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TITLE OF THE INVENTION

A Magnetic Head Position

Controller in A Magnetic Recording

and Reproducing Apparatus




BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a magnetic head
position controller in a magnetic recording and reproduc-
ing apparatus, such as video tape recorders and digital
tape recorders, in which.a movable magnetic head mounted
on a rotating drum is.coﬁtrolled in its positioﬁ along
the length of the qunetic tape by an actuator.

' Description of the Prior Art

In magnetic recording and reproducing apparatuses
such as VTR, reproducing data recorded on.-the magnetic
tape requires that the magnetic head follow the recording
track accurately. For making the magnetiézhead follow
the recording track accurately, conventional improved
VTRs control the position of the magnetic head for
correct tracking.

For this purpose, the magnetic head is mounted on
the rotating drum in such a way that it is deflected by
an actuator in the tracking direction in order to prevent
deviations from the cofrect track. In a special replay
operation such as a fast replay, the magnetic head is
moved in a large span toward the tracking direction to
perform various fast and synchronous replay in good
condition.

Figure 47 shows an external view of a piezo-electric
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bimorph element 500. A pair of piezo-electric bimorph
elements 500 are provided symmetrically on the diagonally
opposite sides of the rotating dium 520 and each has a
magnetic head H mounted thereon. |

Figure 48 shows an improved version of the bimoxrph
element 500 shown in Figure 47. The bimorph elements 500
extend in a semicircular arc along the circumfeérence of
the rotating dfum 520 so that the effective length of
each bimorph element 500'will be longer than that of
Figure 47. | |

Figure 49 also shows an improved &ersion of the
bimorph element 500 illustrated in Figure 47. The
bimorph'elements 500 are arranged parallel to the choxd
of the rotating drum 520 so that the effective length of
each bimorph element 500 is longer than that of Figure
47.

Figure 50 shows the state of the bimorph element 500

‘and the magnetic head H when the bimorph element 500

drives the head H. When the bimorph element 500 having
the effective length equal to radius R is bent through an
angle &, the magnetic head F moves the distance ¢£.

Figure 51 shows the geometric relationship between
the inclination of the magnetic head H (& in Figuré 50)
and the effectiwve length of the bimorph when the bimorph

500 is driven. The abscissa represents the effective

This Sheet Has Been Replaced

T,



length of the bimorph and the ordinate represents the
inclination of the magnetic head E.

Figure 52 shows one example frequency characteristic
of the piezo-electric bimorph element 500.

The control of the position of the magnetic head by
bending the bimorph element to perform correct tracking
should be accurately carried out while at the same time
it is also neﬁessary to precisely control dumping of
mechanical resonance of a spring mass system for the
magnetic head and the drive actuator. '

Figure 53 shows a block diagram of the magnetic head
driving apparatus using the conventional bimorph actuator
disclosed in the Japan Patent Preliminary Publication No.
Showa 52~117107.

The magnetic head driving apparatus using the
conventional bimorph actuator has the following constitu-
tional elements: the piezo-electric bimorph element 500
which performs a bendiné opération according to the
applied voltage to perform a desired tracking control by
moving the magnetic head R in a direction perpendicular
to the direction of the tapé travel; a sensor 501 made up
of a piezo-voltage generator formed as part of the piezo-
electric bimorph element 500; a high-input impedance
amplifier 502 which amplifies the detected voltage while

applying practically no load to the sensor 501; an adder

R
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503 that adds an output from the high-impedance amplifier
502 and an output from a potentiometer 509 described
later; a differentiator 504 to differentiate the output
from the adder 503; a low-pass filter 505 having a cutoff
frequency that is so selected as to attenuate only the
signal which contributes to the secondarf resonance
characteristic and high—order fesénance characteristic; a
phase advance circuit 506 to compensate for a phase delay
of the outputvfrom the low-pass filter; a gain variable
amplifier 507 to variably reverse-amplify the_output from
the phase advance circuit 506; an adder 508 that adds an

output signal from a frequency compensator 511 described

later and an output signal from the gain variable ampli-

fier 507; a potentiometer 509 to which the output signal

from the adder 508 is supplied; and a drive amplifier 510
which amplifies the output signal from the adder 508 and
applies a desired drive volﬁage to the bimorph actuator
500.

The magnetic head driving apparatus also includes: a
video signal processing circuit 514 which video-processes
the output from the magnetic head H supported at the free
end of the cantilevered piezo-electric bimorph element
500; a head position requlating circuit 513 which outputs
a tracking compensation signal based on the output signal

of the magnetic head A to form a wobbling servo system; a
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frequency compensator 511 that compensates the frequency
in response to the output signals from the head position
regulating circuit 513 and from a convertor reset signal
generator 512 described later; and a convertor reset

signal generator 512 which generates a reset signal to be

applied to a deflectable support arm, i.e., the piezo-

electric bimorph element 500, in order to selectively
reset the mag?etic head H to the initial position of
tracking.

Now, the operation of the magnetic head driving
apparatus using the conventional bimorph actuator will be
described.

The sensor 501 formed integral with the piezo-
elecfric bimorph element 500 generates a signal repre-
senting the instantaneous deflection position of the-
magnetic head H.

The outpuf signal lags the signal for driving the
piezo-electric bimorph element 500 by 90 degrees in
phase.

This output signal is supplied to the high input
impedance amplifier 502. The reason why the amplifier
502 is of a high input impedance is that since the sensor
501 is equivalent to a capacitor connected in series with
a voltage source, the sensor 501 must have a small

electrical load to achieve effective coupling of a low-
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frequency signal from the sensor 501.
. The output of the high impedance amplifier 502 is
sent to the adder 503, which also receives at another
input an output signal from the potentiometer 509 de-
scribed later. The output signal of the adder 5032 is
given to the differentiator 504, which differentiates the
head position signal from the.sensor 501 to convert the
head position signal representing the instantaneous head
position intoha signal representing the instantaneous
head speed. |
Since.the differentiator 504 has a frequency charac-
teristic similar to that of the high-pass filter, the
signal that has passed through it is advanced in phase.
The head speed signal produced by the differentiator 504

is supplied to the low-pass filter 505, whose cutoff

frequency is so selected as to virtually attenuate a

signal that contributes to the secondary resonance
characteristic and high-order resonance characteristic of
the bimorph element 500.

The low-pass filter 505 delays the signal in phase
that passes through it and, to compensate for the total
phase delay, caused by the low-pass filter, of a signal
néar the resonance position, a phase advance circuit 506
is provided. The phase advance circuit 506 shifts the

phase of the signal component whose freguency is close to
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the resonance point of the bimorph element 500 so that
the signal, when output from the phase advance circuit
506, has a phase of zero degree.

The output signal of the phase advance circuit 506
is sent to the dgain variable amplifier 507 where it is
inverted and then sent to the adder 508, which adds an
output signal from a frequency compensator 511 described
later to the inverted signal of the amplifier 507 to
attenuate thebrespnance oscillation of the bimorph
element.

The output of the adder 508 is amplified by the
drive amplifier 510 and is output as a deflection drive
signal for the bimorph element 500. The gain wvariable
amplifier 507 is so constructed as to be able to adjust
the gain to cope with variations in characteristic of the
bimorph element 500. |

A signal component close to an antiresonance point
is effectively adjusted to zero by partially coupling the
drive signal supplied to the bimorph element 500. The

deflection signal of the adder 508 is given to the

. potentiometer 509, whose output is supplied to the other

input terminal of the adder 503 where it is added with
the deflection position signal, which is entered from the
high impedance amplifier 502 and detected by the sensor

501.
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The phase of the deflection signal is shifted 180
degrees as it is detected by the sensor 501 through the
bimorph element 500, so that the frequency component of
the deflection signal near the antiresonance point is
zero-adjusted by the adder 503 to stabilize the loop at
the frequency near the antiresonance point.

In this way, the bimorph element 500 is damped to
enable a stable tracking control.

However, ;ince the bimorph element 500 in Figure 53
is mounted on thé rotating drum 520, as explained in
Figure 47, a large amplitude operation as during the

special replay operation of the VTR causes the magnetic

head H to be displaced upward in Figure 50 and inclined

" by an angle 8.

This degrades the contact condition between the
magnetic head H and the magnetic tape, an important
factor that deteriorates the high fre@uency characteris-
tic of the recording and reproducing signal.

To make an improvement on this drawback, it is
proposed to increase the effective length of the bimorph
element 500 as previously shown'in Figure 48 and 49.
While the longer effective length reduces the head
inclination in Figure 50, the resonance frequency and
antiresonance frequency of Figure 52 shift toward the

lower side.
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General bimorph elements have a characteristic in
which the signal in a frequency band higher than the
first-order resonance frequency is shifted in phase by
180 degrees. Hence, in the tracking system using a
movable head, the control frequency band must be set
sufficiently lower than the resonance frequency.

If the first-order resonance frequency-and the
second~order fesonance frequency or the antiresonance
frequency are sufficiently apart from each other, the
phase advance compensation makes it possible to provide'
the control freguency band between the first-order and
the second-order resonance frequency or fhe antiresonance
frequency.

However, the bimorph element 500 with too long an
effective length cannot have a sufficiently large control
frequency band, making it difficult to form a control
system that can reliably follow the track curve on the
magnetic tape.

Although it is possible to reduce the resonance peak
gain of the bimorph element 500 to a certain extent by
using the differential circuit described earlier, the
gain of the damping loop cannot be set sufficiently large
because the differential operation increases the noise

contained in the deflection position signal.

As mentioned above, in the magnetic head driving
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apparatus using the bimorph element 500, providing a good
contact between the magnetic head F and the magnetic tape
during the tracking operation (i.e., to reduce the head
iﬁclination) is not consistent with shifting the mechani-
cal resonance of the bimorph element 500 toward higher
frequegcy or reducing the resonance peak gain. These two
conflicting requirements are difficult to meet at the
same time.

v

In the damping control circuit using a differential
circuit, there is a limit to thé performance improvement
because the noise of the position sensor increases with
the performance enhancement.

In addltlon, there are mechanical restrictions.
Since the pOSltlcn SLgnal must be taken out when forming
a damping loop, it is necessarﬁ to install a printed
circuit card for damping in the rotating drum. Or the
position signal must bé taken out by a.slip ring.

SUMMARY OF THE INVENTION

The damping method employed in the conventional
magnetic head driving actuator differentiates the posi-
tion signal of the actuator to £ind the actuator speéd,
as described above. This also increases noise contained
in the position signal, making it difficult to obtain a
good damping performance.

The conventional magnetic head driving actuator has
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a drawback of mechanically complicated construction.

That is, the position sensor is necessary to pick up the

above-mentioned position signal; and when the position
signal is to be taken out of the rotating drum, it is
necessary to increase the number of slip ring channels.

Furthermore, since the resonance frequency depends
on mechahical spﬁing and mass system, a substantial
improvement of the response characteristic of the actua-
tor is so far not possibie.

Moreover, the.rigidity agaiﬁst external load distur-
bance (periodical impact of the tape and head) depends
only on the mechanical rigidity of the spring and mass
system and on the magnetic damper effect of the magnetic
circuit system, so that the mechanical design requires
special considerations wﬂich in turn provide constraints
on the actuator design.

This invention has been accomplished to overcome the
above-mentioned proBlem and is infended to provide a
damping means for the head driving actuator of the
magnetic recording and reproducing apparatus which can
apply a stable and heavy damping only by using inexpen-
sive electric circuifs without requiring a pbsition
sensor or differgntiator or without having to make
mechanical changes even in an actuator that has large

mechanical oscillations.
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The invention is also intended to improve a poor
actuator with a low mechanical rigidity of the spring and
mass system and with bad controllability into the one
with good controllability and response and which can
detect actuator position signal accurately by an inexpen-
sive electric circuit containing a position feedback
loop. |

The inve?tion is further intended to improve a poor
actuator with a low mechanical rigidity of the spring and
mass system and with bad controllability into.the one
with.high rigidity and which can detect external load -
disturbance accurately by an inexpensive electric circuit
containing an external disturbance feedforward loop.

Further, with the conventional movable head position
control apparatus, when the position of the movable
magnetic head is to be controlled by the absolute height
from the deck base, there.is a severe requirement on the
mounting precision of the.ac magnetic field generating
coil used to detect the position of the movable magnetic
head. When the ac magnetic field produced by the ac
magnetic fiéld generating coil is to be detected by
utilizing a stationary head on the rotating drum, the
height of the movable magnetic head can only be con-~
trolled to the same height of the stationary head.

Since the detection of the ac magnetic field pro-

heet Has Been Replaced

T



duced by the ac magnetic field generating coil is per-
formed only at one location for every turn of the rotat-
ing drum, the recording track that is recorded during one
rotation of the rotating drum may be bent by vibrations
uniess the movable portion rigidity of the actuator is
considered.

To eliminate the abové problemé, this invention
provides a ma%netic head position control apparatus,
which can maintain the movable magnetic head at a speci-
fied absolute height (from the deck base to the head)
regardless of the mounting precision of the ac magnetic
field generating coil, suppresées height shifts and
&ibrations of the movable magnetic head thaﬁ occur in one
rotation of the rotating drum, can be applied to magnetic
tape apparatuses of various track formats, and can also
form an ideal recording track pattern.

In a magnetic recording and reproducing apparatus
having an solenoid~driven actuator to move the magnetic
head toward the tracking direction, the magnetic head
position controller includes a state estimator which
estimates the moving speed of the actuator from the drive
voltage and drive current supplied to the actuator and a
damping control loop for feeding the estimated speed
signal produced by the state estimator back to the

actuator drive voltage, in order to control damping of

13
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the actuator.
The state estimator consists of a combination of
equivalent circuits that electrically simulate the

modeled characteristics of the solenoid-driven actuator.

‘The estimator takes in the drive voltage and the drive

current and produces an estimated speed signal represent-
ing the estimated speed of the actuator. The estimator
can be formed(py a combination of equiﬁalent circuits
that electrically simulate the drive coil resistance and
the inductance characteristic of the solenoidfdriven
actuator, the force constant of the magnetic circuit,
inertia; spring constant and coﬁnter solenoid-driven
force.

The estimation process of the actuator speed by the:
state estimator consists of: estimating the actuator
drive current not including counter electromotive force
through the equivalent circuit, which electrically
siﬁulates the drive coil resistance and inductance
characteristic of the actuator from the actuatof drive
voltage signal entered; and comparing the estimated

actuator drive current with the actuator drive current

-influenced by the counter electromotive foxce.

The state estimator, depending on the characteristic
of the solenoid-driven ractuator used, may be an equiva-

lent circuit, such as a low-pass filter, which simulates
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the impedance characteristic including the coil reactance
of the solenoid-driven actuator. The state estimation
output from the equivalent circuit is fed back through a
damping control loop, which includes a band-pass filter
which takes as the center frequency the resonance fre-
guency of the solenoid-driven actuator.

By providing a current feedback loop—which feeds.
back the actuator drive current or the actuator drive
current estimated by the state estimator—inside the
damping control loop, it is possible to compensate for
temperature variations over time of the solenoid-driven
actuator.

It is also possible to increase the apparent reso-
nance frequency of the solenocid-driven actuator by
generating the position estimation signal representing
the position of the solenoid-driven actuator by the state
estimator and then feeding back the position estimation
signal to the actuator drive voltage.

The load disturbance of the solenoid-driven actuator
may be canceled by generating the estimated disturbance
signal representing the load disturbance of the solenoid-
driven actuator by the state estimator and then feeding
forward the estimated disturbance signal to the actuator
drive voltage.

The magnetic recording and reproducing apparatus has
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an solenoid-driven actuator for moving the movable
magnetic head toward the tracking di?ection and the field
detection element mounted at a specified height, both
installed inside the rotating drum, and at least one
field generating coil fixed to the deck mechanism ér—
ranged close to and supporting the rotating drum where it.
is not wounded with the magnetic tape. 1In ﬁhis_magnetic
recording and Eeproducing apparatus, the movable magnetic
head height is controlled in such a way that two ac
signals produced by the ac field of the field generating
coil as the field detection element and the movable
magnetic head moves past the field éeneratiné coil have
such amplitudes as will fall in a certain relaﬁionship.

- A position detecting means to detect the height of

the movable magnetic head is mounted to the actuator. In

- a period during which no ac output is generated from the

movable magnetic head by the field génerating coil, the
actuator control unit may be made to perform the head
position control according to the output from the posi-
tion detecting means. It is desired that the actuatox
control unit include the state estimator which estimates
the speed of the actuator.

In the magnetic recording and reproducing apparatus
which has the movable magnetic head driven by the actua-

tor, the stationary head and a signal transmission rotary

16
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transformer, all installed inside the rotating drum, the
signal transmission rotary transformer has the windings
from the movable head and the stationary head arranged
close together on the rotating drum are installed in a
continuous channel in the rotary. transformer. In this
rotary transformer, thé winging from the field detection.
means is inserted between the channels of the rotary
transformer tq:which the heads not close together on the
rotating drum are connected, or between the channels to
which the audio head and the video.head are connected.
The signal from the field detecting means should prefera-
bly be amplified by a dedicated amplifier through a
switching element connected to the rotary tranéformer.

The state estimator, one of the major constitutional

" elements -of this invention, is intended to electrically

simulate the characteristic of the solenoid-driven
actuator. By supplying to the state estimator the same
drive wvoltage and current as applied to the actuator,: the
real actuator operation can be simulated to predict the
speed, position, &rive current and external disturbance
of the actuator. |

The constitution of the invention as described in
the claims and the working and advantages according to
the constitution will become apparent from the following

description of embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram showing the outline
circuitry of a first embodiment of the magnetic head
position controller in the magnetic recording and repro-
ducing apparatus according to this invention.

Figure 2.is a block diagram showing the.magnetic
head position controller of the first embodiment by using
a transfer fqution of the cont;ol 1ogi§‘

Figure 3 is a circuit diagram showing an example
electric circuit of the first embodiment. '

Figure 4 is a schematic cross section of the sole-
noid-driven actuator used in the embodiment of the
invention.

Figure 5 is a aetailed cross section of the sole-
noid-driven actuator used in the embodiment of thisl
invention.

Figure 6 is a detailed cross section of the sole-
noid-driven actuator of Figure 5 showing the state of the
flux.

Figure 7 is a graph showing the "displace-
ment/voltage" frequency characteristic of the solenoid-
driven actuator of Figure 5.

