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(57) Abstract

A recording device (10) operative to
read and write data on a recording medium
(200) has a support frame (26), a take-up
mechanism (24), bearing elements (18, 22)
on opposite sides of a recording head (20).
The recording head (20) is mounted for trans-
lational movement by a positioning assembly
which includes a pair of flexure plates (54,
56) having flexure portions (120, 150) defin-
ing torsional springs with oppositely acting
torques fo resist rotational movement of the
recording head (20) during reciprocal move-
ment. A drive includes a stepper motor (96)

26

that operates a shaft cam (94) that bears
against a head cam block (86) to move flex-
ure portion (120) and a recording head (20)
against a restorative force of flexure portions
{120, 150). Cam nuts (34, 38) adjust skew
and a cam element (107) adjusts tape pene-

(54) Title: READVWRITE RECORDING DEVICE AND HEAD POSITIONING MECHANISM THEREFOR




been devel oped to store data both for on-line usage as well as for archival
pur poses. \Were on-line processing requires data to be readily at hand, a
si gni fi cantWOA%134@nent was provi ded by the advent of the nag*&rr"is%ﬂﬂé:’
storage array. Here, one or nore nmagnetic disks are provided, and a
read/wite recording head is used to record information on the disk as well
as to retrieve information or data for use by the conputer processor
Significant strides have been made in the ability to increase the density
of data stored on such n&g;etic di sk arra In order to gain an even

hi gher density for on-|i FEARAWRITERR Réiﬁedpgylﬁﬁéaﬁgb d.  These
devices record data based uRASETIQNING MECHANISM.TREREFOR | ght so that a

hi gher density is obtained due to this techpi aser light is enployed
to read the stored informatiof FreBHE Wtﬁﬁgﬁ?Fg | di sk. However, once
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recording devices and particularly concerns supports used to
posiﬁion read/write recording heads especially for selected,
reciprocal translational movement in multi-track recording.
The present invention particularly concerns controlled
movement of a read/write head along a linear axis while
eliminating rotational movement thereabout in a manner that
allows greater precision. With such greater precision, the
present invention contemplates increasing the density of
'fécéided data on a selected medium by increasing the plurality
of tracks that may be made on that medium.

BACKGROUND OF THE INVENTION

The advent of thefcomputer has already had a profound
effect upon human society, and the impact of processing
technology is expected to increase. Indeed, the desirability
to store information for subsequent retrieval currently grows
at an exponential rate. Thus, various types of devices have
been developed to store data both for on-line usage as well as
for archival purposes.

Where on-line processing requires data to be readily at
hand, a significant improvement was provided by the advent of
the magnetic disk storage array. Here, one or more magnetic
disks are provided, and a read/write reéording head is used to
record information on the disk as well as to retrieve
information or data for use by the computer processor.
Significant strides have been made in the ability to increase

“the density of data stored on such magnetic disk arrays.

In order to gain an even higher density for on-line data,
the optical disk was developed. These devices record data
based upon a very small wavelength of light so that a higher
density is obtained due to this technique. Laser light is
employed to read the stored information or data on the optical
disk. However, once imprinted, the disk presently cannot be



technology. In early days of the conputer, before the advent of the
magneti ¢ di sks and the optical disk storage assenblies, data was typically
stored on n¥MhWE346k apes, such as reel -to-reel tapes and | at ePCTASIEMN6153
In a magnetic tape storage device, a nmagnetic coil is used as a transducer
both to inprint data nmagnetically on a noving band of magnetic film
thereafter, when the filmis advanced acrogs the transducer, the data may
be read and re-input into a co- processor. Mgnetic tape can be erased and
rewitten nargwritiesnardthesugn sdgadfigandf resesveh. iMgnadeswaypeins an

still a hi gfgﬂfgfé'{é‘bbSvEQBgaE?w +ddHo %data when rapid access is of

| ess significance and cost concern. ver, where vast quantltles of
data are to be nelRterRiY, dayssef Ahes compukeny kefore thet AdVERfsiafalthe
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can be. | ndoBRICYRCRE LeLaErbeon MATHRRIF Grants (EpEh ARuEesioEo" reel
exanpl e, a negpes iand a]mtenaaﬂsset’easyst]mnat magniet iab ltapieo siteask gen dewriices,
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times the arbdX ata "as a system i%h-"on I'zes
Therefore, otdgneticallycosage noreingphandy odff mmgt&iti% fipus theregfdeatyt a
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can be witten on magnetic tape. | n order tomcreasethe denS|ty
of data stork® mg anﬁ;agﬁetip@qtaﬂ@tq)@e co-processor. Magnetic tape can

be erased and rewritten many times and has an advantage of low
cost. , o
Magnetic tépe is still a highly desirable format for
- afchiving data for rapid access is of less significance and
cost is of concern. However, where vast quantities of data
are to be maintained, these tapes can be bulky due to the
" physical number necessary to store the quantity of data. The
capacity for such tapes to store data, of course, is dependent
upon the number of "tracks" which can be independently placed
" across the width of the tape. Thus, for example, a magnetic
tape read/write system that is able to read and write nine
tracks of data on a single strip of tape will hold four and
one-half times the amount of data as a system which only
utilizes two tracks. Therefore, efforts to increase the
capacity of magnetic tapes to store data have included
‘substantial efforts to increase the number of tracks which can
be written on a band of magnetic tape.
In order to increase the density of data stored onto a
" ‘'magnetic tape, one technique has been to support a plurality
of individual read/write transducers in an array on the
read/write recording  head. For example, where eight
- transducers are placed side-by-side across the head, eight
- tracks can be simultaneously written or read as the tape is
' translated across the head and the tape advance direction. In
order to provide this number of transducers, however, they may
need to be very small in size. Importantly, the reduction in
size of the transducer results in a substantial portion of
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techni que has been to support a plurality of individual read/wite
transducers in an array on the read/wite recording head. For_exanple
where ei ght M@ 24k ers are pl aced si de-by-side across the hea'EF,T’E%HlﬁiST’
tracks can be simultaneously witten or read as the tape is transl ated
across the head and the tape advance direction. |In order to provide this
nunber of transducers, however, they nmay ne€d to be very small in size.

| mportantly, the reduction in size of the transducer results in a
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six tracks on the tape band. The ability to create multi-
track storing, then, becomes dependent upon the precision with
which the tape head may be translated to create the different
sets of tracks. '

- In the typical technique for translating a read/write
recording head employs a lead screw that is threaded into a
threaded nut associated with the tape head. Rotation of the
threaded shaft, for example, by a stepper motor, then can
translate the tape head a desired distance. While this

- technique is useful in increasing the ability to do multi--
track recording, a lead screw assembly includes an inherent
"sloppiness" as a result of the need to have some gaps between
the lead screw threads and the threads to avoid binding during
use. In order to compensate for this sloppiness, it is known
to use threaded lead screws wherein ballbearings reside in the
threads to help to remove the sloppiness. While this
technique does increase precision, a lead screw assembly
necessarily has a large mass so that, as the tape head is
shifted, substantial momentum and energy must be overcome,
especially at the extrema of the translated distance.

. In addition to the use of lead screws, it has been known
to use camming structures as a mechanism for translating a

- read/write recording head transversely across a tape medium so
as to read multiple discrete tracks on such tape. One such
_example is shown in U.S. Patent No. 3,705,270 issued December
5, 1992 to Huber. 1In this patent, a read/write recording head
is secured to a carriage which slides on a pair of rails so
that the read/write head may translate transversely across the
tape. The carriage is biased for abutment against a spherical



enploys a lead screw that is threaded into a threaded nut associated with
the tape he ion of the threaded shaft, for exanple, b

not or, then@g%aﬁﬁ“ﬁsl ate the tape head a desired distance. V\#l‘ﬁéaéﬁﬁggs

technique is useful in increasing the ability to do nulti-track recording,

a |l ead screw assenbly includes an inherent "sloppiness" as a result of the
need to have sone gaps between the | ead scréw threads and the threads to
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movenent of té#e irclinedtplaneovwiithguhediiscrete steps. Movement of the cam
surface is accomp_lished by a rack and pinion gear assembly.
In my co-pending application S.N. 08/588,211 filed
- January 19, 1996, and now U.S. Patent No. X, XXX , XXX, a
- positioning assembly utilizing a cam in the form of either a
-continuous cam surface, a stepped cam surface or a cam
employing individually sized bearings is disclosed for the
- precise adjacent of a follower shaft that supports a
‘read/write recording head. This patent application recognized
‘the need to prevent -angular rotation of the read/write
recording head during translational movement, and the patent
application discloses a mechanical structure for preventing
angular rotational movement during reciprocal translation of
the read/write head. '
Despite the development of the above described
" positioning devices, there remains a need for head positioning
assemblies that are increasingly more precise in positioning
a read/write head on a multi-track recording medium so as to
allow an increasingly large number of tracks to be introduced
-on-and read by such a recording head. There has been a
- further need for simplified structures and recording devices
which use these structures. There has been a particular need
“for positioning structures for read/write recording heads that
“." . "reduce or eliminate angular rotation of the read/write head
-during translational movement without impeding such
translational movement.

" "‘—q&.
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U. S. Patent No. 3,839,737 issued Cctober 1, 1974 to Vogel also enploys a
stepped camto nove a read/wite recordi ng head transversely of
REPLACENVENTWOHBHB46L t he tape medi um Here, however, the cam f QYTERE/16%53) n
the formo a follow ng post that rides on the surface of the cam U. S.
Patent No. 3,370,131 issued February 20, 1968 to Reed al so shows a pin type
cam foll ower that noves a transducer. In thé& Reed Patent, however, the cam
surface is an inclined plane without discrete steps. Mvenent of the cam
surface is acconplished by a r aSUMNARYpIOF GHE)INVENEEOS| y. In ny

co-pendi ng appl i catj , 8 214+ £i . 100G :
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_ a foll ower shaft that suppor{s a read/wite recording head.
Thi s patent.aEBPFCHFPSnRQ§ﬁﬁﬁﬂ§kR9tmﬁéﬁk%%s?o prevent angul ar rotation of
theI read/ wri 1a e recahditheredsjsht iof) thanpreséntalinventient isarkb tpeopidena
application dis
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simplified in structure and less expensive to produce.

