1 Method of manufacturing a dynam c groove bearing by neans of a

metal -renoving tool, and data storage unit _provided with such a dynanmc

- groove bearing. The invention:relates to a nmethod of manufacturing a
dynam c groove bearing with a first and a second bearing part which are

. rotatable relative to one another. by which nethod the bearing parts are
provi ded winidwesisafyger at i ng bearing surfaces and the 5 bea“ﬂ&i&ﬂﬂﬂm ;eof
the first bearing part is provided mﬁtq a groove pattern by neans Of a
met al -renoving tool. for which purpose the first bearing part is fastened
to a rotatable support of a machine tool. and the netal -renoving tool and
the first bearing part are displaced relative to one another by a
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of two dynam c groove bearings provided with spherical bearing surfaces.
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nunmber of pairs of grooves arranged.in a.V-shape, with. egual interspacings.
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10 The invention also relates to a data storage unit with an information disc

and a scanning unit for cooperation with the information disc, which information disc is

rotatably supported in a cassetie-type housing by means of two dynamic groove bearings

provided with spherical bearing surfaces. which housing has two main walls extending

paralie] to and on either side of the information dxsc while an external bearing pan of each
15 of the two dynamic groove bearings is fastened to a respective main wall.

. According to a generaliv known method of the kind menuoned in the
opening paragraph for manufacturing a2 dvnamic groove bearing. the dynamic groove bearing
is provided. for example. with a spiralling groove pattern which comprises a number of

20 spiralling grooves provided with equal interspacings, or with a herringbone groove pattern
which comprises a number of pairs of grooves arranged in a V-shape with equal
interspacings. The mctél-rcmoving tool used in the known method is a cutting ool which
carries out a number of consecutive planing operations on the first béaring part. During an
individual planing operation. the rotatable support with the first bearing parn carries out an

=3 oscillatory rotational movement and the cutting tool carries out an osciliatory transiatory
movement such that the cuning tool is repeatedly displaced relative to the first bearing part in
accordance with a path which correspondings to an individual groove. The individual grooves
of the groove pattern are thus consecutively provided in the first bearing part by the known

method. The individual grooves formed in this way in generai have 2 constant rectanguiar



25 " oscillatory rotational novenent and the cutting tool carries out an -
oscillatory transl atory novemnent such that the cutting tool is repeatedly
di splaced relative to the first bearing part in accordance with a path
whi'ch correspondings to an individual groove. The individual grooves of the

groove patte hus consecutively provided in the first bearin art by
t he known rre%c??.’%e I ndi vi dual grooves fornmed in this myﬂ%&?’gl have
~a constant rectangul ar 2 cross-section. A disadvantage of the known

met hod is that the method is tinme- consumng owing to the oscillatory
novement s %?ssfsﬁ@'%pport and the cutting tool. Said oscillatory novenents
have a conparatively hi ghdissdpintagechf thenkihowncmeshod ist thatahe miethod 5s fimequency
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- shape such as r exanple. semcircular cross-sections with great
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are avoi degtoows wan be psovidedsyiti son-constant cross-sections or cross-sections differing from a

rectangular shape such as. for example. semicircular cross-sections with great difficulty only,

or perhaps even not at ail.

15 It is an object of the invention to provide a method of the kind mentioned
in the opening paragraph with which the above disadvantages of the known method are
avoided as much as possible. o o '

| The invention is for this purpose characterized in that the support is
rotated in a constant direction. While the metal-removing tool and the first bearing part are

20 periodically displaced reiative td one another parallel to a direction transverse to the bearing
surface of the ﬁrst bearing part with a frequency which is determined by a product of a
rotation frequency of the support and a number of -grooves 1o be provided on the bearing
surface of the first bearing part. Since the suppbrt with the first bearing part is rotated in a
constant direction. the metal-removing to_ol and the first bearing part are displaced relative to

25 one another along a path which crosses the grooves of the groove 'pattem to be provided in
succession. Since the metal-removing 100l and the first bearing par are periodically displaced
relative to one another paralle! to a direction transverse to the bearing surface of the first
bearing part with a frequency which is determined by a product of the rotation frequency of
the support and 2 number of gfooves to be providéd on the bearing surface of the first

30 bearing part. the metal-removing tool carries out a short chiselling movement each time
while crossing the consecutive grooves to be provided. so that a comparatively small portion
of the consecutive grooves is préproce#sed or further deepened each time. The grooves of the
groove pattcrﬁ are thus simultaneously formed during the rotation of the support. The
pei'_iodic movement of the metal-removing tool and the first bearing pan relative to one



The invention is for this purpose characterized in that the support is
rotated in a constant direction, while the netal-renoving tool and the
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parallel to a direction transverse to the bearing surface of the first
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rotation frequency of the support and a nunber of grooves to be provided on
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position of the metal-removing tool refative to the bearing surface during a single cycle of

the periodic movement of the tool and the first bearing part relative to one another. Since the

15 change in said position can be controlled in that the positioning device is suitably controlled,

the dynamic groove bearings to be manufactured by 2 method according to the invention can

be provided with grooves having various cross-sections such as. for example. semicircular,

elliptical. or parabolic cross-sections. In addition, a dynamic groo\?e bearing to be

manufactured by a method according to the invention mﬁy be provjded with grooves having
20 non-constant cross-sections or grooves with _mufually differing cross-scctic_ins.

It is noted that the position of the tool relative to the first bearing part
during a single cycie of such a periodic movement will in general change gradually because
the driving forces exerted by the positioning device on the tqoi or on the support with .tlhe
first bearing part are of a limited value. As a result of this, the groc.wes'of the dynamic

25 groove bearings manufactured by a method according to the invention have'side walls which
extend obliquely. i.e. not perpendicularly relative to the bearing surface and which rherge
fluently, i.e. without sharp' angles. into the portions of the bearing surfabe situated between
the grooves and into the bottoms of the grooves. The cross-section of the gfooves thus' o

- manufactured accordingly differs significantly from the reciangulaf cross-section of the

30 grooves manufactured by the _knoﬂvn method described above. where a ciéér-cut. sharp.
angled transition between the bearing surface and the grooves is obtained. Such sharp, angled
transitions between the bearing surface and the grooves are characteristic of conventional
dynamic groove bearings and lead to a comparatively high pressuie in the grooves during
stationary operation and to a comparatively high supporting force of the dynamic groove



5 rotation frequency of the support with the first bearing part is

achi evable. OMng to the high rotation frequency of the support with the
first bearing part and the conparatively high freguency of the periodic
movenent of the netal -renoving tool and the first bearing part relative to
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extend obliquely. i.e. not perpendicularly relative to the bearing surface
and whi ch Wish grooves efrectanguiarccrosyrsesriontbysmeans of At pEhing pracess; alierphieh ons of
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di f f er 45si epmivéx suxfack py means pfie polishingrrjoth aThis kpewn sethof shusomprises two
different operational steps for providing the grooves and processing the portions of the
bearing surface present berween the grooves, and is accordingly time-cosisuming. The groove
bearings manufactured by this known method also exhibit the usual sharp. angled transition
between the grooves and the bearing surface.

20 A special embodiment of a method according to the invention is
characterized in that the metal-removing tool and the first bearing part are periodically
displaced relative 1o one another parallel to the direction transverse 1o the bearing surface of
the first bearing part in accordance with a sinusoidal movement. A dynamic groove bearing
is manufactured by this special embodiment of a method according to the invention which is

25 provided with grooves of a sinusoidal ICross-Scction. while aiso the portions of the bearing
surface present between the grooircs have a sinusoidal surface. The driving forces to be
exerted by the positioning device on the 100l or on the support with the first bearing pan for
manufacturing such bearing surfaces with sinusoidal grooves are minimal. so that a -
maximum frequency of the periodic movement of the tool and the first bearing part relative

30 w© one another is achievable. A maximum number of grooves is thus provided in the bearing
surface. given a cemnain rotation frequency. ' '

A further embodifnent of a method according to the invention is
characterized in that the bearing parts are provided with spherical bearing surfaces. the
metal-removing tool and the first bearing part being periodically displaced retative to one



30 grooves manufactured by the known nethod described above. where a
clear-cut. sharp. angled transition between the bearing surface and the

grooves | s obtained. Such sharp, angted transitions- bet ween—the—bearrnrg—-— °

surface and the grooves are characteristic of conventional dynam c groove
bearings and lead to a conparatively high pressure in the grooves during
stationar%,geéiﬂ&ion and to a conparatively high supporting force of the
dynamc g 8 4 bearing. Said shagp, angled transiti MMM be
achi eved by the . nethod according to the invention. It was found, however,
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the first bearing part. The direction of the mutual periodic displacement of the tool and the

first bearing part thus need not be changed during the manufacture of the dynamlc groove

15 bearing. _ _ o

A yet further embodiment of a method according to the invention is

characterized in that the metal-removing tool and the first bearing part are periodically
displaced relative to one another parallel to the direction transverse to the bearing surface of
the first bearing part by means of a laminated piezoelectric actator. Such a laminated

20 piezoelectric actuator is eminently suitable for gencmting disblacemenfs having a frequency
and amplitude which are characteristic of the mamfaémm of dynamic gro_oyé "bearin_gs by_ a
method according to the invention. The amplitude of said displacemehts is determined by the
depth of the grooves to be manufactured and is. for example. a few téns of micrometers.
while the frequency of said displacements. which is determined by the product of the rotation

