| NTEGRAL ELECTRI C MOTOR W TH SPEED SENSOR, PLANETARY GEARBOX AND STEERI NG
MEANS HELD OF THE | NVENTI ON The invention relates generally to

el ectrical wheel notor drive systens for small conpact construction

equi pnment. BACKGROUND OF THE I NVENTION United States Patent No. 6,852,061,
i ssued February 8, 2005, is incolporated herein by reference 10and is
substantially copied herein and quoted below, in this, the BACKGROUND OF
THE | NVENTI ON, section of the instant patent application. FIGS. | -3 are
substantial duplicates fromU S. Patent Nunmber 6,852,061. Fig. 1 is a

per specinMecKABKIIROIAL MORBR wefn WBERh JIRISHS PLANRS ARNIBRERBYX Anb e pr i or
art interconnected by a tie bagrpsREN &Ngerlng Fig. 2 1s a front view
200 of a wheel notor in accordance with the prior art. Fig. 3 is a side,
partially cross-sectional view 300 taken along line 3-3 of Fig. 2 in

accor ¢apce o tHE tNeERTI®y art, Fig. 3Ais a side, partially cross-sectional
vi ew 300A, of another enbodinment of the prior art. United States Patent No.

6, 852, 061, Themua@okhre aényraly 10200BicalSihad1 &%t Srifdybi@MStor small compd® t h respect
to FIG 1, two wheel notor assenblies 10 are shown in a paired relationship
W t h a@snstriddtioh equipaeet. i ng tie bar assenbly 12 which is pivotably connected at
each end to spindle brackets 14. 20Spi ndl e brackets 14 are pivotably

nount SACKGROVNSf OF CREIINSEOWIPNext endi ng downwardly from brackets 16.
Brackets 16 can be nounted to the appropriate undercarriage of the scissor
[ift or ot eitedstaés Ratedt Mg Gj8p2EA1T is{uad Fetelnexs) R005T isénchabraged demin by reféerics
connected to the steering nechani smof the equipnent: (not shown) so that
tthe t iaed b subseatinllpeopimhhedinl aad gucadd bglotwpindlas) sle BAGK GIR@ENDrdt THE BEEaYtiDNes Et)
pi vot around the shaft to steer the quipnent. 25Wth reference to FIGS. 2
and 3 seonbreed thevpstont pass eppbkayiol. FlGDpt irs sbstapiahdiipbcals fokdt.S. PAtentNwskech i s
nmounted notor 18. The upper end 15 of spindle bracket 14 has a hol | ow

cyl i n@rB53861. Bigehisngerm@ctivgrvirsdl 00 of a pair of wheel motors in accordance with the prior art

Pis:

interconnected by a tie bar used for steering. Fig. 2 is a front view 200 of a wheel motor in accordance
with the prior art. Fig. 3 is a side, partially cross-sectional view 300 taken along line 3-3 of Fig. 2 in
15 accordance with the prior art. Fig. 3A is a side, partially cross-sectional view 300A, of another
embodiment of the prior art.
United States Patent No. 6,852,061, issued February 8, 2005, states as follows:
“With respect to FIG. 1, two wheel motor assemblies 10 are shown in a paired relationship with
an interconnecting tie bar assembly 12 which is pivotably connected at each end to spindle brackets 14.
20 Spindle brackets 14 are pivotably mounted on a shaft (not shown) extending downwardly from brackets
16. Brackets 16 can be mounted to the appropriate undercarriage of the scissor lift or other scaffold
equipment (not shown). Tie bar assembly 12 is connected to the steering mechanism of the equipment
(not shown) so that the tie bar can be moved laterally to cause the wheel motor assemblies to pivot around
the shaft to steer the equipment.
25 With reference to FIGS. 2 and 3, wheel motor assembly 10 comprises spindle bracket 14 to which

is mounted motor 18. The upper end 15 of spindle bracket 14 has a hollow cylindrical opening 20 formed



t hr oughout which is dinensional :c, dinensioned) to receive the
cylindricnounted on bracket 16 so that the spindle bracket 14 can pivot
about vertical axis 22. El ectrical power is supplied to notor 18
through electiical cable 24 which is connected | o an appropriate power
source. The application of electrical power through cable 24 causes out put
shaft 26 or notor 18 to rotate. Qutput shaft 26 is supported for rotation
by shaft bearing 28 positioned within circular opening 29 through the | ower
end 57 of spindle bracket 14. An O-ring seal 30 .is proyided around the edge
of ot Grouglwut whigh is digispsignakeicigenganid) © rF‘ieUﬁfbéﬁYl&df‘?‘?gsWﬁéno SP) BSRAr t nent
and to support the npotor_18. Adgitionallg, a %haf& lip seal 32 is provided
to furfharckeidgso haihespiye besket 7 eanpivababoptysHicd 448 24 r om exi ting and dust and
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sun gear causes the 1 nput planet gears 40 to rotate within ring gear 42

L0 cauggl fB‘?A'gﬁlgé{ﬁuﬁ'a@ﬁ‘ﬁ&lipg%ﬁﬁsfp%vﬁie& fol tBrtfRf QUINEL SMDN20BFFevaf lubRtanedm gear s
40 are nounte or rotation on input planet pins 44 by lock ring 41, and

are Sugmg%taﬁ@dlfspefndrd%rﬁtﬁ' Rtn@hRithe sdAPbnpRtARe 1. Pletoddardenimednprideat i ngs

.0
43. Pins 44 are nounted to an input carrier 46 which joined to output sun

g@ar 4flloRktor aibh StheAbwérend OCIESFIndIObrAtKePUL SiGEDediRaLs A8ethiyedan batiohng ri ng
49. Sun gear 48 is nounted 20for rotation around shaft 26. Thus, when input
pl anet gf ¥re@8MpSingd 04 MQinka U & eddof Clthatl sBafElBALIInp'S Wi @eed6 vafchdsreminad gethe 36
rotates, carrier 46 and joi ned output sun gear 48 are caused to rotate
about shiafthaRB6ibfa tdienisaug 3diwhet bhgapes a recess on tHAhPoftshau2s. §eageadd® has t eet h
whi ch engage gear teeth on output planet gears 50 which are nounted for

r ot at i @nprigestalpturdipy ofdk® tdethadiiadtendage borrespongiug gopt aetleon ppuiplab gealfstly washer s
54 are provided on each side of output planet gears 50 around pin 52 and
need| eolvedttireegBovsh. 4 tippgeat42thaenpaplpality of geaeteetlysarsti®ed fogngaga ty teeditoht i on.
Mounted for rotation about |ower end 57 of spindle bracket 14 is generally
chfl i ndmpaalangt gedrapee thay taign offuhinB 8 sinsgean Foyensesdle it phaggt atarol) thiptadear i ngs
60 and 62. Bearings 60 are retained in position by retaining ring 61.

j oi nedwitin tihegdantZipicowse beinpaptanggend olvirplc sOuidsungrapift Blapet gy 0dear 64 Whi ch
engages ouaﬁgs pl anet gears 50. Rotation of the og%gut pl anet gears 50

caus edmbyateder pitien grpubPplanchingsiibyleck sigs 4 b aat aa gPRIFE &% IO PAUHIEPUY i ng

gear 64 to rotate causing joined hub 58 to rotate. Thus .the application of
el ect r Plesgt pipbithy needlekrernes 48 Péng 44 as maurtpd o 28 HRR camigr Ynghiddy 't 5’8%@8’ PHBUt sun
gear 36 to rotate which in turn causes input planet rs to rotate around
The | nE@HFEASINPE P8 Io%ed RRPER SPhReTdTPydbaaang A% des e 11 Brosed oand
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sun gear 36 rotates, carrier 46 and joined output sun gear 48 are caused to rotate about shaft 26 in the

same direction.
Output sun gear 48 has teeth which engage gear teeth on output planet gears 50 which are

mounted for rotation to the spindle bracket 14 by output planet pins 52. Thrust washers 54 are provided



pl anet gears 50 to rotate which in tun uauses output ring gear 64 and
integally joined hub 58 to rotate. A rubber wheel (not shown) is nonmally
attached. to the exterior surface 55 of hub 58 by bolts (pot shown) screwed
into threaded recesses 66 fornmed on a vertical face 68 of hub 58. A cover
70 overlies the open exterior end of hub 58 and is retained in position by
a locking ring 1572 which engages a groove at the open exterior end of hub
58. An O-ring seal 74 is positioned around the edge of cover 70 to prevent
| ubricant fromexiting and dust and construction debris fromentering the
pl anet ar ear . conpartment _31. SO, a . li eal 76,15 vi de around t he
Pt or BB IEE LE TR sBEd 40 it Br nefiXiriet roRell S4O0ET podl one
Iubricant54{0n1exi.ing and dust and construction debris fromentering the
i nt er #6Y° of °t H& WECHani sm from t he back side. 20Electric notor 18 has a
br aki ng nmeghani 79 cont aj .ne 4 i N . s
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covered by cover I'ng hmechani sm oper a C 6 to
preve L c A 1363l ol notor 18
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el ectrica S not being applied. Thus, iIf whe not or assenbly 10 is

used 1:oﬁtpgtr ﬂ:la\ﬁgt Rard §b. RIQiod defthe dﬁ[puh@&rl%@éeaﬁ eatfuoladiyigk bR FHLIRFBN g&kCh
equi pnent i s l'ocked and prevented from novenent “once the electrlcaF power

isr eq@\fﬁgesftﬁé)cmtﬂﬁpxti% gedfo4 to rtIMVARY: dGBindd e ISBVEMEleMNus, the appficafissgndl y fin

nmovi ng construction Ti1fts and scaffold equi pnent is disclosed and cl ai ned.
The ageembl pokdred Me8S1 dalissd o%md sR0eRL Sherd ablikuvhaels Beitas wassRrhi es for
nmovi ng construction lifts and scaffold equi pnent. Each of the first and
secondagtaffable wheab rdlt QbuSSARblidrosiid deal MW HAG i€ QRslotates tipQitalref 466 and
scaffold equi pnent fa:tides a spindle bracket configured to be pivotably
npount edd ataclad owtpRein A4S Mod sBIREXBI THrGotaR@hdBitgIMsurd dedr 430h air @Nseabapiit a
vertical axis. Each of the assenblies further includes an electric notor
nmount ethnét@eas bonestate Milichin thifieaspd duthueridy gaadedtand fhlegralipfodred hass8am ravand. put

shaft Othat rotates about an axis when electrical power is supplied to the
not or .rubblewl@tlt (pettshaim istnotsallp@sdchédan e exterior surface 55 of hub 58 by bolts (not shown)

screwed into threaded recesses 66 formed on a vertical face 68 of hub 58.
A cover 70 overlies the open exterior end of hub 58 and is retained in position by a locking ring

15 72 which engages a groove at the open exterior end of hub 58. An O-ring seal 74 is positioned around the
edge of cover 70 to prevent lubricant from exiting and dust and construction debris from entering the
planetary gear compartment 31. Also, a lip seal 76 is provided around the interior edge of hub 58 and the
edge of spindle bracket 14 to prevent lubricant from exiting and dust and construction debris from
entering the interior of the mechanism from the back side.

