(54) Title: MATERI AL TRANSFER SYSTEM (57) Abstract: A conveyor1 stnmm'

(102) that is particularly suited for clean roomusage and which can
operate on a pre-determned to and readily adjustable drive roller (118)
gear slippage basis (206, 207, 236, 238, 240) so as toy acconmodate

different pallet O |oadMATHRIATETRANSEERSSWETENS carried out by way of
Z sinple adjustnent in the sTip (S setting of the drive gears (206, 207).
n
FIELD OF THE INVENTION
The present invention is directed at a material transfer system particularly

suited for use in a clean room environment.

BACKGROUND OF THE INVENTION

There exists in the prior art roller-chain type conveyor systems employing an
endless chain carrying a plurality of idler rollers arranged at regular intervals. Objects
to be conveyed are mounted on the idler rollers and carried along therewith. Since
idler rollers are involved, it is possible to stop an object at a desired station by
applying a resistance to movement. However, in such a system the chain and rollers
are continuously driven under the stopped object. This leads to significant vibration so
as to limit the range of usage of such systems. In addition, due to the vibration and a
variety of other factors, a significant amount of particulate matter is generated
rendering such systems not well suited for clean room environments.

In an effort to avoid some of the difficulty associated with roller chain
conveyor systems, there has been proposed 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 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
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t here has been proposed a roll pe conve yste whi ch
of U. Sp Patgnt No. 5,485, 911 1ntro uces the pot%txal ?or misalignment upon, for

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



drives the object by the rotating torque of a plurality of stationdry MAY 2004
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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
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as extensive down tinme upon conponent breakdown or wear replacenert,

i nvol ving tgnskRgetting in position of the heavy connofbﬁ%(%oy,@olgshaft and
the introduction of different, and not readily conpensatable, slippage

| evels. In addition, the arrangenent of U S. Patent No. 5,485,911

I ntroduces the potential for m salignment upon, for exanple, tenperature
expansi on or |ongitudinal bowi ng of jhe drive shaft. In addition, any
shaft vibration is also carried along the shaft's length so as to induce

Vi br at 4igembRhd Gdpenddts ift e rolidrdBYSsysimC W nAayh ﬁﬂd%ﬂ-ﬁ:ﬁﬁ?@ away > Patent

No. 5,971,137 illustrates another “conveyor system atures

cant i | ettiedyset frthayithinghe gaving geantrain such tpt hen a stationagy Sarriprgquewet ochigs

5,971, . vy | t.oOt beldizdar @vel ing al ong a gui deway
pr ovi d%@zwqaﬁﬁat?{'\tﬁéﬂgwaﬁgmr‘g%ﬁ%lc?rt?a?wﬁgspr| n(zgéd\'/vas her clutch is also
descri bed. Alba,shrpughais¢ of)) fox exhmpld) Aigh densilecdtrength,dow fvatendisyrptiom self cessi ng

drive nent s n.bel t bindi or belt breakage and a not readily
ad] ust SBTGRpE PIgied Plasic gears, g8 e sofeotiop ol torgue el Tmste AmeR, cace

I Nt r odwaisidssion tine pvsilel with theiddsctioh ofelbpatarofdite/dohveyes thobd ik echievpd kigienent s
and ad&ds.t nents are Pat ent . .9,558,205.intro ‘?%:]es anot her

de U. S.
t oot heBfUHERTY/BFRY E‘“b‘ﬁ Pith sompegnts Hiaf g no 13 parfiple gmissioy Ch#ie ch

suffer ﬁgﬁ]&ﬁk{l};&i Fekibtasht s6 baioha6id onbtiRésS TOE prRebrie@Eel A fuBricatiffo AN irichibh)
5,971,137. U 'S, Patent No. 3,374,877 illustrates another conveyor system

whi ch nissted plastic geamseare wear sesistangs whils alsorprovidias 3 oM abratio sRePtFRSTRIdapt abl e
t0 seCtiRRRineaRNThe Pt B trald \§stbmexi¥hding A0k Be ﬁlﬂéth %lmhﬁ Q8eydr volils iRt

material transfer sOpport strudcture wherein a plurality of” object drive

r ol | er epnjumeticay witinihe dtherl comgponents of the| presentiinvgntism to) proyise pdow wibrationyplieat

assenb | . | | | Ve ol " e supported
by sai cgpar, et PYIRREL SSRRTHC o e Mlaiin’aBkt Gkl Tlle® 2P0
suppor quatiescanddchiesed; omgart] theough theiuseofihigh strengtis plpgticirollesh(igt, caridrefiteai d shaf t

having_an axjally interior end ort.ing.respective. object drive

rol | errse}nr} c fté%} f“ﬁﬂ&?&“’ﬁ% 1 g\}aﬁg%[} et&fef g’f"ﬁﬁl&g 71084 vﬁ%ratééncfgxs/ﬁ‘i%f‘? eamrol | er

drive iollefyiigs Sipporedhyherlies iferidirdeticutsct itk apbliler of cativéyed objedt] Bers support ed

on said drive roller su%ﬁﬁrt. asse,HbItj es, sai d.downstreamroll 3{1 drive
gforg fo

t r ansnf*e@iplna safinabyprethane Folier Heg prgy Ve iRatiane Saonth eonyeyanes WilE s pect i ve
shaf t Sthe hiphHriRRh@R4lity 85thélaiMABRLSn ring of, for example, polyurethane, ensures a

positive transfer 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
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wat er Beduqtpaliey movg@q:qt within individual 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.
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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.
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5is an end elevational view of that which is shown in Figure 1, with an

added DETALED DESARIPTION as the supported |oad and with the side end of
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Fi gur e aséembly af ti® preseht irviehtioal. \Als shovaf in Figgreal, emtetial trasfer ayseanibdyd 102y dashed

lines Icgmllazrisgsusru%pcf'rt 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 facilitiating 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



Figure 8A illustrates a notor nmount of the present invention in

.conjunction with the wupstreamdrive system Figure 8B illustrat es Tt hMAY 2004
not or nmount casing. Figure 9Ais an illustration of a roller drive

assenbly. AU 9B shows a cross-sectional view of a BEFHCOYWAR.  Fi gures

1 OA, B, Cand Drepresent a top plan, end el evational, side elevational,
and bottomview of the main frane of the material transfer assenbly shown
in Figure 1. Figures 11A, B and C represent a top plan, end el evational,
side el evational view and bottomvig&w of the idler frane of the material
transfer assenbly shown in Figure 1. Figure 12A is an illustration of a
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Figure 15A in object sSupport a side view of an idler
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interface between transfer assembly 102 and support stand 332 and/or by way of a swivel foot
such as Sw for the support stand 338.

