7 \]e3eXk""6LT7< CROSS- REFERENCE TO RELATED APPLI CATI ONS The present
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1 NVENTI ON The present invention relates to a positioning deyi mmmm may
be suitable, for ex anple, for the precise novenent of a samnmmm a
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manuf acturer to be able to configure hard disks with a dense track

al l ocation in anE nanical manner, it must be possible to position the
swi vel M&%—M@ exact manner within a very short tine (seek and
settle time). 2 0 The publication "Servo Track Witing Technol ogy" (Fujitsu
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sw vel BACKGROUND INFORWMATIIN 5, 796, 542, an air bearing is used in a servo
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location in an economical manner, it must be possible to position the swivel arm of the STW

in an exact manner within a very short time (seek and settle time).

2.0 The publication "Servo Track Writing Technology” (Fujitsu Sci. Tech. J., 37,2, pages
'220 to 226) of December 2001 describes positioning devices, in which the position of the
swivel arm is scanned by a separate scanning unit. In this instance, there is considerable
expenditure involved in positioning the scanning unit relative to the swivel arm.

In U.S. Patent No. 5,796,542, an air bearing is used in a servo track writer to in-
25  crease the running smoothness ‘and to reduce the seek and settle time. Air bearings of this
kind may require a highly precise and costly manufacture and a permanent compressed air

supply.



‘I naccuracies in the positioning of a swvel armon a swveling shaft may be
due in no 15 insignificant neasure to the elasticity of the rolling

el enents of the bearing. In conventional bearings, this elasticity causes a
conparatively vibration-sensitive or oscillation-prone behavior of the
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mat eri al . SUMMARYffness of the bearing may be increased further if many
conparatively small ceramic rolling el ements are used in the roller
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| east a p@PPBdMMnunber of the roi I ing el errents made of a ceramic 2 5
material. The rotor of the swivel drive and a first part of the posrtron
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el enent s anged along a circular line, and a ratio of a length of
a Ci rcum‘@?%ﬁé'éetgf“ ?rme°(§ﬁeé[|ﬂ§? line to 3 0 the nunmber of the rolling

‘el ements., which are arranged along the circular line, may be snaller than
5 mm e.g., smal l er than 3 mMm According to an exanpl e enbodi nent of the
present invention, a positioning device includes; a swivel shaft including
one end configured to attach to an elengnt to be positioned; a swivel drive
including a rotor novable relative to a stator; a position neasurenent 3 5
device including two parts novable relative to each other; and a roller
bearing including a 3



‘plurality rolling elenents, at least a partial nunber of the rolling
el ements made of a ceramic material. The rotor of the swivel drive and a
first part of the position nmeasurenent device are connected, fixed against
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1is able to swivel about an axis Al and has a shaft end 1.1, to which a -
swi veldar m f or Imifiet pasiiopimgaddvived thdi bdaringyhaliog dbe milh@delememshnaqmsfse@anmf
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i || ust r at B¥afingriasipke may be usgc hin the swivel ,range, includes a copper
coil 2.1 surrounding a ferromagnetic core 2.2. Correspond 5ing to the
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partial circle. The w ndings he copper co are arrange
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connected, fixed against relative rotatron wrth the shaft. Arranged along the shaft, starting
from the one end of the shaft, are first the roller bearing, then one of: (a) the first part of the
position measuring device; and (b) the rotor. Mass centers of the rolling elements may be
arranged along a circular line, and a ratio of a length of a circumference of the circular line to
30 the number of the rolling elements, which are arranged along the circular line, may be
smaller than 5 mm, e.g., smaller than 3 mm.

