; CDEFe3e@Bj QU~~4"*6Tj s APPARATUS AND METHOD FOR TRAVERSI NG COMRQUND CURVED
AND OTHER SURFACES ce to Related Application 5 This

appl i%cation clains aﬂmﬂm\mmum commonly owned U. S. Provi ﬂwMﬂ‘wmmﬁmm
Application 60/ 235, 065, ,E'% £d Robotic Systemfor Traversi iled
25 Septenber 2000, presently pending, which is hereby incorporated.by
reference in its entirety. 10 Technical Field: This invention rel ates

general |y t APRARARUS ANE METHQD FQR TRAVERSING GOMPOUNDGURVED AND, a
vehi cl e such as a robot and netho [ across and turning on a
surface wi th conpound curves. 15 @H@?Mﬂbﬁl e frequently use
unmanned, self-propelled vehicles such as robots to performa variety of
functions that would be difficult or dangerous for a person to perform For

exanpl e n&f9SHESEEnee do fakrted Applicati®idbts to retrieve or di spose an

expl osgve devi gg,; ) t il i t d ki

oy ur s 20 per P pEREA cifins Rty BoRf oSO BRRed S8 PEQMBnd] Poteht | |

| ocat i ons Appditationp60235y065, ¢itled Rbdotic Bystern for TeaversingSuefacebfiledi®b a person

such as inspect| ng &(ﬁi&gl i n@ Unfortu ,ahel g Qt’izeyc_ause robots typical l'r¥'

propel th erpper 280Q, RigPRNLY paNding cwBICh s BereRyDEsiPosgd Rinieiereage in its

sel f - prop%lnltiﬁé{yvehi cles is typically significantly 25 limted by the

ability of the’robot to propel itself over a surface. For exanple, surfaces

t hat i nclude conpound curves or three dinensional curves, abrupt

i nclinpatians,ot clinations, steps or gaps can cause conventional robots
e 1808 RloRt i

to bed 1y less stable, i.e., more likely to | ose their

preferred orl entd iBnfigh Rkl déndrfy RHINREAned SeliiRtopba) GemIdsiiaur f ace
or turn on it. I'n addition, surfaces that are 30 slippery can cause

convent i omadrerparticwlatly te asiehjcle sueh as s rpbiot avdmethods fartraveling acresdd andf
their tragtion to the.surface. |f e(ijther happens while traversing an
incline o urinrlp\%??@os"gtﬂ@avg' £QOROYET SURES: | ng, such a loss of traction
could cause the robot to fall. Such a fall could seriously danmage the
robot, its payload if it has any, or the surface or other conponents of the
strucflre Bagkgrast is traversing. 1 Anot her probl emw th conventi onal

Thi's. can cause Rue [ Paifatlusd BoRebngH viEelaldish VBRI aidhat B8l i

or w ndshipeifdrofa eatstymof fenctlonsithal voeldriessdiffictiiteirangefods fomassersos ies

because of the h:fqh stress inposed on it during flight. If a scratch does 5
r

occur, t hesiorm. drongxaayme anany BeQﬂlﬁér_r@‘qU@Bﬂ)éé'é@I r_@t‘?“@ﬂ@éﬁ”@)(ﬁ&fﬁﬁ@ﬂ%%ﬁﬂh
time and r&p@éiv Y&Lvi ﬁP [Hpelf 8P\lv§ﬂé iWér{‘eH\ﬂfb‘h%ﬁtCtﬂéﬂ cdufid {iSor i@jhdré‘%y tend
to bounce of jerk as ey Sropel ensel ves across a Surface. I'S can be a
si gni 20campergsrmbPeoplélalso frefuepiyc tise rohits téd mspeztbomierk ia locatiomschat
airplane's crown skin or structure - the t 10 part of the airplane' s body
2 Decause WGHIN AE AP ALCRER LB nacessbIB ki Berson Sushirn GsaBoiiia: « o

t he inspe?il_i,%meappar atus to remain a substantially constant distance from
the surface being inspected. Because of this requirenent, nost inspections
of an airpl ane Unfpitunately,ibechuse relvais typically propélthemselsisco awarksite,iuse

S S oy BB RO S S BB b b S el sy oL
i ncl udgs 3inifediBy the abilityadfithe réﬁotttw%ﬁelgﬁsgﬁlfépédats@rfaae. fFor@Ramiple,oper abl e

to propel the frane acrodss a surface, an plurality of adherence menbers
attached tsgirfasas fratdnelude sompoundasiryesor thage dnensiona)uneds, @brdptr el easabl y

2t tached 1aFns 8 Hai oSS E PepaT daBE A BB o B ER8 belBine.
and r et r aagfigriificaritiydess stabld, lie. srofeliely fhiestthsit prsfetrad toriehtationelativeoa
plurality of corresponding return nmechani sns attached to the frane and

oper abl e tthe gpiface s teydravesee speface o tugy BBk i Ipaadditiagy, Supases thatare w t h
t he adRer ; t j : | ; t
{1 uckS O a b P s oq R yanal (BBE (e 1085 2 sl e PG § AL B8
and turn dheicdraptiomtb the sserfaceur If eitber. happemsovhitr trawgreirig ari incliee ionvrevetriedn, a
control unit,_nmakes, sure that at | east e adherence nenber |s, attached, to
The. sur f aQUTARBIICNTAS & Reing, St & Bos dradln Soalt G ioe The robdt & faft” Sieh

a fall could seriously damage the robot, its payload if it has any, or the surface or

other components of the structure the robot is traversing.
1



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view of a
traction unit system according to an enbodi nent of the invention. 2 t J
FIG % is perspective view of a frane and adherence menmber included in the
traction unit in FIG 1 according to an enbodi nent of the invention. FIG 3
IS a perspective view of a return nmechani sm and adherence nenber incl uded
in the traction unit in FIG 1. 5 FIG 4 is cross-sectional view of an

adher ence nenbénatherpreblem withxaqwestienalgobetsds theyiemditerscria thengurface as

traoti on 3t Faydkekiafy 87 B ' 398 SRy Se BRBKEANE sIREE6 PRENESFllatE o
FIG 6 is F?brfexel‘rtipl@,rthé%kﬁﬁ@ﬂ\ivmehieﬂ ef\a ebrnércigt lairpmeunast temdin ¢rdg fagrhi on
unit in 10 FIG according to an enbodi nent of the invention. FIG 7A is a

si de vi ewSeratehes becayss of thadigh siress inprses omitiduaingdlighth dba scealchApey

di . ; on L E ) Sl tth
[ uck Pn° Eeuf ME SRR Rbetibid ot Eplacl ot dist dberBen ol '
enbodi mrentmariey.he i nvention. 15 FIG 8 is a bl ock diagram of a control

systemincludedq,in the traction.punit syste f FI, 1 according to an

ormodiment o et Bnaltar Bl ik CoENial sokots istneidind 1 Babiirs Ar ik as

I ncl uded i | | i Y f

torne aocaief Plorel BiSmEd, 6 abrotu s Giffdte. " chnfl¥ 4 ghifftant Pitiem@ihe?

vi ew of a inspEctionof] fodiergmple, @ecammerciahaitplana’s icnowih Skinlon stencturs -rgthedopn
diment of the,invention. E l.is.a side view

of o 10, Pat e g SBORY e PR6AomMest IEXBReEVE noPGRstaIsHyS ifracting. o
cor ner andeékiués FRfUIreNAedSEcibR Gipparatls ¢ RaAL TN suBStahfiglly SorfRamton. 25
FIG 12 is a top view of a traction unit 1ncluding six adherence nenbers
accor di ng distanesfragr thensiotioedring inspestadavBecause. of this requirement, most
inspections of an airplane typically include erecting a scaffold, which can be time
consuming, for an inspector to stand on prior to inspecting the structure.
15
SUMMARY OF THE INVENTION
In one aspect of the invention, a traction unit includes a frame, a plurality of
trucks attached to the frame and operable to propel the frame across a surface, and
a plurality of adherence members 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 least 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.



FIG 13 is a top viewof a train of traction units including two rows of
traction units linked side by side according to another enbodi nent of the
i.nvention. FIG 14 is a perspective view of a traction unit in FIG 1
tethered to a boom 30 and traversing an airplane. FIG 15 is a perspective
view of two traction units in FIG 1 tethered to the top of a building and
cooperatively working. 3 DETAI LED DESCRI PTION OF THE I NVENTION FIG 1 is
a perspective Viewlds parspestive viewef a frapna and adberemcadnembgn includad ivdhe of

traver si nyegion S0R ARG, Bedla, R Eh PRMTERER Gedhvarella®s n iree
di mensi ons 5 siB. 39s biperspedtaeial ok ayphen enechdnismlandeadherehde hieniber or
no surface scrubbing or abrasion. Referring to FIG 1, the system 20

DI ng . ,
i ncl udes AlYeRY indhedraatiopundiB 4G d- to traverse a surface 23, a pneumatic
systenx 24 incl gghng ; r ; : § i rd omg or all
of thgscorrponelrilt?ds;' gfléfﬁdta%gt%ezcgtsﬁ%wlg\ﬁﬁfag%ﬁgrgﬁ% rr-lﬁmsys[eljnh Oslzggi ncl udi ng
a m cr o- praccestiny tq awentiuaiment of theristention. ng and coordi nating the

operation of s r. all qf the congponents of the traction ynit 22, a.
Vhcuam sour ce FiBands ableplhsiBtarh o eyt sysiaralnaudedis fiatradiogydni
vacuum 36 i { } t ,g@tp, riate conmponents to
t he sources9gl?ngbggg'rf§g%&gp@?? g@?&ﬁﬁ%@ﬁ.}féﬂéé aﬁgﬁbontrol system 28,
and a tether 4FIGp6risblfrontcressspastibnaheedsofta tiuck mcluded in2he dtastion aunétun f ace

23. The tragtion unj.t 22 includes a frame 42 having a | ead portion 44 that
typi cgﬁl y i dﬂ@&?@gd'?gmgo apreé@?q W%NW&JBYGW?& tge uni t 2F2) is traversing
a surface 23, @migeransa J8aRRW offR trudSfl thé FIGBOY Muasvincldihgahsdyie and

nmoveabl e relative to the frame 42 for rel easably securing the frame 42 to
t he surfa@ssembly acsardinggotancembodiment of theiimygniiedm t he surface 23, return

moving the monbiPs 08 o sgqevpol e B G ERR Suin8beds”. ' S0
(50d not_sigumbly satraigitoeinctherasthbiodihieh bRBiinventidre frare 42 T or

propelling the unit 22 over and maintaining the frane 42 a constant or

appro¥Pmat el y Fdbst isnd biackidiagrannobg contieh systersingluded rsthepsaction wiher ence
nb 4 4 t i j . sur f 23 d includ
o aher endateri 8 FRSLT 88c v 576 bboBhbordh he iR B 28,°" 6! 9

extends to and HIES: 8- oFrarevidws ofia ftactoR Binftdmcluded irpthettesationTurdt sydternence
feet 52a - include a suction cyp 54a - 54d (54d not shown) _that is
connect ed qﬁ&hé PRSNGSR bYPeS #}UW@%&IGQA? AR&Mbedimant Rbthgh t he f eet
S52a - 52dRréntidf. shown and discussed as including suction cups 54a - 54d,
the feet may I nclude magnets or other conventional nechani sms that can
attacB0to and rFdGedbds airside sieswof atrain iNbkidirghtires tractiemoaits iMbBH5 -1 46d can
extend their adherence, feet 52a 52d bel ow a Erl]arg}e f(tHOt %El@im) defined by
dimegyof the gy

the poi nt SFAYRTSIAG UR AN iNEline acgprding toan embe RPact the surface
23 or retract g 34heLefide vieWPbs 2ERir inekiy thré®fagtiéh anigieFRE ane. This
all ows the adherence nenbers 46a - 46d to secure the traction unit 22 to
sur f aces tttaversing upaaround ehtamehanddewnsodesling ascording fte amembodimeart of
traction gﬁ" ﬁm’%ﬁt' hl'his also allows the traction unit 22 to suspend the
trucks 5045 Pt he surface 23 to change direction quickly and w thout

scrubpsng the FGf 32ds a tag vieW bhaugittibhentyrtiadingkix adhedaeeimembaeher ence
menbers 46a - 46d, the traction unit 22 may include nore or fewer adherence

nmenbers. AEOAiNG k& apother estpdingpeef thednYei®Ni on unit 22 across the
f 23 d &4,pcl L - . -
300 typi oal Ty, diChaRIEANGB A 3P el e G Bhit PG (A ol B Bacith,

trucks SO0ainitsSinkedrsild bpsidal docotding es ahotherentdmziimentof thedhvémtiort. r act i on
unit 22 while the adherence nenbers 46a 46d are ,t%pi g:l ly located within
the corners forfl§:d4iie@ Rerapestveview of gifagtion ynit & d tsthered 4o @ haam

adher aqpce dFFﬂipg; - an be arranged differently. The traction unit
22 al gg i nc udesegrgitﬂ Zarr} %]gﬁrgrgghani sns 58a - 58d that can steer each truck
50a - 50d i ndedd@ddhtis v merspedtive tiew oftwadrastion wokts in 6@t héetheraddtoltbe top
obstructio senﬁrrls 53a - 593?.. till.referring to FIG 1, in operation, the
adher ence mlé' 9,80 CogRBrANBNWUKING at t ach to and rel ease from t he
surface 23 as the wheels 56a - 56d of the trucks 50a - 50d propel the franme
42 across the surface 23. Although the operation of one adherence nenber

