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disk appafatus and a disk array apparatus and, more
particularly, to a magnetic disk apparatus constructed
by supporting a hard disk assembly (hereinafter,
referred to as an HDA) to a fixing unit by a supporting
mechanism.ﬁhich can eliminate a vibration from the
outside and a disk array apparatus constructed by using
a plurality of such magnetic disk apparatuses.

As such a kind of apparatus, a technique
disclosed in EP0567833A2 corresponding to JP-A-6-12852
or the like is known. | -

According to such a technique, a pluralitj of
cushion members are provided between the HDA and the
fixing unit in order to support the HDA into the fixing
unit and, in this instance, the plurality of cushion
members are arranged so as to be located.at specified

geometric positions.

SUMMARY OF THE INVENTION

It is an objegt of the invention to provide a
magnetic disk apparatus in which a positioning accuracy
of a head does not deteriorate even when a vibration is
applied from the outside and, further, to provide a

reliable disk array apparatus using such magnetic disk

in
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SUMMARY *OF THE | NVENTI ON 20 It is an object of the invention to
provi de a magnetic di sk apparatus in which a positioning accuracy of a head
does not deteriorate even when a vibration is applied fromthe outside and,
further, to provide a reliable disk array-a@paratus using such nagnetic
di sk -2- apparatuses. There is an aspect of the enbodi ment of the
i nvention that epPamag§usesse di sk apparatus has a |ink mechani sm conprising
at least a flexible portion and a 5 hard nenber and one end of the |ink
nechani smis attached to THETE isngnuaspesid ofh&hgt wapodiment oft 4difed to a
hard di sk assemhly so.that the f{lexible portion of the |ink mechgnismis
| ocated on a 5tf§¥§ﬂ$lppnéhﬁﬁi5 ep§§§B§tﬁﬁr9&§% FR@aE@ﬁPEthF Gr &%y of
the 10 hard dlsﬁe%ﬁgggghybomprising at least a flexible portion and a
5 hard member and one end of the link mechanism is
attached to the fixing unit and the other end is
attached to a hard disk assembly so that the flexible
portion of the link mechanism is located on a straight
line which passes through the center of gravity of the
10 hard disk assembly.
The flexible portion of the link mechanism can
be attached between the hard disk assembly and the
fixing unit on a straight line extending from an
arbitrary position of the fixing unit to the center of
15 gravity of the hard disk assembly. The fixing unit can
have an almost rectangular shape and the flexible
portion of the link mechanism can be also attached
between the hard disk assembly and the fixing unit on
straight lines extending from at least two corners of
20 the fixing unit to the center of gravity of the hard
disk assembiy. The flexible portion at one end of the '
link mechanism.can be attached to one end in the
thickness direction of the fixing unit and the flexible
portion at the other end of the link mechanism can be
25 also attached to a part of the hard disk assembly on a
- straight line extending to the other end in the thick-

ness direction of the fixing unit and also extending to

the center of gravity of the hard disk assembly.
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The 'fl exi bl e portion of the |link nmechanismcan be attached between the hard
di sk assenbly and the fixing unit on a straight |line extending from an
arbitrary position of the fixing unit to the center of 15 gravity of the
hard di sk assenbly. The fixing unit can hav@ an al nost rectangul ar shape
and the flexible portion of the |ink mechanismcan be also attached between
the hard di sk aBE8&Ehey. akbiet hink Reghanish eansbeapdfe atrashed: baEWAEN! r om

at least two corners of 20 the fixjpg unit to the center of gravity. of the
hard di sk assenbl§. hard %%@kiBFéeﬁhEYiGﬂdthSnéléﬁBgoPn%ﬁe°PiﬁErﬁéghﬁnism

be attached,{ d.in t t hi.ck di ti f.the fixin it
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and al so exteendgpg; 9 LASLCERhCha®l FhaY1h¥sel ullfaBar dnd' EKe23SARD! V-
mechanism can be also attached between the hard disk
assembly and both ends of the fixing unit on straight
lines extending from at least both ends of the U-shape
of the fixing unit to the center of gravity of the hard
10 disk assembly. The fixing unit can have an almost flat
plate shape and the link mechanism can be aléo attached
between the hard disk assembly and both ends of the
fixing unit on straight lines extending from at least
both ends of the fixing unit to the center of gravity of
15 +the hard disk assembly.
The link mechanism has total four flexible
portions at both end surfaces, which face each other, of
a rectangular hard member in a manner such that one
flexible portion is arranged at each end surface, the
20 flexible portion dat one end surface of each of the both
end surfaces of the hard member can be attached to the
fixing unit, and the flexible portions at the other end
surfaces of the hard member can be attached to the hard
disk assembly. The link mechanism is formed by a hard
25 member and the hard member is made of a rectangular
plate member. Further, the link mechanism can be also
formed by two hinge-shaped hard members each having a

rectangular plate portion and a cylinder on one side of



-3- ‘Further, the link nechanismcan be also attached between the hard di sk
assenbly and the fixing unit on straight |lines extending fromfour corners
of the fixing unit to the center of gravity of the hard di sk assenbly. The
5 fixing unit can have an al nost U shape and the |ink nmechani smcan be al so
attached between the hard di sk assenbly and both ends of the fixing unit on
strai ght |ines &kecpdate Poabien bradt iFenhbenadsef foxmed dyapwesilage
fixing unit to the center ofgaravity of the hard 10 di sk assenbly. The

fixing unit canPABgethf &WeoPlateaPoptionsspipdazhd merbemsn Ehroeiehnthe can
he, gl s0 att ached, et ugen e ard, ghak Ja3Re ok 200,000 IS o el ng
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other, of a gecLaagyhal 336Ag BERE" s'ile? B32%e P32’ AMLAIE almost U-
shaped hard members are fit into the grooves along both
end surfaces of the plate member, one of the hard
members can be attéched to the fixing unit, and the
other hard member can be attached to the hard disk
10 assembly. The link mechanism can be also formed by a
rectangular plate member having flexibility, bent
portions are provided along both sides of the plate
member formed by bending the plate member in an almost
Z-shape, one of plate portions extending from the bent
15 portions is attached to the fixing unit, and the other
plate portion is attached to the hard disk assembly.
The link mechanism can be also formed in a manner such
that both side portions, which face each other, of the
rectangular flexible plate member are sandwiched by
20 first hard members and the center of the plate member is
sandwiched by second hard members from both surfaces of
the plate member at predetermined intervals from the
first hard members. The link mechanism can have first
through holes along portions near both sides, which face
25 each other, of the rectangular plate member having
flexibility and a second through hole at the center of

the plate member along both of the first through holes

at predetermined intervals from the first through holes,



flexible portion is arranged at each end surface, the 20 flexible portion
at one end surface of each of the both end surfaces of the hard nenber can
be attached to the fixing unit, and the flexible portions at the other end
surfaces of the hard nenber can be attachedste the hard di sk assenbly. The
link mechanismis fornmed by a hard 25 nenber and the hard nenber is nade of
a rectangul ar pEd ef iresbchardunethieers t duad | & nkeoerd andsd) nembér areo f or ned
by two hinge-shaped hard nenbers each having a rectangular plate portion
and a cylinder reexkedise a3 to ba. fitked| t@ctherfinst Andiseaande al so
formed by overlap- ping the two plate portions of hard nenbers throygh the
f1exible portidﬁhr°q%kq¢?h%sneE %ﬁ+€éﬁybe ?BFE%%rbytggr%%?%ﬁﬁh?a#gﬁkate
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bot h 5 apparatuses and those plurality of magnetic disk appara-
tuses can be arranged in a casing.

