WD 02/ 079071 PCT/ US02/ 09476 1 CARGO POAER DRIVE UNIT FIELD OF THE

| NVENTI ON The present invention relates to cargo conveying systens for use
i n novi ngwoaaigm7pn a vehicle such as an aircraft. The pr@esaniSo/maeanti on
has particular applicability inroller drive systens in which a roller is
urged upwardly against cargo 5 to be conveyed when the systemis activated
and retracted when the systemis deactlvated. BACKGROUND ART Rol | er
assenbl i es which are renovably nmounted on carriers attached to the floor
of a vehicle are widely used for conveying cargo within such vehicles.
These 10 roller assenblies or "actuators" are intended for use in systens
whi ch involve the transport of commercial and mlitary cargo containers
commonly used in the air cargo, ground cargo (trucking), rail cargo and
shi pboard cargo industries. The actuator installs into a cargo transport
vehi cl e, and provi des noti ve(ARG® POWERAIDRIVIgUNIT. e., braking) for the
containers within the vehicle. 15 The actuator, commonly called a power
drive unit or powered drive unit (PDU), works in conjunction wth external
support equi [ e loading and unloading of the cargo
cont ai ners iﬁﬁ@ﬂg%bgghﬁgbgbﬁﬁgﬁggﬂicIe. The PDU typically incorporates a
fixed frame or supprd breB@$ Snvenbbflr¥akt kdehgd dofvdyn® y@dhs &r dskARMoving
structure of the cargo vehicle. A noving drive assenbly is attached to the
support 20 bemsgo Ofhe wehicle susBegtblap firelzdedhelrnrosent ghyaytiogr haso ppiicylar or
contacting the ca . i tdin i 0

means of the %%ﬁ%@ﬁ%ﬁgﬁqg%%ﬁﬁﬁ%?gﬁ%gs%%?@%@ﬁ”%%ggﬁgﬁgﬁﬁﬁﬁﬁﬁdbgﬁ%gﬁpéﬁg?ace
and the coft ajonbé doavdyed) wiksidtie sptan if aictivated ahd ngtrhdted drhenetheobysesin i€ar go
contai ner bottons are generally snmooth, nmetallic coverings attached to a
square or rec@%ﬁﬁﬁﬁﬁi frame structure; however, they may al so 25 be nmade of
non-netallic material such as wood or reinforced plastic. WO 02/079071 2
PCT/ US02/ 09478 A ckhERBBNRWRG i ncorporates a |ift mechani smwhich raises the

drive assenbly fromits |owered position into abutnent against the cargo
cont ai ner bottom Belldgnassemblies which are removably mounted on carriers attached to the

floor of a vehicle are widely used for conveying cargo within such vehicles. These

10 roller assemblies or "actuators" are intended for use in systems which involve the
transport of commercial and military cargo containers commonly used in the air
cargo, ground cargo (trucking), rail cargo and shipboard cargo industries. The
actuator installs into a cargo transport vehicle, and provides motive force and holding
(i.e., braking) for the containers within the vehicle.

15 The actuator, commonly called a power drive unit or powered drive unit
(PDU), works in conjunction with external support equipment to facilitate the loading
and unloading of the cargo containers into and out of the vehicle. The PDU typically
incorporates a fixed frame or support base rigidly attached to the floor or floor
structure of the cargo vehicle. A moving drive assembly is attached to the support

20 base. The drive assembly includes drive roller or rollers for contacting the cargo
containers and providing motive force to them by means of the frictional coefficient
between an elastomeric roller surface and the cbntainer bottom, and a motor for
rotating the drive roller. Cargo container bottoms are generally smooth, metallic
coverings attached to a square or rectangular frame structure; however, they may also

25 be made of non-metallic material such as wood or reinforced plastic.



rotating cans on a common canshaft agai nst reaction points or bearings in
the support base. The |ift mechani sm provides the vertical force to the
drive rolwero2/owrch 5 in turn provides the frictional for®eTtusonod49€ t he
container. The lift mechanismalso can bé engaged to hold the container in

pl ace when the dri vg roller is not turning, to prevent the unintended
notion of cont ai ned&ePRPY plso insprperages ajfie meghanjsm amivharispothd devernsseddlar e

removed from g8, I?QUwe}Jag(?oPBgn%tb\ég tn?eﬁ?%%ﬂlx@f% Wk o 0051 alﬂ r%)o{tgﬁqr actgya| ity of

position. The cargo contdl ners are yp
free turni ng mhtinglrancsain a ginieos canhshlaft agamsntsrbmtmurpoirﬁs Mbeaﬁﬁgsalh the

assenblies, which are callective refer to as. the co veyance har dwar e.
Uhen the- - PoUPIDOFSec i piatactiun Bretides et ot By pralkes which
conveyanceshapgi Srovald ﬂ@riﬁcu&dépfcﬁ@é {o¥driRlth ¢ b&tﬁﬁal tThemfﬂHééHa&s g(g e
notion by |latches, guides and other ‘restraint hardware. 15 Typica

are descri bedcanmba er@agebiocheld the samainenin (. wirat the drigs ﬂIHEr 320t ttamitg) 1oS.

Pat ent 5, 547, . ed t.o rotate an el astoneric
drive roller rgge?t\gﬁ%g@%l{réngeqs @0 cﬁ%}fﬁnéeﬁ Wnt?‘ﬁﬁel?@l ses a drive assenbly
carrying the roll &hdnniriveab@/orRelt caﬂﬁnaﬂag a® réRbER BeAtia POU ’afatlimmanve
Anot her PDU is described in U S Patent 803,234 to Podanski et al

wher ei n separ aemkbt lopersdp dts peterptedaesition. h@ cago gentgimersee fipicelly unct i ons.

| n Podans and
the 111t oy of gk BF aXflniy PR i SARSA! Anbhe B W81 v
conpl ex rrec haadsemblies) mdicheare chltectivalp s¢feyreditochs thié Ednveydrice hardwepal Wheﬁ the
repl ace. e ss of.their .degree of conplexity, prior art
PDU s are |i ni‘ ﬁpdls ﬁtgel“lt% &6668?5??%8 freg ?%’%‘PB‘F PR thy COR¥BRNGHRAFLare, and are
condi tions, syoitall§ h%ﬁl 1H§)%Sl't18n Qhﬁﬁgf‘&&ﬁ@le Hﬁ)“ﬁbﬁ 'b? $atOHes! Qliddd! Jnﬁ%‘ﬂf‘e? tedipRS of

cargo contai néers or | oading. resul t hey are not easi|ly adaptable to
di f ferent apphdrdwiteons requiri ng changes |n drive torque and/or lift

force, an are subj t ver atJ for le, to
"scr ubbi n of the |°31eﬂ?]g1°' f&f Scﬁlt?gglrbi;%(%&%ﬁ?gg%m%gh?a&?%& UMVARY
OF THE | I\I\/El\ﬂ'duﬂ\Ulﬂ) PArenas$4anoeq eviefeit heinpleansmt is ¥ it lotie alselastﬁ’ﬁa!elnwhose
drive and lift fu@é‘@' ons are tgt aII i ndependent of each ot her and

el ectroni cal | Sy Y ea/bgnoWer f b a@ﬁl&m’liﬂ raigeg Ridsive pespribly easrtingdeand
changi ng 0perﬁ;11'eflﬂlt&a&ﬁﬁﬁh@5gauﬁyac&rg§ cHREhE! ﬁon\éﬁ ORAREQPBU s EHibE i/ 09476

U.S. Patent 5,803,234 to Podanski et al., wherein separate motors are provided for the
20 drive and lift functions. In Podanski's PDU, the drive motor is a standard AC
induction motor, and the lift motor is a brush-type DC motor.

