;0123e3e,6_, XN\ [ [ *6°T6_w APPARAf I JS AN7~ M EThl OD FOR TRAVERSI NG CURVED .
SURFACES BY ADHESI ON Cross Refe ‘ ted Application 5 This o
appllcatlon cl ai s prlorltyfrotﬂ‘gmm ed U S Provj t ent f\!’-j
Appl i cat (V6P 0BBROZYE5 065, titl ed | System for Traver s+(?1’88%ﬁ 31"£ e, filed
25 Septenber 2000, presently pendi ng, *hi ch i s her eby i ncorporated by

reference in itgp@gRis Ar\J?)t HéIQFJ QL]&%GE'W@/'LQ%UJIJ%% B msikioRn rel ates
generally to unnanneé se prope ed vehicles and nore particularly to a

vehicl e such as a robot and nmet hods for traveling across and turning on a
suiace uin somaund cuves | ie e s IR v,
:‘Jﬂrr:g?lngns C?ﬁ%\% R%Z%Egb‘%gggl}éﬁ}{agG\ﬁ)ng#%z,angerous for agpms60n to perFormy For

exanpl & many pap spmrdaqunmdumstmrantyommcdmnbﬁwro\m@j oIS dPrepizishat Patent
expl osi ve device or ins in an environment that could kill or

injure a f(PPb@?%thm/ﬁéépﬂsé Hﬂ%@)RPPQH‘EuSM?W s rawysing Perfacss fled 28r work in
| t |
such na ' SSmbEP206Y, phe SOy IRIAE HE R Sepd ifedBBEEEE BY Peferdhociifr oon

propel themistyes to a work site, use of npbst conventional unmanned,
self-propelled vehicles is typically significantly 25 limted by the
ability of the robot to propel itself over a surface. For exanple, surfaces
that hpcl ydeppREppigng curves or three dinensional curves, abrupt
inclinations or declinations, steps or gaps can cause conventional robots
to becone si gnifhisbavention wat&st@ﬂe@llyitoem)“nmmeei selgrgpeled vwhiclehand

preferred orientatio elat to the suface raversethes rface
b “tur - oote Pareuaty iy ehidh per 85 rabOEsE metudifhe s YEiie Sanes and
convent i onainifigBAtaSsUrfaceagith Moh?é@n@c@h/é@l ficant portion, if not all, of
their traction to the surface f either happens while traversi ng an

i ncline or |nverted surface such as a ceiling, such a loss of traction
coul dqgaussg, ot to fall. Such a fall could seriously damage the
robot, "its pa oa it has any, or the surface or other conponents of the
structure the rRﬂmIle freqt:em%eum ogmathned tself—pr‘opelled veMEleld Hudhi®a. rbbots to

PCT/ US01/ 30013 Anot her robI emwth c robots is they tend to
ot ub ¢ he REGTOFa vasty R Jorctape et Wi be TSR of S8REPuE o & Rlkson to
undesi r ablgarsrfAtF a%blé'?ﬁ‘a%é @freﬁeén 88 dvots gtﬁre%h \ﬂaefd%agéane' d

of a com"rerC| al ai rpl ane nust free Fom scrat ecause 0
hi gh st r esxpiogivsdevioa or insgeact orgwonkn igfan. enviirocament Shatrcoutsbkill or injutera t he

skin wi ndshi e ften re Iaced t eat expense,i.n bot.h ti and
roney yetPeiighnEPo e FRAERMEGTR hoteiEp SaGT Svore  aipbBan H1Fto " Dounce
or jerk agypically areoh@d tbhaeases Mﬁér@ﬁé@é&s&blé%vfaaWsoﬁ%U&h@%ﬁnéﬁemn?a
significant probl emduring inspection of) for exanple, a commercia

ai rpl ane' PR skin or structure - the top 10 part of the airplane's body

. Decause most ARKARARI BeRallsd Rl Hiouy | PoRATH AR EEHLGIGR diEdUbLS

the inspection apparatus’'to renain a constan nce
t he surf acd rhestrpniveniiact edmaPeedyself-pfogdtied vehmﬂsr iertypitallywsighificastpect i ons

f | typi l]. t ffold, wh' h ti
onau@ing Ired by e ahlidastie Bkt i Brane) Beot pieis sHdaeat FRLEXAIBPG: r uct vt e,
15 SUM\MR%L%CEEMMQB%@anbuﬂa%uﬂfége&tthfée Hisersh (';B/r?éﬂbh%s abfpRCtion unit

includes a frane, a plurality of trucks attached t e frame and operabl e
to propel lndmatlpaﬁ@rdecMma\sSsﬁepa@egaaaaaa cpuee abhventisiah ditete tcbecember s

attached ts?gr?lﬂgarmg/ %‘Qé gtab? te' Vrﬁo}eolmte to Ioggﬁwelr greferred orientation relative to
the surface, as they traverse the surface or turn on it. In addition, surfaces that are
30 slippery can cause conventional robots to easily lose a significant portion, if not all, of
their traction to the surface. If either happens while traversing an incline or inverted
surface such as a ceiling, such a loss of traction could cause the robot to fall. Such
a fall could seriously damage the robot, its payload if it has any, or the surface or

other components of the structure the robofis traversing.
1



20 operable to rel easably secure the frane to the surface. Each adherence
menber includes a foot attached to a body that is operable to extend the
foot toward the surface and retract the foot fromthe sur]t(g,lcﬁsm)sla&straction
unit al sOVPAEPWEs a plurality of corresponding return mechantafs attached
to the franme and gperable to nove the adherence nenbers to respective

return positi ofA§OthgriroklaE Willh epayRItiops! rr?@ﬁf)'i.aissih?r\é@?@t.oaﬁ"c’hfé MssuiaRe ahi t
to the sug egqﬁa\?é?ge LA8 thMUSKR. TRiSah BN RRAlhddirablResdthiche8BhARS sifBce.

surface, t nit can traverse and turn on cor_rpound curved surfaces. In
anot her aBpeexample, tiee skinantwindshieldad @t cavhmendial aighase nusérarhain fege fremst

one adher ence ,nmenber is tached .to the surface, whil unit .traverses
Che surf o8 tFarcadsEts PR Gese MREStRRRr W fioht i 8 Scresth B8RS T Ve
view of aobél?f?ihé)ékiH@r%iﬁd’sﬂi@ﬂ‘i@@ﬁ@ﬁ@'é Qcéd)a{a@re%[rﬁﬁﬁé_ ih b_bfth tikf amyenti on.
2 WD 02/060p(> PCT/U SO 1 /30013 FI 2 is perspective view of a frane

and adher em@®yaenber included in the traction unit in FIG 1 according to
an enbodi nent

t.he,.i tion..,FLG 3. ) ti ' f g
mechani sm and y&ﬂ@PﬁW'@gY’e '@Pw;ltrh89@@@&15%&0%&?153@@? ger%duvtlr% Vg%%ﬁe%r&feﬁ(%s%
FIG 4 i stifgyopropePticntitNesadtosoh stifasdhThiy e be algnificartiprSbled durthg
according to an enbodi nent of the invention. FIG 5 1s a block diagramof a

pneunat i cingpecton phdouenample, airemmersial giplamers apuneskinpr singsture s i@Png
t e > ¥ | ; ’ el iy
of o 15 ot B the Blmlae s BUET Boarslethot ihSurish BB ARl itk o

enbodi nentedifnidles reguirstihe inspettion dpparatus i rdenain eveubktadritially cogdtanh t he
FIGS. 1 agd 6 including a bo%i@;ﬂ assenbl %%%ordi ng to an . enbodi nent of the

i nvent i ondistaRge Fam esugiage DEngnspestad: aKse AT HiIELAUremteMPRL | udi ng a
bogi e assg{dettiafé of dh aagraﬂeaggiw@nn%mecarasﬂmg aischifid] WHRA'dRIbe et C
Is a bloc I agram of a contr systemincluded in the traction unit system
of FIG 1cassumifigndoran inspeeatootth stant anfprididoiinspecting the Sir@sureeA - 9F are
views,pf a traction unit included in the traction unit systemof FIG 1
perfo? I ng three types of turns according to an enbodi nent of the

invention. 20 FIG 10 is a SiSUAIMARY OF THEINVENTIONIdI ng three traction
units in FIG 1 traversing up_an incline accordi n? to an enbodi ment of the

i nvention. FIGInenejaspgekofdbe jnantion, a tractiom unitdndidesya fames aplaalitiosl unit s
b e iR EERA P AR et 3 P ng R 0B Boahd,
i ncl udi ng aspluralitihef aditrenearhmrsbers attached to and movable relative to the frame and
20 operable to releasably secure the frame to the surface. Each adherence member
includes a foot attached to a body that is operable to extend the foot toward the
surface and retract the foot from the surface. The traction unit also includes a
plurality of corresponding return mechanisms attached to the frame and operable to
move the adherence members to respective return positions. With the adherence
25 members merely attaching the unit to the surface and the trucks merely propelling
the unit across the surface, the unit can traverse and turn on compound curved
surfaces.
In another aspect of the invention, a control unit makes sure that at ieast one
adherence member is attached to the surface while the unit traverses the surface.
30
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of a traction unit system according to an
embodiment of the invention.



according to another enbodi nent of the invention. FIG 13 is a top view of
a train of traction units including two rows of traction units |inked side

by side %(g%&'igvﬁoto anot her enbodi nent of the invention. Cf{)&ll:&ﬂr@d' s a

perspecti f a tractlon unlt in FIG 1 tethered to and

f
inits in B G FC & RerssacvENS oha SR BiR pah R grd eagss A the"
vor ki 1. EactioHNRHOR I8 docBA bh/sHIRKImERTA! ETRERER. PTI ON OF THE

| NVENTI ON FI G IS a perspective view of a traction unit system according
to an enbodi ma‘HG &F istenperispeetive \vaw oferefyragnedianisintanshadhaienes ngrabere of
turning on er.sin npound curved surfaces - surfaces curved
in three HF@@%Q '%ﬂl é’gg‘ifg'h&ﬁ%tsﬁggurface of a sphere or the like - with
littlg or no sEid.arie @6ssLbbttRMmadvietdsfar adherBatemampertin FGS. 11, 3t he system
20 includes a traction unit 22 operable to traverse a surface 23, a
pneunmat i cAcApEdiaghto £ erabediment f Hwuin¥entiin. pressured air 26 for powering
o o LAl IS SUBRRE A dFphEARECL B inGRued i Y fRkiaYhET 10
28 including a m'cro-process ThSEruct and coor di nati ng

t he oper adystemalf FIGE avcoedihg td ah kenliimpentoft the dfivertient ractu on unit 22, a

vacuum sour ce ilical cord, 32 ncl u ic 34,
vacoum 30 g R 18 & Hioh sss SSetTNISH Phe Lk MR e %@Jﬁﬁm&dps to
the surce®f &R gbﬁé% &hbodifhe %?H#Eﬁn%@Hﬁ&r? 30 and control system 28,

and a tether 40 oper e to suspen he 15 traction unit 22 above a surface
23. The tractiol.ufAis asldencew@meatrﬂclameth&flﬁﬁ/|1r@-1d36|||wumpg|atbczg1e44 t hat

typlcally |nd| ates t i rection,.of . n the unit 22 is traversing
a surface %?? mgpgpﬂ@gg E%%SF?%&HE”{Q@SM‘@&‘%H& shown) attachabl e and

noveabl e rel at F\@ 2B id 8idedaR of thé fruck rI FIGSDI ¥ng 6dn¢luamgtaBodieane 42 to
the surface 23 or lifting the 20 frame 42 away fromthe surface 23, return

nmechani sn@ssegably aggarding inaaeiher embodimenirad e bwentiaher s 46a - 46d for
novi the nme 4 0] 50d
(50a Bt "shown 16 B EpgK Aofd BapiEaiBL SpEi RByaBl in e eyt
propel | i ngydtie ofrfIG. Z%@O@dmglﬁ@lamnntbaﬂmengotﬂhe ihventiond2 a constant or

approxi mately stance a y fromthe surface 23, 25 The adherence
members 46a - étgggaggat% BrRVIEWEQ aotfﬁ‘i’im“rﬁtznf’lb'd? & the tragionmunibsystent| ude

an adhere ( @a&h RS o - 46d
ext ends tgpglr%of%?'?zga@?lg ?&%r%t?ﬁ% gﬂltru{lz%gxg%d?@ IS ng‘posé.éﬁﬁee adher ence
feet 52a invBAtiom.ncl ude a sucti on cup 54a - 54d (54d not shown) that is

conn ed to t vacuum sour.ce um t,i nes 36., Al h the feet
Son A5G Lo BB TE A SR Vi of aatkin RS Pk uradiion ts DuERSEE | ey
the feet fravers W%nﬂﬁ@ﬁ@é?cc@fdlﬁgT@én“e@rﬁb&%bﬁﬂéfth@ﬂﬁ@ﬂloﬁnﬁ that can
attach to and rel ease froma surface. The adherence nenbers 46a - 46d can

extend their abifer thisea sideview of sAerindnaudiag frreadracien usisim@et i ned by