By manipulation of adjustment of swivel conngction Sw the conveyor travel plane can be
adjusted to the desired setting whether or not there exists deviations in the underlying support
from a horizontal plane. The desired setting is typically one wherein the material transfer
assembly is horizontally oriented to provide 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
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f ast enesprésaitedsin Faghre fissnaiieained 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
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frame 108 and abutting 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



present invention. ldler rollers 116 are shown positioned within cheﬁqggcqm“
space 110 and thus internal and below the upper edge of idler frame

Figures 1 iodadsabgirther illustrates an equal number of pcdfsGdddesnsr ol | ers

118 which are shown arranged sous to share a common axis of rotation with
regard to a respective idler roller counterpart positioned across

cl earance space 110. As the roller axis for nmutual driving/idler roller
sets are coincident, and the contactnsurface of the idler rollers falls

on a common horlzontal plane, a pallet 120 (or actual product) to be
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pref er F‘Eﬂ“es’% gbqsaaqagteraﬁlcf, ﬂ&f&‘f’ﬁg&?f’ §h‘ﬁ‘§“§¥’ ?,‘ﬂ 45\”"%@8%’2 eSSt t hr eaded
nuts ahewever, e Mdver srarivérd Folled pet drive bkﬂisYsQBﬁsS?@‘éﬁfalelnﬂteﬁ@dﬂie sdngélof hat the

sensor can be inserted in_position and held of the pair, ,qf nuts
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relied upon ependi ng on the nature of the conveyance arrangenent and

obj ect €profstahly in nafpmp'd Idnwiransnussmn 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
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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



drive subsystens are al so considered part of the present invention. Dug t(ﬁ
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transm ssion assenbly is pré?eré)b Q'a gear train systemsuch as a

cont i nd¢alscsie in drivingf engagementyvithydrives puliey /i@ Brives pullgymlfodeagures pdleyron gear
nodul e e i hed hel o I n drievi co ni ' t upstream
drive {1 r% aﬁ%g }nﬂs 2‘.9%%%@2"5@6%%%{’8°°5? Vsof‘&ﬁ?é dri Vgﬁ%ﬁ%«{t}?&%&t&éﬂdﬁg%&i t her eby
I ncl udidtiee trambimissionk domplriaticmzntd posgble ugdenths prexéne intremipnothis ilusoared he

downstream dri vi onponent of. the upstreamdrjve transni ssion assenbly.
To. avoP e dete APHTTR Sy maiRes £ VBRE DR R Prpteen BRPERY el
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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.



received within a respective notor nount hole 146 as best shown in Iﬂtﬁ@ 2004
1CC so as to extend partially into the clearance space. Mtor nount

146 is sized to accept the notor preferably in a slidin reI ionshi p but

I s nmade Iaﬂj’e‘"’éﬁ'}ﬁgh to accept the upper tolerance ran e/ é93 not or

casing. To help in facilitating a secure attachnent of each notor 140 to

main frame 108, yoke assenbly 150 is utilized and is best shown in

Figures 6 and 8A and 8B. Yoke 150 is;, 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 Tléﬁnﬁmeuq?éh%ﬂ milgg&r toREALRRS Rl et Kﬁ:&&ﬁ%tf&%fﬁ:ﬁ%ﬁ@ﬂﬂyi nt er nal

yoke section . Section represents an external perip section
desi gnddo ang thwetetlmss, iimpasitive ngQsmmlSIatssoeﬂgam( 1®®r pulléyd 70 88h deibent  agai nst
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Lre" st boltl R 225 i BeGeple RS TS CRBoGE R U a el Lo
secti on, (ﬁaﬁﬂaﬁﬂm gor&r;fomgaﬂthné bélt @iithfoe tvithdut aet-stitie! propeiesly veithEiffernal stéel t he

front face, main wing extensions of the notor, or a set of notor housing
conpreé%’iswﬁsﬁné&ks (not shown) or ii MAY 2004 VO 01/ 38205 PCT/ SGDO/ 00193

13 a cage IUh&erarpfa&%rfaa&onemptdrﬁapm)eylim{aesﬁfeuhn@udﬂtéét@ﬁ@e&hemﬁaas for
securenment of the driving source in a fixed position with respect to the

si de f rcharacteristitsens thosgofthetiming belh 1 7endmaterpiiley Wac by tbisaray. tharg ishest shown in
Fi gur eﬁmﬁmﬁgg el%a%?t&%{x%ﬁovﬁt@%}gi)% 1%61% Qhd m&,ﬁmlﬁl@st@ﬁqm 1 egh  shaft

reception ter nal e notor drive shaft 166 is
at t achdlt the comteyor trapsporting speed ignpduced with respm todhesstqpl downgation B sgfE@g | ooki ng

170, 2. 0N B o, G35 S el ludhon bEE AR RS of B Rufle 12 0] D e
13A- Sr:b pallelyzrzmli askeéoﬁuct)tmltphe&smq;greampedcm bpadlueﬁzdﬂumhrshm mmﬂrfr‘zﬁl Onan o
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def i nedo (¥ carésBéridafy thieaded hbkéd 78 ﬁ@mt&ﬁlleyﬁhe Uik mﬂ@emﬁﬁhhurbiinmihppul | ey

170 are in driving engagenent wt 174 (see Fi 12D) havi ng
t eet h rpeﬁﬁver@e@mqgsmﬁ%oq TRigienslup Mh&e éllwgs %mﬂ %Stﬁaéﬁif'?“v@ntgﬁf@ra@y

tr.ansmggdgn a%séi&ohﬁﬁhho&ffomh%gqyé v raidbeBidin teendt@giulleyof ti mi ng

belt 174. Ti m nﬁ 74 also is in driving engagenent with driven
pul | ey and drivenypuileys thegpurepar203 shariag e geramop ghaft jth 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



flanges 171' and 173'; belt receptor recess 175 and 177'. Wile a gaji}?&w 2004
of notor-upstream drive transm ssions conbi nations are possi bl e unde e
present invention, this illustrated positive drive relationship (i.e.,

mai nt ai ni nd"3NB8B vel ocity ratios between driving and d‘Fqli’/séi‘?"/"“é’ﬁafts) is
beneficial fromthe standpoint that a preferred enbodi nent of the entire
roller drive transm ssion features a no slippage power energy

transm ssion fromthe drive source 140 to all drive rollers 118 (with the

bel ow descri bed adjustable clutch proyiding the means for achieving
pre-set_drive roller gear shaft slippage upon a certain roller resistance
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dri vi ngpy ' Sl th ri art. with difficult
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and updavadinsdes teglifferentisteithestivobearingeaditias. rel ati onship, motor 140 is an AC
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positivye drive transm ssion fashion, notor pu
176. Fil$RIPEdednn the exjerpal sidg of mpin flame d 08 and intemakto spur igpas 202 Spiur gean0Del t 174

