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5 10 15 20 25 30 FIELD OF | NVENTI ON The present invention rel ates gener y
to disc drives, and nore particularly to a pivot cartridge assenbly with
vi bration reduction features for use in a disc drive. BACKGROUND OF THE

I NVENTI ON A di sc drive typically has ong or nore data storage discs nounted
on a spindle notor for rotation. Data is read fromor witten-to a
plurality of concentric tracks on the discs by an array of read/wite

heads. These heads arBAMPERDESIGRYOREAIVATOBEARNSGEHAFD! | abl e by an
actuator assenbly such that the heads can b ositioned at the desired
track for each read/wite acﬁ\l’WEﬁA ',@N%Q@Cﬁ‘qwes experi ence sone
vibration fromthe various noving parts or vibrations induced by

el ectronic switching. At the sarngf_'br@F NVENTRSRONse to the demand for nore
data storage capacities and shorter seel|< response tine, the discs are
configuged w th i ndrecpreisant iyvéﬁt@heglateag%erdl@n@idiiscedri\aeml anbenaret uat or ar ns

are made rel atively,ljght.t njmze seek .response ting. MUnder such
cond! 1 ons. (RGeS B Ase TR nith FERE tePlon Ik o
control of thgrass pd discalrive, becones difficult, especially in the face of
I ncreasingly high expectations of shorter seek response tine and accuracy

i n head positioning. The nmechani smthat supports the rotational notion of
the head BACKGROUND OF THE INVENTION

10 A disc drive typically has one or more data storage discs mounted
on a spindle motor for rotation. Data is read from or written-to a plurality of
concentric tracks on the discs by an array of read/write heads. These
heads are supported by actuator arms controliable by an actuator assembly
such that the heads can be positioned at the desired track for each

15 read/write activity.

All disc drives experience some vibration from the various moving
parts or vibrations induced by electronic switching. At the same time, in
response to the demand for more data storage capacities and shorter seek
response time, the discs are configured with increasingly higher track

20 densities and the actuator arms are made relatively light to minimize seek
response time. Under such conditions, the effect of vibration is magnified
and precise motion control of the actuator arms becomes difficult,
especially in the face of increasingly high expectations of shorter seek
response time and accuracy in head positioning. '

25 The mechanism that supports the rotational motion of the head
positioning actuator is the pivot cartridge assembly which is a major
component in the disc drive. The performance of the pivot cartridge
assembly is therefore critical to the overall performance of the disc drive,
affecting among other things, seek response time and resonance in the

30 actuator assembly.



positioning actuator is the pivot cartridge assenbly which is a '
conponent in the disc drive. The perfornagce of theypivot cartrng@ﬂﬂ‘zmm
assenbly is therefore critical to the overall performance of the disc
drive, affecting anobng other things, seek-2response tine and resonance in
the actuator assenbly. *28 MAR 2006 -2 One conventional nethod of
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are part of 15 @ Qﬂﬂfﬂudé%duéltdlrec@o ' BORE shaft it heverfrRIgdsTails © fidrbsy thehe | oi nt
between the pivot shaft and the inner race of t he pivot bearing or the

joint betweléh tresonanasrproblees ipfthe Rdigidi@cti®rari ng and the pivot housi ng.
It i's a challenge toy 'e?HB;S‘rtoagﬁ'f?&’WBgat S\%'tr‘éwi%%néé'k%ed% tR@Unitéd@vol ve

addi ti onal housing ne couplings and rubber Interfaces. More 20 often

than not, theseStatesRatent Isumbqu5 BaO@Vémuadelusal‘lbf@@Buiq Beckyiopileiskes or
T ot o BRRE AP e RGARAE L DSBS AEY Pl ofbsh There
will be evidentddsceibes i Bandimybhg rubbectike riaterial hasutfiwesprhiskate part of
15 a "bond joint", a "bond joint" referring to either the joint between the pivot
shaft and the inner race of the pivot bearing or the joint between the outer
race of the pivot bearing and the pivot housing.
It is a challenge to implement damping techniques that do not
involve additional housing members, couplings and rubber interfaces. More
20 often than not, these components require elaborate manufacturing
processes or additional sub-assemblies which will decrease the production
yield.
There is therefore a need for improved vibration control in a disc
drive. It will be evident from the following description that the present

25 invention offers this and other advantages over the prior art.

