, dee3eVS'6T=B23 DEC 2004 Surface traversing vehicle The invent'ggdétfﬁmk
vehicle for traversing a surface such as for carrying out an insz t ,
survey or ‘nmai ntenance operation upon that surface. For 5 exanple, vehicles
of this type may be used to traverse a flat surface, or a space between two
such surfaces, or to traverse internally or externally the length of a
general ly tubul ar conduit such as a pipe) shaft) tunnel, drain, chimey or
the like, in a horizontal, 10 vertical or internediate dirjﬂ””ﬂw | es
and simlar tools for use in carrying out operations such muwmmmm and
mai nt enance of the interior of tubular conduits are known and ugggd,. Many
such vehicles can be used only in conduits which 15 are horizontal or do
not depart greatly fromthe horizontal; many of these rely upon the conduit
bei ng nore-or-1ess uniformin cross-section throughout |tsﬂmﬁmmlmmMMHMF
vehicle is to traverse the length of a 20 generally vertic

steeply-inclined surface, then 23 DEC 2004 the vehicle nust*deaoabl e to
grip the face of the surface sufficiently well to support itself, and any
equi pnment which it is required to carry or nove, against the effects of
gravity, friction and any other 5 resistance. Thus vertically-traversing
vehicles are nore difficult to devise and such vehicles as are avail able
for this purpose are usually suitable for use only in tubular conduits of
uni form cross-section and having dianeters of a specific value or lying 1G
wiithin a narrow y-defined range. Few, i any, prior vehicles are suitable
for carrying out exploratory or other operations other than over the
interior surfaces of such uniformtubular conduits. Such vehicles are not
abl e 15 sati sfact eorfycd ot eardnsiogt veHaebleperati ons even in tubul ar
conduits of varying cross-sectional size or shape, whether or not those
condui ts are general | y™or iizowndionThey of e vélss lesudloiry tmsvstsdsiee bor use

when the inner surfage of tubular conduit has 20 irre uIarltles such as
hol | ows or | ocal i 8B8% ?ﬁ%ﬂiﬁﬁﬁ &5s. for carrying out an inspection, survey

or maintenance operation upon that surface. For

5 example, vehicles of this type may be used to traverse
a flat surface, or a space between two such surfaces,
or to traverse internally or externally the length of
a generally tubular -conduit such as a pipe, sheft,
tunnel, drain, chimney or thg like, in a horizontal,

10 vertical or intermediate dirxrection. |
Vehicles and similar tools for use in carrying
out operations such as inspection and maintenance of’
the interior of tubular conduits are known and used.
Many such vehicles can be used only in conduits which
15 are horizontal or do not depart greatly from the
horizontal; many of these rely upon the conduit being
more-or-less uniform in cross-section throughout its
length.
If a vehicle is to traverse the length of a

20 generally vertical or steeply-inclined surface, then



Agai nst this background, it is an object of the present invention to
provide a surface traversing vehicle which is suitable for use uppry Bg@jﬂmh
variety ~5 of snooth and / or irregular surfaces , including those 3 DEC
2004 - 3 of a wide range of generally tubular conduits of uniform of
irregul ar cross-sectional size and/or shape and al so generally pl anar-:
surfaces of uniformor irregular shape, any of which surfaces may be 5

hori zontal, vertical or intermediate these directions. The surface
traversing vehicle according to the present invention conprises two bodies
i nterconnected by neans to nove the bodies towards and sway from each

ot her, each said body being supported upon-a2l10 nultiplicity of resilient
bristles extending fromit. It has unexpectedly been found that alternate
novi ng of the bodies towards and away from each other causes the vehicle to

nmove in successive steps along a gener altlr_%?l i near path over the surface
upon which the 15Y%&hivahdqle shppor P&d.2 ERanPpY &P \ihén freevehi AR i s

pl aced within a tubular conduyit . having an, ayerage inside di ter,alittle
| ess than the maxFHEN?BVerd 18?%#5’1 oﬁeg} -Re Sgﬁﬂp&%esl%eﬁ&?di fPhat
diametrical directiQ iGl e;fraverses.ihesl epgt h of-f hg, 2Q, dui t
in this way. Subj %gt 9?%é!?ﬁe%rc§gof%ga%s:at u?(‘als, the parti Crlﬁ argrdet ail'ed

formof the SUffaﬁﬁaEﬁ@t’efﬁé NG petisClog ageonaiyng rkect-henpapgesty i suairt i on
wi | | depend upon the general nature of the surface to be traversed. 25 For

exanpl e) thesshapeesistarcéri st reugareytiigabdgi esave2SibECr&d0Mes daramay be
generally flat when the vehicle is to be used to traverse a generally

pl anar surface ormahen difficuls ttavdeydsg spaée hietweephiopeadpaceane
general ly pl anar)taﬁener ally parallel surfaces. For use _upon or 5 within

