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(54) Title: MATERIAL TRANSFER SYSTEM

Al

(57) Abstract: A conveyor system (102) that is particularly suited for clean room usage and which can operate on a pre-determined
£ and readily adjustable drive roller (118) gear slippage basis (206, 207, 236, 238, 240) so as to readily accommodate different pallet
& load requirements. Adjustment is carried out by way of a simple adjustment in the slip (5) setting of the drive gears (206, 207). An
adjustable load clutch (238, 240, 234) for varying the slip point of drive gears (206, 207) supported by drive roller (118) support
n assemblies which each have a drive roller support shaft (212) on which is mounted the drive roller (118), the drive roller gear (206,
==~ 207), a friction control device (238) and a compression adjustment device (240, 246), with the compression adjustment device being
oy adjustable so as to alter a slip (5) setting of the friction control device. The compression adjustment device (240, 246) is a threaded
< nut (242) received on a threaded, free end of a drive roller (118) support shaft (212) and adjustable to vary the compression level

between a gear sleeve (236) in contact with a fixed bearing portion receiving the driver roller shaft, (212) a friction control washer

(241) in contact with the gear, a slip/wear ring (238) in contact with the friction control washer (241) that abut the compression nut

(238).
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O load requirenments. Adjustment is carried out by way of a sinple 1 1 MAY 2004
adjustnent in the slip (S) setting of the drive gears (206, 207). An N
adj ustabl e 1 oad clutch (238, 240, 234) for va ive

rying the sli oi nt of dr
gears (206, 207) support edyipo 417382081 et <1llﬁuumﬁnmwmuuun|||fiunﬁmummwu|mb3 .
ich ea e
drive roller (118), the drive roller gear (206, 207), a friction control
devi ce (gggxgggggggggﬁgtgggﬁgﬁ%ﬁ@ﬁgggﬁent devi ce (240, 246), with the
CONPI €SSi Q1 okl AbSik IR by el OF é%eing adjustable so as to alter a slip (5)
setting of the friction control device. The conpressi on adjustnment device

(240, 246) is a threaded nut (242) received on a threaded, free end of a
drive roller (118) support shaft (212) and adjustable to vary the
conpression | evel O between a gear sleeve (236) in contact with a fixed
bearing portion receiving the driver roller shaft, (212) a friction
control washer (241) in contact with the gear, a slip/wear ring (238) in
contact with the friction control washer (241) that abut the conpression
nut (238). 1 1 MAY 2004 For two-letter codes and ot her abbreviations,
refer to the "CGuid- ance Notes on Codes and Abbrevi ations"” appearing at
the begin- ning of each regular issue of the PCT Gazette. 11 MAY 2004 1
MATERI AL TRANSFER SYSTEM FI ELD OF THE | NVENTI ON The present invention is
directed at a material transfer systemparticularly suited for use in a
cl ean room envi ronnment. BACKGROUND OF THE | NVENTI ON There exists in the
prior art roller-chain type conveyor systens enploying an endless chain
carrying a plurality of idler rollers arranged at regul ar intervals.
bjects to be conveyed are nounted on thé idler rollers and carried al ong
therewith. Since idler rollers are involved, it is possible to stop an
object at a desired station by applying a resistance to novenent.
However, in such a systemthe chain and rollers are continuously driven
under the stopped object. This leads to significant vibration so as to
limt the range of usage of such systens. In addition, due to the
vibration and a variety of other factors, a significant anount of
particulate matter is generated rendering such systens not well suited
for clean room environnents.




In an effort to avoid sone of the difficulty associated with rolle1 kM&YnZUM
conveyor systens, there has been propgsed a roller type conveyor system
which drives the object by the rotating torque of a plurality of

stationary driven rollers installed along the conveying path and driven

by way of a pulley basedMATERIAISTRANSPERES¥SIBMof such a system can be
seen in U S Pat. No. 4, ) the patent™) which describes a

not or driven driving mechanismfeaturing a power train including a
plurality I | pul |l ey cooperating with a respective one of
the roll er%@mm{]ﬁﬁ ys have an extended fl ange which receives
the hub of the Thelpreses.inWdnedor is diréctadadt a whtiplomansfep spssempariiculady t wo
surfaces all ov& for.a nlgr mal rotat 'egp node and sl i ppage upon the
occur r ence SYFeG G P& ? EEY 1O8M FEST St hce. While | essening the vibration
probl ens associated with the above-described -roller-chain type conveyor
systens, thi e f 5 froma variety of drawbacks. For
exanpl e, t&&kém senblies involved introduces a |oss
gf ene[jg)é al on% ThBR dxisarif mlieslﬁioela?lrbltbe-]f:ha% s;qoﬁ coy\eyansysteme hmp®yinp ah

escribed in the_ '231 patent suff; romthe probl em of i ncensistent slip
torque condindlesychaingagying aplurality Pgﬁ&é Fﬂiﬁfs agpngeﬁéx(t-)r% d 16;6{ ‘éag ' 6@ eﬁél ead to
rel atively {,QRGod@yed hidMSuniiDen Bietigleptdlerstand rcasiedralongftharewitofenent
breakage. The prior art such as that described above is.also .l 3? MAY 2004
2 rel ati veligler melicss ptsl wvelnes At SoPsFiRlg & SR A QUiet 23, AFsUEd SPYOR_ P8nge to
accommdat e,y o RXRARLS0 bveheACAbwbRRAn 3iich S5BRAPGE chiifund RERLS.  As
one exanpl e, tthe manner of varying the slip relati ogrxl,thlg het ween t he
rol | er and atheorsiphously dsiver padep fieisioppadeobjests This lepds iprsignifiqapt¥ibralpn sy ¢ o i ng
di fferent l?sntgtlil?ni%tg?éﬁ%i oPkabD6 GO RGs R AGfids Siuees WRSHbratdiendal | er and
the pull ey extension, ich I's representative of a non-adjustabl e device
once the gruemigty b other rfaafors,Us Significpeinameynt of pagticubye) mafter i gepered,
cantil evered-shaft [ ' roller unit
i ncl udes a %epéeéghé SF%I{%S?%?%é?egggﬁéﬁxgﬂ%agéﬁﬁgﬁﬁﬁpggﬁﬁy‘ on and .
surroundi ng a calntad effert ed avhidf somex vl thei diffiquity rasspcigtedeWith Faker ¢ @ithavi ng a
fixed internal bevel drjve r of 1 rd vEaGh roller
is driven bf/onge%ﬁyﬁ&ms’btﬁe‘?/rglt%ggbg?@ﬁreoggéegof ¥Oéleg%rpgtd§¥geglg§%mmmn drive
shaft. The dfivesahérebieer by she rotating torque of a plurality of stationary driven rollers

installed along the conveying path and driven by way of a pulley based drive system.
An example of such a system can be seen in U.S. Pat. No. 4,844,231 (“the 231
patent”) which describes a motor driven driving mechanism featuring a power train
including a plurality of pulleys with each pulley cooperating with a respective one of

the rollers. The driving pulleys have an extended flange which receives the hub of the

rollers. The frictional relationship between the two surfaces allows for a normal
rotation mode and slippage upon the occurrence of roller rotation resistance.

While lessening the vibration problems associated with the above-described
roller-chain type conveyor systems, this type of system suffers from a variety of
drawbacks. For example, the high number of pulley assemblies involved introduces a
loss of energy along the transmission line. Also, systems such as that described in the
*231 patent suffer from the problem of inconsistent slip torque conditions. Also, the
arrangement of the “231 patent can lead to relatively long down times upon attempts

to restart after component breakage. The prior art such as that described above is also




switchabl e in position to achieve either a nechanical elenent intelrieMAY 2P0k
driving of the roll or a friction copnection driving of the roll. Wile
agai n avoi ding sonme of the drawbacks noted above with respect to
chain-roll er conveyor subsystens, the arrangenent of U S. Patent No.

5,485, 911 irelutietuinfexibit hed acdoridghches easilg hutgsct teechhegesto Wecodmvadate] foe upon
conponent breakdo aor, wear | acenent, invqQlving th esetting in

posi tion orxenBerdliehISihan dorroe Ehdrmenth s e BrmRlen s PaRRcg Y

dihf ferent, vafghgune fsnpmutionsmpameaﬁmb&&r afid thepaney J(:j)&Mﬁioi-ilrll e @ddi ti oln, f

the arrangenent, of U. S Patent No. 5,485, 911 introduces the potentia or
mi sal | gnnerP@teafplaﬁl}mfFéjfo f%ﬂf@%ﬂ t Lopgthy QNS o S SRR ANEHAR DRBYER i nal

bowi ng of tiherofled ad dd@lifey ekiBnsfhdivhicR s repr3finitaBibébt a NorPddlstaBRR deSical SO
carried along the shaft's |l ength so as to induce vibration effects in all

rol l ers i n Wphihg&ooys BRokd: shaft. U.S. Patent No. 5,971,137 illustrates

anot her conveyoly $)aiaNNYN 445 918 hEESs a CAMIVERY ShRCypOIIBF Sondéyjoyen by a
driving belt. In US. Patent No. 71,137, the driving belt i's a toothed

bel t travelin Hgich el rellerunitinghiest Bogvadike glles manher pupaprtsdeditecdyippor t . A
spring wash@p sehdingih :arslcaﬁ‘tl(ijl&?érgies%ﬁft eREAing f25m RS md AR HiVAPAaRKs such as

difficulty in accesSing drive conponents upon belt binding or belt

br eakage arittemahbsvelrdsiyeligeay as pat} ofsitsalsive membep Eachaplerigydriven iy afmeating t s
rollers, w ej i.n [ . LDt ded
downt i mes V%P?leg%aggﬁ%%%?ng%tasgcg% gd?cgpsr%l%gr?{l 89;@561?”%1&%@%%%9@?&%%? gnt No.
5, 558, 205 iswtitchablecip positiat teexchicvotitheth inet¢hanidalielemenbimtereshingaldivinglof er
systemin

IS i ARVl AT, LAY SR o INNBB S e
anot her condrewlmicks ysted nabolie chitlf eespesten clmismiler comfeygre aubsgisterug nthe i ve
oL U e e 80RO N SLROT GRUBHLUGh il Y 2004 S
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Oy O PRSP R LTI B B b B LS8 Al
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respective

example, temperature expansion or longitudinal bowing of the drive shaft. In addition,

any shaft vibration is also carried along the shaft’s length so as to induce vibration

effects in all rollers in contact with the shaft.

U.S. Patent No. 5,971,137 illustrates another conveyor system which features

cantilevered rollers driven by a driving belt. In U.S. Patent No. 5,971,137, the driving

belt is a toothed belt traveling along a guideway provided by an internal wall support.

A spring washer clutch is also described. This patent has drawbacks such as difficulty

in accessing drive components upon belt binding or belt breakage and a not readily

adjustable torque setting means for its rollers, with either case introducing the

possibilities of extended downtimes while replacements and adjustments are made.

U.S. Patent No. 5,558,205 introduces another toothed belt/drive cantilevered roller

system in a conveyor, which suffers from similar drawbacks as presented for U.S.

Patent No. 5,971,137.

