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The present invention relates to a disk recording
system, for recording a disk such as a compact disk.
The present invention also relates to a method of
controlling the rotation of a turntable relative to a

recording head in a disk recording systém.

Many systems are known in which information is
recorded on a disk-shaped medium and may subsequently
be played back. Generally the information is arranged
either in substantially circular rings or in a
continuous spiral track on the disk. An example of
the former arrangement is the magnetic floppy disk or
hard disk, where the information is divided into
sectors lying in'coﬁcentric tracks. Examples of the
latter arrangement inciude the conventional gramophone
record.ca:rying sound information in analog form in
the'spirai-groove in its surface, the optically read
videodisk carrying video information in analog form in
a series of pits arranged spirally on the surface (or
on an interfacial boundary) of the disk, and the
compact optical disk carrying audio or other

information in digital form in a series of spirally-

in a



15’hard di sk, where the information is divided into

sectors lying in

fconcentric tracks. Exanples of the | atter arrangenent include the
conventi onal granophone record carrying sound information in anal og
formin the spiral groove in its surface, the optically read 20

vi deodi sk carrying video information in apalog formin

a series of pits
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a master disk which is subsequently replicated by
various processes such that the disks bought by the
consumer are close copies of the geometry and the
information content of the master disk.

The process of recording information on any of.
these media usually shares in common the fact that the
disk or master disk is rotated at a speed typically
anywhere between 16% r.p.m. (for some gramophone
records) and 1,800 r.p.m. (or even higher for some
videodisks) while the point of recording (which may be
a magnetic head, a mechanical stylus, or a focused
light beam) is traversed between the inside and outer
edge of the disk at a slower rate. Normally it is a
requirement of the recording system that the
rotational motion of the disk may vary only slowly, if
at all; generally this is easily ensured by the
inertia of the disk itself, together with that of the
mechanism which rotates it. The radial motion of the
point of recording on the disk is, however, not so
easily controlled. In the case of magnetic disk
recording, it is usual that the recording head must
move in discrete steps between the separate concentric
tracks; by contrast, in the cases of gramophone

records, videodisks, or compact disks, the recording



I nformati on content of the master disk. The process of recording
*information on any of 10 these nedia usually shares in comon the fact
that the disk or master disk is rotated at a speed typically

anywhere between 16[err] r.p.m (for sonme granophone records) and 1,800
r.p.m (or even higher for sone vi deodj sks) while the point of

recordi ng (mhich may be 15 a magnetic héad, a nechanical stylus, or a

f ocused |1 ghLabRagh hove! é&ﬁ%ﬁ%ﬁo‘&%ﬁl‘%%fé&%dé’%djett?é‘chi%!& en a

edge of the d|s at a slower rate. requi renent of

the recording géﬁ%&%THff¥§d1$fedlrectw&iﬂi&nékdﬁgtHﬂﬁ Péyt@%6“§ﬁe”ay
vary only slowy, if ; generally this is easily ensured by

the  inertiangbra®idsk iitsel &, tagetkher Wekhckhat ghdtheit is
mechani sm which rotates it. The radial notion of the poi nt of

recordi ng on thenhdirSictiesri NOMEVEE , the@beSBases t@a%l ltheC Mildsdhmeks of n the
case of magnetic disk 25 recording, it is usual that the recordi ng head

must noge kthedradialemstdpsn Hat wear tinpoaeparatthaaondentabsolute
tracks; by contrast, in the cases of granophone records, videodi sks,

or conpact di skecaumagycofdinaglial positioning. With a gramophone

record, for example, any radial motion having

significant energy in the audio frequency band, even

if it represents only a.small fraction of the average

10 groove spacing, will appear as a corresponding lateral

movement of the pickup when the final record copy is

played, and this will be audible as a noise

superimposed on the recorded audio signal. With

videodisks and cémpact disks there is not only the

15 possibility that any sudden radial motions of the

recording head will cause the player to fail to follow

the track on the final disk, but also the more serious

likelihood that such motions will be dangerous simply

because they will result in significant changes in

20 spacing between successive turns of the spiral track.

Since this spacing is typically only 1.6-1.7um, and

any reduction in spacing has the effect of increasing

the crosstalk between tracks (resulting in

interference in the picture from a videodisk, or an

25 increased 1likelihood of bit errors with a compact

disk) it is desirable to maintain a tolerance of at

most +0.1lum in the track spacing, and preferably a

much closer tolerance than this.
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gramophone record masters this is commonly achieved by
mounting the recording head on a linear slide or
rolling mount and moving it by means of a rotating
leadscrew and nut. - Satisfactory performance is
achieved by careful engineering; the stiffness of the
leadscrew drive is great enough to overcome residual
friction in the mounting. ' In videodisk and compact
disk mastering (recording) a similar technique may be
used, in which the optics which produce the focused
beam are moved over the rotating master disk. To
avoid the disadvantage that part of the optics are
thus movable while the remainder (owing to the size of
the light source, normally a laser) have to be fixed,
it is alternatively possible to move the entire
turntable (which carries the master disk) together
with its rotary bearing along a straight line, using
a leadscrew, while the recording head remains fixed.
In long-playing optical videodisks, or optical
compact disks used for audio or other data in digital
form, a constant linear velocity mode or recording is
normally used because it allows the maximum recording
time consistent with operation at the optimum linear
velocity (which determines the bandwidth of the signal

which can be recorded) throughout the reéording.



- because they will result in significant changes in 20 spacing between
successive turns of the spiral track. Since this spacing is typically
only 1.6-1.7[err]m and any reduction in spacing has the effect of

I ncreasi ng t he crosstalk between tracks (resulting in
interference in the picture froma videodisk, or an 25 increased

| i keli hood of bit errors with a conpact disk) it is desirable to

mai ntain a tol erance (¥stlant 1ingBet valodfeyr tarbAdihg, thcwdvepachdds and
preferably a much cl oser tolerance than this.

4 To okbapnitheibaeessatlier agdem} rosdhige Mditer theiépéédusual
to nove the recording head al ong a straight |ine which passes through
the axis of theof rdtakioni nofotther duwkds nomdiakl yspeed WoEn raétatdi ng
5 granophone record masters this is conmonly achi eved by nounting the
recordi ng head owtadn nefartkeéi decording pal playbamkntheadl melangvet tby
means of a rotating
S the disk is constant. 1In a playback-only system this
may be no great problem because both rotational and
radial wmotions are normally controlled by servos
governed by the information already laid down on the
disk. Record/playback systems (for example read/write
10 data recording systems) using pre-grooved disks are
also simply implemented by servos of this type.
However, in the case of a master recording system for
videodisk oxr compact disk, where the master disk is
'initially devoid of groove structure, there is a
15 problem in generating the required motions as it were
from first principles.
If information is to be recorded in a spiral
track of pitch P at a linear velocity v then, if the

instantaneous radius is R and the rotational speed is

20 w (radians/sec.) at time t,

W=V
R Equation 1
and dR = Pw Equation 2
dt 2m
25 from which dR = Pv Equation 3
dt 27R

EP-A-011495 discloses, in the context of defining
or following a plurality of substantially circular and

concentric information tracks, an arrangement in which




leadscrew and nut. Satisfactory performance is achi eved by careful
‘engi neering; the stiffness of the 10 |eadscrew drive is great enough to
over come resi dual friction in the mounting. |In videodi sk and conpact
di sk mastering (recording) a simlar technique nay be used, in which
the optics which produce the focused beam are noved over the rotating
mast er di sk. To 15 avoid the disadvantage that part of the optics are

thus novabl e whidiee t heel athbneht p( 0wiENg Bouddiosi ze ofs  obthifedi 9BY
source, normally a |l aser) have to be fixed, it is alternatively
possi bl e to noveedrderaning ea sigral nflabéadénbi odh cehéi eadie st ghadi Sk)
together 20 with its rotary bearing along a straight |ine, using a
| eadscrew, whil gereratday dibeydfoam ramea hsefhxeting current shifnal of
| ong- pl ayi ng optical videodi sks, or optical conpact di sks used for
audi o or ot her dateguenay dginvgrsely piropmrtaocvedstanthéi nediuseRoci rhenode
or recording is 25 normally used_because it allows the nmaxi mumrecording
ti me consi st ént ARIhLperatpbaonslt spagst ivnuaf| thearturntabde otst ghéwhi ch
determ nes the bandw dth of_the signal whi ch can be recorded)
t hr oughout t he ﬁ%ﬁﬁQﬁqﬂised to that alternating current signal. The
same alternating current signal is used to control the

radial velocity dR, in accordance with Equation 2
dt

10 using a 1lead screw drive. A similar method is
described in EP-A-011493, in which an alternating
current signal with a frequency inversely proportional
to the radius R is generated, in this case by a
digital division process.

15 It may be noted that the methods disclosed in EP-
A-011495 and EP-A-011493 both require tﬁat an
alternating current signal is generated first, to
which the turntable rotation has to be synchronised.

Furthermore, EP-A-0013903 discloses a disk

20 recording system in which the radial displacement of
the recording head relative to the axis of rotation of
the turntable carrying the disk is determined. The
measurement of the radial displacement is then used to
control the rotational speed of the turntable, and

25 hence the disk, so that the relative velocity of the
recording head and the disk are constant.

