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) MOVABLE} HEAD POSITION CONTROLLING DEVICE '
% T ' '
FOR MAGNETIC RECORDING AND REPRODUCING APPARATUSES

%

The present invention relates to a movable head posi~-

“tion controlling device which is used for magnetic recording

and reproducing apparatuses such as a video tape recorder

(hereinunder referred to as "VTR").

In a magnetic recording and reproducing apparatus” such
as a VIR, a movable head -is used. The movable head is a
head which is displaced in accordance with a deflection
sigﬁal which is supplied'frém a driving control device. Ip
a VTR, the movable head is_provided'in such a manner that
the end of the'movablé head projects from the peripheial
surface of a rotary drum. | By driving the movable head in
the state in which a magnetic tape passes over the peripher-
al surface of the rotary drum, the magnetic head is eﬁabled,
for example, to follow a track which is formed on the
magnetic tape.

Fig., 46 shows an exampie of the structure of a movable
head. The movable head is composed of a tongue-like

Piezoelectric bimorph 101 which is bent in accordance with
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the voltage applied thereto and a magnetic head 103 which is
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ilsposed at the free end of the blmorph 101. The magnetic

head 103 is fixed to the bimorph 101 and the other end of
the bimorph 103 is fixed to the inside of a :otafy head (not
shown) . Fig. 46, and later-described Figs. 49 and 50 show
the positions of a bimorph and é maghetic head on a rotary
drum. In these drawings, the circle at the back of the
bimorph and the magnetic head represents the outline of the
" rotary drum,

In Fig. 46, a sensor 102 is a piezoelectric geﬁerator
formed by cutting a part of the bimorph 101.

When a voltage is applied to the -bimorph 101 and the
bimorph 101 is warped in accordance with the voltagé, the
bimorph 101 assumes the state shown in Fig. 47. The angle 8
(deg) shown in Fig. 47 is called the amount of inclination
of the magnetic head 103 and.E is called the displacement of
the magnetic head 103. ) |

Fig., 48 shéﬁs the relationship between the amouht of
inclination 6 (deg) of the magnetic head 103 and the effec-
tiQe length of the bimorph 101. As shown in Fig. 48, as the
effective length of thg bimorﬁh 101 becomes longer, the
amount of inclination of the magnetic head 103 reduces. As
the‘amount of inclination of the magnetic head 103 becomes
smaller, the end surface of the magnetic head comes into
better contact with the magnetic tape which passes over the

peripheral surface of the rotary drum, so that it is
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possible to record or reproduce a high-frequenc} signal with
higher accuracy. Especially, in the case in which it is
necessary to greatly displace the magnetic head i03, that
is, it is necessary to increase ¢ as.at the time of superior
reproduction of a VIR, it is preferable that the amount 6
(deg) of inclination of the magnetic head 112 is small, that
is, the bimorph 101 has a long effective length.

| The structure of a bimorph having a longer effective
| length is shown in Fig. 49. 1In Fig. 49, a bimorph 201 is
comparatively long and it is disposed obliquely relative to
the radius of the rotary head. The effective length (the
projected length in the right and left direction in the
drawing) of the bimorph 201 is therefore longer than that .of
the bimorph 101 shown in Fig. 46.

The structure of a bimorph having an even longer
effective length is shown in Fig. 50. In Fig. 50, an
annular bimorph 501 is adopted. The éffective length (the
projected length in the right and left direction in the
drawing) of the bimorph 301 is therefore longer than that of
the bimérph 201 shown in Fig. 49.

On the other hand, if the effective length of a bimorph
is long, the serial resonance frequency and the parallel
resonance frequency become low. Fig. 51 shows an example-of
the frequency characteristic of a bimorph. 1In a general

frequency characteristic of a bimorph, the phase reverses by

-
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180° when the frequency reaches the primary serial resonance
frequency (the frequency at the lower serial reéonance point
of the tﬁo shown in Fig. 51). For this reason, in a VTR
system in whiqp tracking is carried out by a movable head,
the control frequency band is set at a frequency band lower
than the primary serial resonanée frequency. If the inter-
val between the primary serial resonance frequency and the
secondary serial resonance frequency or the interval between
- the primary serial resonance frequency and the parailel
resonance frequency is long, the control frequency band is
set at a frequency band between the primary serial resonance
frequency and the secondary serial resonance frequency or
between the primary serial resonance frequency and the
parallel resonance frequency by phase advancing control.
Accordingly, when the effective length of a bimorph is long,
| it is difficult to secure a sufficiently wide control
frequency band, thereby making sufficiént tracking diffi-
cult. For example, if a track formed on the magnetic tape
is rolled, it is difficult forlthe magnetic head to follow
fhg rolling.
Such a defect can be ameliorated by reducing the peak
'gain at the serial resonance frequency to a certain extent.
By differentiating the outpﬁt of the sensor, it'is possible
to reduce the peak of the gain at the serial resonance

frequency which is contained in the output.
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It is also possible to use an actuator having the

structure shown in Fig. 52 in order to drive the magnetic
head. The structure of the actuator shown in Fig. 52 will
now be explained and the structures of conventional control
devices will next be explained. '

The actuator shown in Fig. 52 displaces a magnetic head
at a large amplitude without inclining the magnetic head.
Two magnets 401 and 402 are vertically provided in the
" actuator, and a yoke 403 is disposed between the magnets
401, 402. An annular yoke 404 is further provided with a
gap between the annular yoke 404 and the yoke 403. On the
upper side and the lower éide of the yoke 404 are provided
yokes 405 and 406, respectively. These yokes form a magnet-
ic path for the magnetic fluxes produced by the mégnet 401
or 402,

In this actuator, the maénet 401, the yoke 403 and the
magﬁet 402 are disposed.within a bobbin 408 which has an
actuator coil 407 wound therearound. The actuator coil 407
is situated between the yokes 403 and 404, namely, within
the gap. Therefore, when a current flows on the coil 407, a
force is applied to the coil 407 in the vertical direction
in the drawing. The direction in which the bobbin 408 is
moved by this force is regulated by gimbal springs 409 and
410, and the bobbin 408 vertically moves.

T
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Each of the gimbal springs 409, 410 ié composed of a
discal thin metal sheet provided with a plurality of arcuate
slits (not shown). At the'cénters of the gimbal'springs
409, 410, holes.are formed, ahd the bobbin 408 is fitted in
“the holes so as to be fixed on the inner peripheral edges of
the gimbal springs 409, 410. The outer peripheral edges of
the gimbal springs 409, 410 are fixed to the yokes. The
gimbal springs 409, 410 are parallel to each other, _

One 410 of the gimbal springs is integrally forﬁed with
a leaf spring 411. The leaf spring 411 is fixed to the
bobbin 408 and the free ehd thereof is fixed to a magnetic
head 412. Therefore, the actuator shown in Fig; 52 can
displace the magnetic head 412 at a large'amplitﬁde without
inclining the magnetic head 412.

(1) First example of a conventional device

'Eig. 53 shows the structure of a conventional movable
head position controlling device for magnetic recording and
reproducing apparatuses which is described in Japanese
Patent Laid-Open No. Sho. 52-117107. The structure of the
device will now be explained on the assumption that the
actuator shown in Fig. 52 is used and wobbling servo control
is executed. |

In this device, the output of a sensor 502 which is
formed by cutting a part of a bimorph 501 is a signal which

indicates the instantaneous value of the position of a

i



magnetic head 512. The phase of ;zis signal is 90° delayed
with respect to the signal for driving the bimorph 501 (the
output éignal of a driving amplifier 510). A hiéh-impedance
amplifier 503 is an amplifier having a hiéh input -impedance,
and the output of the sensor 502 is ;mplified by the
high-impedance amplifier 503. The sensor 502 is equivalent
+to a series circuit of a capacitor and a voltage source as
viewed from the input terminal of the high-impedance aﬁpli-
fier 503. Since the input impedance is high, the :
high-impedance amplifier 503 does not constitute a load to
- the sensor 502. |

A differentiator 505 is provided via an adder 504 at a
subsequent stage to the high-impedance amplifier 503, and.
the output of the adder 504 is differentiated by the
differentiator 505. Since the output of the high-impedance
amplifier 503 indicates the instantaneous value of the
position'of the.magnetic head 512, the result of the differ-
entiation is a signal which indicates the instantaneous
value of the speed of the magnetic head 512. The frequency
characteristic of the differentiator 505 is a phase advanc-
ing characteristic such as that of a high-pass filter. The
differentiator 505 c#n be utilized for reducing the peak
gain at a serial resonance frequehcy to a certain extent.
That is, it is p&ssible to reduce the peak of the output of

the adder 504 by differentiation.
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To the differentiator 505, a low-pass filter 506, a
phase advancing circuit 507, a variable gain amplifier 508
are connected in series. The cutoff frequency of the
low-pass filtef 506 is set so as to attenuate a signal
produced by the secondary and higher-order resonance fre-
quencies of the bimorph 501 from among the outputs of the
differentiator 505. When a signal passes through the
low-pass filter 506, the phase of the signal delays. The
phase advancing circuit 507 has a function of advancing the
phase of the output of the low-pass filter. The phase
advancing'circuit 507 compensates for the phase delay in the |
viciniﬁy of the serial resonance point of the bimorph 551.
As a result, of the signals output from the phase advancing
circuit 507, the frequency component in the vicinity of the
serial resonance point of the bimorph 551 has a phase of
clear 0°. The_yariable gain_amplifier 508-15 adjustable in
order to correspond to the nohuniformity in the characteris-
tic of the bimorph 501.

The output of the variable gain amplifier 508 is input
to the driving amplifier 510 via an adder 509. The driving
amplifier 510 amplifies the output of the adder 509 and
supplies the amplified output to the bimorph 501 as a
deflection signal. In this way, the bimorph 501 is driven
in accordance with the output of the driving amplifier 510.

The above structure can be said to constitute a feedback
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loop for controlling the driving of the bimorph 501. 1In
other words, by supplying a deflection signal to the bimorph
501, the resonance vibration of the bimorph 501 is sup-

pressed.

»

The adder 504 between the higﬁ4impedance amplifier 503
and the differentiator 503 adds the output of the
high-impedance amplifier 503 and the output of a
potentiometer 511 and supplies the sum to the differentiator
505. The differentiator 505 fetches the output of éhe adder
509. It is in order to suppress the frequency component in
the vicinity of the parallel resonance point of the bimorph
501 (zero aajustment) that the output of the high-impedance
amplifier 503 and the output of a potentiometer 511 are
added. Such suppression is possible because the deflection
signal is supplied to the bimorph 501, so that the phése of
the signal output from the sensor 502 is shifted by 180° at
the parallel resonance point. By utilizing the
potentiometer 511 in this way, the servo system is stable in
the vicinity of the parallel resonance point.

In this structure, however, that is, in the structure
in which the peak gain at the seriai resonance point is
suppréssed by the differentiator 505, since the noise
contained in the deflection signal, which is the.output of

the sensor 502, is also amplified, it is impossible to
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secure a large 1obp gain of the loop for.controlling the
pimorph 501, |

As a result, there is a trade-off relationship b;tween the
good contact between the magnetic head 512 and the magnetic
tape, and the sufficient frequency band and loop gain for
control. In this way, therelis a certain limitation to
damping control. |

Fig. 53 also shows the structure of a wobbling servo
system. The output of the magnetic head 512 is supﬁlied not
only to a video signal processor 513 but also a wobbling
servo system which is composed of a head position controller
514, a frequency compensator 515 and a converter reset
signal generator 516. The output of the wobbling servo
system is supplied to the adder 509.

Wobbling servo control is a control for constantly
maximizing the amplitude of a reproduction signal from the
magnetic head 512. As a tracking control system, a pilot
system and a wobbling system are conventionally adopted. 1In
this conventional device, a wobbling system is adopted.

In a pilot system, a multiplicity of pilot signals for
tracking servo control are recorded on the same recording
track or a-multiplicity of pilot signals which belong to the
gap between the recording signal frequency allocation are
recorded on different tracks so that signals recorded

thereon are different from each other. In this system, the
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jevels of the signals obtained as a crosstalk from the
adjacent tracks are compared at the time of reproduction and
+he direction and the amount of off-track are detected. The
results of detection are used for the control of the posi-
ltion of the magnetic head.

In a wobbling system, the magnetic head is forcibly
vibrated minutely at the time of recording, and the frequen-
cy com?onent of the minute vibratisn which is contained in
the reproducéion envelope signal is synchronously dé&ectad
in accordance with magnetic head vibration commanding
information. As a result of the synchronous detection, the
.direction and the amount of off-track are detected.

To state this more explicitly, in a wobbling system,.
the object of control is an electromagnetically.driven
actuator 518 having a structure in which the magnetic head
512 is driven wheh a current is supplied to the actuator
517, as shown in Figq. 54. The wobbling servo system in-
cludes a head amplifier 519 for amplifying the output of the
maghetic head 512, a wobbling servo circuit 520 for execut-
ing wobbling servo control in accordance with the signal
which is amplified by the head amplifier 519, and a driver
521 for supplying a current to an actuator coil 517 in
accordance with the output of the wobbling servo circuit

520. In the circuit shown in Fig. 53, the function of the
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wobbling servo circuit 520 is chiefiy assigned to the
grequency compensator 515.

In the circuit shown in Fig. 53, the outputvof the
magﬁetic head 512 is first processed by the head position
controllér 514. The head position controller 514 generates
a tracking correction signal from the output of the magnetic
head 512. The frequency compensator 515 compensates the
frequency in accordance with the output of the head position
controller 514 and the output of the converter resef signal
generator 516, The converter reset signal generator 516
outpufs a signal for moving (resetting) the magnetic head
512 to the tracking starting position. The adder 509 adds
the output of the variable gain amplifier 508 and the output
of the frequency compensator 515, and supplies the sum to
the driving amplifier 510 and the potentiqmeter 511.

In this way, in this:conventiohal device, good tracking
is possible thle maintaining a good contact between the
magnetic héad and the magnetic tape. This is because the
wobbling servo system is adopted.

The conventional device having the abovefdescribed
structure, however, suffers from problems such as the
limitation in the control frequency band and the oscillation
of the tracking servo system as follows.

When the magnetic head is driven by the actuator having

the structure shown in Fig. 52, the phase reversal is caused
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due to the.mechanical resonance of the gimbal springs and
the leaf spring. The frequency characterisﬁic oflthis
actuator is such as that shown.in Fig. 55, and the phase is
reversed by 180° at a frequency above the primary serial
resonance frequency. Therefore, the cohtrol frequency band
must be set at a frequency band sufficiently lower than the
primary serial resonance frequency. If the control frequen-
cy band is raised beyond this limitation, the phase pargin
of the servo system is deteriorated_due to the phase rever-
sal caused by the mechanical resonance and the gain margin
is also deteriorated due to the peak géin produced by the
mechanical resonance. As a result, the tracking system is
oscillated.

Such problems méy be solved by raising the mechanical
resonahce frequency. 1In this case, however, the thickness
of the gimbal is increased, so that it is necessary to
increase the force constant of the actuator, which inconve-
niently leads to the increase in the dimension of the
actuator.
~ (2) Second example of a conventional device

Head structure

Fig. 56 is a sectional view of the main part of a
conventional magnetic recording and reproducing apparatus

and Fig. 57 shows the same apparatus with a seat removed
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¢herefrom, as viewed in the direction indicated by the
arrows A - A in Fig. 56.

In these drawings, the reference numeral 60& represents
a fixed drum, 602 a bearing attached to the fixed drum 601,
603 a rotary shaft which is rotatably supported by-the
' pearing 602, 604 a seat fitted over one end of the rotary
shaft 603 and 605 a rotary drum attached to the seat 604-by
a screw 606. The reference numeral 607 represents an
actuator attached to the rotary drum 605 by a screw:608, 609
a lower transformer attached td the fixed drum 601, 610 an
upper - transformer attached to the seat 604, 611 a distribu-
tion board, 612 a contact which does not rotate and which
supplies a control current to the actuator 607, 613 rotary
electrode which is provided at a part of the seat 604 in
such a manner as to come into sliding contact with the
contact 612, and 614 and 615 connecting portions. The
rotary electrode 613 is electrically connected to the
éctuator 607 through the connecting portions 614, 615 and
the distribution board 611. The reference numeral 616
represents a magnetic héad (hereinunder referred to as
"movable head") attached to the actuator 607.. The movable
head 616 is electrically conhected to an actuator controller
through a connecting portion 617, the distribution board 612
and the connecting portion 615. The reference numeral 618

denotes a recessed portion provided at a part of the rotary

I —
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drum 605 for receiving the actuator 607. The recessed
portion 618 is made larger than the actuator 607 so as to
'allow the position control of the movable head 6&6. A
plurality of holes 619 used for the position control of the
movable head 616 are provided in the recessed portion'sls.
rThe reference numeral 620 represents a magnetic tape which
passes over the outer peripheral surface of the rotary drum
605 and comes into sliding contact.with the movable head 606
) during travelling. :

Fig. 58 is a plan view of the actuator 607, Fig. 59
shows the same actuator 607, as viewed in the direction
indicated by the arrows B - B in Fig; 58, and Fig. 60 is a
sectional side elevational view thereof, as viewed in the-
direction indicated by the arrows C - C in Fig. 58. The
reference nuﬁeral 621 represents a first yoke cbmposed of a
magnetic.materigl and 622 a first permanent magnet which is
columnar and fixed to the first yoke 621. A second yoke 623
composed of a magnetic material and providéd with a convex
portion 623b at a part of the inner periphery thereof is
attached to the first yoke 621. A third yoke 624 composed
of a magnetic material is attached to the second yoke 623.
The reference numeral 625 represents a second permanent
magnet which is columnar and fixed to the third yoke 624

with the same magnetic pole opposed to each.other, and 626 a

Pole piece composed of a magnetic material and fixed to
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either the second permanent magnet 625 or the first perma-
nent magnet 622 at an intermediate position therebetween. A
jeaf spring 627 is composed of a thin nonmagnetie material.
The peripheral.edge of the leaf spring 627 is clamped
between the first yoke 621 and the eecond'yoke-GZB; and the
extending portion 627a thereof projects outward through
windows 62la, 623a provided on the first yoke 621 and the
second yoke 623, respectively. The movable heed 61§ is
 attached to the end of the extending portion 627a. A leaf
spring 628 composed of a thin nonmagnetic material is
clamped between the second yoke 623 and the third yoke 624.
" Fixing members 629 are held by the leaf springs 627 and 628.
A bobbin 630 is fixed to the fixing members 629 by an
adhesive 632 with a gap between the inner periphery of the
bobbin 630 and the outer peripheries of the first permanent
magnet 622, the second permanent magnet 625 and the pole
piece 626. - The reference numeral 631 denotes a coil com-
posed of an electric wire coated with a coating material and
wound around the bobbin 630. The bobbin 631 is accommodated
in the annular gap G formed by the convex portion of the
second yoke 623.

Fig. 61 shows the magnetic head mounted on the rotary
drum 605 in the case of being used for a magnetic tape unit
in accordance with the present VHS format. The movable head

616 is used as a pair of magnetic heads exclusively for
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guperior reproduction mode (mode for fast forwarding or
slowly reproducing the recorded video information). The
reference numeral 635 represents a péir of EP heads for a
ijong-time mode for recording video information on a narrow
track on the video tape for a long time, 636 a pair of SP
head for rec0rding and reproducing normal video information
on and from a wide track, 637 a pair of audio heads for
recording and reproducing audio information, and 638 a pair
of FE heads for erasing the recorded information for éach
track at the time of recording new information thereon.

Control system

Fig. 62 is a block diagram of a conventional control
system and Fig. 63 is a perspective view of the magnetic
field generator of the conventional device. In these
drawings, the reference numeral 640 represents an AC magnet-
ic field gengra?or for supplying two magnetic fields Beqs
Beo having different frequencies from each other to the
movable head 616. The AC magnetic field generator 640 is
disposed at a position along the peripheral surfaces of the
rotary drum 605 and the fixed drum 601 on the opposite side
to the magnetic tape 620, and the.position is controllable.
The AC magnetic field generator 640 is provided with acC
magnetic'field generating coils 645, 645a arranged in the

axial direction of the rotary drum 605 so as to generate the

magnetic fields Bfl' Beo having different frequencies fl' fz
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from each other. The referencejﬁimeral 642 denotes a band-
pass filter for passing the frequency component f1
therethrough and 643 a band-pass filter for passing the
freQuency cpmponenﬁ f2 therethrough.
(3) Third example of a conventional device

Fig. 64 is a circuit diagram of a third example of a
conventional device. The reference numeral 746 represents a
driver for supplying a current to a coil 745, 747 an oscil-
lator for generating an AC voltage, 748 and 749 rotary
transformers for transmitting and receiving a.signal to-and
- from a magnetic head in_é rotary drum 705, and 750 and- 751
recording/reproduction signal amplifiers for amplifying
signals from an audio head and a video head and supplying a
recording current. The reférence numeral 752 denotes a
band-pass filter for only passing therethrough a signal
which is electromagnetically induced by the oscillating coil
745 and reproduced by an audio head 737 fixed in the rotary
drum 705, and 753 a band-pass filter for only passing
therethrough a signal which is electromagnetically induced
by the oscillating coil 745 and reproduced by a movable head
716. A sample hold circuit 755 holds the output which is
reproduced by the movable head 715 at every other rotation
of the rotary drum 705, electromagnetically induced by the
oscillating coil 745 and amplified. - A differential ampli-

fier obtains the difference between the signals of the
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sample hold circuits 754 and 755 and has the characteristic
shown in Fig. 756. The reference ﬁumeral 757 denotes a
servo compensator composed of a low-pass filter Br the like
go as to secure the stability in a position fixing control
joop, and 758 a driver for supplying'a driving current to an
actuator 707.

Fig. 66 is a sectional view of the AC magnetic field
generating coil 745. The reference numeral 745c .represents
a magnetic core for concentrating magnetic fluxes generated
by the coil 745, 745U a coil for generating AC magnetic
fluxes from the AC current flowing thereon, 745L a coil for
generating AC magnetic fluxes in the reverse direction to
that generated by the coil 745U, 745b a coil holder for
accommodating the coils 745U, 745L, and 759 a fixing member
for fixing the AC magnetic field generating coil 745,

Fig., 67 shows the directions of the magnetic fluxes generat-
ed by the AC maénetic field generating coil 745.
(4) Fourth example a conventional device

Fig. 68 is a circuit diagram of a fourth example of a
conventional device and Fig. 69 is an enlarged view of the
part A in Fig. 68. Two AC magnetic field generating coils
845, 845a, which are so designed as to be insusceptible to
the influence of each head such as nonuniformity in the
sensitivity, are disposed in the peripheral direction of a

rotary drum 805. The reference numeral 850 denotes a first
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divider for obtaining the ratio of the amplitudes of the
outputs of the two AC magnetic field generating coils 845,
g45a which are reproduced by a fixed head, and 8%0 a second
aivider for obtaining the ratio of the amplitudes of the
outpﬁts_of the two AC magnetic field generating coils 845,
g45a which are reproduced by a movable head 816.

(5) Control of the height of a magﬁetic head by an actuator

The operation of the actuator 607 in the éecond_example
of a conventional device will be explained with reference to
Figs. 56 to 63.

The first permanent magnet 622 generates magnetic
fluxes D by the closed magnetic path formed by the pole
piece 626, the second yoke 623 and the first yoke 621,

Similarly, the second permanent magnet 625 generates
magnetic fluxes E in the direction opposite to that of the
.magnetic fluxes D by the closed magnetic path formed by the
pole piece 626,.the second yoke 623 and the third yoke 624.°

Both the magnetic fluxes D and the magnetic fluxes E
generated in this way intersect the annular gap G in the
same direction, and the total magnetic fluxes generated by
the first permanent magnet 622 and the second permanent
magnet 625 cross the coil 631.

In this state, when a current is caused to flow on the
Coil 631 from the contact 612 through the electrode 613 and

the connecting portions 615, 614, the bobbin 630 and the
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novable head 616 are integrally moved in the vertical and

ax131 direction.

consequently, the movable head 616 is displaced in the
girection of the 'width of the magnetic tape 620 and traces
the recorded track with high aécuracy. '

Fig. 70 shows the hysteresis characteristic between the
driving current for the magnetic head actuator 607 and the
amount of displacement of the movable head 616, and Fig. 71
shows the recording tracking pattern on the magnetic tape 20
at the time of recording signals by using the magnetic head
actuator 607 having the hysteresis characteristic shown in
Fig. 70.

As is clear from Figs. 70 and 71, in the case in which
the magnetic head actuator 607 is controlled only at the
initial stage, the reference position of the magnetic head
616 varies due to the hysteresis characteristic shown in
Fig. 70, 56 that the recorded tracks overlaps by .

The movable head 616 detects the magnetic fields Beye
sz generated by the AC magnetic field generating coils 645,
645a, respectively, every time the movable head 616 passes
the vicinity of the AC magnetic field generator 640, and
outputs the detection signal which is proportional to the
intensity of the magnetic field. The band-pass filter 642

transmits the signal component S having a frequency of f1
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and the band-pass filter 643 transmits the signal component
T having a frequéncy of f2

The levels of these two signal components S: T vary
when the movable head 616 is moved in the axial direction of
the rotary drum 635, in other words, Qith a change in the
height of the movable head 616, as shown in Fig. 72. If it
is assumed that the height of the movable head 616 at which
the two signal components S, T are at the same level is
ﬁagnetic and the level of the signal components at that time
is 2, a subtracter 644 obtains the difference between the
signal components S and T, feeds back the differenée signal
to the actuator 607 and moves the movable head 616 in the
direction in which the difference becomes zero. 1In other-
words, the movable head 616 is moved so that the levels of
the signal components S and T are the same, that is, the
height of the movable head 616 is magnetic in Fig. 72.
Since it is possible to vary the intersection £ of the
signal components S, T and vary the height magnetic of the
movable head 616 by varying the positions or the like of the
ac magnetié field generating coils 645, 645a, it is possible
'to freely determine the reference position of the movable
head 616. |

Aithough the control of one movable head is explained
in the second example, it is possible to cancel the differ-

eénce in head level between channels at the time of recording
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py an apparatus pfovided with a pPlurality of movable heads
by controlling each movable.head in the same way.
| As shown in Fig. 73, the AC magnetic fluxes having a
frequency of £,  generated by the two coils 645U, 645L of the
Ac magnetic field gene:ating coil 645'repe1 each other at
the position at which the coils 645U and 645 L are opposed
to each other, and a region in which £he flux density is
high and a region in which the flux density is low are
formed in the vertical direction.

The AC magnetic flux is reproduced by a reproduction
signal amplifier 650 or 651 through a rotary transformer 648
or 649 when the movable head 616 or the audio head 637
passes the AC maénetic field. At this time, the oscillation
frequency £, of the oscillator 647 is set at a frequency
higher than the attenuation—frequency limit of the rotary
transformers 648, 649 defined by the frequency characteris-
tic on the low f}equency siée and lower than the frequency -
at which the driving current becomes difficult to supply due
to the inductance of the AC magnetic field'generating coil
645. The attenuation-frequency limit of the rotary trans-
formers 648, 649 is generally several 10 KHz ﬁo 100 KHz.

For example, if the number of turns of the coils 645U, 645L
is several hundred and the frequency at which attenuation
start is 1 MHz, the oscillétion frequency f1 is determined

set as, for example, 100 KHz < £, < 1 MHz.

[
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The operation of the second example of a éonventional
gevice will be explained with reference to Figs. 64 to 67.
In Fig. 64 and 66, whén the magnetic head 716 or the
audio head 737 basses the vicinity of the AC magnetic field

generating coil 745, the amplitude of the reproduction

signal having a frequency of f, and output from the repro-

duction signal amplifier 750 or 751 is increased by moving
the movable head 716 upward (away from the deck base) and
reduced by moving the movable head 716 downward in the case
in which the intermediate position between the two coils
745U and 745L is higher than height of the audio head 737 or
thé fixed height of the moQable head 716 at the neutral
position. If the intermediate position between the two
coils 745U and 745L are lower ﬁhan the height of the audio
head 737 or the fixed height of the movable head 716 at the
neutral position, the direction of attenuation of the
.reproduction signal is reversed. It is now assumed that the
detection sensitivity for the signal output from the repro-
duction signal amplifier 750 as the reproduction signal from
the fixed head (audio head) 737 is equal to the detection
sensitivity for the signal output from the reproduction

- 8ignal amplifier 751 as the reproduction signal from the
movable head 716 or they are adjusted to be equal by the
gain adjustment of the reproduction signal amplifier 750 or

751. The outputs of the reoroduction sional amnlifiarg 780,
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451 are passed through the band-pass filters 752, 753,
respectively, which transmit only the frequency.f1 and
gnnecessary noise is removéd therefrom. These two outputs
are supplied to thg sgmple hold circuits 754 and 755 for
sample holding or peak holding so as £o obtain the maximum
jevels thereof and thereafter the difference in level is
taken out by the differential amplifier 756 so as to obtain
" the difference in height between the movable head 716 and
the fixed head 737 as a function of a voltage. The differ-
ence obtained is- passed through the phase compensator 757
suﬁh as a low-pass filter in thé control system, and the
control loop is closed in the direction in which the differ-
ence in head level is cancelled. Thus, the movable head 716
‘and the fixed head 737 are held such that there is no
difference in head level at the time of recording, either.

'Similarly, in the case in which two movable heads 716
are mounted on the rotary drum 705 at the diametrically
opposite positions, it is possible to cancel the difference
in the head level between channels by providing the
above-described head height fixing control system in each
actuator,. |

In this case, the servo band of the position fixing
control loop need not bé very wide because the position
fixing control system only corrects the difference in height

between the movable head 716 and the fixed head 737 or
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difference in height between two movable heads 716. .Since
the difference in height or level of head is detected at
gvery other rotation of the rotary drum 705, if ihe rotary
drum.750 fotatés at a rate of 1,800 rpm, the.time corre-
sponding to 30 Hz is wasted by sampiiﬁg. Therefore, unless
the control frequency band is set at not more than several
gz, the control system oscillates. For this reason, the
compensator 757 determines the time constant and the-gain so
that the control frequency band becomes several Hz and the
phase gain is not lese than 60 degq.

Returning.to the second example, it goes without saying
that in the head level control system, while fhe'movable_
head 616 is passing over the magnetic tape along the periph-
eral surfaces of the drums 601, 605, the record-
ing/reproduction signal amplifier functions as a recording
signal amplifier; and while the movable head 610 moved in
the vicinity of fhe AC magﬁetic field generating coil 645 on
the opposite side of the drums 601, 605 with respect to the
magnetic tape 620, the recording/reproduction signal ampli-
fier functions as a reproduction signal amplifier.

The head level control system has the above-described
structure. ' In the conventional device shown in Fig. 64, the
detection sensitivities of the heads 716, 737 and the
Teproduction signal amplifiers 750, 751 must be equal to

€ach other or adjusted to be equal. Actually, however, it

I
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is often difficult to equally adjust the sensitivities due
to the difference in the number of turns between the fixed
head 737 and the movable head 716, the differencé in magnet-
jc permeability’ between the head cores, the nonuniférmity in
the gains of amplifiers 750,'751 and the difference in the
temperature characteristics.:
As a countermeasure, in an conventional dev1ce shown in
Fig. 68, two AC magnetlc field generating coils 845 and 845a
having different oscillation frequenqles fl and f2 are
providéd and one AC magnetic field generating coil 845 is
fixed such that the intermediate height between the two
coils is higher than the height of a fixed head 837 and the
intermediate height between the two coils of the other AC-
magnetic field generating coil is lower than the height of
the fixed head 837. At this time, if the height of a
movable head 816.is so controlled that the amplitude ratio
of the output having a frequency of f1 which is electromag-’
netically induced by the oscillating coil 845 and reproduced
by the fixed head 837 and the output having a frequency of
f2 which is electromagnetically induced by the oscillating
coil 845a and reproduced by the fixed head 837 is equal to
the amplitude ratio of the outputé of the movable heads 816,
it is possible to cancel the difference in height between
the movable head 816 and the fixed head 837 irrespective of
the difference in the number of turns between heads, the
[
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difference in magnetic permeability between the head cofes,
the nonuniformity in the gains of amplifiers and the differ-
ence in the temperature characteristics so long ;s the -
frequency charactéristics of the fixed head sfstem and the
movabie.head system are not greatly deviated from the
grequency characteristic of each of the heads and reproduc-
tion signal amplifiers at the frequehcies f1 and fz_ The
output reproduced by the movable head 816 is input to

. pand-pass filters 853, 853a for transmitting only the

frequencies fl and fz, respectively, and the amplitudes of
the reproduced signals are input to a divider 860 through
sample hold circuits (or peak hold circuits) 855, 855a and
téken out as a division signal. Similarly, the output
reproduced by the fixed head 337 is input to band-pass
filters 852, 852a for transmitting only the frequencies f1

- and fz, respectiﬁely, and the amplitudes of the réproduced
signals are input to a divider 859 through sample hold
circuits 854, 854a and taken out as a division signal. The
difference between these division sigﬁals is obtained by a
differential amplifier 856, whereby it is possible to detect
the direction and the amount of deviation of the height of
the movable head 816 from Ehe height.of the fixed head 837.
For example, if the top of the movable head 816 is situated
at a position higher than the top of the fixed head 837 (the

movable head 816 deviates from the fixed head 837 in the
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direction which is away from the deck base), in the repro-
guction signal of the movable head 816, the amplitude of the
frequency component fl is larger than that of thé frequency
component £, as- compared with the reproductioﬁ signal of the
gixed head 837. Conseqﬁenfly, the ou£put signal of the
gifferential amplifier 856 is negative, so that the movable
pead 816 is movéd down to the position at which there.is no
difference in head level. u

In the above-described manner, accurate head level
control is executed even if there is nonuniformity in
gsensitivity between the heads 816, 837 or the head amplifi-
ers 850, 851. The conventional device shown in Fig. 68,
however, requires the highly accurate dividers 859, 860,
which may lead to rise in cost.

(6) Fifth example of a conventional device

Fig. 74 is a circuit diagram of a fifth example of a
conventional device, which does not use a divider. The
reference numeral 961 represents a switching circuit, 962 a
a timing controller for controlling the holding timings of
sample hold circuit 955, 955a.

In the fifth example, theée output of a fixed head 937
which is aﬁplified by a reproduction signal amplifier 950
and further the outputs of band-pass filters 952, 952a for
transmitting only the frequencies £, £, are so controlled

that the amplitudes of the output signals having frequencies
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of £ (= 150 KHz) and £, (= 200 KHz), respectively, are
eq“al by adjusting the positions at which AC magnetic field
generéting cqils‘945, 945a are provided and the ariving
goltages. of the drivers 946, 946a by adjusting terminéls
while observing the output level of the reproduction signal.
By'controlling the height of a movable head 916 so that the
amplitudes of the reproduction signal components having
frequencies of f1, f, are equal in this way, it is pogéible
to eiiminate the difference in level between the movable
head 917 and the fixed head 937 without using a divider.

. In this example in which the twb movable heads 916 are
mounted on a rotary drum at diametrically opposite posi- .
tions, the control of these heads is executed by distribut-
ing a reproduction signal of each channels to four sample
hold circuits 955, 955a by the analog switching circuit 961
wvhich is provided at the subsequent stage to band-pass
filters 953, 953a. In this case, two differential amplifi-
ers 956, 956a, two compensators 957, 957a and two drivers
958, 958a are necessary at the subsequent stages. Such
correspondence to multi~channels are also applicable to the
conventional devices shown in Figs. 64 and 68. The control
frequency Sand is set in the conventional device shown in
Fig, 74 in quiﬁe the same way as in the conventional devices

shown in Figs. 64 and 68, and the gain and the phase is
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enerally picks up a magnetic flux in the direction to which
¢he circumference of the rotary drum is connected, if the AC
magnetic field generating coils have the configufations
shOWﬁ in Fig.;66, the outéuts are taken oﬁt in reprodﬁction
envelopes.such as those shown in Figs; 75 to 77. In the
case of the structure shown in Fig. 74, since the reproduc-
tion signal of the fixed head 937 is adjusted_so that f1 and
£, are equal, the output signal takes the form shown in Fig.
75, Even if the sensitivity between the head and the head
amplifier is deviated from that of the movable head system,
when the levels of the frequency components fl and fz
pecomes equal after the control of the movable head 916, as
shown in Fig. 77, the difference in head level is cancelled.
(7) Sixth example of a conventional device

Fig. 78 is a circuit diagram of a sixth eﬁample of a
conventional deﬁi&é. This;examﬁle has a structure similar
to that which is.generally used by a minute displacement
gauge. An AC magnetic field generating coil 1045 is ais-
poséd such that the intermediate height of the two coils
thereof is the same as the height of a movable head 1016.
When the movable head 1016 is deviated in the vertical
direction, the.difédtion-and the amount of deviation of head
level is detected by deteétiﬁg fhe deviation of the ampli-
tude and the phése shift by.aﬁéynchronbus detector 1063, as

shown - in Fig. 79. 1In this case, the processing after sample
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holding the synchronous detection signals is the same as in
the conventional devices shown in Figs. 64, 68 and 74. In
¢his way. if it.is possible to control the diffe}ence in -
jevel between fhe movable head 1016 and the fixed head 1037
go as to be constantly cancelled at the time of reéording,
it is unnecessary to attach a fixed head exclusively for
recording to a rotary drum 1005,‘and recording, reproduction
and superior reproduction of a video signal, for ex;mple,
can be assigned to the movable head 1016 mounted on an
actuator 1007, 1In addition, since it is possible to adjust
the level of the movable head 1016 to the level of the fixed
head 1057, it is possible to mount a Hi-Fi audio head 1037
for a VHS format and an erase head 1038 for recordiné new
information on the recorded track on the rotary drum 1005
and to1mount an EP head 1035 and an SP head 1036 on the
actuator, as shown in Fig. 80. It is thus possible to
greatly simplify the arrangement of heads in comparison with
the arrangement shown in Fig. 61.

In the e#ample shown in Fig. Bi, the amplitudes of.the
reproduction signals having frequéngies of f1 and fz,
respectivély, which are output from the fixed head 1037,'are
adjusted_tdlbe equal by adjusting the mountihg position of
ﬁhe AC magnetic field-generating-éoils 1045 ﬁnd the driving
§Oltage levels. 'Howéver, it is sometimes impossible to make

those amplitude equal merely by_adjusting the mounting
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Fosition of the AC magnetic field generating coils 1045 or
¢he driving voltage levels, or the initial adjustment solely
is sometimes insufficient for practical use due éo tempera-~
ture characteri%tics,.change'with time, etc.
(8) Seventh example of a conventional devicg

Fig. 81 is a circuit diagram of a seventh example of a
conventional device. 1In this example, an AC magnetic field
control system is provided so as to electrically adjhst the
amplitudes of the reproduction signals of a fixed head 1137
to be equal when they cannot be made equal by the adjustment
of the mounting position of an AC magnetic field generating
coil 1145, The reference numeral 1165, 1165a'represent
variable gain control amplifiers for controlling the level -
of the AC magnetic fields generated by coils 1145 and 1145a.

