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1 A TRANSMISSION APPARATUS TECHNICAL FIELD This invention

relates generally to a transmission apparatus for tape cartridge handling,

and relates more particularly, though not exclusively, to a transmission
apparatus for Stape cartridge handling in a tape library. BACKGROUND
Loading robots are typically used to load thpe cartridges into their

respective slots in tape libraries. In order to store as many tape cartridges

as possible in a tape librafyTR&NONMHSMON b IRRIARKEURe space

occupied by each slot so as to maximize the number of slots that may be
proGEEINHAEIE BBy of a given form factor. For a small slot size, it is
necessary for the loading robot to have precise positioning capabilities so .
astypEamidon ehticscasRatn iha Eapereisrinagerarurderdrns efidddge handling,
15between the slot and the tape cartridge. It is also desirable for the

loARAHG ASOTR HERE SHIBWY pEBAYE B 5 16 Hikes lip T S apamusHicmanpggatus for
library and allow more room for storage. Currently, loading robots are

tyARS e HiRainshdue dibBaY drives. These are 20adapted to

move a tray supporting a tape cartridge up and down with respect to

vertical

BACKGROUND

Loading robots are typically used to load tape cartridges into their respective slots in
tape libraries. In order to store as many tape cartridges as possible in a tape library, it is
desirable to minimize the space occupied by each slot so as to maximize the number of

slots that may be provided in a tape library of a given form factor.

For a small slot size, it is necessary for the loading robot to have precise positioning
capabilities so as to be able to correctly insert the tape cartridge with little clearance
between the slot and the tape cartridge. It is also desirable for the loading robot to have
a low profile so as to take up less space in the tape library and allow more room for

storage.

Currently, loading robots are typically driven by linear slides or belt drives. These are
adapted to move a tray supporting a tape cartridge up and down with respect to vertical
posts. The loading robot also moves horizontally along a defined path of the tray. The
tray has to stop at specific heights with great accuracy to enable the loading robot to
deposit a tape cartridge into a slot since the slots in a tape library are normally vertically

stacked into columns of slots.

There are limitations to using linear slides or belt drives for moving the tray in a loading
robot. Although accurate, linear slides are costly to implement. Belt drives are known to

stretch after a period of use, thereby losing precision.
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posts. The loading robot also moves horizontally along a defined path of

the tray. The tray has to stop at specific heights with great accuracy to

enable the loading robot to deposit a tape cartridge into a slot since the

slots in a tape library are normally vertically stacked into columns of slots.

25 There are limitations to using linear slidles or belt drives for moving the

tray in a loading robot, Although accurate, linear slides are costly to
ﬁééﬁlﬁ&%ﬁ%&%ﬁ%ﬁ&mhgww%& FraNaptab BBt LS aterHisye thus
los¢adspoesisidBw 2Jw0, ineeasenatarbge irastaReithraRtamthoetable the loading
su?t ntial increases in costs, there thus needs to be a low-cost, precise
PRI S T SLOEAES FELTED G5ENa % 1Bing robor to work with
storage slots that occupy less space. 5 SUMMARY A transmission

agw f’ﬁ&provided for use in a tape library. The apparatus has a tray
for transporting a tape cartridge and a plurality of pinion gears operably

cenhrectedstoosanipatites énokdeitg fotatsbly attashibrsoytiEntrappdinareliss a tray
a lurality of vertically-disposed racks. for engagement by t luralit

o N R L T T el e
pition gberentdgibe rmttahbdattachpiliatity thghaftsclinelpiuaaliyadity of vertically
Shadts L@y, eRmBrish A drive, ot and, R R ality el A

pIurgﬁ)ty of %%afts may be op%ra%ly c%rﬁ%élgggglohoeg gﬁ%&%ﬁ%@%%}e%le ovement
gémrepdgmbetween the drive shaft 15and each of the driven shafts. The