From Equation 3, if R = 0 at time t,, then

Equation 4 below holds:



5 Constant |inear velocity recording, however, adds _
‘conplications to the system because neither the speed ~of rotation of
t he di sk, nor the speed of radial notion of the recording or playback
head relative to 5 the disk is constant. In a playback-only systemthis
may be no great probl em because both rotatyonal and radial notions are
normal ly controlled by servos governed by the information already laid
down on the di sk. Record/ plRyb szsysteng“(for exanpEquaeadhwai te 10
data recording systens) using pre-gmooved disks are al so sinmply

i npl enented by servos of this type. However, in the case of a master
recordi ng system for From \ijiendi 3tk £®ltowpathatdi sk, where the mast er di sk
S initially devoid of groove stjyucture, hsre is a 15 problemin
generating the required notion¥as i Emeﬁb-tdj fron1f|rEQUpan@|§Ies.

If informatién is to be recorded in @Vspiral track of pitch P at a

i locity v then, if the . :
linear ve y fhus, both R and w are non-linear functions of

time.

It would be possible to generate these functiodns
of time in a digital computer, and feed the functions
10 to digital to analog converters to obtain voltages
representative of the required values of-R and w. It
would then be possible to use those voltages to
control servo systems governing the radial and
rotational motions. However, such an arrangement has
15 the disadvantage that the values of R and w thus
obtained necessarily change in a stepwise manner, the
magnitude of those steps depending on the resolution

of the digital to analogue converters.
. It would also be possible to use a digital
20 computer to generate a value of the rate of change of

radius R, given by equation 6 below.

dr = ( Pv } % Equation 6
dt 4am(t-t,)

This value, together with the value of w derived

25 by Equation 5, could be used to derive valueé which
could then be output via digital to analog converters
and fed to servos controlling the radial and
rotational velocities. A single digital to analogue
converter could be used for both values, since they

30 have the same time dependence. Such an arrangement



i nstant aneous radius is R and the rotational speed is 20 [err]

~ (radi ans/sec.) at tine t, [err]
Equation 1 and dR = Plerr] Equation 2
dt 2[err] 25 from which dR = Pv Equation 3
dt 2[err] R EP- A-011495 discloses, in the context of
defi ni ng or followwing a plurality of substantially circular and
concentric infogRRlRONhALACKShe AThBFArRMIFATE WAt WRkGR are not the
6 the relationship of Equation 1 is obtained by generating a
signal dependenitepwiike reghistondndn R, GRREeraiiygihherdd regran of
alternating current signal of frequency inversely proportional to the
radius R The changRguRrandtché onpfespest Lher reebrided AgK ald e is then
synchroni sed to that aldternating current signal. The samne
alternating current signal is used to control the

5 much less severe. However, the provision of an

appropriate computing system means that complexity is
high.

The present invention therefore seeks to obtain
the necessary relationships between R and w by analog

10 means. At its most general, the present invention
proposes that signals are generated corresponding to
R and w; the product of these two signals is then used
to control the rotation of the turntable in dependence
on the difference between that product and a reference
15 wvalue.

A signal V; corresponding to the radius R is
generated, as 1is a signal representative of and
proportional to the rotation wvelocity w. The former
is preferably a voltage signal and %he latter is

20 preferably a frequency signal. Such a frequency
signal may be produced by a slotted strobe disk
attached to a shaft of the disk recording system,
which may be sensed by suitable optical means. The
signal V, and the frequency signal may then be combined

25 in a multiplying discriminator circuit which generates
a suitable signal proportional to the product Rw.
This product may be a voltage signal, which may then
be compared with a reference voltage V, representative

of the desired linear velocity. The difference in



radial velocity dR in accordance with Equation 2 _ o dt
10 using a lead screw drive. A simlar nethod is described in
EP- A-011493, in which an alternating current signal with a frequency

i nversely proportional to the radius Ris generated, in this case by a
digital division process. 15 |t maygbe noted that the nethods

di scl osed in EP- A- 011495 and EP-A-011493 both require that an

al ternating cur reilitafe@N@lay ithedesy alsehi fid Sdrivé Oa ser%@'&ﬂpiﬁ@1€¥rntable
rotation has to be synchroni sed. Furthernore, EP-A0013903

discloses a diwdkch2Qn econdidid veysberotbrvahebht hersedsah digpkageaent of
the recording head relative to the axis of rotation of t'he turntable
carrying the di s itheletisln recordiigesystemneasurenent of the radial

di spl acenent is then used to control the rotational speed of the
turntable, and 25 héfluesit havidilsktheo shavntheasptati e veheci pyesénthe
recordi ng head and the di sk are constant. From Equation 3,
if R= 0 at B ndnvyaittioni hth is popgibflieor fimatrove hegxdeo loop which

tends to hold. the product Rw constant and equal to the
desired linear velocity. A separate discriminaﬁor
circuit may also be used to derive from the frequency
signal a voltage V., representative of the quantity

10 Puw,
27

where P is the desired track pitch. This voltage V,
may then be compared with a voltage V., derived from the

voltage Vk, which represents the quantity dR.
15 dt

The difference between the voltages V, and V, may
then drive a servo amplifier whose output causes
radial motion. Thus, the action of this second servo
loop is such as to tend to hold V, = V, and thus to

20 hold the radial velocity dR equal to the desired
dt

value Pw.
2T

Preferably the disk recording system is used for
25 optical recording or videodisks or audio or data

compact disks.

An embodiment of the present invention will now

be described in detail, by way of example, with



7 ' [err] Fromthis, it follows that:

- [err] 5 Thus, both R and [err] are non-linear functions of
tinme. It would be possible to generate these functions of time
in a digital computer, and feed the functions 10 to digital to anal og
converters to obtain voltages represenpati ve of the required val ues of
Rand [err]. It woul d then be possible to use those voltages to

control servo sysfepengevebnithg heopdiptimndrawings atimonehialti ons.
However, such an arrangenent has 15 the di sadvantage that the values of R
and [err] thus obtigi.neld necesseahematdloangieew nof at epwiks ecammutimg t he
magni t ude of those steps depending on the resol ution of the digital to
anal ogue conversgstem according wowl diral sobodipesdi bbd tohesoxeshnfit al

20 conputer to generate a value of the rate of change of
invention;

5 Fig. 2 illustrates a linear dashpot which may be
used in the present invention;

Figs. 3a and 3b illustrate a first rotary dashpot
which may be used in the present invention, Fig. 3a
being a sectional view and Fig; 3b being a detail of

10 the dashpot mechanism;

Figs. 4a and 4b illustrate a second rotary
dashpot which may be used in the present invention,
Fig. 4a representing a sectional view and Fig. 4b
illustrating a detail of the dashpot mechanism;

15 Fig. 5 illustrates an arrangement using a spring
for applying a the torque to the shaft of the main air
bearing in an embodiment of the present invention,
together with a means for monitoring the rotation of
the end of the spring remote from the shaft;

20 Figs. 6a and 6b illustrate another arrangement
using a spring for applying a torque to the shaft of
the main air bearing in the embodiment of the present
invention, together with a means for monitoring the
strain on the spring, Fig. 6a being a perspective view

25 of the arrangement and Fig. 6b being a detailed view
of part the arrangement of Fig. 6a;

Fig. 7 shows a local servo loop for controlling

the motor arrangement of Fig. 5 or Figs 6a/6b of the



radius R, given by equation 6 bel ow [err] Thi s
-value, together with the value of [err] derived 25 by Equation 5, could be

used to derive val ues which could then be output via digital to anal og
converters and fed to servos controlling the radial and rotational
velocities. A single digital to anal ogue ;1 converter could be used for
both val ues, since they 30 have the sane tinme dependence. Such an
arrangement first embodiment of the present inventiompuld have the
advant age that there are not the stepwi se variations in R but only in
its rate of changeg@R anglat hewref f egh on llhesureees ded dicpdsitive

dt 5 much I|ess severe. However, the provision of an - appropriate

conputi ng syst egleeansichbhasensimyedetice sfor ude g the embodilentpresent
i nvention therefore seeks to obtain
the present invention, Fig. 8a being a sectional view
5 and Fig. 8b being an exploded view of the disks of
Fig. 8a;

Fig. 9 is a block diagram of an electrical
circuit for proceséing the output of the sensing
device of Figs. 8a and 8b;

10 Fig. 10 shows the variation of the output V, from
the circuit of Fig. 9;

Fig. 11 shows a differentiating circuit for
generating a further output voltage from the output
circuit of Fig. 9;

15 Fig. 12 shows a servo amplifier for use in the
present invention;

Fig. 13 shows the servo system for the disk
recording system of Fig. 1; and

Fig. 14 shows a multiplying discriminator which

20 may be used in the servo system of Fig. 13.

Fig. 1 illustrates the general structure of a
disk recording system being an embodiment of the
present invention. A master disk 1 is supported on a
turntable 2 which in turn is wmounted on a shaft 3.