20 Electric motor 18 has a braking mechanism 79 contained at the exterior end of motor 18 and is
covered by cover 78. The braking mechanism operates to lock shaft 26 to prevent rotation of shaft 26
when electrical power is removed from motor 18 but to release shaft 26 for rotation whenever electrical
power is applied to motor 18. This locking mechanism prevents movement of the wheels any time

electrical power is not being applied. Thus, if wheel motor assembly 10 is used to drive a scissor lift or



through a. shaft opening into an interior portion. of the |ower end of the
spi ndl e bracket. The output shaft is supported by a first set of

beari ngs and a second set of bearings. The first set of beating,s resides
within the electric notor and the second set of bearings resides between

t he spindle bracket and the output shalt The second set of bearings

i ncludes a speed and direction sensor 15therewith for detecting the speed
and direction of rotation oldie output shaft. The second set of

beari ngs includes an inner race and an outer race, The inner race is

af f i x eatherecaffldinguynggauvisthent. suchreduipoena isdesked and ereaepitadriromrigoverent gugedhe r ace i s
stationary. A mapetized inpulse ring is affixed to the inner race and is

r ot at ai¢aricahmmens renoved Gemgeior bdy is affixed to the outer race of the
second set of bearings which detects the magnetic inpul ses provi ded when

t he i nHeMMARY OFTHE FYVENEIQNe shaft 20are rotating. A substantially
cylindrical wheel hub is nounted to the spindle brackeﬁ for rotation about
a hori zont aft? #R§DLL B MEYBBFSHRCEM 1t én‘h%f‘fg"l‘b?q“fpﬁleﬁtt‘? Grrlased qod glegred e shaft .
Tge wheel hub incl.udes an xterior surface t ich a wheel be nount ed,
a
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th i | br k i nt i t th i d int
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bearin Suéégrselniﬁ {o%”sfe‘ériﬁ nwar dhyn ffo{ QNS 5Lk Bxiﬁd@dgh 8{]mé NGB furthey A
mul ti - StRGS BT SRetaryF gear 5y st em s nount ed around the output. Shaft of the

not or ANHaR IR Flgétlg%ao{\dnéﬁleg It(; z{:l‘é\gle&h@ Bf s s@ﬁcﬁé ISrQ&et.o'fheth&cgglgi zﬂwuﬁupgh@& ket and

within the cylindrica e bet ween e exterior e and ‘the interior

ge. | A ' B Beak Rstitdaned
A T i

mount e, R6h 1 B8 SpnRigtints Rddateri O pobtidg oFBE Rfver end of the SRl B3RME:. Sun gear i ncl udes
a proximate portion and a distal portion. The planetary gear system further

i ncl udes i MUdtouRhEMet ALYppBRAIN a fidst bdt bBEealilgd Bhdd@BEondbd: bXRekided B @rst & er i or
portion of the wheel hub, an 10i nput gear carrier including a splined

i Nt er i efbeardiblresiad vAKIHALS elsckit BRGHand M6 bddolid gt o bephjstrbsadls Bathveshit@lspindiee out put
sun gear includes a proximate portion and a distal portion. A thrust washer

r esi desrabdet ane €1 outper shfft. Mot @cdkaalkebeaning inch@esy spaddand dreetiveh sedsott iiegralut put sun
gear. The proximate portion of the output sun gear interengages the thrust
vias her thadeditli foe ddécsihgihe geed inddirafiod bfeowtidnpdithe sutputgedtr | Nt er engages t he
proxi mate portion of the input sun gear. 15An end cover is affixed to the
wheel hub afc sk®nd ot af teiings tnhledesan toner rdde @ndancbueorses. The intdreacpdsadixed to

the output shaft and rotatable therewith and the outer race is stationary. A magnetized impulse ring is

affixed to the inner race and is rotatable therewith. A sensor body is affixed to the outer race of the second

set of bearings which detects the magnetic impulses provided when the inner impulse ring and the shaft

20 are rotating. A substantially cylindrical wheel hub is mounted to the spindle bracket for rotation about a
horizontal axis coincident with the axis of rotation of the output shaft.
The wheel hub includes an exterior surface to which a wheel can be mounted, an interior surface

surrounding the interior portion of the lower end of the spindle bracket, an interior edge between the

exterior and interior surfaces, and, an exterior edge between the exterior and interior surfaces. The hub is



huh includes a centrally located cylindrical recess therein. A
circunferential spacer ring and a circunferential bracket reside in the
cylindrical recess in the cover. The distal portion of the input sun gear

i nterengages the circunferential bracket in the cylindrical recess in the
cover. The input sun gear rotationally drives the input planetary gears

whi ch are in engagenent with 20and react against the first ring gear
produci ng rotation of the input gear carrier. The split-led interior of the
i nput gear carrier interettgages the splined exterior of the output sun
gear. [ - Ok gears
driveﬁmﬁéngtépé%ﬁéﬁggﬁgﬁ%%%?%%gg%y@%gggﬁfgﬁkmgﬁﬁHﬁ%%fa&%ﬁgﬁgﬁ%gﬁgaplanetary

gears @l sthR}fBSa%Q%]Jp%&tiS&&ﬂMaﬁfgy %Iﬁhl ré)@tglﬂﬁgao%eto@thghﬁo.sm ndl e. An output ring

gear i s positioned between t Ird set: bearings and the fourth set of

beari ngs, A@Bgltiisaggﬁ%&a?y éelalesygt%@srr-h&ﬁlteg wioli@tse Qfipd B Wh@Eokkha The out put

ri ng gear engages e output "planetary gears of the nultistage pl anetary

gear $o¥8sRIwHRin iRt ed? batibOsr (B splndR bRukdR titd WitaNat aflidterRiifeldaY $8§ednhe
out put planetary gears and the wheel hub to rotate such that nechani cal

for ce dduxaretedemdRhaneli@ el g d ERd playGlyerssstaPRbiu@d ab Gplthen Yhaesdsitibada. The
speed and direction sensor which is integral wthecond set of bearing unit
Out pUtbStleWDths B4k ot WEBEErirSk GMBthS exteoBédg af thhdGES molntaichapicoutpheshsffbfthe wave
signals for input into the m croprocessor. The m croprocessor receives the
adapt esbt&quar e wave signals. An operator input station applies the desired
wheel huh speed and direction to the m croprocessor. The m croprocessor
recei ves t e agapuegaspdads aweokensd gaginandndseelqupaneShd frmcaypaireyivan e
signals to the desired wheel hub speed and direction 10i nput signals and
out putfsriter dohid@dipuygarcant geals, sfirggnal geac effixeli tn thetioeram partigrosfitiehwheeldml, anunber
of algorithns may be used and the algorithnms may be sed to protect the

@t or .inplihgeantastia prebidiag s oplined mieeibi, pwls 2 ke svodedr onchdimgiamplaisd entereniiéedded

m erocontroll er or enbedded m croprocessor, protects the notors. A
ot or auitput yuo gk inchidesai pregmaa porpercaed ¢ disk! paéoncd threst washer resiies Pasiveasitemal from
t he m croprocessor and outputs a control signal to the electric notor

di ct atspinglebirekes pralibe raprdmetie pecefiterpupiit up gcap fip groxigissrnortion SRR OWPULEe mai n
benefits of a speed sensor in nobile applications is that it allows for

cl osedergaprepgsgesrthebistrgsher a the ¢istal pagion ofrthe eyt supERH G EEIE2E S heage
delivered to the nptor armature based on the speed neasured by the sensor,
so t harotimge pestign ofdhsd@yt fWinjgearexact |y match the target (command) speed. The
speed sensor al so provides neans of protection to the tor. The controller
Lan detect Atend Firebis PG odaarer i 8hd i YRS (Bsievar | 0§ QoY tﬂee‘rliesler ing
power to the notor. Wthout the speed sensor the controller could
20contTURipsdes afsniraliy 0068%1511115%03{ rﬁgessn‘g B ﬁf‘i“ln?etrﬂlé‘alrfﬁatcgrmﬁﬁ?‘ﬁ%d up. Speed

sensors can he used in a variety. . . : .
c?rcum erent?al gra(e:ket reglde in the cyﬁnc%lcal recess in the cover. The distal portion of the input sun

gear interengages the circumferential bracket in the cylindrical recess in the cover.
The input sun gear rotationally drives the input planetary gears which are in engagement with
20 and react against the first ring gear producing rotation of the input gear carrier. The splined interior of the
input gear carrier interengages the splined exterior of the output sun gear. The planetary gear system
further includes output planetary gears driven by the splined exterior of the output sun gear. The output
planetary gears are mounted for rotation with respect to the spindle.

An output ring gear is positioned between the third set of bearings and the fourth set of bearings



of different control scenarios so:ne of which would be application
dependent. Speed sensors nay be used for traction control or to ensure that
braki ng or acceleration is done at specific rate or within a specific

di stance. Speed sensors may al so be used as an odoneter and/or speedoneter.
A thnis washer between the spindle and the output sun gear allows control
of the output: sin gear and input carid play nore precisely. Use of the

t hrust washer controls the end play of the output sun gear without
requiring precise machining of the shaft within the notor and thus reduces
cost anl jeloeAdb éeiintgridr purfapeofdhesitee] hub.rie owtput bog 2eaf engpgss thi pwintt Pleagitrer enabl es
proper fitting of the output sun gear within the required space. Wt hout

t he usecagfof theanitistage plangtashraar sygfera s¢ Batraiatimmeos the Pitag Plasstay aereecapigs theup, t he
out put sun gear nmay either be too | oose or it may be too tight. The
i nt er e AR ERBHYY 85Ty 39d ths MERe! fralt @ TRfefe B4k HabRechpecablgics tirough e plastaniigtd t he

t hrust washer, the interengagenment of the distal portion of the output sun
gear wHBKIR#PPEFDR thedtheel 58Tt i on of the first sun gear, and the

i nteretigagenent of  the distal rtion at. input sun ar. wth the
o1t cunt er entHapeed P iEaton sispHubEh p il tith BF seaseh o St BEVBIREAN 1 of s

th iti f 1 ut put ai ially. .10 .0of the thrust h
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and a .}gcrglrgd Shoul det. ofy & i té)d"stqga% salta. ?E%uel:rggrrin QR QL %mliess{ﬁ"é‘ft must
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and rotates wt respect to outp precise l'ocation o

Soul deguQikn S Adloufel & Lo MR E'igﬁal B&&dﬁig REGLA dodinfrY My}[‘ﬂl{rﬁb@@éf'a}goﬁmp ed

out put sun gear fits correctly 1n the allotted space. | he shoul der is

| ocat egha@be ¢sBfan R ridYds Fay bOERY loPott e RloP Uthe TR0 oM dnletifnbd  Properly.
If the axial |ocation of shoulder is |ocated too far from shoul der, then

t he outdpiied SiHercttoRan Whbddddd fnickR6ntdotiE Y bMbdABIIMEEBp o Ol defiecBNEE hdists Pr OXi Mmat e
end of input, sun gear. If the axial l|ocation of shoulder is not |ocated
far enough Amnmorshosliéesceive @l pRksi theSbifec@RaontY] biknal frbm t1R0mlcapsREsyor
20bet ween shoul der and the proxi mate end of input sun. gear. Reference
nuner ahnd duthus alc@BrobsiGRBdo tHeRSdchlic Agtdd ictaBeythd dpeedadl Pikcti@hd e oamd sagt.ndl e
adj acent washer. A st eerabl e wheel notor assenbly for noving
cionst r uct i 0Ond dfftiiesnamisknsftad fachebd eepgorpirmnbileiappldatiat B Hadit aives Cdraloseidomhi ch
i ncludes a spindle bracket configured to be pivotably nounted at an upper
end t omatostapeol AYisaborsdon fBrmtfndrg theotolitge delivaled tit thamuter armatade based sn th§ ged ut put
shaft is supported by a first set

measured by the sensor, so that the motor speed will exactly match the target (command) speed. The

speed sensor also provides means of protection to the motor. The controller can detect if there is a locked
rotor condition and will stop delivering power to the motor. Without the speed sensor the controller could

20 continue to deliver power to the motor until the motor burned up. Speed sensors can be used in a variety
of different control scenarios some of which would be application dependent. Speed sensors may be used
for traction control or to ensure that braking or acceleration is done at specific rate or within a specific
distance. Speed sensors may also be used as an odometer and/or speedometer.