‘The magnetic disk apparatus having the
supporting mechanism with the structure as mentioned
above and the magnetic disk array apparatus in which the

10 plurality of the magnetic disk apparatuses are arranged
have a sufficient rigidity for a disturbance in the
straight line direction which acts on the HDA. Since a
natural frequency of the HDA for the disturbance in the
rotating direction of the HDA is reduced, an influence

15 by the disturbance of freguencies higher than the

natural frequency can be especially eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig..l is a front view showing the first
embodiment of a magnetic disk apparatus having a
20 supporting mechanism of the invention;
Fig. 2 is a perspective view showing an
example of a link mechanism as a suppofting mechanism;
Fig. 3 is a cross sectional view taken along
the line III-III in Figqg. lf _
25 Fig. 4 is a front view showing the second
embodiment of the magnetic disk apparatus having the

supporting mechanism of the invention;



end .surfaces of the plate nenber, one of the hard nenbers can be attached
to the fixing unit, and the other hard nenber can be attached to the hard
di sk 10 assenbly. The link nmechani sm can be also forned by a rectangul ar

pl ate nmenber having flexibility, bent porti éns are provi ded al ong both
sides of the plate nenber formed by bending the plate nenber in an al nost
Z- shape, one of plate por Fiigns Sextse adifmgnftr srhewh &hiosingl Sheorthiiods . i s
attached to the fixing unit, and the other plate portion is attached to the
hard di sk assenBmpodiment; pif #hehmagastdgen diskappparatisd havingndheer such
that both side portions, which face each other, of the rectangular flexible
plate menber ar SUPRRFkLDAcHeGPand sm pd; ther dn¥eRtdP®iand the center of the

pl ate nmenber is sandw ched.by second hard nenbers.fram both rfaces of the
pl ate menber at predeterngﬁgé %nﬂ@r9a&§°PFoNFFWéSPPF§Pgh %&Wﬁ The
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Fig. 7 is a perspective view showing another
example of the link mechanism as a supporting mechanism;
Fig. 8‘is a side elevational view showing
10 another example of the link mechanism;
Fig. 9 is a side elevational view Showing
another example of the link mechanism;
Fig. 10 is a side elevational view showing
another example of the link mechanism;
15 Fig. 11 is a side elevational view showing
.another example of the link mechanism;
Fig. 12 is a side elevational view showing
~another example of the link mechanism; and
Fig. 13 is a_perspéctive view showing an
20 example in which a plurality of magnetic disk
apparatuses each having the supporting mechanism of the

invention are arranged in a casing.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
An embodiment of a magnetic disk apparatus and
25 a disk array apparatus according to the invention will
now be described in detail hereinbelow with reference to

the drawings.



t he 'pl ate nenber along both of the first through holes at predeternined
intervals fromthe first through hol es, -5- and first hard nenbers and a
second hard nenber are inserted so as to be fitted to the first- and second
t hrough hol es, respectively. Further, the-n@gretic disk apparatus is
constructed by a plurality of magnetic disk 5 apparatuses and those
plurality of magnetic di sRigpptri&s aufrentaviiéw showingdai aoastrmuchgonThe
magneti ¢ di sk gggaratus havi ng_the supporting mechanismw th the structure
as mentioned abfdle? AmagReRl | aPRRERTYF ragcapphindat B FhewhiEAtt he 10
plurality of the nqgfetic d*skkap aratuses are_ arranged have a sufficient
rigidity for a SFROIIBEREOF ntheclryeRELMR - | i Figdi § BRPER i CRAERLE BF the
HDA. Since a natural .f uenge .the HDA for ihe gls urbapce.in th
rotating direcrorcrret e EERLREL G HER, nadhohi® B8k SBBAEELLE. [ Nin
5 PFig. 1, reference numeral 1 denotes an HDA; 2 a pivot; 3
an arm; 4 a head; 5 a rotary disk; 6 a fixing unit; 701
tb 706 hinges; 801 to 803 links; and 901 and 902 self-
weight compensating members.
As shown in Fig. 1, in the magnetic disk
10 apparatus,-the HDA 1 is supported by two sets of
supporting devices in the fixing unit 6 haVing an almost
rectangular shape. The HDA 1 is constructed by the
rotary disk 5 and the arm 3 which is supported by'the
pivot 2 and to which the head 4 that is rotatable around
15 the pivot 2 as a rotational center is attached. The
supporting devices are constructed by two sets of link
mechanisms. One of the link mechanisms is constructed
by connecting the hinge 701, link 801, and hinge 703 in
a line and the other link mechanism is constructed by
20 connecting the hinge 702, link 802, and hinge 704 in a
line. The hinge 703 in one of the link mechanisms is
fixedly attached to the fixing unit 6, the hinge 701 is
fixedly attached to the HDA 1, the hinge 704 in the
other link mechanism is fixedly attached to the fixing
25 unit 6, and the hinge 702 is fixedly attached to the HDA
1, thereby supporting the HDA 1 into the fixing unit 6.
One (hinge 701, link 801, hinge 703) of the

link mechanisms is arranged on a straight line which



15 by the disturbance of frequencies higher than the natural frequency can
be especially elimnated. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
front view showing the first enbodi nent of a magnetic di sk apparatus having
a 20 supporting nmechanismof the invention;g8R-g. 2 is a perspective view
showi ng an exanple of a link nechanismas a supporting nechanism Fig. 3 1is
a Cross sectiorpasse=svatcdmrbten| ofiggraeityner) | of [the i HDEI . 1Th&@5other

Fig. 4 is a front view showi ng the second enbodi nrent of the magnetic disk
appar at us havi niinkherechapoismnphingdan®2m bink 802 hvkingen704) is-aksg. 5
is a front view show ng the third enbodi ment of the nmagnetic di sk apparatus
havi ng t he suppbiiilarhe2ermrgedion R stvaighbnline which passes the

center of gravity (A) of the HDA 1. By such arrange-

5 ments, the HDA 1, one of the link mechanisms, a side of
the fixing unit 6, the other link mechanism, and HDA 1
construct a link mechanism of four nodes having a shape
of an almost trapezoid. Among them, the links are
formed by relatively hard members and the hinges are

10 formed by relatively soft members.

According to the first embodiment 6f the
invention, by constructing the link mechanism of four
nodes as mentioned above, rigidities in the horizontal
direction (hereinafter, referred to as an (x) direction)

15 and the vertical direction (hereinafter, referred to as
a (y) direction) of the HDA 'l are assured and a rigidity
in the rotational direction (hereinafter, referred to as
a 0 direction) of the disk 5 can be reduced.: Also,.even
when an external force in the rectilinear directions of

20 the (x) and (y) directions act on the fixing unit 6, the
external force is not converted to a motion in the ©
direction of the HDA 1. In other words, since a natural
frequency in the 6 direction of the disk 5 decreases,
even when a disturbance larger than the natural

25 frequency is applied, the HDA 1 is not influenced by
such a disturbance.

- 'As shown in Fig. 1, the self-weight compensat-

ing members 901 and 902 for the HDA 1 are provided



Fig. 6 ts a front view showng the fourth 5 enbodi nent of the magnetic

di sk apparatus having the supporting nechani smof the invention; Fig. 7 is
a perspective view show ng anot her exanple of the Iink mechanismas a
supporting nechanism Fig. 8 is a side el evational view showi ng 10 anot her
exanpl e of the link mechanism Fig. 9 is a side elevational view show ng
anot her exanpl ebetwepa thﬁkHﬁéchannanhsl51Xi0g|§natsﬁdeneb§d§¢|¢Na| Vi ew
showi ng anot her exanple of the |ink nechani 11 is a

si de el evati onaFORPERS3kBWILRE &ﬁéﬁh@?lgh§nﬁﬁetbﬁ HRA ﬂlﬁhlﬁbcﬁéiﬁsﬁp Fi g.
ﬁécLZn?si;d:ngleﬁgtlgg?lgggggéﬁggggFg9 g@?éiﬁgﬁé%gﬁﬁga%LQEESQQhg&@eﬁn whi ch
2 plurelity of gRgies endhak AURSHELY5° 48" S0u B Ul RBPHEN, Bor
PREFERRED EM?CDhNENTSIt is preferable to use, for instance, coil
springs each having a small spring constant as self-
weight compensating members 901 and 902. 1In the case
where the hinges 701 to 704 and the links 801 and 802
have sufficient strengths, the self-weight compensating
10 members 901 and 902 can be also omitted.

Fig. 2 shows the link mechanism which is used
in the first embodiment of the invention. A direction
indicated by an arrow of the link mechanism shown in
Fig. 2 is a direction when the portion of the hinge 502,

15 1link 802, and hinge 704 shown in Fig. 1 are seen from
the paper surface above. As shown in Fig. 2, in the
link mechanism, one side of each of two hinges 702a and
702b is fixedly attached to one end surface of the
plate-shaped link 802 and the other sides of the two

20 hinges 702a and 702b are fixedly attached to the HDA 1.
One side of each of two hinges 704a and 704b is fixedly
attached to the other end surface of the link 802 and
the other sides of the hinges 704a and 704b are fixedly
attached to the fixing unit 6. One hinge may be also

25 attached to each end surface of both of the end surfaces
of the link 802.