25 That shaft is the inner element of a turntable bearing
4 (or is an extension of the inner element). The

turntable bearing 4, which carries the turntable 2, is



the necessary rel ationships between R and [err] by analog 10 neans.
‘its nost general, the present invention proposes that signals are
generated corresponding to R and [err]; the product of these two
signals is then used to control the rotation of the turntable in
dependence

val ue.

generated, as imcantedNdhn LeBrasRBEALI HE1QTHENgms 6 :
rotation velocity [err]. The forner is preferably a voltage si gnal

on the difference between that product and a reference
A signal V[err] corresponding to the radius Ris

the latter is az2@ spppbeted yyacheegHgheyssboNal main Hehran§r equengy

si gnal
means.

si gnal

vol tage sign&l , ame otenteicakhen
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in
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The

At

15

ProRoshi 2pak o,the

and

attached to a shaft of

signal V[err] and the frequency signal may then be conbined
25 in a multipl yiligs dewlood imemt or rotaeyi hiwhibefargengs ateasd thein aubbabl e
proportional to the product R err]. Thi s product may be a

be conpared with a reference voltage

representative of the desired linear velocity. The difference
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Furthermore, a recording head 10 is mounted so as
to be located above the turntable 2 and hence above
the disk 1. 1In this embodiment, the recording head 10
is fixed, and the relative motion in the horizontal
plane of the disk 1 and recording head 10 is achieved
by rotation of the turntable 2 and movement of the
arms 6,7.

The rotation of the turntable 2, about shaft 3,
is governed by the turntable bearing 4, and the
movement of the arms 6,7 on the shaft 8 is governed by
the main bearing 9. The arms 6,7 are positioned.so
that the recording head 10 will follow an arc-shaped
path relative to the axis of the turntable bearing 4,
extending between the centre and the periphery of that
disk 1.

The rotation of the turntable 2 on the shaft 3 is
driven by a first motor 11, and the movement of the
arms 6,7 on the shaft 8 are driven by a second motor
12. In this embodiment, both motors are
electronically commutated motors with permanent -magnet
rotors; the rotors are mounted directly on the shafts
3,8 so that no separate bearings are required.

Also mounted on the shaft 3 is a slotted strobe



.9 " voltages may then be used to drive a servo anplifier, which in

turn drives a notor which rotates a turntable of the disk recording
system Thus, with the second aspect of the present 5
invention, it is possible to forma servo | oop which tends to hold the
product Rw constant and equal to the p18esired linear velocity. A
separate discrim nator circuit may al so be used to derive fromthe
frequency signathé volchadenV|Sf r Whiklly esenkahised dbyt he guewnicdy 10
Plerr], 2[ err] where P is the desired track pitch. This voltage
Vierr] may sehebrbg4conracegensor a 4vajdragatd=ruodo dmttmﬂth fwliobchhe
vol tage V[err], which represents the quantity dR 15

dt Thardléﬁaaeacwabetw&gmaﬂaannﬂazqyadﬁduurq mbtfenshipay
then drive a servo anplifier whose output causes radi al notion. Thus,

the action of tAhessecourpetso are heeg i $nsuéh s=nwe t edndstem hofdrVerr]
= V[err] and thus to
5 controlling the rotation speed of the turntable 2.

The main bearing 9 is supported by a vertical
bracket 15 which in turn is supported from the
underside of a horizontal mounting plate 16 by a
bracket 17. Mounted on the upper side of mounting

10 plate 16 is a damper unit 18 which will be described
in more detail later. Also mounted above or within
the concave-topped element 33 from a bracket 19a is a
position sensing unit 19 which will also be described
in more detail later.

15 As has previously been mentioned, the present
invention requires that the relative movement of the
head and the turntable bearing be damped. In an
embodiment where this relative motion is linear, this
may be achieved by a linear dashpot, such as shown in

20 Fig. 2.

Such a dashpot may be provided in the case where
there is linear motion, for example where a linear air
bearing is used, by the use of a piston moving in a
fluid-filled cylinder. It is important in the present

25 invention that all friction be avoided; therefore a

-+

conventional seal cannot be used to prevent leakage of
fluid around the shaft of the piston, and instead (if

the motion is to be horizontal) an arrangement



20 hoid the radial velocity dR equal to the desired

T dt val ue Plerr]. 2[ err] Preferably the disk
recording systemis used for 25 optical recording or videodi sks or audio
or data conpact di sks. An enbodi ment of the present

I nvention wll now be described in degail, by way of exanple, with

10 reference to the acconpanyi ng draw ngs, in which: Fig. 1is

a schematic Vi edo@redgbridi iecadli that S/StRIG Acchr difg Bestan g di ment
of the present i nvention; 5 Fig. 2 illustrates a |linear dashpot
whi ch may be indseporatingy psksendihgvemdare; to preventti dast3afmom 3b
illustrate a first rotary dashpot '
falling into the fluid.
Thus, Fig. 2 shows that a piston 20 is mounted in
S a container 21, which container 21 is filled with
viscous fluid 22. The piston has a bracket 23 which
extends out of the container 21 and is fixed to the
object whose movement is to be damped. The dust cover
24 is fixed to the bracket, covering the opening 25 in
10 the container through which the bracket 23 extends, to
prevent the ingress of dust.

Preferably, however, the dashpot used in the
present invention is a rotary one, and is used in
connection with a rotary air bearing, the axis of

15 which is vertical.

Fig. 3a shows the construction of a dashpot which
consists of interleaved thin annulae.

In Fig. 3a, an annular mounting 30 supports a
fixed damping element 31. The fixed damping element

20 31 surrounds a shaft 32 (which may e.g. correspond to
shaft 8 in Fig. 1 so that the dashpot corresponds to
the damper unit 18 of Fig. 1) and a moving damping
element 33 is fixed to that shaft. The fixed damping
element 31 is secured to the mounting 30 by a clamping

25 member 34, which is pressed down by springs (not
shown) .

As shown in more detail in Fig. 3b static vanes

35 are provided in the fixed damping element 31, which



whi ch may be used in the present invention, Fig. 3a bei ng a secti onal
“view and Fig. 3b being a detail of 10 the dashpot nechani sm

Figs. 4a and 4b illustrate a second rotary dashpot which nay be used in
t he present invention, Fig. 4a representing a sectional view and Fig.
4b illustrating a detail of the dashpgg nechanism 15 Fig. 5
illustrates an arrangenent using a spring for applying a the torque to

the shaft of thareaiiht’i¥leaved beathnaoivinan i Ienteelirtbe o asent

i nvention, together with a nmeans for nonitoring the rotation of

the end of the spring rdampind relemdret shaft; A 2A@scous Elgsd Gv afidl B

i1 lustrate anot her arrangenent using a spring for applying a torque to
t he shaft of thet resmditrirg dasdgratg i n the enbodi nent of the present

i nvention, together with a nmeans for nonitoring the strain on the
spring, Fig. 6a bei ngFigspetspasdi ¢b wléustzstgfamraﬂ%&rna&kyﬁwda%MQOFug 6b
being a detail ed view of part the arrangenent of Fig.

Fig. 7 shows5a P&&angseeds | BBFingr iBbRT eRTEM ConCent i< rﬁﬁlom%m%benent

of Fig. 5 or Figs 6al/6b of the
sections. Components of Fig. 4a and 4b corresponding

to those of Fig. 3a and 3b are indicated by the same

reference numerals. As can be seen from Fig. 4Db,

however, the static cylindrical sections 38 are

10 vertical, as are the moving vanes 39. Again, if this

dashpot is used in the embodiment of Fig. 1, the shaft

32 may correspond to the shaft 8 so that the dashpot
forms the damper unit 18.

The cylindrical geometry of Figs. 4a and 4b is

15 preferred because is allows freedom of adjustment of

the movable elements in a vertical direction and

because it is easier to fill the structure with fluid

without causing bubbles. Radial gaps may be left at

intervals in one set of cylindrical sections, in oxder

20 to allow the fluid to distribute itself evenly. A

very high viscosity is required to control the very

slow speeds of motion required for example in compact

disk recording, but suitable fluids are readily

obtainable, for example the fluids sold under the

25 brand name "Hyvis" by British Petroleum Ltd. and

available in a range of viscosities. In order to fill

the structure with fluid, the viscosity of the fluid

may be reduced by heating it. A further feature of



.first enmbodi ment of the present invention; Figs. 8a and 8b
illustrate a capacitive el ectrical sensing device for use in the
enbodi nent of the present invention, Fig. 8a being a sectional view 5
and Fig. 8b being an expl oded view of the disks of Fig. 8a;

Fig. 9 is a block diagramof an electricalsg circuit for processing the
out put of the sensing device of Figs. 8a and 8b; 10 Fig. 10 shows
the variation ofhéheit ot V| e6tar{yr ®Barind heéncigarijiuncafidn gwith a

Fig. 11 shows a differentiating circuit for generating a further output
vol tage from t heotatkputdashpat r agcbrdfing gco 9thi&5 embodiment 13fshdws a
servo anplifier for use in the present invention; - Fig. 13
shows t he servopsgseam f anvendidinsk is thedcondimigl sysSteagas Rig. the and
position of the movable elements may be effected by
5 raising the clamp 34 to free the entire dashpot
assembly so that the outer dashpot element 31 rotates
within its mountings 30.

The driving force to produce the relative motion

of moving and fixed parts may, as stated above, be

10 generated by a direct-drive electric motor using the
moving-coil, moving-magnet, induction or hysteresis
principles. In accordance with the principles
~expressed above the motor must not contribute any
friction to the relative motion; this is readily

15 achieved if the moving part of the motor has no
bearings of its own but is mounted direétly on the
shaft 8 of the rotary air bearing. If commutation of
the drive current is required (as in conventional
moving-coil d.c. motors) then it should be generated

20 electronically by any of a variety of known means,
rather than by mechanical switching.

