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[57] ABSTRACT

A servo system for positioning a moveable member
including means for amplifying the servo response ina
preselected frequency range.

6 Claims, 5 Drawing Figures
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SELECTIVE FREQUENCY COMPENSATION FOR
A SERVO SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to servo systems of the type
used to position moveable members.

In such servo systems it has frequently been desirable
in the past to increase the gain of the system in specific
frequency ranges. However, previously the principal
manner of accomplishing increased gain in one range
was to increase the gain of the overall system. The in-
creasing of the overall gain of the servo system also
must proportionally increase the servo system band-
width with results which have frequently been undesir-
able or impossible to accommodate such as uncon-
trolled oscillations at the increased frequency ranges.

Additionally, in attempting to raise the gain, the
probability of intollerable phase margins of the servo
system is inherently increased. Naturally if such a phase
margin is sufficiently small, an underdamped or unsta-
ble servo systemn will result. In either case any addition
in the phase shift of the system is usually undesirable
and adds to the instability of the system. It is therefore
the object of the present invention to achieve a gain in
the sérvo system at a selected frequency range and yet
provide a stable, lower bandwidth system.

SUMMARY OF THE INVENTION ‘

A servo system for controlling the positioning of a
moveable member in which means are provided for
generating a first signal responsive to the actual posi-
tion of the moveable member and a second signal re-
sponsive to the desired position of the moveable mem-
ber, with actuating means for moving the moveable
member in response to an error signal derived from the
first and second signals until the member reaches the
desired position and including also means for amplify-
ing within a selected frequency region the error signal
without substantially affecting the phase margin of the
servo system thereby increasing the responsiveness of
the servo system in that frequency range.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a preferred embodiment
of the invention;

FIG. 2 is a block diagram showing the functions of
the selective frequency compensator of FIG. I;

FIG. 3 is a schematic of the block diagram shown in
FIG. 2,

FIG. 4 is a family of curves depicting the gain charac-
teristics of a second order system and the implementa-
tion into the subject invention; and

FIG. 5 is a curve showing the gain and phase charac-
teristics vs. frequency drive from the subject invention.

DESCRIPTION OF PREFERRED EMBODIMENT

In FIG. 1 is shown a servo system for positioning a
moveable member which in this instance is a pair of re-
cording heads 10 and 11 which are used in cooperation
with a pair of rotating discs 12 and 14 mounted on a
spindle 15 which is rotated by a disc drive motor 16. As
the heads are moved laterally across the disc surfaces
by the head positioning motor 17, data can be recorded
on or read from the disc surface. Such systems are com-
monly called disc drive recorders and have been used
many years in the computer field. '
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In the example shown, the head 10 is a read/write
head which transfers data from a data processing unit
18 and the disc surface. The head is positioned at vari-
ous tracks which comprise concentric circles on the ro-
tating disc. The head positioning motor 17 is controlled
by a power driver 19 which receives from a summing
amplifier 20 a head drive signal indicating that the
heads should be moved radially inward or outward to
a desired track position. The speed of movement of the
head is detected by a tachometer 21 which supplies a
signal that is fed back to the summing amplifier and
subtracted from the head drive signal to control the
speed of the head positioning motor.

The position of the heads is detected in this instance
by the read head 11 which detects prerecorded tracks
(not shown) on the disc 14. The track signals are fed
through a servo data amplifier 22 and a servo data pro-
cessing system 23 to the summing amplifier 20. Thus,
the summing amplifier receives signals from this circuit
indicating the actual position of the head with respect
to a desired head position (the center of the track). The
position error signal described above is summed with a
subtractive tachometer signal for the purpose of gener-
ating a head drive signal which when fed through the
head positioning system will move the heads towards
the desired position. '

In present machines there occurs certain characteris-
tics which tend to limit the tracking accuracy of the
servo system. There naturally exists certain mechanical
tolerances in the head positioning motor and support
system. Adding to the mechanical tolerance problem is
the fact that the recording disc in present day systems
are removeable. That is, the Hub 15 with the attached
disc surfaces can be removed from the disc drive motor
mounting apparatus (spindle) to permit the insertion of
other discs into the system. There naturally exists cer-
tain tolerances between the abutting surfaces of the
disc packs and the disc drive spindie which results in
what is referred to as disc pack run-out. Run-out is
caused by eccentricity of the pack of spindle, or both,
and since the disc pack rotates at a specific speed, the
frequency of this run-out or movement between the
disc and the head is predictable. For instance, where
the disc pack is rotated at 3,600 RPM, the run-out fre-
quency is 60 Hertz.

Therefore, it is desirable in this servo system to make
the servo system stiff, that is, enhance the response of
the system in the 60 Hertz range. Of course other servo
systems may have a requirement for stiffness in other
frequency ranges. Attempts to accomplish this desired
purpose by raising the overall gain of the servo system
‘have met with only limited success, since mechanical
resonances ' within- mechanical positioning systems
makes the unlimited increasing of the servo gain impos-
sible. Additionally, the increasing of the overall gain of
the servo system proportionally increases the servo sys-
tem bandwidth with the usual undesirable results here-
tofore discussed. '
Tt is well known* (*See P. 210, Article Analysis &
Design of Feedback Control Systems, George J.
Thaler & Brown, McGraw-Hill, Second Edition.) in
the science of servo system theory that a typical posi-

“tioning servo will have a closed loop response that is a

function of the open loop gain and phase character-
istics near the frequency region where the gain
approaches unity. A stable servo system can be made
less stable or even to oscillate by alteration of the gain
or the phase or both in the unity gain region. Hence.
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if one could enhance or alter the gain and/or phase in a
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The gain of the circuit shown is:

v Trs S8 (2—12i o7y +‘r2‘ra) S+ (-K4—n + 21-;) S+1
°=K2 - 2 2 .
Vi

desired frequency region without altering them in the

unity loop gain frequency region, the servo system
would have an enhanced response in the enhanced
region without affecting the system stability. In
the present invention there is accomplished a selective
amplification of the gain in a desired frequency range
the amplifying the feedback signal in the servo system
while avoiding servo osc]llétlon and maintaining
stability in the system. This is accomplished by the
selective frequency compensator circuit 27 shown in
block diagram in FIG. 1 which serves to amplify the
first signal or the actual position error signal of the
moveable member in a selected frequency region.
Such amplification is accomplished without rendering
the servo system unstable by further compensating
for the resulting phase Shlft as will be explamed
hereinafter.