A thrust washer between the spindle and the output sun gear allows control of the output sun gear



of bearings and a second set of bearings with the second set of bearings

i ncluding a speed and direction sensor integral therewith for detecting the
speed and direction of rotation of the output shaft. The sensor outputs to
a control systemwhich controls the speed and direction of the equiprment, A
thrust washer is used to position the output sun gear accurately reducing
mar t uf act urnm and nai nt enance costs of the assenbly. Use of the thrust
washer reduces the cost of machining the output shaft to a high tol erance.
It is an object of the present invention to provide an output shaft being
el B B R B R B s OO B 0

out put easrr\ltvatfhgut Job_}nn‘ﬂg 01se acFlﬁunlsgeF@ln%] ?tw1th1 51] aiﬁg?nnk fyd\tllclégg %t a‘?iasp.eed a.nd

dlrec I on sens e ra I'ng e spee direction
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I nvent 1 O pr OVI e secon set eat | ng S an I nner race
and a @tﬁttﬁ retr; K)V'&lbﬁ ttenﬁssftt@tﬁﬁshﬁ;sﬁw R {ol X880l RidN G @it Bt dup! haft and
rotata emnt d e outer race being stationary. It is a thrther

Op] eCttheQ;utﬂl%n%Eagﬁﬁyglﬁep%qwfonQ: ortt‘ﬁaa?'b@t()bqghta second set of beari ngs
wherein a magnetized inpulse ring is affixed to the inner race and is

rotatabl e tHRgqewy gtgeﬁ&ﬁ! oMAE hBkihadt pR1dE Of thQdMut 1B Rardfifhi e BinksOwishe, @yt er

race of the second set of bearings which detects the tnagnetic inpulses

provi Gk Binch & et pbrABH IR JutpdOsud Behr Wt the Pethkimadd Rrticdbthk At sun |t
is a further object of the present invention wherein a speed and direction

S €NS OlgeAkinp heSntbréfla SEbAT &F tWANSE] BbrE BB ke iBpuS bi@NRAr vRIhERSSGHfcRplaPbackehe
square wave signals for nput into a m croprocessor, the m croprocessor

r ecei iethe t1Rdadapt&dinsigltare cwvars thd @eiabisef tincuthhem ganpanegs t he adapt ed
process signals 20with respect to the desired wheel hub speed and

thh r ect i on, Use of the thiubt waShea elfrhihitisahe mdofl @cibntafl tHeldataptedsevetn 4 figeshbuldam 30her ei n
the m croprocessor receives the adapted square wave signals and conpares

t he squds ecWigisboddegnithsoutmmt $hiad. Sheslidered owheeshaftilzt spided tampdecde foegtonon i nput
signals and outputs a corrective control signal according to an algorithm
i s a fdistdllpevith odspesttp tipfmdtdyer progwelotationvetht pgputwhedy Bit anatirey way) wheitdendn

al gorithns may be used and the algorithnms nay he used. to protect the

mot or .shaft must bq lpcajted] psecisely Witk resprsf leepindié. Thi cgior sbspulileis mppremt %ﬁer ein a
notor controller receives and processes the corrective control gnal from
t he mnicerepedeskatdeneneiags shonldereh prtpit skdfigpnd Fotates viitiaesgece wtauipgt shaft o heli ct at i ng

the speed and direction of the output shaft.
precise location of shoulder on shaft determines whether the generally cylindrically shaped output sun

gear fits correctly in the allotted space. If the shoulder is located at the proper axial location the output
sun gear will fit properly. If the axial location of shoulder is located too far from shoulder, then the
output sun gear will fit too tightly between shoulder and the proximate end of input sun gear. If the axial
location of shoulder is not located far enough from shoulder, then output sun gear will fit too loosely

20 between shoulder and the proximate end of input sun gear. Reference numeral indicates a seal residing
between the output shaft and spindle adjacent washer.

A steerable wheel motor assembly for moving construction lifts and scaffold equipment is

disclosed and claimed which includes a spindle bracket configured to be pivotably mounted at an upper

end to a steering mechanism for rotation about a vertical axis. The output shaft is supported by a first set



It is a further object of the present invention wherein the speed sensor is
used for dosed-loop notor control which allows fine tuning the voltage
delivered to the notor alinabire based on the speed neasured by the sensor
so that the notor speed will nearly exactly match the target (conmand)
speed. It is a further Cbject of the present invention to provide a
speed sensor in conbination with a m croprocessor as a neans of protection
to the notor. 10It is a further object of the present invention to provide
a speed sensor in conbination with a mcroprocessor as a neans of limting
accel epfdietrings andd seeopd pebplepréngs with the secppd sesofpeariges ipdydingy seeed apt difeRiénpr esent
invention to provide a speed sensor in conbination with a m croprocessor to
be use#nses inegeh By tos detesting e prepdnd djrgetipr offotpligniof e oBBshatt: Ske /T pr esent
invention to provide a thrust washer between the spi.ndl e and 15t he out put
sun ge@PURHP @ Koo} twiem edih cotrobrthe sReedand fretiph ﬁj@ éﬁ'Pp"é\‘?‘i‘B A tH‘EiEftwa&lﬁF Pier end
pl ay nore precisely. It is a farther object of the present invention
to protsed® Pé?“f‘?f?‘ﬁ%%“%%%"r’i‘e‘?arsaécuéf’éeb( E?dﬁlcéthgé@ﬁug 1 aRdmeigiEnasbecofs 8 P hi ni ng
of. the shaft withjn the notor and w ut. .t he not or s re ing cost and
conpl e%sis‘f‘@’hf' }rys\% ?ﬁkeetf’%lﬁtt“fais T HRRs g‘e F?SE piqnaghipife o QPP B%‘%(L:{? 2 %ﬁgg #’Eeéang?' esent

i nvention o, nterenga t he proxj.mate rtion of e_out put ear with
t he thrust “5§ﬂ8-{gfgﬁf eg?éﬂﬁﬁggﬁ?ﬁggg$§?%ng%?%ggn %l&#ﬁ%gg%#%ﬁ%“gun gear
wi th the .proximte rtion. of i i ge the

G st al PEnesh Rp Rt Rl B kb i3 GG RO BT ELENATRS T
the cylj | i . GOV, i i i.tion of
the oursaet e SERRATL BB e e S I g P AeBlonBaSE 1 00 2

per spegtd PrndGith RF decBR the Peed I8 BlredB HrStaddd RHE OLHRRES. Wi th the prior art
i nterconnecte by a tie bar used for steering. Fig. 2 is a front view of a
wheel ot or i RERPEHADEEIPrisbntifVentRInt@ProRlid a second set of bearings which includes an
inner race and an outer race with the inner race being affixed to the output shaft and rotatable therewith
and the outer race being stationary.
It is a further object of the present invention to provide a second set of bearings wherein a
magnetized impulse ring is affixed to the inner race and is rotatable therewith and wherein a sensor body
15 is affixed to the outer race of the second set of bearings which detects the magnetic impulses provided
when the inner impulse ring and the shaft are rotating.
It is a further object of the present invention wherein a speed and direction sensor outputs two
square wave signals, a signal processor adapts the square wave signals for input into a microprocessor, the
microprocessor receives the adapted square wave signals, and then compares the adapted process signals
20 with respect to the desired wheel hub speed and direction.
It is a further object of the present invention wherein the microprocessor receives the adapted
square wave signals and compares the square wave signals to the desired wheel hub speed and direction

input signals and outputs a corrective control signal according to an algorithm.

It is a further object of the present invention wherein any number of algorithms may be used and



Fig. 3is a side, partially cross-sectional view taken along fine 3-3 of
Fig. 2 in accordance with the Sprior art. Fig.'" Ais a side partially
crossseetional view of another enbodi nent of the prior art. Fig. 4is
a cross-sectional view of the invention illustrating the speed sensor
bearing unit, the thrust washer, the output sun gear abutting the thrust
washer and the output shaft. Fig. 4A is an enlargenent of a portion of Fig.
4. 10Fig. 413 is a perspective view of the speed sensor bearing unit

nmount ed on the output Shaf t Fig, 4Cis a schematic of the
m cropr rocesso g&gd?nqmg%@%ctlon control sensors, the signal processors,
the no orgcon I"er’s 2 ot ors and the respective outputs for both of the

Vm € el S- %CB% Fl-lugé CCt O}_E!E IleSNC\A anngl on Vlgflg éin 4 IIIIO%I' &n?r&?e? fec Age(f\ ta}l(f é:l:’géef%A ew 400

of thentlon speed sSensor bearing uni rust

washer he g?ct&'ggongﬂn %géls L FQS%Bopé)%es?&gB& b t§ J]c%nltr(g si ol O Qgc'tnc“igfgfran d the

out put s I nc st an st eer abl e wheel

mot or ﬁﬁ d LR diA0%h B&LS g%ﬁtlon I|fts and scaffold equi pnent. Each
of the t a d second steerabl e Wieel notor assenblies for noving

constr UCt | @Ns b hkhe BRE o3 R DI MinRULPIRALIN HRG)HEEIsRisSRIINH Sosbi-REjkET 14
configured to be pivotably nounted. at an upper end 15 to a steering

nmechanisidPch@fol tvﬁlt:@tnowa i RHhg e VEIFkk §@verdXioThedRotofadtdlu® baskhéh BOgrsenbl i es
further includes an electric notor 18 nounted to a. | ower end of the

spi ndlga Qi@ ehe sedsBso MRk Bk nfdRS sRBd it RiHy &Bafytmaed tchabet (@hndlag® sphaut an
axi s when electrical power is supplied to the notor. The output shaft is

posi ti oned itifs Q@E oBjesthra it pRRANINAGItibIoQréite alspde@ Ednbdt ifd@kdbingionafithtshe | ower
end of the spindle bracket 14. The output shaft is upported by a first set

of beatitidpsccddl asanteads SPeddttos®ttheafiottreari ngs 40 E. The first set of
bearings 461 resides within the electric notor between the notor housing
&nhd t he shafit a Afsther object oFihg predehBinvehtian PGP @ispase sans@ v bbBatdn witkea speed
sensor bearing unit 401 nounted on the output shaft 26. The second set of
bear i mgsrogi0dessoe si adesmbetlinetdry asqiandioe algr decettiohd and out put shaft 26. The
second set of bearings 401 includes a speed and direction sensor integal
t her ewi t h fligs a Getheobjerigf thh eresqpemdendmdtodirevisistaispasd ednsar ot @iribomti@fwithee out put
shal | 26.
microprocessor to be used as a speedometer or odometer.
It is a further object of the present invention to provide a thrust washer between the spindle and
15 the output sun gear which allows control of the output sun gear and input carrier end play more precisely.
It is a further object of the present invention to provide a thrust washer so as to lessen the need for
precise machining of the shaft within the motor and without the motor thus reducing cost and complexity
in the electric motor.
It is a further object of the present invention to: interengage the proximate portion of the output
20 sun gear with the thrust washer, to interengage the distal portion of the output sun gear with the proximate
portion of the first sun gear, and to interengage the distal portion of the input sun gear with the
circumferential bracket in the cylindrical recess in the cover, thus controlling the axial position of the

output sun gear.