In this example, the amplifudes of the_qutput sigqals
kaving frequéncies of f1 and fz,'respectively, which are
cutput from a fixed head 1137 and'passed through band-pass
Zilters 1152, 1152a, are adjusted to be constant by input-
ting the outputs of sample hold circuits 1154, 1153a to the
¢ain control input terminals of the variable gain control
amplifiers 1165, 1165a, respectively. In this way, the
‘amplitude is so controlled as:to be constant (in this case,
the reproducti@n outputs.of'the:fiﬁed head 1137 having
frequencies £, f, are so controlled as to have equal

&mplitudes) irrespective of variation of the mechanical

-
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osition control of the AC magnetic field generating coils

1145, 1145a, temperature characteristics, change with time,

L

etC-

(9) Eight exampLe of a conventional dev1ce

Fig. 82 1s a circuit diagram of an eighth example of a
conventional device. This device has the same structure as
the device shown in Fig. 81 except that the control of the
magnetic field level is executed by adjusting only one AC
magnetic field generating coil 1245a. The reference nhmeral
1266 repfeéents a differential amplifier.

In this example, the signal components having frequen-
cies of f1 and f2 are extracted from the reproduction output
of a fixed head 1237 by band-pass filters 1251, 1252a,
respectively, and supplied to sample hold circuits 1254,
1254a, respectively. The differential émplifier 1266
obtains tﬁe differencé befween the'Valueé output from the
sample hold circﬁits 1254, 1254a and supplies the driving
voltage level of the AC magnetic field generating coil 1245a
to the va;iable gain control amplifier 1265. In this ﬁay,
the reproductioh output level from the other AC magnetic
fielad generating coil 1245 and the reproductibn output level
from the AC magnetic field'generating coil 1245a are adjust-
ed to.be equal. 'This example produces a similar effect to

that of the example shown in Fig. 81."
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By adding the AC magnetic field control system for
controllihg the AC magnetic field generating coils 1245,
1245a, it is possible to maintain the accuracy of the
povable head position control system shown in Fig. 74 even
;f there is a fluctuation in adjustmeﬁt of the mounting
Position of the AC magnetic field generating coils 945,
945a, temperature characteristics, change with time or the
like. _

Although the devices shown in Figs. 64 to 82 hav;
analog circuit structures, it goes without saying that the
output of a reproduction signal amplifier or a band-pass
filter may be subjected to analog-digital conversion, and
after processings such as subtraction, sample holding and.
ccapensation filtering by a digital circuit or a software in
a microcomputer, the processed output may be subjected to
digital-aﬁalog conversion so aé to drive an aétuator.

(19) AC magnetic field generating-means

The structure of an AC magnetic field generating coil
will now be explained in detail.

In order to rapidly change the flux density depending
uron locations, it is first necessary. to concéntrate magnet-
ic fluxes."For example, there is a method of concentrating
magnetic fluxes by applying a current to coils whlch are .
orposed to each other,.as shown in Fig. 67, so as to cause

the coils to repel each other.
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As shown in Fig. 73, magnetic fluxes are concentrated
on the region between the coils. As magnetic fluxes are
apart from the core, they rapidly diverge and thé flux
gensity becomes low. 1In this way, this method is favorable
because flux density ?s different in locations. The change
jn flux density here does not refer to a change in number of
magnetic fluxes at a certain position but a change in the
flux density in the direction in which a movable‘:head canl
detect magnetic fluxes with respect to the axial direétion
of the rotary drum, as desc;ibed above. It is therefore
necessary to investigate the direction of magnetic fluxed
generated by an AC magnetic field generating coil. Fig. 83"
schematically shows the coordinate plane for examining the
magnetic field distribution of an AC magnetic field generat-
ing coil 1345. The reference numerals 13450, 1345L denote
coils, 1345c a magnetic coré.composed of a soft magnetic
material such a; soft ifon, and 1346 an AC power source for
arplying a current to the two coils 1345U, 1345L. The plane
A is a plane which has the center axis L of the magnetic
~core 1345c as the normal line and which intersects the
center of the space between the two coils 1345U, 1345L, The
blane B 'is ‘a plané parallel to the plane A and distant
therefrom by d, and the plane C is a plane parallel to the
Plane A and the plane B and distant from the plane B by d

and from the plane A by 2d. ‘ The curved surface D is a part
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of the peripheral surface of a cylinder which has the center

sxis in the same direction as the center axis L of the

’

pagnetic core 1345c and which has a radius of R. It is
assumed that the Eurved surface D r.ep?:ese_nts a peripheral
gurface of a rotary drum and that the lines where the curved
gurface D intersect the planes A, B and C represent the loci
of the movable head.

aAlthough an AC current is actually applied to the coils
13450, 1345L, it is assumed here to apply a DC current ’
thereto for the convenience of explaining the principle.
Figs. 84 to 86 schematically show the vectors of magnetic
flux on each plane when a DC current is applied th the coils
13450, 1345L so as to cause the poles to repel each other.
In each drawing, the circle represents the cross section of
fhe magnetic core, and the curve X - X' a line where each

plane intersects the curved surface D.

Referring first to the plane A, in the region close to-

the magnetic core 1345c, the vector of magnetic flux on the

plane A is large, and as magne_tic fluxes are apart from the
core, they take a roundabout pé.th, so that the vector of
magnetic flux on the plane A is rapidly reduéed. |

On the plane B w.l.n.ich is distant from the plane A by 4,
since magnetic fluxes take a roundabout path, the vector of
magnétic 'flux on the plane B is at its maximum in a region

Which is apart from the core 1345c to a certain extent.
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this phenomenon is the same with the plane C, but since
magnetic fluxes take a roundabout path and the vector of
netic flux gradualiy approaches zero, the absélute value

mag
of the vector is smaller than that on the plane B.

As described above, the éurve X - X' on each plane
represents the locus of the movable head, and the direction
in which magnetic fluxes can be detected by the movable head
is represented by the line_connecting the points on the
curve X ~ X'. In Fig. 87, the magnetic fluxes in.Figs, 84
to 86 are converted into AC magnetic fluxes and the curved
surface D is developed into a flat plane. Each group of the
arrcws represents the vector of magnetic flux on the plane D
on each line where the plane D intersects the corresponding
plane.l Since the magnetic fluxes are AC magnetic fluxes,
the vector is repreéented by pairs of arrows pointing the
, opbosité directions.

Figs. 88 to 90 show the waveforms output by fhe induced
electromotive force of the movable head which has passed the
lines where the planes A, B and C, respectively, intersect
the curved surface D on the assumption that the magnetic i
flux distribution is as shown in Fig. 87. As is obvious
frqm the output wavéforms, the peak level is different in
Planes, 1In this example, the peak level on the plane B is
the highest. .In other words, the ?eak level is alnonlinear

function which depénds upon the amount of displacement of
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¢he movable head in the axial direction of the rotary drum.
it is therefore possible to know the absolute position of

£he movable head by detecting the peak level of the output

-

In_order'to control the positioﬂ by the movable head as '
a position sensor, the AC magnetic field generating coil
1345 is disposed such that the movable head is fixed in a
region in which the variation of the peak level of the
output waveform is large, i.e,-the region between the plahe
a and the plane B or the region between the plane B and the
plane C in Fig. 87.

The above-exélained magnetic field distribution is
obtained in the case in which the AC magnetic field generat-
ing coil 1345 is driveﬁ by a specific AC voltage. The
magnetic field distribution is a function which also depends
upon a voltage amplitude. Therefore, by.cohfrolliné the
voltage so as té maximize the variation of the peak level of
the output waveform with respect to the height of the head,
the position of the movable head can be controlled. ’

The AC magneﬁic field generating coil 1345-provided in
‘a drum deck in this way may exert a deleterioﬁs influence
such as generating ﬁoise in the linear audio head and
erasing information on the magnetic tépe, A method of
shielding magnetism by covéring a paft_of é magnetic field

Senerating element with a soft magnetic matgrial-13455, as

14
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ghown in Fig. 91 is knowe. Fig. 92 shows the soft magnetic
mate;:j_al, as viewed in the direction indicated by the arrows
y - Y. shown in Fig. 91. The above-descrii:ed clieleterious
1n61uence is prevented in this way.

The AC magnetic field generat:.ng coil 1345 in thJ.s
example has the structure shown in Fig. 83 so as to concen-
trate magnetic fluxes. Alternatively, it may have a struc-
ture such as those shown in Figs. 93 and 94 although the
sensitivity of the sensor is deteriorated. :

In the above-described conventional devices, the
mechanical accuracy for mounting the magnetic field generat-
ing eoil 640, for example, in Fig. 63 is sufficient even
with a change with temperature and time taken into consider-
ation. That is, when the accuracy for mounting the coil 640
is sufficiently 1owe:_: than_ the tolerable accuracy for fixing
the position of the movabie heed-'616, it is possible to set
tte height of the movable head 616 at the position _de-ter-
mined by the mounting position of the magnetic field gener-
ating coil 640 in the above-described manner.

Even in the case in which the accuracy for mounting the
coil 640 is low, when a rotary drum provided with a pluraii-
ty of movable heads, as shown in Fig.. 63, is used, it is
- Pessible to make the relative h'eight. of each movable head
équal. (In fhis case, it is impessible to control _the

keight of the head on the basis of the absolute height of
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che movable head.616 from the deck base which supports the
cotary drum 605).

it is also possible to make the height of the movable
pead 616 equal tcﬁthe height of the fixed.head on the rotary
grum. | :
As described above, it is possible to control the
apsolute height of the movable head so as to be equal to the
Position at which the magnetic field generating-ccil ic
mounted or to the absolute posifion of the fixed head,ior to
control the relative height of each head so as to be equal.
in the present system. such as the VHS format and the B
format, however, there is a case in which the.height of the
movable head must be so controlled as not to be equal to the
height of the fixed head but to be a little deviated there-
from. In addition, in other systems such as an 8-mm video
.and D-1 or D-2 digital VTR, if it is possible to regulate
the absolute heicht of the movable ﬁead from the deck bcse
to 2 predetermined height, it is possible to form an accu-
rate recorded track in accordance with the corresponding
tape format. If the coil mounting accuracy required with
due consideration of temperature characteristics and a
change with time is not so strict, the wcrking accuracy
:equired for ccil is also lessened and the adjustment of the

'Coil becomes easy, which.leads to reduction in the cost of
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the gsystem. A means for detecting the absolute height of
the movable head from the deck base is therefore demanded.

In the conventional devices, it is only possible to
getect the height“ of the head at a predetermined point at
every rétation of the rotary drum. Since the movable head
sometimes moves within one rotation of the drum due to a
change in the tension of the magnetic tape or in tﬁe sliding
griction between the tape and the head, or sometiﬁes mechan-
ically vibrates, it is necessary to take a measure such as

reduction in the mechanical resonance by increasing the

rigidity of the gimbal spring of the movable head actuator

(Fig. 65).

Accordingly, it is an . aim of the present invention
to eliminate the above-described problems in the related art
and to provide a movable head'position cont:olling device
for magnetic recording and reproducing apparatus: ' which is
capable of'setting a sufficiently wide control fregquency
bané without increasing the size of an actuator and which is
capable of damping control‘of the actuator without using a
differentiator.

It is another aim of the present invention to
Provide a movable head position controlling dev1ce for
'-Magnetlc recording and reproduc1ng apparatuses which is

Capable of regulating the movable head to be a predetermined
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apsolute height (the height of the head from the deck base)
which is positioned at the time of recording irrespective of
the mounting accuracy for an AC magnetic :ield generating
coil ah& which is capable of supéressing the deviation of .
tﬁe height and the vibration of the movable head within one
rotation of the rotary drum, thereby enabling an ideai
recording trackipg-pattern to bg formed in a magnetic
recording and reproducing apparatus. ‘

According to a first aspect of the present
invention, there is provided a device_having a fundamental
structure (first.structure) composed of the following
elements:

4) a magnetic head moving means for moving the magnétic
head in a predetermined direction at a speed which corre-
sponds to a driving signal;

B) a positibn detecting means for detecting the posi-
tion of the magnetic head in the predetermined direction aﬂd
outputting the result as a position deflection signal;

N C) a speed estimating means for estimating the speed of
the magnetic Head in the predetermined direction on the
basis of the driving signal and the position deflection
signal and outputting the estimated value which is multi;
"piied by a predetermined goefficient; and |
b).a feedﬁack and damping means for supplying a signal,

Which is obtained by subtracting the output of the speed .
I —
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¢imating means from a signal from another circuit, to the:
es

agnetic head moving means as a driving signal so as to damp
the magnetic head moving means.

- In this structure, it is possible to damp the magnetic

Ve

'iwad moving means (including an actuator, for example) by
the subtraction of a driving signal, in other words, by an
electrical means or a software means. It is possible to
suppress the mechanical resonance of the magnetic head
moving means and enhance the controllability thereof-ﬁy such
damping. -In addition, it is possible to take a large
feedback gain for damping, especially, in the. case in which
gccurate estimation of the speed of the magnetic head is
possible.

In a second aspect of the present invention, there is
-providéd a device having a fundamental structure (second)
ccmposed of the foilowing-e;ements:

A) a magnetic head moving means for moving the magnetic
head in a predetermined direction at a speed which corre-
sponds to a driving signal and generating a counter
electromotive force, which indicates the speed, in the
interior of the magnetic head moving means when the driving
signal is applied;

B) an equivalent coil hav1ng an inductance approx1mate—

ly equal to that of the magnetic head moving means and

generating a counter electromotive force, which indicates
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che speed, in the interior of the equivalent coil when the

drﬂuﬁg signal is applied;

c) a speed estimating means for estlmatlng the speed of
ne magnetic hgad_in_the predetermineg direction by detect-
.hg the counter electromotive force generated in the equiva-
Jent coil and outputting the estimated value which is
ﬁlu]_tj_plied by a predetermined coefficient; and

p) a feedback and damping means for supplying a signal,
4hich is obtained by subtracting the output of the sééed
estimating means from a signal from another circuit, to the
pagnetic head moving means as a driving signal so as to damp
the magnetic head moving means.

In this structure, approximately the same operation and
effect as in the first fundamental structure are obtained.
This structure, however, is different from the first struc-
tﬁre in that the damping is restricted to electricél damping

and in the flow and amount of damping. Although the amount’

of damping is less in this structure, since the structure is

inexpensive, this is suitable for a magnetic recofding and
reproducing apparatus in which the magnétic head position
control device is mainly used for controlling-the position
of the movable head at the time of superior reproduction.
In a-thifd aspect of the present invention,. there is

provided a device having a fundamental structure (third)

composed of the following'elements:
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A) an actuator disposed in a rotary drum so as to hold
magﬂetic head such that at least the magnetic head
rojebts from the peripheral eurface of the rotary drum and
to move the megnetic head in the axial direction of the
rotary drum in accordance with a driQing signal;

B) a.magnetic field detecting element disposed on the
peripheral surface of the rotary drum at a predetermined
posjtion in the axial direction of the rotary drum so as to
jetect a magnetic field; and ’

C) an actuator controller for controlling the position

of the magnetic head in the axial direction of the .rotary

drum so as to be eéual to that of the magnetic field detect
ing element, the actuator including:

a) a coil which is disposed outside of the rotary drum
in such a manner as to face the peripheral surface of the
rotary drum so as to generate a magnetic fleld 1n accordance
with the supply of an AC current and on which an
electromotive force is generated by electromagnetic induc-
tion when the magnetic field is intersected by the magnetic
head and the magnetic field detecting element during the
rotation of the rotary drum} and

b) an ‘absolute height correction loop for correcting
the dfiving_signal so that the driving signal output when
the electromotive force is generated on the coil by the

Mmagnetic head is equal to the driving signal output when the
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lectromotive force is generated on the coil by the magnetic
e

field detecting element.

In this structure, the position of the magn;etic head is
50 pontrolled as to be at.a predetermined absolute height.
consequently, it is possible to control the position of the
magnetic head irrespective of the mounting accuracy for the
magnetic head or the like. In addition, it is possible to
form an ideal recording tracking pattern while suppressing
the deviation of the height of the movable head and \;'ibra-
tion thereof within one rotation of the rotary drum in
magnetic recording and reproducing apparatuses of various
formats.

In a fourth aspect of the present invention, there is
provided a device having a fundamental structure (fourth)
composed of the following elements:

4) an actﬁator disposed in a rotary drum so as to hold
a magnetic head such that at least the magnetic heéd. |
projects from the peripheral surface of the rotary drum and
to move the magnetic head in the axial direction of the
rotary drum in accordance with a driving signal;

B) a magnetic field detecting element disposed on the
Peripheral surface of the rotai‘y drum at a predetermined
Position in the axial directi_on- of the. rotary dfum so as to

detect a magnetic field; and
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c) an actuator controller for controlling the position
of the magnetic head in the axial direction of tl'ie rotary
grum SO as to be equal to that of 'i:he magnetic field detect-
ing element' the actuator being disposed outside of the
cotary drum and including: |

a) a coil which is disposed outside of the rotary drum
in such a manner as to face the peripheral surface of the
rotary drum so as to generate ; magnetic field in accordance
with the supply of an AC current and on which an '
electromotive force is generated by electromagnetic induc-
tion when the magnetic field -is intersected by the magnetic
nead and the magnetic field detecting element during the
rotation of the rotary drum; and

b) a controlling means for controlling the position of
the magnetic head in the axi;l direction of the rotary drum
.so that the_driving signal output when the electromotive
force is genérated on the coil by the magnetic head is equai
to the driving signal output when the electromotive force is
generated on the coil by the magnetic field detecting
element by supplying a signal to the actuator; and

D) a rotary transformer having channels which corre-
spond to the magnetic field detecting element and the
magnetic head, respectively, and connecting the magnetic
head and the magnetic'field detecting elemeht which rbtate

together with the rotation of the rotary drum to the
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tuator.controller which does not rotate together with the
rotation of the rotary drum.
According to this structure, it is possible'to bring
he operation and the effect of the thi;d fundamental

spout t
gtructure with the same facility as in the second fundamen-

b .

tal structure.

1n the first and third fundamental structure, the
accurate speed can be estimated by using an observer in
accordance with the modern control thedry as the speed:
estimating means. A co-dimensional and a
mhﬁmum-dimepsional observers are typical of such an observ-
er. A co-dimensional observer, which is suitable for the
present invention, is composed of the following elements: .

A) a model block for electrically simulating the
behavior of the magnetic head moving means (or the actuator)
and outputting the estimated values of the position of.the
. magnetic head in.a predetermined direction (e.g., in the
axial direction of the rotary drum) and the speed of the
movable head; and

B) an eétiﬁated speed outputting means for multiplying
the estimated value of the speed which is outﬁut from the
model block by a predetermined coefficient and outputting
the p;oduct.

.Iﬂ brde; to stabilize the operation, the co-dimensional

Observer preferably includes the following elements:

B

This Sheet Has Been Reﬁaced

[T




’ 00
C) an estimated error outputting means for subtracting
the estimated value of the magnetic head position which is
outzut from fhe model block from the position deflection

signal and outputting the difference as an estimated error;

e

and

D) a means for feeding back the estimated error to the
moéel block.

In the first and the third fundamental structure, the
co-édimensional observer may adopt the following structure:

A) the magnetic head moving means (or the actuator)
includes a fixed portion for supplying a constant magnetic
field and a movable portion for generating a magnetic field
in accordance with the driving signal and being moved in a
preéetermined direction (e.g., in the axial direction of the
rotary drum) by the interlinkage between the generated
machetic field and the cdnstanf magnetic field; and

B) the position detecting'means-includes a magnet fiked.
to the movable portion, a Hall sensor for detecting the
macnetic field generated by the magnet fixed to the fixed
pertion, and a means for outputting the position deflection
signal which indicates the position of the magnetic head in
the predetermined direction on the basis of the magnetic
field detected by the Hall sensor.

In this casé; if ﬁhe_position detecting means'further

includes a means for magnetically shielding the magnet and
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¢he magnetic head, good magnetic recording and reproducing
ﬁmrations are maintained. '

The position detecting means may also have the follow-
ing optical strqsture. That is, the position-detecting
ﬁ@ans may beléomposed'of:

| a) a light emitting portion fixed to the fixed portion
0 as to emit light; and
| B) a light receiving portion fixed to the movable
I,ortions so as to receive the light emitted from the iight
emitting portion, detect the degree of unbalance of the
amount of light received, and output the position deflection
signal which indicates the position of the maghefic head.

This type of optical structure can produce a similar -
effect to the effect obtained by magnetic position detec-
tion. |

The followipg;modification is also possible. . That is,
the position détecting means may be composed of:

A) a light emitting portion fixed to the fixed portion
so as to emit light;

B) a reflecting portion fixed to the movable portion so
as to reflect the light emitted from thé light emitting
portion; and |

C) a light receiving portion for recéiving the light

Teflected by the reflecting portion,_detecting the degree of

Unbalance of the amount of light received, and outputting
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che position deflection signal which indicates the position
of the magnetic head.

This type o% optical structure can again préduce a
similar effect‘td'the effect obtained.by magnetic position
detéction.

In the case of such optical position detection, a
strucﬁure in which the light receiving portion is divided
into & plurality of light receiving pieces in the predeter-
~ined direction, and each difference between these iight
;eéeiving pieces is detected as the degree of unbalance of
:he amount of light received is preferably simple.

In such a structure, it is-possible to separate the
actuator from the driver (i.e., circuit portion). Both the
structure in which the driver and the speed estimating means
sre fixed to the rotary drum and the structure in which the
speed estimating means, thg feedback énd damping means énd
the driver are disposed outside of the rotary drum ére
sossible. In the latter case, slip rings for connecting the
actuator to the driver, and the position detecting means to
the speed estimating means, respectively, may be preferably
srovided. |

In the second fundamental structure of the present
invention, a stfucture in which an equivalent resistor
having an approximateiylequal resistance to that of the

“agnetic head moving means is provided and the counter
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electromotive force produced in the eguivalent coil is
dﬁtectEd through the equivalent resistor is more preferable.
Itis thereby possible to estimate the speed and'carry out
the damping ope;iﬁion,with comparativg accuracy.

If a current feedback means is provided in the second
fundamental structure, it is possible to use what is called
current driving and voltage driving for proper in its proper
way by setting the frequency characteristic of the feedback
gain. In this case, a driving current detecting means for
detecting and outputting the driving signal which is sup~
plied to the magnetic head moving means as a driving cur-
rent, and a first band limiting means for limiting the
detected driving current to a predetermined frequency band
aré necessary. The current feedback means subtracts the
driving current with the frequency band thereof limited from
the drivingjsighal which is being éuppiied to the magnetic
head moving means, and supplies the ﬁhus-obtéined difference
signal to the magnetic head moving means as the driving
signal.

If a difference current feedback means is provided in

the second fundamental structure, it is possible to enlarge

the damping band. 1In this case, a driving current estimat-

ing means for converting the counter electromotive force

¥hich is detected by the speed estimating means into a

Current, a driving current error detecting means for

This Sheet Has: Been Replaced

SR 1111




54
ptaining the differenée between the converted current and
the driving current detected by the.driving current detect-
ing meang and outputting the difference as the difference
5igna]_,.and aﬁseqond band limiting means for limiting the
differencé signgi to a predetermined frequency band are
pecessary. The difference current feedback means subtracts
the difference signal with the frequency band thereof
iimited from the signal which is supplied from another
circuit and supplies the thus-obtained difference éignal to
the current feedback means.

In the third fundamental structure, it is preferable'
that a position detecting means for detecting the position
of the magnetic head in the axial direction of the rotary.
drum and outputting the detected position as the deflection
position signal is providéd and the actuator dohtroller .
ihcludes a position control loop.' The position'60ntrol loop
corrects the driving signal in accordance with the position
‘deflection signal. | |

It is also preferable that a speed estimating means for
estimating the speed of'the magnetic head in the axial
direction of the rotary drum on the basis of with the
positién détection-signal and the driving signal is provided
and that the actuator controller includes a damping loop.
T.he damping loop damps the driving signal in accordance with

the speed estimated by the speed estimating means.
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it is desirable that the open loop gain of the position
contr°1 loop is increased in the high-frequéncy band by a
position control compensator while the open loop'gain of the
.bsolute height, correction loop is increased in the
iow_frequency b;nd by a low-fréquencytcoméensator.

These three feedback loops, namely, damping , position
control and absolute height correction feedback loops can be
realized by using'a software. In this case, the speed
estimating means is a processor for executing a mainlroutine
including observer routine, position control routine,

" absolute height correction routine, subtraction routine and
output routine every time a clock pulse is received.

Each of the routines will be explained in detail in the
following.

In the observef routine, first, the behavior of the
aétuator inlaccordance'With the driving signal is simulated
and tﬁe estimateé value of the speed of the magnetic head in
the axial direction of the rotary drum is multiplied by a
predetermined coefficient, the product being stored at a
variable 01.
In the position control routine, next, -the driving

signal is filtered such that the gain in the high frequency

band is increased and the result is stored at a variable 0,.

e
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in the absolute height correction routine, the driving
5ignal ijs filtered such that the gain in the low frequency
pand is increased and the result is stored at a variable 0,.
In the sgb:raction routine, 03 = 0, - 0y is calculated.

Fiﬁaliy, in the output routine, the result of O3 - 02 -

0y is output to the actuator.

By realizing these feedback loops by using a software,
¢he structure of the movable head position contfollipg
device is simplified. |

The above and other aim, features and advantages of
the present invention will become clear from the following
gdescription ofexemplary embodiments thereofh_when taken in

conjunction with the accompanying drawings, in which:

Fig. 1 shows an example of a speed estimating observer
havihg a hardware sfructure;

Fig. 2 shows the frequency characteristic of an actua;
tor, in particular} the difference in characteristic depend-
ing upon the presence'or absence of the observer shown in
Fig., 1;

Fig. 3 shows a complex plan of the pole-positioning of
an actuatoi, pole-positioning of an observer and
‘Pole-positioning of a regulator system;

| Fig, 4 is # block diagram of the structure of a first

embodiment of the present invention which incorporates the

} T
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observer shown in Fig. 1, with a perspective view of a
cotary drum and the vicinity thereof added thereto;
Fig. 5 is a perspective view of the_arrangeﬁent on the -
prlnted circuit board in the first embodlment, with a
partlally enlarged view in the form of a block diagram;

Fig. 6 is a sectional view of an actuator including a
sall sensor which is used in the first embodiment;

Fig. 7 is a partially sectional view of-ag actuator
including a Hall sensor which is used in a second enbodiment

£ the present invention;

Fig. 8 is a sectional view of an actuator including an
cptical position detecting means which is used in a third
embodiment of the present invention; .

Fig; 9 is a partially sectional view of an actuator
including an optical position detecting means which is used
in a fourth embodlment of the present 1nventlon and which is
amodl‘lcatlon of the actuator shown in Flg. 8;.

Fig. 10 shows the principle of position detection by
~eans of the actuator shown in Fig.l9;

Fig. 11 is a block diagram of the structure of a fifth
embodiment of the present invention in which a circuit
Structure such as an observer.is disposed outside of a drum;
Fig., 12 shows the characteristics of a control system,

in particular, the characteristic of each loop;

e
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Fig. 13 shows the characteristics of a control system,
in particular, the electrical damping operation in an

’

actuatorF

Fig. 14 _shgy's- the characteristics of a control system,
in ﬁarticular, outp'ut characteristic of a capstan motor;

Fig. 15 shows the characteristic of a control system,
in particular, the output characteristic of a capstan motor;

Fig. 16 shows the structure of a sixth embodiment of
the present invention which adopts a wobbling system;.h'

Fig. 17 shows the structure of a seventh embodiment of
the present’ invention, which is a modification of the sixth
embodiment shown in Fig. 16;

Fig. 18 shows the magnetic heads in the seventh embodi-
ment in the state of tracing on the magnetic tape;

Fig. 19 is a circuit diagram of an observer composed of
an analog ciréui_t; | |

FJ'.gf 20 showé the structure of a damping controller for
executing a damping system by feeding back a counter
electr.omotive force;

Fig, 21 is a circuit diagram_of thé improved damping
controller shown in Fig. 20;

Fig. 22 is a partiailly sectional view of the structure
of the interior of the drum in an eighth embodiment of the

Present invention;

Sheet Has Been Reﬂlaced

T




0J

Fig. 23 shows the arrangement of the heads on the
gimbal spring in the eighth embodiment shown in E"ig. 22;

Fig. 24 shows the structure of a magnetic field detec-
gor in 2@ ninth emquiment of the present invention;.

" Fig. 25 is laﬁcircuit diagram of the structure of a
detection signal amplifier of an absolute height detector in
5 tenth embodiment of the present invention;

Fig. 26 shows the operation mode for a switching
transistor with respect to one rotation of the rotary drum;

Fig. 27 is a plan view of an example of the arrangement
of heads in a VHS system or the like;

Fig. 28 shows the arrangément of channels of the rotary
transformer in the case of adopting the head arréngement
shown in Fig. 27;

Fig. 29 schematically shows the relationship between
the channel for applylng a recordlng current and a channel
for detectlng the height of a head in the case of adopting
- the head arrangement shown in Fig. 27;

Fig. 30 is a block diagram of the structure of a
tvelfth embodiment of the presenf invention having damping
loop, posi_tioxi control loop and absolute height correction
loop; |

Fig. 31 shows the frequency characteristic of each. loop

shown jp Fig. 30;
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Fig. 32 shows the frequency characteristic of the open

100P gain of each loop in a design different from that shown

’

n Fig. 31;

Fig. 3;'sh9ws the gain—frequency_characteristic of a
jag-lead filter portion of a low frequency compensafor;

Fig. 34 shows the gain-frequency characteristic of a
primary low-pass filter portion of the low frequency compen-
gator;

Fig. 35 shows the gain-frequency characteristic of a:
secondary 1oﬁ-pass filter portion of the low frequency
compensator;

Fig. 36 sﬁows the structure of a low frequency compen-
sator which is composed of a cascade connect;on'of the three
jifferent filters having the characteristics shown in
rigs. 33, 34 and 35, respectlvely, |

Fig.- 37 shows the - galn—frequency characteristic of a
low-pass filter portion of a position compensation cont;ol-‘
ler;

Fig. 38 shows the gain-frequency characteristic of a
hiéh-pass filter portion of the position compensation
controller; |

Fig. 39 shows the structure of a position compensation
cOntroller_which is composed of a cascade connection of the
two different filters having the-éharacteristics-shown in

Figs, 37 and 38, respectively;
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Fig. 40 is a flowchart of the processings in the main
coutine of a control program in the case of realizing an

s

pserver by using a software;
o)

Fig. 41 is a flowchart of the observer subroutine in
the flow shown in Fig. 40;

Fig. 42 is a flowchart of the position control subrou-
¢gine in the flow shown in Fig. 40;

' Fig. 43 is a flowchart of the absolute height correc-
tion subroutine in the flow shown in Fig. 40;

Fig. 44 is a perspective view of the arrangement on the
printed circuit board in a thirteenth embodiment of the.
present invention, with a partially enlarged view in the
form of a block diagram; |

Fig. 45 shows the structure of a fourteenth embodiment
of the present invention, in which a ciréuit structure such
ésan oEserver is disposed outside of a drum; |

Fig. 46 is a plan view of the structure of an examplé
of a movable head in a conventional device;

Fig. 47 shows the deformation of a bimorph when a
deflection signal is applied thereto;

Fig. 48 shows the relationship between the effective
length of a bimorph and the amount of inclination of a

magnetic head;

This Sheet Has Been Replaced .




62
Fig. 49 is a plan view of the structure of an example
of @ movable head in a conventional device, which is an

14

imProved structure shown in Fig. 46;
-Fig. 50 is a plan view of the structure of an example
of a movable head in a conventional dévide,-which is an -
imprdved structure shown in Fig. 49;

Fig. 51 is an example of the frequency characteristics
of a bimorph;

Fig. 52 is a plan view of the structure of an exaﬁple
of an actuator in a conventional device;

Fig. 53 is a block diagram of a first example of a
conventional device;

Fig. 54 schematically showsla wobbling servo system;-

Fig. 55 shows an example of the frequency characteris-
tics of the actuator shown in Fig. 52;

Fig. 56 isla.partially sectional-Qiew 6f a second
example of a conventional device in the &icinity of a drum;

Fig. 57 is a sectional view of the second example shown
in Fig. 56, taken along the line A - A;

Fig. 58 is a plan view of an actuator;

Fig. 59 is a sectional view of the.actuator shown in
Fig, 58, taken along the line B - B;

Fig. 60 is a sectional view of the actuator shown in

Fig. 58,.taken aidng the line C - C;
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Fig. 61 shows an example of the arrangement of magnetic
. headS; | ’

Fig. 62 is a block diagram of a control system;

Fig. 63 shows the location of a magnetic field genera-

Fig. 64 is a block diagram of a third exampie of a
wventional device;

Fig. 65 shows the characteristic of a differential
anplifier; ’

Fig. 66 is a sectional view of an AC magnetic field
generating'coil;

Fig. 67 shows the direction in which magnetic fluxes
are generated by the AC magnetic field generating coil;

Fig. 68 is a block diagram of a fourth example of a
conventional device;

'Fig. 69 is an.enlarged'view of the part A in Fig._GB;

Fig. 70 shows the relationship between fhe driving
current for the magnetie head actuator and the amount of
displacement of the movable head, the relationship being a
hysteresis characteristic;

Fig. 71 shows -the recording tracking pattern in the
‘Hse.of the relationship shown in Fig. 70 holds in the
fourth example ;

Fig., 72 shows the relatlonshlp between the amplltude of

aSignal voltage and the height of a head;

R
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Fig. 73 shows magnetic fluxes generated by the AC
magnetic field .generating coil;
Fig. 74 is a block diagram of a fifth example of a

onventional device;
¢

‘5

Fig. 75 shows the reproduction'oﬁtput of the fixed head
in the fifth example shown in Fig. 74;

Fig. 76 shows the réproduction oﬁtput-of the movable
pead in the fifth example before control |
after control;

Fig. 77 shows the reproduction output of the movable
pead in the fifth example after control;
| Fig. 78 is a block diagram of a sixth example of a -
: coﬁventional device;

Fig. 79 shows the synchronous detection output in the
sixth example shown in Fig. 78;

F:Lg. 80 shows an example of the arrangement of heads,.

F:Lg. 81 is a block d:Lagram of a seventh example of a
conventional device;

Fig. 82 is a block diagram of an eighth example of a
conventional dévice; |

Fig. 83 shows a coordinate plane for examining the
magnetic field distribution of an AC magnétic field generat-
ing coil;
| Fi_g. 84 shows the magnetic field distribution on the

Plane A in Fig. 83;
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- Fig. 85 shows the magnetic field distribution on the
plane B in Fig. 83;

Fig. 86 shows the magnetic field distribution on the
plane Cc J.n Fig. 83°

. Fig. 87 shows the magnetic fJ.eld distribution on the
plane D in Fig. 83;

Fig. 88 show the waveform output by the induced
electromotive force of ::he movable head which has passed the
jine where the plane A intersect the curved surface D shown

in Fig. 83;

| Fig. 89 show the waveform output by the induced
electromotive force of the movable head which has passed the
line where the plane B intersect the curved surface D shown
in Fig. 83;

Fig. 90 show the waveform output by the induced
electromotive force of the movable head which has passed the
line where ﬁhe piane C interséct the curvecli.surfac.:e D shown -
in Fig. 83;

Fig. 91. is a perspective'view of magnetic shielding by
means of a soft magnetic material;

Fig. 92 is a sectional view of the magnetic shielding
shown in Fig. 91, taken along the line Y - ¥;

Fig. 93 shows the structure of an example of an AC

'ma_gn'etic field generating coil; and
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Fig. 94 shows the structure of anoﬁher example of an AC

magnetic field generating coil.

) The structures and operations of the preferred embodi-
nents of the-present invention will be explained

pereinunder. |

(1) Speed estlmating observer;

In order to realize high-density recording and execute
superior reproduction at a high speed without producing
noise, it is necessary to use an actuator which has a wide

movable range and which allows the magnetic head to come
into good contact with the magnetic tape. By using such an
actuator, the displacement of the magnetic head is realiied
with such a large amplitude as to enable the magnetic head
to follow a folling of a track which is formed on the : _ §
magnetic tape and; hence, good feproduction is realized.

On the basis of this prerequieite,'in the present
invention, a speed estimating means (hereinunder referred to
as "observer") is used in place of the differentiator in the
first example of a conventional device. By using an
observer, the increase of noise, which is ineviteble in the
first example of a conventional device, is prevented and the
influence of higher-order mechanical resonance is exclﬁded.

'rig; 1 shows an example of the strucfure of an observ-

er, An observer is a device which can be realized by the

_—
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PP1ication of what is called modern control theory. The

erver shown in Fig. 1 is such an observer in the form of

[

obs
aco_dimensional observer.

in Fig. 1, an actuator is represénted by blocks 1401,
1402 and 1403. The block 1401 represents the mechanical
;mrt of the actuator, 1402 an actuator coil and 1403 a
griving signal amplifier., The driving voltage U(t) ‘is
amplified by the driving signal amplifier 1403, converted
jnto a current by the actuator.coil 1402, and the curréht.
grives the mechanical part 1401 of the actuator. From the
qechanical part 1401 is supplied the output of a sénsor,
+hich is the amount indicating the positiqn of the magnetic
nead. The symbol K4 represents a voltage mu-factor, and R
the resistance of the actuator coil 1402. The symbol Kt
represents the torque constant of the mechanical part 1401
ofthe.actuatOr, C a'viscosity constant, M the mass of the
aovable portion and k a spring constant. |

The observer is represented by a block 1411, The
observer 1411 is composed of blocks 1404 to 1410. The block
1405 has a voltage mu-factor of Kd, a torque constant of Dt
and a conversion gain Kd+'Kt/R which is-determined by the
resisfance R and it is a blbck simulating the operation from
the output of the driving voltage U (t) to the conversion of
‘the driving voltage U (t) intd the driving torque.of the

OPperations of the actuator. The block 1406 is a block in
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pich the conversion gain is expressed by 1/(C + Ms) and the
v" .

output of the block 1406 has a dimension of speed. The

b10°k 1407 is a block in which the conversion gai.ln is 1/s,

p other _words, an_*integratiop .block,_and_ the output thereof
pas a dimension of‘ acceleration. ' The block 1404 is a block
in which the conversion gain is k and the output of the
plock 1407 is converted into a torque and fed back to the
prock 1406.

Therefore, the conversion gain from the output of the
block 1405 to the block 1407 is 1/(Ms2 + s + k), if an
error (the output of the block 1408) is disregarded. .As is
" obvious from this fact, the observer is so designed that the
conversion gain from the output of the block 1405 to the
block 1407 is equal to the transfer function of the actua-
tor. As a result of this design, the output of the block
1406 furns- to be equal to-an eatimat,ed value of .the speed of
the magnetic head which is actually ob.tained by the actua--
tor. This estimated value will here be referred to as.
"estimated value V~"),

The block 1408 is a block for feeding back an estimated
error to the block 1407 so that the loop reiating to the
block 1404 is stabilized. The symbol Fl represents what is'
Called an observer gain, and the estlmated error is a

chf*’erence between the transfer functlon of the actuator and

the conversion gaJ.n ‘of the block 1405 to the block 1407.
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che plock 1409 is a block for feeding back the estimated

af5r to the block 1405. The symbol F2 represents an

observer loop gain.