46a i s discussed, the other adherence nenbers 46b 20 46d operate in a
simlar manner. At a first nonent in the gyrovement cycle (the first



nonent i s not necessarily first but sinply picked as an arbitrary first
monment for discussion purposes) the adherence nenber 46a hangs fromthe
firame 42 above the surface 23 and extends the adherence foot 52a to the
surface 23. This is the return position and typically occurs when the
return nmechani sm 48a has stopped 25 noving the adherence nenber 46a. Wth
t he adherence nenber 46a attached to the surface 23, the frame 42 noves

relative to the adhereMﬁTMDEﬁﬁR%ﬂ%QﬁnﬁﬁﬁdW@ﬂ%d accel erate t he

Substanti ai 1y Ehet ind PefiBstis v Ao eelon WTSYRET pefafMiFleM T ¢ are

42 noves én‘tbrodﬁﬁémrcbﬂthé(‘lh@rﬁbﬁncﬁtd @écﬁtdn%@mt@ysﬁéﬂ g% lee‘kﬁ&urm oRG&nd
adherence foot 52a releases its hold on the surface 23 and is retracted

awnay froniraversing agress gempqeiRg curyrd serfages ne&wéaﬁ@rﬁmed ibthsee diraengipesised
menberz 46 IS er he
adhere%ce@%ggggi‘gs%@g%éngfaa Bg?f;}é’sbﬁf{h@]ﬁy‘ \ﬁ e sur ace lﬂﬁ&% ngg 6rt he
cycl e. | nabrssi@nbodi nent, to hel p ensure that the frame 42 is secured to
the surface 23 le it averses the 5 rface 23, the_contr stem 28
coor di nat es thg\ggﬁrf'%ﬂﬁ{hé inﬂl‘erﬂs @%dﬂclé‘aéﬁ anfEagion unih2< opetR % hat at
| east one g@g@@é tgtﬁ f I
tinmes. Thterg{,?'rggt?al on uni t§3 %ﬁggtﬁ %ﬂcs ; ﬁ]ggtﬁi?‘?{ﬂ% erétot? %g]rlté& afi2s

uni t/ uni t forzRweriry samenoa allroditine campdnerissafdle wiattiofuGib.2216 camlkolﬂ;ysténch a
train i, capable of traversin structions on a syrface like gaps
or “sttbs. 2Bing e ORI GRS HRIHONT TohBSEURITE NG Cog RAITEERE | ke a
cor ner begggﬁdt.oﬁ d‘l“%'o'mé‘afjaﬁioﬂh&‘)éorﬁﬁoﬁ sb@wéfrs&.atmrt@ 8, awaﬁere Urce

)

ai rpl ane he body. I'n addition e units 22 can e t et to each
other or 80 aandtmmmnbmqai eorsnd?2 theat inclides pneumaticrddi vacuuine 38 arfdaelecttioak houl d
t hey happ fall o

cooper at.i . _For exanpl e
- sur f aceite 38 s0npefling. fis atetoBae GEnRaY KEine seths Ok BsL=B8 o Fam
(not showghchilschitsh 90iehl cABHEPASH 2B 1arel® bt 46 3pBRIbIE & Glisgerkpeal ner
of cleaning solution while another unit 22 carries a sprayer. FIG 2 is
per spket i ractioreundR2tatoverasuiface 28it 22 of FIG 1 including the frame 15

e g R a2 PR RES A R A 2nAn FRdU BoloRha tit tveigly
return neqcatesthe SectichSef travbl wiHeer thewniEZRtravsrsinga surfdee ave been

omtted for clarity. But, it is understood that this Tllustration can al so

apply to aﬁeetﬁﬁctetreem@rfeﬂéacé%m@r@ot@@@wn) Aafachablersydempvagbledelative to
t
0, 0ne TR 2 10055/eaRaBy Kol AEl M Rak 0SS e 208 L6 31

22 as20t framee42 away foampibe sdrface 28dretunt meeharisingl 48266 48dattachablertedted t o

Fastens  AENBGCEARETBETaAR CALDBE RN Ougtgnﬂa?etrg B #8712 8 TeB0ent | ona
bear i ngs [gkioRSallSHIEks 508 —bﬁodiﬁﬁféiom SHRNH) rolaiRy of i MRERABER to the

portions. I'n one |nent eac I's ma
convent i oframe2 éd)r Fp]baekhngdhe Mglt&thD\(;hl asﬁrmagttatnm theiftgme d42ta constant ars

al um num Each '?' @tlon 60 ad 62 incl uFI WO ct| s 68b - 68d that
di vi de t h&PRE8 Y 6BNSIAQT @5aNGEAYG rgmp OXI matel y equal areas.
Wien phe tract mpe aidhdrerce hfe%Yt%@%aCDHB@'aﬂécﬁ e/ ﬁdcﬁéﬁ ﬁﬁi@?i totthé s@ﬁ‘ace
di stance fromthe surface at each wheel &not shomm%w' frame 42
m) tttatea

t ypi cal | y 28@nd inglusigran adhergnre felr52aruéRd (pAdnota gh gwerehet 4@@ ant

by o vor | i StEn AR 28d fefiadSiralR ¥ Sfadi AL kodhB piRBe, TheURR oc
contact Wwfédt 32— satfincladeaksUttiod @uptsua £6441(846 nef shdenihat is2gordwictsdtd he

surface. 6 Al t hough, the portions 60 and 62 are shown and descri bed as
pi vot abl e thevaedue soyresdd bdttheNaa%wntllnewénélﬁhqusththedaet - pﬁ%dtarens may

tn@b |1
P 3800 uhoRp b sl st FIARIRCEECN B, 088 Lo vRDI M e
al i gngent nivad rvests or bt‘rerfooanenﬂcﬂwaimbngmtt(at@ansﬁtmm)toTnuﬂerelmtframa frame
42 and suppo erence er a e nmenper moves Wi thin a
t ragsl ati (%ﬁréﬁﬁe cﬁW @t?g'ﬁ?ﬁrﬁﬁﬁ? 'fﬁégtc r?étqig)ﬁ'ﬁ(‘fl Qﬁlﬁe'i‘?‘?t%t%af“ane
bearings %édaabélaw*aaataﬁe Aot é]’fbv& r)adBtired By Rk pEm8Rintha Wik 23 WR8fe the

menber - nount beari ngs 7 attac bI e to t'he adherence nenber .

beari ng 72rugkd 50a -+ hod cantachtheosivéans 23 oy reteast e adhere&caéeetr@’za +-I5Q1d 80 and
84 and second 82 and 86 ends. The frane lzearl ng guides 76 are attachable to
the frame 42 and typically extend the width of a portion 60 or 62 of the
frame 42. The menber-nount bearing guides 78 are attachable to the frane
bear| ng carrlages 88 V\/mch are slldable relative to the frarre bear| ng

Y - ~r~ " o . oy e A= i



20 The frame section 68a includes the translation zone 70 that defines the
area i,n which the adherence nenber 46a noves relative to the frane 42 when
the traction unit 22 traverses a surface (as previously discussed, the
frame 42 actually noves while the adherence nmenber 46a remains stationary).
In one enbodi ment the translation zone 70 includes a hard limt 92 that

defines the zone 70 and a soft 25 limt 94 disposed within the hard limt
92 of theabkevethesame Riane.ndhiswllowsnthe adhereneesmemhars d9amgbd o saewetthe

limt 9é i ;31 ; n;: ' v i . I . t

i o2 Pachon Phh 2 @M ERCER shdt @difite ST e 83 ol B I A2 o
carri ages tiBtractivraghit 2. gHidialsoeidwsthetradfionfunite2 fo uspeaditie sruéks 58ad- t he
menber - nount carriage 90 contacting the franme carriages 88 at either_ end 84

or 86 30 §Pd aithesvb@acefolio chanag«dirention avickhapad withiout sorupbingahesuriase
ancount or 221 RTIoAE i RPPER 203K e tqut BBt pRfiBest 4R B 108 e o

bot h of t kractiomuhit 22 maiéreclOde wiore or féveenadherepceoembersi n t he cont r ol

a1 m o2, TRphuckhiEpa T BUGsppel e achan Lo AAAGRPRHIe Py 0o 28N ( ho

di stance {ridpewhBala Olseu16ek R ShajhPnTREMRCKS 58aL 5 nfifcaly ddThét 92,

but may be any di stance between the the ocations w e zone 70.
| n one enattdciniim traatiemiinit 2296 the satface Bad Tihe teudkssha € &0diangdy@aliynd

i 1 oFs Bl LIS e e TiGe o Rs ST, o4 WP S a@RrEnch VeiBhERMA—ember
46a encounpg ra?ettﬂﬂmﬁglﬁf lochied Witifift thé ESrnr}%gée ?&}géaiér s%?oiﬁyﬁ felig il f}fe tFiKsCh

contact 100; but t he adherence ne als wt _ oft Timt 94,
t he swi t c/0aond@d and@oihecendenmenkiesndbd — 46dcan besarangadsgifferantly. vi ew of

A though F1 G 3T TARERGC22 So delRRe Sastookafiimg REA £ 9ad e tiE
nmenber 46gtedrieuth tRRK 50S 504 iﬁ@@béf&fémly-dmtéér theasri mefe ffdeckd fogkther, and

understood that this illustration can also apply to the other return
nmechah® smebatdctigysensns 89pon8d%hg to the ot her adherence nenbers 46b - 46d

in FIG 1. The t ; hSM. S r 46 el ative
to the frame 45MiEE IR Elchd b RREE G R PR n 2R oy
shown) . | nepeetedly attdepcdtoramil relddse fiarhuhe sUFaba 2By th8avheelgBoat-c86d of thHee
frame by conventional fasteners and includes an actuator 102 selectively

oper abl e tidicksvarhald areneal the fragets agwss the sutfaed 28u AMtheyghdhe ppreraticibl e
t f . = FTH
bosi ti on O} SFEgdterarl meRfbElacang iEdcRgy Andfler AhdtEht O bikhBels iy £

r et ur 20 cor4b6d 6perate achasimilar mhenerct Ataa Girst hidmant ia the msovemmentasyclel (ihe first

i tabl e through the hol e, 106 ttached to th nmber - t i
0o o MRt TocESha it ERE s AR b rotons el menriay | °°°
mechani s mdf&%s@léﬁ*biﬁpbé%sw)ﬁﬁé %dﬁ@%@éﬁ%eﬁfb%’ﬂ‘f%ﬁ%dr@%qfd?n s Frahie 494bbYe

extending its ram114. h the first end 110 of tthe cord 108 attached to

t he act uathe sudace 2Bandedandsetng adierence faotd2ado1be sufapaBed hivisathe t he
return bushj nr? 104[1. To re.veﬁt the cqard 25 108 fro&'sl.%%%hofftthedram
114, the et psy 'R_E%”&’e PEACHPECYEMIENTE AR AMRME Foiopec

di spoggd. rhéViﬁ@ﬂi@hdﬁé‘ren’bé?némbbf 8ba s YittetHeSadRete Acd hEreised64d dttactRed 1
commands the return nechani sm 48a to nove the adherence nenber 46a for a

pr edet er nith gurfage;28, the frame 42mmoyes eglgtive tsf thei agherenes piegatrendGaasthe

quarters a b end]

dpoed of TSt Soa7 SEEARRISe it e PRiGSs e ifdee 28T BRSPS 8 e
pressure a2 stheconstansedcsubstastiasnly cohetamespead san stherwisd mavg theifrarhengifter,of
time, the &?eurratlc system 24 (FI G 1@)éﬂsupplle_s hlo&h pressure air to the
actuator 1 f@ﬁ?%f’f%é’ﬂ%\@é@ Predgtermiped gistange relativenl hetm@mb@_rﬁﬁaﬂhe 5.