plurality of pinion gears may comprise four pinion gears, each pinion gear

being disposed at, immediately adjacent, adjacent or near each one of

folhecpiHalssop tinininyecoEmay be thepitaciny afl veliioanl shrfisosdy rlokdity of
WM?‘&BE&% 3 faaenaY: gast Bﬁﬂﬁft@@f@}i@ﬂ“ﬂﬁfﬂ\é?ﬁ‘l&aﬁ}ﬁraliw of shafts

disposed racks may be adjustable relative to their frames for adjusting an

ineRdrrnraably catedst dnonaeruhenyiplabeityl georttrinletisgpdbe drive shaft

ragks-may, Pe.fixed 1o tgfiame. 25The transmission apparatus may further
comprise a sensor for measuring the incline of

The plurality of pinion gears may comprise four pinion gears, each pinion gear being

disposed at, immediately adjacent, adjacent or near each one of four corners of the tray.

Each of the plurality of vertically disposed racks may be mounted on a frame. At least
two of the plurality of vertically disposed racks may be adjustable relative to their
frames for adjusting an incline in the tray. At least one rack of the plurality of vertically

disposed racks may be fixed to its frame.

The transmission apparatus may further comprise a sensor for measuring the incline of

the tray.

The transmission apparatus may also comprise a plurality of cam-in-slot mechanisms

each operably connected to one of the adjustable racks.

According to as second aspect, there is provided a transmission apparatus for use in a

tape library. The transmission apparatus may comprise a tray for supporting a tape
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the tray. The transmission apparatus may also comprise a plurality of
cam-in-slot mechanisms each operably connected to one of the adjustable
racks. 30 3 cartridge, a plurality of pinion gears operably connected to
each another and rotatably attached to the tray, a plurality of vertically
disposed racks for engagement by the pldrality of pinion gears for
rotational movement therealong, each of the plurality of vertically disposed

rfREIHEM G RIBIMMSPERIBIFA ATarse Rt wIariEbio eaidly BTctherBadirptatably
digipRsed faeks ajng %ﬁ@@%@ﬂﬁ@éﬁ@yteis?eyewe@ Mé@ﬁ@%&ﬁ%ey the

incline in the tray, and a plurality of cam-in-slot mechanisms eac

oPEHANY QSR 8% DI Brtatens Imese dihgiealearschbldhsdalmyality of
dispeisary s sEO Atk aspRG S d0A18I0ss affthecamriassiideehapismsity of

may be located in the frames 10 .and.the cams of the cam-in-slot .

AP A RRSS D R D P PERIB e I T S s B ARG adifaring an
aduHiabie tlacks slideiabhlengsos thenfiansrs fascrarisakatespenibly connected
therealong, The vertically disposed racks ma; rranged in a first pair
oGP F e AT GO BT A B Pl SBtie

direction. The first pair may be oriented longitudinally outwardly; and the

second pair may, be oriented 15laterally outwardly. The pjurality of racks
) A SR AR B RLLT T b e frames
adjaCertcadpctiicaraneai-sacmeciaistauneyrbersaldbie tenhaAaedreihg

to a third aspect, le}gre IS pr idegll%a e library comprjsing the .

R R AT A0 o RS, LAEBI SRpd s for vertca

Din&ERINT lddealengHEhORAWAN=Esposed racks may be arranged in a first pair
oriented in a first direction and a second pair oriented in a second direction. The first
pair may be oriented longitudinally outwardly; and the second pair may be oriented

laterally outwardly. The plurality of racks may comprise four racks. Each rack may be

disposed at, immediately adjacent, adjacent or near each one of four corners of the tray.

According to a third aspect, there is provided tape library comprising the transmission

apparatus of the first or second aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative example only exemplary
embodiments, the description being with reference to the accompanying illustrative
drawings.