BRIEF DESCRIPTION OF THE DRAWINGS



The second set of hearings 401includes an inner race 403 and an outer race
405 and a plurality of ball bearings 404. inner race 403 is affixed to the
out put shaft 26 and rotatable therewith and outer race 405 is stationary. A
magneti zed inmpulse ring 413 is affixed to the inner race 403 and is
rotatable therewith as shaft 26 rotates. A sensor body- 414 is affixed to
the outer race 405 of the second set of 10bearings 401 which detects the
magneti c i mpul ses provided when the inner 'inpulse ring 413 and the shaft
26 are rotating. A cable 402, 408 |eads fromthe sensor 401 to communi cate
with a cont¥igll isysereestive Vigwtof apar ¢fpwhegl gnotaadn amerdapce it thswreTesl 408

i ndicates the external portion of the cable which extends fromthe notor
housi nigteaempercied, BY ¢ 4t kagused fqrjsigering. The sensor-bearing units 401 are
specially designed increnental encoders for notor control and they are
produced byFiBIRS MERH XtEVH A @deel Rier mrecordoreadtt Brios % ensor is being set

i 1 or ont - tYBed® BRAS BHUTPE Ry DB O TBE SR “Ba g e il

provi de. conpact: and reliable encoding which is subsequently pro,,SS d and
tRen uB&i%n a control system The sensor-bearing units enpl oyed herein are

i ntended f o, plications with a rqgtati i,nner. rin d. statjonary outer
ring. 20Th elglg'g’%‘s%? Slge : ¥ a?llﬁ crl??ﬁ'steaﬁ)ﬁil I cog rgrboct)l_jreéf %%Od%egggfﬁe e’ s er% hsor desi gned
to be I(:Oﬁpaﬁt . Zlalgg croSsedtoRal \\//1ee(>vyoff| ﬁlle Q%Qntfog ilﬁl@trdtigg i H&e@& ?ekso?ﬂéﬁgﬁl%\fnit, t-ﬂpe
sensor's maif conponents are the inpulse ring; the sensor body wth the

Sensor Bl b SnCRRESE 09 o5aRl e MG GOIPAY heqiRgAgh! 2ed [pul se ring is

attach I on earing I nner race I's divided into a

certain nunﬁguAggmp & RN e 3 Qi BQh 8. The sensor body is attached to the

beari ng outer race The sensor body has two sensing cells for nmeasuring and

Geunting t herelial hQtheQlve V26 oBRESecd &n@o\f\@eaﬁh% f8rRRhtel 08 Ak b@pdkhagi r ecti ons.
The sensor requires an external voltage supply. The sensor outputs two

different sguaiss WaheSatRRE e eRSH6RE 0D Epe¥ding RirsdiBNehntrblSedse8dhd Wehnalt he
direction of rotation is determ ned and the speed of rotation of is

det er n}n‘&@éﬁsors, the motofcSitBBdraiiE mdloksyan€ Wb kd3ghcti@lutpb @8 ot bbth®&héess. NTi unt ed to
the spindle bracket 14 for rotation about a horizontal axis coincident,

Wi th t pgseriBTION OPraE INVENTIONe out put shaft 26. The wheel hub includes an
exterior surthce 55 to which a wheel can be nounted, an interior surface 59
sur r oundi ngFighis b BlogFse@iongl Ofeivi 400 ofrhe inhantiboiledtragmpdthodpeddenssyticmritigamniv ARIC k et

14, an interior edge 465 between the extefior 58 and interior 59 surfaces,
asd, ameexisewnsher 406,gle At dne fzwe ddatubimg éxtienit @rshEBi0aRcl theowput grft39. Aur f aces.
The hub 58 is supported fbr rotation by a third set of bearings 62

nosi t i eneublntl] iadedss fitshexdiserbrd jtarableddecl 466r ofsembles Frnmoviagebngirucpenlifis ankt  of
bearings 60 positioned inwardly fromthe exterior edge 465 or the hub.

A mul t seffeldequyitname Eaghyof e dirst syfseeont tecraptamitceldneergsnabliss oropvinat shal | 26 of
the nmotor and positioned within the interior portion of the spindle

br acketonsttustiemleftswhd frpitold pauinmyeni ingleries & epindighseskett d sodigusé o 8ivoeblE ext eri or
edge 466 and the interior edge 465. The planetary gear systemincludes an

i nput S9Nt FEesas 11 ogrsaigansadif ™ i oRBeY bRt SETtiEH 2B iE3ECIET and t he
exterior edge 466 of the hub 58 and 15mpunted on the output shaft 26 of the
it or . asseiphiies Bther gnshifes3g eleriar faes L&mowed &t § Igweissf phee Wﬂdg’wr"éﬁﬁ'ﬁé ot eri or
spline 412 of output shaft 26. . | nput . sun gear .36 incl ud pr oxi mat e
pcst i ofPs3B8 AL 29t %ﬂta“ﬁdg‘f“it grixsaren °akwe§gam§%d P et e
referred to herein as a "first" sun gear. Proximate refers tao.the gide (or
ot nt ) SEpPYSds EnBofgeSreagith rite HErBIuPoRrE TR FodsS resndh  t hoot

fron1t%%ngLPr. The pl anetary gear system further includes

The output shaft is supported by a first set of bearings 461 and a second set of bearings 401. The
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20i nput planetary gears 40, a first ring gear 61 affixed. to the interior
portion of the wheel. hub 58, an input gear carrier 46 including a splined
interior 46A, and, an output sun gear 48 including a splined exterior 488.
Sonetimes herein, the input planetary gears 40 are referred to as the first
pl anetary gears. Al so, sonetines herein the input gear carrier 46 is
referred to as the first carrier. The output sun gear 48 includes a

proxi mate portion 48C and a distal portion 48-0, The output sun gear is
mount ed for rotation about the output Shaft. A thrust washer 406 resides

bet th dI k 4 t d t put
Dot e 0SG5S BLSKSh . Q0 RS BB 05, e A U s
: nl - €. 1 eng%gBt t]fg)eltspﬁc 1\S/et Vlg\@i&%r fzhe s%e%(ri] (sjentsor} earm%gnt%l &Or t 1“’(51?11 t??]ou%i) nt he

out put sun rengages fon 3 put sun

93?2'[ gﬁ?ft 26 Ehe seconfi %et gﬁlhe%\.l/rg%"ﬁ éafgxg%lgers %t(e)t%;ve?nhsgm\%i\ﬁ bEaPE%\{\%%I%Ir%I{BH%eS an | nt er i or,
the i ggcg)]gt OF oA ntggﬁa Bl CROL tgagds%.d LhRcaL ey didh th%alm[t & ﬁagcuﬁgﬁg%&ft@r ein.

Acir erenti a pacer rin aC|rcu erenti a racke resi de

i £ thean&)(ﬁéc@&%f?&h;oﬁ%?ﬁ@§ut§t§%ﬁ‘2’8 the cover. The distal portion 36A of the

i nput sun gear 36 Interengages the circunferential bracket 331 in the

cylindricalpyg s‘e%aﬁisse&%@kanhgt ANBIGRY & mnd 0AR 01 DHuGh eﬁtaafgarx@mndq pldefIRy of
proximate portion 48C of tThe output sun gear with the dinist washer 406,

the i Nfa@bsBRGAAENERE r0f 4d3hearfliRli@ihe BRPdt sk %884 RltatdbRenRdHiPihd Sistrdccear 48
with the proximate portion 368 of the first sun gear 36, and the

i nt er ey ageNBRty. Afmd-hei-e .ﬁ%a se P 418 QM iB@A e tnh@ raidd PO an8WYo@RBIE Wi th t he

circunferential bracket 331 in the cylindrical recess 330R in the cover

cont r ah&ewithes POSIZE r@itesOR sblR6r U Pltis FHKedde e odist ratd 495 of tbRet@KketRg to Fi g,

3A, use of the thrust washer elmnates the need to control the distance

bet weaRarggh #01SthiGhietebie @k nd@detia MthuBesSeeadd valo the derr i3Q@scaingtdhBaraiubquibft Shaf t

26. Still referring to Fig, 3.A shoulder 301 on. output shaft 26 nust

r esi deeate rofagngdAechls €02, Pasdtddo frod ilstsalsdbrytOhitd donmmesjgee ith @ cdrirel sygémor or

anot her | ocation on the output shaft. Put another way, shoul der 301 on

shaft iRtramstFipdCl Reated npmeel 498 indicuiked the exegpa portiboofSip aablk @hithextdide | ocat i on

of shoulder 301 is inmportant as a correspondi ng shoul der 48A of 20 out put

sun gedam #8mewgkayeisg shusirdied in30d 40f out put shaft 26 and rotates with

respect to output shaft 26. The precise |ocation of shoul der 301 on shaft

26 det er m rlés saabratbhasing uhies 4§é aesrspeclally depleheringreradnita) enchdgoeidr wetot qeatrolguh gear

48 :fits correctly in the allotted space. If the shoulder 301 is |ocated at

ihe pribpere msdugtd ysEdtYieshatraniss.diie SKE R’behﬂtrgeat’r sen@r inibping yef forthhespia by yay | £ t he

axi al location of shoulder 301 is |ocated too far from shoul der 302, then

t he oufsxAmPimRlYad many fifferpptsensersand; diffejerth bpgiedd senseord tiryes usgb iThy Fﬁ‘TSth e

proxi mate end 3613 of input sun gear 36. If the axial |ocation.

shoul dwprimseaity 401 geyide eBrasrnd lialneGetng YRk & ﬁbhﬁfoeretlywze“tdweﬁ thG’Elt‘Sﬁﬂlt sun

gear 48 will fit too | oosely between shoul der 3ﬁé oxi mate end 36B

of i rtbﬁfo@ﬁtﬁyéfe‘a'rﬂ‘%ens"r bearingyais GFPIQyRGherFp grednt §‘ﬂ"§t R ‘é‘tlg‘tﬁé’t’"thl doned.

bet ween spi.ndle 4 and out put sun 48 provides a reference (the spindle)

Whi ch P&l Eﬁ?ﬁf%maﬁ@“W§ | Hf5F 898 Qut put sun gear 48 rellably flts within the
| ocate a ce. bet n_washer 40 and pr.ox i nput sun

Bhar 36, TorareaNg e ua“?(ﬁdtwg’aw% ey R Be & °?‘tf’6ft iR ear 36

and brac CE 31.ensure q%etr itti ng} of ou L put I%Ltlhe 1% LA tlt])eeste\r/lveen washer

406 andstuH°® egfmggwnfg H%“nﬁgﬁ POAGBPREar 'y ovesgoperailon of the

gear St}f)ﬁy s 9&4 serngtgy e(t:ﬂdqge c}ogr?ect%pgdcaﬁl Fhe E’(‘;mﬁogl e B%Qt%d i%f)qlsggr‘?gr is éltﬁdched to the

stationary bearing inner race which is divided into a certain number of north and south poles. The sensor

—
-

body is attached to the bearing outer race. The sensor body has two sensing cells for measuring and