U.S. Patent No. 3,374,877 illustrates another conveyor system which features

a series of gear-driven live rollers which are adaptable to sectional construction. The



object drive rollers. An object drive roller drive train conprisind fMAY 2004
downstreamroller drive transm ssiongsystem which drives the object drive
rollers supported on said drive roller support assenblies, said
downstreamroller drive transm ssion system including roller drive gears
support ed csmstcmspmimsi ofea sla@fibistrandlier suppert ethictlre svhelfeind plukaity sfusbjects shaf t

vi bration t I.s carr ng.the shaft th which induce vibration
effects in IIVF r(?l%ﬁ &y §H?I}$°€8ﬁflgbtt ARlyrplity o8 dgﬁg'foper HERATARSYeRRICT Rt | NVENTI ON
The presentsuppoveiRbpedtive sbjelit deivt e6lledd amd e GupgbrRl ByeHEERakfall fsmsppove not ed
drawbacks associated with the prior _art. The present invention features a

material  tSPRRPLySHpCLieaYhersin said ﬁfé"? weR fyppogt ?:Sé"r%&‘?& FOrpRyse @rdriyg &9llem t hat i s

particul ar lsppied $haftl rm@daldfsﬁﬁft W&@ng An aaxfahﬁéiﬁ'teﬁ&owdeﬁ\sb&aﬁg?&becuwe
i nvention represents_a highly flexible and durable system having a

posi tive erf@iegydideirgliers. rAa*r&bdﬁ% drivsrrolergisive fainicampriging pgownstreamglies (eg.
motor) to alive GRARMBYAGE Systetd Walch drited BR SHRPARVS SRR MpB6rtcila stifat
slippage is avoided in the drive system during object conveyance. In a
preferred ypAPHAEAUPPAt pisembliost spidHowessieam piler| diteritpngroissisn sesemr ol | er
driving andudiidiss R @hve il SlppSRa G I g | es and in
driving co%mn?écat I on vmgtbh e:fg %ereﬁk%ﬁ% Sflifgr ?ﬂvx,gﬁﬁlqthégg% Eé&% 0 provide
conveyance spell aseshaftyvihratianothatyis parrlpféglpggtthet Sthafﬂ l¢ngth which mducct viktatipn ef er abl y
are cantil k in conjunction with idler rollers
on the opp%\sfﬁtsmdudrguér? C%acg‘pi?}}th \tﬁﬁ&cture The conveyor system features
an adj ustable |load clutch V\/m ch allows for drive train transm ssion

sl i ppage at Iﬁrn@ﬂ 'ﬁ%j ND a roller drive system upon the
occurrence Sm a ﬁ%fég er nlnNﬁ\&bJﬁf@vel of roller resistance. Accordingly, the
drive system cdhe ppsemtiaventod umdnwmldyatwimklmgsompmmegl thebjbees mtade heI din
pl ace or ofherw se r te . Ih addition,

bcour r ance SR SishERtd Wi (o6, BHbr 4o Y e B ek 1 Bt i ¢ 1t he
nul tiple ratanefessysemeiashe fysnﬁdfusdrﬂelydr@olar sybesi thedis iiﬁhblilﬂgy wdlhsuid r angenent
of the present invention Qws for ﬁstabllshln eral | basis

and on an |fﬂ’d\‘~°\?|lﬂﬁaﬂleaPcSPcl’”éFn‘ﬂ%@m e\ P@E‘B{Onerl?rgseE‘étatl}l%%aFﬂ e and readily

set to sui tduyabld @s&wﬁma BéltiveOérdtty @tlieUfdnsmidéion GOk theNBifAISpowdr t hout a

need for 1 1 MAY 2004 WO 01/38205 PCIT/ S0/ 00193
source (eg., motor) to all conveyance rollers in the transmission line such that

slippage is avoided in the drive system during object conveyance.

In a preferred embodiment, a plurality of gears, including downstream roller
driving and intermediate idler gears, are arranged in direct series and in driving
communication with each other. The gears work together to provide conveyance roller
rotation with respect to drive rollers that preferably are cantilever drive rollers that
work in conjunction with idler rollers on the opposite side of a support structure.

The conveyor system features an adjustable load clutch which allows for drive
train transmission slippage at predetermined points in a roller drive system upon the
occurrence of a predetermined level of roller resistance. Accordingly, the drive
system can operate continuously while supported objects are held in place or
otherwise resisted from free movement. In addition, the slip occurrence start point at
each of the slip locations associated with the multiple rollers is easily adjusted to a
desired setting. The arrangement of the present invention allows for establishing, both
on overall basis and on an individual roller basis, a preset slip settings that is readily

set to suit various usages and torque adjustment requirements, without a need for



4 di ssenbling conmponents in the roller drive system In this way, 3 MAY 2004
predetermned slip away setting is set forth within the driving g a;l
train suchydgalsgipfen a stationary carrier queue occurs Pé‘lllédb?ﬁtﬂ%l
initiates. In tI§||s way roller wear and tear is also mnimzed. Sso,

t hrough use of, for exanple, high tensile strength, |ow water absorption,
self lubricating injected plastic gears, as the sole source of torque
energy transfer along a transmssiop line parallel with the direction of
el ongati on of the conveyor, there is achieved high efficiency energy

t r ansf bolifl SoipR Veehn ' l LG8 WSSl QN and which
are h?gsﬁt% act???gih?%etarg?&gg{’iss_ to'?\l/g?dwﬁbeﬁc{]értms. egﬁ?lef %?aferred sel f
| ubr i cisktingds et phivyithin the driving ggaptie guchithpt when gstationary sardenqugwe qcegs st ance
whil e oy di . ' | . . rgy transfer nmeans. The
gear d%ilp??ggelt[ﬂr;1 g%{thgsm;g%lgvnk}ggglgﬂn‘g{aﬁ%ddg%ﬁ%ﬁ%aﬁ%%%gt h of the conveyor works
i N conj uncAlsa thronghtuse of: fon ekeemple; high densile sirength, tibve watee ssotptiomselfit i on t o

provi deg, a l.ow. vi br.ation-obje onve ce with |owbarticle em ssion
ool TRt bl feas) £ibe ol NS GG ey RBIGER , P11 55 ore
achibev&dx_,sxtr)ﬁsaioﬁam_i pafrilletwglgh:etdirecﬁoﬁeﬁeléx;gaﬁ@fofﬁdmngiy_br, ﬂieaesif behigved highi S g e.g.,
carpon I oer rel nforcedq, acet ate avli ng ant.l -static,quallfles toget er

Wi t b hFEGFCRY, oRerE Fens{er Bith CPBROSEE JEH GOt HEN P BRTtiFle SELSICR BLYRIERABy t he

roller ﬁigﬁl? imphct REiktaMQD bdlaviididbwatiha Mt preferre@BIBMEtatNY @S# frick@d) exanpl e,
a soft, po guret hane roller ring provides for a |ow vibration, snooth

conveyBifsted plasticegeans pse WeagFesistanes Vhile alsodrovidings lopdbratiqn, smoash eRersyn ri ng of ,

for exgifePmeRf! YHE Sab@ife traf 'Sy HemexRndiRD Abhd tHE1eh5tR BB {HE Corfbeyof Svoflsti! I espect
to the conveyed palTet/object.” Thus, under T1he present invention, there

i s achtamitadtianmwigh the othergopipprentsi of theoesent jrvgationip provide giloyw wiliration-obiegtt i cl e
devel o . ' . 1 NSt | ification
it 1 oy PoES pane iy Binicle Hidslin 1836 ind e e hafl B b R0, WEee |1

ar r angeguuliti¢s apd achizeed) ingmetnthraugh éhetusoof high stexgtieplasticyoléers (@ign aarbgn fitgosi t i oned
wth respect, to conveyor, side.wall so a o, f.urt her, reduce particul ate
nat er i ?P&W?qﬁcﬁtatae} Wﬂﬁgﬁfaﬁf gua&xﬁ%}wiﬁe 8’35&“&5 frigigny yibratio ea%fo(gﬁng eady

oper at filleBriips S¥pportdil 1 thefbllers iferdiredt cotadt twiith dlpalle? ontineéyed bbjeanFéur t her be
enhanced by one or nmore vacuymlines arranged al on he support, structure
ond A CTPERIES SR B Fotbade FOllef BE PIPBs G PSR comy e gty

adj acefib highSrictiof lqudlity of thHOWRN Abratié ing?d 1] RPGQABIY pdljurbthsheinegesd | nvention

is designed to provide a low particle 1 1 NMAY 2004 WO 01/ 38205
PCT/ SCoitiye trausfer drive with respect to the conveyed pallet/object. Thus, under the present

invention, there is achieved smooth, low vibration conveyance with a minimal of particle
development, allowing, for instance, a class 10 clean room certification without the need for a
vacuum system.

In addition, the drive train arrangement of the present invention is preferably externally
positioned with respect to a conveyor side wall so as to further reduce particulate material within
the immediate conveyance area and provide for ready operator access. This reduction in
particulate material can further be enhanced by one or more vacuum lines arranged along the
support structure and designed to pull particles from the clearance area immediately adjacent the |

rollers. However, the arrangement of the present invention is designed to provide a low particle



5 emssion level (e.g., class 10 clean roon) w thout the need for

added expense and conplications involved with a vacuum system Thb 1dMAVeZUU't
train conmpgrAiksear € also well suited for use wth prgogqficedeaasitive to
el ectrical charges through use of rollers with anti-static properties
that are in electrical discharge comunication with roller supporting
shafts (e.g., idler rollers preferably threaded directly into the side
frame) and the side wall supporting those shafts. Additional advantages
found in the present invention inclules the | ow mai ntenance requirenents
and | oW oS C w_i,ndi vi dual
conponent ;r‘g’ﬁ)’ ;(gg bl@ései‘éc‘f«\ﬂtafétbaﬁﬁ%mﬂ 1231%\% df&i’@ %‘%Hpgp r%gnce

partic sblaplioytmms tivotvied wiith aahéuumodystems ‘I’hodmtemum comparnenis abe dsoofel suitedst em
Al'so wigth th tral temof th sent vention, the

r epl ac etV prgd%fslse l{wet %EE%WBW%FE U T BIF&WW‘ “Fui res

servi cpmemmhmdnmkcmﬂlﬁﬂcyargwohfmmﬂca&éﬂmh ﬂ&ﬂer&txﬂi}fbhuf,‘g&ﬁmr(egt ﬁildrn t he
drive transm r. oy, ot roller port

assembFQJers pgefgréf?}y [t}gengcgg#qcay Hﬁ?iméé‘é& a'%‘%%)%?}g%ts'd[e & s‘[‘ﬁ"@ﬂ@g&"ﬁ? S.slip

setting CONBEASHA afvantihek | ?ouaa '&%e PeberinlénibA ine RARAREB v maidtfing €sent
invention is also well suited use in conjunction with a continuous

convey &auigmentsAnd Joyy eqsts pssocialed ﬂeth\mmeﬁevawaq lowdpdreigepl compogmint sensor s
and CoRbyiRlm&s E&s‘{%ﬁ rélﬂfvei}rs%qﬂ’fn%&ﬁ}xﬁ&% pIRE QLAY WA i Berﬁ?goff if3positive

orchestrating product/pall et verment W t hi n 1 ndivi.dual conveyor segnent s
and al seergy transfeesystent Alsp widlythe drive train mtgumﬂtherpmmmwnm.thel | as with

respec 2! fn & Rj EE

PREFER&I?EQMM 9@%‘2%8&“% ra es per speg ;%gél vclge:v{/I

pr ef er mittiows mberthgrothet ccnﬁpanutteml thd drive snasdndssiondine emd) ifiit ioh gtdrer pthss'elﬁﬁr

i nvention |IIustrat anvr—iwof t whi ch is shown in

e at
Fi gure ?poﬁfﬁ‘g?@y{%‘ caranc %atdp% acgur?t8§ gﬁ‘%ﬁp{fﬂ%m’éﬁ?éﬁp gﬁttbr“gg cut-away |ine
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dr af t sper son conveni ence. 2004 WO 01/ 38205 PCT/ SG00/ 00193
product/pallet movement within md1v1dual conveyor segments and also with respect to segment

to segment movement as well as with respect to a multi-unit conveyor system.

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figure 1 illustrates a perspective view of a preferred embodiment of material transfer

assembly of the present invention.
Figure 2 illustrates a top plan view of that which is shown in Figure 1.
Figure 3A illustrates a top plan view taken along cut-away line III-III in Figure 1.
Figure 3B illustrates gear type “A” shown in Figure 3A.
Figure 3C illustrates gear type “B” shown in Figure 3A.
Figure 4 is a side elevational view of that which is shown in Figure 1, but with the

protective drive system cover removed, and a portion cutaway for draftsperson convenience.