havi Ng ha®AYIRGHAI &xddnsion 1 Pt (90 Bkl pd/4 1S
pr ef er abl, .@)21 T2.5 tim ng%gdt%%?rnsgﬁg%nggsr danc@vﬁepﬁ'%ilﬁ??rfﬁab\% th the
pr ef er PeHtQnsf glosestyp tgg extepiotSirfses of gheandmframOarginaxtendiory 188 in cdntatewitand 40 f or
a pol yug e I ' OF -\ ntissd atid roperties) with internal
st eel l‘I’te s?(@)n%??%#dés@ph%nlg{g?wgi%%%%‘?g%ﬁ1 e*ngrqcag%@ﬁbs,pr 20¥n pulley 176
has 30 pravisteth spakércteeveeki7iwHichie farined sfarelativhaloadii@ionsidteial Mat dvigse of the
timng |t..,174. a tor.pulley 170...1n this way, there is, provided a
1:2 st é’%’?‘ i mra%f‘?ﬂ’“gg‘fwé’ﬁ“mﬁ/ tg1s hidine e ufmﬁblpé%ﬂl ixed bearipg rags dpd of 1: 2
I s suclits lowhaimprd3sion SemtitR\oarthd pulle@ ARt i ng speed is reduced with respect to
the step dox/n ratio_.By varying the step down ratio, by, for exanple,
mani pul at i oft® SPVRRE Figyses 18 Arkr,iths arangegtent of dherrpsentiipwention allaws oy sapith d
assocCi edn@taliml keinsdrtid SF the AriG@afullS PRSP R nidEdd ipBiY . in Figure
12B, gr Lven pulley 176 pref e.rgbﬁs&al so has a thlPea edseﬁgfyzliﬁ) " for
r ecei ptesyed that adifferent stepidevn satieibe dmplemented (whish siep dpwmtingeis sebjetitbabe hol e 178
for mothirditohfdyortfihsterriis Spéd UPGHE Blsir® BddivicE aofiBortht it 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"



positive energy transm ssion relationship while allowing for rapid EyﬁgﬁNINMk
adj ustnent such as different pulley/timng belt conbinations for cha ng
the gear raj tween the notor pulley and driven pulle t he spur gear
202 sharingxggé%ﬁﬁnn shaft with driven pulley 176, and PQT $Wﬂﬁ¥9y t he
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
frommain frame 108 by way of driven_shaft 180 having an enl arged head
182, an internediate cylindrical poﬂ?ion 184 and an outer generally

cylindrjcal ., extension,186 having Qpposin | af . surface cut outs. The
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W Th gadterPHARRATs s BAdMNEIREAR HaterP 2VallhNOB6M & ebrihg IRt hEN | O
surface of the main frame and extension 188 in contact wth pulley 176.
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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) :



desired that a different step down ratio be inplenented (which step]dpMAY 2004
range i s subject to the required conveyor transferring speed) or upon a
desire to swowissoes conponent part of the driven pullepcaagfigeley shown in

Fi gure 13A, an operator need only rel ease fastener 178, slide the driven
pulley 176 off fromthe two faced shaft extension, and then slide spur

gear 188 off the flat faced shaft extension, followed by the reinsertion

of a replacenent set. As shown in Figures 3B, 13B, spur gear 202 is

provided with a central key slot that is designed to have the sane general
configuration and an axial friction slide relationship with respect to the
opposi ng—l face extension section 186 of shaft 180. The interior
recept gr ho| MoghlePYldgzy 38337 s |desigrggl in imligr faghion tfq pro\i de

rapid ijnserfion anq renoyal and a poditive|drive|interrel ati dnship.] Spur
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preferably pt or | ¢wer than that of acetal [ Wil ¢ provilding Wear | flactors
approaghi ng| tradi ti{onal PTFE | §bricaffed cofposites so 4s to grné%?)ly reduce
stick/slrp occurrences. AIso, the nmatertal _prererapty fasamrTmjection
shrink rate and flowrate the sane or simlar to acetal or nylon.

Addi ti onal | yith medulp et Riamsterfmmeridal has mechani cal properties sinmilar to
acetal, and a high i npdtofiteslh st arfce simlar to or greater than acetal as

vell as a WohRE varfths %thélpg{?eg{ ﬁfsngc Xre%gﬁ%ylgfg%%er ﬁ?@é x%.ﬁe%ftr?%?seht@ t of

acetal and | ower than nma as nylon ererr erial that
sat i sf ires (Ayrbove d prefeired rugecwhilsdRirepitesents anevénuniers ptefdnied r:Oydvith cefpaset e

mat er i j L l.e . nj L on erial available fr N

gt neds b HofiorPedtplPecaPRodleE VR T MR ppdgiutoy YA | o
mat er i &bstemized debof geara mhich areremeshted by Figtres S22 land3B With thergiralli shbwfin Hoechst
and Delt i n( erial of DuPont. Ln.a preferre bogdi ment gear 202 is
si zed t"rf%‘“‘s%%@“ epeatent; the eay shoim fgw AB & rdg‘&?yn? T FF@P‘th°depi ction
of sputergiissihig thivRieds hffer iieFdetufdits@rbinddat eri al and size characteristics)

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



with mnor differences such as the shaft reception cavity configuraiiﬁw 2004
and, preferably also in the axial |length of spur gear flange extensi AXS

can be seeRyd§1R8a conparison of Figure 3B and 3C). | npdrdiiofibeads ed
enbodi ment, the spur gear 202 generally has the follow ng features (all

| ength dinensions in nmMms) with the referenced neasurenent |etters being
illustrated in the spur gear shown in Figure 9B (although Figure 9A is
directed at a type B spur gear shovvrl in figure 3C as opposed to the
driven pulley nount spur gear 202 regresent ed by gear Ain Figure 3B) : 1
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= D a ; = of z i l.e vari.ous other ur. gear, di mensi ons
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range voihet msifive epprgytmnimisdon drirenrainsysterns Bi6and &3B. rEhagehedischssionfter ence to
an unc om zed..Sput. r enbodi ment., While the set. represents a

oot AtieR s el Fuplipablito e B Caersaion Syp- syt e AR By coent ed by
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the gear shown in Figure 3B. Accordingly "4.5" represents the renmaining
t hi ckné@%@safﬁiaﬂ%§ can betee from @ cpyparisen offiguees 3889 36i mensi ons have

shown to WoGkry®ieland BoPae e4ch 3hppBRed'by dantiiBRr ?o@l@x"ﬁpﬁ&ﬁfsﬁénhﬂfhlm&@r and
upstreamdrive transm ssion assenbly 142, although.other gear size and
oot h_skHavin Figsres SAiao thercuptode G Fiovadn BigeRerl5AnE. b6 mmin FIBeRisdn. Al so,
with t rl‘§13,acﬁ’i'vj= bdiér 112 i??e%“e&' to rolier shaft 212 having first end 214 positioned internally with

respect to main frame 108 and preferably includes a threaded aperture 216 for receiving threaded

fastener 218 which is shaped so as to fix roller 118 to shaft 212. Roller shaft 212 further includes

flange section 220 partially received within a corresponding recess 215 formed in the external

side of the main body.of roller 118. That is, the inside diameter of roller 118 is slid over first end