Prior art PDU's can involve complex mechanisms which are both costly and
difficult to repair or replace. However, regardless of their degree of complexity, prior
art PDU's are limited in their operational flexibility under varying conditions, such as

25  use in different vehicles or for different types of cargo containers or loading. As a
result, they are not easily adaptable to different applications requiring changes in
drive torque and/or lift force, and are subject to overheating and overloading due, for

example, to "scrubbing" of the drive roller under parked or jammed containers.

SUMMARY OF THE INVENTION
30 An advantage of the present invention is a PDU whose drive and lift functions
are totally independent of each other and electronically programmable, thereby

enabling flexibility in setting and changing operating parameters such as vehicle



interface functions, logic functions, drive torque and lift force, and
enabling the inventive PDUto be adapted to be used in a variety of

di f f er entwoehiozdoel appl i cations. According,.to the present PeTArsN2/e9376t he
foregoi ng and ot her advantages are achi eved in part by an apparatus for
conveying cargo conprising a support base and a_ 5 drive assenbly pivotably
mount ed to t hHételaepbmetipas dogiefunctions; dive forquecad lifoloeseesnd enablingiihei al | y
nornmal to th jtotehi j : ; iV |y
conpri sing aeirn (k)]%lﬁg}re Pﬂg@gb??gd ?edgpg%p rge(glfllild (%5{%% 1%’[3;80” r%%?@cfﬂ{ec;lee%pﬁ?%%n%t or
for rotating the Aotdrding té\thei dreseatsiseertion, thaforegsiag and othkeadvanagesdrty

controlled electric.notor for novi the drive assenply relative to the
support base %&&}‘P@ 1p Ryt é%f"éﬁpmﬁ ﬁ%g RORMSYWIGFRF SO RAISYIEA SURPOT PR adFpor t

pase 10 ansexd@RtRBgisivdibiptdoint o ielshfifort Basditbilirifled ARARRNAGAL NSt
the cargo, and an el ectronic controller controls the first and secon
nmot ors. Addi t $ubstantialtiveermalytesthe fonghedipalesismf thesuppoitdaseniliel driye@ssembleadi | y

apparent to h . SKJ i i rt .fromthe, foll owi ng, detail ed

Geser i ption. PG SHIGY pide DRSS IRTo BB SRRt AR T i e
invention is silewnnAdiftlhsde@sblyitasd secohdpleytrbyicaiBycontroiléd elsétriaimotst fof t he best
node contenplated for carrying out the present invention. The advantages

of the i nventMeWingdle dave assembly delafive tepasuppart basqlomiaderaatedpassion ed  out
in the appgn i . | [ ' i-on i

capabl e o? 6 gﬁg@gﬁgﬁmﬁ@éﬂgﬂppgﬁggﬁﬁh@ﬁ% gfeng%pﬁitﬁg‘g{%#ﬁ%&%fgpflgﬁlgr e
capabl e of noahutmesttagaimst th6 cangoyaianedecabuicaostrolzpeontrals thad firstvanidrsecdnd
departing fromthe invention. Accordingly, the drawings and description
are to be regBP®EY as illustrative in nature, and not as restrictive.

BRI EF_ DESCR PTI O\ Hilidhal RIS oReleq8Raeint entlBAUALI1Robie 1A AGH Ment to
draw ngs, wherein el enents having the 25 sanme reference nuneral

desi gnat i ons theps elsilad inithis ast &wenths follpwingh detrilechdesoripemi whereifi oulyethe i s
a perspective_view.of . arat us_ in .accordange Wt n._..enboedi nent of the
orboent 1 AverRiibaZmRRiRER A B ookt BFERIoB R fbat i e BY PR e Y.
Figure 2B is &f Shugieationedf bt bekiemedipeonddniisiatell 61 gattyind ouSthe Fprgiehinehtford
cross-sectional view taken through line A-A of Figure 2B. Figure 4 is a
perspective vighadrantagesphiiedeyratipnmaybsraalived anfl Ohtagped as particularly pointed

out in the appended claims. As will be realized, the present invention is capable of

other and different embodiments, and its several details are capable of modifications
20 in various obvious respects, all without departing from the invention. Accordingly,
the drawings and description are to be regarded as illustrative in nature, and not as

restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS
Reference is made to the attached drawings, wherein elements having the
25 same reference numeral designations represent like elements throughout, and wherein:
Figure 1 is a perspective view of an apparatus in accordance with an
embodiment of the present invention.
Figure 2A is a top view of the apparatus of Figure 1.
Figure 2B is a side view of the apparatus of Figure 1.
30 Figure 3 is a cross-sectional view taken through line A-A of Figure 2B.
Figure 4 is a perspective view of an apparatus in accordance with an

embodiment of the present invention.



enbodi nent of the present invention. WO 02/079071 PCT/US02/ 09476 4 Figures
5A and 5B are graphical representions of a power consunption curve wused in
an enbodi were/onfo7t he present invention. DESCRI PTI ON OF THECTNGEMIY4GN
Conventional PDU s are nechanically cénplex and lack flexibility under 5

varyi ng operating.conditjon r..vehicles.  The.. | ' adargsses
and sol ves theseF’&%%I%Eniéﬁc%%gﬁaﬁﬁﬁcglnrg reﬁ%f}gésgﬁﬁéowég#sh@ﬂ%&gresent

i nvention i ngladde an budosiaRAk of Beph@eitriovintiahl y controlled el ectric notors,
one for the drive function and one for the lift function. These notors can

bot h be pernmanent nmagnet alternatin rrent (PMAC) notors, 10 commonly
referred to Q@SQEJBE&PEQFE@EWW OQI‘lqj'he notors have their own control

el ectroni cs, whi i algdokempBLa §iBURt 8y PRhbiSx She Gkt oRkBAiTRGwMre. The

dual el ectronically contr nmot or arrangenent of the present invention
provi des 5 neayamdertatingohgitionnorehicks! hp presenttinvdnsion agddressds AesodYRs | i f t

functions of the PDU. F exanpl e, e maxi numdrive torque and the nmaxi num
lift force ofheﬁﬁﬁrqggalsc‘gﬁomi@%ggspgﬁﬁhd changed i ndependently by the
control software qhetpinty BBl prdreritiventiph Mol dlicd Gorsegarateretbbieotiidillyi ty for
using the actuator in various cargo apdpr:li cations. unl i ke

_ : ‘ ] C Furt her r(%r e,
prior art actomitadled clackic potwsspe fovkhdiwfugeiion %étonﬁé?rrtgﬁil SHEMORen i ft

upon change drive directifn: ;Bﬁ ri . i cont act
with the coﬁig?er{g?to\?%ceaﬁq’tot%ﬁe%c]?? ve %fﬁrn&eaé ?t{)aﬁde#ﬂs%{l?%%%??leté, tqgh ?%%stévoi di ng
unwant ed QAT @emRARDHnIKPIETRIL to\ah EbrustiessddEgmdtory €Tle metots Imve thdir @pv eentralhe use

of electronically  controlled notars i .dnventive. t ugt i
upon the st ackchpnichaviich 3”89nte§‘ia&\91ilﬂtpﬁ€e #‘ﬁ@rsé’é"sc nmlr‘r"\ét%f%lglfef gﬁ’fguafr rerg Lg\e/gs
power CO”SU"giétcﬁgnig@ Laised n%é&?ﬂangelql%ﬂ@afﬁfé é)trékeﬁtrih%nti%htpr@ﬁﬂééat ors. An

enbodi ment o sent invention will now bé described with reference
25 to Figs. indeperieRDfullpCommdlabldipoyet tv hottetherdsive and lifiierstionp otbepldes a

L D Bl TS S T BB RS S e,
‘;)C(’Ir S' ImeE Psgu\g%rsai &l chﬁﬁ’éf@%&%ggﬁéﬂﬂ?tb@ﬂhé &dnkip] Bttt of thetHDU) thergby udi nal

port base 105. i ve assenbly . ..
providing maximum flexibility for using the actuator in various cargo applications.
Furthermore, unlike prior art actuators, the present invention does not retract and then
lift upon change of drive direction; the drive roller stays in constant contact with the
container when the drive direction is reversed, thereby avoiding unwanted cargo

20 movement when changing drive direction. Moreover, the use of electronically
controlled motors in the inventive actuator improves upon the state of the art by
providing increased motive force, reduced power consumption and reduced weight
compared to prior art actuators.