6 Figure 5 is an end elevational view of that which is shown in Fiﬂargﬁ, 004
with an added specialized pallet as the supported |oad and with t A e2
end of the LV rain assenbly cover renoved. Figure ' e

detail ed pe‘?églésg%nfsve view of the area designated "6" by%@&@@@# ne in
Figure 4. Figure 7 is a nore detailed view of the area "7" designated by

dashed lines in Figure 4. Figure 8A illustrates a notor nount of the
present invention in conjunction with the upstreamdrive system Figure
8B illustrates the notor nount casing Figure 9Ais an illustration of a

roller driv .ass%rébl y. F‘é%ure 9B shows a cross-sectional view of a spur
gear. Fi gur &8We Y4 angnd glevagignabview of thetwhickisshgwminFigurehwithsewddedonal , si de
el evat i specdlizedpiiet A RPHOHeR oA Tand i of . .materjal transfer
assenbly shown in Fi gurgi',l.e Fi ga?egﬁliﬁ,s{aﬁtgn Jrnev%?%%‘eaﬁiméiyt%ﬁ“pl an, end
el evat iT6HaYed: si de el evational view and bottom view of the idler frane of

the materi alg;t.k ] tgure. 1. Figure 12A is an
illustrati orhilg})hféggﬁ%?ﬁeof g?%@%%?ﬁ%@%%ﬁ?éég?%?eéwg e‘{T&y df"l‘fénpr esent
i nvent ifagwre & gure 12B is an end el evational of the upper driven pulley
shown in Fi 2A, L QU 12Cds an.end el evational, view of the |ower
drive pul eg&éﬁoﬂﬁal‘nﬁ "Eﬁ!"’gﬂ{"g viey of meﬁfﬁuﬁegﬁfﬁatF@%%s&ﬁ ligesimFigwredy of a
section of FigeretdAnillngrateslatmotor how@tis fthd phésentihesntion hbnjufctidn Gith ygvway Vi ew of

t he pulul ?ﬁsle drjven §haft assenbly of the present invention. Figure 13B
represent s a “uctional view taken along section line A-Ain Figure

13A.  Fi gur PighQD ilstRss Hendtor maunt 4Rg, Vi ew of the driven pulley and
driven shafi, with fixed spur gear i nati on of the present invention.

co
Figure 14 shigWe 92 i gpillysteatiopofgralier dijyeagpemblygear assenbly to be supported
by the mai NFighRUB shdwd a f0%-Cikhal ik of G aPgeaf’ CT/ S0/ 00193

Figures 10A, B, C and D represent a top plan, end elevational, side elevational, and

bottom view of the main frame of the material transfer assembly shown in Figure 1.

Figures 11A, B and C represent a top plan, end elevational, side elevational view and
bottom view of the idler frame of the material transfer assembly shown in Figure 1.

Figure 12A is an illustration of a preferred upstream drive system assembly of the present
invention. :

Figure 12B is an end elevational of the upper driven puliey shown in Figure 12A.

Figure 12C is an end elevational view of the lower drive pulley shown in Figure 12A.

Figure 12D is an enlarged view of a section of the timing belt in Figure 12A.

Figure 13A is a cut-away view of the pulley driven shaft assembly of the present
invention,

Figure 13B represents a cross sectional view taken along section line A-A in Figure 13A.

Figure 13C represents an exploded view of the driven pulley and driven shaft with fixed
spur gear combination of the present invention.

Figure 14 shows a top plan view of an idler gear assembly to be supported by the main

frame.



7 Figure 15A shows a view of a drive roller support assenbly. re égEi
shows the roller drive shaft of Figure 15A alone. Figure 16 shows (] M 004
roller used in the assenbly of Figure 15A in object support node. F| gure
17 shows a ¥PM&8ew of an idlier roller support assenbl JCTASUANE 13 shows
an idler roller main body used in the assenbly of Figure 17. Figure 19
shows a schematic depiction of a material transfer conveyor system
conprised of a plurality of interconnected and intercomunicating
material transfer assenblies. Figureg 20A, B and C show a top plan view,
end el evatignal view and side elevational view of an adjustable support
stand wit h Bewsdhe ghovesasyiew pf ¢ driysaolier suppert asseybly.DETAI LED DESCRI PTI ON
Figure 1 prﬂgﬁ:@@%%&%ﬁﬁ&%ﬁ&‘&ﬁe!’ﬁaﬁv&fﬁgﬁ 1Bh&hder ed enbodi ment of a
material transfer assenb of the present invention. As shown in Figure
1, materi al Figuradg slasrwsaisrbemllfr usg¢in tgomm:egf Eayrp A insbjeshéiipport 04 whi ch
|ncI ud%@ pdler franme 106 shown vertically arranged and parallel wth min
frame g so as.to | eave clearance space 110 t herebetween. Extending

bet ween mai Figire d7shol3a Mdmfanidleaukr&ﬁlﬁoamemblpl urality of side

conveyor nts S be sho n_Fi 1 and 3, are used
for i nter tl%llbowzfr?ﬂ rilgrcroff 58%%%’5 5‘%5‘ §g’ﬁ3’° In frames 106,
108 (e.g., E«gﬁx’eﬂeamd afsaﬁdnﬁiﬁeﬂepmioh ofipitleriglitrangfarcbnvegdr systym cSinplisedount s

112 are osr i oned, respectiyel at .the opposjte,. bott ends of franes
106 andf Apaeality o} itergonmatis andinieromaicalias ZRCBALIE PHTORE. do mount s 112

al so provi deigiea?uA, Boind{GéhoWaltey plagview SendieRVAIASININEid3Elle @levaidbbiment or
cl ose posr tionin of several material transfer assenblies 102 to forma

mat er i Xiewiaf ap adjustablewppsrbytandywithatiached material transferase®mbt: nateri al transfer
assenblies to form a multi transfer assenbly conveyor system or one or
nore material transfer assenblies with a cross over conveyor segnent or

sone OWERIEH%SOW assenbly). Figures 20A to ZOC i N ustrate a
f d ] i . . i
preferted TRgns 1 fdRUALLARN IS LAl pLAA0ELSlodBRRE o

features suppo erconnecte port ars |nclud|ng
f our v essemblglof the prebéy inRefitibn\\As BHovaHIA FigyRAT hiaepial ms&sas&mbly 102

comprises support assembly 104 which includes idler frame 106 shown vertically arranged and

parallel with main frame 108 so as to leave clearance space 110 therebetween. Extending
between main frame 108 and idler frame 106 are a plurality of side conveyor mounts 112 which,
as best shown in Figures 1, 2 and 3, are used for interconnecting and securing in position idler
and main frames 106, 108 (e.g., a threaded fastener with dowel pin combination). Side mounts
112 are positioned, respectively, at the opposite, bottom ends of frames 106 and 108 so as to help
maximize clearance space 110. Side mounts 112 also provide means for faciﬁteting the
interconnecting or abutment or close positioning of several material transfer assemblies 102 to
form a material transfer conveyor system (such as a series of material transfer assemblies to form
a multi transfer assembly conveyor system or one or more material transfer assemblies with a
CToss over conveyor segment or some other conveyor accessory assembly).

Figures 20A to 20C illustrate a preferred means for mounting material transfer assembly
102 which features support stand 332 having interconnected support bars including four vertical



support posts 334 with threaded bottom reception ends 336 receivi n?
-adj ustnent feet 338 with the threaded extension of each foot recei vEMAY 2004
within a respective receptor end 336 of a vertical suppo rt ost. Support
stand 332 ?‘ﬁf"c‘ﬁ@“sl ncl udes a | ower set of four support &
I nterconnected with each of the vertical support posts 334 and a
correspondi ng upper set of support bars 342 provided so as to be
commensurate in level with the upper ends of vertical support posts 342.
The support bars 342 in the upper se§ which extend at the ends of the
support stand 332 are provided with threaded reception holes (not shown)
t hr ougHPReTt POstsc33t avith thraasded bpttdm teception tmils 886 recoiving Idjustmem fdct mmﬂﬁ
fasten er t rans assenbl y
For | ou kel et 6 elc] b ooV iR Ronde e rel e AL S5 FGH o oLt s
112. TsuppartpostoSippert Stamd 3%2rfanﬂgpe1mrud¢scﬁlewensaﬂoftt’odrtumbntem 340 ons |n mat eri al
transfer ass l.y. Ei ) vel connegtion Sw (e.g., 0-150
is proW %“é’&“é?‘?bﬁ‘&?“ ea¢h WL &%&M @gﬁwg‘ﬁ”%'é@éhﬂ?f 102 and
Suppor uppérebeds Mr&ﬁdéd% abib beymeiensurdidin\i®lel WiltDthe uppet Bndd of RMidapr t he
support stand ﬁﬁ mani Iatlon of adjustnent of sw vel connection Sw
oTdy

t he cofRPBRYFbPOsts “QH%“ % ‘Bén the I sevhich sxisad el sndgoLihe supRert whet her
or not stsda@z@ afpréided AN tRiehda Fedeptidn'iBley m&e&ﬂosohmm%gpwch extbid®m a

hori zontal plane. The desired setting is ty BI cal one wherein the

mat er i #APrapFiats Sastanerso As shgwmyin Figupeo, faétsmrﬂqay @vaeémtéﬁmpwq@g@ﬂhae for snooth

t ransf ghi.As SaRdy &J"g gh tilted
pl ane conveyancéexsf%b%g g?ég% or | g&@é}%ﬁgg; |§¥g1?kg€s lzgkdgg&usosm bl e
by t hemauijtsikli2a Floaceonpnasiate fgnamgmfeoteﬂﬁaéthanmatians inmatesiabransfesenbl y 102 i s
prefer e egmen Vv [ stem

al t hou%g%lyts:@gm%rs’sa% o%@%‘g’se%évg\rr]etl gon% %’S%éﬁgabﬁégﬁ r\%@@%“?{@f}s é‘r% dependi ng
on thmtedﬁedbembeuaamraﬁe@blyaozaﬁdsubbmimmtsesambbr&:yamploéa@&nvelfsar| es of
material tr r asse wi th correspondi ng underlying supports 332
in pos?“ﬂ‘ﬁ*ﬁ‘? °r§?°0s\‘}PWétn§%’ﬁ§§§ror system 100, with the second materi al
transfer assefiliphldidn ob &djiidmen of§iwvél QoRizetioh®W the tordBfbr Bhvel pRAdIEERIbe | evel
with material transfer assenbly 102. The nmteri al %ran fer assenbly 102 in

Fi gur eddjusted ie the desiced settipgwhether emtrb@tf Xstadsyigtions inthe é@% ¥PPETS
sel f- cmalhmna@ﬂw%ew&a@mxﬁhwlymwﬁe%mewﬁhmme such as in

a conveyor system wherein shock and vibration is of great concern 11 MNAY
1004 Vessanblrshodzauily voemed) o pogyide for smooth transfer assembly to mutual transfer

assembly conveyance, although tilted plane conveyance (e.g., 0-15° from the horizontal) is also

made possible by the adjustable support structure.

The material transfer assembly 102 is preferably used as a conveyor segment of a larger
conveyor system, although it can also represent a self contained conveyor system depending on
the desired usage. Figure 20A illustrates an example of a series of material transfer assemblies
with corresponding underlying supports 332 in position to provide conveyor system 100, with
the second material transfer assembly 102 being in end-to-end contact and at a common level
with material transfer assembly 102. The material transfer assembly 102 in Figure 1 thus
represents a preferred conveyor system segment (or self-contained conveyor system) well suited

for industry usage such as in a conveyor system wherein shock and vibration is of great concern



and/ or electrical sensitive devices are involved and/or a clean roqrq MAY 2004
requiring a high clean I evel product is involved. Exanples of conveyor

systens in i one or nore of the above concerns ingcludes or
exanpl e, W%M@%ﬂ assenbly lines, sem conductor die naﬁ‘%?f'%@?’ﬁql%ng l i nes,

di sk nedi a manufacturing; magnetic head manufacturing |ines, nedical

manuf acturing lines and optical |lens coat process lines, etc. Figure 2
(and partially Figure 1) further illgstrates a series of equally spaced
cantilever idler rollers 116 each preferably having an axis of rotation

al on ] ori.zontal plane., | terial transfer assenbly 102 there

i s ag iaarxﬁlgg{f%grticgi" eé‘%%éﬁ%‘f°§‘°8§“ﬁﬁ\7?‘ﬁ&£ﬂﬂ&ﬁ?§‘°%‘9&% reqyfringadighiean I%Fie nunber

of i dl groducdib ivelvédrEkatples ofdsaesyopfysiins HvoBidgdnk 61 Hord @8 fhe hRE chiRk can,

however, ﬂ%f I’t.ag%'xustlec Q@&H%and nug?er apd size to suit the intended use

for thdasiges for grample, hay gseqmbly tpes, sgmicopdustop die mapyfacturingdines, diskr rol | ers

116 ar &nﬁfﬁ%uﬁ@ﬁxﬁhﬁ;@ﬁ?deﬁﬂﬂem ii\axﬁif&ﬂfrﬁg esSRedl AR raitatidglines zh"ﬁt ernal and
0 .

