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Fi elkd of the I nvention The invention relates generally to tape drives. The
i nvention relates nore specifically to tape drives that 5 rotate the
driven roller of a belt-type tape cartrigge while applying a predefined
contact force to the driven roller. 2. Cross Reference to Other Patent (s)
The disclosure of thagdwgrpezice Mt rOatoM tHoR HAASED iH®rmNg ncor por at ed
herein by reference: (AoF 'l‘}vbf"—'ffi;l 1993 to
Perona, assigned to lonega Corp., and entitled, LOW PRCFI LE TAPE DRI VE FOR
DRI VING A M NI - DATA. CARTRI DGE; and (B) Pat. No. 5,277,352 issued Jan. 11,
1994 to 15 Ohkubo St . al, assigned to Teac Corp., and entitled, REDUCED -
HEI GHT TAPE DRI VE. 3. Descrlptlon of the Related Art There is a Iong felt
“need in the conputer industry to nmake data storage/retrieval devices that
are conpact, 20. high-quality, and of |ow mass-production cost. In the
magnetic tape sector of the industry,, s Pt (M| ed belt-type, tape cartridges
have come into popul ar use Each sudtSE N e has an el ongat ed magnetic
tape that is apunBiebdref|yhabbaventiatabl e supply and take-up 25 reel s.
The magnetic tape

oper ative engagene eWl é&h exter%ﬁé%egg%%ﬁt%l}?}ﬁ gépgfd%%e%%s (;ge ror

PCT/ US95/ 07428nventicnorelatpst mares spegifdcaliyt kon tape drivesdghat
5 rotate the driven roller of a belt-type tape cartridge

while applying a predefined contact force to the driven

roller.

’I‘he discl@sure @f the E@llowing U.8. patent(s)

ig is/are incorporated herein by reference:
(a) Pat. No. 5,210,664 issuved May 11, 19893 to
Perona, assigned to Iomega Corp., and entitled, LOW
PROFILE TAPE DRIVE FOR DRIVING A MINI-DATA CARTRIDGE; and
{B) Pat. No. 5,277,352 issued Jan. 11, 19%4¢ to
is Ohkubo et al, assigned to Teac Corp., and entitled,
REDUCED HEIGHT TAPE DRIVE. '

There is a 1@@9 felt need in the ewmputeg industxy
to make data storage/xetrieval devices that are compact,
20, |high-guality, and of low massapmduction cost . |
In the magnetiec tape sector o©of the industry, so-
called belt-type, tape cartridges have come into popular
use. Each such cartridge has an elongated magnetic tape
that is wound spirally about rotatable supply and take-up
25 reels. ‘The magnetic tape is routed past an opening at an
edge of the cartridge for operative engagement with an
external read/write head. :



rotatably supported at the opened edge of the cartridge, for engaging with
an out - &0 ¥sa4891 dge driving-roller (oCDR). The out - of PCHUBYSIEES
driving-roller (0oCR) 5 supplies rotational power to the
in-cartridge belt capstan. An in-cartridge, drive belt couples the belt
capstan to the supply and take-up reels. _gRotation of the belt capstan
noves the in-cartridge drive belt and, through 10 the coupling of the

belt to the supplyaanselekeapgtraee! i P@M@é@t heidene themém

reel, noves the. .t ast the re d/mwr head Re |n Wi nds - he gape
onto the take? 95@%%%1% % %ﬁ%}%§ {Caxt Fabl e
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driven roller t a correspon ona 0Cl
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s at tinmes beaps ft%mred to hereln as the "in-cartridge driven roller (iCDR
or nore sinply, th r|ven

r Th ut-of-cartr riving-roller
(oCDR) is referred (5 s SehedréPﬁvgﬁgtrSPP@ es ;ﬁgﬁp%f tag e
"drive roller'to Hne gupplyCandr itckize -npn Wessl gl er Rotiatdbhy @pmhé ybelt
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The preferred co%%% nrollers is

f d d.d
typical ly spe@®8 Or%a@%&% %aﬂge ﬁ#eligggn%%ggﬁotgﬁ baRemte

Provi si on of ttie dadie-arp acmelct force has becone a 35 probl em for

tape drive desigRR{sSindithed $ladf@rite operations, it is desirable

i5 to move the tape longitudinally past the read/write head

at a predefined speed. And it is therefore desirable to

rotate the in-cartridge drivem roller (iCDR) at a
corresponding, predefined rotatiomal wvelocity.

Por purposes of clarity, the belt capstan within the

20 tape cartridge is at times be referred to herein as the
"in-cartridge driven roller® (iCDR) or more simply, the
"driven rollexr®. The out-of-cartridge driving-roller
{(oCDR) is referred to herein as the *driving roller® or
more simply, the *drive rollex®.

25 Cartridge manufacturers usually specify a preferred
range of "contact forces® with which the out-of-cartridge
driving-roller (oCDR) is to engage against the in-
cartridge driven roller (iCDR) in eorder to assure proper
tranafer of power and in order to provide a relatively

30 leng lifetime of error-free use for the tape cartridge.
The preferred contact force between the drive and driven
rollers is typically specified as being in the range of
14 ocunces to 22 ounces.

Provision of the desired contact force has become a

35 problem for tape drive designers who wish ¢to




WO 95/ 34891 PCT/ US95/ 07423 - 3-
si mul t gReediakes reduce the profile (height and w dth) of PCRESSqre2xrive
nmechanismto a bare nmninumand who wish to create a design that is lowin
cost, sinple to manufacture,and has a relatively | ong operational life 5 -
span. The design disclosed in the above-gited U S. Patent 5,210,,664

(Perona ' 664 design) suspends a pancake-shaped electric nmotor on a pivot

arm — The pi ol e&% ahotticd éﬁer@refﬂéewnei Ae "BHal wiathr ofn
provi ded 10 att éé@%{ t f
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not or . Aru
pancake mtoresameeadaac@aigmeemmal ieollmw iso aestp avigayje wkeh and

o 5P 0 gl g, RS s asest

nmotor, the nétat" er-coate |ch conbination is
referrecEto @@as the ' suspended mass", is biased by a spring so as to

pi vot about a pi V%é)cdé*éﬁlﬁ éi&mé@ i%ﬁfﬁhé Qe -l te®s .5 d petelki dge.
The rubber - coat ed _o of

the out - of - oo (43 Qcebr (RATRAR ) SHRBSRILA FORGARA SHRESR) nci ng

spring definegléder®nipebrf (ﬁmeabgﬁmn'am i n‘]ﬂmt@im alrmvgi‘netﬂs er and

the out-of-cartridg n
has the adv%?i %‘ o?gé‘@gu%%ﬁék%ransl %’[I n taﬁ:e ro?’é%l iln% ve OCI ty of
t he notoe - dr |mme| taoamenpp@rtmwm t dipotnrh of tdie SancadEsy

Trespecti ve ghysbanogs bbb hRtEd Cungba! s pmaé@aasmm@eltqgﬂnve

roller). But t erona 30 desi al s has sgne dra cks
conbi ned masspertiag 9§n§§§eW§k@ %?e ng, adjacent Vt\i%e meta

roller, so as to engage with and be spun by the metal
roller.

i5 The cembinati@n of the pancake motor, the metal
roller, and the rubber-coated wheel; which cosbination is
referred toc here as the "suspended mass®", is biased by a
spring so as to pivot about a pivot point of the pivot
arm, toward an inserted cartridge. The rubber-coated

20 wheel on top of the pancake motor casing serves as the
out-of-cartridge dziving»rollex {cCDR). 'The pivot force
of ths biasing spring defines the contact force between
the in-cartridge driven roller and the out-of-cartridge
drive roller.

25 The Perona '664 design has the advantage of
assuredly translating the zotatiomal wvelocity of the
motor-driven metal roller to the im-cartridge driven
roller (iCDR) irrespective of changes in the diameter of
the rubber-cocated wheel (drive roller). But the Peroma

30 ‘664 design also has some drawbacks.

' The combined mass of the pancake motor, the metal
roller and the rubber-cocated wheel (which defines the
suspended mass) places stress on the pivot point of the
pivot arm.

35 The height of the Peromna ‘664 arrangement is at
minimum equal to the thickness of the pancake motor added



roll er and the rubber- coated wheel (which defines the suspended mass)

pl aces st the pivot point of the pivot arm 35 PeTrUsdRRI81 ght  of
t he Peroﬁg%§§g§ﬁérrangenent is at mnimm equal to the thickness of the
pancake notor added WO 95/ 34891 : .

PCT/ US95/ 07423 -4- to the height of the taller one of the netal roller and
t he. rubber-coat ed wheel. The width of the Pérona '664 arrangenent is at

m ni mum equal to_the dia r _af the t u . tensi on
length of the pEQOEﬁﬁr #Heﬁég ?gpﬁ%‘?t 5%?‘;1‘%%:8"%%2@ eﬁr?aé‘%eﬁ:aﬁ]eé%ﬁagm%gonal
constrai nts |inthet rebbepuabavédswheeleducti on that can be obtained for the
Perona ' 664 design- .t u U%%f al ¢ p fg%ﬁ-

centineter that can eep:"giil_l edg\r/fvit 1|1én a g\?vﬁpr_oﬁig?e%{(fl v é&%%%@ ti isat
desi gn. The pl amdndmumoequad kot Fher Aiameterd ofu e Rangake VDT | Plide

Perona ' 664 desigg, ePan8ibic1BAGEAK VLMY piS/RAlAMm KO SSuppots EH@nt
that is di sadvant ageously 15 applied to the shaft bearings 1nside the

1y 1€ S
pancake notor. FHEPEBAEAcPAP8rce between the metal roller and rubber-
coat ed wheel exerts Thaskfl ddmengionklr stonmrraintsl 1phivethe Ewumyadhst

“the end portion_of §tS Qg GGEE?LénSQifaE A b%a.r(g;tedsiﬁéhe %'ﬁlhé 01L+1e%?8én§él§‘ht he
g

€

not or shaft beaPrR resrtuated’n second ~ - zonta t hat
i s spaced away desigpal Rpdfr siet hameunte @f adiunstipmakitxomert eebie
(avay frogppthe behslimBeekZ¥H! BhANDe proFidedcsHltnidi Ahiowd pEEFEDS.

the contact force aplegd.to_ he ou& ut. end of the notor shaft is
transl ated int 0951¥8§ usipg tbig,AeFiBBrent that is then applied to the

nmot or : The placement of the metal roller and rubber-coated
wheel in the Perona '664'deSign, above.the pancake motor,
creates a cross-axial moment that is disadvantageously -
15' applied to the shaft bearings inside the pancake motor.
The contact force between the metal roller and rubber-
coated wheel exerts itself along a first horizontal plane
to bear against the end portion of the motor shaft that
carries the metal roller. = But the motor shaft bearings
20  are situated in a second horizontal plane that is spaced
away vertically from the plane of action of the contact
‘force (away from the first horizontal plane). As a
‘result of this placement, the contact force applied to
the output end of the motor shaft is translated-in;o a
25 cross-axial moment that is then applied to the motor
' shaft bearings. Such a cross-axial moment is
disadvantageous in that it reduces the operational life
span of the motor shaft bearings.
' The diameter of the metal roller in the Perona ‘664
30 arrangement plays -an important role in design
considerations. The metal roller couples the :otational
velocity of the motor output shaft to the in-cartridge
driven roller (iCDR) by way of the rubber-coated wheel.
The in-cartridge driven roller (iCDR) then converts the
35 rotational velbcity into the linear velocity of the tape
by way of the in-cartridge belt.



shaft \beari ngs. Such a cross-axial rmonent is disadvant ageous in
that i{yo/sRRlligegs the operational life span of the notor s@pikesRgass ngs. The
di ameter 0f the netal roller in the Perona ' 664 30 arrangement pl ays

an | mpor t ant role in design considerations. The netg=ret “ﬁ:@b S
the rotational velocity of the notor outgut shaft to the n‘ﬂ}ﬂaﬁﬁEﬁiﬁ BEEN }

driven roller (iCDR) by way of the rubbér-coated wheel . The i n-REFEAGER e

driven roller (|%@? hgn t ot gﬂéé B Vemh i O L NE
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di anet er of d@b&éasé@t,abr Eehversdty, e@n@Sz@ﬁalcs@mege@ymm nedst roller

di anet er be |n eas d_as I e e

di aneter of %’ﬁe jﬁﬁ? | P& #kg C%E’%Ee %@gg% g‘ e%%%gig%%t ant . i s
desi rabBe toddﬂmetmpfnm dnioxads ﬁ@l@@@ﬂir@%d@ﬁ@dc@ a odestgRase t he
| ongevity of <LRgra%e ql | mechani sm But in the Perona ' 664 design,
decreased 10 not or,” speed, Ieads to a need for a larger diangter for the

metal roller, whidk tiferfesizalis bgcvae Joneds metor BReedqs, 3thetaBRpended
mass, | ncreaa%ivé@eiil BRESrORS @hctéa-éuaa@nmeﬂgéwﬁy(bﬁetﬁenbv@émn of

t he pancake aI oller a ber cog \g'u nd Iead
other 16 - HRGtaRiRio cBRCeqRntbe Parpns , LEhf. B, SAFTERRES (o be
made b&n\/\eenm@@wzs Bgaedh&eadsotccameed réom a llargemod&ame&érdésrgmand how

large a neta %%er%éligg b@higéeékgéx‘?%

focuses on t na sign, S el a%prem a?éﬁ%at ot her

desi gns have Sfedihe seeppended uPpaBag mgaé@ﬁer@ , dimensriape of the

suspended mass {the combination of the pancake motor,
metal roller and rubber-coated wheel); and leads to other
is undesirable conseguences. As a result, a compromise has
to be made between how slow the motor cam turm in the
Perona ‘664 design and how large a metal roller can be
tolerated. h
- Although the above discussion focuses on the Perona
20 664 design, it is to be appreciated that other designs
have been used for coupling motor power to the drive
roller. In a so-called Viper™ tape drive available from
Cenner Peripherals (previously Archive) of Costa Mesa,
California, an elastic belt couples the drive motor to a
25 drive roller that is supported on a spring-biased pivot
arm. Although this system doces mot have the problem of
@ivatally supporting the mass of a full motor, it relies
cn a belt and pulleys system which has its own
complications (e.g., vibrations in the belt).