11



10The input sun gear 36 rotationally drives the input planetary gears 40
whi ch are in engagenent witn and react against the first ring gear 42
produci ng rotation of the input gear carrier 46. The splined interior 46A
of the input gear carrier 46 interengages the splined exterior 488 of the
out put sun gear 48. The planetary gear system further includes output

pl anetary gears 50 driven by the sptined exterior 488 of the output sun
15The out put planetary gears are nounted for rotation with respect to the
spi ndl e bracket such that rotation of the output sun gear causes the output
pl anet equptingehe Wtation efdeshalt inRee @fféfﬁ’é,‘é‘)tﬁl?ﬁ@rdHFCtlﬁtWTheerPS@’alle@%re%tans"éﬁfnalr esi di ng
between the output: Shaft 26 and spindle 14 adjacent washer

out put VoliegrsugelEr Tisseyse) vguistwo fifferentiawsrs wvesmd dependipeen Wlm?b“%n%l ‘i)lﬁaéji“’cgr 0 ned
between the third set. of hearings 62 and the fotath sgt of bearings 60 and
i s j oi HEdrecdon plerofafipnis ferrmingf patiBe spgedgr retafion Ghig detemiflyd: 20The out put ring

i ST RS S AP
6 ! 5

S it S B BN L
400

o R S S YR 2 1o

442 onrrqtthsoerlg\ﬁer %1§d of‘!h 1%5&9 b#a%t E{ V\ii’ﬁ%ﬁ&] Cﬁ’é é%létbgtu/te& tf) te%gltfﬁ Y}@eel s. fi g

Ort1
4C|IIE rate op erat on o ystem Four V\/neel drive

syste r rs
201, a5t SRR aﬁﬁh%%%&%é%g?ﬁ%%#m 5%%‘/&%3%%&%%%%5@%%%%?2ﬁ%r e out

of pha§§ls§§p gesi nahes @5 TRRASErBRGhE: 6z¥os1&£%ﬁgﬁu§%ewweég 49@&% t h

respect to ach other. The direction of "shaft 26 is determ ned by t

rl ati Qs hidx t@ﬁ%h"_@ﬁﬁ' blaiBesUaBitonsd BRAUS fhdlife exdQiok Bighicd dteneligair i Ng Un' t

sensor. A signal processor XZO 440 adapts the square wave signals for

i nput into ARINLESIRNEESSEREysttRs mbitRed Tk GhOME OGBS SRIT 24620 the 6oRE MfIS t he
adapted square wave signals, An operator input station applies the desired

wheel  bdhicspichif8Oinane: pibhroﬁ GF ihO EpittlbricRettln @ndWiGiOME OgRGSAT wiftbihub The
m croprocessor 450 receives the adapted square wave signhals 420A, 440A and

conpar p&widieheSHi¢ebradyedse asd Bamtesiot d@gd 468. Tielaneaslywhe efstehtibclseeadngd®unand
10direction 491 input signals and outputs a corrective control signal 450A,
4508 ag@oB@pdiiohdd batveal thofonirtiey ofAaatingusthad thefextaligedgetdoost thayublsé ansed and
the algorithns may be used to protect the notor and to protect the operator
of5 t he megu¢donsint eutphihdhafirR € ofolpr nges bt sdb@ar onedtdenwsexteebplimdvhich chgwgei N as
an enbedded m crocontroller or enbedded m croprocessor, protects the

not or s extgionerlios 4 Roribwipltisleatt 2422, 442 recei ves and. processes the corrective
control signal. 450A, 4508 IS fromthe m croprocessor 450 and outputs a
control si ghabt sypgAr I6iudyles opprimaispeitior BB ad e distalEgtion4A. Hipwisat g ipe
speed and direction of the output shaft. Sensors 401, 431 detect the speed
and di p@@@lmgﬁre@gggo hguin@s gffirgth sunygsero Progpgglte rgfgry to the side (or point) closest the motor

and distal refers to the side (or point) farthest from the motor. The planetary gear system further includes

20 input planetary gears 40, a first ring gear 61 affixed to the interior portion of the wheel hub 58, an input
gear carrier 46 including a splined interior 46A, and, an output sun gear 48 including a splined exterior
48S. Sometimes herein, the input planetary gears 40 are referred to as the first planetary gears. Also,
sometimes herein the input gear carrier 46 is referred to as the first carrier.

The output sun gear 48 includes a proximate portion 48C and a distal portion 48B. The output sun

12



Ref erence Nuneral s 2010- two wheel notor assenblies 12- interconnecting tie
bar assenbly 14- spindle brackets 15- upper end of spindle bracket 14 16-
bracket 18- notor 22- vertical axis 24- cable 26- output shaft 28- shaft
"hewi ng 29- circular opening 30- O-ring seal 31- gear conpart ment

10

15

20

gear is mounted for rotation about the output shaft. A thrust washer 406 resides between the spindle
bracket 14 and the proximate end 48C of the output sun gear 48. The proximate portion 48C of the output
sun gear 48 interengages the thrust washer 406 and the distal portion 48B of the output sun gear 48
interengages the proximate portion 36B of the input sun gear 36.

An end cover 70 is affixed to the wheel hub 58 and is rotatable therewith. The end cover of the
wheel hub includes an interior, the interior includes a centrally located cylindrical recess 330R therein. A
circumferential spacer ring 330 and a circumferential bracket 331 reside in the cylindrical recess 330R in
the cover. The distal portion 36A of the input sun gear 36 interengages the circumferential bracket 331 in
the cylindrical recess 330R in the cover.

The interengagement of the proximate portion 48C of the output sun gear with the thrust washer
406, the interengagement of the distal portion 48B of the output sun gear 48 with the proximate portion
36B of the first sun gear 36, and the interengagement of the distal portion 36A of the input sun gear with
the circumferential bracket 331 in the cylindrical recess 330R in the cover controls the position of the
output sun gear axially.

Referring to Fig. 3A, use of the thrust washer eliminates the need to control the distance between
a first shoulder 301 and a second shoulder 302 of the output shaft 26. Still referring to Fig. 3A, shoulder
301 on output shaft 26 must reside at the precise location distally with respect to the motor or another
location on the output shaft. Put another way, shoulder 301 on shaft 26 must be located precisely with
respect to spindle 14. The location of shoulder 301 is important as a corresponding shoulder 48A of
output sun gear 48 engages shoulder 301 of output shaft 26 and rotates with respect to output shaft 26.
The precise location of shoulder 301 on shaft 26 determines whether the generally cylindrically shaped
output sun gear 48 fits correctly in the allotted space. If the shoulder 301 is located at the proper axial
location the output sun gear 48 will fit properly. If the axial location of shoulder 301 is located too far

from shoulder 302, then the output sun gear will fit too tightly between shoulder 301 and the proximate
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32- gip seal 1034- retaining ring 36- input sun gear 36A- distal end of

i nput sun gear 36 3613- proxi mate end of input sun gear 36 38- retaining
ring 1540- input planet gear 41- lock ring 42- ring gear 43- needle
beari ngs 44- input planet pins 2046- input carrier 46S-splined interior
of input carrier 46 48- output sun gear 48A- proximte shoul der on out put
sun gear 48 48B- distal end of output sun gear abutting 3613, the proximte
end of input SUE), gear

end 36B of input sun gear 36. If the axial location of shoulder 301 is not located far enough from
shoulder 302, then output sun gear 48 will fit too loosely between shoulder 301 and the proximate end
36B of input sun gear 36.
Use of the thrust washer 406 positioned between spindle 14 and output sun 48 provides a

5 reference (the spindle) which is accurate and reliable. Output sun gear 48 reliably fits within the allocated
axial space between washer 406 and proximate end 36B of input sun gear 36. Tolerances of output sun
gear 48, washer 406, input sun gear 36 and bracket 331 ensure proper fitting of output sun gear 48
between washer 406 and sun gear 36. Use of the washer 406 greatly improves operation of the gear
system by reducing the end play of the output sun gear 48.

10 The input sun gear 36 rotationally drives the input planetary gears 40 which are in engagement
with and react against the first ring gear 42 producing rotation of the input gear carrier 46. The splined
interior 46A of the input gear carrier 46 interengages the splined exterior 48S of the output sun gear 48.
The planetary gear system further includes output planetary gears 50 driven by the splined exterior 48S of
the output sun gear 488.

15 The output planetary gears are mounted for rotation with respect to the spindle bracket such that
rotation of the output sun gear causes the output planetary gears to rotate. Reference numeral 407
indicates a seal residing between the output shaft 26 and spindle 14 adjacent washer 406.

An output ring gear 64 joined to the interior of the wheel hub is positioned between the third set
of bearings 62 and the fourth set of bearings 60 and is joined to the interior surface 59 of the wheel hub.

20 The output ring gear 64 engages the output planetary gears 50 of the multistage planetary gear system so
that rotation of the output planetary gears 50 causes output ring gear 64 and the wheel hub 58 to rotate
such that mechanical force through the planetary gear system is applied to the wheel hub.

Fig. 4C is a schematic 400C of the microprocessor 450, speed and direction control sensors 401,

431, the signal processors 420, 440, the motor controllers 422, 442 , the motors 423, 443 and the
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48C

proxi mate end of output sun gear 48 48S- splined exterior of output

sun 48 49- |ocking ring 50- output planet gears 552- pins 54- thrust
washers 55- exterior surface of hub 50 56- needl e bearings 57- | ower end of
spi ndl e bracket 14 1058- generally cylindrically shaped hub 59- interior
surface of hub 50 60- bearings 62- bearings 64- output ring gear

10

15

20

respective outputs for both wheels. Fig. 4C illustrates the operation of a 2 wheel drive system. Four
wheel drive systems are specifically contemplated. The speed and direction sensors 401, 431 output two
square wave signals 401A, 431A, 401B, 431B which are out of phase as designated by phase angle, V,
(REFERENCE NUMERAL 499) with respect to each other. The direction of shaft 26 is determined by
the relationship between the output signals 401A, 401B of the bearing unit sensor. A signal processor
420, 440 adapts the square wave signals for input into the microprocessor 450. The microprocessor 450
receives the adapted square wave signals. An operator input station applies the desired wheel hub speed
490 and direction 491 to the microprocessor 450. The microprocessor 450 receives the adapted square
wave signals 420A, 440A and compares the square wave signals to the desired wheel hub speed 490 and
direction 491 input signals and outputs a corrective control signal 450A, 450B according to an algorithm.
Any number of algorithms may be used and the algorithms may be used to protect the motor and to
protect the operator of the equipment. The microprocessor 450, sometimes referred to herein as an
embedded microcontroller or embedded microprocessor, protects the motors.

A motor controller 422, 442 receives and processes the corrective control signal 450A, 450B
from the microprocessor 450 and outputs a control signal 422A, 442A to the electric motor 423, 442
dictating the speed and direction of the output shaft. Sensors 401, 431 detect the speed and direction

423F, 443F of the motor 423, 443.