In the drawings:

FIG. 1 is a perspective schematic view of an exemplary embodiment of a transmission
apparatus;

FIG. 2 is a schematic close-up view of a rack-and-pinion gear pair;
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In order that the invention may be fully understood and readily put into
practical effect there shall now be described by way of non-limitative
example only exemplary 25embodiments, the description being with
reference to the accompanying illustrative drawings. In the drawings: FIG.
1 is a perspective schematic view of an eﬁemplary embodiment of a
transmission apparatus; 30FIG, 2 is a schematic close-up view of a
raFééa%a@aiﬁ?gﬁra@a? VIRV RS e Eap SRR RO AW SN Dk

trapsmission aratus of FIG. |; FIG. 4 is a schematic close-up view of a
bg\[?@t ‘g‘é%\?tsr%%g‘?ﬁf@ .Cg’&eﬁ%ﬁe@?’ Bg?slb V&?\ggagéﬁaéﬂiatic view of the

tr ission aratus of FIG, 1; FIG. 6 is schematic front view of

EIGE SOmABLILP CRRS et b AR S D PABRP LR R of FIG. 1

r EIG. 7 is %sche tic rear vi?\évgf the frame of FIG. 6;.and FIG. 8 is.

a’sc ‘eélrﬁ%\ &8 oseg-lﬁ%cwlé%to\fl N6 Cam RS Y IE SR R 510 B¢ Opmechanism

DETAItI)_IED DES,(CR{PTIOI}I{,OF EXEMPLARY EMBODIMENTS 10FIGS. 1
0 er%| connected 8aratc) i . ;
show a preferred embodiment of a transmission apparatus 10 that is

laﬁ?@% is a schematic rear view of the frame of FIG. 6; and

FIG. 8 is a schematic close-up view of the cam-in-slot mechanism of FIG. 6.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

FIGS. 1 to 3 show a preferred embodiment of a transmission apparatus 10 that is largely
symmetrical about a horizontal axis X. The transmission apparatus 10 includes a
rectangular tray 12 for transporting a tape cartridge and a rack 14 -and- pinion gear 16
pair at, immediately adjacent, adjacent or near each of the four corners A, B, C, D of the

tray 12.

Each rack 14 is vertically mounted to and supported by a frame 18. Each frame 18
constitutes a corner post. They may be of any suitable material or shape provided they
are substantially rigid, given their purpose. As shown, each frame 18 is a U-shaped
channel member with the racks 14 being securely mounted to a web 19 of each frame 18.
Each frame 18 is securely attached to a base 17. The four racks 14 are for being engaged

by the four pinion gears 16 rotatably therealong, as shown in FIG. 2.

The pinion gears 16 are mounted on a laterally extending drive shaft 20, and the remote

ends of longitudinally extending driven shafts 22. The pinion gears 16 are located on the
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symmetrical about a horizontal axis X. The transmission apparatus 10
includes a rectangular tray 12 for transporting a tape cartridge and a rack
14 -and- pinion gear 16 pair at, immediately adjacent, adjacent or near
each of the four corners A, B, C, D of the tray 12. 15 Each rack 14 is
vertically mounted to and supported by atrame 18. Each frame 18

cqnstitutes a corner post. They may be of any suitable material or shape
oGS haY Are NSRBI RS AP THI IS G280 AR EAoA dBdE Rhaft 20.

f 18] - dch I ith t ks 14 bej

OB 40 2l 161 GAEN A L6% SRR T £ 4 el e hat 20

ttached t 7. The f ks 14 f ' t .

b S A WABAn) LRGSR, For i
1 t laterall tending dj ft 20 th .

gﬁlaer%cl%qmﬁgf? g 85 O?G%r?erelg?cl XVﬁle %:éa%lg%rﬁ é\é?gs%ga %tdd%glﬁl a(()?\rx]tvev%%lly in

remote drive s at, Immediately adjace rnear
0 .drj rv aft 20.is driyen by a motor 24 mounted
toﬁ%g?ﬁ%@éﬁ%@?&é %ﬁ%,%%%gﬁ%?}%ﬁé% Ilgé%r%{ 16 are for direct

engagement with the relevant racks 14C and 14D. For this, the racks 14C
and 14 D are oriented with the gears facing longitudinally outwardly in