Yet another object of the'present invention is to provide
a positioning device for read/write recording heads that can
precisely position the head for higher density multi-track
recording and reading.

A further object of the present invention is to provide
a poéitioning mechanism for read/write recording heads that
reduces and/or eliminates rotational movement of the
read/write recording head while it is translating along a
linear axis.

Yet a further object of the present invention is to’
provide a positioning mechanism for read/write recording heads
that has both skew adjustment and tape penetration adjustment
features which are independent of one another.

Still a further object of the present invention is to
provide a read/write recording device that incorporates the
positioning mechanism having the objects stated above.

According to the present invention, then, a positioning
mechanism is operative to selectively position a recording

head relative to a support structure which supports that
recording head. Broadly, the positioning mechanism includes

a drive that is operative to translate the recording head
along a linear .axis such that the recording head is
positionable at intermediate positions between first and
second locations. First and second torsion springs are then
disposed in opposite ends of the recording head and are
arranged to apply opposite angular torques to the recording
head thereby to resist rotational movement of the recording
head about the linear axis. Adjustments are provided for both
skew and tape penetration.



Despite the devel opment of the above described positioning devices, there
remains a need for head positioning assenblies that are increasingly nore
precise in Nx¥¥13d60 ng a read/ wite head -on a nulti-track re®aTASHg/166di um
so as to allow an increasingly | arge nunber of tracks to be introduced on
and read by such a recording head. There has been a further need for
sinplified structures and recordi ng devi ces gwhi ch use these structures.
There has been a particular need for positioning structures for read/wite
recordi ng heads th®her £dreé andeberond &casjuimnmispriimgs arefeadhe pmrsfidrablye

head during tansLat bapalo QTR SUHRHL bIRED AEvIHG"a! LANSIHIAR that

novenent .
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recording head as well' as a read/wite feco

devi ce |ncorporat|n
head posi ti ontiESHednshi sarondotndising eﬁPerQFhe pFReefut REMELLA g'§Yt de
provide a pOSdéfDﬁedgblﬂfE(HTqmﬁméerUash_a@é/dedtS rvepmdoﬁe beadhehal-diaped

sinplified in Sés HQeLEeS efgﬁﬂéégﬁeég ELCBH§ another and with those
U—shaped cuts overlapping one another to define the flexure
portion. The cut profiles aré preferably identical with
respect to one another with the cut profile on the second
flexure plate being rotated 180° to the cut profile on the
first flexure plate relative to an axis that is perpendicular
to the linear axis. The recording head may be secured to one
or both of the flexure portions of the torsion spring, and
this interconnection can include a spacer block as necessary
-for.the particular recording device environment in which the
positioning mechanism is employed.

" The drive which translates the recording head may be of
~various types known in the art, but preferably is formed by a
‘rotatable first cam having a first cam surface oriented
transversely to the iinear axis. A motor is operative to
rotate the first cam such that the cam surface operates to
translate the recording head in a first direction along the
linear axis against a restorative force'of one of the first
and second torsion springs. A head cam block is preferably
provided to interact with the rotatable cam, with the head cam
block being secured to one of the first and second torsion
springs. The head cam block has a second cam surface oriented
transversely to the linear axis with the second cam surface
being engaged by the first cam surface. :

The present invention also includes a head assembly that
-is adapted to read/write data on a recording medium that is
‘advanced in a feed direction by a transport mechanism that
includes a support frame. The head assembly according to the
invention includes the structure described above in
combination with a recording head that is disposed between the
interior surfaces of flexure portions of first and second flat



Yet anot her object of the present invention is to provide a positioning
device for read/wite recording heads that can precisely position the head
for higher o¥QIPAM6Aulti-track recording and readi ng. A furt hePCORjSBT16163
the present invention is to provide a positioning nechanismfor read/wite
recordi ng heads that reduces and/or elimnates rotational novenent of
the read/wite recording head while it is translating along a |inear axis.
Yet a further object of the present invention is to provide a positioning
nmechani sm f or toead/onr isprirgs: dihgnteesagabh basdbspbselleatadnesendnbfathe
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torque that is opposite a second angular torgue force applied
by the second flexure portion so as to cancel angular rotation
of the recording head about the linear axis. Each of the
torsion springs is preferably formed of a flat plate with the
second flat torsion spring being thicker than the first flat
torsion spring so that it has a larger spring constant than
the first torsion spring. Adjustment structure is also
provided to permit alignment of the linear axis transversely
at the tape feed direction so that the recorded tracks may be
properly read. o _

Finally, the present invention also includes a device

- that is operati#e to read/write data on a récording medium.
The device includes a support frame having a docking station
that is adapted to receive a holder for a recording medium.

A take-up mechanism is provided that is operative to advance

- the recording medium in the feed direction, and bearing
elements are disposed on the support frame and are operative
to support the recording medium as it is advanced in the feed
direction from the holder to the take-up mechanism. A
recording head is disposed adjacent to the recording medium as
it is advanced in the feeding direction with the recording
head being oriented transversely to the feed direction. First

... and second flat torsion springs are then supported on the
- -Support frame, with each having a flexure portion with opposed
: ..facing interior surfaces. The recording head has a first end
:_that engages the first flexure portion of the first flat
torsion spring while the recording head has a second end that
engages the second flexure portion of the second torsion
spring. A drive is then disposed at a first end of the
recording head and is operative to advance the recording head



positionable at internediate positions between first and second | ocati ons.
First and second torsion springs are then disposed in opposite ends of the
recordi ng h¥99%3dbélare arranged to apply opposite angul ar tor F&dEU93/16358
recordi ng head thereby to resist rotational novenent of the recordi ng head
about the linear axis. Adjustnments are provided for both skew and tape
penetration. WO 99/ 13461 8

PCT/ US97/ 16153 6 The first and second torsion springs are each preferably
formed out ofim al fiiddtexdiveption ladwing) theulipeofi axishaandepgadnsy the
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respectively engage exure portio the first and second torsion
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anot her with ¢dcelingr ahgudagntblrgquecfordes to resist angular rotation of
the recording head about the linear axis.

These and other objects of the present invention will
become more readily appreciated and understood from a
consideration of the foilowing detailed description of the
exemplary embodiment when taken together with the accompanying
drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a front view in elevation showing a
read/write recording device incorporating the positioning
‘mechanism of the present invention;

Figure 2 is a side view in partial cross-section showing

" the position mechanism of the present invention;
" Figure 3 is a rear exploded view in perspective of the
‘read/write recording device of Figure 1;

Figure 4 is a front exploded view in perspective of the
read/write recording head of Figure 1;

Figure 5 is a front view in elevation of a first torsion
spring used in the positioning mechanism according to the
exemplary embodiment of the present invention; and

Figure 6 is a side view in partial cross-section showing
a translational movement of the recording head by the
positioning mechanism of the present invention.

' DETATILED DESCRIPTION OF THE EXEMPLARY EMBODIMENT
The present invention concerns read/write recording
devices adapted io selectively write data onto a recording
" medium. More particularly, however, this invention concerns
a positioning mechanism which is operative to translate a
read/write recording head reciprocally in a linear direction
transversely to the direction of movement of the recording
medium past the recording. head so as to read one or more
tracks on that recording medium. Although this invention is



flexure plate being rotated 180[err] to the cut profile on the first
flexure plate relative to an axis that is perpendicular to the linear axis.
The recordi NP R¥E¥6kay be secured to one or both of the flexurBCHURY VIS of
the torsion spring, and this interconnection can include a spacer block as
necessary for the particular recording device environnent in which the

posi tioning mechanismis enployed. The drived which translates the recording
head may be of various types known in the art, but preferably is forned by
a rotatabl e fdegerihedhaspegificalsty carhtdur respestti etoedtheanseeprdliing oof
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the cam surface operates to translate the rfecording head Iin a rst

di rection al oPgPERIUENtERtTieyVadgailts Shouddsbgr aleaElvonndesstopd shaththe

first and secpsgditebaiiony SRécRaRismAJeaché aprekealt | nwert B6RDMAYP Y i d8€d

to interact w the.rotatable . cam w.,fh the head cam bl ock bei ng secured
to one of théw%FPnggﬁE'5&&ﬁﬁ9%?ﬂsﬁ%ﬂlgﬂrings. The head cam bl ock has a
second cam surf aceFon puirpdsiesanfvehisl gesoripe ionnaad aheschaihstdentained
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- recordi ng nmededbheat & s "read only" transducer head, a "write only"
transducer head or to a combination of a read/write transducer
head. Moreover, it should be understood that the term "tape"
or "recording media” is used to refer to magnetic media,
optical media or any similar data storage technology now used
or hereinafter developed with which the read/write head can be
employed.