Reference Numerals

10- two wheel motor assemblies

12- interconnecting tie bar assembly
14- spindle brackets

15- upper end of spindle bracket 14

16- bracket

15



1570- cover 72- locking ring 74- 0O-ring seal 76- |lip seal 78- cover
2079- br aki ng nechani sm 100- perspective view of a pair of wheel notors in
accordance with the prior art interconnected by a tie bar used for eering
200- a front view of a wheel notor in accordance with the prior art 300- a
side, partially cross-sectional view taken along line 3-3 of Fig. 2 in
accordance with the prior art 300A- side partially cross-sectional view of
anot her enbodi nent of the prior an 301- shoul der on shaft 26 which abuts
shoul der 48A on out put sun gear 302- shoul der on drive shaft 26 within the
el ectriemetsror 305- shoul der on spindle 14 for engagenent of hearing 28

330- circunferential spacer
22- vertical axis

24- cable
26- output shaft
5 28- shaft bearing

29- circular opening
30- O-ring seal
31- gear compartment
32- lip seal

10 34- retaining ring
36- input sun gear
36A- distal end of input sun gear 36
36B- proximate end of input sun gear 36
38- retaining ring

15 40- input planet gear
41- lock ring
42- ring gear
43- needle bearings
44- input planet pins

20 46- input carrier
46S-splined interior of input carrier 46
48- output sun gear
48A- proximate shoulder on output sun gear 48

48B- distal end of output sun gear abutting 36B, the proximate end of input sun gear
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330R- centrally located recess 331- circunferential bracket 400- cross-s
tional view of the invention i[kstraing the speed sensor bearing unit, the
t hrust washer, the output sun gear abutting the thrust washer and theshalt
104004 enl argenent of a portion of Fig. 4 4008- perspective view of the
speed sensor bearing unit nmounted on the drive shaft 400C- schematic of the
m cr opr ocessor, speed and direction control sensors, the signal processors
the signal controllers the notor controllers the notors and the respective
out puts for both of the wheels 15401, 431-. bearing/speed sensor 401A, 431A

-signal, A 4018, 4 - si gnal 499- V. phase between signal 401A and 401B
deter3#9é@°ﬂ??%8?ﬁ§ﬁmBWS&%%?EEQOZ- cabl e | eading fromthe speed sensor

20403-, L, nner, rotatin race of the bearing/speed sensor affixed to shaft
26 404§éﬁﬁﬁpgeﬂ@ﬁ??hagwﬁﬂgvﬁouter, stationary, race of the bearing/speed

sensor49_elgg(%(l;g 49 s pi ndl e 24
50- output planet gears
5 52- pins
54- thrust washers
55- exterior surface of hub 50
56- needle bearings
57- lower end of spindle bracket 14
10 58- generally cylindrically shaped hub
59- interior surface of hub 50
60- bearings
62- bearings
64- output ring gear
15 70- cover
72- locking ring
74- O-ring seal
76- lip seal
78- cover
20 79-braking mechanism
100- perspective view of a pair of wheel motors in accordance with the prior art interconnected by a tie
bar used for steering
200- a front view of a wheel motor in accordance with the prior art.

300- a side, partially cross-sectional view taken along line 3-3 of Fig. 2 in accordance with the prior art
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406- thrust washer 407- seal 408- external portion of c:able 402 409-
beari ng/ speed sensor seal 412- spline on output shaft 26 4 3- magneti zed
i mpul se ring 411- sensor body 420, 440- signal processor 420A, 440A-
processed signal 422, 442- notor controller 422A, 442A- not or
controller output 1042:3, 443- notor 423F, 443F- actual notor speed 450-
m croprocessor 450A, 4508- m croprocessor output 461- first set of standard
beati ngs 15465- interior edge of hub 58 466- exterior edge of hub 58 490-
setpoint, desired input speed 491- setpoint, desired input direction 492-
speedop¥tieside partially cross-sectional view of another embodiment of the prior art
301- shoulder on shaft 26 which abuts shoulder 48A on output sun gear
302- shoulder on drive shaft 26 within the electric motor
305- shoulder on spindle 14 for engagement of bearing 28
5 330- circumferential spacer
330R- centrally located recess
331- circumferential bracket
400- cross-sectional view of the invention illustrating the speed sensor bearing unit, the thrust washer, the
output sun gear abutting the thrust washer and the drive shaft.
10 400A- enlargement of a portion of Fig. 4
400B- perspective view of the speed sensor bearing unit mounted on the drive shaft
400C- schematic of the microprocessor, speed and direction control sensors, the signal processors the
signal controllers the motor controllers the motors and the respective outputs for both of the
wheels
15 401, 431- bearing/speed sensor
401A, 431A -signal A
401B, 432A -signal B
499- V, phase between signal 401A and 401B, determines direction of shaft
402- cable leading from the speed sensor
20 403- inner, rotating, race of the bearing/speed sensor affixed to shaft 26
404- ball bearings
405- outer, stationary, race of the bearing/speed sensor engaging spindle 24

406- thrust washer

407- seal
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20493- odonet er "Che invention has been described by way of exanple
with particularity herein. Those sidlled in the art will realize that
changes may be made to the invention withoui departing fronspirit and scope
of the clains which follow hereinbelow. 25 1. A steerable wheel notor
assenbly for noving eOIStrUCEIiOn |ifts and scaffold equi pnent, conprising:
a spindle bracket configured to be pivotabl:y' nounted at an upper end to
the equi pnment :for rotation about a vertical axis, said spindle bracket
includes a | ower end portion, said |ower end portion includes an interior
ortion,and a shaft .o ' in said interior portion; an electric
Iromt or 3 'ue%génﬁlgoétloéléﬁf%a%}%ow\/(\)g? end portion of sa!od spi ndl e bracket, said notor
havi ng‘oar\)[ out u‘téfd%}‘? rtseatlhat rotates about an axis when electrical power is

suppl i ed 0 ¢a or, said output shaft of said notor positioned through

sai d %qgiséggeoog&;é@;gtsh&fﬁai d interior portion or said | ower end of said

spi ndl e rac sai d out put shaft being supported by a first set

of bequg_qg&glﬁ[}gd&??ﬁgg set of bearings said first set of bearings

residing wthin s el'ectric nmotor and said second set of hearings
resi difig. Qelwegp Gaid spindle bracket and said output shaft;
sai d second set "el bearings includes a speed and direction sensor integral
t her ewjoh ab OfondBh&edsbing 15t he speed and direction of rotation of said
out put shaft; said second set of bearings includes an inner race and an
out er 428£8440A- processeS@ksh1 i | 1 nCr race being affixed to said output shall and
rotatable therewith and said outer race bein stationary; a. magnetized
i mpul s@2r4apgmabd doxesllet 0 sai d inner :race and rotatable therew th;
422A, 442 A- motor controller output
10 423, 443- motor
423F, 443F- actual motor speed
450- microprocessor
450A, 450B- microprocessor output
461- first set of standard bearings
15 465- interior edge of hub 58
466- exterior edge of hub 58
490- setpoint, desired input speed
491- setpoint, desired input direction

492- speedometer

20 493- odometer

The invention has been described by way of example with particularity herein. Those skilled in
the art will realize that changes may be made to the invention without departing from the spirit and scope
of the claims which follow hereinbelow.

25
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20a sensor body affixed to said outer race which detects the magnetic

i npul ses provided when said inner inpulse ring and said shaft are rotating;
a substantially cylindrical wheel hub nounted. to said. spindle bracket For
rotation about a horizontal axis coincident with said axis of rotation of
said output shaft; said. wheel hub includes an exterior surliice to which a
Wheel can be nounted, an interior surface surrounding said interior
portion of aid |l ower end of said spindle bracket, an nerior edge between
said exterior and interior surfaces, and, an exterior edge between said
exteri 6kimmd interior surfaces; said huh supported for rotation by a
third set of bearings p05|t|oned adj acent said interior edge of said hub,
and a fourt h Agterable Weelmaryesseesly feromyine icontaretpy lifsraoftefpld exteri or edge of

sai d hub; a nulti-stage planetary gear system nounted around said
outputeﬁ#@ﬁqﬁfﬂnmﬂﬁna not or and p03|t|oned within said interior portion of
sai d spindle bracket and within sai yl i ndrical wheel hub betwpen sai d

exterior edy®ifPraartaonienicerq '??rp‘ ]é'mo‘mte até‘ﬁf‘??eb?”gr’i‘étchﬁfe‘i}“%é’ttr
cludes an in d ft-i th

ndar | GBS trreikeP B BAY TBC ARG AR AOURT SH S LR A put

shaft of1 aid nntormtlosg gll ut sun.ge rlOI_'Ogludes a proximate portion and

a di stgfuﬁww%"ﬁ“’fp i0n 304 p §hafo ?Félfgaf‘lya‘g ar ' YSP¥m furt her includes i nput

pl anet ar y ga?nagltescmc rrtl(}ctcl)rrrgotuntecli {(')goalg ?(%I;er Q f'j):gélon 011; s?nd%ﬁn&le {)ratt:k%{ Itszg('i mgtgl[ ﬁaw?lg aﬁ) f S ai d

wheel hub, an’in ear carrier 1nc

out put oﬁﬂn S&%Qﬁat l’({tl ('\t!:sl‘é.g&ulggn &M h@% geff Pcﬁrf& fsa ﬁ@d tg szgi!i l‘btﬁ{?)y tsa1§ Hlﬂ tgt?a"f]trof

i ncl udés®a’proxi mat Ion an I on; rust wa resides
bet wee &%9 HiBela S A G @ Lhaft 1y PhRXbTRAS eﬂqdqé & AhdhroHl Pfais un
gear, N trﬁgd rox?%gte pgrt?%%&%gsgaj JE?%L? sun d%ar |n|ergﬁga ges.
s d t hLust masher and said distal portion of said output sun gear n
engages sai d proximate portion of said input sun gear;

said output shaft being supported by a first set of bearings and a second set of bearings, said first

o‘éystem

set of bearings residing within said electric motor and said second set of bearings residing between said
spindle bracket and said output shaft;
said second set of bearings includes a speed and direction sensor integral therewith for detecting
15 the speed and direction of rotation of said output shaft;
said second set of bearings includes an inner race and an outer race;
said inner race being affixed to said output shaft and rotatable therewith and said outer race being
stationary;
a magnetized impulse ring affixed to said inner race and rotatable therewith;
20 a sensor body affixed to said outer race which detects the magnetic impulses provided when said
inner impulse ring and said shaft are rotating;
a substantially cylindrical wheel hub mounted to said spindle bracket for rotation about a
horizontal axis coincident with said axis of rotation of said output shaft;

said wheel hub includes an exterior surface to which a wheel can be mounted, an interior surface
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an end cover affixed to said wheel. hub; 20said end cover of said wheel hub
includes a centrally located cylindrical recess therein; a circunferential
spacer ring and a circunferential bracket reside in said cylindrical recess

in said cover; said distal portion of said input sun gear
i nterengages said circunferential bracket in said cylindrical recess in
sai d. cover; said input sun gear rotationally drives said input

planetary gears wnrcn. are in engagement with and react against said first
ring gear producing rotation of said input gear carrier; said sptined

sai d otEpatSt BER rporn%n of smd?é&elaeerq%{ﬁa? gﬂ"’b&sﬁ« S%l'lfnsng'feléet RS e udes
out put pl.anet a rs ven b Ti t exter] aj d output sun
gear; Sxeroran 15.‘%‘8%?" fﬁes | n&n f:]xeé}é p§S| “.”%eﬁ‘e%‘gﬁ’“ r\‘/\%g}\ Hsltg?o S?r%}c?sd set of

bearings and;sal \?\Pﬁo%? g%a?%n a REFL Qﬁ)tsea r%gP&sﬁfoﬂ&ﬂad}ta@en?saaﬁcﬂmlex%r%ﬁ% d)rf

surface of “sali & % sai I'ng gear engagi ng sard out put

pl anet, i kupadts Sfofkrth 2L d3ia0s uma%i% GhYai @8Rl B BE SRR L hat rotation

of said outpu ane ary g S causes sal ou put p netary gears and said

wheel hub td%uﬁtegt?%%m%gar kzarmg;&n mﬁg@&aw&@d sald a8t ik QUG nR ) du P! anet ary