AL hoggh. ddierdicd oo 78Rk RERDI 67 He SlirddiPd 8RA!rdlfadedBulaf rom
actuator operates, conventional sensors (not s ovvne)1 such as

m cr o- swi tthéearface@BetNeaxts thedebwh troéeranismdBai nales theselsasemymempesi46ahe

m cro- progessqr .of the return of the adherence nber ,46a to the _retirn
oSt £1 on. BACKER &% ERthPRELRA whes M MegaieT e FRANGH the adherehgs (o 524 to
adher ence JgrREhffait 8ati td e S @tateRPaRd reSdatiRé y8let NR onelBAbadiTERt 482
stops, the adherence nenber 46a nerely stops noving relative to the frane
42 and corheimensurethahtiienfiamessissecorectiopthesauriagetddewbilg itdeyersgisitheugh t he
return position is discussed |ocated in té’ue center of the translation zone
70, the return position can be anywhere within the translation zone 70. In

addi tion, although the cord guide 116 noves with the ram 114, the cord
gui de 10 116 can remain stationary while the ram 114 noves within it. Also,



conventional rubber with a very |ow duroneter value to pronote the

formati on and nai ntenance of a seal with rough or grooved surfaces. The

l.i ps 122a -122c extend from a backing plate 126 away fromthe body 120 and
define an inner cavity 128 and |lip chanbers 130 that contain the soft
viscous material 124. The inner cavity 128 30 includes a vacuum port 132
connected tqo the vacuum source 30 (FIG 1 ) by the vacuumline 36, \Wen the
li ps 122asurface 23 thergontiph systam: 4B caetdinates dhe pHiachment and jeleaserrbeael and
Create a id t i I ' j at : 4a
to the sur ac@épﬁ% 5n§ds§c§t}@g£égr%a%}éoé%§ f th@@%&’ﬁg& ,sr;gt@gr_i %@%ﬁttéﬁﬁgn act
with the surfhee3htall tiksed.ong as at | east one of the lips 122a -122c forns

a9 seal with the surface 118, the cu 4a can generate a \vacuum and
attach to the H'Dfeft'éﬁ,célomi@.'t 45 hércoé?ﬁigﬁf?M@Ht@qt teactionoitiuptssde oy
inclu Gk ik ] o] ot p [ i L§ on,
the saft or.8 el 8 diseRSschilitn FRESCI0 B8R 110! odeh AUHTBE s i< Caribie bt 0

t he mat er travesirigeabstrections amga Burfate lilkeigap® or sigpsSdatraversing atrdet thamgesny

conventiona), resilie mat eri al ch as rubber or, plastjc dependi ng on the
i r onneft e niguEtlca Saae Bee & xemarbeiasha Wak Brf Zicorsrine 0ERieR i ng
to FIG 4w%%9%n§®%‘%@1&neh{&t?ﬁbé@ﬁ Inn&ddt the Hnits 2PVE&H benal

actuator 134 that Feciprocates a ro 36 to extend 'and retract the suction
cup 54a f tethetddetosadhaatben a8to Fheomoi pregentibeaunitsfram elamaighag theasurface
pivotally att es, to th Ki | ate 126 of. the suction,cup 54a and a
Cecontd enshau HEY neRenn fo T g1 B 4h wBiE o8Bk Ble N o A2 AP i Fd o
bal | - and- ggleé chRibetscahfiddibyd S8ningtdd ¢Rot shovirn)rAbusted td3Boédmi(Rét
suction CUB S4a. By supplying the actuator 15 134 with pressured air via

t he |i nessBawnhthatdwp unis 22 sinposie @r DBE NI 32 campamy ai eantainenofeleanivg t he
act uat or . t t. .54 d or away fromthe body 120. In
ot her emggﬁ‘ﬂgﬁ@ﬁkeh%&gﬁgiu}fggz%&'ﬁ%@ﬁh{%ﬁg conventional rotary actuator
or sone other EBYVRIHE perpectis il 6MtheRrIcibh INitR28VEIG. heinglRlintheCfidimg0
54a to_and fromthe body 120. FIG 5 is a_ block diagramof the pneumatic
syst eh® 2442rand ene adberepcaimemper 46a asserging:ia anembadimantef therdnvemiensy st em
24 powers | rn ' 48

rember 4o By hg Agheeritinelitert Ap Da HHERS 0 p 80g ity BN
pressuri zd8aa 48d antistearimpmechanisms 784 h&8grhdve®een aittdd fios iclaaity s But)ét
pneunat i c_syséﬁe!m 24 @O\I\ﬁé?ﬁg one retur neptﬂaniﬁnga on(f adher ence, nenber
46a and offelRRIEIAN tBaht lsfration camalsoarRl ta fhe omitfes! aaheTensa mebeisn

al so appl wghQ 44§ other return nechanisns 48b - 48d, adherence nenbers 46b

- 46d and suction cups 54b - 54d. Referring nowto FIG 5, the system
provi 2@s air aRefarring tdiflGe2eint ope eptmdinent3 thenfrganel 42 inctudesctwaonportions 68nd

high, to th hani sm 48a, ad mber 46a. ar t 54
sl r ot AP AL BTG AB2UCH cBRISF pEL o BarFoEyY AEaty BFRg PRt e
Syst em 24 jniiglusleh travbRidd 4 coMPBaRY TINEY diftfaed? A 8olt e Iéiéé&%llyﬁﬂg%a%léaﬂbléi ng

hi gh pressure air to power the return nmechanism48a, a h pressure

cont rol vaubtéatshonm) after beingvinsgried fiypygimgotroportions ibranst 62 fastensithe 10

4 of tnePoaRERaTaRTEIB06hEr FEolter Snibaitbalt EBbienbhelbBrdiot (fptsan,
and a25ucighewny ¢an el (yedlifeQdrait RN/ bétweanthe portichs. Ninddhedémbadinterdti 1 t o
the suction cup 54a. The system 24 al so i ncludes the vacuum source 30 (FIG

1 ) conne&@el PortiamB0 angiGdis roage frormacenyentianal meial plate haying achigh
typicall i i ) J 154
cohnect e STEHBHER BB i ARATHLEY Febr porfioR®d Sud 85 WERESRIE 1000

The vacuuestiors681 5468tihat dividd the portions 66amdes2 Imtd o 2qatl omnapproxidatelynd
relays this information to the rricro-Erocessor via line 158 Line 160

connect s Eahatgast JNheR dae tragtien Hoit 8L taverses ampeRd, cHIVRES HHTACEH e ve
144, d Fon- t ' i

t ypi cg?l y%éﬁ?éegsgpg\%% rg\r%%tt%{‘ rvg%étél'g?l unlot%’BCZ{.B tﬁlé ﬁ%ﬁ*]%jiég%miﬁl|§%toﬁe
hi gh/ | ow phe samecfoc all four truckisvaot shavme) atanycgiver instantdntinmee difdhe frate 42 ne

162 t hi gh/ | ow. : trol I 146 .t h h
member ot 8Pt bave eaditicn R g 8 e i B HReLL 1N sSREPER Btence
menber 463ne WHaelsl68 tiex fradikd Mightdosey oMLt With ke 4GrfaddTBAR MfdRr the pRdiftess
enbodi ment, the high pressure 1s approximately 125 pounds per square inch

(psi) abowéthe noi gRadrespthessiiface. t he | ow pressure is approxi mately 10 psi,
and the vacuumis approximately 11 -12 p?’ bel ow at nospheric pressure.
However ot her pressure values may be used dependi ng on the wei ght of the
payl oad 20 and/or type of surface traversed. The valves 144 -150 are
attached to the frane 42 (FIG 1 ) and are separate fromtheir respective

~ R A~ o o o o S a A A=~



30 return position and the suction cup val ve 150 connects the vacuum source
30 to,the suction cup 54a via lines 152 and 36. Wth the suction cup 54a
suspended above the surface, the vacuumdraws in air fromthe atnosphere
and the vacuum sensor 154 senses a small negative pressure in line 36. The
m cro- processor then connects the air pressure source 26 to the adherence
menber 46a by directing the high/low 11 pressure control valve 146 to
connect the | Ahosah dhemoptions 6oandG3sarershostm and dencibachas paptatie

the 11 ne A G Al BRBILa EaRte moint Bs el fbrbls PALPURLAPGH 4 k52 1o
t he surf apgatddéleeivhers o the® portithsBtrand@Behes the surface, the cup 54a
forme a 5 seal with the surface and the vacuum sensor 154 senses an

i ncrease i n ne§ill referingtastlG 2, tag Famma? maintainisoihesadharenegmember's

2oa byF i PO TenCORMEER SN M koA er Rl ot ifunBat RS EaGE 20"
line 160 angpuppods thehdhe@nse erdber 46a bBehé nmemBé24@a thaliesagithing t he

adher ence nenber control valve 148 to connect line 162 to line 34b. If, 10

however t Hanglalien gane | |9 dnaor\ea?mboémwm frameft2 WQ‘WQ%’E‘% franee bepengs
adher encey %ﬁaé@%“ﬁhélfra‘ﬁ?@%@h‘& L[E8v£’aﬁfr‘§[]§ bR GinS4CineMberiRoafthddiifgs | oW
pressure an e adherence nenber awil Pnply T emal At ar] onary

rel ati ve 74 atfachableftadke adhetence member 46ki Bdchshvedritly ZHan#17@. ingludes a ot her

enmbodj prent's, .the m cro-pr SsSQr [.nstruct he adher e er 46a.to

o A4 headid B le taha T8 Tauitto Ffet BD Gt od 850 S80RAM B2 ANMED adRuTBet he
adher ence rgﬁ{g) ; F r ) I,earﬁgé t4l wkhout
t he vacuu];n sen%?%aggﬁgiﬁﬁaﬁﬁ?hg?’ggggﬁ?ﬁ neggtzi%i\c%j tg?@?ﬂ’ﬁ?g. debﬁ t he
sucti on cwidtb4d agpariioh&d arb2 bEthefrdrme d2. t Tre mdihnberrmoeuntehdaringi@aidesii8not

ot he supratadipdla o fetame Hearid Guriades B8 TGl ARs hDie IRl 4, e
adher ence e By dfiaed 7on Titirieisdiansiiff 8ddting iRribga S0 i RIUAIL rdRtTRY es

relative to the nenber 46a until the nenber 46a trips limt swtch

Once 1%i ppethe membardanowntcgiides 8 andrie ettachakle 40 the adberensedoember 46at o t he

Sucti on cby Hadniiefhe el dih g o 3 b FoBBek R bR Syl "
suction cgp, fittadieréncd hdmbérsBalibe€ AobeWingsut 4% afighPEANBEIWERHIRE fidie

exerting a _retraction force on the cup 54a, surface abrasion by the cup 54a
during reféang swiagenwvhen ghe traghion unit 2Ziascends endescensistan instae of raverses

m cro- pro : t L. pressure source 26 to the return
mechani smgﬁzm‘[%/&]dﬁ?ee@??%ﬂtlﬁ’éﬁ?%h mechani sm val ve 144 to connect the

| ine 260 to th&hkifreamé gectivri 6Ba drcisdes thecraresiation zoreehZ0itisah defimes dhe areand

it 114. Aft t t 0 hani 8 f imgtely th
quarter s (sipicorthe adhsrce mrarbardcs BPUSB BNV BT G2 UeR HisreChani om
val ve 1441.0i6RNARYY 45408 o frakbss BARicNIFHisEAUSRE thahfd 4o BoiRgyan Sm

48a to retract its ram he a ehce ne S now bac
posi ti on siovesawhiteothehadHareste memelver 48edrenhains gtdtionasay). riepaatemba@dimednt

th nbodi ts,. th f, 4 incl. J ti h
o Sanvent A ANS Rtioh REnEYDrinGhiogs adtasr gt S 17t dHnEE bFe zhge IDan ajfln of
the tgct ligfk otnbiispdded Withiri e Aetalifiet o bPAd ASheT0 ah@idinednsy fink SGitbAGST

to increase or decrease the vacuum and _ air pressure. 'This allows
one to adp@swhichenaybe maghedic read switchesieniongswiiches of other @onwendienalt he

the. tr act SOHCHRr+ Ths TR APt 2% s el HeBbeg s dEaey i hoaad Rt 18 For
exanpl e, fiaend caeiages 88ddntactintpaitie? enasddler 82 oh trisframet guides F6sand the
undersi de of an airplane's aft body section. In addition, the vacuum

gener at ed REMPeEMOURt PariageP Gaentaaijn thefeamr nasipgss 89 aﬁ«ph@era@nd Bho588h a
5a. 180 an OL A MG SPR0M oY P 11 MRF b 94 pieVepfin8ladhio e it .l

of the truék fedia movikg telafivé tethedrapead 2oy it eacowsters thacharddighis 92nd a

drive shaft accordi to a odi nent of the invention. Al though FI 6
illustrates on(,St't"rrG%%”B@é? Eicg-n?-st”%@@r%%rob?thé% the, fimit; gwitehes H6 War €al so

apply 10 Hictd1Brded8er itHEednkiBPsystSihd fF16. 13 (Aot SReW) thitdnbadhisfencd e
truck 50a propels and steers the traction unit 22 across a surface and

i ncl udes anetbet 46aioclosd 40 adrarddimitio2.o0 Typicalyh dke soBdimithodl iscamproxinatalyi ve
shaft 176 di sposed within a truck body 1Z8. In one enbodi nent, the wheel
notor 174 is nounted to the frame 42 with conventional fasteners such as 20
screws or bolts. A steering bearing nount 180 retains the steering bearing
182 and is attached to the frane 42 bel ow the wheel notor 174. The steering

A NN o o o o A — o~ o



cotter pin, or bolts attach the wheels 56a to the axle 200 and transmt the
rotation of the axle 200 to the wheels 56a. |In one enbodi nent the notor 174
i's conventional electrical notor sized to provide enough power to the
wheel s 56a to propel the traction unit 22 up a 90 5 degree incline, and the
wheel s 56a are typically made of any material, such as Tygon, that is
chenicaIIK resistant to aviation hydraulic fluid. In other enbodi nents, the

not or  174halfthepdistansedpgim mcenieoef e transiationszane 4 anditbe hard mitZRubut

matoral  hede Ry, SteftRbetReiRe Wit Bofits BBl heRec B8N he
tracti on gmbbdibfent?acmtchtIiscttacheto rarmeaatiiglie 88 andaindther $witshko®@a i n

FIGS. 1 and 6 including a bogie assenbly accordi _B&to an enbodi nent of the
i nvent i onattaghgd tpshegngmbe&murmamagq@t Batkswitehes9¢pperate by iding a

el udi . . . .
| nvent] onoWith BISS ORCUIENBRAREBhesp B8 ¥RBnRIREe SR inhod i, |
glo(zi 6 hasr\isiltd‘.}emil e8rdeprdsefttie switcly cbnthaEt @?};Mtaﬂwt?ﬁ&é%adtmlzrlbggé g;mbemblhy
typic rovi des nore traction than the wheels 56a or ot her
conve%lto i oﬁ@ﬁ’ Ys\/\)?fﬁ@'l”stﬁﬁﬁﬁ £t éﬁitl syt ntag ﬁﬁgﬁnﬁiﬂs t?l’ﬂqg“d?ﬂ- to traverse
bst acl t hat 1 ;
ormal 1y coul d 1ot M B PenE ke Lo ettt b AT T RS s
drive whesdtu@Odustomgantedrd.oAftheugih E66. dnillustratesdorid-tedurromnegchaniseh48a)onehat
the t k 50 t the f, 42 (FIG, 1 t sh
SrTelS 28fhernes maeaReGadAe Bearade s antmenbebebahestEs AL ik ar i ve
wheel 204yn@adicbdlat trﬁéﬂlugﬁ‘afi@ﬂlcﬁﬁ' Al Ahisly € !H@g%??éﬁuff@@éﬂﬁ@n%% £8p 208

and 210. One or nore actuators 214 connected to bogie nks 216a and 216b

nmove the #8d; ecxrexpengihgitodhe mhenadhaience mespbénsatth 1 d6dn FiGe1206.

