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STEERABLE/ RETRACTABLE CARGO PONER DRIVE UNIT FI ELD OF
wOokR)4/d&4SSITI ON The present invention rel ates t8CTAISYD4/013623
conveying systens for use in noving cargo on a
vehicle such as an aircraft. {The present invention has
particular applicability in roller drive systens in
which a roller is urged upwardly agai nst cargo to be
conveyed when the systemis activated and retracted
when the systemis deactivated. BACKGROUND ART Rol | er
assenbl i es which are renovably nounted on carriers
attached to the floor of a vehicle are w dely used
for conveyi n@TEERQ@LMRE’FM@T‘&BLE@NRG@?OV@ESe roller
assenblies or "actuators" are intended for use in
systems which involve t hBRIYBNSESrt of commercial and
mlitary cargo containers commonly used in the air
cargo, ground cargo (trucking), rail cargo and
FIEDDAbP aHdE IvENriondustri es. The actuator installs into
a cargo transport vehicle, and provides notive force
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drive unit or_powered drive unit DU, works in
systemp ihvhichA rwezf ks wgadarpivardly agsinst ¢argyiei hspenteyedwhen the system is

actiffibd érld%t?acte'a%vﬂe%@ s?&erﬂﬁ‘sdde'd&lv%@' ng of the cargo
containers into and out of the vehicle. The PDU

typically incorporates a fixed frane or support base
%§ﬁ§K§H§P ‘hed to the floor or floor structure of
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attached to the support base. The drive assenb
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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 container
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 be made of non-metallic material such as wood or reinforced plastic.
The PDU also incorporates a lift mechanism which raises the drive assembly from its
lowered position into abutment against the cargo container bottom, as by rotating cams on a

common camshaft against reaction points or bearings in the support base. The lift



mechani sm provi des the vertical force to the drive
roller, which in turn provides the frictional force
woOaomrowsmst he contai ner. The |ift nechani sm al oTaamobe13623
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normal to the longitudinal axis of the support base, the drive assembly comprising a roller

and a first electronically controlled electric motor for rotating the roller; a lift assembly
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second el ectronically controlled electric notor for
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I nventi on, . . . . .
%I?gure 4{] 1s a perspective view of a lift apparatus in accordance with an embodiment of

the present invention.

Figures 5A and 5B are graphical representions of a power consumption curve used in
an embodiment of the present invention.

Figure 6 is a top perspective view of a SRPDU drive assembly in accordance with an
embodiment of the present invention.

Figure 7 is a top view of the apparatus of Figure 6.

Figure 8 is a cross-sectional view taken through line 8-8 of Figure 7.



Figure 7 is a top view of the apparatus of Figure 6.

Figure 8 is a cross-sectional view taken through Iine
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Figure 9 is a bottom perspective view of the SRPDU

drive assenbly of Figure 6. 4DESCRI PTI ON OF THE

I NVENTI ON Conventi onal PDU s are nechanical ly conpl ex

and Figedk 9fit £¥otlind pér3pebtindSiew tié SRPDORBK&hdsBlbly of Figure 6.
conditions or vehicles. The present invention

e problens of conventiona
D%ggk§ﬁ§$§gﬁgiﬁ@gbﬁﬁﬁgﬁgﬁﬁe present invention is
C ONM@dHvyntioahl REU RaRtnRRhaidafly cérﬁﬁléﬁ&ﬂdﬂ@ékeﬂexmg hn@¥rWing
i.s designed to install t

OReF%W&éiBIP QS Y E‘Thé"l?sn The giesent Byyertianigdrespevandentves these problems

oftdtaibgdl i, mut ual |y per pendi cul ar directions, such
as a_doorway area where containers need to nove both

| at eThmawafahaf the,prgsentimventionys qommpndagadied v sthérable, reffvéable
pcﬁ#‘etr Hﬁ{’@ﬁmt RRPAFS 190 %éél%géh ARG al%nggona\%hl%f(etlg arneaﬁ, requiring

mmand, to oriént t rive assenb t he
m@Ian@@f plentamgrstin myfvalle perhendicatag dlrmmla Suvhras a da'dswlay area where