tubul ar conduits fRBYLABYb&& Y&t LYTPIHe BFPelSVGHH8f THe3dRgtiPof the
vehicle or relatiyely short. i hat _dir i d, at ef.erabl .
rotationally syrrmla’%rai 83Fya63u3u§gﬁg?rdf?§§ {Lg% hﬁgg%f:%‘r C%?%F@m Lb'ec,tlt‘ﬁ]ey may
be generally cyliadai a@lvidy 18:8h8pers HAWeVET )sddia)k id1aya 8l 80 € 1ying
non-symetrical or irregular in shape) in order to correspond to the
cross-secti amal shapeiof at herconduide fuperid armnget.hi n whi ch they are intended
to be used. The bri'stles extending fromthese. bodies are 15 resilient and
are directed general | yFevwarids £RE.sRTRe WEPAF1ES t BT Be SridpEised©For

exanple, if that surface is single generally flat_surface.) then the
bristles may ext eﬁaréﬁ?@?aﬁ‘& pﬁ?‘g*?’é o’ eé’% 8%% t i?‘Pearagtilr?é’lse %iHect i on
away from each of (hag 20,00 fife | nddl3 3UT LG22 0N 101 SBRA! bn PforHHCh

surfaces. then the bristles w normal Iy extend in two opposite

di rections. When theuyehi ckendsi it ended shieh usendichlkisn argeneeal | anidibul ar
conduit, the bristles are directed outwardly fromthe bodies. 25 However)
the bodi es Ay al sethafeotbyibe &b gerawvaldyt such operations even in

tubular conduits of verying cross-sectional size or

shape, whether or not those conduits are generally

horizontal. They are also usually unsuitable for use

whén the inner surface o©of a tubular conduit has

20 irregularities such as hollows or localised
projections.

Against this background, it is an object of

éhe present invention to provide a surface traversing

vehicle which is suitable for use upon a wide variety

25 of smooth and/or irregular surfaces, including those



23 DEC 2004 -5 annul ar cross-section) with the bristles directe§ qu§5q¢ﬂ
for use to traverse the outside of a chimey, post, cable or thé Vike %
bristles upon which the bodies are supported 5 may extend, when in an
unstressed state, in a direction which is generally perpendicular to the
surface of the body, for exanple radially outwardly or inwardly in the.
case of a generally, cylindrical (including annular) body. Alternatively,
the 10 bristles may be slightly inclined to that direction. They nmay all be
nounted in nutual parallel or they nay be off-set fromparallel, for
exanple in pairs of. nutually inclined bristles. Wen the vehicle according
to the present 15 invention is in use, it-i3 necessary for the bristles to
be diverted to a greater or |lesser extent fromtheir unstressed
orientation. The required resiliency of the bristles enables themto
return, or to tend to return, to that unstressed orientation and 20 then)

if the vehicle i %t 0® be'id8veranae 1of hecapvertEd BEYOYRE t hatdoitentat i on
into a new inclination in_an opposite direction. The bristles may be

natural bristles BFIRRY BE ST adt FECSRACELtAPPRAVF hES t #RA tesiTrade
resiliency, far np. syntheti-c p ric_25 materiagl or a netal. The
mat eri al ideall ygéiasp+g?/§ ag}%%%él%Ecgi%rg%r- %urfraecieésti \?gl yUWfﬂF’%t i°Ff ness
coupled with a highegai@rof sghgsti chhy. Ween Jjfienvehi gl Jdos u%pd t% carry a
relatively light |oad, for exanpfe a canera to inspect the surfdce °fn

question, then spothebntapplwerical5ofttiatedheBibst| e8esd 01 AXAMR)E  Of
nyl on, are suitable. When better traction is required, for exanple when the

vehicle is to tow behTirel Ftrfacel sréavetyitmeavyhliode, athendn®y akobrihst | es,
for exanple of steel, are preferred. Mxtures of bristles of different to

mat eri al s and/ or PEESH T f &P BT F1 ¥hgtHP TPl §Y° beedisks. intferdemniesged
performed the degir i t ehicle . is required to ve in the
reverse directi oﬁ%' rﬁ%ﬁ%%gnpn%ewet gmgnAéB a%7 toye ‘gsr%?‘fi%‘(ﬁé’dr%tomlﬁﬁécause

it has encountergghén, obgheHClis@nl | hda$ NEGESSAT Ysi i in é' ation of
the bristles to be reversed. This resul? may be acﬁ?gé%dgﬁ% a% é%f 2 nunber

of differzat waysulSipice imyenentexdflilche \refiisalle sowssteaasSHgl aeemr egqui res
one of the bodies to 20 remain stationary while the other noves towards or
away fromit, thetnBfh HegqupPreredlyibeen fevefsdbhele ditelrnnati onvohgt he

bristles on a firgt bod%/(5 $referabl t hat one which is rearnost during the
initial forward FovENEntObte: hECYAANS 1309 @R %0l €355 PEperhererefe be

Eﬁg;} reufr:)fg Wi t hynd ory gAR e):oShr%\;leer it?'lri %Uc%%sg@.vghes é;gsSt a rc])intg’ go
generally linear path over the surface upon which the

15 vehicle is supported. For example, when the wvehicle
is placed within a tubular conduit having an average

inside diameter a little less than the maximum overall
dimension of the bristles measured in that diametrical
dir.ection, the wvehicle traverses the length of the

20 conduit in this way.

