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traversing vehicle The invention is a vehicle for traversing a surface such
as for carrylng out an inspection, survey or naintenance operation upon '
t hat surface. For 5 exanpl e, vehicles of this type may be used
to traverse a flat surface, or a space between two such surfaces, or to
traverse intqﬁag%ﬁgwpr externally the length of a generally nglar condui t
such as a pipe, “shait, tunnel, drain, chimey or the like, 7 Yontal ,
10 vertical or internediate direction. Vehicles and simlar tools for
use in carrying out operations such as inspection and nai ntenance of the

I nterior 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
fromthe horizontal; many of these rely upon the conduit being nore-or-1|ess
uniformin cross-section throughout its length. If a vehicle is to traverse
the length of a 20 generally vertical or steeply-inclined surface, then
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Surface traversing_vehicle

The invention is a vehicle for traversing a
surface such as fé)r 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, shaft,
tunnel, drain, chimney or the 1like, in a horizontal,

1o vertical or intermediate direction. .

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 wvehicles 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 1length of a

20 generally vertical or steeply-inclined surface, then



-2- the vehicle nust be able to grip the face of the surface sufficiently
wel | t,o support itself, and any equi pnment which it is required to carry or
nove, against the effects of gravity, friction and any other 5

resi st ance. Thus vertically-traversing vehicles are nore difficult to
devise and such vehicles as are available for this purpose are usually
suitabl e for wosmsry in tubular conduits of uniform cross-kq¢dgegisghd
havi ng di aneters of a specific value or lying 10 within a

narrow y-defined range. Few, if any, prior. vehicles are suitable for
carrying out exploratory or other operari3h§ ot her than over the interior
surfaces of such uniformtubular conduits. Such vehicles are not
abl e 15 satisfactorily to carry out such operations even in tubul ar

condui ts of varyhag g %i-e_se.ﬁﬁétolnaé A% OtoShalp YRt B8Ee OlgNOfnd hose

conduits are generally horizontal. They are "al so usual ly unsuitable for
use when the ingarpfavéel 3GE£DEiend 1O Ul CO8dBUDPOAE 20self ) rdmDUARY i ti es

such as hol | ows or | ocal i sed projections. Against this background,
it is an object equiphente yirkiebenit i isenreanired prooyi darny surf apeve s aver si ng
vehicle which is suitable for use upon a wide variety
against the effects of gravity, friction and any other
5 resistance. Thus vertically-traversing vehicles are
more difficult to devise and such vehicles as are
available for this purpose are usually suitable for
use only in tubular conduits of uniform cross-section
and having diameters of a specific value or 1lying
10 within a narfowly-defined range.
Few, if any, prior wvehicles are suitable for
carrying out exploratory or other operations other
than over the interior surfaces of such uniform
tubular conduits. Such vehicles are not able
15 satisfactorily to carry out such operations even in
tubular conduits of varying cross-sectional size or
shape, whether or not those conduits are generally

horizontal. They are also usually unsuitable for use

when the inner surface of a tubular conduit has

20 irregularities such as hollows or localised
projections.
Against this background, it is an object of

the 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



25 of snooth and/or irregular surfaces, including those WO 97/ 11307

of irregular cross-sectional size and/or shape and al so generally planar
surfaces of uniformor irregular shape, any of which surfaces may be 5
hori zontal, vertical or internediate these directions. The surface

tTaversi ng vqﬂbg} cording to the present invention conpry ' ﬁodies
I nt er connect e ;ﬁﬁggns to nove the bodi es towards and amagkﬁﬁﬁﬁkﬁgg

ot her, each said body being supported upon a 10 multiplicity of
resilient bristles extending fromit. It -hgds-unexpectedly been found that
alternate noving of the bodies towards and away from each other causes the
vehicle to nove in successive steps along a generally |inear path over the

surface upon which the 15 vehi cl e i s supported. For exanpl e, when the
vehicle is place8fwid hwddg txangear oforARNaraddyi ntrintar eFapduitsi @of