An embodiment of the present invention will now be described with reference

25 to Figs. 1-4. A PDU 100 according to the present invention comprises a support base
105 of a metal such as aluminum, to which is mounted drive means, such as a drive
assembly 110 pivotably mounted via pivot pins 115 for limited vertical movement
substantially normal to the longitudinal axis L of support base 105. Drive assembly
110 comprises a drive roller 120 having an elastomeric outer surface, and means for

30 rotating roller 120, such as an electronically controlled electric motor; e.g., a
conventional PMAC motor 125 for rotating roller 120 via planetary gear assembly
130, pinion gear 135, idler gear 140 and output gear 145 (see Fig. 3).



110 conprises a drive roller 120 having an el astoneric outer surface, and
means for 30 rotating roller 120, such as an electronically controlled

el ectri c wotoeqn7%e1g., a conventional PMAC notor 125 for rparatSorn4rel | er
120 via planetary gear assenbly 130, pinfon gear 135, idler gear 140 and
out put gear 145 (Zﬁg 3 02/ 079071 5 PCT/ US02/ 09476 The inventive
PDU al s0 i ncor por atiednyqhtive also @ngerporates It megnss swah ap litbgpsemnbly 158 firng

the drive ne I et orrm)n
canshaft agalafﬁ?tnfgrtgggﬁezﬁkpm n(?g ﬂg(rp&*lgéergc? nsgl:jﬁsa&l E‘y?)ﬂ{e&%&i port sQ%ﬁ%s&M%e lift
means  provi d:@.mSh@t agaiedt rdagtiom poiotstandeatings én thelsbppart bdsec Ahe ifttmigans pr ovi des
the frictional rce Y thec tai.n More s ical lift
assenbly 150 58 ?ﬁxéeéécaéﬁorg?t &‘Pgﬁl"%ﬁﬂﬁ hd@h’tnrtlﬁmga"igi J@’Frfflf:th?é {frcesigeh as
a convent i DnalriveM oomRdiner. Mbre sﬁéclﬁmwnhft assEingisy 1503c@11115hsés aﬁéléétrdfpéawy 155

transmts power through a planetary gear assenbly 160, a cabl e’driver
165, lift catsoagoledelegitc motersuchag mcylvwsmabPMAéémomralfSﬁ fs@hmmF@r ries

a pair of ca ea
support ed byﬁ%ﬁ%#@érp%&??ﬁogﬁﬁ@%%@ LR éh p%l %%g§§¥8§%?18Q§§ 19%ri ve
assenbly 110 dableakiveel65 hftsaablwrwo bﬁSehﬁtQﬁllay I8 pian0thadi 1B0LHGCHh Eafies
retracted positi, subst ially &H@ support, base 105 (as shown in
Figs. 1-4) t&%ﬁr% dég 6@?%‘36&” § &3 repe againstbegrings 190sugporigdhy
abut ment g@aiifstealii K ggoa(lﬂ% {J}iﬁﬂm n%sttoflho&@&% asSenBly 11165 §9eifive to

e assennl

approximately 11,000 rpm as dri 110 1s ralsin
operates in asumpbrsb@blléa annmdlpuvabmm/\ﬂérfrm Rvetractdd| msﬂibﬁ@ubsiar&mllymﬁmmt act

th t when i f nb 0 h t nal
MEE otop ( novbberb s 105 (R sno¥BaRES habR i syrLpeu Rt DUB T 570 o
transmt tor gueritingMbhinhdnt apaihQithél&beAGEt GRM) NILEBRAOLR 165 Ukivéaas 185. In

prior art actuators, the common neans to provide torque to [ift canms is to
use gearing. aPREximsielyt11A00 me ardsivemssenmble hiQ isnaisngomddihen epreetesia a hat

drive rol jer J4Qyi 3n&188x?%gn Bﬁ%ﬂgﬁgl 120 es]iggont&cgamﬁpgcéﬂtélﬁe ft%%fno%ﬁ S

This | ayout provi des opt i nmum ution and mninm zes
transmtted iwlen lﬁumanblybm&eédhss itsl iouteapnee lﬁwads}smosshm)f romthe lift

gearing 160 to c 185 .i.s | i shed b nore nmulti-st st eel
or conposite cabl @PSGH@YAS(@ Orar}ifFﬁtelPﬁl g*%§|1|78a0€9n%w%ﬂu {B‘H“Sk t he
out put of |'Hﬁot@ﬁf‘55ﬂﬂi%€@ﬁng49@itd R b4h§1 82 Iagirﬂoraﬁq&ma%ﬁs e &nﬁh&?&e&%d' us.

Cans 185 rotates a eaction bearings support base 5,
t her eby pr ovitdiprayidsotorquede tificcamsristol usa gearthey dheilayout bﬁﬂl@@rﬂzsontdnvmon is

20 designed so that drive roller 120 is located between motors 125, 155 and lift cams

185. This layout provides optimum load distribution and minimizes the loads
transmitted into support base 105. Torque transmission from the lift gearing 160 to
cams 185 is accomplished by one or more multi-strand, steel or composite cables or
straps 170, which are pulled by driver 165 at the output of lift gearing 160, and in turn

25 pull cams 185 at a fixed radius. Cams 185 rotates against reaction bearings 190 in
support base 105, thereby providing both vertical motion and vertical force to drive
roller 120. Since an independent lift motor 155 is used, lift assembly 150 is designed
to rotate in a single direction, regardless of the direction of drive roller rotation. The
cable lift mechanism of the present invention provides a lighter weight, lower cost

30 solution which can be operated in an open environment, eliminating the need for the

prior art's sealed gearing at the output of the lift mechanism.



roller 120. Since an independent lift notor 155 is used, |lift assenbly 150
is designed to rotate in a single direction, regardless of the direction
of drive wolokeroorot ati on. The cable [ift _mechani sm of thecCpresszom47e

i nvention provides a |ighter weight, | oneP cost 30 sol ution which can be
operated in an opeﬁpﬁqéhr nnment,, elimnating the need for the prior art's
seal ed gearing at % PEBtCOB’PntS?ﬁeCOPFP]tm?@é Harminderendgntlyqontroling the lift

PCT/ US02/ 0947, I | i
rﬁeanlg)% #20n&hs %o tf%gg o AN IR as 'Eﬁ%fb%‘ért)ﬁ? ec'o?@?l?eé??? B Y

controlling the I'ift nmeans an means for rotatin such as
an el ect r oni celentnonicelly eenticdling duive mbioc § 2 Damdclift motadiitSrinlaldomgentiohale not or

125 and Iift notor 155 .in vent i.onal er as required by all .

el ect r oni cal I'P*EGhETSHAME %65@? ?tr%@ﬁﬁpn@?%&?ﬁoﬁsga?‘ggqréﬁf orming-logical. and
ot her oper fit i pAGoMitinglbtir obefaioskeskich R bé Besdfibad In JeediFhdrbigbawy. El ectronic
controller 195 also includes built-in-test (BIT) functions to verify the
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El ectronic controller 195 further coppri.ses a  non-volatile nenory that is
used to col | soptrglld (P%ttsgpwnbfb@rg’ﬁF?@lqwgﬁi%@it%e%?mmnuﬁﬂﬁérm as total
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el ectronic control l'er 195. This data can be extracted via mput?out put port
200 for pur peseslaile meawky tgt isaisedivi dollest agd retaivropesating i fogmatsege PTG