Subject to the foregoing features, the particular

detailed form of the surface traversing vehicle
a.lccording to the present invention will depend upon

the general nature of the surface to be traversed.

25 For example, the shape of the bristle-carrying bodies



23 DEC 2004: ready reversal of the bristles. As another approaqﬁgtgggigqu
reversal of the vehicle) one or nore of the bodies nmay be constructed wth
retractable bristles and/or a mechanismmay be 5 provided specifically for
t he purpose of reversing the inclination of the bristles. As a further
alternative, the vehicle may be reversed sinply by pulling the whole,.
vehicle, or just the rearnost body) backwards by a distance sufficient to
cause the 10 bristles to nove to the oppositely-inclined position. This may
be achi eved by pulling manually upon a line attached to the vehicle, or by,
say, operating a pneumatic or hydraulic cylander included in such a line.
15 When, as is npbst operating situations, the vehicle is required to change
fromforward notion to rearward notion within a limted space, for exanple
w thin a tubular conduit, the novenent of the bristles within that space
may be ai ded by peovitd ngenesaddyt F120 rwitem et ivheV i G elof tq hlee burk @s
about its axis. In one formof the present invention, the vehicle is
required to travéPsetZRVETHG & f9eReTed FadelePRy (T afd, O% neharehitl £ nay be

retained in contact with. that surface si lv b ravity. However one 25
preferred alterndC vEE2VHith RayPeRén E?FE%VX’E g 23%3&9@5053}“?5& icle

to traverse an i%ﬁ%hggq ﬁgngg§25ﬁ1¥ﬁ£§ﬂ#?¥ e N gngggg%ngpns

whereby to retai e vehic ainst the surface magnetic r exanpl e
using a peranent,ifRGRCt tuHu1Bredonammanet tivay) | way5 bEhee xmaas o Ofn NBYé Ng t he
bristle-carrying bodies towards and away from each other may take any
desired form beidigechdsen dfo thef leaigthareoushd agelbisle nctudehgtihely

ci rcunmst ances and/or conditions in which the vehicle is to be used. For
exanpl e the meanshesyt 10ibe etlkatri BT RRer ey a adier ecprefecepival

line or by a batter ,,preferabléma rﬁcharggablquataﬁr-. ILn one greferred
formof the i nvea%itoPRe e §Fifal sbout that direction. hus,

for example, they may be generally cylindricel in
10 shape. Howevexr, they may also be ﬁon~symmetrical oxr
iriegular in shape, in order to correspond to the
cross~seetional shape o©f the conduit upon or within

which they are intended to be used.
The bristles extending from these bodies are
15 resilient anéd are dirécted generally towards the
surface  which is to be traversed. For example, if
that surface is a single generaily flat surface, then
the bristles may extend generally parallel to each
other in a single direction away from each of the
20 bodies. If the surface is one of a pair of such
surfaces, then the bristles will normally ‘extend in
two opposite directions. When the vehicle is
intended for use within a generally tubular conduit,
the bristles are directed outwardly from the bodies.

25 However, the bodies may alternatively be of generally



pneumati c or hydraulic cylinder) by neans of which the bodies y
apart when operating fluid is 15 supplied to the cylinder and ggvégﬂagamﬁgs

each other when the fluid flow as reversed. The linking together of the
bristle-carrying bodies may be rigid or relatively so, especially when the
vehicl e conprises only two such bodi es. However) 20 in general it is
preferred that the bodies be flexibly interconnected) in particular to
enabl e the vehicle to traverse non-linear, for exanple curved or angled,
conduits. Wile the bodies are supported upon the bristles 25 which extend
fromthem sone of the weight of the vehicle may be carried by one or nore
wheel s, for 2 3 DEC 2004 - 9 exanple in pafrs) |located upon the bodies

t hensel ves and/ or upon the links, for exanple pneumatic cylinders, disposed
bet ween adj acent bodies. Such wheels al so nay provide stability to the

| i near novenent 5 icle, i.ch m.ght erm j ack-knif a in some
ci rcunst ances. Tﬁé“%gﬁfc|%ﬁ%%§£§%ﬁ§??ée g%?@ t%%gbrﬁgiggé%ﬁr *ﬁfqﬁﬁﬁies lor
may conprise thregyagdiyor chRodies. | a r e, . it is
preferred that the 10 nﬂ?ugﬁ&gpgfgaclﬁ?ngtgﬁgte%%&i ntéﬁgpa(%?ts%lfdeadjogceﬁt
bodi es be phasedcsoma@sy f opdend cla®1a sequaece i@k .such novenents al ong the