didmeter a little lLess t t he naxi num over gl.l di.nension the bristles
nmeasured in thatuﬂfgﬂEWr? !%rﬁﬁgyggfiSﬁ?s?TﬁfékﬁﬂWEPesffﬁv%?iiﬂ?t%%?pﬁength of
the and also generally planar surfaces of uniform or
irregular shape, any of which surfaces may be
5 horizontal, vertical or intermediate these directions.
The surface traversing vehicle according to the
present invention comprises two bodieg interconnected
by means to move -the bodies towards and away from each
other, each said body being supported upon a
10 multiplicity of resilient bristles extending from it.
It has unexpectedly been found that alternate moving
of the bodies towards and away from each other causes
the vehicle to move in successive steps along a
generally linear patﬁ over the surface upon which the
15 vehicle is supported. "Fbr example, when the vehicle
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
direction, 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
' according 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



20 conduit in this way. Subject to the foregoing features, the
particular detailed formof the surface traversing vehicle according to the

present invention will depend upon the general nature of the surface to be
traversed. 25 For exanple, the shape of the bristle-carrying bodies
WD 97/ 11307 ' PCT/ GB96/ 02307 -4- may

be general |y WMOB71¥n the vehicle is to be used to traversecickogese | Y
pl anar surface or when it is to traverse a space between two adj acent

generally planar, generally parallel sucLfgces. For use upon or 5

Wi thin tubular conduits they may be elongate in the direction of the length
of the vehicle or relatively short I n t hat direction and are
preferably rotationally symetrical about that direction. Thus, for

exanpl e, they nBgy bkegaeeerally Elatndrhenlthe, viehiclestigpdo beHmseder, they

may al so be non:-sy trical or irreqular in shape, in order to correspond
to the cross-set?i gﬁYe%p% Qﬁnec‘lé‘ orREAANBT, ST ERCe 9t Whephiith ighey ar e

intended to be Ygeq afBeedr St ERLXEEPIELT hd™M gt{-'Jeasceen Odgiyeenseraarl y

planar, generally parallel surfaces. -For use upon or

5 within tubular conduits they may be elongate in the

direction of the length of the vehicle or relatively

short in that direction and are preferably

rotationally symmetrical about that direction. Thus,

for example, they may be generally cylindrical in

10 shape. However, they may also be hon-symmetrical or

ifregular in shape, in order to correspond to the

cross-sectional shape of the conduit upon or within
which they are intended to be used.

The bristles extending from these bodies are

15 resilient and 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



15 resilient

is to be traversed.

and are directed generally towards the surface whi ch

fromthe bodies.

For exanple, if that surface is a single generally

ftat surface, then the bristles nay extend generally parallel to each other

for
war dl y

in a single direction away fromeach of the 20 bodi es. I f the surface
Is one of a pair of such surfaces, then the bristles wll normally extend
i two opposié §ynisdy ecti ons. Wen the vehicle i:%éﬂﬁ
use within a generally tubular conduit, the bristles are direc %%u

25 However, the bodies_nay alternatively be of

97/ 11307 -5 -

‘general ly WO

PCT/ GB96/ 02307 -

5- annul ar cross-section, with the bristl-es directed

inwardly, for use to traverse the outside of a chimey, post, cable or the
SN Webeh-4dé RAAl ewidhe tHBPObESSkfes aiR¥ct&Xt end,

| i ke. The bristl

when in an wunstressed state, in a direction which is generally

per'pendi cul ar t cidweralyr,f agerofuddie deodtrakersexathee swdidel yodutaardl y or

inwardly in the
Al ternatively,

10

15

20

25

case of a generally cylindrical (including annular)
¢hiawney, post, cable or the like.