El ectronic ¢ roller erforns veral .critical functions. It controls
ndependent 1 10Pt Sieha i RUPR g Ghe, BEM SpBming yGIEs or oY GnpCRA avRISPgY o
functions, aslect®hic dstrpNavIog] %iﬁla@&é@%&&ﬂ@été&viaﬂhﬁiﬂoﬁfﬁﬁg% Q00 Edrol .
Conventi onal power control nodules for both notors 125, 155 are

i ncor por at ed RUReseePiteackig relighilityrdsta ervenifEng usggEch i n one enbodi ment of
t he prese i nventd i ‘g:s%g! : . X
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have advant dgéspesdant lifivandaviee netiters i1 P&t 156 nvehivid imergacedadlldgic Aumictieds, bo
application in E PDU....Electronic controller 195 c al so ufi | i ze advanced
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within electronic controller 195 which stores 25 software code, 1ncluding

the current aweich brene dnbadimertof iihegaredeot inverdiompoopsises ‘cool’ MOSFETS (metal

20 oxide semiconductor field effect transistors) for power switching. These devices have
advantageously low power dissipation, and are ideally suited to application in a PDU.
Electronic controller 195 can also utilize advanced IGBTs (integrated gate bipolar
transistors) for other critical switching functions. Each motor 125, 155 can be
controlled by its own microprocessor within electronic controller 195 which stores

25 software code, including the current and force limit settings for the motors,
acceleration and deceleration rates, timeouts and delays, and any other necessary
information. Electronic controller 195 can also include an EMI (electro-magnetic
interference) filter to limit both the conducted EMI from PDU 100 as well as the EMI
susceptibility of PDU 100 to within industry standards.

30 PDU 100 further includes two separate non-contacting sensors 205 which
detect the presence of cargo containers above PDU 100. Sensors 205 can be one or

more of several types of non-contacting sensors, e.g. infrared, ultrasonic, Hall effect,



accel eration and decel eration rates, tinmeouts and del ays, and any ot her
necessary information. Electronic controller 195 can also include an EM
(el ectro-wagnetrioclt interference) filter t? limt both thePcantbozoads EM
fromPDU 100 as well as the EM susceptibility of PDU 100 to within

i ndustry standards. 30 PDU 100 further includes two separate non-contacting
sensors 205 Wi cHe S§BI08 SargoEessnessignals ae recsivgd by shectiphiscentiglisyd 9RDU 100.
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The sensor caeagybomrdsknsmsais @04l Elatreniceontroled 1Dy applisst ORNiapicribsat | er

195, which I tors . -155 only if it recejves the cargo presence
signal from ]Fa% Pﬁﬁi@%ﬁ@%* Eﬁelsg QH%TESVXWneéF%S@f g@%%?eéléﬂ(qu@{ piyre 195
applies " GR (DROSCOLD), ITHRWus] schb@b de%ﬂe]an@'eé?l%%é:c%)ﬁ ﬁ#ﬁgcoﬁagﬁingﬂ&{ filbe when

one sensor 205 experiences a failure 5 (ON o sensors
provi de addednighidhleds onersensas08 and sendemP DU 00 Himaperabilg hiltbinatitelp eéectrenisor

205 and render i rabl e terpative electronic .cantroller
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205. This 10 'Pamsdlsss ofveiethen theqsego presanse sighal is rgeivedritemeserssn20anBhis or
sensor fapd t OMRET dvdfide hhBdSHUstd . AGTRELALUT ©
sensors 205a are pr mﬁ/licferh ?or Smﬁ?ﬁ%ﬁ?ﬁgﬁ%ﬁe&ﬁgﬁﬁﬁéﬁﬁfc rm%rc?)éreé 125,
155 and t he tenpedatdditonfo @irge sansors 205 demperaturesent@S 20k eetprovided for
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sensors, which are required for operation of notors 12 . Using sensors
205a and i t suetbas alentriend coerddrar end sneed of moatars E3NtLAHin @ comSBtipnabyi des

: | e ) o . .
agai nat bot h IRTGLRbEe A8 oA TRL iR Pt BB bBRR e
el ectroni ¢ coatsofy, ichlddragaired forwpdertibe ofilaniks 125,188, 2Ringxkadonadd05a and

controller through inpuyt/out puLe'CPor,t 200. Such feedback sjignals can include
but are not MSHAIRETIRG PR, Fesciphis sepfeller 493 providss srtemabElf-pratectien r ol | er

speed, dri Ve apihod vl Rhs GHIa8 BlorQiof AELASABA I 8T and KR HIB!
protection stdtus and a identifier code.
overloads. As discussed above, electronic controller 195 can provide feedback to the

20 external controller through input/output port 200. Such feedback signals can include
but are not limited to container presence, drive motor speed, drive roller speed, drive
or lift motor current or corresponding loads, thermal protection status and a PDU
identifier code.

Drive and lift motors 125, 155 and their associated gearing are designed to be

25 installed into a center housing 210 of PDU 100 comprising a single, continuous bore.
Center housing 210 contains both drive and the lift motors 125, 155, planetary lift
gearing 160, planetary primary drive gearing 130, inboard bearing support 215,
outboard bearing supports 220, 225 and end covers 230, 235. The advantages of this
configuration are the ease of manufacture of the housing bore 210, the ease of

30 assembly of components into a common bore, and the elimination of shimming during
assembly. Shimming is a time consuming and error prone step in the assembly

process which is avoided in this embodiment of the present invention. Shimming is



Drive and lift notors 125, 155 and their associated gearing are designed to
be 25 installed into a center housing 210 of PDU 100 conprising a single,
cont i nuouwolee2071 Cent er housi ng 210 contains both drive @ad/usazod4id t
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air cargo haYa%p1'rso|x£]rga|1‘[eely%30 0 )gtailts sdurplpgﬁ bElsOe:I llo%rs%oct)tgrall}lt (?.E:.? the length and width of

support base 105), with a total surface area of approximately 48 square inches. By

20  comparison, prior art PDUs used in air cargo have single or dual drive rollers that are
about 12% to 17% of the footprint area, and total surface areas of 7 to 39 square -
inches. ‘

The fixed support base of the inventive PDU 100 is designed to minimize
weight and cost, yet still transfer the required loads from drive assembly 110 to the

25  vehicle floor structure. This is accomplished by the layout and load distribution
described above, which transfers the loads imparted to drive roller 120 through pivot
pins 115 and lift cams 185 and into the corners of base 105 through reaction pins 190.
This minimizes bending and deflection in support base 105, and allows base 105 to be
manufactured with aluminum sheet stampings or thin-walled extrusions.

30 Several exemplary actuation functions or "modes" of PDU 100 will now be
described. The "retracted mode" is the normal rest mode of PDU 100, wherein

external power is removed, no drive or hold command is sent from the external



about 12%to 17% of the footprint area, and total surface areas of 7 to 39

square, inches. The fixed support base of the inventive PDU 100 is
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ext ended position. In the "hold node", lift assenbly 150 raises drive
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t 125 ni ectro ontr er to prevent
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containers iRaRQs h&éd)d%ntlﬁaﬂ%slﬁﬂergﬁovkb?%jaﬁﬂ%lb IPBS! YooMIER RAYRLIE &
avai |l able to PDU 100. The hol eis

selectable via a command from the external controller such that the operator can

20 choose to have PDU 100 hold or retract when the drive command is removed. For
example, a pin of input/output port 200 can be connected to the vehicle ground as a
signal to electronic controller 195 that the hold mode is desired. This can be applied
without operator input, such as when a cargo door of an airplane is opened and the
PDU system is turned on, all PDU's are placed in hold mode. The hold mode is

25 typically maintained by the airplane's logic controllers when AC power is interrupted.
For example, the hold mode can be engaged by a relay in the airplane.