Turning first to Figure 1, it may be seen that a
recording device 10 according to the first exemplary
embodiment of the present invention is operable to read and
write data on a recording medium. Recording device 10 has a
docking station 12 which receives a supply of the recording
medium, for example, as contained in cassette or holder 14.
Tape from holder 14 is advanced in a feed direction by a
leader arm 16 so that it is threaded across a first air
bearing 18, a read/write recording head 20 and a second air
bearing 22. The tape medium is then introduced to a take-up
spool 24 as is known in the art wherein it is wound during
reading of the tape as it is translated between holder 14 and
take-up spool 24. After the read/write operation, the tape
medium is rewound into holder 14 so that holder 14 may be
‘removed and stored. Recording device 10 includes a support
frame 26 that provides the docking station for recording
device 10. It should be understood that recording head 20 is
disposed adjacent to the recording medium when the recording
medium is advanced in the feed direction with the recording
head being oriented transversely to the feed direction along
a linear axis "L" along which recording head 20 may be
reciprocally translated.



advanced in a feed direction by a transport nechani smthat includes a
support franme. The head assenbly according to the invention includes the
structure §¥@8¥1¥W6H above in conbination with a recordi ng HRERIUSITAL1S3S
di sposed between the interior surfaces of flexure portions of first and
second fl at WO 99/ 13461

PCTI US97/ 16153 7 torsion springs. A drive again is disposed at one end of

t he recordi ng head and advances the recording head in a first direction
agai nst the restorwitherhmenenﬂecnmwototE&gumesidﬁ4ﬁnimgmayubb tsfesin ttheat

restorative fEﬁgeR¥EEQHﬁsfﬂ§%ﬁ€f gggvgagg ”1&n§?§8@ngbE3§tpﬁ%fﬂfﬁﬁkng

the |linear axrs exur e
confi gured amIeGhaBJhS@d thathaist I‘QPQIati-Vﬂ es@ir esqicﬂqtimﬁbﬁplp%lﬁltmr sthe

angul ar torqusewealhgt RRRSS I20° 1 IACHN @ageﬁérsaaﬁsye E%ﬁet%&@ i WHich

the second flexure Lon so as_to cancel angular rotation of
recordi ng hea¥UBBBLESt A9 GReQTrding heags A5 ishShown; 4R §Bﬁﬁﬁg§i99resr

preferably fosdpgopt erihatupkals Mhéudbs &afsis-ShAded BHHGL S WldigeEi 28
thicker than éﬁgﬁf ggtgué¥nterlor chamber 30 sized to receive a standard
recording head, available from head manufacturers, for
example, IBM Corp., STK Corp., Seagate Corp., Hitachi Corp. or
Fujistu Corp. Chamber 30 is open at both the front and rear
sides of recording device 10. Support element 28 is secured
to framework 26 and is adapted to mount a recording head
support as well as to secure a motor support in the form of a
skew plate 42 to support structure 26. .To this end, a bolt 32
-extends through a bore 33 in support element 26 and a bushing
‘40 -is received over bolt 32 in ciose fitted telescopic
engagement. A first cam nut 34 is matably received on bolt 32
"and bushing 40 and is affixed to the interior surface 29 of
. support element 28 by any suitable means, such as an adhesive.
‘A second cam nut 48 is also matably received on bolt 32. Nuts
- 34 and 48 have facing cammed surfaces 35 and 49, respectively.
Framework 26 has two cooperating mounting posts 36 and 38
which project forwardly of support frame 26 at a central
‘region of recording device 10 adjacent respectfully to air
bearings 18 and 22. Mounting post 36 has an inner threaded
bore 37 while mounting post 38 is in the form of a threaded
shaft that is rigidly secured to support frame 26. Mounting
post 40 is dimensioned to have a diameter similar to bolt 32
so that post 38 can telescopically receives a bushing 40, a
cam nut 34 and a cam nut 48. Here again, cam nut 34 is
- affixed to support frame 26 so that it is prevented from
" rotation. Cam nuts 34 and 48 have facing cam surfaces 35 and
49, respectively.
' Skew plate 42 is then secured to framework 26 by mounting
- posts 36 and 38 along with bolt 32 passing through mounting
element 28. Thus, skew plate 42 rests on cam nuts 48 as well
as the upper surface of mounting post 36. A bolt 45 extends
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torsion spring so that it has a larger spring constant than the first
torsion spring. Adj ust ment structure is also provided to permt alignnent
of the |inewo 9943461t r ansversely at the tape feed direction soPOTAISIAELS3
recorded tracks nmay be properly read. Finally, the present invention also

I ncludes a device that is operative to read/wite data on a recording

medi um The device includes a support framgihaving a docking station that
is adapted to receive a holder for a recording nmedium A take-up nmechani sm
is provi ded thabuigh cger aperdrng 46vdmceskére pdadedi$? sedithat nithandyebe
direction, 2odrBadld e VRN hrdidl TARLE7Be! BBTURRY [ wbEARES2HY ahE
operative to support e recording nediumas It is advanced I1n the feed
direction froutshethobzer receheedaien upherdihmcadad endpef dPRdthedrd amd

di sposed ad| 2AgBhde 455 £ €88" Hhlen RHEN Berdiigh Sbageanaed drny téﬁeéze?dhaa
direction with the recording head being oriented transversely to the feed
direction. FfRst and second flat torsion springs are then supported on the

support frame, wizh Eiedt hévegra Plate Gpahdoa wetbndpBisechfacpbgte 56
o e 2B Reral et S O TE A4 SRl B SRASERRLHIE g
head has a sasotd eudstizxitially enclose chamber 30 of support element 28.
To this end, as is seen in Figure 3, skew plate 42 has a
central cavity 47 that opens into chamber 30 of support
element 28. First flexure plate 54 confronts skew plate 42
and is secured thereto by means of a flexure retainer plate 58
and bolts 60. Bolts 60 extend through bores 62 in retainer
plate 58 and fasten in threaded openings 64 in skew plate 42
. such that first flexure plate 54 is sandwiched between
. .retainer plate 58 and skew plate 42. Second flexure plate 56
- is simply fastened by means of plurality of screws 66 that
extend through bores 68 and into threaded opening 70 in )
. support 26. Flexure plateé 54 and 56 thus have facing
interior surfaces with each having an outer surface opposite
its interior surface. '
Recording head 20 may be seen to extend between and be
mounted to first flexure plate 54 and second flexure plate 56.
To this end, as is shown in Figures 2-4, a head spacer block
72 is L-shaped in configuration and is provided with three
through bores 74 which élign with threaded bores 76 in head
20. Through bores 74 and threaded bores 76 receive bolts 78
which fasten recording head 20 and head spacer block 72
directly to flexure plate 54, as described more thoroughly
below. Similarly, a second end of recording head 20 is
. fastened to second flexure plate 56 by means of bolts 80 that
. extend through openings 82 in second flexure plate 56 so as to
-be secured and threaded bores 84 in the second end of
recording 20.
In order to translate recording head 20 along linear axis
"L", a head cam block 86 is secured to an outer surface of
first torsion spring 54 opposite the interior surface that
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engages the second flexure portion of the second torsion spring. A drive
Is then disposed at a first end of the recording head and is operative to
advance t hewoeaoasdéing head WD 99/ 13461 PCT/US97/16153
PCT/ US97/ 16153 8 in a first direction along the linear axis and agai nst the
second flexure portion such that a restorative force is applied by the
second flexure portion to return the recordi2ang head in a second direction
along the linear axis. Again, the flexure portions are configured and
oriented so aonfrome racoelding dead 20 i orHeadf camedliork 86 sisapyolvdded

obj oct s of ¢ MATHH ErFurRIeRd: st ClgqidhbOEeh 88, tnslital Gifeh Beieg 7o,
under st ood f resthemdtonsi déhus j oniof shoeuld| | mowngbeet apprecdatedi pthag othe
o vy o SR o SR, S5 o [BORESCE A [ dacprding
view in el evheash 2hofimglianecusly clamps or fastens head cam block 86,
first flexure plate 54, head spacer block 72 and recording
head 20 securely together. = Head cam block 86 includes an
upstanding cam surface 90 which mates with a second cam
surface 92 formed on shaft cam 94 that is received by a
stepper motor 96 for controlled rotation thereof. Motor 96 is
secured to retainer plate'58 by means of bolts 100 that extend
through ears 102 of motor 96, through stand-offs 98 to be
received in threaded bores 101. Cam surfaces 90 and 92 are
preferably 1/2° inclines that provide total 1lift of .040
‘inches or more. Thus, a rotation of 180° of shaft cam 94 will
result in head movement of .020 inches or more. Stepper motor
96 preferably has 400 steps per rotation, i.e., each step is
an ‘angular rotation of .9°. With the camming of surfaces 90
and 92 at 1/2°, each step provides a .00005 inch translation
0f recording head 20. Shaft cam 94 is formed of non-magnetic
material, such as stainless steel, while head cam block 86 is
formed of a lubricous plastic material.
To complete the construction of the head mounting and
positioning assembly, it may be noted with respect to Figures
2-4 that retainer plate 58 and first flexure plate 54 are
pinned together for common movement by a pair of pins 102 that
extend through openings 103 in retainer plate 58 and through
openings 104 in first flexure plate 54. Pins 102 are press-
fit into holes 103 and 104 and protrude into enlarged holes
105 formed in skew plate 42. Thus, retainer plate 58 and
first flexure plate 54 may be translated in a transverse plane
with respect to skew plate 42. To control this translation,
retainer plate 58 is provided with a countersunk bore 106 that
receives head 108 of a horizontal adjustment cam 107. Cam 107
includes a longitudinally extending but actually off-set shaft
109 that extends into a slot 110 formed in skew plate 42.



read/ wite recording device incorporating the positioning mechani smof the
present. invention; Figure 2 is a side viewin partial cross-section show ng
t he positi oswoesisei sm of the present invention;, Figure 3 is aPCEHUS97/16153
expl oded view in perspective of the read/wite recording device of Figure
1, Figure 4 is a front exploded view in perspective of the read/wite
recording head of Figure 1; Figure 5is a fgypnt viewin elevation of a
first torsion spring used in the positioning nechani smaccording to the

exenpl a'ryl embodi WBnheOEbbbg Wmém\@t}fﬁﬂmr?ndafi gowebe 'apr;]:a:ezimfeéi etvo
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Ftic i

recording e ver vention concerns
posi ti oni ng Mﬁaﬁiﬂg‘rﬁm cofi @chlmg/eheédt B&nsﬁ%ﬂ etapee fppdiun 200 (see

recording heaﬁigﬁféer@caaha 6 SpaddPRG %&%caahorkéé@f&yﬁgs@ew&tbe In

di rection of enment of the recordi ng” nmediumpast the _recor head so f&

to read one Pr@¥Hpary operation, it is expected that skew ad ustment wou
first be adjusted. Here, skew plate 42 is loosely assembled
by securing it with bolts 32 and mounting posts 36 and 38.
Rotation of each of cam nuts 48 relative to cam nuts 34 will
cause skew plate 42 to tilt relative to framework 26. This
cam adjustment then allows factory or user alignment of head
20 for proper transverse movement with respect to a transport
ﬁedium. At this point, nuts 44 and bolt 45 are tightened to
lock in skew adjustment. Next, bolts 60 may be slightly
loosened and an instrument, such as a screw driver, inserted
-through the smaller portion of countersunk bore 106 to engage
head 108 of cam 107. By rotating head 108, retainer plate 58
and first flexure plate 54 are moved so that tape head 20
moves toward and away from the recording medium due to the
off-set of shaft 109 acting in slot 110 of skew plate 42.
This adjusts tape penetration'without altering the skew of
plate 42. _ .