Dependi ng on t surface being traversed, the belt 212 can be

conventi onal riﬁﬁ’?@%&‘"?&ﬁ f 4?3(!“"%1%5_% '8P°$Fb?§??%’,49bﬂf%q%%t8|t[‘ezlz

can be || b aPbAbr ferddhorhidmidibdiath 2reldiesnd sthBcetheriislanah dreat
ace ,

t hey conpress the belt 212 between thenselves and the sur . the area
of tH beembrdimentathe: tatuacimecharismAdaisanooatediipitba fiame Ry sapventiangdl one 30

cach bogi BeRStE s 3E6.648 B el 105 e eR DR el Tl A lfEnes'
contact apfmbdéred, Ftiraroushing 204 beachalle td afrdmerectitr (hstaheway smabl y
202 overcones obstacl es conventional wheels nornally can not béﬁpl acing a

porti on ohayiRg akele 1Hfxdefining getusa p@ﬁ'gipadwéicalﬂwindhémnﬁ@r afibe ganslatigneel
204 t | i i

whose i afie B ERS, 25 pha g iht 168 Pt I Bofiefér o 8 o Bt erEE,
7A, 120 oné1éninedrtaipetthroughi thelhate 106 mkhdZittached e the membercmoanbcartiadetd® t he

He nor o aba S6B0ad P g, TR Mgvedne Rsheraria BRTb b A et R RERaniam -
Referri i R Al , WS dyitdarky: 216b
o6 na4b8 plishiss e cofd AIDBWEY RRPH(E Bitin bkl 104109, utenaigd S rafr

has an actuator a each”bogl e 8 and 210 to
pi vot i ndépénd¥ith the tisband e afithe eowh$@8 aftadhedrtd thezadtaator 402other secondt o

| bogi.e ,20 21 ' h f 206 and ddi t |
P acti on Nt Ad20t 48 cPrs 108 Riled Rikareting EtufnBudite D32 i Bleebl i bard
when gde Q09¢fon$§§?|ﬁnb%fﬂﬁ]§&§ﬁﬂ1 o, tﬁéqeamnmﬂintm@s@ét%rlagdiq@1t16¢n smidtace.

FIG 8 is a block agram of the control system 28 in according to an

enmbodi mentheeondnt0§ isvdispoessd. The control system 28 autonmatically controls

oper ator to 15TeaRersEn fhe it SteRTe HibiopookidryPioal BN tisthe R ng.
with the sstom mechanished8a té maventhenrihesersssmentier dbea fohagredetermated n a
common frane section 68a 68d (FI.G For exanpl e, the extension or

, . G 2).
retracti ofength ghtigignclhimdangie obtims; is typiealty three quartes(3/4 fensecanddttpy t he
adhergqce I ; I ves
t he sge‘lﬁne a er%rﬁche}gﬁ| St a?@'ﬁ"é’ﬁ%’ﬂ%éag‘gd égﬂhﬁgéer:{redt?] uﬁ?ﬁ%@hjﬁriﬂ?’%gﬁ?r ol
val ve ( RVeMifface fhdthstogin) andethégréssura of thes ainased to ipeweotihe alechanisemdBy.
referring to the. co nents common to.a sipglef section, .the
i souss! oPuipgtFisIStB odtas (B FOBHIIE MR Ak 6o 1) RUPRIERISH Peasure
sections. offaheRé aBfidtér TdLas BiscuSsed th GrEatst JBAN i EhjGREIdrOits ¥iGes) 28
includes a mcro-processor (MP) 220 that receives signals froman operator
(OP), obsAlthougbnthesniznotprecassor keepoirack cthedangtiisifitinee the acivafta 402 a
limt switch (LS1) 226a and an encoder (lgN 1) 228a directly and via a
controller (CON) 230, and instructs the val ves (suction-cup val ve, SCVi,
adher ence- menber control valve, AMCV1, high/low pressure control valve,
HLPCV1, return-nmechani smcontrol valve, RVMCVL, and lift control valves,
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Still referring to FIG 8, the MP directs the operation of an adherence
menber, 46a (FIG 1 ) as follows. At a first nonent in the cycle (the first
monent is not 5 necessarily first but sinply picked as an arbitrary first
nonent for discussion purposes) the adherence nenber 46a hangs above the
surface in its return position and the MP 220 instructs the AMCV1 148a and
the HLPCV1 146a to pressurize the adherence nenber 46a to extend the cup
54a (Fl G opgrateg aonventiond sepsorsainot shiawn) $ischvad micrdaswitchsisg imsgnetic reedt i on
cup's attachnent to the surface by.sigpaling an 10 inccgase.in ative

pr essur e. SURIT of SPUGH] sBNSHS ay Sighahthe miteracteson st Fittetth o iy 1484
and HLPCVidRd@enckmembesuba e thdfst Sfiere TS pstutrPmeehbABim 488 does nefa
and thus pull the wheels 56a - 56d |G 1 ) against the surface. The frane
42 (FI G ftinishdstyraingdbe adhgtence membes 48atie the teturmpesition bgforgiheh

220+ abor NEhANBrEghr S T he S Tek 2 EmbEr 4BR mersly thrE o slptve | ™
ot her cur tiframiedd and egRimiendis diendihets suehien enpS4zEtoltRe SuffBbe: 46d in
the traction unit 22. If another event occurred prior to this one, the M

220 will rel ea®dhpugh the eatuaypesiion is diseunseddeeatedipihe pemter afithed t he event

fromthe I | e 4689 : WM t he
VP 220 | naEPoiEfEn 28h8 R, e ERSH{ Hoditih B B RESTRANI S rifsletiof e
pgessur e goedn ieqddttifbanalahars](_lgtpﬂrerctqrdrgluldammn%nicwe!sezlrielafﬂm taine 1adId1t$'1eeasmd gmjhé)eR/P
46a. iately after this, typica raction_of a second |ater, the
550 1 1817 148 cantiemmirsiatonay whliofi i 16 rokes Wittt vBeRa M dd4 @anc, 1
to nove; i i
hi seussea RS R EUIT TR, diredrd {0RTuRERIPRaVEing Ed s RORYSIRKHY
appr oxi maoélthie 28n3114f second at which time the MP instructs the RMCV1 144a

o B eesur 2% HE FR Rl T R R e Gl
at t achmengcasyding ot Bnfblodirh RE SMEhtioRTIE U tood it this! iltgsteationac e

& ?ﬂ"t
such that the traction unit 23 as at | east one adherence nenber 46a - 46d
att ached canasa apply to the ether adhgrariceememiversibb e- 46d.t r aver ses the surf ace.

I[f the MP 220 termines that theselease tinmes of all -the adherenc
menber s 46a - 458 SNEE O BT 40 BALIRS Y ShRtn ke SeR Nt e
pause theaahéﬁén@_@ rﬁé@lb_éxhea?tb%nstﬁfac@nﬂgéﬁd ﬁfcldd@s%b@éﬁqmib‘pér@ﬁéﬂérs 46a -
46d as the traction unit 22 continues to nove across the surface.

Al t er nat i estepd ansbretrack e sugtiontup 4= tarand from ther surface: 14t The suetion qup t

member o 484005 BEGME Y ERPSHE BobB BN Ao e U eR e R SRRREPEH
cycl e20 St With a efiedioreanted-$Gfadh (riot shownynPhds neén tHehsudionélp B4 0

directs the__og{eration of the trucks 50a - 50d as follows, The MP 220
recei ves HHégl ﬁQP?B%"saES:UWﬁdOPWWtSﬂ sFfaRe arrortion of ke eyp ?6@(9”% thed

tor, i : I=prel I |
reot st RaNags Bl BF Eontling 1 (EAIARE LR 920, the BOGy 18D cartes IR, Ty
238a fr onremgimithg poriovai ofdble cupridaite comtacidhe 6&fdge.228a. The WWD1 236a
trols th rat | I t. f the wh t 240 h
Comr “ond specSTTHeT AR BURLE e el She kb it Haacees Tt
the spger 'cBHcéI’&Fie’Iiﬁé b ?ﬂf@aﬁ&'%ﬁ&ﬁvi&é&dﬁ r‘?‘ntﬁhérﬂf? 124 9%1ch axSsificdrle &Oot{‘a%re

The EN1 228a commruhi cates position data o e traction unit 22t
CON 230, whhegntional adie? 30th avarclowpduremeter valua do pramotecthedarmatioreandd

| o ¢ Drpinenagie of Acseah il solgh B sk i siffabet, hedits AR At
(FIG 2), frbh?afﬂ%cﬁﬁfr%e ﬂgfé 1%@6 avap fidhe théBodyt 920 fa@dRieqmeranl W\éﬁbbi/ing@?gn% Ihgn

nmove the adherence er ato areturn position. Still referring
8, if nul lipghambess1836ihateaniainthg seftabsasusanatesial b2 dherdaner qavityclidSsed in

conj upgt i ] . I t iA | tgally
el ule o tddes s VacRum ot 132 80hdelba b e GREIR soB)cE F10G 1y biGhe

oper at i onvatutirding36. 2Athedf thedips 122act 122c ohitHe b 544 contart theesyrfadentl18
MSTRMP 240 may repl ace the individual MPs 220 and, tggggg_er_at or would then

control t ey fosmna seal andcriegigRRvasaum inthe dyscauity hip¥acym aachesisor
(081 ) 22 isf%i b i b i 7!

Gecl i hat | e odp Byt 1Bg SEa 4140 £l SlegoBS b Dischl dsfiat ointe

val ve (LCdantazdwithdhprseisfaceilA8. tAslongrds atdeasttane @thadipsrti2agt y122dfarmssa ed
in greater detail in conjunction with FIGS. 10 and 11 ). In addition, and
as previously discussed herein, the MP 220 may al so nonitor the orientation
of the adherence nmenber 46a relative to gravity with a conventi onal

i nclinoneter or acceleroneter, and adjust the vacuumw thin the suction cup
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Referring to FIGS. 9A and 9B, the standing turn allows an operator to
change the direction of the traction unit 22 without the wheels 56a - 56d
of the trucks 50a 50d touching the surface 242. This type of turn allows
the traction unit 22 to change directions w thout scrubbing - abrading the
surface 242 as the wheels 56a - 56d 5 attenpt to change the unit's
direction of travel - the surface 242 and w thout changing its alignnment
rel ati ve £8akWih te sudace118, theraupfidegcalt genergie 8vesyustand sttach tmt
surface,ngphgg gqg cosnetically or structurally damage a surface, and
becones copreval ent the slipperier a surface becones. Mintaining the

same al i gnnent In stherealicditnehes thecsttibyped 4a mayincludé psdredrifewer lips that
applications. 10 Still referring to FIGS. 9A and 9B, to perform a standing

turn, theM@y Qnmaymotbegonsentsiserlaasiditions theseft visseusmaledac4eaydneludes -
46d (46cC t L bhel Lo i cups 54a - 54d (54c and
54d no sﬂg\%ﬁ%qﬂg @ﬁé@@\gg‘%ﬁgt@ @i@lg?%?énrgs{lééﬁeggm attached to the
surface 242. OThe suttionepp Becan bé thadeeframt @nheshventionaliesilient matexrdier s
46a - 46d further extend their cups 54a - 54d 15 against the surface 242.
Thi s caus&¥Ch RS rHRRY <r Bagtic d%mﬁagenéhe enyonpent ARyPeef suitace thelciiPsoa
- 50d (50@43'@/@@%@&@ shown) to lift away fromthe surface 242. Next, the
oper at or or turns the wheels 56a - 56d of the trucks 50a 50d, and
then retracts St refectingto El(s4,5A@ne évbodiment thettbosyt t20cincludesra t ' s t ur ned

wheel s, 56a - 56d t i t th f 4 20 Alth h t t andi
turn 18 qeopvenianalagtaien fEbaE tediingals & [ Taf e PLleBAnd Bching he
fraction yiefiortdup 84BHdMh thelshiftfod 118 q”hé%a'1gp,hééﬁ§f.v!i%%fgsaﬁﬁa3&p§%|rgay

be turned to point in erent directions. Referring to FIGS.
t he pi vot attachesitd thesbadking plate 136 ofi the s@dionoccupob4a and lacsecomdyensbi4® wi t hi n

h i i 22w Si .h rf 25 sh I
heconpi s ARARNE fo, APt e ComERlBhaRbUarsBLinits & balaribesaidl Bitsc hee
not or s 24QgmigdIly aAfHIh the st et 1 88 td tHePSURRRAUY 5¥h. VB9 el