SUMMARY OF THE INVENTION
The present invention provides for the coupling of an upper end of
the pivot bearing shaft to the cover of the disc drive in such a manner that
30 the resonance characteristics of the pivot bearing assembly is improved in
both the axial and radial direction of the pivot bearing shaft. A damper is
located between the pivot bearing shaft and the cover such that the pivot
bearing shaft and the cover do not come into direct contact. In addition, the



25 invention offers this and other advantages over the prior arg.§

OF THE | NVENTI ON The present invention provides for the coupling of an
upper end of the pivot bearing shaft to the cover of the disc drive in
such a manner that 30 the resonance chard®eteristics of the pivot bearing
gssenbly ihsfi rrp/rA\O\éed in both the axial and radial direction of the pivot
earing shaft anp is located between the pivot bearing.shaft and the
cover such that a%&ﬁé’ﬂtﬂ}’iﬁﬁonf'ﬁéaﬁqw@%&'?Qedafﬁﬁtrt%@pv@é\%ﬁx%"EF?(S'%"HBQTE into

di rect contact. 'rﬁs%w{ﬁe'e&%t Befingshdft MRe2888 dif &%%em&r)éctly‘itrﬁ@urﬁh gur ed
and arranged for e cov to exert restraining ?orces on the pivot
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vibration in a ffemeflrive by fitting a danper between an upper 10 end of

t he pivot bearing shaft and the cover such that the da er is i rect
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cover of the di g0k CRLRL SRR AN ows an
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accordi ng to a thewsvepofedhedissddravebodi nent of t he pr esent invention. FIG 5
shows the danper of FIG 4 with a portion cut away to show

PRIV

" BRIEF DESCRIPTION OF DRAWINGS
15 FIG. 1 shows an exemplary disc drive in which the present invention
may be implemented.
FIG. 2 is a cross-section of a typical pivot cartridge assembly.
FIG. 3 is a cross-section of another conventional pivot cartridge
assembly with a damper.
20 FIG. 4 is a cross-section of a pivot cartridge assembly according to a
most preferred embodiment of the present invention.
FIG. 5 shows the damper of FIG. 4 with a portion cut away to show
the profile.
FIG. 6 shows an alternative embodiment of the present invention.

25 FIG. 7 shows a damper of FIG. 6.

DETAILED DESCRIPTION
Preferred embodiments of the invention are described below with
reference to the drawings. FIG. 1 shows an exemplary disc drive 10 in
30  which the present invention may be implemented. One or more discs 12
are rotatably mounted to a spindle motor 14. Data is written to or read from
the discs by heads 16 which are supported by suspensions 18 which are in
turn attached to actuator arms 20 of an actuator body 22. The actuator



the profile. FIG 6 shows an alternative enbodi nent of the present

i nvention. 25 FIG 7 shows a danper of FIG 6. DETAILED DESCRI PPI§WMAR 7006
Preferred enbodi nents of the invention are described below with Treference
to the drawings. FIG 1 shows an exenpl ary-disc drive 10 in 30 which the
present invention nmay be inplenented. One or nore discs 12 are rotatably
nmounted to a spindle notor 14. Data is witten to or read from the discs
by heﬁdfi 16 whistiowarie of thgplype &dowp asissipéary iastuatarganghinglidgs 8 voite ¢ailr n
attached to actuat . t . t or 28 MAR
2006 -4 shown irﬁ@tg? 5??@%@%&'@@%"%%? rrg{aé'ggq%%% étg? @%gag'ﬁﬁ%ﬂ udes a

voi ce coil notamtuadldr hady is mparabingonreetddiocepivbbeartrmgatassgmbhe2@ehicht or

body. The actuator ,body .is erably, connected, to a pivot cartridge
nosabl y. 26 whidive o1 BRRoRaf PR R ¥ SRS ne PeAeE HE brhPteEe heads
can be cont ol Irabled to the\dedirédtrbiclodatorised thasacd8 amd atcooars30 prdviadeear28 and a

cover 30 provide an enclosure for housing these and of her c¢o nents,
protecting thernclasufe @tﬁt"QPﬁég_é’PﬁﬁerMhﬁ Fomﬂ@ﬁ‘%ﬁc%ef%?*ﬂ%ﬁlfﬁ Omnsi
provides a pl atdfide ERVirorFReHtAI iﬂﬂubérf&%s."?ﬁé BYSe SREROABES a phitforinlfgst rated in