bel ow t he ui)per edge of idler frame 10 Figures 1 and 2 further
i | | ust ORBe legscaappracesslineBeitc.-of driving rollers 118 which are shown

§ ' L r : _
arranged sog Ie? @E&ﬁ!ﬁn@lﬁ@éﬁ@f) farles iRGrA R 0Lak ;&g%\%%igy scp[age%ac&ﬂuév%r a

respective i er counterpart positione earance space 110.
As t he idlen roliers 15.qagh praferabin hasing dn axis pfyotatioresiongal dommaonchasizemtsl ptape.nkni dent |

and th ' I fal. onyon rizontal
ol ane, T} Gibicb By 163 wkidhe ol late el orlib e AR 121

r epr es eFteguimber dfiidjenrelldss (agd theinnmberrof driviog fotlens tedctiyeddelosv) car halvsviene i t S
travel ._.. of sloped .flange-l.ike,exterigr roller |1s (desgcribed
bel ow) IS B S ok ARG iRt Slor B miarafFansfir dfipag ey vl
al t hougkeseténvientiony i br ati on arrangenent of the present invention nmakes
this nmuch | egss roblemthan ip the prior art. so, i,n view of the
preferred cgﬁecrirﬁL@Vg]rle af"e’k’%‘f’? B?Fétf'ﬂ“ﬁgﬂ'*d’q‘f‘ ﬁ@”&’l‘qe\ﬂ’%’ﬁ l}g\l‘l‘qdéb‘és nfergaliagd o

rol | er selpwdhd kppedddgy britiRgfrithe PIBMFiguedd! 1anll @ filrfiRr AIASHARS an bqifal MxiepbMed

bel ow), the conve edkgroduct 120 is maintained in proper side to side

or i ent &fivigg rollsts 41R svhichiare shawa amangedie0.25(0 ehareg camEnos a@wis of Totatign withf aces of
respectines | s sV t | 1, 7
i T0R LY to ARAGRRY Lt Rt Rfeknal Bt e g ol laniopiB T, M QYRR - |
| ongi t @uis fierinniteah driving/idlaredlier fatsare coigddent ang the contast susfscaxdf theGdlermoligraced

apart %ﬂs%ﬁ a%u.nﬂfaﬁ" ﬂor}zoilltaane? 9 BéleY‘Eo%{ &%P&o&%/ tc%%) QJnQQﬂeg g’uciigs that

represented in Figure 5 is maintained horizontally oriented during its travel. The use of sloped

flange-like exterior roller walls (described below) are helpful in maintaining proper pallet
position during travel, although the low vibration arrangement of the present invention makes
this much less of a problem than in the prior art. Also, in view of the preferred cantilever
relationship of the driving rollers and idler rollers and the providing of power only to the former
(as explained below), the conveyed product 120 is maintained in proper side to side orientation
by the influence of the guiding and supporting surfaces of respective, opposed idler roller and
driving roller sets.

Figures 1, 7 and 10C illustrate sensor reception holes 122 which are spaced along the
longitudinal length of main frame 108 (e.g., a series of 40 mm spaced apart holes aligned



m dway between adjacent roller pairs) and are sufficient in nunberIthAY 004
provi de one sensor for every series of rollers driven by a conmon dri n&
source. As | ned below, there are three driving sourc in the Figure

1 enbodi rren‘%m&g% rdingly, three sensors 124 suitably rrBﬁH?é%’o"Wthi n

three respective receptor holes 122 are provided as best shown in Figures

1 and 5. The <central axis of the receptor hole 122 is designed such that
the inserted sensor 124 is properly aligned for determ ning the presence

or not of an object traveling on thel@dler and driving rollers 116,118. A
preferrnaejia sensor is an induction sensor which includes a pair of threaded
nuts al®BYay batwespadierent rollsr rasraland aresutficientin sumbes to pravide precbpnsorifon t hat t he
SEensor ey shifes b Bk A vd b dd : LL Oof nuts
e L A S

sui t abldEivingsawees in the Figyze bembadithent. abesautinigty, thireef sensorscl 24 svitablyoaounsedso be
relied i@ e ' f f vevanece arrangepent and

obj ects‘Hael ng&?@g%@gg%%ﬂ&g@%{;ﬁrg%g%&{Lﬁ,ggr%g vgglflvégufeélla ?ghgﬁ? p between
t he r olcentrab axipofsbeneteptarihnly 122 isvdeyigutd saohdha dhesnsertedeensor 124 ptdperly  t he

SEensor Sy. be, recei v in tilted hol . 0,, tilted vertically up or
down zsia}% eg rforsdleit:fgmflfg HEFSE %Y B?teg}%n gﬁ&i(}\,g‘a%’hg%ﬂ%@? “ﬂ?’i ﬂéﬂ“ﬂﬁ’[" 13 side
edge 0f116, 118) Aqireféresd seiisor @ GiueHvA-sPis6SWHl Cleinclald e falPaid of thedadedmiuGiidag 1, 5
and 9A furthe iIuLeHstc{uate drive system c%ver 126 which is designed (in
conj un@Pieﬁtﬁ"’ﬂ;'tP‘ﬁ SRAUERPERIOH ] betwsush thatte 3nseY cRmbeIRRFried IMOENARy out
from t had kel bpWePbf tA®pdir of HuBEBmpREIR HaiRR Bppdsidsifd GirMt8 beMaihIamet 0 fUl Iy

encl ose all drive system conponents positioned externally of main frame
108. | 0% Qher witableseasass sHchanepticaly sopustisainfrarpd, etsvean also Be relied wppas cover

sectiorg i ' : @ggﬁ{;tmh% yon with
respect ﬁ%ﬁghgﬂgﬂg{rﬁﬁeﬁé&e {JO]EI maicn ﬁgg{#em%ﬁ%%g%vm erti cgtH'y and parall el
wi t h méfeendingan tho@lativeirelationshiprietvegn the avllersgprodust heihgernmeysd,end kensegar d t o

t he sl [ ym ' r I ment

cover gﬁeoé"% ﬂégﬁgﬁéﬂ%%ggoan%g % g"é%é’ crngg(islf-’loz%s‘ék'gbﬁuéa%rﬁhﬁ ﬁf 'g'“? oggg g’%ds are
cover edndlpt didexd dide)e Figuro¥ shows jplsertsarsaligidd withst sidehedperof apaletgorr e 1, and whi ch
cover sirdecgz ates 130 are.s cured by way of easily renoved bolts or the
li ke t STREICH P BT SOY AMIPaA %t er abl y al so to cover section 126. Idler
frame 106 iBigmve,rﬁdlldweﬁurm'rﬁllhsﬁﬂvﬁveﬁﬁyﬁtérﬁ cdvED 12d-Whith B désiffed (ig f;eﬁh of ]
cover strip., 129 ile Fig. 5 shows the cover stri [ osition). ich is
J-s hapéamv@tlawte%ﬁm?ﬂemlﬂg,127asﬁelrad t6 aphegiDg oo fisibotem of main

PCT/ SCHfridQ08 andlabutting end plates 130) to fully enclose all drive system components positioned

externally of main frame 108. In a preferred embodiment, drive system cover 126 includes cover

section 128 extending out from a preferred securement location with respect to the upper edge of
main frame 108, down vertically and parallel with main frame 108 and then into a sealing
relationship with regard to the slot formed in bottom plate 127. Thus, in a preferred embodiment
cover section 128 has an L-shaped cross-section and its side ends are covered with side end cover
plates 130 best shown in Figure 1, and which cover side plates 130 are secured by way of easily
removed bolts or the like to main frame 108 and preferably also to cover section 126.

Idler frame 106 is covered over with cover strip 129 (Figure 1 being free of cover strip
129 while Fig. 5 shows the cover strips in position) which is J-shaped to avoid sharp edging, and



is formed of an easily cleanable material and is fastened al ong thq rw 2004
edge of frane 106 in a nmanner which avoids any particul ate accunulation
pockets. Cx¢isgbyip 129 also provides a protective baidisghoiordsh respect
to side frame to prevent damage to the idler frane when, for exanple,
there is frequent |oading and unl oading of pallets. Figures 1-9 illustrate
one enbodi nent of a preferred roller drive system 132 of the present

i nvention. In the enbodi nent shown |ﬂ Figure 4, drive system 132 conprises
three drive traln systens 134, 136 and 138 with each drive train

connec LS for
systen;is?g,ﬁﬂ!dtéﬂ or s ??%‘m %g%'iég’\éidﬂ:g %@%té@ggonéﬁeg%er&yé {f e %géqéulﬁr ed roller
dri ve manner whichaveids wmmfeepcmnbbgckctav&msmpw alsd proviésane cl earer
bel ow, uited f T varying

t he nu oger% tlo ﬁg’?é?vbétﬁlrg%gﬁgdrggepée?&gé %Qerp% %geté Wﬂ]“\ﬁaﬁew Fhe%dri ve system
132 iseﬁnmtmthem:s&amxenﬁleadxﬂgaﬂudha&egeﬁﬁaﬂgtsterm 134, 136 and 138, a |esser

or oat r nuntiEieen S HRgE obs afpePurtl oG oS5 4B RREE HAPT 88T e

prese nbrebeaxv BEAtRA. I e ethBodihedt eliowarin Fiuey 4, dﬁﬁrsquemrm Smpider thret @ivest i CS
and energy | oss _through _ an extended nunber of driven rollers, . however,

t he nuHBBSYSemy}34,/Ei6 and 1 PR with gach drjys tain copgecied vaithsa qubsehp 3PS i nited to
the rapge, ﬁénvelro&rsr Rr Lﬁfe& 13806 Fo? e 13% o8 7116 158) to BB & R reduiired it
assenbly preferably h hree separate drjving 'sources or notors M, M,

MB eac Hn&fqpﬁ@mmwﬁlﬁfenwm@amvewdl eAs will beoamelegrer helaw,#he presepbr ef er abl y
inav b

tr anomenioh's SU bl 0l kPR O R LR e B Bive MR IR and 1
and to alsb.evln’bcttlwdriyp systetie 133 is sloan tg oppyrise thep dsivel eubsysteinis 134,2136 and 138a
preferr t he wnstre dr sin

G vi g o83 i SReiogten ol W RRT el b B 3B RE e tlillor °

ent i r eldsivé sfubﬁps@ﬁﬁra& alsawbh@dbmlrpartdk'me presem inttention. Dot togirefednaiihatorsupport ed by
the side of nui rane, 108 in cant|l ev e of this

ar r ang &TRYRMQISL L T’S‘@ cteristics and sperey h“%ﬁ%?ﬁﬁﬁlaégﬁmlﬁ ﬁ’éngilf‘ghdpm nt of
snoot h h@@&feattmmmeﬂomsh foﬂ&x@béﬂﬁwﬁ Buibsyetdntis ﬁz*efefaslytmtea 6 heg@gest shown
in Fi gures 1 and 4 ement of the present

i nvent ilcrolers- omerqferle, 3 %‘g@ﬁ;;%%g& F%{ﬁ%?p gqlé“gbl;’ ?’S?f%ré’r fhaes separatg P‘FY‘EE ent
mat er i ghurtds AP bk MEIATNY escRRbUfH WHiH £1\stredin EHE WahshissfonAbkeblySA 1O 7,
each drive train syst em 134, 136 and 138 conprises a drive 1 1 Y 2004 WO
01/ 382 (refeEblydma wertical gqun_’ansrmssmn orientation) and a downstream transmission assembly

extending along the length of the side frame wall and to the exterior side of that supporting side

wall frame. In a preferred embodiment, the downstream drive transmission, which is in driving

communication with the drive rollers, derives its rotation entirely from gears mounted on idler

and drive roller shafts supported by the side of main frame 108 in cantilever fashion. An

example of this arrangement can be seen in Figure 1 and Figure 4. From the standpoint of

smooth operation and good rotation characteristics the arrangement shown in Figures 1 and 4 is

preferred, although the arrangement of the present invention allows for ready production of a

large variety of different material transfer assembly configurations.