Although Fig. 1 has been described on the

assumption that two sets of link mechanisms described in



An enbodi nent of a magnetic di sk apparatus and 25 a di sk array appar atus
according to the invention will now be described in detail hereinbelowwth
reference to the draw ngs. -7- Fig. 1 is a front view showi ng a
construction of a nagnetic di sk apparatus-adtording to the first enbodi nent
of the invention, g 1 shows an exanple of vertically installing the
magneti c di sk aBp8ira ugrelnsdelghellnwenﬁnenc@amuhsra sQ genstzyciedHDA, 2
a pivot; 3 an arm 4 a head; 5 a_rotary disk; 6 a_fixing unit; 701 to 706
hi nges; 801 to tmsuﬁmﬂsfuaﬁaeyoiaaaargwméerf ofwéilaht mSGHﬁ&F@E‘?l-ngfbr
menbers. As shown in_Fig in the %net sk 10 agg % gs the HDA 1

i s supported byeFQBPQEYStBF %HBﬁBFPPHg v 8e§ PR CRBSErRFRGALRY: USifGvi ng

an al nost recta?ggkage 828§ 1 meéh%nkgmgog%ggﬂgggdon s%rglght lines

5 extending from the four corners of the fixing unit 6 to
the center of gravity (A) of the HDA 1. In this case,
although it is necessary to change lengths of links so
as to permit motion in the 8 direction of the HDA 1,
such a structure may be easily realized by using rubbers

10 as hinges. By using the rubbers as hinges, it may be
prevented'that an impact which is applied to the fixing
unit 6 is transferred to the HDA 1. Although Fig. 1
shows an installation posture of the magnetic disk
apparatus, even when the magnetic disk apparatus is

15 installed so that the disk 5 is horizontally placed, the
positions of the link mechanisms are not changed.

According to the invention, when a subsidiary
effect as mentioned above is not requested, general
turning pair elements may be also used in place of the

20 rubbers as'hinges of the link mechanisms. Although the
above-mentioned first embodiment of the invention has
been shown with respect to the example in which the
installing positions.of the link mechanisms have been
set to the corners of the fixing unit 6, the installing

25 positions of the link mechanisms may be also set to any
positions as long as they are located on the straight
lines which pass the center of gravity (A) of the HDA 1.

Although the embodiment has been described



rotary disk 5 and the arm 3 which is supported by the pivot 2 and to which
Is rotatable around 15 the pivot 2 as a rotational center

the head 4 that

is attached. The supporting devices are constructed by two sets of link
mechani sms. One of the Iink mechanisns i % ddnstructed by connecting the

hinge 701, link 801,- and hinge 703 in a line and the other I|i
oYy bk crespct hko hthgesypport i kk Boe, vertiifdhge 704 in a
line. The hinge 703 in one_of the link mechanisns is fixedly
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to as a (z) direction) will now be described with

reference to Fig. 3. Fig. 3 is a cross sectional view
taken along the line III-III in Fig. 1.
As shown in Fig. 3, the third link 803 is

attached to the HDA 1 through the hinge 705 and is

.attached to the fixing unit 6 through the hinge 706 so

that the HDA 1 is supported to the fixing unit 6 in the
(z) direction. The hinges 705 and 706 are arranged on a
straight line perpendicular to a plane including four-
node link mechénism described previously as a construc-
tion having HDA 1, the link 801, the fixing unit 6 and
link 802.

As mentioned above, by supporting the HDA 1 |
to the fixing unit 6 through the link mechanism
comprising the hinges 705 and 706 and link 803, a
rigidity in the (z) direction when the HDA 1 is
supported to the fixing unit 6 may be improved. Wwhen an
external force in the (z) direction is small, such a
link mechanism may be also omitted.

Fig. 4 is a front view showing a construction
of the magnetic disk apparatus according to the second
embodiment of thé invention. In Fig. 4, reference
numeral 10 denotes an elastic member and the other

component elements similar to those shown in Fig. 1 are

| i nk mechani sm

attached to
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tion) of the HDA 1. The other component elements are
constructed in a manner similar to those in Fig. 1.

The elastic member 10 has a cylindrical shape

~and supports the self-weight of the HDA 1 and simultane-

ously acts as a restriction force in the direction (2
direction) perpendicular to the paper surface by a
frictional force between the HDA 1 and the elastic
member 10 and a frictional force between the elastic
member 10 and the fixing unit 6. A restriction force
for the 6 direction of the HDA 1 is very small. That
is, the elastic member 10 acts in a manner similar to
the self-weight compénsating members 901 and 902 in Fig.
1 and the third link mechanism in Fig. 3. A metal,
plastics, or rubber is preferable as a material of the
elastic member 10.

According to the second embodiment of the

invention as mentioned above, without providing the link

mechanism Comprising the hinge 705, link 803, and hinge '

706 shown in Fig. 3, the rigidity against the disturb-
ance in the straight line direction may be assured in a
manner similar to the first embodiment and the rigidity

in the 6 direction may be reduced.



external force is not converted to a notion in the [err] direction of the
HDA 1. In other words, since a natural frequency in the [err] direction of
the di sk 5 decreases, even when a di sturbance |arger than the natural 25
frequency is applied, the HDA 1 is not indlagneced by such a disturbance. As
shown in Fig. 1, the self-weight conpensat- ing nenbers 901 and 902 for the.
HDA 1 are provided - 9- Fligt. WSe i st he fHDAt] vaewr shewiing ag comstr@ctiosr der
to conpensate the self-weight of the HDA 1 which acts in the (-y)
direction, therefytheghagnenict diskl apperedysaaccayddngt e rlimgé%uml to
704 and the links 801 and 5 802. It is preferable to use, for instance,
coi | springs eaGMPRAFMEYtaCnkhe ipVPR§iOBnst ARt Fig-slf thiesgme

Co S Mg e pogs, 214nd0% b LISs25Raio15 b5 Mindge 701 to 704

5 designated by the same reference numerals.

The first and second embodiments of the
invention have been described above with respect to the
case where the link mechanism has been provided between
the upper side portion of the fixing unit 6 and the

10 upper side-portion of the HDA 1 to thereby support the
HDA 1 to the fixing unit. According to the third
embodiment of the invention shown in Fig. 5, however,
the link mechanism is provided between the lower side
portion of the fixing unit 6 and the lower side portion

15 of the HDA 1 to thereby support the HDA 1 to the fixing
unit 6. The self-weight of the HDA 1 is compensated by
the rectangular parallelepiped elastic member 10 in
place of the cylindrical elastic member 10 described by
Fig. 4.

20 As shown in Fig. 5, the elastic member 10
provided between the HDA 1 and the fixing unit 6 is
constructed by a rectangular parallelepiped rubber.
Generally, alspring constant in the shearing direction
(x direction) of the rubber is equal to about 1/5 to

25 1/1000 of the spring constant in the compressing
direction (y direction). Thus, the rigidities in the
(vy) and (2z) directions may be assured in a manner

similar to the case where the cylindrical elastic member



have- suf-ficient strengths, the self-weight conpensating 10 nenbers 901 and
902 can be also omitted. Fig. 2 shows the |ink nmechanismwhich is used in
the first enbodi ment of the invention. A direction indicated by an arrow of
the |link mechanismshown in Fig. 2 is a drrk¢t+on when the portion of the
hi nge 702, 15 |ink 802, and hinge 704 shown in Fig. 1 are seen fromthe
paper surface aBsvPromxidedoms descrdbed wight peflemencestioa®iigm 4one side of
each of two hing&s 702a and 702b is fixedly attached to _one end surface of

the pl at e- shape@lthRRABoEhgnd inke mechanismyds provided beryesmdde 702a and

702b are fixedly attached to the HDA 1 e side of, each of two_hinges 704a
and 704b is fixé&W?réﬁﬁgfhEHIF&°Ph8éoFH§$?éﬁ&n§UPP&Ee%oPthé%ﬁ e and

Fixing anic o GRAHPEERly Ofe hecBihs AREs b idntsdy, Hiekeedr of

B Shes ST naitebier et tibdl 1 8E ool ettt acond
embodiments, the rigidity for the disturbance in the
straight line direction can be assured and the rigidity
in the 6 direction may be reduced as long as the hinges
at both ends forming the link mechanism are located on.