SiG AEHAUAL NG HIURE BRI IHOLR sRafBOIYEen 15@%1\1%8%} HaaLs,

20 and each of the driven shafts 22 Is a bevel gear train 28, sho

CORRHRIRIELG WA FIS Rexehaeatdd iRirayniedsanaach, %Q%qe%f I:&;tSf the drive

drive shaft 20 intermediate but adjacentthe pinion gears 16. T

bﬁi’eﬁlt Qﬁ%ﬁeﬂaeﬂﬁﬁt@ﬁ% %90 t%%?g;gg%éﬁ%%%ﬁ%%ﬁgsg ft{%\e/%%ggﬁg 42 are also

bevel gear 44 is mounted een iven

SOAILS 2 Ao hiSiHRe H{‘anbﬁé’a?L SASRLY é%oééﬁ?\‘fﬁge@t%qg r%%ﬁ?e'cﬂ‘é rtﬁ'g‘?ct[i}{%n shafts

shatt 20 results in simultaneous rotation o ongitudinal driven's

22 the éﬁ@f%? %@&?v&ﬁ%ﬁ%@ﬁ%%‘yz@ ﬁ%é”&%g g%&é%@g%g%ﬁ%%ﬂg%ﬁIpoqléﬁo%lof the

secured to the tray 1512, adjacent each en

lateral drive shaft 20 results in simultaneous rotation of the longitudinal driven shafts 22.

Shafts 20, 22 are rotatably mounted to tray 12 by bearing blocks 21 secured to the tray

12, adjacent each end of the shafts 20, 22.

Each of the driven shafts 22 has a pinion gear 14 mounted thereon at, immediately
adjacent, adjacent or near the end opposite or remote from the end to which the second
bevel gear 44 is mounted. The pinion gears 16 at the remote ends of the driven shafts 22
engage the respective racks 14A and 14B. For this, the racks 14A and 14B are oriented
differently to the racks 14C and 14D. The racks 14A and 14B both face laterally
outwardly. In this way, rotation of the drive shaft 20 results in simultaneous rotation of
all four pinion gears 16. As the four pinion gears 16 simultaneous rotate along their

respective racks 14, vertical movement of the tray 12 is effected. By providing a rack 14
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Each of the driven shafts 22 has a pinion gear 14 mounted thereon at,
immediately adjacent, adjacent or near the end opposite or remote from
the end to which the second bevel gear 44 is mounted. The pinion gears
16 at the remote ends of the driven shafts 22 20engage the respective
racks 14A and 14B. For this, the racks 14A and 14B are oriented

differently. to the racks 14C and 14D. The racks 14A and 14B both f
SR S O A ) PR eI B P IABE e 2 end

ra ou r S Wa.y, rotation o ve
S @%L}%aﬁﬂ 8%‘8&%‘5"5&? 4°-fa$' -fO'itj?:i A“'%Qrqgarir%%%%%%‘i\}‘%‘ét& 100 S ed
aneous rotate a Oné) elr espeC Ve racCks ,vertiCal movemen

0 ray 12 is eff By providing, a rack 6_-and- pinion gear. 16
oo S I A A ey B RA R apprs
foMr e{%l]e‘lf?ﬂg J 'OIQ:&? r iS I i%%n ical, precise and controlled ...
vertfé%fmovg mer?two?‘hwe trzg%drr]?a%/P@gégc |gé§§e Il?ﬁ?/sqr%gﬁ%ysqgtﬁ greaseefy positioned.
transmission apparatus 10 suitable for use with reduced slot sizes since