25 or r ot PRAR s REuE AFodtifa SOk EE Ao xigeliie airmise D A ABLmatR o 2ce

PCT/ US( I | fredidd8nttkdrave the sanme plane. This allows the adherence nenbers 46a

- 46d, 10 secur é iztractlon u |t 22 . to surffaces that undul ate within the
ar ea <dver ed b% he2 15 3 fRP VisWHAT g fractionunit ingluding sis adhergncednembers ows t he
traction off the surface 23 to change
directi onﬁg%c?rg fo%r?iﬁ@@ﬁﬁ%@@ﬁrﬁ%ﬂﬂﬁegﬁ?ﬁg%”ace 5 23. Although the
system 20 i ncl GHes13 iua t@mhlemmfcaetranrnfémtlaﬁwmtsnmiudmgéwomaws iobtragtion 22

The 1 ract ROt [ Sige B e SeR SR E e TR ST B hlfeaial”. 56”6

not shown). ThEIG! U4 lisa pepspechsl viewpotatragtisiounioin RIG actetihdiedtts achdsm uni t
22 to_ the surface 23. The trucks 50a - 50d are typically 10 |ocated at the

cor ne3& ofANdhiEaversiag Apraigiane. 22 whil e the adherence nenbers 46a - 46d are
. typically | Ocagﬁﬂa‘rﬁ%ﬂ;ﬁ% %beecﬁ\(?é U%bWoftWE 5&%&2@1&“?1%&3’ Weth’élrédqﬂal’@\té topNe

trucks 50a - 5 nce me be" arfFang

di f f er ent by a blildingramed codperaiivel@omkiag. i ncl udes steering mschanl snms 58a -
58d that can



steer each truck 50a - 50d independently or steer two or nore trucks
together, and 15 obstruction sensors 59a - 59d. Still referring to FIG 1,

i n operat.j, adherence nenbers 46a - 46d repeatedly and
rel ease f‘&@@@%@ﬁ’surface 23 as the wheels 56a - 56d of thg&p;%g&éﬁg% - 50d

propel the frane 42 acrﬁﬁfAfLI"ED PHON dﬁ'QQEQNV@N’I'I rati on of one

adherence nenber 46a i s di scusséﬂ(fé?ﬁe ot her adhéerence nenbers 46b 20 46d
operate in a siFiGl ars agpangpectite view of atractior uhitisysiche ascordirgnto anycl e (t he

first nonent is not cessarjly first but sjnply picked as .an arbitrary
et momeribadmeal obiedmamisn pHisE5caic AL RaS CHBABE O IR TIBAB S om
the frameygg Scfdi8 PR &ﬁvé@guﬁééﬁﬁs&r?&%’élﬁowﬁﬁh?%gﬁﬁseiéﬁst he

surface 23. % Is 1s the return position and typically occurs

r et ur n5 reshahiasritha 8arfaas of aspbere 26thedikeng witle litlearmenswfanendmrubliiGg .orw t h

t he adherence .nenber 46a attached to the surface 23, the frame 42 noves
relati ve @8R adher ence member 46a as the wheel s 56a - 56d accel erate the
frame 42 acr osRédfERingUIRCE 12the $f<¥dl20 iRBIuLEs BRtrdctiont urit EPBPé@Me &
substantial |y constant sgeed, or otherwi se nove the frame. After, the frane
42 noves &ayeeafed stfaeed3dapngumaticayateny @4including resaisee o6 aressueedair 26

dh . i d
vy {1 omOEougi SEMET A ofife WRhTnaNBts b heliveRfitn A2 o\ Bokip SARRFE o
menbed 046280ackiding 4 heicrogpracessurghot shiowieforinistractimgrand cébrditatirentie t he
adherence foot 52a to once agai n attach to the surface 23 and repeat the

cycle. | nOPREBIARRIAQMBACT all 6T i GOBRRNFS Oh Hie TRGLIAN Wik 2403 VaCWWR ROMIC] o
the surf S50 4 4R unfoifical CbAY S5 #5 ifIBdes pneliffafie s3@00Heuti BE Hrld 68213

surface 2 the control system coor ates the a ease of
each nmenbdined @8 conhedtisg thehapprapribEasimporenis to the seurbe of pAssurizdd diri 26,

attached to the surfa 23 at _all tinme Th raction unit 22 can b
conbi ned WPCHUSHARUTER DAl GO AV etelTh o csba casfer #8 Ppetptie & adstend the
di scugged pickiBn funit22 d90id sliffaceggh a train of units is capable of
traversing obstructions on a surface |like fﬁs or steps, or traversing

abrupt changes The tragiotouniv2? insfludessafra Réing aclead eortien 44 dmtdypieally and

i 1 on, e GBRuUREF el i e B 22 U ARE PR Sy B A0 1
prevent t keihenédce mepibalaagi-6d (BBt shoavn) GitididRaible driteimobesisie tefativé 26 |
or fail to wark cogperatively. For exanple, an area of a surface can be

scanned byh@ fieee A2 dgr ielrasabiotecstibariie famf 44 1@ thesswiaga 236t IIEAGWRS t hat
; " . 5 _ . )

sol ut 2n FemS Y2k 8 ABSyIHAE 25 SEh fReh¥nBnfOML L 180 MachabRbie
vi ew of t leherandce members 482 -od6d-fad. mdving theidiemberk &l Bar-a48d 1d a4é&tumnd one

et i o AR A0S titks 208 300 SodEatt S oksably e dl cachate dadhe s s
48a - 48d frdifle ILGBF pREpeNRR AR D8 verarkBHalANAINAEBE fRiFh 40t ESHstahEdr LY.

But, it is understood that this illustration can also apply to the omtted
adher ence appre¥matalgisonstapd distanqReaway frap the surtace23.i n one enbodi ment, the

(1ol |11 U WARRRED B A SR b3 o0 DRk Bo0B N el

poi nt “64 to pronoté s Ty € traction uni as |
conpound @8 sed iroludeaar adhelavice 66t $2x0s 24 (6Rd et shown) that ehcl MBmb&osea

ft bei i ted th h bot ti 6 d 62 fast th ti
50 and. 62 % 88 EHIANGS 1R A5HER BRI fom EIae0 A3 91 s RUTPBEG: THGHAPREANCES
h i td t |
shown) CarfeQF52%§d\32to°|nBEIHg‘oé sétﬁlégfog d%ﬁ—‘ﬁ?%ﬂ@%o?%&dvﬂ?ﬁ\at lﬁ”ccfrﬁnffegfedp’foat o

enbodi nent, each portion 2 I's made Troma conventil ona
havi ng a hhglvastiuengpurce 80y thetvacatimdinescd6. aAlttdugh therfeeB52ah—H@dtaren 60

“and 62, ncludes two. sections.68b .- 68d.that dLyide ¢t rtions. 60 and 62
Mto oo i and Bt 6 i1 ie SHcter.ates b Sch B et oAV DRRES2

. traverses HagRet ciheVashveiibislnechdiisrs tkbtTeAiichte Andelcudb iR At
each wheel (not shown) to the frame 42 is typically not the sane for all

four truckssirfaset Brwagherancamengbersvitars dhdcanextendtheirfadhesencenfest 2adi d

Dot nt 4, 1tBaRbLe BB (RESh bl AR EhesRin ' DrERe L ibaR BEL o
hi nder t heryikedBoRss 508 doRtadtfihd sdfacks 29 98 rétht Shis bakérente feet\W2:4125080p6
4



PCT/U SO 1 /30013 Al though, the portions 60 and 62 are shown and descri bed
as pivotable relative to each other about a center point 64, the portions

may pi voé,v{i\g?/&oé& goi nt | ocated el sewhere on the porti onsP@HH%'Q%O@%.S Still

referrin , the franme 42 nmai ntains the adherence he

al i gnment between the franme_42 d syrfage {not shgown nder th the frane
G2 o oL ABONEING SEMEblaREr s s hesHer PR TRBtTE 430 Y 63 Sef TR the
transl ati : i t ; i ! nme
bearings SREPiinihs ieAReSThach Ml iihih TR oot By ne AR 42 of
menber - nodhe tiaction nigit 224 Ehis adsceddlows thettractio hitslitte suspiead ths fruckabha —

bearing 7 n 4 includ a_ 10 beari i 76 hayi irst. 80 and
84 andgseégﬁaodfé%'ea "H%‘%a Zﬁ&%cﬁaﬁ%e '{%ﬁg’ngﬁja\aﬁﬁ8“8%@‘8@%‘“&’@%&}@5&@8% to
the frgnme 282 ARsbugirineadysyerfdoaneiutiBe fourdidhepénce mehiiers 488 -04663hef the
frame 42. The nenber-nount bearing guides 78 are attachable to the frane

beari ng cdfadtiggemitad? maydnaclude nrereqaiewer adberenee memBerst r ane beari ng

Phe. member - mour ST aeeots -4y oS FERBPE i racoan Bk RubRidia dase. ©
By mounti rigclutie wirssieba o564 (363 motadews). ThelinidksBoabebodypitallyedy hoy
gui des 78, the adherence nenber 46a does nat swing out of ali g:t;nrr,ent bet ween

the frane atachdhe diactigRamniiivehtorthe surfaseiddn 1he rugs Sla o594 a5e tRisalbhds an
incli or L L. i . i T frame
cocti a8 rolatRUTES oBuftht of ffh RhcUdMETH 28\wifie the'BBhoterbd tomBlrs e LT OIT
t he adher edfickaredypically Bxcated withinsthetdoveers dott dreateratabily. Wkithoughethertaadkison

unit 22 trayver a surface (as previgusl iscyssed, the franme 42 actually
Toves. whi |94 n0Aanet eeehen Samhers Rarmind 36 8 Srendst IFRERY enbod nent
the translati onTrORAcHdh UARRRARSO Mchrtes diédhirlg PéchambnBefda e 58l IRatzale 70

and a soft 25 limt 94 disposed within the hard limt 92 of the zone 70 and

def i ned bysteeneachstiliclk R8s —dE0dvindenendgntlycorigercweconsete tutkslogether, and

m cro-,$w t [ cawvenii,onal switches. The hard limt 92 is the
adhergﬁ_ce %&ﬁ@gﬁogggpg@ q'r'ﬁ%pdi nposed by the frame carriages 88
contacting eit hgtil e3ferritg t6rF182 10in dperafismthe gdhershcétmemberd H8a DBIEET - MOUNt
carriage 90 cont actitg%&t he frame carriages 88 at either end 84 or 86 30 o

f
t he nenber'epgatadiya tgand frleass from thersuiace 2danthe wheela §harepsd oftider
460 f . Do ; ot
0 stii BB B0k fiohd B 12 LroMRE sulrelR U Mitiguohitfe Wplrator
96 war ns tdfeond adlerpnoe asamber 464 Isadiscussed| theysthenad@@ereRtE&membersmab shown)

t hat nber .46a i I I h imt 92, Typical .. th
bort 1200 ¢ 89 T ie G miBERyATReT. AEAGBGRPGRD In BeTToRPALYOR BNEIFSt ¢ he
di stance fmemeht ieAbEResshif frs@OR skhbRbidesPad An amsitraRefidafdrhantifbr 92,

but may be any di stance between the these two [ ocations wthin the zone 70.