214 and a C-sunk screw is threaded into threaded aperture 216 so as to compress flange 220

against the portion of drive roller 118 defining the flange reception recess 215. Flange 222 of

internal bearing 226 is flush with the internal side of main frame 108 and faces the shaft flange

section 214. Main frame 108 includes roller shaft assembly holes 224 which are 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



renove pulley 176 from shaft 180 upon |oosening the |ocking fastenef 1S AR V2004
receive in threaded hole 178" (or sone other associated or independent

shaft fast )..lepl acenment of spur gear 202 supported_in the driven

shaft asseﬁ%ﬁ}”ﬁ‘ﬁ can easily be acconplished. As shownP$TSEMUPLs 3A 4

and 6, gear 202 is in direct torque transm ssion contact with respect to
gear 206 (to the left in the Figure 6 view) and gear 208 (to the right in
Figure 6) which 1 1 MAY 2004 WD 01/ 38205 PCT/ S0/ 00193 18 gears 206, 208
form part of the positive energy trabsnission drive train system 136 of

Figure 4 tendi n argllel wth the direction of conveyance and
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positive energy transmission drive train systens 136 and 138. t he
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sub-sy%}ggﬁd G&lee?btlﬁ‘"tﬁ'éqﬂv%n{i the ultimte nunber of driving rollers).

CGears 206 and 208 al so prgfe_ra'ly have the sane size and characteristics
as gear 202Ako pesitionigd on edlindfical aection 232drolisnshad212 isgdjusteblg BadioltcBC. Gear s
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f ast endorcefifrelatibrizhiipivithaBspeetdo the intérior diafeter 6f3bluciear20D8 ahdthasprovideda?. Rol | er

shaft 212 further, i ncl ude flange section 220 partj.all ceived within a
cor r es [FS¥ET HProtection to e prefershlypgeld qucﬁ%“gé‘iﬂsg?wgea%i%&e‘@é:"{ﬁ@ mai n bodyof

rol I er fi&&-ablif battnds %nlﬁ'tarkﬁoﬂ't Bistafi® ailiafyBitdomithe é&binﬁéssi%%@pd'r geat bod) @yGr first

end 2 and a Gsunk screw is threaded into threaded aperture 2 SO0 as

to conprie dmmyand pepfergblp only gboyh Jmm) ped tewand;thafixed owtes saee of g hepring I tisf j ni ng
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flush w e I nter mai n .and faces the shaft flange
sect i ordu@thpn ektginal forcandparOgoppagsl af dadt 213) gear 206 vdthiits fixedintemal insdrewilD 24 whi ch

b ; - - . ;
For 1 or SouRE ol Pl neorAap e TR R bR e A SRR, 2
10) . Rouivwerd adentiing Blebvesand 2k fixed partizeof thebeasingduedo the belowglesveibets such as

" cpr os AHERRIRSIoIh 234 brtitvefign e Bt 1 3P Ee HR= EshodFent oy nge

are pr gkdpeiss vn the tailgitiflg ftefial (6.2., B siviRred bidnzefbr @B thick amubir eleeva286) (race)
and a noveable interior part (race), As W %h t he |%?r.nal sfl , . a second
provides for an advantageous, low particle emission clutch assembly. e it 1s 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



bearing 228 has a flange section 230 placed in an abutting rel atioispm\, 004
wWth respect to the external side wall of main frane 108 and has an ez
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19 preferably simlar to those descrg@ed above with respect to driven
shaft 180. Preferably the flange anQ outer race of the bearing 228

repres ' Eurfhdd | ce having a transition fit to
t he fr?ggsgﬁébﬁaggél ange s&%%ﬁ%%?‘éﬁy x)%?eé{eﬁl’y stop. Thus, only the inner
race rot at esWorking axiallyfoutwazditheretioshowe miairofiictidnecontrel elevite288, ddso posi t i oned

on cyli | Gl 2 |er.shaft. 212 i§ adj.ustable |oad clutch
assenbl@%‘?gﬁé%?@ﬁ%%pggvgcf ggé‘r#&é"%‘ﬁ%ﬂ&‘ﬁ% mi‘eé'ii V"Béng‘lg\é‘é\}g‘\%ﬂl} which is
pr Ff er aﬁibt%qn&om.ml rlc]lz\a‘ce 238 éesnppated :bg nﬁﬁx_dﬁa}l bevtion aszsdﬂ'zsguszm f2f I f}ﬁr}eféﬁ%dl 2 (and

rel ati onshi,. th. respect tq .cylindrical section of . shaft 2 an

t hus i smg’gg‘%eé\@’ mnﬁ?)‘??na?ﬁﬁmgldf%f%(gﬁﬁﬁmﬁ/a Washay 2398nd & $ip Bre24l Wity of er abl v
in a fwishe 289 forted ¢l el fiidlidn level MARAA thad isl RBerhll nlabfadidpan®hal Of spur
gear 206, and thus provides a degree of protection to the preferably self
| ubr i cef‘_l‘ﬁt?ﬁigf%?sﬁ'?’c‘ﬁh@gsarﬂﬁ?'d@f@&?‘.“’dﬁmﬂ’z@@%F’SI_BS sqb focF Rpdetarmuned t ends only a
short  compRege I@le.aﬂaYisP?lEinfﬂ%ti@ntcgﬂ:o?ﬂ B & i3l in GE R R Walifer 9- - fl

to Smm and preferably only about 2nmm) and towar I xed outer race o
t he bedprmeg of aminternediate figtion epefficinnt leksl isuchyas arelpsivelyisoft matsrinlsuétoas i s r educed

si gni figan . ' ' .nal force.
pon stanedty §aRe3oblgkte, Bl ShABRG piltiest BuBBOTBRIES | LT
cont i nipbrading and particleidissipagioronveyor operation. The axial |oad invol ved