’

The two feedback loops composed of the blocks 1408 and
' 1409 are loops prov1ded in view of the fact that there is
actually a llmltatlon to the simulation of the actuator by
the observer. For example, since the transfer function of
the observer 1411, in particular, the transfer function of
the system of the block 1405 to the block 1407 has a
second-order integral characteristic, these blccks do not
simulate the integral characteristic of the actual actuator
including the integral characteristic in the initial state.
For example, although an external disturbance is applied to
the actual actuator before integration, these blocks 1405 to
. 1407 cannot 51mulate even the external dlsturbance. In
other words, the blocks 1405 to 1407 are the same as the
actual actuator w1th respect to the frequency characterlstlc
but they are not the same with respect to the dynamic
characteristic (variation of the output value with time).
The blocks 1408 and 1409 are blocks for feeding back
the estimated error so that the estimated error is converged
to zero. A predetermined time after starﬁing the observer
1411, the estlmated error is converged to zero, so that the
transfer functlon of the observer 1411 becomes equal to the
transfer function of the simulated actuator. In other
R —
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(dss the estimated speed V~ is made coincident with the
«0

i1 speed of the magnetic head. The estimated speed V~

’

actu?
fed back to the driving voltage U(t) for the actuator.

ghe symbol F3 represents a damping ldop gain. 1In this way,
hemechan:.cal resonance characterlstlc lS damped on the
pasis of the estimated speed V~~ , and the driving charac-
tel_.istic of the magnetic head is also damped.

Fig. 2 shows the measured value of the frequency
characteristic of the actuator. 1In Fig. 2, "No dampiné"
recresents the mechanical resonance characteristic of the
actuator which does not adopt an observer having the struc-
ture shown in Fig. 1, and "with damping” represents the
mechanical resonance characteristic of the actuator which-
:adopts an observer having the structure shown in Fig. 1. As
:isobvious from Fig. 2, the peak of the gain which is caused
at the mechanicai resonﬁnée point is lower in "With damp-
ing".

In this way, it is clear that the damping action is
prcminent when the observer is used. The design for obtain-
ing such a damping action will now be explained. How to
determine the gains Fl, F2 in the structure shown iﬁ ?ig. i
will first be explained.

If it is assumed that'§1 is the estimated position-of'

’ ™~
the actuator, X, the estimated speed of the actuator, u an

input, Ce an estimated error andfy'the output of the
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Jpserver, the state of the actuator is represented by the

sollowing equation:
>

~ ’ .
X — 0 1
d
dt = )
~.
X7 — -k/M, -C/M
X 0 Fl —
+ u- Ce
sz — Ly - Fp —

eee (1)
If it is assumed that the poles of the observer 1411 are
B U in accordance with the definition of an arbitrary
pole-positioning in the modern control theory, the equation
(1) is solved by obtaining Fl1, F2 which satisfy the follow-

ing equation (2):

|

F1 — — &y + o, —(C/H

F2 — ¢y @-k/H-( x;  + a,)

— ' C/H—C?/Hz —

el (2)

BN I FA | Ay
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However, since it is necessary that the loops including
the plocks 1409 and 1410 are respectively converged ade-
_ quatelY in advance of“the whole tracking control system, it

eceésary that the values @y, 0, in the equation (2) are

2
50 detefmined that the coordinates @y, a, are set adequately

is 1

on the left-hand side'(early convergence side) of the poles
of the regulator system (tracking control system) in the
pole-positioning shown in Fig. 3. The characteristic§ of
the actuator mechanical part is simplified in the form of a
second-order system in Fig. 1, but in some of the actual
actuators having a leaf-spring confiéuration, there is a
large amount of higher-order serial resonance and parallel
resonance, which exerts deleterious influence such as thé
deterioration of the gaih merge. In this case, it is also
possible to suppress the influence of such higher4ordér,
resonance by setting the frequency band (the'freqﬁéncy band
in which the open loop gain is 0 dB) of the feedback loop
(block 1409) in the observer as follows.

The characteriétics of the actuator mechanical part is
represented Sy the following equation (3):

Kt<Gm / (Ms? + cs + k) eee (3)
wherein Kt represents the torque constant of the actuator

and. Gm a higher-order resonance characteristic.
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Thé equation (3) is rearranged as

equation (3) = B(s) * Gm ’
in Fig. 1. if it is assumed for simplifying the explanation
thét R=1, Kd = 1 and F2 = 0, the transfer funcfion from
the input terminél for the driving Qoltage to the outéut
terminal for the estimated speedfylis represented by the
following equation (5): _

V= u(t)*B(s)s-{(1 + (F1) *B(s) <Gm) /(1 + (fl)'Bts)}'

| cee (5),
and the transfer function from the input terminal for the
driving voltage to the output terminal for tﬁe real actuator
speed is represented by the following equation (6):

= pu{t) *B(s)*S+CGm cee (6)
By comparing the equation (5) and the equation (6), it is
observed that the_Gm in the equation (5) of‘vlis obtained by
multiplying the Gm in the equatibn (6) of V by the coeffi-
cient represented by the following eguation: |

(F1)+ B(s)/{1 + (F1)+B(s)} eee (7)

In the equation (7}, Fl;B(s) is equal to the open loop
characteristic of the observer.  In other.words, since the
equation (7) has a closed characteristic,'if.the frequency
band is sét as the tracking control frequency band < observ-
?I_band'< high-frequency mechanical resonance frequency =

fm, the éain in the.frequency band which is highet than the
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can;;:ol frequency band in the closed character;i.stié is not
gore than 0 dB. That is, the following equation holds:
FL) - [BlEm 171 + (F1)+ |BUEM|) < 1 '
ae - ' _ ... (8)
ince the coefficient of Gm in the equation (5) is ‘smaller

S
n the coefficient of Gm in the equation (6), it is

tha
possible to reduce the influence of high-frequency mechani-
cal resonance in the fregquency band to which the speed is
ged back by the observer in Fig. 1.
(2) First embodiment

A first embodiment of the present invention which is a
tracking control system adopting the observer shown in
fig. 1 is shown in Fig. 4. 1In Fig. 4, the reference numeral
1412 represents an actuator driver provided in a drum, 1411
a state observer (speed estimating observer) which is
repres.'ented lby thé transfer function shown in Fig. 1, 1413 a
drum rotation controller for .rotating a rotary drum, 1414 a
pilot signal generator for geﬁerating a pilot signal for
executing tracking control in synchronism with the rotation
of the drum at the. time of reproduction, 1415 a modulator
for modulating a signal so that multiple pilot signa.ls are
superimposed on recorded data, for example, at the time of
Tecording digitai information, and 1416 a head amplifief for
E?Plyimj a curi;ent to a magnetic head 1417 at the time of

recording and amplifying a minute reproduction signal at the
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¢ime of reproduction. The reference numeral 1418 denotes a
rracking error generato& for generating a signal which
jndicates the di;ection and amount of off-track %rom the
pilot signél contained in the reprodqction.signal, 1419 é
trackiﬁg control compensator for operating the tiacking
control loop stably and safely, and 1420 a capstan control-
ier for controlling a capstan motor on the basis of a
1jow-frequency off-track component of the tracking error
signal. The reference numeral 1421 represents a rotary
érum, 1422 a slip ring for supplying an electric signal
{including power source) from an external system to the
rotary drum 1421, 1423 a rotary transformer for transmitting
and receiving a signal between the rotary drum 1421 and the
external system, and 1424 a position sensor attached to an
actuator 1425 so as ‘to detect the displacement of the
movable portioﬁ:1430 of the actuator 1425.

In the case of detecting the position of the head 1417
>y the position sensor 1424, it may sometimes be impossible
to take out the detection signal to the outside of the drum
1421 which is output from the position sensor 1424 due to
the limitation of the number of channels of the rotary
transformer 1423 or the influence of noise caused by the
'.Sliding action of the slip ring 1422, These problems are
solved in this.embodiment by disposing'the driver 401 for

the actuator 1425 and the speed estimating observer 1411 on
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aprinted circuit board 1433 provided within the drum, as
ghown in Fig. 5. 1In other words, the actuator 1425 together
Wiﬂ1its electric damping function is controlled from the
outside of the drum 1421 through the slip ring 1422. This
empodiment is_ab bxaﬁple of tracking contrql'SYSteﬁ of a
digital recording VTR which is required to carry out
pigher-density recording by narrow-track recording and into
mﬁch an observer is incorporated. A pilot signal which is
necessary for detecting a tracking error is generated by the
tracking error generator 1418. 1In this embodiment, the DC
component (CDS value) in each digital block data is varied
| in accordance with the pilot sighal and the pilot signal is
superimposed on the digital data (recording signal) by the
modulator 1415 at the time of recording. At thé time of
reproduction, a signal indicating a tracking error is
generafed by the tracking error generator 1418 for tracking
operation. | | _

At this time, by adding a pilot signal by an analog
adder in placé'of varying the CDS value of the digital data,
the recording operation is also carried out without any
trouble so long as the level of the pilot signal is suffi-
ciently lower than the level of the recording information
signal. In the case of analog recording (FM recoréing VTR),
a ﬁultiplicity of pilot signals are recorded in the gaps

between frequency allocation.
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The phase and the gain of the tracking error obtained
in this way are compensated for by the tracking error

compensator 1419 and a component having a comparatively high
frequency such as track rolling is fed back to the printed
fclrcult board 1433, while a component having a comparatively
jow frequency such as off—track is fed back to the capstan
potor, thereby preventing the control by ﬁhe control system
on the printed circuit board 1433 from exceeding the dynamic
range. |

In order to obtain the observer having the above
structure, the position sensor 1424 for detecting the
positioﬂ of the movable head is essential.

Fig. 6 shows an example of the sfructure of the actua-
tor 1425 which adopts a Hall sensor as the‘position sensor
1424, In Fig. 6, the reference numeral 1426 represents a
magnét holder for reducing the magnetic fluxes which leak
out to the magnétic'head.1417, 1427 a magnet'fbf géneratinq
magnetic fluxes, 1428 a Hall sensor for detecting the
intensity of ihe magnetic flux of the magnet 1427, and 1429
a differential amplifier for amplifyiﬁg the minute signal:
output from the Hall sensor 1428.so as to obtéin a position
signal. |

In thé structure shown in Fig. 6, in order to_detect

the movement of the magnetic head 1417, the magnet 1427 is

disposed on the movable'portion 1430 and the flux density is-

/
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detected by the Hall sensor 1428. When the magnet 1427

comes close to or away from the Hall sensor 1428lwith the
ocking movemeht of the movable portion 1430, Ehe value of
£lux density varies. The oqtput of the differential ampli-
fier 1429 represents the flux density. In this way, the
PositiOn of the movable portion is detected.

The magnet 1427 is surrounded by the magnet holdei 1426
which is compbsed of a material having a high magnetic
Permeability so as to prevent the influence of leakeaa
magnetic field on the magnetic head 1417.

(3) Second embodiment |

| Fig; 7 shows a modification of the first embodimént
shown in Fig._6. In Fig. 7, the reference numeral 1431
represents a magnet, 1432 a Hall sensor, and 1433 a sub-
strate for fixing the Hall sensor 1432, _ _

; In this st:ucture)tthe magnet 1431 is fixed to a.gimbal
spring 1434 of the movable portion of the actuator on the '
ocposite side of the magnetic head. The magnetic flux of
the magnet 1431 which leaks out to the outside of the |
actuator from the hole formed in a yoke 1435 is deteéted by
the Hall sensor 1432 fixed on the substrate 1433. The
intensity of the magnetic flux of the magnet 1431 represents
‘the position of the movable pértion in the same way as in
'the'emﬁodiment shown'iﬁ'Fig. 6. In the second embodiment,

it is unnecessary to take the influence of the leaked
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pagnetci field of the magnet 1431 on the magnetic head into
consideration.
(4) Third embodiment

In the first and second embodiment, the position of the
magnetic head is maénetically detected. .-n a third embodl-
ment, the pos1tion of the magnetic head is detected by an
optical position detecting means.

'Fig. 8 is an example of an optical position detecting
means using an optical sensor which is attacheQ to the
actuator. In Pig. 8, the reference numeral 1501 represents
a light emitting portion for emitting pa2allel rays, and
1502 a two-piece detector (light receiving poition)composed
of a phtodiode or the like.

In this embodiment, the light ( in this case, the_light
is converted into parallel rays by a lens) from the light
emitting portion 1501 which is attached to the fixed portion
of the_actuator i# detected by the light receiving portion
'1502fwhich is composed of a tﬁo—piéce photodiode or the like
and fiexed to the movable portion. When the movable portion
moves, the amount of light received on ons side of the
two~piece diode becomes larger than thét'on the other side.
It is therefore possible to detect the position of the
movable portlon by obtaining the dlfference between the
photocurreants flowing on both sides of the photodiode.

(5) Fouth embodiment
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Fig. 9 shows a modification of the embodiment shown in
¢ig- g. In fig. 9, the reference numeral 1503 represents a
jens for converting the light from a light emitting element
1505 which is composed of an LED or the llke into parallel
aySe 1504 a light emitting aperture (stop), and 1506 a
jrror for reflecting the parallel rays from the lens 1503.

rm
| only the mirror 1506 for reflecting light is mounted on the
:nmvable portion, and the light emitting portion 1501 and the
glight receiving portion 1502 composed of a photodiode oftthe
~like are mounted on-the fixed portion. 1In this case, the
light from the light emitting element 1505 which is composed
of an LED, a semiconductor laser or the like is converted
into parallél rays by the lens 1503. At this time, in order
to obtain parallel rays, it is necessary that the iight
emitting element 1505 is disposed at the rear focal point of
the lens 1503. The positién of ‘the magnefic.hgad is detect-
ed by the optical sénsor shown in Fig. 9 on the principle
shown in Fig. 10.

Fig. 10 shows the principle of detecting the amount of
displacement of the movable portibn by the optical sensor
shown in Fig. 9. The reference numeral 1507 represents a
differential amplifier for obtaining the difference in

photocurrent on the two-piece detector 1502 and amplifying

~ the difference thained.
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In Fig. 10, when the mirror 1506 which is integrally
provided with the movable portion moves horizontflly (in
this case, the direction of movement of the mirror is
‘regulated to a uniaxial dlrectlon by a gimbal sprlng or the
:llke), the parallel rays emltted from the llght emlttlng
;element 1505 also move on the light receiving element 1505
in parallel with the movable portion. As a result, a
difference ariseé between the amounts of light on both sides
of the two-piece photodiode, for example, in the same ;ay as
in Fig. 8, and the output of the differential amplifier 1507
is obtained as a position detection signal.

It goes without saying that an optical position detect-
ing means composed of thé light emitting portion which is’
mounted on the movable portion and the light receiving
portion which is mounted on the fixed portion produces a
éimilar effect. | |

It is also possible to detect the position of the
movable portion by other position detecting means than the
above-described magnetic or optical ?ositidn detecting
means, For example, an element which is generally called a
strain gauge and the magnetic resistance of which changes
vhen it is bent may be attached to the leaf spring or gimbal
. spring of the'movable'heéd actuator so that the deformation
of thé leéf"épring or the gimbél spriﬁé is detected as a
change in the magnetic resistance. A constant current is

—_—
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applied to the strain gauge and a change in voltage is read
‘or a resistor for current detection is connected’ in series
to the strain gauge, and fhe voltages on both ends of the
reéistor are read when a constant voitage is applied to the
gtrain gauge, thereby détecting the position of the movable
portion. Alternatively, a capacity sensor for detecting the
capacity may be disposed in the vicinity of the movable
portion such that the distance between the capacity sensor
and the movable portion changes with the movement of the
movable portionﬂ The position of the movable pértion can be
detected by eiectrically detecting the capacity of the
capacity sensor. It goes without saying that in the cage_of
using a conventional bimorph actuator, it is possible to
take out the amount of displacement of bimorph except the DC
- component by cuttlng a part of the bimorph, as shown in the
examples of a conventional device. In this case, the output
of displacemen£ doe§ not contain the DC component, but since
the DC component is not always necessary in the observer
shown in Fig. 1, the output of displacement can be input as
a position detection signal used for the observer. Héwever,
unless the DC component is cut from the driving voltage
which is input to the-pbéerﬁer, a prédiction error relating
- to the DC is naturally caused in the estimated e%ror, so

that the obserﬁer cannot funétion,
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In the case in which it is impossible to take out the

' position detection signal to the outside of the rotary drum,

n annular substrate may be attached to the interior of the

dgrum, and the driver of the actuator, the sensor amplifier

~
>

and the observer are provided within the annular substrate.

The observer can be operated on the basis of the voltage

supplied from the slip ring for_driving the actuator. This
nethod is applicable to any of the above-described position
detecting systems. .
(6) Fifth embodiment

It is also possible'to.take out the position detection
signal to the outside of the rotary drum and provide the
observer and the driver outside of the drum. An example -
thereof is shown in Fig. 11.

Fig. 11 is an embodiment in which an optical sensor is

.. used in order to detect the position of the actuator, and -

the observer and the driver are provided outside of the
rotary drum, In Fig. 11, the reference numerals 1608, 1609
represent detectors. An LED or a laser element, which is a

light emitting element 1605 of the optical sensor, is driven

by a driving signal shown in Fig. 11 so as to flash light.

. -

In this éaée, the frequency for flashing is adequately

higher than the observer frequency band and'in the frequency

‘Iange which can pass through a rotary transformer 1612. In

Fig, 11, the driving signal for the light emitting element
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1605 is driven by a slip ring 1611. . Alternatively, the
1ight emitting element 1605 can be driven by transmitting
the driving signal by a rotary transformer haviné a large
"capaCity'or supplying a power source by another means (a
.roﬁary transformer having a large capaciﬁy or a slip ring)
and supplying only a command signal.

The light flashed in this way is converted into an AC
Photoelectric current by a iight receiving element 1602
through a mirror 1606. Since the photoelectric curre;t is a
signal in the frequency band which the rotary transformer
1612 can £raﬁsmit, it easily passes through the rotary
" ¢ransformer 1612 and it is converted into the amount of
light received by the light receiving element 1602 by the-
detector 1608 outside of the rotary drum. The amount of
light is taken out as the amount of displacement of the
movablé'porﬁion!of the actuator by a differential amplifier
1607, |

In the case of a capacitive sensor, it is possible to
utilize the capacity of the sensor and provide a coil so as
to constitute an LC oscillator, and subject an AC signal
which is output from the oscillator to the outside of the
rotary transformer to frequency-voltage éonversion (F/V
"éonve:sion) to take out a movable portion position signal.
A similar effect is also produced by taking out an AC'signél

to the outside of the drum through the rotary transformer by

a3,
=
L]
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voltage-frequency converter (FM modulator), voltage-pulse
;ath converter (PWM modulator), voltage-AC amplitude
W ¢

onverter (AM modulator) or the like, which is provided in
¢ _ B

the drum. _
(7 characteristics of control systems

Figs. 12 to 14 show the characteristic of the movable

| nead ¢racking control system, the characteristic of the
gactuator and the open loop characteristic (gain c;arac;eris-
¢ic) of the capstan motor control system in the case 6f
ysing the observer.

According to the magnetic head actuator composed of the
neans for detecting the.position of the head and the observ-
er, it is poésible to suppress the resonance péak gain by
electrical damping, as shown in Fig. 13 and, as a result,
constitute an actuator trackihg control system, as shown by
ﬂm.confrbl system open loop characteristic B in Fig, 12. '
If there is no ‘electrical damping by the observer, since thé
peak gain is protuberant at the serial resonance frequency
d', the control frequéncy band must be loweredlto g' in
order to maintain the stability with due consideration to
the gain margin. (At.thié time, since the phase of the
control sysiem open loop characteristic is reversed to ~180°
at the_fréquency d', if the open loop gain at the frequency
a' appfoaches 0 éB} the contrbi éystem oscillates. If the

low-frequency component of the tracking error signal is fed
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pack to the motor, since the capsténlmotor has the open loop
characteristics such as those shown in Figs. 12 and 14, the
Synthetic control characteristic in the case of élosing both
the capstan loop and the tracking loop corresponds to the
characterlstlc obtalned by taking the maximum gain at each
frequency in Fig. 12. That is, on the 1ow-frequency 51de,
the capstan loop is dominant, while on the high-frequency
side, the actuator loop is deminant. Fig. 15 shows an
example of the open loop characteristic of the aceﬁator
tracking control system.
{(9) Sixth example |

Althoﬁgh in the first embodiment shown in Fig. 4, an
observer is utilized for reproducing a pilot signal from the
recorded track end detecting the direction and the amount of
off-track, it is also possible to suppress unnecessary
mechanical resonance of the actuator, eplarge-the'control
frequency bend, increase the stability and prevent unneces-
sary v1brat10n in the wobbllng system in whlch a pllot
signal is not recorded and the magnetlc head is vibrated
mlqutely so as to control_tracklng in accordance with a
change in the amplitude of the reproduction signal.

Fig. 16 shows a sixth embodimeht of the present inven-
tion in which an observer is incorporated inte a_wobbling
system., In Fig. 16, the reference numeral 1701 represents a

band-pass filter for taking out only the wobbling frequenéy
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grom the reproduction signal, 1702 a synchronous detector
for taking out thg direction and the amount of off-track
grom the signal output from the band-pass filter'1701, and
1703 a phase shifter for shifting the phase by the amount
whieh is equivaleht to the mechanical phasé délay of the
actuator. The reference numeral 1704 represents an inverted
amplifierx, 1705 an oscillator for generating a feference
gignal for wobbling operation, 1706 an adder for éddinq.a
wobbling signal for minutely vibrating a control signai;

1707 a subtracter for feeding back the estimated speed of an
observer, and 1708 a low-pass filter (compensator) for
maintaining the stability of the control loop.

In this embodiment, only the wobbling frequency con-
tained in the reproduction signal amplitude is extracted by
the band-pass filter 1701. The synchronous detector 1702
synchronously detects the command sigﬁal which is minutely
vibrating the actuator by using a signal with the phase
shifted by the amount equivalent to the mechanical.phasé
delay of the actuator at the minute vibrating frequency by
the phase shifter 1703, or multiplies the command signal by
the shiftéd signal. 1In this way, it is possible to detect
‘the direéction and the émount of off-track. The phase of the
tracking error signal obtained in this way is compensated

for by the low-pass filter 1708, and the wobbling signal for

minutely vibrating the actuator is added to the tracking
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erroxr signal. Thereafter, the output of the observer is fed

pack by the subtracter 1707 and the actuator is driven by a
driver 1709, thereby executing tracking control.’

(10) Seventh embodiment

_Flg. 17 shows a modification of the embodiment shown in

Fig. 16. In Fig., 17, the reference numeral 1809 represents
a fixed head, 1810 a phase locked loop (PLL) circuit for
eliminating a jitter contained in a drum rotational angle
detection signal, and 1811 a head amplifier for amplifying a
minute signal output from a movable head 1812. The refer-
ence numeral 1813 denotes an automatic gain control circuit
(a6C) for holding the amplitude of the repreduction envelope
signal output from the head amplifier 1811 constant irre-.
spective of the fluctuation of the movement of nhe magnetic
head, the tension of the tape or the like, 1814 a low-pass
filter for supplylng a necessary frequency band for a
control signal to an actuator 1815 of the movable head 1812,
and 1816 a low-pass filter for supplying a low-frequency
conponent of nhe control signal to a capstan motor 1817.

. The reference numeral 1818 denotes a capstan phase control-
ler for reading the phase information output written on the
linear track and output from.a CTL pulse by means of a CTL
head 1819 and controlling the phase on the basis of the |

:pheSe'informaeiqn, and_1820 an'adder_for'edding the CTL

phase control loop and the wobbling controllloop and

This Sheet Has Bee:

SR 1T

_—

i



89

;controlling the capstan motor 1817 through a driver 1821.

18 shows the magnetic heads 1809, 1812 in the state of

[

- Fig.
; tra01n9 on the recorded tracking pattern.

In thls embodlment, the wobbllng system shown in
'¥Fiq- 16 is adopted and the low-frequency component of a
tracking error signal is fed back to the capstan motor. 1In

the capstan control system, a low-frequency component of a
tracking error signal with the phase thereof coﬁpensgted in
the wobbling system is fed back to the conventional phase
control 100§ for controlling the phase in accordance with
the CTL signal (phase detection) from the 1inéar track. 1In
Fig. 17, not only the movable head 1812 driven by the
actuator 1815 but also the fixed head 1809 is shown. Since
the low-frequency component of the tracking error signal is
constantly fed back to the capstan motor 1817, the height of
the movable heaq 1812 is constantly automatically adjusted
with respect to the fixed head 1809, so that the movable_
head 1812 follows only tack rolling.

In the case of the head structure shown in Fig. 17, it
is generally preferable that the head width of the fixed
head 1809 is larger than the track width, as shown in
Fig. 18, so that a signal can be sufficientiy picked up even
if.there is a track rolling.

(11) Concrete structure of observer
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An example of an observer composed of an analog circuit

As shown in Fig. 19.

4

In Fig. 19, the reference numeral 1901 represents a
._apacltor for taking out only the AC component of an actua-
tor dr1v1ng voltage, 1902 an ampllfler for addlng the |
geedback signal in the observer and the driving voltage and

anplifying the sum, and 1903 an amplifier for feeding back
the loop which simulates the spring constant in the observ-
er. The reference numeral 1904 represents a filter foo
realizing the transfer characteristic which simulates the
viscosity and the mass of the éqtuator in the observer, 1905
a filter constituting an integrator in the observer, 1906 a
comparator.for taking out the difference between the posi-=
tion information and the estimated position information from
the observer, 1907 a capacitor for taking out only the AC
cczponent contained in the positioﬁ information, and 1908 a

capacitor for outputting only an AC component contained in
the estimated speed information.

In an analog differential amplifier, an offset is apt
to be produced due to a temperature drift or the like.
Therefore, in the case of an observer composed of an analog
oircuit,'it is desirable to insert the capaciﬁors 1901, 1907
Which'éliminate the DC component from the acﬁuator driving

voltage input to the observer or the position information

input from the position sensor. This is because since the
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grequency band in which damping is mainly necessary in the
gracking control system is the frequency band in the vicini-
ty of which mechanical resonance is existent,-thé DC compo-
nent is unnecessary there. |

In.the circuit shown in Fig; 19, the transfer éharac-
teristic of the observer shown in Fig. 1 is simulated as it
{s. The R, XKd, Kt, k, F1 and F2 in Fig. 1 exist in Fig. 19
as they are as the amplifier gains. The block 1406 in
Fig. 1 corresponds to an active filter using the operaéional
amplifier 1904, and the block 1407 corresponds to the
integrator using the operational amplifier 1905. The
suptracter portion for obtaining the estimated error shown
in Fig. 1 is composed of the operational amplifier 1906 in
this embodiment, and the output of the operational amplifier
1906 has the gains which’correSpond'to Fl and F2, respec-
tively, in-Fig. 1 and the;output is fed back to the opera-
tional amplifiers 1902 to 1905 of the observer equivalent
~ circuit. In the structure shown in Fig. 19, it is possible
to unite the operational amplifiers 1903, 1904 into one
active filter, thereby omitting one operational amplifier.

Although the observer is composed of an analog circuit

in Fig. 19, a similar effect is obtained by expressing the

: transfer function shown in Fig. 1 by a software in a micro-

computer or the like;
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although the control system shown in Fig. 19 is applied
o @ VIR it goes without saying that a similar;effect is
tained when. this control system is applied to a tracking

'Ob
control system of a magnetic disk apparatus or an pptiCal

-

disk apparatus.

Although the above-described observer is composed of a
ardimensional obsexver in the modern controlitheofy, it
goes without saying a similar effect is obtained b? an
observer composed of a minimum-dimensional observer. 1In
this case, there is no equivalent circuit and the result of
solving the state equation representipg the actuator charac-
teristics by algorithm by a general minimum dimension
observer (e.g., the minimum-dimensional observer by
Gopinath) is realized as it is by the circuit.

'(12): Details of damping conirol

A technique of electrically damping a movable head
actuator by an observer has been explained above. There ig
a case in which.thé movable head is not used for tracking
and used only for superior reproduction as in a commercially
available VTR or the like. 1In this case, it.is also neces-
sary to suppress the mechanical resonance of the actuator
for the.pu¥pose of accurately moving the actuator with
'résbect to a waveform for - superior fépioduction'and sup~
Pressing unnecessary vibration. It goes without saying that

the mechanical resonance and unnecessary vibration can be
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Pressed by the electrical damping by the above-described

tem-using the observer and the position sensor. However,

'a

¢he electrical damping required is so small as to only

-
e
-

yffice for the T0110wabllity'of the actuator to the

\4

yeform of superior reproduction and if a cbntrolisystem is
IEEquired to have a low cost, a simplified damping circuit of
a counter electromotive force feedback system may be adopt-
ed. |
Fig. 20 shows the principle of a damping controlier
«aich utilizes a counter electromotive force. In Fig. 20,
+he reference numeral 2001 represents an equivalent coil
taving an electric characteristic equivalent to that of an
sctuator coil, 2002 and 2003 current detecting iesistors,-
and 2004 a differential amplifier for detecting a counter
electromotive_force.

~In this system, the equivalent coil 2001 having an
electric characferistic equivalent to that of an actuator
coil is connected in parallel to a driver 2005, the currents
flowing on the respective current paths are detected by the
current detecting resistors 2002, 2003, and the counter
electrdmotive force is detected as the output.of the differ-

ential amplifier 2004 and fed back to the original driving

‘voltage. . (At this time, 'since the'equivalent coil 2001 does

not move nor generate a counter electromotive force, a

potential difference is generated on the voltages of the
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.stors 2003 and 2002 due to the counter electromotive
o1CE of the actuator coil, and this potential difference is
,tected.) However, since there is a difference between
hecurrent on thg equivalent coil 2001 and the coil in the
ctuator 2006 due to a temperature drlft or the like, the
ounter electromotive force detected is not accurate.

It is therefore preferable that simplified damping is
ried out by a circuit such as that shown in Fig. 21,

Fig. 21 shows the structure of a damping circuit of a

counter electromotive force feedback system. 1In Fig. 21,

. the reference numeral 2105 represents a resistor which

: gimulates the resistance component of an actuator coil, 2106

" a coil which simulates the inductance of the actuator coil,

2107 and 2108 differential amplifiers which simulate the

. voltages at both ends of current detecting resistors 2102

_aﬁd'2103, respectively, 2109 a_differehtial amplifief for

taxing out a counter electromotive force, 2110 a filter for
liriting a freqguency band of the current feedback loop, 2112
a filter for limiting a frequency band of a counter
electromotive force feedback loop, and 2111 and 2113 capaci-
tors for eliminaﬁing the DC components of the respective

loops.

The voltages at both ends of the current detecting
resistors 2102, 2103 are detected by the differential
amplifiers 2107 and 2108. Since the output of the
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ﬁjferential amplifier 2107 corresponds to the driving
;ﬂrent for an actuator 2116, after the output is limited to
, necessary frequency band by the filter 2110, it is fed
pack £O the_origiﬁal control system through the capacitor
2111 for elimihating‘the DC componené; thereby constituting
acurrent feedback loop. Depending upon the frequency band
in which the cut-off frequency of the filter 2110 is set,
gither 2 voltage driving system (in a frequency band in
shich current feedback is not executed) or a current driving
system (in a frequency band in which current feedback is
executed) is adopted as the driving system for the actuator
2116.

In addition, by detecting the difference between the.

voltages at both ends of the two current detecting resistors

2102, 2103 by the differential amplifier 2109, it is possi-

. ble tb'take out the counter electromotive force of the

actuator 2116, limiting the frequency band of-the counter
electromotive force by the filter 2112 and feed it back
through the capacitor 2113 which eliminates the DC compo-
hent, thereby electrically constituting a counter
electromotive force feedback loop and damping the actuator
2116.

By making the gain of the differential amplifier 2109

variable, it is possible to make the amount of feedback and,

hence, the amount of damping variable. It goes without
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5ﬂdng that by using a band~pass filter which transmits only
e mechanical resonance frequency component of the actuator
' ¢ne filter 2112, it is possible to reduce the influence
,f the mechanicﬁl.rgsonance. .

since the detected counter electroﬁotive force is
wmporti°nal to the speed of the actuator, it is similar to
ﬂw'estimated speed output from the speed observer. It is
¢herefore clear that the actuator is damped by %eedigg back
the detected counter électromotive force. However, when the
estimation of the observer is compared with the detection of
a counter electromotive force, if the positioﬁ sensor used
for the observer has high accuracy, since the speed estimat-
ed by the observer is more accurate than the detected |
counter electromotive force, if the higher-order mechanical
. resonance suppressing effect of the observer and the damping
| circuit including only an intégrator are taken into consid-
eration, the observer can secure a larger speed feedback
gain and damp the actuator to a larger extent.
(13) advantages of the first to second embodiments

As described above, according to the above-described
embodiments, since the influence of.the mechanical resonance
of the actuator on the movaﬁle magnetic head is reduced by
feeding back the ‘speed estlmated by the speed estlmatlng
observer to the actuator driving 51gnal, the tracking

following accuracy is enhanced. Consequently, the amount of
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,P¢rack of the magnetic head is reduced, so that the

cording density (tracking density) of a magnetic tape

Pparatus or the like is enhanced.

"’s

At the time of superior reproductlon, it is also
ossible to improve the response of the actuator to a
qaveform for superior reproduction and to suppress the
gnnecessary vibration of the movable magnetic head.

In the examples shown in Figs., 20 and 21, an equivalent
coil which has an electric characteristic equivalent to that
of a coil in the actuator is provided, and the estimated
speed of the actuator obtained by detecting the counter
electromotive force generated by the actuator coil is fed
back to the actuator driving signal. Although £his system

is inferior in accuracy to the system using the observer,

the former is effective when the electrical démping required .

is so smallhas to only suffice for the followability of the
actuator to the waveform of superior reproduction and when a
contrpl system is required to have a low cost.
(14) Eighth embodiment

Fig. 22 and 23 show the structure of an eighth embodi-
ment of the present in&ention.

A ﬁead 2201 for a narrow t;aCking pitch for a long-~time
mode and a head 2202 for a wide tracking pitch afé attached
to the present VTR system. These heads 2201, 2202 are

mounted on a gimbal spring 2203.
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1n the conventional system, the position at which the
. gagnetic field generator is disposed represents the
‘.bgﬂute height o{ the movable head from the deck base.

in other words, in the conventional system, if the .

gition at which the levels of the signals output from the

gwo AC magnetic field generators and reproduced by the
 gagretic head are equal is determined as a desired height
of the magnetic head, the feference absolute height varies
depending upon the éccuracy for mounting the AC magnetic
field generators on the deck base. Although it is possible
to use the height of a fixed head as the reference of the
dmolute height of the movable head, in this case, the
movable head can only be so controlled as to be the same
height as the fixed head such as an audio head. This is
because sihéé the magnetic field generated by the1AC magnet-.

ic field generator and the detection sensitivity of the head

amplifier for the magnetic head fluctuate with a change in

U

terperature or the like, as described in the conventional
examples, the influence of fluctuation is eliminated by
controlling the magnetic head so as to be at the position at

vhich the difference between the two detection signals is

In order to form a recording pattern on the magnetic
- tape in accordahce with various recordiﬁg formats in the

present VTR, there is a case in which the height of the
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sable head must be so controlled as not to be equal to the
hﬁght of the fixed head but to be a little deviated from
;e height of the fixed head. To meet such demand, in this
podiment, a spacer 2204 is inserted between the gimbal
gpring 2203 and the magnetic head 2202, -as shown in Fig. 23.
cor example, at the time of magnetic recorxrding by the head
for wide tracking pitch, the conventional AC magnetic field
¢or detecting the height is reproduced by the magnetic head
7201 for a narrow tracking pitch. By closing the conven-
tional magnetic head height control system, it is possible
to situaté the head 2201 for a narrow tracking pitch at the
same height as the reference fixed head (e.g., audio magnet-
ic head), and to shift the reference height of the head 2502
for a wide tracking pitch after control by the amount
equivalent to the height of the spacer 2204 in Flg. 23.
(15) Nlnth embodiment

Since the head for reproducing an AC magnetic field for
the purpose  of detécting the height need not actually
nagnetically recbrd or reproduce information on the magnetic
tape, such a head must be replaéed by a magnetic field

detector having a simple structure. Fig. 24 shows the

external appearance of an absolute height detecting element

-

2206 mounted on a rotary drum 2205 in a ninth embodiment of

the present invention. The reference numeral 2207 repre-

sents a detection coil. The gap and the amount of
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Ject:.on of the magnetic field detection in Fig. 24 need

' atbe strictly determined. However, it is natural that the

ount of pro;ectlon must not be so large as to damage the

-

an1etic tape. It is possible to move the movable head to a

}aﬁred absolute height by mechanically adjusting the

'dﬁition of the magnetic field detector having such a simple

structure to the desired height at which the movable head

.mmt be situated and by controlling the detector and thei

qovable head so as to be at the same height by a convention-

al control system.

It is possible to judge whether or not the movable head
is at a desired absolute height with accuracy by the

above-described means.

* {16) Tenth embodiment

In detecting the absolute height of the movable head by

- an AC magnetic field, it is possible to increase the current

applied to the external magnetic field generating coil to

" such an extent that does not deteriorate a signal due to

electromagnetic interference with a head amplifier or the
like in the VTR, If the magnetic field generated by the

magnetic field generating coil is increased, since the

-detection sensitivity for the absolute height of the movable

head is enhanced, the accuracy .for following_the target

value of the control system is imptoved. However, if the

reproduction sighél amplifier provided in a conventional VTR
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ﬁtﬁ“is used, the signal is sometimes saturated depending
hmlthe dyna@ic range of the reproduction signal amplifier.
misis because the magnetic field generated by the AC
‘gnetic field genérating coil is much stronger than the
qute magnetic field which is reproduced from the magnetic
rape- It is therefore necessary to amplify the AC signal
for detecting height which is obtained thrbugh the rotary
ransformer by an amplifier different from the conventional

Ieproduction signal amplifier, as shown in Fig. 25.
Fig. 25 is a circuit diagram of the structure of a

detection signal amplifier of an absolute height detector in

a tenth embodiment of the present invention. The reference

numeral 2208 represents a band-pass filter and 2209 a

switching transistor., Fig. 26 shows the operation mode for

the switching transistor 2209 with respect to one rotation

~

of the rotary drum.

Since the height detection signal is obtained on the
back side of. the drum on which the detection head is not in
contact with the magnetic tape, it is possible to take out
the height detection signal through the switching transistor
2209. |

In addition, by switching the four switching transis-
tors 2209 between_ﬁhe modes in Fig. 25, it is pogéible to
switch the amplifier between the recording, reproducing, .

detecting and in-operatinve functions.
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The recording and reproduction modes for the switching
raIlg,istor-2209 are switched by the rotational position of

o detecting head, as shown in Fig. 26. It goes without

th

' caying that the amplifier for only reproducing the height
| ¢ jetection signal need not have the structure shown in

.ﬁg, 25 and it may be'éomposed of a combination of a
fbﬂ@ypass filter and a position detection signal amélifier.