10 the straight line which passes the center of gravity (A4)

of the HDA 1.

Fig. 6 is a front view showing a construction
of the magnetic disk apparatus according to the fourth
embodiment of the invention. 1In Fig. 6, the same

15 component elements as those shown in Fig. 1 are
designated by the same reference numerals.

In Fig. 6, the link mechanism in the third
embodiment of the invention described by Fig. 5 is
constructed by the links 801 and 802 each having an L

20 shape and the hinges 701 to 704 provided for both ends
of the links 801 and 802, and the HDA 1 is supported by
the fixing unit 6 in the lower side portion of the HDA
1. With such a construction as well, by arranging the
hinges 701 and 703 and the hinges 702 and 704 on

25 straight lines which pass the center of gravity (A) of
the HDA 1, a rigidity for the disturbance in the

straight line direction may be assured and a rigidity in

the B direction may be reduced.



- 10-- Fig. 2 are used, the invention may be al so constructed by using
further |arger nunber of Iink nechanisns. For exanple, the invention may be
al so constructed by using four sets of |ink mechani sns arranged on strai ght
lines 5 extending fromthe four corners of 1He-fixing unit 6 to the center
of gravity (A) of the HDA 1. In this case, although it is necessary to
change | engths of |inks s&uaxthes,pthei sedd-weright compeasaltisigr aember of
the HDA 1, such a structure may be easily realized by using rubbers 10 as
hi nges. By usi n§0&hasr prp¥ideds betigen the Fixips pndieht aad ke ddnkmact
which is applied to the fixing unit 6 is transferred to the HDA 1. Al though
Fig. 1 shows anspﬁsP&pl&Pﬁoﬁeg5§ﬁﬁﬁgh&fCPW@eﬁﬁéﬁépﬂbmﬁm?ﬁraﬁﬁgr&Fus, eveng

phen e TRONCt L ofl A RRRLALS 1he FAS! AR T S B2 L

5 respectively. By arranging the self-weight compensating
members 901 and 902 as mentioned above, external forces
acting on the hinges 703 to 704 and the links 801 and
802 may be reduced.

Fig. 7 is a perspective view showing a

10 construction of a supporting device for explaining the
fifth embodiment of the invention. In Fig. 7, a plate
member 11 is used as a link mechanism. The plate member
11 is used in place of the link 802 and the hinges 702a,
702b, 704a, and 704b shown in Fig. 2 and is arranged in

15 a portion similar to the portion described in Fig. 2.

That is, in the magnetic disk apparatus

according to the fifth embodiment of the invention, the
HDA 1 is supported to the fixing unit 6 by the plate
member 11. The plate member 11 is arranged on a plane

20 which passes the center of gravity (A) of the magnetic
disk apparatus in a manner to obtain the advantage
similar to the cases of the foregoing embodiments. As a
material of the plate member 11, it is preferable to use
a metal, plastics, rubber, or the like.

25 In this case as well, a rigidity for the
disturbance in the straight line direction described by
Fig. 2 can be assured and a rigidity in the rotating_

direction of the disk 5, namely, in the 6 direction can



Abcofding to the invention, when a subsidiary effect as nentioned above is
not requested, general turning pair elenents nay be al so used in place of
the 20 rubbers as hinges of the Iink nechanisns. Although the
above-nentioned first enbodi ment of the isaveftion has been shown with
respect to the exanple in which the installing positions of the Iink
mechani sns havebeeerduced.0 Furthemewhenf itthd sf iasiswgpednithad, a he
installing 25 positions of the |ink nechanisns may be also set to any
posi tions as | oddrestiesy ajong Fhet dredgbte 1dneamiiich passemitdie pass the
center of gravity (A) of the HDA 1. Although the enbodi nent has been
descri bed ab&eBtEL: RT, S3p¥ity: 01t fbes Megdatic, disk ppparafusyyiis&qton of
the HDA 1 to the fixi uni,t 6, .,a support in the lateragl .direction
(direction per pERIPRUIE) CdEeRsiERscARS, P SEraf i Whi ch FTORSA8 nat t e
'tis referrgd 3t0edfiduidh1y LoCEh@M LY Wi A¥iRG 485 FPE Wt
direction, so long as a rigidity in the (r) direction of
the plate member 11 provided between the HDA 1 and the
fixing unit 6 is equal to approximately 100 times or
more as large as a rigidity in the (t) direction, the
10 HDA 1 may be supported to the fixing unit 6 by using any
member as a plate member 11.

Figs. 8 to 12 are diagrams showing examples of
other various constructions of the link mechanism which
may be used as a supporting device for the magnetic disk

15 apparatus according to the foregoing first to fourth
embodiments of the invention. The constructional
examples of the link mechanism will now be described
hereinbelow.

A link mechanism shown in Fig. 8 comprises

20 hinges 707 and 708 and a rubber 13 for connecting the
hinges 707 and 708. In the link mechanism, a portioh
between the hinges 707 and 708 operates as a link.
General turning pair elements may be used as hinges 707
and 708. A hole of the hinge 707 is fit to a rod member

25 1201 on the fixing unit 6 side and a hole of the hinge
708 is fit to a rod member 1202 on the HDA 1 side.

In the link mechanism shown in Fig. 8, since

the rubber 13 expands and compresses in the expanding



reference to Fig. 3. Fig. 3 is a cross sectional view taken along the |ine
[11-111 in Fig. 1. As showmn in Fig. 3, the third link 803 is attached to
the HDA 1 through the hinge 705 and is 10 attached to the fixing unit 6

t hrough the hinge 706 so that the HDA 1 i€ $upported to the fixing unit 6
in the (z) direction. The hinges 705 and 706 are arranged on a straight

| i ne perpendi culkad compressiag wdlneditignisqurthen edy antagensdmidiaamttescri bed
previously as a construc- 15 tion having HDA 1, the link 801, the fixing
unit 6 and |inkt8eE ofs thendiiske Meghand snhprayiewslivhgeaserifmd .1 I t he
fixing unit 6 through the |ink nechani sm conprising the hinges 705 and 706
and |ink 803, a°kfer yoFdsy impacd eppldiedeto & ing. w3t f may be

supported to the fixi uni.t i nproved. When an external force in
the (z) directiEﬁdP§e§%€PP}n§%b%%é %&ﬁkqgechanisn1nay be also onitted. Fig.
41is a front5w ew show ”gAal‘i?xﬁks'He‘é%tahqgngih%w *1% rﬁ%rletgu g_sdl sk appar at us

according to the second
constructed by connecting an attaching portion 1401 on

the HDA 1 side and an attaching portion 1402 on the
fixing unit 6 sidelby a rubber 1501. The rubber 1501
has groove portions 1502 and 1503 which operate as
10 hinges and a portion between the grooﬁe portions 1502
and 1503 operates as a link.
‘A link mechanism shown in Fig. 10 is
constructed by forming an attaching portion 1601 on the
HDA 1 side, bent portions 1602 and 1603, and an attach-
15 ing portion 1604 on the fixing unit 6 side on one
plastic plate member-lﬁ. The bent portions 1602 and
1603 operate as hinges and a portibn between the bent
portions 1602 and 1603 operates as a link, respectively.
A link mechanism shown in Fig. 11 is
20 constructed by arranging side plates 1801, 1802, 1803,
1804, 1805, and 1806 for a rubber plate member 17.
(Two) portions which are not covered by side plates in
the rubber plate member 17 operate as hinges and a
portion between the two hinge portions operates as a
25 1link. |
A link mechanism shown in Fig. 12 is
constructed by providing core plates 2001, 2002, and

2003 in one rubber plate member 19. (Two)_portions



enbodi ment of the invention. In Fig. 4, reference nuneral 10 denotes an

el astic nenber and the other conponent elenents simlar to those shown in
Fig. 1 are - 12 - designated by the sane reference nunerals. In the
magneti c di sk apparatus shown in Fig. 4, #hk8ekastic nenber 10 is provided
between the HDA 1 and the fixing unit 6 in place of the self-weight 5
conpensat i ng nehidsringt aeted il ahe wptahtiemas fdngesstamghisodiartitorso as to
support the self-weight (y direc- tion) of the HDA 1. The other conponent

el enents are cokstiwganedhen twvordifgessioparatesd athd&sdinkFig. 1. The

el astic nenber 10 has a cylindrjcal shape 10 and supports the self-weight
of the HDA 1 and si mul t andheddnk sachand sms shown diny Figsicd % tdke magy

i ect on (2 Ol Sl AR U 1 PRSI RULAGP o Bl ' P18
5 the fixing unit 6 by using such link mechanisms, a
rigidity for the disturbance in the straight line
direction of the magnetic disk apparatus may be assured
and a rigidity in the 0 direction can be reduced in a
manner similar to the case of the magnetic disk
10 apparatus using the link mechanism described by Fig. 2.