Before explaining the operation of the positioning
mechanism according to the present invention, it is helpful to
review, in greater detail, the construction of each of flexure
plate 54 and 56, which may be noted to be identical. Turning
‘first to Figure 5, it may be seen that representative first
. flexure plate 54 is in the form of a flat spring steel or

. beryllium-copper plate having a region 120 that is supported
"ﬁ; by..torsion spring portions 122 and 124 at opposite diagonal
... corners., Central region 120 along with torsion spring
~portions 122, 124 is formed by a cut profile formed through
the centrally of flexure plate 54. This cut profile is
~defined by a pair of symmetrical U-shaped cuts 127, 128 with
U-shaped cut 128 being inverted and overlapped with respect to
U-shaped cut 127. U-shaped cut 127 has a pair of spaced apart



tracks on that recordi ng nmedi um Al t hough this invention is WO

99/ 13461 PCTI US97/ 16153 9 descri bed -
speci fical | ywowd/issgespect to the recording of information and peiasPAsiss
magneti c tape recordi ng nmedium for subsequent retrieval, it should be

clearly understood that the positioning mechanism of the present invention
may be used with other recordi ng nedi um qu pur poses of this description
and the clains contained herein, the term™ recordlng head" will be used to

refer to e'tmﬂ'fb f@ﬁén@”hBo tﬁﬁﬁ?dM&ﬁéhhaéé raMiigie 3 on etéﬁaﬁﬁBQE%nd
head or to a conb gtlon of a'read/wite transducer hea

shoul d be un®&R ¢plar: ke fB H‘f"“leé:pé’orH’rthrjéH)r‘Eﬁ“hgf%dl aSlW§i6§ééf't y-
refer to magmtidpedesiue, 129t ineluded a (p*aimxoisurég atuteit B36t andge38 which
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recordi ng deidds 1RAcmmoiingly; cthéerégion betwpenrguts 136 and 132 form a
torsion bar 142 while the region of flexure plate 54 between
cuts 130 and 138 form a torsion bar 1444 which flexes with a
restorative force so as to allow flexure portion 120 to move
inwardly and outwardly in the view shown in Figure 5. As
noted, the construction of second flexure plate 56 is
identical to first flexure plate 54; however, the cut profile
is of second flexure plate 56 rotated 180° during use with
. respect to an axis perpendicuiar to the translation axis "L".
Thus, as is shown in Figure 6, flexure plate 56 is again
. formed of the spring material, again preferably
‘beryllium/copper and has a central flexure region 150 formed
by -similar first and second symmetrical U-shaped cuts as
- described above. Central region 150 may thus flex for u
movement inwardly and outwardly as shown in Figure 6.

With the structure shown for first torsion spring 54 and
second torsion spring 56, it may now be appreciated in
reference to Figures 2 and 6 that rotation of shaft cam %4 by
means of motor 92 causes cam surface 92 to act on cam surface
90 of head cam block 86 to translate recording head 20 in the
direction of arrow "T". As shaft cam 94 moves recording head
20 to the left (as shown in Figure 6) central region 120 and
150 of flexure plates 54 and 56, respectively, can bend
against the spring constant of their respective torsion bars.
When shaft cam 94 is reversed, the restorative forces of
flexure portions 110 and 140 move recording head to the right
.(again as is shown in Figure 6). While it is not essential,

- it is preferred that the spring constant of torsion spring 56
be the same as the spring constant of torsion spring 54. If
it is desired to have different spring constant then, torsion
spring 56 may be formed out of the same material as torsion
spring 54 but be slightly thicker in dimension.



enbodi ment of the present invention is operable to read and wite data on a
recordi ng medium Recordi ng device 10 has a docking station 12 which

receives a sygrRbys&hi the recording nmedium for exanple, as conpag Adlss
cassette or holder 14. Tape from holder 14 is advanced in a feeg @ﬁrectlon

by a |l eader arm 16 so that it is threaded across a first air bearing 18, a
read/ wite recordi ng head 20 and a second ai$ bearing 22. The tape medi um
is then introduced to a take-up spool 24 as™t's known in the art wherein it

I s wound during regdi nggofy 16 L20€ 3% | hinkidrstand a{:ﬁg beté‘&éﬂ 'E(}{&'fx?l&éal

and take-up sgool 24. Alte e readIMW|te operati on,
rewound into B?EBFe1¥Q§§QHu%ZQKﬂ¥ﬁQ waukdy QédréﬁnvéﬂﬂﬁﬁjQﬁ(ﬁﬂiyel as it
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statl on or rec evi.ce SNnou e unaer 00 we
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the cut profiles for sprlngs 54 and 56 provide counteracting
torques when the positioning mechanism is assembled. That is,
as is best shown in Figure 4, the cut profiles are rotated
180° about an axis that is perpendicular to translation axis
"L". With reference to Figures 5 and 6, it should be
appreciated that the first end of recording head 20 is
attached to the interior surface of torsion spring 154
opposite outer surface 138 while the second end of recording
head 20 is mounted to inner surface 169 of torsion spring 56.
Thus, the rotational torque of each of torsion springs 54 and
56 are opposite one another and cancel out thus preventing”
relative rotation of recording head 20 about linear axis "L".
In the preferred embodiment, the cut profiles which form
central flexure regidns 120 and 150 are U-shaped cuts
generally describing three sides of a square with these U-
shaped cuts being inverted with respect to one another and
overlapped to form the torsion bars. However, it should be
expressly understood that any suitable torsion spring system
which would both allow translational movement of the recording
head 20 along axis "L" would be sufficient so long as the
torsion springs have counteracting rotational torques to
prevent rotation of recording head 20. This can be
accomplished by generally any cut profile for the flexure
plates 54 and 56 which each provide a pair of torsion bars.
By using an identical cut profile and by rotating the profiles
180° with respect to one another about an axis that is
perpendicular to the axis of translation, the cut profiles
will provide opposite torgues during flexure thus resisting
rotation. Accordingly, a wide variety of profiles are
contemplated by this invention as should be apparent to the
ordinarily skilled engineer in this field.



REPLACEMENT SHEET 10 Wth reference now to Figures 1-4, it may be seen that
the present invention provides a new and useful positioning nechanismthat-
i s operativeddmnsgdiecti vely position the recordi ng head 20 repetivsersiass he
support structure 26 which supports the recording head. As is shown in
these figures, support structure. 26 includes a yoke-shaped support el enent
28 that has an interior chanber 30 sized tqgreceive a standard recording
head, avail able from head nanufacturers, for exanple, 1BM Corp., STK Corp.,

Seagate Corp., Hi tygeh @ﬁ§1¥9r tHel pPbse P! RnvelA I RAs| bedieNdascrisel

the front and rear sides o ecordi ng device 10. Support, ele

t 28
secured to fwikwsiamecdggrees ofdpaxkicelapity directed 9 ﬁgg?i gﬁﬁ:‘ﬂ%}prgs
wel | as tozg%gl!_fdﬁi%_lém 03 oiupgﬂ’fé gﬁrébenﬁgr mrﬁfén&.iﬁkﬁ.wbm atr§34_%hcmwppbet
structure 26. To this end, o] t xtends_thro a i r
el ement 26 afPRFSAAFEHY- 46}??'%9*‘ec"éﬁﬂgdtléﬁe?r%%??gg‘g"?’ﬁngi§§e1?i ?f’gggga by
t el escopi ¢ etdmgefehlowing tilaimscaonmstirisd | sn nhighty ofeddies R ior bart s2
4 bushi , : , .
28 by any Sutel dibdifbatibnsd dr chBhEkk Thay it fiadd T TRPGkeRPEHEY
mat abl y r eceiemixpdiment roBtha\presentagiavestionevishony deparding fxemsths

and 49, 1 espativerfildve FEaREYPELL 26nkAinkioneeeRaating mounting posts 36
and 38 which project forwardly of support frane 26 at a central region of

recordi ng device 10



adj acent respectfully to air bearings 18 and 22. Munting post 36 has an

i nner threaded bore 37 while nounting post 38 is in the formof a..threaded
shaft that ™Oo99/184dly secured to support frame 26. Mounting paTT/B897IE153

di rensioned to have a dianeter simlar to bolt 32750 that—post—38—can

tel escopically receives a bushing 40, a camnut 34 T n Her e
again, camnut 34 is affixed to support frage 26 so ‘] m"ﬂ“" mgﬂm ed
fromrotation. Camnuts 34 and 48 have facing cam surfaéest 35 arsd
respectively.ISkBmagkate 42 i s then secured to framework 26 by nounti ng

posts 36 and 38 al th bol ssing t gh t.i N engnt_ 28.
Thus, skew plate 4 res éa ﬁ$§ ‘%Ea%%? ?n%?g"jly pe?gsgﬁqfcgetlo‘fely
m)u?':1 [ ?g_ Fostp&?itilohola tEcexﬂan@ bzadugie]at:mﬁegtngfmmuppgrbwqﬂzal@tw:gé
so that i n

and nuts 44 are recel é E ?%éadéeg&eﬁg tm{a%b %na ¢ %r e§§ g‘%%jét
38 whi ch pass@mplOYthﬁhﬁﬂﬁv ﬁﬂFQﬂpﬁﬁﬁﬁ%QEM/plate 42. A flrst flexure

plate 54 and a secpgy flaeXdH iR &|sHra61vé ct8VEPhAE1hReSBAGA raRAd f1f¢ | Wéad
relation to one another so as to substantially enclose chanber, 30 of

support el eneMtoBg. &0 LAPEagngaxis | SuGhen ety GRIE 3 TeIRAIN%: 93 hals

a central cawéyidiohbdlleopass intermédihee 3poeitivopporbetwesnntfirst and
second locations; and

(b) first and second torsion springs disposed on

opposite ends of said recording head and arranged to apply

opposite angular torques to said recording head thereby to
resist rotational movement of said recording head about the
linear axis. '

2. A positioning mechanism according to claim 1 wherein
each of said first and second torsion springs is formed out of
a flat flexure plate having a cut profile defining a flexure
portion thereof, said opposite ends of said recording head
respectively engaging the flexure portions of said first and
second torsion springs.