The arrangement of each head on the drum and the

channels for the absolute height detecting heéd in the

rotary transformer will now be explained,
Since the recording current flows on the recordihg head
which is in contact with the magnetic tape during recording
:by a VIR, the absolute height detection signal from the Aé .
magnetic field generating coil may be disturbed by the
crosstalk between the channels of the rotary tranéformer.
For this reason, it is necessary to keep the channel for
- appiying the recording current_aWéy'from the channel for
detecting the absolute height. | |

For example, in the case of the present VHS VTR system

having the head arrangement shown in Fig. 27, the arrange-
| ment of chapnels in the rotary transformer is such as that
shown in Fig. 28. In ofder to simplify the relationship
between the channel for applying the recording current and

the channel for detecting the head height, the sections in

which respective heads come into sliding contact with the

- 102 -
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9 in the case of the head arrangement shown in Fig. 27
eschematlcally represented with the head 2HR as the
gerence. From Fig. 29, it is clear that the heads 2HR,
"y AR approximately simultaneously come into sliding
- mwact with tﬁe_maghetic tapé and thar the heads 2HR, 6HL,
ALapproximately simultaneously come into sliding rontact
4ith the magnetic tape. It is therefore necessary to keep
the heads 2HL, 6HR and AL away from the heads 2HR, 6HL, AL,
respectively, in the channels of the rotary transformer.
gince the audio head is generally kepr away from the video
head in order to évert the influence of crosstalk, it is
possible to insert the channel for the flying erase head or
the channel for exclusively for height detection, which ir
 generally not used at the time of normal reproduction,
between the channels for 2HS and 6HS in place of the
Qhort-c1rcu1t1ng ring which is used for preventlng crosstalk
between channels of the rotary transformer in the present
VTR, and to short-circuit the terminal of the rotary trans-
| former at rhis channel at the time of reproduction. The
' symbol 2HS represents a detector with the height adjusted to
the reference height of the movable head 2H, and 6HS a

detector with the height adjusted to the reference height of

~

the movable head 6H.

(17) Eleventh embodimeht

[ —
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in the conventional system, the height of the movable
e8d is detected only at one position per rotation of the
;mm so that only one control is possible at every rotation
afthe drum. ;n a systgm the apparatus of which as a whole
;5exposed to an éxternal disturbanqe'such as a system
installed on an automobile and a poftable System, recording
ﬂlaccordance with the tape format may sometimes be impossi-
ple due to the vibration or displacement of the movable head
zithin one rotation of the drum. |

This problem will become serious if the recording
density is enhanced and the tracking pitch becomes very
pnarrow in the near future. It is therefore necessary to
have a structure in which an ordinary movable head is fixed
during the control of the absolute height at every rotation
of the drum so as to make the heads insusceptible to the
influence of vibration of the like. For this structure, a
means for éonstantly deteéﬁing the height of the movable
head is necessary. In this case, howevef, the absolute
value of the-éensor for constaﬁtly dgtecting the height of
the movable headlneed not be accurate so long as there is a
means for detecting the absolute height of the movable head
at every roﬁation of the drum. It is possible to prevent
the deviation of the head due to vibration'during;the
rotation of drum if the absolute height of the movable head

is detected by the above-described reproduced magnetic field
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the AC magnetic field generating coil and the height of
movable head is so controlled that the output of the
nsor fo; constantly detecting the height of the movable
:ﬁd is constant*during the period from one detection of the
;ﬁolute height to the next detection. ' |
In order to detect the position of the head in the
gsition control system during one rotation of the arum, the
ructure shown in Fig. 6 or the structure shown in Fig. 7

is used in this embodiment. Use of either of these struc-

tures not only enables the detection of the position.but
also exerts no deleterious influence of leaked magnetic flux

on the head. It is elso possible to use the apparatuses for

optical position detection shown in Figs. 8 to 10. Alterna-

tively, a strain gauge may be used. Use of a piezoelectric

generator type sensor formed by cutting a part of a bimorph
for the detection of the absolute height is also effective.
(18) Twelfth embodiment
It is ébssible to utilize the output of the

above-described position sensor which can constantly detect
the height of the movable head and suppress the mechanical
resonance of.the actuator, enhance the controllability of
the movable head and make the movable head insusdeptible to

external v1bratlon by a damping loop composed of the follow-

ing means for electrlcally estlmatlng the speed In this

damping loop produced on the basis of the output of the
R —
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Posj_tion sensor which can constantly detect the height of
¢he movable head, it is possible to prevent the control
grequency band for the position control from beicg restrict-
od tO 2 lowffrequehcy band due fo the'mechanical resonance
of the movable head actuator. '

In order to move the magnetic head in the drum, it is
pecessary to move the magnetic head uniaxially, namely, only
in the direction parallel to the rotational axis of the-
drum, It is therefore necessary to separate the driving
mmtion from the magnet;c head or attach the magnetic head
to the end of a cantilever or a leaf spring in a bimorph
actuator or electromagnetically driven actuator shown in che
conventional examples, |

For this reason, there exists a large mechanical
resonance which is characteristic of a leaf spring, as seen
_hxthe transfef Characteristic (displacement~driving ycltage
or current characteristic) of the bimorph actuator or
ﬂectromagnetically driven actuator in the conventional
examples.

Since the large mechanical resonance'reverses the phase
in the vicinity of the serial resonance frequency, for

eXample, in the phase control system having a phase~delay

ccJmpensator, the control frequency band is llmlted to a
dﬁquency sufficiently lower the primary resonance frequen-

®Y, generally, about 1/10 to 1l/several tenths of the primary
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gsonance frequency. This is firstly because it is impossi-
yle to secure a sufficient phase margin of the control

system due to the influence of the phase reversal in the
ﬁpinity of the fésoﬂance‘point, and'secondly because if the
cesonance peak gain is large, the gain margin beyond the
control frequency band (generally, it is necessary that the
open loop gain of the control system at the frequency in the
frequency band higher than the control frequency Bénd at
which the phase is ~180° is ~10 to 20 dB) becomes smaller
than the resonance peak gain, S0 that the control system
pecomes ﬁnstable. In the case of setting the control
frequency band between the primary resonance point aﬁd the
secondary resonance point by compensating for -
the phase delay by a phase advancing cifcuit, it is neces-
sary that the priﬁary mechanical_resonance frequency is .
adequately distant from the secondary serial ‘resonance
frequency or the parallel resonance frequency. In the
system having a movable portién in the shape of a leaf
spring such as the actuator of the movable magnetic head in
a VIR, since it is impossible to take a sufficient differ-
-ence between the primary ;esonance'frequency and the secon-
dary or higher-brder resénance frequency, the phasg_advanc-
ing circuit fdr compensatién is not often adopted. It is
therefofe neéessary to electricaliy'damp the large mechani-

cal resonance characteristic which is characteristic of the
I
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wable magnetic head actuator of a VIR so as to have the
actuator hgving a good controllability. However, if the
damping means is composed of a différentiator as in'the
dated.att, the'noise of the position sensor is increased
and the tracking controllabilit} is rather deteriorated.

Ssuch a problem can be solved by using a speed estimat-
ing observer, as described above. In other words, it is
ﬂeferable that a circuit shown in Fig. 30 is coﬁposeq of an
cpserver having the structure shown in Fig. 1 and. adopting
the analog structure shown in Fig. 19,

Fig. 30 shows the structure of a twelfth embodiment of
the present invention, adopting a speed estimating observer.
In this embodiment, the position of the movable portion of
an actuator 2301 is detected by a a position detector 2302

and the detected position is input to a speed estimating

cbserver 2303 and a position'control compensator 2304, The

output of the speed estimating observer 2303 is fed back to
the input terminal of a driving signal amplifier 2305
through a dampingtloop and the position control_compensatbr
2304 feeds back the output of the speed estimating observer
2302 to the input terminal of the driving signal amplifier
205, )

 An absolute height detecting sensor 2305 for detecting
the height of the head in the actuator 2301 is provided.

The sensor 2305 may have any of the above-described
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gructures. The output of the sensor 2305 is input to an
5 _

msolute height detector 2306, and the output of.the abso-
gte height detector 2306 is fed back to a low frequency

1
pensator 2307 after it is subtracted from the command for

;ne absolute height.

The open loop gains of the respective feedback loops
shown in Fig. 30 are preferably set as shown in'Figs. 31 and
32. The characteristics of the low frequehcy cémpensator
2307 are preferably set.as shown in Figs. 33 to 35, and the
characteristics of the position control compensator 2304 are
preferably set as shown in Figs. 37 and 38. If the low
frequency compensator 2307 has a structure such as that
shown in Fig. 36, the elements a to ¢ have the characteris-
tics shown in Figs. 33 to 35, respectively. If the position
-control compensator 2304 has a'stfﬁcture such as that shown
in Fig. 39, the ‘elements a and b have the characteristics
shown in Figs. 37 and 38, respectively.

Needless to say, if the system'shown in Fig. 30 in-
cludes neither the positioﬁ control loop no the damping
control loop, the positién of the head is controlled only by
the contrbl of the absolute height at each rotation of the
drum and the height of the head is apt to deviate. If the
system does nét-iﬁclude thg damping control loop} the ratio
of suppression of the deviation of the height during one’

rotation is lowered, so that the head is apt to vibrate. On
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the other hand, if the system does not include the position
ﬂmtrol loop, although the head is unlikely to vibrate, the
(atio of suppression of the deviation of the height is
10wered to approxihately ze;o;_ Wheh the movable portion.of
the actuator has a high rigidity or viscosity, howe#er, the
system shown in Fig., 30 is free froﬁ the above-described
ﬂoblems even if the above two minor loops are eliminated_
¢rom the absolute height correction loop. In the system
shown in Fig. 30, by making the open loop géin of the
absolute height correction loop larger on the low frequency
side and smaller on the high frequency side thén that of the
position control loop containing the damping loop, the
system for controlling the movable head so as to be con-
stantly at the absolute height during the rotation of the
drum is realized. o | |

In.this case, the gaih of the absolute height correc- _
tion loop may be compensated for on the low frequency side
in the form of:a secondatry delay, as shown in Fig. 31.
Mternatively, the DC component of the position control loop
nay be cut so as to lower the gain oﬁ the low frequency
side, as shown in Fig. 32.

In ordef to realize the open loop chﬁraéteristic such
4 that shown-in Fig. 31, it is necessary to insért a filter

having frequency characteristics such'as_those shown in

I —
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«jgs. 33 to 36 as the low frequency compensator 2304 in
f

g. 30' . - I
The symbols a to ¢ in Fig. 36 represent a lag-lead

fi

gilter, a primarj low-pass filter and a secondary low-pass
ﬁlter,-respéctively, each of which is generally -known. It
i{s also necessary that the positioo control compensator 2397
pas @ structure such as that shown in Fig. 39. The symbols
Eand b in Fig. 39 represent a low-pass filter and a
nigh-pass filter, respectively, each of which is well known.
yaturally, these structures can be_fealized by an analog
circuit which is composed of a capacitor and a resistor, or
a digital filter,

Although amplified gain for compensating for a gain is
not described in each compensator, a desired gain compensa-
tion is naturally neoessary in order to roalize the oharac--
teristics shown in Figs. 31 and 32.

(19) Thirteenth embodiment

Althoogh the system shown in Fig. 30 is composed of an
analog circuit in the twelfth embodiment} it may also be
produced by a software by.using'a'hioh-speed digital comput-
er such as a microprocessor.

Fig. 40 is a flowchart of the processings in the main
routine of a control pfogram in the case of reaiizing a
Positioh control system by uéiog a software. In this

routine, after starting and initializing the program, the
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jollowing routine is repeated at every block to which the
cﬂgulation period is instructed. A caiculating:subroutine
mich corresponds to the function of the speed estimating
;pserver is first executed. A calculation subroutihe'whiéh
dwresponds to the function of the position control system,
in particular, the position control compensator is next
executed, Thereafter, the calculation subroutipe which
corresponds to the function of the absolute height correc-
tion system, in particular, the absolute height detector and
the low frequency compeﬁsator is executed. By subtracting
the results of the first two subroutines from command foi
zbsolute height correction, the command value for driving
the actuator is obtained.

The contents of the respective subroutines will be
ekplgined in the following. 1In thé-subfouﬁine corresponding
to the function of the observer, K1 to K5 are set at cbn—-
stants (Kd-xt)/R, K, Fy, F, and Fq, respectively and vari-
ables A to ﬁ are serially calculated. The variables A to B
are.equivalent to the outputs of the blocks 1405 to 1409 in

the observer shown in Fig. 1.

Fig..42 is a flowchart of the position control subrou-
tine in the flow shown in Fig. 40. The information about
the actuator height is calculated and output through two

digital filters.

e
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Fig. 43 is a flowchart of the absolute height correc-
,jon subroutine in the flow shown in Fig. 40. Absolute
seight information 2z, - Z, are averaged P times by using the
count value P and after the averaged value is compensated
for in a low freqﬁency band by a digifal filter, the éompen-
sated value is output as the absolute height.

The values Z; and Z, are obtained by picking up the
output of the two AC magnetic field generating éoils_in the
conventional examples by the absolute height detecting head
and the movable head in the present invention, and amplify-
ing the outputs by the émplifier shown in Fig. 25 and
detecting the amplified output for peak holding or sample
holding. The thus-obtained.values Z, and %, are subjected
to A/D conversion and input to the microprocessor as the
outputs of the respective AC magnetic field generating
coils.

The above-described movable head position control

system can adopt a hardware such as that shown in Fig. 44.

In the case of detecting the position of the movable head by

a position sensor, it is sometimes impossible to take the
detection signal to the outside of the drum due to the
limitation in number of the channels of the rota;y trans-
former'or'in'consideratiOn of the influence of nﬁise'exis-
tént in a slip.ring 2401. In the thirteenth embodiment

shown in Fig. 44, a driver 2402 for an actuator and a speed
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eﬁjmating observer 2404 are provided on a priﬂted circuit
hoara 2403 within the drum, thereby enabling the:actuator
M£Ch is subject to electrical damping from the outside of
¢he drum through“the siip ring 2401. |
(20) Fourteenth embodiment |

On the other hand, it is also possible to take out the
position detection signal to the outside of the rotary drum
and providing the position controller and the dfiver:butside
of the drum, Fig. 45 shows an example thereof as a four-
-teenth embodiment of the present invention. An LED or a
laser, which is a light emitting element 2502 of an optical
sensor is flashed in accordance with a driving signal. At
this time, the frequency of flashing is set in a frequency
range which is sufficiently higher than the observer fre-
- quency band and which can pass through a rotary transformer
2502. 1In Fig. 45, the dri&ing signal is supplied to thé
light emitting element 2501 through the slip ring 2503, but
the light emitting element can be similafly flashed by
transmitting the driving signal by a large-capacity trans-
former or supplying the power source by another means
(large-capacity rotary transformgr or.slip ring) and supply-
ing only a comménd signal to the light émitting elemént
2501, _

The thus;flashed light is coﬁvérfed into an AC

Photocurrent by a light receiving element 1505 through a
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. ;rOL 2504. Since the photocurrent is a photocurrent
ﬂgnal in the frequency range which the rotary transformer
ﬁaz can transmit, it easily pasées through the rotary
transformér 2502.w After the photocurrent is cpnvertéd into
the amount of light received by the light receiving element
2505, it is taken out as the amount of displacement of the
govable portion of the actuator by a differéntial amplifier
2507.

In place of the optical.sensor shown in Fig. 45, the
above-described capacity sensor may be used. In this case,
an LC oscillator is. composed of the capacity of the sensor
and a coil, and after the AC signal from the oséillator is
taken out of the transformer and subjected to a |
frequency-voltage conversion (F/V conversion), the signal is
taken out ‘as the pésition signal of the movable portion. It

goes without saYinQ thét a similar effect is also produced .
by taking out a signal to the outside of the drum through
the rotary.trénsformer by a voltage~-frequency converter (FM
modulator), voltage-pulse width converter (PWM modulator),
voltage-AC amplitude converter (AM modulator) or the like,
~which is pﬁovided in the drum.

As described above, when the position signal of the
movable_pqrtibn.is cpnstahtly taken out of the rotary
transformer,.the control'system.may be realized either by

the above-described. algorithm of a software or by an analog

T
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4rcuit' However, when the system is composed of the
pserver and the position controller provided on.the rotary
arumy there is a case in which the system must 5e composed
of an analog circuit due to the limitation of the scale of
the ciréuit. Aﬁ this time, it is necessary to.cut the DC
component of the pésition signal input to the observer so as
to prevent a drift from being produced on the aqalog calcu~-

jated value of the observer,

It goes without saying that unless the DC component of
‘the driving voltage input to the observer is similarly cut, .
2 prediction error is produced in the estimated error due to
the DC component, which inhibits the operation of the
observer,

Such an analog structure does not produce any'problem
'cecause the observer is in charge of a high frequency band
of the positlon,control system. In other words, there is
almost no change in the pole-positioning shown in Fig., 3.
(21) Advantgges of eighth to fourteenth embodiments

As described above, according to these embodimehts, it
is possible to control the movable head so as to be at a
desired height.énd the electromagnetic induction signal of
an AC magnetic field for detecting the absolute height is
'not interfe:ed.with.the”crosstalk from the'recoraing signal
current on the rotary trénsformer. It is also possible to

take the amplified gain from the height detection signal

This Sheet Has Been R laced




117

ﬁglifier separately from the gain of the information signal
gglifier. It is thus possible to detect an accurate

tdght' During the rptatiqn of the drum, since the movable
wad is fixed tg the height regul&ted:by the position
.cmﬁxol by the position sensor which is provided in the
sctuator and the movable head is damped by the speed esti-
ting observer, it is possible to prevent the vibration or

22

sisplacement of the movable head due to the vibration: of the
saqgnetic recording and reproducing apparatus.

While there has been described what are 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 spirit and

scope of the invention., -
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1. A movable head position controlling device for

nmgngtic :gcording and_reprpducing apparatus: comprising:

~a magnetic head moving means for moving the magnetic
pead in & predetermined difection at a speed which cofre-
gponds to a driving signal;

a position detecting means for detecting the position
of the magnetic head in the predetermined direction'and
outputting the result as a position déflection signal;

' a speed espimatihg means for gstimating the speed of
the magnetic head in the predetermined direction on the
pasis of the driving signal and the position deflection
signal and outputting the estimated value which is multi-
plied by a predetermined coefficient; and |

| a feedback and damping meéns for supplying a signal,
which is obtained by subfﬁacting the output of the speed
estimating means from a signal supplied from another éir-
cuit, to the'ﬁagnetip head moving means as a driving signal
so as to damp the magnetic head moving means.

2. A movable head position controlling'device accord-
ing to Claim 1, wherein the speed estimating means is a
co~dimensional observer including: : o _-*

a model block for electrically simulating the behavior
of the magnétic head movinélmeans.and-outputting the esti-

mated value of -the position of the magnetic head in the

T
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redetermined direction and the speed of the magnetic head;

’

and
an estimated speed outputting means for multiplying the

estﬂﬁated value of the speed which is output from the model -
plock by a predetermined coefficient and outputting the
product .

3. A movable head position controlling device accord-
ing to Claim 2, wherein the speed estimating means includes:

an estimated error outpufting means for subtracting the
estimated value of fhe magnetic head position which is
output from the model block from the position deflection

signal and outputting the difference as an estimated error;

and

a means for feeding back the estimated error to the

- model block.

4. A moyéble head position controlling device accord-
ing to Claim 1, 2 or 3, wherein

the maénetic head moving means includes a fixed portion
for supplying a constant magnetic field and a movable
portion for generating a magnetic field in accordance with
the driving signal and being moved in the predetermihed
'direction.by'the interlinkage between the genergted magnetic
 field and the constant magnetic field; and -
the position detecting means includes a magnet:fixéd to

the movable portion, a Hall sensor for detecting the

R R 0 e
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Gagnetic field generated by the magnet fixed to the fixed

Pm¢ion, and a means for outputting the positioﬁ deflection
signal which indicates the position of the magnetic head in
the predetermined direction on the basis of the magnetic

)

field detected by the Hall ' sensor..

5. A movable head position controlling device accord-
jng to Claim 4, wherein the position detecting means further
includes a means for magnetically shielding the magnet and

the magnetic head.

6. A movable head position controlling device accord-
ing to.Claim 1, 2 or 3, wherein |

the magnetic head moving means includes a fixed portion
for supplying a constant magnetic field and a movable
portion for generating a magnetic field in accordance with
the driving signal and being moved in the predetermined
direction by-ihe ihteflinkage between the generated. magnetic
field and the constant magﬁetic field; and

the position detecting means includes a light emitting
portion fiied to the fixed portion so as to emit light, and
a light receiving portion fixed to the movable portions so
‘as to receive the light emitted from the light emitting
portion, detect the degree of unbaiance of the amount of
light received, and output'the position deflection signal

which indicates thé position of the'hagnétic head.

ORI
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7. A movable head position controlling device accord-
ing to Claim 1, 2 or 3, wherein .
the magnetic head mofing means includes a fixed portion -
for supplying a constant magnetic field and a movable
poition for generating a magnetic field in accordance with
the driving signal and being moved in the predetermined
direction by the interlinkage between the generated ﬁégnetic
field and the constant magnetic field; and
the position detecting means includes a light emitting
portion fixed to the fixed portion so as to emit light, a
reflecting means fixed to the movable portion so as to
reflect the light emitted from the light emitting portion,
and a light receiving portion for receiving the light
reflected by the reflecting portion, detecting the degree of
unbalance of the amount of light received, and outputting
the positioﬁ deflection signal which indicates thé position
of the magnetic head.
8. A movable head position controlling device accord-

ing to Claim 7, wherein the light receiving portion is
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ces in the

-

4vided into a plurality of light receiving pie
;edetermined direction, and each difference between the
ﬁght'receiving pieces is detected as the degree of unbal-
hwe of the amount of light received. |

9. ‘A movable head position controlling'device accord-

ing to any one of the preceding claims, wherein the magnetic head moving means
jncludes an actuator which is a mechanism provided in a

rotary drum so as to move the magnetic heaq in the predeter-

mined direction, and a driver for.controlling thé actuator

in accordance with the driving signal.

10. A movable head position controlling device accord-

ing to Claim 9, wherein the driver and the speed estimating

means are fixed to the rotary drum.

11. A movable head position controlling device

according to Claim 9 or 10, wherein

the speed estimating means, the feedback and damping

means and the driver are disposed outside of the rotary

drum; and

slip ringé are provided between the actuator and the
driver and bétween the position detecting means and the
speed estimating means so as to connect the respective
elements., K

12.. A movable head position controlling device for

magnetic recording and reproducing apparatuses comprising:

* c L M s *
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a head moving means for moving the magnetic head in a

L8

predetermined direction at a séeed which correséonds to a
_driving signal and generating a counter electromotive force,
ghich indicates the speed, in the_interior of the magnetic
heaa moving means when the driving signal is applied}'

an equivalent coil having an inductance approximately
equal to that of the magnetic head moving means and generat-
ing a counter electromotlve force, which indlcates the
speed, in the interior of the equivalent coil when the
driving signal is applied;

a-speed estimating means for estimating the speed of
the magnetic head in the predetermined direction by detect-
ing the counter electromotive force generated in the equiva-
lent coil and outputting the estimated value which is
multiplied by a predetermined coefficient; and

a-feedback and.dampiné means for'supplyiné a signal;'"
which is obtained by subtracting the output of the speed
estimating meens from a signal from another circuit, to the
magnetic head moving means as a driving signal so as to damp
the magnetic head moving means. |

13. A movable head position controlling device accord-
ing to Claim 12, further comprising an equivalent.resistor
whlch has a resistance approxzmately equal to that of the

magnetic head moving means, and through which the speed

—_—
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estimating means detects the counter electromotive force

’

which is génerated in the equivalent coil.

14. A movable head position controlling device accord-

ing toClaim 12 or 13, further comprising: |

a driving current detecting means fo: detecting the
driving signal which is supplied to the magnetic head moving
means as a current and outputting the current 'as a driving
current;

a first band limiting means for limiting the detected
driving current to a predetermined frequency band; and

a current feedback means for subtracting the driving
current with the frequency band thereof limited from the -
driving signal which is being supplied to the magnetic head
moving means, and supplying the difference signal obtained
to tﬁe-magnetié head moving means as the driving signal.

15. 'A movable head position controlling device accord-
ing to Claimlg, wherein the feedbaék and damping means
includes: |

a dfiving current estimating means for converting the
counter electromotive force which is detected by the speed
estimating'meang into a curfent;

a driving current error detecting means for cEtaining
the diffefence between the.current and .the driving current :

detected by the driving current detecting means and output-

ting the difference as the difference signal;

* [ L M S *
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a second band limiting means for limiting the differ-
4nce signal to a predetermined frequency band; and
a difference current feedback means for subtracting the

ﬂjferenée'éighal with the frequency band thereof limited

¢grom the signal which is supplied from another circuit and
supplying the difference signal obtained to the current
feedback means.
16.° A movable head position controlling device for

magnetic recording and reproducing apparatuses comprising:

an actuator disposed in a rotary drum so as to hold a
magnetic head such that at least the magnetic head projects
from the peripheral'surface of the rotary drum and to move
the magnetic head in the axial direction of the rotary drum
in- accordance with a driving signal;

a magnetic field aétectingielgment diSposed_én the
peripheral ﬁurface of the rotary drum at a predetermined
position in the axial direction of the rétary.drum so as to

detect a magnetic field; and
an actuator controller for controlling the position of
-the magnetic head in the axial direction of the rotary drum

so as to bé equal to that of the magnetic field detecting

~

elemént, the actuator including:

a coil which is disposed outside of the rotary drum in
such a manner as to face the peripheral surface of the

rotary drum so as to generate a magnetic field in accordance

This Sheet Has Been Reilaced
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th the supply of an AC current and on which a§
lectromotive force is genefated by electromagnetic induc-
pion when the magnetlc field is intersected by the magnetic
pead and the magnetzc field detecting element during the
Totation of the rotary drum; and
an absolute height correction loop for qorrecting the

ériving signal so that the driving signal output when the
electromotive force is generated on the coil by the magnetic
head is equal to the dfiving output signal when the
electromotive force is éeneréted on the coil by the magnetic
field detecting element.

17. A movable head position controlling device accord-
ing to Claim 16, further comprising a position detecting
means for detecting the position of the magnetic head in the
axial'directioh of the rotary drum and outputting the result
as a position deflection signal; | |

wherein_thé actuator controller includes a position
control loop for correcting the drivigg signal in accordance

with the position deflection signal.

18. A movable head position controlling device accord-
ing to Claim 17, further comprising a speed estimating means
Lfor gstimating the speed of the magnetic head in‘the axial
'dirééticn of the rotary drum on the basis of the driving

signal and the position deflection signal;
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wherein fhe actuator controller includes a damping loop
gor damping the driving signal on the basis of ;he estimated
speed value obtained from the speed estimating means.

19. A movable head'position“cbntrolling device accord-
jng to Claim 18,‘wherein the speed estimating means is a

co—diﬁensional observer including:

a model block for electrically simulating the behaviour of
the actuator and outputting the estimated value of each of
the position of the magnetic head in the axial difection of
the rotary drum and the speed of the magnétic head; and

an estimated speed outputting means for multiplying the
estimated value of the speed which is output from the model
block by a predetermined coefficient and outputting the
product to a control_means;

20.- A movpble'head position controlling device accord-
ing to Claim 19, wherein the speed estimating means in-
cludes: |

an estimated error outputting means for subtracting the
estimated value of the magnetic head position which is
output fiom the model block from the posifion deflection
signal and'outputting the difference as an estimated error;

-

and

a means for feeding back the estimated_error to the

model block.

\_\
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21, A movable head position controlling device accord-

yng to Claim 18, 19 or 20 wherein ’

the actuator includes a fixed portion for supplying a
constant magnetic field and a movable portion for generating
a magnetic field in accordance with the driving signal and
peing moved in the axial direction of the rotary drum by the
interlinkage between the generated magnetic field and the
constant magnetic field; and ;

the bosition detecting means includes a magnet fixed to
the movable portion, a Hall sensor for éetecting the magnet-
ic field generated by the magnet fixed to the fixed portioh,
and a means for outputting the position deflection signal
which indicates the position of the magnetic head in the
axial direction of the rotary drum on the basis of the
maénetic field detected by the Hall sensor.

22.. A movable head.position controlling device accord-
ing to Claim.21, wherein the positipn detecting means
further includes a means for magnetically shielding the
magnet and the magnetic head.

23. A movable head position controlling device accord-
ing to Claim 18, 19 or 21 wherein | |

the actuator includes a figed portion for supplying a
constant magnetic field and a movabie portion for generaﬁing
a magnetic field in accordance with the driving signal and

being moved in the axial direction of the rotary drum by the

ThlS Sheet Has Been Reﬂ aced
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terlinkage between the generated magnetic field and the
cmﬁtant magnetic field; and .

the position detecting means includes a light emitting
portibn fixed-td'the fixgd-portion sb'as.to emit light, and
s light receiving portion fixed to the movable portions so
as to receive the light emitted from the light emitting
portion, detect the degree of unbalance of the amount of

1ight received and output the position deflection signal

which indicates the position of the magnetic head.

24. A movaﬁié head pdsition controliing'dévice accord-.
ing to Claim 18, 19 or 21, wherein
the actuator includes a fixed portion for supplying a
constant magnetic field and a movable portion for generating

a magnetic field in accordance with the driving signal and

being moved in the axial direction of the rotary drum by the

interlinkage between the generated magnetic field and the

'constant magnetic field; and

the position detecting means includes a light emitting

portion fixed to the fixed portion so as to emit light, a
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reflecting means fixed to the movable portion so as to
geflect the light emitted from the light emitting portion,
and a light receiving portion for receiving the light
reflected by the reflecting portion, detecting the degree of
- unbalance of the amount of light received and dutéutﬁing the
position deflection signal which indicates the position of
the magnetic head.

25. A movable head position controlling deviée accord-
ing to Claim 23 or 24, wherein the light receiving portion is
divided into a plurality of light receiving pieces in the .
axial direction of the rotary drum, and each difference
between the light receiving pieces is detected as the degree
of unbalance o£ the amount of light received.

26. A movable head position controlling device accord-
ing to any one of claims 18 to 25, wherein the control means includes a
' pééition control compensator fof increasing the open loop .
gain of the position control loop in a high frequency band.

27. A mévable head position controlling device accord-
ing to any one of claims 18 to 26, wherein the control means includes a low
frequency compensator for increasing the open loop gain of
thé absolute height correction loop in a low frequency band.

28. A.movable head position controlling dgvice accord-

ing to any one of claims 18 to 27, wherein

This Sheet Has Been Reﬁ

LT — | T



131
the speed estimating means is a processor for executing
the main routine every time a clock pulse is reéeived, the
pain routine inc}uding:
an observer routine for simulating the behavior of the
actuator in accordance with the driving signal, multiplying
the estimated value of the speed of the magnetic head in the
axial direction of the rotary drum by a predetermined
coefficient and storing the product at a variable Ol;t
a position control routine for filtering the driving
"signal such that the gain in the high fregquency band is
increased and storiﬂg the result at a variable 02;
an absolute height correction routine for filtering the
driving signal such that the géin in low frequency band is
increased and storing the result at a variable Os;

a subt ractlon routine for calculatlng 03 - 02_- 01; and

an output routine for outputting the result of O3 - Oé

- 01.
29. A movable head position controlling device for
magnetic recording and reproducing apparatuses comprising:

an actuator aisposed in a rotary drum so as to hold.a
magnetic head such that at least the magnetic head projects
from_the peripheral surface of the rotary drum and move the
magnetic head in the axiél'direction of the rotary drum in

accordance with a driving signal; -
This Sheet Has Been
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a magnetic field detecting element disposed on the
periph'eral surface of the rotary drum at a predetermined
position in the axial direction of the rotary drum so as to
detect'a magnetic‘field;-and

an actuator.confroller for conffolling the position of
the magnetic head in the axial direction of the rotary drum
s0 as to be equal to that of the magnetic field detecting
element, the actuator being disposed outside of tﬁe rotary
drum and including:

"~ a) a coil which is disposed outside of the rotary drum
in such.a manner as to face the.peripheral surface of the
rotary drum so as to generate a magnetic field in accordance
with the supply of an AC current and on which an
electromotive force is generated by electromagnetic induc-
tion whén the magnetic field is intersected by the magnetic.
head and the magnetic field'detecting element during'the |
rotation of the rotary drum; and

b) a con%iol means for controlling the position of the
magnetic head in the axial direction of the rotary drum so
that the driving signal output when the electromotive force
is generated on the coil by the magnetic head is egqual to
the driving signal output when the electromotive force is
generated on the coil by the magnetic field deteéting

element by supplying a signal to the actuator; and
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a rotary traﬁsformer having channels which.correspond
to the magnetic field detecting element and the magnetic
peads respectizgly, and connecting the magnetic head and the
magnetic field detecting element which rotate together with
the rotation of the rotary drum to the actuator controller

wvhich does not rotate together with the rotation of the

rotary drum,
30. A magnetic recording and reproducing apparatus

-including a movable head position controlling device

according to any one of the precéding claims.
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ABSTRACT

MOVABLE HEAD POSITION CONTROLLING DEVICE
FOR MAGNETIC RECORDING AND REPRODUCING APPARATUSES

A movable head position controlling device for magnetic
recording and reproducing appafatuses.- The position of a
maénetic head is detected. The magnetic head is driven by -
an actuator in accordance with a driving signal. The
driving signal is corrected on the basis of the estimated
speed of the magnetic head, the absolute height of the
movable head, the displacement of the magnetic head, oi the
output of an equivalent coil. The speed of the magnetic
head is estimated by a speed estimating-observer.' The
absolute height is detected by a magnetic field detecting
element. Tﬁe displacement of the magnetic head is detected
by non-contacting sensors attached to a member which moves
together with the magnetic head and a member which does not

‘move together with the magnetic head, respectively.
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‘1

MOVABLE HEAD POSITION CONTROLLING DEVICE ’

| FOR MAGNETIC RECORDING AND REPRODUCING APPARATUSES

The present invention relates to a movable head posi-
tioh.cpntrolling device which is used for magnetic recording

and reprbducing apparatuses such as a video tape recorder

£ e gt

{hereinunder referred to as "VTR"). S

In a magnetic recording and reproducing apparatus such
as a VIR, a movable head is used. The movable head is a
head which is displaced in- accordance with a deflection
signal which is supplied from a driving control device. In

a VIR, the movable head is provided in such a manner that .

the end of the'hovablé head projects from the peripheral
surface of a rotary drdm. By driving the movable head in
the state in which a magnetic tape passes over the peripher-
al surface of the rotary drum,'the magnetic head is.enabled,
for example, to follow.a track which is formed oh_the
magnetic tape.

Fig. 46 shows an example of the structure of a movable
head. The movable head is composed of a tonguéilike
piezoelectric bimorph 101 which is-bent in accordance with

the voltage applied thereto and a magnetic head 103 which is
_ - - | PLACEMENT SHEETS SG
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L2 |
jisposed at thé free end of- the bimorph 101. The magnetic
head 103 is fixed to the bimorph 101 and the other end of
the bimorph 103 is fixed to the inside of a rotafy head (not
shown) . Fig. 46, and later-described Figs. 49 and 50 show
the positions of a bimorph and a magnetic head on a rotary
drum. In these drawings, the circle at the back of the
bimorph and the magnetic head représents the outline of the
rotary drum.

In Fig. 46, a sensor 102 is a piezoelectric geﬁerator
formed by cutting a part of the bimorph 101.

When a voltage is applied to the -bimorph 101 and the
bimorph 101 is warped in accordance with the voltage, the
bimorph 101 assumes the state shown in Fig. 47. The angle 6
(deg) shown in Fig. 47 is called the amount of inclination
of the magnetic head 103 and § is called the displacement of
the magnetié head 103. ) |

Fig. 48 sh&ﬁs the relationship betweeﬁ the amouht of
inclination 6 (deg) of the magnetic head 103 and the effec-
tive length of the bimorph 101. As shown in Fig. 48, as the
effective length of the bimorph 101 becomes longer, the
amount of inclination of the magnetic head 103 réduces. As
the amount of inclination of the magnetic head 103 becomes
smaller, the end surface of the magnetic head comes into

better contact with the magnetic tape which passes over the

peripheral surface of the rotary drum, so that it is
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possible to record or reproduce a high-frequencf signal with
higher accuracy. Especially, ih the.case in which it is
necessary to greatly displace the magnetic head 103, that
is, it is necessary to increase 7 as at the time of superior
reproduction of a VTR, it is preferable that the amount ©
(deg) of inclination of the magnetic head 112 is small, that
is, the bimorph 101 has a long effective length.

The structure of a bimorph having a longer- effective
| length is shown in Fig. 49. In Fig. 49, a bimorph 201 is
. comparatively long and it is disposed obliquely relative to
the radius of the rotarylhead. The effective length (the
projected length in the right and left direction in the
drawing) of the bimorph 201 is therefore longer than that .of
the bimorph 101 shown in Fig. 46,

The structure of a bimorph having an even longer
effecfive length is shown in Fig. 50. In Fig. 50, an
annular bimorph 301 is adopted. The éffective length (the
projected length in the right and left direction in thé
drawing) of the bimorph 301 is therefore longer than that of
the bimorph 201 shown in Fig. 49.

On the other hand, if the effective length of a bimorph
is long, the serial resonance frequency and the parallel
resonance frequehcy become low. Fig. 51 shows an example of
the freguency characteristic of a bimorph. In a general

frequency characteristic of a bimorph, the phase reverées by

This is the replacement sheet
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180° when the frequency reaches the primary serial resonance
frequency (the frequency at the lower serial reéonance point
of the two shown in Fig. 51). For this reason, in a VTR
-system in which tracking is carried out by a movable head,
the control frequency band is set at a fregquency band lower
than the primary serial resonance frequency. If the inter-
val between the primary serial resonance frequency and the
secondary serial resonance frequency or the interval between
the primary serial resonance frequency and the parailel
resonance frequency is long, the control frequency band is
set at a frequency band between the primary serial resonance
frequency and the secondarf serial resonance frequehcy or
between the primary serial resonance frequency and the
parallel resonance frequency by phase advancing control.
Accordingly, when the effective length of a bimorph is long,
it is difficult to secure a sufficiently wide control
frequéncy band, thereby making sufficiént tracking diffi-
cult. For example, if a track formed on the magnetic tape
is rqlled, it is difficult for the magnetic head to follow

- the rolling.

| Such a defect can be ameliorated by reducing the peak
gain at tﬁe'serial resonance frequency to a certain extent.
By differentiating the output of the sensor, it is possible
to reduce the peak of the gain at the serial resonance

frequency which is contained in the output.
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It is also possible to use an actuator having the

' gtructure shown in Fig. 52 in order to drive the magnetic
head. The structure of the actuator shown in'Fié; 52 will
now be explained and the structures of conventional control
devices will next be explained. .

The actuator shown in Fig. 52 displaces a magnetic héad
at a large amplitude without inclining the magnetic,héad.
Two magnets 401 and 402 are vertically provided in the
" actuator, and a yoke 403 is disposed between the magnéts
401, 402. An annular yoke 404 is further provided with a
gap between the annular yoke 404 and the yoke 403. On the
upper side and the lower side of the yoke 404 are provided
yokes 405 and 406, respectively. These yokeé form a magnet-
ic path for the magnetic fluxes produced by the magnet 401
or 402.