Fig. 13 is a diagram showing an example of the
disk array apparatus constructed by arranging a
plurality of magnetic disk apparatuses according to the
embodiments of the invention as mentioned above in the

15 same caéing.

The disk array'apparatus shown in the diagram
is constructed in a manner such that the magnetic disk
apparatuses according to the foregoing embodiments of
the invention each supporting the HDA (not shown) in

20 each of fixing units 601 to 608 are fixed in a casing
21.

In the disk array apparatus constructed as
mentioned above, it is now considered a case where since
a defect occurs in a portion of the magnetic disk

25 apparatus, for example, in the magnetic disk apparatus
having the fixing unit 602, it is necessary to take out
the magnetic disk apparatus from the casing 21 and to

again insert a new magnetic disk apparatus into the



menber 10 and a frictional force between the elastic 15 nenber 10 and the
fixing unit 6. Arestriction force for the [err] direction of the HDA 1 is
very small. That is, the elastic nmenber 10 acts in a manner simlar to the
sel f -wei ght conpensating nenbers 901 and 93 i-h Fig. 1 and the third |ink
mechanismin Fig. 3. A netal, 20 plastics, or rubber is preferable as a
mat eri al of thecasiBgi élpenbar thds paserdthg casing 2dcsegeinssdament of

the invention as nentioned above, w thout providing the |ink nechanism
conpri si ng the HWPRBEt74B appARibion,Withi AjceZshangs ofofAe MAENELIS ( he

L9t 2031 o Gl B kRS TL SN e DR GCESEL SR TN,
[err] directiongggyopesf,geednboring fagnbte A1k dphh@AtulbgVagdov no 2
5 largely in danger of being oscillated by the natural
frequency of the casing 21.
According to the magnetic disk apparatus of
the invention as mentioned in the foregoing embodiments,
since the frequencies in the 8 direction when the HDA 1
10 supported in each of the fixing units 601 and 603 is
supported may be reduced, even when the fixing units 601
and 603 are oscillated, such a vibration is eliminated
by the supporting device, thereby making it possible to
minimize a danger such that the HDAs 1 in the fixing
15 wunits 601 and 603 are oscillated in the 6 direction. On
the other hand, since the rigidity in the straight line
direction of,the HDA 1 is high, the HDAs 1 don't collide
in the.fixing units 601 and 603. Such advantages are
also similarly applied to the other fixing units among
20 the fixing units 601 to 608 each having the_HDA 1l

therein.



of. the nagﬂe%+e~drsk—apparéfus according to the third enbodlnent of the

i nventi on. me conponent el ements as those.ShewrT 4
are 5 de5| ‘N &“ﬂ%‘ ““! 3 reference nunerals. The ihmsg
enbodi ment s e | mventibn have been descrided abOVr W t he

case where the |ink mechani sm has been provi ded bet weba=tie
portion of the fwrRAwgIBnCLAGMEDIIBRe 10 upper side portion of the HDA 1 to
t hereby support the HDA 1 to the fixing unit. According to the third _
enbodi ment of the.inventi oAtsheamsti onki paghethowdiek, appariaitnls mechanismis
provi ded between the | ower side portion of the fixing unit 6 and the | ower
side portion 15 epnshzupbadibyosuppeebinguppberdt HéskDAssembliyh&of iaxi ng
unit 6. The self-weight of the HDA 1 is conpensated by the rectangul ar

par al | el epi ped ef&sing Hﬁhﬁerwher?hnplace of the cyllndrlcal el asti c menber

10 described by Fig. 4. 20 shownin Fig the_el astic
menber 10 provi ded bet weenSahg FEB?IaQHH FHEPFFﬁﬁﬁgauﬁFPk6m9§ anism

including at least a flexible portion and a hard member,
and | |

one end of said link mechanism is attached to
said fixing unit and the other end is attached to said
hard disk assembly so that the flexible portion of said
link mechanism is located'on a straight line which
pésses through the center of gravity of said hard disk
assembly.
2. An apparatus according to claim 1, wherein the
flexible portion of said link mechanism is attached
between said hard disk assembly and said fixing unit on
a straight line extehding from an arbitrary position of
said fixing unit to the center of gravity of said hard
disk assembly.
3. An apparatus according to claim 2, wherein
said fixing unit includes an almost rectangular shape
and the flexible portion of said link mechanism is
attached between said hard disk assembly and said fixing
unit on straight lines extending from at least two
corners of said fixing unit to the center of gravity of
said hard disk assembly.
4. An apparatus according to claim 2, wherein the

flexible portion at one end of said link mechanism is

-
i —_—
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constructed paréllelepiped rubber. Genera a--SpEiNg
constant in ltmmammn m E ction (x direction) OE{H‘E qiad ' to
about 1/5 to 25 1000 e spring constant in the ' di [
(y direction). Thus, the rigidities in the (39 -and H-eetiom be
assured in a manner simlar to the case where the cylindrical elastlc

menber -. 14 -atsaqhiedi tiedons €dcinbeleWthickpégsedieet0ibhgofdsaid

Al t hough the link nmechanismis provided between the | ower side portion of
the fixing unit Himbogtiveitoawd thelef pexibbe pbrthenHdDR thendthegx endandi ng
direction 5 differs fromthose in the cases of the first and second

enbodi ment s, thesaidi linky mechambsmi £ uabbackedntoha parti gfit shiidehard
direction can be assured and the rigidity in the [err] direction may be
reduced as |ong ¥kskhessemigty er doshrahaktfbinengxtaedinaktaethanpthear e

| ocat ed on
end in the thickness direction of said fixing unit and

also extending to the center of gravity of said hard
disk assembly.

5. An apparatus according to claim 2, wherein
said link mechanism is attached between said hard disk
assembly and said fixing unit on straight lines
extending'frdm four corners of said fixing unit to the
center of gravity of said hard disk assembly.

6. An apparatus according to claim 2, wherein
said fixing unit includes an almost U-shape and said
link mechanism is attached between said hard disk
assembly and both ends of said fixing unit on straight
lines extending from at least both ends of said U-shape
of said fixing unit to the center of gravity of said
hard disk assembly.

7. An apparatus according to claim 2, wherein
said fixing unit includes an almost flat plate shape and
said link mechanism is attached between said hard disk
assembly and both ends of said fixing unit on straight
lines extending from at least both ends of said fixing
unit to the center of gravity of said hard disk
assembly.

8. An apparatus according to claim 1, wherein

said link mechanism includes totalhfour said flexible

" This Sheet Has Been Rei
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10 the stralght | i ne_whi sses the center of gravit
Fig. 6is a fulumgﬂ “‘ﬁm a construction of t e
apparatus acc rth embodi ment of th¢ inv
t he same 15 conponent el enents as those shgsn in M
the sane reference nunerals. In Fig. 6, the link nmechanismin the third
enbodi ment of t hgorbiensi &0 BEERIeRedshyfit@s, SwhechoBateuehet bynhkhe biFnks
801 and 802 each having an L 20 shape and t he hi nges 701 to 704 provided
for both ends ofsabh® reckang@lannhafdmembdrtbr &DAadnes suphothad byet he
fixing unit 6 in the |lower side portion of the HDA 1. Wth such a
construction as fkéxibby portbomnistarrénggdsafOeaahdei@3sunflacke bBandes
702 and 704 on 25 straight lines which pass the center of gravity (A) of
the HDA 1, a rigfbexiblerpentlion satirepacendnsungaceraf gaachi aé gheebotbn

may be assured and_a rigidity in the ﬁerr] direction may be reduced.
end surfaces of said hard member is attached to said

fixing unit, and said flexible portions at the other end
surfaces of said hard member is attached to said hard
disk assembly.