I n one enbdacussinn purposesy theodharenta memkert4bachangsnfrorndne frage 43 above

o t ches: SbeGRle 23,9 BEids 1R bR IERRE Has B4l EALUIAHE 2 iR tbe e nber
46a encountetuirh gdsdticroaid typitdllyBbcutdhehemitiie fetam meBBasishr £455Ras "Bfﬁ)@lpéw tch
contact. 100; but when the adherence nenber 46a is within the soft [imt 94,

the s chmeyingdbe agherensmmesherddad diith thecadherency mrmbeedta ataghadiicof
‘h ’ ] . . . . '
Al'though. PTG L A, 196 fiathe 1 molieielate RO afiaieRod a8 AtadBie
menber 46awhéelariSabe &bdregeelEiatartte immie42 moross the aurfags 234 propel tre frame

understood, that this illusfratji.on can al,so appl o the other return
mochani smsi4,80a caBstant o SULSERAN, St EPERHPT ol BNISE deOVRISd AMa g Rftery 6 g
in FIG 1.thEeahe2 moles BibasiefBmaiyiSant felafiie feheamBRIBRE U645mer €l ati ve
“to the frane 42 after the adherence nenber 46a rel eases the surface (not

shown)30 | nadhrrenee EenidBamiehrasestits hald enihesorfase 2mangds iretracied @sadytfoomhe

- operable 1 BeETECEE AR R EuENnerhguli i ielEh it B SR IR ARLY
to a franmepasiclo the refiiph pdRivn)wisere the Yhettiber 464 exibils ded hdh&enae FEbtLE2A to
position typically in the center of the translation zone 70 (FIG 2), and a

return car@ncggainatiasbdotbe sHdacr 23 angrrepeat the qycle rlaionermbodiment, to
i nsert abl ; .
00 ot a scleRFSHRe 1S kBTl N AlndiOR JfrcaRI RIS e RasRE | 20°

mechani sm 48a pushes the cord 108 away fr®mthe return bushing 104 by
extending its ram 114. Wth the first end 110 of the cord 108 attached to
the actuator 102, the second end 112 of the cord 108 is pulled toward the
return bushing 104. To prevent the cord




25 108 fromslipping off the ram 114, the ram 114 includes a cord guide 116
i n which the cord 108 is disposed. In operation, the control systenis

m cro- processor typically commands the return nechanism4 t he
adher ence¥HdAB "ZfGa for a predeterm ned |length of tine. ?ﬁT@g?]Z}M{%h of

| ees depeniHiage éﬁ {roL ey §VAERT 28 S g o RAGuRE: 4t {Eﬁ%sbef%f”é’éc >
surface (MEmBBPNEA —UBH $d thab e kgt Bn@bf tHemehibers adat-04GWisedttddned teehani sm

48a. During this length of time, the pneumatic system 24 (FIG 1) supplies
hi gh presstffacai2d at@lktivaesict uat or 102 as di scussed in greater detail in

Cength of ti me TearaRtiof ) 29657 Be BT WREARMRIMEE IBRTR R cor
convensi orfigdm aetrsins &s disctissdtbwith FSGSh16anai ©F. oSEeh & ¢fadrs of omitsistdapabieeof
swi tches or optlcal sensors nmay the m cro-processor of the return of

the. adner RETHRGBEFTUTINSPT ASUTBER e GBS O 8i6PS, P FRETPEOALTURLRRNGES
a8a_does fitnd behtdllr bPA LUTLE8 lke's c%ﬁk@fb%meeﬁg 1 284 fidor ohthd Ricfidhn

position before t ani sm 48a stops erence nenber a nerely
st ops noviwhered wingvef droairplané neeats 4 hody cbhradditers the uaits2Bgantle suct | on
cup S4a t he rfae Al th h the return positiqn is discusged | cated
Tt e ceetiTed 4 5857 plict AT BooBhS i ventBer s rbra Safmauint B

anywhepe ‘@hb@ld’thb??lép‘p@ﬁ%%ll Qf‘fa?lQGWo?Qcobﬁer%ﬂdéW' FHorr e%bhﬁ%'gih areg ofer d

gui de 116 noves with the ram 114, the cord guide 10 116 can remain

st at i onar suiisicecante s@annpﬁabmsesnwmg el (net shavwn, mourted denatbienns 4moti ncl ude

211 ppi ng GTERMAN e s Bt o R EEE T kel & e B bR ence
menber 46adlutidrl While énath@egﬂn(i'gr@rﬁ@s apeayeedi nent of the invention. It is
understood that_this illustration 15 can al so ap f?dy to the ot her adherence

menbers 46b - 496 27fPesnastive viewehthertragiion; uy 24eEF G d isgludinghthedrmaa
for aﬁsacm 8nd Bﬁe%%g%% EmERiHRT 4648 chRli ?dléﬁ%ﬁﬁagyﬁeﬁt“&t BGLRR Ra body
a fromt

120 opera to exten retract the suc on cu to an
surface 1Ikhe fémaisingt adherenge Beanbers gliobot 464 ytrlmldseﬁﬂaa-b bed} mtummembduaméme to

(ot “showfiEa B8 A1 siReftnG PssBefising 582 s Rbdhad Bee oitacklos SBMbe Bk for -
canted suri§ ap@efstood EHéQ'?hlgflllds'?r%hSH Randisd Qb';ﬂg@@ tHd8mittEd ad@ferante nj@{'nbers _

continuing to extend the cup 54a, the body 120 causes the renaining portion
of the cup@radbd. contact the surface. Still referring to FIG 4, in one

1220 00 o’ sof (RS FitP 2 18 phGZiimbll s AR BddeR hRBartRR 60 vc

rubber W tdnd62 @hat dré\fil\dﬂé@l@ﬁb@ut ﬁ&ieh%rtﬁblrﬂrmt;ﬁohﬂﬁe Etﬁlﬂﬂ? bﬂfheaﬂ%tlon
mai nt enance of a seal with rough or grooved surfaces. The ps 122a -122c

extend fr dfib2dasiti trRyasses a cpmoa\néwwv@ﬂwmc%owoﬁm |8ﬁ§|6|mé|ﬁf%¢ée@lr'§0 Bnner
cavity 128, andof é@@%{% rﬂ};zﬁ)ls&ﬁé& t%ﬂﬁ]ﬁ'b'&tﬁ Bg@%fﬁo\/é &'%ﬁ@ﬁfﬁieal 124.

The inner cavit es a vacuum port connected to the vacuum
sour ce 30 mcﬁ'tldhs ﬂSO)arininZ tt@etlmrudnnlhereerﬂlﬁodlmm tcoavéntpmal B8aringsl@it of t he

5 t. th 118 t d t th
Coter Bt A s LRSS B BB b SmkBE ©, 0"
squeezes tdwecHebrtioM! 'WGM ﬁfaUé'fr&ﬁ‘é ddﬂiv@nﬁé’r’iﬁl%étal’\blhfé hé\ﬁn%‘érﬁl e 118.
As long as at |east one of the lips 122a -122c forns Oo7~G

strength to weight ratio such as aluminum. Each portion 60 and 62 includes two

sections 68b — 68d that divide the portions 60 and 62 into two equal or approximately
equal areas. When the traction unit 22 traverses compound curved surfaces, the

30 distance from the surface at each wheel (not shown) to the frame 42 is typically not
the same for all four trucks (not shown) at any given instant in time. If the frame 42
did not have the additional flexibility provided by pivoting about the center point 64,
the wheels on the trucks might lose contact with the surface and hinder the progress
of the unit 22 across the surface.



PCT/ USO01/ 30013 seal wth the surface 118, the cup 54a can generate a vacuum
and attach to the surface 118. In other enbodi nents the suctlon cup 54a may
i ncl ude wer lips that may or may not be concent dition,
t he softr@bgé}%og“‘rerat erial 124 may include 5 fibrous nat erf)bf/U 0 |Oﬁg;r ease

the material’ lfﬁ%ghethgé{o‘?ﬁ&ﬁ{‘sogﬂﬁ 2. ruébll@mﬁ%hdsé} &fﬂédb%e;gw bid om any

conventi onal reS|I| erial suc er or plas I'ng on the
enV:: Ir %nnzmélaavd to g¥aeh oghee abbate ﬁeht?rapmmtmeltm ;::darélonsmwlopw& aﬂadut_rae;bmlnt i ng
to in o] |ne t, the bo i ncl udes a conventi ona
actuat or jagat ?&5&9"@’%1"85 & PoTloNSRP g@%%\go extend and retract the suction
cup 54a fromt

ISHAREID ERa, et 28 idifiafhe hedarRindePetitrs

pivotally attaches to t acki'n e suctiron cup
secondSenalignteat betwm the fearpé éﬂcandl&ﬂfao@dnoteshmmm)ahndmneamsthe fiaohand8 or

bal | - and- kt t t the fi d 138.to th
Docti ond Fpetsiiprols e apfierantBl midmbt; he 33 s Membérdas Bovss Wit &1'F vi
the lines tr%‘i%la%i&‘ﬁ 2R 7@ SINRE BB HinREAtAME FRNTOMD XS dedinkal ’Praﬁ“é%eé:’rmz%she

actuator 134 noves the suction cup 54a toward or away fromthe bod
ot her enbdd attanhabiente thedrame d2tagt mavahlysupperdtinean mgnﬂlerﬂmwﬂpe@cmgat or

Saa 0 and 3 FHTERE tob Hesbrenr R AR, e bele 72 Bd P IluEhd,
syst en024 bgaring@Guide 76 apddigigaving first @00 82 ahd ebcdi 8RrveI8s ends. TRe syst em
24 powers .t he Buctlon cup 54a) the refurn rrechanlim 48a,. and adherence

menber 464Ta5)e BPatRg Buidesy hagAtarbablep thediame 42 a8 tipigaly.extend Jae
Dl essut] Zatlatt of 4 BoiUs 6PEPBPY Fameld2oHimEhiermmétint Bedifi dides 78

pneumati c system power i ng one return mechani sm one a ence nenber
46a and ormesitachabledath&frame bearingucariages 88 wiiclt atensliiable redativet tothecan

| | h th h 48b -, 48d dh 110] 46b
A rad  ona e baRring Goidssy o Eod MaRapeTOHG PRANGCSaeTiags B0 T IR fgaive
provi ges gp rthé“i'nérﬁbétem%ﬁf gwﬁﬂﬁ 7Bré?1%sl§ra?t§ch§9e'18@?é é& r‘érncg?ﬁémﬁér 4y, and

hi gh, to the return nmechan adherence nenb a and suction cup 54a
as direct &3y mpunting e nmnpberanesnircamagmeommb|membeemdmt bearng gubdesThe

system 24 j a return ismval ve 14 sel ectivel i ng
Y oh pr esdi dheArne BrE HeMpHESP4 PaER niEi e i of o e hrinesh B IR o
control valvgnd46rfaes wiheheaké traetion aHRRRMsRENGO O B8sdErdi} 41 mEhne Br BavertBs
VI' O U2/ U U7r~G PCT/ USOL/ 3UUL3 to an adher ence- nenber control valve 148 that

pover s t heé® BeiRG AT iverted wall upside dewa. adher ence menber 46a to extend or
et 1 ag e SUOHDRafiikdifin BAInALSLE MORaiRiRLIR 78 hd erPugRhy bk, 2

vacuum or high pressure ai suction cu e's s
i ncl udes tlhwmeh:tlwradlmrenee &CérﬁFdanG%Lm)ovesmiatmeatbmeftdmesiaaﬂhmtlmjp 5

| 150 by .t he | 152 di t i [ 1 t d t f ti
oy 23 attRtoD il #2 raRaTES Scsir sk Tes P eGP Alscsead. she Hag e A aetualy ang
suction cYpopdavile &ﬁ@abhé»%néé%erﬁbsr x@&%.ﬁs%%&ron&'ﬁéarmwnwn%bédlﬁ]e%r

pressurelnthe suction cup 54a and rel aysth|S|no tion to the

m cr o- pr odbed@mnsiation|2amne 7B Ccludess had ligghd2 that defipes itlaﬁmzom\/?@mdsmseﬁ

contr I v 4 150
ot neSsodries RpdsBhi R RRORH S5 e8 1t Sond 7 bl SfEbh e, BhF pifEones
traction g8 whith maymhe mégn@tmﬁmdtﬁwtdhes hinfdro{switches 8 bitercontestionatl ve to
the source of pressurized air 26, Line 162 connects the high/low pressure

control vawechf@e the hard limiliB2 istheadnaierse membeasis we\bmummﬁqi N thenes
164 and 1 at%%i@@mﬁéh% ERGS SRIBEbr 853 te REMERLIGEIPE Ay e

systemto
member—mount carriage 90 contacting the frame carriages 88 at either end 84 or 86

30 of the member-mount guides78. The hard limit 92 prevents the adherence member
46a from moving relative to the frame 42 once it encounters the hard limit 92.
Still referring to FIG. 2, tripping one or both of the limit switches 96 warns the
micro-processor in the control system 28 (FIG. 1) (not shown) that the adherence

member 46a is close to a hard limit 92. Typically, the soft limit 94 is approximately
7



I n one enbodi nent, the high pressure is approxi mately 125 pounds per square
inch {psi) above atnmpspheric pressure; the |ow pressure is approxinately 10

psi , anda&ﬁg%/&%%lum is approximtely 11 -12 psi bel ow at npcs]qbglhgmgressure

However Pressure val ues nay be used dependlng on the wel f th

| oad / f d h
oo O SRS e 58 S RO B A TR o
mechani sm38ae éﬁv'?i% farftehetivebt e fibseBib Ioéé‘tﬁﬁ vVn%HnH@ﬁe 26fle 765Qn BRE be
formed as a’part

el r respective mechani sm 48 nber 46a or cup 54a
or | ocat eemhpdimerit; aswiteb %6riaatiached to @ fime sarrlalger&& and angthLeo switch 9B, isas

thetractl n.u 2tra erses the surf no wn tem 24
cycl es t h %‘Sheé”h |tﬁﬁ ey ?EFP&‘@% Fanage q%ﬁeBé@cstW'é%eég% W%Y'a@@lﬁn of
the adher enigsh FRINGBT OME8 tide aﬂﬁéﬂen@é m@ﬁbat a@@;aﬁemnt@rgith@eédfﬁﬁﬁn off, tHee
suction cup 54a to and fromthe surface. irst monent in the cycl e

(the firssWitehhiaik 98 deprgssas thasswiteh 9omta9%10%lhut W}?BI tpe gdbeeRncesmgmber
arbi trarysgi fiﬁlthﬂqﬁ@tsoﬁq{mlp?&ctg%%hQiérnpé)cst@\ﬁb rbhfi @@Qﬁeaa&@ menber 46a

hangs above t surtace return position and the suction cup valve
150 connects tRESVAisua pespectve giew of theeetus menhaaismn 88a ivFEG] 1 imedudifg aand

36. Wth the sucti,on c 54a_ _suspen ove the sur ace, the . vacuum draws
o T b RS 8B GO QARG b IS Ere Preg s B Taeeh BN IS ALE, one
negat4ve I, h r

Dy Sadl0re BURSBHES éimbepE6d franlo Belinge 7D HREaReRbel NELIBRARALS 7RIS T, 11
WO 02/ 0Q0undeérstaor thad this liustration eas alse apply tothevetheeretu® mecbarmamsm&me

I 161 to the | di tJ th

haher ence b sttERRanEM e toiRR pifer et ende ento s 486 A5 BLFRE 1 he | e saa.