As shown in Figures 3A to 7, each drive train system 134, 136 and 138 comprises a drive



source 140 such as notor (a preferred notor being, for exanple, a :jursg'1
Mot or AC 24V e/ h: SP- 3716 sold by Hurst Manufacturing of Princeto 1"MAY 2004
| ndi ana, U pstream drive transm ssion assenbly lLeh is
pr ef er abl y@gﬁﬁﬁ#nat ion pulley-timng belt assenbly) aﬁé%iéo\é\@ tream
drive transm ssion assenbly 144 in driving comunication with a roller
shaft of the object driving rollers and extending along a |line parallel
with the direction of elongation of the side franmes and hence al so
parallel to the direction of object &bnveyance. The downstream drive
transm ssi on assenbla/ I S Freferabl )3(’ a gear train systemsuch as a

cont i nf8EREe L4 sueh asgpotpzsa prefeyred qolgrdeigg, forrxampleea HyrstMoter AC 24¥ sfmSP- gear
nodul e I asoldBYH 'pﬁqmgggt‘gm)g i Brifbetod Iifan O@gmjgg,i ' ] 959“"!' . Lpst ream
drive transm Egi gﬁ_ assenbpl tdgpgﬁeto})‘f the dri verﬁ%ﬁ#&fl&g powe(rilé) t her eby
i ncl udiasgpmblr 1424 which isgmeferably nicambinatiogeutey-timing helt asgenthly) ahd o dowistream
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positioned on the external side of main frame 108 as shown in Figures 4 and 5. As shown in

Figures 6 and 8A, B yoke 150 includes external or peripheral yoke section 152 and internal yoke
section 154. Section 152 represents an external peripheral section designed to have its interior
surface edge (153 - Fig. 8B) abut against the exterior main frame 108 when secured in location.
Section 154 is a more internal section and of lesser thickness so as to define a member receptor
cavity 160 and further includes through hole 162 designed to receive the motor’s shaft. Each of
Yoke sections 152 and 154 includes sets of threaded holes (156, 158) with the holes 158 in the
more central section 154 being arranged for either direct bolt securement with the front face,

main wing extensions of the motor, or a set of motor housing compression blocks (not shown) or



a cage |like arrangenent (not shown) representing different neans for
securenent of the driving source in a fixed position with respect1 t]oMAY‘:eQUU‘I
si de franewdc—ﬁ) %‘% 156 provide for main frane securenent. As best shown in
Figures 6 and 88% the drive shaft 166 of motor 140 ext ePTESMPUIYL  shaft
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shafts) is beneficial from the standpoint that a preferred embodiment of the entire roller drive

transmission features a no slippage power energy transmission from the drive source 140 to all
drive rollers 118 (with the below described adjustable clutch providing the means for achieving
pre-set drive roller gear shaft slippage upon a certain roller resistance level being reached). In
addition, because of its location, the upstream driving system avoids problems such as in the
prior art with difficult access upon belt binding or breakage.

As an example of one suitable motor and upstream drive transmission assembly
relationship, motor 140 is an AC electric motor which maintains a setable constant rotation rate
of, for example, 300 rpm. Motor 140 drives motor pulley 170 which preferably has 15 teeth and
an effective pitch radius of 2.5 mm corresponding to the pitch line of the mating timing belt 174.



The timng belt 174 has teeth designed to conformto the teeth 1 MAY 2004
characteristics of notor pulley 170 and thus interlinks, in positiJe

drive transm ssion fashion, nmotor pulley 170 with driven uI@e 176.
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and dnven pulley, the spur gear 202 sharing a common shaﬁ with driven pulley 176, and
ultimately the drive rollers in contact with the objects being conveyed.

As shown in Figure 13 A, B and C, driven pulley 176 is supported in cantilever fashion
from main frame 108 by way of driven shaft 180 having an enlarged head 182, an intermediate
cylindrical portion 184 and an outer generally cylindrical extension 186 having opposing flat
surface cut outs. The integral enlarged head 182 on shaft 180 is placed in abutment with the
interior surface of the interior bearing and acts, with the locked in position pulley 176, to hold the
entire driven pulley assembly 181 in position. First bearing ring 192 (e.g., a cage bearing or low
friction sleeve) is received within an interior side bearing reception cavity 190 formed in frame

108 and receives an inner segment of cylindrical shaft 180. A corresponding second bearing ring



194 (preferably a flanged bearing ring as shown) is received withinga Y 2004
second reception cavity 196 provided on the external side of main frl\rMA

108. Divider extension 198 extends radially inwardly so as to

di fferenti &IPSt \wo bearing cavities. Cylindrical porRGHCYYANBof shaft

180 thus rotates internally with respect to either a low friction inner
surface of a fixed set of low friction material bearing rings 192, 194 or,
nore preferably with respect to a noving internal race portion of a two
part, caged roller bearing arrangenght featuring an outer fixed bearing
race. The flange portion 200 of second bearing 194 is provided on the
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central, k | ot .that. is designed.to.have, the sa eperal , configuration
and an&)gél?%ftgfnﬁ& ?&6’”“& re %I"%\tf’ ?tﬁﬂgﬂ?%feW?WmP&%&eS%FmgéﬂfﬁG@ ng flat
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required conveyor transferring speed) or upon a desire to service a component part of the driven

pulley assembly shown in Figure 13A, an operator need only release fastener 178°, slide the

driven pulley 176 off from the two faced shaft extension, and then slide spur gear 188 off the flat

faced shaft extension, followed by the reinsertion of a replacement set. As shown in Figures 3B,

13B, spur gear 202 is provided with a central key slot that is designed to have the same general
configuration and an axial friction slide relationship with respect to the opposing flat faced
extension section 186 of shaft 180. The interior receptor hole of pulley 176 is designed in
similar fashion to provide rapid insertion and removal and a positive drive interrelationship.
Spur gear 202 can thus be simply slid on and the shaft and axially locked in place (in a positive
drive transmission state) by way of the threaded fastener extended through the pulley hole 178"



and | ocked in place on the flat faced extension section 186 with thg l)fMAY 2004

common shaft support. In this way, the notor pulley step down spee

rotation i lded to spur gear 202 (and with conmon_step down gear
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enbodi nent, the spur gear 202 generally has the follow ng features (all
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|1 ust ngd@fdl Which % MAble BRBHonTRANR hailiOR6R LAB Kl faigPhastitanee 9A is
directed at a tgﬁe B spur gear shown in figure 3C as opposed to the

dri ven lergted ed Statgs. Gther subigble ragterial anayt forexamplgeasetalpnylon, Gelpon @ 3B) : 1
1 MAY 20804iaV 62 FobCIP afPD dirin® trbten@PRBIR3 Modul e # of

In a preferred embodiment gear 202 is sized the same and has similar characteristics as

the general depiction of spur gear shown in Figure 9A (both material and size characteristics)
with minor differences such as the shaft reception cavity configuration and, preferably also in the
axial length of spur gear flange extension as can be seen from a comparison of Figure 3B and
30).

In a preferred embodiment, the spur gear 202 generally has the following features (all
length dimensions in mms) with the referenced measurement letters being illustrated in the spur
gear shown in Figure 9B (although Figure 9A is directed at a type B spur gear shown in figure
3C as opposed to the driven pulley mount spur gear 202 represented by gear A in Figure 3B) :



PH7dDHL1, 12 (n) Teeth A 820-325-819-2620-2812.5147-93 B. 82562021. 612150 MAY 2004
Cl . 82582021. 612. 51052. 5 C2. 8256/ 4.52021.612.5721.0 (or nore) with nodule m

= Dianeter wowsss No. of teeth z Wiile various other speqsefmpiesi MENSI ons
are contenpl ated, the above range represents in row (A) above a preferred
range while B represents an even nore preferred range wwth reference to

an uncustom zed spur gear enbodinent. Wile the C set represents a
particularly well suited custom zed;get of gears which are represented by
Figures 3A and 3B with the gear d shown in Figure 3A and C2 represents

t he gear shown in Figure 3B. Accordingly "4.5" represents the renaining
thickngss—after.the face cutouts are forned. These gear di nensi ons have

shown tlo wof kiodgk! |#rbfas<qq.17athp wi tiipy t he [gbove q_escri Qed rqtor gnd
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Fi gure 8 (tq“The (i i M8 6) |vhi ch |23 MAY 2004
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rel ati onship exrsts Tor tNe Ot Ner positive energy transmSsTon drve
train systens 136 and 138. Thus, the discussion to

with module m = Diameter (mm) = d

No. of teeth z

While various other spur gear dimensions are contemplated, the above range represents in

row (A) above a preferred range while B represents an even more preferred range with reference
to an uncustomized spur gear embodiment. While the C set represents a particularly well suited
customized set of gears which are represented by Figures 3A and 3B with the gear C1 shown in
Figure 3A and C2 represents the gear shown in Figure 3B. Accordingly “4.5” represents the
remaining thickness after the face cutouts are formed.

These gear dimensions have shown to work well in association with the above described
motor and upstream drive transmission assembly 142, although other gear size and teeth
characteristics are contemplated under the present invention. Also, with the ability to easily
remove pulley 176 from shaft 180 upon loosening the locking fastener screw receive in threaded
hole 178’ (or some other associated or independent shaft fastener) replacement of spur gear 202
supported in the driven shaft assembly 181 can easily be accomplished.

As shown in Figures 3A, 4 and 6, gear 202 is in direct torque transmission contact with
respect to gear 206 (to the left in the Figure 6 view) and gear 208 (to the right in Figure 6) which



followis equally applicable to those drive transm ssion sub-syste

(except perhaps in the wultimte nunber of driving rollers). Gears”EO16M£(d20M
208 al so prefdifsgdaky have the sane size and characteri spdGsoodsngear 202 as
can be seen froma conparison of figures 3B and 3C. Gears 206 and 208 are
each supported by cantilever roller support assenbly 210 best shown in

Fi gures 9A and t he expanded view shown in Figure 15A, B. As shown in
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10). Roller shaft holes 224 aré sized to_recei ve eari ng neans such as

one or shaymdn Bigares 84 and thgsxpanded view, ghown|in Eigrrgtlé 4, Bads shaayin Figussad SA.
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and a respetivlmain fraree i @f and preferfblp ineludesAghnsidet apdturd 216 donradeivingtreadedsecond

bearin S.a fI secti 3 1N %Hﬁ ’@ﬂ i ship
W th rgasséégtzqgw}'fcﬁéss 3‘%‘?& ﬁsa{ t&r} l%er(h 1°as§§gznlazl' rll& Fane % anegl'%mdgg;n out er
di anet danggrseaion 220 ismihllyhedzwad wﬂthm aenh-espaaimg recesie2 15 forsee firt thia ettem6124

l'i ndrj.cal seciio 2,.0f o t shaft, 212 ext
11 ange 48 6 7 ain.eduat it b el i s SR 530S 178 1 3 Py B
rel ati QN iR C-WiikGhreWasihtea@& intoqhréadtd MiMur26 sd/9 t0 ¢orftedFlahge 226000/ 00193
19 preferably simlar to those described above with res ec riven

t t
shaft against the pprtion pf ﬁ}mtemllerﬂbﬁw&émna#& flangekecepteqregtss ?}ﬁe &&%%%Q 228
repr es%ﬁérnﬁ%eérﬁ%@ﬁ? f’s ﬂxﬂl’i‘bvimm&xﬂcﬁx'&!%&'&%mrﬁﬁﬁ lb@‘dﬁd‘ﬁce% the sBavbiiddgen fit to

the franme and ange acting as an axi al 2‘5 Thus, only, the i nner
race r eectipe2l4. Main ﬁpmeﬂ@&me’@d@m%?ﬁrﬁﬁse@blnh?@sﬁ which ar¢ best seen in

Figure 10 and are equal in number to the number of rollers extending into the clearance space
(e.g., 20 as shown in Fig. 10). Roller shaft holes 224 are sized to receive bearing means such as
one or more bearing rings as in the illustrated cage bearing set represented by reference numbers
226, 228 in Figure 15A. These bearings are preferably arranged so as to have a fixed outer
diameter part (race) and a moveable interior part (race). As with the internal side, a second
bearing 228 has a flange section 230 placed in an abutting relationship with respect to the
external side wall of main frame 108 and has an outer diameter greater than that of the external
side of shaft hole 224, Cylindrical section 232 of roller shaft 212 extends axially outward of
flange 220 and passes through bearings 226 and 228 in a slide fit relationship, which bearings are