30

The invention overcomes the abeveementioned problems
by providing a compact, low-profile, beltless drive
mechanism for the biased driving of the driven roller
within a supplied tape cartridge.

TR



roller. In a so-called ViperTmtape drive avai | abl e from Conner
(previ ousl 9Archlve) of Costa Mesa, Calif
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to the nDtor,

15

a&;sbifingoat@@aném@ﬁowe:ﬁwgzm MR imetlor ,cahd ed

f't?rr'ar?gfaﬂggaf fézacnes lpiaai[s'soi.r% ffz%r C%hteomgpgr to the movable
drive roller and from there to the belt capstan of the
inserted tape cartridge to thereby produce the contact
force within the prespec1fied force range between the
belt capstan and the drive roller. ' _

A method in accordance with the invention transmits

" rotational power from a motor to a driven roller while

20

25

30

35

 engaging the driven roller with a contact force (F1) of -

predefined magnitude. Such a method comprises the steps
of: (a) providing a reciprocating base plate onto which
the motor is mounted; (b) limiting movement of the
'reciprbcating"base_ plate substantially to one linear
direction; (c) biasing the base plate with a control
force (F2) exerted in the one direction;

(d) providing a translatable drive roller that is

translatable in the omne 1linear direction and is
engageable with a coplanar output portion of the motor;
(e) engaging the driven roller against the translatable
drive roller so as to translate the drive roller into
engagement with coplanar output portion of the motor; and
(f) setting the control force (F2) such that the force of
engagement between the translatable drive roller and the
driven roller is substantlally equal to the predefined
contact force (F1).
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novabl e nmotor toward the drive roller, at least a portion of the'

transl, nalo.force being transmtted along the first pﬁgﬁﬁ gh t he
motor Potor and t hrough the novable drive roller to the § capstan of the
inserted tape cartridge to thereby produce the contact force within the
prespeci fied force range.between the belt capstan and the drive roller.
Accordi ng to anot her aspect of the i nvertion, there is provi ded a net hod
for transm ti] wrREgr - on- outside notor to a driven

)
iZY:

rol ler whil e28hGigk ELRON Wi LA LURAHLNES. contact force (F1) of
predefined magni t Fbe, mw r@tﬁiﬁ%n@@ﬁ@ﬁh@tim sesps cfeferenqge dwding a

reci procat abkgebaagaibak i?§b§r§%iﬁ ssaiﬂ PREeH.I S nounted; (b) limting
a e

novenent of sal d o | ate substantially to one |inear path

e ddy | h: 8 5ppb,@§nqgv$% Bhs@ Hrakte GyRe RNt rol

extending in a fi FSEURE
force (B2) eé&i‘tﬁdgé ssaid first direction; (d) providing a translatable .

drive roller that transl.at bIe| sai.d t.direction andls
engageabl e with rg#ggpjkgoig %% {rLaont Vary Pg F’% %%t %@ wth-
the driven rohkiréridger engagi ng the driven roller against the transl atabl e
drive roller so a ansi gt @gﬁ?cj Y &‘% | gk 0gengaqrept YA h said
out put portion of§ e m)torié ﬁ'e S|é &é é:i%age at e bei nglis%%:h t hat
at least a p@??a@se@enﬁhéncwmgc@ sz}f—hﬁaé%?n?ﬁggﬂgh the drive
rolleragpo the dri yeoure Bar isaadﬁiiét,sgéﬁtﬂaltﬁéré ééegbefﬁ,éﬁ éf2% such

et e 1" £ aBTRIRTE Lo e L AT phablis, it ve ol ercand e
with the invention, with a remavable tape cartridge
slidably inserted therein; . '

FIGURE 3B is a second, partially-exploded
i5 perspective view of the tape drive of Fig. 34, further
showing two printed circuit beoards that mount to the
drive frame, one on top of the frame, and one below the
drive motor; | -
FIGURE 3C is a third, partially-exploded perspective
20 view of the tape drive of Pig. 3A, as seen flipped over,
with the two electronics boards being mounted to the
drive frame;
FIGURE 3D is a fourth, exploded perspective view of
the tape drive of Fig. 3A, showing the two printed
25 cizcuit boards exploded away from the drive frame;
FIGURE 4 i8 a top plan view of the assembly shown in
Pig. 3A;
FIGURE § is an exploded perspective of the assexbly
shown in Fig. 3A (without the top and bottom printed
30 circuit boards); and
FIGURE 6 is a perspective view of the drive roller
assenbly. '

Fig. ia i.s a top plan view of a belt-type tape
35  cartridge well known in the art. Examples inciude a half .



According to a further aspect of the invention, there is provided a drive
mechani snwoms34893i ng: (a) a-rotor-on-the-outside notor havPOyuUsss/Isaser nal
~portion defining a rotor and an internal portion defining a stator
surrounded by said rotor, said rotor being rotatable such that a first
~point on the rotating rotor describes a hyjgthetical first circle within a
~ hypothetical first plane, said notor being capable of generating a
rotational forcdnah sminirocaptridgd smaghevior tEps laintyidgensbathbl as

- along a |inear i he_hypat hel i ¢ [ ne. a driyer r

, that is also roﬁg%g%fjge\ft‘\'n gﬁi ﬁ'gh-eﬁ%‘/%%{: hie‘t$€§a1 ﬂﬁ}g‘f D‘;ﬂt%r}eeq‘s%ghx‘?ha%g ,

t second poi nt onDCh@00Gt dsi agpapularratyke ofc adnioartridgeowedili knbwoetnnd

| circle within theeshygehlyetical first plane, said drive roller also being

- translatable along the l'inear path in the first, plane;, and (c), a spring
mechani cal By coupl ed TH8 &P sEFtHidae il yohgFid ¢ rihsiit FomeTised cefid t he
rotor and urgi ngelctangalarlyc shaped,at eranepatentonpaabtivct hhbligidgi vel

| h that .at_ | t ts of _both_th tati | faor nd
ransiational ' SRAGesr es Ay Broteadtlng Bt el bR mate G AnEapene
, rotor and drivesupplyr reelacl4 omadanat tmke-Agrordedyg 16 yate arbtatably
aspect of the | BB nAfifien | end’ AKAAGGR 10 14 TEERANEIREEON AL | chponal
er and for | 0 a

' engagenent with a supplie rrven ro ] arting _a rotationa
force to 8Re drielomgasedemagngtdcitiape HScA8nBPATRdAYr WONRY: abayt areels

rotor-on-the-outiai Geadoi®[ havigly B S£HERE NEhePBWOT OB &rlint & r pape) and
an internal portion.,defining a stator surrounded by said rotor, said notor
bei ng noveabl e; PO8ition. = o L

: Tape 15 is routed from the supply reel 14 to a first

fixed guide post 18 positioned at an operative front edge
15 19 of the cartridge 10. The tape wraps approximately 90'°
about the first fixed guide post 18 and then slidably
moves forward along the operative front edge 19 of the
cartridge 10. | -
, As it moves along the front edge 19, the tape passes
20, in f£ront of aﬁ in-cartridge mirror 20 that forms part of
a tapeeinterrupted qptidal path., A light'sgnSing dévice
120, whidh is not part of cartridge 10,"cboperates with
mirror 20 to detect tape breakage, and other optically
- demarcated events such as the physipa;'beginning (BOT)
25 and the physical end (EOT) of the tape medium.

The tape 15 then passes under a rotatable belt
cépstan 22 and in front of a fixed guide pin 24. The
tape next extends across a flapped opening 25, and wraps
approximately 90° about a second fixed guide post 26 to

30 return to the tape take-up reel 16. . _

A drive contact opening_23 is-pfo?ided albng the
front edge 19 of the tape cartridge for;'allowing a
rubber-covered drive roller 123, which is not part of
cartridge 10, to engage with the in-cartridge belt

35 capstan 22, '



(b) adriving roller that is retractably engageable wth said rotor, said
driving roller being itself retractably engageable by t ' roll er

t he dr @564 | er bei ng supported such that the drivingspﬁéﬁﬁﬁggan freely
beconme spaced apart fromthe rotor while not forcibly engaged agai nst by .
the driven rol-ler and the driving roller being noveabl e such that when the
driving roller is forcibly engaged agai®st by the driven roller, the

driving roller noves into engagenent, with the r r;.an C ring
operatively coupl UReRERR LapR SATLE 1S L0 gﬁ Fﬁi—gﬁ@gi g%éﬁ%F%& t hat

}Nnen_ L lhe dri gi Pecediisy sRiO(mﬁlsﬁm@a” @l aagaiivet mbbhandin; aiuielap tsﬁl d
orci bl e engggepnen i vel e ‘ e g e
spring defi n@gagﬁe{%%n%{%ggli ofgégn%g& erféean?é?%é@% %%t vé‘géhﬂ%%eoﬁ%hviorol | er

and the drivemposel the flapgepdsppasdsg 25. A read/write head 125
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Fig. 3A, furbedt pulley. The drive belt 28 passes between the supply
and take-up reels 14, 16 to frictiomally contact with the
cuter portion of tape 15 wrapped about each. The drive
belt 28 also lécps about f£irst and second belt rollers,
18 29 and 30. - '
A drive motor 127 couples to the drive roller 123 as
indicated by dashed line 129 for transmitting rotational
power to the drive roller 123. The drive roller 123
rotates the belt capstan 22, which in turn rotates the
20 belt pulley and flat drive belt 28. As a result, the
tape 15 is moved longitudinally past the read/write head
125 in accordance with the direction and speed of the
rotational power apgliéé to the belt capstan 22.
Fig. 1B shows a front view of the cartridge front
25 edge 19. Tape 15 is shown routed about the first and
second fixed guide post, 18 and 26, and passiag under the
belt capstan 22, which is exposed through opening 23.
Proper operation requires that the drive roller 123
{(Pig. 1A) registers properly with the cartridge opening
30 23 and that roller 123 engages with the exposed surface
of the belt capstan 22 according to a specified contact
force. As explained above, the application of this
prespecified ccmtact force within a compact structure
presents several design problems.
35 . Referring to the cross secticnal side view of Fig.
2, a method and apparatus for applying the prespecified



showi ng two printed circuit boards that nount to the drive frane, one on.
top of thgofos@s: and one below the drive notor; FlI GURE 3Gperusesiod2sd,
parti al | y-expl oded perspective 20 view of the tape drive of Fig. 3A, as.
seen flipped over, with the two el ectronics boards being nounted to the
drive frane; FIGURE 3D is a fourth, explo perspective view of the tape.
drive of. Fig. 3A, show ng the two printed 2 ‘circuit boards expl oded any
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Miew of a belt- cartridge well known in the art. Exanpl es
include a half &¥8€E;§§§34891
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popul ar style of mnicartridge wel| kno the fiel t ape
cartridge 10 of rig$d frame 23A ha¥ oflﬁsFéPF% isiviazin 99€9¢&E£F°n8- 211
t ranspar ent plaﬁalglzboumluppdsbdﬂem&ﬂ ovArbaltetypeguhatnﬂdgd Imsis
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magneti c 1@pe 18pringpi2241 Igrmem appgsinsts withg i gentrclg formes iR
the BOT (Begi nnhggsnkeTeRe) sBedhE! BPojection 212.
The compressed spring 220 applies its compression
force F2 along a first horizontal direction (x direction)
to bear against a 11nearly reciprocating base plate 240.
15 The reciprocating base plate 240 is slidably supported on
a support platform 218 of frame 210 to reciprocate in the
first horizontal direction (X direction)
A rotor-on-the-outside electric_;motor 250 is
- attached to the reciprocating baSe'plate 24Q. The base
20 plate 240 is made of a relatively rigid, electrically -
| insulative material, and has a printed circuit 243 formed
on a top surface thereof. A bottom portion 241 of the
base plate 240 is preferably plated with a magnetic
shielding material such as nickel.
25 A stator portion 252 of the motor 250 is fixed to
the top of the base plate 240 and is coupled by way of
the printed circuit 243 to a flexible ribbon cable 230
that extends flexibly off of the base plate 240. One end -
of the flexible ribbon cable 230 connects to the base-
30 plate printed-circuit 243 while a second end connects to
an electronics module 235 mounted on frame 210. The
electronics module 235 includesfa.printed circuit board
which overlies the spring 220 at least partially.
A rotor bearing 254 is fastened to one or both of
35 the stator 252 and the base plate 240 for rotatably
supporting a cup-shaped (e.g., cylindrical)_outer rotor