Thus, the adherRa¢etuik ftihafifem 884 enéliestthe siherdide Membet achqeldie 0 thace.
Once the suction cup 54a touches the surface, the cup 54a forns a 5 seal

with the ﬁam%aﬁﬂatwwémmmﬁ%¢leﬁ@ﬁ§ébe §Hrfa%("&i§é‘0m)né@9t‘$Ve

P eocts o hbpaimgR: HiH falM ARERANERr 484 5 aPbGAEaR0 ¥ afle AOERRETORAT) o
pressure faunériers and iMeludidd ah@actigatoe ¢02 sbctivelp oiaéﬂamsl EP moveahs la@herérﬁfes ure
air to the line 162 and directi n%JOthe adherence nenber control valve 148 to

connect | Manhey463 a fefgnyshing 104 ptiaehable to afane section ¢vpsbBawn) ﬁﬂds to

forma se t O%Uté {ﬁ,ﬁfﬁ Q,,F;]@ |

ext end thgh\éu tdlq%ﬂge‘ ; é lﬁﬁg\?vs%(rﬁggs Qgﬁh tﬁ%%em rgrfg%;{é—éﬂn%lg er 46a

will si nplzyne é’ﬁs(Fleﬂ)aandraaneyumedomd 108 atimched te the acieatmt1|0I2 atta finst pad a
rocessor

| net 2t 10 PSatab S sy Be Polk 06 AR BALRS o It Bon iRt 90, 1o

return 15afagkadhd @ndoa 2 oTdRitvelthe adfBRIrRRANADEPABa PR raturd'méchanism
predeterm ned length of time |apses w thout the vacuum sensor 154 sensing

an :cncr ea$8aipyshes ite oardyt@8ayag fropg the &eﬁwndwhirtgﬂ%bymrﬁimga&ﬁwnt 0 thg
Chus i not dd SUBTHECS: ERTAAD ot iR GO 168 aft ALk hEBcRUSR! P2 HB s8EBng "

tracti on endt1122fttheeoed 108 ispulfeactowad tire tdternasiihiren ¢4 2Tonprebent tﬁé@ord
22 noves rel at| ve 0.t he, menber

attac t he syrface, the traction unit .

260 A8 1| TDRAORR SIRPNGST DRTRT L4 1HhE A HORODEeS & RaEd G618 n Weich

m croproc%%.:,9gélrdcmgngS |§p6§?£‘ii air pressure source 26 to the suctl on cup 54a
with lines 36 and 160 t'o generate positive pressure in the suction cup 54a

and bl ow t he sirebperationptheicondiol systerrssxmi@roaorows%rﬁymmumommandp thaa

bl own fromthe su face gd t he 2 adh rence rre 66? 63,%
retract i ofCHH} BECHANSAL 4R )0 gl?é(e Efee%ﬁrrﬁg ﬁrﬂ E[ﬁd IIREA; ng
rel ease i ferf§tiioftiFRd- TIY f&Shgth bf mnte |§w;§i@éuy9\ﬁrééq&értaeqéﬁ4) o8 second but

* mcro-processor also connects the air pressure source to the return

lrrec had® s mmmabgmqremdesaw@ener@mgaon the seeedafl the aatipe mezz as ddravecses ane
i ne 160 '
1o a2 AR (AR S RIS of I AFLAES TBPB ARG .

quarters @Birhgthisdefgbosdimé, the rpneumamb@yem R4dFI®Ct)Ssuppties aigh' presegieani sm
val ve 144 to connect fine 160, to line 172 whjich causes the rﬁhgrn rrechanl sm
48a to re@rdedhe astuaten 102as dissugsprbingreatarsetall inaoniynctigg i

a1 o 07. Bt bt RGP R ek e %ﬁ?ﬁﬁgef%ﬂa%@"?x‘ﬁ ude

an orientation sensor such



as a conventional inclinoneter or acceleroneter to nonitor the orientation
of the traction unit 22 relative to the direction of gravity and a

regul ator, ta jncrease or decrease the vacuum and/or high gifyggpeyre. This
al lows one o s Just the amount 5 of suction the cups 54a - 54d forns with

th f d th t t f t.h

when the PEIEIT i FOTHPRIGRE BEMTarnJPCy I T Ao oy SuRERRry e cEs et 1
For exanpé\mtcﬁéseoﬁémmal @&éﬁ?é‘iné%?s@ﬁdl thE rHiRFd-PRocd8udr sihitrefubmupties t he
undersi de of an airplane's aft body section. |In addition, the vacuum

gener at edadherenee sue@nbendda o Bwereitmm nesitipen Jf thecigtusy roechanigmise doasometh a

San to antenPEENTG 0 8dobBekrEEbP ZhE R (i ndRliTiod BRI " e
of the trprichaRizm A8&kfdps] thengdivstenge anamber 46zamapsly ,stdpwmm;aglrelawd te
drive shaft according to an enbodinent of the invention, ough FIG 6

i || ust r at e fawedd and S@@m‘?’”tce?@xﬂ?m@?%it%@éldﬂ%?”ﬁ Rfta t¢ F'T‘?J%‘ﬂ 48 on can al so
apply to 15 thg ﬁ&b@ét@c{@r@ ;ﬁ%g.on iR QffsdussEl Ic]ca)ted [Redher deniér dfn&! G 6. the

truck 50a prope s a traction unit across a surface and
i ncl udes tamsiatibn @onhe70] ihe whumagmsitibnt cart tnamv/whé& Wihindhe tadblatipnzzodei ve

haft 176 k,bod nmbodi t, the, wh

ocor 177D 1RaaAtel bERRD bl B8% 11F mol@s RRRRERSFLIFLine £SELINEEL 1o
scr ewy) or 1hglch reMat SRbAENDRRIE e rERY A4 kA satitliAR. (A180 Sh8aD1H8aR | NG
182 and is attached to the frame 42 bel ow the wheel notor '174. The steering

beari ng 18®luded tubetruogghewhiohgthedosd 188 rinsitn preveot theecard OB ftaraslippiggand
permts thﬁ ,_s,teerl,p&dtube 184 to rotate relative to the bearing nount 180
and franme® 5 to the outer surface 186 of the steering tube 184,

the steering spIGckes crbBS-destionhalasdvadf the adRsrehbs nidritssr 48h MRIGS. (N8t
shown) via a conventional belt or chained |inks (not shown) that convey the

pover of BReorgingeia anyembogiment afiibe invenikiopodyis updetgieed that Ehl% illustratign r ed.
Ext d haft 190
coup! B "acf M pbl o T Ofet BforeRRRiherhbers Mk SPREL L\ 1%, Convent t onal

uni versal j oi nfrhégﬁihe@emmegdmrméﬁneludasmebk@ctm dupes4midr@attachingtthel ower
n axle 200 to

drive shaft, 196 30 e spur, gear, 198 attachabl e t
transmt ?Heeﬁm@rm??‘gﬁ? feiéé t?rﬁt%‘r"fa%% 18R él%b@@)’a?%&ﬂpg'@?e%e truck
body 178 gy F&%&M@s@&%n%dd%&é’f&’ﬁﬁﬂ f@ﬁﬁhe@lﬁ%‘cebﬂ@ ITESsudibnl &y

allow the axle 200 to rotate relative to the truck body 178. Conventi onal
t echni que$4arie pivotaliyrgttachablets the bodly| @Qi@tallandhgsuctlmcugﬁ@@aa fomn GRal SO

1 /30 3 ter i , .0 bo tt h | s 56 t X| 00 and
trans @ BF&F C&HP‘?‘%%&%% e@gﬁk?‘gny\hiﬁ é@?%' @%a quq?ﬂﬁ 5%tr?bodl ment
t he not or ifitlzlly tuehey ardun@sthbr earted suffate BQIovtiors bf:mé dup M@wtﬂﬁegﬂwgh
power to the wheels 56a to propel the traction uni up a 90 5 degree

i ncl i ne) §Ha‘at:¢.@ndhb>épgnmwnai%ext@adéaewmﬁé@e hﬁb%dM%%@éW%ﬁf €such as
Tygon, th%mbﬁhﬁ& gl.tfbfﬁl éfy;ﬂé%atj)s‘%‘%q[) cto?ltfc‘f'tlfi‘é ggﬂ?éydraul ic fluid. In other

enbodi nent s step or or a pneumatic actuator
whose power ouEletrefmnng)eo FHB.i 4dn oaa(bmﬂmdlmeaelthe caotidrecomda dgicladys three

U 208 { RENGPRBGIBR WAL 162 INO It USSR Mafega! T4 SLoh 28BS0 NS he
erbodi nentohy Lo Fu vl 83l doRL Ay s S BromaERe Rolelich 2% |
FI GS. 1 amdmistanancedif agealithagligh at greavedsswitaces diTihg lips 12at-hé22¢ extend
from a backing plate 126 away from the body 120 and define an inner cavity 128 and
lip chambers 130 that contain the soft viscous material 124. The inner cavity 128
30 includes a vacuum port 132 connected to the vacuum source 30 (FIG. 1) by the
vacuum line 36. When the lips 122a — 122c¢ of the cup 54a contact the surface 118
they form a seal and create a vacuum in the inner cavity 128. This vacuum attaches
the cup 54a to the surface 118 and squeezes the soft viscous material 124 into

contact with the surface 118. As long as at least one of the lips 122a - 122¢ forms a
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enbodi nent of the invention. In FIGS. 7A and 7B the truck notor, body and
drive 15 shaft in FIG 6 have been omtted. Referring to FIG 7A and 7B,

t he bogi e assenbly 202 typically provides nore traction th eel s 56a
(FIG 6) W OBEREE” convent i onal wheel s and typically allows tngOq?(r“ﬁ,gti on

convent i oned AELESFBRRAE T Bt stacah EhsTat it abd faefiofie
assenbly g@fadé2118&cl udes a drive wheel 204 connected to the wheel notor 174

(FIG 6) (not shown) that propels the truck 50a and thus the franme 42 (FI G
1) (not showni albesembedinentadae sgetioncyp péa mainskiderBORY EWenaPa et 10

i vot abl t j . t J i
theel -204MENPHIBEY Bofby konkerREt  FAdaRE, fhe it vieckusTRaRSR) P24 bty MBI @
bogi e 8 i nfilsro$6aatenidl Rli6breasedhe heatbnglissengil8st?2éngthd 210 toward or away
f th f 206,. De i th f bei ng.t ! . th | t
212 can be. any 1BBAMEHRT BHADPEaN B PORIGIP AV <OpYRTURTe dEuimsratfiaty i c.
or the beklicHagd rGserist dlasticedeparidilg 6M EdlenWidimérita 8%f S0faddthe?dith

extended such that they conpress the belt 212 between %Remsel ves and the
surface 204awitheoaiast of the belt 212 that contacts the surface 206

typically exte om o ie to t ot . t_a mni num
i ncl udes the asgﬁr%%ﬁf%ﬁ%'?égliﬂbﬂﬁéﬂ'@%eﬂﬁ@%Egé,iy 5%&\@0’?@% 2f 204 and
the sy f agenvéiftiondl hEtuBTrel 3J4aRbBricifbeates @At T38CHo dMlendbhd 28trdd Ihaor e
traction. The bogi e assenbly 202 overcones obstacl es conventi onal wheel s

normal |y eeefiotbeupP4pifrom the surfreet1th bhe red 186 has 21firstiand 19@thet/ nigaliy G
PCT/ USO 1/ e L] QWi ri clinb
up the bef"ﬁ ggtgs %@E%%@ﬁaﬁ‘? %’fn?(%]ggfﬁ‘g %}\%regghp gﬁd'%eénﬁ/c{s?\gggﬁﬁ%égécﬁgnet er is
g:ﬂgag er t hﬁacbed/tor)]ﬁ pﬁsherlx t14Eki)omeatienalRmﬁ\tsgsé|r]'gintsnod:béﬂ-aﬂd\sobker;t(}@iats 1463
enbodi nent, .a W s ne |Link 2 connects the actuator 214 to.the twy bogie
ks 216 PIGRIVAREN the ok et 36 R BecHEDR CuB e XS GRyA4NS agtprot

pi vot 4mboyhgt ' ; i foi t ; i to
Bl 13, " plessGraif iz e inaeRannier o of g fised tefdy Foguncth

act uat or with klGhibe theedctuatart134vhoees thd satioaatip Ftegiowad ®r aney Ficin tthe pi vot
independe%tl}j/ out the drive wheel 204. This allows an operator to place a
bogi e 208 8fj 21 *agai nst the surface 206 and create additional traction

w thout pl aci ngn bier nisddidlenktied | 2T inaly iscIGdé bavnveHidhaFotehen the
ot her bogie is damaged or prevented fromcontacting the surface. FIG8 is a

bl ock di agetiater ot $pme gfigrgionygrtienal pseghanisncoperaiie i aovg the setiahedrli ment

of thegnin tl Q. lyraystem 28 automatically controls the various
corrpo%%nt ?ﬁ%gbﬁ#gf@ﬁgﬁ?@%ﬁ rLZP 22 (FIG 1) and also allows an operator to