Unlike prior art PDUs, the actuator of the present invention has the ability to
resume the container holding mode after AC power is removed and subsequently re-
applied without operator input. This is particularly important in the air cargo

30 industry, where AC power is typically supplied by a ground power cart, aircraft
generators, or an aircraft auxiliary power unit (APU), and is subject to momentary

interruption and re-application at any time. Prior art PDUs can lose contact with and



selectable via a command fromthe external controller such that the
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lift and drive notor). In contrast, PDU present ventron
retracts uporhdldthercargotinplacef AAEIvema] frbot thevhpsratpoiserot necessappl i ed,

sensors 205 detect, c abqve.th and el ectrqnic al l er 195 sees the
hold signal, bepa]i}?sagfﬁ?‘ﬁ%r_ Oglqﬁgglf\‘i&fé’r@%%’é‘gﬁﬁw’ ?ﬁ@nﬁ{oﬂﬁ?o&?i’mﬁeﬁﬁt rol | er
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to the cargo presence signal and the hold signal, electronic controller
195 aut onmt i cEInegessartisegbhing pf theslksivergller andgparked s jammed pontpisersetherebyed t o

the extenged %Qf?gdr%tl g)ge?s% d}{‘).evrgllé?% & bt okfgr.he%}gr{gg \M&(r?l% %%I%%n' . place. A

drive signal operator 1S not necessar er enpodi ment of
t he present imadheb iteinteddBUpdflon agdnpanstiesr mother acrthinsr, i ssid tabdi ng

control function, featuring ors and logic which limt wunnecessary
scrubbi ng of Haﬁléeddrﬁ%PPB’f %?)%Eﬁd@lcﬁéwgdo@ﬂvfé&‘ﬂ% ad@Hkedicoateaner upik eby 15

avoi di ng excagsi4fe BohMnd BlrbRbvAL8F u@l IhdPHP oveMRERE @Bﬁﬁ@nﬁ!\ﬁ&ea
contai ner reaches its intended position against a latch or another
cont ai ner, i tingarperaied ‘timetpaits’ or container motion sensors to limit scrubbing under parked
20  containers. However, time-outs do not allow the operator the flexibility to work with
h various sizes of containers, and motion sensors may not work well under wet or slow
moving containers.
Electronic controller 195 of PDU 100 of the present invention analyzes the
amount of torque applied to drive roller 120 (which is proportional to drive motor
25 125's current draw) and the motor 125's run time to determine the instantaneous
power consumption of drive motor 125. More particularly, electronic controller 195
includes conventional circuitry for measuring the electrical current draw of drive
motor 125 and for monitoring the measured current draw. Electronic controller 195
compares a power consumption curve stored in its memory to the monitored current
30 draw, and shuts off drive motor 125 when its power consumption exceeds this curve.

Under high traction loads, the drive time is limited to reduce drive roller scrubbing.

Under lighter loads, as are encountered with lightweight or wet containers, drive



parked. Most prior art PDUs will continue to drive against a parked
container until the drive command is renoved, or until the PDU overheats.
Sonme PDUswbar@79o7hcor porated "tinme-outs’ ii cont ai ner not iPCA/GESENBVIG t O
limt scrubbing under parked 20 containers. However, tinme-outs do not allow

the operator the flexibility to rk with arious, sizes of containers, and
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| i ght wei ght or wet gont ai ners, drive WO 02/079071 11 PCT/ US02/ 09476 potor
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"squeegee’ a wet drive roller and nove wet containers. I'n one e I ment
of the presenapnlicedon angirare gevanhdsi mythe ifollowing equatiohs:ed roller 5 wear) is
acconplished by turning off drive notor 125 when the accurnul ated energy
delivered to drive roller 120 via drive notor 125 exceeds a preset limt.
The accunul afl9d ener gyEf Eafmgugns fiIg¢dR, jd cal cul ated by summng the total
di ssipated energy (Edis) sanpled over time. Dissipated energy is energy
(Ein) that is@eing del Fuerkt ¢ Jdot’&md25 i n excess of a predeternined
t hreshol d4 ne@y val ue gEthy. Threshold and 10 accunul ated energy are
programmabl e I'Ato el ect r&i ccofitrol | er 195 for each PDU application and
are governed @y the fol EQugieqiBiidns: (1) Ein =f Pindt = f (1s2*Rmdt
(2) Eth =f Pth dt =f (Ith2*R)dt 15 (3) Edis = Ein - Etta
where:
R.= Motor resistance, normalized = 1
20 Is=Sampled current
P;n = Power into motor 125
Iiy= Threshold value determined for each application
Py = Threshold power.
Sample power consumption curves are depicted in Figs. 5A and 5B. Fig. SA
25 shows PDU energy usage with a variable load at drive roller 120, and Fig. 5B shows
accumulated energy with a variable load at drive roller 120.
The PDU of the present invention is designed to operate in a number of
different vehicle applications, with no changes to the actuator. It can be pre-
programmed to work in several applications where a different traction forces, lift
30 forces or logic delays are required. Electronic controller 195 has sufficient memory to
store multiple programs for multiple PDU applications. As discussed above, feedback

signals can also be provided to an external controller. Any one of a plurality of



(4) Eaccunul ated = 37Edis do where: R'= Mdtor resistance, nornmalized =1
20 IS Sanpl ed current Pin = Power into notor 125 Ith= Threshol d val ue
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work in severeﬂblqsmisﬂaclmmmpm@wmpert@w 'bﬁflmvemtdmtmt‘{rdhmie froerfaes cohmndctor30
forces or |ogic,del ays uired.. Electronic.contro
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an external control |l er. Any one of a pluralit WO 02/ 079071 12
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port 200 but feweryn Thetthecime PIIEIG) cantterihaakeddianrifftent posilonoras
connector 300a,.. based on the controller appJication. Crcuitry internal to

the 5 particu&’éfer@ SehiFledute, pigt WpHRIEPEhbIVEROW gay, changes fodhs BRY. 300D,
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port 200, and in response electronic con selects and uses
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PDU 100 can b t.alled in.a,diff.erent. posi.tion nt. vehicl e
type, and vvorﬁ Ny ﬁ%‘@f’wc tf‘?l&lﬁ"{fa’f‘ﬂ{is’éﬁaﬂgﬁ@ iptgeralR lﬁtﬁ atl%{’gé’?eﬁ 8n’i°ﬁvent|ve
PDU f eat ures mdduRe IRk @tife RRETAOEtentHEIRE tH LT BRMmEEmus] K&L1EBIE dEREOT S,
one for the drive function and one for the lift function. The notors have

their own contorgie, vhicdyqap e yariedor diffeent Cﬁlfaoéﬂ@f)h@?él@n% alangavifipbeanasémpeni cs
dul T d | abl
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drive torque, ch can vari e ren cargo a rons, al ong
wi t h the nmaxi imdependent, fully controllable operatlon of both the drive and lift functions of the
PDU of the present invention. This independence and programmability provides
maximum flexibility for using the inventive PDU in various applications.
The present invention can be practiced by employing conventional materials,
20 methodology and equipment. Accordingly, the details of such materials, equipment
and methodology are not set forth herein in detail. In the previous descriptions,
numerous specific details are set forth, such as specific materials, structures,
chemicals, processes, etc., in order to provide a thorough understanding of the present
invention. However, it should be recognized that the present invention can be
25 practiced without resorting to the details specifically set forth. In other instances, well
known processing structures have not been described in detail, in order not to
unnecessarily obscure the present invention.
Only the preferred embodiment of the present invention and but a few
examples of its versatility are shown and described in the present disclosure. It is to
30 be understood that the present invention is capable of use in various other

combinations and environments and is capable of changes or modifications within the

scope of the inventive concept as expressed herein.
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is capable of ‘use in various other conbinations and environnents and is
capabl e of changesa bt asmdlbiy thtprtsmg mdcbhdtelbbteonimﬂgpentmcﬁllddttdzedtmmtdr\fer
concept as . expre sed herq . . 3&07907 B CT/ US02/ 09476, d;