the tray 12 may be precisely positioned. 5 A further embodiment of the

UANRRs AR YRGS 0% ARRIGISH AN G2 MHG0 SOAVEHRE RS Sihich

18 mounted onto a base plate 26. In this ' embodiment, the rack 14 at

CHEBRK BhésHBel iR AR dBto T EatR PR d dRURMREL I BoBiner@ R ack 14 at

are adjustable with respect to their frames 18. However, a rack 14 at one

COME a5 Mav A9t Re-APR YSaRIE ik saquited QAesirad (FIGSH 8,40 aﬁij ustable

show close-ups of a cam-in-slot mechanism for adjusting a rack 14 wit

rESRCRIGR& IR L8R Q8T IR adiHst oriunedhe incline Rt %Iﬁﬁﬁxﬁ(f% be

This allows the tray 12 to be levelled at all the !'bur corners A, B, C ah
SQdiﬂ?ttam@, ¥ tarsilevalatedp all four corners. This would normally mean
that the tray 12 iIs perpendicular to the four frames 18. Allowing the incline
of the tray 12 to be adjusted or tuned provides improved positioning
accuracy of the tray 12 across the entire length or breadth of the tape

lipfery: 4\% AR D SR 19 BadlSnadisirpIRAag At RIRISARY rack 14 with

attached to the frame 18 via 20vertically oriented pin-in-slot connections

71%‘55%& ReiRLGd %ﬂﬁ%@ﬁ@@&taﬁjﬂﬁ 6185 dNKe incline of the tray 12. This allows the

tray 12 to be levelled at all the four corners A, B, C and D so that the tray 12 is level at

all four corners. This would normally mean that the tray 12 is perpendicular to the four
frames 18. Allowing the incline of the tray 12 to be adjusted or tuned provides improved

positioning accuracy of the tray 12 across the entire length or breadth of the tape library.

As shown in FIGS. 6 to 8, the adjustable rack 14 is slidably attached to the frame 18 via
vertically oriented pin-in-slot connections 70. In a preferred embodiment, pins 71 of the
pin-in-slot connections 70 are provided on the rack 14 while the slots 72 are provided in
the frame 18. For each pin-in-slot connection 70, two pins 71 may be provided to

engage one slot 72 for added rigidity. The adjustable rack 14 is thus constrained to
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pin-in-slot connections 70 are provided on the rack 14 while the slots 72

are provided in the frame 18. For each pin-in-slot connection 70, two pins

71 may be provided to engage one slot 72 for added rigidity. The

adjustable rack 14 is thus constrained to .7 move only vertically with

respect to the frame 18, as indicated by t?1e arrow in FIG. 7, and the

extent of the vertical mgvement js limited by. the ver lca|i ight of the slot
S e I L e R e B g 7
a I i % %Fthefa e 18. | t}%'swa the cam lever
o B S R B AR o 2
other side of the web 19 of the frame 18. The cam lever 50 has a centre of
rotation 60 and a guide pin 62 that is constrained to move within a curved

OHidESIALEAs T &%ﬁ@iﬂf’ﬁ’&&é@%& @g@?&#@&%@fa‘%ﬁq %%%J&?é% ]a4cgég'§0t 80 in

centre of rotation 60. 10 Also attac to the cam lever IS aearn

THe §arM 851513 iRle 1&gy @k ding that as i@gﬁ%ﬁt&mhs%%eogﬁfgeggeb 19 of

from the centre of rotation 60 of the'’cam lever 50, as shown in F

ClaEiTY, FRMISVET SRDAR PeENI ERAR! SthIANIRYERD e 61838hCAMB218. The

acts against a side 84 of the cam slot 80, such that rotation of the cam

lQual RO Su(Basshawma by thaA10Y 80 ANV dd Binfar asilts dBnericRh to move

movement of the rack (as shown by the arrow in FIG. 7). In this way, each

oltig LRI S BdCsRt e tray deiaPsoadiksiREbIoRaIgRE Withhe rack 14 at its

respect to corner D in order to tune the incline of the tray 12. Also, this is
e v fepagiMswoent if the pinion gear 16 engages incorrect teeth of the
rack 14, thereby creating a misalignment. 20A sensor (such as a laser
meter or measurement gauge commonly used in printers to control
pen-to-paper spacing) may be provided to measure the incline of the tray