bet ween t hessl ighily, outwar endi sl eeve and the fixed rtion of

t he bearing ﬁ@g{f’%‘ht“h‘é"sﬁ%ﬁ%ﬁﬂﬂgéﬁ %tnggblﬁﬁfﬁg%ﬁea% PEQEQE&%W‘%RP ﬁgeve

rel at i \236 yo astorprot¥ide Sufﬁa'ﬁhtm‘ictidnl‘coﬁtﬁajalyﬁﬁdt theiButfdck Bf thé ﬁxajbg QiafeteR) Ext?ﬁﬁld wgar
properties the contgctin teri .Qg., a sintere ronze for a 2mm
Phick. dhiitre e of S@Marz@éfsmg?%fﬁé@eaﬁ?%&%vm@w&s IPR38F VAN cl e

eni ssi GHctioh\éiabd) ThE SRBHIr¥nd ¥¥\ldeRe 236 ik PreREMIyEMmak bfsct A frddihg plai@dsineve i n

abutting relationship with a stationary race cor@on,ent of the fixed in

posi t i OX thesstemahgiriags 3o I geqran anigh &0 infeefergvath tios contaetbmtwesn a | onger
| engt N sHlrRe 83 bl Washdr386'td dchievd &b %Eiél%?{?dv%l? t"#‘{“ﬁ géa?%&? Céliptrrglgbbﬁ I nner race

of the bearing so as to rotate togethe I nner e while in a

sl ide eseiyes al Al thrvghits interul hole andens au frterionsidein contattavith therextruio t i on.

Sl eeve 38e Galler PoS Uil 386l ALRALRE ARk B e 0 Bk Bicol b2t 1 ON
erein the sl'éevé itse unctions as an

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
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(e.g., a novable inner race), or can be received within a recepti
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as the bearing is preferred. Wrking axially outward there is shown main

friction control device 238, and cogpre55|on adj ust ment device 240. In

the preferred enbodi nent shown in Figure 15A, main friction control
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shaft 2 l.é rth i ncl ude
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nut which is well suited for a predeterm ned conpression
and wear ring 241) such that slippage in the gear and fixed sleeve is initiated along shp planes S1

and S2 in a preferred 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
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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



Therefore, adjustable clutch assenbly 234 is useful in establishing
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01/ 3820BwRdl L@otdl derleremoved for draftsman convenience. Figure 6 illustrates a suitable

intermediate drive train system 136 similar to that used in drive train systems 134 and 138, Idler

gears 266 and 268 are preferably the same as gears 206 and 208 so as to maintain a consistent
roller drive speed along 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
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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
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| east e bifeey St it AR, B ofihote, LG 190 Wiy 05 GGy R oot s =
PCT/ SCdfibtdnoed ‘B> f&&hé pllgr shald Ee):cptm‘hiblasmhmhm eprefeabd ymbddithad stabaut 20ito  of
rol ler 68rn|u;1/ (\?Viith %8 ge?r?gr gre}M rrtecpwﬁirch Vv\vlioEkQ %v%h w?t[ﬁ 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



externally positioned idler gear (e.g., gear 266), and even nore MAY 200‘&
preferably a main frame supported gear set conprising at | east one1 [3a|r
of roller qgaxl?rzspur gears and at |east one internediate sqour ear with
each arrangtd®¥ ¥ Bpposite sides of an internediate | ar gBCH¥PI0Q9% i ven
spur gear such as gear 202. One enbodi nent of a main franme supported gear
set has all of the gears arranged so as to have a rotation axis on a
comon horizontal plane. That is, as can be seen in Figure 3A, B and C
there is positioned a |arge pulley 6 ven spur gear denoted "A" in Figure
3A and ,sho in Figure 3B and a _series of sane type spur gears with B
represé?lP‘P\P,ﬁ\@eFﬁ?I?% “W%rélbiﬂue’aémnwmeMe%b% e@profi dl er gears
spaced mgfipleqid deive Brtents\thoaDbwSfor MEredked varRilitydAf réspeto fro er drive gear
and the driven pulley geargé‘grpw di ng_an opposite roller rotgtlon

di r ect iTRAdjfied corvexer pEmens lengthe Witk manyef] thespme bpsjespmpengats. ws, ftownst r eam

(pr ef cleaBhe i uRRGR) iffveSiidy (ﬁf;@@hgpiﬁsﬁ&w RHAOOE ottt arveW0GAL 1 e

central driver shaft” gears 2 e sane” design, the 1drer gears
pass orl34anbidfachy foatureiasentrah driven shaftigearqith fowndoivenvollére (willsintepmadiateli ng for a

120 1 ‘B Atk Oyep ok ol R, Bl R 18 B gl 07

syst emidlétgears) extending idigitadinaliyoutyast. Infemmadintaitiva raimaysaem 136 featares thrdecv er
shaft frane.locations are set .so that the.desired roller spacing is

2ehi ov BTG i PR R 0B e P wet B Pl oGt R geardBABe10s.  For

eé arrPI &tratrflgeﬂﬁiitlﬁT wacsdide? i tainfutedtal ﬁ’anﬁﬁil‘ﬁsﬁéﬁblﬁkirl]@h bﬁab@&irsoeﬁmaﬁef i;tjtﬁrinr{ggi gt ance
"S" for the.ro r shaft .receptor hales ich.in preferred enbodi nent is
about éwelt%dm@ﬁrﬁw_ s 7R H e a et saited e AL vi th o

typi Calsyd@ad. T predintlnddtibr s HEablyVetihtile i Batihibugdibaxtéabion BN highibdpet h the
idler gears and the drive roller gears. This sane spacing "S' is provided

bet weettriving rellers dosmstesemsfory driviergeati{peaferaely p contigkdsivengranitemultipy daiye shown i n
Figure to eaiRiddor Q?ifﬂrénpnmrgﬁ&%ﬁ siBé & a?lroﬁ%cLle}dgﬁ'gﬁhﬂg&eé peOUt above,

these values are nerely representative of sone prererred val ues that have
shown tachibvedaatide wauietyed lengths with yespact tortlixé dnadriving sofirce. hblspythsought i nvent i on,

but the esent Jd.nvention is | i . A W ' l,ze, spacing
andor KR UBAR or =) hule” (RS 1 dhFe B e Pt ke e 041 1
desi r edransferdeadahartadteristios aidl dgsived iangitudixal porveyon lengthy £gdar amangeisent canttleer shown

in Figure 4 e drive trai stens, 134, 136 .an 8_are also arranged 1
"y s WiSpt o st e B TRt 90 Indmar BB RE R s paci ng
for al Imddetd Eigsre 20 MPichETuskites HRngaRr lengthmidiial donvyor sysemlo@whéreinthe t i pl e

sub drive systens also allows for increased versatili withr ect to
pr ovi dirwber sgacing is maintained constant along the length of each mater?aﬁ transfer assembly 185 Bnd