| ength of the vehicle, thereby snoothing out the progression of the vehicle
al ong the conduit. HoWes epristlerre widrerwiaidly etlag r oodienendde thinpbatladi es
may be coupled together in pairs, the two bodies in each pair being coupl ed
at a fixed di sta'ﬂ%% aParEndt o Wbl 6t hedef feRrs t RS Sashgtstadfe ,eadh bedy to
be i ncreased. Thgi§g§¥fgé(3nhofha vehicle a ordingato the 20 invention
conmprising three o nore of the bt stIBEhFVithg PEOEFBE 1KY 2%y ityi i§eabout
the rel ative movegmriedfoadiaceRhybodbesekongpr esglel ey fied, sequence, may

be effected autonatically by neans’of a suitable control ler, ¢h°hay be
| ocated upon theiRdbanaly cli orneemebgelf remib: bLondher1l At tE ;0358 42N

electrical link fromthe renote |ocation to the
(including annular) Dbody. Alternatively, the
10 bristles may be slightly inclined to that direction.

Tﬁey may all be mounted in mutual parallel or they may

be off-set from parallel, for example in pairs of
mutually inclined bristles.

When the vehicle according to the present

15 invention is in use, it is necessary for the bristles

to be diverted to a greater or lesser extent from

their unstressed orientation. The reguired

resiliency of the bristles enables them to return, or

to tend to return, to that unstressed orientation and

20 then, if the vehicle is to be reversed, to be divertegd

beyond that orientation into a new inclination in an

opposite direction. The bristles may be natural

bristles or may be of any other material having the

desired resiliency, for example a synthetic polymeric

25 material or a metal. The material ideally displays a



2 3 DEC 2004 - to vehicle may be by neans of a direct electrical |i gﬁqa
radio | ink may be provided for the purpose. Wien the vehicle is Héh@&ﬁe QO
be operated pneumatically, an air line nay be provided froma 5 renote
source of conpressed air to the pneumatic cylinders. That |ine may be
conbined with an electrical line, in the formof an unbilical |inking the
renote control position to the vehicle. The unbilical may in turn be
dragged behind the vehicle by to nmeans of a simlar towi ng vehicle
specifically provided for that purpose. As the vehicle proper noves further
fromthe control position) supplenentary_sgch unbilical tugs may be added.
Sensors in the line may nonitor tension in the unbilical and in turn 15
pronpt an unbilical tug to respond by accelerating or decelerating briefly.
The vehicle according to the invention nay be used for a w de range of
purposes in a wradatdinbey afighi staffness kbupilkl mbsk asuhdgh yraeeryf or
convey a 20 tool to apply sone treatnent to the interior surface of a

t ubul ar condui t elfestieianpl e t dheheatheleBEhRdcde dgsowe$ed hepefaaamy o2 sone
formof nonitoring device or instrument, for exanple to survey or explore
the shape or cof@l@itéNedy dhERtalezthduf?r FHPIT angf™6&2usedIPEPERT ni ne
shafts, in chimeys, in_tunne]s and _in_pipe 23 Q04 - 11 conveying
utility servi cesPuchUaaGht et” @P&@Fﬁ?@al gﬂﬁngé?ggﬁﬁ PFneg?}ymerlc

tel ecomun/ cati gn, JJ6S 809-3SUET Srod NepLdSTe f0f 1ok, HRY BG:UsEd.!O
traverse the spaceebetween paral f el surfaces, for exanple between the 5

hul I's of a tw nndd edtitarkeragtih hes SequDpidg ARSRlamp@e LReSUENEY OF
treat a single planar surface. The vehicle is particularly suitable for use
i n hazardous enwigtdrilentis )td towehemph@ wheree reletévahy heawnyrilskdof fire
and/ or expl osion, because it does not 10 require to have any el ectrical or
el ectroni c conpdiEm s meted | AremtilEha.-i s fodr t Fee@dscr PhedSAREYK| | B888r at ed

with reference to the acconpanying.draw n ich.illustrate,.b y of
exanpl e only, 1FTHEF I e enbdﬁgﬁgﬁfsofqﬁ%ewggﬁﬂéfg a@%or&ﬁﬁ§e¥gw?he

present ijnyentiqn and Mer ghdyof & laigraReflkeVAl HhOf mhhe Ml che: and
uéed.

If, having performed the desired function, the
vehicle is regquired to move in the reverse
direction,_. for example to enable it to be retrieved or

15 because it has encountered an obstruction, it is
necessary for the inclination of the bristles to be
reversed. This result may be achieved in any of a
number of different ways. Since movement of the
vehicle over a surface reqﬁires one of the bodies to

20 remain stationary while +the other moves towards or
away from it, the main requirement is to reverse the
inclination of the ©bristles on a first  Dbody,
preferably that one which is rearmost during the
initial forward movement of the vehicle. The wvehicle