ARG GHEUCHEE BANSIE IS 50519 ARRIYCTRAXIRISD [9UAAPIAKIRSRaClisc that
the tray 12 with respect to a vertical axis. 8
has its geometrical centre offset from the centre of rotation 60 of the cam lever 50, as
shown in FIG. 8 (for clarity, cam lever 50 has been rendered transparent). The offset
cam 82 acts against a side 84 of the cam slot 80, such that rotation of the cam lever 50
(as shown by the curved arrow in FIG. 6) results in vertical movement of the rack (as
shown by the arrow in FIG. 7). In this way, each of the corners A, B, C of the tray 12
may be adjusted for height with respect to corner D in order to tune the incline of the
tray 12. Also, this is to allow for adjustment if the pinion gear 16 engages incorrect
teeth of the rack 14, thereby creating a misalignment.
A sensor (such as a laser meter or measurement gauge commonly used in printers to
control pen-to-paper spacing) may be provided to measure the incline of the tray and

allow fine adjustments so as to achieve maximum “horizontalness” of the tray 12 with

respect to a vertical axis.
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In all the embodiments, the various mechanical parts of the transmission
apparatus 10 such as the rack 14 -and- pinion gear 16 pairs, the drive

shafts 20, 22 and the bevel gear trains 28 are preferably inexpensive,
off-the-shelf components. This not only reduces costs, but may also

reduce the weight of the transmission apparatus 10. 5 Whilst there has

bee scribed.in the foregoing description.exempl mbodiments of

R R T S U e B W B Bl R g om appratus 10
technology concerned that many varjations jn details of desi

cg%csfirﬁsc ion %frlfd érﬁ%rffle_rg %(r)mnrﬁé@r%fgi H?érgé{gﬁt o Seapj)%rgré% roa%dtktl%e bevel gear
presens invention. kar example, the motor be direct% ]ﬁ%con ected t

one o?%g;algri}\)/regnegﬁg E@Qn&?ievfd% to ff‘hstg{1 drive SRAT 20 The Pé)cI?I?L% feduees
a@é’g@"ﬂ&{" 512«@ | C t the sides instead of.at the

corners of the tray ﬁ%@g%ﬁ‘%ﬁ%ﬁﬁfﬁﬁ% Tﬁssi%lgpéo %rr%()g{/llsdle% at three

sides of the tray 12, leaving one side of the tray 12 open for loading and
unloading tape cartridges. The adjustable racks 14 may engage the

TRAS YR UG, ARG BRI RN AERRIAUEAR: ARV Oy bodiments of
15racks 14 and the frames 18 insteaq(j?g tﬁe%?n-in- ot conr@éﬁg?{s 78.0 tments o

Mﬁ%%‘fl?é%l% faleriba dit %i‘ﬁ%%ﬁﬁk?e’ij&&oﬂ%ﬁ‘{ﬁ&’s@ SRS MR {Qaﬁlgp(@g;yconcemed

the transmission apparatus comprising: 5a tray for transporting a tape

CRENIERY varB MY QAP RLIEA S ORRFADA £ ANBRS G IR RAC AR made

and rotatably attached to the tray, the plurality of pinion gears being

MEUBRAIS AN ohe B?&%nmﬁvgﬁﬁgﬂ'%&fp ICORPHRIRG MEYYE directly

shaft and a plurality of driven shafts; and 10a plurality of vertically

diRnRed 4365 GROARS RS RY e RILAIIY f MDIRNBSALRT96, The rack 14 -

rotational movement therealong. 2. The transmission apparatus of claim 1,

V‘Qﬁ%r-‘f)iﬂiﬂ}?g%ﬁ?@? (ﬂfs%ﬁ%}‘cftﬁéfgc%ﬁrﬁQWe%@&@qﬁg@gaH)o?Q?tﬁ@%g?ﬁérgigﬁhe tray