gear systemis a sal hub . A'steerable wheel notor

assewtah;{tlénga wma}{ ER@inkRRSToFdR ok &l dpiddife®rRRD SR Pt SEtH-RATRME 8% Cl ai med in
claim1l, further conprising;

between said exterior edge and said interior edge;
said planetary gear system includes an input sun gear positioned between said fourth set of
bearings and said exterior edge of said hub and mounted on said output shaft of said motor;
10 said input sun gear includes a proximate portion and a distal portion;
said planetary gear system further includes input planetary gears, a first ring gear affixed to said
interior portion of said wheel hub, an input gear carrier including a splined interior, and, an output sun
gear including a splined exterior;
said output sun gear includes a proximate portion and a distal portion;
15 a thrust washer resides between said spindle bracket and said proximate end of said output sun
gear;
said proximate portion of said output sun gear interengages said thrust washer and said distal
portion of said output sun gear interengages said proximate portion of said input sun gear;
an end cover affixed to said wheel hub;
20 said end cover of said wheel hub includes a centrally located cylindrical recess therein;
a circumferential spacer ring and a circumferential bracket reside in said cylindrical recess in said
cover;
said distal portion of said input sun gear interengages said circumferential bracket in said

cylindrical recess in said cover;
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sai d speed and direction sensor outputs two square wave signals; a signa
processor for adapting said square wave signhals; a m croprocessor receives
sai d adapted square wave signals; an operator input station for
inputting the desired wheel hub speed and direction to said m croprocessor;
said m croprocessor receives said adapted square wave signals and conpares
sai d square wave 20signals to said desired wheel hub speed and direction
input signals and outputs a corrective control signal according to an

al gorithm and, a motor controller for receiving and processing

sai d. corr ewid iyeut sorgercetatsinalhdrivey seithimnal plansiant Sspye ohish 81§ in AEECHER JiPL i ng a
control signal to said electric notor dictating the speed and direction of
sai d oedgeact agaiastisaid Hept 5ug gpar neeflyriparetation 0@“@&1’“%@%%‘35/ for novi ng

construction lifts ;triti scaffold equipnment, conpris irst and
second st eeteisplncdfeior ﬁ%ﬁaks‘ﬁnp&&&eémmeégﬂer@sa%v}%gh%ﬁ@frfoaef %atﬁir?UiPP*rSP% and
scaf fol d equi pnent; each of said First and second steerabl e whee

nDtor &€Senbl i es for novi ng consEruetion lifts and scaffol d equi pnent

cl udes: ndle confl red to b unted a;
upper enﬁ‘qqﬁanﬁmﬁ %rrsi"ﬁﬁﬁ“ Ffétﬁ ﬁiﬁegfy SHs g‘l’ﬁ%ﬂ}(’y &al‘gﬁf‘? AF"%xi s; an
electrl tor mounted to a Iomer end of sai d spindle bracket, said notor
havi ng® ?bﬁ?ngﬁﬁft t hat rotates about an axis when el ectrical power is

S uppI led to, s ak d TnngEﬁ?vaf p0§1f5l ioned Q&WQ salg r‘lnrd fset %Pgeggnil% Ian(f'l S%.C(li fB mh%&%? b%nﬁ%af t

openi ng i nt8 A erioroport d of sard spindl e

bracket; and joined to said interior surface of said wheel hub; and,

said output ring gear engaging said output planetary gears of said multistage planetary gear
10 system so that rotation of said output planetary gears causes said output planetary gears and said wheel
hub to rotate such that mechanical force through said planetary gear system is applied to said wheel hub.
2. A steerable wheel motor assembly for moving construction lifts and scaffold equipment as
claimed in claim 1, further comprising:
said speed and direction sensor outputs two square wave signals;
15 a signal processor for adapting said square wave signals;
a microprocessor receives said adapted square wave signals;
an operator input station for inputting the desired wheel hub speed and direction to said
microprocessor;
said microprocessor receives said adapted square wave signals and compares said square wave
20 signals to said desired wheel hub speed and direction input signals and outputs a corrective control signal
according to an algorithm; and,
a motor controller for receiving and processing said corrective control signal from said
microprocessor and outputting a control signal to said electric motor dictating the speed and direction of

said output shaft and said equipment.
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sai d out put shaft being supported by a first set of bearings and a second
set of bearings, said first set of bearings residing within said electric
not or and said second set of bearings residing between said spindle bracket
and said output shaft; sai d second set of bearings includes a. speed
and direction sensor integral therewth for detecting the speed and.
direction of rotation of said output shaft; said second set of bearings

i ncl udes an inner race and an outer race; said inner race being
affixed to said output shaft and rotatable therewith and said outer race

bei ng stati netize af.fixed to ner race and
rot at abl e t3he %ﬁlﬁ 8"'8ehsore EP'(“]LﬁSs a?(?sca deF%n TR ORAS '?15151 race which

detects th%rsta eld ?ste%"l‘l See%l rggtgrvalsgg‘l% %ﬂ{l&/ﬂi&yp ﬂ'g&ironh #ﬂg%lﬂ%‘r?ng and

said shaft are rota rica ub nount ed
to salg gﬁ dle bracket for rotation about a horizontal axis coincident
wth s axis of rotation of said output shaft; said wheel hub includes an

exterior s lésgh‘%? gal& ﬁ)rsmti Gl s ﬁﬁlle vﬁl?@ npﬁ)r g%@&ﬁﬁﬁgfor ﬂl@mh@&ﬁgthfeﬁonsﬁf{s A €

surrounding said 1nterior portion of said | ower end of said spindle
bgack%hﬁmﬁnnmg&g&lg%xgpge bet ween said exterior and interior surfaces; and,
an exterior edge between said exterior and interior surfaces; sald

hub suppor t.eg.fie Braas& %ﬁgnedqx b@pit thBFmS@tedf aDGRE OB dRQSHdd ARsgiadoacent
said interior edge of sard hub, and a fourth set of bearings positioned

i nwar ghytidnr 080t g 3kdcextigri or edge of said hub; a nmmti-sr age pia,
chary gear system nounted around said output shaft of said notor and

posi ti oned aetebtiOms@t Modniddes ) RivePit b QN PindBdidkes Rhib otor Bivagka@toupid W t hi n
said cylindrical wheel hub between said exterior edge and said interior

edge; shaft that rotstdd dboftlad BEE ahdh R RiIcal Y& ErMupPedd uelas! mdor] aptutpstkhayear
posi tioned between said fourth set of bearings and said exterior edge of
$@i d huktiard thaighh edftepersa) itto @bl insHaffortoh o @iddowatead of ssidisgndlapuatkesun
gear includes a proximate portion and a distal portion;
said output shaft being supported by a first set of bearings and a second set of bearings, said first
set of bearings residing within said electric motor and said second set of bearings residing between said
spindle bracket and said output shaft;
said second set of bearings includes a speed and direction sensor integral therewith for detecting
15 the speed and direction of rotation of said output shaft;
said second set of bearings includes an inner race and an outer race;
said inner race being affixed to said output shaft and rotatable therewith and said outer race being
stationary;
a magnetized impulse ring affixed to said inner race and rotatable therewith;
20 a sensor body affixed to said outer race which detects the magnetic impulses provided when said
inner impulse ring and said shaft are rotating;
a substantially cylindrical wheel hub mounted to said spindle bracket for rotation about a

horizontal axis coincident with said axis of rotation of said output shaft;

said wheel hub includes an exterior surface to which a wheel can be mounted, an interior surface
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said planetary gear systemfurther includes input planetary gears, a first
ring gear affixed to said interior portion of said. wheel hub, an input
gear earner including a splined interior, and, an output sun gear i ncluding
a splined exterior; Said output sun gear includes a proximte portion and a
di stal portion; 15a thrust washer resides between said spindle bracket and
said. proximte end of said output sun gear; sai d proxi mate portion
of said output sun gear mnterertgages said thrust washer and said dista
portion of said output sun gear interengages said proxinmte portion of said
i nput  sARuEfersaid derton dorbenqf said fopieend of widssaindleRFrelet 2 ifprionglga PiveRdidover of
said wheel hub includes a centrally |ocated cylindrical recess therein; a
Ci r cunfPEeronfndanteriqs sudicesy IdpngRigrior cEpg Retivpertaihpieapr B¢ Hseiat sUFfashide in said
cylindrical recess in said cover; said dis port.ion of sa%g i nput
l.

. . ] [. .

sun gear i nteshYRguUReEeddy; rﬂta%‘?nrbée/&ﬁ@@rsﬁtrﬂfibeaq“n%srpélfm@ieg i?qﬁacglﬁisﬂd AP fES
recess i ai over; , id i t tati I, dri id
 nput it bt p TORE 4 ofbrerines 2t BN G EERE AR S0 T SEHhGa net - eal d

irst rin . i tati f id . t ier: i d i ned
R R T R e
sai d outﬁut up.gear.. . rt.saifd.glan tgr aear ..s; stgnHﬁﬁhe'ﬁliquudes

lg WIthrsalda 1 erxo& ortion o1,sal S%{l(ge Srﬁ%angWIGXl é.':lr_lI Crlno Cdl W. 681 u

out put PPIanetary gears rven by s sal d out put sun
gear, between said exterior edge and said interior edge;
said planetary gear system includes an input sun gear positioned between said fourth set of
bearings and said exterior edge of said hub and mounted on said output shaft of said motor;
10 said input sun gear includes a proximate portion and a distal portion;
said planetary gear system further includes input planetary gears, a first ring gear affixed to said
interior portion of said wheel hub, an input gear carrier including a splined interior, and, an output sun
gear including a splined exterior;
said output sun gear includes a proximate portion and a distal portion;
15 a thrust washer resides between said spindle bracket and said proximate end of said output sun
gear;
said proximate portion of said output sun gear interengages said thrust washer and said distal
portion of said output sun gear interengages said proximate portion of said input sun gear;
an end cover affixed to said wheel hub;
20 said end cover of said wheel hub includes a centrally located cylindrical recess therein;

a circumferential spacer ring and a circumferential bracket reside in said cylindrical recess in said
cover;
said distal portion of said input sun gear interengages said circumferential bracket in said

cylindrical recess in said cover;
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an output ring gear positioned between said third set of hearings and said
fourth set of bearings and joined. to said interior surface oF said wheel
huh; and, said output ring gear engagi ng said output planetary gears of
said. nmultistage planetary gear .tGCsystem so that rotation of said output
pl anetary gears causes said output planetary gears and said wheel huh to
rotate such that nechanical force through. said planetary gear systemis
applied to said wheel hub. 4. A steerable wheel notor assenbly for
nmovi ng construction lifts and scaffold equi pnent as clainmed in claim3,

i E e CORRRLBLNG: e3Pl ST AR Cleb R AR, SERSORiPHE RbBLNE. BT vave

si gnal s; 1528 processo or ada ng squar e wave si gna

m Cr opr.ocessor J i t ed. [ I's;
T OB RRSASRnd SEEHYGR JAL BB St A BpbNE el s an
direction tsﬁ’ld%ﬁlng? %ﬁ&g&%ﬁ&ﬁg@%&ﬁ cafit nt@?eﬁéag&rsgiggﬁﬁlgé extérofb$ea _omtqu@dart ed

square wave signals and conp sald squa Signals to sald desired whee
huh s gg and direction input signals and outputs a corrective control
signal” according to an algorithm and, a notor controller for

recei ving and pRhALS Sk BdieRBlithef RELES foht}é@t pERBh Qkarsi8RAby falddBligdieRerior