Figure 8 is a block diagram showing the magnetic
head position controller in the magnetic recording and

reproducing apparatus as a second embodiment of the

This Sheet Has Been Replaced

i

[l




invention by using a transfer function of the control
logic.

Figure 9 is a graph showing the frequency character-
istic of a compensation filter used in the second embodi-
ment.

"Figure 10 is a graph showing the fregquency charac-
teristic of a compensation filter used in the second
embodiment.

Figure 11 is a graph showing the frequency charac-
teristic of a compensation filter used in £he_second
embodiment.

Figure 12 is a graph showing the "displace-
ment/voltage" frequency characteristic of the improved
solenoid-driven actuator in the second embodiment.

Figure 13 is a diagram showing an improved effect of
the load disturbance characteristic of the second embodi-
ment.

Figure 14 is a circuit diagram showing an example
electric circuit of the second embodiment.

Figure 15 is a block diagram showing the magnetic
head position controller in the magnetic recording and.
reproducing apparatus as a third embodiment of the
invention.

Figure 16 is a block diagram showing the third

embodiment by using a transfer function of the control

19
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logic.

Figure 17 is a circuit diagram showing an example
electric circuit of the third embodiment.

Figure 18 ‘is a block diagram showing the magnetic
head position controller in the magnetic recording and
reproduqing apparatus as a fourth embodiment of the
invention. '

Figure 19 is a block diagram showing the fourth
embodiment by using a transfer function of the control
Jlogic.

Figure 20 is a circuit diagram showing an example
electric circuit of the fourth embodiment.

Figure 21 is a block diagram showing the outline of
a fifth embodiment which is the first embodimeﬁt added
with a current feedback loop.

Figure 22 is a bléck diagram showing the outline of
a fifth embodiment which is the third embodiment added
with a current feedback loop.

Figqure 23 is a block diagram showing the outline of
a fifth embodiment which.is the fourth embodiment added
with a current feedback loop.

Figure 24 is a block diagram showing the fifth
embodiment having a current feedback loop added to the
first embodiment, by using the transfer function of the

control logic.
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Figure 25 is a block diagram showing the fifth

embodiment having a current feedback loop added to the

third embodiment, by using the transfer function of the

control logic.

Figure 26 is a block diagram showing the fifth

embodiment having a current feedback loop added to the

fourth embodiment, by using the transfer function of the

-:j control logic.,

Figure 27 is a circuitry showing an
éirduit of the fifth embodiment having a
loop added to.the first embodiment.

Figure 28 is a circuitry showing an
circuit of the fifth embodiment having a
loop added to the third embodiment. |

Figure 29 is a circuitry showing an
circuit of the fifth embodiment having a

loop added to the fourth embodiqent.

exampie

current

example

current

example

current

electric

feedback

electric

feedback

electric

feedbaék

Figure 30 is a block diagram showing the magnetic

head position controller in the magnetic recording and

reproducing apparatus as a sixth embodiment of the

invention.

Figure 31 is a block diagram showing the sixth

embodiment by using a transfer function of the control

logic.

Figure 32 is a circuitry showing an example electric
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circuit of the sixth embodiment.

Figure 33 is a cross section of an example solenoid-
driven actuator used in a seventh embodiment.

Figure 34 is a graph showing the "displace-
ment/voifage" frequency characteristic of the solénoid—
driven actuator of Figure 33.

Figure 35 is a cross section of another example of
the solenoid-q;iven actuator used in the invention.

Figure 36 is a graph showing the ."displace-
ment)voltage" frequency characteristic of a solenoid-
driven actuator with a small spring stiffness. |

Figure 37 is a block diagram showing the magnetic
head position controller in the magnetic recording and
reproducing apparatus as.a seventh embodiment of the
invention.

Figure 38 is a block diagram showing.the seventh
embodiment by using a transfer function of the control
logic. |

Figure 39 is a block diagram showing by a transfer
function of the contrél logic that the resonance frequen-
cy of the solenoid-driven actuator can be increased by
feeding back the position.

Figure 40 is a graph showing the "displace-
ment/voltage® frequency characteristic of the solenoid-

driven actuator when the position is fed back.
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Figure 41 is a graph showing the "displace-
ment/voltage" frequency characteristic of the-improved
solenoid-driven actuator in the seventh embodiment.

Figure 42 is a circuitry showing an example electric
circuit of the seventh embodiment.

Figure 43 is a block diagram showing the magnetic
head position controller in the magnetic recording and
reproducing agparatus as a eighth embodiment of the
invention.

Figure 44 is a block diagram showing the_eighth
embodiment by using a transfer function of the control
logic. '

Figure 45 is a diaéram showing an external distur-
bance suppressing effect of the eighth embodiment.

Figure 46 is a circuitry showing an example electric

- circuit of the eighth embodiment.

Figure 47 is a diagram showing the relationship
between an example of bimorph element and the rotating
drum, both used in a conventional magnetic head actuator.

Figure 48 is a diagram showing the relationship
between another example of the bimorph element and the
rotating drum, both used in a conventional magnetic head
actuator.

Figure 49 is a diagram showing the relationship

between a further example of the bimorph element and the
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rotating drum, both used in a conventional magnetic head
actuator.

Figure 50 is a diagram showing the geometrical
relationship between the displacement of the bimorph
element and the inclination aﬁgle of the magnetic head.

Figure 51 is a diagram showiné the geometrical
relationship between the effective length of the bimorph
element and t&e inclination angle of the magnetic head.

Figure 52 is a diagram showing the “displace-
ment/voltage" frequency characteristic of the'convention-
al bimorph element. |

'Figure 53 is a block diagram showing the convention-
al magnetic head position controller using the bimoxrph
element as the magnetic head'actuator.-

Figure'54 is an enlarged cross section of an'example
of the rotating drum used in the embodiment and an
enlarged Qiew of two'heads mounted to the gimbals spfing.

Figure 55 is an enlarged plan view ofﬁa preféffed-
example of an absolute height detection element used in
the embodiment.

Figure 56 is é circuit diagram showing a detection °
signal amplifying unit of thé absolute position detection
circuit, used in the embodiment.

Figure 57 is an explanatory diagram showing the

operation mode of a switching transistor of Figure 56 in
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relation to the rotating angle of the drum.

Figure 58 is a cross sectlon showing a preferred
example of the head actuator having the absolute height
detector, used in the embodiment.

Figure 59 is an enlarged cross section of an essen-
tial portion of the hole sensor in the modified absolute
height detector of Figure 58. .

Figure Gq_is a cross section of an example of
solenoid-driven actuator whose absolute height detector
is formed of a light sensor.

Figure 61 is a cross section of another eiample of
solenoid-driven actuafor whose absolute height detector
is formed of a light sensor. |

Figuré 62 is a schematié diagram showing the princi-
ple of detecting the displacement of the movable portion
by the light sensor.

Figure 63 is a block diagram showing a ninth,embodi;
ment of the magnetic head position controller in the
magnetic recording and reproducing apparatus of this
invention by using a transfer function of the control
logic.

Figure 64 is a graph showing an improvement in the
characteristic of the solenoid-driven actuator of the
ninth embodiment.

Figure 65 is a circuitry showing an example electric

25
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circuit of the ninth embodiment.

Figure 66 is a block diagram showing the overall
configuration of the maQnetic head position controller of
the ninth embodiment.

Figure 67 is an open loop characteristic of the
position controller of Figure 66.

Figure 68 is a block diagraﬁ of the low-frequency
compensation cgrcuiﬁ in the magnetic head position
controller shown in Figure 66 and its gain transfer
charéctéristic. | h

Figure 69 is a block diagram of the position control
compensator in the magnetic head position controller
shown in Figure 66 and its gain transfer characteristic.

Figure 70 is a flowchart of the main program when
the control system of the ninth embodiment is realized by
software.

Figure 71 is a flowchart of the subroutine program
of the state estimator when the control system of the
ninth embodiment is realized by software.

Figure 72 is a flowchart of the subroutine program
of the position control compensator when the control
system of the ninth embodiment is realized by software.

Figure 73 is a flowéhart of the absolute height
compensation subroutine program when the control system

of the ninth embodiment is realized by software.
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Figure 74 is a schematic perspective view showing an
example of the rotating drum and the control unit in the
magnetic head position controller of the ninth embodi-
ment.

Figure 75 is an overall configuration of the actua-
tor position detecting device of the ninth embodiment.

Figure 76 is é schematic view showing the pole
arrangement of the actuator, tracking control system and
observer.

Figure 77 is a diagram showing the head arrangement
on the rotating drum of the magnetic head and the abso-
lute height detection head of this emboaiment.

Figure 78 is a diagram showing-an example channel
arrangement of a flat-plate type rotary transformer for
transmitting signals from the rotating drum in the
embodiment.

Figure 79 is a diagram showing the period in which
the magnetic head on the rotating drum of Figure 77 is in
contact with the tape of the absolute height detection
element.

Figure 80 is a circuitry showing an ekample electric
circuit of the ninth embodiment.

Figure 81 is a block diagram showing the overall
configuration of the magnetic head position controller of

the 10th embodiment.
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Figure 82 is a partial cross section showing the
construction of the conventional rotating drum.

Figure 83 is a cross section of the rotating drum
taken along the line 83-83 of Figure 82.

Figure 84 is a bottom view of the actuator in Figure
83.

Figure 85 is a cross section of the actuator taken
aloné the lini 85-85 in Figure 84. ‘

Figure 86 is a side view taken along the line of
Figure 84. '

Figure 87 is a diagram showing the arrangement of a
plurality of heads incorporated in the conventional
rotating drum..

Figure 88 is a conceptual diagram showing a first
exahple'of the conventional magnetic head position
controller using the ac magnetic field generator.

Figure'89 is a perspective view showing the rela-
tionship between the conventional ac magnetic field
generator and the rotating drum.

Figure 90 is a diagram showing the relationship
between the head height position and the amplitude of the
detected ac signal in the conventional example.

Figure 91 is a conceptual diagram showing a second
example of the conventional magnetic head position

controller using the ac magnetic field generator.
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Figqure 92 is a diagram showing an example of the ac-
magnetic field generator.

Figure 93 is a diagram showing the magnetic flux
_ distribution of the ac magnetic field generator of Figure
92,

Figure 94 is a diagram showing in more detail the
magnetic flux distribution of.the conventional magnetic
field generat?r.

.Figure 95 is a conceptual diagram showing a third
example of the conventional magnetic head position
controller using the ac magnetic field generator,

Figure 96 is a diagram showing the hysteresis
characteristic of the solenoid-driven actuator.

Figure 97 is a diagram explaining the tracking error
caused by the hysteresis characteristic of Figure 96.

Figure 98 is a conceptual diagram showing a fourth
example of the conventional magnetic head position
controller using the ac magnetic”fiéld generator.

Figure 99 is a diagram showing the reproduced output
of the magnetic head in the conventional example shown in
Figure 98.

Figure 100 is a conceptual diagram showing a fifth
example of the conventional magnetic head position
controller using the ac magnetic field generator.

Figure 101 is a diagram showing the relationship
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between the head height difference and the synchronism
detection output.

Figure 102 is a diagram showing the conventional
arrangement of each head mounted on the rotating drum.

Figure 103 is a conceptual diagram showing a sixth
example of the conventional magnetic head position
controller using the ac magnetic. field generator.

Figure 124 is a conceptual diagiam showing a seventh
example of the conventional magnetic head position
controller uéing the ac magnetic field generator.

Figure 105 is a schematic view'showing the relation-
ship between the ac magnetic field generator and tﬁe
rotating drum.

Figure 106 is a schematic diagram showing in more
detail the relationship between the magnetic flux gener~.
ated by the ac magnetic field generator and the rotating
drum.

Figure 107 is a diagram showing the flux of Figure
106 developed over a plane;

Figure 108 is a diagram showing the reproduced
output yaveform on each plane of Figure 106 and 107.

Figure 109 is a perspeétive view showing one example
of the conventional ac magnetic field generating coil.

Figu;e 110 is a cross section of an essential

portion taken along the line 110-110 in Figure 109.
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Figure 111 is a conceptual diagram of another
example of the ac magnetic field generating coil.

Figure 112 is a conceptual diagram of still another
example of the ac magnetic field generating coil.

IJEﬂﬂQILEI)])EEKIRIPTH(”N’CﬂFIﬂREEﬂERIUED EMBODIMENT

Before proceeding to explain preferred embodiments
of this invention, let us first describe the solenoid-
driven actuator, which is an object to be.controlled by
the movable h;ad position control system of the invention
by referring to the accompanying drawings. Such an
actuator is useful because it does not cause the magnetic
head to be tiltéd as in the case with the bimorph element
actuator shown in Figure 47, 48 and 49.

Eigure 4 is a cross section showing schematically
the solenoid-driven actuator of this invention. Figure 5
and 6 shows more details of the comnstruction.

In Figure 5, the magnetic head H is supported
through a leaf spring 200 on a coil bobbin 201, around
which a drive coil 202 is wound.

The coil bobbin 201 is supported at both ends
through gimbals springs 203, 204 by a cyllndrlcal yoke e oy
205 and disk-~shaped yokes 206, 207 in such a way that it :
can be moved in axial direction. The connecting portion

between the coil bobbin 201 and each gimbals spring 203,

204 is provided with a mounting member 208 made of
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polymer material.
Inside the coil bobbin 201, cylindrical permanent
magnets 209, 210 are fixed between the yokes 206, 207. A

center yoke 211 is installed between the two permanent

‘magnets.

The magnetic circuit of this actuator is arranged so
that the two permanent magnets 209, 210 repel each other
to increase thﬁ density of the magnetic flux piercing
through the drive coil 202. Hence, by suppiying a drive
current of an appropriate magnitude to tﬁe dr;ve coil
202, the magnetic head H can be adjusted to a desired
position.

In this construction, the magnetic head moves.in the
same attitude and thus the contact between the magnetic
head and the tape is kept in good condition even during
the large amplitude movement.

However, even in such a solenoid-driven actuator C,
mechanical resonance of the gimbals springs 203, 204 and
leaf spring 200 causes a phase shift of more than 180
degrees in a frequency band higher than the first-order
resonance as shown_in Figure 52, so that the tracking T
control frequency band can only be set to frequencies |
sufficiently lower than the first-order resonance, ‘as

with the bimorph element 500.

A possible solution may be to increase the stiffness
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of the gimbals springs 203, 204 and leaf spring 200 and
thereby increase the resonance frequency. This, however,
also increases the resonance peak gain, making it neces~
sary to provide a position sensor and apply damping
according to the output of the sensor as in the case with
the bimorph element 500.

Figure 7 shows the frequency characteristic of the
solenoid—drive? actuator.

The solenoid-driven actuator mentioned above is also
used in this invention.

Returning to Figure 4, Figure 4a represents the
actuator without a permanent magnet and Figure 4b repre-
sents the actuator with a permanent magnet. Assuming
that the actuators of Figure 4a and 4b are applied with
the same drive voltage V(s), a current that passes
through the coil 202 is taken as I(s) in the case of
Figure 4a and I‘(s) in the case of Figure 4b.

In the case of Figure 4a, there is no magnetic flux-
threading through the drive coil 202. Let Z(S) stand for
the coii impedance. Then the next egquation holds.

I(s) = 2(s) V(s) _ S - e R

Next, in the case of Figure 4b, a magﬁetic flux |
linking with the drive coil 202 exists, so that as the
current flows through the coil 202, a force is generated

that acts between the magnetic flux linking with the coil
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and the current flowing in the coil 202. As a result,
the generated force moves the drive coil 202 at a speed
v(s). At this time, since the coil 202 moves through the
magnetic flux at the speed v(s), a counter electromotive

force is produced in the coil 202. Let the counter

electromotive force constant be KG (A:sec/m). Then, the

current I’/ (s) flowing in the coil is given by

I'(s) = I*\(.s) - v(s)-KG

Therefore, if the two currents I(s) and I‘(s) can be
measured accurately, the counter electromotive force
v(s)+XG which is proportional to the speed of the coil
202 can be derived from the following equation.

v(s)+*KG = I(s) — I’(s)

The counter electromotive force, or the speed of the
coil 202, are fed back to the actuator control voltage to
ensure stabilized damping.

The above description is based on the condition that
the currents I(s) and I’(s) are measured accurately. ' In
practice, however, there are electrical characteristic
variations as in resistors used for current detection,
making the accurate measurement of gurreqtstx(s), I'(s) - s
difficult and causing gaiﬁ variations.

Because the counter electromotive force v(s)+KG is
detected as a difference between I(s) and I’(s), gain

variations, when they occur, cause the current informa-
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tion for driving the coil to enter into the pure counter
electromotive force information generated by the coil-
motion.

If the counter electromotive force mixed with
unwanted information is simply feé back, the low-frequen-

¢y gain may vary or become unstable.

[First Embodimfnt]
A first embodiment employs a state estimator, which

is formed by a same-dimensional observer using the modern

control logic, in performing the position control of the
movable head by the solenoid-driven actuator at high
precision.

Figure 1 shows the first embodiment of the head
driving actuator controller in the magnetic recording and
reproducing apparatus according to this invention. 1In
Figure 1, denoted H is a magnetic head mounted on the
rotating drum not shown, which is controlled in its
movement by the solenocid-driven actuator € to perform
correct tracking.

Designated M is a slip ring to supply'cu;rgp;_f;qm;
outside the iotating drum to the actuator € inside the
drum. Denoted D is a dri?e amplifier to supply a drive
current to the actuator ¢; and @ a subtractor to subtract

an estimated speed signal described later from the
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actuator control voltage signql.

Reference symSol R represents a current detecting
resistor to detect a current flowing into the actuator C.
The resistor, in this embodiment, is provided in the
current path between the drive amplifier D and the
actuator €. It may also be provided in the current path
between the actuator and the ea;th. Denoted O is a
differential émplifier which detects a voltage difference
between the terminals of the current detecting resistor
and which produces a voltage corresponding to.the current
flowing in the actuator C.

Designated P is a state estimator, one of the
features of this invention, which receives a voltage on
the drive amplifier D side of the current detecting
resistor (i.e., actuator drive voltage) and the differen-
tial amplifier output (i.e., actuator drive current) to
estimate the speed of the actuator € and thereby output
an estimated speed signal.

Figure 2 is a block diagram representing the control
logic of Figure 1, with transfer function or transfer

coefflclent shown ln each block. ] P . T

In Flgure 2, a block C represents the characterlstlc
of the actuator C by means of transfer functions. An
element 300 contained in the block is a transfer coeffi-
cient representing the impedance characteristic of the
36 This Sheet Has Been Replaced
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actuator € and an element 301 is a transfer coefficient
representing the force constant of the magnetic circumit
in the actuator C.