In this actuator, the magnet 401, the yoke 403 aqd the
magﬁet 402 are diéposed-within a bobbin 408 which has aﬁ
actuator coil 407 wound therearound. The actuator coil 407
is situated between the yokes 403 and 404, namely, within
the gap. Therefore, when a current flows on the coil 407, a
force is applied to the coil 407 in the vertical direction
in the drawing. The direction in which the bobbin. 408 is
moved by this force is regulated by gimbal springs 409 and

410, and the bobbin 408 vertically moves.
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Each of the gimbal springs 409, 410 is composed of a
discal thin metal sheet provided with a plurality of arcuate
slits (not shown). At the cénters of the gimbal'springs
409, 410, holes -are formed, and the bobbin 408 is fitted in
the holes.so as to be fixed on the inner peripheralledges of
the gimbal springs 409, 410. The outer peripheral edges of
the gimbal springs 409, 410 are fixed to the yokes. The
~ gimbal springs 409, 410 are parallel to each other.

One 410 of the gimbal springs is integrally formed with
aileaf spring 411. The leaf spring 411 is fixed to the
bobbin 408 and the free eﬁd thereof is fixed to a magnetic
head 412. Therefore, the actuator shown in Fig; 52 can
'displace the magnetic head 412 at a large amplitude without
inclining the magnetic head 412.

(1) First example of a conventional device

Flg. 53 shows the structure of a.conventional movable
head position controlling device for magnetic recording and
reproducing apparatuses which is described in Japanese
Patent Laid-Open No. She. 52-117107. The structure of the
device will now be explained on the assumption that the
actuator shown in Fig. 52 is used and wobbling servo control
is executed. |

In this device, the output of a sensor 502 which is
formed by cutting a part of a bimorph 501 is a signal which

indicates the instantaneous value of the position of a
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magnetic head 512, The phase of fhis signal is 90° delayed
with respect to the signal for driving the bimorph 501 (the
output éignal of a driving amplifier 510). A hiéh-impedance
amplifier 503 is an amplifier having a high input -impedance,
and the output of the sensor 502 is ;mplified by the
high~impedance amplifier 503. The sensor 502 is equivalent
+o a series circuit of a capacitor and a voltage source as
viewed from the input terminal of the high-~impedance ampli-
fier 503. Since the input.impedance is high, the ‘
high-impedance amplifier 503 does not constitute a load to
the sensor 502.

A differentiator 505 is provided via an adder 504 at a
subsequent stage to the high-impedance amplifier 503, and.
the output of the adder 504 is differentiated by the
.differentiator 505. Since the output of the high-impedance
amplifier 503 indicates the instantaneous_valué'of the
position'of the‘magnetic head 512, the result of the differ-
entiation is a signal which indicates the instantaneous
Qalue of the speed of the magneﬁic head 512. The frequency
characteristic of the differentiator 505 is a phase advanc-
ing characteristic such as that of a high-pass filter. The
differentiator 505 can be utilized for reducing the peak
gain at a serial resonance frequency to a certain extent.
That is, it is possible to reduce the peak of the output of

the adder 504 by differentiation.
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To the differentiator 505, a iow-pass filter 506, a
phase advancing circuit 507, a variable gain amplifier 508
are connected in series. The cutoff frequency o% the
low-pass filtef 506 is set so as to attenuate a signal
p;oduced by the secondary and higher-order resonance fre-
quencies of the bimorph 501 from among the outputs of the
differentiator 505. When a signal passes through the
low-pass filter 506, the phase of the signal delays. The
phase advancing circuit 507 has a function of advancing the
phase of the output of the low-pass filter. Thé phase
advancing circuit 507 compensates for the phase delay in the |
vicinity of the serial resonance point of the bimorph 551.
As a result, of the signals output from the phase advancing
circuit 507, the frequency component in the vicinity of the
serial resonance point of the bimorph 551 has a phase of
clear 0°. The yariable gain.amplifier 508 is adjustable in
order to correspond to the nonuniformity in the characteris=-
tic of the bimorph 501.

The output of the variable gain amplifier 508 is input
to the driving amplifier 510 via an adder 509. The driving
amplifier 510 amplifies the output of the adder 509 and
supplies the amplified output to the bimorph 501 as a
deflection signal. In this way, the bimorph 501 is driven
in accordance with the outpuﬁ of the driving amplifier.SID.

The above structure can be said to constitute a feedback
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joop for controlling the driving of the bimorph 501. In
other words, by supplying a deflection signal to the bimorph

501, the resonance vibration of the bimorph 501 is sup-

pressed.

b

The adder 504 between the high-impedance amplifier 503
and the differentiator 503 adds the output of the
high-impedance amplifier 503 and the output of a
potentiometer 511 and supplies the sum to the differentiator
505. The differentiator 505 fetches the output of éhe adder
509. It is in order to suppress the frequency component in
the vicinity of the parallel resonance point of the bimorph
501 (zero aéjustment) that the output of the high-impedance
amplifier 503 and the output of a poténtiométer 511 are
added. Such suppression is possible because the deflection
signal is supplied to the bimorpb 501, so that the phase of
the signal output from the sensor 502 is shifted by 180° at
the parallel resonance point. By utilizing the |
potentiometer 511 in_this way, the servo system is stable in
the ?iciniﬁy of the parallel resonance point.

In this structure, however, that is, in ghe structure
in which the peak gain at the serial resonance point is
suppressed by the differentiator 505, since the noise
contained in the deflection signal, which is the.output of

the sensor 502, is also amplified, it is impossible to
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gecure a large loop gain of the loop for controlling the
pimorph 501. |

As a result, there is a trade-off relationship b;tween the
good contact between the magnetic head 512 and the magnetic
tape, and the sufficient frequency band and loop gﬁin for
control. In this way, there is a certain limitation to
damping control.

Fig. 53 also shows the structure of a wobbling servo
system. The output of the magnetic head 512 is sup;lied not
only to a video signal processor 513 but also a wobbling
servo system which is composed of a head position controller
514, a frequency compensator 515 and a converter reset
signal generator 516. The output of the wobbling servo
system is supplied to the adder 509.

Wobbling servo control is a control for constantly
" maximizing the amplitude of a reproductioh signal from ﬁhe
magnetic head 512. As a tracking control system, a pilot
system and a wobbling system are conventionally adopted. 1In
this conventional device, a wobbling system is adopted.

In a pilot system, a multiplicity of pilot signals for
tracking servo control are recorded on the same recording
track or a multiplicity of pilot signals which belong to the
gap between the recording signal frequency allocation are
recorded on different tracks so that signals.recorded

thereon are different from each other. 1In this system, the
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jevels of the signals obtained as a crosstalk from the
adjacent tracks are compared at the time of reproduction and
the direction and the amount of off-track are detected. The
results of detgction are used for thg control of the pqsi-
'¢ion of the magnetic head.

In a wobbling system, the magnetic head is forcibly
vibrated minutely at the time of recording, and the frequen-
cy component of the minute vibratién which is contained in
the reproducéion envelope signal is synchronously de%ected
in accordance with magnetic head vibration coﬁmanding
information. As a result of the synchronous detection, the
direction and the amount of off-track are detected.

To state this more explicitly, in a wobbling system, .
the objectlof control is an electromagnetically driven |
actuator 518 having a structure in which the magnetic head
512 is driven when aicur;ent is suppliéd to the aétuator
517, as shown in Fig. 54. The wobbling servo system in-
cludes a head amplifier 519 for amplifying the output of the
magnetic head'512, a wobbling servo circuit 520 for execut-
ing wobbling servo control in accordance with the signal
which is amplified by the head amplifier 519, and a driver
521 for supplying a current to an actuator coil 517 in
accordance with the output of the wobbling servo circuit

520. In the circuit shown in Fig. 53, the function of the
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4obbling servo circuit 520 is chiefly assigned to the
grequency compensator 513. |

In the circuit shown in Fig. 53, the outputiof the
magnetic head 512 is first processed by the head position
controllér 514. The head position controller 514 generates
a tracking correction signal from the output of the magnetic
head 512. The f;equency compensator 515 compensates the
frequency in accordance with the output of the head position
controller 514 and the output of the converter rese£ signal
generator 516. The converter reset signal generator 516
outputs a signal for moving (resetting) the magnetic head
512 to the tracking starting position. The adder 509 adds
the output of the variable gain amplifier 508 and the output
of the frequency compensator 515, and supplies the sum to
the driving amplifie; 510 and the potentiometer 511.

| In this Wag, in this.coﬁventional device, good tracking
is possible while maintaining a good contact between the
magnetic head and the magnetic tape. This is because the
wobbling servo system is adopted.

The conventional device having the abovefdescribed
sttucture, however, suffers from problems such as the
limitation in the control frequehcy band énd the oscillation
of the tracking servo system as follows.

 When the magnetic head is driven by the actuator having

the structure shown in Fig. 52, the phase reversal is caused
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due to the mechanical resonance of the gimbal springs and
the leaf spring. The frequency characteristic of this
actuator is such as that shown in Fig. 55, and the phase 1is
reversed by 180° at a frequency above the primary serial
resonance ffequency. Therefore, the control frequency band
must be set at a frequency band sufficiently lower than the
primary serial resonance frequency. If the control frequen-
cy band is raised beyond this limitation, the phase @argin
of the sexrvo system is deteriorated due to the phase rever-
sal caused by the mechanical resonance and the gain margin
is also deteriorated due to the peak géin produced by the
mechanical resonance. As a result, the tracking system is
oscillated.

Such problems may be solved by raising the mechanical
resonance frequency. In this case, however, the thickness
of the gimbél is increased, so that it is necessary to
increase the force constant of the actuator, which inconve-
niently leads to the increase in the dimension of the
actuator.

(2) Second example of a conventional device

Head structure

Fig. 56 is a sectional view of the main part of a
conventional magnétic recording and reproducing apparatus

and Fig. 57 shows the same apparatus with a seat removed
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therefrom, as viewed in the direction indicated by the
arrows A —- A in Fig. 56. |

. In these drawings, the reference numeral 60& represents
a fixed drum, §02 a-beariﬁg attached to the fixed drum 601,
603 a rotary shaft which is rotatably supported byithe
_pearing 602, 604 a seat fitted over one end of the rotary
shaft 603 and 605 a rotary drum attached to the seat 604 by
a screw_606. The reference numeral 607 represents an
actuator attached to the rotary.drum 605 by a screw1608, 609
a lower transformer attached to the fixed drum 601, 610 an
upper - transformer attached to the seat 604, 611 a distribu-
tion board, 612 a contact which does not rotate and which
supplies a control current to the actuator 607, 613 rotary
electrode which is provided at a part of the seat 604 in
such a manner as to come into sliding contact with the
contact 612, and 614 and_615 connecting'portions, The
rotary electrode 613 is eléctrically connected to the
actuator 607 through the connecting portions 614, 615 and
the distribution board 611. The reference numeral 616
represents a magnetic head (hereinunder referred to as
"movable head") attached to the actuator 607.- The movable
head 616 is electrically connected to an actuator confroller
througﬁ a connecting portion 617, the distribution board 612
and the connecting portion 615. The réference numeral 618

denotes a recessed portion provided at a part of the rotary
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drum 605 for receiving the actuator 607. The recessed
Portion 618 is made larger than the actuator 607 so as to
.allow the position control of the movable head 616. A
plﬁrality of holes 619 used for the position control of the
movable head 616 are provided in the recessed portion 618.
The reference numeral 620 represents a magnetic fape which
passes over the outer peripheral surface of the rotary drum
605 and comes into sliding contact with the movable head 606
' during travelling. .

Fig. 58 is a plan view of the actuator 607, Fig. 59
shows the same actuator 607, as viewed in the direction
indicated by the ‘arrows B - B in Fig; 58, and Fig. 60 is a
sectional side elevational view thereof, as viewed in the-
direction indicated by the arrows C - C in Fig. 58. The
reference numeral 621 represents a first yoke composed of a
magnetic.materigl and 622_a first permanent magnet which is
columnar and fixed to the first yoke 621. A second yoke 623
composed of a magnetic material and provided with a convex
portion 623b at a part.of the inner periphery thereof is
attached to the first yoke 621. A third yoke 624 composed
of a magnetic material is attached to the second yoke 623.
.The reference numeral 625 represents a second permanenf
magnet which is columnar and fixed to the third yoke 624
with the same magnetic pole opposed to each.other, and 626 a

Pole piece composed of a magnetic material and fixed to
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either the second permanent magnet 625 or the first perma-
nent magnet 622 af an intermediate position therebetween. A
leaf spring 627 is composed of a thin nonmagneti& material.
The peripheral.edge of the leaf spring 627 is clamped
between the first yoke 621 and the sécond yoke'623{ and the
extending portion 627a thereof projects outward through
windows 621&, 623a provided on the first yoke 621 and the

second yoke 623, respectively. The movable-heéd 616 is

 attached to the end of the extending portion 627a. A leaf

spring 628 composed of a thin nonmagnetic material is

clamped between the second yoke 623 and the third y°ke 624.

" Fixing members 629 are held by the leaf springs 627 and 628.

A bobbin 630 is fixed to the fixing members 629 by an
adhegive 632 with a gap between the inner periphery of the
bobbin 630 and the outer peripheries of the first permanent
magnet 622, the second permanent'magnet 625 and the pole
piece 626. The.reference numeral 631 denotes a coil com-
posed of an electric wire coated with a coating material and
wound around the bobbin 630. The bobbin 631 is accommodated
in the annular gap G formed by the convex portion of the
second yoke 623,

Fig. 61 shows the magnetic head mounted on the rotary
drum 605 in the case of being used for a magnetic tape unit
in accordance with the present VHS formaf._ The movable head

616 is used as a pair of magnetic heads exclusively for
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superior reproduction mode (mode for fast forwarding or
slowly reproducing the recorded video information). The
reference numeral 635 represents a pair of EP heéds for a
long-time mode for recording video information on a narrow
track on the video tape for a long time, 636 a pair of SP
head for recording and reproducing normal video information
on and from a wide track, 637 a pair of audio heads for
recording and reproducing audio information, and 638 a pair
of FE heads for erasing the recorded information for ;ach
track at the.time of recording new information thereon.

‘Control system

Fig. 62 is a block diagram of a conventional control
system and Fig. 63 is a perspective view of the magnetic
field generator of the conventional device. In these

drawings, the reference numeral 640 represents an AC magnet-

ic field gengra?or'for supplying two magnetic fields Bfi'
Bey having different frequencies from each other to the
movable head 616. The AC magnetic field generator 640 is
disposed at a position along the peripheral surfaces of the
rotary drum 605 and the fixed drum 601 on the opposite side
to the magnetic tape 620, and the position is controllable.
The AC magnetic field generator 640 is provided with AC
magnetic.field generating coils 645, 645a arranged in the

axial direction of the rotary drum 605 so as to generate the

magnetic -fields Bgy, By, having different frequencies f,, fz
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from each other. The reference numeral 642 denotes a band-
pass filter for passing the frequency component £,
therethrough and 643 a band#pass filter for'passing the
frequency cpmgonenf f2 therethrough.
(3) Third example of a conventional device

Fig. 64 is a circuit diagram of a third example of a
conventional device. The reference numeral 746 represents a
driver for supplying a current to a coil 745, 747 an oscil-
lator for generating an AC voltage, 748 and 749 rotary
transformers for transmitting ﬁnd receiving a signal to and
from a magnetic head in é rotary drum 705, and 750 and 751
recording/reproduction signal amplifiers for amplifying
signals from an audio head and a video head and supplying a
recording current. The reference numeral 752 denotes a
band-pass filter for only passing therethrough a signal
which is electrqmagneticaliy induced by the oscillating coil
745 and reproduced by an audio hegd 737 fixed in the rotary
drum 705, and 753 a band-pass filter for only passing
therethrough a signal which is electromagnetically induced
by the oscillating coil 745 and reproduced by a movable head
716. A sample hold circuit 755 holds the output which is - !
reproduced by the movable head 715 at every other rotation
of the rotary drum 705, electromagnetically induced by the
oscillating coil 745 and amplified. A differential ampli-

fier obtains the difference between the signals of the
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sample hold circuits 755 and 755 and has the characteristic
ghown in Fig. 756. The reference numeral 757 denotes a
servo compensator composed of a low-pass filter Br the like
so as to secure the stability in a position fixing control
joop, and 758 a driver for supplying-a dfiving current to an
actuator 707.

Fig. 66 is a sectional view of.ihe AC magnetic field
generating coil 745. The reference numeral-745c,represents
a magnetic core for concentrating magnetic fluxes generated
by the coil 745, 745U a coil for generating AC magnetic
fluxes from the AC current flowing thereon, 745L a coil for
generating AC magnetic fluxes in the reverse direction to
that éenerated by the coil 745U, 745b a coil holder for
accommodating the coils 745U, 745L, and 759 a fixing member
for fixing the AC magnetic field generating coil 745.
fig. 67 shows ﬁhe directiohs of the magnetic fluxeé geherat-
ed by the AC maénetic field generating coil 745.

(4) Fourth example a conventional device

Fig. 68 is a circuit diagram of a fourth example of a
conventional device and Fig. 69 is an enlarged view of the
part A in Fig. 68. Two AC magnetic field generating coils
845, 845a; which are so designed as to be insusceptible to
the influence of each head such as nonuniformity in the
sensitivity, are disposed in the peripheral directipn.of a

rotary drum 805. The reference numeral 850 denotes a first
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divider for obtaining the ratio of the amplitudes of the
outputs of the two AC magnetic fieid generating coils 845,
g45a which are reproduced by a fixed head, and 8%0 a second
aivider for obtaining the ratio of the amplitudes of the
outpufs of the two AC magnétic field generatin§ coils 845,
g45a which are reproduced by a movable head 816.

(5) control of the height of a magnetic head by an actuator

The operation of the actuator 607 in the éecond_example
of a conventional device will be explained with reference to
Figs. 56 to 63.

The first permanent magnet 622 generates magnetic
fluxes D by the closed magnetic path formed by the pole
piece 626, the second yoke 623 and the first yoke 621.

Similarly, the second permanent magnet 625 generates
magnetic fluxes E in the direction opposite to that of the
.magnetic fluxes D by the ciosed magnetic path formed by the
pole piece 626}.the second yoke 623 and the third yoke 624.°

Both the magnétic fluxes D and the magnetic fluxes E
generated in this way intersect the annular gap G in the
same direction, and the total magnetic fluxes generated by
the first permanent magnet 622 and the second permanent
magnet 625 cross the coil 631.

In this state, when a current is caused to flow on the

coil 631 from the contact 612 through the eléctrode 613 and

the connecting portions 615, 614, the bobbin 630 and the
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Lovable head 616 are integrally moved in the vertical and
axial direction.

consequently, the movable head 616 is displ;ced in the
girection of_the‘width of the magnetip tape 620 and traces
the recorded track with high accﬁracy. -

Fig. 70 shows the hysteresis characteristic between the
driving currenﬁ for the magnetic head actuator 607 and the
amount of displacement of the movable head 616, and Fig. 71
shows the recording tracking p;ttern on the magnetic tape 20
at the time of recording signals by using the magnetic head
actuator 607 having the hysteresis characteristic shown in
Fig. 70.

As is cleér from Figs. 70 and 71, in the case in which
the magnetic head actuator 607 is controlled only at the
initial stage, the reference position of the magnetic head
616 varies due to the hysteresis characteristic shown in
- Fig. 70, so that the recorded tracks overlaps by a.

The movable head 616 detects the magnetic fields Bg,,
sz generated by the AC magnetic field generating coils 645,
645a, respectively, every time the movable he;d 616 passes
the vicinity of the AC magnetic field generator 640, and
outputs thé detection signal which is broportional to the
intensity of the magnetic field. The band-pass .filter 642

transmits the signal component S having a frequency of f1
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and the band-pass filter 6&3 transmits the signal component
T having a frequéhcy of f2

The levels of these two signal components S: T vary
when the movable head 616 is moved in the axial direction of
the rotary drum 695, in other words, Qith a change in the
neight of the movable head 616, as shown in Fig. 72. If it
js assumed that the height of the movable head 616 at which
the two signal components S, T are at the same level is
maénetic and the level of the signal components at that time
ijs £, a subtracter 644 obtains the difference between the
signal components S and T, feeds back the difference signal
to the actuator 607 and moves the movable head 616'in the
direction in which the difference becomes zero. In other-
words, the movable head 616 is moved so that the levels of
the signal components S and T are the same, that is, the
height of the movable head 616 is magnetic in Fig; 52.
Since it is possible to vary the intersection { of the
signal components S, T and vary the height magnetic of the
movable head 616 by varying the positions or the like of the
AC magnetic.field generating coils 645, 645a, it is possible
to freely determiné the reference position of the movable
head 616.

Although the control of one movable head is explained
in thé second'exaﬁpie, it is possible to cancel the differ-

énce in head level between channels at the time of recording
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py an apparatus provided wiih a plurality of movable heads
by controlling each movable head in the same way.

As shown in Fig. 73, the AC magnetic fluxes having a
frequency of f;.generated by the two coils 645U, 645L of.the-
ac magnetic'field generating coil 645.répe1 each other at
the position at which the coils 645U and 645 L are opposed
go each other, and a region in which the flux density is
high and a region in which the flux density is low are
formed in the vertical direction.

The AC magnetic flux is reproduced by a reproducﬁion
signal amplifier 650 or 651 through a rotary transformer 648
or 649 when the movable head 616 or the audio head 637
passes the AC maénetic field. At this time, the oscillation
frequency fl of the oscillator 647 is set at a fregquency
higher than the attenuation-frequency limit of the rotary
transformers 648, 649 defined by the fféquency charabteris—
tic on the low ffequency siée and lower than the frequency -
at which the driving current becomes difficult ﬁo,supply due
to the inductance of the AC magnetic field generafing coil
645, The attenuation-fre@uency limit of the rotary trans-
formers 648, 649 is generally several 10 KHz fo 100 KHz.

For example)'if the number of turns of the coils 645U, 64SL
is several hundred and the frequency at which attenuation
start is l_MHz, the oscillation frequency f1 is determined

set as, for example, 100 KHz < f1 < 1 MHz.
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The operation of the second example of a conventional
gevice will be explained with reference to Figs. 64 to 67.
In Fig. 64 and 66, when the magnetic head 716 or the
agudio head 737'basses the vicinity of the AC magnetic field

generating coil 745, the amplitude of the reproduction
signal having a frequency of f; and output from fhe repro-
duction signal amplifier 750 or 751 is increased by moving
the movable head 716 upward (away from the deck base) and
reduced by moving the movable head 716 downward in the case
in which the intgrmediéte position between the two coils
745U-and 745L is higher than height of the audio head 737 or
the fixed height of the mo§able head 716 at the neutral
position. If the intermediate position between the two
coils 745U and 745L are lower than the height of the audio
head 737 or the fixed height of the movable head 716 at the
neutral position,-the direction of attenuation of the
reproduction signal is reversed. It is now assumed that the
detection sensitivity for the signal output from the repro-
duction signal amplifier 750 as the reproduction signal from
the fixed head (audio head) 737 is equal to the detection
sensitivity for the signal output from the reproduction
signal amplifier 751 as the reprodﬁction signal from the
movable head 716 or they are adjusted to be equal by the
gain adjustment of the reproduction signal amplifier 750 or

751, The outputs of the reproduction signal amplifiers 750,

This Is the replacemant sheet
Date: 2 8 AUG 19%



£ 25 . |

151 are passed through the band-pass filters 752, 753, |
respectively, which transmit only the frequency f1 and
gnnecessary noise is removed therefrom. These two outputs
are supplied to thg s;mp;e'hold circuits 754 and_755 for
sample holding or peak holding so as £o obtain thé maximum
1evels thereof and thereafter the difference in level is
taken out by the differential amplifier 756 so as to obtain |
the difference in height between the movable héad 716 and |
the fixed head 737 as a function of a voltageﬁ The differ-
ence obtained is-paésed through the phase compensator 757
such as a low-pass filter in thé control system, and the
control loop is closed in the direction in which the differ-
ence in head level is cancelled. Thus, the movable head 716
and the fixed head 737 are held such that there is no
difference in head level at the time of recording, either.

léimilarly, iﬁ the case in which two movable heads 716
are mounted on tﬁe rotary drum 705 at the diametrically

opposite positions, it is possible to cancel the difference

in the head level between channels by providing the

above-described head height fixing control system in each
actuator.

In this case, the servo band of the position fixing
control loop need not be very wide because the position
fixing control system only corrects thg difference in height

between the movable head 716 and the fixed head 737 or
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gifference in height between two movable heads 716. Since
¢ne difference in height or level of head is detected at
every other rotation of the rotary drum 705, if the rotary
drum 750 rotates at a.rate of 1,800 rpm, the.time corre-
Spoﬁding to 30 Hz is wasted by samplihg. Therefore, unless
¢he control frequency band is set at not more than several
gz, the control system oscillates. For this reason, the
'compensator 757 determines the time constant and the-gain so
t+hat the control frequency band becomes several Hz and the
phase gain is not less than 60 deg.

Returning'tq the second example, it goes without éaying
thét in the head level control system, while the movable
head 616 is passing over the magnetic tape along the periph-
eral surfaces of the drums 601, 605, the record- |
ing/reproduction sighal amp;ifier functions-as a recording
signal amplifier, and while the movable head 610 moved in
the vicinity of.the AC magnefic field genérating coil 645 on
the opposite side of the drums 601, 605 with respect to the
magnetic tape 620, the recording/reproduction signal ampli-
fier functions as a reproduction signal amplifier.

The head level control system has the above-described
structure. ' In the conventional device shown in Fig..64, the
detection sensitivities of the heads 716; 737 and the
reproduction signal amplifiers 750, 751 must be equal to

each other or adjusted to be equal. Actually, however, it
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;¢ often difficult to equally adjust the sensitivities due

to the difference in the number of turns between the fixed

head 737 and the movable head 716, the difference in magnet-

ic permeabilitY‘between the head cores, the_nonuniférmity in
the gains of amplifiers 750, 751 and the difference.in the
temperature characteristics. N

As a countermeasure, in an conventional device shown in
Fig. 68, two AC magnétic field generating coils.845 and 845a
having different oscillation frequencies f1 and f2 are
provided and one AC magnetic field generating coil 845 is
fixed such that the intermediate height between the two .
coils is higher than the height of a fixed head 837 and the
intermediate height between the two coils of the other AC-
magnetic field generating coil is lower than the height of
the fixed head 837, At this time, if the height of a
ﬁovable head 816_is so controlled that the amplitude ratio
of the output having a frequency of fl which is electromag-
netically induced by the oscillating coil 845 and reproduced
by the fixed head 837 and the output having a frequency of
f2 which is electromagnetically induced by the oscillating
coil 845a and reproduced by the fixed head 837 is equal to
the amplitude ratio of the outputs of the movable heads 816,
it is possible to cancel the difference in height betwéen
the movable head 816 and the fixed.head 837 irrespective of

the difference in the number of turns between heads, the
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difference in magnetic permeability between the head cores,
£he nonuniformity in the gains of amplifiers and the differ-
ence in the temperature characteristics so long as the
frequency charactéristics of the fixgd head sfstem and the
movablé_head system are not greatly deviafed from the
frequency characteristic of each of the heads and reproduc-
tion signal amplifiers at the frequencies f, and £,. The
output reproduced by the movable head 816 is input to

band-pass filters 853, 853a for transmitting only the

frequencies fl and f2' respectively, and the amplitudes of
the reproduced signals are input to a divider 860 through
sample hold circuits (or peak hold circuits) 855, 855a and
taken out as a division signal. Similarly, the output
reproduced by the fixed head 837 is input to band-pass
filters-852, 852a for transmitting only the frequencies fl_
: énd fz, respectively, and the amplitudes of the répfoduced
signals are input to a dividér 859 through sample hold
circuits 854, 854a and taken out as a division signal. The
difference between thése division signals is obtained by a
differential amplifier 856, whereby it is possible to detect
the direction and the amount of deviation of the height of
the movable head 816 from the height of the fixed head 837.
For example, if the top of the movable head 816 is situated

at a position higher than the top of the fixed head 837 (the

Movable head 816 deviates from the fixed head 837 in the
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direction which is away from the deck base), in the repro-

guction signal of the movable head 816, the amplitude of the
frequency component'fl is larger than that of thé frequency
component f2 as* compared with the reproduction signal of the
fixéd head 837. Conseqﬁenﬁly, the ouiput signal of the
gifferential amplifier 856 is negative, so that the movable
head 816 is moved down to the position at which there is no
difference in head level. %

In the above-desctibed manher, accurate head level
control is executed even if there is nonuniformity in
sensitivity between the heads 816, 837 or the head amplifi-
ers 850, 851. The conventional device shown in Fig. 68,
however, requires the highly accurate dividers 859, 860,
which may lead to rise in cost.

(6) Fifth example of a convehtional device

Fig. 74 is a circuit diagram of a fifth example of a
conventional device, which does not use a divider. The
reference numeral 961 represents a switching éircuit, 962 a
‘a timing controller for controlling the holding timings of
sample hold circuit 955, 955a.

In the fifth example, the output of a fixed head 937
which is amplified by a reproduction signal amplifier 950
and further the outputs of band-pass filters 952, 952a for
transmitting oniy the frequencies fl, £, are so controlled

that the amplitudes of the output signals having frequencies
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of £ (= 150 KHz) and £, (= 200 KHz), respectively, are
equal by adjusting the positions at which AC magnetic field
generating coilss945, 945a are provided and the AIiving
yoltages. of the drivers 946, 946a by adjusting terminals
yhile observing the output level of the reproduétion signal.
gy controlling the height of a movable head 916 so that the
amplitudes of the reproduction signal components having
frequencies of £5, f, are equal in this way, it is pogéible
to eliminate the difference in level between the movable
head 917 and the fixed head 937 without using a divider.

In this example in which the twb movable heads 916 are
mounted on a rotary drum at diametrically opposite posi- _.
tions, the control of these heads is executed by distribut-
ing a reproduction signal of each channels to four sample
hold circuits 955, 955a by the analog switching circuit.961
vhich is provided at the subsequent stage to band-pass
filters 953, 953a. In this case, two differential amplifi-
ers 956, 956a, two compensators 957, 957a and two drivers
958, 958a are necessary at the subsequent stages. Such
correspondence to multi-channels are also applicable to the
conventional devices shown in Figs. 64 and 68. The control
frequency Sand'is set in the conventional device shown in
Fig. 74 in quite the same way as in the conventional devices
shown in Figs. 64 and 68, and the gain and the.phase is

Compensated for by a compensator. Since a magnetic head
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enerally picks up a magneéic flux in the direction to which
¢he circumference of the rotary drum is connected, if the AC
magnetic field generating coils have the configufations
_Shown_in Fig. 66, the outﬁuts are taken out in rgprqdﬁction
envelopes such as those shown in Figs. 75 to 77. In the
case of the structure shown in Fig. 74, since the reproduc-
¢ion signal of the fixed head 937 is adjusted so that £, and
£ are equal, the output signal takes the form shown in Fig.
75. Even if the sensitivity between the head and the head
amplifier is deviated from that of the movable head system,
when the levels of the frequency components f1 and fz
becomes equai after the control of the mdvable head 916, as
shown in Fig. 77, thg difference in head level is cancelled.
{7) sixth example of a conventional device

Fig. 78 is a circuit diagram of a sixth example of a
convehtional device. This-éxambie has a structure similar
to that which is.generally used by a minute displacement
gauge. Aﬁ AC magnetic field generating coil 1045 is dis-
posed such that the intermediate height of the two coils
thereof is the same as the height of a movable head 1016.
Wien the movable head 1016 is deviated in the vertical
direction, the direction and the amount of deviation of head
level is detected by detecting the deviation of the ampli-
tude and the phase shift by a synchronous detector 1063, as

shown in Fig. 79. In this case, the processing after sample
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nolding the synchronous detection signals is the same as in

. the conveﬁtional devices shown in Figs, 64, 68 and 74. 1In
this way, if {t is possible to control the diffe}ence in
jevel between fhe movable head 1016 and the fixed head 1037
so as to be constantly cancelled at the time of reéording,
if is unnecessary to attach a fixed head exclusively for
recording to a rotary drum lOOS,iand recording;, reproduction
and superior reproduction'of a video signal, for exémple,
can be assighed to the movable head 1016 mounted on an
actuator 1007. In addition, since it is possible to adjust
the level of the movable head 1016 to the level of the fixed
head 1037, it is possible to mount a Hi-Fi audio head 1037
for a VHS format and an erase head 1038 for recordiné new
information on the recorded track on the rotary drum 1005
and to mount an EP head 1035 and an SP head 1036 on the
actuator, as shown in Fig. 80, It is thus possible to
greatly simplify the arrangement of heads in comparison with
the arrangement showh in Fig. 61.

In the example shown in Fig. 81, the amplitudes of.the
reproduction signals having frequencies of f1 and f2'
respectively, which are output from the fixed head 1037, are
adjusfed to be equal by adjusting the mounting position of
the AC magnetic field generéting coils 1045 and the driving
voltage levels. Howéver, it is sometimes impossible to make

those amplitude equal merely bv adiusting the mounting
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Position of the AC magnetic field generating coils 1045 or
the driving voltage levels, or the initial adjustment solely
is sometimes insufficient for practical use due éo tempera-
ture characteri%tics,.change with time, etc.
(8) Seventh example of a conventional device

Fig. 81 is a circuit diagram of a seventh example of a
conventional device. In this example, an AC magnetic field
control system is provided so as to electrically adjust the
amplitudés of the reproduction signals of a fixed head 1137
to be equal when they cannot be made equal by the adjustment
of the mounting position of an AC magnetic field generating
coil 1145. The reference numeral 1165, 1165a represent
variable gain control amplifiers for controlling the level
of the AC.magnetic fieldé generated by coils 1145 énd 1145a.

In this example, the amplitudes of the_output signals
having frequencies of-f1 and f2’ respeétiVely, which are
output from a fixed head 1137 and passed through band-pass
filters 1152, 1152a, are adjusted to be constant by input-
ting the outputs of sample hold circuits 1154, 1153a to the
gain control iﬁput terminals of the variable gain control
amplifiers 1165, 1165a, respectively. 1In this way, the
amplitude is so controlled as to be constant (in this case,
the reproduction outputs of the fixed head 1137 having
freguencies £1, £, are so controlled as to have equal

@plitudes) irrespective of variation of the mechanical
This is the replacement sheet.
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Position control of the AC magnetic field generating coils

1145+ 1145a, temperature characteristics, change with time,

etc.

(9) Eight example of a conventional device

Fig. 82 is a circuit diagram of an eighth example of a
conventional device. This device has the same structure as
the device shown in Fig. 81 except that the control of the
magnetic field level is executed by adjusting only one.AC_
pmagnetic field generating coil 1245a. The reference n;meral
1266 represents a differential amplifier.

In this example, the signal components having frequen-
cies of £; and £, are extracted from the reproduction output
of a fixed head 1237 by band-pass filters 1251, 1252a,
respectively, and supplied to sample hold circuits 1254,
1254a, respectively. The differential émplifier 1266
obtains the difference between the valueé output from the
sample hold circﬁits_1254, 1254a and supplies the'driving
voltage level of the AC magnetic field generating coil 1245a
to the variable gain .control amplifier 1265. In this way, .
the reproduction output level from the other AC magnetic
field generating coil 1245 and the feproduction output level
from the AC magnetic field generating coil 1245a are adjust-
ed to be equal. This example produces a similar effect to

that of the example shown in Fig. 81.
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By adding the AC magnetic field control system for
controlling the AC magnetic field generating coils 1245,
1245a, it is possible to maintain the accuracy of the
movable head position control system shown in Fig. 74 even
if there is a fluctuation in adjustmeﬁt of the mounting
position of the AC magnetic field generating coils 945,
945a, temperature characteristics, change with time or the
like.

Although the devices shown in Figs. 64 to 82 hav;
analog circuit structures, it goes without saying that the
output of a reproduction signal amplifier or a band-pass
filter may be subjected to analoé-digital conversion, and
after processings such as subtraction, sample holding and.
compensation filtering by a digital circuit or a software in
a microcomputer, the processed output may be subjected to
digita;—analog convefsion so as to drive an actuator.

(10) AC magnetic field generating means

The structure of an AC magnetic field genefating coil
will now be explained in detail. |

In order to rapidly change the flux density depending
upon locations, it is first necessary to concentrate magnet-
ic fluxes. For example, there is a method of concentrating
magnetic fluxes by applying a éurrent to coils which are
opposed to each other, as shown in Fig. 67, so as to cause

the coils to repel each other.
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As shown.in Fig. 73, magnetic fluxes are concentrated
on the region between the coils. As magnetic fluxes are
apart from the core, they rapidly diverge and thé flux
gensity becomes %ow. In this way, this method is favorable
because.flux density ;s different in-locations. The change
in flux density here does not refer to a change in number of
magnetic fluxes at a certain position but a change in the
flux density in the direction in which a movable -head can
detect magnetic fluxes with reépect to the axial direction
of the rotary drum, as described above. It is therefore
necessary to investigate_the direction of magnetic fluxed
génerated by an AC magnetic field generating‘cbil. Fig. 83 -
schematically shows the coordinate plane for examining the
magnetic field distribution of an AC magnetic field generat-
ing coil 1345. The reference numerals 13450, 1345L denote
coils, 1345c a maghetic core composed of a soft magne;ic
material such aé soft ifon, and 1346 an AC power §ource for
applying a current to the two coils 1345U, 1345L. The plane
A is a plane which has the.center axis L of the magnetic
core 1345c as the normal line and which intersects the
center of the space between the two coils 1345U, 1345L. The
Plane B iS'a‘plane parallel to the plane A and distant
therefrom by d, and the plane C is a plane parallel to the
Plane A and the plane B and distant from the plane B by d

and from the plane A by 2d. The curved surface D is a part
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of the peripheral surface of a-cylinder which has the center
axis in the same direction as the center axis L of the

¢

maqnetic core 1345c and which has a radius of R. It is
assumed that the czurved surface D r.ep;esents a peripheral
surface of a rotary drum and that the lines where the curved
gurface D intersect the planes A, B and C represent the loci
of the movable head.

Although an AC current is actually applied to the coils
13450, 1345L, it is assumed heré to apply a DC current
thereto for the convenience of explaining the principle.
Figs. 84 to 86 schematically show the vectors of magnetic
flux on each lplane when a DC current is applied th the coils
1345U, 1345L so as to cause the poles to repel each other.
In each drawing, the circle represents the cross section of
the magnetic core, and the curve X - X' a line where each
'pl'ane. intersects the curved surface D.

Referring first to the plane A, in.the_ region close to-
the magnetic core 1345c, the vector of magnetic flux on the
plane A is large, and as magnetic fluxes are apart from the
core, they take a roundabout péth, so that the vector of
magnetic flux on the plane A is rapidly reduced. |

On the plane B which is distant from the ;plane A by 4,
since magnetic fluxes take a roundabout path, the vector of

magnetic flux on the plane B is at its maximum in a region

"’hic_h is apart from the core 1345c to a certain extent.
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This phenomenon is the same with the plane C, but since
_maqnetic fluxes take a'roundabout path and the vector éf
magnetic flux gradually approaches zero, the absolute value
of the vector is sma}ler than that on the plane B.