25 may therefore be constructed with, for example,

shorter bristles on the first unit, to enzble more



Figs. 2 to 4 show, to a snaller 20 scale, three successive positions of the
vehicle in use within a pipe. The illustrated vehicle conprises 2w ralus
general ly cylindrical bodies 10, 11, linked together by a pneumatic
cylinder 12, to which the two bodies 25 are pivotally coupled at 13 and 14
respectively. 23 DEC 2004 - 12 Each of the bodies has a substanti al
nunber of resilient bristles 15 extending radially outwardly from around
its curved surface. Figs. 2 to 4 show how the vehicle is able to 5
progress, fromright to left as illustrated, along a pipe 16, only a short
part of the length of which is illustrated. The vehicle is introduced to
the pipe at its right-hand end 17 and, since the inside diameter of the
pipe 16 is sonmewhat |ess than the |U maxi mum overal | |ateral diameter of
the vehicle between the ends of the bristles 15, the bristles adopt a
position in whichthely aQecdbYedr afide i eI $t1Bgk t oOWards the right) at an
average angle of the order of between 15 and 45 degrees. 15 In order to
advance the vehicl e al eag édhetHipeapproleh ditoecéidimof reherssr owrl8nair i s
introduced into the cylinder 12 and the bodies 10, 11 are thereby urged
apart. The orient atehdmlef, ohe lori solres adn thise Hoddys]ravebestens crunaed
movenment of that body and the 20 body 10 is therefore thrust forwards, the
rear war dl ydi r ect ed 5 s’f?"e%a%"lﬂ?é’rléonb’b’f?*e*‘?srlga?%é%r r 8siMECRABE SPo MAYatbe

t that the b d hown i
CUbsequent_coacuatiEN 0P AEoEyF HIGH 19 FIF BhePRe %a%vw 2 ohsn

forwards 25 towar %chq% Rggx 1%fnu(ﬁﬁthgr§g{1gger i's f%% a 23,06G 2004 -

13 retracted as S rea e” under st ood, terna e extensi on

and retraction of atlherﬁ)sltwder ttﬂwsvexayeee e vedhi eleceetceead\éam@q)y by
progressively and stepw se, through the pipe Ib in the.direction of the 5
arrow 18. |In expepuldnhgl theewhbhe mehistleat ed Jebitcltbehgsapeest sbodwn, t 0 be
abl e to advance vertically, horizontally and at i ntermedi ate inclinations
along a tubul ar cORGHVETERd PH takeWWEINTY |Bdds G §ubSPantr ety Hreat er

than its O“QCMEIQhrlstles to move tc the oppositely-inclined position.

This may be achieved by pulling manually upon a line
attached to the wvehicle, or by, say, operating a
pneumatic or hydraulic cylinder included in such a
line.

15 when, as is most operating situetions, the
vehicle iz reqguired to change from forward motion to
rearward motion within a limited space, for example
within a tubular conduit, the movement of the bristles
within that space may be aided by providing means to

20 rotate one or more of the bodies about its axis.

In one form of the present invention, the vehicle
is reguired to traverse a single flat surface. To
that eed, the vehicle may be retzined in contact with
that surface simply by gravity. However one

25 preferred alternative, which may then allow the



23 DEC 2004 -14 CLAIMS 1. A surface traversing vehicle conprising at |east
two bodies (10,11) interconnected by neans to nove adj acent saig gogE@5ﬂm4
towards and away from each other, each said body bei ng supported upon’ a
multiplicity of resilient bristles (15) extending fromit, characterised in
that a plurality of said bristles are inclined relative to a pl ane
transverse to the direction of novenent of said bodies towards and away
fromeach other prior to the bristles engaging a surface to be traversed by
the vehicle. 2. A surface traversing vehicle conprising at |east two bodies
(10, 11) interconnected by nmeans to nove adjaCent said bodies towards and
away from each other, each said body being supported upon a nmultiplicity of
resilient bristles (15) extending fromit) characterised in that a

plurality of saighbrdigtles are.arkenged in-palds ef naydil Ly Jnehi.oed
bristles. 3. A surface traversing vehicle according to any one of the
precedi ng cl ai msuhaleact esi sed proviat eests badyreBygenerablyidl ahe 4. ~ A
surface traversing vehicle according to Claim3, characterised in that the
bristles (15) extemnic e cipaa rsitngihe fduatf sfcac enagheddch1Bgdy foFr. eAasynbace
traversing vehicle according to Claim4, characterised by nmeans to retain

t he vehicl e agaivsinam aswperacaemignegnesl ¢y . ez cramadnrtel aaldwer si ng vehicl e
according to Claim3, characterised in that the bristles (15) extend in
opposite diTections fFEmEHIGsiIF MY dEE FFISLAF 156FFY 1n92poBEes 2004
-15 7. A surface_traversi vehi cl e accordi o claim1 qr 2, X
characterised iﬁtcf%azftdseaacr{'ubgbao“cff’( ,"ile)aclhs o&glte%t im%ﬁ’altlaf/(esfn EFcarF Yabout
the length of theghicheind. Ansdehacad'rayersddg vehehes acqeardipg to
Claim 7) characterised in that each body (10,11) is generally cylindrical
and the bristl esirfchhdiext ahe eutvamndtynteonandmobatiresitiSnsA isukhaen
traversing vehicle according to Caim?7, characterised in that each body
(10, 11) is of garrerwwhirlendsl &o berovsedect i DeF BHEMiNe Bhisstiegss( MY ext end
inwardly fromthe badies. 1Q. A surface traversing vehicle according to any
one of thelPreceRf g atFiFe 1 ¥nEPHeTed| 882 FPEHt FHRETASSHY d4Pe158F are