Elements 302, 303, 304 are transfer functions and
transfer coefficients that repfesent the mechanical
characteristic of fhe actuator €, with m indicating a
mass of movable portion, k a spring constant of the
actuator C, agﬁ S a Laplacean.

Element 305 is a transfer function representing a
counter electromotive force constant of the actuator C;
and element 306 is a calculating element representing the
relationship between the drive current and the counter
electromotive force that physically occur in the magnetic
circuit of the actuator C.

Denoted 307 is a subtraction element which indicates
the balance between the torgue mechanically generated by
the‘magnetic circuit of the actuator and the opposing
force of the gimbals spring.

The state estimator P simulates the transfer charac-
teristic of the actuator and elements contained in it are

as follows. ) e

Eiement 400 is é transfer coéfficient that ele;tri;
cally simulates the transfer coefficient 300; element 401
is a transfer coefficient electrically simulating the

above transfer coefficient 301; elements 402, 403 are
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transfer functions consisting of integrators which
electrically simulate the transfer functions 302, 303;

elements 404, 405 are transfer coefficient that electri-

cally simulate the transfer coefficients 304, 305; and

elements 406, 407 are subtractive elements that electri-
cally simulate the above subtractive elements 306, 307.

The subtractor 410 compares an actuator drive
current including a counter electromotive force of the
actuator C wit; an actuator drive current including a
counter electromotive force estimated by the electric
circuit. Elements 408, 409 are transfer'coefficients
which represent a gain when the subtractive element 410
feeds back an error signal. A subtractor 411 subtracts
the feedback signal from the element 409 from the actua-
tor drive voltage signal for the actuator C.

Element 412 is a transfer coefficient that repre-
sents a gain when the estimated speed given by the state
estimator P is fed back to the actuator control voltage.

Each of the transfer coefficients of the staﬁe
estimator P in Figure 2 that has a circuit configuration
of Figure 3 can be set to a desired value by selecting an
appropriate characteristic of differential amplifier and
a proper resistance connected to the input terminal side
of the amplifier.

The state estimator P of this embodiment shown in
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Figure 1 is formed by the same-dimensional observer

employing the modern control logic. The detail of the
state_estimator is shown in Figure 2 in a transfer
function representation.

In Figure 2, the block € enclosed by one-dot line
represents the transfer function of the solenoid-driven
actuator and the block P is a state estimator of this
invention. ‘

The state estimator P is made up of equivalent
circuits 400-411. .that simulate characterlstlcs such as
drive voltage, drlve current, drive torque, speed,
displacement, counter electromotive force, and external._
disturbance of the aqtuatbr C.

The aétuatgrugperétion is considered in the follow;_:' fﬁ;f
ing. . . | |

' The actuator drive voltage is converted into a ;

_ current by the 1mpedance characterlstlc Z(s) (element

300) of the drlve coil 202 in the actuator €. The
current, from which the counter electromotive force
described later is subtracted, is multiplied with the
force constant KA (N/A) 30I to determine a force that .
acts on the mechanism portions 302, 303 made up of the
spring and ﬁass systém of the actuator C.

This.force acts on the actuator C to change the

speed and position of the drive coil 202 of the actuator
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C. When the coil 202 of the actuator C moves at a

certain speed, a counter electromotive force proportional

to this speed is generated.

If the counter electromotive force constant is taken
to be K6 (A-sec/m) as represented by the element 305, it
is understocd that:the counter electromotive force is
equivalehtly.fed back to.the actuator drive current.

Since the actuator movable portion is supported by
the gimbals springs 203, 204 as shown in Figure 5, a
reactionary force proportional to the spring comstant k
(N/m) 304 is produced according to the Hooke’s law. If
this is represented by transfer function, the reactionary
force is‘understood to be equiva;ent to the torque
feedback.

The operation of the actuator C can be represented
by the transfer function as mentioned above, so that
simulafing fhis characterisﬁic with electric circuit and
picking up a signal cdrreéponding to the counter electro-
motive force permits correct simulation of the speed
siénal v(s) of the actumator C.

The state estimator P electrically simulates the
characteristics 300-307 of the real actuator C with
electrical circuit elements 400-407. The actuator drive

current including the electrically estimated counter

electromotive force is compared with the actuator drive
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current including the actually detected counter electro-
motive force (in Figure 1 it is detected by the current
detecting resistor R) by the subtractor 410. The error
signal is fed back throﬁgh a gain F; provided before the
integrator 402 to regulate it at zero.

The state estimator P of this configuration has not

. only the frequency characteristic but also the dynamic

characteristicr(characteristic in time axis) equal to
those of the real actuator C.

In other words, since the error signal is fed back
through the gain F;, F, so that the dynamic characteristic
error—the difference between the actuator drive current
including a specified counter electromotive force and the
actual signal-—converges to zero, the estimated error
will become zero by the action of the feedback gain of
the state estimator a certain period of time later.

Under this condition, if the state estimator outputs
a signal corresponding to the counter electromotive
force, it equivalently represents the speed of the real
actuator. |

With the state estimator P formed in this manner, -
even when there are detec£ion‘gain éhanges due to chérac—
teristic variations in the curient detecting resistor R
or there are température changes or degradation over time

of the actuator € leading to characteristic variations,
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the feedback loop consisting of the feedback gain F,
(element 408) and F, (element 409) in the state estimator
can reliably absorb these variations, preventing them
from affecting the estimated speed signal, which corre-
sponds to the counter electromotive force.

Hence, the state estimator P of the above configura-
tion is able to estimate the speed correctly even when
the gain of ths‘aétuator drive current detecting system
changes or characteristic variations occur in tﬁe sole-
noid-driven actuator €. By feeding back the estimated
speed through the feedback gain KF of the eleﬁent 412 to
the actuator control voltage, it is possible to perform
effective damping in.a low frequency band without gain
variations. -

Figqure 3 is an electric circuit showing one example
analog circuit that forms the head driving actuator con-
troller in the magnetic recording and reproduéing appara-
tus of the first embodiment of the invention shown in
Figure 1 and 2.

In the circuit of Figure 3, the calculation among
the_transfer function elements of Figure 2 is realized by
an analog operation circuit consisting of an operétional
amplifier.

The operational amplifiers of Figure 3 identical

with the corresponding elements of Figure 2 are assigned

42 This Sheet Has Been

[T



like reference numerals. The operational amplifiers
perform functions equal to those of the corresponding
elements and detailed explanation is not given here.

The circuit shown in Figure 3 is only one example
and any other circuit may be used as long as it can
realize the concept of Figure 2. While the embodiment of
Figure 3 is formed by an analog electric circuit, it is
also possible to realize it with a digital circuit using
microprocessor and digital signal processor.

The first embodiment is a system which has high
tolerance against variations in the current detecting
resistor R of the solencid-driven actuator € and against
characteristic variations of the solenoid-driven actuator
itself.- |

Theoretically, the feedback gain F, (element 408) of
the state estimator has a function of compensating for
the variations in the current detection resistor and the
coil resistance (dc component) of the drive coil 202 of
the actuator C.

Another feedback gain F, (element 409) has the

function of compensating for varia;;opsland'degrad§§%qn
.ovér time of mechanism characteristicé such as spring
constant of the gimbals springs 203,'204 and mass of the
coil bobbin 201 and the drive coil 202 in the actuator C.

The feedback gain F, also compensates for changes in
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mechanical characteristic caused by an external disturb~
ing force applied to the movable portion of the actuator
Cc.

However, increasing the loop gain of the loop
(referred to as loop A) including the feedback gain F,
(element 408) infinitely (F, = «) will also compensate
for the mechanical characteristic variations due to
changes over Eime of the actuator mechanism portion and
external disturbing force that are supposed to be compen-
sated for by another loop (referred to as loop B) includ-
ing the second feedback gain F, (element 409).

Since the estimated speed signal of the state
estimator P is part of the loop B, the estimated speed
signal cannot correctly represent the actual séeed of the
actuator.

On the other hand, let us consider a case in which
the loop gain of the second loop B is increased infi-
nitely (F, » «@). 1In an ideal condition where there is no
variation in the current detecting resistance, the state

estimator forms a perfect observer, as it is called in

the modern control logic, so that very precise state = -

estimation of speed, position and external disturbance
becomes possible.
However, in practice, there are variations in the

current detection resistance. This means that the gain
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variations of the current detection resistance that are
supposed to be compenséted for by the loop A are inevita~
bly compensated for by the loop B.

Since this variation can be interpreted, in terms of
state quantity, as an acceleration (= current flowing

into the actuator), the acceleration information enters

into what is originally intended to be-the speed informa-

tion (= countef electromotive force) of the loop B.

In this way, since in the state estimator of this
invention the state quantities to be compensated for by
the two feedback gains are already determined; increasing
the both gains infinitely at the same time will make the
normal state estimation impossible for the reasons
mentioned above. Thereforé, not only the gain values of
the two feedbacklgains_ig {element 408) and F, (element
409) but the ratio of the two gaiﬁs become an important
matter that should be considered in designing the state
estimator.

The confiqguration of the head actuator of this
invention is as shown in Figure 5, and the displace-
ment/frequency characterlstlc is as shown 1n Flgure 7.

Since it is obvious that the flrst-order resonance
frequency is easily oscillated when subjected to load
disturbance, the frequency band that should be compensat-

ed for dominantly by the loop B is the one having the
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first-order resonance frequency as the center frequency.

The freguency band that should be compensated for
dominantly by the loop A therefore need only be a band
that is lower than the first-order resonance freéuency
and includes the current detection resistance variations
or dc components.

Since the state quantities to be covered by the loop
A and the looprB are different, as stated above, it is
seen that the problem can be solved by separating from
each other the frequency bands where these two.loops
function dominantly. |

For example, when the loop & is set to a high gain
for the entire frequency, the loop B need only be formed
so that its frequency band including the first-order

resonance frequency has a higher gain than the loop A.

[Second Embodiment]

Figure 8 shows a second embodiment in which the loop
B feed back the error signal through a compensation
filter ¢13 to solve the above problem.

Figures 9 to 11 show frequency characteristic of the
compensétion filter 413 uséd in the second emSoéiment.'

In this embodiment, since the loop B need only cover
the damping of the excited vibration at the first-order

resonance frequency caused by the external disturbing
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force, the compensation filter 413 should preferably be a
band-pass filter whose center frequency is the first-
order resonance frequency of the actuator € as shown in
Figure 9 and which is not phase-shifted at the first-
order resonance frequency.

The compensation filter 413 may also be formed by a
high-pass filter. . In this case also, it is preferrgd
that the charagteristic of F(s) (element 413) have no
phase shift also at the first-order resonance frequency
of the actuator €, as shown in Figure 10. |

When the loop B is set to a high gain ovér the
entire frequency range, the loop A need be formed so that
the low-frequency band including the dc components is set
to a higher gain than the loop B. In this cése, the loop
A should feed back the error signal through the compensa-
tion filter 413.

The compensation filter 413 is preferably a low—ﬁaés
filter whose cut-off frequency is set below the first-
order resonance frequency, as shown in Figure 11.

The state estimator P of the above configuration
ther?fqre can pgr;ect;y_estimate.the_spgedfgyenswyep .
tﬁere afe gain variations in the actuétor drive current
detecting system or characteristic variations in the
actuator itself or wheﬁ it ié subjected to load disturb-

ing vibrations. By feeding back the estimated speed
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through the element 412 or feedback gain KF, an effective
damping without gain variations in the low-fregquency band
is possible.

As mentioned above, Figure 7 shows the displace-
ment/voltage frequency characteristic of the actuator C
before the damping is effected. When the damping accord-
ing to the second embodiment is invoked, the characteris-
tic is improved as shown in Figure 12.

That is, it is seen that there is no gain wvariation
in the low-frequency range and that only the first-order
resonance frequency is effectively attenuated; As
mentioned above, even when.the gain variation in the
actuator drive current detecting system is more than 50%,
a reliable damping can be effected without causing any
charaéteristic changes. .

This invention can also perform effective damping on
vibrations excited by load disturbances, as shown in
Figure 13.

An electric circuit that realizes such an actuator
damping is shown in Figure 14.

In Figure 14, calcﬁlation among the transfer func-
tion eléments of Figﬁre 8 is realized by an analog |
operation circuit. The operational amplifiers identical
with the corresponding elements of Figure 8 are assigned

like reference numerals.
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‘magnetic flux in the actuator or the movable coil is

The circuit shown in Figure 14 is only one example
and any other circuits may be used as long as they
realize the concept shown in Figure 8. While the circuit
of this example is formed by an analog circuit, it is
also possible to use a digital circuit employing micro-
processor and digital signal processor.

In cases where the current detection resistance R
has high preci§ion, characteristic variations of the
solenoid-driven actuator € are small, and the character-
istic variations, after being damped, are below a level
not affecting the actual operation, the system can be

formed as a simple and less expensive system.

[Third Embodiment]

Figure 15 shows a third embodiment of the invention.
In Fiqure 15, the movable head position controller
includes an LPF 400’ and a differential amplifier 410’.
The LPF 400’ electrically simulates the impedance charac-
teristic of the solenoid-driven actuator € to estimate

the voltage-current characteristic when there is no

fixed, i.e., to estimate the actuator drive current not
including the counter electromotive force. The differen-
tial amplifier 410’ compares the actuator drive current

including the counter electromotive force with the
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. identical with those of the second embodiment are as-— -

actuator drive current not including the estimated
counter electroﬁotive force.

Figure 16 is a block diagram showing the control
logic of the third embodiment shown in Fiqure 15.

In Figure 16, the impedance characteristic Z/(s) of
the equivalent circuit 400/ is formed by a primary filter
which simulates, with an electric circuit, impedance
characteristiq‘inciuding the coil reactance of the drive
coil 202.

If the cut-off frequency for the phase shift caused
by the coil reactance is sufficiently higher,'for example
by more than 10 times, than the frequency band to be
controlled, the impedance characteristic Z’(s) simply
becomes a gain and the system has no frequency character-
istic.

The subtractor 410’ represents the differential

amplifier O and the transfer coefficient KF (element

412’) represents a gain when feeding back the estimated

speed.

In the third embodiment, the constitutional elements

signed like reference numerals.

The head driving actuator damping apparatus shown in
Figure 15 and 16 is based on the assumption that the
error of the actuator drive current detection system is

J—
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small, so that the comparison between the actuator drive
current including the detected counter electromotive
force and the actuator drive current not including the
counter electromotive force estimated by the electric
circuit 400’ enables the counter electromotive force to
be derived with a small error.

The counter electromotive force (i.e., estimated
speed) may be ged back through a certain feedback gain KF
(element 412’), as in the first embodiment, to produce a
similar effect to that of the first embod?hentf

Figure 17 shows an embodiment that realiées the head
driving actuator damping apparatus of Figure 16 with
electric circuit. As in the case of Figure 3, the opera-
tional amplifiers identical with the corresponding
elements of Figure 16 are assigned like reference numer-
als.

As in the case of Figure 3, the circuit shown in
Figure 17 is only one example and any other circuits may
be used as long as they realize the concept shown in

Figure 16. For example, it may be realized by a digital

- circuit to produce a similar effect.

[Fourth Embodiment]
Next, a fourth embodiment will be explained which

can cope with variations in resistance of the current
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detecting resistor.
The third embodiment mentioned above can also
tolerate variations in the current detection resistance
: toﬁa certain degree (for example, up to 10-20%).
In Figure 18, a BPF 413 is a band-pass filter which
has as the center frequency the first-order resonance

frequency of the solenoid-driven actuator C.

s

The configuration of BPF 413 is represented by

transfer function of the control logic as shown in the
block diagram of Figure 19. _

In this embodiment, the estimated speed of the third
embodiment is fed back throﬁgh.the band-pass filter F(s)
(element ¢13) whose center frequency is the resonance
frequency of the solenoid-driven actuator € and through
the gain KF of the block 412-.

The band-pass filter F(s) (element 413) can be
realized by a primary high-pass filter and a primary low~-
%:; pass filter that are set at the resonance frequency of
the solenéid-driven actuator € or at a frequency close to
it.

For example, let us consider a case where the- gain
changes due to variations in the current detection resis-
tance causing actunator drive current information to enter
into the estimated speed signal. In this case, the low-

frequency components in a frequency band sufficiently
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lower than the resonance frequency of the estimated speed

have a small amplitude of the speed information, so that
the component of the actuator drive current becomes
dominant.

Furthermore, in the low-frequency range, no phase
shift occurs and therefore the error signal of the
estimated speed represents the position information.
Hence, feeding, back this information as is results in
gain variations in the low~frequency range, as mentioned
above.

Since it is evident that_in the low—freqﬁency range
the estimated speed is replaced with the éosition infor-
mation, the speed information need only be compensated
for by the high-pass filter that differentiates only the
low-frequency component.

Moreover, because the estimated speed in a higher
frequency range than the first-order frequency is not
directly involved in damping, it is effective in improv-
ing the stability to integrate the high-freguency compo-

nent of the estimated speed by the low-pass filter whose

cut-off frequency is the first-order resonance frequency -

of the solenoid-driven actuator C.
In other words, it is effective to compensate for'
the estimated speed by the band-pass filter 413 which

performs both the functions of high-pass filter and low-
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pass filter simultaneously.

The band-pass filter 413 preferably has its center
frequency selected at the first-order resonance frequency
of the solenocid-driven actuator €. It should also be
formed so that there is no phase shift at the first-order
resonance frequency.

Depending on circumstances, the band-pass filter 413
may be formed.enly by high-pass filter. In that case,
too, the characteristic F(s) of the band-pass filter 413
should preferably be formed so that a phase shift will
not occur also at the first-order resonance frequency of
the solenoid-driven actuator C.

When the estimated speed thus compensated for is fed
back, a good damping effect with little variation in low-
frequency gain is obtained, as in the first embodiment,
even if thére are some variations in parts characteris-
tics. Although there may be some variations in charac-
teristics of the solenoid-driven actuator C near the
first-order resonance frequency, there is no problem for
uses where the low-frequency characteristic is dominant
as when the_so}enoidfdriven,actugto; C is used only ﬁorﬁ'“:wMN;3§T
special replay operation. |

Figure 20 shows one example electric circuit that
realizes the configquration of the head drive actuator

damping device shown in Figure 18 and 19. As with the
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case of Fiqure 3, the operational amplifiers identical
with the corresponding elements of Figure 19 are assigned
like reference numerals. The circuit shown in Figure 20
is only one example and any other circuits may be used as
long as they can realize the concept of Figure 19. It is
possible to form the device as a digital circuit and
still have a similar effect.