3. A positioning mechanism according to claim 2 wherein
each of the cut profiles is defined by a pair of U-shaped cuts
with one of said U-shaped cuts being inverted with respect to
another one said U-shaped cuts and with said U-shaped cuts
overlapping one another to define the flexure portion.

4. A positioning mechanism according to claim 2 wherein
said cut profiles are identical with respect to one another
with the cut profile on said second torsion spring being
rotated 180° to the cut profile on said first torsion spring
relative to an axis that is perpendicular to the linear axis.

5. A positioning mechanism according to claim 2 wherein
said recording head is secured to the flexure portion of one
of said first and second torsion springs.

6. A positioning mechanism according to claim 5 wherein
said recording head is secured to the flexure portion of each
of said first and second torsion springs.
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28. First flexure plate 54 confromts—skew-plate 42 and is secured thereto

by nmeans of a flexure re” ' nd bolts 60. Bolts 60 extend ’
t hr ough bore® $A3uan reta m"rm'ﬂm g’@ fasten in threaded ppEFrusoyssi6s i n
skew plate 42 such that ffrst fudewure pkate 54 is sandw ched bet ween

retai ner plate 58 and skew plate 42. Second flexure plate 56 is sinply
fastened by neans of plurality of screws 6qgthat extend through bores 68

and into threaded opening 70 in support 26. Flexure plates 54 and 56 thus

have facing interior surx agrss Mﬂdhfﬁ%h rﬁ@éhéwl@ﬂ cakesravhfaceooppdaime 5
its interior surface. Recordin n tQ qﬁ%end bet ween a

be mount edt AHANLA g Arecor a1 8s hea S Bbeg A B Sennge 58, Rt
end, as is shewording ghead Zol, the hfaémﬂecqsobtmﬁ 6Z isaid sbapedf nsaid

Configuratio i ugh bores 74 which align with
t hr eaded borgg%%% %?43 c#éﬁ? &%r%ﬁ%ﬂ ggF%§&$4 and threaded bores 76

receive bolts 78 whi ciA festidiioreing diecharniam Zccend tegdtepataimpl geherein
directly to Ghay rﬁjn}ét%?éﬁudéé Qefsfaégﬂlgv&&rrst&owmam%oavfirst cam

Simlarly, a second end record I s_fastened to second flexure
plate 56 by REXFRCH Polerted 'Eﬁ%f‘sié%ﬁﬁélyt kPoliiR didfafyaiis i3nd R Jagtor

flexure plat epl a?dlvaﬁ ﬂd) iﬂﬂ:aiﬁstg.ﬁh mgﬁrmﬂ@hMrme%athSmﬁﬂdce
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fl exure plat ammmllmem axieri agasnstaee reissiorative force of one of
said first and second torsion springs.

9. A poéitioning mechanism according to claim 8
including a head cam block seéured to one of said first and
second torsion springs, said head cam block having a second
cam surface oriented transversely to the linear axis and
engaged by the first cam surface.

10. A positioning mechanism according to claim 1
incliding means for selectively adjusting skew of the linear
axis relative to the support structure.

11. A positioning mechanism according to claim 10
"including means for seiectively-adjusting'distance between the
recording head and the recording medium independently of the
skew of the linear axis.

12. A positioning mechanism according to claim 1
including means for selectively adjusting distance between the
-recording head and the recording medium.

13. A head assembly adapted to read/write data on a
recording medium that is advanced in a feed direction by
transport mechanism that includes a support frame, comprising:

(a) a first flat flexure plate supported on said support
-frame and including a first flexure portion;

(b) a second flat flexure plate supportéd on said
support frame in spaced relation to said first flat flexure
plate and including a second flexure portion, said first and

second flexure portions having opposed facing interior
surfaces;
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confronts recording head | ock 86 is provided with a plurality
of through mwlﬁ&throﬁ"m&mm Euﬂm 78 extend. Thus, iPCT/G$YOU6LE3
now be appreciated that ing of bolts 78 into threaded bores
76 in recording head 20 simultaneously clanps or fastens head cam bl ock 86,
first flexure plate 54, head spacer block %43 and recordi ng head 20 securely
t oget her. Head cam bl ock 86 includes an upstandi ng cam surface 90 which
mates with a seconfcyamasuréesedPrgl pedRd PIssdsdd batwlént halid Sfiesel Wl
by a stepper notor 9? for contraqlled rotafion thereof. Mtor 96,is sec req:
to retainer piSRNESIHEENEEPUTEIMNTs 931 REFOEILBYY lﬁ‘?ﬁ%mvé%?sal TS

mot or 96, threndh eatgaygling f st t dilketr e€dexatei npoéihttanedworudse 1Ghtezdor
surfaces 90 r referably,.1/ rr] inclihe h | d tal |if
of .040 i nchgés]‘g%fg%%rghgfﬁﬁg, %g’dr 3’51[“?% Jofs Wo?sné h%?gégﬁggga\%‘mgl I%econé
result in hedlemweeeportion02d thehdnterimnr ewrfagpcrhemeof ; 08ngdr ef erabl y
has 400 steps per atio I, € SLEP+1 g I ofOL 3k HORe®brdi
STerr]. With the (ohm Soinive a1sbaGaqtherchs 2irabithdo sCording
’ head and operative to advance said recording head in a first
direction along a linear axis such that a restorative force is
applied that is operative to advance said recording head in a

second direction along the linear axis opposite the first

direction, said first and second flexure portions configured
and oriented so that said first flexure portion applies a
first angular torque force that is opposite a second angular
torque force applied by said secoﬂd flexure portion thereby to
resist angular fotation'of said recording head about the
linear axis. :

14. A head assembly according to claim 13 wherein said
first and second flexure portions are each formed as a cut -
profile having a pair of U-shaped cuts with one of said U-
shaped cuts being inverted with respect to another one of said
U-shaped cuts and with said U-shaped cuts overlapping one
another thereby to define a respective flexure portion at a
central location of the cut profile, said flexure portion
supported by torsion bars at opposite diagonal corners of the
cut profile.

15. A head assembly according to claim 14 wherein said
cut profiles are identical with respect to one another with

. the cut profile on said second torsion spring being rotated
180° to the cut profile on said first torsion spring relative
to an axis that is perpendicular to the linear axis.

16. A head assembly according to claim 15 wherein said

., second flat flexure plate is thicker that said first flat
flexure plate.

17. A head assembly according to claim 13 wherein said
recording head ié secured to the first flexure portion.

18. A head assembly according to claim 17 wherein said

recording head is secured to the second flexure portion.
- T T
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recordi ng head 20. Shaf't™ ‘fed of non- magnetic material, such as
stai nl ess sW@b9%/13461 | e h 86 is formed of a | ubri CRIRBUSH7AS143C

material. To conplete th of the head nounting and positioning
assenbly, it may be noted with respect to Figures 2-4 that retainer plate

58 and first flexure plate 54 are pinned toggther for common novenent by a
pair of pins 102 that extend through openings 103 in retainer plate 58 and
t hrough openi ngs 104.i nAf etid fds®entslyp| stcobdin®i 86 ¢Qdimr @ 3pkdeTreild tsaid

Into holes 10 n 4 rqfr i enLarged holes 1 formed, in, skew
pl ate 42. Th%%fvgeglgﬁégg%$a%e gg%gﬁgbﬁier s%%Fggxu‘f%m pﬁ‘zﬁvgh ﬁayEi 5’“ cam
transl at ed i rserfaceserientsditransversebyctot dhekainsant caxls aid eorhead
‘this transl atign, i 8ah S | ' o e r ‘éan
that recei veséﬂga_giégg %gcﬁ%&r ietiéon?gl °g Jgé‘ls%‘r%rlg:rﬁlgécé;m Oggféa?nikf%? :}ﬁ'cﬁexu es
a | ongi t udi nPPFLEQRARPRG kG ther Jntsriny -surfaeaf thepgofnasadd: headd iaam
a slot 110 f gpreski havkey & sécord® cam M2 A HGented transversely to the
PCT/ US97/ 1615f . .

inear axis and engaged by the first cam surface, and

and 92 at 1/2[err], each ste phﬁiﬁig & . 00005 inch transl ation of

including a motor operative to rotate said first cam such that
said first and second cam surfaces operate to translate said
recording head in a first direction along the linear axis
against a restorative force of said torsion spring portion.

20. A head assembly according to claim 13 wherein one of
said first and second flexure_plate is adjustably secured to
"said support frame as to be variably positionable in a
‘selected skew orientation with respect thereto.