=5 frequency of the support and the number of grooves to be pro\)ided on the bearixig surface 6f
the first bearing part is. for example. a few hundfed Hertz. In addition. very accurate
dispiacements are achievable by means of such a piezoelectric éctuat_or. Not onlj do the
grooves of the manufactured dynamic groove bearing have an accurate shape as a resuit of |
this. but the mutual dimensional deviations of the portions of the bearing surface present

30 berween the grooves are also comparatively small. The risk of mechanical contact between
the bearing surfaces of the bearing parts in the case of small gap heigh;s between the bearing
surfaces is reduced thereby, so that comparatively smail gap heights and accordingly a high
stiffness of the dynamic groove bearing are achievable. | |

A particular embodiment of a method accdrding to the invention is



beari ng surface present between the grooves. and is accordingly

ti me-consunm ng. The groove béarings manufactured by this known nethod al so
exhibit the usual sharp. angled transition between the grooves and the
beari ng surface. 20 A special enmbodi ment of a nmethod
according toy 3&5 ntion is characterized in that the netal-renoving tool
and the first bearing part are periodicaly displaced relati -
anot her parallel to the direction transverse to the bearing surface of the
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5 anot hgr mwefedl !l €l to a direction Wmch S obllque to an axis of rotation

of the support> In this further enbodi nent of a nethod according to the
i nvention, a dynamic gr defuthseembpiment;of 3, methed scserdins; teihe)inventionds o

bearing f OfiaPactlirizE€ i thaiPfhk MeMtbirknés afd doubled 36 ofearibuitk by Meahd 8f'a coupling bush
which is concentrically positioned relative to the line of force and which forms part of the
tool holder. while the piezoelectric actuator is bush-shaped and positioned concentrically
15 within the coupling bush. an axial position of the metal-removing tool directed paraliet to the
line of force being measured by a position sensor which is arranged inside the bush-shaped
piezoelectric actator and which detects an axial position of the tool holder directed parallel
to the line of force. The use of said coupling bush and bush-shaped piezoelectric actuator in
which the position sensor is arranged provides a particularly compact construction of the
20 positioning device. Since the positioning sensor detects the axial position of the tool holder.
moreover. a particularly accurate measurement of the axial position of the metal-removing
tool is provided which is not influenced by deformations of the piezoelectric actuator or the -
coupling bush.
' A data storage unit of the kind mentioned in the preamble is known from
25 EP-A-0 574 074. The known data storage unit has a very compact, light-weight and
convenient construction with minimum dimensions. so that the data storage unit can be
constructed in pocket size. The dynamic groove bearings used in the known data storage unit
accordingly are of minimum dimensions. To achieve a long and maintenance-free life of the
data storage unit. n is necessary for the dynamic groove bearings 1o have an accurate gap
30 height between the spherical bearing surfaces. S
The data storagc unit according to the invention is characterized in that
the dynamic groove bearings are manufacmred by a method according to the invention. Since
the dynamic groove bearings manufactured by the method according to the invention have a
high dimensional accuracy, while in addition comparatively short processing times are



of the groove bearing as well as a bearing force directed parallel to the
axis of rotation of the 5 groove bearing. In this further enbodinent. the
groove patterm s provided eitter—on—the eefvex—bearing £
bearing part of the dynam c groove bearing or on the concave bearing
surface of an outer bearing part of the dynam c groove bearing. Since the
tool and the first bearing part are periodically displaced relative to one
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bearing. A yet furth enbodi mept, of a.nethod according to the invention is
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means of a | ani nat edFif- 76 @ dizgrammatic-plan visw ofa maching e foxcamying out a
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i nvegt igp. | The anplitude of said displacenents is determ ned by the depth
of the grooves to be manufactured and is, for exanple. a few tens of

m croneters. while tFig.3adsaoross-sastion of al dyiag)ic groonve bearinguhamifacngediby er i ned
by the . e o 25 frequency of the support and the nunber
of groor@éetggntjgécggl#%ﬂ'ég%{ﬁ&{]he bearing surface of the first bearing part
is, for exanple. a fFEig. Bbstowsiatimnerbeating patt mithangrover pateachelaiging to

di spl a ar ' blea-Dy ans of such a piezoelectric actuator. Not
only dgﬁﬁ@a@%gﬁé’gg@#sﬁeéﬁgu%gtured dynam c groove bearing have an
acclfate shape as a Figs3tishobs how the groove pattern is provided in the inner bearing

er

part of Fig. 3b by a method according to the invention, o .

Fig. 3d is a cross-section of a2 number of individual grooves of the
groove pattern of the inner bearing part of Fig. 3b, _ |

Fig. 3e is a cross-section of a number of individual.gro_bves of an

20 alternative groove pattern of the inner bearing part of Fig. 3b.

Fig. 4a diagrammatically shows a data storage unit provided with two
dynamic groove bearings manufactured by a method according to the invention. and

Fig. 4b shows how a groove pattern is provided in an outer bearing part
of a dynamic groove bearing of the data storage unit of Fig. 4a by a method according to the

25 invention.

The machine tool 1 for carrying out a method according to the invention
shown in.Fig. 1 comprises a frame 3 which can be placed on a base sui'_face. The t‘raﬁle' 3
comprises a guide block 5 with a straight guide 7 extending parallel to an X-directibn. The
30 machine tool 1 comprises a first slide 9 which is displaceably guided along the guide 7 of the
guide block 5 by means of a static fluid bearing not shown in Fig. 1. The first slide 9
comprises a straight guide 11 extending paraliel to a Z-direction which is perpendicular to
the X-direction. A second slide 13 is displaceably guided along the guide 11 of the first slide
9 by means of a static fluid bearing which is also not shown in Fig. 1. A positioning device

*



thi‘'s, but the nutual dinensional deviations of the portions of the bearing
surif ace, present 30 betweén the grooves are al so conparatively snmall. The
ri sk of mechanical contact between the bearing surfaces of the bearing
parts in the case of small gap hei ghts between the bearing surfaces is
reduced t her that conparatively small gap heights and accordingly a
hi gh stlffneg}?ggfs .&ﬁe dynam c groove beargng are achievabl e. cﬂ%@?’éul ar
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bush- shapedirection via the drive rod 21 and the friction wheel 27 by means of the motor 29. The

second slide 13 is displaceable along the guide 11 of the first slide 9 by means of a drive unit
15 31, so that the positiohing device 15 with the cutting tool 17 is displaceable relative to the
first slide 9 parallel to the Z-direction. The drive unit 31 comprises a drive rod 33 which
extends parallel to the Z-direction, which is coupled to the second slide 13, and which is
guided in a housing 35 fastened to the first slide 9 by means of a number of guide wheels
37. A friction wheel 39 journalied in the housing 35 and driven by an electric motor 41
20 arranged in the'housing 35 bears with pretension on the drive rod 33. The second slide 13 is
thus displaceab)e paralle] to the Z-direction via the drive rod 33 and the friction wheel 39 by
means of the motor 41.
| As Fig. 1 further shows. the machine tool I comprises a spindle 43
which extends parallel to the Z-direction and is rotatable about an axis of rotation 45 directed
25 parallel to the Z-direction. The spindle 43 is journaled in a bearing block 47 of the frame 3
and is supported perpendiculariy to the Z-direction by means of a radial static fluid bearing
49 and is supported 'parallel to the Z-direction by means of an axial static fluid bearing 51.
- The Spindle 43 can be rotated by means of an electric motor 53 which is depicted
diagrammatically only in Fig. 1. The spindle 43 is provided with a support 57 for a _
30 workpiece to be processed bv means of the machine tool 1 adjacent an end 55 facing the
positioning dev:ce 15. The suppon 57 is. for example a three-jaw chuck which is usual and
known per se.
The poﬁitioninz device 15 of the machine tool 1 is shown in cross-section
in Fig. 2. As Fig. 2 shows, the posmomng device 15 compnses a substantiaily rotationally



pi ezoel ectric actuator and which detects an axial position of the tool

hol der directed parallel to the line of force. The use of said coupling
bush and bush-sShaped pf ezoel ectrTt—acttat er—++—whieh t he- ensor-
arranged provides a particularly conpact construction of the 20 positioning
device. Since the positioning sensor detects the axial position of the tool
hol der . mQ . a particularly accurate neasurenent of the axial position
of the neta‘?%gi‘{?vi ng tool is provided,which is not infl URCTR/ERNS6/00274
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i nvent i by means oftavocpaaltel .nandulan membeande 75, 77 dxtinding\petpendietlerte os thet 0
centerline 61 and having a common centerline which coincides with the centerline 61 of the

housing 59. The membranes 75. 77 are comparatively stiff in dirqctionS perpendicular to the
centerline 61 and are elastically deformable in a direction parallél to the centerline 61. The

i5 'membrane 75 present adjacent an end of the coupling bush 73 facing the mounting plate 69 is
formed integrally with the coupling bush 73 and is fastened to the housmg 59 by means of a
screw connection 79. The membrane 77 present adjacent the oth_ér end of the coupling bush
73 is fastened to the coupling bush 73 by means of a screw conncctidn 81 and 1o the housing
59 by means of a further screw connection 83. The screw connection 79 is also used for

20 fastening an annuiar cover plate 85 extending pcrpcndicula__rly. to the cem_eﬂine 61 to the
housing 59. An O-ring 87 is provided in an annular grooi'e 89 in an inner rim 91 of the
cover plate 85. The O-ring 87 bears with pretension on an outer rim 93 of the thounting plate
69. so that an interior space of the housing 59 is protected égain_st pollution such as, for
example. metal particles or lubricant. _ o

25 As Fig. 2 further shows, a Iaminated piezoelectric actuator 95 is
positioned inside the coupling bush 73. The piezoelectric actuator 95 is bush-shaped and
arranged concentrically with the centerline 61. The laminated piezbelectric acruator 95 _
comprises a stack of annular piezoelectric eilements 97 which are usﬁal _a_nd knbwn per se and

~ which extend perpendicularly to the centerline 61. The piczqeléc;ric actﬁator 95 is :t'astene'd

30 and clamped in between the mounting plate 69 éhc_l a rear wall 99 of the housing 59 which is |
fastened to the housing 59 by means of a screw connection 101. The piezoelectric elements
97 can be activated by means of a controllable voltage source 103 which is connected to the
piezoelectric elements 97 via an electrical connection 105. The piezoelectric elements 97
have a thickness parallel to the centerline 61 which increases upon activation of the |



the drawing, in which: Fig. 1 is a diagrammatic plan view of a machi ne tool
for, carrying out a nmethod according to the invention, Fig. 2 is a
cross-section of a positioning device of the nachine tool of 10 Fig. 1.