During the process of damping the actuator in the
above embodiments, when the actuator is driven in largé
amplitudes as during the special replay operation, a
large current flows in the drive coil, heating it.

| In that case, since the impedanée of the drive coil
changes due to heat, the displacement/voltage sensitivity

also changes.

[Fifth Embodiment]

Now, a fifth embodiment will be described which
compensates for this problem.

In the previous embodiment the control signal is

given as a voltage. Since the state gquantity that

operates the solenoid-driven actuator € is a current, it

is only necessary to form the control system such that
the actuator drive current follows the control voltage.

This is generally called a current drive method,

which consists of measuring the actuator drive current
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and feeding back that signal to the actuator control
voltage with high gain.

What should be noted here is that the actunator drive
current, detected by tﬁe current detection resistor R,
includes the counter electromotive force.

Feeding the actuator drive current containing the
counter electromotive force back to the actuator control
voltage compeh§ates for the coil impedance variations. _
But at the same time it also compensates for the damping
effects produced by the counter electromotive force of
the solenoid-driven actuator € itself. |

Hence, when the actuator drive current containing
the counter electromotive force is fed back, the damping
effect produced by the counter electromotive force of the
actuator is eliminated, which in turn undesirably in;
creases the mechanical resonance peak gain.

To effectively damp the increased mechanical reso-
nance peak gain, it is only necessary to add a current
feedback loop inside the damping loop explained in the
preceding embodiment. With this configuration, the
relation between these two loops can nearly be ignored. -

Thé configuration of this embodiment is shown in
Figure 21, 22 and 23.

As shown in Figure 21, 22 and 23, a current feedback

loop to feed back the actuator drive current is added
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inside the damping loop in the configuration of Figure 1,
15 and 18.

The confiqurations of Figure 21, 22 and 23 are
represented as block diagrams using transfer functions of
control logic in Figure 24, 25 and 26.

In these'figures; the transfer coefficient KI of
element 701 indicates the current feedback loop gain and

#;3 the element 703 is a subtractor.

The detail of the damping méthod of each embodiment
in Figure 24, 25 and 26 is already described and thus is
not given here. |

Since the system of this embodiment has a current
feedback loop inside the damping loop, it cam compensate
for variations in the displacement/voltage dc sensitivity
resulting from the coil impedance change due to heated
actuator drive coil 202 and also effect a large damping.

While the drive amplifier D of this embodiment is of

Eg a current drive type, a voltage drive type may also be
used to provide a similar effect.

Figure 27, 28 and 29 show example analog electric
circuits that realize the configurations of Figure 24, 25
and 26. . | |

The operational amplifiers in these analog circuits
that perform functions identical with the corresponding

elements of Figure 24, 25 and 26 are given like reference
S —
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numerals.

These circuits are shown only as examples and any
other circuits may be used as long as they can realize
the concept of Figure 24, 25 and 26. It is also possible
to form the system as a digital circuit and still have a
similar effect.

In the fifth embodiment described above, .a method is
described which compensates for degradation over time of
the actuator itself due to heatihg by feeding back the
actuator drive current including the counter electromo-

tive force detected by the current detection resistor R.

[Sixth Embodiment]

In the sixth embodiment, considering the fact that
the state estimator P of the first embodiment can esti~
mate the actuator drive current not including the counter
electromotive force, the feedback.control loop is formed
to feed back the estimated current in such a way that it
will not become the control voltage command.

In this case, the current signal to be fed back does
not include the counter electromotive force information, .. T
so that the-feeaing back dées not affect the damping
characteristic of the solenocid-driven actuator C at all.

Figure 30 shows the outline of the sixth embodiment

in which the current not including the counter electromo-
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tive force from the state estimator P is fed back to the
actuator control voltage that contains the damping
signal.

Figure 31 is a block diagram representing the
embodiment of Figure 30 by transfer functions of control
logic. The embodiment has a configquration of the damping
system. of Figure 1 added with a new current feedback
loop. .
An actuator drive current from the state estimator P
not including the counter electromotive force is muiti—
plied with a reciprocal of the coil impedance change to
derive an.actuator drive véltage of the.state estimator.
This actuator drive voltage is then compared with the
actuator control voltage containing the damping signal by
the substractor'7q0 to produce an error signal.

The error signa; is amplified by the gain KI of
element_701 and added to ﬁhe actuator control voltage
containing the damping signal.

With the current loop formed as mentioned above, the
actuator dfive current not inclﬁding the counter electro-
motive force shown at & in Figure 31 follows the actuatbr
control voitage B mixed Qith the damping signal, so that
the solenoid-driven actuator C becomes equivalent to the
current drive, permitting the coil impedance changes to

be compensated for.
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Further, since the current feedback loop does ﬁot
affect the damping loop at all, the damping characteris-
tic of the solencid-driven actuator € does not change.

Figure 32 is an example electric circuit that

realizes the configquration of Figure 31. As in the case

of Figure 3, the operational amplifiers identical with

the corresponding elements of Figure 31 -are assigned like
reference numerals. The circuit shown in Figure 32 is
only an example and any other.circuits may be used as
long és they can realize the concept of Figure 31. It is
possible to form the device as a digital circuit and

still have a similar effect.

[Seventh Embodiment]

While the actuator to be controlled in the above

‘embodiment has a characteristic with.relatively good

controllability as shown in Figure S5, this igvention can
also be applied to actuatoré with poor dontrollability.
The embodiment of the -invention as applied to the
actuator shown in Figure 33 is described below. In the
actuator of Figure 33, the constitu;ional elements
identical %iﬁh those of Figure 5 are given like reference
numerals and their explanation omitted. |

The actuator of Figure 33 is an actuator of Figure 5

with the permanent magnet 209 or 210 removed. Because
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one of the expensive permanent magnets is eliminated and
the yield has improved thanks to an improved assembly
performance, the actuator can be manufactured at a
substantially less cost than that for the configuration
of Figure 5. |

However, since the two permanent magnets are com-
bined into one magnet, the flﬁx density between the
centexr yoke 21% and the cylindrical yoke 205, i.e., the-
flux density fhreeding through the drive coil becomes
small, reducing the magnetic damping effect generated by
the counter electromotlve force. s a result, the
displacement/voltage frequency characteristic of the

actﬁator, as shown in Fiqure 34, has a very high peak

gain at the first-order resonance, deteriorating the

controllability.

To effectively damp the increased resonance peak
gain, it is only needed to add an electrical damping
loop, which was explained in the second embodiment.

This enables a large damping that is not possible

_with conventional systems and thus the actuator even with

bad controllablllty, lf equlpped with this system, can be . o

used llke an expens;ve actuator with good controllablll-
ty. The method of damping the actuator according to this
embodiment is similar to the one already detailed in the

second embodiment and its explanation is not given here.
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Figufe 35 shows another example of the solenoid-
driven actuator that can be used in the same way as the
above-mentioned solenoid-driven actuator.

The problem of this actuator is that when the
magnetic f£lux density decreases and the drive coil 202 is
equivalent to the conventional one, the drive force
becomes smaller, deteriorating the current sensitivity.
When such an aituator is to be used for a special replay
operation that requires a largé amplitude operation, a
large current must be applied. This poses a problem of
heating. |

This problem can be solved by reducing the spring
stiffness of the spring-mass system of the actuator.

This ensures large amplitudes of head movement even with
a small current, i.e., a small drive force. Héwever, the
reduced spring stiffness results in a lowered resonance
frequency, which is determined by the spring-mass system,
as shown in Figure 36 deteriorating the response.

When the actuator is used for the tracking control
during normal replay operation, the control frequency
‘band becomes‘garFow_as mentioned above. . -

i :in.the ézienéid;driveﬂ actuatéé,'the héad movemeﬂéﬁ
amplitude (movable range) and the response (controllable
frequency range) are two conflicting requirements, which

are difficult to be met at the same time with the conven-
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tional control system.

In this embodiment, the actuator position is fed
back in order to electrically set the apparent resonance
frequency at high value for solving this problem.

There is no need to provide a position sensor for
the-actuator} and the actuator can be controlled by usipg
the estimateﬁ position, which is detected by an inexpen-—
sive externally attached electric circuit.

Figure 37.is a schematic diagram showing the actua-
tor controller of this embodiment. Designated P is a
state estimator which has the same configuration of the
state estimator of the second embodiment shown in Figure
8.

The actuator controller of this embodiment feeds
back the estimated position from the state estimator P to
the actuator control voltage in order to set the apparent
mechanical resonance frequency at a high value.

Figure 38 is a block diagram representing the
control logic of Figure 37 with the transfer functions.

Designated 414 is an amplifier that amplifies the
estlmated pos%t;on from the state estxmator P by the R,
factor of KI. Denoted @ is a subtractor that takes a
difference between the actuator control voltage, the
signal from the estimated speed amplifier 412 explained

in the second embodiment, and the signal from the ampli-
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fier 414.

Here, we will explain about the principle of setting
the resonance frequency at high value by the position
feedback, while referring to Figure 39.

From Figure 39, the actuator transfer function G(s)
can be expressed as follows.

G(s) = Z(s)KA/(mS+S + KA'KG:S + k)

Suppose that the actuator position is detected and
that the transfer function when the position is fed back
with a gain of XKI is taken to be G,(s), then we obtain

G,(s) = Z(s)-KA/(mS-S+KA-KG-S+(k+Z(s) -KA+-kI))

When the above two formulas are compared, it is seen
that the zeroth order of term s in the denominator
polynomial changes. This term represents a spring
stiffness of the actuator’s mechanical characteristic.
Hence, it is seen from these equations that electrically
feeding back the position results in an apparent increase
in the spring stiffness, which is a mechanical chardcter-
istic, by (Z(s)-KA-KI).

The mechanical resonance frequency f is expressed as

follows by ‘using the mass m of the movable portion and -

the spring constant k.
= (1/2r) (k/m)*/?
Since the apparent spring constant can be set high by the

position feedback, the mechanical resonance frequency can
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also be set high, which in turn electrically improves the
mechanical response of the actuator.

Figure 38 is a block diagram of the control system
that can improve the mechanical characteristic of the
actuator C by feeding back the.electrical position and
speed.

In Figure 38, denoted P is a state estimator having
the same configuration of the state estimator explained
in the second embodiment.

As mentioned earlier, the state estimator P can
estimate not only the speed but also the posifion, so
that this embodiment has an additional loop in the
control system of the second embodiment for feeding back

the estimated position from the state estimator P, The

detail of the damping control involving the state estima-.

toxr P and the speed feedback is not given here.

As mentioned earlief, the output of the'integrator
403 in the state estimator P corresponds to the position
of the actuator € and can be picked up as the estimated

position signal. The position feedback loop can be

_ formed by multlplylng the estlmated 9051t10n .signal by a -

factor of KI by the ampllfler 414 and subtracting it from
the actnator control voltage by the subtractor S.
With this position feedback, it is possible to

increase the spring constant k to k+Z(s)+KA-KI. For
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example, Figure 36 shows the position/voltage frequency
characteristic of the actuator shown in Figure 33.

Since the spring stiffness is reduced so that a
large amplitude operation can be performed with a small
drive force, the resonance frequency is small and the
controllability bad.

When the electrical position feedback is applied to
such an actuator, the resonance frequency can be set high
as shown in Figure 40. The position feedback incréases
only the appareht mechanical spring stiffness! so that
the résonance peak gain increases making the actuator
easy to be vibrated. BApplying the damping of the second
embodiment to the actuator improves the actuator charac-
teristic into the one with a very good controllability.

Figure 42 is an example analog electric circuit
using operational amplifiers that realizes the control
system of Figure 38. In the figure, circuit components
identical with the corresponding elements of Figure 38
are given like reference numerals.

This circuit is made up of simple adder, subtractor,

integrator and primary filter, all formed of operational -

‘amplifieérs. By selecting the resistance of each opera-

tional amplifier and the capacitances at predetermined
values so that the relationship of Figure 38 can be

satisfied, appropriate setting can be done for any
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actuétor.

The circuit shown in Figure 42 is only one example
and any other circuits may be used as long as they
realize the methéd of Figure 38. For example, it may be
realized as a digital circuit using microprocessor and

digital signal processor.

[Eighth Embodiment]

In the seventh embodiment, the characteristic
improvément is achieved by reducing the actuator spring
stiffness to increase an electrical spring stiffness for
the purpose of widening the movable range and by applying
an electrical damping.

The eighth embodiment is so formed as to improve the
stiffness against the load disturbance of the solenoid-
driven actuator, which includes the seventh embodiment.

Figure 43 shows the configuration of this embodi-
ment, which is the seventh embodiment of Figure 37 added
with an external disturbance feedforward loop.

Figure 44 is a block diagram of control logic
representing the system configuration of Figure 43.

An elgﬁeﬁf 415 is an émplifier with algain KD.

Other constitutional elements are identical with those of
the previous embodiment and thus assigned same reference

numerals, and their explanation is not given here.
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The principle in which the state estimator P esti-
mates the load disturbance of the actuator € is described
by referring to Figure 44.

Since the load disturbance acting on the actuator is
an acceleration (or force) in terms of dimension, it
corresponds to the output node of the force constant 301
in Figure 44. In other words, the load disturbance is
added to the gubtraction element 307. The subtraction
block 307 represents the balance between the force
generated by the current flowing. through the magnetic
circuit, the reactionary force of the actuatof spring
stiffness and the force resulting from the load distur-
bance.

Referring to the state estimator P described in the
second embodiment (Figure 8), the subtraction element. 307
in the block 2 of the actuator characteristic corresponds
to the subtraction element 407 of the state estimator P,
and the node corresponding to the load disturbance--is the
output node of the transfer coefficient F, (element 408).

That is, by realizing the state estimator P with
corresponding to the output node of the transfer coeffi- o
cient F, (element 408), it is possible to detect the load
disturbance without using a sensor.

In this embodiment, therefore, the estimated distur-
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bance detected by the state estimator P and amplified
with a gain KD by the amplifier 415 is subtracted from
the actuator control voltage by the subtractor element Q,
thus forming the external disturbance feedforward loop.

This loop electrically feeds forward the sigmal,
which is in inverted phase with the load disturbance, in
such a way as to cancel the load disturbance ?cting on
the actuator §. This allows the actuator C to operate as
if no load disturbance is acting on it. Since the
disturbance loop is a feedforward loop, the gain KD of
the amplifier 415 is selected below unity. |

The effect of the eighth embodiment is shown in
Figure 45. Figure 45a shows characteristic of the
actuator position change obtained when a 30Hz periodical
load disturbance force is applied to a system where the
damping controi explained in the second and seventh
embodiment is thoroughly performed on the actuator C.
Figure 45b shows the characteristic obtained with this
embodiment.

In the case of Figure 45a where no external distur-

bance control is performed, the actuator € is periodical~—

ly vibrating due to periodic disturbance. When the
disturbance control is performed in this embodiment, the
amplitude of the periodical vibration greatly decreases

as shown in Figure 45b, indicating that the stiffness

-
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against load disturbance has increased.

In this way, with the eighth embodiment, it is
possible to improve the actuator characteristic from the
low mechanical stiffness to the high electrical stiff-
ness.

Figure 46 shows one example analog electric circuit
using operational amplifiers that realizes the control
system of Figure 44. In the figure, circuit components
identical with the corresponding elements of Figure 44
are assigned like reference numerals.

This circuit is made up of simple adder, éubtractor,.
integrator and primary filter, all formed of operatiénal
amplifiers. By selecting the resistance of each opera-
tional amplifier and the capacitances at predetermined
values so that the relationship of Figure 28 can be
satisfied, it is possible to make appropriate setting for
any actuator.

The circuit shown in Figure 46 is only one example
and any other circuits méy be used as long as they
realize the control system of Figure 44. For example, it

may be realized as a digital circuit using microprocessor s

and digital signal'processor.

[Ninth Embodiment]

With the conventional movable head position control
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"head can be used both for recording and for reproducing - s

apparatus, when absoclute height of the magnetic head from
the deck base is to be controlled, there is a severe
requirement on the mounting precision of the ac magnetic
field generating coil.

When the movable portion stiffness of the movable
head actuator is not considered, the head height is
detected at only one location during one compiete rota-
tion, so thatthe locus of the movable head is deflected
as by wvibration during one rotation. |

The ninth embodiment is intended to solve this
problem and provide a movable head position controller,
which can control and position the movable head at a
specified absolute height (head height from the deck
base) regardless of the mounting precision of the ac
magnetic field generating coil and which can suppress the
height deviation and vibration of the movable head during
one rotation and form an ideal tracking locus of the
movable head in the magnetic tape apparatus having
various track formats.

With this embodiment, since the movable magnetic

t
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including a special replay operation, the number of heads
mounted on the rotating drum can be reduced to lower the
production cost and reduce the size of the apparatus.

First, we will describe the construction of the
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actuator 7 through connection 15 and wiring board 11; and

conventional movable head.

Figure 82 is a cross section showing an essential
portion of the conventional magnetic recording and
reproducing apparatus. Figure 83 is a cross section
taken along the line 83-83 in Figure 82 with the mounting
base removed.

. In the.figure, designated 1 is a stationary drum; 2
a bearing mounted on the stationeéy drum; 3 a rotating
shaft rotatably supported on the bearing 2; 4 a mounting
base secured to one end of the rotating shaft 3; 5 a
rotating drum mounted on the mounting base 4 By screw 6;
7 an actuator mounted to the rotating drum 5 by screw 8 ;
9 a lower transformer mounted to the stationary drum 1;
10 an upper transformer mounted to the mounting base 4;
11 a wiring board attached to the rotating drum 5; 12 a
contact that does not rotate for supplying control
current ﬁo the actuator 7; 13 a rotary electrode provided
to a par£ of the mounting base ¢4 so that it is in sliding
contact with the contact 12; 14 a connectioﬁ for provid-

ing an electrical connection from the electrode 13 to the

H a magnetic head (referred to as a movable head) mounted
to the actuator 7 which electrically connects to the
actuator control unit through connection 17, wiring board

11 and connection 15.
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Designated 18 is a recess formed in one part of the
rotating drum 5 to accommodate the actuator 7. The
recess 18 is formed larger than the actuator 7 to allow
the position adjustment of the movable head H. Denoted
19 is a plurality of position adjust holes for adjusting
the position of the movable head H; and 20 a magnetic
tape that travels wound around the outer circumferential
surface of the,stationary drum I and the rotating drum 5
and is in sliding contact with the movable head.