The bristles upon which the bodies are supported
may extend, when in an unstressed state, in a
direction which is generally perpendicular to the
surface of the body, for example radially ouiwardly or
inwardly in the, case of a generaily cylindrical
{(including annular) body. Alternatively, the
bristles may be slightly inclined té 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
invention is in use, it is necessary for the bristles
to be diverted to a greater or lesser extent from
their unétressed orientation. The regquired
resiliency of the bristles enables them to return, or
to tend to return, to that unstressed orientation and
then, if the vehicle is to be reversed, to be diverted
beyond that orientation info 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

material or a metal. The material ideally displays a

body.



10 bristles may be slightly inclined to that direction. They may all be
mounted in nutual parallel or they may be off-set fromparallel, for
exanple in pairs of nmutually inclined bristles. Wen the vehicle
acecording to the present 15 invention is in use, it is necessary for
the bristles to be diverted to a greater or |esser extent fromtheir
unstressed OWOSIUIZNON. The required resiliencyceig ”
bristles enables themto return, or to tend to return, to that unstressed
orientation and 20 then, if the vehiclegis to be reversed, to be

di verted beyond that orientation into a new inclination in an opposite

di rection. The bristles may be natural bristles or may be of any ot her
mat erial having the desired resiliency, for exanple a synthetic polyneric
25 mat eri al oelatieedy. highestbffnéss calgrlddy wiithplaaysgh rat&\pH7/ 11307

PCT/ GB96/ 02307 -6- relatively high stiffness coupled with a high rate of
el asticity. edpstichty vehi cWhens theedveliaiar ris ausefl attovaardyi gt | oad,
(Ol jexample & ColiRsb@u) "HRGY 1030, Yok anp1d S anara +0°Tnsbeet® ' ©
pol ymeric p
the surface in question, then synthetic polymeric
5 material bristles, for example of nylon, are suitable.
When better traction is required, for example when the
vehicle is to tow behind it a relatively heavy load,
then metal bristles, for example of steel, are
preferred. Mixtures of bristles of different
10 materials and/or of different lengths may also be
uéed.

If, having performed the desired function, the
vehicle is required to move in the reverse
direction, for exampie- 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 requires 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 body,
preferably that one which is rearmost during the
initial forward movement of the vehicle. The vehicle

25 may therefore be constructed with, for example,

shorter bristles on the first unit, to enable more



5 material bristles, for exanple of nylon, are suitable. \Wen better
traction is required, for exanple when the vehicle is to tow behind it a
relatively heavy | oad, then netal bristles, for exanple of steel, are
preferred. M xtures of bristles of different 10 materi al s
and/or of different |engths may al so be used. If, having perforned the
desired functh&n”ni¥ﬁ vehicl e IS required to nove in the
reverse direction, tor exanple to enable it to be retrieved

because it has encountered an obstruction, it is necessary for the
inclination of the bristles to be reversed.? = This result nay be achieved
I n any of a nunber of different ways. Si nce novenent of the vehicle
over a surface requires one of the bodies to 20 remain stationary while

the other noves tLWALISePLrSYPYGE hggmai n requirement is to reverse
the inclination of §thg ﬁ t? eﬂ@ bklsk frst body, preferably that one

whi'ch is rearnmost duriagg aTrJEthbB' tAp}ird‘amhwaf& Eﬁaﬁﬁ?ntreﬁﬁarwf B The
vehicle 25 may therefore be constructed exanpl e
shorter bristlesvehiche,fonetotninbre t of ettsd | IBodi®se may be constructed

with retractable bristles and/or a mechanism may be
5 provided specifically for the purpose of reversing the
inclination of the bristles. As a further
alternative, the vehicle may be reversed simply by
pulling the whole vehicle, or just thé rearmost body,
backwards by a distance sufficient to cause the

10 bristles to move to the oppositely-inclined position.
Tﬂis 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 situations, the
vehicle is required 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 required to traverse a single flat surface. To
that end, the vehicle may be retained in contact with
that surface simply by gravity. However one