21. A head assembly according to claim 13 wherein one of
said first and second flexuré plates is adjustably secured to
-saftd support frame such that distance of separation of said
recording head and the recording medium may be selectively
varied. ' _

22. A device operative to read/write data on a recording
medium disposed in a holder therefor, comprising:

(a) a support frame having a docking station adapted to
‘receive said holder and said recording medium;

(b) a take-up mechanism operative to advance the
recording medium in a feed direction;

(c) bearing elements operative to support said recording
medium as it is advanced in the feed direction from said
holder to said take-up mechanism when said holder is in the
docking station;

{(d) a recording head disposed adjacent to said recording
medium when said recording medium is advanced in the feed
direction, said recording head oriented transversely to the
feed direction;

(e) a first flat flexure plate supported on said support
frame and including a first flexure portion;



13 The above descri bed structure nay now be appreciated to allow for

i ndependent’ adj ust nent of “mg Mﬁuuﬂm of the translational axis of
recordi ng hegboAds@rs wel I” m stnent of tape penepegiusofiisishat
is, the distance between the Surfade df tecording head 20 and tape nmedi um
200 (see Figures 2 and 6) passing through recording device 10. In

ordi nary operation, it is expected that skew adjustnment would first be

adj usted. Here, skew plate 42 is |oosely assenbled by securing it with

bolts 32 and nountigyg pogt Sse’*@oﬁ@d 8%t Rehakuee 0§1seeh é\ip &4t orft8said
relative to camnuts 34 wil|l cause skewglate 42 to_ ti

framewor k 26.SURRAF frame u%’ﬂ fPRCeA ke brt QR FacEaid S&r§§e€°§f”§8ﬁw§¥i&g

head 20 for m:apeﬂndxmﬁﬂgreesmmﬂlemfb p6ERE6H, t Badd!t FARsSROAhdTEd NG
At this point nuts 44 and bol.t 45 aretlﬁ%/ edtol i n ske

adj ust ment . LhERYTE RATLIQRS having an Ia(‘fc}é’@né& ﬁ'&oﬁsuﬁ\gﬁcﬁﬁénfai‘i
such as a scmoh‘d:mg head chaeingha of ghst hendnehgagingr sadd 6irstudiexsunek
ol ate 58 and Bpero 88, FBS o fsutod’ BheRlole Bhd Yoyl ok Bocon
toward and awnd f eogagiag esaidi repeend urfilexne pnetém sen dheshinterdor
acting in sl cgugél&é)ftﬁgf%ﬂaaﬁdﬂ
(g) a drive disposed at the first end of said recording
head and operative to advance said recording head in a first
direction along a linear axis such that a restorative force is
created, such restorative force operative to advance said
recording head in a second direction along the linear axis
opposite the first direction, said first and second flexure
portions configured and oriented so that said first flexure
portion applies a first angular torque force that is opposite
a second angular torque force applied by said second flexure
portion thereby to resist an‘gulaf rotation of said recording |
head about the linear axis. '

This Sheet Has Been Replaced

[THIS SHEET HAS BEEN '



This adjusts tape penetration without altering the skew of plate 42. Before
explaining the operation of the positioning nechanismaccording to the
present inveydédzgeit 1s helpful to review, in greater detail pCtrhuss7/16153
construction of each of flexure plate 54 and 56, which nmay be noted to be
identical. Turning first to Figure 5 1f/& may be seen that representative
first flexure plate 54 is in the formof a flat spring steel or
beryl | i um copper plate having a region 120 that is supported by torsion

spring portions 122 and 124 at opposite di ago ners. Centr al
region 120 along with torsion spring portio 2} 124 is formed by a cut -
profile fornmed thiaugh the centrall e pla 54. Thi s cut
profile is defined“b air of ric a 127, ag W th
U shaped cut 128 being verte "aafer | 4p Wyt h S t haped cut
127. U-shaped cut 127 has p ac rt 61
PCTJUS97/ 16153 14 | eg portio 130,";I I C al one anot her
_ 1
and ' O 5 1 o, '
26 22 ° /o o\l,
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per pendi cul.ar to an inner connecting cut 134. Simlarly, U shaped cut 128
I ncludes a pair of leg cuts 136 and 138 which are parallel to one another
and per pendWu99434¢lo a j oi ni ng cut 140. Accordingly, the regi S&THSRRIAS
cuts 136 and 132 forma torsion bar 128 while the region of flexure plate
54 between cuts 130 and 138 forma torsion bar 1444 which flexes with a
restorative force so as to allow flexure portion 12 to nove inwardly and
outwardly in the view shown in Figure 5. As noyed, the construction of

second flexure plate 56 is identical to first fle pl ate 54; however,
the cut profile is of sw%%nd fl exwme plat 6 fr 4080[err] during use
W th respect to an axis v\rpendlcular t|on aX|s "L". Thus, as

N
oY,

is shown in Figure 6, f[\,

ure plate 56 i spring
. b€|

mat eri al , again pr e -\ably beryl e fl exure
regi on 150 forned zby ar first ahtblseﬁ efﬁhaped cuts as
descri bed above. CEn|§§I regi on P—eRNEhUS f Yent i nwardly
and outwardly as shown | Figure 6. Wth t str shown for first
torsion spring 54 and s: &@ or si on r|r 6, no e appreci ated
in reference to g'gures R 2 t hat of | shaft}] cam 94 nggeans of
mot or 92 causes ’\&e 92 tg act on c\\ surfage -
80 - = 194
L —_—— : P _ g — —L
T 7
20 ——396
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90 of head camblock 86 to translate recording head 20 in the direction of.
arrow "T". As shaft cam 94 noves recording head 20 to the Ief{J é}?ﬁg-ﬁpﬁg\? I n
Fi gure 6) c‘é’ﬁ’[%ggl"“'@egi on 120 and 150 3/ fl exure plates 54 and g ,
respectively, can bend agai nst the spring constant of their respective
torsion bars. Wien shaft cam 94 _igQ@ eversed, the restorative forces of

fl exure portions, 110 and 140 ve recording head to the right (again as is
shown in Figure 3590 ile it lis not essentifalr,” Tt 1S pfeferred that the
spring constant of tor 56 @6 t sanme as t?e spring constant of
torsion spring - By € ! have different, spring constant then,
torsion spring ey be NQJ ggat %same mat eri al
54 but be slightly thicker in dinsion. /%40 99/13461 —64

PCT/ US97/ 16153 wbis i 94int to under st afsd—that—sda wﬁi vi dual
flexure region 120, £350 % tend Lo rHflfde OF X\ VY nderwent a
f1 exi ng noti ohd6 —Jhi's noti on \/éﬁl_@ta:as ER-FoToEeS

!

ul
2 0 angul arly
about the tr rbs1|at' .,,\ I' 60 f;a | \ %42

as torsion spring
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and such rotation is highly undesirable. However, this tendency to
rotate can be sinply addressed by making sure that the cut profiles for
springs 54 ARI9BB4PY ovi de counteracting torques when the posi tREHV$AF/16153
mechani smis assenbled. That is, as is/gest shown in Figure 4, the cut
profiles are rotated 180[err] about an/Bxis that is per pendi cul ar to
translation axis "L". Wth reference to Figures 5 and 6, it should be

appreciated that the fjrst eng\p\f recording.head 20 is attached to the
ri

interior surface of t \Oon s 154 opposite outer surface 1386while the
second end of recoygi g hdad 20 Md to #oQe 2 ¥69 of torsion
spring 56. Thus, the rosathkonal torque each (i ngs 54 and 56

are opposite one g#4a ggd_cancel out thus_préVentT g s otation
of recording head 20 algl ? "L". kn the pr? F
the cut profiles which Qe ¥ gxure regi ons 120 and 15
U- shaped cuts gen 04 si des o8 uare wt

%ﬁ eé%apped to

shaped cuts being t to one anoth apl ov
uld q_e expresﬁz/ erst%dj_tgg any
3_ bdt h ﬂu) r ans| atonal
62 <

suitabl e torsion_spri A0
movenent of the P
| ong as the

010
formthe torsion bars,. Howemgr i_t sﬁ
Boicienézso
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torsioh springs havedcounteracting rotational torques to prgve —
of - ‘recording . head 20. This can be acconplished by  ggngr 31 yﬂa.&y?ﬁﬂt
profide for the flexure plates 54 and 56 which ‘each providej{a pal

torsion bars. By using an identical cut profile and by rotating—the

] REPLACEMENT SHE

r(’Jf

ET |

profiles 180[err] W t.-h reSpect to one another about am axis]that is
perpendicular to the axis of translation, the cut proflles W ovuﬁ'e.*

opposi te torqu ShiiSEnd&iwdly iAMan effortes efede h a
vvlpge vari ety ofel% SE %!Fplr\aets%gpelﬁ @oﬁ%weﬁnpéﬁderdhby ?ﬂl S |ynlv£.hnt ?o?l as eho%?détt?e

apparent to theteohdolngw I y skilled engineer in th| s field. - WD 99/13461

PCT/ US97116153 .16 Ac rese n has, been descr|.be

with sone degree of ﬂ?ﬁw 91%89'@99&5 bg ?é?}ﬁnﬁpﬁmnﬁb tdd isksy
i %yéu%

present invent |ﬁdalmsé ggt?arltecﬁl%sm %ﬁ%eﬁgaé@%%%@%%bq %Hﬁt‘% 'c

the prior art stapes.asuotmdas‘ reelttoaeel tapeshanddatereqaslsetteadeln @ Mng@tlenwper y

the present

storage device, a magnetic coil is used as a transducer both to 1mprmt data

" magnetically o_n a moving band of magnetic film; thereafter, when the film is

advanced across the transducer, the data r’nay be read and re-input into a co-

-processor. Magnetic tape can be erased and_rewritten many times and has an
 advantage of low cost. |

Magnetrc tape is still a hlghly desirable format for archtvmg data when

.- raprd access is of less significance and cost is of concern However where
- vast quantrtres of data are to be malntained these tapes can be bulky due to

" such tapes to store data, of course, is dependent upon the number of "tracks"

which can be lndependently placed across the width of the tape. Thus, for
example a magnetxc tape read/write system that is able to. read and write nine

tracks of data ‘on a single stnp of tape wrll hold four and one-half times the

amount of data as a system which only utilizes two tracks. Therefore, efforts to
increase 'the capacity of magnetic tapes to store data have included substantial
efforts to mcrease the number of tracks which can be wrrtten on a band of
magnetic tape. _ o . )

In order to increase the density of data stored onto a magnetic tape, one
technique has been to support a plurality of individual read/write transducers in
an array ‘on the read/write recording head. For example where eight