Figure 84 is a plan view of the actuator 7; Figure
85 is a cross section taken along the line 85;85 in
Figure 84; and Figure 86 is a side view as seen from
arrow 86-86. Denoted 21 is a first yoke; 22 a first
cylindrical permanent magnet fixed to the first yoke 21;
23 a second yoke made of magnetic material which is
mounted to the first yoke 21 and has a projected portion
23b at one part of the inner surface thereof; 24 a third
yoke made of magnetic material which is mounted to the
second yoke 23; 25 a second cylindrical permanent magnet
secured to the third yocke 24 with a pole opposed to the
same pole of the first permanent magnet 22; 26 a pole _
piece made of magnetic material which is installed
between the second permanent magnet 25 and the first
permanent magnet 22 and which is fixed to either magnet;

and 27 a thin leaf spring made of nonmagnetic material
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which is held at its periphery by the first yoke 21 and
the second yoke 23 and which has an extended portion 27a
that extends outwardly through windows 2la, 23a in the
first yoke 21 and the second yoke 23 with the movable
head H mounted at the end.

"A thin leaf spring 28 is made of nonmagnetic matéri—
al and is held by the second yoke 23 and the third ycke
24. Denoted 29 is a fixing member held by the leaf
spring 27, 28. Designated 30 is a bobbin which is bonded
by a bonding agent 32 to the fixing member 29 at a
position where there is a gap between its inner circum-
ference and the outer circumference of the first perma~
nent magnet 22, second permanent magnet 25 and pole piece
26. A coil 31 of a covered wire wound around the bobbin
30 is held in an annular gap G formed between the bobbin
30 and the projected portion 23b of the second yoke 23.

Figure 87 shows the magnetic head mounted on the
rotating drum 5 in the magnetic tape apparatus based on
the current VHS format. The movable head H is used as
one of the paired magnetic heads dedicated for a special
rgplay mode which includes such operations as fast replay
and slow replay of the record;d video inforﬁation.

Designated 35 are paired EP heads for long-hour mode
with narrow track width to record long hours of video |

information on the video tape. Reference numeral 36
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represents paired SP video heads having a wide track
width for recording normal video information. Denoted 37
are paired audio heads for recording and reproducing
audio information. Denoted 38 is a flying -erase (FE)
head to erase recording tracks one at a time during the
tape~connected recording.
Figure 88 is a block diagram of the first conven-— it
tional controlbsystém. Figure 89 is a perspective view
showing the arrangement of the conventional magnétic
field generétihg device.
In the figure, reference numeral 40 indicates an ac
magnetic field generating device which applies two
magnetic fields Bf,, Bf, with different frequencies to the
movable head H. The ac magnetic field generating device
40 is located near the outer circumference of the rotat-
ing drum 5 and the stationary drum I on the side where
the magnetic tépe 20 is not wound. The position of the
field generating device is adjustable. “
The ac magnetic field generating device 40 has two
ac magnetic field generating coils 45, 45a arranged in
the direction'of axis of the rotating drum 5 to generate -
two magnetic fields Bf,, Bf, with different frequencies |
£y, £,e
Designated 42 is a band-pass filter that passes the

component of f,, 43 a band-pass filter that passes the
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component of f,, and 44 a differential amplifier.

The movable head H detects the magnetic fields Bf,,
Bf, produced by the ac magnetic field generating coils
45, 45a as it passes near the ac magnetic field generat-
ing device 40 and outputs detection signals proportional
to the strengths of the fields.

The band-pass filter 42 passes a signal component S
of frequency f, and the band-pass filter 43 pasées a
signal component T of frequency f£,.

The levels of the two signal components S, T, as
shown in Figure 90, change as the movable head H is.moved
in the direction of axis of the rotating drum 5, i.e., .
according to changes in the height of the movable head H.

Let m stand for the height position of the movable
head # where the two signal components S, T have the same
level.

In Figure 88, a subtractor 44 takes a difference
between the two signal components S, T and feeds back the
difference signal to the actuator C to move the movable
head H in a direction that makes the difference zero.

That is, in Figure 90, the movable head H is moved
so that the two sigﬁal componénts S and T are at the same
level, i.e., the height of the mbvable head H is m.

Changing the positions of the ac magnetic field

generating coil 45, 45a allows the position of the
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intersection U between the two signal components S and T
to be changed. This in turn makes it possible to change
the height position m of the movable head H and therefore
freely set the reference position of the movable head H.

In the above conventional example the description
concerns the case of one movable head. In the apparatus
equipped witﬁ multip;e moyable heads Ha, Hb, the similar.
control is performed to each head to eliminate any height
difference between channels when the movable heads are
recording.

Figure 91 is a second conventional circuit block
diagram. Reference numeral 46 répresents a driver for
supplying current to an oscillation coil 45. Designated
47 is an oscillation circuit to generate an ac voltage.

Denoted 48, 49 are rotary transformers to transfer
signals to and from the magnetic head in the rotating
drum; 50, 51 recording and reproducing amplifiers to
amplify the signals from the audio head and video head
and supply.recording current; 52 a band-pass filter that
passes only the signal which is reproduced from the audio
head 37 fixed in the rotating drum 5 through the electro-
magnetic inauctidn-by the oscillation éoil 45; 53 a Sand—
pass -filter that passes only the signal reproduced from
the movable head H through electromagnetic induction by

the oscillation coil 45; 54 a sample hold circuit which
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holds an amplified value from the audio head 37 which is
reproduced in every other rotation of the rotating drum
51 through electromagnetic induction by the oscillating
coil 45; 55 a sample hold circuit which holds an ampli-
fied value from the movable head B which is reproduced in
every other rotation of the rotating drum 51 through
electromagnetic induction by the oscillating coil 45; 56
a differential,amplifier to take a difference between the
sample hold circuits 54 and 55; 57 a servo compensation
circuit made-up of a low-pass filter that assures stabil-
ity in the position fixing control loop; and 58 a driver
to supply a drive current to the actuator 7.

Figure 92 is a cross section of the ac magnetic
field generating coil 45. Denoted 45¢ is a core for
concentrating the coil magnetic flux; 45U a coil for
generating the ac magnetic flux in the core 45c¢ by
passing ac current in the coil; 45L a coil for generating
a magnetic field whose direction is opposite to that of
the coil 45U; 45b a coil holder for accommodating the
coils 45U and 45L; and 100 a mounting member on which the
ac magnetig field generating coil 45 is fixed. Figure 93'_
shows the difection of flux generated by the ac magnetic
field generating coil 45.

In the second conventional head, as shown in Figure

94, the ac magnetic fluxes of frequency f, generated by
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Then the oscillation frequency f; is set between 100 kHz

the two coils 45U, 45L of the ac magnetic field generat-
ing coil 45 repel each other at the intermediate portion
between the coils so that a high flux density portion and
low flux density portions are formed vertically separat-
ed.

These ac-magnetic fluxes are reproduced as the
movable head H and audio head 37 move through the ac
maénetic field. They are picked up by the reproduction
amplifiers 50, 51 through rotary traﬁsformers 48, 49.

The oscillation frequency f; of the oscillation
circuit 47 is set to a frequency higher than the attenua-
tion frequency limit determined by the frequency charac-
teristic on the low-frequency side of the rotary trans-
formers 48, 49 and lower than a frequency at which the
drive current becomes difficult to supply because of the
inductance of the ac magnetic field generating coil 45.

- Generally, the attenuation frequency limit of the
rotary transformers 48, 49 is several tens of kHz to 100
kHz. For examéle, suppose the number of turns of winding
in the coil 45U, 45L is séveral hundred and that the

attenuation start frequency by the inductance is 1 MHz.

and 1 MHz (100 kHz < £f; < 1 MHz).
In Figure 91, when the magnetic heads H, 37 move

closely past the ac magnetic field generating coil 45,
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the reproduced signals of frequency f, output from the
reproduction amplifiers 50, 51 have the following ampli-
tudes.

Suppose that the intermediate position of the two
coils 45U, 45L of the ac magnetic field generating coil
45 is set higher than the head héight position of the
audio head 37 or the head fixed height for the neutral
position of the movable head H. Moving the movable head
H upward (away from the deck base) increases the ampli-
tude of the reproduced signal and moving it downward
reduces the signal amplitude. When the mounting position
is reverse to the above case, the attenuation direction
of the reproduced signal is also reversed.

Suppose that a signal detection sensitivity output
from the reproducing amplifier 50 as a reprodﬁced signal
from the stationary head (audio-head) 37 and a signal
detection sensitivity output from the reproducing ampli-
fier 51 as a reproduced signal from the movable head H
are set equal or they are adjusted to be equal by the

gain adjustment of the reproducing amplifier 50 or 51.

The reproduced outputs of the reproducing amplifiers:

50, 51 are passed through the band-pass filters 52, 53,
which pass only the frequency f;, to remove unwanted
noise. The maximum values of the two reproduced outputs

are sampled and held, or peak-held, by the sample hold
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circuits 54, 55. Then, the level difference between the
maximum values or peaks is taken out from the differen-
tial amplifier 56. This signal represents, as a function
of voltage, the height difference between the movable
head H and the stationary head 37.

This signal is fassed through the control system
bhasé COméensation circuit 57 such as low;pass filter.
The drivér 58 Sioses the control loop in a direction that
will eliminate the head height differencé;'so that no
height difference will occur between the movable head H
and the stationafy_head 37 even during recordiﬁg opera-
tion.

Similarly, where two movable heads Ha, Hb are
mounted 180 degrees apart on the rotating drum 5 opposing
each othér, the head height.difference among the channels
can also be eliminated by providing the abqye-mentioned
head height position fixing control system for each
actuator.

The servo fregquency band of the position fixing

control loop need not be set so large because only the

. head height difference between the movable head ¥ and the .= ...

S o
g o
PR Al

stationary head 37 and the height deviation between the
two movable heads. H are to be compensated for. Since the
detection of the head height difference and deviation is

performed every other rotation of the rotating drum 5,
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there is a wasted time due to 30 Hz sampling when the
drum revolution speed is 1,800 rpm. Therefore, the
control frequency band should be set below several Hz.
Otherwise the control system will oscillate. |

For this reason, the low-pass filter’s time constant
and gain in the compensation circuit 57 are determined so
that the phase margin of more than 60 degrees can be |
secured fof.thg control band of several Hz.

It is needless to say that the head height control
during recording should be done in such a manner that
when fhe movable head H is traveling on the si&e where
the magnetic tape 20 is wound around the drum 5, the

amplifier 51 works as a recording amplifier and that when

. the movable head B is running near the ac magnetic field

generating coil 45 where the magnetic tape 20 is not
wound on the drum, the amplifier 51 works as a reproduc-
ing amplifier.

Figure 95 is a block diagraﬁ:of a third conventional
control system. In the system, two ac magnetic field
generating coils 45, 45a—constructed in such a way that
they are not a?fectgd_by sensitivity_varia?ionsxqﬁ_gaqp;ﬁ
hea&——aré arraﬁged in the circumferentiél direction.ofl
the rotating drum 5. Reference numeral 59 represenfs a

first divider to determine the ratio of the stationary

head reproduced output amplitudes from the two ac magnet-
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head H move together in the vertlcal ax1al direction.

ic field generating coils 45, 45a. Denoted 60 is a
second divider to determine the ratioc of the movable head
reproduced output amplitudes from the two ac magnetic
field generating coils 45, 45a.

Now, the operation of the magnetic head actuator 7
will be explained.

In Figure 85, the first permanent magnet 22 gener-
ates a magnet%c flux D in a closed magnetic path formed
by the pole piece 26, the second yoke 23 and the first
yoke 21.. -

Similarly, the second permanent magnet 25 génerates
a magnetic flux E reverse to the flu# D in a closed
magnetic path formed by the pole piece 26, the second
yoke 23 and the third yoke 24.

The flux D and flux E thus generated cross the
annular gap & in the same direction, so that the sum of
these fluxes of the first permanent magnet 22 and the
second permanent magnet 25 pierces through the coil 31.

In this condition, when a current is applied to the

coil 31 through the contact 12, electrode 13 and connec-

__tlons 14, 15, the c01l 31 the bobbin 30 and the movable_

T M P
e R T e BT e T a«:ﬂw\’\m

As a result, the movable head H is displaced in the
widthwise direction of the magnetic tape 20, tracing the

magnetic recording track with high precision.
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head turns and the head core permeability between the

Figure 96 shows a hysteresis characteristic repre-
senting the relationship between the drive current for
the magnetic head actuator 7 and the displacement of the
movable head H. Figure 97 shows the recording track
pattern on the magnetic tape 20 when the magnetic head
actuator 7 having such hysteresis characteristic is used
in recording.
As is evident from Figure 96 and 97, when the
magnetic head actuator 7 is only adjusted at the initial
stage, the reference position of the movable'head H
changes because of the hystereéis characteristic of
Figure 96, causing the recording tracks T to overlap by
a.
The head height position control system is con-
structed in this way. In the case of the conventional
system in Pigure 91, the detection sensitivities from the
heads H, 37 to the amplifiers 50, 51 must be equal or
adjusted equal.
In reality, however, these sensitivities often
cannot be made equal due to differences in the number of
stationary head 37 and the movable head Hﬁ or due to . ”
amplifier gain and temperature characteristic variations.
In the third conventional control system, two ac

magnetic field generating coils 45, 45a are set to
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different oscillation frequencies f,, f,. As shown in an
enlarged view A of Figure 95, one ac magnetic field
generating coil 45 is so set that the intermediate height
position between the two coils 45U and 45L is higher than
the stationary head 37. The other ac magnetic £field
generating coil 45a is so set that the intermediate
height position between the two coils 45U and 45L is
lower than the stationary head 37.

At this time, if the height of the movable head H is
controlled so that the amplitude ratio between the
reproduced output of frequency f; from the oscillation
coil 45a and the reproduced 6utput of frequency £, from
the oscillation coil 45—both outputs being reproduced by

the stationary head 37 and supplied from the reproducing

amplifier 50—is equal to the amplitude ratio of the

reproduced outputs from the movable head H, the height

difference between the movable head H and the stationary.
head 37 can be eliminated regardless of differences in
the number of head turns and head core permeability or of

amplifier gain and temperature characteristic variations

‘as long as there is no large difference in the frequency

characteristic of £,, f,, from each head to the réproduc-
ing amplifier, between the stationary head system and the
movable head system.

The reproduced signal amplitudes from the band-pass
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filters 53, 53a, which pass only the movable head repro-
duced output frequencies f,, f,, are sent to the sample
hold circuits 54, 54a or peak-hold circuits and then
supplied to the divider 60 which produces a division

signal. Similarly, the signal component amplitudes of

‘frequencies f;, f, in the reproduced outputs of the

stationary head 37 are supplied through the bénd-pass
filters 52, %?a and sample hold circuits 54, 54a to the
divider 59, which produces a division signal. The
differential amplifier 56 then calculates the difference
between the two division signals to detect tl.xe height
difference between the movable head H and the.stationary
head 37 and its direction..

For example, when the movable head B is higher than
the stationary head 37 (i.e., the head H is deviated away
from the deck base), the reproduced éignals from the
movable head H and the statiopary head 37 are such that
difference between the f, compbhent; which is higher, and
the f, component is greater with the reproduced signal
from the movable head F than with the reproduced signal
from the statlonary head 37. . L

Thus, the output signal Qf the dlfferentlal ampllfl—
er 56 becomes negative causing the movable head H to move
downward to a position where there is no height differ-

ence between the two heads.
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In this way, a precise head height control is
performed even when there are sensitivity differences
between the movable head H and stationary head 37 or
between head amplifiers 50 and 51. In the conventional
control system of Figure 95, however, dividers 59, 60
with high precision are required, which will increase the
cost.

‘Figure 98 shows a fourth example of the control
system that does not employ the dividers. In the figure,
designated 61 is a switching circuit, and 62 a timing
control circuit to control the hold timing of the sample
hold circuits 55, 55a.

In this fourth example of the conventional control
system, the output of the reproducing amplifier 50a for
the stationary head 37 is supplied to the band-pass
filters 52, 52a, which pass only the frequencies f,, f£,.
The outpﬁté of the band-pass filters 52, 52a are watched
at the adjust terminal when adjusting the mounting
position of the ac magnetic field generating coils 45,

45a and the drive output voltages of the drivers 46, 46a

_ So that the amplltudes of the output sxgnals of the

frequencies f, (=150 kHz) and f, (=200 kHz) are equal
By performing the height position control so that
the amplitudes of the reproduced signal components of

frequencies f,, f, from the movable head H are equal, it
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is possible to eliminate the head height difference
between the movable head B and the stationary head 37
without using the divider.

In this example of the conventional system where two
movable heads H are mounted 180 degrees apart on the
rotating drum 5, the reproduced signals from each channel
are distributed to four sampie hold circuits 55, 55a by
an analog switch 61 provided after the band-pass filters
53, 53a. In ;his case, there must be provided two each
of the differential amplifiers 56, 56a, compensation
circuits 57, 57a, and drivers 58, 58a. |

Such multiple channels can be dealt with similarly
in the second and third conventional ékamples. The
second and third conventional examples also have the same
setting of the control frequency band as in this example,
and the compensation circuits 57, 57a compensate for the
gain and phase.

The magnetic head generally picks up a magnetic flux
in the tangential direction with respect to the circum-~
ference of the rotating drum, so that when the ac magnet-

ic field generating coils 45, 45a are shaped as shown in -

o e ae

L TEEy

Figure 92, the reproduced outputs of the head are ob-
tained as reproduced envelopes as shown in Figure 99.
In the configuration of Figure 98, since the repro-~

duced outputs of the stationary head 37 are adjusted so
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tion of a differential transformer used generally for

that the amplitudes of £, and f, are equal, the outputs
will be as shown in Figure 99a. Hence, if there is
deviation in amplifier sensitivity between the movable
head system and the stationary head system, the control
causes the f;, and f, components to be equal, as shown in
Figure 99c,.eliminating the head height difference.

In the example of Figure 98, .a case ' is shown in
which it is possible to make equal the reproduced signal
amplitudes ofﬁthe f1 and f, components from the station-
ary head by adjusting the mounting position of the ac
magnetic field generating coil 45 and the dri&e voltage
level. There may, however, be cases where the £, and £,
components cannot be made eqﬁal in amplitude by the
adjustment of the mounting positién and the drive voltage
level, or where the system cannot be made available for
practical use only by making the initial adjustment
because of temperature characteristic variations or
characteristic degradation.ovér_time.