FIG 2, the pivot cartridge assenbly 26 in the disc 10 drive 10 typically

conpri ses t hr egnortitingdberyenieys eomeonenidt bearing shaft 32, a pivot bearing
hous| ng 34 and bear \igh sidted A B, YOl IARI g bhseribly TBIRNRL dlse the base
I'tS nd. I N t

of the disc drive a l"ower e ner races o e bearings are
| ocat ed al dfg tdniee [16rtgpibaltf cdrherigeis\tbteelvaini cognsinents: aThieot beariag shattes of

P 2o, 1B, ST B bl bk a0 o 5L it Bl AEEE, S, Lo
?L g(r:]te ug; or ar mﬁﬁed e thet AR c:mméi 0o idiveat as rca\;%r@nﬁ. TRadingriraceshefads 16.
32 {5 secur d 165 bpE TSR ISERIBH 21906 thE WGt PUBS RO PORTESER e The
outer races of the bearings are attached to the pivot bearing housing.
15  Attached to the pivot bearing housing is the actuator body 22 which
extends into an array of actuator arms 20, and terminating in an array of
read/write heads 16.
In one conventicnal arrangement, the upper end of the pivot bearing
shaft 32 is secured to the cover 30 of the disc drive 10 by a screw 38. The
20 upper end of the pivot bearing shaft is provided with a threaded hole 40
corresponding to the screw. The cover has a hole 42 which is located
above the threaded hole such that, in assembly, the screw clamps the
cover against the top surface of the pivot bearing shaft. Part of the cover is
therefore in direct contact with the pivot bearing shaft, and is sandwiched
25 between the screw and the pivot bearing shaft. The cover therefore acts as
a vibrative diaphragm, amplifying any vibration transmitted through the
pivot bearing shaft instead of dampening it.
FIG. 3 shows another conventional arrangement where one end 46
of a piece of elastomeric material is inserted into the hole 42 in the upper
30 end of the pivot bearing shaft 32 and another end 48 is inserted into a
recess 50 in the cover. Although this arrangement may help to isolate
vibrations to the cover, it does not provide sufficient stiffness to limit
bending of the upper end of the pivot bearing shaft 32. The performance of



20 upper end of the pivot bearing shaft is provided with a threaded hol e 40
corresponding to the screw. The cover has a hole 42 which is | oZ8t MAR by e
t he threaded hol e such that, in assenbly, the screw clanps the cover

agai nst the top surface of the pivot bearbng shaft. Part of the cover is
therefore in direct contact with the pivot bearing shaft, and is sandw ched
25 between the screw and the pivot bearing shaft. The cover therefore acts

as a vibrativéheifEsringi0 camtinues/iofee adverselyeieried sinenibsivraiorhelough the
pivot bearing $hafdich '&8{! o034 Q%W&%é\%éhé% {rgg%ar%nﬁﬁﬂyslo@ﬂé’?éﬁwrite

conventional arrangenen ere one e pr ece of elastomeric
materi al is indepdedbithmoggh itee hotuetosaring 20he upper 30 end of the pivot

bearing shaft 32 anﬂc@@r%rﬂ;etro aemasﬁ;grﬁ#%re%dgérﬁégﬁﬁgﬁng%gth% \}?rgggﬁtﬁn\?e%njoﬂ the

cover. Although this arrargenment tions to the
cover, it dbesamchopnainiFtic. 44 dampens0 sdmpfisess steave 62 for fittiegdragndf t he

upper end of the pivot, beari shaft 32, The _perfarmance of, 28 MAR 2006 -5
e di oo dri ve PROIURTERTES o 168 athearing At e 0% FES 6PBRat i ons
of the voice egidf tHiPdieE dAde a0D8s PRIvidEdaNiENaE pEhiAFEs" @BAREd by BYirh 70§ he
read/ wite heads 16 through the actuator arns 20. According to a npst

preferred enbod8ReEMRr iBterierrNGs Tt ydthi the slasveit@when the sleeveisifitefiazer 4, a
d 60 | 2 Pt ' f
anper CO”prrizSgﬁz%t%q[ﬂrfgng‘é%aﬁ. AS Sholvh i FItS £4iBRevE %yé%é @;éat rence o