15 cont :Tgl t he Hl@iﬁiQﬁ.bld’cHedilagmimfthtapIhé%maﬁb ﬁ}stemrfbdm' hlé@dﬂrapodrdihgttbe
same nunber refer, to.c onents associ ate ith each other in conmon
frame secﬁ”ﬁm;??@'@%ﬁ@?% @VGQQQ“-F‘%PG@X%Wéﬂ,"PPW@%ﬂ'té‘eﬂ&“GH%’P B3Rt i on
of an adh URAAO. i i : aglher ence
member congny T e e dd JARERNEE therfBet A64 Y e e e R e
adher ence positiver or bighepusitiel pressyrizaal aihto these compsrieats. siittuoughr IG. \Bal ve
(RMCV1,L) . . hough, the faollow, n i scusses the control syst by referring
Lo tne5 oSttty &S dASTHETET oat fotfT meRbaBRaL AR appi | oo
to the ot hhefsigeomeniter 4eaany drte shGion sy 544 3B LPRIeFdtenE thdfehisr ring to
FIG 8, in one enbodinent the control system 28 includes a m cro-processor

(MP) 220 tilustration Sanaise applite the piesfelpe machanisors 48hb U8duadheiengs and
vacuum se angk 4\, da limt switch (LS1) 226a and
an encode?ﬁ%ﬁeﬁs%ﬁémaédﬁ%%@éﬁaﬁgv% Eség'nt rol l er (CON) ( 230? and

instructs the \Réfeming sowto GG chithealysem pfddldesaaihat thnee diffendstrpressures|
* val ve, AMCV1, high/low pressure control valve, HLPCV1, return-nechanism
contraf vAegativ cuyRdlom, @ndduigh.rtgthe setues mechemisahdta.@abergnce
appl i cabl = oot k4% Aot or
arvere (TNESTESR 408 b ST SR P e cHoctsl Y RS icTe! o B8K0r T R LR
system 28 (FIG. 1). The system 24 includes a return mechanism valve 144 for

selectively supplying high pressure air to power the return mechanism 48a, a

high/low pressure control valve 146 for selectively supplying low or high pressure air
10



wheel and steering notors (WML and SML) 240a and 242a in response to
signals it receives. In one enbodi nent, the system 28 may automatically

control the components of the traction unit 22 wthout regeiviNS%oor
i nstruct i‘b@z’?ﬁm an operator. In 15 WO U2/ U >07-t1G PC‘IJIQ(?E&/ %U‘UfB ot her

nbodi t trol it 2 I ] t
of the tr ken shvafesDemigr cpRtel Tlve BA8 hat rREEs Jle Peloshiad POGE ATRERRT °
Still ref ggrerthceMménBer 86a tdextdiddirreghst thBSuehen alip 8aaohn@a sudtien enpge
menber 46a (FIG 1 ) as follows. At a first nonent in the cycle (the first

nonent i svalye Bfec supplyingya vaeuim ienhigi pressuls aik ithgsugtion cuptadar yThe r st

curface | SYiEDF PRI InBIGRERAS okl RARGESHS BIEs 37 Ebndefed 6 e SRURANE
t he HUPCViall46t50Q by fHeclsdin 52 and hetypitizily ennmios apart freba thetracticananit B2 atdp

54a (FIG 1). Next, the MP 220 wajts for the VS1 1543 to signal the_suction
cup' s att AMAReHM §%n5’tcﬁe1%ﬁ%&t%ﬂ%h@ﬁ&ﬂ'%c%vﬁw‘ai1%&@?&@%99@“@@&5 Fe

pressure. ihBi1%6S e ad ' i il : AMVupl48a
and HLPCVfgllﬁgela'thJ%gi essuralleuZmE gﬁéa%ﬁ%ﬂeﬁagglt%éﬁ%%lrtdgé%éel#rsg'i%Hé's lé cupélu 4a
and t hus pdéhlandelaysctbissinf@matiob da tha-mizrojprpcessair viat lineht5& ukinectB0 The frane

42 (FIG 1 | at i to t d nmber , 46 '

cvent ual | SPPRPRS B FeH/BHGEISRUEE TGl LaEr s BT TRChD R VRS 14f: atfle v
290 o ! e b st

ot heﬁgaig’gﬁ?&gﬁgﬁs;ﬁgp}eﬁ/@nts gy tuhe gf%%?%’?@r%‘gggﬁman%@r@&gg%d- I46rgsi n

t he tract ifrtom éhe traction umit 2301 ner 181 connante the Righfowgressureigostrohegive ke VP
220 wi Il release the other adherence er 46b - 46 hat cau he event
from the dF PRCamuPeslae Bl a6 Eine i kel Tetpap b QRERaied e
MP 220 i nyalveci46 tdhedalerddeamemtisradntrol valvé has2@hidinesn64lend g6t o a
pressure greater than atnospheric pressure to rel ease the adherence nenber

46a. | medeaNerttodhe adhergnce m9mb@a|4f>9- &ing 383 pyhnawsts thessysdem tedber, the WP
220 inpgtr %sgﬁﬁrele 144a to pressurize the return mechanism48a (F1G 1
) to nove the erence nmenber 46a to the return position. As previously

di scussed, in dnenenmbiodiatenttthe high prassuecisappsoxidiadtelp 126 aicemds per
approximately 25 3/ of second at which tinme the MP instructs the R 1l44a
P or esoursHEIE MSTriosh ARPYR BIDASRISTS B SIS HIP IOHCPRERUERS 2BRICGNARTY 10
referring ' P?'@g t14th : ' ;
attachrrentﬁsgnéj{orqgeglz?ggngf i%f?a a ﬁ"??%ﬂéé gﬂﬁ}@gﬁmﬁgg%gég eﬁgeu'rface
such t hat Howeveraatheopressire viuesmaytbd wseadt depanding on ¢he weightiof thetpayload 6d
attached to 30 fthe surface,at an Lve tine i ledt traverses,.the surface.
1 heOnp SeSAPE ol BhirBE nabe R MneANET 1 LS B dpi BBt d B e faB 42
menbers 4QRIG: 1464 areesEpuray Pomahéip réspectios Medhanisnid8al inenider 48a ovdup
pause the suction cup extension of one two or three adherence nepbers 46a -

46d as t h4a Byt hesavalven144nti90upay be freyed asageart ehibey espedtive

Al t ti . ' .

051 0600( a RS AR, TAtBErHgR0t ol B4Ry fEeod Bhart fonh iRChacton'ehit 2200
oEe_, two or ht hr Stél I@tﬂé‘rﬂd 'nlgnofl@eﬁhiwsme%@cs _jtilon4ﬁtit thmmrisesuﬁr%wﬁffsactepmtvw t hi n
thelr tta nent.. an re se C e. {1 referrin 1 o, INn e
enbod2entSNOWTD thP SIS P4 VAR ot XieRBiofAILIEUSRNGH of e TUHORSUBAHR. thpg
as foll <-"W5retu1ﬂ’i€bf'\.-fg’e3 é&ﬁe@%@'rﬂ&ﬁbéﬁ%é‘ﬁ@!ﬁ% the! élfaﬁgﬁggt\l @RdireRBkE B¢ the

controller (CON) n erator, and instructs t ( 230 accordingly.
The CON 23muctipsrcupdedd foyand frentthetsugfaske At arfissionoment i thevyole fthefisd and

(e 2oeanoRen? i s ak Rl P DR o AT SR bR e
ot or - (Widis@uiddtors paiposespimeeidhenehcepmerhbet iaFdahs Hbdve the bufhse inits
30 return position and the suction cup valve 150 connects the vacuum source 30 to the
suction cup 54a via lines 152 and 36. With the suction cup 54a suspended above
the surface, the vacuum draws in air from the atmosphere and the vacuum sensor
154 senses a small negative pressure in line 36. The micro-processor then connects

the air pressure source 26 to the adherence member 46a by directing the high/low
11



*the traction unit 22 wt

10 operational parameters of the steering notor (SML) 242a such as turning
the wheels 56 a (FIG 1). The EN1l 228a conmuni cates positional data of the
traction unit 22 to the CON 230, which the CON 230 then c r ith the
i nstructi WRIHOEYA ved fromthe MP 220 and instructs the ng{?@isgﬁ"v rs 236a
and 238a accordingly. In addition, if an_adherence nenber 46a - 46d
contacts Rrefsuge PPH%@' \pve H@sto ognnaah thavine 36t sHPRIYING: Igy RreESWREERIDIROHRE: o

t ; ;
ot 1 on. "8 1BR HhcRBecing nSRlialerg o HEREN TR TaRle PRSI Cofect Yt e
conbi ned tl62ftorthe tine B4an Thaissthesadittremcecmembrert4d6arextends HFeGlictidn,cupls4end

13), the coptrol ;systemw,I| typically, inclyude, ,a master  m Ccro-prqQcessor
(VBTRVP) 581 SHIERRS: dPRGE he sHEtB Qipeiaa TOUSNER thenSUTASE. 3% S BAINTES &ct i on
unit 22. QbhARARH Slidcd Afd WRTVAGILAS erSdr 153N HERs dMFinkfetis¥iif abatis 220
and the operator would then control the train via the MSTRWP 2407 In
response presse.oBsisedonitbis isfonmation 0B& nNicRrprocessoIf ganmpcthitheMdr p@&dsufe an

obstructign, i ihation or declination, either the MSTRVMP 240 or NP 220
"ot r uct s P 716 s Ao it iR kg B8 LW predSud e ot or
25 accor dvanky148licsesrirettHalirdy 60 _§|ﬁpp1fih§iﬂigﬁ Preselid g td tHe Md t6Zheg. 10
and 11 ). In addition, and as previously discussed herein, the MP 220 may

al so noni diecting the adharanee masmbengoniiohkalya d48iemeapeaiding t92iq line 84b. If,

. . . . : st th
Vacuurd wi TREER SR AL IR o REp RS Y AR e MPPNE e
of the travdmbar 48a wilkContinuel tG.exienzttheauation cuprada dndesdowipréssune aaddhedi ng

to an enbodj nent of the invention. FIGS, 9A .and 9B show the traction. unit
22 perfor ﬁﬂhsr%{\ca@ﬁmh@@‘@am siERiy remain.sigtionary elptive do thegyrfage ‘dﬂﬁqﬂt 22

et or ndi B 1o 1652 O s bt b A st et
FI GS. 9A #heladberance rsember AGa tairetract tewsuctionopgr 24darandthehatuge t he

direction of ,the traction unjit 22 wthout the eels 56a -,.56d of, th

Fr uokbd gogieatsiiar 425 th MoVt Adheteh S erii AEAAIST o DiRdtpTaTISHhien . of
traction timd lapdet Qitbandr VHJLRP s@MSorWsUENsirCan trddbe inattigadieg t he
surface 242 as the wheels 56a - 56d 5 attenpt to change the unit's

di r ect i on Psessuray dith thensudlignfapS4auattaghed ipithe stirfaearthe mgherence mgmbent

| at i t i .
o ace. A eREG R ueRGR OB SR, 80 PSR CR i ShetaRuRn iy 22
becormes mio theserateby puhiagslfwé m‘aeﬂdneunimsuowfatzeﬂieimﬁm. With Eﬁeﬁhﬂhmntée
sanme glignnent is_.inmportant for sone types of work or inspection
app! i gét ?6‘?%'?‘%%2@? igl?tﬁc"'?‘%q B?merﬁ}'r(%(?eﬁhé%f agfignat %E"QVGSFSEWWFH test andi ng
t th | &sti i : TaA 46a -
464 {460 e geq 0a | Y MemBBFkoh Hps ARG O ORce tae, WRERRGD, °any
54d not slpooggssior cohrecta fiie Bitpressbue saurcerifi teathesadfionicupGdadvitiolings:36

f 242, th Sda - 54d ttached, b
e % oa P R SRRt Soie crsptchelh neblaRE s SHS FNGRRRES LRSS
Thi s causesptdue ghand sufde. -WiRdhé BO6ticisuP 84a BRiws e thefurfate dndumks S0a
- 50d {50c and 50d not shown) to lift away fromthe surface 242. Next) the

oper afer GdhprencRMentnes 4eaexaring 8 rgerctiondetreren theecun Massuslasestuasiand |
wneel 5 s607-EEgh MR BTN fpimidGer Wi IERATH FOrPPRY. Sl ng

turn i s desicro-pestessdr alsowonasects th@airgpressure lseuvdec2sd to fhgareturh Gdectartisra

traction upit 22 tg. point jn the sape direction, the whee|ls 56a - 56d may

be turned 4% %iﬁwm% e rebira mechRRIS valye 198dpaannggt the linedgo t@éhaﬁlaeg D,

t he pivot Akl { } L pthin
T nieh! e i I mEEnainh 48 Leehd e @inouty, Hiorife Peafh

acconli simec¢hanismrd8a tues dpreapproximatelyPhizz0guaaters (%) ofiatsecond,dbgaviends- wheel

not ors 240a and 240Db drive their corres i,ng wheels 5 d 5
- Forvar - wirPesssst igetstng relin MsmieRRRG vaREdn A Lorgostte TG (3 dr i ve
their corwgseReduses MeaetimIRecibsh @Baltb reftactaiznam 4 ¢4 dTheGdhefendds shown
in FIG 9C Alternatively, the operator or MP 220 can instruct all the
steering MaRwper ¢Gads sewhack 3o atesitignrsimiar fo hedirslspemenhgndtheryclesan- 5e6d
as shown ig E%G. 9D and instruct the wheel nmotors 240a - 240d to drive the
wheel s 564°P %d in the appropriate direction. Referring to FIGS. 9E and
OF, the radius turn allows the tractiont#hit 22 to rotate about a point
outside the traction unit 22 as the unit 22 traverses a surface (not
shown). The turn shown in FIG 9E is simlar to a conventional car turning
right 18