I t di
oML s A 120 REO TR B L SATRRYT Toe st
rogptastofl wrenspplidagoracttan &k ernal enumoandsto ovipithd dréveQisdeh®d in the

L M 0 S S s
1nwus¢d1aye alrglilawpbdmdlﬁ dufaeititafothe fot41{0n D 6GHtdiRdds. COHENRBFr improves

ot her ators in related applications. The
o SO e B AU GHE RO CompIaned s fausppr ghich i
fagtert light@rwei @it SesskoaMana sith redubdd@dobeR 6drdah on%m?gltea Wth other
rntablg% g a. PDU drive assenbly, such as t
acyispEs i relgfd a {H5ve assenbly available from Ancra

| Nt GHESRPDNES 1B pr&éant iRmABs rseMNGERink a@Eh
described in Published Inntré(rx%g%l onal Pg%a or (also known as a

TORBACHRENE OB AN tA o) 2 PR dridemsseshdy, gtgrzms)he Mpds] PTAO1-10
P10 ARSRIP R SRR BUAGLDE FESHLR0, CR LRI o
degqribed in Ruglishsd frternatimal I@tmﬁpplmm@dw@omwwhﬁiznat ion
P@ﬁ'ﬂ@@bﬁ)@@% h@ﬁbﬁ' cﬁlﬁlﬁ: as%ler%‘l llssm%nt&fol?g% OF stg?rir%ragﬁ\agor 50 form

Sensors an Ogl C. e stee
the HRPDHt dhé SREDYds eueegized iy ektsmahqdentﬂcai/pdwar lagd Bmdnﬁd‘lﬁd by a
di tjonal cqntr.
co@%ﬁl&i yf%x%?rﬁa?n&géetx? 1 g@l&)agse a}sa\}/e qflln?,lhsgnsafsi 30 l%% eﬂ?ﬂ s§per1ng

acfﬁhier almsn]se MEsfhga"mdeeﬁ thetief st GhiclAnl &iePaT$ dAve assembly,
ner met.al i c bottom

[1y. h th,
e i PR B ophohife SPetg et SR gy s> raite he
SIH’H)’[DﬁthﬁgledT&lﬁloG@mr@ d’dﬁt’ameﬁoﬁ‘p@lﬁ@s %Ebh%bﬁ&al%a%gﬁo&ﬁ

%r getalllc naterlﬁgs such as | am nat ed wood
meit 16, cg‘iogbqﬂ)venngs attached to a square or rectangular frame structure The container

bottoms can also be made of non-metallic materials such as laminated wood or reinforced

plastic. Containers are typically supported by a plurality of free turning cylindrical rollers,
ball transfer units or caster assemblies, which are collectively referred to as the conveyance

hardware. When the PDU is retracted, the containers are free to move on the conveyance



plastic. Containers are typically supported by a

plurality of free turning cylindrical rollers, bal
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collectively referred to as the conveyance hardware.

When the PDU is retracted, the containers are free to
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PDU 100 also incorporates lift means, such as lift assembly 150, for raising the drive

means from its lowered position, as by rotating cams on a common camshaft against reaction
points or bearings in the support base. The lift means provides vertical force to the drive

roller, which in turn provides the frictional force to drive the container. More specifically, lift
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which will be described in detail hereinbelow. Electronic controller 195 also includes built-
in-test (BIT) functions to verify the proper operation of the actuator prior to use. Electronic

controller 195 includes an input/output port 200, such as a serial port, for receiving signals
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Alternatively, electronic controller 195 can receive a manual override signal from the
external controller through input/output port 200, and in response will operate motors 125,
155 regardless of whether the cargo presence signal is received from sensors 205. This

manual override mode is used for system check-out and for sensor fault override.
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down direction stop (not shown).