25 preferred alternative, which may then allow the



WO 97/ 11307 PCT/ GB96/ 02307 -7- ready
reversal of the bristles. As another approach to aiding reversal of the
vehi cl e, one or nore of the bodies may be constructed with retractabl e

bri stl es and/or a nechani sm may be 5 provi ded specifically for the

pur pose of reversing the inclination of the bristles. As a
ffurt her al t eW@9IM307 t he vehicle may be reversed sinply by povénesgeine
whol e vehicle, or just the rearnost body, backwards by a di stance
sufficient to cause the 10 = bristles to8nove to the oppositely-inclined
position. This may be achieved by pulling manually upon a line attached to
the vehicle, or by, say, operating a pneunmatic or hydraulic cylinder

included in Suct}eﬁ‘i ié-'eto.li.raverse 1ithed iér §£ aOp\%r.at%:{éLgI

e
situations, the vehicle is reqU|re5¥¥oﬂ¥hange frong?ormard not1on to

rearward notiongykkldd), aiki Hol GOrARUL médis CwREREEY Webhirdta ihubilear
conduit, the novenent of the bristles within that space nmay be ai ded by

provi di ng nmeansvehicle agditisd el asurfaver maghet beabbyl] efombexdmples axi s.
In one formof the present invention, the vehicle is required to traverse a
single flat surthaieg a permanentemdgneheox etledtromagnssicaliyned i n cont act

wth 5 The means for moving the bristle-carrying bodies

towards and away from each other may take any desired

form, Dbeing chosen to reflect various factors

including the circumstances and/or conditions in which

the vehicle is to be used. For example the means may

10 be electrically-powered by a direct electrical line or

by a battery, preferably a rechargeable battery. In

one preferred form of the invention, the means is a

pneumatic or hydraulic cylinder, by means of which the

bodies may be moved apart when operating fluid is

15 suppiied to the cylinder and moved towards each other
when the fluid flow is reversed. |

The 1linking together of the bristle-carrying

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 oxr angled,

conduits.
While the bodies are suﬁported upon the bristles
25 which extend from them, some of the weight of the

vehicle may be carried by one or more wheels, for



that surface

alterpnative, which

my

sinply by gravity. However one 25 preferred

then _allow the WD 97/11307

PCT/ GB96/ 02307 vehicle to traverse an inclined or even a vertical surface,
is to provide nmeans whereby to retain the vehicle against the surface

magneti cal |y,

5

from each ot her

vari ous

T

for

for exanple using a permanent nmagnet or el ectromagnetically.

nmovi ng the bristle-carrying bodies_towards and away

may take any desired form being chosen BR6AR3NT - ¢

factors including the circunstances and/or conditions in which the

vehicle is to be used.
electrically-powered by a direct electrical line or by a battery,
preferably a rechargeabl e battery. In one preferred formof the

i nvention, the rexanglesig RAGYER! i1bcakelY dpaH! itﬁec)bbh@_dgrthp%gm of

whi ch the bodi es may be noved apart when operating fluid is

For exanpl e t he feans may 10 be

supplied

to the cylinder anddopoissh tEnarinkeq EBroekarip \d hduiatiUedl {Agutd S
reversed. The linking together of the bristle-carrying bodies nmay be rigid
or, rel atively sdispopedi hetyeewmead]idnentehadiesconpr Secls winegls valsaich

bodi es.

However,

may provide stability to the linear movement of the

5 vehicle,

which might otherwise jack-knife in

some circumstances,

The

vehicle may comprise only two bristle-

carrying bodies or may comprise three or more such

bodies.

In the latter case, it is preferred that the

10 mutual approaching and moving apart of adjacent bodies

be phased so as to lead to a seguence of such

movements along the length of the vehicle, thereby

smoothing out the progression of the vehicle along the

conduit,

However in one alternative arrangement, the

15 bodies may be coupled together in pairs, the two

20

25

bodies in each pair being coupled at a fixed distance
apart, to enable the effective length of each body to
be increased.