Alternatively, it has been found possible to
exert the necessary torque on the moving system by
means of a spring, for example a coil spring whose

25 further end is secured, for example, to the output
shaft of a reduction gearbox, the input shaft of which
is driven by a conventional d.c motor. It is apparent

that even if the said output shaft is held in a fixed



Fig. 14 shows a multiplying discrimnator which 20 may be used in the

*servo systemof Fig. 13. Fig. 1l illustrates the genera
structure of a di sk recordi ng system bei ng an enbodi nent of the
present invention. A master disk 1 is supported on a turntabl e 2 which
inturn is nounted on a shaft 3. 25 That;shaft is the inner elenment of a
turntabl e bearing 4 (or is an extension of the inner elenent). The

turnt abl e beari 41901 chngagpi- ther11 W ADl £ Znrd hich ch
12 nount ed g%sétﬁraéket 5 %e?ﬁgby arnms 6, 7 mhiéﬁh§?;%35L7c an%ﬁ%'

supported by thgnshakioR19f a8 £BEMMEEARY NSaSes 1o the didf Bt Endeanang 4

and the main bearing 9 are, in thi s enbodi nent, rotary air bearings,
and their axes dampdre ¥EdtSBY . rotate; thusiritheisvig, ther ecaiuidigohead 10
I's mounted so as to be |l ocated above the turntable 2 and hence above

this arrangement to produce a substantially constant

S relative motion by purely passive means, and any

adjustments to the speed of relative motion can be

performed by driving the gearbox“in a relatively crude
manner.

Thus, Fig. 5 shows that the shaft 8 of the main

10 bearing 9 in Fig. 1 is connected to a spring 40, which
in turn is connected to the output shaft 41 of a
gearbox 42, which gearbox 42 connects the shaft 41 to
é motor 43. It is found advantageous to place the
motor/gearbox assembly in an inner servo loop having

15 a relatively short response time. In order to make
this possible, the shaft 41 also extends to a rotary
potentiometer 44. Thus, the output signal V, of the
potentiometer 44 corresponds to the position of the
shaft 41.

20 Figs. 6a and 6b illustrate an alternative
arrangement, in which the strain in the spring itself
is sensed in order to drive the inner servo loop.
Components which correspond to those of Fig. 5 are
indicated by the same reference numerals. In Fig. 6a,

25 the spring 45 has a flat section, and a strain gauge
46 is mounted thereon. As is shown in more detail in
Fig. 6b, the strain gauge is connected via flexible

connections 47 to an output amplifier 48, which



the disk 1. In this enbodi nent, the recording head 10 Is fixed, and
the relative nmotion in the horizontal 10 plane of the disk 1 and recording

head 10 i s achi eved by rotation of the turntable 2 and novenent of the
arnms 6, 7. The rotation of the turntable 2, about shaft 3, IS
governed by the turntable bearing 4, and 8¢ 15 novenent of the arns 6,7
on the shaft 8 is governed by the main bearing 9. The arns 6,7 are

positioned so genayafes 1 RbPYFnglEBaY YO- will fol | ow an arc- shaped
path relative to the axis of the turgtable bearing?4 ggtend'ng
between the centre a9 he petiPifer fRGF HRaT 99 sRopp referredypg

tati f the turntable 2 on t haft 3 i di by.a first not
17, “and the moveli(e o CRoTIS: demk ! BUHHe YAt BOAFbiaRi FEREY o

second mtor (i i T S8 S SUBPR Bl oy "SLfleor TWEPER pifER %S

electronically c _ not ors W nent =nagne Sthe
oL 2T IR SRS O RS L, me%ocBOct bl VPR
strobe this sensor is fed to a differential amplifier 51.
That differential amplifier 51 also feceives a control
voltage V, and generates an output 52 which drives the
gearbox motor 43. Thus this inner servo loop causes
10 the sensor output V, to follow the control voltage V.
The signal V, is generated by a further servo loop
(which will be discussed in more detail later) which 3
has a slow response, so that the position of the
gearbox output shaft, and hence the torsion in the
15 spring and hence the speed of motion of the movable
elements (namely the main air bearing rotor, the
movable part of the dashpot and the complete turntable
bearing assembly), 1is controlled by comparing an
external coﬁtrol voltage V., with a voltage V
20 representative of the speed of motion and obtained
from position sensing means for example as described
below.
Turning now to the means of sensing the position
of the movable parts, which may form the sensor unit
25 19 in Fig. 1, it 1is proposed that a capacitive
electrical sensing device is provided as in Fig. B8a
and 8b. In the arrangement illustrated, the shaft 8

of the main bearing 9 carries an insulating disk-



13 13, the rotation of which is sensed by an opti cal sensor_ 14. The

"sensor 14 generates two out puts which are square-wave signals in a
guadrature relationship. These outputs are used in a servo systemfor
5 controlling the rotation speed of the turntable 2. The main
bearing 9 is supported by a vertical bPacket 15 which in turnis
supported fromthe underside of a horizontal nounting plate 16 by a
bracket 17. MERESEDNrPREYuRfr siTRLIDf TAS@R | FRTT10Spiott ePPEN s &S danper
unit 18 which will be descri bed, in nore detail later. Also_ nounted

above or withi nSUrfacRs €8RENFLEIPGpFEF O E STt CPFUNGRS BRIt ¥ s a
posL {1 on sensi gyl Wikeh LLogl 39 bendeect  Beflyegn, HhdRr S et
_ . _ previously n 3 es
[ DYSTLOT Lo ESSLTaLS GELALR TRl d MeaponalERchatY Lfe
motion is ligea@hiEﬁi§arries on its inward-facing surface conducting
sectors (A,B) separated by narrow gaps. The number of
suchlsectors depends on thé angular range of rotation
which it is desired to sense, but in the arrangement
illustrated there are eight sectors allowing a maximum
10 movement of 45°. The rotor 60 carries on each face
four sectors 61, each subtending 45° at the centre and
equally spaced apart so that the spaces between them
also subtend 45°. The conducting sectors 61 on the
two faces of the rotof 60 are aligned together and are
15 all electrically connected to a conducting cylinder 65
and a flexible lead 64. The conducting sectors on
the two fixed plates 62,63 are aligned in opposite-
facing pairs which are electrically connected, and in
addition alternate sectors on each plate are
20 electrically connected, so that there are in all two
sets of alternate sectors (A and B) each sharing a
common electrical connection on the two fixed plates
62,63.
Alternative, but functionally equivalent methods
25 of construction will of course be apparent to those
skilled in the art, for example to form either the
fixed conducting sectors, or the moving ones, or both,

from metallic material in ways other than by forming



.may be achieved by a |linear dashpot, such as showmn in 20 Fig. 2.

Such a dashpot may be provided in the case where there is linear
notion, for exanple where a linear air bearing is used, by the use of
a piston noving in a fluid-filled cylinder. It is inportant in the
present 25 invention that all friction b&0%avoided; therefore a
conventional seal cannot be used to prevent |eakage of f|UId around

the shaft of th&hSTsOEn thenfuriaceaPl ian 1nsu¥¢&9m@tm%%e¥§a%o %%
hori zontal ) an arrange

cor respondi ng t(?atrrfa’tc‘gfa?l §°r2 ilpsde BRYing S§HHFoFat |fr?df“§h?ﬁﬁd| ng
nmeans to preven fal knto e fluid. Thus, Fig.

2 shows that a :ﬁegtlﬁr?‘ﬁf’?]%tj%%n?’e%c? eha ontai ner 21, which container
21 e 0 e e Uik ésshens
5 voltages (V, and {) are applied to the two sets of
fixed sectors. Preferably, these voltages are square
waves of amplitude for example 30 volts peak-to—peék.
As a result of capacitance between the conducting
sectors on the rotating disk 60 and the sectors on the
10 fixed plates 62,63, an alternating voltage appears on
the conducting sectors on the disk 60, of waveform
similar to that of the voltages applied to the sectors
of the fixed plates 62,63 and of magnitude and phase
depending on the azimuthal position of the said
15 conducting sectors on the rotating disk 60 in relation
to the sectors on the fixed plates 62;63. This
voltage may be buffered (and optionally amplified) by,
for example, an operational amplifier of low Qain and
high input impedance, connected by the flexible iead
20 64, and forms the input to a phase-sensitive detector
(essentially a multiplier followed by a low-pass
filter) whose reference input is the waveform applied
to one set of the fixed sectors as shown in Fig. 9.
From this phase-sensiﬁive detector a d.c. output V6,
25 1is obtained, which is representative of the
orientation () of the moving sectors relative to the

fixed sectors.

It may readily be shown that the d.c. voltage V,



obj ect whose novenent is to be danped. The dust cover 24 is fixed to
't he bracket, covering the opening 25 in 10 the contai ner through which the

bracket 23 extends, to prevent the ingress of dust.

