said 

magnetic tape supplied by said feed reel motor to a 

prede~ermined 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 introducing said magnetic tape 

drawn from said rotary drum to a predetermined position; 

11111111111111 11111 1111111 1111 
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(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 

5 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 

10 roller; 

(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 

15 external tension disturbance estimating device, 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; and 

(i) a position control means for fixing said 

20 tension roller on the basis of the output of said tension 

roller position sensor. 

11111111 llllJI 11111 11111 IJ Jiii 
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