bore, and the elimnation of shinmm ng during assenbly.
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enbodi ment of the present invention. Shimmng is
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controller 195 causes drive motor 125 to reverse direction while maintaining lift assembly

150 in the extended position.
In the "hold mode", lift assembly 150 raises drive assembly 110 into contact with a
container and drive roller 120 is restrained from rotating by drive motor 125 and its

associated drive gearing 135, 140, 145. The hold function of the inventive PDU 100 does not



Several exenplary actuation functions or "nodes" of

PDU 100 wi Il now be described. The "retracted node"
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power is renoved, no drive or hold conmand is sent

fromthe external controll efg or no container is
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jammed containers, thereby avoiding excessive drive roller wear and motor overheating.
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When a container reaches its intended position against a latch or another container, it is said
to be parked. Most conventional PDUs will continue to drive against a parked container until

the drive command is removed, or until the PDU overheats. Some PDUs have incorporated
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forces, |ift forces or |ogic delays are required.
El eCRD[é) A& vehigitcap pe icorporgted drfo the inventive SRPDU described

hereinbelow, features two separate permanent magnet brushless DC electric motors, one for

the drive function and one for the lift function. The motors have their own control
electronics, which are integrated into a PDU electronics module. The drive motor is current
limited to control the maximum available drive torque, which can be varied for different
cargo applications, along with the maximum lift force of the PDU, via control software. The
dual motor arrangement provides independent, fully controllable operation of both the drive
and lift functions of PDU 100. This independence and programmability provides maximum

flexibility for usiﬁg the inventive PDU in various applications.

THE SRPDU AND ITS FUNCTIONS
As discussed above, the SRPDU rotary actuator of the present invention comprises a

steering actuator (also known as a rotary actuator or rotary turntable) and a PDU drive
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1050 may be reinforced with glass, cloth or carbon fibers. Sector gear 1090 (which mates

with output pinion 1050) can be aluminum, which also saves cost and weight as compared to
the steel gears commonly used in the prior art.

A cargo container over SRPDU 1000 is supported by a plurality of ball transfer units
(BTUs) 1100 integrated into rotating support ring 1020. BTUs 1100 are conventional units,
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susceptibility of SRPDU 1000 to below industry standards. Electronlc control box 1060

Op.j

includes an environmentally sealed electronics enclosure, and is located on the underside of

SRPDU 1000. A breather port is installed in the electronics enclosure to allow the pressure
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in the enclosure to equalize with the outside air, as

well as to prevent the passage of noisture into the
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sensors for providing electronic control box 1060
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locks@) plesrrpmtz bP@WW@EO@mﬁQH@SZBO in a conventional manner, to prevent

rotation of rotating support 1020. This mode is intended to stop and hold containers in
position, and can be used continuously when power is available to SRPDU 1000. As
discussed above, a hold mode is selectable via external command such that the operator can

choose to have the SRPDU hold when a drive command is removed. The hold mode



16 In the "lift and drive node", the lift assenbly 150

of PDU 100 of SRPDU 1000 rises into contact with the
woani4aogms and drive roller 120 rotates to noveCcThs2004/013623

container. A direction command and a contai ner sensed

over SRPDU 1000 are required7for this node. In the

"sensor override node", the |ift assenbly 150 of PDU
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hefitfl continue to support the container during rotation.
El ectronic control box 1060 controls SRPDU 1000 to
rotate when PDU drive roller 120 is retracted;
integrated BTUs 1100 support the cargo contai ner over
SRPDU 1000 during rotation. The rotation notor 1030
i ncor porates braking technology simlar to that of PDU
100's drive notor 125 (see Fig. 3 and description
thereof) to stop and hold the angul ar position of
SRPDU 1000 wi t hout the need for a nechani cal brake.
Specifically, rotation notor 1030 is | ocked
el ectronically by electronic control box 160 in a
conventional manner, to prevent rotation of rotating
support 1020. This node is intended to stop and hol d
containers in position, and can be used continuously
when power is available to SRPDU 1000. As




di scussed above, a hold node is selectable via

external command such that the operator can choose to
woave/sms SRPDU hol d when a drive command i S reqosen04/013623
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di scussed in further detail P@reinabove i ncl udes the

function of holding the angular position of SRPDU

1000 while holding containers in position using PDU
whels cldhgedR! d node further includes the ability to

resune the container hol ding node after AC power is
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are shown and described in the present disclosure. It
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i) ‘taching to a vehicle structure; a rotating support

rotatably nmounted to the stationary support a drive
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the roller;