Al so positioned on cylindrical section 232 of roller shaft 212 is 11 MAY 2004
adj ustabl e load clutch assenbly 234 which in a preferred enbodi nen

features Skﬁ?@ﬁ*@ 6, which is preferably a bronze sleeyve desi@ned to have
asliding f BOR relationship with respect to cylindr FEHIC%REN on 232 of
shaft 212 (and thus is easily slid on and off the sanme by hand). Sl eeve
236 is preferably in a force fit relationship with respect to the
interior diameter of spur gear 206 and thus provides a degree of
protection to the preferably self Iubticating plastic spur gear. Sleeve

236 al so ref.erabl y exten oply a.short distance axially out formthe
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possi bi | ié% of particle em ssion is reduced significantly when the drive
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fit P& g‘f?é‘i’ﬂ’%‘_%‘l the g@?ﬁp’é@x S°Ef§5‘1rweuqs_ra?féﬂﬁ é"abfé]g‘ﬁé Zgéﬁfq ng so as to
rot at e prfatahly xtents billylalifort Bis@hce ARAPoTomPthe EncBmpashitlg sp gé’& bsuyS(an with
the shaft when the latter is held in position. Sleeve 236 can also extend

i nto t Heo Ammeand preferahly oply abept 2may) eachtowand thinied iontex 1aee of ithedparing kthis
funct | ,tﬁ?g@kgibili?}x&?ah)élé étﬁﬁ%ﬁjobﬁqyliedﬁ&ﬁ HeiRk&ul) Sen BY aHGIHAGH isMopp&f’ | NY
nt (e.d., a nova

menber conpohe e inner  race), or can be receirved within
a recepne tsvmna:yctsmaf)ﬂom. Upan stopgagerafoimfi 218, geardOdyathits fised intepal iserywill !owt )
o1 ceve Colh Wbl BaR85sier St S0t Kol o BB IRBY T Ged on

fixed sutwWasdextadinlg sieeve dnd thecfied portivs ofthebearingdhie té\the belowy describéd y out war d

th i S Lo fricti t.rpol devi 38, . i
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mai N fpedpettie®n ] Bértadting Biateial (829 a bifitefed s ol a Binriick adhiulas sleeve@36) on 232

of shaft 212. In a preferred o s
provides for an advagtageous, low particle emission clutch assembly. While it is preferable to

have the sleeve in abutting relationship with a stationary race component of the fixed in position
bearing, other relationships are also possible such as a longer length sleeve in a fixed fit
relationship with respect to the inner race of the bearing so as to rotate together with the inner
race while in a slide relationship with the shaft when the latter is held in position. Sleeve 236 can
also extend into the hole 224 such as in a situation wherein the sleeve itself functions as an
axially fixed but rotatable bearing member or bearing member component (e.g., a movable inner
race), or can be received within a reception area of a bearing. From the standpoint of providing a

low cost system with low particle emission levels, an arrangement wherein the sleeve interior



enbodi ment, main friction control device 238 conprises a washer 23? ?WYaZUU’t
slipring 241 with washer 239 forned of a noderate friction |evel

material tRodoissegeneral ly non-abrading and well  suit egcf@oosibab! | shing
a pre-determned friction.level upon being set to a predeterm ned
conpression level. That is, main friction control device 238 is preferably
in the formof a washer formed of an internmediate friction coefficient

| evel such as a relatively soft mat e%a such as provided by a relatively
soft plastic, polyurethane washer w sufficient integrity to avoid

abr adi rademseeahke‘dme%aap@méﬂ&m fefifleg! 1! ckness of washer 238 1s
preferably set to be at or greater t R at of sleeve 236 so as to

provi de suf f Working axiallycoutveand &lontlasimwagaurmntldﬂmnsurdéﬁeﬁnf aridhe maj or

di amet 4 pu 206 .agai,nst which washer 239
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ext erna rf ace of s e 0 as,not terfere with the friction
cont act “}?8 a’é’@f‘?@émg% dgﬂ %/32%’8?“%@“% i8¢ & snne24l Hithst oppage
of sSpurwgkanR3® Qﬁmecﬂ)ﬂ afinddefite Mﬂodlwmueﬁalmistgeaéalﬁbh%ﬁ&ngtaﬁd whai er nal

hol e and has an_interior side in contact with the exterior “side of washer

239, \\Auited- fopestablishing 4 nre-determined fiietion;leyiel ynen being seh ba apredeteamingder fri cti onal
co- ef fdompREdiond 18V TIREIs\\RSIR ﬂ'létwﬁ'%gnﬁ']l i&ide' 239 isAftdr eﬁﬁ]a%?gﬁggcfr%%gggv?ﬁlﬁ? ot her

surface contact interface between sleeve 236 and s Spur gear
206 updPrmsdiofign iptermediate ﬁ@uaesqefﬁs@na&mgmmerelmrse% giagrialsuehtas. Rol | er

haf t 242.
Thr ead 0T ocl bl ditiatyay WA Bl b e bill: SR IAGRAEGHRTENAE
adj ust rebrading end preticdeldissigation i s preferably in the form of a threaded hex
t which l,d det t
Wrench adj b Btk ol end o2 Kpit bty 1 o fEARE Bt Br destPer or r e
t or que 236 8@ s to brovide siifficiht ﬁéﬁum)comactaghmm stfiite £t frRjbr dRBERE eAtmal

corrpre55| on en the nut, 24 nd friction ii Y 1004 WO 01/.38205
PCT/ SCHB £8§ LU RS J001RERIEA % gﬁmher fs-compressadin;anon-lippage.or high | t

desi r edriétionGtace. ThE bxtbibrichd bSslde08 X35 s prfeRdbRCRush Yr seh@Vfrdad the plaREddimed nut 246
so as to maintain the desired conpression state for frlctlon control

devi ce by$e extemabsiatags 243,0f spus|epas AP as;nqt tpcintgefere it thefigien coptagtibaeen t he shaft
212 andyfrict 943 SHd WdShér@B9 & achieve the axial stoppage of spur gear 206. Slip ring 241

receives shaft 212 through its internal hole and has an interior side in contact with the exterior

side of washer 239, Washer 239 is formed of a material that results in a lower frictional co-

efficient level between it and slip ring 241 as compared to the other surface contact interface
between sleeve 236 and surface 243 of spur gear 206 upon being set in the desired adjustable
compression state.

Roller shaft 212 further includes at its external end threaded section 242. Threadably
mounted on threaded shelf section 242 is compression adjustment device 240 which is preferably
in the form of a threaded hex nut which is well suited for a predetermined compression level
torque wrench adjustment (e.g., a torque setting wrench suited for the preferred torque range of

40 to 80 g/cm) to achieve the desired degree of compression between the nut 240 and friction



118 rotate as a unit together with the spur gear and all other shaﬁt 2004
supported or contacting conponents (all except for the fixed oute IM
of the beanjdgps®s6 and 228). This is the conveyor trapspgidodibdat €
wherein the drive roller does not face any significant resistance to
rotation. Upon an object or pallet being stopped, the high frictional
rel ati onship between the pallet and drive roller (roller stoppage being
enhanced by a soft pol yurethane high {riction/cushion ring as described
in greater detail below), results in“stoppage of shaft rotation. Stoppage
of shafdontrélldetic&@snsal 19 4 t.atl o e to the
t hr eaded connectlgn@%\?}s“gqqéls u?ﬁe@ofi%ﬁgﬁﬁpgsr?%t%ﬁé gls ‘élfedblh@ﬁ‘f Ybet ween
t he i nt¥3Yefp lagking nyt 24650 a&mnmalnﬁhesiesmdepmmessmmtmr ﬁ—lcﬂgx codddl i s greater
than t hfayfkbsd i onal resistance between ring 241 and washer 239. The
frictional resistance between the interior side of washer 239 and surface
243 of spur Ilgmra@@&‘ollwmgﬂmdegredmr@re sbﬂnag) 1hb slia 2P uREfixddasnefolld39 and
ring 2 ct. I relatl I.p ween sl eeve 236 and the
cont acfﬁsu&%tggse '(’)"F&P @3}? I‘“tga’i’lm g’ﬁ’rﬂ?' supparted of cptading han t hat
i nvol v@mpmmanewwmeﬁ&daadr fabé $faBeEbedrngs 026 shd28Y ThRISthE Qﬁﬂe)fdi’e
surface_in & {?ge bet n nu 240 and wear ring 241) such that slippage
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resi stan ﬁeln pl aced on rollTer 118, the ur gear attached
bushi nd® é’@ & S@ggagarl?ama,gglwe?edm%so%p@ymthgg hwh fgptnqy/qmlnm mma’oect to fixed

suppor tdescgéd m%ile%ter ;[%ﬁbaéwr?pgg,ﬁfr; 3{‘1 gﬂﬂpggg 3 Mtam‘n S hgﬂ E 240 to a

predet erm ned torque settl a conven orque w ench
or sparfetation alsedeadntera Mag@fmntwdednmmmmmm@mm Ao teaft 212 to
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desor | el s@i¥ikt RidBhbeRich ol datons il BE s 200 o oo i PhiEnee”
gener at2ébis ma@brﬂiaethﬂmemnalremtmzbetwmingg4ambwhhérm9pm ﬁhﬂ@oﬁahe life of
th I I tionj I ticl

e so SiroBPRpelfhen tud o e S afpn R 2 o Sttt 7 ol g 08 dsaeel s ul i n
est abl Igsdatengxanﬂmsuwvanhvaiheizw%dmawm&lﬂﬁ&?&ﬁnﬂ’@aém DéEa 22

drivels | af I onshi et ween _the driver shaft 180 and spacer 204 upon
rol | er F&‘Eﬁégéﬂ the goptac S‘F e ebthefixed portio obbr3Ene 428, i less fan fhsbinyelyedya) | et

Wi th 1 eg@eed whshe 330 apd Qirfitd 243 (ﬁgrmsonemﬁn@{e'su&&e iRErEEE bEREn xﬁﬁ/ﬁ&oem of the

present invention (e.g., a continuous driven drive system used
conj uné@®d Wearging R4 1 spehcthetislipnage inghe gavandifixpdsleayn isdyitinted 9bnzeshmlanhs Sknsed

pal I et 1p@§3 fnl a}efBidéh embodiment. Accordingly, upon stoppage or high frictional resistance
being placed on rolier 118, the spur gear (and attached bushing sleeve 236 and washer 239) are
free to slip with respect to fixed support shaft 212. This slippage is controlled by setting nut 240

to a predetermined torque setting through use of a conventional torque wrench or spanner, and

nut 246 is threaded on to the threaded end of shaft 212 to lock nut 240 and the torque setting in
place. The slip relationship described above also provides a system that is very low in particle

generation and the internal bronze bushing also helps prolong the life of the spur gear while its
material and positioning also avoids particle emission problems.

Therefore, adjustable clutch assembly 234 is useful in establishing consistent



software to achieve desired pallet spacing relationships). The asl\j“jsml &ﬂ#
friction clutch gear assenbly 234 enables roller gears to slip n d
torque resi pressure, thus elimnating particle generation to a

cl ean roomv\%ﬁfn"gﬁgl so helping to avoid premature failur CHICPABYY | anged
drive roller 118. Adjustable clutch assenbly 234 al so prevents acci dental
jamm ng of the flange drive roller 118. Figure 16 illustrates drive
roller 118 by itself. Drive roller 118 features a shaft flange extension
reception cavity 248 followed by shafd2 first end reception cavity 250 and
truncat oni.cal .cavi 252 for recei pt of a correspondingly shaped
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main fragne 108 when éhe roller is nmounted for operation. Larger Ir‘ing
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ol unme | : referre terial for rollers
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avai | abéirivefroltemi 18P Engi neering Plastics, Asia Ptc Ltd. of San Centre

Si ngapor e. |1 e @8 further cor‘rgri ses ring recess 260 which is bordered
on its interni&r® stggfagdriye wpllgpiy 8 by dfsclindrive rallep b1 feetresasipfidbugs 23 by

smal | er exténSign feeition Bavd§248 RlloRiell B shakifdit nd REDRSn &Rfly 50 ddaitahdapuy rol | er

ring 264, which, as shown in Figure 16, is intended for supporting
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proper positioning of pallet 120. Roller 118 is preferably formed of an anti-static material such

as a carbon reinforced plastic material. A suitable plastic material is a carbon fiber reinforced

acetal material having sufficient carbon fiber material to provide an anti-static quality having the

following electrical parameters:

Surf Resis (10E) Dr. T on Chip D 257 10E OHMS/SQ 2.0t06.0
Volume Resis (10E) 10E OHM-CM 2.0t0 6.0

A preferred material for rollers 118 is a STAT-KON (KC series) 10% carbon fiber
reinforced acetal material available from LNP Engineering Plastics, Asia Ptc Ltd. of San Centre
Singapore.