a
bevel gear frain between the drive shaft

12, so that only three pairs 14, 16 are provided at three sides of the tray 12, leaving one
side of the tray 12 open for loading and unloading tape cartridges. The adjustable racks
14 may engage the frames by providing appropriate tongue-in-groove adaptations on the

racks 14 and the frames 18 instead of the pin-in-slot connections 70.
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15and each of the driven shafts. 3. The transmission apparatus of any one
of the preceding claims, wherein the plurality of pinion gears comprise four

pinion gears, each pinion gear being disposed relative to each one of four
corners of the tray in a manner selected 20from the group consisting of:
at, immediately adjacent, adjacent and near. 4. The transmission
of any one of the preceding claims, wherein the plurality of

Qﬁ@%&% rise four racks, each rack being disposed relative to each one
of four corners of the tray in a manner selected from the group consisting
of 25at, An{r?edla}gg{ K aﬂag?a%safd acent and n r 5. The transmission
apparatus of any one o
plurality odmertitafly disposed racks is mounted on a frame; at least two of
the plurality of verte osed racks bein justable relative to their
frampes 30f)ér ad usgr?f:;&a{rjﬁlﬁ ﬁrrglllﬁ ﬁﬁegray r&i%g .The transmission

MCSLLP

Epracdding léraﬁr%lge Earré' nt %Erﬁmr?élon apparatus

apparatus of claipiBalherfapmnatiegstoneeraldly p{)ﬂnecpd:draiit)adf uﬂret'tcaltyrotatably
d'Spose%ﬁ%%d@of%%%g%mg §Hfreﬂi¥hgfft Stk '%%r%%aipnp arat&&te% mlurahty of

or claim 6, further compr sensor measuring e nc ine O

tray. Thehefnshugdivalidppédaftscbanyising atcaemnbab: tond aﬂpithehty of driven

compn&g%ﬁspgﬁr@hty of cam-in-slot mechanisms each operably
connected to one of the adjustable racks.

a plurality of vertically disposed racks for engagement by the plurality of

pinion gears for rotational movement therealong.

The transmission apparatus of claim 1, wherein the plurality of shafts are
operably connected to one another via a bevel gear train between the drive shaft

and each of the driven shafts.

The transmission apparatus of any one of the preceding claims, wherein the
plurality of pinion gears comprise four pinion gears, each pinion gear being
disposed relative to each one of four corners of the tray in a manner selected

from the group consisting of: at, immediately adjacent, adjacent and near.

The transmission apparatus of any one of the preceding claims, wherein the
plurality of racks comprise four racks, each rack being disposed relative to each
one of four corners of the tray in a manner selected from the group consisting of:

at, immediately adjacent, adjacent and near.

The transmission apparatus of any one of the preceding claims, wherein each of
the plurality of vertically disposed racks is mounted on a frame; at least two of
the plurality of vertically disposed racks being adjustable relative to their frames

for adjusting an incline in the tray.
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The transmission apparatus of claim 8, wherein the slots of the cam-in-slot
mechanisms are located in the frames and the cams of the cam-in-slot MOSLLP
mechanisms are rotatably connected to the adjustable racks. The

transmission apparatus of claim 9, wherein the adjustable racks slideably

engage the frames for vertical movemen%@herealong. The transmission

apparatys of any one of the preceding claims, wherein the vertically . .
dlgé%osegﬁ}g({: & %%sglr?gr?ggae s firs %a}rg;ﬁ’élﬁ{&f‘iﬁtleﬁﬁét"&ﬁé%%lbﬂféha pjurality
second péireniigitedispassécacic dirBgtidto Ehédransmission apparatus of

claim 11, wherein the first pair are oriented longitudinally outwardly; and

the second pair are oriented laterally outwardly. A transmission apparatus

fof- use imhe tagrsmbrsion dpparaiusoission appatatustcdmihsiogmartsiyefesensor for

supportiﬁggl}ﬁgg GHEGS: of ﬁep[ﬂgality of pinion gears operably

connected to each another and rotatably attached to the tray; a
plurality of vertically disposed racks for engagement by the plurality of

pipion gﬁ%ﬁﬁéﬁﬁ@;&ﬂggﬁw&%%%ﬁsawgm ok ﬂufnﬁe?%sﬂls%ting a

the plurality of vertically disposed racks being mounted on a frame;

least twlgtahly pileamyioslad meshprisspoensd paskatbiepanaciisstipene of the
relative .gaj%%f@g@é‘ibr adjusting an incline in the tray, and 5a plurality

of cam-in-slot mechanisms each operably connected to one of the at least
two of the plurality of vertically disposed racks.