As described above, the curve X - X' on each plane
représents the locus of the movable head, and the direction
in which.magnetic fluxes can be detected by the movable héad
is represented by the line connecting the points on the
surve X - X'. In Fig. 87, the magnetic fluxes in. Figs. 8%
to 86 are converted into AC magnetic fluxes and the curved
surface D is developed into a flat plane. Each group of the
arrows represents the vector of magnetic flux on the plane D
on each line where the plane D intersects the corresponding
plane. Since the magnetic fluxes are AC magnetic fluxes,
the vector is represented by pairs of arrows pointing the
opposite diréctions. .

Figs. 88 to 90 show the waveforms output by fhe induced
electromotive force of the movable head which has passed the
lines where the planes A, B and C, respectively, intersect
the curved surface D on the assﬁmption that the magnetic
flux distribution is as shown in Fig. 87. As is obvious
from the output wavéforms, the peak level is different in
Planes. In this example, the peak level on the plane B is
the highest. In other words, the peak level is a nonlinear

function which depénds upon the amount of displacement of
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the movable head in the axial direction of the rotary drum.
1t is therefore possible to know the absolute position of
the movable head by detecting the peak level of the output
wqaveform. ' .

In order to control the positioe by the movable head as
a position sensor, the AC magnetic field generating coil
1345 is disposed such that the movable head is fixed in a
region in which the variation of the peak level of the
output waveform is large, i.e,.the region between the plane
A and the plane B or the region between the plane B and the
plane C in Fig. 87. |

The above-exélained magnetic field distribution is
obtained in the case in which the AC megnetic field generat-
ing coil 1345 is driveﬁ by a specific AC voltage. The
magnetic field distribution is a function which also depends
upon a voltage amplitude. Therefore, by'controlling the -
voltage so as te maximize the va;iation of the peak level of
the output waveform with respect to the height of the head,
the position of the movable head can be controlled.

The AC magnetic field generating coil 1345 provided in
a8 drum deck in this way may exert a deleterioﬁs influence
such as generating noise in the linear audio head and
erasing information on the magnetic tepe, A method of
shielding magnetism by covering a part of a magnetic field

generating element with a soft magnetic material 1345s, as
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ghown in Fig. 91 is known. Fig. 92 shows the soft magnetic
materialr as viewed in the direction indicated by the arrows
y - Y. shown in Fig. 91. The above-described c‘ieletérious
.influence is prevented in this way. _

The AC magnetic field generating coil 1345 in this
example has the structure shown in Fig. 83 so as to concen-
grate magnetic fluxes. Alternatively, it may have a struc-
ture such as those shown in Figs. 93 and 94 although the
gensitivity of the sensor is deteriorated.
| In the above-described conventional devices, the
mechanical accuracy for mounting the magnetic field generat-
ing éoil 640, for example, in Fig. 63 is sufficient even
with a change with temperature and time taken into consider-
ation. That is, when the accuracy for mounting the coil 640
is sufficiently 1owe; than the tolerable accuracy for fixing
the position of the movable head 616, it is possible to set
the height of the movable head 616 at the position déter-
mined by the mounting position of the magnetic field gener-
ating coil 640 in the above-described manner.

Even in the case in which the accuracy for mounting the
coil 640 is low, when a rotary drum provided with a plurali-
ty of movable heads, as shown in Fig. 63, is used, it is
Possible to make the relative height of each movable head
equal, (In this case, it is impossible to control _the

height of the head on the basis of the absolute height of
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" ¢he movable head 616 from the deck base which supports the
rotary drum 605). '

It is also possible to make the height of the movable

pead 616 equal to the height of the fixed head on the rotary

grume :
As described above, it is possible to control the

apsolute height of the movable head so as to be equal to the
position at which the magnetic field generating coil is
nwuﬁted or to the absolute posifion of the fixed head,:or to
control the relative height of each head so as to be equal.
In the present system.such as the VHS format and the B
format, however, there is a case in which the height of the
movable head must be so controlled as not to be equal to the
height of the fixed head but to be a little deviated there-
from. - In addition, in other systems such as an 8¥mm video
and‘D-l or 5-2 digital VTR, if iﬁ is possible to regulate
the absolute heiéht of the movable ﬂead from the deck b#se
to a predetermined height, it is possible.to form an accu-
rate recorded track in accordance with the corresponding
tape format. If the coil mounting accuracy required with
due consideration of temperature characteristics and a
change with time is not so strict, the workiﬁg accuracy
required for coil is also lessened and the adjustment of the

coil becomes easy, which leads to reduction in the cost of
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-

the system. A means for detecting the absolute height of
¢he movable head from the deck base is therefore demanded.
In the conventional devices, it is only possible to
detect the height-of the head at a pfedeﬁermined point at
every rotation of the rotary drum. Since the movable head
gometimes moves within one rotation of the drum due to a
change in the tension of the magnetic tape or in tﬁe sliding
friction between the tape and the head, or sometiﬁes mechan-
jically vibrates, it is necessary to take a measure such as’
reduction in the mechanical resonance by increasing the

rigidity of the gimbal spring of the movable head actuator

(Fig. 65).

Accordingly, it is an .aim of the present invention
to eliminate the above-described probléms in the related art
&nd to provide a movable head position controlling device
for magnetic recording and reproducihg apparatus: ' which is
capable of setting a sufficiently wide control frequency
band without increasing the size of an.actuator and which is
capable of damping control of the actuator without using a
differentiator.

It is another aim of the present invention to
Provide a movable head position controlling device for
Magnetic recording and reproducing apparatuses which is

Capable of regulating the movable head to be a predetérmined
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apsolute height (the height of the head from the deck base)
which is positioned at the time of recording iréespective of
the mounting accuracy for an AC magnetic field generating
coil and which is capable of supéress;ng the deviation of
the height and the vibration of the movable head within one
rotation of the rotary drum, thereby enabling an ideai
recording tracking pattern to be formed in a magnetic
recording and reproducing apparatus.

Accoraing to a first aspect of the present
invention, there is provided a device having a fundamental
structure (first.structure) composed of the following
elements:

2) a magnetic head moving means for moving the magnétic
head in a predetermined direction at a speed which'corrg-
sponds to a driving signal;

B} a position detecting means for deteqting the posi-
tion of the magnetic head in the predetermined direction aﬁd
outputting the result as a positioh deflection signal;

C) a speed estimating means for estimating the speed of
the magnetic head in the predetermined direction on the
basis of the driving signal and the position deflection
signal and outputting the estimated value which is multi~
Plied by a predetermined coefficient; and

D) a feedback and damping means for supplying a signal,

Which is obtained by subtracting the output of the speed
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¢imating means from a signal from another circuit, to the
es

agnetic head moving means as a driving signal so as to damp
il

the magnetic head moving means.

in this structure, it is possible to damp the magnetic
pead moving means (including an aétuator, for examplle) by
the subtraction of a driving signal, in other words, by an
.electrical means or a software means. It is posSible tb
suppress the mechanical resonance of the magnetic head
moving means and enhance the controllability thereof 'By such
damping. -In addition, it is possible to take a large
feedback gain for damping, especially, i.n the case in which
accurate estimation of the speed of the magnetic head is
possible.

In a second aspect of the present invention, there is
provided a device having a fundamental structure (second)
ccmposed of the following eJTe_mentsz

A) a magnetic head moviné means fof moving the mégnetic
head in a predetermined direction at a speed which corre-
sponds to a driving signal and generating a counter
electromotive force,. which indicates the speed, in the
interior of the magnetic head moving means when the driving
signal is applied;

B) an equivalent coil having an inductance approximate-

ly equal to that of the magnetic head moving means and

gJenerating a counter electromotive force, which indicates
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che gpeed, in the interior of the equivalent coil when the
griving signal is appliéd; ‘ |

c) a speed estimating means for estimating the speed of
the magnetic head in the predetermineg direction by detect-
ing the counter electromotive force generated in the equiva-
jent coil and outputting the estimated value which is
mﬂtiplied by a predetermined coefficient; and

p) a feedback and damping means for supplying a signal,
which is obtained by subtracting the output of the sééed
estimating means from a signal from another circuit, to the
magnetic head moving means as a driving signal so as to damp
the magnetic head moving means.

In this structure, approximately the same operation and
effect as in the first fundamental structure are obtained.
This structure, however, is different from the first struc-
ture in that the'damping is restricted to electrical damping
and in the flow and amount of damping. Although the amount’
of démping is less in this structure, since the structure is
inexpensive, this is suitable for a magnetic recording and
reproducing apparatus in which the magnetic head position
control device is mainly used for controlling.the position
of the movable head at the time of superior reproduction.

In a third aspect of the present inventién,_there is

provided a device having a fundamental structure (third)

composed of the following elements:
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A) an actuator disposed in a rotary drum so as to hold
a magnetic head such that at least the magnetic ﬁead
rojects from the peripheral surface of the rotafy drum and
Lo move the magnetic head in the axial direction of tbe |
rotary drum in accordance with a dri?ihg signal;

B) a.maghnetic field detecting element disposed on the
Peripherél surface of the rotary drum at a predetermined
position in the axial direction of the rotary drum so as to
detect a magnetic field; and .

C) an actuator controller for controlling the position
of the magnetic head in the axial direction of the .rotary
drum so as to be'e@ual to that of the magnetic field detect-
ing element, the actuator including:

a) a coil which is disposed outside of the rotary drum
‘in such a manner as to face the peripher#l surface of the
rotary drum so as to generaté a ﬁagnetic field in accordance
with the supply'of an AC current and on which an
electromotive force is generated by electromagnetic induc-
tion when the magnetic field is intersected by the magnetic
head and the magnetic field detecting element during the
rotation of the rotary drum} and - |

b) an absolute height correction 106p for correcting
the driving signal so that the driﬁing signal output when
the electromotive force is generated on the éoil by the

magnetic head is equal to the driving signal output when the
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electromotive force is generated on the coil by the magnetic
fj_eld detecting element. |
in this structure, the position of the magn;:tic head is
50 controlled as to be at a predetermined absolute height.
Consequently, it is possible to cbn't'rbl the position of the -
pagnetic head irrespective of the mounting accuracy for the
magnetic head or the like. 1In addition, it is possible to
form an ideal recording tracking pattern while suppressing
the deviation of the height of the movable head and vibra-
tion thereof within one rotation of the rotary drum in
magnetic recording and reproducing apparatuses of various
formats.

In a fourth aspect of the present invention, there is
provided a device having a fundamental structure (fourth)
composed of the following elements:

A) an actuator dispdsed ih a rotary drum so as to hold
a magnetic head such that at least the magnetic head |
projects from the peripheral surface of the rotary drum and
to move the magnetic head in the axial direction of the
rotary drum in accordance with a driving signal;

B) a magnetic field detecting element diéposed on the
pPeripheral surface of the rotary drum at a predetermined

position in the axial direction of the rotary drum so as to

detect a magnetic field; and
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c) an actuator controller for controlling the position
of the magnetic head in the axial direction of the rotary

rum SO as to be equal to that of the magnetic field detect-

ing element, the actuator being disposed outside of the
cotary drum and including:

a) a coil which is disposed outside of the rotary drum
in such a manner as to face the peripheral surface of the
rotary drum so as to generate a magnetic field in accordance
with the supply of an AC current and on which an .
electromotive force is generated by electromagnetic induc-
tion when the magnetic field -is intersected by the magnetic
nead and the magnetic field detecting element during the
rotation of the rotary drum; and

b) a controlling means for controlling the position of
the magnetic head in the axial direction of the rotary drum
so that the driving signal output when the electromotive.
force is generated on the coil by the magnetic head is equai
to the driving signal output when.the electromotive force is
generated on the coil by the magnetic field detecting
element by supplying a signal to the actuator; and

D) a rotary transformer having channels which corre-
spond to the magnetic field detecting elemen£ and the
magnetic head, respectively, and connecting the magnetic

head and the magnetic field detecting element which rotate

together with the rotation of the rotary drum to the
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jctuator controller which does not rotate together with the
otatidn of the rotary drum.

According to this structure, it is possible ‘to bring
about the operat'ion and the effect of the third fundamental
gtructure with the same facility as in the second fundamen-

tal structure.
 1n the first and third fundamental structure, the

accurate speed can. be estimated by using an observer in
accordance with the modern control theory as the speed-
estimating means. A co-dimensional and a
minimum-dimensional observers are typical of such an observ-
er. A co-dimensional observer, which is suitable for the
present invention, is composed of the follbwing elements: .

a) a modei block for electrically simulating the
behavior of the magnétic head moving means (or the actuator)
and outputting the estimated values of the position of the
magnetic head in. a predetermined direction (e.g., in the
axial direction of the rotary drum) and the speed of the
movable head; and

B) an eétimated speed outputting means for multiplying
the estimated value of the speed which is outéut from the
model block by a predetermined coefficient and outputting
the product.

In order to stabilize the operation, the co-dimensional

observer preferably includes the following elements:
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1 |
c) an estimated error outputting means for subtracting
¢he estimated value of the magnetic head position which is

output from the model block from the position deflection

gignal and outputting the difference as an estimated error;

b

and

D) a means for feeding back the estimated error to the
model block.

In the first and the third fundamental structure, the
co—clmens:.onal observer may adopt the following structure:

A) the magnetic head moving means (or the actuator)
includes a fixed -portion for supplying a constant magnetic
field and a movable portion for generating a magnetic field '
in accordance with the driving signal and being moved in a
predetermined direction (e.g., in the axial direction of the
rotary drum) by rhe interlinkage between the generated
mametlc field and the constant magnetic field; and

B) the position detectlng means includes a magnet flxed
to the movable portion, a Hall sensor for detecting the
magnetic field generated by the magnet fixed to the fixed
portion, and a means for outputting the position deflection
signal which indicates the position of the magnetic head in
the predetermined direction on the basis of the magnetic
field detected by the Hall sensor.

In this case, if the position detecting means further

includes a means for magnetically shielding the magnet and
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che magnetic head, good magnetic recording and r_:eproduCing
operations are maintained. ’

The position detecting means may also have the follow-
ing optical stru?ture. That is, the position detecting
peans may be composed of:

a) a light emitting portion fixed to the fixed portion
co as to emit light; and
| B) a light receiving portion fixed to the movable
portions so as to receive the light emitted froﬁn the light
enitting portion, detect ﬁhe degree of unbalance of the
amount of lighf. received, and output the position deflection
signal which indicates the position of the magnetic head.

This type of optical structure can produce a similar -
effect to the effect obtained by magnetic position detec-
tion.

The 'followir.lg modification is also possj.ble. That is,
the position détecting means may be composed of :

A) a light emitting portion fixed to the fixed portion
so as to emit light;

B) a reflecting portion fixed to the movable portion so
as to reflect the light emitted from the light emitting
portion; and

C) a light receiving portion for receiving the light

Teflected by the reflecting portion, detecting' the degree of

Unbalance of the amount of light received, and outputting
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¢he position deflection signal which indicates the position
of the magnetic head.

This tybe o% optical structure can’again'préduce a
gimilar effect_td-the effect obtained'by magnetic position
getection.

In the case of such optical position detection, a
structure in which the light receiving portion is di#ided
jnto a plurality of light receiving pieces in the predeter-
nined direction, and each difference between these light
reéeiviﬁg pieces is detected as the degree of unbalance of
the amount of light received is preferably simple.-

In such a structure, it is.possible to separate the
actuator from the driver (i.e.,-circuit portion). Both the
structure in which the driver and the speed estimating means
are fixed to the rotary drum and the structure in which the
speed estimating_means, thg feedback and damping means and
the driver are disposed outside of the rotary drum ére
possible. 1In the latter case, slip rings for connecting the

actuator to the driver, and the position detecting means to

the speed estimating means, respedtively, may be preferably

provided.

In the second fundamental structure of the present
invention, a structure-in which an equivalent resistor
having an approximately equal resistance to that of the

Magnetic head moving means is provided and the counter
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elect;;omot:i.ve force produced in the eguivalent coil is
detected through the equivalent resistor is more preferable.
1t js thereby possible to estimate the speed and'carry out
the damping operation with comparativg accuracy.

. I1f a current feedback means is provided in the second
fundamental_ structure, it is possible to use what is called
current driving and voltage driving for proper in its proper
way by setting the frequency characteristic of the feedback
gain. In this case, a driving current detecting means for
detecting and outputting the driving signal which is sup~
plied to the magnetic head moving means as a driving cur-
rent, and a firs£ band limiting means for limiting the
detected driving current to a predetermined frequency band
are necessary. The current feedback means subtracts the
driving current with the frequency band thereof limited from
the driving signal which is being supplied to the n‘{agnetic
head moving means, and .supplies the ﬁhus-obtained differ.ence
signal to the magnetic head moving means as the driving
signal. |

If a difference current feedback means is provided in

the second fundamental structure, it is possible to enlarge

the damping band. 1In this case, a driving current estimat-
ing means for converting the counter electromotive force
which is detected by the speed estimating means into a |

Current, a driving current error detecting means for
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o)

the

driving current detected by the driving current detect- '

jng means and outputting the difference as the difference

signal, and a second band limiting means for limiting the

jifference signal to a predetermined fréquency band are

necessary. The difference current feedback means subtracts

the difference signal with the frequency band thereof

1imited from the signal which is supplied from another

circuit and supplies the thus-obtained difference signal to

thé current feedback means.

In the third fundamental structure, it is preferable

that a position detecting means for detecting the position

of the magnetic head in the axial direction of the rotary-

drum and outputting the detected position as the deflection

position signal is provided and the actuator controller

includes a position control loop. The position control loop

corrects the driving signal in accordance with the position

deflection signal.

It is also preferable that a speed estimating means for

estimating the speed of the magnetic head
direction of the rotary drum on the basis
position detection signal and the driving
and that the actuator controller includes

The damping loop damps the driving signal

the speed estimated by the speed estimating means.

in the axial
of with the
signal is'provided ;
a damping loop.

in accordance with
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1t is desirable that the open loop gain of the position
contr°l loop is increased in the high-frequency band by a
position control compensator while the open loop'gain of the

jute height correction loop is increased in the

-

abso

Jow-£frequency band by a low fregquency compensator.

These three feedback loops, namely, damping , position
control and absolute height correction feedback loops can be
realized by using a software. 1In this case, the speed
estimating means is a processor for executing a main‘routine
including observer routine, position control routine,
absolute height correction routine, subtraction routine and
output routine every time a clock pulse is received.

Each of the routines will be explained in detail in the
following.

In the observer routine, first, the behavior of the
actuator in- accordance with the driving signal is simulated
and tﬁe estimatea value of the speed of the magnéfid head in
the axial direction of the rotary drum is multiplied by a
predetermined coefficient, the product being stored at a
variable 01.

In the position control routine, next, the driving
signal is filtered such that the gain in'the high frequency

band is increased and the result is stored at a yariable 02.
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in the absolute height correction routine, the driving
gignal is filtered such that the gain in the low frequency

pand is increased and the result is stored at a variable 05.

In the subtraction routine, 04 - 0, = 04 is calculated.

Fiﬂaliy,'in the output routine, the result of O

3~ 0"
°1.is output to the actuator.

By realizing these feedback loops by using a software,
the structure of the movable head position controlling
device is simplified. | |

The above and other aim, features and advantages of
the present invention will become clear from the following
description ofexemplary embodiments thereofl_when taken in

conjunction with the accompanying drawings, in which:

Fig. 1 shows an example of a speed estimating observer
having a hardware structure;

Fig. 2 shows the frequency characteristic of an actua;
tor, in particular, the difference in characteristic depend-
ing upon the preéence or absence of the observer shown in
Fig, 1;

Fig. 3 shows a complex plan of the pole-positioning of
an actuatof, pole-positioning of an observer and
Pole-positioning of a regulator system;

Fig, 4 is a block diagram of the structure of a first

®mbodiment of the present invention which incorporates the
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observer shown in Fig. 1, with a perspective view of a
rotary drum and the vicinity thereof added thereto;

Fig. 5 is a perspective view of the ,arrangenllent on the -
printed circuit board in the first empodiment, with a
partiallY enlaz"ged view in the form of a block diagram;

Fig. 6 is a sectional view of an actuator includiné a
gall sensor which is used in the first embodiment;

Fig. 7 is a partially sectional view of an actuator
including a Hall sensor which is used in a .second embodiment
of the present invention;

Fig. 8 is a sectional view of an actuator including an
optical position detecting means which is used in a third
embodiment of the present invention; .

Fig. 9 is a partially sectional view of an actuator
inéluding an optical position detecting means which is used
in a fourth embodiment of the present invention and which is
a modification-o.f ‘the actuator shown in Fig. .8;

Fig. 10 shows the principle of position detection by
aeans of the actuator shown in Fig. 9;

Fig. 11 is a block diagram of the structure of a fifth
embodiment of the present invention in which é circuit
Structure such as an observer is disposed outside of a drum;

Fig. 12 shows the characteristics of a control system,

in Particular, the characteristic of each loop;
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Fig. 13 shows the characteristics of a control system,
in Particjular, the electrical damping operatioh 'in an

I

actuatori

Fig. 14 shoyz's the characteristics of a control system,
' in particular, output characteristic of a capstan mbtor;

Fig. 15 shows the characteristic of a control system,
in particular, the output characteristic of a capstan motor;

Fig. 16 shows the structure of a sixth embodiment of
the present invention which adbpts a wobbling system;’

Fig. 17 shows the structure of a seventh embodiment of
the present invention, which is a modificatibn of the sixth
embodiment shown in Fig. 16;

Fig. 18 shows the magnetic heads in the seventh embodi-
ment in the state of tracing on the magnetic tape;

Fig. 19 is a circuit diagram of an observer composed of
an analog c:i_.rcuij:;

Fig. 20 showé the structure of a damping controller fo.'r
executing a damping system by feeding back a counter
electr."omotive force;

Fig, 21 is a circuit diagram of the improved damping
controller shown in Fig. 20; |

' Fig. 22 is a partially sectional view of the structure
of the interior of the drum in an eighth embodiment of the

Present invention:

T_his is the replacemant sheet

Date: 2 8 AUG 1996



09
Fig. 23 shows the arrangement of the heads on the
gimbal spring in the eighth embodiment shown in Fig. 22;

[

Fig. 24 shows ‘the structure of a magnetic field detec-
gor in @ ninth gmbodimer_xt of the Present invention;

Fig. 25 is ascircuit diagram of the structure of a
detect:i.on signal amplifier of an absolute height detector in
a tenth embodiment of the present invention;

Fig. 26 shows the operation mode for a switching
transistor with respect to one rotation of the rotary drum;

Fig. 27 is a plan view of an example of the arrangement
of heads in a VHS system or the like;

Fig. 28 shows the arrangément of channels of the rotary
transformer in the case of adopting the head arr'angement
shown in Fig. 27; |

Fig. 29 schematically shows the relationship between
the channel for gpplying a recording current and a channel
for detecting the height of- a head in the case of adbpting
the head arrangement shown in Fig. 27;

Fig. 30 is a block diagram of the structure of a
twelfth embodiment of the present invention hairing damping
loop, position control loop and absolute height correction
loop;

Fig. 31 shows the frequency characteristic of each loop

shovn in Fig, 30;
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Fig. 32 shows the frequency characteristic of the open

100P gain of each loop in a design different from that shown

in Fig. 31;

Fig. 3;' sh?ws the gain-frequency characteristic of a
jag-lead fiiter portion of a low frequency compensa.tor;

Fig. 34 shows the gain-frequency characteristic of a
primary low-pass filter portion of the low frequency compen-
gator;

Fig. 35 shows the gain-frequency characteristic ‘of a
gecondary low-pass filter portion ofl the low frequency
compensator;

Fig. 36 sﬁows the structure of a low frequency compen-
sator which is composed of a cascade connection of the three
different filters having the characteristics shown in
Figs. 33, 34 and 35, respectively;

Fig. 37 shqws the gain-frequency characteristic of a
low-pass filter portion of a position compensation control-
ler;

Fig. 38 shows the gain-frequency characteristic of a
high-pass filter portion of the position compensation
controller; |

Fig. 39 shows the structure of a position compensation
controller which is composed of a cascade connection of the
two different filters having the characteristics shown in

Figs, 37 and 38, respectively;
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Fig. 40 is a flowchart of the processings in the main
coutine of a control program in the case of realizing an

[

opserver by using a software;

Fig. 41 is a flowchart of the observer subroutine in
the f1§w shown in Fig. 40; |

Fig. 42 is a flowchart of the position control subrou-

¢ine in the flow shown in Fig. 40;

Fig. 43 is a flowchart of the absolute height correc-
tion subroutine in the flow shown in Fig. 40;

Fig. 44 is a perspective view of the arrangement on the
printed circuit board in a thirteenth embodiment of the.
present invention, with a partially enlarged view in the

form of a block diagram;

Fig. 45 shows the structure of a fourteenth embodiment

"of the present invention, in which a circuit structure such

as an observer J.S diéposéd outside of a drum;

Fig. 46 is a plan view of the structure of an exémplé
of a movable head in a conventional device;

Fig. 47 shows the deformation of a bimorph when a
deflection signal is applied thereto;

Fig. 48 shows the relationship between the effective
length of a bimorph and the amount of inclination of a |

magnetic head;
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Fig. 49 is a plan view of. the structure of an example

movable head in a conventional device, which is an

[

'ofa

jﬁ@roved structure shown in Fig. 46;

Fig. 50 is a‘plan view pf the structure of an example
. of & movable head in a conventional dévice,-which is an
improved structure shown in Fig. 49;

Fig. 51 is an example of the frequency characteristics
of a bimorph;

Fig. 52 is a plan view of the structure of an exaﬁple
of an actuator in a conventional device;

Fig. 53 is a block diagram of a first example of a
conventional device;

Fig. 54 schematically shows a wobbiing servo system;-

Fig. 55 shows an example of the frequency characteris-
tics of the actuator'shown in Fig. 52;

.Fig. 56 is.a partially sectional view of a second
example of a conventional device in the Qicinity of a drum;’

Fig. 57 is a sectional view of the second example shown
in Fig. 56, taken along the line A - A;

Fig. 58 is a plan view of an actuator;

Fig. 59 is a sectional view of the actuator shown in
Fig, 58, taken along the line B - B;

Fig. 60 is a sectional view of the actuator shown in

Fig. 58, taken along the line C - C;
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Fig. 61 shows an example of the arrangement of magnetic

’

Fig. 62 is a block diagram of a control system;

. peads?

‘Fig. 63 shows the location of a magnetic field genera-
tors . .

Fig. 64 is a block diagram of a third example of a
Conventional device;

Fig. 65 showé the characteristic of a differential
amplifieri

Fig. 66 is a sectional view of an AC magnetic field
generating' coil;

Fig. 67 showé the direction in which magnetic fluxes
are generated by the AC magnetic field generating coil;

Fig. 68 is a block diagram of a fourth example of a
conventional device;

Fig. 69 is an enlarged view of the part A. in Fig. 68;

Fig. 70 shows the r;-:lationship between fhe driving
current foi.' the magnetié head actuator and the amount of
displacement of the movable head, the relationship being a
hysteresis characteristic;

Fig. 71 shows the recording tracking pattern in the
case of the relationship shown in Fig. 70 holds in the
fourth example; |

Fig. 72 shows the relationship between the amplitude of

2 signal voltage and the height of a head;
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Fig. 73 shows magnetic fluxes generated by the AC
ﬁagnetic field generating coil;

Fig. 74 is a block diagram of a fifth example of a
conventional devic?; ' | |

Fig. 75 shows the reproduction output of the fixed head
in the fifth example shown in Fig. 74;

Fig. 76 shows the reproduction output of the movable
pead in the fifth example before control

after control;

Fig. 77 shows the reproduction output of the movable

pead in the fifth example after control;
| Fig. 78 is a block diagram of a sixth example of a -
conventional device;

Fig. 79 shows the synchronous detection output in the
sixth example shown in Fig. 78;

Fig. 80 shows an example of the arrangement of heads;

Fig'. 81 is a block diagram of a seventh example of a
conventional device;:

Fig. 82 is a block diagram of an eighth example of a
conventional dé_vice;

Fig. 83 shows a coordinate plane for exan{ining the
magnetic field distribution of an AC magnetic field generat-
ing coili;

Fig. 84 shows the magnetic field distribution on the

Plane A in Fig. 83;

This is the replacemant sheet
2-8 AUG 1396

Date:



65

Fig. 85 shows the magnetic- field distribution on the -
plane B in Fig. 83;

Fig. 86 shows the magnetic field distribution on the
plane C in Fig. 835 _

Fig. 87 shows the magnetic field distribution on the
plane D in Fig. 83;
| Fig. 88 show the waveform output by the induced
electromotive force of q::he movable head which has passed the
jine where the plane A intersect the curved surface D shown
in Fig. 83;

Fig. 89 show the waveform output by the induced
electromotive force of the movable head which has passed the
iine where the plane B intersect the curved surface D shown
in Fig. 83;

Fig. 90 show the waveform output by the induced
electromotive force of the movgble head whj.ch has passed the
line where 1':he piane C intersect the curved surface D. shown -
in Fig. 83;

Fig. 91 is a perspective view of magnetic shielding by
means of a soft magnetic material;

Fig. 92 is a sectional view of the magnetic shielding
shown in Fig. 91, taken along the line Y - ¥;

Fig. 93 shows the structure of an example of an AC

magnetic field generating coil; and
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Fig. 94 shows the structure of another example of an AC

magnetic field'generating coil.

' The structures and operations of the preferred embodi-
pnents of the present inventioﬁ will be explained
hereinunder. |

(1) Speed estimating observer;

In order to realize high-density recording and execute
superior reproduction at a high speed without producing
noisé, it is necessary to use an actuator which has a wide
movable range énd which allows the magnetic head to come
into good contact with the magnetic tape. By using such an
actuator, the displacement of the magnetic head is realiied
with such a large amplitude as to enable the magnetic head
to follow a rolling of a track which is formed on the
magnetic tape and, hence, good reproduction is realized.

On the basis of this prerequisite, in the present:
invention, a speed estimating means (hereinunder referred to
as "observer") is used in place of the differentiator in the
first example of a conventional device. By using an
observer, the increase of noise, which is inevitable in the
first example of a conventional device, is prevented and the
influence of higher-order mechanical resonance is excluded.

Fig. 1 shows an example of the structure of an observ-

€r. An observer is a device which can be realized by the
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pplicatiOU of what is called modern control theory. The
8

cbserver shown in Fig. 1 is such an observer in the form of
2 co-dimensional observer. ’

In Fig. 1, an actuator is represented by blocks 1401,
1402 and 1403. The block 1401 represents the mechanical
part of the actuator, 1402 an actuator coil and 1403 a
griving signal amplifier. The driving voltage U(t) is
amplified by the driving signal amplifier 1403, converted
into a current by the actuator coil 1402, and the current

drives the mechanical part 1401 of the actuator. From the
qechanical part 1401 is supplied the output of a senéor,
which is the ‘amount indicating the position of the magnetic
head. The symbol Kd represents a voltage mu-factor, and R
the resistance of the actﬁator coil 1402, The symbol Kt
represents the torque constant of the mechanical part 1401
; of'jthe actuator, ‘C a viscosii%y constant, M .the mass of the
movable portion and k a spring constant.

The observer is represented by a block 1411. The
observer 1411 is composed of blocks 1404 to 1410. The block
1405 has a voltage mu-factor 6f Kd_, a torque constant of Dt
and a conversion gain Kd*Kt/R which is determined by the
resisﬁance R and it is a block simulating thé operation from .
the output of the driving voltage U (t) to the conversion of
the driving voltage U (t) into the driving torque bf the
OPerations . of the actuator. The block 1406 is a block in
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;,,hich the conversion gain is expressed by 1/(C + Ms) and the

utput of the block 1406 has a dimension of speed. The
plock 1407 is a block in which the conversion gai:n is 1/s,
in other words, an ‘integration block,_and_ the output thereof
| pas @ dimension of acceleration. - The block 1404 is a block
in which the conversion gain is k and the output of the
plock 1407 is converted into a torque and fed back to the
blOCk 1406.

Therefore, the conversion gain from the output of the
plock 1405 to the block 1407 is ll(k{ls2 + Cs + k), if an

_error (the output of the block 1408) is disregarded. -As is
" obvious from this fact, the observer is so designed that the
conversion gain from the output of the block 1405 to the
plock 1407 is equal to the transfer function of the actua-
tor. As a result of this design, the output of the block
1406 turns to be equal to aﬁ estimated value of the speed of
the magnetic head which is actually obtained by the actua-
tor. This estimated value will here be referred to as.
"estimated value V~").

The block 1408 is a block for feeding back an estimated
errof to the block 1407 so that the loop reiating to the
block 1404 is stabilized. The symbol Fl represe'ni_:s what is.
called an observer gain, axlld the estimated error is a
difference between the transfer function of the actuator and

the conversion gain of the block 1405 to the block 1407.
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e plock 1409 is a block for feeding back the estimated
ﬂfgr to the block 1405. The symbol F2 represents an
bserver loop gain. ‘

The two feedback loops composed of the blocks.1408 and
" 1409 are loops provxded in view of the fact that there is
actually a limitation to the 51mulation of the actuator by
the observer. For example, since the transfer function of
the observer 1411, in particular, the transfer function of
the system of the block 1405 to the block 1407 has a '
-second-order integral characteristic, these blocks do not
simulate the integral characteristic of the actual actuator
including the integral characteristic in the initial state.
For example, although an external disturbance is a?plied to
the actual actuator before integration, these blocks 1405 to
1407 cannot simulate even the external disturbance. 1In
other words, the blocks 1405 to 1407 are the same as the
actual actuator w1th respect to the frequency characterlstlc
but they are not the same with respect to the dynamic
characteristic (variation of the output value with time).

The blocks 1408 and 1409 are blocks for feeding back
the estimated error so that the estimated errer is converged
to zero. A predetermined time after startihg the observer
1411, the estimated error is converged to zero, so that the

transfer function of the observer 1411 becomes equal to the

transfer function of the simulated actuator. 1In other
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, words-, the estimated speed V~ {s made coz;.ncident with the
act“al speed of the magnetic head. The estimated‘ speed V~
is fed back to the driving voltage U(t) for the actuator.
The'symbol F3 represents a damping loop gain. In this way,
¢he mechanical resonance characteristic is damped Ol;l the
pasis of the estimated speed V-~ , and the driving charac-
reristic of the magnetic head is also damped.

Fig. 2 shows the measured value of the frequency
characteristic of the actuator. In Fig. 2, "No damping-"
represents the mechanical resonance characteristic of the
actuator which does not adopt an observer having the struc-
© ture ghown in Fig. 1, and "With damping” represents the
' mechanical resonance characteristic of the actuator_ which -
:‘adopts an observer having the structure shown in Fig. 1. As
| is obvious from Fig. 2, the peak of the gain which is caused
at the mecﬁanical réson_ance point is lower in "With damp-
ing".

In this way, it is clear that the damping action is
prominent when the observer is used. The design for obtain-~
ing such a damping action will now be explained. How to
determine the gains F1, F2 in the structure shown in Fig. 1
will first be explained.

If it is assumed that 321 is the estimated position of

N .
the actuatqr, X2 the estimated speed of the actuator, u an

input, Ce an estimated error and?f the output of the
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.gerver, the state of the actuator is represented by the

ob

sollowing equation:
>

— 0 1
d
t = ’
~
X, — -k/M, -C/H
~
X - 0 F1 —
+ ° - ce
Xz — 1/H Fg —

ees (1)
If it is assumed that the poles of the observer 1411 are
-al} -qé in accordance with the definition of an arbitrary
pole-positioning in the modern control theory, the equation
(1) is solved by obtaihing Fl1, F2 which satisfy the follow-

ing equation (2):

— F1 — — «¢; + o, —(C/H —_
— F2 — @y Xg-k/M-( @, + a,)
— C/H—c?/uz  —

e (2)
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However, since it is nec;ssary that the loops including
¢he plocks 1409 and 1410 are respectively converged ade-
¢wt31y in advance of the whole tracking control system, it
;s necessary that the values Oy az.in the equation (2) are
30 determined that the coordinates ®y, «, are set adequately
on the left-hand side (early convergence side) of the poles
of the regulator system (tracking control system) in the
pole-positioning shown in Fig. 3. The characteristics of
the actuator mechanical part is simplified in the form of a
second-order system in Fig. 1, but in some of the actual
actuators having a leaf-spring confiéuration, there is a
large amount of higher-order serial resonance and parallel
resonance, which exerts deleterious influence such as the'
deterioration of the gain merge. 1In this case, it is also
possible to suppress the influence of such higher-order
resonance by setting the frequency band (the frequency band
in which the open loop gain is 0 dB) of the feedback loop
(block 1409) in the observer as follows.

The characterigtics of the actﬁatof mechanical part ié
represented Sy the following equation (3):

Rt+CGm / (M52 + ¢S + k) cee (3)

wherein Kt represents the torque constant of the actuator

and Gm a higher-order resonance characteristic.

This is the replassment shtct

Date: 7 8 AUG 1998



Thé equation (3) is rearranged as
equation (3) = B(s) * Gm | '
in Fig. 1, if it is assumed for simplifying the explanation
that R = 1, Kd = 1 and F2 = 0, the transfer function from
| the input terminal for the driving voltage to the output
terminal for the estimated speedlvjis.represented by the
following equation (5): _
V= u(t) *B(s)+S+{ (1 + (F1)*B(s)+*Gm)/(1 + (F1)*Bs))

«eo (5),
and the transfer function from the input terminal for the
driving voltage to the 6utput terminal for tﬁe real actuator
speed is represented by the following equation (6):

= u(t)*B(s)*S-Gm : «ss (6)
By comparing the equation (5) and the equation (6), it is
observed that the Gm in the equation (5) of‘e/is obtained by
multiplying the Gm in the ‘equation (6) of V by the coeffi-
cient represeﬁted by the following equation: |

(F1)+ B(s)/{1 + (F1)-B(s)} ees (7)

In the equation (7), F1l+B(s) is equal to the open loop
characteristic of the observer. In other.words, since the
equation (7) has a closed characteristic, if the frequeﬁcy
band is sét as the tracking control frequency band < observ-

er band < high-frequency mechanical resonance frequency =

fm, the gain in the frequency band which is higher than the
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contr"l frequency band in the closed character;i.stic is not
gore than 0 dB. That is, the following equation holds:

1)+ [Bifm) /(1 + (F1) - |B(em|) < 1 '

' . - . ... (8)
-sincle the coefficient of Gm in the equation (5) is .sm'all-er
than the coefficient of Gm in the equation (6), it is
possible to reduce the influence of high-frequency mechani-
cal resonance in the frequency band to which the'speed is
fed back by the observer in Fié. 1. |
(2) First embodiment

A first embodiment of the present invention which is a
tracking control system adopting the observer shown in
Fig. 1 is shown in Fig. 4. 1In Fig. 4, the reference numeral
1412 represents an actuator driver provided in a drum, 1411
a state observer (speed estimating observer) which is
represented by the transfer function shown in Fig. 1, 1413 a
drum rotation controller for rotating a rotary drum, 1414 a
pilot signal generator for generating a pilot signal for
executing tracking control in synchronism with the rotation
of the drum at the time of reproduction, 1415 a modulator
for modulating a signal so that multipie pj.lof signals are
superimposed on recorded data, for example, at the time of
recording digital information, and 1416 a head amplifier for

2pplying a current to a magnetic head 1417 at the time of

Tecording and amplifying a minute reproduction signal at the
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¢ime of reproduction. The reference numeral 1418 denotes a
tracking error generator for generating a signal which
jndicates the direction and amount of off-track %rom the
pilot signal contained in the reprodqction-signal, 1419 a
tracking control compensator for operating the tracking
control lobp stably and safely, and 1420 a capstan control-
jer for controlling a capstan motor on the basis of a
jow-frequency off-track component of the tracking error
signal. The reference numeral 1421 represents a rotary
Arum, 1422 a slip ring for supplying an electric signal
(including power source) from an external system to the
rotary drum 1421, 1423 a rotary transformer for transmitting
end receiving a signal between the rotary drum 1421 and the
‘external system, and 1424 a position sensor attached to an
actuator 1425 so as to detect the displacement of the
zovable portion.1430.of the actuator 1425.