Roller 118 further comprises ring recess 260 which is bordered on its internal most side




vibration relationship and is preferably di nensi oned and positioned as the
sole contact with the wunder surface of pallet 120 (at least for yoptMAY 2004
pall et |loads). The |ow vibration characteristics of the friction ring
insert is D¥GHB3WS | east partly on the ring being forneBCT$G/001 eri al

with better cushioning and shock danping properties than the main body of
roller 118 so as to function as a good shock cushion elenent wth respect
to the carrier or pallet. As shown in Figures 3A, 4 and 6, each of gears
206 and 208 in the three drive traimps systens 134,136 and 138 is in

contact with a respective one of idler gears 266,268 positioned

downst by smalisr tilg seetSqmEsR. Recdived quithin recess26096 frivtion folletHng 284) whidhyhsdes a

cross-secti.onal cyt, awa iew with a central region renpved for dr af t sman
conven?w?ﬁ“&#e‘s ‘F*deeﬁgfffr“énpegm confact g %l°“’|°ﬁ ehRfipalie 120 With ¢ 1 ai n

syst eMmbgtof HeFuppdkt atsszniblsatoubeag forthedl bf $6@ng dicAal THEBIB flenthg Manald8. | dl er
gears 266 and 268 are preferably the sane as gears 206 and 208 so as to
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speci f cushioning afd shotlodantpisgfropertiad ftha tite mdin bady dfesiteh1 80 a8 pUfingien asa 206,
266, the pitch dianpeter for_ internmeshing gears is 20mm such that

etc | tc1
t he roﬁ??—.drsg‘°‘§ﬁ"'é‘s.%‘l°%’?°“§ resp?ﬁa,tg%?agqerggp bwn there is preferably three
| ndependent Ayshdivh i€ Righves Y&, 4 4nd'65 Bich of S¥arsP08 husd 208t the thred\iiVe @4 VO
01/ 38205 PCT/ S0/ 00I93 24 the diametrical pitch of the a%ears__bel ng the
sane afstemstl3¢.H36 andi] 38 i insgontaet veithea rgspeesive an¢ ofjdlsy gears266,:268 pesitioned set s .
Accord'f;\gll]s\ﬁ.e | : Of A b i i QN
mat erig traﬁé?@% T %ggrtg{{ﬁ/@fmelﬁgt lgﬂ'agl%%‘??f‘\ ?}rgéﬁ?éélag%sgﬁe}h%. g\bgsghi eved
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centr alroli%%((lir?ve%{)geg%long the roller drive system while also allowing for rapid replacement without

complications as to which size component is required. Moreover, the arrangement of the present
invention, such as the aforementioned roller shaft assembly allows for improved mean time
between failure as compared to other prior art systems in that a broken gear can be readily
removed simply by removing the nut 240, plastic washer 238 and slip sleeve 236. For example,
a three minute period is considered to represent the time period required by an average
technician to change an old gear with a new gear.

With a module specification of, for example, of 0.8 and 25 teeth for spur gears 206, 266,
etc., the pitch diameter for intermeshing gears is 20mm such that the rollers are set at 40mm

intervals. As shown there is preferably three independently driven drive transmission gears with




the same horizontal plane "HP" as the central axis of the roller shajtMAY 2004
hol es 224 and driver shaft reception cavity 196. As al so shown by Figure
14, idle gewsoigepport assenbly 270 conprises idler geapcdndberss’4 havi ng
first end 276 which includes threaded stub 278 received within an idler
shaft threaded reception hole 272 and enlarged flange ring 280 which abuts
the external wall of frame 108 and stabilizes shaft 274 from vibration

and novenents. |dler gear shaft 274 farther includes nmain cylindrical
section 282 on which is rotatably supported sleeve 284 which is in a

r ot at :j aie dmpqndcal pitehl oftheqgears bangvgie Barheafegit t&eﬁnﬁiyiduﬂdét? &l for APgehis@h 282 to
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joined together also in a non-slip manner for_ proper torque transm ssion.
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train systefger ?’e’& sié?fﬁmlﬁﬁhérh&lﬁeéﬁameﬂirddasmecﬁoﬁmméﬂ xeyotﬂﬁulyen spur
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pOSI ti one ear even nore ref er ab a nain
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Also, the gear is preferably held axially in place through use of a large headed bolt 279 received
within a threaded recess formed in the idler shaft. Upon need of replacement a new spur gear
266 in support assembly 270 can be easily slid off and a new one put in place following removal
of axial locking bolt 279. The idler shaft assembly 270 provides a self contained, but easily
removed and replaced device which allows for proper positioning of the idier gear such as gear
266 along a common vertical plane with respect to the other aligned gears including shaft driven
gear 202 and driving roller gears such as gears 206.

As best shown by Figures 4, 6 and 7 in each of drive train systems 134, 136, 138 there is

included a large pulley driven spur gear 202 meshed with at least one other roller driver spur gear




in Figure 3A, B and Cthere is positioned a |arge pulley driven spﬁr r
denoted "A" in Figure 3A and shown in Figure 3B and a series of s Aeﬂﬁgpgmh
sSpur gears representing roller driver spur gear '
representiﬂﬁbbﬂgﬁfdler gears spaced between either two Egﬁﬁ%pﬁhg1ver spur
gears or a roller drive gear and the driven pulley gear (providing an
opposite roller rotation direction). As each gear fromthe pulley driven

shaft gear downstream (preferably in opposite left and right directions
out fromone of the central driver s¥aft gears 202) is of the sane design
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26 to provide a consistent spacing for all rollers supported by the nmain
frame. dirpeiion forigach pfsolisrs 118 In this vwayspaliei20jssublgetite A Smeath gongistept fatef or

i ncrea L] d | L bl segnent
| ongt noto ISk R ettty TRATRRE inec Gl ot iihsgdalble AU TMENRE SEATH
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i nt er naistance8Y for théwoller shaft veeeptard Hokes whirh irf a\preferred erebodizdend iseabout 20 to
60 mm with 40 mm being preferred which works well with a typical gear pitch diameter D (Figs.
16 and 18) of 20mm for both the idler gears and the drive roller gears. This same spacing “S” is
provided between the central axis of the idler gear reception holes 308 as shown in Figure 11C.

Again, as with the other preferred dimensions set out above, these values are merely
representative of some preferred values that have shown to be well suited for many intended uses
of the present invention, but the present invention is applicable to a wide variety of size, spacing
and other parameter values, some of which are driven to some extent by the desired usage of the

highly versatile present invention.
As further shown in Figure 4, the drive train systems 134, 136 and 138 are also arranged



I dl er gears) extending longitudinally outward. Intermnmediate drive ty @AY ZBU‘t
system 136 features three drive rollers to opposite sides of the

shaf t gear‘g ' intermediate idler gears). This arrangenent is vveII
suited for 3?%’?%% al transfer assenbly Iength of about FEE¥MUMI&4t uring
twenty driver rolls on the main frame 108 which is a well suited size for
material transfer systens. The present invention is highly versatile in

t hat through extension of the nunber of driving rollers downstreamfor a
driver gear (preferably a central dr#6er gear with nultiple drive rollers

to each side or a differe # li';';ilpr on each side or all on_a conmon side)
there dQRmYWEe agonsisteptspacing fog all rollers syrpored hythemaia fiamen Thessthease afo t hat one

dri vi ngmaes1é s dridk Sdtendshalse dlbws PPREEABALdromIRT wmh‘e’sp(-.&'télfaﬂo\lﬁnﬁov"er source,
roller drjve rotation speed regqui rerrents material = transfer "l oad

char actedifigdicenvexersegrmant jeagths With menofihg sams howis enmponents: (Thus, ferear
ar r ang&igfile, G el?@ent)e&ﬁ@t}hﬂé %gocgﬁhﬁlﬂ dséatX@i!anIJgﬁl'ljéi %gtJ §ive | gtsygf@xégr I al

transfer asse I'n this regar erence eto A whi ch

i |1 ust rl3# esd bBSIemgfeatmleewgml dmeeshaﬁlgwomhefymdrwmlimmﬂvmenmmw he .
roller tal I materlal
transf e@g%?gﬁ%ﬁte?}d%gi&a %13 r ctg‘%;lgj&ggggg |ve(13‘°g;;1t:‘fg£l g‘%&k‘é’h

mat er i ddlert geanséxtandmy $dngirediddly oandrdL(IﬁtwnﬁWﬂﬂveltrhmrsyélérBlk&a&atans thﬂéee roller
116 counterpart su rted j antil ever f t p ng idler

Tt e oRETRtte SF00RE e of B e el elie p R P ot i ers?8l BT assenly
300 f a&hmgemag i welbsuited Fo?fa nfdtddial tradlfer asbahhidy lefith of abdbiEB00maADRattiisy

enl arged he %Whlch i,s_of a di ﬁter sui tapl e for securj ng the idle
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sl eeve mdde & Figgre 30.8 which illustrates a longer length material conveyor system100 wherein the .
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roller spacing is maintained constant along the length of each material transfer assembly 102 and
across a respective gap between the two material transfer systems 102 and 102°.

Each roller 118 has an idle roller 116 counterpart supported in cantilever fashion on the
opposing idler frame 106. Figure 17 illustrates a preferred idle roller support assembly 300
featuring idle roller shaft 302. Idle roller shaft 302 has an enlarged head 304 whieh isofa
diameter suitable for securing the idle roller 116 on shaft 302. Also shaft 302 has threaded end
306 that is threaded into thread holes 308 (Figures 11B and 17) formed on the interior side of
idle frame 106. Enlarged head 304 has a flat surface 310 facing bearing 312 which is spaced

from second, more exterior bearing 314. Figure 18 shows the main body of idle roller free of the



Idle roller 116 preferably, with the optional exception of not havigg MAY 2004
pol yuret hane high friction ring, has a common exterior main body design

and materi sition as driving rollers 118 . As c by a
conpari sonag?ﬁ%i%bgre 18 with Figure 16 there al so exi stg&/%ﬁ)f"?@?d;nt

i nternal shaft passageway configurations. Figure 19 provides an

Il lustration of conveyor system 100 conprised of a plurality of material
transfer assenblies 102',102", 102" anged al ong a common | ongi t udi nal
axis. This is just one of a many poSsi bl e conveyor arrangenents avail able
under by Ji SoRks STHERE LR s bl rorfIfHd h@%@h&ﬁ@%ﬂ%#&&%@%@sso“ es
such as stops and croSs over conveyor system conponents not”"shown) being
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mﬂ%k‘ﬁ{ﬁtégﬁp?@pnﬁatﬁﬁg% 26l gBRtibm

control signa tral” processor 330. Exanples include, for
exanpl e, onEigat 19 pevidesamillnsiratiomofadinveyerssysttmtl e cqmpeisedhof aiphwdity obn such as
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common group. These segments also have their own drive unit and drive gear train systems and

their own sub-central control systems such as programmable control software systems logic
controllers which are interfaced with the main processor and/or each other. For example, a base
Yokogawa Programmable logic controller (i.e., a PLC base provided by Yokogawa of Japan) set
up to conform to the other components of the invention features with which it is interfacing.

As shown by the conveyor system representation shown in Figure 19, pallets travel along
102°" to the intermediate conveyor segment is 102"* whereupon a certain action is performed
with the assistance of control signals from the central processor 330. Examples include, for
example, one of the above mentioned uses of the present invention such as an optical lens coat

process requiring a clean environment.



| ane transfer unit, or a pallet lift and rel ocator assenbly (none ?w 04
Processor 330 can also function in the capacity as a tool host can ezp
for procesgidfs f,foghnl gues associated with the conveyec&,d;ﬁ% sf or which
speci al i ze paf ets such as that shown in Figure 5 are ut |ze Anot her
exanple of controlling pallet novenent within a conveyor syst em I's found

in US Pat. No. 6,047,812 to Thomet al. which is incorporated herein.