O ai med Peving thefrive gssembly e ‘l"‘t}’r‘3 g ‘?/%Wﬂé 256 O™ & IREAFHBPSHHQRsS SWﬁPtﬂbf ng:
a SupporyitRASes suppof b 898 Mhdedposatcdblith fHéliBH&% Hﬁvﬁlftgeabﬁﬂﬂ%@é LaiR@sse f Or
limted vertical = novenent substantially normal to the [ongitudihal axis of
t he 18uprergo; Bade, the drive 5 assenbly conpr|S|ng aroller and a first

sconbly compti ot il Qe @BisTaREbC o T Rap ul BT Baodd Bl ot o or

noving the drive assenbly relative to the support base froma retracted
posi tion subst ant i Bikd appamhtstmifnlairhé samppiihg Haaroi for detectitigethel pebspiasi df il

with the roller dr|V|ng tment against the 10 cargo; an an .
ol ect r o B Fice fNiY S AEAR anfli sspdpg e fopTas: PIGFRAE CROHY o dectronic
controller.
3. The apparatus of claim 2, wherein the electronic controller is for operating the

motors only if it receives the cargo presence signal.

4, The apparatus of claim 1, comprising at least two sensors, each for detecting
the presence of the cargo above the drive assembly and respectively sending a cargo presence
signal to the electronic controller, wherein the electronic controller is for operating the motors

only if it receives the cargo presence signal from at least one of the sensors.

5. The apparatus of claim 3, comprising an input device for sending a manual
override signal from a user to the electronic controller, wherein the electronic controller is for
operating the motors when it receives the manual override signal and does not process the

cargo presence signal.

6. The apparatus of claim 4, comprising an input device for sending a manual

override signal from a user to the electronic controller, wherein the electronic controller is for



2. The apparatus of claim1l, conprising a sensor for detecting the presence
of the <cargo above the drive assenbly and sending a cargo presence signal
to the elwotmomoct controller. 3. The qtgrpar atus of cl ai m 2CTiser/e44m6 t he

el ectronic controller is for operating tthe notors only if it receives the
cargo presence signal. 4 The apparatus of claim1, conprising at |east two
sen g or g , ORIt ey %‘F qﬁ@?@c‘t"h"ﬁ’g It TRGEEVES rts% axegalopvertide signa gindislpgs npheecgivievibe
assenbl ycagggjplreg\éfgggfg'nggl y sending a cargo presence signal to the

el ectronic controller, wherein the electronic controller is for operating
the notors only if it receives the cargo presence signal fromat |east one
of the sensor%. 5. Tirh@ppaspae af daiof 2¢ iwdierai the senpor somgrises & mpntcatéaciiog f or
sendi ng st% g@,nual override signal froma user to the electronic controller,
wher ei n The el ectronic controller is for operating the notors when it
recei ves the manual override signal and does not process the cargo
presence sign&l. 6Thdbhgpargipaoidlnien 0f wheRimihé, seo@MRbinpiikg D Hail RPfect SMbCe
for sendi n% a nual override signal froma user to the electronic

cont rol 1%} rSEPSPLL D AEASPRIG POk ont rol I er is for WD 02/ 079071 14

PCT/ US02/ 09476 operating the notors when it receives the nmanual override

signal and dogs nofh¢ gsRkaes dainCRVARrAh WRERE BsShBPtomphised BaRPRBfAIYS Of
claim 2, wherein the sensor conprises a non-contacti’ng ‘sensor. 8. The

appar at UBowtted imthmdrive apssmblhandhetateshissothe seenpdinaeter for Fedctior hganst amasng |
an infr I . r i nsor... 9. [JThe a atus of claiml,
wher ei naigl ﬁ;ge %ﬁ)&t% Hgggeg%tﬁq&lg%)hlnﬁﬁ%g[%@ﬁgg§%%gr%t5? a}ea JIV)? asﬁ%@ﬁ?ﬁ’ed in the drive

assenbly and whéreirettle dyivé Rudles BAiNpdsdtiicdwedOhe k&dal nvlora@ditheéand bearing in
t he support base to provide the vertical novenent to the drive assenbly;

wherein the dyjve ller is djsposed between the second notor and the cam
10. The appardt-us ie%RP&FWSQOCPQm@r%iWPeF%%t%}%ﬁaPH%“} eSHRPALEP3se At SunpeEed s

support BsdVsbd 'ﬁggﬁw’%ﬁgmhg apLher of the support base. 11.
The appgér%]aatlftgjig1 o?ﬂygl a?llm 10, wﬁer el n theé ‘gﬁgport base conprises al um num 12.

The apparatus of claim9, wherein the lift assenbly further conprises a
flexi bl e tenstlon cih¢ epretiwseatictadmt 1§, whereieibeo supnost hase eordptises abaminfuor

transmtting torque from
12. The apparatus of claim 9, wherein the lift assembly further comprises a

flexible tension cable connected to the second motor and the cam for transmitting torque from

the second motor to the cam.

13.  The apparatus of claim 12, wherein the flexible tension cable comprises a

multi-strand steel cable.

14.  The apparatus of claim 12, wherein the flexible tension cable comprises a

composite cable or strap.

15.  The apparatus of claim 1, wherein the electronic controller is for controlling
the first motor to rotate the roller in a first direction or in a second direction opposite the first
direction;

wherein when the lift assembly is in the extended position and the roller is rotating in

5 the first direction, the electronic controller is for causing the first motor to rotate the roller in

the second direction while maintaining the lift assembly in the extended position.



the second nmotor to the cam 13. The apparatus of claim 12, wherein the
flexible tension cable conprises a multi-strand steel cable. 14. The

appar at uswofozor@rm 12, wherein the fl e>ii bl e tensi on cabl e PCOnsN/6W36 a
conposite cable or strap. 15. The apparétus of claim1, wherein the

el ectronic controller is for controlling the first notor to rotate the
roller ina first direction or in a second direction opposite the first

di rection; whkrei nThhapparates pf ¢leiny s whpnein the glestionis eontreHeeis fovsioeiving and
the roll L i i Jdrst direction, the electronic controller
is for éﬁﬂ%?ﬁagﬂﬁﬁhﬁﬁgékﬂﬁ% o Sﬂro ate the roller in the second

di rection whiwkemshi theasledtrogict domtrbllért isafes eatding the liftasexitdnde thpesfrémohe WO
02/ 079071 156cECT/,U802/ 09476 16. The apparatus of claim2, wherein the

el ect r orfPtagiEh PPEFPR fo fthe %?nd%@ewww@ th direk Wpighae heldghe aplleatationary.,
cont 1 o1 | Ghen BELIUBHRIBnihifer fcBEkL ARIHOIABEA Al B dafed HEschBlISEAM, Lhe 1111
assenbly to nove fromthe retracted position to the extended~position, and
the first notor to hold the roller stationary, 5 when the electronic
control | er retkivefhe apparasnsofgilajmal, cangrising accircyt for msasntng sleghivial curfent The
appar at f i e CO, ISl Lrcui t for. measuring electric cur.r ent
o o o RS 1 FHEh froudt VR AR BB el s TR plthertop St O