In the case of detecting the position of the head 1417
by the position sensor 1424, it may sometimes be impossible
to take out the detection signal to the outside of the drum
1421 which is output from the position sensor 1424 due to
the limitation of the number of channels of the rotary
transformer 1423 or the influence of noise caused by the
sliding action of the slip ring 1422. These problems are
solved in this embodiment by disposing the driver 401 for

the actuator 1425 and the speed estimating observer 1411 on
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apripted circuit board 1433 provided within the drum, as
shown in Fig. 5. In other words, the actuator 1425 together
;iu;its electric damping function is controlled from the
outside of the drum 1421 through the slip ring 1422. This
embodiment is an example of tracking control systen of a
aiqital recording VIR which is required to carry out
hlgher-den51ty recording by narrow-track recording and into
which an observer is incorporated. A pilot signal which is
necessary for detecting a tracking error is generated by the
tracking error generator 1418. 1In this embodiment, the DC
component (Cbs value) in each digital block data is varied
in accordance with the pilot signal and the pilot signal.is
superimposed on the digital data (recording signal) by the
modulator 1415 at the time of recording. At the time of
reproduction, a signal indicating a tracking error is
generated by the tracking error generator 1418 for tracking
operation.

| At this time, by adding a pilot signal by an analog
adder in place of varying the CDS value of the digital data,
the recording operation is also carried out without any
trouble so long as the level of the pilot signal is suffi-
ciently lower than the level of the recording information
signal. In the case of analog recording (FM recorcing VTR),
a multiplicity of pilot signals are recorded in the gaps

between frequency allocation.
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The ph&se and the gain of the tfacking error obtained
in this way are compensated fo; by the tracking error |
compensator 1419 and a component having a compar;tively high
frgquency such as track rolllng is fed back to the printed
circuit board 1433, while a component hav1ng a comparatively
jow frequency such as off-track is fed back to the capstan
potor, thereby preventing the control by the control system
on the printed circuit board 1433 from exceeding the dynamic
range.

In order to obtain the observer having the above
structure, the position sensor 1424 for detecting the
position of the movable head is essential.

Fig. 6 shows an example of the structure of the actua-
tor 1425 which adopts a Hall sensor as the position sensor
1424. In Fig. 6, the reference numeral 1426 represents a
magnét holder for reducing the magnetic fluxes which leak
out to the magnétic head 1417, 1427 a magnet féf generating
magnetic fluxes, 1428 a Hall sensor for detecting the
intensity of Ehe magnetic flux of the magnet 1427, and 1429
a differential amplifier for amplifying the minute signal
output from the Hall sensor 1428 so as to obtéin a position
signal.

In thé.structure shown in Fig. 6, in order tQ detect
the movement of the magnetic head 1417, the magnet 1427 is_-

disposed on the movable portion 1430 and the flux density is
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detected by the Hall sensor 1428. When the magnet 1427

comes close to or away from the Hall sensor 1428 w1th the

'

. rocking movement of the movable portion 1430, the value of

£1ux density varies. The output of the differentiallampli-
fier 1429 represents the flux density. In this way, the
position of the movable portion is detected.

The magnet 1427 is surrounded by the magnet holder 1426
which is composed of a material having a high magnetic
Permeability so as to prevent the influence of leaked:
magnetic field on the magnetic head 1417.

(3) Second embodiment |

Fig; 7 shows a modification of the first embodiment
shown in Fig. 6. In Fig. 7, fhe reference numeral 1431
represents a magnet, 1432 a Hall sensor, and 1433 a sub-
strate for fixing the Hall sensor 1432.

~In thiS'st:ucfure,'the magnet -1431 is fixed to a gimbal
spring 1434 of the movable portion of the actuator on the .
opposite side of the magnetic head. The magnetic flux of
the magnet 1431 which leaks out to the ocutside of the
actuator from the hole formed in a yoke 1435 is detected by
the Hall sensor 1432 fixed on the substrate 1433. The
intensity of the magnetic flux of the magnét 1431 represents
the position of the movable portion in the same way as in
the embodiment shown in Flg. 6. In the second embodiment,

it is unnecessary to take the influence of the leaked
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magnetci field of the magnet 1421 on the magnetic head into
consideration. .
(4) Third embodiment

In the first and second embodimen:t, the position of the
magnetic head is magnetically detécted. In a third embodi-
ment, the posiéion of the magnetic head'is detectéd by .an
optical position detecting means.

Fig. 8 is an example of an optical position detecting
means using an opticai sensor which is attached to the
actuator. In Fig. 8, the reference numeral 1501 represents
a light emitting portion for emitting patallel rays, and
1502 a two-piece detector (light.receiﬂigg,portiaﬁ)composed
of a phtodiode or the like.

.In this embodiment, the light ( in this case, the light
is converted into parallel rays by a lens) from the light
emifting portion 1501 which is attached to the fixed portion
of the actuator is detected by the light receiving portion
1502 which is composed of a two-piece photodiode or the like
and fiexed to the movable portion., When the movable portion
moves, -the aﬁount of light ¥eceived on one side of the
two-piece diode becomes larger than that on the other side.
It is therefore ppssiblé to detect the position of the
movable portion by obtaining the difference between the
photocurrents flowing on both sides of the photodiode.

(5) Fouth embodiment
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Fig. 9 shows a modification” of the embodiment shown in
pig. 8. In Fig. 9, the reference numeral 1503 represents a
ns for converting'the light from a light emitting elemeht

1e
1505 which is composed of an LED or the like into parallel
aySr 1504 a light emitting aperture (stop), and 1506 a
i pirror for reflecting the parallel rays from the lens 1503.
| only the mirror 1506 for reflecting light is mounted on the
movable portion, and the light emitting portion 1501 and the
| i 1ight receiving portion 1502 composed of a photodiode ortthe
. like are mounted on.the fixed portion. In this case, the
light from the light emitting element 1505 which is composed
of an LED, a semiconductor laser or the like is conQerted
into parallel rays by the lens 1503. At this time, in order
: to obtain parallel rays, it is necessary that the light
emittihg element 1505 is disposed at the rear focal point of
the lens 1503. The position of_the.magnetic head iS'detect—.
ed by the optical sensor shown in Fig. 9 on the principle
shown in Fig. 10. _

Fig. 10 shows the principle of detecting the amount of
displacement of the movable portion by the optical sensor
shown in Fig. 9. The reference numeral 1507 represents a
differential amplifier for obtaining the difference in

photocurrent on the two-piece detector 1502 and amplifying

the difference obtained.
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In Fig. 10, when the mirror 1506 wﬁich is integrally
provided with the movable portion moves horizontally (in
¢his case, the direction of movement of the mirr;r is
' ;regulated to a uniaxial direction by a gimbal spring or the
?1ike)r the parallel rays emitted from the lighE emitting
; element 1505 also move on the light receiving element 1505
in parallel with the movable portion. As a result, a
difference arises between the amounts of light on both sides
of the two-piece photodiode, for example, in the same Qay as
in Fig. 8, and the output of the differential amplifier 1507
is obtained as a position detection signal. '

It goes without saying that an optical position detect-
ing means composed of the light emitting portion which is’
mounted on the movable portion and the light receiving
portion which is mounted on the fixed portion produces a
similar effect.

It is also possible to detect the position of the
movable portion by other position detecting means than the
above-described magnetic or optical position detectiné
means. For example, an element which is generally called a
strain gauge and the magnetic resistance of which changes
vhen it is bent may be attached to the leaf spring or gimbal
spring of the movable head actuator so that the deformation
of the leaf spring or the gimbél spring is detected as a

change in the magnetic resistance. A constant current is
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applied to the strain gauge aﬁd a change in voltage is read
or a resistor for current detection.is.connected'in series
to the strain gauge, and the voltages on both ends of the
resistor are read when a constant voltage is applied to the
strain gauge, thereby detecting the position of the movable
portion. Alternatively, a capacity sensor for detecting fhe
capacity may be disposed in the vicinity of the movable
portion such that the distance between the capacity sensor

and the movable portion changes with the movement of the

movable portion. The position of the movable portion can be

detected by electrically detecting the capécity of the
capacity sensor. It goes without saying that in the case of
using a conventional bimorph actuator, it is possible to~
take out the amount of displacement of bimorph except the DC
component by cqtting a part of the bimorph, as shown in the
examples of a conventional device. In this case, the output
of displacement.does.not contain the DC component, but since
the DC compoﬁent is not always necessary in the observer
shown in fig. 1, ﬁhe output of displacement can be input as
a position detection signal used for the observer. However,
unless the DC component is cut from the driving voltage
which is input to the'obéerﬁer, a prediction error relating
to the DC is naturally caused in the estimated e?ror, so

that the observer cannot function.
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In the case in which it is impossible to take out the

' position detection signal to the outside of the rotary drum,
, an annular substrate may be attached to the inte}ior of the
drum, and the dr%ver of the actuator, the sensor amplifier
and the observer are provided within the annu1ar substrate.
rThe observer can be operated on the basis of the voltage
supplied from the slip ring for driving the actuator. This
method is applicable to any of the above-described position
detecting systéms.

(6) Fifth embodiment

It is also possible to take out the position detection
signal to the outside of the rotary drum and pfovide the
observer and the driver outside of the drum. An example -
thereof is shown in Figf 11.

Fig. 11 is an embodiment in which an optical sensor is
ﬁsed in order to detect the positipg of the actuator, and
the observer and the driver are proviaed outside of the
rotary drum. In Fig. 11, the reference numerals 1608, 1609
represent detectors.w An LED or a laser element, which is a
light emitting element 1605 of the optical sensor, is driven
by a driving signal shown in Fig. 11 so as to flash light..
In this case, the frequency for flashing is adequately
higher than the observer frequency band and in the frequency
range which can pass through a rota:y transformer 1612. In

Fig, 11, the driving signal for the light emitting element
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.1505 is driven by a slip ring”1611. Alternatively, the

1ight emitting element 1605 can be driven by transmitting

the driving signal by a rotary transformer having a large

.capaCitY or supplying a power source by another means (a

rotary transformer having a large cﬁpacity or a slip ring)
and supplying only a command signal.

The light flashed in this way is converted into an AC
photoelectric current by a light receiving element 1602
through a mirror 1606. Since the photoelectric curreﬁt is a
signal in the frequency band which the rotary transformer
1612 can traﬁsmit, it easily passes through the rotary
transformer 1612 and it is converted into the amount of
light received by the light receiving element 1602 by the-
detector 1608 outside of the rotary drum. The amount of
light is taken out as the amount of displacement of the
movable portion:of the actuator by a differential amplifier
1607.

In the case of a capacitive sensor, it is possible to
utilize the capacity of the sensor and provide a coil so as
to constitute an LC oscillator, and subject an AC signal
which is output from the oscillator to the outside of the
rotary transformer to frequency-voltage conversion (F/V
conversion) to take out a movable portion position signal.
A similar effect is élso produced by taking out an AC signal

to the outside of the drum through the rotary transformer by
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voltage—frequency converter (FM modulator), voltage-pulse
2

jdth converter (PWM modulator), voltage-AC amplitude
.d 4

converter (AM modulator) or the like, which is provided in

-

the drum.

(7) Characteristics of control systems

Figs. 12 to 14 show the characteristic of the movable
nead tracking control system, the characteristic of the
sctuator and the open loop characteristic (gain cizaracteris-
tic) of the capstan motor control system in the case 6f
using the observer.

According to the magnetic head actuator composed of the
neans for detecting thé- position of the head and the observ-
er, it is possible to suppress fhe resonance peak gain by
electrical damping, as shown in Fig. 13 and, as a result,
constitute an actuator tracking control system, as shown by
the control system open loop characteristic B in Fig. 12.

Ifl there is no electrical damping by the observer, since the
peak gain is protuberant at the serial resonance frequency
d', the control frequency band must be lowered to g' in
order to maintain the stability with due consideration to
the gain margin. (At this time, since the phase of the
control sysi:em open loop characteristic is reversed to -180°
at the frequency d', if the open loop gain at the frequency
d' approaches 0 dB, the control system oscillates. If the

low-frequency component of the tracking error signal is fed
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pack to the motor, since the cagstan motor has the open loop
characteristics such as those shown in Figs. 12 and 14, the
synthetic control characteristic in the case of élosing both
the capstan loop and the tracking loop corresponds to the
characteristic obtained by taking the.maximum gain at each
frequency in Fig. 12, That is, on the low-frequency side,
the capstan loop is dominant, while on the high-frequency
side, the actuator loop is dominant. Fig. 15 shows an
example of the open loop characteristic of the actuator
tracking control system.
(9) Sixth example -

Althoﬁgh in the first embodiment shown in Fig. 4, an
observer is utilized for reproducing a pilot signal from the
recorded track and detecting the direction and the amount of
off-track, it is also possible to suppress unnecessary
mechanical resonance of the actuator, enlarge the control
frequency band, increase the stability and prevent unneces--
sary vibration in the wobbling system in which a pilot
signal is not.recorded and the magnetic head is vibrated
minutely so as to control tracking in accordance with a
change in the amplitude of the reproduction signal.

Fig. 16 shows a sixth embodiment of the present inven-~
tion in which an observer is incorporatéd inté a wobbling
system. In Fig. 16, the reference numeral 1701 represents a

band-pass filter for taking out only the wobbling frequency
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¢rom the reproduction signal, 1702 a synchronous detector
for taking out tbe direction and the amount of off-track
from the signal output from the band-pass filter'1701, and
1703 a phase shifter for shifting the phase by the amount
which is equivalent to the mechanical phase delay of the
actuator. The reference numeral 1704 represents an inverted
amplifier, 1705 an oscillator for generating a reference
Signai for wobbling operation, 1706 an adder for adding_a
wobbling signal for minutely vibrating a control signal;
1707 a subtracter for feeding back the estimated speed of an
observer, and 1708 a low-pass filter (compensator) for
maintaining the stability of the control loop.

In this embodiment, only the wobbiing frequency con-
tained in the reproduction signal amplitude is extracted by
the band-pass filter 1701. The synchronous detector 1702
synchronously detects the command signal which is.minutély
vibrating the actuator by using a signal with the phase
shifted by the amount equivalent to the mechanical phase
delay of the actuator at the minute vibrating frequency by
the phase shifter 1703, or multiplies the command signal by
the shifted signal. 1In this.way, it is possible to detect
the direction and the émount of off-track. The phase of the ' ,

tracking error signal obtained in this way is compensated

for by the low-pass filter 1708, and the wobbling signal for

minutely vibrating the actuator is added to the tracking
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orror signal. Thereafter, the output of the observer is fed
pack by the subtracter 1707 and the actuator is driven by a
arivef 1709, ﬁhereby executing trackihg-control.‘-
(iO) seventh embodiment

Fig. 17 shows a modification of fhe embodiment shown in
Fig. 16. In Fig. 17, the reference numeral 1809 represents
a fixed head, 1810 a phase locked loop (PLL) circuit for
eliminating a jitter contained in a drum rotational angle
detection signal, and 1811 a head amplifier for amplifying a
minute signal output from a movable head 1812. The refer-
ence numeral 1813 denotes an automatic gain control circuit
(aGC) for holding the amplitude of the reproduction envelope
signal output from the head'amplifiér 1811 constant irre--.
spective of the fluctuation of the movement of the magnetic
head, the tension of the tape or the like, 1814 a low-pass
filter for supplying a necessary frequency band for a
control signal t§ an actuator 1815 of the movable head 1812,
and 1816 a 1oV-pass filter for supplying a low—frequency
component of éhe control signal to a capstan motor 1817.
The reference numeral 1818 denotes a capstan phase control-
ler for reading the phase information output Qritten on the
linear track and output from a CTL pulse by means of a CTL
head 1819 and controlling the phase on the basis of the. |
phase information, and 1820 an adder for adding the CTL

phase control loop and the wobbling control loop and.
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;controlling the capstan motor 1817 through a driver 1821.
?Fig- 18 shows the magnetic heads 1809, 1812 in the state of

’

: tracing on the recordéd tracking pattern.
in this embodiment, the wobbling.syétem shown in

. rig. 16 is adopted and the low-frequency component of a
tracking error signal is fed back to the capstan motor. In
the capstan control system, a low-£frequency component of a
tracking error signal with the phase thereof compensated in
the wobbling system is fed back to the conventional phase
control loop for controlling the phase in accordance with
the CTL signal (phase detection) from the linéar track. In
Fig. 17, not only the movable head 1812 driven by the
actuatof 1815 but also the fixed head 1809 is shown. Since-
the low-frequency compohent of the tracking error signal is
constantly fed back to the capstan motor 1817, the height of
the movable heaq 1812 is constantly automaticaliy adjusted

_ with respect to the fixed head 1809, so that the movable
head 1812 follows only tack rolling.

In the case of the head structure shown in Fig. 17, it
is generally preferable that the head width of the fixed
head 1809 is largef than the track width, as shown in
Fig. 18, so that a signal can be sufficientiy picked up even
if there is a track rolling.

(11) Concrete structure of observer : _
This is the replacement sheet
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An example of an observer composed of an analog circuit

as shown in Fig. 19.

in Fig. 19, the reference numeral 1901 représents a
=apacitor for tak;ng'out 6nly the AC component of an actua-
tor driving voltage, 1902 an amplifier for addihg tﬁe
feedbacg signal in the observer and the driving voltage and
amplifying the sum, and 1903 an amplifier for fgeding back
the loop which simulates the spring constant in the observ-
er. The reference numeral 1904 represents a filter fo?
realizing the transfer characteristic which simulates the
viscosity and the mass of the actuator in the observer, 1905
a filter constituting an integrator in the observer, 1906 a
comparator for taking out the difference between the posi-
tion information and the estimated position information from
the_observer, 1907 a capacitor for taking out only the AC
cémponent contaiﬁed in the posifion infofmation, and 1908 a
capacitor for outputting only an AC component contained in
tre estimated speed information.

In an analog differential amplifier, an offset is apt
to be produced due to a temperature drift or the like.
Therefore, in thé case of an observer composed of an analog
circuit, it is desirable to insert the capacitors 1901, 1907
which eliminate the DC component from the actuator driving
voltage input to the observer or the ?osition information

input from the position sensor. This is because since the
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frequency band in which dampiné is mainly necessary in the
tracking control system is the frequency band in the vicini-
ty of wniéh mechanical resonance is existent, fhé DC compo-
nent is unnecessary there.

In.the circuit shown in Fig; 19, the transfer éharac-
‘peristic of the observer éhown in Fig. 1 is simuiaéed as it
js. The R, Kd, Kt, k, Fl1 and F2 in Fig. 1 exist in Fig. 19
as they are as the amplifier gains. The block 1406 in
Fig. 1 corresponds to an active filter using the opera%ional
amplifier 1904, and the block 1407 corresponds to the
integrator using the operational amplifier 1905. The
subtracter portion for obtaining the estimated error shown
in Fig. 1 is composed of the operational amplifier 1906 in
this embodiment, and the output of the operational amplifier
1906 has the gains which correspond to Fl and F2, respec-
tively, in Figq. ;Iand the output is fed back to the opera-
tional amplifiers 1902 to 1905 of the observer equivalent
circuit. In the structure shown in Fig. 19, it is possible
to unite the operational amplifiers 1903, 1904 into one
active filter, thereby omitting one operational amplifier.

Although the cbserver is composed af an analog circuit
in Fig. 19, a similar effect is obtained by expressing.the

transfer function shown in Fig. 1 by a software in a micro-

computer or the like.
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although the control system shown in Fig. 19 is applied

o 8 VIR, it goes without saying that a similar effect is

ot,{:ainéd when this control system is applied to a track;ng
cmﬂxol syste& of a magnetic disk apparatus or.an pptical
aisk apparatus.

Although the above-described observer is composed of a
ardimensional observer in the modern controlatheofy, it
goes without saying a similar effect is obtained by an
observer composed of a minimum-dimensional observer. 1In
this casé, the;e is no equivalent circuit and the result of
solving the state equation representing the actuator charac-
teristics by algorithm.by a general miniﬁum dimension
observer (e.g., the minimum~dimensional observer by
Gopinath) is realized as it is by the circuit.
(12) Details of damping control

‘A technique of electrically damping a movable head
actuator by an observer has been explained above. There ié
a case in which the movable head is not used for tracking
and used only for superior reproduction as in a commercially
available VTR or the like. 1In this case, it.is also neces-
sary to suppress the mechanical resonance of the actuator
for the pufpose of accurately moving the actuator with
respect to a waveform for superior reproduction’and sup-
Pressing unnecessary vibration. It goés without saying that

the mechanical resonance and unnecessary vibration can be
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.pressed by the electrical éamping by the above-described
&e

gtem using the observer and the position sensor. However,
3

the electrical damping required is so small as to only

i &
>

ffice for the followability of the actuator to the

[

caveform of superior reproduction and if a control[system is
raﬁﬁxed to have a low cost, a simplified damping circuit of
, counter electromotive force feedback system may be adopt-
ed. _
Fig. 20 shows the principle of a damping controlier
which utilizes a counter electromotive force. 1In Fig. 20,
the reference numeral 2001 represents an equivalent coil
taving an electric characteristic equivalent to that of an
actuator coil, 2002 and 2003 current detecting iesistors,-
and 2004 a differential amplifier for detecting a counter
electromotive force.

| In this system, the equivalent coil 2001 having an
electric characﬁeristic equivalent to that of an actuator
coil is connected in parallel to a driver 2005, the currents
flowing on the respective current paths are deiected by the
current detecting resistors 2002, 2003, and the counter
electromotive force is detected as the output-of the differ-
ential amplifier 2004 and fed back to the original driving
voltage. (At this time, 'since the equivalent coil 2001 does
not move nor generate a counter electromotive force, a

Potential difference is generated on the voltages of the
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- gistors 2003 and 2002 due to ‘the counter electromotive
y 788
cce of the actuator COll, and this potential difference is
‘0

tected .) However, ‘since there is a d:l.fferenc'e between
e current on the equivalent coil 2001 and the co:.l in the
ctua*’-o’-' 2006 due to a temperature drift or the like, the
ounter electromotive force detected is not accurate.

It is therefore preferable that simplified damping is
;, carried out by a circuit such as that shown in Fig. 21.

Fig. 21 shows the structure of a damping circuit of a
counter electromotive force feedback system. 1In Fig. 21,
. the reference numeral 2105 represents a resistor which
{ simulates the resistance component of an actuator coil, 2106
a coil which simulates the inductance of the actuatpr coil,
2107 and 2108 differential amplifiers which simulate the
. voltages at both ends of current detecting resiétors 2102
and 2103, respectively, 2109 a_d_ifferential amplifier for
taking out a counter electromotive force, 2110 a filter -for'
limiting a frequency band of the current feedback loop, 2112
a filter for limiting a frequency band of a counter
electromotive force feedback loop, and 2111 aﬁd 2113 capaci-
tors for eliminating the DC componenf.s of the respective
loops.

The voltages at both ends of the current detecting

resistors 2102, 2103 are detected by the differential

amplifiers 2107 and 2108. Since the output of the
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ﬂjferential amplifier 2107 corresponds to the driving
;ﬂrent for an actuator 2116, after the output is limited to
anecessary frequency band by the filter 2110, it is fed
pack 0 the origiqal control system through the capacitor
,111 for elimihating the DC componenf, thereby constituting
acurrent feedback loop. Depending upon the frequency band

ﬂIWhiCh the cut-off frequency of the filter 2110 is set,

either @ voltage driving system (in a frequency band in

- 4hich current feedback is not executed) or a current driving

system (in a frequency band in which current feedback is
executed) is adopted as the driving system for the actuator
2116. |

In addition, by detecting the difference between the.
voltages at both ends of the two current detecting resistors
2102, 2103 by the differential amplifier 2109, it is possi-~
ble to take out the counter electromotive force of the .
actuator 2116, 1imiting the freéuency band of-the counter
electromotive force by the filter 2112 and feed it back
through the capacitor 2113 which eliminates the DC compo-
nent, thereby electrically constituting a counter
electromotive force feedback loop and damping.the actuator
2116,

By making the gain of the differential amplifier 2109
variable, it is possible to make the amount of feedback and,

hence, the amount of damping variable. It goes without

T e U
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4ying that by using a band-pass filter which transmits only
5

.he méchanical ré;onance frequency component of the actuator
;sthe filter 211?, it is possible to reduce the influence
of the mechanicdl resonance. .

since the detected counter electromotive force is
p!_.opo:;:i::i.c:nal to the speed of the actuator, it is similar to
dw'estimated speed output from the speed observer. It is
therefore clear that the actuator is damped by feeding back
the detected counter électromotive force. However, when the
estimation of the observer is compared with the detection of
a counter electromotive force, if the positioﬁ sensor used
for the observer has high accuracy, since the speed estimat-

ed by the observer is more accurate than the detected

counter electromotive force, if the higher-order mechanical

resonance suppressing effect of the observer and -the damping

circuit including only an integrator are taken into consid-

of the actuator on the movable magnetic head is reduced by - ]

eration, the observer can secure a larger speed feedback
gain and damp the actuator to a larger extent.
(13) Advantages of the first to second embodiments

As described above, according to the above-described

embodiments, since the influence of the mechanical resonance

feeding back the speed estimated by the speed esfimating
Observer to the actuator dfiving signal, the tracking

following accuracy is enhanced. Consequently, the amount of
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off_track of the magnetic head is reduced, so that the
ﬂmrding density (tracking density) of a magnetic tape
appar.-;u;us or the ]:ike is enhanced. |
At the time of superior reproduction, it is also
p‘,ssible to improve the response of the actuator to a
qaveform for superior reproduction and to suppress the
ypnecessary vibration of the movable magnetic heaq.

In the examples shown in .Figs. 20 and 21, an.equivaleni_:
coil which has an electric characteristic equivalent to that
of a coil in the actuator is provided, and the estimated
speed of the actuator obtained by detecting the counter
electromotive force generated by the actuator coil is fed.
back to the actuator driving signal. Although this system
is inferior in accuracy to the system using the observer,
the former is effective when the electrical damping réquired
is so small as to only suffice for the followability of the
actuator to the waveform of superior reproduction and when a
contrpl system is required to have a low cost.
(14) Eighth embodiment

Fig. 22 and 23 show the structure of an eighth 'emboc.li—.
ment of the present invention.

A head 2201 for a narrow tracking pitch for a long-time
mode and a head 2202 fér a wide tracking pitch a.re attached
to the présent V'.fR system. These heads 2201, 2202 are |
mounted on a gimbal spring 2203.
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In the conventional system, the position at which the
:;Cmagnetic field generator is disposed represents the
: absolute height oﬁ the movable head from the deck base.

In other words, in the conventional system, if the
osition at which the levels of the signals output from the
¢wo AC magnetic field generators and reproduced by the
. malgnetic head are equal is determined as a desirgd height
of the magnetic head, the reference absoiute height varies
depending upon the accuracy for mounting the AC magnetic
field generators on the deck base. Although it is possible
i to use the height of a fixed head as the reference of the
1 absolute height of the movable head, in this case, the.
movable head can only be so controlled as to be the same
height as the fixed head such as an audio head. This is
:'bécause since #he magnetic field generated by the AC magnet-
ic field generator and the detection sénsitivity'of the head
amplifier for the magnetic head fluctuate with a change in_
temperature or the like, as described in the conventional
examples, the influence of fluctuation is eliminated by
controlling the magnetic head so as to be at the position at
vhich the difference between the two detection signals is
zero, |

In order to form a recording pattern on the.magnetic
tape in accordance with various reéordiﬁg formats in the

present VTR, there is a case in which the height of the
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sable head must be so controlled as not to be equal to the
-height of the fixed head but to be a .little .deviated .from
ﬂw.height of thé fixed head. To meet such demand, in this
ﬂmodiment, a spacer 2204 is inserted between the gimbal' |
gpring 2203 and the magnetic head 2202, as shown in Fig. 23.
for example, at fhe time of magnetic recording by the head
for wide tracking pitch, the'conventional AC magnetic field
for detecting the height is reproduced by thé magnetic head
7201 for a narrow tracking pitch. By closing the conven-
. tional magnetic head height control system, it is possible
to situaté the head 2201 for a narrow tracking pitch at the
same height as the reference fixed head (e.g., audio magnet-
ic head), and to shift the reference height of the head 2502
for a wide tracking pitch after control by the amount |
equivalent to the height of the spacer 2204 in Fig. 23.
(15) Ninth embodiment

Since the head for reproducing an AC magnetic field for

the purpose’ of detecting the height need not actually
magnetically recérd or reproduce information on the magnetic
tape, such a head must be replaced by a magnetic field
detector having a simple structure. Fig. 24 shows the
external appearance of an absolute height detecting element
2206 mounted on a rotary drum 2205 in a ninth eﬁLodiment of

the present invention. The reference numeral 2207 repre-

Sents a detection coil. The gap and the amount of
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dﬂection-of thé.magnetic field detection in Fig. 24 need
'the strictly determined. However, it is natural that the

;wunt of progectlog‘must not be so large as to damage the
aﬂwtic tape. It is possible to movée the movable head to a
eslred absolute height by mechanically adjusting the
wsitlon of the magnetic field detector having such a simple
;;ucture to the desired height at which the movable head
mst be situated and by controlling the detector and the -
qovable head so as to be at the same height by a convention-
al control system, .

It is possible to judge whether or not the movable head
is at a desired absolute height with accuracy by the

above-described means.

(16) Tenth embodiment
In detecting the absolute height of the movable head by

. an AC magnétic field, it is possible to increase the curreng:'
applied to the external magnetic field generating coil to

such an extent that does not deteriorate a signal due to
electromagnetic interference with a head amplifier or the

like in the VTR. If the magnetic field generated by the
magnetic field generating coil.is increased, since thex
detection sensitivity for the absolute height 6f the movable
ﬁead is gnhanced, the accuracy for following the.target |
value of the control system is improved. However, if the

reproduction signal amplifier provided in a conventional VIR
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tem is used, the signal is-sometimes saturated dependlng '

2%
e

mithe dynamic range of the reproduction 51gnal amplifier.
is is because the magnetic field generated by the AC
:ﬂﬁwtic field generating coil is much stronger than the
jpute magnetic field which is reproduced from the magnetic
rape- It is therefore necessary to amplify the AC signal

r detecting height which is obtained thrbugh the rotary
trans former by an amplifier different from the conventional

reproduction signal amplifier, as shown in Fig. 25.
Fig. 25 is a circuit diagram of the structure of a

detection signal amplifier of an absolute height detector in

a tenth embodiment of the present invention. The reference

numeral 2208 represents a band-pass filter and 2209 a

switching transistor. Fig. 26 shows the operation mode for

the switching transistor 2209 with respect to one rotation

~

of the rotary drum.

Since the height detection signal is obtained on the
back side of. the drum on which the detection head is not in
contact with the magnetic tape, it is possible to take out

the height detection signal through the switching transistor

2209,
In addition, by switching the four switching transis-

tors 2209 between the modes in Fig. 25, it is possible to
switch the amplifier between the recording, reproducing,

detecting and in-operatinve functions.
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The recording and reproduction modes for the switching
ra,,sj.stor 2209 are switched by the rotational position of
che detecting head, as shown in Fig. 26. It goes without
' qaying that the amplifier for only reproducing the height
- de_tectién signal nee_d‘ not have the structure shown in
pig. 25 and it may be composed of a combination of a
;band—pass filter and a position detection signal amfalifier.
_ The arrangement of each head on the drum and the
. channels for the absolute height detecting head .in the
rotary transformer will now be explained.

Since the recording current flows on the recordi'ng head
. which is in contact with the magnetic tape during recording
j by a VIR, the absolute height detection signal from the AC; .
magnetic field generating coil may be disturbed by the
crosstalk between the channel§ of the rotary transformer.
~ For this reason, it is necessary to keep the channel for
applying the recording current away frorln'the channel for
detecting the absolute height. |

For example, in the case of the present VHS VIR system
having the- head arrangement shown in Fig. 27, the arrange-
| ment of chapnels in the rotary transformer is such as that
shown in fig. 28. In order to simplify the relationship
between the channel for applying the recording current and
the channel for detecting the ﬁead height, tﬁe sections in

which respective heads come into sliding contact with the
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108 in the case of the head arrangement shown in Fig, 27

-

e schematically represented with the head 2HR as the
'eference.' From Figq. 29, it is clear that tﬂe heads 2HR,
%L;AR approximately simultaneously come into sliding
-?mwact with the magnetic tape and that the heads 2HR, 6HL,
ALapproximately simultaneously come into sliding contact
wiﬂ;the magnetic tape. It is therefore necessary to keep
 the heads 2HL, 6HR and AL away from the heads 2HR, 6HL, AL,
respectively, in the channels of the rotary transformer.

since the audio head is generally kept away from the.video
tmad in order to évert the influence of crosstalk, it is
possible to insert the channel for the flying erase head of
the channel for exclusively for height detection, which ié
generally not used at the time of normal réproduction,
between the channels for 2HS and 6HS in place of the
short-circuiting ring which is used for preventing crosstalk
between channels of the rotary transformer in the present
VIR, and to short-circuit the terminal of the rotary trans-
forme: at £his.ghanne1 at the time of reproduction. The
symbol 2HS represents a detector wifh the height adjusted to
the reference height of the movable head 2H, and 6HS a

detector with the height adjusted to the reference height of

the movable head 6H. . .

(17) Eleventh embodiment
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In the.conventional system, the height of the movable
wmiis detected only at one po;ition per rofatign of the
;mm so that only one cont;ol is possible at every rptation
of?he drum. In a system the apparatus of which as a whole
isexposed to an external disturbance such as a system
installed on_ah automobile and a poftable system, recording

;p accordance with the tape format may sometimes be impossi-

ple due to the vibration or displacement of the movable head

yithin one rotation of the drum.

This problem will become serious if the recording
density is enhanced and the tracking pitch becomes very
narrow in the near future. It is therefore necessary to
have a structure in which an ordinary movable head is fixed
during the control of the absolute height at every rotation
of the drum so as to make the heads insusceptible to the
influence of vibration of the like. For this structure, a
means for constantly detecting the height of the movable
head is necessary. In this case, however, the absolute
value of theféensq; for constantly detecting the height of
the movable head need not be accurate so long as there is a
means for detecting the absolute height of the movable head
at every rofation of the drum. It is possible to prevent
the deviation of the head due to vibration during‘the
rotation of drum if the absolute height of the movable Head

is detected by the above-described reproduced magnetic field

This is the replacemant sheet |

Date: 2 8 AUG 1996



¢ ey,

105

, gne AC magnetic field geneéating coil and the height of
f; movable head is so controlled that the output of the
:;ﬁor for constantly detecting the height of the movable
;ad is constant during the period from one detection of the
;ﬁolute height to the next detection. )

In order to detect the position of the head in the
wsition control system during one rotation of the arum, the

structure shown in Fig. 6 or the structure shown in Fig. 7

js used in this embodiment. Use of either of these struc-

‘tures not only enables the detection of the position.but
also exerts no deleterious influence of leaked magnetic flux

on the head. It is also possible to use the apparatuses for

optical position detection shown in Figs. 8 to 10. Alterna~

tively, a strain gauge may be used. Use of a piezoelectric
generator type sensor formed by cutting a part of a §imorph
for the detection of the absolute height is also effective.
(18) Twelfth embodiment

It is possible to utilize the output of the
above~-described position sensor which can constantly-detect
the height of the movable head and suppress the mechanical
resonance of the actuator, enhance the controllability of
the movable head and make thé movable head insusertible to
external vibration by a damping loop composed of the follow— 

ing means for electrically estimating the speed. 1In this

damping loop produced on the basis of the output of the
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posj_tion sensor which can constantly detect the height of
¢he movable head, it is possible to'preyent the control
fl:equency band for the position control from being restrict-
ed to 2 lowj-frequency band due to the mechanical resonance
of the movable head actuator. |

In order to méve the magnetic head in the drum, it is
pecessary to move the magnetic head uniaxially, namely, only
in the direction parallel to the rotational axis of the |
dgrum. It is therefore necessary to separate the driving
porﬁion from the magne'ti.c': head or attach the magnetic head
to the end of a cantilever or a leaf spring in a bimorph
actuator or electromagnetically driven actuator shown in 1;he
conventional examples.

For this reason, there exists a large mechanical
resonance which is characteristic of a leaf spring, as seen
_in the transfer characteristic (displacement-driving voltage
or current characteristic) of the bimorph actuator or
electromagnetic;ally driven actuator in the conventional
examples.

Since the large mechanical resonance reverses the phase
in the vicinity of the serial resonance frequency, for
e&xample, in the phase control systerﬁ having a phase -delay
compensator, the control frequency band is limitéd_ 1_:0 a
frequency sufficiently lower thé primary resonance frequen-

¢Y, generally, about 1/10 to 1l/several tenths of the primary
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resc,nance frequency. This is f;'.rstly because it is impossi-
ple to secure a sufficient phase margin of the control
jstem due to the influence of the phase reversal in the |
gicinity of the x;esonance point, and secondly because if the
gesonance peak gain is large, the gain margin beyond the
control frequency band (generally, it is necessary that the
open loop gain of the control system at the frequency in the
frequency band higher than the control frequency band at |
which the phase is -180° is -10 to 20 dB) becpmes smaller
than the resonance peak gain, so that the control system
pecomes ﬁnstable. In the case of setting the contrel
frequency band between the primary resonance point aﬁd the
secondary resonance point by compensating for '
. the phase delay by a phase advancing circuit, it is neces-
sary that the primary mechanical resonance frequency is
adequately distant from the secondary serial resonance
frequency or the parallel resonance fregquency. In the
system having ‘a moyable porti-on in the shape of a leaf
spring such as the actuator of the movable magnetic head in
a VIR, since it is impossible to take a sufficient differ-
ence between the primary resonance frequency and the secon-
dary or higher-order resonance frequency, the phasg .advanc-
ing circuit for compensation is not often aaopteii. It is
therefore necessarj to eléctrically damp fhe large mechani-

cal resonance characteristic which is characteristic of the

7
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ovable magnetic head actuator of a VTR so as to have the
actua.tor h:aving a good controllability. However, if the
damPing means is composed of a differentiator as in_the
related art, the noise of the position sensor is inpreasedl
andl the tracking controllability is rather deteriorated.

such a problem can be solved by using a speed estimat-
ing observer, as described above. In other words, it is
pI:eferable that a circuit shown in Fig. 30 is composed of an
observer having the structure shown in Fig. 1 and adopting.
the analog structure shown in Fig. 19.