Tape 15 .is routed fromthe supply reel 14 to a first fixed guide post 18
posi t i G¥ees/4891an operative front edge 15 19 of the c@curusdyersd®. The
tape wraps approxi mately 90[err] about the first fixed guide post 18 and
then slidably noves forward al ong the operative front edge 19 of the _
cartridge 10. As it noves along the froRg.edge 19, the tape passes 20 in
front .of an in-cartridge mrror 20 that forns part of a tape-interrupted
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The outer rotor 256 ls arranged open-side down, as
15 shown to surround the stator 252. The vertical height of
the outer rotor 256 is preferably equal to or less than
approximately two times the wvertical height of the
outside diameter of the driving-roller (oCDR) 260. In
cne embodiment, the driving-roller 260 has a height of
290 0.173 inch and the outer rotor 256 has a height of 0.460
inch. '
Permanent magnets 258 are fixedly digtribuced about
the inside diameter of the cup-shaped zrotor 256 for
interacting magnetically with the enclosed stator 252.
25 {The permanent magnets 258 can be arranged all with one
pole, e.g., S8South, facing inwardly or they ecan be
arranged to have alternating patterns of imwardly-facing
South and North poles.) _
The outer rotor 256 is made of a magnetic material
30 (e.g., a low carbon steel) and functions to complete the
magnetic circuit for the flux of the permanent magnets
258 and the stator 252. It also shields external devices
from the imternal flux fields of the motor 250.
Many design possibilities will become apparent to
35 those skilled in the art for implementing the rotor-om-
the-cutside electric motor 250. In one embodiment, the




pul l ey (dashed circle) is provided for rotating with the 10 bel t

capst an. @vébﬁ‘ggfl ve belt 28 is wapped around the belt pmdmgs/'{m:;drl ve
belt 29 passes between the supply and take-up reels 14, 16 to frictionally -
contact with the outer portion of tape 15 wapped about each. The drive
belt 28 al so | oops about first and second 11 |t rollers, 15 29 and 30. A
drive motor 127 couples to the drive roller 123 as |nd|cated by dashed |ine
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contact force V\anFﬁWféﬁq,oﬁ%aE’Pe§FFGctaGr é"# Hnal, QPerRting ﬁE@ ot .
35d 1td?ef ]grxpm&ﬁd) 13we ﬁtmsanmcﬁo poMersiate esitermmail Eog:q\ﬁ laade dfod
and apparatus for_a ng.t.he pJespe e 3

ST/ bl ovass B o ieds, Sl ML PEld A nondd A Stbikinuous &5

between an i n- caBlectivenics vewdudel @35 | tor}udes aid 3rphase motor drive
: circuit for driving the 3-coil Y- connected stator 252.
The magnetic paths of the motor are configured to limit

15 external flux leakage to no more than four Gauss.
| ' The surface of the motor rotor 256 is nickel plated
for corrosion resistance. The outer diameter surface of
the rotor 256 abuts against one side of a coplanar,
rubber-coated drive roller 260. An opposed side of the
20 drive roller 260 presses against the belt capstan 22 of
the tape cartridge 10. The belt capstan 22 drives an in-
cartridge belt pulley 21 below it. The cartridge drive

belt 28 (Fig. 1A) wraps about the belt pulley 21.
The drive roller 260 of drive m_ochanism"' 200 is
25 rotatably retained within a capture- well 216 of the frame
' 210 but is perm:l.tted to translate 1atera11y within this
well 216 to some extent in the first and. second
horizontal directions (X and Y-axes). It is ‘aligned in
the vertical direction (Z-axis) to register with and

30 engage against the belt cap'stan' 22 as shown.

S:.nce the reciprocating base plate 240 and drive
roller 260 are free to move in the first horizontal
direction (X-axis), the contact force F1 between the belt
capstan 22 and drive roller 260 is defined by the

35 compression force F2 of spring 220.  Spring 220 is
'designed to generate a relatively constant compression



out-of -cartridge driving-roller (oCDR) 260 will now be described. 5

The driwﬁ%@m panism of Fig. 2 is generally referengefususorfla.
dri ve mechani sm 200 includes a rigid frame 210 having first and second

projections, 211 and 212, at opposed ends. A belt-type cartridge 10 is
retained by the first prOJectlon 211 mhllg3a conpressed 10 spring 220
presses. opposingly with a control force F27agai nst the second proj ectlon

212. Th 2 f F
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magnetic shiel 88n ipatad s%?'?:k@%%m?ﬁ cReherpthan the cgniaatoasrR 196n 252
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b f th ted t 24 t I bb ble 230 t
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cabl e 23@8conndeedred mmgme ?1p| ate printed-circuit 243 while a

second end connects 10,
The el ectronics m)di??l % ] ncliu%%s Prignt ed ci rcwu%?i oardpfr”n e%vear@'l i es
the spring 220csmpasist sjmpieal apd l@‘ﬁ@mﬁ%&rﬁ% oz drdviag: §h§db@13t one

or both of 35 @aanstggt O & taped daberiage Roate 240 for rotatably

supporting a cup-sh l'indrical) outer roto
PP g P- %Dte thgt t% outer ‘rotor 256 gerves maltiple

15 functions. First, it defines part of the magnetic flux
path of the motor 250 and ‘provides the rotational output
power of the motor 250.  Second, the rotor 256 transmits
the rotatiocmal output power of the motor directly to the
drive roller 260. Third, the rotor 256 transmits part or

20 all of the control force F2 of spring 220 from the base
plate 240 horizontally to the drive zroller 260 along the
plane of actionm of the contact force Fi. Fourth, the
rotor 256 shields devices external of the motor 250 from
interval magnetic fields of the motor. ¥Fifth, the low

a5 profile height of the rotor 256 allows the vertical
direction (Z-axis) profile of the entire mechanism to be
kept relatively small (e.g., one inch or less) and/or
permits integration of additiocmal functional elements
(e.g., electronic components) im the wvertical pla.ne

30 cccupied by the motor 250.

The capturé -well 216 of ﬁramg 210 alsc serves
multiple functions., Pirst, when cartridge 10 is removed,
the capture-well 216 prevents the drive roller 260 from
being ejected out of the mechanism due to the non-

35 countered force F2 of the compression spring 220.
(Spring 220 does not apply a continuocus force against
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256. AXiwboRbagii s preferably kept to a minimmin the vepéiggdsndizzection
(Z-axis) by using a preloaded top and bottom ball bearing design. The
strain nmonment on the bearing balls in mnimzed by arrangi ng the bearing
balls 5 either centrally in the sarre_q&re_izontal pl ane that cuts
centrally through the contact area of dri roller 260 and the belt capstan
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rotor 2|5€shi_s Eﬁﬁlfr@béysmgfbg_cer tnaa:fhbaﬁrépﬁ_ém;i maEe prevent mzég he
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per nenent magrRXeessiyve fP¥Rearranged all with one pole, e.g., South,

facing dgwardly orrdfeyrien he mgr.armda,t Gt ldfera Ynend el haghs of
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Where practical, like reference symbols and numbers
in the "300" series will be used for. elements of Fig.s
15. 3A-C which correspond to but are not nece_ssa-ri-ly the same.
as the elements represented by similar symbols and
reference numbers in the "200" series in Fig. 2.
| The low-profile tape drive 300 includes a relatively
- rigid, one-piece frame 310 that is molded--fro'm' an
20 appropriate composite material such as the jpclycarboﬂate
family of plastics. Appropriate additi#i_es- may be added
to the polyt:arbdnate material to provide strength,
durability and other desirable characteristics. For
eéxample , glass fibers are added to the composite to
25  improve rigidity. Teflon is added to provide a frame
surface having a relatively low coefficient of friction.
(During molding, the teflon particles tend to migrate to
the outer surface areas of the composite to thereby give
it a low friction surface.) _
30 The £frame 310 includes a front-end cartridge-
. receiving portion 311 which is adapted .to receive and
retain a removably insertable, quartef inch minicartridge
10’. Fig. 3A shows the minicartridge 10’ slidably
inserted into the front-end receiving portion 311. Guide
35 rails (not shown) within the receiving portion 311 guide
the mini-cartridge 10’ into registration with a drive



258 and the stator 252. -1t also shields external devices fromthe I nt er nal
flux fw&lggﬁé@ the notor 250. Many desi gn possi bil ities e

appare those skilled in the art for inpl eman¥| ng t e rotor-on-

t he-outside electric notor 250: In one enbodi nent, the WO 95/ 34891 )
PCT/ US95/ 07423 -12- notor 250 is a DC brushl ess notor designed to be driven
by a 12V DC power suppl y Thi's power 1% Bupplied fromthe el ectronics

dule 235 b I bb | at
inted o cbalidroheb gab' Skadiiike, RlaR 358, GilaMlont de e D50 has
a three phasérive @00l cdmecguide raid et veel sce autemaaﬁdablyee@lwtﬂ
Comut ati on ﬁiéﬁ %ﬁgl ée,t [ ré&f'ar eei&et %Bné%aléé’ %
oper ati ng

back- EMF net e at nomn

esl
speeds of 8l16peBing F@ﬁ?l aﬁ@flﬂke Rmﬂ%/gmi@%oﬁgﬁdar@%% er nBPa€8r gtfe | oad
‘of no §ess kaamgé éloﬁ%ngﬁel m@@ﬁ;@t Neid@ VA LB CHO UBrive esadn@i CS

nodul e 235'5@%% rive ,Cir U|t for rd.vin heg%rcml _
Y- connect ed t przggc ér%%é‘ %Cﬂﬁ ed to
limt 15 ast ehowin filw@ig.ak@ge Spmngﬁbiaseﬂamcme@m ghixowiglur f ace

of the notor.fehen ¢né ﬁ Cé‘ﬁ e%'ﬁ%%ggb%e%%& ?@Q&Eibﬁt%ﬁeﬁm&ﬂ he

outer di aneter surface O e roto uts a one Si
copl anar, rubptp- badeats#f he gartritge 10Aﬁ@ogb§§@§3?sh€%p&se¢met%
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10. The belt aps nin- ca trlggg belt pulley 21 belowit.
a

The cartridgk gr F?Etﬁiég%ﬁegﬁﬁﬁin@@"ﬁﬁg{ﬁ@ t the belt pulley 21. The
drive roller 260 ASjdeent tecthai Shagofoos Péceiving cawdd yis cimoties Wit hin

a capture-vebleg1§:8f de"¢rld ¥Pame which supports a head translating
' mechanism (not shown]} that moves the head 325 in the
15 vertical direction (Z-axis) to different tracks of the

tape 15°'. _
The front-end cartridge-receiving portion 311 is 1.0
inch in height and 3.95 inches in width. The frame body,
including fromt and section 311 is approximately 6.0
20 inches long. The entire drive mechanism 300 (including
circuit boards not shown in Fig. 3A} can be enclosed in
a rectangular housing having internal dimensions of
approximately 1.0 inch height, 4.0 inches width, and 6.0
inches length. Such a casing can be easily inserted in
25 a standard 1 1/2 inch flcypgy drive bay or into smaller
volumes as desired. :

Az seen in the top plan view of Fig. 4, when the
minicartridge 10° is fully inserted intc the £ront-end
receiving portion 311, the in-cartridge belt capstan 22°

30 comes into spring-biased contact with a rubber-covered
drive roller 360. At the same time, the drive roller 360
comes into spring-bilased contact with the cuter diameter
of a rotor-on-the-outside electric motor 350 (hereafter
also drive motor 350). The rotor is cylindrical in

35 shape, the cylindrical shape having an open bottom and a
closed top.