WO 021UCU7~b PCTI USOLl 30013 around a corner and causes the turned wheel s
56a and 56¢ to scrub the surface. The turn shown in FIG 9F typically does

not caus | s 56a - 56d to scrub the surface. Howe rform
this radita\?ljéra /ae'r/'\ﬁ?('\?vithout scrubbi ng any of the wheels 56a i‘g@gé&lg:’r?e he

surface, the t I p J ; nmust
be greater thahH ?’hh'(;e?% H'Fb:? Q?]g P%Sﬂ%ﬁ%@g% @%&5 h@ﬁgﬁ%ﬁﬁlﬁ\@g@%@%@@ﬁgh%d_
FI GS. 10 asa dohventionaldeclinoavetepdr toaderomietet icomonitort the2iteniatdhoofdheFl G 1
i nked to%ether to forma train 250, accordi, to an enbodi nent of the

| nvent i onfagien upl 221sative o the difectiontiararipng arREUIBONLO RTEARE Pbs 2524
and 252b 6éérela@egﬁé‘</;%§lhrﬂ9ada%ﬂﬁiﬁhwpr€§sur5! C‘-Fhiéég&né’%ettb%d}ds@t obhfs
10 traversing a ecline. Referring to FIGS. 10 and 11, in one enbodi nment,

t he t r&i nopsactioncthedupsb4a + SddIfoimis wih dhd syrface and the refractioo fpicedn thée a

fi | ' ' d | atiye. d i ddl
racti on aineresss ettt she s dbd Wagh 1ictfetg abhZis BrleRludCeiatra ©
third or &ieiply inchiséd walluFdr eXdmple) thé trdewon LAl 2R vay be Upsideléowh dglie

traction unit 22b. The train 250 al so includes obstruction sensors254a
254h nountravesesdheandelride oban airplene’ssafti begy saelian. t i addilien, dng vacdmons on

Y : . el
el & nat | Enéited 8 the RudBRRour S EP b detardReT pioflity A BR LA
first10i nendseanbting tavacuwinugort 1320FIG1 4) ofithe 2nBtiomcup Bdklty antdrificedd at

one end t? t he reaI[1 F&Oa of the lead 20 unit 22a and pivotally attached at
the ot her RhBIAeWRIha TeyenNtWEon of the middle unit 22b. The |ink assenbly

252a al so i ncl wqgsatiya fRfrk YRIVPEF thetkickZRRinan g %ﬁﬂ?luﬁﬁ@tda fdtoP LMYE), o

attached to each ot he_r at one of their ends and attac to either ‘the rear
260a of t wheletmand aidriveXhadradaooding 26 2h ephbadiment diithe innentid2 Althougha | i nk

act uat or athat s als iyatally |inked t he mddle unit 22b and the
Botuat or K0 FMiattS e fuBk BBBnt ' wadatafohgeBet s, TlstFasfar Bn w88 Ari o

t hrough bysdbines tRickl &ob,— gg@gn@_qz_ journal bearings, can be used to
pivotally attach the |inks 258a, 264a and 264b and the actuator 266 to each

ot he:m as vel | &efesingdeddf Bnthe et Sempranelssang steers the traptiorsenibdd | i nk
obst ruct i G Ssapaacs 80 SRS o sk Pmkd 114 Shpgeit B SERbteE 5l e

sound or 3Bblbyghtrive sheftsiF6i digsosddngititih st truck bodys 1281dImeié embodiment, the
n‘icro-proc% Still referrin 10 and 11, In one

sqsexr 220%;[(5 8) . to FIGS.
embodi mentVheghmqten | i ssmoynied todhe fi@gie ¢4 4vith canventiapal fasienamusHE RS o

tract pgn i d : 267 : honal
Lo 200, ikt 280 Sconpf Al Sodf aRopR oS i SN EA
19 WO 023 aitached3ortDe/fragae A20Eicw the Wheebiotaori 1ot t Dhé-E@ering beating 182

ot 11 05 SHEBRRS Sxseaiiih e B it fidbe ek W Ta A nedinibarteraa ™
46d of t heubeads4 tdirdtallrelativel Bl tha PR atiRg nSolirtaee aARPiramelt 2 \GeRurdd/tdtthecussed
in conjunction with FIG 5. Next, the 220 instructs the 5 pneumatic

syst em 24 ogftergudacs 186 efiipgisjegringsiibei 184dthe steegng iseradkek 188 inaltaghabésta o

Pt ands ¢ A6 Seefitmared (ARRtO) 334 BieohEftchish bEf Br eRsbiTitks kit Npido,
the | ead dhattcotRayane ponst bitHesstebrngrinidbetoathd ttuokiBodyni 2&waak azath B2c to

propel the | ea it 22a to the incljned surface 252. Once the suction cups
54a - 54d d@awﬁgcg#@fﬁ%@ﬂpye@'%ﬂoahﬁ\emh@éﬂam§ﬁ4aa@eap,er@me #hafb 380

i nstruct s colipldseROvEH drivéahaliol 97 RRBE Witk idbP 1722 Yia R cbifertdnbi MRiversal .
Referring to FIG 11, the same operational sequence previously discussed is
~used to piepkl93.nA ween gear 594 attankiakiedm the bottaragfdiae thyedridiive shaft, 19%hen t he
30 engages a spur gear 198 attachable to an axle 200 to transmit the power from the

motor 174 to the wheels 56a and 56b. The truck body 178 supports the axle 200

with conventional wheel bearings 201 that allow the axle 200 to rotate relative to the

truck body 178. Conventional techniques (not shown) such as a castle nut and
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traction unit 22a descends the decline the mddle and trail units 22b and
22c retard 15 the speed of the train 250 as it noves down the decline.

Still referrln to FIG 11 the sensors 254a - 254h can al
sense a g‘é{ ‘g{”‘shown) deep and wi de enough to typicall yﬁgT@S %gﬁhe train

oper at ?S‘ntg%ﬁéﬁé L REROfF albbh B fiscl 20T 4 SReCafC g BaREAR B REHRNRE e

i nk act uqﬁ@éx@@_&mﬁﬁth@uﬁmgs(ﬁhe | ead traction unit 22a over the gap as
the mddle and trail units 22b and 22¢ propel the train 250. Then, once the

obstruction seheneambodiment thesmoter i 'anywt@“%?'qcﬁéﬁa' fieion gzed idi t 22a

has passe t 3 tepy | ower
the | ead gaiﬁggghﬂﬁwtﬁg@%% g[:se 5@8&5&?5 Ugtr'i@"tprog faghhe m ddl e
unit 28b Qieglree hnzligepand thee whbels S6acarsttybicalty madeoféﬁgl noditeflal, sbeh asddl e
unit 22b are rel eased fromthe surface an actuators 266a and

both |i.n
266b suspérrY&Of‘ 'h@tdEICBeGFfFQHYZQ%'SMFO ?W@t'@'&gy‘gﬂﬁuﬂif’gy%tlﬂﬁh?{ne or nore of

t he m ddl her
enbodi rrenteerhw g%m%{}g;y%tgé 8?%2@&‘1{&% nc Bh rlngg‘ggdodée@labl eto
prevent t Wmas?b\&emwtpgﬂé’dm bﬁdgnddp?m ing wheei? tChE hmpaﬁé@f ahy laongentndriale
train 250 is shown a escyi be s fo inking the tr on,unit
25 | 220 maHAl SepSaRG fthe coaBons b Feem nmant AL sp Hio ki up

f or meqqby jghg‘lférggastg,e units 22a - 22c side to side with respect to each

other. Furthernore the |ink assenblies 252a and 252b may attach to one or
more of the whddG. A issa £i06 vigw Gf the) trudk 50eindr TSR reand 6rinduding alpdgie 22a -

22c or a conbination 0 02/11460 ~ PCT. /US wheel, . axl es
200 ond 1 AASeb pBferding ™ aq SRoAIRET Bt 1 DvEem el foe SERAIBH S BE )t

may attachn ks int F"IGSW hRd éaﬁcludlaéwaCbog@éﬂﬁbtdiQ'abc&%ﬁhg tozéfotthSt ead of

merely one as shown and di scussed ove is a top view of

traction @mbodinent of thetinkgntien: dhl&r® deane Bdhe tEJCKGHOtOHtETdYGHﬂQ)ﬁFcng to
an errqul ?{gﬂ ﬁézlbh% Hdg)éer%én {era one enbodi nent, the additional adherence
e - t

menber’'s € operab € to secure the tractlon unit 270 to the
surface as the Rletierrnﬂjtb FIGVAX and 78 thesbodie@sseémbly 20@ typically previdées aore

t addj t h le th h
2t 1 achentictiondngh e whagls S5 GEr B poRner condsisnabpbeal AV BIca ouel y
di scussed iy sﬁhﬁqmd!@ﬁtdr?ﬂm‘r’]‘{dﬂ?afér@obé’aci%gatﬁgt e hgd NE%H?FRS 6)rbrtdih§r
arrangenent the cyc Ing O addi ti ona herence nenbers
t ypi cal | y canventioral oigeeals aoRall2Coyl&inGt. B) one embodipent; theobadie assembly

26 - o 3% BelBiesanding vheCadf bueiied B fenGEimSRE 1AL dnphe "
sur f ace Iéhdvih)anat ppetyihediuBkBoa aMethRE@ahé AR 42¢PKS. enC(ﬁommﬂ{)Sacﬁl«@@s

46f may be operable to nmerely help attach the traction unit 270 to the
surface wh Burfaee20@; @ fist@ndssespnt ibegie 308 aad 2dQpriyntablejgboup the diive wheel s
suspended | I Kk a
spooi fi o | A5 £ BER 212 GiNpLED B REYRBTHSEFoYE oY thofid s ff 2107 SHE,
secure i t cbmrnbreaasllmtcase1t4fwmnebmddbrb@g|amh1¢r21ftaeam2mem thedogietcR08 an

rovi n su a situati onal ,adherence nenpers 46e -
D6t kb hei 230 fteon ey Ham-PesUERoR 20An DEEHIHOR e SUHES BFRD: vo t o
he f h
the ram? ﬁiv(ﬁ}r@éd%ﬂetbe?trgééﬁgé%% zf,gp?ré’ﬁté}fa?reéul rﬁ'ﬁé}eﬁélﬁ( gj&g@g@e ¢ te e

addi ti onal erence nenbers are typically sus en
surf ace asplastic, nfithe bel 248veen balinked metat chamathh the)aogleatZOand tktion

he 25 MNP, .2 i call h
ronber s acedenied SpEf oGy BugRres bR sl ol bpeR tharnn 803 oRd 65 8158ee and
forma seaposithe laréa b@tﬁ&@emm&thaﬁ@bﬂfamcmermmszo%@[)rcaﬂ@dxteﬁhgsronﬁ bae