moni t or i thg firktem6tor) &t foil removihg pbWwer fomSthe Mirktomotod WehehGhe CEFEMI REwITVRE
fromthe_first notor. when the current draw of the first nptor exceeds a

pr edet erlFshBatos GreesHt a grosifiermined chred Sras Mrrgucdstermipssitimeipetiagl.  The
apparatus of claim 17, wherein the electronic controller conprises a

menory for sty iNgTRe REYSES YTSUMRE 19N wHFIE theRIEH ! éc}ﬂm%u&‘ UoA fikes Bf

current draw values and corresponding tine periods, and the electronic
cont r ol |mempyy far storihg @ pawergconpemptime dawve rrepresahtiogra phirality aff eumcent draw

predeterm ned tjine peripd based .on th ower . consunpt {.on. curve.. 19. The

appar at uvrsTall%qS a@lda?(fﬂ'e[f)g? (ﬁﬁeﬁg}erpeflﬁgs’p ‘E‘e\(lz\eﬁ‘f‘%@ﬁﬁt 2 Ohﬁrr %?_ePorr scakb‘fatlngithfti ng
the timgpredetainéd t@fer®drdwend predéteiihed tilre getifd GBsedWnUhb pBGePéorsimption ! er

agai nst the cargo. 20. The apparatus of claim1l, wherein the drive

assend| yCUWBHpri ses a continuous bore, and the first and second notors are
nount ed coaxially inside the bore.

19. The apparatus of claim 18, wherein the power consumption curve is for
limiting the time of operation of the first motor to reduce scrubbing of the roller against the

cargo.

20.  The apparatus of claim 1, wherein the drive assembly comprises a continuous

bore, and the first and second motors are mounted coaxially inside the bore.

21. The apparatus of claim 20, wherein the first and second motors each comprise
a shaft and an inboard bearing for supporting the shaft; and
wherein the drive assembly further comprises an inboard bearing support for

commonly supporting the inboard bearings of the first and second motors inside the bore.

22. The apparatus of claim 21, wherein the inboard bearing support comprises an

axial spring for compensating for tolerance in the bore.



21. The apparatus of claim 20, wherein the first and second notors each
conprise a shaft and an inboard bearing for supporting the shaft; and
wher ei n twe odtw7pel assenbly further co i ses an i nboard beamiusg2zeudpport for
comonl y supporting the inboard beariggé of the first and second notors
inside the bore. 22. The apparatus of claim 21, wherein the inboard bearing

support conprj.ses .an axial spri.ng for conpensating for tolerance in_ the
bore. WD 02/ 079071 %?Hﬂérﬁﬂés#%/‘%@?% 1CTFREPRSRETAIRATY GFiVE |e§iRattached ¢ her
conpri sit§ehfidstBioYor ghﬂ’ 8ndBRGbAheAfHakdied the &cbhé nfo'tc{r%haf'ﬂ%l?err%)iﬁ@ bord qgor

lift gearing attached to the second notor shaft, whereinthe bore Is

housi ng fehkoysirigrthe prigary ériveegeaiing andhliftigedringgear i ng. 24. The apparat us of
claim1l1, wherein the apparatus has a footprint defined by the |ength and

wi dt h of the supp . ral |l er -has oqt print, def i ned he
di anet er andzil ) engwf %&%ﬁa@%ﬁﬁ%ﬁ, SEFRHY RE a&gg}agﬁifﬂ?tp%?t #q%@e?ig’g' Iﬂté? i's
gr eat er ledpah agd) widthcehthe abippidiebasé,anidpthe Rbll@fhat hefoatppiat défited B3bthe Th@meter

apparatus .Qf claim 24, wherein the footprint of the roller is about 23
per cent a1l Jendn b Shorallst whereindhaoimrt o thopllerieepishihen 20 parcent aifiha 6,

wher ei n 58,161 SEHE APpdratm@nt rol I er conprises an input/output port; wherein
t he apparg?ﬂs I's coﬁ}%r%l ?abl e by the external controller via the

i nput/output port; and 5 wherein the electronic controller is for sending
f eedback sigri@l s tbhe hepasstue pfiglaimcihtwhsr¢iarthe ttetpfiste db #ekradliey anlabout 23

i ncl udi at., | ne of...an identifier code for the apparatus, the cargo
presenc rsﬁeéh%ﬁet,ﬁgt‘gxﬁ?ﬁ%ttd et%alpargﬁlged signal, a roller speed signal, a first
notor |l oad signal, a second notor |oad signal, and a thermal protection

status si gnal26. 27. THhepmpqas af Wkimf 16 wheteih, theheéionid bent@leE toMPiiSes an
controller }:orrpri ses a non- volatile nenory for storing operating
i nf or mat UM MEIUAPPHY to the apparatus. 28. The apparatus of claim 27,

wherein the qpgLahi Me agﬁsdr%m i;&ﬂroill'aﬁlle_ fhe térﬁaS%ogtreqﬁe% tﬁgﬁrg{ua@af@p@“ ng

time of the apparatus total operating cycles. appar
cl ai m 2portphet ei n the el ectronic controller conprises an input/output port

for downl oadng. L RL"BELRIS LOMARE 0% (Ehathd EedfBIP Hork Ru¥LeLha
controller, the feedback signals including at least one of an identifier code for the apparatus,
the cargo presence signal, a first motor speed signal, a roller speed signal, a first motor load

signal, a second motor load signal, and a thermal protection status signal.

27. The apparatus of claim 1, wherein the electronic controller comprises a non-

volatile memory for storing operating information relating to the apparatus.

28.  The apparatus of claim 27, wherein the operating information includes at least

one of total operating time of the apparatus and total operating cycles.

29.  The apparatus of claim 27, wherein the electronic controller comprises an
input/output port for downloading information from the non-volatile memory to an external

computer.

30.  The apparatus of claim 1, wherein the electronic controller is for providing

control, programmable by a user, of at least one of first motor traction force, second motor



30. The apparatus of claim1l, wherein the electronic controller is for
providing control, programrable by a user, of at |east one of first notor
tracti on woroe®7903econd not or WO 02/ 079&?1 17 PCT/ US02/ 094 PETIUSh2/09406 Ce,
first and second notor speed, |logic functions and el ectromagnetic

i nterferenc cantrol . 31. The apparatus qf claim]l, conprising first and
second rﬂb‘g ﬁr"?e %ﬁ%r apyd segond opley gi,)ee@vai%lcf cHany AR clectrempanetic\iatertsrence

t enper atdyn@opi gnal to the electronic controller. 32. The apparatus of
claim1l1, conprising: an input/output port of the electronic controller; and
an interface cable for connecting to the input/output port and to one of a
plurality of 3Wiff&hemppartusrafatlaionit compesiogfimst endtseaindi mgtor Hemapmaurat us,

the inte e havi circuitr 5 for identifying.the one external
control Igggx&%g’ et(éﬁlgkoerl Sgg%%lgﬁirecsr’g%lﬁlte ‘?‘Pre‘i@’fnpﬁﬁé‘?lsf’ﬁn?lﬁé ﬂéqqeé%“ttrroél?ﬁ %Ongr(?h?li‘ ol ler
is for selecting and using software specific to the one external

control | er reXhonsTheapmrdtircofodditnel,comtlsibpy. 33. The apparatus of claim
12, wherein the second notor is for noving the drive assenbly fromthe

extended position 1o the retracted position, and the lift assenbly
conprises a Wpﬁﬁg}d‘t@t‘ﬁo&ofﬁﬁq%&qu%@nggﬂ%an tor and the flexible

tensi on cabl ey Blierflde QbRFot BSmeSBZOBALE R 'E/oﬁ@uﬂ:jﬁ(ﬁ@ N REInAHL £ f)lu;c]enﬁy ggcond

mot or noves the drive assenbly fromthe ext ended position to the
r et r act ediffprsnt extomal gontroNarsdppenngrolingfthe apnamatay ithefinteafago cabihbavapg eiratitng

kSifng; : ' .ed h b f
e g e er Ry B0 e AR BB RRUF bRkl Snbr tuct nal i & of

t he support bah&ein the clcirvEic de@RSlcE RPF éééd‘ﬂlﬂﬁ ahd asih®kbfeware Bpevific fo0the one
rotating the roller; lift means for nopving the drive neans relative to the

suppor t PaealicoghpHer regangive &ythe 6able cBANBYHst antial |y within the support
base to an extended position with the roller in driving abutnent agai nst

the cargo: amh 10 PROLSOkaPANAhP12! WAGRRNHL Mdotd MAGH 538! £RVIL the grive

controlling the lift ans and the neans for rotating the roller.