9. An apparatus according to claim 1, ﬁherein
said link me¢hanism is formed by said hard member and
said hard member is made of a rectangular plate member
and one surface of the both surfaces, which face each
other, of said plate member is attached to said fixing
unit and the other surface is attached to said hard disk
assembly.

10. An appératus according to claim 1, wherein
said link mechanism is formed by two said hinge-shaped
hard members each having a rectangular plate portion and
a cylinder on one side of the plate portion, said two
plate portions of hard members are overlapped through
the flexible portion and one of the cylinders is
attached to said fixing unit and the other cylinder is
attached to said hard disk assembly.

11. An apparatus according to claim 1, wherein
said link méchanism is formed by a rectangular plate
member having flexibility and includes grooves along
both sides of the plate member, said hard members each

having an almost U-shape are fit into said grooves along
T
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- .15 - Further;—the—sel-f—weight conpensati ng nenber bet ween

the fixing | , nk - 801 and t he self-meiqﬂt er
902 is provg%ﬂﬁﬁgmHﬂﬂqﬂmfi xing unit 6 and the |i} IP%%%’;E A@é%%gﬁf ely.
By arrangi ng« - Wel conpensati ng pesbers 90i—and—002-as—ppatlbned
above, external forces acting on the hinges 3 to 704 and the links 801
and 802 may be rggunedndFisdrfAces BfPeaIBCPIALS Wefie:)OWnd oF Hhid hard
construction of a supporting device for explaining the fifth enbodi nent of
the invention. |fehbers’isaagitathedetbetalll ifixingduaity lindk HRE RAIHeEM
The plate nenber 11 is used in place of the link 802 and the hinges 702a,
702b, 704a, and Ra£h memberi dsFagta2hedd tios saidahged idiskS azsgatiliyan
simlar to the portion described in Fig. 2. That is, in the nagnetic disk
appar at us accordildg to t heAh apparabudi aceordfingh&o teadm dn, whesein

said link mechanism is formed by a rectangular plate
nember having flexibility and has bent portions along
both sides of said plate membér formed by bending said
plate member in an almost Z-shape, one of plate portions
extending from the bent portions is attached to said
fixing unit and the other plate'portion is attached to
said hard disk assembly. |
13. An apparatus acéording to claim 1, wherein
said link mechanism is formed in a manner such that both
side portions, which face each other, of the rectangular
flexible plate member are sandwiched by first hard
members, the center of said plate member is sandwiched
by second hard members from both surfaces of said plate
member along both of said first hard members at
predetermined intervals from said first hard members,
one of said first hard members is attached to said
fixing unit and the other first hard member is attached
to said hard disk assembly.

14. An apparatus according to claim 1, wherein
said link mechanism includes first through holes along
portions neér both sides, which face each other, of the
rectangular plate member having flexibility and a second
through hole at the center of said plate member along

both of said first through holes at predetermined

eet Has Been Reilaced-
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HDA 1 is supported to the fixing unit 6 by the plate nenber 11. The plate

or the magnet AT MEAIREI "2 wnne: p?isﬁswt mrre HAf i ZV}L?% o

to the cases of* tfie tortgoing enbodi ments,. 4g a |matEF PEFELEA | Bt e
member 11, it is preferable to use a netal, plastics, RUBHEED or the Iike.
25 _ ittt 1A S oid seBld fidst dinbdugH Holdle, Hrid Uf PRSI ehdFgt he
straight line direction described by Fig. 2 can be assured and a rigidity
in the rotatingmdimbeats @l dediids hard Mitlar dre tiitsd@idd b regte®n can
- 16 - be reduced. Further, when it is assuned that a 'direction along the
straight |ine wheclfiftedetad Isaice fiarstofamyt asdondftidtmghmdreles, di sk
apparatus is set to an (r) direction, and a direction which crosses 5

per pendi cul ar | y respeledivielydi eact iome iss.dsetofi sadd thirst through hole is

attached to said fixing unit and the other side is
attached to said hard disk assembly.

15. An apparatus according to claim 1, wherein
said magnetic disk apparatus is constructed bf a
plurality of magnetic disk apparatuses and said
plurality of magnetic disk apparatuses are arranged in a
casing.

16. _ An apparatus according to claim 1, wherein
said link mechanism includes a four-node link mechanism
structurized with said hard disk assembly, said fixing
unit and two link mechanisms, also includes a third link
mechanism including a hard member and two flexible
portions forming on each end of the hard member, one
flexible portion of said third mechanism is attached to
said hard disk assembly and the other flexible portion
thereof is attached to said fixing unit in a straight
line perpendicular to a plane of structurizing the four-

node link mechanism.
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b %

direction, so long as a rigidity inthe (r) direction of the plate nenber
1 provided between the HDA 1 and the fixing unit 6 is equal to
approximately 100 tinmes or nore as large as a rigidity in the (t)
direction, the 10 HDA 1 may be supported to the fixing unit 6 by using any
menber as a plate nenber 11. Figs. 8 to] ¥26are di agrans showi ng exanpl es of
ot her various constructions of the |ink nmechani smwhich may be used as a-
supporting device for the magnetic disk.15 apparatus according to the
foregoing first to fourth enbodi ments of the invention. The constructi onal
exanpl es of the link mechanismw |l now be described hereinbelow. A Ilink
mechani sm shown in Fig. 8 conprises 20 hinges 707 and 708 and a rubber 13
for connecting the hinges 707 and 708. In the Link nmechani sm' a portion
bet ween the hinges 707 and 708 operates as a |link. General turning pai r

el ements may be used as hinges 707 and 708. A hole of the hinge 707 is fit
to a rod nenber 25 1201 on the f|X|n%:un|t 6 side and a hole of the hinge

1G.1

o 704
703 _

902

—

1 2 705



708 is fit to a rod nmenber 1202 on the HDA 1 side. In the |ink mechani sm
shown in Fig. 8, since the rubber 13 expands and conpresses in the

expandi ng - 17 - and conpressing directions, the advantage simlar to
that of the Iink nechani smpreviously described. In other words, inpact
applied to the fixing unit 6 may. be re%;??ﬁ against the HDA 1. 5

A link mechani smshown in Fig. 9 is co cted by.connecting an attaching
portion 1401 on the HDA 1 side and an attaching portion 1402 on the fixing
unit 6 side by a rubber 1501. The rubber 1501 has groove portions 1502 and
1503 whi ch operate as 10 .hinges and a portion between the groove portions
1502 and 1503 operates as a link. A link mechanismshown in Fig. 10 is
constructed by form ng an attaching portion 1601 on the

" FIG.2




HDA 1 side, bent portions 1602 and 1603, and an attach- 15 ing portion 1604
on the fixing unit 6 side on one plastic plate nenber 16. The bent portions
1602 and 1603 operate as hinges and a portion between the bent portions
1602 and 1603 operates as a |link, respectively. A link mechani smshown in
Fig. 11 is 20 constructed by arrangi n@¢i@e plates 1801, 1802, 1803, 1804,
1805, and 1806 for a rubber plate nenber 17. (Two) portions which are not
covered by side plates in the rubber plate nenber 17 operate as hinges and
a portion between the two hinge porthqgégp ates as a 25 link. Alink
mechani sm shown in Fig. 12 is construct bggprovidrng'core pl at es -2001,
2002, and 2003 in one rubber plate nmenber 19. (Two) portions - 18 - .
havi ng no core plate operate as hinges and a portion -
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between the two hinges operates as a link. The |link nmechani sns shown in
Figs. 9 to 12 may reduce manufacturing costs. By supporting the HDA 1 to 5
the fixing unit 6 by using such Iink mechanisns, a rigidity for the .