“unit 270 is nore securely attached to the surface. Furthernore, on jnclines

wher e 3he begiekd8d0dhe ofitrr Zklantbat aprisimum idydes therareq Foptazting ©ash

unwant ed t S 46e
T - 46f cannﬁ%ﬁgﬁgtraeven ?@M&%hé 4f%mﬁ%g§v®ﬁ%ezﬁ,a§WHnﬁéé%%d%a '[gl? %él I
adher ence tinertteotiondfet 22 K&$ nore treution. Therthnmaswnhlqlm owverdomeder secure
the traction unit 270 to the surface. FIG 13 is a top vi ewg{) %{é%

of tracti oPPsiAFiEs mnmeﬂprgl wheg(s Rormally c@pmat iy R'%C'ﬁgu@tﬂﬂﬂ'o'é e

the invention. Train 272 and train 274 are 21 WO 02/ 01 >07G PCT/ US01/ 30013
simlar to the train 250 discussed in conjunction with FIGS. 10 and 11
except each traction unit 270 includes si4 adherence nenbers 46a - 46f |ike
the unit 270 discussed in conjunction with FIG 12. Link assenblies 274 are
simlar to the link assenblies 252a and 252b di scussed in conjunction with
FIGS. 10 and 11 and 5 attach train 272 to train 274. By linking two trains
272 and 274 5|de by S|de a | arge and heavy payl oad can be easily noved




| ocation on the airplane fusel age 278 or other surface as applicable and
have the unit 22 traverse a short distance to the desired |ocation instead

of placing the unit 22 on the wing 280 or bottom 282 of t | age 278 -
t ypi cal I‘g‘aﬁ%/?(ﬂﬁg’ on the airplane within easy, unassi stedp@&gﬁ%(g?]gt he

dosi red 1 8B36% ohEtacle doRliowid PRekE Sy pde BN 2R SRR T ISE G o
t he oper atghk dding Ve atalfdtsiréd wihase Wiarh6tepidgleatdritan &hg of the tahksavigdlane
i ke the wing 280) wi ndow 284, or fuselage 278 if the traction unit 22

shoul d happen Feférang te Fd@ ¥ Aeinfenacembediment, anashhans linka?1&epnnests tvhnect s
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into the FS@&%@%?%%@&E&@@E?%@QWE%&r (I:étj?dr)l%aéﬁozft}lo 8]t ett ?ac?i on
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ncor por a 208 G eAGAAI S Shrace 286 Aods paie skt farton s bt eringthen
uni t s1g2a offet b%%ig QPaﬁbﬁhe]sdrﬁcE%%H dsowh&® tHeosthef bg%i_@l_s lgdhigednst wor ki ng
cooperatively. e tethers 40 (FIG 1 ) 30 in the unbilical cords 32
prevent c@seventedfregecoractieg the suifaeg. and peopl e bel ow the traction units

Craction uni ts P30 EpbsRdadidnl ¥ bR soptafiban pe BIAE, (dehflite 1Pfs
wi ndow washibglitnent oPe ihteritionaTHeecontist ¢y slepm 28 tdutorhaticalR&dntrolst the
direction of either unit 22a and 22b. In this arran?ement the traction

units 22a VAAAUD SBMPLRERSSPN Hhs gaction unjh22fG. dexend Alssaliaws) 20 9961I0F an one

W ndoyh 292ottrbl P urfiP23.N9nb Bl hdaﬁtﬁgew&ﬂarderbrmﬂﬁ@nit@ﬁgg%ﬁ@ﬁﬁ Rpet e

beam 288 may support of'her tools such as“an I nspect e or dri
t he for egoeieg to tomipohebts agsocatedivitt edchtather infeochmopecarhe seetim@8aent s  of

he i ' b d i ped in f J i1 '
Var i ous mERRRFLG: PorEonaABRe e TSN er BUASIERAD o S PRESHERIEARd sco
a of (1 p GhedTelskelion Riconiiet2hd LeMroiooRGEHEP BbaNENS WAL\

clained is: 1. Atraction unit, conprising: all e subsystens a franme; a
pl ural i ty asd theuelsn mechemism thattmeves themsaamriadherieape enerober ispentrolied by

movanP0 r eyt igfduisth Babretylve SnERAE" ABFSWEIBEEAAUE Rt P e
to the surdop@el syaem Wi‘&éﬁmggonn@bcmpbnehtsctidmn@nft@@tsiﬁgléa@m@lséaicm,lﬂ@@ly

that is operable to extend t foot toward the surface and retract the foot
fromt he Sligqussion appliesdo dhe pthesicrmpopenisstqinmonde ihg pthar frameiseetipnso t he

frame and each I@é’l‘@ﬁﬁﬁ @i Iglga BV ofle BRHRAThENENBRIBISF SR BN chRed a

respective return p
micro~-processor (MP) 220 that receives signals from an operator (OP), obstruction

25 and vacuum sensors (OS1 and VS1) 222a and 224a, a limit switch (LS1) 226a and
an encoder (EN1) 228a directly and via a controller (CON) 230, and instructs the
valves (suction-cup valve, SCV1, adherence-member control valve, AMCV1,
high/low-pressture control valve, HLPCV1, return-mechanism control valve, RMCV1,
and lift control valves, LCVA and LCVB, if applicable) 126a — 150a and 232 and 234,

30 wheel-motor and steering-motor drivers (WMD1 and SMD1) 236a and 238a and
wheel and steering motors (WM1 and SM1) 240a and 242a in response fo signals it
receives. In one embodiment, the system 28 may automatically control the

components of the traction unit 22 without receiving instructions from an operator. In
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2. The traction unit of claim1 wherein to maintain the frame a constant or
substantially constant distance away fromthe surface. 3. The traction unit
of claim1 further conprising a control unit coupled to 1 Q rence
menbers ahQ '¥84%* nechani sms and operable to instruct th'gmg/ %g?s‘éﬁﬁ?e

menbers to extend and retract their feet and to instrugt the return
mechani snPHer %9@‘@'??@“@@1&"’@ eonteol poitzd reay gontrplesqrpg of B 9f the ¢orpporentsafy

further c b S hit a(gmﬁ ce nenbers and
return nec an?é@qé'ﬂtdfgg%ﬁmsgn %o@&#%ﬁc%ﬁégﬁﬁr@%&o |né ruct the adherence
menbers to ext 8tillirefedingetorElQG. & e MM diedctaiite operation whbncalhkyencesmemitert he
return neghanj to ve t dher ence, nenber s . The traction unit of
e m 1 e o T THey RIS AEPTRSmoMens B Pechele e i O RSTUE RSl 1o each
ot her.5 6. né_é@sstarriﬁ/:ﬁHsPBuPélhfpl;P?icRé@bg‘a% aYVBﬁFa?y Arst Aorhed®r dikeLissles two
portions 25 each "having a center axis and pivotally attached at their

cent er axpsrpopes)the adharence viemberdtankangsabavedhe isarface e its detarn position

ti | t anti al,l [ ] ' ' I ttached,,t
Pach of hefind SheRip 226 TRIckEne/ AR 14k Sbd Brd BRERVIOLEA b Sleh8itis e |
equal !n atRcrendBn&Mbar 4643 BE ekiend thé @95,54Q$FKB.€1')9€I\IQSR!TW MPaQ'Zi) walts! foy
mechani sm are attached to each section. 8 The traction unit of claim1l

wher ei n t e YParid4iartel signal the guctipneelnss aliachinestiorhe sugRca iy signsling@ier ence

menbeyni S, e Wl ect | . .

02/ 11 7~écg%i@(’¥%'8?ﬁ?§£§ﬁ 8%[@%?2@%‘?%%'&% F{‘ce@%%g ?%]Mblz\%ﬁ'enr%%%s e
franme :PCWMEWEWSadeHbﬁ@Vaqua mrprﬁséIMMhbddhﬁlr@meainembesitaeetmtd the I
pivotally attache o each ot her C rtion includes t seclions equa
b1 " Subst ARbP ZARyTSLAe Ll o6 Whesls S FES GHICT oh ADRSU e SWiacsh, LA BoES: nr
and a cenyor(EIG, £ Ak RIS B EY tHeadiReBhes nimBacBaR WiRbHIBvERUBRY trigdnd 2
respective adherence nenber 1s |located at each center. '10. The traction
unit of ckdiSi 2206a&hatidefinae the aofk lim HMed@ndul The MR 220 mecards this @veohi t  of

cl ai wherein: the frage ingludes two portjons equal. or substantially
cqual 19" RO Eolinsras thg HETng PR Skt 2aPat bt Syfftfsimila: VST HHE

i ncl udes oReraidhersifceMeRiticts 488 -246d M tABItRIcto UhIReOF bMBtheF BG&nt S | ocat ed
at each outside corner; and two respective adherence nenbers are |ocated in

each i nt eocewrred priomiethis aae.itoa Mini2R0yvill celaase thepibee pdherence member 46b
— 46d that caused the event from the surface before releasing the adherence

member 46a. Otherwise, the MP 220 instructs the SCV1 150a to pressurize the

20 suction cup 54a to a pressure greater than aimospheric pressure to release the
adherence member 46a. Immediately after this, typically a fraction of a second later,
the MP 220 instructs the RMCV1 144a to pressurize the return mechanism 48a (FIG.
1) to move the adherence member 46a to the return position. As previously
discussed, in one embodiment the return mechanism 48a operates for approximately

25 % of second at which time the MP instructs the RMCV1 144a to pressurize the
mechanism 48a to stop moving the member 46a.

Still referring to FIG. 8, in one embodiment the MP 220 coordinates the
attachment and release of the adherence members 46a — 46d to the surface such
that the traction unit 22 has at least one adherence member 46a — 46d attached to

30 the surface at any give time while it traverses the surface. If the MP 220 determines
that the release times of all the adherence members 46a — 46d are converging to
one point in time, the MP 220 will pause the suction cup extension of one two or
three adherence members 46a — 46d as the traction unit 22 continues to move

across the surface. Alternatively, the MP 220 can halt the movement of the traction
16



15 the frame includes two portions equal or substantially equal in size and

pivotally attached to each other) each portion includes two outside corners

and an interjor; a respective truck is |located at each ou% ' er; and
1

t hree reé%@@yWWg“adherence nmenbers are Iocated |n each in é?ﬂ%pﬁﬁég 13 The
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wherein each truck inc s two operable to contact and roll over
t he surface. 16till "ferring to FIG. &, i omd entbodimenie thehMi 22K alsodditattsthea t r uck

body attached,t tached tQg.t t k bo dt
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i ncl udes: jrflormiatidh f?&ﬂ%hétcbﬁﬁbﬁ’éi' (coNye3d éﬁﬂ‘%peﬁeﬁoﬁ@nﬂ inétr@adase CON kgot ruck

body; two wheels attached to the axle; and a notor connected to the wheels

and oper aBteordingly.i Vee Q%N\%@eihgn lgmlly directsthe orTeal eatordiemVEID13236a The
ncreace HRY St b BbYRELuBAA 2363 AR SREGTRERRED U P BOARGT 1 i

of clai m {EMNhe228a The WMDTE236w tontesis theobpemtiohsl pdrahietesrofitieanhegs each

corresponding to a respectve adherence rrenb able 5 to all ow
movenent BIOPHAVMdp2ARRSIC Werang $Reed: o Q%g%hﬁéga $eNtrei§dher acti on

uni t g CF?éFQtu%g&h&ér%ﬁb;t&&%ﬁﬂQ%ﬁ@é?ﬁ% MS%?%MWO Poot tt%ﬁﬁH% 'th%]ﬂﬁ%eéfsa”?

to the surface a retractrn oot is
attached 66 a (rRle ay.f Hibe Em228’aleomnamwatas lpﬂBiﬁOOél abatalahtlie taetiar anit B2 thody

i ncl ud 0 [ t hat I d t rudi
from the BotycIbasd: wARAIRS @M NGeh SBimparan BHf g insshictint redna iy
wher ei n: yeMFo20 anelm@tﬁﬁct@trfélﬁubt&mrmps 2884 ahb 2384 @@6@:@@19 h HaGHbA)
bet ween the cup and the surface) and % I ncl udes an” act uat or
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claim 1l wieaeefurhposfioame includes four translation zones

Still referring to FIG. 8, if multiple traction units 22 are combined to form a
train (discussed in conjunction with FIGS. 10, 11 and 13), the control system wiill
typically include a master micro-processor (MSTRMP) 240 to coordinate the

20 operation of the MPs 220 of each traction unit 22. Alternatively, the MSTRMP 240
may replace the individual MPs 220 and the operator would then control the train via
the MSTRMP 240. In response to the obstruction sensor (OS1) 222a notifying the
MP 220 of an obstruction, inclination or declination, either the MSTRMP 240 or MP
220 instructs the link control valve (LCVA) 232 to pressurize the link actuator

25 accordingly (discussed in greater detail in conjunction with FIGS. 10 and 11). In
addition, and as previously discussed herein, the MP 220 may also monitor the
orientation of the adherence member 46a relative to gravity with a conventional
inclinometer or accelerometer, and adjust the vacuum within the suction cup 54a
accordingly.