210 but is permtted to translate laterally within this well 216 to sone

extent in the first and second horizontal directions -.axes).
It is. al i YRF3#81t he vertical direction (Z-axis) to regi sté&'@#bswyggd 30
engage agai nst the belt capstan 22 as shown. Since the reciprocating base
plate 240 and drive roller 260 are free to nove in the first horizontal

direction (X-axis), the contact force F1 bd®ween the belt capstan 22 and

drive rotler 260 is defined by conpression force [F2 of spring
220. . Spring 220 isThesi SMééln%'lSéﬁer XOEOX  35% | V@8 Gondiametspssi on
WO 95/ 34891 ap proximately 1 60 inch and a heightPGE WGaafdidianiells

f F2 that t t 240
force P2 that (eshaNes V:? €\ F1gega, Fboaurisdion ?&erﬁ%#a#ﬂa
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but sone p e vector mg ht be ISSI pat e t p0| nts ot her
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cartridge 10. Nrhe 8Gbivet helbetre360 dmralzimer;brmesnsageu pithishe bottom
banctionsyg Fi I brribnlgls ke RRds An élh%ém'&etd% A iR R dpesgp] of

250 and pP'8V| de e rotational outp e notor . Second, the
rotor 256 transthesebyealdoningnal V@HFE)GPJE)UV\EFE‘-BF]-?HGI’?T&%VPH?FECIH'S‘F? o)

the drive rollerngg0.gHdimy, tohepdds Obvae6 tHanaplive pAlled 360. The
vertically-translatable support plate supports a head-
~ translating mechanism (not shown) gene:ally provided_
15  within area 326. '
The stator portion (dashed cyllnder 352) of motor
350 is fixed to a sliding base plate 340. It is to be
noted that the dashed'circle'represantingistator'portion
352 is not to scale. The relative scale of diameters of
20  the cylindrical rotor 356 and the cylipdrical stator
portion 352 is Dbetter repfesented in Fig. 2, by
respective cross sections 256 and 252.
The base plate 340 reciprocates linearly ‘in the
front-to-back direction (X-axis) 'of frame 310. As seen
25  in Fig. 4, two longitudinal slots, 341 and 342 are
defined in base plate 340 extending in the X direction.
Base plate guiding pins 331 and 332 are press fit into
the frame 310 to project through the 1ongitudina1-slots
341 and 342 and to thereby_guide-the movement ©of the
30 reciprocal base plate 340 along . the longitudinal
direction (X direction). ' ' B
Four frame tabs 313, 313, 314 and 314’ extend
integrally from the frame over base plate 340 to block
translation of the base plate 340 .in the wvertical
35 = direction (2z2 axis). Frame tabs. 313 and 313’ are
positioned opposite to one another along the Y-direction




20 all of the control force F2 of spring 220 fromthe base plate 240

hori zont aI

y to the drive roller 260 along the plane of t he
cont.act Fourth, the rotor 256 shields devi cesséwgékﬁ@% of t he

notor 250 frominternal nagnetic fields of the nmotor. Fifth, the |ow 25
profile height of the rotor 256 allows the verti cal di recti on (Z-axi s)
profile of the entire nmechanismto be kep¥-rel atlvely smal | (e.g., one inch
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PCT/ US95/ 07423 _-14 rive in th t t ead,
base plate 24@%u¥§@%§a$% t %Fﬁtét# ?ﬁﬁq%ﬁ%ﬁ%’eﬁgﬂg c%ﬁupg \/\éﬁé giG

:j n the nohcar Friathge balck! €o) aSbaamdasuppafztdngr rdge H8ctionn3eRtefl theo the
ri ve. mechani t \Y e,

prevents the ?@%ﬁ vem?%wg a?‘?%@négé#ngst (r%‘ga%s l%tedé %‘:‘gi\;\%é%’ V\ﬁ%%%éégﬁ i t

can damage t h&acdng the tironurand carteidge- recelvimg E@ﬂ» b3tk gﬁat e

240. Theggcapt shre? sorbs the excessive force. Referring
to Fig. ?,CA gﬁt\éﬁis o?a?nelnch high, |owprofile

e drive 300 in
accordance with théas%%y ofLIRER 343 ndic 4R Haze 5@?# &t ckhe |ike
reference synjelteraid édgéwr 6f base plate 340 for allowing vertical

insertion of plate 340 over the rear frame tabs 314, 314’
during manufacture. After the base plate 340 is

i8 installed down over the rear frame tabs 314, 3i4°’, the
plate 340 is slid forwards (in the -X direction) to move
the assembly slots 343 and 344 beyond the rear frame tabs
314, 314’ and to thereby position the plate 340 for
vertical retention by frame tabs 314 and 314°,

20 Referring to the exploded perspective  view of
Fig. 5, below the base plate 340 there is an integgal
portion of the molded £rame 310 that defines a so-called
*half-height support platform” 318. - This half-height
support platform 318 is positiomed along a horizontal

25 plane (X and Y-axes) approximately midway between the top
and bottom of the drive frame 310. The support platform
is approximately 0.10 inches in thickness.

Below the support platform 318 there is defined a
rectangular, lower cavity 319 (seen in the up side down

30  view of Fig. 3C) of approximately 0.35 imches in height.
Thig rectangular cavity 319 is used to accommodate a SCSI
electronics board 336 which will be described below.

The 1.0 inch height ©of the drive in the wvertical
plane {Z-directiom) is therefore occupled by the 0.46

35 inch height of the motor 350, the 0.10 inch thickness of

the support platform 318, the 0.35 inch height of the




in the "300" series will be used for elenments of Fig.s 15 ‘3A- C whi ch
cor r espowd dsp4duat are not necessarily the same as the gﬂ;ﬁgﬁz
represented by sinmilar synbols and reference nunbers int 56 - series,
in Fig. 2. The lowprofile tape drive 300 includes a relatively rigid,
one-piece franme 310 that is nolded gm an 20 appropriate-
conposit-e material such as the polycar bona e famly of plastics.

Appropri ate addbﬁé%%l@tf&f@%éa@tﬁ%@' YGaiB%%é?t Sto%é’ aa&{:OV' de

strength, dur aBI lity and other desirable char acteristics
glass fi bers aP8 58 eFAEE (HLVFRRT 1 ARG 2BPTOXimBESIY O-@i8diinch Oﬂ'eflon
i's added to prothde niécemaaebﬁscnehgntag (@.g¢€l, athéebasbomaeeféwoent of

buter aurt sce or sacobe AaevaRbBhec TR A {fRaL LY ividen on
surface.)530 the halfhélemnﬁum@tlpbauﬂwn 218 r exttesdd ngc air rtkge-

recei ving portkoalgéét%hcglb t Bl t"‘eﬁg%% rogzeﬁu!yee ﬂ%ﬁ\%?ﬁéﬁﬁmﬁ’f@' y

i nsertabl e, quarter in¢ch mnic
mni cartridge ¥8F SBRF4EE §hﬁn§€F$~BH°Fﬁi-ob?ﬁe pl@ﬁe 349 $bt@hbly|galp@ve| on

311. Guide 35 a c@@t&&lﬁn%lsl.%oﬂi&hnofhEhée%ﬂdﬂ :1911' de
the mni-cartr I(? é(?) i nt egl géﬁau on with a dr N 95;;/_ 348
PCT/ US95/ 07423 gFI 28%0P wrt e CRREHTEIS % gher) Zordixectiope

drive 3000 Thbegwees rtlnés tzdpa) afit obhei oa‘léw;a%mtm'tah frlimeﬁooanaz e 3254)
f tridge 1 S AlFO .t
of cartridge 18otEendSok tﬁépcz;gmgggcér%ggr%% 3 ﬁi%@@!ﬁ%e ne

Space is 5 rovi d Si'dé "Wal'l 311
for receiving ﬂﬁeaBP-GFrﬁt B4Rl Bligsenagaingy dhe botteomss ofivframe tabst.

Spring- bi ased poB| es8$3¢nos18hgna) 3vat hwﬂeﬁhftff@élipfaé’a{fé’é ta[é Aerd&PRl Vi ng
portion 311 Snge 1lift prov1ded by a next-described, base plate biasing
- 15 spring 339). . n

A springrlocating projection - 318a ' is provided
integrally projecting up from the center_of'thg.valley
portion of support platform 318. A tripod:shaped.base-
plate biasing spring 339 is fitted onto projection 318a.
20 A hole at a bottom vertex of the- tripod shaped spring 339
fits over projection 318a. The three arms of spring 339
extend upwardly to apply a lifting fdrCe to plate. 340.
A conventional gel-type lubricant such as flurocarbon gel
866 available from W. F. Nye Inc. of New Bedford Mass.
25 is applied to the tops of the spring arms to minlmize
friction between the base plate biasing_spring 339 and

the base plate 340. __ :
A rectangularly-shaped, spring-accommpdating' hole
318b is defined at a rear portion of the support platform
30 318 for accommodating a helical loading spring 320. (The
bottom side of the spring-accommodating'hole 318b and
spring 320 is seen in Fig. 3C.) A firsﬁ.sp:ing retaining
tab 315 is integrally formed to protrude-fprward_(in the
-X direction) from the frame 310 at a back end of the
35 spring-accommodating hole 318b. The spring retaining tab
315 is sized for insertion into a back opening of spring



into |r1dents of the cartridge 10 to thereby help keep the 10 cartridge
voosk/segyae the cartridge is inserted into the cart prugsesesass vi ng
portion 311 Adj acent to the flap-door receiving area is another area 326
of the frame which supports a head translating nechani sm (not shown) t hat
noves the head 325 in the 15 vertical.qgi.rection (Z-axis) to different
tracks.-of the tape 15'. The front-end cartridge-receiving portion 311 is

fl 0 L nchdl n hfgmht ﬂl@eéaﬁé peheg té&a\ﬁ,@iﬂig td1e 3‘4@%@5 Elgﬁnedn%auéhé?

ront and sectio I OX nches e eptire
drive mechani & F@bfclﬁ%g Qfa% é@darﬁ?tﬁ%igﬁoﬁ‘fll %E% gFOXRRTEan pe
encl osed in aélimiml aﬁﬂﬁodéragthanb ng fort edinserdioensiobs & £romt
approxi mat el y [ nclgﬁ%)é% Q%E

Such a casi ng%ﬁi?gceas%%n%es gd i n a stardar QQ%Q%ggégncﬁg%I oppy

drive ba® or 350 anfd| PP xALAR BheddNading r8pxeRE BA0 HELtin pEBR vi ew

of Fig. 4, whegsgl @c@cﬁzﬁd‘d& Hord ggjg;jly inserted into the front-end
recei ving portion cartrld be st an ﬁZ 30 into

t he in
spring- bi ased cont éﬁ%r te OWhH;'g Eesarre
time, the dri \tﬁy@dﬁﬁr@%@mﬁl - sﬂ,e,d aost Bet desthibed.out er

mtor 350). The r a8, st BT %%s%‘# fi@fﬁ‘g°%§§59~s( R85 LREPPEER Shape

havi ng &8 opemutst tihe aapréng%begaﬁmg projectdson3fd®r of the frame.

PCT/ US95/ 0742, s—gpﬁ&% ey i £ @,Mreﬁ%ﬁés sgﬁhgn‘éésf s8kh that

approxi mat el y 1@ %pb%%gdagslmgiy slots ngr(ﬁ' g. 4) and 344 s8lip down
past the rear plate retaining tabs 314 and 314’ of frame
310. At the same time, the front edge of base plate 340

18 slides down behind the opposed front retaining tabs 313
and 313’ of frame 310. And at the same time, base plate
slots 341, 342 fit over base plate guiding pins 331, 332,
{(Bushings 333, 334 are prefitted over pins 331, 332
before plate 340 is lowered over the pins.)

20 The drive motor 350, which is already assembled on
base plate 340, is held down and the base plate assembly
is slid forward (in the -X direction). Assembly slots
343 and 344 move past the rear frame tabs 314, 314°’. The
front edge of base plate 340 moves past front frame tabs

285 313, 313°. ‘The four frame tabs 313, 3137, 314 and 314°
then function to retain the base plate 340 in position,
suspended just above the half-height support platform
318. _

The helical loading spring 320 is next compressed

30 and released into place so its back and front ends
respectively f£it over the first spring retaining tab 318
of the frame and the second spring-retalning tab 345 of
the motor base plate.