Figure 100 shows a block diagram of a fifth example

of the conventional control system. As in the configura-

ﬁ}

fine disﬁlacement measurement, the intermediate height
position between the two coils 45U, 45L of the ac magnet-
ic field generating coil 45 is set equal to the height of

the movable head H. When the movable head H deviates
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vertically, a synchronism detection circuit 63 detects
the phase shift, which occurs with the change in the
amplitude of the reproduced signal, as shown in Figure
101. In this way, the amount of head height difference
and its direction are detected.

The processing performed after the synchronism
detection sample hold is the same as with the second
through fourt? example.

If, during recording, Fhe height difference between
the movable head H and the stationary head-3z can be
controlled to be zero, there is no need to mount the
stationary heads 35, 36 dedicated for recording on the
rotating drum. This permits the movable head H mounted
in the actuator 7 to perform recording, reproducing and
special reproducing of the video signal. = And because the
height difference with respect to the stationary head 37
can be adjusted, it is possible, as shown in Figure 102,
to arrange on the rotating drum 5 a high-fidelity audio
head 37 and an erase head 38 for tape-connected recording
and mount the EP head 35 and SP head 36 on the actuator

7, making the head arrangement very simple as shown in

&

Figure 87.
Figure 103 is a block diagram of a sixth example of
the conventional control system. An ac magnetic field
generation control system is pro&ided which, when the
20 This Sheet Has Been Replaced
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amplitudes of the reproduced outputs of the stationary
head 37 are not equal depending on the adjustment of the
mounting position of the ac magnetic field generating
coils 45, 45a, will automatically and electrically make
an appropriate adjustment. In the figure, denoted 65,
65a are variable gain control amplifiers to control the
level of the ac magnetic fields produced by the coils 45,
45a.

In this Lonventional system, the outputs of the
sample hold circuits 54, 54a are suppliéd to the gain
control input terminals of the variable gain control
amplifiers 65, 65a, which control the output signal
amplitude levels of the band-pass filters 52, 52a for the
sfationary head 37 to be equal at all times, i.e., the
variable gain control amplifiers control to make the
amplitudes of the f;, and f, components of the reproduced
output from the stationary head equal at all times. The
amplitudes of the f, and f, components are controlled at a
constant value at all times even when there are varia-
tions in mechanical position adjusStment of the ac magnet-
ic field generating coils 45, 45a, temperature variations
and degradation over time.

Figure 104 is a block diagram of a seventh example
of the conventional control system. In this example, the

magnetic field level control described in the example of
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Figure 103 is performed by adjusting only one ac magnetic
field generating coil 45a. Designated 66 is a differen-
tial amplifier. |

In this example, the f, and f, signal components of
the reproduced outputs from the stationary head 37 are
picked up by the band-pass filters 52, 52a and supplied
to the sample hold circuits_54, 54a. The sample-held
values are compared by the differential amplifier-ss to
produce a dif%erence signal, which represents a drive
voltage level for one ac magnetic field generating coil
45a. The drive voltage level for the ac magnetic field
generating coil 45a is fed to the variable gain control
amplifier 65 that controls so that the reproduced output
levels from the ac magnetic field generating coil 45a and
from the other ac magnetic field generating coil 45 are
equal. This control produces the similar effect to the
one obtained in the convehtional example of Figure 103.

The provision of the magnetic field generation
control system for the ac magnetic field generating coils
45, 45a makes it possible to maintain the follow-up
precision of the movable head height position control s
system even when there aré adj;stmént variations in the
mounting position of the ac magnetic field generating
coils 45, 45a, degradation over time of the electromag-

netic induction level and characteristic deterioration
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due to temperature variations.

While the above second through seventh example of
the conventional control system employs an analog cir-
cuit, it is also possible to form the system with a
digital circuit in which the outputs of the reproducing
amplifiers 50, 51 or band-pass filters 52, 53 are analog-

digital converted to be processed by software in micro-

computer and then digital-analog converted to drive the

actuator 7.

Next, the constrgction of the ac magnetic field
generating coil 45 that produces the above-mentioned
magnetic field will be described in detail.

To chaﬁge the magnétic flux density sharply accoxd-

ing to locations reguires the magnetic flux to be concen-

"trated. An example method of concentrating the ﬁagnetic

flux is to arrange the coils in an opposing positional

‘relationship, as shown in Figure 93, and apply current to

the coils so that they repel each other.

As shown in Figure 94, the magnetic flux concen-
trates in the region between the two coils. As the flux
moves away from the coil core, it rapidly disperses,
reducing the flux density. 1In this way, the flux density
changes sharply according to positions. This is conve-
nient for control.

The flux density change as referred to here repre-
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sents, not the change in the number of flux lines at a
particular position, but the change in the density of the
magnetic flux that the movable head can detect in a
direction of head movement, i.e., in a direction of axis
of the rotating drum. So, the direction of flux of the
ac magnetic field generating coil 45 must be examined.

Figure 105 is a diagram showing the coordinate plane
to examine the magnetic field distribution of the ac
magnetic field generating coil 45. Designated 45U, 45L
are céils; 45¢c a core made of soft magnetic méterial such
as soft iron; 46 an ac power source to supply the two
coils; and A a plane which is normal to the center axis L
of the core 45¢ and which crosses the center between the
two coils 45U, 45L.

The plane B is parallel to the plane A and only a
small distance d from the plane A; the plane C is paral-
lel to the plane 2 and B and is only a small distance d
from the plane B and a small distance 2d from the plane
A; and the plane D is a part of the side surface of a
cylinder with radius R which has its center axis aligned
in the same direction as the center axis L of the core -
45. The plane D represents the side surfacé.of the |
rotating drum 5 and the intersection between the plane D
and other planes is considered to describe the locus of

the movable head.
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The coils 45U and 45L are actually applied with ac
current. For simplicity in the explanation of the
working principle, however, let us consider a case where
a dc current is applied. .Figure 106 shows the vector
representation of the flux generated on each plane when
the dc current is applied to the coils 45U and 45L so
that these two coils‘’ poles repel each other. The
circles in the figure indicates the cross section of the
core 45¢ and a curve X-X’ indicates the intersection
between the plane D and other planes.

Looking first at the plane A, the flux véctor on the
plane A near the core 45c¢ is large in magnitude. &As it
moves away from the core 45c, the flux disperses, sharply
decreasing the flux vector on the plane A.

On the plane B a distance d away from the plane &,
since the flux flows in a curved direction, the flux
vector’on'the plane B becomes maximum in a region a
certain distance away frém the core 45c.

The same situation as the plane B also applies to
the plane €. Since the flux flows in a curved direction
and the flux vector on the plane € progressively ap-
proaches zero, the absolute value of the vector is
smaller than on the plane B.

The curve X-X’ on each plane in Figqure 106, as

mentioned earlier, represents the locus of the movable
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head. The direction of magﬁetic flux detectable by the
movable head is tangent to the curve X-X’.

With the flux in Figure 106. taken as ac flux, the
curved plane D is developed into a flat plane as shown in

Figure 107. 1In the figqure, arrows represent the magnetic

- flux vectors on the plane D along the intersection

between the plane D and other planes.. Since the magnetic
flux is ac flyx, the flux vectors each consist of a pair
of apposite arrows.

Figqure 108 shows the output waveforms produced by
the induced electromotive force of the movablé head when
the movable head passes through the intersection between
plane A and plane B and between plane C and plane D
subjected to the magnetic flux distribution shown to the -
left in the figure.

As is seen from the output waveforms, the peak level
differs from one plane to another. In this example, the
plane B has the maximum peak level.

In other words, the peak level is a non-linear
function that depends on the displacement in the direc-
tion of the rotating drum axis of the mowvable head. By .-
detecting the peak level of the outéut waveform, it is
possible to know the absolute position of the movable
head.

Considering the fact that the movable head is

98 Been Replaced

I




position-controlled as the position sensor, the ac
magnetic field generating coil 45 should be mounted so
that the movable head can be fixed in a region where the
rate of change of the output waveform peak lewvel that
occurs as the head changes its height is large, i.e., in
the region between plane A and plane B or between plane B
and plane C in Figure 107, in order to increase the
sensor sensitivity.

The magnetic field distribution described so far is
generated by applying a particular voltage to_the ac
magnetic field generating coil 45. The field distribu-~
tion is a function that depends on the voltage ampli-
tudes. Hence, the voltage wvalue should be adjusted so
that the rate of change of the 6utput waveform peak level
thgt occurs as the head changes its height becomes
maximum.

When the ac magnetic field generating coil 45 is
installed inside the drum deck, noise“may enter the
linear audio head or the information on the magnetic tape
may be erased.

To prevent this, a part of the magnetic field

generating element is enclosed by a soft magnetic materi-

al 45s, as shown in Figure 109, to provide a magnetic
shield. Figure 110 shows the cross section taken along

the line 110-110 in Figure 109. This structure elimi-
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nates the adverse effects mentioned above.

While the above conventional example employs the
construction of Figure 110 for the ac magnetic field
generating coil 45 to concentrate the flux, it is also
possible to use the construction shown in Figure 111 or
Figure 112 although the sensor sensitivity in these cases
is somewhat deteriorated. .

As mentigned above, in the conventional structure,
the ac magnetic field génerating coil 45 of Figure 89 can
be mounted with a sufficiently high mechanical precision
that takes into account the characteristic dégradation
over time and temperature variations. Tha£ is, since the
movable head height can be aligned with the mounting
position of the ac magnetic field generating coil ¢, it
is necessary to set the mounting precision of the coil 40
higher than the movable head'’s poéition fixing allowable
precision.

In a rotating drum with multiple movable heads as
shown in Figure 89, even when the mounting precision of
the coil 40 is bad, it is possible to make the relative
heights of the movable heads equal -or make their heights
equal to the height of other stationary head on thé drum.
However, the absolute height of the movable head from the
deck base—which supports the rotating drum—cannot be

controlled.

This Sheet Has Been Replaced 98

IR



In such a conventional method, the movable head can
be controlled at a height equal to that of the ac magnet-
ic field generating coil 40 or at an absolute height
position of other stationary head. It is also possible
to control the multiple movable heads at equal relative
heights.

However, in currently available systems such as VHS
and B formats, the movable head may have to be controlled
at a position slightly deviated from the height of the
other stationary head, rather than at a position equal to
the other'stationary head. |

In other systems such as 8mm videos and D-1 and D-2
digital VIRs, if the absolute height of the movable head
from the deck base can be controlled at a specified
position, it is possible to form an accurate recording
track based on the respective tape format during record-
ing.

Considering the machining accuracy and ease of
adjustment, the coil 40 that does not require too strict
a mounting precision helps in forming a less expensive
system and there are needs for a detecting means to check
if the movable head is at the specified height.

Since the conventional system can only detect the
head height at a predetermined point in one drum rota-

tion, the movable head may be shifted or vibrated in one
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drum rotation due to variations of tape-head sliding
friction resulting from tape tension variations or
apparatus vibrations. Hence, it is necessary to increase
the stiffness of the gimbals spring of the movable head
actuator to reduce the mechanical resonance.

Detection of the absolute height reference value of

the movable head in the embodiment described below is

done by an'ac,magnetic field detection means mdunted on
the rotating drum. The movable head is controlled at the
same height of the ac magnetic field detection means.

In this invention, the movable head is pésitioned

and fixed in one drum rotation by the movable head

‘position detection means installed inside the movable

head actuator while at the same time the actuator is
damped by the state estimator which electrically esti-
mates the speed of the movable head to prevent a possible
positional shift due to vibrations.

Figure 54 shows the construction of the rotating.
head section of the ninth embodiment of the invention.

The movable head in the rotating head section in the

~current VIR system of Figure 82 has a narrow track head

35 for long hour mode and a wide track pitch head 36,
both mounted through a spacer 72 on the gimbals spring
27.

Figure 55 shows the external view of the absolute
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height detection element 73 mounted on the rotating drum
5. Denoted 74 is ad detection coil.

Figure 56 is a circuit diagram showing the detection
signal amplifier section of the absolute position detec-
tion circuit. In the diagram, designated 75 is a band-
pass filter and 76 a switching transistor.

Figure 57 shows the operation modes of the switching
transistor 76 of Figure 57 in relation to the rotating
angle of the drum.

Figure 58 shows an example construction for detéct-
ing an actuator movable section position by a'hole
sensor. In the figure, denoted 501 is a magnet holder
for reducing the magnetic flux leakage into the magnetic
head 112; 502 is a magnet for generating a magnetic flux;
503 a hole sensor to detect the magnitude of the flux of
the magnet 502; and 504 a differential amplifier to
amplify a weék signal from the‘hole sensor 503 to produce
a position signal.

Figure 59 is a variation of Figure 58. Reference
numeral 505 represents a magnet; 506 a hole sensor; and
507 a base plate for securing the hole sensor.

Figure 60 is an.example constructién in which a
position detection means using an optical sensor is
mounted to the actuator. Denoted 601 is a light emitting

section that emits a parallel-ray beam; and 602 a two-
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divided detector (light receiving section) consisting of
a photodiode.

Figure 61 is a variation of Figure 60. Denoted 603
is a level for forming the light emitted from the light
emitting element 605 such as LED into a parallel-ray
beam; 604 a light emitting window (throttle); and 606 a
mirror to reflect the parallel-ray beam from thé level
603. .

Figure 62 is a diagram showing the principle of
detecting the displacement of the movable portion of the
optical sensor in Figure.ﬁl. Designated 607 is a differ-
ential amplifier that takes a difference between light
currents from the two-division detector 602.

Figure 63 is a block diagram representing this
embodiment with the transfer function of the control
logic. The elements 311-313 represent the transfer
functions of the actuator characteristic. Element 311 is
a transfer function of the actuator mechanism that drives
the movable magnetic head H. Element 312 is a coil
resistance.of the actuator. Element 313 is a gain of the

drive amplifier.

i

Equivalent circuits 421-428 in the state estimator
420 represent observer transfer functions tc estimate the
speed of the actuator. Denoted 421 is an equivalent

circuit of the spring constant in the actuator model; 422
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an equivalent circuit representing an actuator coil

resistance, an actuator torque constant and a drive

amplifier gain; 423 an equivalent circuit representing a
viscosity constant and a movable portion mass of the
actuator; 424 a transfer function of the integral charac-
teristic; 425 an observer gain inserted to stabilize the
loop that converges the difference or error between the
actual measurement and the state model made up of 421-
424; 426 an observer loop gain for converging the differ-
ence similar to the one for the observer gain 425; and
427 a speed feedback gain to feed back the estimated
speed;

Figure 64 is a comparison of the actuator transfer
characteristics'(gain characteristic and phase character-
istic) when the damping loop is applied by the observer
and when it is not.

Figure 65 shows one example circuit configuration of
the above-mentioned observer. In the figqure, reference
numeral 801 a capacitor for picking up only the ac
component of the actunator drive voltage; 802 an amplifier
for adding the feedback signal and the drive signal
within the observer and amplifying thé sum signal; 803 an
amplifier for feeding back the loop that simulates the
spring constant in the observer; 804 a filter used to

realize the transfer characteristic that simulates the

103

i

GE



actuator viscosity and mass in the observer; 805 a filter
forming the integrator in the observer; 806 a comparator
to derive a difference between the position information
and the estimated position information in the observer;
807 a capacitor to pick up only the ac components con-
tained in the position information; and 808 a capacitor
to pick up only ac components contained in the estimated
speed informatgon.

| Figure 66 is an example block diagram of the inven-
tion, in which a damping loop and a position loop are
formed by using the position sensor (Figure 59-62) of the
actuator movable portion and the state estimator 103 and
in which the low range {(dc component) of the position
control loop of Figure 66 is compensated for by the
absolute height detection circuit 105 of the conventional
circuit of Figure 91 or improved circuit of Figure 95,
98, 100 and 103'according to the output of the absolute
height sensor 166, which uses the conventional ac magnet-
ic field generating coil 45 and the ac magnetic field
detection circuit (Figure 56).

Figure 67a is a graph showing the open loop charac-
teristic for the block diagram of Figure 66. Figure 67b
is a graph showing the open loop characteristic when a
compensation method different ffom that of Figure 67a is

employed.
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Figure 68 shows the detail of the low-range compen-
sation circuit 101 in the block diagram of Figure 66,
with Fiqure 68a to 68c representing th? transfer charac-
teristics of the compensation filters.

Figure 70 is a flowchart of the main program when

the control system in the block diagram of Figure 66 is

‘realized by software calculation.

Figure 71fis a flowchart of a subroutine program of
the speed estimation observer which represents the
operation performed by software of the state estimator
103 in the block diagram 66.

Figure 72 is a flowchart of a subroutine program of
the position control compensator which represents the
operation performed by software of the position control
compensator 102 in the block diagram 66.

Figure 73 is a flowchart of a subroutine program of
the absolute height compensation loop which represents
the operation performed by software of the absolute
height compensation loop in the block diagram 66,

Figure 74 is an example configuration of the control
system using the above-mentioned observer that performs
according to the position detection by the hole sensor..
In the figure, reference numeral 510 represents a printed-
circuit card incorporated in the drum.

Figure 75 shows an example configuration which

I —
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detects the actuator position by an optical sensor and
which does not incorporate the above-mentioned observer
circuit and driver circuit in the rotating drum. In the
figure, denoted 608 is a detection circuit.

Figure 76 shows the pole arrangement of the actua-
tor, the tracking control system and the observer.

Figure 77 shows the head arrangement on the rotafing
drum of the mﬁgnetic heads and the absolute height
detecting heads.

Figure 78 shows one example channel arrangement of a
plane type rotary transformer for signal tranéfer in-
stalled in the rotating drum.

Figure 79 shows the time duration in which the heads
are in contact with the tape during one rotation accord-
ing to the arrangement of the heads and the absolute
height detection elements, with the 2HR head taken as a
reference. ;

In the coﬁventional system, the mounting position of
the ac magnetic field generating coil 45 represents the
absolute height of the movable head from the deck base.

That is, in the conventional system, when the
magnetic heads are positioned at such heighté that éhe
output levels of the two ac magnetic field generating
coils 45, 45a reproduced from the magnetic heads are

equal, the absolute height reference wvaries depending on
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the precision of the mounting position on the deck base
of the ac magnetic field generating coils 45, 45a.