30 FIGS. 9A — 9F are views of the traction unit 22 of FIG. 1 performing three
types of turns according to an embodiment of the invention. FIGS. 9A and 9B show
the traction unit 22 performing a standing turn. FIGS. 9C and 9D show the traction
unit 22 performing a pivot turn. FIGS. 9E and 9F show the traction unit 22

performing a radius turn.
17



20 each having limts, and a respective adherence nenber is novable within
the translation zone. 30. The unit of claim11 wherein the frane includes
four tr zones each having a soft limt, and a regiR&GNGi1sdher ence
menber ?@ﬂn@@g " within the translation zone. 25 31. The unit of ¢l aim 1

wherein the fr an u f tr Iatlo s _each havi ng nt er
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34. The traction unjt of claim1 further c risin a control unit coupled
to the adh@ngingeithaligrrpents tW@ttHrthe ﬁﬂéﬁ%gggs "M@?‘@F‘ RIOHIGE]e frame

| nel udes Lys@RBELNABrA \ifigh Baf ebbmelighily dweét@ncera% bAARIGRId SR Bnand

is operable to signa | ocation o er “to e control
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CurFace. Agnantin Engorett b ome s ol o Togpatien ae&’»‘if%étfoéf’nrge;eiiﬁth??
uni t qgoupl ed tg #aeﬁm@%@e% GARRS 9B DI 8 s WAStrengpeizn ¢ he

control unit instructs each return mechanismto rmve correspondi ng
adher ence(FhenBrer openaiey insisyels the adhenenca mrrsbeisotta a|46da(f46@ ang 46d not

Cor r o5 port A eBEs At ShEHH Sues 5l < B AR SRR MorsrEhR RK b, 7 e,
conpri si ngde—Hddedrentpt arebdpiattatihed teathees Urface @48, eOhde the cupess48-+.540hare
traction unit of cl al m1 further conpri si ncﬂl'éa steeri n%ygechanl sm oper abl e

to rotat eattaghgd; therd h@f@@ﬁ@ﬁd\%’ﬁpe%‘fdf are 466 1ierther exiead their cupsed4a 7 n unit
of clg mil%é Hét%ﬂ? su?f&%B@ﬁ' "his ¥BuSEL e '\@H?él‘s’%%a“' 580 @%é&d 58P RLE! N the
frame 1 nc d WO portions equa? or su antrally equal "1'nh Sitze and

pi vot al | ystedwrajadfettle tiucke S0act @d (5Ceard H0d hodshowas) mdﬁsawwfrencmma@eual

or substa, equal in size and each section jnc s out5| e corner
that | oca & E’ﬁ t Eﬁ%ekeraéﬂhomgrgw%n%thﬁw gl 3546@91' ggg B¢ s
oper abl'y G@H‘%tﬁ@ntr@trheﬁ the sh&ﬁ&k&u;?}é‘S@Qe- Y EA RIS traRicRl s RirREG T NY

mechani smis operably connected
wheels 56a — 56d to again contact the surface 242.

20 Although the standing turn is described and shown as turning all the wheels
56a — 56d of the traction unit 22 to point in the same direction, the wheels 56a — 56d
may be turned to point in different directions.

Referring to FIGS. 9C and 9D, the pivot turn allows the traction unit 22 to
rotate about any point within the traction unit 22 without traversing the surface (not

25 shown). To accomplish this turn the operator or MP 220 can instruct two adjacent
wheel motors 240a and 240b to drive their corresponding wheels 56a and 56b
forward while instructing the remaining wheel motors 240c and 240d to drive their
corresponding wheels 56¢ and 56d in the opposite direction, as shown in FIG. 9C.
Alternatively, the operator or MP 220 can instruct ali the steering motors (not shown)

30 to turn their corresponding wheels 56a — 56d as shown in FIG. 9D and instruct the
wheel motors 240a — 240d to drive the wheels 56a — 56d in the appropriate direction.

Referring to FIGS. 9E and 9F, the radius turn allows the traction unit 22 to
rotate about a point outside the traction unit 22 as the unit 22 traverses a surface

(not shown). The turn shown in FIG. 9E is similar to a conventional car turning right
18



trucks in the other portion. 39. The traction unit of claim1l wherein the
foot includes a suction cup operable to create a vacuum between the surface
and the cup, he control unit is operable to determn tation
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incline.

Referring to FIG. 11, the same operational sequence previously discussed is
used to propel the train around and down a 90 degree decline. But, when the
traction unit 22a descends the decline the middle and trail units 22b and 22c¢ retard

15 the speed of the train 250 as it moves down the decline.

Still referring to FIG. 11 the sensors 254a — 254h can also be made to sense
a gap (not shown) deep and wide enough to typically prevent the train 250 from
traversing the surface 256. When such a gap is encountered the operational
sequence previously described is used, but in this instance the link actuator 266a

20 suspends the lead traction unit 22a over the gap as the middle and trail units 22b
and 22¢ propel the train 250. Then, once the obstruction sensor 254a notifies the
MP 220 (FIG. 8) that the lead unit 22a has passed the gap, the MP 220 instructs the
link actuator 266a to lower the lead unit 22a back to the surface 256. To suspend
and propel the middle unit 22b over the gap, the adherence members 46a — 46d of

25 the middle unit 22b are released from the surface and both link actuators 266a and
266b suspend the middie unit 22b over the gap by preventing one or more of the
middle unit's trucks 50a — 50d from dropping into the gap. In other embodiments the
link actuators 266a and 266b may include locks operable to prevent the middle unit
22b from dropping into the gap.

30 Although, the train 250 is shown and described as formed by linking the
traction units 22a — 22c¢ front to rear with respect to each other, the train 250 can be
formed by linking the units 22a — 22¢ side to side with respect to each other.
Furthermore the link assemblies 252a and 252b may attach to one or more of the

wheel axles 200 (FIG. 6) of the different traction units 22a - 22¢ or a combination of
20
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5 46a — 46f according to an embodiment of the invention. In one embodiment, the
additional adherence members 46e — 46f may be operable to secure the traction unit
270 to the surface as the unit 270 traverses the surface (not shown). In such an
arrangement, the additional adherence members 46e — 46f cycle through an
attachment, release and return operation similar to operations previously discussed
10  in conjunction with FIGS. 1, 5 and 8. Furthermore, in this arrangement the cycling of
the additional adherence members 46e — 46f are typically monitored by the MP 220
(FIG. 8) with respect to the other adherence members 46a — 46d to help ensure at
least one adherence member 46a — 46f is attached to the surface while the unit 270
traverses the surface.
16 In another embodiment, the additional adherence members 46e — 46f may be
operable to merely help attach the traction unit 270 to the surface while the unit 270
is stationary. For example, if the unit 270 is suspended upside down or carries a
payload including a driill to work on a specific location of the surface, the unit 270
may require more force to secure it to the surface than the other adherence
20 members 46a — 46d can provide alone. In such a situation, the additional adherence
members 46e — 46f may be attached to the frame 42 such that they do not move
relative to the frame as the unit 270 traverses a surface. In such an arrangement,
the additional adherence members 46e — 46f are typically suspended above the
surface as the unit 270 moves to the work location. Once at the location the
25  operator or MP 220 typically instructs the additional adherence members 46e — 46f
to extend their suction cups 54a — 54f to the surface and form a seal similar to the
other adherence members 46a — 46d. Thus, the unit 270 is more securely attached
to the surface. Furthermore, on inclines where the trucks 50a — 50d are not able to
prevent the unit 270 from unwanied movement down the incline, the additional
30 adherence members 46e — 46f can help prevent the unit 270 from moving.
Although two additional adherence members 46e — 46f are shown, more may
be added to further secure the traction unit 270 to the surface.
FIG. 13 is a top view of two trains of traction units linked side by side

according to another embodiment of the invention. Train 272 and train 274 are
21
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and traction unit 22 using conventional technigues such as a bolt or a hook. The

anti-swing rope 286 prevents the unit 22 from swinging back into the fuselage 278 by
25 automatically retracting should the traction unit 22 happen to fall. The boom 278 can
be any conventional boom or similar to the boom discussed in U.S. Patent
4,417,424, which is incorporated by reference.
FIG. 15 is a perspective view of two traction units 22a and 22b of FIG. 1
tethered to the top of a building and working cooperatively. The tethers 40 (FIG. 1)
30 in the umbilical cords 32 prevent costly damage to the building and people below the
traction units 22a and 22b should the traction units 22a and 22b happen to fall. The
traction units 22a and 22b support the beam 288 which in turn supports a window
washing tool 290 that can be moved along the beam 288 in the direction of either

unit 22a and 22b. In this arrangement the traction units 22a and 22b can wash more
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10F: 10968 a(a}*remmt(e) 4rRWd|mgm&b’( jttached to a body that is operable to extend the

5109 () fg’élt%%\?v%%‘tt{e? surface fa&rét?ac[t 91e foot from the surface; and
10 a plurality of return mechanisms attached to the frame and each
operable to move a respective adherence member to a respective return position.
2, The traction unit of claim 1 wherein to maintain the frame a constant or
substantially constant distance away from the surface.
3. The traction unit of claim 1 further comprising a control unit coupled to
15 the adherence members and return mechanisms and operable to instruct the
adherence members to extend and retract their feet and to instruct the return
mechanism to move the adherence members.
4, The traction unit of claim 1 further comprising a control unit coupled to
the adherence members and return mechanisms and operable to automatically
20 instruct the adherence members to extend and retract their feet and to automatically
instruct the return mechanisms to move the adherence members.
5. The traction unit of claim 1 wherein the frame includes two portions
pivotally attached to each other.
6. The traction unit of claim 1 wherein the frame includes two portions
25 each having a center axis and pivotally attached at their center axes.
7. The unit of claim 1 wherein:
the frame includes two portions equal or substantially equal in size and
pivotally attached to each other, and each portion includes two sections equal or
substantially equal in size; and
30 a respective truck, adherence member, and return mechanism are
attached to each section.
8. The traction unit of claim 1 wherein the frame includes four quadrants
and each truck and each adherence member is located within a respective one of

the quadrants.
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10.  The traction unit of claim 1 wherein the frame is rectangular.
11.  The traction unit of claim 1 wherein:
the frame includes two portions equal or substantially equal in size and
10  pivotally attached to each other, each portion includes two outside corners and an
interior;
a respective truck is located at each outside corner; and
two respective adherence members are located in each interior.

12.  The traction unit of claim 1 wherein:

15 the frame includes two portions equal or substantially equal in size and
pivotally attached to each other, each portion includes two outside corners and an
interior,;

a respective truck is located at each outside corner; and
three respective adherence members are located in each interior.

20 13.  The traction unit of claim 1 wherein each truck is rotatably attached to

the frame.

14.  The traction unit of claim 1 wherein each truck extends away from the
frame in the same direction.
15.  The traction unit of claim 1 wherein each truck includes two wheels
25 operable to contact and roll over the surface.
16.  The unit of claim 1 wherein each truck includes:
a truck body attached to the frame;
an axle attached to the truck body; and
two wheels attached to the axle.
30 17.  The unit of claim 1 wherein each truck includes:
a truck body attached to the frame;
an axle attached to the truck body;
two wheels attached to the axle; and

a motor connected to the wheels and operable to drive the wheels.
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1 110%] & t(o) ulflst%g%?déllﬁe gg the$slt?r%edéle8f)y( %pﬁﬁgzélletra(c%mg force to the foot while the foot
is attached to the surface.

21.  The traction unit of claim 1 wherein the body includes an actuator

10  having a rod that includes a first end protruding from the body and attached to the
foot.

22. The traction unit of claim 1 wherein:

the foot includes a suction cup operable to generate a vacuum
between the cup and the surface, and

15 the body includes an actuator having a rod that includes a first end
protruding from the housing and attached to the suction cup.

28.  The traction unit of claim 1 wherein each adherence member is
movable within a translation zone.

29.  The unit of claim 1 wherein the frame includes four translation zones

20 each having limits, and a respective adherence member is movable within the
translation zone.

30.  The unit of claim 1 wherein the frame includes four translation zones
each having a soft limit, and a respective adherence member is movable within the
translation zone.

25 31.  The unit of claim 1 wherein the frame includes four transiation zones
each having a center, a hard limit and a soft limit half the distance between the
center and the hard limit, and a respective adherence member is movable within the
translation zone.

32.  The unit of claim 1 wherein each adherence member is movable within

30 atranslation zone that includes a center, and the return position is located at the
center of the translation zone.

33.  The traction unit of claim 1 wherein each return mechanism is operable
to pull the adherence member to the return position.
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the control unit responds to the signal by instructing the adherence
member to release the surface.

10 35.  The traction unit of claim 1 further comprising a control unit coupled to
the adherence members and return mechanisms wherein the control unit instructs
each return mechanism to move the corresponding adherence member to the
respective return position, and after a predetermined duration instructs the return
mechanism to stop moving the corresponding adherence member.

15 36. The traction unit of claim 1 further comprising a steering mechanism
operable to rotate the trucks.

37.  The traction unit of claim 1 further comprising a steering mechanism
operable to rotate each truck independent of the other trucks.
38.  The traction unit of claim 1 further comprising two steering mechanisms

20 and wherein the frame includes:

two portions equal or substantially equal in size and pivotally attached
to each other, each portion includes two sections equal or substantially equal in size
and each section includes an outside corner that locates one truck, and

wherein one of the steering mechanisms is operably connected to the

25 trucks in one portion and the other steering mechanism is operably connected to the
trucks in the other portion.

39.  The traction unit of claim 1 wherein the foot includes a suction cup
operable to create a vacuum between the surface and the cup, and the control unit is
operable to determine an orientation of the adherence members relative to a

30 gravitational field and adjust the vacuum of the suction cup to compensate for the
orientation.

40.  The traction unit of claim 1 wherein the adherence member is operable
to pull the frame to the surface by applying a retracting force to the foot while the foot

is attached to the surface, and the control unit is operable to determine an orientation
27
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moving the released foot to a return position.

10 42.  The method of claim 41 further comprising pulling the frame against the
surface by pulling an attached foot and the frame toward each other at all time while
the frame traverses the surface.

43. The method of claim 41 wherein attaching the foot to the surface
includes generating a vacuum between the foot and the surface.
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