Fig. 3a is a cross-section of a dynam c groove bearing nmanufactured by a
met hod accor‘gb%t,g?the I nvention. Fig. 3b shows an inner ble,ari n art with
a groove pattern pelonging to the dynam gggroove bearing of EF’B' .7415_
Fig. 3c shows how the groove pattern is provided in the inner bearing part

of Fig. 3RidbeiRedieleltbnfor The RikzblleduiCadnili¢r95 sordlrgly hatch lefigth paralie! to
cross-section of a nunmber of individual grooves of the_groove pattern of
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the piezoelectric elements 97 is uniform along their circumference. The piezoelectric actuator
95 thus exerts a force on the mounting plate 69 with the cutting tool 17 upon activation of
the piezoelectric elements 97 which has a line of force coihciding with the centerline 61.
As Fig. 2 further shows. an inductive position sensor 109 which is usual
15 and known per se is positioned within the bush-shaped piezoelectric actuator 95. The position
sensor 109 is mounted in a sieeve 111 which is fastencd to the rear wall 99 of the housing
59. A distance between a rear surface 113 of the mounting plate 69 of the cutting tool 17 and
a front surface 115 of the position sensor 109 is measured by the position sensor 109, As
Fig. 2 shows. the position sensor 109 supplies an electrical signal u,z, to an electric
20 controlier 117 of the poSitioning device 15. The signal u,;, has a value which is determined
by the position measured by the position sensor 109. The electrical controller 117 is a
feedback coﬁtrolier of a kind usual and known per se which controls the voltage source 103
of the piezoelectric actuator 95 such that the poimt of operatidn 107 of the cutting tool 17 is
displaced by the piezoelectric actuator 95 into consecutive positions on the centerline 61 as
25 desired by an operator of the machine tool 1. The controller 117 is also depicted in Fig. 1
and hés an electrical input 119 for receiiring an electrical signal u;, whose value is
détermined by a deéired position of the poini of operation 107 on the centetline 61 of the
_positioning device 15. As Fig. | shows, the electrical signal uzp is supplied by an electrical
control unit 121 which can be programmed by the operator of the machine tool 1. The
30 control unit 121 has a first electrical'inpni 123 for receiving an electrical signal uyy, and a
second electrical input 125 for receiving an electrica! signal u,,. The electrical signal uyy is
supplied by an optical position sensor 127 which is usual and known per se and by which an
X-position of the first slide 9 with the p"bsitioning device 15 is measured. while the electrical
signal u_, is supplied by an angie sensof 129 which is usual and known per se and which



conprises a straight guide 11 extending parallel to a Z-direction which is
perpendi cular to the X-direction. A second slide 13 is displaceably gui ded

arong the gurde Irrof thefirst slide—$ by—neans—of a
which is also not showmn in Fig. 1. A positioning device 8 15 of the

machine tool 1 is fastened on the second slide 13. which positioning device
Is to be q§$ [l ed further bel ow and by whi ch positioning device a tool
such as, f a cutting tool ? can be displ aced PEVIRHMHRM o t he
second slide 13 |n a manner which-is also to be described further below 5
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parallel to the Z-direction. which is coupled to the secon sllde 13. and

whi ch | 8PBlirddfeian w‘&ahmwmfflﬁbf’@?@ds bga} ard knowy pexise gad whish neans of a
number @abacgrds 467 pHGRdrSof the second slide 13 with the positioning device 15. The controller

137 controls the electric motor 41 of the drive unit 31 of the second slide 13 such that the
measured Z-position of the second slide 13 is equal to the desired Z-position. In accordance

15 with a program to be put in by the user of the machine tool 1, the control unit 121
determines the signal uy as a function of _the time t which has elapsed during an operation,
the signal uz as a function of the MNd X-position, and the sighal Ugp as function of the
measured X-position and the measured angie of rotation ¢, so that uy = uy(t), uz = uz(uxy),
and uzp = ugp(ugy,u,,). In this manner a workpiece is given a basic surface by means of the

20 machine tool 1 as a result of a suitable control of the first slide 9 and the second stide 13 and
is given a structure superimposed on the basic surface which is asvmmemcal relative to the
axis of rotation 45 owing to a suitable control of the posmomng device 15 : '

The machine tool 1 is used for the manufacture of a dvnamtc zroove
bearing by a method according to the invention to be described below. Fig. 3a

25 diagrammatically shows such a dynamic groove bearing 143- in cross-section. The dynamic
groove bearing 143 has an inner b_eai‘ing part 145 which is rotatable in an outer bearing part
147. The inner bearing part 145 has a central shaft 149 with é'centerline 151. a mounting
disc 153 formed integrally with the shaft 149 and arranged concentrically with the centerlmé
151. and a bearing disc 155 which is also arranged concenmcally wnh the centerline 151 and

30 is fastened to the shaft 149. Thc centrai shaft 149 has a czrcular-cylmdncal outer wall 157 on
which a first pattern of grooves 159 and a second patiern of grooves 161 are presem axlally
spaced apart from one another The paterns of grooves 159 and 161 are both herringbone-
shapcd and each have a number of consecutive pairs of grooves 163a. 163b arranged ina V-
shape and provided at equal interspacings. The bemng disc 155 has two parallel annuiar

+



37." Afriction wheel 39 journaled in the housing 35 and driven by an
eleetric notor 41 20 arranged in the housi ng "35 bears wi th pretension on
the drive rod 33. The second slide 13 is thus displaceable parallel to the
Z-direction via the drive rod 33 and the friction wheel 39 by neans of the
motor 41. Asgh dgn further shows. the machine tool 1 conpri a spindle
43 whi ch exten b allel to the Z-direcjjon and is rotatab n axis
of rotation 45 directed 25 parallel to the Z-direction. The spindle 43 is
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ol der on
ina dlrecnon perpendxcular to the centerline 151. The outer bearing part 147 further
comprisés a chamber 183 which is bounded by an anmular, smooth bearing surface 185

15 extending perpendicularly 1o the centerline 151 and by a smooth bearing surface 187 also

extending perpendicuiarly to the centerline 151. As Fig. 3a shows. the bearing surface 187 is
provided on a closing plate 189 which is fastened to the outer bearing part 147 and closes off
the chamber 183. A bearing gap 191 is present between the bearing surface 165 of the inner
bearing part 145 and the bearing surface 185 of the outer bearing part 147. while a bearing
20 gap 193 is present between the bearing surface 167 of the inner bearing part 145 and the
bearing surface 187 of the outer bearing part 147. The patterns of grooves 173 and 169 on
the bearing disc 155 of the inner bearing part 145 in combination with the smooth bearing
surfaces 185 and 187 of the outer bearing part 147 form an axial dynamic groove bearing
195 by means of which the inner bearing part 145 is journaled relative to the outer bearing
25 part 147 in a direction parallel to the tenterline 151.