natural bristles or_of synt het i I [i rial. on metal ..11. A
surface traversisbg ?/gﬁ?%%lya'cc%$%€enxga%tl§'% aﬁceﬁm%éigegﬁalﬁa(?tagffgzd in*fhat the
bristles (15) aréhdfpfytOn-d 8L8R! or12neA SindGent,r aved shédhyehicke
according to any one of the preceding clains, characterised in that the
bristles (15) armmefmadiifdf erenlydrabedcatglandéor wf mbddferantwhiengtthe. 13. A
surface traversing vehicle according to any one of the preceding_clains,
characteri sed byPtEFSachMaBl Hr MSVEEs. 2R AVEEP f LEE TGS sThe Yehicl e

conprising, at | east .t. bodigs (10,.1 i nt ey connect.ed hy. neans tQ, nove
adj acent s%a?d boﬂfpéjsl%%mﬁodsﬁé%dc%%/ﬁ@eﬁ oarﬁd(’aar% Ve(;%[ htéjr"ﬂa“élascﬁascal @“hgay bei ng

supported upon a iy tigd Gy ¢hoesk! ket bLgstles (15) extending fromit,
characterised in that the bristles are of different materials and/or of
different |engths. The linking together of the Dbristle-cerrying
bodies may be rigid or relatively so, especially when
tHe vehicle comprises only two such bodies. However,

20 in general it is preferred that the bodies be flexibly
interconnected, in particular to enable the vehicle to
traverse non-linear, for example curved or angled,
conduits.

While the bodies are supported upon the bristles

25 ° which extend from them, some of the weight of the

vehicle may be carried by one or more wheels, for



15. A surface traversing vehicle conprising at |east two 23 DEE gm&
bodi es (10,11) interconnected by neans to nove adj acent said bodie

and away from each other, each said body being supported upon a
multiplicity of resilient bristles (15) extending fromit, characterised by
retractable bristles. 16. A surface traversing vehicle according to any one
of Clains 1 to 12, characterised by a |line which includes a pneumatic or
hydraulic cylinder to enable novenent of the vehicle to be reversed. 17. A
surface traversing vehicle according to any one of the preceding clains)
characterised by neans to rotate one or rmrg of the bodies (10, 11) about
its axis. 18. A surface traversing vehiclé according to any one of the
precedi ng clains) characterised in that the neans to nove the bodies
towards and away from each other is electrically powered. 19. A surface
traversing vehi clexapaer dinngpd Orany160e & G Mend b8alds ‘EH@EQ%E@” sed in
that the neans (12) to nove the bodies towards and away from e€ac other is
a pneumatic or hyuhdgoki cpoyl tneleLini2D, for sandmae Phaveksindcyehhales
according to any one of the preceding clains, characterised in that the
bodi es are flexi Bi*¢rPpeér betnectedd(aBentl) bogiesA surface thewes SkDgo
vehi cl e according to any one of the preceding clainms, characterised by
havi ng one or noF@YwhEENd deocitaRrt lifdn the thBdilddeaad/mvenson tdfe thaks
bet ween adj gcent ies. 22. A surface trayersing vehjcle according to any
one of the %feced?ﬁgcg? ai me & Rar At % ?seﬁ\égﬁrf‘ﬁgf i t13iid&s nor &0t han
two said bodies (bhell)rcGRYPLEGL00ether in pairs at a fixed distance
apart. 23 DEC 2004 -17 23. A surface traversing vehicle according to any
of Caims 1 to 21) chai@cteshs€le i miPat cohp£OIPT | €5y t NG Of - [Df £ sai d
bodi es (10, 11), each interconnected (12, 13, 14) for novenent towards and
away fromthe adFagenindolpdorsbori emay 24omarseef aderda aver sorg valic! e
according to dajm23) characterised in that relative novenent of adjacent
bodi es (10, 11) iLm%%? ct ed Ut tE&E F2B¢ -mé&ndsoprafesrrd othar .15, A
surface trapxersi icle accarding.to any one of the preceding clains,
char act er i géd by’qgﬁ'y%{]nbﬁqqrcoﬁc%ﬁnrﬂ(iaﬁg f“ﬁé’léghﬁglagttBQaagé%‘?’ét crfties
position. 26. A sgurf ayer si.ag hi a rdj n i m25,
characterised by havli,?}ﬁ%‘aéljr s:é% I grg vg i Cf%é‘? of&fo% n%e%ﬁeegﬁ%bi?lgcaﬁ‘{m
movements along the length of the vehicle, thereby"