The operation of a vehicle according to the
invention comprising three or more of the bristle-
carrying bodies, by bringing about the relative
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
vehicle or remote from it; in the latter case, an

electrical 1link from the remote 1location to the



20 in general it is preferred that the bodies be flexibly

I nt erconnected, in particular to enable the vehicle to traverse non-Ilinear,
for exanple curved or angled, conduits. Wile the bodies are supported upon
the bristles 25 which extend fromthem some of the weight of the
vehicle may be carried by one or nore wheels, for WO 97/ 11307

PCT/ GB96/ 023(0WO9%113@kanpl e in pairs, |ocated upon the bodi epci/gasgmRigres
and/ or upon the links,for exanple pneumatic cylinders, disposed between

adj acent bodi es. Such wheel s al so may ﬁrovide stability to the linear
nmovement of the 5 vehicle, which m&Rt~ otherwise jack-knife
I n sonme circunstances. The vehicle may conprise only two bristle- carrying

bodi es or may conprise three or nore such bodi es. In the latter case, it

s preferred thahithe Ay pEUbyahedP ORI ditrettd JTRLLRGC AP ! aC) acENt

bodi es be phased so as to lead to a sequence of such novenents al ong the
length of the wehackadis hrimbynaynmet brogiaed fde tHeoPuepsseh of the vehicle

al ong the

When the vehicle is designed to be operated

pneumatically, an air line may be provided from a
5 remote source of compressed air to the pneumatic

cylinders. That line may be combined with an
electrical line, in the form of an umbilical linking
the remote contrél position to the vehicle. The
umbilical may in tﬁrn be dragged behind the vehicle by

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 monitor tension in the umbilical and in turn

i5 prompt an umbilical tugﬁ to respond by accelerating
or 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



condui t. However in one alternative arrangenment, the 15 bodi es may be
coupled together in pairs, the_.two bodies in each pair being coupled at
a fixed distance apart, to enable the effective I ength of each body to be

i ncreased. The operation of a vehicle according to the 20 I nvention
conprising three or nore of the bristle- carrying bodies, by bringing about
the rel ativeyipyeiigpt of adjacent bodies in a pre- deternin?gn&ﬁﬁgﬁgce

be effected automatically by neans of a suitable controlle y be

| ocat ed upon the 25 vehicle or renmote_fromit; in the latter case, an
electrical link fromthe renote |ocati 6nito~the WO 97/ 11307

PCT/ (B96/ 02307 -10- vehicle may be by neans of a direct electrical line -
or aradio link may be provided for the purpose. Wien the vehicle is
designed 10 badiRAiyahgd ASIER! bedVides o be WaBSrTRK1BEREGY] ded Trom
ab renote source conpressed air to the pneunatlc cyl'rnders.
That line na)and)egascg&behmbw ttelemommuadtatiod lines .and kBRebg[m of an
unbi l'i cal 1inking

In other forms, it may be used to traverse the space

between parallel surfaces, for example between the
5 hulls of a twin-hulled tanker or other sea-going
vessel, or to survey or treat a single planar surface.
The vehicle is particularly suitable for use in
hazardous environments, for example whére there may be
a risk of fire and/or explosion, because it does not
10 require to have any electricai or electronic
cémponents. |
The invention is further described and
illustrated with reference to the accompanying
drawings, which illustrate, by way of example only,
15 one simple embodiment of the vehicle according to the
present invention and wherein:
Fig. 1 1is an elevation of the
vehicle; and
Figs. 2 to 4 show, to a smaller
20 scale, three successive positions of
the vehicle in use within a pipe.
The illustrated vehicle comprises two short
. generally cylindrical bodies 10, 11, 1linked together
by a pneumatic cylinder 12, to which the two bodies

25 are pivotally coupled at 13 and 14 respectively.