Fig. 3c shows how the bearing disc 155 of the inner bearing part 145 of
the dynamic groove bearing 143 is given the pattern of grooves 169 by the machine 1ol 1 in
accordance with a method according to the invention. The bearing disc 153 is for this
purpbse fastened to the support 57, the bearing surface 167 1o be processed extending

30 perpendicularly to the axis of rotation 45 of the spindle 43. As Fig. 3¢ shows. the centerline
61 of the positioning device 15 coincides with the axis of rotation 45 of the spindle 43 when
the positioning device 15 is in a position X = 0. The pattern of grooves 169 to be provided
on the bearing surface 167. with the individual grooves 171a. 171b. is partly indicated in
Fig. 3c by means of broken lines. In the method according to the invention. the support 57



cutting tool 17 can be fastened. As Fig. 2 shows, the tool holder 67
conprises a nounting plate 69 which extends perpend| cularly to the
cente t he—Tottimg—t ool—i7—can—be—+ astenet—by—reans—of-
a screw connection 71, and a coupling bush 73 arranged 10 concentrically
with the centerline 61. The coupling bush 73 is suspended in the housing 59

by neans aral lel. annul ar nenbranes 75, 77 extendin
per pendi CS{%%-’@O the centerline 61 gd havi ng a conmon %‘5&?@?’9‘!‘% whi ch
coincides with the centerline 61 of t housi ng 59. The nenbranes 75. 77
are co lvel.y sti Ln, dir R t he ent rline 61
and ar ?g{‘%?‘%&ﬁ? é%% %%%e‘gsd?gggtlﬁgﬂ: MI%&' ctgﬁterl I ne
61. Theexhimple, nedirertion Tridicaced ittt araaijnmdm uamgrsd Bﬁsttd:ebminglsuﬁﬁccb!ﬁh 73 .
faci ng Ihe rmuntl at 9.1 S rmadl eqr, W|th pli ng bush 73
and is fho’%t"ﬁ% 1%“@9‘: Eé’g‘? a‘a" éﬂﬁggﬁ?‘cﬁ‘l‘uﬁ"g The
;renbramgolﬁ? nr | safdab erl6‘¢pﬁanéf 1 tohie Kﬂdiﬁhnéigmbdéé&dgx%c' Sd
astened,to t upl i ng y. means, of a screw connectjon and to
o' Bocuith radion o4 Bion o Mg sl TR KB i Ao HOE: SR SO SvRog Sant 7
connect inGi\conStahSpoditiof relafve oQhe sétond Siidecy3l SHbsRGuenil Uthe 'pofi \WE bpdtaddt 8°

extendin perpend| cularly to the centerline 61 to the hou5| n? '59. An Oring

87 is ptHW® d@ﬂ%“&%ﬂﬁdﬁ ance merg displaged oves the brapng surface 1164 mlang gadius o
pl ate 8fo, Fiite ehe supPort 57 AR the Bedrihgli®!t B35k P6tad iR cOnStk dirbdRodSam thee
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conrh&cturomn_&,(lhe cdrisecupive provvesc1 71 1 Iﬁlmﬁutscames out a short chiselling movement
parallel to the Z-direction relative to the second slide 13 each time. Thus a small portion of

each individual groove 171 is processed by the cutting tool 17 whenever it passes the
relevant individual groove 171. Depending on the value of a desired depth of the grooves
171. the desired depth of the relevant portion of each individual .g_roove 171 is reached
20 already during the first passage of the cutting tool 17, or the cutting tool 17 has to be
displaced a number of times along the radius 199. during which the individual grooves 171
are made deeper each time. The cutting tool 17 is thus periodically displaced parallel to the
Z-direction relative to the bearing disc 155 to be processed by means of the positioning
device 15 with a frequency which is determined by a product of a rotation frequency of the
25 support 57 and a number of grooves 171 to be provided on the bearing _surface 167 of the |
bearing disc 155. If. for example. the rotition frequency of the support 57 in the
embodiment shown in Fig. 3c is 1.000 rpm ( 16.67 Hz). and the number of pairs of grooves
"171a. 171b is. for example. 36. the required frequenc_y.:of lthe pcriodié movement of the'
cutting tool accordingly is 17,600 Hz. The grooves 171 are simultaneously formed ina
30 comparatively short time in this manner during the rotation of thc.support 57. If the bcéring
disc 155 in the embodiment shown in Fig. 3¢ has a diameter of 30 mm. a processing time of
no more than approximately 4 minutes is required.
~ Since the smooth basic surface of the bearing surface 167 is provided in
that the cutting tool 17 is displaced by means of the first slide 9 and the second slide 13,



97 can be activated by neans of a controllable voltage source 103 which is
connected to the piezoelectric elenents 97 via an electrical connection
105. The piezoelectric elenments 97 have a thickness parallel to the
centerline 61 which increases upon activation of the 10 piezoel ectric
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i nductijge @me! Far@knherRs te HEP rovitich frégaenty ! thel Support 87 Headywo # e6mpitatively
positioned within the bush-shaped piezoelectric actuator 95. The position

sensor 109hig cHgingpeed; of the cyrdng, ol 17, sprhati good sueface quality of the-baaging YA 99
of the houMﬂgS@ﬁ gfodVes | PN Gchielel Gk fn hGHreRmEdtast thel Betrifg shrbite T8Y Wili e

plate 69 o fting tool 17 and a.front surface 115 of the position
sensor 109generalpatbe BeEessery: he position sensor 109. As

. The positioning device 15 with the laminated piezoelectric actuator 95 is
15 highly suitable for generating displacements of the cutting tool 17 with a comparatively high
frequency and a comparatively small anipliiude as described above. The displacements

generated by the piezoelectric actuator 95 are highly accurate and can be readily controlled.:
Both the bearing surface 167 and the grooves 171 as a result have an accurate shape. Since
the 100l holder'67 is fastened to the housing 59 of the positioning device 15 by means of the
20 membranes 75, 77 whose centerline coincides with the line of force of the piezoelectric
actuator 95. the fastening of the acruator 95 in a direction perpendicular to the centerline 61
. of the pbéitioning device 15 is particularly stiff. This means that the line of force of the
actuator 95 coincides with the centerline 61 of the positioning device 15 in all achievable
positions of the cutting tool 17, so thar the point of operation 107 of the cutting tool 17
25 remains accurately on the centerline 61 in spite of the occurrence of machining forces. The
‘construction of the positioning device 15 with the mutually concentrically positioned coupling
bush 73, piezOelcétric actuator 95, sieeve 111, and position sensor 109 is particularly
compact. The position of the cutting tool 17 is measured very closely to the point of
operation 107 because the position sensor 109 measures the distance between the rear surface
30 113 of the mounting plate 69 of the cutting tool 17 and the front surface 115 of the position
sensor 109. The measurement is ac(:brdingly not influenced by deformations of the
piezoelectric actuator 95 or the coupling bush 73, and as a result is particularly accurate. -
| Fig. 3d shows that the cross-section of the grooves 171 of the bearing
disc 155 manufactured by the method according to the invention has an undulating shape.



Fig. 2 shows. the position sensor 109 supplies an electrical signal [err]
to an electric 20 controller 117 of the positioning device 15. The S|gnal

[€rr] has a v term nmed—by the—pesition ne
position sensor 109. The electrical controller 117 is a feedback control I er .

of a kind usual and known per se which controls the voltage source 103 of

t he pi ezo§ %%’il’l c actuator 95 such that the point of operation 107 of the
cutting t Q196131708 < i spl aced by the phgzoel ectric act uat CTIBI60H274
consecutive p03|t|ons on the centerli 61 as 25 desired by an operator of

t he macdinhe t : ntroller .117 is SO de |cted Fi 1 and has :
an el ect Lﬁ“‘-}rfgbfg}e R‘%‘&&\‘Wﬁm%&hﬂ?‘c g’f\ﬁhose val ue
i s det elrmiwdem&yn& ﬂ:@iﬁoﬂ&ﬁ ﬂmaminmobﬂ telative 0o tie btﬁmfg)ﬁizﬁu 267 ¥4 PN t he

centerline 6 03| ti devi 15. As Fi the el ectrical
Si gnal S5l 107 BEtes roaTH {71 0% it e e

pr ogr arsifte &xid mmmroaicqnov&nehhwmﬂeh& gﬁb_vés 1'ﬂihﬁv3Qmewm§ Qbs unit 121
has a first electrical, i nput 123 for_rec an electrical gnal [err]
and 3 SHehirestopig relasive 1g, fhgbeanag susface ilg fhe, side wakls- zg%wgllgﬁ?amc[err]
The el aghringsirfasé Qﬂﬁhniﬁidlbbﬁolﬁlzwaﬁ‘ir&&#emeHﬂ&i\i wrifsfidnt 205 03 3fid' 267 127
whi ch is usual and known per se and an- X-posi tion.-of t I'rst

sl i de 9vighouhsham angles. The shapg of the @,ressmog qféb&&wem Vi detevmined by thei cal
| d k
si gna linitfie osRRdN ST4hd Yunif wkfééggsrot e Gkal apﬁc 1;%24;:.@9 nown

per se and which neasures an angl pi ndl e 43.

The corings cygle in the penidsmgvement of @p@um deol 13u 8inge thexhangerinsaidpogitiog an

| CH0 8 foupeife b i . SPATCBE S - B o Byl AP, Y, 0. 1,
el ectr mmlfasmgnhby therméthathaccerdingiodhd inveitionnwhiftehave, ﬁurrexmphngmboesaofdea red
5§ P el bl ori s i o B ey e g9 S P " o500
cont r olfumml'&ﬁxd/mme finemsrankitian 205 twrweenahe side walls 208 of thiagrocves 715 gnal
[err] 3d kﬁc beaﬂgéj tsurfac:e 167 lead to a comparatively quick pressure build-up in the bearing
15 gaps 191 and 193 between the bearing surfaces 165 and 185 and the bearing surfaces 167 and
187, respectively, of the dynamic groove bearing 143 during starting of the latter. As. a
_result, the bearing surfaces 165 and 185 and the bearing surfaces 167 and 187 become
detached from one another at a comparatively low speed already during starting of the
dynamic groove bearing 143, so that wear of the bearing surfaces 165. 167, 185. 187 owmg
20 o mechanical friction during starting is limited as. much as possible.
- Fig. 3e is a cross-section of a number of grooves 211 of an alternative
pattern of grooves 213 for the bearing disc 155 of the dynamxc groove heannz 143 shown in
Fig. 3a. This cross-section is achieved in that the cutting tool 17 is perxodlcallv d:splaced
paraliel 1o the Z-dlrecuon in a sinusoidal movement by means of the positioning device 15.
25 The bearing disc 155 in this embodinient has a bearing surface 215 with a sinuscidal cross-
section seen in circumferential direction. the grooves 211 in comliinatioh With lands 217
situated. between the grooves 211 having a sinusoidal cross-secuon Since 2 sinusoidal
movement in which no second and higher harmonic movement componems occur is the
simplest periodic movement which can be carried out by the cutting tooi 17. the driving
30 forces of the piezoelectric actuator 95 necessary for this movement of the cuttina tool 17 are
a minimum. Accordingly, a comparatively high frequency of the perlodlc movement of the
cutting tool 17 is achievable in the case of a sinusoidal movemcnt of the cutting tool 17, so
that given a certain rotation frequency of the support 57 a maxnnum number of grooves can
be provided in the bearing surface 215. Since the displacements generated bv the