gp@ﬁfg fedadiedtor
forward while instructing the remaini ng wheel notors” 240c "and 240d to drive
t hei r 12 or rl84pwittiprepsurasais vissihedingssBa and 8ale, apgissussedibelowtinmonjunstionown

in FIG 9C. 7 i t . S e
teering TEVErS (hare Rttty 55 PETEEMR pibid e Pad Bty i fomb®. s
as shown ibadil1@0. 9D and instruct the wheel nmotors 240a - 240d to drive the
wheel s 56a - 56d in the appropriate direction. Referring to FIGS. 9E and
9F, the radius it @therambrgiments thesadyoh2Qimay inolugde a epnventigpaliotarypoi nt

out side t j [ . ' r ce Lnat
shoun) . TRCFrSr g BiercodbBghiiial ibenafierh BERATE R0 By Uk BReyp g
ri ght208 54artoand feomdhedodgri@0causes the turned wheel s 56a and 56¢ to
scrub the surf . . The turn . shown in FIG 9F typically.d ot cause, the
wheal's S6a - 5EK0: § 13 8USK HEOcAIM ol et PrwBels SeEhed i P hesos LS fur n
W t hout sgf b&&infEht I N

radi us angn;%}ggg&of ”?gfd‘(l)%![ﬁgie e nglég?%tegggdm%g?%ﬁg% ecurgg?éﬂﬁgt han

t he turn reigirmeohanisned8apénd hdherenicdanembel 4686y distdbbting nEgaiie, 1Ovand 11
are side views of three traction unifs 22a - 22c of Fl G i nke oget her
0"t or m a PORLVR, SebidhRas b RreRRuipe S B hesricotmeanats n e ISR FIGTE: 1o
shows2k he jlistrafesd’hid pr!iéﬂnh'é't'id"%/sttém 24 pbwads BRe réfurr prathanisnt 488, are 10
traversing up an incline. Fl 11 shows the train of FIG 10 traversing a
decl i ne. Réherenaegmemberdéa arg eneisadtjon eumhéa dhisaindesstoodithat thisai n 250

tract on JielreBba <ol oust BBHR ¢ are pha B ik Brlbrif hab r D AdRlodle ¢
22b, and anémbery4éh nkieasariblstiorbelipbsopuy aljd. to pivot a third or trail
traction unit 22c up or down relative to the 15 mddle traction unit 22b.

The train 250 Aeferringcneim e Fiesorihesysten prr\ddes EE@éthrﬁszﬂiﬁ%OhP@ﬂsérQ%
each ypit gti\'/? of Gadi\in ORW %"ﬁh%igﬁ, t%%ﬁé?et‘&'?ﬁ éb%%h[%'ﬁ%@ﬁ é{iﬁeéﬁ&éace 256
such as gaps, steps or ptotrusions,’” and any substantial Thclination or
decl i nat i onembet 46a andfsactiod ThpBdauas tivedied bydhe nsiexb-provessor st theiocoktrol
assenbly 252a incl s,a pivot link 258a pivotally ajtached at one end to
The ronr asmrRBRLST BB Ssiem S Hckiisas (N MeohenathEava I AATer of her
end to thgeld, Ql?sfi%)? ddl ' h I 2a al so
i ncl udes t\?oc'gictégat hﬁ’iﬂ%btsﬁz%%gglé%dé‘g%%%&tzﬁgthggr@ed pir}b/%ta éTiFa‘tmtazzélghed to
each ot herigh/loynpresisureneontreliuddveaidt fartsedentivelysuppiytieg lawer higlr pressurecdir t he
|l ead unit 22a or front 262b of the m ddl gaunit 22b, and a |ink actuator
266a that is also pivotally linked to the mddle unit 22b and the actuator
| ink 264b. 25 Conventional techniques such as bolts insertable through
bushings or ball, needle or journal bearings, can be used to pivotally

e . o ~ S ~NrS A s o . ~NSS 3 - o



10 establish a seal, the MP 220 instructs the lead unit 22a to propel the
train,250 up the incline. Referring to FIG 11, the sane 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
mddle and trail units 22b and 22c retard 15 the speed of the train 250 as
it noves down the decline. Still referrin%gto FIG 11 the sensors 254a -

254h can 9 2B agberange-memher sentiotjealve A48 thatnewergdbe pistan didddFéaotigef the

2 Gap i o BREERRE efoRE Al 1d BReb R SRR R4 B PNl ca,
but in thivalvenS0xor euppiging akaanin ar highplessidfe aivtp thulsudtion dugpBda.r Thei on
unit 22a over the E%@ as the mddle and trail _units 22b and 22c propel the

trai n 2508yStABh24 glRecneivges e Vaedun $oyEsrs 80 (Pi6ad) sonnerted torte spctiomeyr G
actuaror 0K ED tEl M Bnd S AP Inqiteo ESafford i LBSHOHENE Jond ' X

suspend aad/apuupetensm 154 dbinmeotadt to2Re saction thp vahve, 130anddbetiemcep Seaber s

46a - 46d. of ZF gg m_.ddl e unit 22b are rel se fromthe surface and both
link act uBY #&ipgdab ENFNUE 8BRSRT LIMRN| é &Rt Prespursigth ?ﬁé‘ctj%fbcw

t 0 d
Pito the Sad2ndiel 35'83*‘ %@?&%?@*ﬁ%ﬁ%ﬁﬁd&?ﬁ@%agé Sg 3y ey
i ncl ude | oohnecip theabigh/low-ressanet cantro| ralyel 16, néturrpiedhaoisnd valvei 144, |amdo
th . 30 Alth t train 250 h bed db
D Rl B B4 o b AR S B R el Bt
ot her, thgohi fHetra®dncdiit 22 { Pl rsh anr{édi'gtH&h'ﬁHﬁowfﬂr&s@r%acomr%?Qal%QS to

si de vvlth respect to each other. Furthernore t |1 nk assenblies 252a and
252b may the smlfce@f@msunzedraamﬁ Line 1G2eeonnectsthedtigh{iew @resyurefcontrel

di f f t LLact ts 22a - f 20 |
200 and 1 ValvE 5 el aoheréribg mafefisoBrof Yie Hehicninebdige i Sad 1861 3555
may at t acBoMRectd tﬁ@ﬁdhé#én%e?ﬁémbe?l@atQnﬁ‘%é‘ékhé’tﬁﬁté tHe ysteArd thestead of

rrerelil one as shown and di scussed above. 12 is a top view of a
tractTon ahn@sm?ﬂelncludlng si x adherence nenbers 5 46a - 46f according to

an enbodi ment i 0, dher ence
menbers 46e - B{S?EQ%rﬁdrﬂ)beﬁ@ ?g%? h&ho&gégg;% t%@?émg%&'@xaﬁgrﬁqu?@gd) EF\o t he
surface asqu&e inoh Spayabb\v@a&msqﬂwetriaq:rewdrapme(Ibwtpn@bewe)ns dpproxisiatel 10
arrangenent, the additional adherence nenbers 46e - 46f cycle throug

gt t achmagps' pBEAdh’ ¥agwdmris approxipately 1dm 12 Rsi Qﬁ'oYV@tG}?épaﬁf'%ﬁéeﬁﬁué%l ousl y
a1 T angenehioheyRr BtEss e whidk faabe dsecdgikhdg BHhe leBHIRs the paffodd

t;éﬁi c20 | y andfurttypesdf Madeetraﬁérﬁﬁ@ TheGalv®s 1/444|q 1lsesatre<attacgﬁﬂ he the fram:b 42
adher ence rs 46a - 46d t.o ensure at ast o adherencge. nenber
Gon T Cher (TG ehkala sepaiate Tearm FRls SRRCLV Mechanisr 48, MaTi doa QTP
surface. Hagl BA TeQérvaRl@%gfhm%b rhé'fbé%ﬂnﬁéd’ﬁ@'a FHH8f BRfHSe g@@&ﬁ/es 46e -

46f may be op erab e to ner ach the traction unit t he
surface wmemanisen dBat n&mberﬁﬁamd:um&%ay or Iwatad@mﬂt from the tnaction uni2?. i s

Speti 111 ocat PO BETRREG LSRIastEn U2 liptada the stighée itce T
securgsi t sh@whhmeswsftémezzt Bypdles fie ébtteﬁéloatﬂmrr@ﬂﬁenéw offBEPEctiof@up 548 dhé an

provi de alone. In such a situation, the additional adherence nenbers 46e -

46f may béetamn atthecadherence memberdbasas welliastthetaitachmens andueleaselafthe e t o

ddi t1 onarConIbrun4b 18 Apa e he SanEee AL ATTs: et iy B AR MEBRTE e
surface asndrhéntisinot AéBesaurits fitst bihsimply bicked aisi amartirgy fast inbmedredat i on
the 25 operator,  or MP 220 typically instructs the additional adherence

menber s 4déS°U53r'Gf‘ ntwp@s&sértae @Hberer%dflembee Gfa hangs aboxe the suFacg i tace and
formanse t Hﬁﬂﬁﬁﬁ

unit 0 ?éstuﬁﬁople)&gérét&‘rﬁgltHSgPFﬁ%gQﬂ?%fv?@sur ace. r%%%euﬁng?%&tﬁo F;nttgl i nes
where the sUchmksuﬁﬁ&a-vnéﬁubsaﬂéZ ot wol\e/lthdhplseumn cup &4arsuspéiided above

unwant ed rmve nt down the incline, . the dition 30 adherence nmenbers 46e
T er con T S Tate JoaNapHa RS DY gt Ta e GHTESP & S ULPEISSHal

adher ence @arm@és $5gall iBGafeorEagfd in .nm@%@arh@enna%dﬁfécbeséﬂhbh%nﬁé&@r e
t he tractlon unit 270 to e surface 13 1s vi ew of trains
of tracti dine amptressura lsotiras a@tmmsawEraocaMmgeltftﬁabyndirectmrﬁmjhlgbﬂowm
the invention. Train 272 and train 274 21 simlar to the train 250

di scussed in conjunction with FIGS. 10 and 11 except each traction unit 270
i ncl udes six adherence nenbers 46a - 46f like the unit 270 di scussed in
conjunctlon with FIG 12. L|nk assenblles 274 are 5|n1Iar to the I|nk
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15 to travel a long distance to the desired location. In addition,
tethering the unit 22 to the boom 276 all ows the operator to prevent costly
damage to other structures of the airplane |ike the wing 280, w ndow 284,
or fuselage 278 if the traction unit 22 should happen to fall fromthe
fusel age 278. The unbilical cord 32 connects the traction unit 22 to the
pneumatic system 20 24 ﬁFI G 1) and control system?28 (FIG 1) as

pr evi ous| presisyreiserisoli valso i te comnedtithe lire ¢61 Supnlyinglovupessure air e thelo

i ¢ 22 | 11 162 Y READ e SO RcR Ren R EohowBie 398 TARHA e RE L i 1

22 using ¢eRYetie MMeB4aeThiasdihesadherbnes mieniiset46d exteRd9khe Shictiotnéup 544 ng
rope 286 {)revents the_ unit 22 from swi ngi ng back into the fusel age 278 by

25 aut omatq H@ syrface: rQaes Hip su@ioncumada M@h?ﬁﬁh% gUEface, thasperP4acformsia The

boom din
F 0 o588, B sGRIKERN BREVactRRTSBhsgh 134 Snded o McPORE H Rétate

per Spect | pressuesy Bhsédwontthisdhiopmation| theddrereprocsdgoptommésts the alr ssilreo

the top of a building and working co&%ratlvely The tethers 40 (FIG 1)