smoothing out the progression of the vehicle 2long the
conduit. .However in one alternative arrangement, the
15 bodies may be coupled together in pairs, the two
bodies in each pair being coupled at a fixed distance
apart, to enable the effective length of each body to

be increased.
The operation .0f a vehicle according to the
20 invention comprising three or more of the bristle-
carrying bodies, by bringing about the relativé
movement of adjacent bodies in a pre-determined
sequence, may be effected automatically by means of a
suitable controller, which may be located upon the
25 vehicle or remote from it; in the latter case, an

electrical 1link from the remote location to the



27. A surface traversing vehicle conprising a first vehicle part Lﬂﬂ@g?@@*
at |least two bodies (10,11) interconnected by neans to nove adj ag t i
bodi es towards and away from each other) each said body being supported
upon a nultiplicity of resilient bristles (15) extending fromit,
characterised by a further vehicle part) simlar to said first vehicle
part, fox towng an unbilical linking the vehicle to a renote control
position. 28. A surface traversing vehicle according to Caim26 or 27,
characteri sed by having one or nore sensors to nonitor tension in the
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umbilical may in thn be dragged behind the vehicle by

the pneumatic

10 means of a similar towing vehicle specifically
provided for that purpose. As the vehicle proper
moves further from the control position, supplementary
such umbilical tugs may be added. Sensors in the
line may moﬁitor tension in the umbilical and in turn

15 prompt an umbilical tug to respond by accelerating
oxr decelerating briefly.

The vehicle according to the invention may be
used for a wide range of purposes in a wide number of
situations. It will most usually carry or convey a

20 tool to apply some treatment to the interior surface
of a tubular conduit, for example to clear debris or
growth therefrom, or some form of monitoring device or
instrument, for example to survey or explore the shape
or condition of such a conduit. Thus it may be used

25 in mine shafts, in chimneys, in tunnels and in pipes
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conveying utility services such as water, electrical
and gas pipelines, telecommunication lines .and sewers.
In other forms, it may be used to traverse the space
between parallel surfaces, for example between the
hulls of a twin-hulled tanker or other sea-going
vessel, or to survey or treat a single planar surface.

The wvehicle is particularly suitable for use in
hazardous environments., for example where there may be
a risk of fire and/or explosion, because it does not
reguire to have any electricai or electronic
camponents.

The invention is further described and
illustrated with reference to the accompanying
drawings, which illustrate, by way of example only,
one simple embodiment of the vehicle according to the
present invention and wherein:

Fig. 1 is &n elevation of the
vehicle; and

Figs. 2 to 4 show, to a smaller
scale, three successive positions of
the vehicle in use within a pipe.

The illustrated wvehicle comprises two short
generally cylindrical bodies 10, 11, 1linked together
by a pneumetic cylinder 12, to which the two bodies

are pivotally coupled at 13 &and 14 respectively.



104| 104| 104| 10%t| & ()-+!' 1099 | & ()-+'& 10%} 4| & ()-+'[ 10% | & (}%ngﬁ 'é_[]lﬂh

10% ||| & ()-+dQ@[9OMB7 1 14 110% (& ()-+'| !10% (\(& ()-+'y !109
1 109 (& ()-+10% & ()-%0% & ()- ~ =111 110%"& ()--S109%& ()-%0%& ()-G
10( 10( 10( '109% & ()-+'C !10%(#(& ()-+vuswUd~ =1 F 1109%& ()--!)
110%}& ()--! 110% & ()--!3 !109RRE ()--!

. 12 -

Each of the bodies has 2 substantial number of

resilient bristles 15 extending radially outwardly
from around its curved surface.

Figs. 2 to 4 show how the vehicle is able to

5 progress, from right to left as illustrated, along a

pipe 16, only a short part of the length of which is

iliustrated. The vehicle is introduced to the pipe

at its xright-hand end 17 and, since the inside

diameter of the pipe 16 is somewhat less than the

10 maximum overall lateral diameter o©f the wvehicle
between the ends of the bristles 15, the bristles
adopt a position in which they are curved and inclined
towards the right, at an average angle of the order of
between 15 and 45 degrees.

15 In order to advance the vehicle along the pipe in
the direction of the arrow 18, air is introduced into
the cylinder 12 and the bodies 10, 11 are thereby
urged apart. The crientation of the bristles on the
body 11 resists rear&ard movement of that body &and the

20 bedy 10 is therefore thrust forwards, the rearwardly-
directed bristles thereon offering less resistance to
that motion,so +that the bodies adopt the positions
shown in Fig. 3. Upon subsequent evacuation of the
cylinder 12 (Fig. 4), the body 1l is drawn forwards

25 towards the body 10 until the c¢ylinder is fully
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retracted as shown. As will readily be understood,

alternate extension and retraction of the cylinder

thus causes the vehicle tec advance, progressively and

stepwise, through the pipe 16 in the direction of the
5 arrocw 18.