signal. and which drives the electric notor 29 of the drive unit 19 of the
first slide 9 such that the nmeasured X-position of--the first slide 9 is
equal to the desired X-position. The signal [err] is supplied to a further
f eedback controller 137 which is usual and known per se and 10 which has
an el ectrical 139 for receiving an electrical signal [err]. . The
signal [err] Wé |ed by an optical pi)él tion sensor 141 $RO2TR; | a
and known per se and which neasures a Z-position of the second slide 13

o he RSl o oy Kok e SOBKER IR B hRIATC, .,
Z- posi t i orhavé mvinmily esabstainially equal Beighis. e'ﬂuahsktoftﬁdthatdn%nonahtbmwthmestd n
L the. cordtPauma i Soobedl GHEY micthes 1871 wirt el 4 ¥ TR o B BNt e « e
Eh\émlrrgg Bf?d X- sglgltsldummgggaima S ncgaps lgr]‘eamas a ?l[ﬁgs%do?(;fmt?he r?éggbu?];d
X- posi t or'gta‘ﬁ’d’&ﬂ% ifr‘@ﬂ’%ﬂfg ’ﬂﬁ‘ﬁ’ﬁ?‘h}"ron [err] so that [err] and
[err]. In this manner apigoukgb@pseam Nggumlggpmmw ﬂmstﬁgzgjn; he

20 machi ne tool 1 as result of a suitable control of the fir ide 9

and the se%%a%ﬂfﬂ'@"’l‘snéﬁe 223 igyrojatable, about an axjs of Staion; 227 RySmeans of gB hasi ¢
surface V"‘Elé“c'ihda?dﬂ%’ﬂﬁ?ﬁﬁ CPe ihfbRtioniscC22sNiE BX eaniple. P$cAdIRd hard I With t ©

a suitable control of mggosﬂmm ng devi ce 15. The machine tool 1 1s used

for the mmxgrlmoinw Anfarmaatign saw be sloredi m“@%ﬂm&mmmerrgado

gnghl 2 dyn%roovsgﬁg’g?rl ng j?e‘g I'n cr‘%s“sﬁg%ct I on. Th% c%’eoove

beari ng 1423rcomprisesi tmenamevaﬂs 233 pud 2351 exsendirigparaliel toomgtmuhet sidenf et er

Cont er i habdpmhiion GRS 4! A5k £ e e Sokeehfibelii 0f o6 M el 253, 248Vl @
and arr angwd scdcm&llstﬁmﬂlz;w\aret visiblecin &g tdar Mmt&&:tanmphrazmﬂB figfasienad 155
o LS YAV 56 B Rl 2ok b G R b 2 B
out er W&l larrahped epposite orie dnother, Seerpint the ditectibn f drvaxis dfdtasion 237 sadciel
pattern of rgvxgovsnsth jéghlcn%;lebcgnggs sGur}%acesxiﬂg EX‘I on which patterns of grooves 249, 251 are -
prov_nded. The information disc 225 is fastened to' a magnetic rotor 253 of the drive unit 229.
The rotor 253 is provided with two smooth balls 255 and 257 which together with the outer
bearing parts 241 and 243 form two dynainic groove bearings 242, 244 with which the
20 information disc 225 is journaled in the housing 223 in directions perpendicular to and
parallel to the axis of rotation 227. The drive unit 229 is further provided with two electric
coil systems 259 and 261 which are fastened to the main walls 233 and 235. As will be
explained in .morie detail below. the outer bearing parts 241. 243 of said dvnamic groove
beafings 242, 2_44 are manufactured by a method according to the invention. The data
25 storage unit 221 has a compact, light-weight and handy construction of minimum dimensions
which is highly suitable for miniaturization. The information disc 225 has a diameter. for
example, of a few centimeters, while the housing 223 has a thickness of a few millimeters.
The method according to the invention is highly suitable for manufacturing the dynamic
groove_bearings 242, 244 required in this compact data sidrage unit because highly accurate
30 displacements of the cutting tool 17 can be generated by the piezoclectric actuator 95. while -
in addition comparatively short processing times are achlevable such as are necessary for
mass manufacture of such compact data storage units.
Fig. 4b shows how the pat;em of grooves 249 is provided in the outer
bearing part 241 of the dynamic groove bearing 242 of the data storage unit 221 by a method



spaced apart from one another. The patterns of grooves 159 and 161 are both_
herringbone- shaped and each have a nunber of consecutive pairs of grooves

163a, 163b arranged—Tma V- shape—ant—9pr ovded—at—equal ihterspacings The *

bearing disc 155 has two parallel annul ar 12 bearing surfaces 165, 167
whi ch extend perpendicularly to the centerline 151. Fig. 3b shows the
beari ng s#;face 167 of the bearing disc 155 of the inner bearing part 145
in el evat WO i g 3b shows, a pat Bern of grooves 169 PCINBG/00274
herringbone-shaped, is present on t hd bearing surface 167 with a nunber of

Smotnﬁecr:utlve palr{{w: of gro?égs 7iia! 171bﬂ3 g‘t’?‘é’?ﬁ%ﬁ#’%&g{%{}é@mﬁtﬁ.v s:hape.
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bear i NsroGidsd & $he $phBNcS BEIrnBRUIREY R4S IS indidand M;% 4b/viit brokBf lifiel Ghebeari ng
part 147 and the outer wall 157 of the central aft- 149 of the inner

beaPi rRAHSHEY of grooves 248 t he pyided again SOmprisss acherringhonm BattEEn of gropyes Zﬁént ral
shaf t grfihgddints Yolnagd.| ATFigl b shdis, ikl 8F tbow o isqre&t%m

beari ng part 147 forma radial dynamc roove bear| n of whi ch

the i mmetfrmmg»lpmlbgm surfage, 24 whi ICMWM ﬂtﬁl;t cmtlenf hamdeng part
147 iy, L e ‘?@'ﬁﬂmﬁ% 5, beari ng
part 147 urta%& l%épggghﬁgbﬁfn% S oun d&g ﬂgl;e?gnnul ar.
snoot Hatide 26-’9%26728'%8@‘ mbxtatam ang 708 mmm&dyardlgtwemo theccentent er | i ne
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on a cbeasnmgamﬂdlsmd/\ima:mmmnﬁdawamedndmmmﬂ bcarhganm wrik 147 and

cl osesr f thgeélchanboéhn%%gméﬁgﬁaofo&rgmg 69 'thse ‘plr esentl P,e the

bearin
purpose displaced along the bearing surface 245 over a qumer of a circle 271 shown in Fig.

' 4b by means of suitable displacements of the first slide 9 and the second slide 13, the cuning

15 ool 17 being in a constant position relative to the second shde 13 dunng this. Subsequemly
the point of operation 107 of the cutting tool 17 is once more dlsplaced over part of the
quarter circle 271 present between the first and the second circle of latitude 265, 267 of the
bearing surface 245, during which the pattern of grooves 249 is provided in the bearing
surface 245 in a manner corresponding to that described above with reference to th. 3t:.

20 Since the bearing surface 245 is spherical and the positioning device 15 ts fastened on the
second slide 13 in a fixed position. the periodic movement of the cutting tool 17 is not
directed perpendicularly to the bearing surface 245 everywhere. As Fig. 4b shows, the
centerline 61 of the positioning device 15 encloses an angle of approximately 4S°'wi1h_1.he Z-
direction. If the working point 107 of the cutting tool 17 is on the first or second circle of

25  latitude 265, 267, the centerline 61 of the positioning device 15 encloses an angle of
approximately 25° with a perpendicular to the bearing surface 245 while the angle enclosed
by the centerline 61 and a perpendicular on the bearing surface 245 is smaller than 25° if the
working point 107 is between the circles of latitude 265, 267. Smce it is poss:ble to machine
a surface at an angle of 25° to a perpendicular to the surface by means of a usual tool. such

30 as the cutting tool 17, the entire sphcre segment of the beiring sufface 245 between the
circles of latitude 265 and 267, i.e. a comparatively large portion of the toial bearing surface
245. can be machined by the cutting tool 17 in that the positioning device 15 is arranged at a
fixed angle of approximately 45° relative td the axis of rotauon 45 of the spindlie 43. The
machine tool 1 need thus not be fitted with .an adjustable o-slide between the poSitioning



bearing part 145 and the bear.i ng surface 185 of the outer bearing part 147.
while a bearing 20 gap—183—is present between the bearing surface 167 of
the inner bearing part 145 and the bearing surface 187 of the outer bearing
part 147. The patterns of grooves 173 and 169 on the bearing disc 155 of
the inner bearin art 145 in conbination with the snmooth b i faces
185 and 187 W’I‘ﬁé‘%ﬁuter bearing part 143gform an axial dynjﬁrgﬂ%%e
bearing 195 by neans of which the inner bearing part 145 is journal ed
relative tga.k &ﬂﬂ%g h Blia2; do ﬁtﬂ@c?ﬂ'&dﬁ%ﬁ% &dsiog! - he
centerli ne&l‘)é%elsol g. g&g O\j\!gdezh%\ivf?ﬁe E)egar_i ng disc 155 of the |r?ne_ eléalri ng
part 145 ofo 4 Hirectipn aransverse co the bearing swyfage3in; i I/ isrmeant topreferaon only tgaooves