4. The apparatus of claim 1, wherein the third motor is fixedly mounted to the
rotating support, the rotation drive assembly further comprising:

a pinion gear connected to rotate with an output shaft of the third motor, and

an internal spur sector gear fixedly mounted to the stationary support for meshing
with the pinion gear for moving the rotating support relative to the stationary support when

the pinion gear is rotated.



alift assenbly conprising a second electronically
controlled electric notor for noving the drive
wassrmbsysrel ative to the rotating support froRC&US2004/013623
retracted position substantially within the rotating
support to an extended positigon with the roller in
driving abutnent against the cargo; a rotation drive

assenbl y1go %Haka?ﬁsn&“ Qaitdh rﬂrtﬁér%hfpﬁﬁhg Al pineERPERblicdgear set
el ectric notor for rOtatln he rOtaln_g Support

copggcted ibyeveen the jpatpyt dieft @ﬁﬂapyhlgiupﬁe? qnd thapinign gedrect r oni ¢
controller for controlling the first, second and third
notors. 2. The apparatus of claim1, further
congr i si e appastyspdIciaih s evhereinetie plami@mtg@@r febistahiree stage gear
otating support; wherein the drive assenbly is
pi vot ably nounted to the support base for |limted
verti cal nnvenent substantially normal to the

| on |tud axis af th A base: and where o

the t 11 TEuR of e, RS et ticel Bt fPubricating,
higlebtednptheldstic.t he support base. 3. The apparatus of

claiml1l, wherein the first, second and third notors

are permanent magnet brushl ess DC notors. 4. The

app%r at U%@fapﬁliréﬂuﬁnéf cllier Bi Wherbie tHehipfrfor" @& filrther comprises

ted to the rotating support, the rotation

lﬁﬂmﬁﬁég§@§bﬁ%ﬂvxFﬂ$?%§P“%onpr|S|ng a pi nion gear

connected to rotate with an output shaft of the third

notor, and an internal spur sector gear fixedly,

mout ed {Be AIPETaiIs A Plata RSt e DY GPCtPRESAT G PTiRFS Apminum.

the pinion gear for moving the rotating support

relative to the stationary support when the pinion
gearl0i s ibe amr@uatusvm ko 4/, Ggdeo sormuisingspplonlity1 Feml trapsfer units

f
m nte-[l P 9@(5%[&35?1 rt ﬁ)lr @ﬁﬂpof]tm thd Ezl?g i gfe%lﬁﬂlg?%eecargo from

ane ary re n gear ‘set © conn tween
contatw the toditt windn thhériverissethbipois or tha refiratthé pesitiinon gear .
6. The apparatus of claim5, wherein the planetary
gear set is a three stage gear set. 7. The apparatus
of dllai mMTAc apberites of tchém pi, nviteneig abe eleotmgri¢c Semtradler comprises an
self- i cating, high-strength plastic. 8. The
elogical E#Eé‘%f claim 7, wherein the pinion gear further
CONBFHeE®S thd BppafaisCisNgpn@bidbte b |aat dxté@hal Cavnbiollerf vibalies electrical

interface; and

wherein the electronic controller is for sending feedback signals to the external
controller, the feedback signals including at least one of an identifier code for the apparatus, a
cargo presence signal, a first motor speed signal, a third motor speed signal, a roller speed
signal, a first motor load signal, a second motor load signal, and a thermal protection status

signal.