30 in t heSQWSE 4&iR th@cﬁdi'@f%@%ﬁw&ﬂf kY Jirectingghechighiiew pressyre goatkel

le b t 22
pegngb ﬁggwgr;m’?otb;& Q{I]'%Héq raﬁ@on uﬂmtazrﬁ%@g gm%gﬁ é&ﬁ%gb?%ge@ eam E2188
V\ﬂl CB in dggct_lrgrthm%mrenm mbmbmemintvm@vab_elhéﬂgt@ ddmg\tecgtgne PGZ rlmri:jmel 3dborf
t he m I n I.rectl ther unit an . n | S
T o m RoweNr thesauttor Qi 24s T8iS R S BeaLATaARnS ?@eﬂzeaétewsﬁcsne
W ndow 292,dihh&rosda WRNVESHENLR tﬁ%ﬂﬁ {HEONctigR: cu r54§ ﬁﬁdeﬁsﬁgﬂbgﬁﬂgﬁ

obe or drill. From

beam 288 nmay support other tools such as an inspection pr
t he for egetlhgrencewnémbie46p il sinaply demiain statibnanyuglativpdoitihe sugatedhtisht s of

vari ous SUIRSER NLAME-06 ) Ch e i Bar e Bl i gridiopFoE AR Ects ng
scope of Eﬂ@adﬁb’r‘éﬂbé%\em@ér46§t@?étfédﬂﬁe §@@tﬁ$n cupr5adbaridthed@duihat is

clainms is: 1. Atraction unit, conprising: a frame; 5 a plurality of drive
wheel 5 at nmm@alsm 4Baéommtr@raﬂhmem@mn@mhermfigo@ﬂtenmpredeimmaed dength of

o the. i I WaBes el BB OR SRR o2 e R i P RN Face,
each adhepesusirére Wit thenglotidh t@ipaBu pattssteiacte the gurfaBe atheairedence metmmbf
that is operable to extend the adherence foot toward the surface an

retract tHBaf@Rditiekastdbe suction cHR S4ar pRd thusiingteadsanuses the Bactian lemh22
mechani Sg% n@%@ﬁ% éfpﬁnﬁgftﬁ?\ffgcﬁ&q ufit2d tBREFPHSCsIrfadtP it thE SRAGHINER

adher enc espect
20 member 46a attached to the surface, the traction unit 22 moves relative to the

member 46a until the member 46a trips a limit switch 96. Once tripped, the micro-
processor connects the air pressure source 26 to the suction cup 54a with lines 36
and 160 to generate positive pressure in the suction cup 54a and blow the suction
cup 54a off the surface. With the suction cup 54a blown from the surface and the
25 adherence member 46a exerting a retraction force on the cup 54a, surface abrasion
by the cup 54a during release is minimized. When a limit switch 96 is tripped, the
micro-processor also connects the air pressure source 26 to the return mechanism
48a by directing the return mechanism valve 144 to connect the line 160 to the line
170 which causes the return mechanism 48a to extend its ram 114. After the return
30 mechanism 48a runs for approximately three quarters (%) of a second, the micro-
processor directs the return mechanism valve 144 to connect line 160 to line 172
which causes the return mechanism 48a to retract its ram 114. The adherence
member 46a is now back in a position similar to the first moment and the cycle can

repeat.
12



15 return position when the body retracts the adherence foot fromthe
surface. 2. The traction unit of claim11 wherein the adherence nenbers and
return nechani sns are operable to receive signals froma renpote contro
system 3. The traction unit of claim1l wherein the frame includes two
portions 20 pivotally attached to each other. 4. The traction unit of claim
1 wherein: the frane includes two hal ves each half having a center axis
wher ei n t he halnvetheaembndiments, jhexsysieme# maydachidetancorientatior: seaseresuchxes;

s of B ACRNTeaLiiGincl er F fo SRRERART I PRl BisodiBlotofhe .
frame i nciragifsn L 2Rabieive 26 € BRE EtidrAaf draviy &RA‘aegalktor WiRERIaBetdre hal ves

are pivotally attached to each other at e center axes; 30 and 24
Subst i t ut degliease the ygcupmANdIOUBgR aireRrpsstrey el his allewsionel toadjusidhe aaiunt

adner dhocOheRaE e Mp 348" 50 oM RAtnf SUlffke 303nE R oo FIRE o ©
claim 1l faghé@ncemprmberngea—t4aickhehdte traclicrdesit 22 is tmvbrdaqa oatlimgterd to
the frame; a respective one of the drive wheels nounted to the truck body

and oper aﬁie@Pbb'”éﬂmfhW?”aﬁ@f eSRMPiR: dhe trastian uni e WQM@%W#@%QOWB?’& it
oD nor oSS nd DR laleof O i o P8y SEB A Ao el Al
frame; a pegemted atthe sudtionl cupi $4a maydie generater! bpblowing direthimigh aveatunied
mount B ¢ 8§ FENTRGHIG A BBR, 1981 B G0%) SEBrSElgh CHP SR RATESTES B ¢ he
o e Dy, o L D e oot or e apeYable 1ol
the frame towaFtGtBés adronheievwot thedruckt 5Gecini . floinchuding & enctor,espedy,itwe
wheels and a drive shaft according to an embodiment of the invention. Although
FIG. 6 illustrates one truck 503, it is understood that this illustration can also apply to
15  the other trucks 50b — 50d (FIG. 1).
Referring to FIG. 6, the truck 50a propels and steers the traction unit 22
across a surface and includes a wheel motor 174 connected to two wheels 56a and
56b by a drive shaft 176 disposed within a truck body 178. In one embodiment, the
wheel motor 174 is mounted to the frame 42 with conventional fasteners such as
20 screws or bolts. A steering bearing mount 180 retains the steering bearing 182 and
is attached to the frame 42 below the wheel motor 174. The steering bearing 182
supports a steering tube 184 mounted to the truck body 178 and permits the steering
tube 184 to rotate relative to the bearing mount 180 and frame 42. Secured to the
outer surface 186 of the steering tube 184, the steering sprocket 188 is attachable to
25 the steering motor (not shown) via a conventional belt or chained links (not shown)
that convey the power of the steering motor to the truck body 178 when a turn is
desired. Extending downward from the wheel motor 174, an upper drive shaft 190
couples a lower drive shaft 192 to the wheel motor 174 via a conventional universal
joint 193. A worm gear 194 attachable to the bottom of the lower drive shaft 196
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

13



adherence foot is attached to the surface. 20 9. The traction unit of claim
1 wherein the adherence nenbers are operable to suspend the frane and drive
wheel s away fromthe surface. 10. The traction unit of claim1l wherein the
frame includes a translation zone, and a respective adherence nenber is
novable within the translation zone. 11. The traction unit of claiml
wherein: 25 the franme includes a translation zone having a hard limt

oper abl e €@HtgIrRiN.coR baits altgrhcthewehegis Farie theraxise40G argiiransmitdhe sotativo of t o
t he frarreth\@h%ﬂ%tzla@ taqﬁgw%ﬁ grgérber contacts the hard limt; and the
a er 1

respective rence ne Operable to retract the 30 adherence foot

bef ore t he adhiremeemboaimenicthetractos 174ds banventional eledtrical mudtst sized ¢o sheet
- 25 March 2003 12. The traction unit _of claim 1 wherein: the frﬁbfe

i ncl udes Bravidgeneyghrowsnhto thewheels S8arte oropel the tractionunitZZaurasi ¢ 1 mit
| ocat b GRS WHEL At : ' | a

r enot ?jcoﬁ%g%?qgglﬂﬁé%ﬁ%gé a r(L,gsgg%{é?é/gldéé%yhné?gﬁgggﬁg%rsnéﬁggggggt he soft

limt; anflygdred|apicthemicaliy exsistant toeadiation Bydraaliafilid. tin otieér act t he
adherence foot away fromthe surface after the adherence nenber crosses a
soft lim ?mﬁﬁélﬁ_)@m&r@etfﬁetcﬁd‘ﬂér@ﬁﬁé%mp"@owp&t@ ahph%l#fﬂam actuatarp 13.
The tract iaBedBilued buficBh b Raict] ke ifuBts koA bi4RAE of bR RonféABhal
earing and a FFIrnear nber-mnmount Bearing attached to the |1 near Tranme

beari ng anvhterial eizpeatingeomtheecamditornseoftbe environmient bhd surfacarthé trastioaniti ng
and I'neaé menber - nount bearing are operable to all ow the adherence nenber
to m\& réZoPe{RleEOMN he frane and to maintain an alignment of the adherence

member t0 15 tppsi7ARP,aRid (IBwASHIAL SRR TORTRFICED S 6 ifdiidifgieoddle T rame.
Cc OA r

14. The traction unit o aiml erein a y i ncludes an aCtuat
oper abl e assemblyiacsopding $oanzrdbadiment of thel ipventiare BIG.oB ist @ sideadewfthe

dh f 15 t ' ' | ai wh i n. dh f oot
"l udes HUSKEPRIR FIGH: 4a8edbred by bndieChdatott AFaRrBing 1 ATRNGE { nchnent
force a”deﬁ‘fb‘%gﬁﬁéﬁt &f&hd GhEtitioht 1A *F??St. TACAHEETS the treek PaGter t%'yté‘rfd digect i on

of gravity The traction unit of claim1 wherein the adherence nenbers
ar e offer abhaft iroF |65 6 have beeammittedar d t he surface with a retracting force

and are operable.ta adj er ting.force sed, on. the direction of
aravi ty. 07, TRBfRnd ST, hikarkt Ty eiShic AL AT A2 FPiGAlY Fhevidte btle
transl ati ﬁacﬂ&ﬂma?ﬁthbawlékgs &6agFIG6) Mhéh@orﬁ\@nﬁbﬁamﬁeélts%dl @picﬁﬂﬁt ed at
the center. 18. The traction unit of claim1l wherein a return nechanismis

oper abl e abowsihe Hasligpurit 22do Haverse ebrdaclgn dhatiibe wheabeb8a(blter® arather

cr ai m 1" whepitiond] wheBls HEbRINSHY i dhis.ermBogibh faGHHE Bbmp
t hrougth a202litclided selrive avresl 204 voninestedl tbithe wheel nadtbat M @FIG B)rinect uat or
operable to pull the caord through the hole and a second end attached to a

respect i v8hewB) Byat prepels the tHelke SAa@pdthus the frame 42 (FIG. 1) (not shown) across
a surface 206, a first and second bogie 208 and 210 pivotable about the drive wheel

204, and a belt 212 connected to the drive wheel 204 and bogies 208 and 210. One
or more actuators 214 connected to bogie links 216a and 216b move the bogies 208

25 and 210 toward or away from the surface 206. Depending on the surface being
traversed, the belt 212 can be any conventional resilient material such as rubber or
plastic, or the belt 212 can be linked metal chain. With the bogies 208 and 210
extended such that they compress the belt 212 between themselves and the surface
206, the area of the belt 212 that contacts the surface 206 typically extends from one

30 bogie 208 to the other 210 and at a minimum includes the area contacting each
bogie 208 and 210, drive wheel 204 and the surface 206. With more contact area,
the traction unit 22 has more traction. The bogie assembly 202 overcomes
obstacles conventional wheels normally can not by placing a portion of the belt 212

14



Substitute sheet - 25 March 2003 20. The traction unit of claim1 further
conprivsing a steering nechani smoperable to turn a drive wheel relative to
tthe frame. 21. The traction unit of claim1 further conprising a steering
mechani sm operable to turn a drive wheel relative to the frame, and wherein
an adherence 5 nenber is operable to suspend the drive wheels away fromthe
surface as the steering nechanismturns a drive wheel, and to nove the

drive whe@n the ebstaplesand allewisgthe davemhael 204 taclimd whthe kelh? 82 muahdike 22

ot hor oLk G bl 1R BRe ok iathetel A bicafler b s HpKsdufiags.
wheel s at t acheRefeprihg ¢o Ft@nEAamdmao@mbbﬂmm awisisdorignk 2 t8reoAnacts the
sur face; Bl ural ity of adherence nenbers attached to and novable rel ative

15 to t heddt a&% 2440048 e bosie i %‘e@aaamq/ 24geuinthinamapgrment theogiges ace,
each adhesemaRq MBS nbﬂ&bb‘fﬁ] t3fe AH0 ?269 c;]egi bﬂg of gath iRy, L hat
e a sur

I s operab e to extend erence oot e an retract the
adher enceRéfasting te MG hEB sinrdredieer anbodhmentpéanmlboglg liok 21€avand 2t6ihhas ans

ttached tqg t f h le t { dh

menber t oagtua@ﬁ;?é@?q%%? o wﬁ&ﬁ% s8R DA 208 SPACTIBBSTYRle. adner ence

oot 11 OjigBeAUERE Ao iine Hige BAREI 2045 Tofs SHRTaR opEHiPES pRBR byE0 2
I'ea t r

| i nk assenb toa action unit atrall tracti©on unit
and oper ad0&ot amlagainsttlﬂm bediace 2%andrcre|atetaddaﬂcatal traction without placingrthet i on

Furt i cShsf PofipdrinantBe sillers susk Aornab e dier PASEIR BRI Bt ant i al
i ncl i nat i greveRtdd Romsdiadtingthatdufick the traction unit. 30 27
Substitute sheet - 25 March 2003 25. The apparatus of claim 22 further
conpri si ng: FIG 8 is a block diagram of the control system 28 in FIG. 1 according to an
embodiment of the invention. The control system 28 automatically controls the
various components on the traction unit 22 (FIG. 1) and also allows an operator to
15  control the unit 22. The blocks identified by a name ending with the same number
refer to components associated with each other in a common frame section 68a —
68d (FIG. 2). For example, the extension or retraction of an adherence member in
one frame section is controlled by the adherence member control valve (AMCV1)
and the return mechanism that moves the same adherence member is controlled by
20 the return mechanism control vaive (RMCV1). Although, the following discusses the
control system by referring to the components common to a single frame section, the
discussion applies to the other components common to the other frame sections.
Referring to FIG. 8, in one embodiment the control system 28 includes a
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-pressure 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 to 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

15



a link assenbly including a |link actuator attached to a mddle traction
unit and operable to pivot a lead traction unit relative to the mddle
trraction unit to follow an inclination in the surface; and 5 an obstruction
sensor attached to the lead traction unit and operable to detect a
substantial inclination in the surface relative to the lead traction unit.
26. The apparatus of claim?22 further conprising a |ink assenbly attached
to a | eadotheaembadimants, iricentrolanit 2& meyicontriohsemevialofthegenmnpanents of

cur ace vl GRAR ft 28 b RERBREET RFeines Fol 4TLRERI  TaciTon unit
past an obst r ustill psfefring foeF 183118, &t MR diredis 366 opaTatiomifisi adherenté atdrmber
unit operable_to traverse a surface; a tether attached to the traction unit

and oper afb2 (FI&.sl) fsdptiowse At 3 firslimomeant imthe eyedgi(thetfirst meaent nnetni t fal | ;
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plhur ?I it yporfpodeis)/the\/&t&;éreneé tresphiest leﬁa hdmg}s‘ alaﬂme theds wofsmedhlis rbwrprpﬁxsﬁionZO
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and movabrad te SR 220 insticts MG dpe padl ths HE MRS/ L9881 rizesiirasing”

frame to é&ﬁ%r%ggggﬁ‘?frﬂgtﬁﬁﬁéa %6 BR{ePA%Re %gﬁ?@n@ﬂgﬂgg%xla’ﬂhé‘ﬂmfgg?%\gqgtfs%lé

attached to IS operable to efence f toward
t he surf athe ¥8d 15dartasignal ¢thenduetiomeup’s attachment tathesurfaredyy signaling an
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cup 54a and thus pull the wheels 56a - 56d (FIG. 1) against the surface. The frame
42 (FIG. 1) now moves relative to the adherence member 46a, which eventually trips
a LS1 226a that defines the soft limit 94 (FIG. 2). The MP 220 records this event
15 and compares the timing of this event against other current similar events by the
other adherence members 46b — 46d in the traction unit 22. If another event
occurred prior to this one, the MP 220 will release the other adherence 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 atmospheric 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