169 by the,l i | ' i 14 mﬁg AW .

i nventi on. d@%gﬁggﬁp%ﬁﬁ%seg%%g?%%ﬁp% gigse ast enedb%v%@gggﬁgbort
57, the bemuniaisp v directon Ghichentloses an acwe angle of cfotiexagpd®) at pospa0fdwithibar | y
to the gxis of rotatian 45 .0f the spindle 43. As Fig. 3c shows. the

centerl Pne Wﬂ@g‘&% “Bevi ce 15 coincides with the axis of
rotati on 45 -of the spi ngh chedsnbodintentssf the method accoydide w the ifvention discussed
position X = 0. The pajtern of grooves 169 to be praqw.ded on the bearing
surface 16300V, 3 fearing qﬁ?dhisiﬁea?ﬂngt!w&c gropye Bﬁ’fﬁ'ﬁq&’?ﬂgéﬁ"w UPEROE i n
Fig. 3c by241egNf dpantié elcdVe bbdiih- 24D with P cofbifieilaxisl aAd didisl Begridd forée @t i on.

t he support 57 13 wth the beari n%@cii sc 155 to be processed is rotated
in a const mawufagtared thy gpeans of thegnachine tool ot is noted dhatiit is AlsoMssiblgit® at ed wi t h

an arrqy 1.%1?{&&»&' %C%ﬁﬁmi ?%fgéte bdafing WAth eifemﬁua& AGAdidPeatifig FSHES by T0Rddod N

t he nethod, for. pur pose the point of operation 107 of the cutting

tool 17 i sacgpmiingatocthe invenion. Tunar pxample the;paltems of 2590yes 479 audl |¢fcmay also
< di rect | Otk bibyiifed Oh 4 Eéura sl 0% i falif dyisdg i QiBve Bedring 187 Show f FigIN?
[err] is zerd here. so at e cutting too |

3a by a method according to the invention. The machine tool 1 may be used for this, with

the positioning device 15 with the cutting tool 17 being fastened on the second slide 13 such

15 thart the centerline 61 of the positioning device 15 is perpendicuiar to the axis of rotation 45
of the spindle 43.

The bearing disc 155 of the axial dynamic groove bearing 195 mentioned
above is an inner bearing part of the groove bearing 195. while the bearing part 241
mentioned above is an outer bearing part of the dynamic groove bearing 242. It may

20 accordingly be noted that both inner and outer bearing parts of dynamic groove bearings may
be provided with patterns of grooves by a method according to the invention. It is further
noted that a method according to the invention is capable of providing not only herringbone -
patterns of grooves as mentioned above. but also grooves with, for example spiralling

| patterns.

25 It is further noted that 2 method according to the invention may be
implemented not only with the machine tool I but also with different machine toois. An
example is a machine tool in which the muwal periodic movement of the bearing part to be
manufactured and the tool is achieved by a periodic movement of the support of the bearing
part to be manufactured. Furthermore. the piezoelectric actuator 95 in the positioning device

30 15 of the cutting tool 17 may be replaced by a different acmator, for exampie. an
electromagnetic actuator with an electric coil system fastened to the housing 59 of the
positioning device 15 and a magnet fastened to the tool holder 67.

In the embodiments described above. the plane bearing surface 167 of the
bearing disc 155 and the spherical bearing surface 245 of the outer bearing part 241 are



in a constant position relative to the second slide 13. Subsequently, the
poi nt of operation 107 of the cutting tool 17 is once nore displaced over
surface— 167 al ong—raditus—199 —Stnee—the sup
bearing disc 155 is rotated in a constant direction, and the cutting tooI
17 is displaced along radius 199, the point of operation 107 of the cutting
tool 17 10 is displaced relative to the bearing disc 1.55 along a circul ar
pat h whosWOM™ gr adual Iy increases,, A portion 201 of PGEMBISREITAcy| ar
path is showm with a broken |ine |n Fﬁ 3C. where it can be seen that the
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Z- di r eokd Mawnauwmmemﬂmanmhn acﬁba emehe:imme 61 BF thedposiiBhing POT L1 ON
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of each individual groove 171 is reached 20-already during the first

passag@%ﬂ@fﬂwm toche machined i Wbﬁlpoﬁlb‘ﬁa glgs ptherii spl aced
8_nunb@fanise geffedn fife 66 e pdsitlonifl/ddvi@ 1isalné s P il o@" 0OVes
171 are nade eeper each t1ne. e cuttlng tool 17 is thus periodically

d|spla@Uﬂﬂ¥mﬂQﬂMF@bvaﬂYhbmlmﬂmﬂeutﬂwhﬁﬁelatlve to the bearing disc 155 to

e e mrned by o AE e R D nfi ool BSci BaBeBRIY S L

a nunbmett@ﬂ agearding 3o thelinvention maydbei used irodevides other than ghesdatdé stomgé Giiicof t he
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of pai umminegca:pcaauri.?dramtalibldopolygonfmms(nrﬂpm prinfers.t he required frequency
of the periodic nmovenent of the cutting tool accordingly is 17,600 Hz. The
grooves 171 are sinultaneously formed in a 30 conparatively short-tinme in
this manner during the rotation of the support 57. If the bearing



disc 155 in the enbodi mrent shown in Fig. 3c has a dianmeter of 30 nm a
processing tine of no noife ThHan approximately 4 mnutes is required. Since
the snmoot h basic surface of the bearing surface 167 is provided in that the
cutting tool 17 is displaced by neans of the first slide 9 and the second
slide 13. w&w&%e the pattern of grooves 169 is provided in that the
cutting tool | spl aced by neans of sf4he positioning deVEHIBoeM0214 1o
positioni'ng device 15 need perform a novenment of only a conparatively snall
anpl i tude Mi th is determ ned by the desired depth of the grooves 171,
for exanpl w tens of microneters. The depth of the grooves 171 being
5 conparatively small, conparatively high frequencies are achi evable for

t he periodic novenent of the cutting tool 17. Since the frequency of the
peri odi ¢ novenent of the cutting tool 17 is determ ned by the product of
the rotation frequency of the support 57 and the nunmber of grooves 171 to
be provided, the nethod according to the invention is capable of achieving
a high rotation frequency of the support 57 and accordingly a short

processi ngl. I10 time. Fuwmemwvemmmmm dyriantic groofn;bqlm gﬁuymoﬁ fitdhand a I
support 57 leads to a rativel cuttin t he, c i.ng .t oo
T7PPob. t hegee g, B SRR Are rocatpbls Aetdklvs cone ARosB By e, sl el idking

grooves 17&mwp@m¢.mwp&azx@mmmmmmbmmmrme 167

will in general not be necessary Theggo&tlonl n device 15 with the
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and a conparatively | 1tude as descri bed above. The di spl acenent s

gener at ed msmlmmomnszteell %\ﬁtﬂﬂ? firsh bearing partcase displagad friative toeneanethembly 8an be
readily C%ﬁxﬁhﬂnﬁ%cwce of the machine tool while the support is rotating, characterized in that the

support is rotated in a constant direction. while the metal-removing tool and the first bearing
part are periodically displaced relative to one another paraliel to a direction transverse to the
10 bearing surface of the first bearing part with a frequency which is determined by a product of
a rotation frequency of the support and a number of graoves to be provided on the bearing
surface of the first bearing part.
2. A method as claimed in Claim 1, characterized in that the metal-
removing tool and the first bearing part are periodically displaced relative to one another
15 parallel to the direction transverse to the bearing surface of the first bearing par in
accordance with a sinusoidal movement.
3. A method as claimed in Claim | or 2. characterized in that the bearing
parts are provided with spherical bearing surfaces. the metal-removing tool and the first
bearing pant being periodically displaced relative to one another parallel to a direction which
20 is oblique to an axis of rotation of the support.
4. A method as claiméd in Claim 1. 2 or 3. characterized in that the metal-
removing tool and the first bearing part are periodically displaced relative to one another
parallel to the direction transverse to the bearing surface of the first bearing part by means of
a laminated piezoelectric actuator.
25 5. A method as claimed in Claim 4, characterized in that the mezal-
~ removing tool is fastened to a tool holder of the positioning device. which tool holder is
fastened 10 a housing of the positioning device by means of two elastically deformable,
annular membranes which extend perpendicularly to a line of force of the piezoelectric
acmator and which have a common cemeriine which coincides with the line of force of the