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

volatile memory for storing operating information relating to the apparatus.



9. The apparatus of claim4, wherein the spur sector

gear conprises alumnum 10. The apparatus of claim
wa 20d40m08d98r conprising a plurality of ball traretaIs2004/013623

units nounted on the rotating support for supporting

the cargo and for preventingﬁ}he cargo from

contacting the roller when the drive assenbly is in

the retr itdon. .11, . The apparatus of claij

wher 3 (s e & cPlin b GRS BuGmafion incules attast
ong|oé tatalioparhtingiiee btheappahersand totd epappar Gtlds | S

control |l able by an external controller via the

electrical interface; and wherein the electronic

contldol | dhe iappdratts S£ORInNJ 2f a@clACHeSdIEbRBhS Joﬁtr&lhe?_comprises an
1exteL]glglf cgptrolle,, t he feedpback signals includin
eleftriqeL niT aghior gpalnadinginarmption fegsp dherngp-volnsileapgrasitieian external
cotpufe@l g0 presence signal, a first notor speed signal,

a third notor speed signal, a roller speed signal, a

first notor |oad signal, a second notor |oad signal,

and 13, t hepgaphpapiied b S ' I . The...

appar at us _of b%l ai mg_flf‘?lhl\j\ﬁﬂ (1e’r E%Hf%oﬁcﬂg g%tar go%igtgm Jb%mon sensor for
de@ﬁ&t‘g’ dradial redfgpse ipesitomoftbe rotativigstipriet, msho cgmihutation sensor in the

thisd Rlotd? ForORKLAbdif}0, | 0 ] o the.
a_ppgr atUs. WO 2 %#ag%ggg%ﬁd&# /t{l,%fga%fg %&ﬁopé) 5 Sreﬁg‘()e tpghe reference

poyRen.gppar at us of claim 12, wherein the operating
information includes at |east one of total operating

time of the apparatus and total operating cycles. 14.
The lappalbg @Bpapdtusc b ichin Z,Sl, Whﬁpﬁéiﬁ% finge &Hf&b(ﬁrﬂ?f&aﬁon position
trohler C ris el ectrical, nterface for )
o oA o TP, R 15 eqrPo ROt a0 sPatag SumpBiopyercin the
comougation x¢monddtermiresphl irtérmedidte pbhitioRBP e dbtatngduppddbéhveen the
fh%' %urth r %onErLsin a rotation position sensor for
&p E‘?CP?\%O& PR PO SER8Sance position of the rotating
support, and a comrutation sensor in the third notor
for getefg;ning a radial position of the rotating
suppbr t appptpisiof olaye [Ge PBeisincibe cpmaiutation semser 1sThe counting
revaRitidhabube Bfrd @loddrm 15, conprising first and second
rotation position sensors to detect O degree and 90
degree positions of the rotating support, wherein the
compeit at ' : ' I ' sition
of the T oraPPRIRgLLARREIE wAeRi e ahAHARG) AhforRaRbicR? na-

effpcb6@BPon position sensors. 17. The apparatus of claim
16, wherein the commutation sensor is for counting

19.  The apparatus of claim 1, wherein the electronic controller is for controlling
the third motor to rotate the rotating support when the drive assembly is in the retracted

position.

20.  The apparatus of claim 1, wherein the electronic controller is for locking the

third motor to prevent rotation of the rotating support.



revolutions of the third notor. 18. The apparatus of

claim 17, wherein the commutation sensor conprises a
wélabd4o9ghfect sensor. 19. The apparatus of cl aPar/aiS2004/013623

wherein the electronic controller is for controlling

the third notor to rotate thg rotating support when

the drive assenbly is in the retracted position. 20.