Although the heights of other stationary heads can
be used as the absolute height reference for the movable
heads, the problem in this case is that the movable head
can only be controlied to the same heights as the other
stationary heads.

These drawbacks stem from the fact that since the
magnetic field generated by the ac magnetic field gener-
ating coil 45 and the magnetic head-head amplifier
detection sensitivity change according to teméeratﬁre
variations, the control system is configured to control
the head position so that the difference between the two
detection signals will be zero, in order to eliminate the
characteristic variations.

When a recording pattern strictly conforming to the
format of the tape is to be recorded in the present VTR
that can cope with various recording formats, the movable
heads may have to be controlled not at the same height as
the other stationary heads but at a position slightly
deviated from the height of other stationary heads.

This may be écﬁieved.as follows. fwo magnetic heéds
are mounted as shown in Figure 54, and the wide‘track
pitch head 36 performs the magnetic recording and the

narrow track pitch head 35 reproduces the height detec-

107  This Sheet Has Been Replaced

[T




i

&)

f'.;':l. k

tion ac magnetic field to close the conventional magnetic
head height control system. The control is perfbrmed so
that the narrow track mode head 35 is at the same height
as the stationary head (for example, audio head), which
is taken as a reference height position. With this
arrangement, the reference height of the wide track pitch
head after being controlled can be shifted by as much as
the height of the spacer 72.

Since the height detection ac magnetic field repro-
ducing head does not have to perform the magnetic record-
ing and replay on the tape, a simple magnetic.field
detector of the construction shown in Figure 55 may be
employed. There is no need to set the gap and the amount
of projection from the drum surface with a strict preci-
sion. It is, -however, noted that the projecting amount
must not be so large as to damage the magnetic tape.

The magnetic field detector 73 of such a simple
construction is mounted and adjusted to a desired height
to which the movable head is to be controlled. During
the recording and replay, the movable head can be con-
trolled to a desired absolute height by operating the
convenfionai control systém so that the ﬁovable head is
at the same height as the detector 73.

With the above means, it is possible to check if the

movable head is at the desired absolute height with good
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precision.

The current applied to the magnetic field generating
coil to produce an ac magnetic field, which is used to
detect the -absolute height, can be increased to an extent
that the signal is not deteriorated by electromagnetic
interference with the head amplifier in the VTR. In-
creasing the magnetic field intensity generated by the
magnetic fieldrgenergting coil enhances the detection
sensitivity of the absolute height of the head, improving
the precision of the control system’s follow-up control
to the target value. |

In this case, if the signal reproducing amplifier
incorporated in the conventional VTR system is used, the
signal may become saturated because of the dynamic range
of the reproducing amplifier. This is because the field
generated by the ac magnetic field generating coil is
extremely stronger than the weak field produced by the
magnetic tape.

For this reason, the height detection ac signal
produced via the rotary transformer must be amplified by
a separate amplifier other than.the conventional amplifi-.
er, as shown in Figure 56. Fiéure 56 shows the amplifier
circuit for this purpose. Since the height detection |
signal is produced when the detection head is on the rear

side of the drum where it is not in contact with the
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magnetic tape, the signal can be picked up through the
switching transistor of Figure 76.

By switching the four transistors 76 into the mode
shown in the figure, the amplification system can be set
to the record and replay mode, the detection mode or the
non-operation mode. During the recording and replay, the
mode of the switching transistors need be selected
according to the rotating position of the detection head,
as shown in Figure 57. When the abéve-mentioned simple
detector 73 that reproduces only the height detection
signal is used, there is no need to form the émplifica-
tion circuit shown in Figure 56 and the amplification
circuit can be formed simply as a combination of the
band-pass filter and the position detection signal
amplifier.

| The channel arrangement in the rotary transformer
for the heads and the absolute height detection head on
the drum must be such that the channel ﬁhrough which the
recording current flows and the absolute héight detection
channel must be set épart from each other on the rotary
transformer.

Ih the system ha&ing the head arrangement of Figure
77 in the current VHS VTR, for example, thé rotary
transformer has the channel arrangement of Figure 78.

The relation between the recording current channel and
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the height detection channel is explained by'the schemat-
ic diaqram of Figure 79, which shows the duration in
which the head and the tape are in sliding contact in the
head arrangement of Figure 78 with the head 2HR taken as
a reference.

In Figure 79, the heads 2HR, 6HL, AR are in sliding
contact with the tape almost at the same time and the
heads 2HL, Gﬂé, AL are also in sliding contact with the
tape almost simunltaneously. Hence, the channels for the
heads 2HL, 6HR, AL must be separated from those for the
heads 2HR, 6HL, AR in the rotary transformer éo that the
height detection can be made. of the heads 2HL, 6HR, AL
when the heads 2HR, 6HL, AR are recording. (Wheq the
heads 2HL, 6HR, AL are recording, the other group of
heads are subjected to the height~detection.)

Generally the audio head and the video head are put
apart from each other to eliminate cross-talks. For this
purpose, the following arraﬁéément can be made. The
channel for the flying erase head that normally is not

used during the replay operation and the channels for the

height detectors 2HS, 6HS are placed between the channels.

for the audio and video heads. During the replay, the
rotary transformer terminals for these channels are
shorted to provide an effect of the short ring, which is

used in the current VIRs to prevent cross-talks between

111

This Sheet Has Been Replaced

(T




o e S e e ot T ey

i

the rotary transformer channels.

The detector 2AHS is adjusted to the reference height
of the movable head 2H and the detector 6HS is adjusted
to the reference height of the movable head 6H.

Since- the conventional system has only one location
to detect the height of the movable head during one
rotation of the drum, the control can only be performed
once for each rotation of the drum. In car-mounted
systems or portable systems where the equipment as a
whole is subjected to external vibrations, for example,
the movable head may be vibrated or shifted dﬁring one
rotation of the drum, resulting in.a failure to perform
recording in accordance with the tape format.

This-problem becomes prominent particularly when the
magnetic recording density is improved in the future and
the track pitch becomes very narrow.

In addition to performing the absolute height
control once for each drum rotation, it is therefore
necessary to provide a construction in which the movable
head is fixed at a specified position to make the head
less susceptible to vibrations. _ _

For this puépose,'a means must be provided to allow
the detection of the movable head height at all times,
not just once for each drum rotation.

In this case, if the above mentioned detection
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means, which detects the absolute height of the drum once
for each drum rotation, is also used, the absolute value
of the sensor, which detects the height at all times,
need not be so accurate.

That is, the head height deviation resulting from
vibrations during drum rotation can be eliminated by
measuring the absolute height of the movable head based
on the magnetig field reproduced by the ac magnetic field
generating coil and by controlling the movable head so
that the output of the sensor, which can detect the
movable head height at.all times, is constant'auring the
period from the first detection of the absolute height to
the next detection.

A position sensor is therefore indispensable which
detects the position of the movable head in the position
control system during one rotation of the drum.

Figure 58 shows one example structure of such a
sensor. To detect the motion of the movable head H, the
magnet 502 is connected to the movable portion 203b so

that the hole sensor 503 can measure the flux density as

the magnet 502 on the movable portion 203b comes near or . .

t

far. The hole sensor sends the measured flux density to
the amplifjer 504, which produces an output representing
the position of the movable portion.

The magnet 502 is enclosed by a magnet holder 501
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“This Sheet Has Been Replaced:

(AW



£1E
ot

made of a material with high permeability so that the
leakage flux will not influence the magnetic head H.

Figure 59 is a variation of Figure 58, in which a
magnet 505 is secured to onme end of the gimbals spring
203a where the magnetic head is not attached and in which
the yoke 202 is formed with a hole through which the
magnetic flux of the magnet 505 leaks so that the leakage
flux can be detected by the hole.eensor 506 fixed on the
base plate 507.

The intensity of the flux from the magnet 505
represents the position of the movable portion of the
actuator. This is the same as in Figure 58. In this
variation, there is no need to consider the effects the
leakage flux of the magnet 505 has on the magnetic head
H.

In addition to the above magnetic means of detecting
the head position, there is available an optical method
of position.detection.

Figure 60 shows an example. The light emitted from
the light emitting element 601 attached to the stationary
side of the actuator (ln this case, llght is colllmated
by a lens) is detected by a light recezvxng element 602
such as a two-division photodiode attached to the movable
portion of the actuator.

As the movable portion moves, the amount of light
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striking one of the two divided portions of the
photodiode 602 becomes larger than that on the other. By
taking the difference between the photocurrents in the
two divided portions of the photodiode 602, it is possi-
ble to detect the position of ‘the movable portion.

Figure 61 shows a variation of Figure 60, in which
the movable portion of the actuator is attached with a
mirror 606 tha} reflects light and the iight emittiﬁg
elemept 601 and the light receiving element 602 such as
photodiode are fixed to the stationary side;

In this case, too, the light emitted from the light
emitting element'605 made up of LED or semiconductor:

laser is collimated by the lens 603 into a parallel-ray

beam.” To produce a parallel-ray beam, the light emitting-

element 605 must be put on the rear focal poiné of the
léns 603. - |

The 6ptical sensor oﬁiFigure 61 performs the poéi—
tion deﬁectidn in the same principle of Figure 62.

In Figure.62, when the mirror 606 integral with the
movable portioﬁ of the actuator moves parallelly (in this
cgnfiéﬁration, the mirror is restricted by the gimbals
spring so that it can-move in ohly one axis difection),
the parallel-ray beam moves over the light receiving

element 602, causing a difference between the amounts of

photocurrents in two divided portions of the photodiode

This
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602, as in the case of Figure 602, with the result that
the differential amplifier 607 produces a position
detection signal.

The optical means for pésition detection may also
have the light emitting element attached to the movable
portion and the light receiving element on the stationary .
side éna still produce the same effect.

In addition to the above magnetic and optical
bosition detecting means, there are other methods. avail-
able. For example, an element generally called a strain
gauge, which changes its magnetic resistance wﬁen
strained, may be bonded to a leaf spring or.gimbals
sprihg in the movable head actuator so that the deforma-
tion of the leaf spring or gimbals spring can be detected
as a change in the resistance value. This can be done
either by reading a change in'the voltage when a speci-
fied current is applied to the strain gauge or By reading A
a voltage across a current detection resistor inserted in
series with the strain gauge when applied with a speci-
fied voltage.

The follow1ng arrangement is also poss;ble.__A o L g
sensor to detect a capacitance is provided near the B
movable portion of the actuator in such a way that the

distance between the capacitance sensor and the movable

portion changes as the movable portion moves. By
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tions.

electrically measuring the capacitance of the capacitance
sensor, it is possible to determine the position of the
movable portion.

Where the conventional bimorph type actuator is
used, it is possible to pick up a quantity other than the
dc component in the bimorph displacement by cutting a
part of the bimorph as shown in the conventional example.

In this case, although the displacement output does
ﬁot include the dc component; since the movable head
position control during one rotation of the drum does not
necessarily require the dc component, the disélacement
output can be entered as the position detection signal
which is used for the position control.

Another possible arrangement is that the output of
the position sensor, which detects the movable head
height at all times, is used to form an electrical
damping loop made up of a state estimator, thereby
sﬁppressing the mechanical resonance of the actuator,
improving the cohtrollability of the movable head height,

and making the head more resistant to external vibra-

- s . e

‘The above-mentioned position control loop, which
uses the output from the continuously detectable position
sensox, has a function of preventing the contrel frequen-

cy band from being limited to a low frequency range as
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will be caused by the mechanical resonance of the movable
head actuatoer.

The magnetic head must be moved only in one direc-
tion in the drum, i.e., in a direction parallel to the
rotating axis of the drum. In the conventional examples
of bimorph type or solenoid-driven type, a cantilever
member or a leaf-spring member must be used to set the
magnetic head ,apart from the driving portion or the head
must be mounted at the end of the plate-like member.

In this constrﬁction of the conventional bimorph
type or solenoid-driven type actuator, there is a large
mechanical resonance, characteristic of the leaf-spring
structure, as seen in the actuator transfer characteris-
tic (displacement-drive voltage or displacement-drive
current characteristic).

This large mechanical resonance shifts by 180
degrees the phase of frequencies near the resonance
frequency, sé that the position control system, which
compensates for the phase delay, can have only a control

frequency band sufficiently lower than the first-order

resonance frequency, or generally in the range of 1/10 to-

1/several tens of the first-order resonance'frequency.

This is because a sufficient phase margin of the
control system cannot be secured as a result of phase

shift at frequencies near the resonance frequency and
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also because a large resonance peak gain reduces the gain
margin for the frequencies beyond the control frequency
band, rendering the control system unstable. (Generally,
the control system open loop gain must be in the range of
-10 to -20 dB at frequencies which is higher than the
control frequency band and whose phase is -180 degrees.)

| Where the phase advance compensation is performed
and the control band is put between the first-order and-
the second-order resonance, it is necessary that the
first-order mechanical .resonance frequency be sufficient-
ly apart from the second-order_resonance frequency or the
anti-resonance frequency. In a system having a-leaf-
spring-like movable portion as in the movable head
actuator of VTR, however, a difference cannot be taken
between the first-order resonance frequency and the
frequencies beyond the second-order resonance frequency
and thus the above-mentioned phase advance compensation
is not often used.

Therefore, it is necessary to convert the actuator

into the one with good controllability by electrically
damplng large mechanlcal resonance characterlstlcs,

representatlve of the movable head actuator of VIR. If,

however, the system is formed of differential circuits as
in the conventional examples, the noise of the position

sensor is amplified, undesirably deteriorating the

Thiis Sheet Has Been Replaced 119

[




tracking control performance.

When the actuator speed is estimated by the state
estimator 420, which employs an integrating circuit as
shown in Figure 63, it is possible to perform the track-
ing control without amplifying noise and eliminate
influences of high-order mechanical resonances.

The state estimator expressed by the transfer
function of Figure 63 shows an example configuration of
the equal-dimension observer of the modern control logic.
The state estimator includes equivalent circuits that
simulate a drive amplifier 313, coil resistor 312, and
actuator mechanism 311, respectively.

The drive voltage applied to the drive amplifier 313
is also supplied to the elements in the state estimator
420. The equivalent circuit 424-producés at its oufput a
a signal I representing the position of the actuator
estimated from the input of the state estimator. The
signal is supplied to the input of the subtractor 428.

A signal X representing the displacement of the

actuator actually measured by a sensor, which is de-

scribed ;ater, is fed to the subtractor 428. $he
subtract;r 428 produce§ a aifference X-I as an estimated
error J.

The transfer characteristics of elements 422, 423,

424 in the state estimator simulating the actuator
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characteristic have second-order integral characteristic.
These elements, however, do not simulate the integral
characteristic of the real actuator in the initialized
state, too. While the real actuator is applied external
disturbances before the integral characteristic, the
equivalent circuit cannot simulate the external distur-
bances as well. Because of these facts, even if the
equivalent cirguit is identical with the real actuator in
terms of the frequency characteristic, the dynamic
characteristic, which is an output value of the equiva-
lent circuit after sPecified intervals of timé, is not
the same as that of the real actuator.

For this reason, the feedback is applied through
gains F;, F, of the equivalent circuits 425, 426 so that
the estimated error will converge to zero.

Hence, after a certain period of time the feedback
gains in the state estimator work to converge the esti-
mated difference to zero, so that the estimated position
I output from the equivalent circuit 424 and the actually
measured position X become equal.

At this time, the equivalent circuit 423 that
perforﬁs the funéfion of 1/(Cc+MS) differentiates the
position and its output F is.egual to the speed of the
actuator.

Feeding back the actuator speed, estimated in the
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principle shown above, to the control loop through the
gain F; of the equivalent circuit 427 forms a new speed
feedback loop, as in the regulator of modern control
logic, applying damping to the mechanical resonance
characteristic of the actuator.

Figure 64 is a graph showing the measured actuator
frequency‘characteristic that ﬁerifies the-above. It is
seen that the dynamic characteristic of the actuator when
the speed feedback is provided by the state estimator is
damped, reducing the resonance peak gain.

What is described in the foregoing referé to a case
where the state estimator 420 that estimates the actuator
speed is formed of an equal-dimension observer of modern
control logic. The éame effect can be obtained if the
state estimator is formed of a minimal-dimension observ-
er.

In this case, the elements mentioned above that
simulate the actuator characteristic are not used. The.
state equation representing the actuator characteristic
is solved by the general minimal-dimension observer
algorithm and the solved result is realized by circuits.

Let M sﬁand for an actuator movable portion; k for
an actuator mass; C for an actuator viscosity; (x;-) for
an estimated actuator position; (x,-) for an estimated

actuator position; u for an input; Ce for an estimated
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error; and (y-) for a state estimator output. Then the

actuator state equation is given by

(x1-) 0 1 (x3-)
d —
de -
(x5-) -k/M -CIM . (x2-)
. 0 - Fy
+ u - Ce
1/ - F2

(Equation 1)

If we let the observer polarities be -a; and -a, in
accordance with the definition of the arbitrary pole
arrangement in the modern control logic, the gains F; and

F, are expressed as

Fy a1+a2-C/M

Fy ajag-k/M-(ay+ay) CIM-C2 (M2

(Equation 2)

Solve the above egquation gives the gains F,, le
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However, since the convergence of the loop including
the gain F; (element 425) and of the loop including the

gain F, (element 426) in the state estimator 420 must be

'sufficiently faster than the convergence of the tracking

control system as a whole, the value of a;, «, in Equation
2 should be set sufficiently to the left (on the side of

a large negative real number = on the fast convergence

side) of the rfgulator system pole (tracking control

system pole)} for the pole position in a diagram repre-
senting the response of the system in the control logic’
of Figure 76. |

The actual state estimator may be formed with analog
circuit as shown in, for example, Figure 65.

Since the analog differential amplifier easily
produces an offset due to temperature drift, it is
preferred that capacitors 801, 807 be inserted to remove
dc components from the actuator drive wvoltage input to
the state estimator 420 and the position information
input from the position sensor.

In this tracking control system, because the main

‘frequency range that requlres damplng is .close .o the L

frequency where mechanlcal resonance exists, the de
components are not needed. Therefore, the use of capaci-
tors does not pose any problem.

The circuit of Figure 65 simulates the observer
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transfer characteristic of Figure 63. R, Kd, Kt, k, Fyy
F, in Figure 63 exist as the gains of the operational
amplifiers in Figure 65. The equivalent circuit 423 of
1/(C+Ms) is formed of an active filter of the operational
amplifier 804, and the integrator 307 is formed of an
operational amplifier 805.