di sturbance in the straight line direction of the magneti ¢ di sk appar at us
may be assured and a rigidity in the [eqrfgdirection can be reduced in a
manner simlar to the case of the magnetic disk 10 apparatus using the |ink
mechani sm described by Fig. 2. Fig. 13 is a di agram show ng an exanpl e of
the di sk array apparatus construct egt?/ Grggl ng a plurality of magnetic
di sk apparatuses according to the e dl nkd of the invention as nmentioned
above in the 15 sanme casing. The disk array apparatus shown in the diagram
is constructed .in a manner such that the magnetic di sk apparatuses |
according to the foregoing embodi ments of the invention each supporting the
HDA (not shown) in 20 each of fixing units 601 to 608 are fixed in a caS| ng
21.

y
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In the disk array apparatus constructed as nmentioned above, it is now

consi dered a case where since a defect occurs in a portion of the magnetic -
di sk 25 apparatus, for exanple, in the magnetic di sk apparatus having the
fixing unit 602, it is necessary to take out the magnetic di sk apparatus
fromthe casing 21 and to-.again insert qtérew magneti c di sk apparatus into

t he - 19 - casing 21. In this case, e casing 21 receives an inpact in
associ ation with an exchange of the magnetic di sk apparatus. Particularly,
the fixing units 601 and 603 of the ngi Rgsr' g magneti c di sk apparat-uses
are 5 largely in danger of being osciﬁ#ﬁ .y the natural frequency of the
casing 21. According to the magnetic di sk apparatus of the invention as
mentioned in the foregoing enbodi ments, since the frequencies in the [err]
direction when the HDA 1 _

FIG.8
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10 supported in each of the fixing units 601 and 603 is supported may be
reduced, even when the fixing units 601 and 603 are oscillated, such a
vibration is elimnated by the supporting device, thereby naking it
possible to mninze a danger such that the 'HDAs 1 in the fixing 15 units
601 and 603 are oscillated.in the [err] ?& ection. On the other hand, since
the rigidity in the straight |ine dlrea§ of the HDA 1 is high, the HDAs
1 don't collide in the fixing units 601 and 603. Such advantages are al so
simlarly applied to the other fixin ng 20 the fixing units 601
to 608 each having the HDA 1 therei ngFLTGQm IS CLAIMED | S: 1.

At | east one magnetic di sk apparatus constructed by supporting a hard disk
assenbly to a fixing unit, whereij 603

1601
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sai d apparatus conprises a |ink nechanismincluding at-least a flexible
portion and a hard nenber, [err] the flexible portion of said |ink

mechani smis attached between said hard di sk assenbly and said fixing unit
on a straight line extending froman arbitrary position of said fixing unit
to the center of gravity of said hard disk assenbly. 2 An appar at us
according to claim, wherein said fixing unit includes an al nost
rectangul ar shape and the flexible portion of said |ink mechanismis

attached between | i q§€§¢E¢ d said fixing unit on straight

| i nes extending fwg%ﬁgtﬁﬁm orn %lgﬁ]gf said fixing unit to the center
of gravity of said hard disk assenbly. An apparatus according to claim,
wherei n the fl exiddEpdoFriNg MECHONSME BF G 1Si@igtt Nk mechani smi s

IN MAGNETIC DISK APPARATUS

A magnetic disk apparatus includes a link
mechanism constructed by at least a flexible portion and
a hard member and one end of the link mechanism is
attached to a fixing unit and the other end is attached
to a hard disk assembly so that the flexible portion of
the link mechanism is located on a straight line which
passes through the center of gravity of the hard disk
assembly, thereby having a sufficient rigidity for a
disturbance in the straight line direction which acts on
the HDA (Hard Disk Assembly) and reducing a natural
frequency of the HDA for the disturbance in the rotating

direction of the HDA.

(Figure 1 should accompany the abstract when it is published)



21.att ached-to

e thickness direction of sai ixi-Rg =/ and _
t he erxibI other end of said |ink é“@ﬁBsBEEEO ed to-
a part of s I!“B;“I “ﬁwmgm nbly on a straight Ii e ell ot her
end in the t ness Wi recti on of said fixing unit qu

the center of gravity of said hard disk &senbly. 4__.. -;e
accordi ng to cl ai WHATWNSr ELAIMEDAIBi:nk mechani smis attac P
hard di sk assenbly and said fixing unit on straight lines |g =,
four corners of shid fixingAtnleast ohe wmegneticf dgskviappadatas d hard di Sk
assenbly. 5. An apparatus according to claim,k wherein said fixing
unit includes an GPRBEFUEtefab¥ SRBPSAtANDi Ak hasehaddskmassemblat el det ween
said hard disk as enbly and both ends of said fixing unit on straight |ines
extendi ng from at +§%§§ BBth: eWHETEANsai d U shape of said fixing unit to

the center of graV|ty of salg

id apparatus comprises a link mechanism
lncludlng at least a flexible portion and a hard member,

and

. I of { d—1ind N . eaehed—t

2 An—apparatus—acecording—to—elaim—I,—wherein the
flexible portion of said link mechanism is attached
between said hard disk assembly and said fixing unit on
a straight line extending from an arbitrary positiqg of
said fixing unit to the center of gravity of said hard
disk assembly.

2 3. An apparatus according to claim 2, wherein
said fixing unit inéludes an almost rectangular shape
and the flexible portion of said link mechanism is
attached between said hard disk assembly and said fixing
unit on straight lines extending from at least two
corners of said fixing unit to the center of gravity of
said hard disk assembly.

3 7. An apparatus according to claim 2, wherein the

flexible portion at one end of said link mechanism is

—_—
Th:s Sheet Has Been R,

umm .



har.d ti sk assenbly. 6 An appar atus acc ‘IQ.SL A erein said

fixing qulJlM“ﬁ&Wﬂnml nmost flat plate shafie™an a“i".g!r I"g methani smis

attached ALl DU Kd di sk assenbly and Koth, S _ L,;%angg;gg£g=====
XTHRE SHEET HAS BEEN

. F . * |
on straight Fines "extendi ng fromat |east both _&nds-of-

the center of gravity of said hard disk gfsenb"l'"y".'7 An apFarat USEPLACED
according to clahichchdded Bnsakdd iAK tHRCAMI ALY | didasc Qb7 e
flexible 22 portigns at boPh end éurfaces, &%?%h face each other, of

said rectangul ar fRaiAgTRMAE" andl &heBAENSKiPIE ddrttidnad |#he benderénd@not s
arranged at each end surface, said flexible portion at one end surface of

each of the bot hsatd dihkameghahisa dshattasherrtd s ddrchef daidahard
fixing unit, and said flexible portions at the other end
disk assembly on a straight line extending to the other
end in the thickness direction of said fixing unit and
also extending to the center of gravity of said hard
disk assembly.

4 5. An apparatus according to claim 2, wherein
said link mechanism is attached between said hard disk
assembly and said fixing unit on straight lines
extending from four corners of said fixing unit to the
center of gravity of said hard disk assembly.

2 6. An apparatus according to claim 2, wherein
said fixing unit includes an almost U-shape and said
link mechanism is attached between said hard disk
assembly and both ends of said fixing unit on straight
lines extending from at least both ends of said U-shape
of said fixing unit to the center of gra#ity of said
hard disk assembly.

6 3. An apparatus according to claim 2, wherein
said fixing unit includes an almost flat plate shape and
said link mechanism is attached between said hard disk
assembly and both ends of said fixing unit on straight
lines extending from at least both ends of said fixing
unit to the center of gravity of said hard disk
assembly.

I8. An apparatus according to claim 1, wherein

_ said link mechanism includes total four said flexible
T
This Sheet Has
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LﬂcﬁﬂtﬂTaHﬁﬁTa=senbly 89.

surfaées\BF‘EETa*hafdsnenbgj I's attached tlp

An appara W to claim1l1, wherei saldiél M‘cﬂﬁ‘gwi gm i s formed by
sai d hard % hard menber is nade..of bar plate nenber
and one surf&ce Lo h surfaces, whicf face_rer-'r~ eT, eF—of said pl ate
member is attached to said fixing unit apg the other surface |s attached to

I d hard disk di
said hard disk assegbbs 3¢ potp oA ARRIALUS GRGOCIAGY Qulitidtier, of

wherein said |i anismis

each having a r egéi‘&gi‘leéi:aﬁ ﬁiSrpHEﬁ:HOHh ?ngfé_ oY lal RSN Rih Sﬁ}{&’c Ynd he

pl ate portion, said two plafe portions o menbers are overl apped
through the fl exgbbriBabt beRtdbfl 9BCaflkahBedCyitl BARMS dnd FiradRs, tensai d
fixing unit and the other cylinder is attached to said hard di sk assenbly
10. An appflekiblecpordiog b& ohel end, suwhEaeen cfaichdh ¢ NERhBBIHN | S
formed by a rectangul ar plate nmenber having flexibility and includes
grooves al ong end surfaces of said hard member is attached to said

fixing unit, and said flexible portions at the other end
surfaces of said hard member is attached to said hard
disk assembly.