the renote control position to the vehicle. The unbilical may in
turn be dragged behind the vehicle by 10 neans of a simlar tow ng
vehicle specifically provided for that purpose. As the vehicle proper
noves further fromthe control position, supplenentary such unbilical tugs
may be added. Sensors in the line may nonitor tension in the unbilical
and in turn Woermgronpt an unbilical tug to respond by acqiiasvkisdgr OF
decelerating briefly. The vehicle according to the invention may be used
for a wide range of purposes in a w de nqﬂ?gr of situations. It wll
nost usually carry or convey a 20 tool"to apply sone treatnent to the
interior surface of a tubular conduit, for exanple to clear debris or
grow h therefrom or sone formof nonitoring device or instrunment, for
exanpl e to survegcehr &kplihe todissaphasr «orxlibisitantdflsusimbeOnsilit.
Thus it may be used 25 in mne shafts, in chimeys, in tunnels and in .
pi pes WO 97/ xesb¥ient bristles 15 extending radially out®HEdIB96/ 02307

- 11 - conveying utility serV|ces such as water, electrical and gas
pi pel i nes, tel eEGAMATIRG o9 iHEYedngUELIRS <.

Figs. 2 to 4 show how the wvehicle 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
illustrated. The vehicle is introduced to the pipe

at its right-hand end 17 and, since the inside
diameter of the pipe 16 is somewhat less than the

10 maximum overall lateral diameter of the vehicle
bétween 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 orientation of the bristles on the
beody 1l resists rearward movement of that body and the

20 body 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 11 is drawn forwards

25 towards the body 10 wuntil the cylinder is fully



In other forms, it may be used to traverse the space between parallel
surfaces. for exanple between the b hulls . of a twin-hulled tanker or
ot her sea-going vessel, or to survey or treat a single planar surface. The
vehicle is particularly suitable for use in hazardous environnents, for
exanpl e where there may be a risk of fire and/or explosion, because it does

not 10 re@ddrAzert © have any electrical or elect ' onents.
REVGoG R

The i nvention |s further descri bed and illustrat

reference to the acconpanying draw ngs,isshich illustrate, by way of
exanple only, 15 one sinple enbodi nent of the vehicle according to the
present invention and wherein: Fig. 1 is an elevation of the vehicle; and
Figs. 2 to 4 show, to a smaller 20 scale, three

successive posi FRbRacted ameshawncl e AR wddluwrepflily pependeitstddd,ust r at ed

vehicle conprises,two short generall lindricagl bodies 10, 11, |inked
"t oget her b)r/rpa pngﬁ f?%t%yﬁ‘gﬂ%?“ﬁ, }Af’gyvﬁtiﬁ?‘itl‘h?“tv@ £ hdheescykindery; ¢

pivotally coupl edngl &3u888 dih TGk Q) Yadvance, progressively and

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

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

10 substantially greater than its own weight.
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Each of t llmllumuﬁlEUbSt antial number of resilient bristles 15
ext endi ng H HRIo e |y fromaround 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
11l ustrated. wo97113e7 vehicle is introduced to the pipe at ipcI/GBsmRIdtrand end
17 and, since the inside dianmeter of the pipe 16 is somewhat | ess than the
10 maxi mum overall lateral diamel®r= of the vehicle 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
bet ween 15 and 45 degrees. 15 In order to advance the vehicle al ong
the pipe in the direction of the arrow 18, air is introduced into the
cylinder 12 cuaimshe bodies 10, 11 are thereby urged apart. The
orientation of the bristles on the body 11 resists rearward novenent of
t hat body and the 20 body 10 is therefore thrust forwards, the
rearwardl y- Wi rect &d brEuwfres t htraversineri ghisde r esheranterised hat
otion, so tqﬁ} %Qgtbggl%im%g?géstQ&opggéiégn71o, 11) interconnected

by means to move the bodies towards and away from

5 each other, each said body being supported upon a
multiplicity of resilient bristles (15) extending

from it.

2. A surface traversing vehicle according to Claim

1, cﬁaracterised in that each body is generally flat.

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

from a single flat face of each body.

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

15 a surface magnetically.

5. A surface traversing vehicle according to Claim
2, characterised in that the bristles (15) extend

in opposite directions from opposite flat faces of

each body.