Preferably, however, the dashpot used in the present invention is a
rotary one, and is used in connection2with a rotary air bearing, the
axis of 15 which is vertical. Fig._ 3a shows the construction of a
dashpot which 1is sphediaqitsiakly meepeEienahi #oannul ae. In Fig.
3a, an annul ar nmounting 30 supports a fixed danping el ement 31. The
fixed danping el ement 20 31-sg%Féu§@s a shaft 32 (which may e.g.
correspond to shaft 8 in Fig* frso that the dashpot corresponds to

' i g. d ' d ' t 33 .s fixed
Lo that shaf 1, TRETH xEn b g S50 SBhoHEbaT FenEFur BAPE=PhetHount | ng

_ e F5°Pne"if
hown) o8 "hovgB 1B ARk CIE SR Chel B R SN MR RSO

are provided indhgdieak damPi /g ¢RI sBLandNLAE fixed plates are

flat and parallel at all times then these capacitances

35

are in turn proportional to the areas of overlap

between the movable sectors and the respective fixed

10 sectors. If the sectors have circular inner and outer

edges, then these areas are linear functions of the

azimuthal angle 6, .and C, + C; is a constant. It can

then be seen that the d.c. wvoltage V, is a

substantially linear function of 6, except near the

15 points (6, and §) at which the rotating sectors are

aligned with one or other set of fixed sectors. Fig.

10 shows the dependence of V, on 6 for the case where

the sectors subtend 45° at the centre. Owing to its

symmetrical construction, the sensing device of Figs.

20 8a and 8b is tolerént of situations where the rotor 60

is not exactly equidistant from, or parallel to, thé
fixed blates 62,63.

Clearly this rotation sensing device may be

modified in a number of ways obvious to those skilled

25 in the art. For example, the number of sectors may be

: increased so as to subtend less than 45°; the

sensitivity, i.e. the rate of change of V, with 6, is

then increased but the linear working range (6,-9,)

becomes less.



15 are interl eaved with noving vanes 36 secured to the novi ng
'darrp'i ng elenent 33. A viscous fluid 37 fills the resulting dashpot.
Figs. 4a and 4b illustrate an alternative dashpot 5 arrangement, having
i nterl eaved concentric cylindrical sections. Conponents of Fig. 4a and
4b correspondi ng to those of Fig. 3a &% 3b are indicated by the same
ref erence nuneral s. @gﬁcan be seen from Fig. . 4b, however, the static
cylindrical sections nr Eh1go TofFAtiqny| SeRsing eMeRBSIHAA n%ﬁﬁa%ﬂq?% BQh y

| e sha

[ [ [ th nbod t
g\galrrgy l:];rﬁgls;ond’et oq‘?q?o&tﬂ%’fst[ u%te%{%]%&?rﬁ%lﬁ%lsg%‘g‘t’nom Fbggsit fe éﬁrrper
d | f FEi 4 4b i1 s
l;;ple;erlrsed because ;rts}‘%aq“%drlen 1?%2 oz%'egrﬁé%l}/ugf)ﬁél gk Se ﬁ’d%ﬁgFﬁg
el ements in a V%M@Abﬂysg%mgaagsemblgﬁg&%ﬁg;ea 131 a;;gét%f it Lhe

structure wth fluid out “causi ng
at 5 may be objected that, although the voltage V, is a

substantially linear function of 6, it is not thereby
a linear function of the distance of the recording
head from the centre of the master disk. The latter

distance may be expressed as 2R, sin (6-00) .
2

10
where R, is the radius of the motion of the turntable
bearing assembly on its swinging.arm and Go.is the
value of 6 when the recording heé.d lies over the
centre of the master disk (assuming that the system is

15 aligned so that there is such a position), and

sin (6-6%
2

is not a linear function of 4. However, a geometry

may be chosen for which the linearity is adequately

20 good for the present purpose. For example, if R, = 200

mm and it is desired to fecord compact disks with a

radius of 60 mm, then (6-6,) = 17° maximum, and at this

maximum excursion the voltage V, differs by only 0.4%

from the value linearly extrapolated from small values

25 of (6-6,). A correction for this error may be made
electronically if necessary.

In general it will be found desirable to position

the rotation sensing means such that a zero value of

V, does not correspond to zero recorded radius (i.e.



intervals in one set of cylindrical sections, in order 20 to allow the

-fluid to distribute itself evenly. A very high viscosity is required
to control the very sl ow speeds of notion required for exanple in
conpact di sk recordi ng, but suitable f|UIdS are readily obt ai nabl e,

for exanple the fluids sold under the 252Brand nanme "Hyvis" by British

Petrol eum Lt d. availaple in ran f_visco I.es n order to
fill t he sFBGdﬁﬁ%ﬁ%ﬁ?% VFEFB Hﬁﬁaﬁﬁ%%gg g?aahglﬁﬁu4fre0t Yray be
reduced by heatln A further ature

16 t he use 8? rg}af?x %a?fn S Egrﬁq%%%%hm1\mt¥91tage r%n%9§p%ashpot

according to thhﬁe%”ﬁ%%{”@%& %EP%% magprsaengbtgyﬁa&'Og%lg?¢&f%%da%

changes to the ion o novabl e €l enen

raising the cl %Ht%ép EhB8ehNer £ALA T S0 rAaSARA volt éen(q}o s tgét the

out er dashpot e enent 1 rotates withinits nmountin
5 shown in Fig. 9.

It is found experimentally that a very good
signal-to-noise ratio may be obtained with this
arrangement, and in particular thét it is possible to
obtain electronicélly a second'output voltage V; which

10 is adequately representative of the rate of change of
V, (in other words, representative of the speed of
radial motion, dR of the recording head relative to

dt
the master disk) to‘be used in a servo loop to control

15 the radial motion. The second output voltage Vg may be
obtained by a differentiating circuit as shown in Fig.
11. As discussed above in connection with V,, there is
a small radius-dependent error in &s (owing to the
geometry of the swinging arm in the embodiment of Fig

20 1),. which may be corrected electronically if
necessary.

The differentiating behaviour of this circuit is
primarily determined by C, and R. The optional
cbmponents R, and ¢ each serve to limit the high-

25 frequency response of the circuit by introducing
first-order low-pass responses with time constants R,C,
and R,C,, thus reducing the high frequency noise which

appears in the output. It has been found possible to



The driving force to produce the relative notion of noving and fi xed
-parts may, as stated above, be 10 generated by a direct-drive electric

not or using the novi ng- coi |, novi ng- magnet, induction or hysteresis
pri nci pl es. In accordance wth the principles expressed above
the notor nust not contribute any friekion to the relative notion; this

is readily 15 achieved if the noving part of the mpotor has no

bearings of itscenturt tBemsaidednfiace@f yradizhemotioghdm 8 ysted
rotary air bearing. If comyutation of .the drive current is required (as
in conventional £OY KBFOXGING | CAWRACkDt BESKSt Heh itheshBaracke Jeretat ed

20 electronical]y by.a of a.variety,of kpown neans, at her than by
mechani cal sth<d%§ﬁ£ébe%x n°thE$FE?HéFP9eF at; thega %eﬁp?%%nﬂspﬁginle to
exert the necessary ,torque on the poving system by means of a spring,
for exanple a cél Qﬂﬁié&ﬁ%ﬁd@% a2 veﬂg?ﬁé Seﬁﬁri§e§888red, for exanple,
tothe outpuy —  shafd of,acfeduetian JSachone (e d Ny shal t of ghi ch
is driven by~a conventTohal"d ¢ notor.” I't"i's apparent al even if the
sai d out put Shafémﬁ)fi?fég #5242 I:bﬁ@golling the speed of the radial

motion. The voltage Vg representative of the speed'of
radial motion is compared with a control voltage V.
representative of the desired speed, and the
10 difference (V5-V.) forms the input to an amplifier.
The output V, of this amplifier controls the speed of
radial motion, for example by contfolling the torque
applied to a rotary bearing system damped by a
dashpot, for example by a direct-drive electric motor
15 or alternatively by rotating the one end of a coil
spring whose other end is attached to the movable
element. The action of the servo system is such as to
tend to maintain V, equal to V.. The servo amplifier
shown in Fig. 12 has an integrating response, and by
20 adjusting the wvalues of the resistors r and the
capacitor C the overall fesponse time of the servo
system may be set to a suitable value, for example 5
to 10 seconds, such a value being found to be a good
compromise between a long response time causing the
25 system to be too slow in settling down and a short
response time allowing too much noise from the

rotation sensor to be impressed onto the radial

motion.