According to an example embodiment of the present invention, a positioning device
includes: a swivel shaft including one end configured to attach to an element to be posi-
tioned; a swivel drive including a rotor movable relative to a stator; a position measurement

35 device including two parts movable relative to each other; and a roller bearing including a
3



‘or to the rotor of voice coil nmotor 2. The secondary part includes

per manent nmagnets 2.4, which are fastened on magnet supports 2.3 made of
ferromagnetic material along the partial circle line. In the operation of
15 the positi.oni nrg devi ce, the secondary part acts |ike a torque support
and does RiBRIIYARUNG glements, atieast g Rastial pyinberofdhe eiiagelemeninthadayf akerefior e
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t heret o. Posn,td.nsmaliesthandgn@ievi ce 3 thus includes a transparent phase
grating 3.1, which has the formof a segnment of a ring disk such that the
entire swvel n . be _scanpned. The.transparent phase grating 3.1 1is
connected to s rgeﬁg"ﬁierrl%ﬁveam%fnﬁ[bgsw Jﬁi’é"a[%ﬁp‘%‘@- ner such that it takes
part in the swhesdwivedeveembyg inafuds laadynchronddsptirecttiverom this is the

non- swi vel i ng i [ 3 LLion asuring .device 3. Scanni ng
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3. 23 1&s wkel80° .asg.plass thadePett ors for receiving the nodul ated |ight beans.
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grating. That + i i ng. nar ] a
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nmovenent and t¥He,d3RMg @ie}ﬁ\@?ﬁé R& BERMAES of §Q) LED 3.21, it may be designed to
be smal|l conpared to Sw veling ‘phase grating 3.1. In the operation of the
posi tioning device, the light generated by LED 3.21 first 35 passes through
condenser | ens/8 BOSItiQR dnaasHeaant Aevige may begientigwsed toaprifsameniotqstestris spant 5
ing 351, iy, ely. oRREIRIgES afliftéraehnl maasirePeht driBpleand causes a phase change
of the light waves. The |ight beans thus nodified then reach scal e segnent
3.23 in the forrhmfof t he { flection phase 8r€eti ng. There they are again
diffracted and g FeirR3es’ tBr RQihDFgRHrEeftReVice AN 1885089 RIRLATdhe mpition

ref | ect ednessdretidrtt davite thal iiphideln deest bhe bf @Y BAMSPRASS phdleOytathd sRNG) & rear ent
phase grarxlteiipfﬁ1 %_Eleﬁgag. are again diffracted and int erFere W th each ot her.
The |ight BV 450Fated in this manner then strike phot odet ect or s

| ocated in the region of LED 3.21 but not visible in the sectional view of
Figure 1. The Foftbemaspeetst andsfeatunaschérebharel moratfulyi gstabsh ibBlow ial 1B télioaag

si gnalys, j r n itably. processed further to aobtain the |ocation
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may be the case if scale segnent 3.23 would rotate in operation. Especially
n the use of ryigh 135 esd esAbidivigly bPbSokRERA] LBlioPIsdrling WBAGHAR
device 3, an optim zation of the mechanically atting conponents may be
advant ag&8Rdineint e5thg PFESE0Y IRYEIRB. gr eat est possi bl e i ncrease in preci sion
and speed of the positioning device as a whole. Located at shaft 1 within

housing 5 ar e Figuns 2104 Hetaildasw BES rollePbéaring ®0ltiistala HRAshgbearings 4 in the
exenpl ary enbodi nent illustrated, which are conbined i n?o two bearing units

eachzgavi%%m% 4. Ball bearings 4 for their part are each
made~up, ngs, of an inner ring 4.2 and an outer ring 4. 2.
Inner ring 4.2 and outer ring 4.2 are nmade of bearing steel. Furthernore,
each bal | beafFiguge 4 illustratedes psitidningdddviaesas blid usegl ial @rradtdn with sTwar achade

of ceram ¢ rial, in th emlary enbodi nent il lustrated of .Si 3N4,
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‘whi cB0i s madetdfieteel. geonetri cal center point. Wien these nass centers of
balls 4.1 are connected in ball bearing 4, a circular Iine L is forned. Due
to the extrenely small dianeter of balls 4.1, very many balls 4.1 may be
arranged or lined up along circular ling L, which may increase the
stiffness of the bearing and 30 may reduce the seek and settle tinme of the
servo track witer to a high degree. In the exenplary enbodi nent
illustrated, the dianmeter D of circular line L measures 27.7 mm so that
the circunference or the length of the circunference of circular line L
measures approximtely 87.0 mm Each ball bearing 4, as presented in the
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"R=Un=87mm 40=2. 175 nmm I n the exenplary enbodi nent illustrated, both bearing
units, each of which are nade up of two ball bearings 4 as already
descri bed above, are located conparatively far apart from each other in