The mgppar im. L, [ on

contront ape Hpepluoeddihy e chikr BB e mesenge of e
capgst abqventhefdriviaeassemtdy iand) ssudimm @t cargdOpROGKE GABADFo the electronic
i df1d/S2004/ 013623 21 21. The apparatus of claim1,

conprising a sensor for detecting the presence of the

cargo above the drive assenbly and sending a cargo

presgnce.signal to e el ectroni ontroller. 22. The |
ap p;l?at usﬁl Sgp%ﬁr%ﬁlﬁ'r?é‘gi?l%g PEereR ﬁ’@ eiffcg{?f“lc §Aptgoller 1s for operating
the €irst bl deedndirBotbBonyLit Bickivgs thé bgd presdncagighasecond
notors only if it receives the cargo presence signal.
23. The apparatus of claim11, conprising at |east two
Sensgyrs, Thaappardiis SRIARL 1, REmplidiss A18HKE BFEsedborb, NBCHE B Atecting
above the drive assenbly and respectively sending a
the Bregfgon, P g abgvg thel drive asspably|aad respestively spnding 4 aargo presence

sigALtoeihB elebforfit B0 Gh&RMt the bleStonicS cJrBb1 GRS F&t g@lgtntl fhe first

irst and second notors only if it receives the cargo
ang seeudcBOtersgPtY i it gngeives [teenedre® peeserfce tsigmal emsadrleast gde of the
sedddgs. apparatus of claim 22, conprising an input device
for sending a manual override signal froma user to
the electronic controller, wherein the electronic

contiol ] 6l G525 TR 955 A g s

receives t manual overrT
ovprrige eigvaltfrom a user tpothp elegamiveconirgliten) whe2&in thEhdecapiiacaittoller is for
. ' nprisi.n n_inpyt device for sending a
onfharii ATy IR ISHIR F ol peEte STepmicing BE pelprdocss the
cargontresohdeasignalvher ei n the el ectronic controller is for
operating the notors when it receives the nmanua
override signal and does not receive the cargo

pregenceThé gfpatatus2f.clali @3apRagraingSanOihp@l @ik £k sending a manual
rein _the sensor conprises a non-contactin sensor.

wh ) : .
overpide figaal it B 1B clefiemin oopirolgherherdin fi slogBri pontoler is for
opElatiRy tRSfoBrsHRAhdn iEtde8iGss HEMNSAhal override signal and does not receive the

cargo presence signal.

26.  The apparatus of claim 21, wherein the sensor comprises a non-contacting

sensor.

27.  The apparatus of claim 26, wherein the sensor comprises a Hall effect sensor,

an infrared sensor, or an ultrasonic sensor.

28.  The apparatus of claim 2, wherein the lift assembly comprises a cam rotatably
mounted in the drive assembly and rotated by the second motor for reaction against a bearing

in the support base to provide the vertical movement to the drive assembly;



an infrared sensor, or an ultrasonic sensor. 28. The
apparatus of claim2, wherein the |ift assenbly
woaomwe®s a camrotatably nmounted in the dri PeT/US2004/013623
assenbly and rotated by the second notor for reaction
against a bearing in the support base to provide the
vertical novenent to the drive assenbly WO
2004 RAGH9R AT 1SR AUMDBA B2ecr e VBT Idich 1o AL
roller is disposed betmeen the secon or “and t'he
cam 29. The apparatus of claim 28, mhereln t he
bearjong it P | 0 .
di spzogged ﬁ?o{? aﬁfhgt(g{ ga%g?ﬁeﬁg¥eﬁtjﬂge é% f)lgr]%l &’ﬁ %‘pp%.base 15
Supn@rteéﬂwairmm dispased prozinral R% comtee pEtha suﬁpertbaqepor t base.
conprises alum num 31. The apparatus of claim 28,
wherein the lift assenbly further conprises a
f | ex30bl e The agpacatusodiolaém GO wigsedie the tsappofthassoatpsisd¥l@hinum.
and the camfor transmtting torque from the second
notor to the cam 32. The apparatus of claim 31,
wheridi n The abpaatudlo€ cla@fi SISO RviefiH CheCRATEIHDYy Rurther comprises a