Thus, under the present invention s§ eral sections of an overall conveyor
system can be orchestrated to provi "singul ated” pallet novenent
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controller board insert supported on the support frame structure on the same side as the drive
rollers) provides the appropriate logic framework for carrying out such an operation.

A preferred program logic control board features a control board in communication with
the drive source(s) that preferably includes a capacitor based system for motor starts generated
by an input from the board. Also, the board preferably features in association with the capacitor
based system for motor starts electronic circuitry for removal of electromagnetic field build up
which usually occurs during a conveyor system start or direction change. For example, when a
motor turns on, a current surge (high voltage) will occur to initiate the motor. The circuitry of
the present invention help keep the surge at a certain level (¢.g., an 18 mV peak). This feature
helps prevent damage to EMF sensitive products such as those systems featuring a hard drive



hi ghly consistent and easily adjustable system by providing an easify] MAY 2004
adj usted and precision set torque adjusted slip clutch for each of the
roller drivwwg@gghs in the driving systemwi th the adj usdyigboopdi Ny nmade
in relation to the |l oad received by the drive rollers (e.g., the average
pal | et weight). The advantage of having a clutch systemw th respect to
the transfer weight involved (pallet plus any objects supported thereon)
is that it will typically reduce thggfrictional contact between the
roller and the pallet. For exanple, upon a pallet brought to a conpleted
stop @&idkcict@sor! hr ough use of a sensor and notor stop signal, the clutch of
the present_invention will absorb nonmentuminduced by the pallet due to
the earl i erThePEset dventionthusiprevides p mamsiakiransfonsystem whichawoids mgnynaftthepossi bl e,
a conv ' : | rﬁﬁ"%’& ! MRSk l.er, and pal | et
and t ebﬁcﬁgglc%ﬁg#&%fbwggdrvtll C eeegm ?sqogﬁg% &t)rﬁ’t%he en%@%ﬁ%ﬁﬁtﬁ\mﬁ ch is

avoi detotgr shafiite the snast downstysamedrive odller Wiship a esramon drivessystero or subesysterdesi gn al so
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provi degainisiregirpdtht dowtimes atmimizod/ Alsd) tmtriaeriablystsfersysietprovideslaow particl e
Co. o BRY sutnbient 3]l sURERFE sty WPt i bl el g PSTRBRET or o

cl ass fofqueadijuitéd diptcluidh fof o bthefollerdiive getr€inftiey driviaipuhaeh withtg  Engi neer i ng

and Autgmation IPA in Stuttgart, Gernmany). 1 1 MAY 2004 30 WHAT IS
CLAI mﬁ?wmgmm r@mgmhel%éy?cew the deye rollers (e 8o thegverage, nst er

SUpPPOr palfet welghty Mhe bdvdfithge c_ﬁ‘h@hﬂ% 2blufcl splenPRitefebpedt th iR tfaﬁiflaﬁﬁe‘i%{t 118)

arranged al ong said materi al ransfer support structures (104); a

pl ur al Myoivest (pgllqt plas any) gbjactssupnesed thexsem)ipthatdswillitypically sesyeq the fricsiaral j ve

obj ect ' I 0. ' ' sfer
suppor %dausc%/l%&g%h rﬂger ?%%4 , h‘gﬂé‘%\kﬁ@ ?g}%ﬁ%ﬁﬁgﬁ%ﬁ% ﬁfygg?tg . géu%%lg?‘% o ssenbl i es
conpr i $sh as thehugly userof k sensor(and 8otor giop sighalsthe¢lutclf ofithy preseat ivention will 212)

havi n ' . L OL e | Y | ect: ks rollers
(1) -8 gRolsin el bl e gl o3¢ WAL uy0PisEBP ik ihof Asiinfibdife, (77 0
cont r ostoplis nbtws<iRla,d) coavettional milepwiticause wearchnd tdanbetweeatiaolier end llet an@46) whi ch

are supe %d%lge%xc?l o p%xl'n%lesegggsgon to the environment which is avoided with the clutch system

of the present invention whose design also avoids clutch generated particle emissions to a clean
room environment or the like. Thus, with the arrangement of the present invention there is
provided a low particulate and low vibration system with the low particle emission of the system
rendering it well suited for clean room usage (e.g. the general arrangement of the present
invention provides for a class 10 certification Fraunhofer Institute for Manufacturing
Engineering and Automation IPA in Stuttgart, Germany).



(212); and said friction control device (238) includes a friction Q‘n ?I
washer (241) and a slip ring (238), said washer (241) being in coﬁ m Z“”‘*
one end with said driver gear and ajg an opposite end with said slip ring
(238), and said slip ring (238) being axially internal to said

conpr essi oWHATUS GiAIMERevi ce (240, 246); and said conpression adjustnent
devi ce (240, 246) being positioned axially external along said shaft

(212) with respect to each of said drive roller (118), drive roller gear
(206, 207) and hrdoﬁtdyelnsy@@mt(wﬁ) ddaiprisiag:( 238), and said drive roller gear
(206, 207) being positione t?all between 2)| d drive roller (118) and

sai d conpression adj < ﬁﬁtﬁwt“ﬁ@; 'and sai d conpression

adj ust ment devi ce (ZAgluraﬁﬁbf&ﬁéca&I@dbwa albLarffgedNildng saidtRferl S| ip  (5)
setting of said friction control device (238); an object drive roller

drive train comfPIsragpPeTidBusiEes €8Mk rol 1 er drive transnmission system
(144) which drives thGuahiyealride ions: fipbdreisferiehi&hac SHRRAGKRGN Said drive

roll er suppor t assenbl i es,” said downstream rol drive transm ssion

system (144) i nebiagidpige rablersé} 18) pnd e gepapried tyoeid matrjal Gansfss seRpETton
respective shaf gy nge ( T)tij? aﬁ@gﬁénr&ﬁrsala)dﬁ%er'alérjsgﬁﬁortaa%seﬁrﬁﬁ% &fhgride £l @i M 1

wherei n sai d obj ect ro rive traln co ses a downstreamrol |l er
drive transmi ssdove @ilstt(élﬁ)(sm)t Shafl(zlesaQ@Mftﬂl?dbmg@l%@l]a plurality of

| nt ermeshi ng ge%{téldr @ff& H\ﬂ)é\}gn%{ é/%ﬁ\?et cp&’ﬁ\re rglieréj(lllg)gse n%jﬁ’r!lnleqﬁllé;ear s (206,

207) supported on respec & Toller support. a and one or
nmor e i nt er nedi aeqapgeassemb}y fdxtlnerpmgpmsmgnfnpnmammol\ﬁeme @88landat one of

sal d dri ve rol l r 1on a ﬁxgénenégez §40 ﬂb‘z w%%ﬂé?ysgp%oz%ﬁkg @1& gi%?t) as

recited in clai sai reSs evice (240, 246)
i ncludes a conp(kﬁalon adjustnent nut (242), and said shaft (212)

el udes @, U eaded cop R Ebn]) GRS Rl SRR 5RRadE ot et

(241) and a slip ring (238), said washer (241) being in contact at one end with
said driver gear and at an opposite end with said slip ring (238), and said slip
ring (238) being axially internal to said compression adjustment device (240,
246);

and said compression adjustment device (240, 246) being positioned
axially external along said shaft (212) with respect to each of said drive roller
(118), drive roller gear (206, 207) and friction control device (238), and said
drive roller gear (206, 207) being positioned axially between said drive roller
(118) and said compression adjustment device (240, 246), and said
compression adjustment device (240, 246) being adjustable so as to alter a slip
(5) setting of said friction control device (238);

an object drive roller drive train comprising a downstream roller drive
transmission system (144) which drives the object drive rollers (118)
supported on said drive roller support assemblies, said downstream roller drive
transmission system (144) including roller drive gears (206, 207) supported on

respective shafts.

2. The conveyor system (102) as recited in claim 1 wherein said object roller

drive train comprises a downstream roller drive transmission system (144)



friction control device (238). 4. The conveyor system (102) as rec‘i geﬂ *%U‘i
claim1 wherein said friction control device (238) of said drive Tol é
support assenbly further conprises g shaft sleeve (236) which is fixed to
the drive roller gear (206, 207) and extends axially out fromone end of
the drive roll egofsasing(addalits OF InterMeshingtpRiire intludlagtht lehstiaghir ondrivent r ol

devi ce (238) further corrgrises a begri ng that |s ﬁgﬁg\g)rted b% .t he

material transf ENCEERIFILP0 20D supRoFted pn FsaRectyfAryg o 2ot AsseRIblicSe 1 ol | er
(118) shaft (212)d ordRH niofd idiefidfidte SdafiaM Qriting EitABuBNtRdh MithQleadt 6N sai d
roller drive gear (206, 7) and into contact with said bearing. 5. The
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conveyor systenPf ivggoljes gfare@09:204) ai m 1 wherein said nmaterial transfer
structure (104) includes a side wall to opposite sides of which extends
said shaft (Zlle‘%m such that said object drive rollers (118) are on an
interior side3-offhe genveyosisyenmnliOR) asaerited iy aimpl ifhegein said oamnressiBnpr essi on
adj ust nent devi s Aoied £ Lk Gl : : | are to an
opposite, exter %@Pgtéé%edegg © @é?gﬂg% lfrnglhgés(a clbggk?%%&péﬁqg@é%ﬁ\ﬁ/tgg%%@syst em (102)
as recited in cland saidshafi€218) mchidesch thrsagedend powhich dy meuntasidaiddevi ce (240,
246) further co | Ses I - \M L i nut (242)
bei ng positi oneggébégszongagiugﬁﬁ?{]%Q?%??1%?6%}’%1 agﬁlgﬁgksq%naﬁk%qétg?? (212) and
bei ng i n cont acffristionhleosteil devieaR38)g nut (242). 7. A nethod of adjusting an
adjustable | oad clutch (238, 240, 234) of a conveyor system (102)
according to claim11 conprising adjusting a position of an 1 1 MAY 2004 32
adj ust abl e coapras somBydBHEIEaN (1024 re@t8 jn daimakwheyeih waitl fidatios oogrobss or

| essen conpressjon w.th respect to a slip roller. drive.gear ich slip
roller drive gedf¥icy &éhﬂf@%‘aﬁ‘“m? Hﬁuﬂli%gr@l%%eﬁ“%ix @g\l}eer RIS aglﬁafmt erior end
facing an ext erisReves@Bé)amtchob fiiedomhealtve réllet pear €206, 207wl exeentls i cti on
control device (238) having end t h an, ext ernal

; an i nter.nal i act, w ]
side of said sli#yafy P!*%FOHH?&%F@Q ghdp gﬂ‘éﬁﬁ?“%ﬁ%eé%?%‘ﬁ A0 G etem i act wi ¢ h
an internal si dgyfon%Bhitbl ASVitSRY) fariled IROHEHEE HbealBFIAL is 6FPOrted6) whi ch s
received on an external end of a )
the material transfer support structure (104) and surrounds the drive roller
(118) shaft (212), and said shaft sleeve extends axially out from said roller

drive gear (206, 207) and into contact with said bearing.

5. The conveyor system (102) as recited in claim 1 wherein said material transfer
structure (104) includes a side wall to opposite sides of which extends said
shaft (212) such that said object drive rollers (118) are on an interior side of
said side wall, and said spur gear (206), compression adjustment device (240,
246) and friction control device (238) are to an opposite, external side of said

frame (108).

6. The conveyor system (102) as recited in claim 5 wherein said compression
adjustment device (240, 246) further comprises a locking nut (242) with said
locking nut (242) being positioned at an axially external free end of said shaft

(212) and being in contact with said locking nut (242).

7. A method of adjusting an adjustable load clutch (238, 240, 234) of a conveyor

system (102) according to claim 1 comprising adjusting a position of an



shaft (212) which al so supports said slip roller drive gear, the ithrMAyr 2004
sleeve and said friction control device (238). ‘
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adjustable compression member (240, 246) so as to further compress or lessen
compression with respect to a slip roller drive gear, which slip roller drive gear
includes a fixed interior sleeve having an interior end facing an exterior
surface of a conveyor frame structure, a friction control device (238) having
an internal end in contact with an external side of said slip roller drive gear
and an external end in contact with an internal side of said adjustable
compression member (240, 246) which is received on an external end of a
shaft (212) which also supports said slip roller drive gear, the interior sleeve

and said friction control device (238).