29. A systemconprising: a first traction unit operable to traverse a
surface; a second traction unit operable to traverse a surface; and a
ttether attached to the first and second traction units and operable to 5
suspend the first or second traction unit fromthe second or first traction
unit should the first or second traction unit fall. 30. The system of claim
29 wherein the tether is rigid. 31. The system of claim?29 wherein each
tracti on Wit 22 aergss thesuriaceangemoye the imindgef ere,dwodritoeeepdhgrenget ached

of adher ANETHERABRS 2K B kil PGy AR IRe R R R OmRr] Ui 3eRRat VLM

operabl e to regtihrsAbiringteFIG: 8} Ireofhé @mbddimént tivel MR220 atsrcdirestd eiieence
menber including an adherence foot 15 attached to a body that is operable

to ext enopnefatlg@ REthentrucksoolRa rRRsk as fallewsuriihecMPa2R) receivas andanalyBes ence
foot f5f° ﬁha%hfff*o‘rﬁrthé‘egnﬁoﬁérl{b@rg)ws@ nél DbEF o%ﬂbﬁﬁ%ts%%m‘%bo the
eac ra er 0O a
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fromth f 32 A dh hacki | d
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i nner cav rst annu rst inner cavity and
oper abl e motdrc(WMA) 2464 swblee|a\strinnsvesramirupeaaminuThaar SMmﬂ 2d38amontrobs ther f ace. 33.

vacudll porR BT als i dee SigsnglTeloT (ARGS 222815 has Hraing doe eets

e S oo e e R L

annul ar 1the GON 23 \gla;cbmlme CON 230 then compares with the instructions received from
the MP 220 and instructs the motor drivers 236a and 238a accordingly. In addition,
if an adherence member 46a — 46d contacts a hard limit 92 (FIG. 2), the MP 220can

16  stop the WM1 240a to prevent scrubbing and then move the adherence member 46a
to a return position.

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 will
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 aiso 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
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29 Substitute sheet - 25 March 2003 annular |lip and operable to protrude
fromthe |ip chanber when the first and second |ips are forced towards the
surface. 35. The adherence foot of claim32 further conprising a third
annular lip defining a third inner cavity that includes the first and
second annular lips and the 5 first and second inner cavities and operable
to forma seal when the third annular |ip contacts a surface. 36. The
adher ence footRQfBrrdngathF@Sf%tandrgﬂzdh@ﬂ&’ldi@ twin @tiows ameperator toghasgeni ng

third i . ity,.that I d
the 11 rstnaairecib e fact Lyt B2 it s @Rl RE" 20e e Pkt 8350 ne
third anrgicfouchimgtpeisifiage 24 TIE Syperdtiutn aMdws e fraboriTahieRRab chafgesed
in a lip chanber l'ocated between the second annular lip and the third
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i ncl udi neerea nigirig ma&?irﬂeﬁﬂrellmwleeto the durfaee BMReISaubbiaglafieh grotlacéed to the
bogi e and drive wheel, wherein the bogie assembly is operable to suspend a
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portion

truck bo ye ande éjﬁotre 0 ttthg%né#%'ﬁérﬁsandégo%%?%@?g !"'ﬁ‘?ﬁﬂ@@%&%@%o&g?
gener at edalignmere |smnportamt fohsomieitypes\wbewbrk mdspeettoemppi@aapn@c ket attached
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(FIG. 8) or operator instructs the adherence members 46a — 46d (46¢ and 46d not
shown) to attach their suction cups 54a — 54d (54c and 54d not shown) if the cups
546 — 54d are not already attached to the surface 242. Once the cups 54a — 54d are
attached, the adherence members 46a — 46d further extend their cups 54a — 54d

15 against the surface 242. This causes the wheels 56a — 56d (56¢ and 56d not
shown) of the trucks 50a — 50d (50¢ and 50d not shown) to lift away from the surface
242. Next, the operator or MP 220 turns the wheels 56a — 56d of the trucks 50a —
50d, and then retracts the suction cups 54a — 54d causing the traction unit’s turned
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 all 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



30 a franme; a plurality of drive wheels attached to the franme and operable

to propel the frane across a surface; and 30 Substitute sheet - 25 March

2003 a plurality of adherence nenbers attached to the franme and operable to
suspend the frane and drive wheels above the surface; a steering mechani sm
attached to the drive wheels and operable to turn the drive wheels after

t he adherence nenbers suspend the drive 5 wheels above the surface. 39. The
traction aWiunddd celngr andsanses dhenturned adeslschta and @srte scrd theesufagsdy

"o oper ant 06 HA R R, & GhleRY BReb o PR i Wbels el 258 B 5eRihocl <

and framethabsurfadeheHowe i@ e péﬁo#ﬁth|é\ramubwrnqmtﬁmﬁ\senmm anwafth?e:e
conprising: attaching an adherence foot to the surface; | g a frame

¥mth a drwheelmﬁfi:ﬂ é.crrsthetwams thecirmyagius :anﬁgspeﬁd ofd mheelsand
naner choed54 SNASEEiptbe offtbEaifie difffTadls A ¥§?éﬁ°ﬁﬁ“§dﬁ%@§é@‘?%ﬂa

ret urni ng56hendeseﬂased adherence foot to a return position. 41. The method
f claim40 wheregj hi dh f oot | ud

vacuum bet weent koS HIABAGHCE oS0 VIRHS STIBras T AGas s 23h8 248 AdHICE ol ai m
40 wherei f e‘degetm tb K6 AR 280 aTc%BFdﬁg?cﬂhh'é%t?&u%%i BFgw |H9éHﬁlﬁf]
generating alr pressure greater than at eric pressure bet

adher enceFf@ot0 ahows tthe traint 2b@ inctudihg two hek agdsemblies252a@ant2i2btare surf ace.
t hod. of cl ai.m 40 n.novi ng the

att achba EAMERINCYS PBINCIR. kIR d TN e EaR o4 LD, 10 Fevetsihe adesiie of a
respective 25 RERSGTiRGES FIBELED-ant 1, IHSnBRMBSHiRTent! thk TafP 2505h QL des a
first link assembly 252a operable to pivot the a first or lead traction unit 22a up or
down relative to a second or middle traction unit 22b, and a second link assembly
252b operable to pivot a third or trail traction unit 22¢ up or down relative to the

156  middle traction unit 22b. The train 250 also includes obstruction sensors254a —
254h mountable to each unit 22a — 22¢ and operable to sense obstructions on the
surface 256 such as gaps, steps or protrusions, and any substantial inclination or
declination in the surface 256 about to be traversed. The first link assembly 252a
includes a pivot link 258a pivotally attached at one end to the rear 260a of the lead

20 unit 22a and pivotally attached at the other end to the front 262b of the middle unit
22b. The link assembly 252a also includes two actuator links 264a and 264b that are
pivotally attached to each other at one of their ends and attached to either the rear
260a of the lead unit 22a or front 262b of the middle unit 22b, and a link actuator
266a that is also pivotally linked to the middle unit 22b and the actuator link 264b.

25 Conventional techniques such as bolts insertable through bushings or ball, needle or
journal bearings, can be used to pivotally attach the links 258a, 264a and 264b and
the actuator 266 to each other as well as corresponding traction units 22a — 22¢.
The second link assembly 252b is configured similar to the first link assembly 252a.
The obstruction sensors are typically conventional proximity sensors using sound or

30 light to sense impending obstructions and notify the micro-processor 220 (FIG. 8).

Still referring to FIGS. 10 and 11, In one embodiment, the train 250 also
includes tools 267a and 267b mounted to traction units 22a and 22c. The tools 267a
and 267b can be any conventional tool such as an inspection probe 267¢ or arm with

a claw 267a as desired.
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nmoving the frane relative to the attached adherence foot includes noving
the frame relative to a respective body; and rel easing the adherence foot
fromthe surface occurs before the 30 respective body contacts a hard limt
that prevents the franme fromnoving relative to the body. 31 Substitute
sheet - 25 March 2003 45. The nethod of claim40: wherein noving the frane
relative to the attached adherence foot includes noving the frane rel ative
to a respecti vatilbwigrringria FlGr flRewheombstraction sengqi2ifa sensesameubstamiatovi ng

nar d 11 m el 17 ST 2534 i RE e At 220 TR M ER ek uRplicta 18 ™
net hod of adhetentd themieérsi 4680 YBE DT tHE Idadauiit 224 &3 telGadedtHe Surfddes2iBeds
adherence foot includes: noving the frane relative to a respective body;
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attached dp\dbteuhené@d uaitt22anslidweetherimolined surfackrab?e Nextathe\MP1220extendetts ve
body; 15 rel easi ng the adherence foot fromthe surface includes
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limt but t th d
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cont actl NBclife surface W t h three annular |ips. 50. The nethod of claim 48

wherein generating an attachnent force between 25 the adherence foot and
t he surface i nRefettsg fehtGal1,thesame openationalesaguence 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 22c 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 middle 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 axies 200 (FIG. 6) of the different traction units 22a — 22c¢ or a combination of

20



suction cup and the surface. 51. The nmethod of claim48 wherein generating
an attachnent force in the adherence foot includes: punping air out of an
I'nner cavity in a suction cup with a vacuum source 30 connected to the
suction cup; and formng an air-tight or substantially air-tight seal

bet ween one or nore annular |lips and the surface. 32 Substitute sheet -
25 March 2003 52. The nethod of claim48 further conprising maintaining an
at t achmerthefwhesd axtest 220 and fragme42{b3. H)hahlso,fwioueranord inkasserblies 252a ght

or substant | I r-Light bet. t urface and a,first .annular lip
Chat e ; sk 2524 iy afadflong Bfine TERa - 22cib ardiferdiit Zaq i2dh REtBRu Bt
subst ant i mkfely @he-dd sHwrs aad diiiuesed abbgesur f ace and a second annular |ip

t hat defines a_second inner cavity incl udigﬂ%t he first annular |lip and
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pressure %reat er than at rmsphe_rizig\gressure bet ween a suction cup and the
surface té/Gtoihestefacecas the b2 Eiipversemtbe sudace feet shown) A Instiah@nof
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attachnent force . in the erence foo ased on the direction of gravity.
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conpri si N@aysIebStHB SiMiscd . he orientation of an adherence nmenber relative to
the direction of gravity; g_enerati ng a retraction force in the adherence
menbdld, and adinuanathgr eméodimentc theoadditional adherenceaneabsie 46genf@impyded on

Lhe 30 o bBeblE ool an S o Bh 106510 61 e Peck iR BerEpEsEL ™
menber. 33 stathdy] For examphd, if thduniz @hisXiepehfed Uipsiderddwat optartiedian 57
wherein generating a retraction force includes
payload including a drill 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 unwanted 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



generating pressurized air in the adherence nenber and adjusting the
retraction force includes adjusting the air pressure generated in the
adherence nenber based on the direction of gravity. 5 60. A nethod of
releasing a plurality of adherence feet attached to a surface conpri sing:
sel ectively attaching one or nore adherence feet to a surface; and

sel ectively releasing one or nore attached adherence feet fromthe surface
whi | e mai siTdRRtthedrain 256 diseussedra conjinction witht i l&shetd and 10 exgepteadhuce at

mor e at ¢ SERaRER B IR oif eBhtatibedipiels MarAdRetne SRy b
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16 to travel a long distance to the desired location. In addition, tethering the unit 22 to
the boom 276 allows the operator to prevent costly damage to other structures of the
airplane like the wing 280, window 284, or fuselage 278 if the traction unit 22 should
happen to fall from the fuselage 278.

The umbilical cord 32 connects the traction unit 22 to the pneumatic system

20 24 (FIG. 1) and control system 28 (FIG. 1) as previously discussed in conjunction
with FIG. 1 and includes a tether 40 (FIG. 1) which can be any conventional material
strong enough to catch the unit 22 in free fall and can be attached to the boom 276
and traction unit 22 using conventional techniques 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 276 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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selectively attaching one or nore adherence feet to the surface includes
sel ectively pausing tenporarily the attachnment to the surface of at |east
one of the 5 one or nore adherence feet. 66. A nethod of turning a wheel
traversing on a surface conprising: noving a wheel out of contact with the
surface; turning the wheel while the wheel is out of contact with the
surface; and noving the wheel into contact with the surface. 10 67. The
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operable fo move a respective adherence member to'a respective

15 return position when the body retracts the adherence foot from the
surface.
2. The traction unit of claim 1 wherein the adherence members and return
mechanisms are operable to receive signals from a remote control system.
3. The traction unit of claim 1 wherein the frame includes two portions
20 pivotally attached to each other.
4, The traction unit of claim 1 wherein:
the frame includes two halves each half having a center axis wherein
the halves are pivotally attached to each other at the center axes;
and
25 a respective drive wheel and adherence member are located on both
sides of each center axis.
5. The traction unit of claim 1 wherein:
the frame includes two halves each half having a center axis wherein
the halves are pivotally attached to each other at the center axes;
30 and
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a wheel motor operable to power the drive wheel.