0. The transmission apparatus of claim 8, wherein the slots of the cam-in-slot
mechanisms are located in the frames and the cams of the cam-in-slot

mechanisms are rotatably connected to the adjustable racks.

10.  The transmission apparatus of claim 9, wherein the adjustable racks slideably

engage the frames for vertical movement therealong.

11.  The transmission apparatus of any one of the preceding claims, wherein the
vertically disposed racks are arranged in a first pair oriented in a first direction

and a second pair oriented in a second direction.

12, The transmission apparatus of claim 11, wherein the first pair are oriented

longitudinally outwardly; and the second pair are oriented laterally outwardly.

13. A transmission apparatus for use in a tape library, the transmission apparatus
comprising:
a tray for supporting a tape cartridge;
a plurality of pinion gears operably connected to each another and
rotatably attached to the tray;
a plurality of vertically disposed racks for engagement by the plurality of

pinion gears for rotational movement therealong,
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14. The transmission apparatus of claim 13, wherein the slots of the

came-in-slot mechanisms are located in the frames and the cams of the MCSLLP
cam-in-slot 10mechanisms are rotatably connected to the adjustable )
racks. 15. The transmission apparatus of claim 14, wherein the adjustable

racks slideably engage the frames for vettical movement therealong.

1516.The transmissign,apparatys of any one of claims 13 tq 15, wherein

the vertically dig%%%sg%lpaepc@g ra}té'%ya? ar ﬁ%ﬁﬂvﬁlﬁ&ﬁ% iFaﬁ%ﬁ%Féﬂgi Uit on a
directionfmnta second pair oriented in a second direction. 17. The

transmission a%P?caraé[P R Ofocg?}il&négfa\ggggg !vr}:t gaﬂgtgﬁsggége Tg%%g’%%g adjustable

20longitudinally ouﬁlvar\gPy; an

e second pair ar

outwardliglaBeThaheansamissitor afhpatiatuisnohaliycinalef eiinad3 to 17,
wherein the pl"%@)'fﬁfaq{t éaﬁRfE@PJféFrEQ&{Jr%%ks & %%horaecr%oli)elcrz)%nected to one of

disposed relativ

to each one of four corners o e tray 1n a ntanner

selected frofiethlepsiup eoh sistiplyretitanDBirtinnislisho salj aadt,
adjacent and near. 19. A tape library comprising the transmission
apparatus of any one of the preceding claims.

14.

15.

16.

17.

18.

19.

The transmission apparatus of claim 13, wherein the slots of the cam-in-slot
mechanisms are located in the frames and the cams of the cam-in-slot

mechanisms are rotatably connected to the adjustable racks.

The transmission apparatus of claim 14, wherein the adjustable racks slideably

engage the frames for vertical movement therealong.

The transmission apparatus of any one of claims 13 to 15, wherein the vertically
disposed racks are arranged in a first pair oriented in a first direction and a

second pair oriented in a second direction.

The transmission apparatus of claim 16, wherein the first pair are oriented

longitudinally outwardly; and the second pair are oriented laterally outwardly.

The transmission apparatus of any one of claims 13 to 17, wherein the plurality
of racks comprise four racks, each rack being disposed relative to each one of
four corners of the tray in a manner selected from the group consisting of: at,

immediately adjacent, adjacent and near.

A tape library comprising the transmission apparatus of any one of the preceding

claims.