20 6. 4 surface traversing vehicle according to
Claim 1, characterised in that each body (10, 11)

is rotationally symmetrical about the length of the

vehicle.



shown 1n Fig. 3. Upon subsequent evacuation of the cylinder 12 (Fig. 4),

:tc_%e_ﬁggﬂmm"ﬂumﬂmlnﬂn\gardsligm _towards . the body 10_ until the

CT/ GB96/*02807- - M3 s rmetracted as shown. As will readily be understood,
alternate extension and retraction of the cylinder thus causes the
-vehicle to progressively and stepw se, through t in the
di rection of %ﬁ'@ﬁ%ﬂ arrow 18. In experinental use, the%%?’f’é?’e
vehicle has been shown to be able to advance vertically,
horizontal ly and at intermediate inctitations along a tubul ar condui t
and to t ake wth It | oads 10 substantially greater than its
own wei ght. WO 97/ 11307 _ _
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characterised
6, characterised in that each body (10, 11) is generally

cylindrical and the bristles (15} extend outwardly

from the bodies.

5 8. A surface traversing vehicle according to Claim
6, characterised in that each body (10, 11) is of
generally annular cross-section and the bristles (15)

extend inwardly from the bodies.

9. A surface traversing vehicle according to any
16 of the preceding claims, characterised in that the
bristles (15) extend generally perpendicular to the
surface of the body (10, 11), or slightly inclined

to that direction.

10. A surface traversing vehicle according to any
15 of the preceding claims, characterised in that the

bristles (15) are mounted off-set from mutual parallel.

11. A surface traversing vehicle according to any
of the preceding claims, characterised in that the
bristles (15) are natural bristles or of a synthetic

20 poclymeric material or a metal.

12. A surface traversing vehicle according to Claim
11, characterised in that the bristles (15} are of

nylon or steel.



In that i WO bodles (10, 11) interconnected by neans
t he bOdile Ma "away fromb5 each other, each said body

béing s

extending fromit.

1

t he vehicle

nultiplicity of resilient bristles

agai nst 15 a surface magnetically. 5. A surface

traversing vehicle according to Caim?2, characterised in that the
bristles (15) extend in opposite directions fromopposite flat faces of

each body. 2D3. 6. A

to Cdaim 1,

rotatlonally° sy

97/ 11307

10

15

20

characterised in _that each body, (10, 11) is

bristles (15) are of different £§§£§¥§¥¥() %/or of

different lengths.

14. A surface traversing vehicle according to any
of the preceding claims, characterised by retractable
bristles and/or a mechanism for reversing the inclination

of the bristles.

15. A surface traversing vehicle according to any
of Claims 1 to 13, characterised by a line which includes
a pneumatic or hydraulic c¢ylinder to enable movement

of the vehicle to be reversed.

16. A surface traversing vehicle according to any
of the preceding claims, characterised by means to

rotate one or more of the bodies (10, 11) about its

axis.

17. A surface traversing vehicle according to any
of the preceding claims, characterised in that the
means to move the bodies towards and away from each

other is electrically powered.

18. A surface traversing vehicle according to any
of Claims 1 to 16, characterised in that the means
(12) to move the bodies towards and away from each

other is a pneumatic or hydraulic cylinder.

to

A

nove

(15)

A surface traversing vehicle according to Caim
. Characterised in that each body is generally flat. 10 3.
surface traveve¥mgaorehi cl e according to Caim 2,
bristles (15) extend froma single flat face of each body. 4.
traversing vehicle

char act er iravGBosodsbat t he
A surface
according to d ainyg, —characterised by neans to retain

surfiacesurfavmrsingr avehichg acedfding toaceoydi ng
et rpregediggoyrlaing. IER@??Ft?ﬁ15§4uaﬂﬂﬂnWHQS theyp



urface traversing vehicle according to Oaim 86,
char act jrl“ﬂm" ll mul mb\g body (10 11) is generally cylindrical and the
rdly fromthe bodies. 5 8. "A surface