10 7. The traction unit of claim 1 further comprising a truck that includes:

a truck body mounted to the frame;

a bogie assembly including a retractable bogie and a belt attached to
the bogie and a respective drive wheel wherein the bogey assembly
is mounted to the truck body and operable to traverse over obstacles

16 on the surface; and

a wheel motor operable to power the bogie assembly.

8. The traction unit of claim 1 wherein the adherence members are operable
to pull the frame toward the surface with a retracting force while a respective
adherence foot is attached to the surface.

20 9. The traction unit of claim 1 wherein the adherence members are operable

to suspend the frame and drive wheels away from the surface.

10.  The traction unit of claim 1 wherein the frame includes a translation zone,
and a respective adherence member is movable within the translation zone.

11.  The traction unit of claim 1 wherein:

25 the frame includes a translation zone having a hard limit operable to
prevent a respective adherence member from moving relative to
the frame when the adherence member contacts the hard limit;
and

the respective adherence member is operable to retract the

30 adherence foot before the adherence member contacts the hard

limit.
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S\}*"A0-! 113, The traction unit of claim 1 wherein the frame includes a linear frame

bearing and a linear member-mount bearing attached to the linear frame bearing
and a respective adherence member, wherein the linear frame bearing and linear
member-mount bearing are operable to allow the adherence member to move
relative to the frame and to maintain an alignment of the adherence member to

156 the frame as the adherence member moves relative to the frame.
14.  The traction unit of claim 1 wherein a body includes an actuator operable to
receive pressurized air to reciprocate a rod attached to the adherence foot.
156.  The traction unit of claim 1 wherein an adherence foot includes a suction
cup operable to attach to the surface with an attachment force and operable to

20 adjust the attachment force based on the direction of gravity.
16.  The traction unit of claim 1 wherein the adherence members are operable
to pull the frame toward the surface with a retracting force and are operable to
adjust the retracting force based on the direction of gravity.
17.  The traction unit of claim 1 wherein the frame includes a translation zone

25 having a center, and the return position is located at the center.
18.  The traction unit of claim 1 wherein a return mechanism is operable to
move a respective one of the adherence members toward the return position for a
predetermined duration.
19.  The traction unit of claim 1 wherein a return mechanism includes a return

30 cord passing through a hole in the frame and having a first end attached to an
actuator operable to pull the cord through the hole and a second end attached to a
respective one of the adherence members.
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operable to turn a drive wheel relative to the frame, and wherein an adherence
5 member is operable to suspend the drive wheels away from the surface as the
steering mechanism turns a drive wheel, and to move the drive wheels to contact
the surface after the drive wheels are turned.
22.  An apparatus comprising:
a plurality of traction units attached to each other, each traction unit
10 comprising:
a frame;
a plurality of drive wheels attached to the frame and operable to
propel the frame across a surface;
a plurality of adherence members attached to and movable relative
15 to the frame and operable to releasably secure the frame to the
surface, each adherence member including an adherence foot
attached to a body that is operable to extend the adherence foot
toward the surface and retract the adherence foot from the
surface; and
20 a plurality of return mechanisms attached to the frame and each
operable to move a respective adherence member to a
respective return position when the body retracts the adherence
foot from the surface.
23. The apparatus of claim 22 further comprising a link assembly attached to a
25 lead traction unit and a trail traction unit and operable to pivot the lead traction unit
relative to the trail traction unit to follow an inclination in the surface.
24. The apparatus of claim 22 further comprising an obstruction sensor
operable to detect a substantial inclination in the surface relative to the traction
unit.
30
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%0 a link assembly including a link actuator attached to a middle traction
unit and operable to pivot a lead traction unit relative to the middle
traction unit to follow an inclination in the surface; and

5 an obstruction sensor attached to the lead traction unit and operable to
detect a substantial inclination in the surface relative to the lead
traction unit.

26. The apparatus of claim 22 further comprising a link assembly attached to a
lead traction unit and a trail traction unit, wherein the link assembly is operable to
10 suspend one of the traction units above the surface while the other traction unit
moves the suspended traction unit past an obstruction on the surface.
27. A system comprising:
a traction unit operable to traverse a surface;
a tether attached to the traction unit and operable to suspend the
15 traction unit should the traction unit fall; and
a boom attached to the tether and operable to suspend the tether.
28. The system of claim 27 wherein the traction unit comprises:
a frame;
a plurality of drive wheels attached to the frame and operable to propel
20 the frame across a surface;

a plurality of adherence members attached to and movable relative to
the frame and operable to releasably secure the frame to the
surface, each adherence member including an adherence foot
attached to a body that is operable to extend the adherence foot

25 toward the surface and retract the adherence foot from the surface;
and

a plurality of return mechanisms attached to the frame and each
operable to move a respective adherence member to a respective
return position when the body retracts the adherence foot from the

30 surface.
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a second traction unit operable to traverse a surface; and
a tether attached to the first and second traction units and operable to
5 suspend the first or second traction unit from the second or first
traction unit should the first or second traction unit fall.
30. The system of claim 29 wherein the tether is rigid.
31.  The system of claim 29 wherein each traction unit comprises:

a frame;

10 a plurality of drive wheels attached to the frame and operable to propel
the frame across a surface;

a plurality of adherence members attached to and movable relative to
the frame and operable to releasably secure the frame to the
surface, each adherence member including an adherence foot

15 attached to a body that is operable to extend the adherence foot
toward the surface and retract the adherence foot from the surface;
and

a plurality of return mechanisms attached to the frame and each
operable to move a respective adherence member to a respective

20 return position when the body retracts the adherence foot from the
surface.
32.  An adherence foot comprising:
a backing plate; and
a first annular lip defining a first inner cavity and operable to form a seal
25 when the lip contacts a surface;

a second annular lip defining a second inner cavity that includes the first
annular lip and first inner cavity and operable to form a seal when
the second annular lip contacts a surface.

33.  The adherence foot of claim 32 wherein the backing plate includes a
30 vacuum port operable to connect the first inner cavity with a vacuum source.
34. The adherence foot of claim 32 further comprising a soft viscous material

disposed in a lip chamber located between the first annular lip and the second
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35. The adherence foot of claim 32 further comprising a third annular lip
defining a third inner cavity that includes the first and second annular lips and the
5 first and second inner cavities and operable to form a seal when the third annular
lip contacts a surface.
36. The adherence foot of claim 32 further comprising:
a third annular lip defining a third inner cavity that includes the first and
second annular lips and the first and second inner cavities and
10 operable to form a seal when the third annular lip contacts a surface;
and
a soft viscous material disposed in a lip chamber located between the
second annular lip and the third annular lip and operable to protrude
from the lip chamber when the second and third lips are forced
15 towards the surface.
37.  Atruck comprising:
a motor,
a truck body;
a bogie assembly attached to the truck body and including a retractable
20 bogie, a drive wheel and a belt attached to the bogie and drive
wheel, wherein the bogie assembly is operable to suspend a portion
of the belt away from the surface and is operable to force a portion
of the belt against the surface.
a drive shaft disposed within the truck body and attached to the motor
25 and operable to transmit the power generated by the motor to the
drive wheel; and
a steering sprocket attached to the truck body and operable to rotate
the truck body;
38. A traction unit comprising:
30 a frame;
a plurality of drive wheels attached to the frame and operable to propel

the frame across a surface; and
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the drive wheels after the adherence members suspend the drive
5 wheels above the surface.
39.  The traction unit of claim 38 wherein the adherence members include a
body having an actuator and a rod attached to the actuator, wherein the actuator
is operable to move the rod toward the surface to suspend the drive wheels and
frame above the surface.
10 40. A method of traversing a surface, comprising:
attaching an adherence foot to the surface;
pulling a frame with a drive wheel against the surface by pulling the
adherence foot and frame toward one another;
moving the frame relative to the attached adherence foot;
15 releasing the adherence foot from the surface; and
returning the released adherence foot to a return position.
41.  The method of claim 40 wherein attaching an adherence foot includes
generating a vacuum between the adherence foot and the surface.
42. The method of claim 40 wherein releasing the adherence foot from the
20 surface includes generating air pressure greater than atmospheric pressure
between the adherence foot and the surface to blow the adherence foot from the
surface.
43. The method of claim 40 wherein moving the frame relative to the attached
adherence foot includes moving the frame relative to a body of a respective
25 adherence member.
44,  The method of claim 40 wherein:
moving the frame relative to the attached adherence foot includes
moving the frame relative to a respective body; and
releasing the adherence foot from the surface occurs before the
30 respective body contacts a hard limit that prevents the frame from
moving relative to the body.
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45. The method of claim 40:
wherein moving the frame relative to the attached adherence foot
includes moving the frame relative to a respective body; and
further comprising stopping the frame from moving relative to the
5 attached adherence foot when a respective body contacts a hard
limit and the adherence foot remains attached to the surface.
46. The method of claim 40 wherein moving the frame relative to the attached
adherence foot includes:
moving the frame relative to a respective body; and
10 crossing with the respective body a soft limit that signals the location of
the frame relative to the body before the body contacts a hard limit.
47. The method of claim 40 wherein:
moving the frame relative to the attached adherence foot includes
moving the frame relative to a respective body; and
15 releasing the adherence foot from the surface includes releasing the
adherence foot after the respective body crosses the soft limit but
before the adherence member contacts the hard limit.
48. A method of attaching an adherence foot to the surface comprising:
contacting the surface with two or more annular lips of an adherence
20 foot; and
generating an attachment force in the adherence foot.
49. The method of claim 48 wherein contacting the surface with the adherence
foot includes contacting the surface with three annular lips.
50. The method of claim 48 wherein generating an attachment force between
25 the adherence foot and the surface includes generating a vacuum between a
suction cup and the surface.
51. The method of claim 48 wherein generating an attachment force in the
adherence foot includes:
pumping air out of an inner cavity in a suction cup with a vacuum source
30 connected to the suction cup; and
forming an air-tight or substantially air-tight seal between one or more
annular lips and the surface.
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and a first annular lip that defines a first inner cavity; and
forming an air-tight or substantially air-tight seal between the surface
and a second annular lip that defines a second inner cavity including
the first annular lip and first inner cavity, wherein if the second
annular lip can not form or loses an air-tight or substantially air-tight
seal, a vacuum in the first inner cavity is not destroyed.
53. The method of claim 48 further comprising releasing the adherence foot
from the surface that includes generating air pressure greater than atmospheric
pressure between a suction cup and the surface to blow the suction cup away
from the surface.
54. A method of attaching an adherence foot to the surface comprising:
determining the orientation of an adherence member relative to the
direction of gravity;
generating an attachment force in the adherence foot; and
adjusting the attachment force in the adherence foot based on the
direction of gravity.
55. The method of claim 54 wherein generating an attachment force includes
generating a vacuum between a suction cup and the surface.
56. The method of claim 54 wherein generating an attachment force includes
generating a vacuum between a suction cup and the surface and adjusting the
attachment force includes adjusting the vacuum based on the direction of gravity.
57. A method of pulling the frame toward the surface comprising:
determining the orientation of an adherence member relative to the
direction of gravity;

generating a retraction force in the adherence member; and

adjusting the retraction force in the adherence member based on the

direction of gravity.
58. The method of claim 57 wherein generating a retraction force includes
generating pressurized air in the adherence member.
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60. A method of releasmg a plurality of adherence feet attached to a surface

comprising:
selectively attaching one or more adherence feet to a surface; and
selectively releasing one or more attached adherence feet from the
surface while maintaining at least one adherence foot attached to
10 the surface at all times.
61. The method of claim 60 wherein selectively releasing one or more attached
adherence feet from the surface includes releasing the adherence feet attached to
respective adherence members that contact respective hard limits established on
the frame.
156 62. The method of claim 60 wherein selectively releasing one or more attached
adherence feet from the surface includes:
releasing the adherence foot attached to a respective adherence
member that is the first in time to cross a respective soft limit
established on the frame; and
20 then releasing the adherence foot attached to a respective adherence
member that is the second in time to cross a respective soft limit.
63. The method of claim 60 wherein selectively releasing one or more attached
adherence feet from the surface includes:
releasing all adherence feet attached to respective adherence members
25 that contact respective hard limits;
then releasing the adherence foot attached to a respective adherence
member that is the first in time to cross a respective soft limit; and
then releasing the adherence foot attached to a respective adherence
member that is the second in time to cross a respective soft limit.
30 64. The method of claim 60 further comprising determining whether the release

times of all the adherence feet are converging to one point in time.
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66. A method of turning a wheel traversing on a surface comprising:
moving a wheel out of contact with the surface;
turning the wheel while the wheel is out of contact with the surface; and
moving the wheel into contact with the surface.
10 67. The method of claim 66 wherein moving the wheel away out of contact with
the surface includes pushing a frame away from the surface.
68. A method of traversing an obstruction on a surface comprising:
sensing the obstruction;
lifting a bogie of a bogie assembly higher than the obstruction;
15 contacting the obstruction with a belt of the bogie assembly; and
powering a drive wheel along the belt while the belt contacts the
obstruction.
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