Fig. 30 shows the structure of a twelfth embodiment of
the present invention, adopting a speed estimating observer.
In this embodiment, the position of the movable portion of.,
an actuator 2301 is detected by a a position detector 2302
and the detected position is input to a speed estimating
observer 2303 and a position control compensator 2304. The
output of the speed estimating observer 2303 is fed back to'
the input terminal of a driving signal amplifier 2305
through a damping ..loop and the position control compensator
2304 feeds back the output of the speed estimating observer
2302 to the input terminal of the driving signal amplifier
2305, ' .

An absolute height detecting sensor 2305 for detecting.
the height of the head in the actuator 2301 is provided.

The sensor 2305 may have any of the above-described
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.samctures. The output of the sensor 2305 is input to an
ab;olute height detector 2306, and the output of.the abso-
jute height detector 2306 is fed back to a low frequency
dmmensator 2307 after it is subtracted from the command for
the absblute height.

The open loop gains of the respective feedback loops
shown in Fig. 30 are preferably set as shown in Figs. 31 and
32. The characteristics of the low frequency compensator
2307 are preferably set as shown in Figs. 33 to 35, and the
characteristics of the position control compensator 2304 are
preferably set as shown in Figé. 37 and 38. If the low
frequency compensator 2307 has a structure such as that
shown in Fig. 36, the elements a to c¢ have the characteris-
tics shown in Figs. 33 to 35, reépectively. If the position
control compensator 2304 has a structure such as that shown
in Fig. 39, the ‘elements a and b have the characteristics
shown in Figs. 37 and 38, respectively.

Needless to say, if the system shown in Fig. 30 in-
cludes neither the position control loop no the damping
control loop, the position of the head is controlled only by
the control of the absolute height at each rotation of the
drum and the height of the head is apt to deviate. If the
system does not include the damping control looﬁ, the ratio
of suppression of the deviation of the height during one

rotation is lowered, so that the head is apt to vibrate. On
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the other hand, if the system does not include the posifion
wntrol'loop, although the ﬁead is unlikely to vibrate, the
catio of suppression of the deviation of the height is
jowered to approximately zero. When the movable portion of
the actuator has a high rigidity or viscosity, however, the
system shown in Fig, 30 is free from the above-described
goblems even if the above two minor lodps are eliminated
from the absolute height correction loop. In the system
shown in Fig. 30, by making the open loop gain of the
absolute height correction loop larger on the low frequency
side and sméller on the high frequency side thén that of the
position control loop containing the damping loop, the

system for controlling the movable head so as to be con-
stantly at the absolute height during the rotation of the
drum is realized.

In this case, the gain of the absolute height correc- .
tion loop may be compensated for on.the low frequency side
in the form ofza secondary delay, as shown in Fié. 31.
Alternatively, the DC component of the position control loop
nay be cut so as to lower the gain on the low frequency
side, as shown in Fig. 32.

In order to realize the open loop chéraéteristic such
8 that shown in Fig. 31, it is necessary to insért a filter

having frequency characteristics such as those shown in
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Fig' 30.
The symbols a to c¢ in Fig. 36 represent a lag-lead

gilter, a primary low-pass filter and a secondary low-pass
gilter, respectively, each of which is generally known. It
js also necessary that the position control compensator 2397

pas @ structure such as that shown in Fig. 39. The symbols

- zand b in Fig. 39 represent a low-pass filter and a

nigh-pass filter, respectively, each of which is well known.
yaturally, these structures can be_realized by an analog
circuit which is composed of a capacitor ahd a resistor; or.
a digital filter.

Although amplified gain for compensating for a gain is
not described in each compensator, a desired gain compensa-
tion is naturally necessary in order to rgalize the charac-
teristics shown in Figs. 31 and 32.

(19) Thirteenth embodiment

A;thoﬁgh the system shown in Fig. 30 is composed of an
analog circuit in the tﬁelfth embodiment, it may also be
produced by a software by using a high-speed digital comput-
er such as a microprocessor.

Fig. 40 is a flowchart of the processingé in the main
routine of a control program in the case of realizing a

position control system by using a software. In this

routine, after starting and initializing the program, the
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f01;L'owing routine is repeated at every block to which the

'cﬂpuiatién period is instructed. A calculating:subroutine

ﬂdCh corresponds to the function of the speed estimating
gbserver is first executed. A calculation subroutine which
cc,rrespon'ds to the function of the position control system,
n,particular, the position control compensator is hext
agcuted. Thereafter, the calculation subroutine which
corresponds to the function of the absolute height correc-
tion system, in particular, the absolute height detector and
the low frequency compeﬁsator is executed. By subtracting
the results of the first two subroutines from command foi
absolute height correction, the command value for driving
the actuator is obtained.

The contents of the respective subroutines will be

explained in the following. In the subroutine corresponding

to the function of the observer, K1 to K5 are set at con-

stants (Kd-Kt)/R, K, Fl, F2 and F3, respectively and vari-

ables A to B are serially calculated. The variables A to B

are equivalent to the outputs of the blocks 1405 to 1409 in

the observer shown in Fig. 1.

Fig. 42 is a flowchart of the position control subrou-
tine in the flow shown in Fig. 40. The informétion_about
the actuator height is calculated and output through two

digital filters.
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Fig. 43 is a flowchart of the absolute height correc-
jon subroutine in the flow shown in Fig. 40. Absolute
peight information 2y - 2, are averaged P times by using the
count value P and af#er the averaged value is compensated
for in a low frequency band by a digital filter, the compen-
5afed value is output as the absolute height.

The values Z; and Z, are obtained by picking up the
output of the two AC magnetic field generating coils in the
conventional examples by the absolute height detecting head
and the movable head in the present invention, and amplify-
ing the outputs by the amplifier shown in Fig. 25 and
detecting the amplified output for peak holding or sample
holding. The thus-obtained values Z, and Z, are subjected
to A/D conversion and input to the microprocessor as the

outputs of the respective AC magnetic field generating

coils.

The above-described movable head position control
system can a@dopt a hardware such as that shown in Fig. 44.
In the case of detecting the position of the movable head by
a position sensor, it is sometimes impossible to take the
detection signal to the outside of the drum due to the
limitation in num$er of the channels of the rotary trans-’
former or in consideration of the influence of nﬁise exis-
tent in a slip ring 2401. In the thirteenth embodiment

shown in Fig. 44, a driver 2402 for an actuator and a speed
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'eﬁjmating observer 2404 are provided on a printed circuit

ﬂﬁrd'2403 within the drum, thereby enabling the:actuator
ﬁdCh is subject to electrical damping frém the outside of
¢he drum through the slip ring 2401.
(20) Fourteenth embodiment

Oon the other hand, it is also possible to take out the
position detection signal to the outside of the rotary drum
and prbviding the position controller and the driver outside

of the drum. Fig. 45 shows an example thereof as a four-

-teenth embodiment of the present invention. An LED or a

laser, which is a light emitting element 2502 of an optical
sensor is flashed in accordance with a driving signal. At
this time, the frequency of flashing is set in a frequency
range which is sufficiently higher than the observer fre-
quency band and which can pass through a rotary transformer
2502. In Fig. 45, the driving signal is supplied to the
light emitting element 2501 through the slip ring 2503, but
the light emitting element can be similarly flashed by
transmitting the driving signal by a large-capacity trans-
former or supplying the power source by énothér means
{large-capacity rotary transforme; or slip ring) and supply-
ing only a comménd signal to_the light emitting elemént
2501, |

The thus-flashed light is converted into an AC

photocurrent by a light receiving element 1505 through a
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mﬂror 2504. since the pho;ocur;ent is a photocurrent
ﬁgnal in the frequency rgnge which the rotary transformer
zﬂﬂ can transmit, it easily passes through thé rotary
cansformer 2502. After the photocurrent is converted into
¢he amount of light received by the light receiving element
2505, it is taken out as the amount of displacement of the
mmmble portion of the actuator by a differéntial amplifier
2507, |

In place of the optical.sensor shown in Fig. 45, the
abave-describgd,capacity sensor may be used.  In this case,
an LC oscillator is. composed of the capacity of the sensbr
and a coil, and after the AC signal from the oséillator is
taken out of the transformer and subjected to a
frequency-voltage conversion (F/V conversion), the signal is
taken out as the position signal of the movable portion. It
goes without saying that a similar effect is also prbduced -
by taking out a signal to the outside of the drum through
the rotary t:;nsformer by a voltage-frequency converter (FM
modulator),.voltage—pulse'width converter (PWM modulator),
voltage-AC amplitude converter (AM modulator) or the like,
~which is provided in the drum.

As described above, when the position signal of the
movable portion is constﬁntly taken out of the fotary
transformer, the control system may be realized eithér by

the above-described algorithm of a software or by an analog
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drcuit' However, when the system is composed of the
-dﬁerver and the position controller provided on,the rotary
grum, there is a éase in which the system must be composed
of an analog circuit due to the limitation of the scale of
the ciréuit. A£ this time, it is necessary to cut the DC
component of the position signal input to the observer so as
to prevent a drift from being produced on the analog calcu-
jated value of the observer.

It goes without saying that unless the DC component of
.the driving voltage input to the observer is similarly cut, .
a prediction error is préduced in the estimated error due tﬁ_
the DC component, which inhibits the operation of the
observer.

Such an analog structure does not produce any problem
because the observer is in charge of a high frequency band
of the position_bontrbl system. In other words, there is
almost no change in the pole-positioning shown in Fig. 3.
(21) Advant;ges of eighth to fourteepth embodiments

As described above, according to these embodiments, it
is possible to control the movable head so as to be at a
desired height and the electromagnetic induction signal of
‘an AC magnetic field for detecting the absolute height is
not interfered with the crosstalk from the recor&ing signal
current on the rotary transformer. It is also possible to

take the amplified gain from the height detection signal
This is the replacement sheet
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‘wlifier separately from the gain of .the information signal
X , '

-

gwlifier. ~It ié thus possible to detect an accurate
gdSht' During the rotation of the drum, since the movable
yead is fixed to the height regulated by the position

.cmwxol by the position sensor which is provided in the
sctuator and the movable head is damped by the speed esti-
sating observer, it is possible to preveﬁéfthe vibration or
jisplacement of the movable head due to the vibration of the
nagnetic recording and reproducing apparatus.

While there has been described what are at piesent
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 spirit and

scope of the invention.
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CLAIMS

1. A movable head position controlling device for
nmgnetic :ecoraing and reproducing apparatus: comprisihg:

a magnetic head moving means for moving the magnetic
pead in @ predetermined direction at a speed which corre-
sponds to a driving signal; |

a position detecting means for detecting the position
of the magnetic head in the predetermined direction and
outputting the iesult as a position deflection signal;

| a speed estimating means for estimating the speed of
the magnetic head in the fredetermined direction on the
basis of the driving signal and the position deflection
signal and outpﬁtting the estimated value which is mﬁlti-
plied by a predetermined coefficient; and

a feedback and damping me%ns for supplying a signal,
which is obtained by subtracting the output of the speed
estimating means from a signal supplied from another cir-
cuit, to the-ﬁagnetic head moving means as a driving signal
so as to damp the magnetic head moving means. |

2. A movable head position controlling device accord-
ing to Claim 1, wherein the speed estimating means is a
co~dimensional observer including: _- | ; .

_ a model block for electrically simulating the behavior
of the magnetic head moving means and outputting the esti-

mated value of the position of the magnetic head in the
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.wﬁdetermined direction and the speed of the magngtic head;
and ©

an estimated speed outputting means for multiplying the
estimated value of the speed which is output froh the model
plock by a predetermined coefficient and outputting the
product.

3. A movable head position controlling device accord-
ing to Claim 2, wherein the speed éstimating means includes:

an estimated error outpukting means for subtracting the
estimated value of fhe maghetic,head position which is
output from the model block from the position deflection
signal and outputting the difference as.an estimated error;
and |

a means for feeding back the estimated error to the
model block.

4. A moyéb;e.head position controlling device accord-
ing to Claim 1, 2 or_3, wherein

the maénetic head moving means includes a fixed portion
- for supplying a constant magnetic field and a movable
portion for generating a magnetic field in accordance with
the driving signal and being moved in the predetermined
‘direction by the interlinkage between the genergted magnetic
field and the constant magnetic field; and

the position detecting means includes a magnet fixed to

the movable portion, a Hall sensor for detecting the

_—

T w28 i 6
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ﬂgnétic field generated by the magnet fixed to the fixed
wﬂti?n' and a means for outputting ﬁhe ﬁosigiéﬁ deflection
gignal which indicates the position of the magnetic head.in'
the predetermined direction on the basis of the magnetic
gield detected by the Hall sensor.

5. A movable head position controlling device accord-
ing to Claim 4, wherein the position detecting means further
jncludes a means for magnetically shielding the magnet and
the magnetic head.

6. A movable head position controlling device accord-
ing to-Claim 1, 2 or 3, wherein. |

the magnetic head moving means includes a fixed portion
for supplying a constant magnetic field and a movable
portion for generating a magnetic field in accordance with
the driving signal and being moved in the predetermined
direction by the interlinkage between the generated magnetic
field and the constant magnetic field; and

the position detecting means includes a light emitting
portion fixed to the fixed portion so as to emit light, and
a light receiving portion fixed to the movablé portions so
as to receive the light emitted from the light emitting
portion, detect the degree of unbalance of the amount of
light reéeived, ahd output'the position deflection signal

which indicates the position of the magnetic head.
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7. A movable head position cohtfblling device accord-
ing to Claim 1, 2 or 3, wherein o
the magnetic head moving means includes 2 fixed portion
for supplying a constant magnetic field and a movable
portion for generating a magnetic field in accordance with
the driving signal and being moved in the predetermined
girection by the interlinkage between the generated magnetic
" field and the constant magnetic field; and
the position detecting means includes a light emitting
_pbrtion fixed to the fixed portion so as to emit light, a
reflecting means fixed to the mo§ab1e portion so as to
reflect the light emitted from the light emitting portion,
and a light receiving portion for receiving the light
reflected by tﬁe reflecting portion, detecting the degree of
unbalance of the amount of light received, and outputting
the positioﬁ deflection signal which indicates the position

of the magnetic head.

8. A movable head position controlling device accord-

ing to Claim 7, wherein the light receiving portion is

[N

—_—
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dvided into a plurality of light receiving pieces in the
;eaetermined direction, and each.difference be;ween the
jight receiving pieces is detected as the degree of unbal-
snce of the améunt of light received.

9. A movable head position controlling device accord-
ing to any one of the preceding claims, wherein the magnetic head moving means
jncludes an actuator which is a mechanism provided in a
rotary drum so as to move the magnetic heaq in the predeter-
,gned direction, and a driver for controlling the actuator
in accordance with the driving signal.
10; A movable head position controlling device accord-
ing to Claim 9, wherein the driver and the speed estimating

means are fixed to the rotary drum.

11. A movable head position controlling device
according to Claim 9 or 10, wherein
the speed estimating means, the feedback and damping '

means and the driver are disposed outside of the rotary

drum; and
slip rings are provided between the actuator and the

driver and between the position detecting means and the

speed estimating means so as to connect the respective

.

elements.

12. A movable head position controlling device for

magnetic recording and reproducing apparatuses comprising:

Thig is the replacement sheet
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a head moving means for moving the magnetic head in a
pI.edetermined direction at a speed which correséonds to a
griving signal and generating a counter electromotive force,
4hich indicates the speed, in the interior of the magnetic
pead moving means when the driving signal is applied;

an equivalent coil having an inductance approximately
equal to that of the magnetic head moving means and generat-
ing a counter electromotive force, which indicates ﬁhe
‘speed, in the interior of the equivalent coil when the
driving signal is applied;

a.spéed estimating means for estimating the speed of
the magnetic head in the predetermined direction by detect-
ing the counter eiectromotive force generated in the equiva-
lent coil and outputting the estimated vaiue which is
multiplied by a predetermined coefficient; and
| a feedback and damping means for supplying a signal,
which is obtgined by subtracting the output of the speed
estimating meéns from a signal from another circuit, to the
magnetic head moving means as a driving signal so as to damp
the magnetic head moving means. |

13. A movable head position controlling device accord-
ing to Claim 12, further comprising an equivaleng.resistqr
vhich has a resistance approximately equal to that of the

magnetic head moving means, and through which the speed
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esﬁimating means detects the counter electromotive force
which is generéted in the équivalent coil. :

14. A movable head position controlling device accprd-'
ing toClaim 12 or 13, further comprising:

a driving current detecting means for detecting the
driving signal which is supplied to the magnetic head moving .
means as a current and outputting the current as a driving
current;

a first band limiting means for limiting the detected
driving current to a predetermined frequency band; and

a current feedback means for subtracting the driving
current with the frequency band thereof limited from the -
driving signal which is being supplied to the magnetic head
moving means, and supplying the difference signal obtained
to the magnetic head moving means as the driving signal,

15. A movable head position controlling device accord-
ing to Claim1ﬁ, wherein the feedback and démping means
includes: |

a driving current estimating means for converting the
counter electromotive force which is detected by the speed
estimating means into a current;

a driving current error detecting means for obtaining
the difference between the current and the driving current
detected by the driving current detecting means and output-

ting the difference as the difference signal;
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a second band limiting means for limiting the differ~
gnce signal to a predetermlned frequency band; and
a difference current feedback means for subtracting the

gifference signal with the frequency band thereof limited
grom the signal which is supplied from another circuit and
supplying the difference signal obtained.to the current
geedback means.

16, ~ A movable head position controlling device for
magnetic recording and reproducing apparatuses comprising:

an actugtor'dispOSed in a rotaryﬁdrum so as to hold a
magnetic head such that at least the magneiic head projects
from the peripheral surface of the rotary drum and to move
the magnetic head in the axial direction of the rotary drum
in accordance with a driving signal;

a magnetic field detecting element disposed on the
peripheral surface of the rotary drum at a predetermined
position in the axial direction of the rotary drum so as to
detect a magnetic field; and

an actuator controller for controlling the position of
the magnetic head in the axial direction of the rotary drum
so as to be equal to that of the magnetic field detecting

-~

element, the actuator including:

a coil which is disposed outside of the rotary drum in
such a manner as to face the peripheral surface of the

rotary drum so as to generate a magnetic field in accordance
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ﬁth the supply of an AC current and on which a?
dectromctive force is geneéated by electromagnetic induc-
gion when the magnetic field is intersected by the magnetic
nead and the magnetic field detecting element during the
Totation of the rotary drum; and

an absolute height correction loop for correcting the
driving signal so that the driving signal output when the
electromotive force is generated on the coil by the magnetic
head is equal to the driving output signal when the
electromotive force is éeneréted on the coil by the magnetic
field detecting element.

17. A movable head position controlling device accord-
ing to Claim 16, further comprising a position detecting
means for detecting the position of the magnetic head in the’
axial direction:of the rotary drum and outputting the result
as a position deflection signal; '

wherein the actuator controller includes a position
control loop for correcting the driving signal in accordance
with the position deflection signal.
18. A movable head position controlling devicé accord-
ing to Claim-17r further comprising a speed estimat;ng means
for estimating the speed of the magnetic head in‘the axial

direction of the rotary drum on the basis of the driving

signal and the position deflection signal;
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wherein the actuator controller includes a damping loop
for damping the driving signal on the basis of ;he estimated
gpeed value obtained from the speed estimating means.

19. A movable head positionﬁcontrolling device accord-
jng to Claim 18,0wherein the speed estimating means is a
co—diﬁensional observer including:

a model block for electrically simulating the behaviour of
the actuator and outputting the estimated value of each of
the position of the magnetic head in the axial diiection of
the rotary drum and the speed qf the magnétic head; and

an estimated speed outputting means for multiplying the
estimated value of the speed which is output from the model
block by.a predetermined coefficient and outputting the
product to a control means;

20.° A movable head position controlling device accord-
ing to Claim 19, wherein the speed estimating means in-
cludes:

an estimated error outputting means for subtracting the
estimated value of the magnetic head position which is
output from the model block from the position deflection
signal and.outputting the difference as an estimated error;

-

and

a means for feeding back the estimated error to the
model block.
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21. A movable head position controlling device accord-

yng to Claim 18, 19 or 20 wherein | l

the actuator includes a fixed pgrtion for supplying a
constant magnetic field and a movable portion for generating
2 magnetic field in accordance with the driving signal and
peing moved in the axial direction of the rotary drum by the
interlinkage between. the generated magnetic field and the
constant magnetic field; and

the position detecting means includes a magnet fixed to
the movable portion, a Hall sensor for éetecting the magnet-
jc field generated by the magnet fixed to thé fixed portion,
and a means for outputting the position deflection signal
which indicates the position of the magnetic head in the
axial direction of the rotary drum on the basis of the
magnetic field detected by the Hall sénsor.

22.. A movable head position controlling device accord-
ing to Claim.21, wherein the position detecting means
further includes a means for magneticélly shielding the
magnet and the magnetic head.

23. A movable head position controlling device accord-
ing to.Ciaim 18, 19 or 21 wherein

the actuator includes a fixed portion for supplying a
constant magnetic field and a movable portion for generating
a magnetic field in accordance with the driving signal and

being moved in the axial direction of the rotary drum by the
—_—
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jlﬁ;erlinkagé between the generated magnetic field and the
constant magnetic field; and , _

the position detecting means includes a iight emitting
portion fixed to the fixed portion so as to emit light, and
s light receiving portion fixed to the movable portions so
as to receive the light emitted from the light emitting
portion, detect the degree of unbalance of the aégunt of.
1ight received and output the position deflection signal

which indicates the position of the magnetic head.

24. A movable head position controlling device accdrd-
ing to Claim 18, 19 or 21, wherein
the aétuatqr includes a fixed portion for supplying a
constant magnetic field and a movable portion for generating
a magnetic field in accordance with the driving signal and
being moved in the axial direction of the rotary drum by the
interlinkage between the generﬁted magnetic field ‘and the

*

constant magnetic field; and

the position detecting means includes a light emitting

portion fixed to the fixed portion so as to emit iight, a
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feflecting means fixed to the movable portion so as to
reflect the light emitted from the light emitting portioh,
and 2 light receiving poftion for receiving-the light
reflected by the reflecting po;tion,-detecting the degree of
unbalance of the amount of light received and outputting the
position deflection signal which indicates the position of
the_magnetic head.

25. A movable head position controlling device accord-
ing to Claim 23 or 24, wherein the light receiving portion is
divided into a plurality of light receiving.pieces in the
axial direction of the rotary drum, and each difference
between the light receiving pieces is detected as the degree
of unbalance of the amount of 1ight received.

26. A movable head position controlling device accord-
ing to any on? of claims 18 to 25, wherein the control means includes a
position control compensator for increasing the open loop .
gain of the position control loop in a high freguency band.

27. A mévable head position controlling device accord-
ing to any one of claims 18 to 26, wherein the control means includes a 1dw
frequency compensator for increasing the open loop gain of
the absolute height correction loop in a low frequency bandg.

28. A movable head position controlling device accord-

ing to any one of claims 18 to 27, wherein
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the speed estimating means is a processor for executing
the main routine every time a clock pulse is reéeived, the
pain routine including:

an observer routine for simulating the behavior of the
actuator in accordance with the driving signal, multiplying
the estimated value of the speed of the magnetic head in the
axial direction of the rotary drum by a predetermined
coefficient and'storing the product at a variable 01;

a position control routine for filtering the driving
"signal such that the gain in the ﬁigh frequency band is
increased and storiﬁg the result at a variable 0,;

an absolute height correction routine for filtering the
driving signal such that the gﬁin in low frequency band is
increased and storing the result at a variable 03;

| a subtraction routine for calculating 03 - 0, - 0;; and
an outpﬁt routine for outputting the result of 03 - Oé
- 0,. |
29. A movable head position controlling device for
magnetic recording and reproducihg apparatuses comprising:

an actuator disposed in a rotary drum so as to hold a
magnetic head such that at least the magnetic head projects
from the peripheral surface of the rotary drum ana move the
magnetic head in the axial direction of the rotary drum in

accordance with a driving signal;
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a magnetic field detectiné element disposed on the
Wripheral surface of the rotary drum at a predeterminéd
ﬂﬁition in the axial direction of the rotary drum so as to
jetect a magnetic field; and

an actuator controller for controlling the position of
the magnetic head in the axial direction of the rotary drum
so as to be eéual to that of the magnetic field detecting
element, the actuator being disposed outside of the rotary
drum and including:

~a) a coil which is disposed outside of the rotary drum

in such.a manner as to face the'peripheral sufface of the
rotary drum so as to generate a magnetic field in accordance
with the supply of an AC current and on which an
electromotive force is generated by electromagnetic induc-
tion when the magnetic field is intersected by the magnetic
head-and the magnetic field detecting element during the
rotation of the rotary drum; and

b) a control means for controlling the position of the
magnetic head in the axial direction of the rotary drum so
that the driving signal output when the electromotive force
is generated on the coil by the magnetic head is equal to
the driving signal output wﬁén.the electromotive force is
generated on the coil by the magnetic field deteéting

element by supplying a signal to the actuator; and
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a rotary transformer having channels which.,correspond
to the magnetic field détecting element and the magnetic |
pead, tespectively, and connecting the magnetic head and the
magnetic field detecting element which rotate together with
the rotation of the rotary drum to the actuator controller
vhich does not rotate together with the rotation of the
rotary drum,

30. A magnetic recording and reproducing apparatus
- including a movable head position controlling device

according to any one of the precéding claims.

This i3 the replanement sheet

AR O RO pate
’ *  C L M S * '

8 AUC 1%

~3



134
ABSTRACT

MOVABLE HEAD POSITION CONTROLLING DEVICE
FOR MAGNETIC RECORDING AND REPRODYCING APPARATUSES

A movable head position controlling device for magnetic
recording and reproducing appafatﬁses; The position of a |
magnetic head is detected. The magnetic head is driven by
an actuator in accordance with a driving signal. The
driving signal is corrected on the basis of the estimated
speed of the magnetic head, the absolute height of the
movable head, the displacement of the maghetic head, or the
output of an equivalent coil. The speed of the magnetic
head is estimated by a speéd estimating.observer.' The
absolute height is detected by a magnetic field detecting
element. The displacement of the magnetic head is detected
by non-contacting sensors attached to a member which moves
togeﬁher with the magnetic head and a member which does not

move together with the magnetic head, respectively.
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49
actuator controller which does not rotate together with the
rotation of the rotary drum.
According to this structure, it is possible to bring
gbouf-the operation and the effect of the third fundamental

structure with the same facility as in the second fundamen-

~tal structure.

in the first_and third fundamental structure, the
accurate speed can be eétimated by using an observer in
accordance with the modern control theory as the speed
esti%ating means, An identity and a mihimal-

order = +.Observer are typi@g; of such an observ-

er. "An identié} “.ﬂébserver, whichwfgfgﬁitable for the
present inventioﬂtﬂi; éomposed of the'faifbwing elements:

A) a model bloék for electrically simulating the
behavior of the magnetic head moving means (or the actuator).
and outputting the estimated values of the position of the
magnetic head in a predetermined direction (e.g., in the
axial direction of the rotary drum) and the speed of the
movable head; and

B) an estimated speed outputting means for multiplying
the estimated value of the speed which is output from the*
model block by a predetermined coefficient and outputting

the product.

In order to stabilize the operation, the co-dimensional

~observer preferably includes the following elements:

REPLACEMENT SHEET
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C) an estimated error outputting means for subtracting
the estimated value of the magnetic head position which is
output from the model block from the position deflection
signal and outputting the difference as an estimatéd error;
and

D) a means for feeding back the estimated error to the
model block.

In the first and the third fﬁndamental structure, the
.ideqtity observer may adopt the following structure:

A) the magnetic head moving means (or the actuator)
includes a fixed portion for supplying a constént.magnetic
field and a movable portion for generating a magnetic field
in accordance with the driving signal and being moved in a
predetermined. direction (e.g., in the axial direction of the
rotary drum) by the interlinkage between the generated
magnetic fiwzld and the constant magnetic field; and

B) the position detecting means includes a magnet fixed
to the movable portion, a Hall sensor for detecting the
magnetic field generated by the magnet fixed to the fixed

portion, and a means for outputting the position deflection

g

signal which indicates the position of the magnetic head in
the predetermined direction on the basis of the magnetic
field detected by the Hall sensor.

In this case, if the position detecting means further

includes a means for magnetically shielding the magnet and

REPLACEMENT SHEET
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Fig. 94 shows the structure of another example of an AC

magnetic field generating coil.

The structures and operations of the preferred embodi-
ments of the present invention will be explained
hereinunder.

(1) Speed estimating observer;

In order to realize high-density recording and execute
superior reproduction at a high speed without producing
noise, it is necessary to use an actuator which has a wide
movable rarige and which allows the maénetic head to come
into good contact with the magnetic tape. By using such an
actuator, the displacement of the magnetic head is realized
with such a large amplitude as to enable the magnetic head
to follow a ka;ﬁuﬁmity of track which is formed on the
magnetic tape and, hence, good reproduction is realized.

On the basis of this prerequisite, in the present
invention, a speed estimating means (hereinunder referred to
as "observer") is used in place of the differentiator in the
first example of a conventional device. .By using an
observer, the increase of noisg, which is inevitable in €;e
first example of a conventional device, is prevented and the
influence of higher-order mechanical resonance is excluded.

Fig. 1 shows an example of the structure of an cbserv-

er. An observer is a device which can be realized by the

REPLACEMENT SHEET
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application of what is called modern control theory. The
observer shown in Fig. 1 is such an observer in the form of
an identity observer.

In Fig. 1, an actuator is represented by blocks 1401,
1402 and 1403. The block 1401 represents the mechanical
part of the actuator, 1402 an actuator coil and 1403 a
driving signal amplifier. The driving voltage U(t) is
amplified by the driving signal amplifier 1403, converted
into a current by tﬁe actuator coil 1402, and the current
drives the mechanical part 1401 of the actuator. From the
mechanical part 1401 is supplied the output of a sensor,
which is the amount indicating the position of the magnetic
head. The symbol Xd represents a drive amp gain, and R
the resistanée of the actuator coil 1402; The symbol Kt
represents the torque constant of the mechanical part 1401
of the actuator, C a viscosity constant, M the mass of the
movable portion and k a spring constant.

The observér is represented by a block 1411. The

observer 1411.15 composed of blocks 1404 to 1410. The block
1405 has a drive amp gain of Kd, a force constant of Kt ‘

and a conversion gain Kd-<Kt/R which ié determined by the ”
resistance R and it is a block simulating the operation from
the output of the driving voltage U (t) to the conversicn of

the driving voltage U (t) into the driving torque of the

operations of the actuator. The block 1406 is a block in

REPLACEMENT SHEET
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. which the conversion gain is expressed by 1/(¢ + Ms) and the
output of the block 1406 has a dimension of speed. The

block 1407 is a block in which the conversion function is 1/s,
in other words, an integration block, and the output thereof
has a dimension of displacement. The block 1404 is a block
in which the conversion gain is k and the output of the

block 1407 is converted into a torque and fed back to the
block 1406.

-Therefore, the conversion gain from the output of the
block 1405 to the block 1407 is 1/(Ms2 4 ¢s + k), if an
error'(the éhtput of the block 1408) is disregarded. As is
obvious from this fact, the observer is so designed that the
conversion gain from the output of the block 1405 to the
block 1407 is equal to the transfer function of the actua-
tor. As alfesult of this design, the output of the block
1406 turns to be equal to an estimated value of the speed of
the magnetic head which is actually obtained by the actua-

tor. This estimaged value will here be referred to as.
"estimated value V~-")

The block 1408 is a block for feeding back an estimatgd
error to the block 1407 so that the loop relating to the
block 1404 is stabilized. The symbol Fl represents what is
called an observer gain, and the estimated error is a
difference between the transfer function of the actuator and

the conversion gain of the block 1405 to the block 1407.
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The equation (3) is rearranged as

eguation (3) = B(s) + Gm
In Fig. 1, if it is assumed for simplifying the explanation
that R =1, Xd = 1 and F2 = 0, -the transfer function from
the input terminal for the driving voltage to the output
terminal for the estimated speedtylis represented by the
following equation (5):

V= u(t)*B(s)+sS+{(1 + (F1)*B(s)-Gm)/(1 + (F1)-B(s)}

' cee (5),
and the transfer function from the input terminal for the
driviné voltage to the output terminal for the real actuator
speed is represented by the following eguation (6):

V =u(t)+*B(s)*S*Gm ce. (6)

By comparing the eguation (5) and the eguation (6), it is
observed that the Gm in the equation (5) of‘vlis obtained by
multiplying the Gm in the equation (6) of V by the coeffi-
cient represented by the following equation:

(F1)+ B(s)/{1 + (F1l)+B(s}} _ eee (7)

In the equation (7), F1-B(s) is equal to the open loop
characteristic of the observer. 1In other'words, since the
equation (7) has a closed characteristic, if the frequency
band is set as the tracking control frequency band < observ-
er band < high-fregquency mechanical resonance frequency =

fm, the gain in the frequency band which is higher than the
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The phase and the gain of the tracking error obtained
in this way are compensated for by the tracking error
compensator 1419 and a component having a comparatively high
fregquency such as non-linearity of track is fed back to the printed
circuit board 1433, while a component having a comparatively
low frequency such as off-track is fed back to the capstan
motor, thereby preventing %he control by the control system
on the printed circuit board 1433 from exceeding the dynamic
rande. |

In order to obtain the observer having the above
structure,-;he position sensor 1424 for detectihg the
position of the movable head is essential.

Fig. 6 shows an example of the structure of the actua-
tor 1425 which adopts a Hall sensor as the position sensor
1424. 1In Fig. 6, the reference numeral 1426 represents a
magnet holder for reducing the magnetic fluxes which leak
out to the magnetic head 1417, 1427 a magnet for generating
magnetic fluxes,.1428 a Hall sensér for detecting the
intensity of the magnetic flux of the magnet 1427, and 1429
a differential amplifier for amplifying the minute signal~
output from the Hall sensor 1428 so as to obtain a position
signal.

In the structure shown in Fig. 6, in order to detect
the movement of the magnetic head 1417, the magnet 1427 is

disposed on the movable portion 1430 and the flux density is
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Fig. 9 shows a modification of the embodiment shown in
Fig. 8. 1In Figq. 9,'the reference numeral 1503 represents a
lens for converting the light from a light emitting element
1505 which is composed of an LED or the like into parallel
rays, 1504 a light emitting aperture (stop), and 1506 a
mirror for reflecting the parallel rays from the lens 1503.
Only the mirror 1506 for reflecting light is mounted on the
movable portion, and the light egitting portion 1501 and the
lighé receiviné portion 1502 composed of a photodiode or the
like afe mounted on the fixed portion. 1In this case,-the
light from the light emitting element 1505 which is composed
of an LED, a semiconductor laser or the like is converted
into parallel rays by the lens 1503. At this time, in order
to obtain parallel rays, it is necessary that the light
emitting element 1505 is dispdsed at the rear focus point of
the lens 1503. The position of the magnetic head is detect-
ed by the optical sensor shown in Fig. 9 on the principle
shown in Fig. 10,

Fig. 10 shows the principle of detecting the amount of
displacement of the movable portion by the optical sensor 7
shown in Fig. 9. The reference numeral 1507 represents a
differential amplifier for obtaining the difference in
photocurrent on the two-piece detector 1502 and amplifying

the difference obtained.
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controlling the capstan motor 1817 th¥oﬁ§ﬁ a driver 1821.
Fig. 18 shows the magnetic heads 1809, 1812 in the state of
tracing on the recorded tracking pattern.

In this embodiment, the wobbling system sﬁown in
Fig. 16 is adopted and the 1ow-frequeﬁcy component of a
tracking error signal is fed back to the capstan motor. In
‘the capstan control system, a low-fregquency component of a
tracking error signal with the phase thereof compensated in
the-wobbling system is fed back to the conventional phase
control loop for controlling the phase in accordance with
the CTL s;gnal (phase detection) from the linear track. 1In
Fig. 17, not only the movable head 1812 driven by the

actuator 1815 but also the fixed head 1809 is shown. Since

the low-fregquency component of the trécking error signal is

constantly fed back to the capstan motor 1817, the height of

the movable head 1812 is constantly automatically adjusted
with respect to the fixed head 1809, so that the movable
head 1812 follows only non-linearity of trackf

In the case of the head structure shown in Fig. 17, it
is generally preferable that the head width of the fixed
head 180§ is larger than the track width, as shown in
Fig. 18, so that a signal can be sufficiently picked up even
if there is a pon—-].ineé.rity of track.

(l11) Concrete structure of observer
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Although the control system shown ifi Fig. 19 is applied
to a VTR, it goes without saying that a similar effect is
obtained when this control system is applied to a tracking
control system of a magnetic disk apparatus or an optical
disk apparatus.

Although the above-described observer is composed of a
co-dimensional observer in the modern contreol theory, it
goes without saying a similar effect is obtained by an
observer composed of a minimal-order obseryer. In
this case,_there is no egquivalent circuit and the result of
solving the state equation representing the actuator charac-
teristics by algorithm by a general minimal order
observer (e.g., the minimal-order observer by
Gopinath) is realized as it is by the circuit.

(12) Details of damping control

A teéhnique of electrically damping a movable head
.actuator by an observer has been explained above. There is
a case in which the movable head is not used for tracking
and used only for superior reproduction as in a commercially
available VIR or the like. 1In this case, it is also nece;-
sary to suppress the mechanical resonance of the aétuator
for the purpose of accurately moving the actuator with
respect to a waveform fof superior reproduction and sup-
pressing unnecessary vibration. It goes without saying that

the mechanical resonance and unnecessary vibration can be




127

wherein the actuator controller includes a2 damping loop
for damping the driving signal on the basis of the estimated
speed value obtained from the speed estimating means.

19. A movable head position ccntrélling device accord-~
ing to Claim 18-.wherein the speed estimating means is a
identity observer including: |

a model block for electrically simulating the behaviour of
the actuator and outputting the estimated value of each of
the position of the magnetic head in the axial direction of
the rotary drum and the speed of the magnetic head; and

an estimated speed outputting means for multiplying the
estimated value of the speed which is output from the model
block by a predetermined coefficient and outputting the
product to a control means,

20.- A movable head position controlling device accord-
ing to Claim 19, whe;éin the speed estimating means in-
cludes:

an estimated error outputting means for subtracting the
estimated value of the magnetic head position which is !
output from the model block from the position deflection
signal and outputting the difference as an estimated error;
and

2 means for feeding back the estimated error to the

model block.

REPLACEMENT SHEET
18.AUG 1998

T



FIG. /5

-50dB

866L vnv g1

1 PHASE
CONTROL F REQUENCY
GAIN | ~ BAND 300H3z
GAIN MARGIN
PHASE MARGIN \ 12dB
' ' 55de
E§ ? r\\ -180deg
; .
= N
50dB
% IOHz I kHz
% | FREQUENCY

3|+




FI1G. /8

1809

1812




20|b3

FIG.2/

+ +
- -4 211 |
2113 (2110 2107 -
( e I 2102
AN p g
<P
"\‘ + P
2llz 2109 2116 ”i
REPLACEMENT SHEET

18 AUG 1598