L




Both the bearing surface 167 and the grooves 171 as a result have an
accurate shape. Since the tool holder 67 is fastened to the housing 59 of
The positioni ng devite 15 by neanms—of—t he—26—menbranes 75. —FF—whese——
centerline coincides with the line of force of the piezoelectric actuator
95. the fastening of the actuator 95 in a direction perpendicular to the
centerlin the positioning device 15 is particularly stiff. This
means tha?"?%%ﬂ%?ne of force of the ggtuator 95 coincide P6R0RT4
centerline 61 of the positioning deviCe 15 in all achievable positions of

t he C“#ﬁhﬂﬁm&ﬁﬂ%n&&u so that the point of operation 107 of the cutting tool
17 25 tTemal ns accurately on the centerline 61 in spite of the occurrence of

machi néng forces. Tihemethad as claimedrin dHlaimh%, ¢hawicterized inghatahé membtanes ade t he .
mut ual [ I L L.k | DSl: Ne) lectric actuator
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operation 1Q7,because the position sensqr 109 asur.es .t he di stance between
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o O hoPeS it R Pl 5 aranged toskde B ped RieAOPIeEtEiF 3FUIo8 and, PRIcR. Fi g, 3d
shows ddigtes drhaxidll positiof OF tlieQBoitoldeR diredePpasllel (d ieflideluf fBRar i Ng di sc 155
manuf agtured by the nmethod accordiong to the_inyvention has an undul ating

shape. - 15 Since #ndats SPWE“M&MWW%_%W&&@M or 95 on
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tool 17 relative to the bearing surface 167 will in 'aener I change

gr adua$assFugiiyne hoysing by apeags eleyo dyramissgreavebegrings provided withispherical during a

Z: ggl m@é g%.g&ei.t@ma?hmﬂig%m@mm walfiSexferkifig Patallef RSl 4B 444 have
of the information disc, while an external bearing part of each of the two dynamic groove
bearings is fastened to a respective main wall, characterized in that the dynamic groove

15 bearings are manufacrured by a method as claimed in Claim 3.
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5 .which are sloping relative to the bearing surface 167, while the side
maffs—Qﬁﬁ—nerge I nto—ttre—bear i ng—surface 167 —amd—TTto a botrUnrzﬁg—Uf“a———
groove 171 via fluent transitions 205 and 207 w thout sharp angles. The
shape of the cross-section of the grooves 171 is determ ned by the change
in the position of the cutting tool 17 relative to the bearing surface 167
during a SWHQF’QW@CI e in the period novenent of the cutti P¢TIBM00IE. Since
the change in said position 10 is progranmable by the user of the nachine
tool 1, dynam c groove bearing can be nanﬁbsctured by the nethod according
to the invention which have, for exanple ooves of different
Cross-sections. or grooves having cross-sections which are not constant. It
was .further found that the fluent transitions 205 between the side walls
203 of the grooves 171 and the bearing surface 167 lead to a conparatively
qui ck pressure build-up in the bearing 15 gaps 191 and 193 betmeeq_Lhe
bearing surfaces 165 and 185 and the bearing surfaces 167 and 187
respectively, of the dynam c groove bearinggl43 during starting oEEEhe
|atter. As a result, the bearing surfaces 1%5 ghd 185 and the beagiing
surfaces 167 and 187 becone getached frop P Anebher at a conparatively
nbt ggoove beariing 143, so

3 rg 20 to mechani cal
Figf 3e is a

t hat wear of the be
friction during stg
cross-section of alnunmber of grooves 211 o

shown in Fig. 3a. This cross-section is ag d
17 is periodically]displaced parallel to thqg Z-direét i n*dsi nusqgi da

novenment by meansgpf the positioning devicell5. 25 1Th ijng disdq 155 in
this enbodi ment h@gfp a bearing surface 215 wijth a si{f [ dection
- seen in circunfehtial direction, the grofes 211 1 o] iniﬁfon wilt h

| ands 217 situated] between the grooves 21Fhavi ng 4 _
cross-section. Sinfge a sinusoidal noverment iin whiclf:ingl s¢cond and hifgher

har noni ¢ novenent Conponents occuﬂ?ls the sinpl est |®Q] odli c fovenentt which
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30 forces of the piezoelectric actuator 95 necessary for this novenent of
the—etitting tool I7F—are—a m nrmem—Accor di ngty; = conpar at i very i gh
fr'equency of the periodic novenent of the cutting tool 17 is achievable in
the case of a sinusoidal novenent of the cutting tool 17, so that given a
certain rotation frequency of the support 57 a nBX|nun1nunber of grooves
can be proWQRéB1708 t he bearing surface 215. Since the di sprCRIBAEIN2E
generated by the 16 piezoelectric actuator 95 are very accurate, it is
achieved that the crests 219 of the Iangi 17 have nmutual ly substantially
equal heights. The risk of nechani cal l ct between the crests 219 and
the opposed bearing surface 187 is vergs snal I~as ard , which neans t hat
a conparatively small height of the be=g} ng geps 191 Jand J193 can be used.
so that the dynam c 5 groove beari ) ial direction
Fig. 4a shows a data storage unit Zgg?mn e [housing 223 in
which an information disc 225 is rotatabl rot &™bn 227 by
means of an electrical drive unit 229. Th 225 ¢iem, for

exanple, a so-called hard disk with a |giic layer i® whigh i mat i on
can be stored or fromwhich informatio Lead 10 by neansldi. a
scanning unit 231 which is diagrammti ¢hl|} . The casgette-type
housi ng 223 conprises two nain wall d extendi ng Jparall el to and
on either side of the information di . *our si de I'ls
I nterconnecting the two main walls eg 5 y two side jwalls 237 and
239 are visible in Fig. 4a. An oute I{n [ 241. 2 fastened to
each main wall 233, 2&b dR t he hous uter bearifhg parts 241.
243 are 15 arranged ®ppodi t ¥ i tion of the
axis of rotation 23y, r =B ANORNCR [ Sulllif aces 245,
247 on which patter Fised
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provi ded. The information disc 225 is fastened to a magnetic rotor 253 of
tHe—drvetntt—229—The—rot or 255—sprovi dedtwtiTtwosnootiTbarts 255 and
257 which together with the outer bearing parts 241 and 243 formtwo
dynam c groove bearings 242. 244 with which the O information disc 225 is
journaled in the housing 223 in directions perpendicular to and parallel to
t he axi s OWO®6BEP8 on 227. The drive unit 229 is further pPEFIBREPOWth t wo
el ectric coil systens 259 and 261 which are fastened to the nain walls 233
and 235. As will ‘be explained in nore deS?B2 bel ow. the outer bearing parts
241: 243 of said dynam c groove bearings . 244 are manufactured- by a
nmet hod according to the invention. The data 25 storage unit 221 has a
conpact. |ight-weight and handy construction of m nimum di nensions which is
highly suitable for miniaturization. The jq§prmation disc 225 has a
di ameter, for exanple, of a few centinet etlrs, whi | eqg3he housing 223 has a
t hi ckness of a few m |l i ngters throeraccordimg—tot he jBntion is
hi ghly suitable for nmanufacturing the dypam c groove beqr' gs 242, 244
required in this conpact ¢ata storage uni.t because highlly accurate 30
di spl acenents of the cuttirg—teet lif3gan |bejggneratec—y the piezoelectric
actuator 95. while i n rEpOF I FOgnaLAL LR ShOIT7PTOTESSIMg tines are
achi evabl e such as arg ncy o1’ U ﬂf

4 700

storage units. Fig. 4R,AShg

the outer bearing partf 241/01/"t h§ SLEILN N Yy 242 of the data
tS)teg;?ge unit 221 _by ? pihoe . a,s?hgr I ngy t7 !7 d , _gg Th;a oEter
Ing part 241 is fqp tp se stene EW‘ o { 3 of the
machi ne tool 1, t8l=yry“gr Ztiong32 7 | ofy he ipm‘-ﬂ, fg-ﬁsﬂart 241
coinciding with the ay s 0f/To Chpraor-Bt il ng--sitl NAT & A3—AheTHPYt er n of
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provi ded on the spherical bearing surface 245 is indicated in Fig. 4b with
brekern—t+nes. The—5—pattern of—grooves 249—tobe—provided agarm COMpri ses
a’herringbone pattern of grooves 263 arranged in a V-shape. As Fig. 4b
shows, the pattern of grooves 249 is present on a sphere segnent of the
spherical bearing surface 245 which extends between a first circle of

| atitude 2WO9BWOR second circle of latitude 267 of the sHR¢EABYMIZHeari ng
surface 245. the circles df latitude 265 and 267 |ying, for exanple, at
[err] and [err], Tespectively, relative he center 10 269 of the
spherical bearing surface 245. In the ne according to the invention,
the outer bearing part 241 is rotated in a constant direction, and the
spherical bearing surface 245 is first processed to snoot hness. The point
of operation 107 of tH@7cuttingftool 17 is for this purpose displaced al ong
t he. bearing surface ; of acircle 271 shown in Fig. 4b by
nmeans of suitable f L§5t slide 9 and the second slide
13, the cutting onstant position relative to the
second slide 13 ﬁ he point of operation 107 of the
cutting tool 17 is : L part of the quarter circle 271
present between the ki o 1 ad-MMMbkcl e of | atitude 265, 267 of the
beari ng surface 245.*vdy i :

t he bearing surfacle:?@4

esponding to that described above

bearing surface 245 is spherical

the second slide 13 in a fixed

g tool 17 is not directed

wper e. XFig. 4b shows.
0ses an angl e of

n. If the mor?L\Eafoint 107 of the
second circle of § jtude 265, 267,

hﬁg devi ce 15 encl oses an ‘angl e of
cular to the bearing surface 245, while

with reference to

and t he positioni ng-ge
position. the periqﬂL'
perpendicularly to t
the centerline 61 of
approxi mately [err] ; R
cutting tool 17 is on the f
the centerline 61 of the p
approximately [err] with a