housing 5. The_first -bearing unit che L unit in the Figure) is |ocated
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nmovabl e r@taﬂha/@tqr@fw@mcmltmehor2and a roller bearing including a plurality
rolling elenments, at |east a partial nunber of the rolling el enents nade of
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(a) the first part of the position measuring device rotor.
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3. The positioning device according to claim1l, wherein nass centers of the
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I ncl udes enceetker% ! osntlor(1j rrqga%Lrlrgg devnce 3 thus includes a transparent phase grating 3.1,

which has the form of a segment of a ring disk such that the entire swivel range may be
scanned. The transparent phase grating 3.1 is connected to shaft 1 in a rotatably fixed man-

25  nersuch that it takes part in the swivel movements of shaft 1.

Opposite from this is the non-swiveling scanning device 3.2 of position measuring
device 3. Scanning device 3.2 includes an LED 3.21, a condenser lens 3.22 and a scale
segment 3.23 as well as photo detectors for receiving the modulated light beams. Scale
segment 3.23 takes the form of a reflection phase grating or a step grating. That is to say

30  that reflecting marks are applied to a reflecting surface, having a height of 0.2 um in the ex-
ample illustrated. Due to the fact that scale segment 3.23 does not take part in the swivel
movement and thus may always be across from LED 3.21, it may be designed to be small
compared to swiveling phase grating 3.1.

In the operation of the positioning device, the light generated by LED 3.21 first
35 passes through condenser lens 3.22 and subsequently through the transparent phase grat-
5



‘5. fhe positioning device according to claim1, wherein the swvel drive

I ncl udes a synchronous direct drive. 8 6. The positioning device .
according to claim1, wherein the swivel shaft is swivelable by the sw vel
drive in a swivel range of less than t180. 7. The positioning device
accor di ngingo3. ¢ wiigh genarthies eliffrattae bswhvpbhmbahti claesé‘sv\a bﬁbs%)br%ngﬂ of ke Mt vel
drive in Jh t 90, 03| n evi ce
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to a stat@n a position measurenent device including two parts novable
relative to each other; and a roller bearing including a plurality rolling

el enents, at ast artlal nunmber of the rolling el enents nade of a
ceranic materi ?pec\ﬁﬁnl)éﬂb iR SR YelA Ngh-tasalution indarfemntiobpesitipnameasusing dart  of
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of the ciawhtlar [ine to the nunber of the rolling elenments, which are
arranged along the circular line, is smaller than 5 nm 9

Located at shaft 1 within housing 5 are four roller bearings, four identical ball bear-
ings 4 in the exemplary embodiment illustrated, which are combined into two bearing units
each having two ball bearings 4. Ball bearings 4 for their part are each made up, among

20 other things, of an inner ring 4.2 and an outer ring 4.2. Inner ring 4.2 and outer ring 4.2 are
made of bearing steel. Furthermore, each ball bearing 4 includes balls 4.1 as rolling ele-
ments, which are made of ceramic material, in the exemplary embodiment illustrated of
SisNg. Balls 4.1 have a diameter of only 1.588 mm (1/16 inch).