17 position, the spring will exert a torque which changes only
-slowy as the noving parts of the air bearing and danper assenbly
rotate; thus it is in the nature of this arrangenent to produce a
substantially constant 5 relative notion by purely passivé neans, and any
adjustments to the speed of relative noti@&? can be performed by driving
the gearbox in a relatively crude manner . Thus Lg. 5, shows
that the shaft 8 of t?&97n§%1sbﬁyﬁxﬁu§?ﬁf% ?¥F%$@.fﬁ?i%°%559%£%88 EBea
spring 40, which,. in turn i s connected to.the_output aft 41 of a

Goar box 42, "ahi G AR SYRERR SEhd ohatc T bed" T3 Rofdrtast

I's found advant%ggg%értgog;aﬁhéggies boggtgrﬁg&g&@p&n§ﬁﬁgﬁgyg?ie gnainner

servo | oop having are I'Vel'y Short response ti me. r to make

(0 Pone S SRR B0 ket 02 Al ohor 1P ERACIRLET 1

the positionf $N8-ate on the basis of information from the position
sensing unit 19 of Fig. 1 which has been discussed in
detail with reference to Figs. 8, 9, 10 and 11. In a
similar way, the rotation of the turntable 2 in Fig.
1 is monitored by the turntable strobe 13 and sensor
10 14, which generates a pulse train signal 102 (ideally
a square wave) representative of w and a delayed pulse
train signal 104. These signals 102,104 are both
passed to two multiplying discriminators 110,112. The
first discriminator 110 also receives the radius
15 voltage signal V; from the radius sensor 108. From Vg
and the signals 102, 104, the discriminator 110
generates a voltage V, which is proportional to Y ow.
That voltage V, is compared with a reference voltage V,
representative of the desired linear wvelocity.  The
20 comparison is carried out by a servo amplifier 110,
and this generates an output acting as the DC drive to

the motor 11 which rotates the turntable 2.
In a similar way, the second discriminator 112
receives the signals from the sensor 14, and also a
25 reference voltage 113. The discriminator 112 is used
to derive from the said pulse train a voltage V,_
proportional to w alone, which is compared with the

voltage V, which is representative of and substantially



.shaft 41. 20 Figs. 6a and 6b illustrate an alternative
arrangenent, in which the strain in the spring itself Is sensed in
order to drive the inner servo | oop. Conponents whi ch correspond to
those of Fig. 5 are indi cated by the _same reference nunerals. In Fig.
6a, 25 the spring 45 has a flat section, 2&8nd a strain gauge 46 is
mounted thereon. As is shown in nore detail in Fig. 6b, the strain
gauge i s connectEPRALF¥I&t pFR 9B - connections 47 to an output anplifier
48, which de generates an out put

18
signal V[err]. .- FI Q. 7.shows the inner servq loop referred to
above. In Fig. 7°§ Iﬁielfgggﬁ%gf OR&ME é—ﬂ%ﬁ or isté}%eo?Gb C{IIC anﬁf P’en&’tﬁ?g‘gsSZ‘_hor
the spring torq n (uf s Lgs 6a, an i s shown. a i e
output signal V g?ﬁ?’?#@ﬂ%lfa%qiﬁfg ggﬁg rofgp?gdc?%s%sd???é?%n??%?on'
anpl i fier Slg Thd@“ﬂh@'éé@{@ﬂtbfltﬁqgl%%b%%d?%é?d%)fé%ﬁ”fgss@cﬁoggro
to tend to hold V, equal to V.. If the sensitivity of
the discriminator circuit is suitably chosen in

proportion to the desired track pitch P, then V, can be

made representative of the quantity Pw, whereupon
10 27

the action of this second servo loop is such as to
hold the radial velocity dR equal to the desired value
. dt
15 27
In the arrangement of Fig. 13, suitable
adjustment of the gains and frequency responses of the
servo amplifiers 111 and 114 will normally be
necessary, in a manner known to persons skilled in the
20 art, to ensure a suitably accurate overall response
consigtent with stability. In particular the
amplifier 114 may have the characteristics discussed
above in connection with Fig. 12.
Fig. 14 illustrates a structure which may be used
25 for the discriminator 110. The ~ structure of
discfiminator 112 may be similar, with the reference
voltage 113 replacing the signal V,.
In Fig. 14, an electronic switch 101 is
controlled by the pulse train 102 from the sensor 14.
30 The switch 101 generates a voltage signal 103 which

alternates between the radius voltage V, and ground, at



vol tage Vlerr] and generates an output 52 which drives the gear box
-nmotor 43. Thus this inner servo | oop causés 10 the sensor output V[ferr] to

follow the control voltage V[err]. The signal V[err] is generated
by a further servo | oop (which will be discussed in nore detail |ater)
whi ch has a sl ow response, so that tR& position of the gear box

out put shaft, and hence the torsion in the 15 spring and hence the speed
of notion of thé&hevibeguency elfenthespidseeltraire 2 n aiThehearlwmggeot or,
t he novabl e part of the dashpot and the conplete turntable

beari ng assenbl yranssiteers oPfed by wasmgfarmeefinthe sigpgds i3 cemusel
voltage V[err] with a voltage V 20 representative of the speed of notion

and obtained = CU¥NY: pBYLERSN toefSioy HREPIR0R ERRAGIECEKs IR chP bRd

bel ow. Turning_. now to .t he neans .of sensi fthe positjon of
Che movabl e par SECRE CRLRESTPBf SHa FeBnadts uiitichs s e ontEphied by s

Flo Ba Sandih dataind aPFEREBTERt SR st Tar GFON hEgnapratabTe of
the main bear| ngLtgrocbaer.ri Th! cienlsalljsl' AU 15K 1ess than half a cycle.
The delayed strobe signal 104 may be generated by a
second optical sensor acting on the strobe disk 13,
but may alternatively be generated by electronically
10 deléying the strobe signal 102. As a result, the
delayed strobe signal 104 gates the current pulses
- arriving from the capacitor 105, that gating being
alternately between ground and. the input of an
amplifier 107. Thus, a mean voltage V, appears at the
15 output of the amplifier 107 which is proportional both
to Vi and to.the repetition rate of the strobe signal
102. Hence, V, is proportional to V.
The capacitor 115 serves to aﬁtenuate ;he
transitions in the waveform of the voltage V,, which
20 are due to the current pulses arriving from the
capacitor 105.
The discriminator 112 may be the same as that of
Fig. 14 except that in place of V; it uses a reference
voltage 113 which does not vary with radius, but which
25 may be set in proportion to the desired track pitch P
so as to obtain an output voltage representative

of Pw.
27



19 shaped rotor 60. This rotor carries on both its surfaces
- conducting sectors 61 occupying part of each surface—TFhis-rotaor is _

nount ed between insul ating pl ates 62,63 attached to '
framework, each of 5 which carries on its inward-faci nummwﬁmﬁw&m’l ng
sectors (A B) separated by narrow gaps. THS nunber of * L "
depends on the ﬁgﬂﬁ%ﬁé range of rotation which it is desired to sense,

but in the arra illustrated there are eight sectors allowi ng a

four 'sectors 61, eachPeuBFEratngOhs| SPPT T80 1AA¢ OREr cISRAtIon Shuad y
spaced apart S0 {fiah L3¢ SRaGeS HERIRRN ADSI ecordlag UBECRdefSLer .

The conducting séctors on 't he wo faces 0 are aligned

t oget her and ar ediggl eﬁ%éoﬁﬁfﬁ rig Itle%’come_gvthq%g oaafggggﬁcgi&ga¥ﬁgis?\c,i\gr

65 and a fl exi ead 647 The conducting sectors _ _
fixed plates §2,63n8rcél 898H5PoRAPAS £68- the ralidgnnNaiBplbeeManth A €
in

el ectrically connected, and
the recording head (10) relative to the turntable
axis:
characterised in that:
a second signal is generated corresponding to the

10 rate of rotation of the turntable (2},

the product of the first and second signals is
generated, and the rotation of the turntable (2) is
controlled in dependence -on the difference between
that product and a reference value.

15 2. A method accérding to claim 1, wherein the first
signal is a voltage signal and the second signal is a
frequency signal.

3. A method according to claim 1 or claim 2, wherein
the product is a voltage signal.

20 4. A method according to any one of the preceding
claims, wherein the géneration of the product of the

- first and second signals includes generation of pulses
proportional inn magnitude to the first signal and at
a frequency depending on the second signal.

25 5. A method according to claim 4 wherein at least
some of the pulses are passed to an amplifier (107)
which generates the average amplitude of those pulses,

representing the product.

_————-_———_’——‘—/___.
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addition alternate sectors on each plate are 20 electrically
- connected, so that there are in all two sets of aIteMﬂlﬁm’mn '
and B) each sharing a common el ectrical connection o "ﬂl&"”,
pl at es 62, 63. Al ternative, but functionally”eqbivaleht s = -

met hods 25 of construction will of cours@&%e apparent to those

skilled in the art, for exanple to farmeither the f.ixed congucting
sectors, or the &ovify BREECIoAGGSMEING tO {3RY, RBEaIAS it BFFEFIEAway s

ot her than by f em on

i ) . ) 0 .
the surface of %#Q{E%laWPﬁﬁeﬁBt@rﬁéqn%%ufﬁﬁfes?oq%ﬂqqcﬁﬁa?ﬁ?oragF%gthe
o1 SECLors et e o CRIONLERalgse 1L, oecone

Then equal and aﬁ% rica ages err| and
vol tages are Squindat S48 IR radisl WG BAH 9F Shnl, FrEbRHhy [ hose
peak-to-peak.g pheaq (10) relative to the turntable (2).
7. A disk recording system comprising:
| a recording head (10),
a turntable (2) for supporting a disk (1)
adjacent the recording head (10) the turntable (2)
10 being rotatable relative to the recordigg head (10);
means for moving the recording head (10) relative
to the axis of the turntable (2), and
means for generating a first signal corresponding
to the radial displacement of the recording head from
15 the turntable axis:
characterised in that:
the system further includes:
means for generating a second signal
corresponding to the rate of rotation of the
20. turntable,
means for generating the product of the first and
second signals, and
means for controlling the rotation of the
turntable in dependence on the difference between that
25 product and a reference value.
8. A disk recording system according to claim 7,
having a gate network comprising first and second

gates (101, 106) connected by a capacitor (105), the

This Sheet Has Been Replaced

i THIS SEEET HAS BEEN
5 ' REPLACED




As a result of capacitance between the conducting or ﬁ on

-rotating disk 60 and the sectors on the 10 fixed pl ate enReplaced
alternating voltage appears on t he conducting sectors ﬂl ulum
of waveform simlar to that of the voltages applied to
of the fixed plates 62,63 and of nagnltudéoand phase dependi ng on the

azi nut hal p05|t|on of the sai &Q)]r copducti ng sectors on t he rot atllégg di sk
S