t he pivot beari at its upper end. e cover the disc
drive 10 i %0 pr avdusddngxtansion dgefthegpiest Yeksingrebaftiifynat diestiy o the pixetl f or

pivot beari ng Eraitd Shet Gock 1Y BrdfaBEh: bREaBicdlBe i Meeof B8 cu 10
around an ext ehaviog nd2lirett ¢draagtiwitht theqavot bgadhgtbaft 64nDhe desiet | y on the
6 havi ng. no STAHS RRERbiot RREIIG HEAEAIDES BElFVLvEHaR MEANO e desi red
stiffening of gherR weratibeardpheagmhahtaddiohNthe BsiMdanesbiMifidiaudt theki ng the
cover a vibrative diaphragm In addition, the boundary conditions at the 15
upper end BF twURPEsienstofiaa pivelbearita shafidariitaiestherdampingsf hgndingbendi ng
vibrations as well as axial vibrations in the pivot bearing shaft, being that
the forces exerted by the cover on the pivot bearing shaft are in the radial
directions and not only in the axial direction of the pivot bearing shaft.
Another advantage of the present invention is that there is no need for
20 additional fasteners, sub-assemblies, adhesives or special bonding of the
damper to existing disc drive components.
FIG. 5 illustrates a preferred configuration for the damper 60. The
damper has a simple profile as shown by the cut-away portion, and is
relatively easy to manufacture as compared to other known damping
25 mechanisms for disc drives. It comprises a sleeve 62 with a inner surface
74 for contact with a side surface of the pivot bearing shaft and an outer
surface 76 for contact with the rim 70 of the opening 68 in the cover 66.
The cover 66 may also be described as being formed with a hole 68
through which the pivot bearing shaft 64 is configured to extend. The
30 damper 60 is located between the cover 66 and the pivot bearing shaft 64.
In particular, the damper comes into contact with the cover at the rim 70 of
the hole 68 and with the pivot bearing shaft 64 along the length of the pivot
bearing shaft.



vibrations as well as axial vibrations in the pivot bearing 52? bei n
that the forces exerted by the cover on the pivot bearing sh 8 MAB 2086t he
radial directions and not only in the axial direction of the pivot bearing
shaft. Another advantage of the present -6nvention is that there is no need
for 20 additional fasteners, sub-assenblies, adhesives or special bonding
of the danper to existing dISC drive conponents. FIG 5 illustrates a

preferred confi gur at? 8RCHEF eMRediman of theporeser '”Yﬂ}‘r‘ﬁér theA2mpeli8hl e profile

as shown by th%&wesaa«@éeeeevtalfaﬁme@mdpdrﬁb el éléé\)éeéz/s@@ﬂhaft theRRBEARL Ure as
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the opening 68 in the cove over escri bed as being
fornmed withS5a Holleeré8t shdwsothglsledviedd? fbhabmnmtt agemnst thg rirh J0tof glde hele

configured to tend. The 0 danper l.Qc d be er 66 and
t he pivot bear gﬁdn g}ga?cgveé ”Id?? é{?stt% §?6%0§3 %wae%ﬁ}ge%ﬁ%?o cont act
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shaft 64 al ong.the t he pivot earing shaft R In
anot her enbodi Hedft eBg"‘%siesop‘?fé H?R]pﬁflefﬂ"“%ﬁ?a F%‘Q ﬂra‘?r{ﬂﬁte% ‘ncl udes a
recess 78 forned 'nARérVnTatnpdly,tthé f%t@ﬁéreezﬁ%a?%kbrﬁﬂ&@& dshBe WBAPHEP 6DMay
configured for receiving t er en i vot bearing shaft as shown

in FIG 6.1@nebpdized in EO%WIT bxggﬁﬂagu@rnt@rffeﬂen@ea theamvwsbearlnaﬁha&t ed in
FIG 5 7 wh 70 of
ereSh%ﬁﬁ@(‘f\ﬁ/etr% ?h%?ﬂSw@%orf%?ﬁ\tpﬂééé%s{é&‘eﬁl gg tsaf?ér{},%nh m /0 o

the hole 68 in e cover b6 and agai ns I'vot bearing
shaft 64. Thesmfécuestscdmprfesswnexﬁ@ha/dargpenh@ mbvidettm@deslr&;i bcbtafdarw\hllst a
fastener hole 79 n_an end wall 80 of the danper provides a hold for a
fastener 82. AF?réq"t:H%ﬂ% vely, the fastener 82 may be omtted as the danper 60