An assembly pivot pin 346 is prefastened to a front

38 end of base plate 340. A drive roller pivot assembly
365, which is better seen in Fig. 6, is next slipped over




0.460 inch. The closed top surface of the cylindrical rotor 356 aligns just

bel ow, buiy flush with the 5 top of the one inch 5,09323frahe
310 (approﬁﬁgggty 0.05 inch clearance). The drive roller gggﬂﬁéas a

di ameter of approximately 0.750 inches and a hei ght of approximtely O. 193
i nches. The drive roller 360 is aligned tc%(fngage with the bottom 10
portion aof the 0.46 inch height of the not rotor 356, thereby allowing a

ol lor 360 The ATrESHYBYoR BT 140 ad MiMcdCRf B £ lnd Bathl0°

transl ati ng mec@@hi éﬁﬁembi-YsMnﬁ) 5@andnaPig.pbovi @eaioralwar nmfmream 326.
The stator portggs delasdshey IFuieeidellin®bo HOERptire wéli'if@ d© firatld di ng

arator portion %'st@ q'ag e wétc%?#é‘t@“a?%f’ﬁmfwééé ; 3 Reen dashor 20
Lhe cylindsi cal doot assemblpnilihdes oy | ¢ttt IMIvﬁﬁﬁlmréxmdﬁﬂze dcﬁ%n
etter - represent respectlve cross sections 256 and 252.
The base plate 3% °r‘é%Pb?5%gY’%§l|?fb%ar| y in the front-to-back direction
(X-axis) of frame 310nceAdhseedrie rokildy gpivot: vassemply udiéfal isl dis,
Base pl ate gui oF ool e Badr S ot Z‘?%“é?n'%% Epvehe SRR
proj ect thr oughP%ﬂEeI Al t daeRal 5%*€%§93@%@2 (a¥qddzeckirBdy BRI de the
novenent 06 thepd@itiohewhere Cassetioby smﬁé 34840342 ey sIfe back out

574 extend i nt BUFE FO° (1T (HETS MBS ddt LALH pi Do St iPs ane S60
transl ati on of ighelippedpbeer amrrespmdrmg ig008s of agisemhlyopivat -
axis) . Fr a”egihaﬁés éthoiad thaldrivel ¢d19% a%"e‘ilﬂ&p%%'st 4 PIUYe.
anot her along t e Y-d tion
seen 1n the exploded view of, Fig. 5 for example, an
15 extra-thick L-shaped member projects up _integrally from
the support platform 318 to define the back wall of
capture well 316. This L-shaped member absorbs the force
of overly-zealous insertions of the cartridge 10 into the
front-end cartridge-receiving portion 311. _ .
20 ~ Fig. 6 shows the drive roller pivot assembly 365 in
' greater detail. Capture protrusion 366 extends past a
front cutout 348 of base plate 340 to sit in capture well
316 of the molded frame 310. The capture well 316 limits
the reciprocal movement of the base plate 340 relative to
25 the frame to the extent allowed by the pivoting of the
drive roller pivot assembly 365 about 'asser_nbly pivot pin
346 and by the play of capture protrusion 366 within the
capture well 316.
The drive roller pivot assembly 365 :.ncludes a die-
30 cast pivot arm 600 made of a suitable metal such as a
commercial grade aluminum alloy. The pivot arm 600
comprises a sleeve 362 that slides over and pivots about
the assembly pivot pin 346. It also comprises an
extens-i.'on 363 - connecting the sleeve 362 to capture
35 protrusion 366. The pivot arm 600 further comprises a
bearing post 367 that extends upwardly from the top of
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-17- tion of the frame just behind the front-e
ing portion of the frame. Frane tabs are
frduagy 311 of the f F e BEgrussserzs,

cartrl dg

positioned opposite to one another along the Y-direction at a back portion
of the frane. (The 5 X-direction is the front to back direction noving
fromthe front-end cartridge-receivi ng p(}??sl”on 31l of the frane back to a
boar d- supportl rear se t|o 312 of. frane. The Y dire on is _the left
Lo right direcBREREAEREEENET RE arﬁwwmeﬁw R reries, o

10 the drivag8Q0. ) Assenbly slots 343 and 344 are defined at the |ateral
A :

edges of base b1 2 cadtibl AL PR YELAS ) MAELLRY, Mrkl’ BG4

the rear frane tabsAS ??1‘;
340 is 15 pm’gvéﬁe@dcaoﬁheobgt:tmeoﬁegivatagttgaséoalasa3;ﬁ;vax mapdog| at e

340 is slgd Toguahdg (bélsé héapéuﬁér %1'@0@47‘ Of JRN&a t Eﬁ %%fee%é’ ?2&&@343
and 344 beyond the rear 314" and to there ¥7pg€|t on the

pl ate 340 for v&Pp c@%@i@ﬁ??% 5 @@%rﬁ?qea@weamlﬁla larger
Referring to {(bheapprbkit@telpeospast teeovosw iathli ghah, th@lmxameeébase

2 22%2?‘%8“”9% i PSR P hraf fofhed s Gy TtadRich Sremtat. HEL 65, (°°
pl atform 318 i £hassiesiterEicd 363 acémrpimtaltoZa lmm@egm dbautes)
appr oxi ”ipe' Y e EE?%%'E #ﬁ ‘38% angs, 05&8%‘ B%ﬁbﬂgedﬁbié é?%f@?ﬁig- The

support atformis
suppor t pI at f ot 3igd Ehé %9%% uﬂéo@% piétq@@gmi&ra’qi@m ofatheydsiveseen

in the up sidezdawez3360 rdigiwiSfe hid tiRO)baie @élme#ueﬁ Shei bgpes in
hei ght. This r%ct anggl %r i%a\élugéecjﬁ ou%nee%hta%iac% on'g% ?ﬁte a SCSl
The drive roller 360 is formed of a cylindrical core
15 portion 368 made of an easily-machinable soft metal such
as brass, The drive roller 360 further includes an outer
perimeter portion 36% made of a rubber-like material such
as polyurethane which is cocated about the cuter diameter
of the core portion 368. In one embodiment, the
20 perimeter porticn’ 369 is composed of 0.030 inch thick
polyurethane having a hardness of 75 Shore A.
Reﬁerring to Fig. 3C, after the base plate assexbly
{320, 340, 350, 360) is installed, the low profile of the
agsembly makes it possible to install a relatively large
25 electronics board 336 in the lower cavity 313. Note that
electronics board 336 extends through the vertical volume
occupied by the rotor-on-the-cutside electric motor 350.
In the illustrated embodiment, the lower electronics
board 336 includes SCSI interface circuitry for coupling
30 the tape drive 300 to a SCSI bus (Small Computer Standard
| Interface bus). Motor drive circuitry is contained in
the upper electronics board 335 (Fig. 3B) that mounts to
the top of the molded frame 310. A vertical cutout 312a
at the rear of the frame 310 is used for electrical
35 interconnection of the upper and lower electronics
boards, 335 and 336. The vertical cutout 312a is also




el ectroni cs board 336 which will be described bel ow. The 1.0 inch hei ght of

the driv vertical plane (Z-direction) is therefor ' byt he
0.46 35 %d%gﬁ%:%?hei ght of the notor 350, the 0.10 inch thf%ﬁﬁé%@y the .
support platform 318, the 0.35 inch height of the WO 95/ 34891

PCT/ US95/ 07423 -18- |ower electronics cavity 319, 0.10 inches of top and

bott om case cl ear ances, and approxi mat el ﬁr 08 inch of other miscellaneous

helghts(eg, ase Iate 34 i.de_el tiQ ridges arelnt rally
provi ded on 5 use hg 2 lfb%ﬂtpﬁ?g‘{f%r ﬁ??fg‘”v?ﬁ e A %‘%
X-direction alsmght hEhedgésltnfert hecapagididr pl 33 Far neBa8n f oinspa't:hgng 3tthe

reci procal bassrok Al O suh IhLYLABRYGELERRL B eckaldaitePBbhuin 135 Lhe

support platf se capture I'réCfion 10
bet ween t he tomt@fth%ev@lmtﬁ)n‘éﬁrtwﬁbe%uwtwibottoms of the frane

C

tabs 313,5313", 3l4pafdh2 on 1239 Plede BdWes! edeer28AiBs! Hdaga
bottons o frarre tabs 313 3' 3T4 a 314' when it reciprocates as a
result of |ift33f FAY& IG5 T, F°B€§€Fi°ﬁ'e§1 bREEVIAG AL 1# RaGly epd of

spring 339). At-_n@rbagraocatmgupwardmyl-pﬂoﬁéaamg Ble«zwdﬁaopim egeol iy

B8 R 1 oo REERLPEE S Sl [0 oift | e P Ruld briloqifP o Py Bk
proj ection 31820 2@ate mtm)laevgrtd,caétlwonveglymgoconnectmrmﬂ Simtbe
.spring 3g@ fit Pr eﬁ"e‘?:lt%trﬂi%@ 3 8&ra Tha st h&ﬁ'@nat'?ﬁ Oér:ﬁﬂééé‘g ciudxt end

;
upwardly to app fting force to plate. A conVent 1 onal. eI-typ

| ubri cant sucﬁ’%rql? uP&'@ar ownked &65 Eb%l Ifélﬁn@ f 3350 W ?‘el\ﬂ‘@"’laﬁ@ Ysf New
Bedf ord, Mass.p2&jecting apins €20 paskethepaghf theeresr ivertdidal cutduti M ze

312a of the frame to mate with ove_rlying_ connector 720.
_ Connector 730 of the upper ,e__lectrbnics board 335

15 receives to the free end of the flexible ribbon cable 330
extending from base plate 340. (Flexible ribbon cable
330 connects to the stator portion 352 of motprlaslo via

- a printed circuit (not shown) that is adhesively attached .

_ to the top of the base plate 340.)

20 Connector 740 of the upper electronics board 335
connects to an -external power supply (not shown).
Connector 750 of the upper electronics board 335 connects
to the head translating mechanism (not shown) of area 326
(Fig. 4). '

25 At the front end of the lower electron:l.cs board 336
there is provided a status-indicating LED 650 (light
‘emitting diode) for indicating various = operating
conditions of the drive by steady glow and flashing. A
plastic light pipe (shown in PFig. 4 below the arrowhead

30 . of lead line 311) carries the output of the status-
indicating LED 650 along' an inner sidewall of the front-
end cartridge-receiving portion 311 to a front panel (not
shown) for viewing by a user.

The front end of the lower electronics board 336

35 also has a pair of microswitches 652 projecting upwardly
. therefrom. Microswitches 652 engage through a slot of

"3




friction between the base plate biasing spring 339 and the base plate 340.
A rect shaped, spring-accomodating hole 318b | ' at a

r ear portlon 3% t he support platform 30 318. for accon%gra$¥%g%% hel i cal

| oadi ng spring 320. (The bottom side of t he spring-acconmodati ng hol e 318b
and spring 320 is seen in Fig. 3C) %ést spring retaining tab 315 is
integrally formed to protrude forward (| the -X direction) fromthe franme

Cetaining rabtobsremb! 28 i REEPRRERAP WBARL, R80df B R Lndgfi el MO
WD 95/ 34891 cartridge 10 to detect cartridge prem@s mmiqg 320.

A second spri geggk-gbel- %Fﬁ@iﬁi§n345 is defined on the reci procal base plate
340, extending int orward dire %%HX dlrgitlon for .inse t|on into

a front opening of SEABPY  elechrrrigs e @15 and
345 retagn th@u@h@m@aspal ggcaﬂa Mbhssetpesﬁpﬁ,@ngéaﬁoagmﬁs@i

©318b. Still r t st

mechanismis %} %ﬁ%@ @%ﬁ:gﬁ %%%%rsﬁ %%ﬁ%yﬁ“f%égé %F& ggﬁ%%‘ﬁg spring
339 is first miwé@gipcxtiontanhe ks prictptirenaliaten 666etsi prodided of the
frame. Base c?zﬂioé 3 | 0o IniCled 40k rbhagegrposed
assenbly sl ots 344 past the rear ate retaining
tabs 314 and @P@r@o aﬁﬁ? 1:@%1@@@&@ fkdght e%@o? ®ase
plate 34@ 15 carghiidee Wh £dat fnwogzﬂtfsgmb i{lled0 diabgnhgl3 and

base pl at o guPcHy Bs 451 hes ¥iens ad JEBAAEE Sede S | poEki e
pins 331, 3323hA4f.ore plate 340 is |lowered over the pins.)