85. An épparatus according to claim 1, wherein
said link mechanism is formed by said hard member and
said hard member is made of a rectangular plate member
and one surface of the both surfaces, which face each
other, of said plate member is attached to said fixing
unit and the other surface is attached to said hard disk
assembly.

2 0. An apparatus according to claim 1, wherein
said link mechanism is formed by two said hinge-shaped
hard members each having a rectangular plate portion and
a cylinder on one side of the plate portion, said two
plate portions of hard members are overlapped through
the flexible portion and one of the cylinders is
attached to said fixing unit and the other cylinder is
attached to said hard disk assembly.

10 #=. An apparatus accorxding to claim 1, wheréin
said link mechanism is formed by a rectangular plate
member having flexibility and includes grooves along
both sides of the plate member, said hard members each

having an almost U-shape are fit into said grooves along



bot h Sides o said hard ng TIACENGEN an al nost
U-shape are Hmn m@mnallgigmoves al ong cgs of said
pl at e menber, «one al ard nenbers is & "ing unit, and
the other hard member is attached to said haF ¥SS 111 An
apparatus according to claim1, wherein 3gid |ink nechanlsn1|s formed by a

rectangular bl g senbes Naukngel! sk bLLLT X120 HageBent cAer Hons @ Wdg

both sides of sard pIa or e |ng sal menber in an

al most  Z- shape, ﬁ&&spietgteg Lhe@NEo CXLS L?.&d eqﬁgomlee haat dhe

attached to sai I XI ng unit an e ot ate portion is attache o
said hard di sk agsedbmembd? is attfené@pebaguidaﬁaeadumgkt asslemblyl,
wherein said |ink mechanismis formed in a manner such that both Side
portions, whicll £#ace each mhhsppavidtubeaceordigyl 86 claim 1, wherein

said link mechanism is formed by a rectangular plate
member having flexibility and has bent portions along
both sides of said plate member formed by bending said
platé member in an almost Z-shape, one of plate portions
extending from the bent portions is attached to said
fixing unit and the other plate portion is attached to
said hard disk assembly.

12 ¥3. An apparatus according to claim 1, wherein
said link mechanism is formed in a manner such that both
side portions, which face each other, of the rectangular
flexible plate member are sandwiched by first hard
members, the center of said plate member is sandwiched
by second hard members from both surfaces of said plate
member along both of said first hard members at
predetermined intervals from said first hard members,
one of said first hard members is attached to said
fixing unit and the other first hard member is attached
to said hard disk assembly.

13 +4. An apparatus according to claim 1, wherein
said link mechanism includes first through holes along
portions near both sides, which face each other, of the
rectangular plate member having flexiBility and a second
through hole at the center of said plate member along

both of said first through holes at predetermined
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flexible pl ate nenber are sandwiched by first ﬁr T _Cgnt er of
sai d plate nmenber u m second hard e GEE. T furfaces
of said plate merT‘J) "lﬂml ulmmﬁlm'l said first abg mziﬂ) 'pre:eterm' ned
intervals fromsaid fifrst hard menbers, one ofl LIPSt Warg-neftbers i s
attached to said fixing unit and the oth&r first hard nenber 1s attached to

erard oK, REHe o gatdk AAALHSAE ROLLH) 404 CkESL Ihazd

wherein said I|n nechanlsn1|nc es along portions
near both sides nieoh TatP Ladtdiddardimdiles estangubartaliabe aemeer
havi ng erX|b|I|ty and a second through hole at the center of said plate
menber al ong botde ofitaridl dd redid Miough 41 esecéndreliedeghi hetles, 24
intervals fromsaid first through holes, and first hard nenbers and a
second hard nenbsyspectivelsr ethdoms siodle of said first through hole is

attached to said fixing unit and the other side is
attached to said hard disk assembly.

14 5. An apparatus according to claim 1, wherein
said magnetic disk apparatus is constructed by a
plurality of magnetic disk apparatuses and said
plurality of magnetic disk apparatuses are arranged in a
casing.

15 +6. An apparatus according to claim 1, wherein
said link mechanism includes a four-node link mechanism
structurized with said hard disk assembly, said fixing
unit and two link mechanisms, also includes a third link
mechanism including a hard member and two flexible
portions forming on each end of the hard member, one
flexible portion of said third mechanism is attached to
said hard disk assembly and the other flexible portion
thereof is attached to said fixing unit in a straight
line perpendicular to a plane of structurizing the four-

node link mechanism.



be“fifted_LngﬁuLLiiisi_and—second t hrough hol es, respectively, and one

side of said first_t ) hole is attached to sald fixing unit and the

ot her si delumﬁml Emﬁﬂl‘at d hard disk assenb@,“. X S
accor di ng in sai d magnet i eUBptUtg sheet - £O-NovEMmDS Reh 1Y &d
by a pIurallty of magnetic disk apparatuses and hgneti c
di sk apparatuses are arranged in a casing20l5 ac:ording
to claim1l, whereigysaifg i smincludes pchani sm
structurized with said ﬁardﬂﬁlggsgggenbly, sai d fl=x—rg—ortrt—c w0 | i nk

mechani sms, al so ingcl udes aAﬂllé’aétrkkngeﬁi@ﬂeﬁﬂtlﬂﬁhhdapgaaahalsd member
and two flexible portions formng on each end of the hard nenber, one

fl exi bl e portion ddosstrutted dbyestpposting athactedisk sssembdyd té Sk
assenbly and the other flexible portion thereof i-s attached to said fixing
unit in a strai ghtfiximgpenpendieteainto a pl ane of structurizing the four-
node 11k mechant sm "said apparatus comprises a link mechanism
including at least a flexible portion and a hard member,
and
one—end—of said—tink-mechenism—is—attached—to
PIPEPTI 4 e y - ~arehred—t 4
; s b i re—Etexib] — e i
§asses—ehfe&gh—%he—eenter—ef—gravity—of—éaid—hardﬂdfsk
assembly-.
2~ -An-apparatus—according—to——claim Il —wherein the
flexible portion of said link mechanism is attached
between said hard disk assembly and said fixing unit on
a straight line extending from an arbitrary posit;qg of
said fixing unit to the center of gravity of said hard
disk assembly. L
2 3. An apparatus according to claim 2, wherein
said fixing unit includes an almost rectangular shape
and the flexible portion of said link mechanism is
attached between said hard disk assembly and said fixing
unit on straight lines extending from at least two
corners of said fixing unit to the center of gravity of
said hard disk assembly. 1

i4. An apparatus according to claim 2, wherein the

flexible portion at one end of said link mechanism is
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attached to one end in the thickness direction of said

fixing unit and the flexible portion at the other end of
said link mechanism is attached to a part of said hard
disk assembly on a straight line extending to the other
end in the thickness direction of said fixing unit and
also extending to the center of gravity of said hard
disk assembly. 1

4 5. An apparatus according to claim 2, wherein
said link mechanism is attached between said hard disk
assembly and said fixing unit on straight lines
extendiﬁg from four corners of said fixing unit to the
center of gravity of said hard disk assembly.

36 An apparatus éccording to claim 2%'wherein
said fixing unit includes an almost U-shape and said
link mechanism is attached between said hard disk
assembly and both ends of said fixing unit on straight
lines extending from ét least both ends of'said U-shape
of said fixing unit to the center of gravity of said
hard disk assembly.

6+ An apparatus according to claim 5% wherein
said fixing unit includes an almost flat plaée shape and
said link mechanism is attached between said hard disk
assembly and béth ends of said fixing unit on straight
lines extending from at least both ends of said fixing
unit to thé.center of gravity of said hard disk
assembly.

i] rn;;é;f - :ifAn éppara;us'aééording to claim 1, wherein

said link mechanism includes total four said flexible