In experimental use, the illustrated wvehicle has
been shown to Dbe able to advance vertically,
horizontally and at intermediate inclinations along a
tubular conduit and to take with it loads

10 substantially greater than its own weight.
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CLAIMS

1. A surface traversing vehicle comprising at least two
bodies (10,11) interconnected by means to move adjacent said
bodies towards and away from each other, each said body being
supported upon a' multiplicity of resilient bristles (15)
extending from it, characterised in that a plurality of said
bristles are inclined relative to a plane transverse to the
direction of movement of said bodies towards and away from each
other prior to the bristles engaging a surface to be traversed
by the vehicle.

2. A surface traversing vehicle comprising at least two

bodies (10,11) interconnected by means to move adjacent said
bodies towards and away from each other, each said body being
supported upon a multipliéity of resilient bristles (15)
extending from it, charactefised in that a plurality of said
bristles are arranged in pairs of mutually inclined bristles.

3. A surface traversing vehicle according to any one of the
preceding claims, characterised in that each body is generally
flat.

4. . A surface traversing vehicle according to Claim 3,
characterised in that the bristles (15) extend from a single
flat face of each body.

5. A surface traversing vehicle according to Claim 4,
characterised by means to retain the vehicle against a surface
magnetically.

6. A surface traversing vehicle according to Claim 3,
characterised in that the bristles (15) extend in opposite

directions from opposite flat faces of each body.
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10F 1OA&() * F 10/ cé)trggequnooog%E g%-é@gordlng to claim 1 or 2,
characterised in that each body (10,11) 4is rotationally
symmetrical about the length of the vehicle.

8. A surface traversing vehicle according to Claim 7,
characterised in that each body (10,11) is generally
cylindrical and the bristles (15) extend outwardly from the
bodies.

9. A surface traversing vehicle according to Claim 7,

characterised in that each body (10,11) is of generally annular
cross-section and the bristles (15) extend inwardly from the
bodies.

10. A surface traversing vehicle according to any one of the
preéeding claims, characterised in that the bristles (15) are
natural bristles or of a synthetic polymeric material or a
metal.

11. A surface traversing vehicle according to Claim 10,
characterised in that the bristles (15) are of nylon or steel.

12. A surface traversing vehicle according to any one of the
preceding claims, characterised in that the bristles (15) are

of different materials and/or of different lengths..

13. A surface traversing vehicle according to any one of the
preceding claims, characterised by retractable bristles.

14. A surface traversing vehicle comprising at least two
bodies (10,11) interconnected by means to move adjacent said
bodies towards and away from each other, each said body being
supported upon a multiplicity of resilient bristles (15)
extending from it, characterised in that the bristles are of
different materials and/or of different lengths.

15. A surface traversing vehicle comprising at least twoO
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extending from it, characterlsed by retractable brlstles

16. A surface traversing vehicle according to any one of
Claims 1 to 12, characterised by a line which includes a
pneumatic or hydraulic cylinder to enable movement of the
vehicle to be reversed.

17. A surface traversing vehicle according to any one of the
preceding claims, characterised by means to rotate one ox more
of the bodies (10,11) about its axis.

18. A surface traversing vehicle according to any one of the
preceding claims, characterised in that the means to move the
bodies towards and away from each other is electrically
powered.

19. A surface traversing vehicle according to any one of
Claims 1 to 17, characterised in that the means (12) to move
the bodies towards and away from each other is a pneumatic or

hydraulic cylinder.

20.- A surface traversing vehicle according to any one of the
preceding claims, characterised in that the bodies are flexibly
interconnected (13,14).

21. A surface traversing vehicle according to any one of the
preceding claims, characterised by having one or more wheels
located upon the bodies and/or upon the links between adjacent
bodies.

22. A surface traversing vehicle according to any one of the
preceding claims, characterised in that it comprises more than
two said bodies (10,11), coupled together in pairs at a fixed
distance apart.
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<=>? @\BCRBFCHI JKLANPLESTIVNEYLZEN Y valiGicle according to any of Claims
1 to 21, characterised in that it comprises three or more said
bodies (10,11), each interconnected (12, 13, 14) for movement
towards and away from the adjacent body or bodies.

24, A surface traversing vehicle according to Claim 23,
characterised in that relative movement of adjacent bodies
(10,11) is effected automatically by means of a controller.

25. A surface traversing vehicle according to any one of the
preceding claims, characterised by an umbilical linking the
vehicle to a remote control position.

26. A surface traversing vehicle agcording to Claim 25,
" characterised by having a similar vehicle for towing the
umbilical.

27. A surface traversing vehicle comprising a first vehicle
part including at .least two bodies (10,11) interconnected by
means to move adjacent said bodies towards and away frem each
other, each said body being supported upon a multiplicity of
resilient bristles (15) extending from it, characterised by'a
further vehicle part, similar to said first vehicle part, for
towing an umbilical linking the velicle to a remote control
position.

28. A surface traversing vehicle according to Claim 26 oxr 27,
characterised by having one or more sensors to monitor tension
in the umbilical.