60 in relation £irsto3ake se G4 he-h§ x&?‘b?%’t%%r 62({%%>)

vol tage nay be buffered (and optionally a fied) for e

oper ati onal anp& it g:\ﬁ gaid ﬁnfﬁd“ty mf)’h‘ll&ﬁsl np8¥ nf)edarﬁi%nlé‘é%‘%ect ed
by the flexible | ead 20 and. f or the | a _phasezsensitive

det ect or O@ﬁﬁﬁﬁﬁ ﬁ?y a ﬁﬁlgPSHégi %ib%ng Fﬁﬁghaggequenc¥llter)

whose ref erence It%ﬁ)%}_(tl%n%ﬁet\éa%ﬁéogg& 8' é? nal, ahd. the é&': ect%&’é‘ f'Xe_d

sectors as ShOWIP rom IS pnase- sensi

out put V[e”](SG) (21f5b6)'sbe99%; LRedngeWite pdss 5€p'1%§%'ﬁt %Idntée of’fthéQ@

orientation he nmoving sectors rel atlve to fi xed sectors.
It may readily hgyshwywn that the d.c. voltage V[err]

9. A disk recording systent according to claim 8
wherein the second gate (106) 1is adapted to be
controlled on the basis of the second signal, thereby
10 to pass pulses of one polarity only.
10. A disk recording system'according to claim 7 or
claim 16, having an amplifier (107) connected to the
second gate (106) for generating the average amplitude
of the pulses passed by the second gate.
15 11. A disk recording system according to any one of
claims 7 to 10, further including means for comparing
a signal corresponding to the radial velocity of the
head with the second signal, and for controlling the

head movement means in response to that comparison.
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21 I's substantially proportional to [err] where CJerr] and [err]C
“are the capacitances between the 5 novable sectors and one or other set of

fixed sectors respectively. |If the disk and the fixed plates are
flat and parallel at all tines then these capacitances are in turn
proportional to the areas of overlap bet ween t he novabl e sectors and

t he respective flxed 10.sectors
out er edges, SHerRth RECOR

and ([ er + §r ! I const.ant l1..C be seen
voltagew 129 SOEa MMI on of O,

angle [err],

that - t he d.c.

|f Lhe sgctors ha I\ and
2L OL mut hal

except near the 15 points ([err] é ﬁd §§s¥§MCh the rotating sectors
are aligned with one or other ors. Fig. 10 shows
t he dependence of V[err] on [err] for t F@€r Wher e the sectors
subtend 45[err] at the centre. OmMng t symmetrical construction,

the sensing dgvice of sFig@§sk recording system for disks such as

10

15

20

videodisks or compact disks has a turntable (2) on
which the disk (1) is supported adjacent a recording
head (10). A shaft (3) defining the axis of rotation
of the turntable rotates in a bearing (4) and that
bearing (4) is itself movable about an axis aefined by
another shaft (8). The bearing (9) of the shaft (8}
is an air bearing and there is a damper unit (18)'for
damping that movement. There may be a sensor (14) for
detecting the rate of rotation of the shaft (3)
defining the axis of rotation of the turntable (2).
The radial displacemeﬁt of the head (10) relative to
the axis of the turntable (2) may be determined on the
basis of rotation of the other shaft (8), and the
rotation of the turntable controlled on the basis of
the product of signals representing the radial
displacement and the rate of rotation of the shaft (3)

respectively.

FIGURE 1.



20 8a and 8b is tolerant of situations where the rotor 60 ‘1's not
exactly equidistant from or parallel to, the fixed plates 62, 63.
Clearly this rotation sensing device may be nodi fied in a nunber of
ways obvious to those skilled 25 in the art. For exanple, the nunber of
sectors may be I ncreased so as to subtend less than 45[err]; the
sensitivity, i.e. the rate of change of V[err] with [err], Is t hen

i ncreased but the linear working range ([err]-[err]) becones | ess.
22 When this rotation_sensingqu ns is applied to t he
enbodi nent of the invention shown in Fig. SO as to neasure the

azi nut hal position of the sw nging turntabl e bearing assenbly in its
arclike notion, it 5 may be objected that, although the voltage V[err] is
a substantially | rpear Yunction of [err], it is<et thereby a
i near function of the o\ of the recording LIj

=) Lt
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head fromthe centre of the master disk. The latter di stance may be
‘expressed as 2R[err] sin ([err]), 10 where Rerr] is the radius of the
notion of the turntable beari ng assenbly on its swinging armand [err]
is the value of [err] when the recording head |ies over the

centre of the master disk (assumng that the systemis 15 aligned so that
there is such a position), and sin ([err]) is not a linear
function of [err]. However, a geonetry may be chosen for which the
linearity is adequately 20 good for the present purpose. For exanple, if
Rlerr] = 200 mmand it is desired record conpact disks with a
radius of 60 mm then ([err]-[err]) = [[err] maxinum and at this

maxi mum excur sion the voltage V[err] differg;by only 0.4% fromthe
value linearly extrapol ated fromsmall valugs 25 «0f ([err]) . A
correction for this error nay be nmade gkpctroﬁ\cally i f necessary.

In general it will be found desirabl g—e PeSH+R— thg]jrotati on sensing
nmeans such that a zero val ue of . \?e}r] ddes noAhCPrrespond to zero

~r

recorded radius (i.e. ‘
~ I l

. *ﬂJa‘

FIG.2.




23 the position where the recording head lies directly over the

-axis of the turntable). A voltage V[err] which does so correspond may
be obtai ned by adding a suitably chosen fixed reference voltage
(Merr]) as 5 shown in Fig. 9. It is found experinental ly that
a very good signal -to-noise ratio-may be obtained with this
arrangenent, and in particular that it is possible to obt ain

el ectronically a second output voltage Vlerr] which 10 is adequately
representative of the rate of change of3(11 Vlerr] (in other words,

representative of the speed of radi al notion, dR of the recordi ng head
relative to . dt the master disk) to be used in a
servo loop to control ™5 the radial notion. The second out put voltage
Vlerr] may be obtalned by a differentiating circuit as shown in Fig.
11. As discussed 4 | on with Verr], there is a small
radi us- dependefit™ arxp owing to the
~—
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~geonetry of the swinging armin the enbodinent of Fig 20 1), which nmay

be <corrected electronically if necessary. The
differentiating behaviour of this circuit is primarily determ ned by
Cerr] and [err]R . The opti onal conponents Rl err] and [err] each
serve to limt the high- 25 frequency response of the circuit by

I nt roduci ng first-order | ow pass responses with tine constants
Ri[err](err] and Rerr]Cerr], tQ@ﬁgfeducing t he hi gh frequency. noi se
whi ch appears in the output. It has been found possible to

24 control the said spged of radial notion in a system . for
S -ie—RErRgr herein descri bed, notw t hstandi ng
{he order of a few m crons per second.
of a suitable servo amplifier for
notion. The voltage V[err]

recordi ng conpact
that the sai d gpegd
5 Fig. 12 sHs
controlling thg _sdee
repr esent ati vemof |tf

R o)
1N




.radial notion is conpared wwth a control voltage V[err] representative
of the desired speed, and the 10 difference (V[err]-V[err]) forns
the input to an anplifier. The output V[err] of this anplifier controls
t he speed of radi al notion, for exanple by controlling the torque
applied to a rotary bearing system danped by a dashpot, for exanple by
a direct-drive electric notor 15 or alternatively by rotating the one end
of a coil spring whose other end is attached to the novabl e ,

el ement. The action of the servo systemis such as to tend to nmaintain
Vierr] equal to V[err]. The servo anplifier shown in Fig. 12 has an
integrating response, and by 20 adjustbSpglthe values of the resistors r
and the capacitor C the overall response tinme of the servo system
may be set to a suitable value, for exanple 5 _  to 10 seconds, such a

val ue being found to be a good conprom se hetwdlen a | ong response tine
causing the 25 systemto be too slowin settlin and a short

response tine allowi ng too nmuch noise fromthe rotatéon sensor to be
i npressed onto the radial not i on.