stra st eel The a par at us ‘of claim
1 {en S e Fbeted 5o the Soqopi 1ot s BP 6 Gorranereiting forque from
the sgrpabibr ahé enr Sstrap. 34. The apparatus of claim
1, wherein the electronic controller is for

controlling the first notor to rotate the roller in a

firsh di TeE LRt of Blafy 3ECRRL A he ‘He%;fﬁfé QR&H(%E F&b@e Egl‘ﬁlﬁnses a

first direction; wherein when the t asse

mylfstrang sisele®loosi ti on and the roller is rotatlng in
the first direction, the electronic controller is for
causing the first notor to rotate the roller in the
sec@Ad difheeppagiuswpl ¢leinndinwhéreinrpe tflexiblei fhsics sabidbymprises a

m?ogg%ﬂﬁggg d position. 35. The apparatus of claim
21, wherein the electronic controller is for receiving

a hold signal froman external controller; and

whepgi n nj ontrol | s far cau

|ift gas ngrFoflpj’ ?o rf’gv eau}lﬁo Pﬁthﬁ %Pg eFE%‘%l%ao ZIF”( ﬁ%JPF gagtrolling

the fust mxtoetvdethtepths tdlienin, a ﬁﬁﬁilfeb@orf orlis b séBRHO ﬂlrécﬂoﬂ @fgﬂ)sft@ﬁle first

duequ er stationary, and the third notor to hold the
%gtlng support stationary, when the electronic

C o) ntvrll@xieinewhenrtﬁé?ﬁﬁ ¥8SmbEs Hahél exabiRa@ boditth dnhhLRNEAs rotatlng in
J% sgnce Si § ? WO 2004/ 098995 PCT/ US2004/ 013623 23
the tirst 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.

35.  The apparatus of claim 21, wherein the electronic controller is for receiving a
hold signal from an external controller; and

wherein the electronic controller is for causing the lift assembly to move from the
retracted position to the extended position, and the first motor to hold the roller stationary,
and the third motor to hold the rotating support stationary, when the electronic controller

receives the hold signal and the cargo presence signal.



36. The apparatus of claim11, conprising a circuit for

measuring electrical current drawto the first notor,
woheraospos he el ectronic controller is for noni POTiIUSZ04/013623

the current draw of the first notor, and for renoving

power fromthe first notor wmen the current draw of

the first notor exceeds a predeterm ned current draw

f or 3. pr atheappAest did
% oo i Sl B o
rgw % ¥ RGP, ?b%rﬁtnﬁbe %leq@r@niércomtﬁﬂbumfon roomtmng ¢he current draw of
the ERERBAOE b TR rBhiRL | F q{on‘f 5 ﬁrﬁt[m o?W e e currel?t cgraw of the

cor r espondi ng time p
firstmetopeycegds .asorerd@tenmapwr@m dTQWtﬁbret prgﬂetmimtned ﬁm&qﬁnod
current draw and predeterm ned tinme period based on
t he power consunption curve. 38. The apparatus of
cl ai¥h 37 Thotwgpaiatns fielahoved, viensummpd eRor@id ¢ontiollef @6mprises a

t of oper.ation of the flrst notor to
mihfy P ot o %"gw S5 FOPREER (cBive JERIPHEIng APIuraLY o, cumnt draw
vafige anp pamesporsling timk petivd, amh geadigtnbhie BhirdRr fissftﬁrﬁtﬂicﬂlatlng the

ous, bore, .and the first and second

i S ntin
R Buerd AL A RereRing (iRSiPeriod Wrsedhon e pawe: cmeamption
cugygpar at us of cla|n139 wherein the first and second

notors each conprise a shaft and an inboard bearing
for supporting the shaft; and mherein the drive

as se ﬁb | yThe lép;ih@a’tusp eMRaik & erhete'ﬁp o f &aédngﬂnﬁ#ﬁpﬁfr&e is for
opmonl y supporting the inboard bearings 0

h“PPP% {1 Fitp PEREOmBE B J15t msterdo pedech smebbingilof toeller against the
cagppar atus of claim 40, wherein the inboard bearing

support conprises an axial spring for conpensating

for tolerance in the bore. 42. The apparatus of claim

40, zdurt [ r r attached

Co tho. { I aaans of Lth Br LB o drkE s BRI e inEi rgeinuous
borehgndsbe Brstiandeemd sividrs arewmentet raoa:m&lybﬁnida: thsboré or

housing the primary drive gearing and |ift gearing.