may 10 be fixed i anm@GiaﬂnpéﬂG@)’s ;bf@'re”rgblwnaldé 6 4 ersiliemenidtériabistibh tbe pi vot
ggaglng gr ;52 t Kg&f’ok%rH h4€6 gro 2\1/ renratenal wnth és s\%l\\la(r)\(,jyarorrsu)erf(erS ! \Alleeve?SascechA Xg as well
to the needs of different disc drive systems, materials of a different
durometer may be chosen.
In the experiments conducted, it was found that the present
invention significantly improves the resonance characteristics of the disc
20 drive. 795 Hertz was identified as the first bending mode of the voice coil
24 which forms part of the actuator 23. When the voice coil resonates at
this natural frequency, energy is transmitted through the pivot cartridge
assembly 26, along the actuator arms 20, to the heads 16, thereby
adversely affecting disc drive performance. Another significant frequency
25 was found at 1.45 kilohertz, being the first torsion mode of the voice coil. It
was found that an improvement in both the 795 Hertz and the 1.45 kilohertz
ranges were possible with the implementation of the present invention. The
damper 60 in this configuration and arrangement was therefore found to be
effective in isolating the read/write heads from the resonance frequency
30 originating from the voice coil, and especially in damping the magnitude of
the resonance frequency transmitted to the read/write heads. As a result,

improved servo performance during seek can be achieved.



sufficient conpression of the danper to provide the desired bgunda
conditions. The danper 60 is preferably nade of a resilient mat rMﬁ/ Wch
as 15 Kokoku HG 46 or a material with a simlar duroneter. However,
according to the needs of different disc-®drive systens, materials of a
different durometer may be chosen. In the experinents conducted, it was
found that the present invention significantly inproves the resonance

characteristics of tlavagitaes foupddhattae pressntgpentigperqvidastheideaired « he
first bending rrp,c,i& e actuator
23. \Wen the vol ceogéwgmrgéggﬂ#\é;tsg@al tg %ﬁ%@éﬁ%tcé(rag% @?tfjceér?l@dbeener i's
transmitted thr asgﬁmlnlhelnmddmoncérpmwwefor Haproned yolm;tn@ "dm@'t}a@tt @t or
arms 20, to the I f

per f or mance. AnB gl?éasr?n n| cantélrfardggﬁga §§0§§?efd a?%*&%‘ﬁﬂg glﬂﬁf%%s o ertz,
being the fi5 stemtssmrdmrrmniedmi: drike |s/mdueecoadd thbtthemlémemtdtlmmatthan

i nprovenent in both the 795 Her t{ qnd the 1.45 kilohertz ranges were
possible with tﬂ'@sf*ﬂépéﬂ'ﬁfﬂ"dwﬁ'ﬁ Y GEPPT¥E®Nt i nvention. The danper 60
in this configurati opmdBdinfrtsBoMERItEse InVehbs hidyealfepnalelyobde effective
inisolating the read/ wite heads fromthe resonance frequency 30

ori gi nating frodesii€ed@sd@lans |, and especially in danping the nagnitude of

the resonance frequenglscdBSil ihtedes ane%lo%ﬁ’t%(jtﬁé’{lbtf@m'i@tﬁgimb‘é%e@ﬁ esul t,
i nproved servo performance during seek can be achi eved R 2006 -7 It

was thus folthd amtha cover Gff. feopening Ehtdelined by dus O, irepigwisiedda the

i nprovenent s |n ingt: [ Aty

assenbly. In adt @?Oﬂ%@%grﬁgﬁéggkgﬁﬁ 'g %?oéj\%‘edﬂr&gggsb;égégsé énod rngi (Sll ty in
the pivot bearismgsiioatd such thet ..asimumgmest wfith eteanhnaYr(bammwithHIhEupw@'r al |

opl ement at i on S0 PBe BRBEANIT paveHet S5 HEmPEY B A 5 Mstpesiayane
Enbodi ments of §iBe snifesees at theaippepenadey tHd §1RITeY. iPrefeyalhlg, thd@%@rﬁpdﬁ@@ as
Fol T ovs: 15 is sized for interference fit with the shaft 64. The damper 60 may also be
sized for interference fit with the rim 70.
The foregoing description is only illustrative of various embodiments
of the invention, and a person skilled in the art will understand that changes
can be made to the details of structure, function and processes without

20 going beyond the scope of the present invention.