As illustrated in Figure 2, every second ball 4.1 is surrounded by a ring element 4.4.
25 In ball bearing 4, ring elements 4.4 fuffill the task of a ball cage and are made of PTFE for
minimizing friction losses. Balls 4.1 have a mass center which is at their geometrical center
point. When these mass centers of balls 4.1 are connected in ball béaring 4, a circular line L
is formed. Due to the extremely small diameter of balls 4.1, very many balls 4.1 may be ar-
ranged or lined up along circular line L, which may increase the stiffness of the bearing and
30 may reduce the seek and settle time of the servo track writer to a high degree. In the exem-
plary embediment illustrated, the diameter D of circular line L measures 27.7 mm, so that the
circumference or the length of the circumference of circular line L measures approximately
87.0 mm. Each ball bearing 4, as presented in the example, features a number n of forty
balls 4.1. Accordingly, the ratio R of the length of the circumference of the circular line L to

35  the number n of balls 4.1 is to be calculated as follows:



'14. The positioning device according to claim13, the ratio of the length
of the cir cunference of the circular line to the nunber of the rolling

el enents, which are arranged along the circular line, is snmaller than 3 nm
15. The positioning device according to claim 13, wherein the swivel drive
includes an el ectrical directRdsime.87m/4bhe2 pPSinii oni ng devi ce according
to claim 13, wherein the swivel drive includes a synchronous direct drive.
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a position measurement device including two parts movable relative to each other:

and

a roller bearing including a plurality rolling elements, at least a partial number of the
rolling elements made of a ceramic material;

wherein the rotor of the swivel drive and a first part of the position measurement de-
vice are connected, fixed against relative rotation, with the shaft: and

wherein arranged along the shaft, starting from the one end of the shaft, are first the
roller béaring, then one of: (a) the first part of the position measuring device; and (b) the ro-
tor.

2. The positioning device according to claim 1, wherein mass centers of the rolling
elements are arranged along a circular line, and a ratio of a length of a circumference of the
circular line to the number of the rolling elements, which are arranged along the circular line,
is smaller than 5 mm.

3. The positioning device according to claim 1, wherein mass centers of the rolling
elements are arranged along a circular line, and a ratio of a length of a circumference of the
circular line to the number of the rolling elements, which are arranged along the circular line,
is smaller than 3 mm.

4. The positioning device according to claim 1, wherein the swivel drive includes an
electrical direct drive.

5. The positioning device according to claim 1, wherein the swivel drive includes a
synchronous direct drive.
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two bearing rings made of a metallic material, the rolling elements arranged between the

bearing rings.

9. The positioning device according to claim 1, wherein the bearing elements are
- made of SizN,.

10.. The positioning device according to claim 1, wherein the position measurement
device is configured to perform photoelectric scanning.

11. The positioning device according to claim 1, wherein the position measurement
device is configured to perform photoelectric scanning according to an interferential meas-
urement principle.

12. The positioning device according to claim 10, wherein the first part of the position
measurement device and a second part of the position measurement device include at least
one of (a) transparent phase grating and (b) a reflection phase grating.

13. A positioning device, comprising:

a swivel shatft including one end configufed to attach to an element to be positioned;

a swivel drive including a rotor movable relative to a stator;

a position measurement device including two parts movable relative to each other,;
and , o

a roller bearing including a plurality rolling elements, at least a partial number of the
rolling elements made of a ceramic material;

wherein the rotor of the swivel drive and a first part of the position measuring device
are connected, fixed against relative rotation, with the shaft; and

wherein mass centers of the rolling elements are arranged along a circular line, a ra-
tio of a length of a circumference of the circular line to the number of the rolling elements,
which are arranged along the circular line, is smaller than 5 mm.
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17. The positioning device according' to claim 13, wherein the swivel shaft is swivel-
able by the swivel drive in a swivel range of less than +180°.

18. The positioning device according to claim 13, wherein the swivel shaft is swivel-
able by the swivel drive in a swivel range of less than +90°.

19. The positioning device according to claim 13, wherein the roller bearing includes
two bearing rings made of a metallic material, the rolling elements arranged between the
bearing rings.

20. The positioning device according to claim 13, wherein the bearing elements are
made of SizN,.

" 21. The positioning device according to claim 13, wherein the position measurement
device is configured to perform photoelectric scanning.

22. The positioning device according to claim 13, wherein the position measurement

device is configured to perform photoelectric scanning according to an interferential meas-
urement principle.

23. The positioning device according to claim 21, wherein the first part of the position

measurement device and a second part of the position measurement device include at least

one of (a) transparent phase grating and (b) a reflection phase grating.
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