-transducers are placed SIde-by—sIde across the head, eight tracks can be
. simultaneously written or read as the tape is translated across the head and the
- tape advance direction. In order to provrde this number of transducers,
. however, they may need to be very small i'n. size. Importantly, the reduction in
size of the transducer results in a substantial portion of _'unused magnetic tape

in bands extending parallel to and in between each recorded tack. Therefore,
in order to further increase density, it is now a common practice to write data in

‘the physxcal number necessary to store the quantity of data The capacrty for -



enbodl ment of the present invention without depart| ng fromt eﬁER%QEMWT SHEET
concepts cont ai ned herein. REPLACEMENT SHEET 17 | claim :
posi td oni ng mechani sm operative to sel ectively position a recorfi ndg t{}ai_atj?ﬂﬂt
relative to a support structure which supports said recording hgad and a
recordi ng nmedi um enpl oyed therewith, conprising: (a) a drive jopérative 1o
transl ate-said recordi ng head along a linear axis such that- sjaid recording

ocatt onbs ana HBHen tbe' TATRL URk" g sty A b el B A3 g then
ends ‘of said r afgisduberseRay bii‘ﬁt’sﬁﬁéé’d‘ﬁﬁﬁbdo@d &F’Sﬁtbf@igméen GradRe attar \Ahiﬁh%t@s
to said recording head thefeby to resist rotati.onal nhovenent of said

recordi ng head tapeunay the rawaind and she head ghied ihaifi @fgtMEdlﬁt&ﬂC@nb%M@@ﬂcmﬁg |
out of & 1 at ragka ke det 3F BBagrEngPE taRRE PRErieh Mo A 408! bl BB sBidREon
E E:r ?f’fexufgl d Q{tp‘tﬁe ttﬁ;].;)é’rbkitg)]‘: ‘Ftﬂit ébﬂlﬁﬁ% Citrééte[]ﬁt%ttl-frﬁél@%‘féﬁn@theﬁn%ebﬁ‘\%s
portrons oOr. sal I rs and second t orsion
dependent upon the precision with which the tape head may be translated to .
create the different sets of tracks. |
In the typrcal technique for translatlng a read/wnte recordmg head
employs a lead screw that i is threaded mto__a_ threaded nut associated with the -
| 'tape head Rotation of the threaded shaft' for exarnple by a stepper motor,
N then can translate the tape head a desrred dtstance Wht!e thts techmque is
- useful in mcreasmg the abmty to do muttt-track recordtng, a lead screw
assembly includes an mherent sloppmess" as a result of- the need to have
some gaps between the lead screw threads and_the threads._to avoid binding
dunng use. In order fo compensate'for this sldppiness it is known to use
: threaded lead screws wherein ballbeanngs reside in the threads to help to
*remove the sloppmess While this technique does lncrease precision, a lead
. screw assembly necessanly has a large mass SO that as the tape head is
- _"_shlfted substantial momentum and energy must be overcome, especially at the
extrema. of the translated distance. o .

“n addition to the use of lead screws; it has been' known to use camming
s_tructqres ~as a 'mechanism for tra'nstating a rea_d/write recording' head
transversely across a tape medium so as to read multiple discrete tracks on
such tape.. One such example i is shown in U.S. Patent No. 3,705,270 issued
December 5, 1972 to Huber. In this patent a read/wnte recordlng head is
secured toa carnage which slides on a pair of rails so that the read/write head
may translate transversely across the tape. The carriage is biased for
‘abutment against a spherical cam follower that is sandwiched between the
carriage and a rotatable cam. The cam has a plurahty of steps that provrde
'mcremental movement of the read/write recordtng head.

U.S. Patent No. 3, 839 737 rssued October 1, 1974 to Vogel also

employs a stepped cam to move a reaq/wrlt_e recordtng head transversely of



springs. 3. A positioning nmechani smaccording.tqo claim 2 mh‘arfEHLAeEMIENQTfSHEET
the cut profiles is defined by a pair. of U shaped cuts with 'r&-ef--s-ai-d_.___.. '
‘U-shaped cuts being inverted with respect to another one of| sga p‘,&
cuts and with said U shaped cuts overl appi ng one another to}j dgfi'ne ‘tﬁé 1
fl exure portion. 4. A positioning nechani sr% according to clfai hro—whkererr—-I
said cut profiles are identical with respect to one anotherf wth the cut
profile on saic [ p F‘W
Doti 1 on oo dnp gy thdfinn; VesPhbiedl S caft Bliafer Bhipe Tome

per pendi cul ar tppst hieat mdwonahesurface/bfuheldammwts (RetbrinNen 38720131 igsued
claim2 wherein_ said recordin secured to the flexyre paortion . of

d
one of said firRabraay 3@cHRP gQ)P@i%Sna g‘brﬁhﬁw a@m Ipsosam; ioflower thatHaavesA
di |
2cc0r 10 ol AGhTPRR b0l b el g P e

PCT/ US97/ 16153 witholt discrdte stess. ﬂ\ﬂwammtrrﬁdhenamrsumnexschoogmphshed Ibglarraoﬁ

i ncl udi ng a recorddpm nQGeaeﬂ'assggr%% bl ock i nt erconnectl ng sal d

-In my co-pendlng apphcatron S.N. 08/588 211 filed January 19, 1996
and now U.S. Patent No. 5,737,153, a posrtlonmg assembly utilizing a cam in
~ the.form of either a continuous cam surface, a stepped cam surface or a cam -
employmg individually sized bearmgs is dlsclosed for the precise adjustment of
a follower shaft that supports a read/wnte recordmg head. This patent
) appllcatlon recognlzed the need to prevent angular rotation of the read/write
recordmg héad during translational movement and the patent application
discloses a mechanical structure for preventmg angular rotatronal movement
_dunng recrprocal translation of the read/wnte head :
| Desplte the development of the above described positioning devrces :
_ there remains a need for head posmomng assemblies that are increasingly
‘more precnse |n positioning a read/write head “on a multi-track recording
medium’ so as to allow an rncreasmgly Iarge number of tracks to be introduced
on and read by such a recordlng head. There has been a further need for
simplified structures and recordmg devices which use these structures There
has been a particular need for posmomng structures for read/write recording
heads that reduce or eliminate angular rotation of the read/write head during
translational movement without impeding such translational movement.' |



recordl ng head to the flexure portion of sal d one of said fi r&P%M@%%EET
torsion.springs..8. A positioning nechanism according to clginml wherern
sai d «drive incl udes a rotatable first camhaving a fi rst ca urfﬁcéj:g 280
oriented transversely to the linear axis and a nbtor operatijvg_to rotate -
said first camsuch that said camsurface operates to transllate said-
recording-headin a first direction along the 1ii hear . axis a nst_a

restorative force ofywamerdtbr no\hrtﬁt F@Pcbssqc‘gnl nc% iPBe8R thAfShe r%sentA ~

positioning ~mechanism accor alm I ng a head ca ock
secured to one inversitndprovides. aandwsam'bmefubpmnvnnsg:meujnenlsmtluaths@pemme to

1, SO s e 8 s
according to clyg éup(po?irsufl’le“l?edﬂ?diﬁ hé4d. SeA@% 'sl‘l%lnh‘l ﬁf’ltl‘l@éé 'ﬁﬁu%&e"é@pohhe

| i near axis relatlve t e support- Structure. positio
mechani sm accorsiruu_lureo%llmlndest)al ymlte:rshapydrswpnrt elememtezs ithat haad;mmtenrg

o1 "t he ko or ahivera S RENe"8 R TeRo R BRdn AU ol Fa,
claim 1 . . manufacturers, for example, IBM-Corp., STK Corp., Seagate Corp., Hltachl
' Corp or. Fujistu Corp. Chamber 30 is open ‘at both the front and réar sides of
' recordlng devrce 10. Support element 28 is secured to framework 26 and is
adapted to mount a recording head support as well as to ‘secure a motor
: support in the form of a skew plate 42 to support structure 26. To this end, a
“bolt 32 extends through a bore 33 in support element 26 and a bushing 40 is
received over bolt 32 in close fitted telescoprc engagement A first cam nut 34
is matably received on bolt 32 and bushlng 40 and is afflxed to the rntenor
| 'surface 29 of support element 28 by any suitable means, such as an adhesnve'
A second.cam nut 48 is also matably recelved on bolt 32. Nuts 34 and 48
.have facmg cammed surfaces 35 and 49, respectlvely .
Framework 28 has two cooperatlng mountlng posts 36 and 38 Wthh
| project forwardly of support frame 26 at a central region of recording device 10
| adjacent respectfully to air bearings 18 and 22" Mounting post' 36 has an inner -
threaded bore 37 while mounting post 38 is in the form of a. threaded shaft that
is ngldly secured to support frame 26. Mounting post 38 is dimensioned to
have a drameter similar to bolt 32 so that post 38 can telescopically receives a
| bushmg 40, a cam nut 34 and a cam nut 48. Here again, cam nut 34 is affixed
to support frame 26 so that it is prevented _fro'rn rotation. Cam nuts 34 and 48
have facing cam surfaces 35 and 49, respeCtiVely. )

Skew plate 42 is then secured to frame\l\rork 26 by mounting posts 36
and 38 along with bolt 32 passing through' mounting element 28. Thus, skew
plate 42 rests on cam nuts 48 as well as the upper surface of mounting post 36. |
A bolt 45 extends through an opening 46 in" skew plate 42 so 'that it may be
fastened into the threaded bore 37 of post 36. Washers 43 and nuts 44 are