A disc drive 10 includes an enclosure that is fornmed by a base 28 10 and a
cover 66. An opening 68, defined by a rim70, is provided m2t8hMARc§ﬁ0§r

The I ower end of a shaft 64 is nmounted to the base 28. A danper 60 1Is
positioned such thatit is in abutnment wit#-the rim70 and with the upper
end of the shaft 64. In particular, the danper 60 may be in contact with
the side surface 63 at the upper end of the shaft 64. Preferably, the
danper 60 15 is sized for interference fit with the shaft 64. The danper 60
may al so be sized for interference fitcmafpsthe rim 70. The foregoing
description is only illustrative of various enbodinents of the invention,
and a person skilled in the art will understand that changes can be made

to the details pf st @ and processes w thout 20 going beyond
the scope of the pr eésgfns{cl{{rﬁsecfgﬁbg% o NAR 2006 -8 CLAINB 1. A disc drive

conprising: 55 a baskebase;cover configured for assenbly with the base to

| ower end and- an_ upgerovao igeldRbsaREN Bl b R el L
10 a danper in abut renin dufmmgmeppéM@ndthw’dohet he upper end of the shaft.
i ong 115 | ength. armiSWBMEN A IPRE SRBR anSPPR S HE RV S48 15 of de
surface at the uWppagededthebaddianghaft. 3. A disc drive of cI aim1 wherein
t he danper is sized for interference fit with the shaft. 4. A disc

drive of cl™ m1 whet@ampena abafrpent with mezrga aﬂerw'thdherqp@ﬁéﬁe@o e with the
rim 5. A nmethog,jgor danpening vibration in a disc drive conprising steps

2. A disc drive of claim 1 wherein the shaft has a side surface
extending along its length, and wherein the damper is in abutment with the

16  side surface at the upper end of the shaft.

3. A disc drive of claim 1 wherein the damper is sized for interference
fit with the shaft.

20 4. A disc drive of claim 1 wherein the damper is sized for interference

fit with the rim.

5. A method for dampening vibration in & disc drive comprising steps
of:

25 (a) providing a base and a complementing cover for enclosing
components of the disc drive, the cover having an opening defined by a
rim;

(b) providing a pivot bearing assembly comprising a pivot bearing
shaft;

30 (c) mounting a lower end of the pivot bearing shaft to the base; and

(d) fitting a damper between an upper end of the pivot bearing shaft
and the cover such that the damper is in abutment with the pivot bearing
shaft and with the rim of the opening.



of : 25 (a) providing a base and a conpl enenti ng cover for enclosing
conmponents of the disc drive, the cover having an opening dezlmeM)\Rb%ﬂﬁ
rim (b) providing a pivot bearing assenbly conprising a pivot bearing
shaft; 30 (c) mounting a |ower end of thegpivot bearing shaft to the base;
and (d) fitting a danper between an upper end of the pivot bearing shaft
and the cover such that the danper is in abutnment with the pivot bearing
shaft and with the rimof the openi ng. 18 MAR 2006 -9 6. A nethod of claim

5 wherein the fitti e d cludes t eps of r.ovi di ng .an
interference fPt be?\?@%'rt?ogl‘f’g whersth hgd ']gfﬁte%t(]ét) '%BB?F? %rp&%fﬂi ng an
interference fit befé&ﬁ@wiﬂfh AaRefereHte fﬁbébﬁ%brﬁﬂﬁéfo%@%é?rfaﬁdlﬁemwm bearing
shaft. DAMPER DES ON PI'VOT BEARI NG SHAFT BY VI BRATI ON REDUCTI ON
ABSTRACT A pi #8€ cartridge assenbly with inproved resonance
characteristics. l t to the base
of the di scédri ve, Q??Rgim{% ah| e?ﬁ%r% ?E?Q%ﬂévgrggﬁﬁ@ﬁém ér g@‘ggrs@%‘ the disc
drive in such aurrfmm@frthemlm beamgdsafhance characteristics of the pivot

bearing assenbly is inproved in both the axial and radial direction of the
pi vot bearing shaft. Figure 4