m cr oprocessor and outputting a control signal to said electric notor

di ct atdrogq s@hd sspred and direction of said output shaft. 5, Amassenbly
for DIOVing construe:ion lifts and scaffold equi pnment, conxisin

first and s@cona rskeek abi@n R ce B Ohir@s:s 6NH2hdieS addarid Mivth 8g oeBragkgdsuCt i on
lifts and scaffold equi pnent;
and joined to said interior surface of said wheel hub; and,
said output ring gear engaging said output planetary gears of said multistage planetary gear
10 system so that rotation of said output planetary gears causes said output planetary gears and said wheel
hub to rotate such that mechanical force through said planetary gear system is applied to said wheel hub.
4. A steerable wheel motor assembly for moving construction lifts and scaffold equipment as
claimed in claim 3, further comprising:
said speed and direction sensor outputs two square wave signals;
15 a signal processor for adapting said square wave signals;
a microprocessor receives said adapted square wave signals;
an operator input station for inputting the desired wheel hub speed and direction to said
MmiCroprocessor;
said microprocessor receives said adapted square wave signals and compares said square wave
20 signals to said desired wheel hub speed and direction input signals and outputs a corrective control signal
according to an algorithm; and,
a motor controller for receiving and processing said corrective control signal from said

microprocessor and outputting a control signal to said electric motor dictating said speed and direction of

said output shaft.
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each of said first and second steerabl e wheel notor assenblies for noving
consErlJctlott liftsand scaffold equi pnent includes: a spindle
bracket configured to be pivotably nounted at an upper end to the equi pnent
for rotation about a vertical axis, said spindle bracket includes a | ower
end portion, said. |lower end portion includes an interior portion and a
shaft opening in said interior portion; an electric noorto said | ower end
portion of said spindle bracket, said :motor having an 1Ooutput shaft that
rotates about an axis when electrical power is supplied to said notor, said
out put shal §- Asfasssaply feroryingsestistion&fs el cgdpmens kamprisgieni ng i n said
interior portion of said | ower end of said spindle bracket; a

subst ant i al fisoef essprdatrsmbloniipe! ot esemitliss Lameviaprontietio e Restse#fid 1 ot at i on
about a horizontal axis coincident with said axis of rotation of said

out put SRR sai d wheel hub includes an exterior surface to which a

wheel can be nD nt eriqr surface sur ding.said interjor portion

of sai d | owdh %f %@lsacoé‘ Ftﬁ?ﬁ‘lﬂ’e‘ﬁlre GRS aSS&’H[’ i %Frn?%’}“géﬁfﬁ’é“%‘t (;éé*élﬁdsai d
terlorE@ad |nter| r surfaces and, an exterior edge between said exterior

and ni {BEYF “YRPALBEY said hub supported for rotation by a third set

of heari ngs p?%ﬁetl)lra%ige%g:on %r{)t s%lagl n{})t etg(i q p%r en fto t%ag u1plﬁl%rt1)t’ and a
ed rRvard’y t et

fourth set o earing s position Psai | ex Ior egge of said

hub: 21%?21 %ep \&le'f'tlca salla%jlalggl %‘189 m%lgﬂls Q g w%r énd 5%1&101? %Iil% Po(vepe%ﬁ ; }511139;? and a

second se eari ng eari ngs reési in said

el ectrrnsuaégtagrmewpdp% PEGARGyaSE PLibRRRLYgRgReS! di g bet ween sai d

spi ndl e bracket an out pu did second set of bearings

i ncludes a a&@&%c%%r%hﬁ% foQ4ld [b%}élf edd%%% @#salh*aﬁﬁﬁ%ﬁa&eﬂ‘ Ohd debatlihpg t he
speed and direction of rotation of said output shaft sal d second set of

h@ar | NGt IEIYER SotRR abRNET axisBRn 8RGr@NpdNt B kugpRE&ro sa1d motor, sa@bfiput SHABNE I ace
bei ng afglxed to said output shaft and rotatagle therewith and said outer
race bgidgotst fkitioRaiodnthid thal OFAGS AL iMEhd pSRibeloSRidNEH e énd of said spindle
bracket;
a substantially cylindrical wheel hub mounted to said spindle bracket for rotation about a
horizontal axis coincident with said axis of rotation of said output shaft;

15 said wheel hub includes an exterior surface to which a wheel can be mounted, an interior surface
surrounding said interior portion of said lower end of said spindle bracket, an interior edge between said
exterior and interior surfaces, and, an exterior edge between said exterior and interior surfaces;

said hub supported for rotation by a third set of bearings positioned adjacent said interior edge of
said hub, and a fourth set of bearings positioned inwardly from said exterior edge of said hub;

20 said output shaft being supported by a first set of bearings and a second set of bearings, said first
set of bearings residing within said electric motor and said second set of bearings residing between said
spindle bracket and said output shaft;

said second set of bearings includes a speed and direction sensor integral therewith for detecting

the speed and direction of rotation of said output shaft;

26



a mapefized inpulse ring affixed to said ner race of said second set of
beari ngs and rotatable 5therewth; a sensor body affixed to said
outer race which detects nagnetic inpul ses provided when said inner inpulse
ring and said shaft are rotating; a first sun gear affixed to said shaft so
that rotation of said shaft rotates said first sun gear; said first sun
gear positioned between said fourth set of hearings and said exterior edge
of 3. 1 Ohuh and nounted on said output shaft of said notor; said first sun
gear includes a proximate portion and a distal portion; first pitnetary
gears; a fing%ﬁ;&g@vg%ar.arfiﬁgd t.0o sai d interior“portion of said wheel

hub; a firs# SLIPEE TPIHER 2T F8F 98 PG4 splined interior: 15an

out put sun ar, said o ut. su ear, | y LOL

cai 0 out pur e tiegiaropparoiss P s ER s RIS ORI i bane |
sai d qut.put syn r 2 .otation about said axis of said output
shaftf%%gpﬁﬁﬁgfn%ﬁ%ﬁgggﬁg%?%%ég%%%meen sai d spindle bracket and said P

pr oxi mat e %qgagggtméﬁln?ulg)elﬁ %ﬁ;é&' iy dsglﬁ%er I%Q?s(ﬁisgd &I&%i s@ﬁ;fg%aﬁgzgstah@fbtﬂblesai d

out put sun ge I nt er engages sal i stal portion of

_ ( t hrust washer and sai
sai d Q- RYE,; Sun gear interengages said proxi mate portion of said first sun
gear; an end cover affixed to said wheel hub; said cover of said wheel hub

i ncludes a ,¢eRbrRh) YikQGat Lo 8 kB dhick BltediCrRB&ictiRBEIRE Brovided when said
inner impulse ring and said shaft are rotating;
a first sun gear affixed to said shaft so that rotation of said shaft rotates said first sun gear;
said first sun gear positioned between said fourth set of bearings and said exterior edge of said
10 hub and mounted on said output shaft of said motor;
said first sun gear includes a proximate portion and a distal portion;
first planetary gears;
a first ring gear affixed to said interior portion of said wheel hub;
a first carrier, said first carrier includes a splined interior;
15 an output sun gear, said output sun gear includes a splined exterior;
said output sun gear includes a proximate portion and a distal portion, said output sun gear
mounted for rotation about said axis of said output shaft;
a thrust washer resides between said spindle bracket and said proximate end of said output sun
gear;
20 said proximate portion of said output sun gear interengages said thrust washer and said distal
portion of said output sun gear interengages said proximate portion of said first sun gear;
an end cover affixed to said wheel hub;
said cover of said wheel hub includes a centrally located cylindrical recess therein, a

circumferential spacer ring and a circumferential bracket reside in said cylindrical recess in said cover;
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circunferential spacer ring and a circunferential bracket reside in said

cylindrical recess in said cover; said distal pottion of said input
sun gear interengages said circunferential bracket in said cylindrical
recess in said cover; sai d i nterengagenent of said proximate portion

of said output sun gear with said thrust washer, said interengagenent of
said distal portion of said output sun gear with said proximte portion of
said first sun gear, and said interengagenent of said distal portion of
said input sun gear with said circunferential bracket in said cylindrical
recess in ssiddiga\periog ofshidddpst duhgeqp dsdréngagds ofd Ganmdferutig btacleuin sgéar axi al | y;
said first sun gear rotationally drives said first planetary gears which
ar e i ncgmdgagemesnt inspitthovand react agai nst said first ring gear producing

rotation of said first carrier; _ ~said spiined interior of said
first carriewdipigreagagamengeiSaid araind porfénd oéseidequirot supfgeas aitl sodithpyt washan, gear
10causing rotation of said output sun gear; out put planetary gears

engagi fiid Bigreaagpmem ebsashdistal peHondl sgid pepw senrger velirsaig erprximasepogtion of fist first

pl anetary gears nounted for rotation with respect to said spindle bracket,
sych t fdtseotrdetid iniamesgsmant of tast distd partigeafsaid 4ipgieyn swr it spiicupiesnd ar y
gears to rotate . . an output ring gear joined to the _ interior of
sai d whaee \REnd pYeaisebiess Betifewrr ©airgs thirPestion gt sagroupsua gingdallind sai d
fourth set of, bearings; and ) sald output ring gear engaging. said

out put pl an%"fdagrf/t SQ%&‘“‘%%”?BOIF‘H&F“‘?BBfaé‘f{‘rétﬁ?aﬁftg%’ﬁaﬂs FhaE nFEasere ity s
causes_sai d.out ., ring gear .and wheel hub to rotate. 6. An assenbly
fer nDV?%nggﬁ?gﬂﬁgfpéﬁgf&P&§“§ﬁﬁm§?égﬁﬂrﬁmgeﬁﬁbnent, as claimed in claim
5, further co ﬁ&%ngi Zpsg%dts eedtand dire t%o%'sgnso% ogRRuRs two square
wave signal 8. 8i'ghal  pr ocessor “4oF AR PR s A" SGuare Wal &Y Y, a
nﬁprop&@%§$§£ﬁgﬁgp ﬁ% éw%gggmadapted square wave sigials; an operator
[ atTon i t

i nput s or 1 nputting He desired wheel hub speed and direction to
said "mcr O&.ﬁﬂl? sﬁt?e(?;fry gears engaging said splined exterior of said output sun gear, said output
planetary gears mounted for rotation with respect to said spindle bracket, such that rotation of said output
sun gear causes said output planetary gears to rotate;
an output ring gear joined to the interior of said wheel hub positioned between said third set of
15 bearings and said fourth set of bearings; and,
said output ring gear engaging said output planetary gears so that rotation of said output planetary
gears causes said output ring gear and wheel hub to rotate.
6. An assembly for moving construction lifts and scaffold equipment, as claimed in
claim 5, further comprising:
20 said speed and direction sensor outputs two square wave signals;
a signal processor for adapting said square wave signals;
a microprocessor receives said adapted square wave signals;

an operator input station for inputting the desired wheel hub speed and direction to said

microprocessor;
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said m croprocessor receives said adapted square wave signals and conpares
said square wave pals to said desired wheel hub speed and direction input
signals and outputs 3 corrective control signal according to an al gorithm
atid, a notor controller for receiving and processing said corrective
control signal fromsaid 5m croprocessor and outputting control signal to
said electric notor dictating the speed and three said output shaft.

said microprocessor receives said adapted square wave signals and compares said square wave
signals to said desired wheel hub speed and direction input signals and outputs a corrective control signal
according to an algorithm; and,
a motor controller for receiving and processing said corrective control signal from said
5 microprocessor and outputting a control signal to said electric motor dictating the speed and direction of

said output shaft.