traver3|ng vehicl & accordlng to Claimé6, characterised in that each body
(10, 11) is of generally annular cross-section and the bristles (15) extend
inwardly from odi es. 9. A surface traversing cordi ng
to any 10 ;p1ﬁ§ precedlng clainms, characterised ﬁ%g%ﬁggmﬁ@ﬁ
bristles (15) extend generally perpgndicular to the surface t he
body (10, 11), or slightly inclined to that direction. 10. A
surface traversing vehicle according to any 15 of the preceding
claims, characterised in that the bristles (15) are nounted off-set
from nutual ¥9aral |l 3l .sudface Aragersime vehiddesi-agcovdhngl etoammarding to

any of the preceding clainms, characterised in _that the bristles (15)
are natural 9ri $PFes PEECEEing s\GhaidIS.c sharagterisedc Hat cFhall dhea netal .

that the briobnge pie EIpRRH DoferegRReriad 15, Faflm 11, eharacterised In

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

the links between adjacent bodies.

21, A surface traversing vehicle according to any
of the preceding claims, characterised in that it
10 comprises more than two said bodies (10, 11), coupled

together in pairs at a fixed distance apart.

22. A surface traversing vehicle according to any
of Claims 1 to 20, characterised in that it comprises
three or more said bodies (10, 11), each interconnected
15 (12, 13, 14) for movement towards and away from the

adjacent body or bodies.

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

20 of a controller.

. 24. A surface traversing vehicle according to any
of the preceding claims, characterised by an umbilical

linking the vehicle to a remote control position.



MD 97/ 11307 : PCT/ GB96/ 02307 - 16 -

sing vehicle according to any of the
pr ecedl ﬁulmjmlumumMct erised in that the bristles (15) are of

di.f ferent mat enal"s and’ or of different | engths. 5 14. A surface
traversing vehicle according to any of the preceding clains,

¢har act eri seswgymmtr act abl e bristles and/ or a nechani sm f eerigy@Ezseng t he
inclination of the bristles. 15. A surface traversing vehicle
according to any 10 of Clains 1 to 13jgcharacterised by a |ine which

i ncl udes a pneumatic or hydraulic cylinder to enable novenent of the
vehicle to be reversed. 16. A surface traversing vehicle according
to any of the preceding clainms, characterised by neans to 15 rotate one
or nmore of (2% bodi esurfiare, tn_a\)ezmm vehickxi gaccording Ao sCrdime
traversing vehicle accordin of the preceding cl ains,

char act eri sed4n tIharackerigads Pl’S nﬁ?él’c‘ﬁe BodiSd®idahar Hehiske avkse f r om

each 20 ot her trically nowered. 18. A surface traversing
vehicle accor éﬁr?g %ﬁ '&ﬁ’yhycaq’

26. A surface traversing vehicle according to Claim
5 25, characterised by having one or more sensors +to

monitor tension in the umbilical.



of Clainms 1 to 16, characterised in that the neans (12) to nove the bodies
towards and away from each other is.a pneurmatic or hydraulic cylinder.

VIO 97T 11307 ' PCT/ GB96/ 02307 - 17 - 19.
A, surface traversing vehicle according to any of the preceding

cl ai s, characterised in that the bodies are flexibly interconnected (13,

14) . 20 surface traversing vehicle according t he
precedi ng cl X" H {oﬂar acterised by having one or nore Mee@ﬁ% upon

t he bodi es and/or upon the links betmeen adj acent bodi es. A surface
traversing vehicle aﬁgordlng to f the preceding alns,
characterised in that A%¥ 10 conprlses than two sai ¢ dies (10, 11),

Ay gsurface
hrlact eri sed in
dr connect ed
rf]gtnent body

coupl ed toget her yi iixed di stance 3
traversing vehi
that it conprise
15+ (12, 13,

or bodies. 23.

1

t ovar @
§|ng vehi cl g

A surface traver
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22, characterised in that relative novenent of adjacent bodies (10, 11) is

effected autonmatically by nmeans 20 of a controller. 24. A _surface )
tyavefsing vehicle according to any of the preceding clains, IposcoPy
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posi ti on. WO 97/ 11307 R\ 1PER
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