‘received on the threaded ends of bolt 32 and threaded post 38 Which pass



|nclud|ng nmeans-
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transport necha
flat flexure pl

for selectively adjusting di stance between tﬂr@hﬁ@EMFNTngHEET
cording nedium 13. A head: assenbly adapt edjt —read+Mf++e~m
ding mediumthat is advanced in a feed di reegt jjon yani

ni smthat includes a support frane, conpris I (a)” a flpst
ate supported on said support-*frame and i nc} udt g~ Frr-st

flexure portion; | at .f]l exure plate supported on said
support frame i HF éﬂé‘%?&f?sel?é gﬁfk @%ﬁed{iél rst flat flexure prare—and

i ncl udi ng a sec
havi ng opposed

di sposed bet wee
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surface t her eof
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first end of sa
head in a first
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faC|ng Interior aces; are ordln

spaced dpiarts facimgl relation dtof bR armtiver 500as o swbttarﬁlatlydemjose
| st end e ga i n sald first_flexure portion gn the interior

ChARIDRR SO ménd 28n gEQythig engh asJe&erp InIRigurec3, skew
S 0 gt SR b,
28i rEiesti flaxurd platecs4 comfronts siews plate WRaand is secured thereto by
means of a flexure retainer plate 58 and bolts 60. Bolts 60 extend through
bores 62 in retainer plate 58 and fasten in thr'eaded:openings 64 in skew plate
42 such that first flexure plate 54 is sandwiched between retainer plate 58 and

- .' skew plate 42. Second flexure plate 56 is simply fastened by means of plurality

of screws 66 that extend through bores 68 and into threaded opening 70 m

o support 26. Flexure plates 54 and 56 thus have facmg interior surfaces wrth

each havmg an outer surface opposite its interior surface_

. Flecordrng head 20 may be seen to extend between and be mounted to
first flexure plate 54 and second flexure plate 56. To this end as is shown in
Figures 2-4, a head spacer block 72 is L-shaped in confrguratlon and is
provrded wrth three through bores 74 which alrgn with threaded bores 76 in
head 20. Through bores 74 and threaded bores 76 receive bolts 78 which

o _fasten recordlng head 20 and head spacer block 72 directly to flexure plate 54,

as described more thoroughly below. Similarly, a second end of recording
head 20 is fastened to second flexure plate 56 by means of bolts 80 that extend
through openings 82 in second flexure plate 56 so as to be secured and
threaded bores 84 in the second end of recording 20. . _

In order to translate recording head 20 along linear axis "L", a head cam

block 86 is secured to an outer surface of t" rst flexure plate 54" opposite the

mtenor surface that
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wherein said rr%ﬁBfo%d‘%eﬁaatﬂereby to resist rotational movement of said. recording head

S :

: about the linear axis. o

2. A positioning mechanism accordmg to claim 1 wherein ‘each of said
fi rst and second torsion springs is formed out of a flat flexure plate having a cut
proflle defmlng a flexure portion thereof, _said opposite ends of said recordmg

" head respectxvely engaging the ﬂexure portlons of said first and second torslon_
' spnngs
| 3. A posmomng mechanism accordmg to claim 2 wherein each of the
cut proﬂles is defined by a pair of U-shaped cuts with one of said U-shaped
cuts being inverted with respect to another one of sald U-shaped cuts and wnth :
, sald U-shaped cuts overlapping one another to define the flexure portion.

4. A positioning mechanism according to clalm 2 wherein said " cut
proﬁles are identical with respect to one anothe'r with the_ cut profile on said
second torsion spring being rotated 180° to the cut 'profile on said first torsion

. spring relative to an axis that is perpendicular to the hnear axis. '

5. A posntlomng mechanism according to clalm 2 wherein saed recording
head is secured to the flexure portion of one of said first and second torsion
springs. .

6. A posmonmg mechanism accordlng to claim 5 wherein said recording
head is secured to the flexure portion of each of said first and second torsion

springs.
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is_secured to the second flexure portlon 19. A head asse I-ys—aee-eﬁENIngr' e

claim13 wherein said drive includes a rotatable first ca rav a.f t
cam w" leumuﬁ transversely to the linear axis and 5 aid Qm bﬁgi
secur urface of said first 20 fl exure ppr

the interior Surfact t hereof, said he bloclg having a secpnd cam surface
oriented transversely to the |linear axis and engaged by the .E.OL C-EHh

surface, and includigg Of '- é)l?\@ ' at
said first and secon c%rrrg‘gchgﬁ‘gcggé% 8%8 B g"étlalé recor i ng £l£e]ad
in afirst dirpeHiog, dathJesdrding naad l@awmg agﬁrstsenda erngagmgasardefrfsbrftm(uoé
said torsion spring port ion. 20. A head assenbly according to,claim13

wher ei n one of podian on the intedorwyiace theesalrandohayiag Asseaq enthepoagingrsaid ¢ o

sai d support frane t | ected skew
orientation w ?ﬁc?'é@ﬁ%’é‘f'e 5@% 83?‘%'"?%%4{ éa@ﬁgg t@%‘g%aaan?gordl ng to claim13
wherei n one of sai d(§) asdrivendisposeds@tans dirdtiepdsfeaid ricosding mmmmmmatwe
secured to said support frame such that a_di stance of separation of, s

recordi ng headtaadvance sajd cse@nrdglgdﬁﬁmlm afirpt dicedtionlong & tweaaare@ucbéﬁatea
device operati VSstbPattISQSKc‘M.é Lppiiéd that'ls SpbrRhivs 1 evaried s4iy recording head in a

-second direction along the linear axis opposite the first drrectron ‘said first and

second flexure portions configured and oriented so that said first flexure portion
applies a first ‘angular torque force that is opposite a second angular torque
~ . force applied by said second flexure portion thereby to resist.angular. rotation of

' said recordmg head ahout the linear axis.

-14. A head assembly accordlng to- clarm 13. wherern sard first and

_ second ﬂexure portions are each formed as a cut profrle havmg a pair of U-

: shaped cuts ‘with one of said U-shaped cuts bemg rnverted with respect to
another one of said U-shaped cuts and with said U-shaped cuts overlapping
one another thereby to define a respectrve ﬂexure portion at a central location
of the ‘cut profile, said flexure portron supported by torsion bars at opposrte
diagonal corners of the cut profile. _ :

15. A head assembly according to c!arm 14 wherein sald cut profiles are -
| identical wrth respect to one another with the cut profile on said second torsion
spring being‘r'otated 180_° to the cut profile on said first torsion spring relative to
an axis that is perpendicutar to the linear axis.
16. A head assembly according to clatm 15 wherein said second flat
flexure plate is-thicker than said first flat flexure plate.
17. A head assembly according to claim 13 wherein said recordlng head

- is secured to the first flexure portion. '

18. A head assembly according to claim 17 wherein said recordi_ng head
is secured-to the second flexure portion.

19. A head assembly according to claim 13 wherein said drive includes
a rotatable first cam having a first cam surface oriented transversely to the

linear axis and a head cam block secured to an outer surface of said first
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dlrectl

docki n | to receive said hol der and said refopei-rg—reditm
(b) a t m ﬂn operative to advance the recordi ng| medi Ar e
lh o b

r{ng el ements operative to support said fegor

I umn

o

as it is advanced in the feed direction fromgsaid hol der tp $et+e—take=up
mechani sm when said holder is in the docking station; (d) p recording head
di sposed adj acefdxir® patich mfdytéltn@mtsﬁcbmrfmrthéw defid Ab E
advanced in the fxeed dﬁr ection, said recording head oriented.transver self/]
to the feed di rasecond cam sarfade exentbd trafnisyasely o thedinaaspads sdd @mgaged by
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second flexure portions having opposed facing interior surfaces, said -

recor di ng "head head inga dirsti dirsiction dlengythg iinpagixis agaiast alreaimral\qeoidmemf said
t he |nter|or surface t hereof. and having a second end engagi ng said second -

support frane

fl exure

“torsion spring portion.

~ 20. Ahead assembly according to claim 13 wherein one of said first and
eecond flexure plate is adjustably secured to said suppori frame as to be
variably positionable in a selected skew orientation with respect thereto.

21. A head assembly according to clair 13 _wherein one of said first and |

~ second flexure plates is adjustably secured to said support'frame such that a

distance of separatlon of said recording head and the recordmg medium may
be seiectlvely varied."

22 ‘A device operative to read/write data on a- recordmg medium
dlsposed ina holder therefor, comprising: ) ' ' '

(@). a support frame having a dockmg station adapted to receive said
holder and sajid recordmg medium; :

(b)- a take-up mechanism operative to advance the 'fecording medium in
a feed direction; ' _

(c) beanng eléments operative to support said recording medium as it is
advanced ' in the feed direction from said holder to sald take-up mechanism
when said holder is in the docking station;

' (d) a recordmg head disposed adjacent to said recordmg medium when
said recordlr;g medium is advanced in the feed direction, said recording head
driented transversely to the feed direction;

(e) a first flat flexure plate supported on- sald support frame and mcludmg

. a first flexure portion;

)] a second flat flexure plate supported on'saidsupport frame in spaced
relation to said first flexure plate and including a second flexure portion, said
first and second flexure portions having opposed facing interior surfaces, said
recording head having a first end engaging said first flexure portion on the
interior_ surface thereof and having a second end engaging said second flexure




porti'on- on the interior surface thereof;: and (g) a drive di MﬁEACH@ENTISHFET
first end of said recording head and’ operatlve to advance shi rccord1ﬁ9

_headlrllulﬂ l"'ﬂ}:umrlu tion along a linear axis such that a rfsj ,

is c orative force operative to advance sai 3or oq%zﬁ@ad
in a second di"reédtion along the linear axis opp05|tethef|rs threctton-
said first and second fl exure portions confl ured and oriented so that sald

first flexure portion torque f
a second angul gorﬁ%agil%kﬁ%@or%@éah%%gﬁ@ secgng f?ref(ﬁre portion-
thereby to resist angylpgrivedishoeey af thedirst rtiof sid eedtraingivad andiopératicer

axi s.

' to advance said recording head in a first direction along a linear axis such that a
restorative force is created, such restoratlve force operatlve to advance said
recording head in a second direction along the linear axis opposite the first
dtrectlon said flrst and second flexure portions configured and onented so that
sald first flexure portion apphes a first angular torque force that is opposﬂe a
second angular torque force apphed by said second flexure portion thereby to
resist angular rotation of said recordlng head about the linear axis.