The subtracting portion of X-I in Figure 63 is
formed of an operational amplifier 806. The output of
the operational amplifier 806 is fed back to the input
terminal of the operational amplifier through the gains
corresponding to F,;, F, of Figure 63. |

In the configuration of Figure 65, the operational
amplifiers 803, 804 may be formed as a single active
filter to eliminate one operational amplifier.

Although the above configuration is an example
analog circuit of the state estimator, it is possible to
desciibe the transfer function of Figure 63 by software
such as'microprocessor as described later and provide the
similar effects.

Figure 66 shows the block diagram of the movable

head height control system whlch uses both the sensor for. .
. R Ny O

detectlng the movable head height and the’ sensor using
the ac magnetic field generating coil for detecting the
absolute height.

The damping loop made up of the state estimator,
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nearly zero.

which estimates the actuator speed, improves the control-
lability of the actuator 107. In addition to this loop,
a position control loop is formed which includes a
position control compensator.

The absolute height, a dc component of the position
control loop, is compensated for by the absolute height
compensation loop made up of the ac magnetic field
generating co%}.

In the system of Figure 66, if the position control
loop and the damping control loop are not provided, oﬁly
the absolute height control for each drum rotétion is
performed, making the height deviation during one rota-
tion easy to occur.

If only the damping loop is not provided, the
control band for the position contrél loop cannot be
increased, weakening the height deviation suppression
factor during one rotation, with the result that the head
is easily vibrated. Wﬁen only the position control loop
is not provided, the vibration becomes hard to occur but
the height deviation factor during one rotation becomes

Even when the abové tw; minoxr lobés are eliminated
from the absolute height compensation loop, there is no
problem if the mechanical characteristic of the actuator

movable portion has high stiffness or high wviscosity. 1In
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that case, the configuration of Figure 66 with these
minor loops eliminated can be realized.

In the system of Figure 66, the open loop gain
characteristic of the absolute height compensation loop
and of the position control loop including the damping
loop are so set that the gain is higher for the absolute
height compensation loop in the low frequency side and,
in the high fﬁgquency side, is higher for the position
control loop. This realizes a system im which the
movable heéd is controlled to the specified absolute
height at all times during the drum rotation..

There are two methods to realize this system. One
is to set the gain of the absolute height control loop in
the form of second-order delay and perform the low-
frequency band compensation, as shown in Figure 67a. The
other method is to cut the dc component of the position
control loop to reduce the gain on the low frequency side
as shown in Figure 67b.

For example, to realize the open loop characteristic
as shown in Figure 67a, it is necessary to insert a
filter having the.frequency characteristic of Figure_§8
in the iow—frequency band compensation circuit of Figure
66.

Figure 68a represents the frequency characteristic

of a lag/lead filter; Figure 68b represents the frequency
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characteristic of a low-pass filter (primary); and Figure
68c represents the frequency characteristic of a low-pass
filter (secondary). These are generally well-known.

The position control compensator should have the
configuration of Figure 69, in which Figure 69a repre-
sents the frequency characteristic of a low-pass filter
and Figure 69b represents the frequency characteristic of
a high-pass f%}ter.

These can be readily realized by an analog circuit
made up of a capacitor and a resistor or by a digital
circuit. |

Each compensator is not shown with amplifier gain
for gain compensation. To realize the configuration of
Figure 67 requires each compensator to have an appropri-
ate gain compensation.

While the system of Figure 66 can of course be
formed with an analog circuit, it is also possible to
realize the contrél system by using a high-speed digital
calculator such as microprocessor.

For example, Figure 70 shows the main flow of the

position control system of Figure 66 realized by soft-

- ware. It consists of a speed estimation calculation

subroutine for the state estimator that is performed for
each block that specifies the calculation cycle; a

calculation subroutine for the position control, particu-
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larly for the position control compensator; and a calcu-
lation subroutine for the absolute height compensation
system, particularly for the absolute height detection
and low-frequency range compensation. These subroutines
are successively carried out, and the calculation results
of the first two subroutines are subtracted from the
absolute height compensation signal to produce an actua-
tor drive signgl.

Each subroutine is performed as follows.

The calculation of the state estimator is done by

setting constants (Kd-Kt)/R, K, F,, F,, F; to K;,-K; and

-calculating the variables (A-J, 01) successively.

The wvariables A-J correspond to the displayed values
on each signal line in the state_estimator block diagram.

Figure 72 shows a subroutine for the position
control compensator 102, which receives actuator height
information through two digital filters and produées a
calculated output.

Figure 73 shows a subroutine for the absolute height

compensation, which takes the average of the absolute

height information Z,, Z, and repeats the averaging P

times, P being the counter value, pass the result thrbugh
the digital filter to provide a low-frequency range
compensation and then outputs the compensated result.

The outputs of the two conventional ac magnetic
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field generating coils are picked up by the absolute
height detection head 73 and the movable head, are
amplified by the amplifier circuit of Figure 56, are
detected, and then peak-held or sample-held. The held
signals are A/D-converted and then fed as Z,, Z, of the
two ac magnetic field generating coils to the micropro-
cessor.

The movable head position control system described

above can be formed with hardware of, for example, Figure
74.

When the position of the movable head isito be
detected by the position sensor, the detected signal may
not be able to be taken out of the drum because 6f the
considerations of the limit on the number of channels in
the rotary transformer and the effects of sliding noise
of the slip ring M.

In this case, it is possible to form the actuator

~g§ driver D and the state estimator 420 in the printed
circuit card built into the drum and control the actuator
having an electrical damping from outside the drum
through the slip ring M, as shown in Figure 74.
- It.is also possible to pick up the position detec-
tion signal out of the rotating drum and form the posi-
tion contrel c¢ircuit and the driver outside the drum.

Figure 75 is one such example, in which the LED ox

I
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laser that forms the light emitting element 605 of the
optical sensor is made to blink by the vibration signal.
The frequency of bllnklng is set sufficiently higher than
the observer band and in the pass frequency range of the
rotary transformer 620.

In the figure, the drive signal for the light
emitting element 605 is fed from the slip ring M. It is
also possiele o send the drive signal from a large-
capacity rotary transformer, or to supply power from
other means (such as large-capacity rotary transformer or
slip ring) and send only the command signal to the light
emitting element. These methods can similarly flash the
light emitting element.

The light driven to blink in this way is reflected
by the mirror 606 to the light receiving element 602
where it is converted to an ac photocurrent. This
photocurrent is a photocurrent signal in the pass fre-
quency range of the rotary transformer, so that it can
easily“pass through the rotary transformer 620. The

photocurrent is then converted by the detection circuit

608 outside the drum into the amount of light received by . . .iwy

the light receiving element 602. The light is fed to the
differential amplifier 607 which outputs the displacement
of the actuator movable portion.

In the above capacitive sensor, instead of the
I —
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optical sensor of Figure 75, the capacitance and coil of
the sensor may be used to form an LC oscillation circuit.
The ac signal from the oscillation circuit may be taken
out of the rotary transformer and then freguency-voltage
converted (F/V-converted) to produce a movable portion
position signal.

In addition to these methods, the signals may be
picked out of the drum through the rotary transformer 620
by the véltage-frequency con&ersion (FM modulation)
circuit, the voltage-pulse width conversion (PWM modula-
tion) circuit, or the voltage-ac amplitude conversion (AM
modulation).

When the movable portion position signal is taken
out of the rotary tranéformer at all times, the control
system can be formed by the above-mentioned software
algorithm or by an analog circuit.

When the control system is to be realized by the
state estimator circuit and the position control circuit
on the rotating drum, it may have to be formed as an
analog circuit because of the limitation of the circuit
capacity. In this case, the dc component of the position- " ta
signal input to the state estimator must be cut in order
to prevent drifts in the analog calculated value of the
state estimator.

It should be noted here that the dc component must
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also be removed from the drive voltage input to the state
estimator. Otherwise, a dc prediction error occurs in
the estimation error, resulting in a failure of the state
estimator.

This configuration posés no problem since the
observer covers the high frequency range of the position
control system. This is equivalent to the pole arrange-
ment of Figure, 76 femaining almost unchanged.

This ninth embodiment becomes somewhat complicated
in structure because the actuator damping requires an
actuator position sensor in the drum, a damping printed
éircuit card in the drum and a mechanism for taking the
position signal out of the drum.

This problem can be solved by applying the control
system, which was described in connection with the first
to eighth embodiment, to the ninth embodiment. The
configuration except for the dumping control is the same
as that of the nine embodiment.

An example of such a control system is shown in
Figure 80, which is realized by an analog circuit used
for the fir;t embodiment and explained_in Figure 1 to 3.
The detailed'description ié no£ given here. The opera-
tional amplifiers making up this circuit are given the
same reference numerals of the.corresponding eguivalent

circuit of Figure 2.
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The above-mentioned damping control enables an
electrical damping of the actuator, suppressing the
oscillation of the movable head caused by periodical
disturbances induced by drum rotation or by other non-

periodical external disturbances.

[Tenth Embodiment]

The abovebstate estimator can not only estimate the
speed of the head but also estimate and output a signal
representing the magnetic head position. Since the dc
component of the estimated position signal caﬂnot be
estimated, it is difficult to form the position.control
loop by feeding back only the estimated position signal.

However, as in the first embodiment, a system can be
realized in which the movable head is controlled to the
specified absolute height at all times during the drum
rotation, by setting the open-loop gain characteristic of
the position control system higher for the absolute
height compensation loop on the low frequency side and by
setting the open-loop gain higher for the estimated
position signal-based pesition control loop on the high
frequéncy si&e. | ' o -

The block diagram of such a circuit is shown in
Figure 81. This is identical with Figure 66 described in

conjunction with the ninth embodiment. The process of
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compensation for the position control is the same and its
explanation omitted.

The movable head position control device of this
embodiment detects a specified reference height in each
drum rotation by the absolute height reference value
detector located on the rotating drum and controls the
movable head height to the specified reference height.

Further, the movable head position control device of

this invention detects the position of the movable head
during the rotation of the drum by the movable head
position detector installed in the movable heéd actuator,
and fixes the head height by the position control loop

' according to the detected value. At the same time, the
movable head position control device forms a speed
control loop using the estimated §peed electrically
determined from the detected position, thus preventing

height shift due to vibrations during recording.

i,

;3 Moreover, the movable head position control device

according to this invention detects the position of the
movable head during the rotation of the drum by using a
signal from the absolute height reference value detector -
for the low frequency component of ‘the position signal
including the dc component and by using a signal from the
movable head actuator position estimator for the high

frequency component of the position signal. According to
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the detected value, the position control loop fixes the
head height to a specified value. At the same time, the
movable head position control device forms a speed
control loop using the estimated speed electrically
determined from the detected position. This configura-
tion prevents height deviations due to wvibrations during
recording.

v
{Cther Embodiment]

The foregoing description has dealt only with the
damping of the movable head actuator in VTR. By using
the same method, this invention can also be applied to
voice coil solenoid-driven actuators, such as wvoice coil
speaker, hard disk tracking swing arm actuator, and

linear motor for tracking optical disk like CD.

As mentioned above, this invéntion obviateé'the need
for the actuator position information in detecting the
speed and position of the solenoid-driven actuator and
detecting the load disturbance. This in turn makes it
unnecessary to provide a position semsor to the actuator
and pick up the position signal out of the rotating drum.
Hence, it is possible to realize the damping control and
the load disturbance control only by attaching an exter-

nal add-on circuit without changing the conventional
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mechanical construction.

Since no differeﬁtiator is used for the speed
detection, there is no risk of amplifying.the detected
noise. With inexpensive electric circuits, this inven-
tion ensures stabie damping even when there are charac-
teristic variations in detection systems, and character-
istic degradation or variations over time of the object
..f« to be controlled. By feeding back the estimated position

the resonance frequency can be apparently increased,
providing an inexpensive actuator with improved response
and excellent controllability. |
Furthermore, this invention permits the movable head
to be controlled at a desired absolute height, and
prevents the electromagnetically induced signal of the
absolute height detection ac magnetic field from being
interfered with by the cross-talk from the recording
_signal current on the rotary transformer. The invention
\} also ailows the amplifier gain <;f the height detection
signal amplifier to be isoiated from the gain of the
information signal amplifier, assuring accurate height
detection.
At the same time, during the drum rotation, the
position control system comsisting of the position sensor
incorporated in the actuator fixes the magnetic head at a

specified position. 1In addition, the speed estimation
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state estimator controls the damping of the head, pre-
venting possible vibrations and positional deviations of
the movable head which would otherwise be caused by

device vibrations.
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What is claimed is:

1. In a magnetic recording and reproducing apparatus
having a solenoid-driven actuator to move a magnetic head
in the tracking direction, a magnetic head position
controller comprising:
a-state estimator for estimating the moving speed of
the actuator from a drive voltage and a drive
current supplied to the actuator; and
a damping control loop for feeding back the estimat-
ed speed signal estimated by the stéte estima-
tor to the actuator drive voltage. |
2. A magnetic head position controller in the magnetic
recording and repro&ucing apparatus as claimed in ¢laim
1, wherein the state estimator is formed of a combination
of equivalent circuits that electrically simulate modeled
characteristics of the solenoid-driven actuator, and the
state estimator takes in the drive voltage and the drive
current for the actuator and produces the estimated speed

signal representing the speed of the actuator.

3. A magnetic head position controller in the magnetic
recording and reproducing apparatus as claimed in claim

2, wherein the state estimator includes equivalent
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circuits that electrically simulate a drive coil resis-
tance and inductance characteristic of the solenoid-
driven actuator, a force constant of the magnetic cir-
cuit, an inertia, a spring constant, and a counter

electromotive force.

4. A magnetic head position controller in the magnetic
recording and greproducing apparatus as claimed in claim .
3, wheéein the state estimator supplies the received
actuator drive voltage signal.to the equivalent circuit,
which electrically simulates thé actuator dri%e coil
resistance and inductance characteristic, to estimate the
actuator drive current not including a counter electromo-
tive force, and compares the estimated actuator drive
current with an actuator drive current affected by the
counter electromotive force to estimate the actuator

speed.

5. A magnetic head position controller in the magnetic
recording and reproducing apparatus as claimed in claim
1, wherein the state estimator is an equivalent circuit
that simulates an impedance characteristic including coil

reactance of the solencid-driven actuator.

6. A magnetic head position controller in the magnetic
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recording and reproducing apparatus as claimed in claim
5, wherein the equivalent circuit that simulates the
impedance characteristic including the coil reactance of

the solenoid-driven actuator is a low-pass filter.

7. A magnetic head position controller in the magnetic
recording and reproducing apparatus as claimed in claim 5
or 6, wherein the oﬁtput of the state estimator is fed
back through a damping control loop, which includes a
band-pass filter having its center frequency at the

resonance frequency of the solenoid-driven actuator

8. A mégnetic head position controller in the magnetic
recording and reproducing apparatus aé claimed in claim 1
through 4, wherein a curreint feedback loop is provided
inside the damping control loop to feedback the actuator
drive current so as to compensate for variations over
time such as temperature variations of the solenocid-

driven actuator.

9. A magnetic head position controller in the magnetic -
recording and reproducing apparatus as claimed in claim 1
through 4, wherein the state estimator estimates the
dri&e current for the solenoid-driven actuator not

including the counter electromotive force, and the

.
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estimated actuator drive current is fed back to compen-
sate for variations over time such as temperature varia-

tions of the solenoid-driven actuator.

10. A magnetic head position controller in the magnetic

' recording and reproducing apparatus as claimed in claim 1
:throﬁgh 4, whérein the state estimator  produces an

estimated position signal representing the position of

the solenoid-driven actuator, and the estimated position -
signal is fed back to the actuator drive voltage to |
increase the-apparent resonance frequency of the sole-

noid-driven actuator.

11. A magnetic head position controller in the - magnetic
recording and'reproducing'apparatus aé claimed.in claim 1
through 4, wherein the state estimator érodﬁcés an
estimated disturbance-signai representing load distur-
bance of the solenoid-driven actuatoi,'and the-estimated
disturbance signal is fed forward to the actuatér drive
voltage to cancel the load disturbance of the solenoid-
driven actuator.

12. In a m%gnetic recording and feproducing apparatus
having a solenocid-driven actuator in a rotéting drum to

move a movable magnetic head in the tracking direction, a
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magnetic head position controller comprising:
a magnetic field detection element mounted at a
specified‘height within the rotating drum;
at least one magnetic field generating coil placed
close to the rotating drum on a side where the
magnetic tape ;s not wound-on the rotating
drum, the magnetic field genérating coil being-
3;3 . , fixe%rto a deck mechanism supporting the rotat-
- ing drum; and
an actuator-control unit which controls the height
of the movable magnetic head so that'wheh the
magnetic field detection element and the mov-
able magnetic head moves past the magnetic
field éenérating coil, two ac signals produced
by the_aé magnetic field of the coil have

amplitudes in a specified relationship.

\;} 13. A magnetic head position controller in thé magnetic
recording and reproducing apparatus as claimed in clainm
12, wherein the actuator further has a position detection
means to detect the height of the movable magnetic head, .
and in a period Qhen the ac output is not produéed from
the movable héad by the magnetic field generating ceoil,
the actuator control unit performs the position control

on the movable magnetic head according to the output from
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the position detection means.

14. A magnetic head position controller in the magnetic
recording and reproducing apparatus as claimed in claim
13, wherein the actuator cohtrol unit includes a state
estimator made up of a combination of equivalent circuits
:Ehat electrically simulate modeled characteristics of the
solenoid-driven actuator to estimate the relative posi-
tion of the movable head, and the state estimator takes
in the actuator drive voltage and drive current to feed
back the éstimated speed siéﬁal representing the speed of

the actuator to the actuator drive vbltage.

15, A magnetic head position controller in the magnetic

recording ‘and reproducing apparatus as claimed in claim

i2, further'comprising: N ]

a movable head moved by the actuator, a stationary.
head, and a signal transmission rotary trans-
former, these being installed inside the rotat-
ing drum;

whereby the signal transmission rotary transformer
has installed in successive channels thefeof
windings from the movable magnetic head and the

stationary head arranged close to each other on

the rotating drum; a winding from the magnetic
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field detection means is inserted between
channels of the rotary transformer that are
connected with heads not close together on the
rotating drum or between channels connected
with an audio head and a video head; and the
signal from the magnetic field detection means
is amplified by a dedicated_amplifier~through a
swit%hing element éonnected to the rotary

transformer.
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