the angl e encl osed by the centerline 61 and a perpendi cul ar on the bearing

surface 245 is smaller than [err] if tFeLEEgggEg point 107 is between the
[ Lble to machine

circles of latitude 265. 267. Since it




a surface at an angle of [err] to a perpendicular to the surface by means
of—a—usual toot—steh—36—as t he—eutting too—t7—the entiTe spheresegment
of* the bearing surface 245 between the circles of latitude 265 and 267,

i.e. a conparatively large portion of the total bearing surface 245. can be
machi ned by the cutting tool 17 in that the positioning device 15 is
arranged aWOP6E108d angl e of approximately [err] rel ative RQI/MBHEOOIIE s of
rotation 45 of the spindle 43. The nachine tool 1 need thus not be fitted
with an adjustabl-e [err]-slide between tqg osi tioning 18 device 15 and
t he- second slide 13. It is noted in this Asnection t hat the expression
"parallel to a direction transverse to the bearing surface" Qi8claim1l is
meant to refer not only to a direction perpendicular to t beari ng
surface, as in the enbodi nent of the bearing disc 155, gut also to a

direction which encl osegggamycute gyl e of, fpg ep@pl e, 231 nost [%w] Wi th
ab perpendicugcr to the _bearing syrface. In e enbod!nEnts of thé nethod
; S

according to thg i nveng pscussed above, .\\ng di 155 of R axi a
dynam c groove beari amy an outer beg 241 pf a dynpaxw

groove bearing 242 c‘ ned axial afid | Ypearing for -%
manuf act ured by nea 8_M{chi ne tooI ~tted that i yN S\@l so
central shaft 14938 & WJFig. 3a
by a net hod accor armg-te Pay-be>~uped for

possi ble to 10 )

radi al bearing fo

this, with the p05|t|on|ng deV|ce 15 with the ttlng tool 17 being
fastened on the second slide 13 such 15 that e ceFt fB.aBe 61 of the

exanpl e, the patt ér
positioning device 15 is perpendicular to the axis o n 45
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of the spindle 43. The bearing disc 155 of the axial dynam c groove bearing
195 nenti oned above—s—an i nner—bear+rg par—of—tire—groove beartmg 95—
whi | e the bearing part 241 nentioned above is an outer bearing part of the
dynam c groove bearing 242. It may 20 accordingly be noted that both inner
and outer bearing parts of dynam c groove bearings may be provided with
patterns JYOBHUGWes by a net hod according to the inventi oRCTIBISNE27S urt her
noted that a nethod according to the invention is capable of providing not
only herringbone -patterns of grooves asdg?gtioned above. but al so grooves
wi th, for exanple spiralling patterns. It is further
noted that a nethod according to the inventi em may be inplenented not only
with the machine tool 1 but also with diffeL&dt machine tools. An exanpl e
is a machine tool in which the ﬁUtuavrgagg%éC movenment of the bearing part
to be manufactured and the tool is apA dy a periodi c novenent of the
support of the bearing part to be nap @d. Furthernore, the

pi ezoel ectric actuator 95 in the pos’ﬁ iidevice 30 15 of the cutting
tool 17 may be replaced by a differeg gor, for exanple. an

el ectromagneti c actuator with an el eg ﬁl system fastened to the
housi ng 59 of the positioning device 4 magnet fastened to the too
hol der 67. In the enbodi nents descripf t he pl ane bearing surface
167 of the bearing disc 155 and the bearing surface 245 of the
outer bearing part 241 are 19 progk a nmethod according to the
invention. It is noted that bearing §

provi ded with groove patterns by a*

AN

)

of ot her shapes nmay al so be
&ging to the invention.
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An exarrpl e which may E){N me

+ONAL S CH REPORT

L1 oned 1S a conical bearing ST &PEFEY N nani ¢
gr oove, beari ng with a conbined axial and radial bearing A7 IB96/00T 4

centerli —of—te S mmmvia || gevrece—4+5—rmthrs case—shoutd—enctouse
an angl 4 Bekth 'ﬂﬁ@'%XWMWO@EK%HH‘HB’"GH“PHG“WWW%) 43 such that the

maxi mumfangre encrosed by The perfodic movenent or _the cutting tool 17 and
a perperldi cul ar on the bearing surface to be machined is as small as

possi bl 4. Angles other than [err] between the centerline 61 of the
positionli ng de)('xﬁ&h& o?'?ﬁ’anh nﬁ?ﬁgsag;n ¢ 1do?8 vézridy (1%5?&&&‘%& bhiing

obvi ouslly al so ab y
noted tHat theP vcé) ebaﬁaf' Qﬁ?)a&htfPe % #ef'ﬂ%tﬂ' c8?%| ng
to the ijnventi 650 eH’@W e l‘é

descri bed abov‘é”i?lJ E@"“&r%‘ acasdiehie &%W ﬂ@“du}hF WrsuFfé%Fd( Rg.1

wri ting jmagnet ofcth 95}58@%‘18@%&153 i§ grwided; with a pattee oft grppeesfdv3d 91) W rrors

“in |aser
manuf act
part whi
beari ng
beari ng
by neang
part is
metal -re
one anot
is rotat
diretti

peri odi d@
transver

&
pri nt@eans of a mealgmoewg tob) (l‘ffylln the method according toothie drivention, the
uri ng Srstheasng pax( biS)ds fastenedip avdtitable Support (Yofa mactineitoobéh)j ng
ch ar ewhich 3upgdre (3B liatdtated ipa eostant difection. [Thewbolo(l 7)ist peoiddicalkty
parts displaded Qelathesitonht ffirst Gemdigiparnd sb)apdralm t6 urdireetﬁﬁx Raévéseto

surfactqaeq;eahﬁ dutfadd P@ﬁl&?’)goﬂﬂﬁfet first Waﬁﬁ %éaﬁy%fpﬁttern
of a @&Yde“ 5 %{h f ?% H@t Qﬁaa['“g
‘;rg‘\sntﬁ ﬁé tﬁe %p éto OOv '}1 ftlovté ‘o
her b rg @8@0 %?%8“%8\#@5 Péomqﬁﬁteb gg gﬁﬁ? )t he support
ing, characterized in that the support is rotated in a constant

n, while the netal -renoving tool and the first bhearing part.are
ally di ﬁpl aced relative to one another par REPEKCEWSI‘EETi on

se to.the
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10 bearing surface of the first bearing part with a frequency which is
determnet—by—aproguct—of—a r otat+on—tr equency—of—the support—anmd—=amunber
of' grobves to be provided on the bearing surface of the first bearing part.
2. A method as clainmed in Claim1, characterizZgan that the
metal - renmoving tool and the first bearing part are perlodlc'fé'molsplaced
relative to onp@mnpt her 15 wqrew widLe:

bearing surface of the first bearing par
novenent INFERNATIONAL APPLICATION PUE .

char
surf 4
peri.g

<uﬁmmﬁﬂdmunnahamumhn.bear|ng
ces
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(54) Title: METHOD OF MANUFACTURING A DYNAMIC GROOVE BEARING BY MEANS OF A METAL-REMOVING TOOL,
AND DATA STORAGE UNIT PROVIDED WITH SUCH A DYNAMIC GROOVE BEARING

(57) Abstract

A method of ing a dy-
namic groove bearing (143) with a first
bearing part (155) and a second bear-
ing part (147) which are rotatable rela-
tive to one another. According to the
mﬂmiﬂnhuﬂmpuu(ﬁSlﬁD

are provided with bearing
surfaces (165, 167, 185, lS’l).mdthe
bearing surface (165, 167) of the first
bearing part (155) is provided with a
pattern of grooves (173, 169) by means
of a metal-removing tool (17). In the
method according to the invention, the
first bearing part (155) is fastened to a
rotatable support (57) of a machine tool
{1), which support (57) is rotated in a
constant direction. The tool (17) is pe-
riodically displaced relative to the first
bearing part (155) paralie! to a direction
transverse to the bearing surface (165,
167) of the first bearing part (155)
means of a positioning device (15) wi
a frequency which is determined by a
product of a rotation frequency of the
suppost (57) and a number of
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grooves
(171) 0 be provided on the bearing surface (165, 167) of the first bearing part (155).
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6. - A nmethod as clainmed in Qaimb5, characterzed in that the
menbranes—ar e coupl ed to one anot her by neans of a coupling bush which is
concentrically positioned relative to the line of force and which forms
part of the tool holder, while the piezoelectric 5 actuator is bush-shaped
and positioned concentrically wi thin the coupling bush, an axial position
of the netal -renoving tool directed parallel to the Iine of force being
nmeasured by a position sensor which is arranged inside the bush-shaped

pi ezoel ectric actuator and which detects an axial position of the tool

hol der directed parallel to the line of force. 7. A data
storage unit with an iformation disc and a scanning unit for 10

cooperation with the information disc, which information disc is rotatably
supported in a cassette-type housing by means of two dynam c groove

beari ngs provided with spherical bearing surfaces, which housing has two
main walls extending parallel to and on either side of the information
disc, while an external bearing part of each of the two dynam c groove
bearings is fastened to a respective main wall, characterized in that the
dynam ¢ groove 15 bearings are manufactured by a nmethod as clainmed in Caim
3.
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