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 whiéh 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




nodi fi ed conveyor segnent |engths with many of the sane basic conp 3”M§Y 2004
Thus, for exanple, in the twenty drive roller enbodinent illustrat I n
Figure 4, Qudglsslsi ve train systens 134 and 138 each f entr al
driver shaft gear with four driven rollers (with inter rrgglltlﬁogmﬁlgﬁl er
gears) extending longitudinally internally and a three drive roller set
(with internediate idler gears) extending |ongitudinally outward.
Internmediate drive train system 136 i7eatures three drive rollers to
opposite sides of the driver shaft dgear (with intermediate idler gears).
This gk BOERLs siFiMBL 17,3 RSl ly length
of about 800mMm ésat_urlﬁg ?\\l/%/es%‘?&l’gﬂe{/glr roﬁslgﬁ%r#{pﬂé&?%aé%ag@\?a&?ﬁ@ 108 whi ch
i s a weihichdeaturesdntstiorang exterigrtbearing|receptionshties 320 and:322. and laalpeentalior

i nvent i i ' ' ' f h epsi.on. of t.he number of
dri vi n%@‘é‘ﬁ@%@?&%&ﬁg b2ilen #%rnégb 5 E‘%"&P %@!@r ?%? beEferabty e bearings e, dr i ver
gear Wcdge bearings witk thetrenlarged hedd comprebsingeapainstshecfixed segiefli dfftiea Baatingoer on
each side.or .all .0 conmon sjde). there can b achi eved wi. de vari et

o I eniend® fatBronia 3p e SRR aeBlhErShin o P Sowtrelommiegt otb g
coor di BedringB1Df the relative power source, roller drive rotation speed
requirenents, material . transfer | gad characteristics and desired

| ongi t udi naldledglirrdySprefeeably avith dhepptipnal prospiis@ e Aot having eolywebasitighned whi ch
i's wel lictigh R hhd cdnhifdn SRR indin bhlipdaigh andmaerl 'cblmp&slﬂioh*a.l: &iviggar d,

reference is nmade to Figure 20A which'illustrates a |onger |ength
mat er i Bllerdd§ ehs candesearhyroronpatison of Figure 18 with Figire ghere algo ¢xistyrai nt ai ned

consta mpf erial transfer assenbly 102 and
acrossagre?égg%%gfap%ghgg%s%g@&éen ag&ﬁs\'/\o material transfer systens 102 and
102' . Each Figurk a9 plovBiehamsillustration ef conveyersyité 100 comprisphofta phurglgpof ed i n
cantil ever. fashion on.the. ., osjng.idler. frame 106. . Figure 17 iJl).ustrates
o or ef VRGN PR Pafhue (or 800 108 srmebesid Meompitp ongidiaL e T ° o
302. | ijestbné dfarmanlyPpbésitiéconheyor amangerhenmopevdildbisnchdeie prisentinventiod, with

di aneteg,.suifable for securing.the idle roller 116 on shaft 302. Al so
shaf t tiqral.conyntignal accesrgrics feh 5,5iops pud qrofs 8‘&“68%?"?%’8”??’?? CIPORHALs 308
(Fi gur @t sibBmibéinglalso e@dilyaatlvidd i @e bviral dofiVeyti $¥6tedf Corivelyd? systsmIEO0LAG .

Enl arged head 304 has a flat, surface 310 facing bearing 312 whjch is
spaced Figupeoi i preforably sayivaedwith somypyop interiack system 32§ which prefaably, pgudesife nai n
body Ofertdl Sodeplor Which iR fREs FilBscinedt¥022004 Y (b 3B ARRRET dnd@RQ/ 00193 27
shaft and bearings of Figure 17. "As shown, roller 116 has a shaft

r ecept commpmgrouR; clieye Sgaentolse have theirpwadirive urit and driggeapitain pystomsigadr i ng

pass n o bt oo Bl ABmERRLi Rl Sl BALETRRR, |

bear i ngentmilers 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.



cage bearings with the enl arged head conpressi ng agai nst the fixej,ﬁeﬂ8EQMU4
of that bearing and the idle roller nmain body rotating together wi

external n conmponent of the sleeve bearing 31 @l ler 116
preferably?ﬂja}ﬁﬁ?he optional exception of not having ?Kggﬁéurethane hi gh
friction ring, has a common exterior main body design and materi al
conposition as driving rollers 118 . As can be seen by a conpari son of
Figure 18 with Figure 16 there al so XIStS different internal shaft
passageway configurations. Figure 13 provides an illustration of conveyor

system 100 gQ0embol SRFbi coabattt Hhih e oRauct T BB sl FUShELI GRS ! | €5

102', 102", 102" arranged along a co ongi t udi nal “axi's IS just
one of exampieny “Jrowed”Istrsi intsrfocsyruogram stamdgsiwehichsinvoluds|agbiias ofinder t he present

Nt Lt AL LORR ook ANERN, SO 5RER SRl a Ml BotigES, 1

cross OVer conveyor system conponents
i ncl udad movetment aﬁwmvaydd objzots eyithin thysystenm Pﬁiamse:mo aﬁq{sﬂmiﬁerelsﬂa Figure 19

is preferabl I ppe th co i nterface, s m 328 ich preferably
5 oD e RS it kbt R Syt SRS i bk e e im0 10

and 10&snjunbldnavith 'Gthérboriefitichal cdnve0NEiMpofiénts sach &/6f 6to o%s,altﬁ@ have
their owmn drive unit and drive gear trajn systens an their own

sub- celfns Ganstep it o1 a pajlet mrﬁndsrelefﬁt%@ssawbbfr(awmwc%ﬂ?eﬁw 3P e syst ens

logic ﬁﬁ@t‘iﬂnﬁﬁ’Me%ﬁﬁc%ésfal}oélrh%st'cBﬁtﬁfllEﬁfB?ﬁ’ro&s&xﬂg feb¥miquRs &s&ﬁé@&ﬁ%ﬁﬂhe and/ or
each other. For exanple, a base Yokogawa Programabl e | ogic controller

(i.e. c@vwépmefow@qh Pecializpd palletsFuchoashat WMFWS aputiligedonform to the
ot her ms&g&%g eefcowahh@ﬁ{emmaeﬁ%umc&hya ﬁ!ﬂ;{eﬁns c}u't_)hfh wb rfacing.
wn by I'n