40
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25 Fig. 13 shows a servo systemfor controlling the di sk
recording systemof Fig. 1. In Fig. 13, a radius sensor 108 generates
both a radius voltage VR and a radial velocity voltage V[err]. The
sensor 108 thus may 5 operate on the basis of information fromthe
position sensing unit 19 of Fig. 1 which has been discussed in
detail with reference to Figs. 8, 9, 10 and 11. In a simlar way, the
rotation of the turntable 2 in Fig. 1 is nonitored by the turntable
strobe 13 and sensor 10 14, which gene6éalgés a pulse train signal 102
(ideally a square wave) representagi ye of [err] and a del ayed pul se
train signal 104. These signals 102, ®4]are both passed to two
mul tiplying discrimnators 110, 112. fhe rst discrimnator 110 al so
receives the radius 15 voltage sicgnal _V[eixr] fromthe radi us sensor 108.
From V[ err] and the signals %2. =t heng Crimnator 110
generates a voltage V[err] which is pr &i onpl to [err] That
voltage V[err] -is conpared with a<£E'eb§E§§ vo|t age V[eicj '

w
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Tepresentative of the desired |inear velocity. The 20 conparison is
carried out by a servo anplifier 110, and this generates an out put
acting as the DC drive to the notor 11 which rotates the turntable 2.
In a simlar way, the second discrimnator 112 recei ves the signals
fromthe sensor 14, and also a 25 reference voltage 113. The discrim nator
112 is used to derive fromthe said pulse train a voltage V[err]
proportional to [err] alone, which is coqgared with the voltage V[err]
which is representative of and substanti‘ally . "
26° proportional to dR dt The difference
between the vol tages M-er+]—and Vierr]-drives_a _ _ _ serva, anplifier 114
whose out put causes radi al notion. 5 Thus the action of this second servo
| oop i s such as Ilto tend to holdé[err] equal to V[err]. If the
sensitivity of the discrimuaatom@défrcuit is suitably thosen in
proportion to the des:i red track E:t%d then V[err] can bé
(W E]
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‘made representative of the quantity Plerr], whereupon 10

2[err] the action of this second servo |oop is such as to hol d
the radial velocity dR equal to the desired val ue

dt Plerr] 15 2[err] In the arrangenent of Fig. 13,
sui tabl e adj ustment of the gains and frequency responses of the
servo anplifiers 111 and 114 will normally be necessary, in a manner
known to persons skilled in the 20 art, to ensure a suitably accurate
overal | response consistent with ggjpbility. . In particular the
anplifier 114 may have the characteristics di scussed above in
connection with Fig. 12. 19 Fig. 14 illuygtrates a structure which
may be used 25 for the disckimnatgr 116° The structure of

di scrimnator 112 may be g m |l af, w thythe rence 62voltage 113
repl aci ng the signal V[er$¥\ ‘Z

swwtch 101 is controly ed by th

I Fig. 14, ans/“electronic
pul se train 10 romthe sensor 14.
30 The switch 101 goreratess—a—vohtihge (ls ; al ternates

bet ween the radius vo
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27 the frequency of the pulse train 102. The vol t age transitions

of the waveform of the signal 103 cause current pulses to flow through
a capacitor 105 to a second el ectronic switch 106, which is controlled
by 5 the delayed strobe signal 104 fromthe turntable strobe.
That del ay should be less than half a cycle. The del ayed strobe signal
104 may be generated by a second optical sensor acting on the strobe
di sk 13, but may alternatively be gé&pandated by electronically 10
del ayi ng the strobe signal 102. As a result, the del ayed strobe
signal 104 gates the current pul ses arriving fromthe cagacitor 105,
t hat gating being alternately between ground and the inpat of an
amplifier 107. Thus, a nmean voltage V[err] appearssat the 16 output of the
anplifier 107 which is proportional both to VR and to the repetition
rate of the strobe signal 102. Hence, V[errF}is proportional to
V[err]. The capacitor 115 serves to attgnuate the
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transitions in the waveformof the voltage V[err], which 20 are due to the

‘current pulses arriving fromthe capaci tor 105. The

di scrim-.nator 112 nmay be the sanme as that of Fig. 14 except that in
pl ace of V[err] it uses a reference vol tage 113 which does not vary
wi th radius, but which 25 may be set in proportion to the desired track
pitch P so as to obtain an outputgghtage representative of
Plerr]. 2[ err] 28
CLAI MS: %@ M method of controlling the rotation of a turntable
(2) relative to riecordi ng head (10) in a disk recording _ system in
which a first signal is generated 5 corresponding to the radial

di spl acenent of the} recording head (10) relative to the turntable
axi s: characterised i hat :
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‘a second signal is generated corresponding to the rate of rotation

of the turntable (2), 10 a signal is generated representing the
product of the radi al displacenent and the rate of rotation of the
turntable on the basis of the first and second signal s, and the
rotation of the turntable (2) is controlled in dependence on the
di fference between that product and a 15 ref erence val ue. 2. A
met hod according to claim1, wherein Hﬂg first signal is a voltage
signal and the second signal is a /¥Hequency si gnal . 3. A
met hod according to claim1 or claim2, wherein 20 t hdiroduct is a
vol t age signal. 4. A nethod according to any one oflthe pr ecedi ng
claims, wherein the generation of the product of the firgt and
second signals includes generation of pulses pr pporviverah i n
magnitude to the first signal and at a 25 fre ndi ng on the
second signal .VR > .
REPLACEMENT SHEET 1 \{l
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6. A nmethod according to" arfy énetofsthe preceding

a signal corresponding to the radial - Melocity the head is
conpared with the second signal for controllingradial notion of |
t he recordi ng headCLADMS : relative to the turntable (2). 10 7.

A di sk recording system conpri sing:

5.

A net hod according to ciaim4 wherein at ng%c@éﬁg SHEET

enerates {th
heZpg dReee2t 5

cl ai ms, wherjei

—

D

a recording head (10),

a turntable (2) fod.suphponetibmgd @fdicoktfd)liyj adentrotation of lze thgobableg
head (10) the turntable (2) being rotatable relative to the
recordi ng head (10)2) t&lative to meamsofdingriheadg (ERe iecordiiskg reeadd{ni®)

relative to

the axis of the turntable (2), and means

for generating a fisystesj ghalwhtighr esponsii ngidral is genebrmtedadi al
di spl acenent of the recording head fromthe turntable axis: 20
characterised in tkatresponding to the radial displacement of the recording

10

15

20

25

head (10) relative to the turntable axis:

characterised in that:

a second signal is generated corresponding to the
rate of rotation of the turntable (2),

a signal is generated representing the product of
the radial displacement and'the rate of rotation of the
turntable on the basis of.the first and second signals,
and the rotation of the turntable (2) is controlled in
dependence on the difference between that product and a
reference value.

2. A method according to claim 1, wherein the first
signal is a voltage signal and the second signal is a
frequency signal.

3. A method according to claim 1 or claim 2, wherein
the product is a voltage signal.

4. A method according to any one of the preceding
claims, wherein the generation of the product of the
first and second signals includes generation of pulses
proportional in magnitude to the first signal and at a

frequency depending on the second signal.



the systemfurther ineludes: - - means for genprREPLAGEMENE SHEET

i

si gnal coarrespondi ng to the rate of rotation of }heturntable;

means tor generating o NI e e 2 efeesote e

30 rotation of the turntabl e ot the basis of thel flrst—am
second signals, and nmeans for @gentrolling the rotation of the

turntabl e i n dependence on the difference betweeRr thar product-at
5 a referencé-val fgnethod accgrding dicsiclpafof dviprsiystadmigaebradmg to
claim?7, having a gate network conprising first and second gates
(101, 106PEchhacRtetbshpre paperd ttor ap1edplifier (1030 whieh(101)
and the capacitor (105) being arranged to generate pulses 10 of a
magni t ude propor OFBRERTED thfe average siymditugrdosf tiose pulsefy equency

proportional to the second signal, and the
representing the product.

5 6. A method according to any one of the preceding
claims, wherein a signal corresponding to the radial
velocity of the head is compared with the second signal
for controlling radial motion of the recording head (10)
relative to the turntable (2).

10 7. A disk recording system comprising:

a recording head (10),

a turntable (2) for supporting a disk (1) adjacent
the recording head-(10) the turntable (2) being rotatable
relative to the recording head (16);

15 means for moving the recording head (10) relative to
the axis of the turntable (2), and

means for generating a first signal corresponding to
the radial displacement of the recording head from the
turntable axis:

20 characterised in that:

the system further includes:

means for generating a second signal corresponding
to the rate of rotation of the turntable,

means for generating a signal representing the

25 product of the radial displacement and the rate of

-



second gate (106) bei ng -arranged—+to—pass—at- | east sone of REPLACEWENT SHEET

pul ses. _ 9. A di sk according to clafm

t he second gate (106) is mﬂmﬂ"mm Eﬁlrol l ed on the é)gs‘aﬁaqfra

t he second signal, thereby {0 cpass pul ses ne pol arifty” o

10. A disk recordi ng system accordi ng to claim?7 or C| armr16; HdVI Ty
an anplifier (107) connected to the s¥cond gate (106) for generating

th it C
110 A'd ok T acor ai Sy ePeRf aE% rtaﬁre%% 2% e pite' OF BRI GRS o

further including means, for c rrpar I({;\II signal corresponding to the
radi al vel ocity ofSSK&hEAE™2 th the second signal, and for

controlling the head means ER¥ coﬂ% oqgggs rgrf% %% E? EggitééHg§yw son.

in dependence on the difference between that product and
5 a reference value. .-
8. A disk recording system according t; claim 7, having
a gate network comprising first and second gates (101,
106) connected by a capacitor (105), the first gate (101)
and the capacitor (105) being arranged to generate pulses
10 of a magnitude proportional to the first éignal and of a
frequency proportional to the second signal, and the
second gate (106) being arranged to pass at least some of
those pulses.
9. A disk recording system according to claim 8 wherein
15 the second gate (106) is adapted to be controlled on the
basis of the second signal, thereby to pass pulses of one
polarity only.
10. A disk recording‘:system according to claim 7 ox
claim 16, having an amplifier (107) connected to the
20 second gate (106) for generating the aVeragé amplitude of
the pulses passed by the second gate.
11. A disk recording system according to any one of
claims 7 to 10, further including means for comparing a
signal corresponding to the radial velocity of the head
25 with the second signal, and for controlling the head

movement means in response to that comparison.