02/ 0790 7assesblpdimugeyxagulzd position to the retracted position, and the lift assembly comprises
a one-way clutch between the second motor and the flexible tension cable for allowing the
second motor to free-wheel after the second motor moves the drive assembly from the

5 extended position to the retracted position.

34, An apparatus for conveying cargo, the apparatus comprising:
a support base;
drive means mounted to the support base for limited vertical movement
substantially normal to the longitudinal axis of the support base, the drive means comprising
5 aroller;
means for rotating the roller;
lift means for moving the drive means relative to the support base from a
' retracted position substantially within the support base to an extended position with the roller

in driving abutment against the cargo; and

10 control means for independently electronically controlling the lift means and

the means for rotating the roller.



35. A nethod of conveying cargo, the method conprising: nounting a drive
assenbly having a roller for limted vertical novenent substantially
nor mal t owohe/otwngi t udi nal axis of a s pport base; provi diPag/us0t/09434¢
electronically controlled electric nmotor for rotating the roller; 5 noving
the drive assenbly relative to the support base froma retracted position
subst anti al | ?ﬁ wi thin the ?sﬁjcpgort base to an eétended osition with the

)

roller in d Pvi ng > TR A Eh earlse “‘PrBVBFng a second

el ectronical ly conhb@itingda elrivetdsinbIptialineoh DY AG fiffRed Jeital aFRRARNY:;
and 10 electronically control]ling the first and second notors. 36. The
net hod ¢Pbsaiatly sormaldathe longighdinal axis iofig sepneridraseence of the cargo above

the drive assenbl . i i f _the.car i s detected.
37. The nethod of Tl ai %%%ﬁ%%gn%oﬁggl%g%%oélﬁagé tgncaqlo'i%go&m‘t%ﬁgg @?ﬁgg?rs,
each Jor det ecti ngnbviag pheskive eassdmibliieretdivg Otoatheveuppbe bade i frem as semddtyd and
operating the tors g}nly i(f cargo is detected by at | east one of the

d

sensor s PosEon ybstaptiallyy withun, the; suppert hagente a8 ergended drastiion withuhe teller i de

si gnal f&QMAabudiBitagdind APE4BL N9 the notors when the manual override
signal is sent and cargo presénce is not detected. 39. The nethod of claim

35, conprising comrpwidingng se¢radfdlecdtonivatlpreontrolet ateetrichmotor dbt emoviimg @hd i r st
directi %{r] or | m ,rsﬁ%ﬁond direction opposite the first direction; and

causi ng THE P or to rotate the roller in the second direction while
mai ntaining the drive assenbly in the extended position when the drive
assen®ly is in thelexioaivdid coffiroblfi the Gitst and sédogd hdtdgr s rotating in the
first direction. 40.. The nethod of claim 36, conprising: WO 02/079071 19
PCT/ US02/ 09476 regei Vi a_hold_signal, froman external controller; and
causi ng the &315? yeeﬁles@ﬁ“gg‘}of by PRBRFNE ctesting teduessaes ofit ‘?lcfréotah%"e
extendeqhem&gsaﬂb1y%q,oﬁo%ﬁﬁ%gétm&&fs% &tﬁ@éaﬁi%&c {aggfeeieh.er stationary when

the hold signal I's received a 5 cargo 1s det

37.  The method of claim 35, comprising:

providing at least two sensors, each for detecting the presence of the cargo above the

drive assembly; and
operating the motors only if cargo is detected by at least one of the sensors.

38. The method of claim 37, comprising sending a manual override signal from a

user; and

operating the motors when the manual override signal is sent and cargo presence is

not detected.

39.  The method of claim 35, comprising controlling the first motor to rotate the
roller in a first direction or in a second direction opposite the first direction; and

causing the first motor to rotate the roller in the second direction while maintaining
the drive assembly in the extended position when the drive assembly is in the extended

5 position and the roller is rotating in the first direction.

40. . The method of claim 36, comprising:



41. The nethod of claim 35, conprising: neasuring electrical current draw
to the first notor; nonitoring the current draw of the first notor; and
renovi ng wowen79orom t he first notor Whﬁ? t he current drawpefi/ushrodsire st
notor exceeds 5 a predeterm ned curre draw for a predeterm ned tinme
period. 42. The nmethaod of claim4l, conprising storing a power consunption
curve repred&rRiYIAG 2ol signalittom a exderpplegontrglernandil ues and correspondi ng

ti me periods, I J i "
pr edet er m nedc ala fiﬁ% t%grcﬁ)ugaiéggg%&gﬁ %ggq%ogﬁm%gggtﬁécgﬁpﬁ p%%g{gggrfv\}gg ﬁ@_n d‘?‘%e
met hod gfositioaj andithe fisktenetonta hdd fevwelercxatzmaryt when thiathokl signdl @y relcéived and)

t he t'éme of .oae ation of the first notor to reduce scrubbing of the roller
agai n3t @R 1 F%St.e 44. The method of claim 35, conprising sending feedback
signals to an external controller, the feedback signals including at |east

one of an identi fimeIﬁ@gﬂl@dbge1ainﬁ\g5,@@ﬁ@,ﬁaﬁlgs, the cargo presence signal, a
first notor speed signal, a roller speed signal, a first notor |oad

signal, a second notor |oad signal, and a thermal protection status signal.
45. The net hdBeastripg glegirigal cusisaigrayito thedfirshmaiong control, programmabl e by a
user, of at |east one of first notor traction force, second notor |ift

force, first ABGiRRGARE curt@ AavsHEBE firdt AW16r; hwictions and el ectromagneti c
interference control. 46. The apparatus of ¢laim1, wherein the first and

second notors are permanent magnet alternating current notors.
removing power from the first motor when the current draw of the first motor exceeds

5 apredetermined current draw for a predetermined time period.

42.  The method of claim 41, comprising storing a power consumption curve
representing a plurality of current draw values and corresponding time periods, and
calculating the predetermined current draw and predetermined time period based on the

power consumption curve.

43.  The method of claim 42, wherein the power consumption curve is for limiting

the time of operation of the first motor to reduce scrubbing of the roller against the cargo.

44,  The method of claim 35, comprising sending feedback signals to an external
controller, the feedback signals including at least one of an identifier code for the apparatus,
the cargo presence signal, a first motor speed signal, a roller speed signal, a first motor load

signal, a second motor load signal, and a thermal protection status signal.

45.  The method of claim 35, comprising providing control, programmable by a
user, of at least one of first motor traction force, second motor lift force, first and second

motor speed, logic functions and electromagnetic interference control.

46.  The apparatus of claim 1, wherein the first and second motors are permanent

magnet alternating current motors.