As sho conveyor emrepresentatio I gure 9 pal | ets
t r avel Nel G04J,812 62Thormettah evhichtigincerdorated herdinveyor  segment is 102" wher eupon

a certain on| erforrred w th the assist 0 nals from
the cent rafﬁ’r‘ﬁ 6’88? r%sﬁ’ﬂf m@%?ﬁ)ﬁeéegallsﬁc onsd(?fl,a% gp&?%%&f?éoﬁ m: neaﬁ I(l)’ t he
above mlﬁs&ﬁ&ﬁdpm@&‘@mgﬁlmd’maﬂsﬁﬂﬁvmqmmwhnﬁeﬁm) by propidingah | ens coat
process requi i | ea enV|r nmen 04 WO 01/ 38205
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coNt r ObonVeier SépsieRiBond i M thib %y, awmignemcaabe Stwanitiae iid tihlofl thece program
standard whjch involves a series_of conmunj catlons bet ween up and down

st r ean@PRIPrigig|cpRyexonsections 19 fagd nallpt forward besed qpy the,Hatus degignatioRy npvenent of
convey g&lmRRbt providkd BY the inptt sighal. STpropfaRHRABR WgiccttraiNd (&4., £6tStofizedOr € SUb

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



processors individualized with respect to the conveyor segnents invdl yddAY 2004
are also used in conjunction wth other conventional conveyor conponents
such as sofo ilxgepi Ng devices, a two |ane transfer uniggrseoosigal et lift
and rel ocator assenbly (none shown) Processor 330 can also function in
the capacity as a tool host controller for processing techni ques
associated with the conveyed pallet, for which specialized pallets such
as that shown in Figure 5 are utilizgd. Another exanple of controlling
pal | et novenment within a conveyor systemis found in US Pat. No.

6, 047, &tRadtéatokhom et al. which is incorporated herein. Thus, under the
present invention several sections of an overall conveyor system can be

or chest r at ethetPEespt dvveationthyspaerides a enatepial trapsfersystemavhich(anoids mamt ofdle

buf f er %}ﬂgl)cmmh Hé Bﬂ'dr%'%? p?d’vxdxﬁéwx%nﬁhgﬂ@llnvym tndhbdid sygtgrﬁ%}'tﬁ an end
segnent of the conveyof 'systemto an ‘upstream conveyor segment zone. In
t hi s weegtor shagite the mostdommstzeam drive sadlet within ia eoringn driversystena onsubfsystehe

appr op# j : g0 f . t ased on the status
Gosi gnopfantEdihe A BrinabiisshS el iishand Mol BORERG & 7 ") Ooi'c
cont r otepar is fequired tha downstinanis peuimized.Alse tHeanatdriabirghsfensystem ond@sat ed on t he

suppori. frane. struct ur, n the sane side.as the, drjv rollers rovi des
o ol Fristel 55 46 dRebilf PR RV R o S At 2P BisERiRt sl
pr ef er toeqhe pdjagedstiplchadhcfor€uoh bfthe Follar dfive @edrd in @i dkiviaipystéth witidtied i N
comuni gation with the drive source(s). that preferably includes a
capaci PBYSUBenE being tradednyrelasion te the load regeived byethe drayedpllers,(e-gqthe 3Y8538¢ £ r om t he
boar d. paletReightf! %bwaﬂmgu&fwggh YiufcR 8ystbnPWith Rsireftd Meatansier whigh t he

capacitor. based systemfor or starts electronic circuitry for renoval

of el elWePph(galist plus anveabipctssnprortadtherspn)dnthetdt rill typiendly sedycqiihe frisgiorel conveyor
syst ematRf ﬁet\w(eﬁ%e[]rﬁﬁér'aﬂi'thg ;aaiw.%r E:&Bugi%?@ﬂ&!aﬁnallé@’@f‘oﬂg& to FBSRSletbd§ a

5 on
current surge voltage) w Il occtr to initiate the notor. The
ci r cui such apthrough usepf a sensor and motarisiop signdlth&kelutch ofthe presegtinvention wdlk t ai n | evel

5, S s 0 500 A e RABLSOL ARG el
01/ 38245p i?GdY foekible, A :bAEenHSnall rodlier wﬁuwmmeﬁr ahtl eeapbedweentrollenwadpallerantihus
syst em whi ch .ava

provides.a material 1ransfer i ds.man f roblens in
Phe. br B iyfament othnts IRt R Jaskint Boidef e e w868 oyt em
f or t hefthepreseht iatatibn Whose desigiDdlio 4¥6ia8 SlufcE géfefhtdd\particll enfidsions tod dlead CoONMDN
drive system or sub-system The arrangenent of the ggoennthcri nvention is

) : ; .pr
al S0 HTCGRY SFVRRR! o the ke TEps, Jith MHeOARESERi Y gje present ifve eis

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).



repair is required the downtine is mnimzed. Also, the material L nﬂA?rZBU‘r
system provides a highly consistent and easily adjustable system 3

provi ding an easily adjusted and pregjsion set torque adjusted slip

clutch for each of the roller drive gears in the driving systemwth the

adj ust rent WHARJS ¢hMMED:r el ation to the | oad received by the drive

rollers (e.g., the average pallet weight). The advantage of having a
clutch systemwith respect to the transfer weight involved (pallet plus

any obj ects suppapoheget yeeRqN)2)j @mipkisihgit Wil typically reduce the
frictional contact Dbet we,gr th@frol | er and l{aﬁ)rpal | et. For exanple, upon a
pal l et brought to a ERPSIST HPPOLE BEHT S ough use of a sensor and

notor stop signal, thcpuﬁzhu? 6hotpdct & rBNESENS) drvsataldhd siidmaterRbsor b
nonment um i nduced t he |l et due to the earlier transfer state thereof.

As an i medi atetra %ﬁ“ﬁ@rtﬁ&‘“ﬁé%@pﬁ) e, a conventional roller will cause

wear and tear betweeppuhilyedt daPdrdld! dupborBRsbmbliBehh\dpsRiRYec®fe Particle
em ssion to the environnent which is avoided with the clutch system of

the present invebiestovarrbise (He3 prrhara Fupporisddiycrgidamnaserish regpsfrs senped particle
em ssions to a g e (F03 ThERMERRAE Hﬁvé’r"oll&ﬂ'ﬁpﬁdré‘z@semml:'%oﬁ(ﬂnrsgat he

arrangenent of the preseft invention there is provid I"ow particul ate
and | ow vi brati dnveslgwﬁere(ﬂd&)nswporthbaft @\W-)péﬂdd $1t§fté23@brh%\sﬁlm %fallb’ he system

rendering it We% terid chEh 8{1n%}e§' iV e Sh)] cP@r?\%efol(e C)ﬁ%ilS)t %?d &%%Bﬁ’ér

arrangenent of e pr esen tion ass
certification Frsralpnftraﬁsmblyrfgtﬂnetruomprismg d\tbmmrmonmlrdagce @38l andar i ng and

Aut omation | PA I 0 Srtfgs o &sﬁne%&e%m@ét’g %‘46} WJMQX g%o:%% -Ed Llﬁf CLAI MED: 1.