Accordmgly, in FIG. 2 is shown the selective fre-
quency compensator which comprises a second order
transfer function and a high pass transfer function as
shown. The output signals of which are added to the
original input signal. Thus a resonant circuit which in
this instnace is tuned to 60 Hertz is provided. This reso-
nant circuit is controlled in its characteristics, in that its
phase shift characteristic does not cause any noticeable
effect on a normal servo bandwidth since the overall
gain of the servo system is not enhanced, but merely
that gain centering around 60 Hertz in the example
shown. In short, the selective frequency compensator
has gain characteristics that are high at the 60 Hertz re-
gion and a gain of one at any other frequency region,
and phase characteristics that are different than 0° only
in that 60 Hertz region.

In FIG. 3 is shown the circuit diagram for the inven-
tion. As can be seen the second order transfer function
and the high pass transfer functions are in the form of
amplifiers having controlled feedback. Amplifier 27 is
a common ‘‘op-amp”’ such as a model 747. The sum-
ming resistor, R1 and the feedback network formed by
R3, C1, C2 and R2 cause that op-amp configuration to
yield a second order transfer function. The second op-
amp 28 acts as a summing junction for the output of the
high-pass transfer function yielded by C4 and R4, and
the original input signal V1. Such circuit for yielding
these functions individually are well known in the art
and are generally described in the present textbooks.
However, the combination of these circuits in the de-
scribed invention has not been done previously and is
the present invention.

In FIG. 4 is shown graphlcally the effect of the fre-
quency compensator. In operation at low frequencies
the line 30 represents the gain of the system. However,
when a frequency of approximately 45 Hertz is encoun-
tered, the second order transfer function, line 31, af-
fects the gain sufficiently to raise the gain centering
around the 60 Hertz frequency. Thereafter when the
gain of that transfer function drops, at a frequency of
approximately 75 Hertz, the circuit again operates with
the gain represented by the line 30.

The following is a mathematical derivation of the se-

lective frequency compensator to show that the re-
sponse ‘is that shown in FIG. 5.
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(747382427384 1) (7,8+1)

where
Tg = Rz C
T3 = R3 C
T74=R, C,
Ry/R; =K,
A=K2+Kl (l +K2)
Rb/R5 = Kz
For the values shown, equation (1 ) can be reduced
to: :
, 2(0.023) ]
Vo [2#329 ! 1] [(21r60 8)zj 2760.8 8+1
Vi [ 1] [ S2 2(0. 053)+l]
27 (338) ' (2759.8)* 2r59.8
The response is shown in FIG. 5.

We claim:

1. A servo system having a bandwidth of a predeter-
mined frequency range for controlling the actuators of
a movable member to selected ones of a plurality of de-
sired positions, said servo system comprising:.

_means for generating a first signal responsive to the
actual positions of the movable member;

means for generating a second signal responsive to a

desired position for the movable member;

means for combining the first and second signals to

generate an error signal;

means acting in response to said error signal for actu-

ating the movable member thereby to move said
movable member in a direction towards said de-
sired position, and

feedback circuit means for enhancing said error sig-

- nal only in a preselected frequency region within

the bandwidth frequency range without affecting
the error signal in all other frequency regions of the
bandwidth frequency range thereby increasing the
loop gain in said preselected region thus causing a
greater response from said movable member actu-
ating means to an error sngnal in said enhanced fre-
quency region.

2. A servo system as defined in claim 1 wherein the
feedback circuit means adapted to enhance the error
signal changes the gain and phase characteristics of the

-error signal only in the preselected frequency range.

3. A servo system as defined in ;ilaim’ 1 wherein the
feedback circuit adapted to enhance the error signal
includes means for generating a second order transfer

- function and a high pass transfer function for the error

60

65

signal.

4. A servo system havmg a bandwidth of @ predeter—
mined frequency range for controlling the actuation of
a movable member having a runout characteristic to
selected ones of a plurality of desired posmons, said
servo system comprising:

means for generating a first signal responsive to the

actual position of the movable member;

means for generating a second signal responsive to a

desired position for the movable member;
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means for combining the first and second signals to amplified frequency region so that an effect of said
generate an error signal; runout characteristic of said movable member is
means acting in response to said error signal for actu- reduced. '
ating the movable member thereby to move said 5. A servo system as defined in claim 4 wherein said
movable member in a direction towards said de- 5 feedback circuit means adapted to enhance the error
sired position; and , signal changes the gain and phase characteristics of the
feedback circuit means for amplifying said error sig- error signal only in the preselected frequency region.
nal only in a preselected frequency region corre- 6. A servo system as defined in claim 4 wherein said

sponding to said runout characteristic included feedback circuit means adapted to ‘enhance the error
within the bandwidth frequency range thereby in- 10 signal includes means for generating a second order
creasing the loop gain in said preselected region transfer function and a high pass transfer function for
thus causing a greater response from said movable the error signal. '

member actuating means to an error signal in said R R
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