Electronic components such as the status-indicating
LED 650, status-detecting microswitches 652, second LED
15 654 and phototransistor 656 are interconnected at the
front end of the drive by the lower electronics board 336
to appropriate input/cutput eircuitry on board 336 and by
way of such circuitry to the backend components such as
the SCSI bus connector 610 and the inter-board comnection
20 pins 620 and further to the components of the upper
electronics board 335. Part of the electronics and
interconnect of the lower electronics board 336 occupies
the one imch high vertical volume of the frame prcﬁile
. that is also shared by the low profile, rotor-on-the-
28 ocutside motor 350. The low profile of motor 350 maskes it
possible to provide a compact tape drive mechanism 300
that has SCS8I functiocnality built in together with lswer-

level tape drive control functioms.
In brief summation of the above, it has been shown
30 how a low cost, low stress, tape drive may be assembled
with a relatively small number of parts and yet provide
2 high concentration of functionality, including
providing an appropriate contact force ¥l between the
driven and drive rollers, and simultaneously providing
35 room (319) for electronics or other capabilities in the
vertical volume of the frame that is occupied by the




20 The drive notor 350, which is already assenbl ed on base plate
340, is hwbdsdsson and t he base plate assenbly is slid forvecriugssnidbe - X
direction). Assenbly slots 343 and 344 nove past the rear franme tabs 314,
314'. The front edge of base plate 340 noves past front franme tabs 25
313, 313'. The four franme tabs 313, 313'_24314 and 314' then function to
retain the base plate 340 in position, suspended just above the half

- hei ght sgpggrtdﬂﬁ fnm}faﬁl&asd'he hE{:l anbuieatﬁenabaﬁwag f&i&ﬁtl gthekkbes
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drive roller p|vo asse er Seen in néxt -
sl i pped over 3l&jg5$3ﬂggnd 314’ (and the base plate biasing spring

PCT/ US95/ 07423 334)-. t hhea®SaBbhY Biﬁgﬁlatggf?’é@taér'dﬁhé‘@tﬁiﬂﬁ’ thalt hals

dash- dot nbly 1 50 t 366 -of
Geserbly 365 1143 TRRPLE Chigt B3 LERPSS08 DR rare BIASS AeRRRAL 340,

oper ation as|lxsaxuzﬁsbywnikecpndvﬂdshg fow fdﬂbt&o&eﬁbkyaﬂ&o&;ﬁ@Qthhat i's
vertically ext Fg tPaﬂs?%geuagafﬁgt %ﬁ? g%@%gcth% bk G oo

pi vot assenbly 'S n place ure we o5er aPES%t § preéevent
t he base 3 at e SROLAF ARG i di ng backward (+X dlrectlon) to a 10 position

where assenbly sl ot syB4howdtd £2b Eﬁé ol e RME e H € rad@l thiba81abs
314, 314'. A retalm

assenbly pivot EVEN '3 ¢ q"f%o%&‘lt h@r&r isgeggaiepaggégééfvpéggf Oﬁ[?{%ee °

310. There-u 8 no need to separately add their
functionality to the tape drive dnringimanufacture._ Thus

15  assembly can take place much faster, the cost of
manufacture is reduced, ?and_ since there are fewer
separate parts; the probability that something will go
wrong during manufacture is reduced. |

It should be additionally observed that electronic

20 functionality ie;distributed th:ee—dimensionally about

' the frame 310, with the upper and 'lowerm electronics
boards, -335 and 336, being folded about the top and
bottom areas of the frame 310 while interconnect between
 these printed circuit boards is provided by the inter-

25 .board connection pins 620 that extend'through the rear
vertical cutout 312a. There is no need to add a separate:
interconnect cable between the boards. The interconnect
is automatically made when the boards. are mounted to
their respective positions on the molded frame 310.

30 The above disclosure is to be taken as illustrative
of the invention, not as limiting_its scope or spirit.
‘Numerous modifications and variations will become
apparent to those skilled in the art after studying the
above disclosure.

35 By way of example, to improve the frictional contact
between the outer diameter of the motor rotor (356) and



As seen in the exploded view of, Fig. 5 for exanple, an 15 extra-thick
L- shapg denper projects up integrally fromthe support P@E%Bﬁé $18 to
defd ne"theé pack wall of capture well 316. This L-shaped nenpber absorbs the.
force of overly-zealous insertions of the cartridge 10 into the front-end.
cartridge-receiving portion 311. 20 Fig. 6 shows the drive roller
pi vot assenbly 365 in greater detail. eééﬁture protrusion 366 extends past
a front cutout 348 of bas | a 40 to sit _in,capture we 316 t he

nol ded frane égﬁ?@ c%%f%% ﬁ?&sﬁnﬁ feYs & Er%c“?%r%‘i | & fit of
the base pl attmaldteg ctat the potdide ahetheamotor tetcaxt 636kl bvwWee by t he
pi voting of t | )4l j Sl %@%@g SRRy i pi n
346 and by théei%ac%éy\g(;efé ca1 g{ﬁ %e\pgrit(%t}um onné Wi thin t%e captuf@éE %glél 316.
The drive roMQE0%HBRRACK S ly 365 includes a die- 30 cast pivot arm
600 madeg of a sui igRlen NEid| alowd ASs6160uTE’ 6f agepepdl ebnEepim ankdoy.

The.pivot arm 60 onpri.ses, a sl eeve 36 t sl [_a i VO about
t he assenbly %ﬁ%ﬁ%"rﬁ%ﬁ _imxﬁ.s,al @3@ c%ﬁ%ésgg ?%%%%ﬁg%%gfg%@% 15
connecting t o b elnfElma? by che gitains Jppendgadtherstio. 366. The pi vot
arm 600 further conprises a bearing post 367 that extends upwardly fromthe
top of WO 95/ 34891 .

PCT/ US95/ 07423 -21- extension 363 for rotatably supporting the drive roller
360. A downwardl y-projecting cylindrical nenber 364 is provided on the
bottom of pivot. extension 363 for mating 5 with a base capture hole 347
formed in the base plate 340. The di aneter of-the base capture hole 347 is
| arger (by approximately 0.025 to 0.035 inch) than the dianeter




of the downwardl y- at extension 363
can pi votwo 95/348bi. mi MHMIWHHMMIl THIS SsiEETHIAS BESOL|| PCT/G8b6074kbe base
capture hole 347 works totlimtsthe gni t (REPL#¥CHD vot all] vi brati ons of the-
dri've roller 360 relative to the base =340 ‘when the tape drive 300 is
subj ected to nechani cal shock. The drive-pgller 360 is forned of a . .
cylindrieal core 15 pottion 368 nmade of an easily-machi nabl e soft netal
such as brass. The drive roller 360 furChagMencl udes an outer perineter '
portion 369 ma |ke mat eri al such as pol yurethane which is
coat ed about t tigr cggg'ﬁ‘& &5t the core portion 368. -1n one

embodi ment, the 20 - pdiNowet:eBranketed 38ld texthpis cprovided3ini the

t hi ck pol yur et hane havi n aidwalcdném 68 ap gidr fon resfisbilmyyt andi for3C,

after the base plate assd nggzo copresponding ) pyppartal | ¢t t htheow
profile of the assenbly |1t°a|t§é§5i bl e Thei. rﬁ?;ﬂket&ﬁﬂ eltﬁiﬁt\/elif | BPEe 25
el ectronics board 336 in rtQ 2844y anyo PVREStBoar d

%

336 extends through the ¢ked in all legal
rotor-on-the-outside eleg¢

| over el ectronics board %ggg?i%g@fﬂu %rf;?%jrﬁ sf%?%%é ﬁEEPl.tnSe

30 the tape drive 300 t0 a bus (Small Conput er St andard Interface

bus). Motor drive chrcuitry e p S d 335
(Fig. -3B) that m)unltls t{)ht hgh o Qi%ﬂﬁ %eldi'l PsTuP POk e%mzk% %tligg?{: ,

cut out 312a at CERELAR,[24] (AL ﬁnarPen%el_’Bt?% E§EG P&rtaiée@n@sm 3while
i nt er connect i oappdfyinge aippentavt fowee wiltdni oai grduprcitiedB3Srapde336.

;2:% \l/JgerS} 8(’;”423%%%te %’gg 6’%2%20 25hl 3%9 c]:nalné.sgl &?P‘Pﬁ‘isé‘ng()rrponent S
a movable drive roller [260], said movable drive
roller being movable along a first plane for engagement
with the belt capstan- [22]; |
a movable rotor-on-the-outside motor [250], s=said
movable motor being translatable along the first plane
10 for engagement with the drive roller [260]; and _
force generating means [220], operatively coupled to
the motor §2501, for applying a tran_slati‘o'né.l force to
‘the movable motor [250], the translational force passing
from the motor to the movable drive roller [260] and from
15 there to the belt capstan [22] of the inserted tape
cartridge [10] to thereby produce the contact force
within the prespecified force range between the belt
capstan and the drive roller [260].

2. A tape _drive mechanism according to Claim 1
wherein said prespecified force range is 14 to 22 ounces.

3. A tape drive mechanism according to Claim 1
wherein said force generating means includes spring means
for defining the magnitude of said translational force.
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such the filter capacifor 335a s'ho
upper efacdeoni,cs board 335 into th "m m i grl
ear g st

Referring to I'g. 3D, the lower electyortics
connector 610 provide at a back end of the board.
set of pins 620 is positioned in front g% t he SCSI
620 mate with a vertically overlyi ng co

el ectroncs board $3° VReRAe BELDLe bl

An upwy
bus cof
thor 720 on t het

PRRUSEPEE BRI

r‘m s -GHEETA4AS BEEN
nect OREMACEM ns

vertical cutowhegsedn saiﬂhmtoanenmhaamtame mxym@%cimf&n@s 720.

Connect or 730 %EE‘ er bo

end of the fleii% on %ﬁi gxt eﬁ% rom base
(Flexible ri b@@fﬁdﬁgﬁiﬁgﬁgﬁt%ﬁﬁ%ets to the stat or portion 352 of mot or 350
via a printed circuit (not shown) that is adheswely attached to the top of

the base plate 340 ) 20

nnect or. 0 of the

board 335 connects®*to ® *a&%(tg%g ue W sghp%F

é%lif‘e free

ggﬁsr el e%-&r‘lii:s

Connect or 750whérehn i Eont#m#thebmtﬁiﬂéSWcﬂ&S@ib fhe shenC

Hggtsl gai:lngf %Ggﬁi%é?( %G?ronl C bo%&gﬁ?%ﬁt ellr %bl ?‘E

Fgéﬁ% %gmgmgéaé the

st at us-i ndi capEnpapBBtdsalliyl gendugtino gateEniad) Wiﬁh)ra @M&;ﬁﬁmgﬂf

pl astic shown 'n Fi el ow t

I ght
311) carries Pﬁ%‘g@ﬁ

vari ous $oper§éﬁﬁg_ﬂ§ Edlﬁﬁgﬁétéf t[ﬁSg?’“iﬁaEﬂﬁﬁEé&y &k

e arrowhead

%a% ad I [ ne

Bt O8f tRRe TOESFus- i ndi cating LED 650 al ong an i nner

sidewal | of the front- end cartridge-receiving portion 311 to a front. panel

board 336 35 al 86 nad fipd'; Srpve sl albotPeyc

t her ef rom Whe@’gﬁm eadd s6ROTNORgthencutighde Bbborof250] includei a

Lt

base plate [340] and a stator ([252] mounted on the base
plate, the base plate being movable relative to the drive
roller [260]..

7. A tape drive mechanism according to Claim 6
wherein said base plate [340] includes a printed circuit
coupled to the stator [252].

8. A tape drive mechanism according to Claim 6
vherein said base plate [340] has a flexible cable [230]
coupled thereto for conducting electric signals between
the stator [252] and an external module [235].