A conveyer system{J er support structure
(104); A plural i2x2);of Obj ect drive rollers (118) arranged al ong sai d
material transfer support..structu ve roller

support assenblies t Sakqfﬂﬁtb%copté%lgg‘@i(’? ég) 18%]“238? ﬁacrt O\I%mgf)oll Iwg?'hg (118) and
are supported by243ust adipatngd®3s) rsaiasiaeherssmpbmg ingbntactatore epd O4ch, and
wherein said dri vg roller gg ort assen&;l j es. npri 2%83 ri, el.rol | er

(118) support sH# @“(?ﬁ?ﬁr an ORI © Wﬂj‘g " I“I“ésqi nterior
end supporting kg gramt) b DOAIBGhtethal wealaebxhaegslcﬁﬂam&)mneaededwdr(ime roller

support assenbly further conprising a friction control device (238) and a
conpr essi on adj #b¥ent devi ce (240, 246) which are supported by said shaft

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)



(212); and said friction control device (238) includes a friction fqn@{“ol 04
washer (241) and a slip ring (238), said washer (241) being in cont'a aZ[U
one end with said driver gear and ff an opposite end with said slip ring
(238), and said slip ring (238) being axially internal to said
conpr essi on adj ushpilg adfwhkg of AtPmeshddkars atthdaniadleagapaespdve adj ust ment
devi ce (240, 246) being positioned ,axially e terri%l al ong sajd shaft
(212) with respEler £330 20¢) suppogted;pn (rapecyq depve TQlies giPPOR Assgdlies| | or  gear
(206, 207) and fifd GeidP hofdifitetRddidi® Ydatsln AR comhi@niSaiof wifat Mastbfid | er gear
(206, 207) being positioned axially between said drive roller (118) and
sai d conpr essi off wif duexelier sepsy20@ 0240, 246), and said conpression
adj ust mrent devi ce (240, 246) being adjustable so as to alter a slip (5)
setting of said friction control device (238); an object drive roller
drive train chnh¢ ednyeyon syssam 602 asieqited inefaiy ] whereip paichcoMmIessivn syst em
(144) which dri | i I : n said drive
é@?“ﬁ%ﬁ cfégl'cggztélo,gﬁg)/ﬁclﬁ@és aec'bﬁl})(g%%@ adj RHRRPhEERU[N

roll er support e , ownstream drive transm ssion
syst em (144) i nehdishichghaft§212pinchidésacthrgadadend opwhichdsmpountgshsaidt ed on
respective shaft . . r oy =Te thBgclaiml
wherein said objcérg{’l%ﬁ%-glmg]ru%&%\r{ﬁ(}g (%@Zﬁ%@&%?%@@ég&ﬁ@%ﬁ? rr1 gdg% roll er
drive transm ssifdctionygettenindéviceAR38). 1 MAY 2004 31 conprising a plurality of
i ntermeshing gears including at |east a pair of drive roller gears (206,
207) supported on respective drive roller support assenblies and one or
mor e i nt er medit atThe gedegorispstet (M2 recirdimélaiat 1 wherein tskid &ictiop agitrobne  of

said drive roller gear 204,..207),. 3. The caqnv r syst.em as
recited in clai ﬂe‘i‘g‘?/\&ég)e?(fﬁa‘ggf‘&e R R %ﬁem%&jﬁﬁg?rﬁgﬁ’?n 3\9%%%?% 240, 246)
i ncl udes a conprsReed @B6)adictSik AR tolthel drivé 4dl)er gean (RO6S207Y arbexteindg 212)

i ncludes a threaded end on which_i s nounted saj ression adj ust nent
nut (242) for v @“tefr%ﬂ‘t?reéé of A qlm’ler&qarsa(g@j% 28‘&??’&‘?}55611& Wt rol device
(238). friction control device (238) further comprises a bearing that is supported by

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




4. The conveyor system (102) as recited in claim1l wherein said frﬂc]imﬁy 2004
control device (238) of said drive roller support assenbly further
conprises a shaft sleeve (236) whisgh is fixed to the drive roller gear

(206, 207) and extends axially out fromone end of the drive roller gear
(206, 207), andadjbastdé consmésdion ieinbes (Q#0, 246) soab todfanthar @ohpidss) orflessenher

conprises a bearing that .is supported the material transfer support
structure (104) C%mg‘e%*m%ﬁwag’e tHea gy ’i?ggrrd(ﬂvF &rar ‘(@iléiqlpsrﬂg?{&“("ﬁeﬁ, and

sai d shaft sl eewRlw¥d etk insticd slegvehuvinizlad MtSar @nd fkingan ettediote gear (206,

207) and into contact wth said bearing. 5. . The cqqyegqéégysten1(102) as
recited in clai SiachAE? eamyexos frampsiryeyrea figtincpntrol devige (238)having o4)

includes a si de 0&dmdl n®RRGfatSvifh AQRtetfal WM S¥al%tif Fslier &dehearshaf t (212)
such that said object drive rollers are on an interior side of said

! (118) . 1 in
side wal |, and B #n exyumal gadin contag)withayiypmalsidsof s adivsitig  devi ce (240,
246) and fricti ?ngéagkticfn%erﬁi?e‘l‘tﬂ@, 1463 Fhich istedeiveddon GRBRSMA®nd @4 €7 nal  si de
of said frame (108). 6. The conveyor system (102) as recited in claim5
wher ei n said cominfe@éPovhichealjasyppastsisaid sl woller drive gear4B§ intexior flesveconpri ses a
| ocki ng nut (24 -t R sal i t (242) being positioned at an
axially externa%h?&%%Hgﬁgﬁ%¥m§§%§k§%§?? (212) and being in contact with
said | ocking nut (242). 7. A method of adjusting an adjustable |oad clutch
(238, 240, 234) of a conveyor system (102) according to claim1l
conprising adjusting a position of an 1 1 MAY 2004 32 adjustable
conpressi on nenber (240, 246) so as to further conpress or | essen
conpression 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 franme structure, a friction control
device (238) having an internal end in contact wth an external side of
said slip roller drive gear and an external end in contact with an
internal side of said adjustable conpression nenber (240, 246) which is
received on an external end of a shaft (212) which al so supports said
slip roller drive gear, the interior sleeve and said friction control
devi ce (238).