43. The apparatus of claim 2, wherein the apparatus

has4@ f obBitempparttusief ¢lmed39:)yvhb1leﬁl thé ﬁfbg bkt RB6hdvhtbRs @éh comprise

o R e e L mpotes ooltugbos o

PCT W%%O%Odﬁﬁasseﬁﬁlyaﬂd’thlaﬁ Re#Priek atrh enHo@ldl Earin JSup ort for

codherein t E ? {E of the roller is greater t E
'8‘3?1& &AYPRS ntgﬁ ¢ mbosrd Bsaries Qifthe frat ang sencn e@torﬂmmderﬁns bore.

apparatus of -claim 43, wherein the footprint of the

r ol i.s about 23 percent of the footprint of the
app at u e apparatus of claim 40, wherein the inboard bearing support comprises an

axial spring for compensating for tolerance in the bore.

’-t

42.  The apparatus of claim 40, further comprising primary drive gearing attached
to the first motor shaft and lift gearing attached to the second motor shaft, wherein the bore is

for housing the primary drive gearing and lift gearing.

43.  The apparatus of claim 2, wherein the apparatus has a footprint defined by the
length and width of the support base, and the roller has a footprint defined by the diameter



45. The apparatus of claim1, wherein the electronic
controller is for providing control, programmable by

we 20miem3998f at | east one of first notor tracti eaTfuseme/n13623
second nmotor |ift force, first, second and third
nmot or speed, |ogic functionsysand el ectromagnetic
interference control. 46. The apparatus of claim1,

anddenpth of thy rbilerSwhersié GRNbofpRgt bnk %l!@?tié)%gét%% 3% WL &ent of the
sensors, each for sending a respective hotor
m?@ﬁﬁ%#i‘ﬁ?@“?Wﬁnal to the electronic controller. 47
The apparatus of claim1, conprising: an input/output
port of the electronic controller; and an interface
cabl¥- f olfhe gppERes pfcleim dhewherpint the foqprtint pfrthe aolthr ti® about 23

i [ l'lers
el lifferent external contro
piﬂﬁhfig??g%l?ﬁg]%%gﬁéﬁggratus, the interface cable

having circuitry for identifying the one externa

conysol | ronic contrgller: wherein the

el etgts [§ on?fée % r?%a?%l ecﬁﬁ%nse%lger%% F%ecgpwngn@nggﬁqu for providing

contptls pragremasblei Hyi cusen dfheleasiene of fiest ARoraREsOFr &, second motor
48. The apparat us

; | cahl.e circuit . _

T Ry R e LI L —

interferenteicomrolassenbl y fromthe extended position to the
retracted position, and the lift assenbly conprises a
one-way clutch between the second notor and the

f | e%6.bl eTheeuppiratns 6BdMitr I, @6mpHidiVirR sdchfd arﬁlecﬁﬁgﬁilgfrslp %/eg{perature

sentgcs‘?rg,];{q,gl?e @%%2%%%@2&@%3%&?&3{3&! El;:@thcafbnia comeobller.
posi tion.

47.  The apparatus of claim 1, comprising:

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
different external controllers for controlling the apparatus, the interface cable having circuitry
for identifying the one external controller to the electronic controller;

wherein the electronic controller is for selecting and using software specific to the one

external controller responsive to the cable circuitry.

48.  The apparatus of claim 31, wherein the second motor is for moving the drive
assembly from the extended 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

extended position to the retracted position.