8. A method for transmitting rotaticnal power from
a motor [250] to a driven recller [22] while engaging the
driven roller with a contact force (F1) of predefined
magnitude, sald method comprising the steps of:

(a) providing a reciprocatable base plate [240]
onto which said motor [250] is mounted; |

(b} limiting movement of said reciprocatable base
plate [240] substantially to one linear direction 121 ;

This Sheet Has Been Rzmaiced
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-26- What is clained js ive mechanismfor driving a belt

capstan <{ydls3@foran IHMD&“L@“HE‘EHW“ dge (10) while apppgivp 5,%7%nt act
force within a prespe f OmC * apst ah, erein
said tape cartridge has a capstan-access opejhiffg GRBETtHASIugh whi ch said
contact force is applied, said nmechanism %%d r| Si rmP\(AEQEDa novidbl e drive

roller (260) having a first outer di anet e "asfic contact

capstan, sard novabl Car | VEATH o Mo e o iate HEBHC K Fodkedy 88288 g

engagenerk0 of tf%?)eleismmﬁd:dm a&ﬁldsmt-adelmétm digedtdion d¥ist an; (b) a

movabl e rotor-on-theduisida diida t&&ﬁﬁiaééble@ﬂw 1%11%9 %? 7, BAAE! ON
(256, 258) definjn am)tor rotorf- and, an inte portion, (25 efrning a
motor stator sud ahakle din #atd Qneql B?%F "SireqEisay i) cand: 4P

l(:j)_el ng tranrs]I at e&ﬂg&%amgg tvkiﬂ-_lﬁ |afzrgtolw;anf,p<ﬁfu1§]bﬂ qtzhssjpam rtgleamr}d d outer
ianeter that is su ant reater than e t outer di ter,
wherein the second o&) %P%ﬂ%%%? &h%t h‘i"r%‘?’brrf’éiaﬁflfﬁréé %f %HE
substantilf |y mrmi%lauadolca)rdat‘te supllexr HR&O]I soeraﬁglmbtaranslate heéhe
elastic contact ﬂsué af@lPér“i?ﬁsdi' ‘iﬁt(':o'érfg’a cftht Ghith oﬁ%x% b?ggaﬁe

generating mealgq !geratl vel y coupl ed to the
applying a tran %ﬁll cﬂf‘altn%rn&“q 3 novabl e notor (250) toward.the dri ve
-roller, at |least a p@)i cseotitdetheapshatrbhndorice ciFdei sigeh r enati thed

oL ong the {1 steghao Boiakle HBLRGen oL ANbI NN I OxEhl g0 ve
(10) to taferebyl3fUdand tthe ccbnim mllser(ta?lvmsmnbsnentially equal
to the predefined contact force (F1).

This Sheet Has Been Reﬂ

HIIIII i




prespecified force range between the belt capstan and the drive roI I er

(260). 27 2.

conpri si WP 95348%11)  one or
said novable drive roller for

of the drive roller to an essentially Iiﬁéar

while the drive roller
3.

A tape drive nmechani smaccording. to C a?&i#
nore gui des y coupled to

(341, 342) operat
constrainjn said transl ati onal novenent.

path within said first plane

is engaged with the belt capstan (22) and the rotor.
A tape drive nechanismaccording to Claim?2 wherein said contact force

generating means includes (c. 1).28linearlygconpressible spring (320)
whi ch conpresse linearly to g,(fl ne the gni tude of sai g~53
transl ati onal f e. 4. Atap erve chani sm H-agato Claiml: (b.
1) wherein  shi-g. not Or Q- ¥——t-re 4 - Fragpedli poriS on conposed
of magnetically conducti ng gaixeli al tha shi el ds—ext ¢r@al) igevi ces from
internal flux 5 fields pNIhe notor;/ andAh. 2) saig
substantially nonel astic cpntagl e f T o yS *defined by
part of the nagn%é._ggil y Lor i ng cyN adrfcal por\ioy/5. A%%pe drive
mechani sm according toCaj m1 fsherei n: §b. 1) sa%d r gton- qn-#he-'out si de
notor (250) is a DC brushlgss tor, 5 ai rotor includes
a cylindrical rotor gwriie; (}2A56) co se agnety Iﬁ conducti ng
material; (b. 3) said rotpr t #Ngl udles ralA tty fof
297 [ o}
26 f} \...7 L
) 2 <3 )
o ] ~ {8
125 ~— n’) \
24" 23 i3

e0
120

FIG.1A
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19\&
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FIG.1B
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permanent magnets (258) distributed about an inner perinet er of the
cyl i ndri_cal Eﬁé ﬁr portion; and (b.2a) t he magneti cal | y wengkesio
cyli ndr i ¥4 portion defines the substantially nonel astl c ~ 8-
contact surface that is engageable with the elastic contact surface of the .
drive roller. 6. A tape drive nechani giccording to Caim1l further
conprising: (d) a noveable base pl at egga 340), wherein t-he stator of said
rotor-on- the-outside 5 not or %50) ma nmount ed
base plate is constrained to novd i h a sdcond plane parallel to said first
pl ane, and (b.1) further whereir t%e dri~e roller} (260) is coupled to the
base plate and adapted to nove frige —&flomit he rotor when the
tape cartridge is not inserted. %M A tape drive nmechani smaccording to
Claim6 wherein said base plate (?ﬁ incliddes (d.}1) | a printed circuit
(243) coupled to the stator (252)i. 8 A twgpe drive fechani smaccording to
Claim7 further conprising: (e) & flexiblejcable (£30) coupled to the
printed circuit of the base pl ateffj f eleqtric signals 5 .
bet ween the stator (252) and an exf] | e 35; and for flexing to
permt easy novenent j base saig segond plane. 9. A

er

.the base plate, the

nmet hod for transmtti ti ol 1Y or{- on- out si de not or

(250) to a driven rol 2) téedl en roller with a
contact force (F1l) of] predefined mag R{{ saud mf od conprising the
B g 9 4“’) o
3
_ N\)tu
v L
< . )
2o l=IT
o ' o
[Tip .
m%\ ¥ 1b_=
“\._ . i 1
ST o
— D
sipEh.e s 2
o Z L i ~| 4~ =
&

200

e
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5 steps of: (a)

provi ding a reciprocatabl e base plate (240) onto which

sai d not gsapse) 1s nounted; (b) limting novenment of saigcIesssprasat able
base pl ate - (240) substantlally to one linear path extending in -29- 10
a first direction (X); (c) biasing theghgse plate with a control force

(F2) exerted in said first direction (X);
drive roller (260) that is Iinea=f~ translatable in said first direction
(X) and 15 I s engageable with ;fﬂor portion (256) of the notor and is
further engageabl380u th the driv&g—rol ler (28 (e) engaging the driven
roller (22) aqglﬁﬁTathe transl at apl e dr|%<," . S0 as to translate
the drive. rolk-r (260) portion (256)
least a

(d) providing a translatable

s

||3§E-~a‘enenn,t<::]ﬂ;}ro§$%%t 20

he Wi asing of the)g

of the notor, lq“ '-. SU3K0t hat at

portion of ' tsl‘r"‘1ﬁ ‘b“\; dr| ve rol | ed t he
driven roller: <agd (f) Rrae hat the}25
force- of engagene‘w L& \\ , 60) fAd’t he
driven roller (22) f ,f'/” ‘ [ a t force
(F1). 10 # JoY-¢ J"f‘ﬂ[}’ h sajd contact
force gener ng | 1 ol 433/5|ole gt i ng

gEs I|nearly to os of %efd 5

(320) whi ch conpr eg

transl ati onal sai d nmechani smf g printed circuit

f~On-t he-out si de not or

343

31

_\q

341

331
( 313/ sz f

314
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and further wherein: 10 (c.1a) said linearly conpressible spring
(320) eX@,%g§¥@gjacent to and substantially parallel to tPEE/P8988748 circuit
board (3 %5; . A drive nechanismconprising: (a) a rotor-on-the-outside
not or (250) having an external portion (256,258) defining a rotor and an
internal ‘portion (252) defining a statd/&urrounded by said rotor, - 30-
5 said rotor being rotatable such that a first point on the rotating
rotor describes a hypothetical first circle within a hypothetical first

pl ane, said notor being capable of generating a rotational force at said
rotor, and said rotor also being translatable along a |inear 10 path in
the hypothetical first plane; (b) a drive roller (260) that is also
rotatable within the hypothetical first plane such that a second point on
the rotating drive roller describes a hypothetical second circle

wi thin the hypothetical first 15 pl ane, said drive roller also being
translatable along the linear path in the first plane; and (c) a spring
(220) nechanically coupled to the rotor for applying a translational force
to the rotor and urging the rotor to translate towards contact with the 20
drive roller such that at |east parts of both the rotational force and the
transl ational force of the rotor are coupled to the drive roller when the
rotor and drive roller contact one another. 12. A drive mechani sm accordi ng
to Gaimll further conprising: (d) a novable pase (240) supporting the
stator, wherein the base is novable alongig secgyd pl ane separate

FIG.3B
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5 fromthe first plane and wherein the translational force is
transm t typ@ okugbhe rotor by way of the novable base, and wighsieRgs@sd notor
includes: (a.l1l) - a rotor bearing (254), fastened to one or both of the
stator and the base for rotatably supporting the |0 rotor, said rotor
bearing having a plurality of bearing b?}g arranged either in the first
pl ane or .arranged symetrically about thé Tirst plane so-as to mnimze the
magni t ude of cross-axial nonent applied to the notor bearing due to said
transl ational force being transmtted 15 to the rotor by way of the
nmovabl e base. -31- 13. A drive nmechanismaccording to Caim12 further
conprising: (e) a printed circuit (243) provided on said base for coupling
el ectrical drive power to the stator of said 5 notor. 14. A drive
mechani sm according to Caim 11 further conprising: (d) a capture-well
(216) operatively situated relative to the drive roller for defining a
limted 5 region in the first plane to which the first plane translation
of the drive roller is limted. 15. A drive mechanismaccording to Claim1ll
further conprising: (d) a novabl e base (240) supporting the stator,
wherein the base iswnovabl e along a secorgl pl gne separate 5 fromthe
first plane and whekgin the translationalifor&e is transnmtted to the rotor
by way of the novabje base, and (e) e séfaif? relief neans (217, 332)
operatively situatgd relative to nn@ﬁ%%e;bas; for defiining a linited

\_A N L% U A

FIG.3C
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10 region in the second plane to which the novenent of the base is
limted so th % when t he base abuts agai nst a boundary ofpdringsekoTis ed
regLon,Vygpﬁﬁﬁ Ltnent absorbs at | east part of the translational force of
the spring. 16. A drive nechani sm accorgiygg to Caim 1l further conprising:r
(d) a novabl e base (240) supporting the stator, wherein the base is
novable along a limted |inear path 5 (342) within a second pl ane that
is separate fromthe first plane and wherein the translational force is
transmitted to the rotor by way of the translation of theg/ToVdll e base

al ong said |inear path. -32- 17. A drive ani sofaedorgdi ng to Claim 1l
wherein said spring is a helical sgring haviﬁé’g0 ] BRI

axis said translational force is t@agsn
‘according to Claim17 further conpNSSEWy:54
supporting said notor and for restraining one g
19. A drive nmechanismfor frict iﬁ ~€ oo@
roller (22) and for inparting a aprional ~N(#
said drive nechani smconprising: 5
an internal portion (252) defining :ﬁ,x g

not or bei ng noveable; (b) a drivi n§erc

engageable with said rotor, .said driving rgller being itself retractably
engageabl e by the driven roller (22), the 3L£ﬁ;ng roll er being supported
such that the driving e :

- FIG.3D
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rol'l er can freely becone spaced apart fromthe rotor while not forcibly
engaged | by the driven roller 15 and the dri Vi Ngsek I ng
noveablgﬁgg%%@%%at when the driving roller is forcibly e%ﬁ%@% Qgggfnst by
the driven roller, the driving roller noves into engagenent with the rotor;.
and (c) a spring (220,320) operativel ¥/A®bupled to the 20 noveabl e
rotor-on-the-outside nmotor such-that when the driving roller is forcibly
engaged agai nst the rotor due to said forcible engagenent by the driven
roller against the driving roller, the spring defines the magnitude of
engagenent force between the driven roller and the 25 driving roller.
-33- 20. A drive nechanism according to Caim19 further conprising: a

gui de (341, 342) coupled to the noveable notor for 5 causing the notor to
nove along a |inear path. 21." A drive nechagjsm according to Caim 19
further conprising: a guide (341, 342) couplg@ to the driving roller for
causing the driving roller to nove along a lL,inear path 5 (341, 342) while
the driven roller ins forcibly engaged agai{hst the driving roller. 22. A
drive nmechani smaccording to C aim 19 wherekn: said engagenent of the
driven roller against the driving roller gcelNs within a first plane and
said 5 engagenent of the driving rollersfgaixst the rotor occurs within
said first plane. 23. A drive nechani sm ac g to daim22 wherein:

FIG.o
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(a.1) said rotor is nounted on a bearing neans (254) and said bearing neans
IS synewo ssad4byr di sposed relative to said first plane. 2$cTHssRgns

- mechani sm according to Caim19 wherein said spring extends parallel to
said first plane. 25. A drive nmechani smaccording to C aim19 wherein:

(a.1) said rotor has a netal surface por%ygn that cones into engagenent
with the driving roller; and 5. (b. 1) said driving roller has an
el astic portion that correspondingly conmes into engagenent with the netal
surface portion of the rotor. -34- 26. A drive nechanismaccording to
Claim 25 wherein said netal surface portion includes nickel. 27. A drive
mechani sm according to Caim19 fdirther conprising: (d) a one piece nolded
frame (310) supporting the rotorﬂnk-the-outside notor and retaining a first
end of 5 said spring. 28. A difPve mechani sm according to C aim 27
further conprising: (e)ga base (240, 340) slidably supported in said frame
and retaining a first e of said spring; 5 wherein said notor is
coupled to the base. 29y A drive mechani smaccording to C aim 28 wherein
sai d one piece nolded frigne (310) includes a first strain relief feature
(217,332) operatigely sit\ated relative to the novaRle base for defining

a limted regio® of 5 L apvenent far the base an r absorbing at | east
part of the forceyof the/ApLiny when th&driven roll s\ not forcibly
engaged agai nst the_drififg ro\er. :

366
-316—

347"
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307 A drlve nechanlsn1accord|ng to Claim29 wherein sald one plece nDIded

frame (310) includes a second strain relief feature ( @ eratr

situated relative to the driving roller for absorbin F%g ' nb5
insertion force of the driven roller if the driven r ber |s | 1.0

against the driving roller with a force exceedi ng sai r1mq~defrﬁed
engagenent force. -35- 31. A drive neddrani smaccording to Claim &
wherein: said drive.roller %3@%) s free to di e fromthe rotor _when
the Grive roller | GHHEP FoReRFhdchaRgoosocthga REE BYEPRCTBRRE HAEE ) A

tape drive nepbdanisoraaseddi ag t ahé€l adbdehenker epfi sahd bmstapl akell£#0)

furt her 'nC'uagéfsgiésglgr gbﬁsg&@%aglsur poiaghlV eoiBLe" b2hnlRKE Eugel d

printed circul

material; andbg riRfeadsednps doher MF-Gh 8PRBEL df pBREFBASEI41) dFhene
base pl ase 3diadetape off itk rRehiven SFOELeer il ngodoidbred 38 whaesgignsai d
magnetic shield g 41) includes a plated-on magnetically shielding materi al.
34. A tape dr FP® aﬁlsn1according to Claim1 wherein said outer dianeter
of the rotor has gé&ar-id kieskralaléons. ussk lewespenatrow espeedanismtapeor di ng

to Claim 1 "‘“&%%% Sihd @%&égf t:%”&?z%z%‘étg% ‘é%a”ﬁb%e(rﬁ ) @Egﬁb%d%%eggi 10f

more beari ngs in Or Symetri rst plane,
where said fi ﬁ@@h&lnéﬁ@ cut ?U@en%-?ialﬁlh;@ SQQEG%rdl%H tdrs gt @@%‘@ﬁ?&ét area
of the dgi ve iRl sp2@8) Leads to a need for a larger diameter for the

metal roller, which then disadvantageously adds more mass
to the suspended mass, increases the dimensions of the
gsuspended mass (the combination of the pancake motor,
metal roller and rubber-coated wheel); and leads to other
is undesirable congequences. As a result, a compromise has
to be made between how slow the motor can turn in the
Percona ‘664 design and how large a metal roller can be.
tolerated.
Although ;pa above discussion focuses oa the Perona
20 664 design, it 1s to be appreciated that other desigus
have been used for coupling motor power to the drive
roller. In a so-called Viper™ tape drive available from
Conner Peziphe%als (previously Archive) of Costa Mesa,
California, an elaatic belt couples the drive motor to a
25 drive roller that is supported on a spring-biased pivot
arm. Although this system dces not have the problem of
pivotally supporting the mass of a full motor, it relies
on a belt and pulleys system which has its own
complications {e.g., vibrationg in the belt).



36. A'tape drive mechanismaccording to Caim1l further conprising: a

novabl e base (240, 340) supporting said rotor-on-the- outside_motot=and 5
a one-piece frame (310) surrounding said novabl e pg=FFET ]ﬁ%gﬁ@@@)j sai d
movabl e base, said rotor-on-the- outside notor (2% aid— o.d |

force generating -36- neans (220); -wserein the one

or nore portions 10 (313, 314) of the one-piece § 'riﬂ;jmi;_nﬁ?éﬁ ive
nmechani sm according to Caim36 wherein said porti eHs (- "), 314(')) of

the one-piece frane agakdedinahehehd orheaeat Sihetafions! theratigd east four
such 15 portions symmetrically distributed relative to the base. 38. A

tape drive PERHANGsm 5eRerdrive Peckanisn Forwieleing gnhbelt #aPatas afes a
platform (338);neidhdaPasse (ARl esmﬂ%bas $PDEHVaC RedeRel WRGRel Ne platform

and said 20 four portions, and the machanlsmfurther conprises: a
spaci ng spwithin (aeyg?sp%%ﬂztadoﬁeuce beangge o the heilst topatan.3 MBpraid t he

por i ons. ( 3144 FERSERR A1 MaRCa LA BBide Tniin (Mo WREER O

Cl ai m 36 wheasd rcentact ﬁmmlmapplm (63168) mbcimamime comprisingui de pins

331, 332 her et (340} h d
G ors ian 50, ek AL Fothble: drive BRiSE R HE R LHES SRoer RS e
pi ns (331, 3d2fimsd bivhahedlagiiicdicogta®y anpiacef tiHwe dhaseial eoigaztl i near

ath. 40. A tape driye nechani sm acgcqording . to C aim 36
P @urég@@ begng engageé%le wféh thegbeft capstan, said movable

drive zeller being movable along a f£irst plane during
'engagement of the elastic contact surface with the belt
capstamn;

{b} a movable rotor-on-the-outside motor having an
external portion defining a motor rotor and an intermal
portion defining a motor stator surrounded by said roter, said
rotor of the movable motor being translatable along the first
plane, said rotor having a second outer diameter that is
substantially greater than the first outer diameter, wherein
the second outer diameter of the rotor is defimed by a
substantially nonelastic ccntact surface that is engageable
with the elastic contact surface of the drive roller; and

{e) contact force generating means, operatively coupled
to the motor, for applying a translatiomal force to the
movable motor toward the drive roller, at least a portion of
the translational force being transmitted along the first
plane through the motor rotor and through the movable drive
roller to the belt capstan of the inserted tape cartridge to
thereby produce the contact force within the prespecified

force range between the belt capstan and the drive roller.



wherein: said one-piece frame (310) has first spri ng ret a| ni ng tab €27

-37- 41. A tape drive nmechani smaccording to Claim 3 | e
one-piece frame (310) has a plurality of bBase- retaﬁ!*«af’fis (314 314 );
and 5 sai d base (340) has a corresponding plurality of assenbly
slots (343,344) defined therein for allowi ng insertion of the base past the

base-retaining tabs QydoraiAgntd agicther debedk LEPEhE!intente6hAnNt e
according to G aim36 wherein: said one- glece frame(310) is conposed of a

conposi te ridt FEPYided A Methef| Eem MTsRemi g e‘i’?&é&%@%ﬁl} r?%?f BE" R areas

of the compihecHBbSididle mbebr HKOW dirigen | N 1kl GhiDE élg%@% egpstics to
said surface areas. 43. A tape drive nmechani smaccordin aim42

wher ei n: sdmivesnpebler whthepi ﬁﬂ’nﬂ?afﬂ?l fawee al§id| pEap léle§nd gl ass fibers.

st ol ocrrs Ry 1A BERog Suat bl BN et8b bt e “and ext ondi ng

bel ow sai d base {a} apkoviding a ceoiprorditedlpl base wiate sntpadddhapart and
parallel 0,53 Gotbt Ste RABReq;

{2} limiting movement of sald reciprocatable base plate
substantially to cne linear path extending in a first
direction;

(c¢) bilasing the base plate with a control force (F2)
exerted in said first direction;

{d) providing a translatable drive roller that ise
linearly translatable in said first direction and is
engageable with rotor portion of the motor and is further
engageable with the driven roller;

{e} engaging the driven roller agaimst the tramslatable
drive roller sc as to tramslate the drive roller into
engagement with said cutput porticm of the motor, the biasing
of the base plate being such that at least a porticm of the
centrel force (P2} passes through the drive xoller to the
driven reoller; and

{€) setting the control force (F2) such that the force
of engagement between the tranglatable drive roller and the
driven roller is substantially egqual to the predefimned contact
fozxce {(Fl).



45. A tape drive nechanismaccording to Claim44 further conprising: a
second el ectronics board (335) supported within said franme and extending in
a second el ectronics plane 5 above said base, sgff.aet ‘T%ﬁﬁcs

pl ane being spaced apart and parallel to said firdp "efeg '
-38- wherein said one-piece frame (310) has a fir ut (31 a)
defined therethrough; and wherein sai-déBi £st and 4H7 I oar ds
(335,336) are electrically interconnected to one another througn sard first
cutout (312a). 46. A tape drive nechanismaccording to Claim1 wherein said
rot or - on-t he- out si deg&ebg@;gﬁgm a0 BRrTHES adipedt NOFUkR iaPefthidd) t he range
of 810 RPMto 1216 RPM 47. A _tape drjve nechanismaccording to Caiml
wher ei n sait§eFeti# Wﬁvﬁﬁﬁdoﬁt@flﬁ@ reehaniem ePmpELeiRdier an external torque
load of at |east (48 HURGR-BADEReIdutRABE! AUIAS HIRERy 48 exkebaRe drive
nechanlsn1accord|n to Caiml. wherein said rotor-on t he- out si de not or
(250) has acheigmidefiiniagsatrriicthapd an internaloportiogpdefinikg dechani sm
accordi ng [ L.SLRY: ; tol ase (340)
naving ¢ op Sabbf o i dChy SRR kBLO0, AUTSLEE N EP AraNE

rot or - on-t bachbutbite firet pointaon the iatiafing refer diesewibes |&r (360) has

a second h %ygaghét?fesa %ggsé h&u&! 3 Evlgﬁirg i'g h%o%ﬁgti@atlo 'ty ret plane,

said motor being capable of generating a rotational force at

said rotor, and said rotor alsoc being translatable along a
linear path in the hypothetical first plane;

{b) a drive roller that is alsoc rotatable within the
hypothetical first plane such that a second point om the
rotating drive roller describes a hypothetical seccomnd cirxcle
within the hypothetical first plane, said drive roller also
being translatable along the limear path in the first plane;
and

{e¢) a spring mechanically coupled to the rotor for
applying a translaticmal force to the rotor and urging the
rotor to tramslate towards contact with the drive xroller such
that at least parte of both the rotatiomal force and the
translational force of the rotor are coupled to the drive

roller when the rotor and drive roller contact one another.

According to yet a further aspect of the invention,
there is provided a drive mechanism for fricticmal engagement
with a supplied driven recller and for imparting a rotational
force to the driven roller, said drive mechanism comprising:

{a) a rotor-on-the-outside motor having an external
portion defining a rotor and an internal portion defining a

stator surrcunded by said rotor, sald motor being moveable;



10 ° both the rotor-on-the-outside notor (350) and the drive roller
are nounted on the top side of the base (340) suchthat—the——elasty
surface of the drive roller, when engaged w th thel merel ERTEHREC
surface of the rotor, engages a bottom portion of jthe first 1 hei
the rotor and thereby |eaves free a space above t he Dt MeQrBEC 83Rnd |t o the
side of the rotor for passage therethreugfi of a supper=renber= 9- 50.
A tape drive nmechani smaccording to Cl aim49 further conprising: a pivot

pin (346) extending fromthe top side of the base; and 5 a pivot arm
(600) pivotal | y(bjouat dditving helpeyothyt rids $étﬂa¢tiamtﬁ aﬁ?agéailfmw%ﬁhg
downwar dl y- pr.oj ecti ng nenmher (364 xtendjng .into._ the ane_of the base;
wher ei n tf%%ga 8%%3%.?@%&?’@% @i€§4gil¥%ﬁ$§&iFh§? acteBLYr ecei ving t he
downwar d| yerpfageablé gy reRbarivé® rolllee, Comg t&ﬁvﬂager@ﬂéwba&ﬁgd bi gger than
t he downwar dl y-tgéo' ecting menber so as to allow sufficient play for the

el astic coERErted furhe tHRt ke Frivdrgorpbler 60) frepbhd®ge™i t h and
g . " n n .
| sengage dyae@l %?wfliﬂﬁizhé £O G Hrw%o%lagfwégﬁ%%dr%éﬁgpﬁre ol e

downwar dl y-'proj e ng menber (364) is retaine
(347). by the driven reoller and the driving rocllexr being moveable

such that when the driving roller is fercibly engaged against
by the driven roller, the driving roller moves into engagement
with the rotor; and

{e) a spring operatively coupled to the moveable rotor-
on-the-outside motor such that when the driving roller is
forcibly engaged against the rotor due to said forcible
engagement by the driven roller agaimst the drivimg roller,
the spring defines the magnitude of emgagement force between

the driven roller and the drivimg roller.
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