~#A SHELF- PROPELLED CARRI AGE SU TABLE FOR MOVING IN A._ DRI CAL GALLERY The
present .invention relates to a self-propelled carriage suitable for noving

in‘a gallery of 5 substantially cylindrical shape. NbrﬁmﬂmmﬁWMHM m t he
invention relates to a self- propelled carri age capabl ~w nsi de a
"gallery made in the ground by a tunneling machi ne, the selfqspropell ed

carriage acting as a service vehicle for the 10 tunneling machine. It can

be used in par SECEH-BROPOILLEDAKIARR NGRS S TTASEIERGS MOvike tMnRel i ng

machi ne and f i d material away therefrom In known
sol uti ons, rggigNggécﬁgigé%ﬁJ e bottomof the gallery and the carriage(s)

i s/are noved ther fakopgesebd saiventaids :eratiarg td paséicupaspbo1gui de the
carri age whe | lery kS N ctj.linear. Th wi_ del y- adopt ed sol ution
Ba&?‘% a%@ S%l lé a'b%. e %tO r{)?notvll Il 1Tl Aa rgdéfa# Jse ]E% CB%

natural ly presents~the rawback requ ring | ai d inside the
gal | ery Sfitsudstianhield yveydsoidrs cadr simpe precisely with its 20 |ining.

Anot her sol ution “gggdgglcggeg Vigle gﬁgéﬁgiﬁg1§ﬁ@%@gﬂ€§e%h$%ggrriage for

control by a user, _enabling the carriage to b eered gal lery
presents a BuPRPEALESr CREHL1aRSt GrmRle addinRy instiaesidy assehbeyy25 woul d

meke the carmhdgeiADEBeCGEPLINEALE at @ LGRSt tnANdh ndvoul b NBKeei t
necessary for_an @Eggator to be present during displacenents of the

carriage. AnPHBPE f CBhELALES B 1V &t iPorFSIY HSS iV ke afor the
sel f - pr dpel | ednoelihggmachpakl.e Gt wavi kg UBeslCH Pa3a Gall£F Yeykt hout it

carr i age wit Paiag; pRUsEBILC STRRHE N B B e e e R Fate any
portions of taklpdl FErgvehad mptemdrlr evklyl ithearefrom.

In known solutions, rails are laid on the bottom of
the gallery and the carriage(s) is/are moved therealong,

15 said rails serving in particular to guide the carriage
when the gallery is not rectilinear.

That widely-adopted solution naturally presents the
drawback of requiring rails to be laid inside the gallery
fitted with the voussoirs, or more precisely with its

20 lining.

Another solution would be to provide a steering
system on the carriage for control by a user, enabling
the carriage to be steered when the gallery presents a
curved portion. Naturally, adding a steering assembly

25 would make the carriage more complicated to construct and
would make it necessary for an operator to be present
during displacements of the carriage.

An object of the present invention is to provide a
self-propelled carriage capable of moving in such a

30 gallery without it being necessary to lay rails and while
avoiding any need to provide the carriage with specific
steering control means enabling it to negotiate any
portions of the gallery that are not rectilinear.

To achieve this end, the invention provides a self-

35 propelled carriage suitable for moving in a gallery of
substantially cylindrical shape, the carriage being

characterized in that it comprises:
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-‘To achieve this end,
suitable for

| ski p;

arns,

the invention provides a self- 35 propelled carriage

nmoving in a gallery of substantially cylindrical shape, the
carriage being characterized in that it conprises: 2 a chassis

constituted by two wheel sets, respectiveby a front set and a rear set;
and a horizontal |ongitudinal support axis on which 5 said skipis

a first end

| separati on;
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support axis; neans fakipywaiaridi ning the arns at a constant angul ar
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means for maintaining the arms at a constant
angular separation;

two rotary drive shafts, each drive shaft being
pivotally mounted at the second end of a respective arm,
said drive shafts being orthogonal to said support axis;

means for rotating said drive shaft; and

two wheels, each wheel comprising a hub secured to
a corresponding rotary drive shaft, at least one circular
disk secured to the hub, and at its periphery a plurality
of rollers for co-operating with the cylindrical wall of
said gallery, each roller being mounted to rotate freely
about an axis that is orthogonal to the rotary drive
shaft of the wheel.

It will be understood that by having rollers which
constitute a "tread" on each wheel, the axes of the
rollers being substantially parallel to the main travel
direction, the overall travel component of each wheel of
a wheel set results from combining the main rectilinear
displacement with the rolling displacement of the roller
in a direction that is substantially orthogonal to the
main travel direction. This vector sum of displacement
for the carriage as a whole enables the carriage to
negotiate curved portions of the gallery without it being
necessary to provide it with a steering system. It will
be understood in particular that the freedom of the

rollers to roll avoids phenomena of friction and of

its

be

a

FaSUPPostt @disers for co-operating with the cylindrical wall

of said gallery, seathwheldiersdieidighgmiuded to rotate freely about an axis
that is orthogonal %o the rotary drive shaft of the wheel. 25 It wll

under st ood that by
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“‘a wheel set results fromconbining the main rectilinear 30 displacenent
with the rolling displacenent of the roller in a direction that is
subistantially orthogonal to the nmain travel direction. This vector sum of

~displacenent for the carriage as a whol ezenables the carriage to negotiate
curved portions of the gallery without it being 35 necessary to provide it
wth a steering system It will be understood in particular that the

freedom of t hamiol) eid Qild s RhenarEne Tl chellon and of 3

j anm ng t hat vvoul,%ér event or di'sturb displacenen e
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surface nmade

Also preferably, each wheel comprises three mutually

15 parallel disks secured to the wheel hub, the periphery of
each disk being provided with said rollers. This
disposition serves to increase the contact area between
the wheels and the wall of the gallery, and thus to avoid
damaging the wall by applying too great a point loading

20 thereon.

Also preferably, the axes of the rollers on one of
the disks are offset relative to the axes of the rollers
on the other two disks around the peripheral direction of
the disks. This offset provides the rolling surface made

25 up by the rollers with "continuity" in the direction of
the shaft of each wheel.

Other characteristics and advantages of the
invention appear better on reading the following
description of various embodiments of the invention given

30 as non-limiting examples. The description refers to the
accompanying drawings, in which:

Figure 1 is a side view of the self-propelled
carriage;
Figure 2 is an end view of the self-propelled
35 carriage with the wheel set in the rest position;
Figure 3 is a face view of a wheel of the

carriage;



‘25 up by the rollers with "continuity" in the direction of the shaft of
each wheel. Ot her characteristics and advantages of the invention appear
better on reading the followi ng description of various enbodi nents of the
i nvention given 30 as non-limting exanpl@&s. The description refers to the

“acconpanying drawi ngs, in which: Figure 1 is a side view of the
self-propelled carriage; Figure 2 is an end view of the self-propelled
35 carriage with theeiesd seisian dhemeeshlpasktion viEWoWe 3 s face
view of a whqﬁl chartrhiea ec_arri age; 4 Figure 4 is a dianetral section View
of a wheel of " 1he dartd age; Figure 5 is a perspective view of a wheel of

the carriage; and Fidtwpre £ is perepdcview of ewhercar whage WH ligdt s
negoti ati ng %a&lﬁi‘éﬁén 4 gallery along which it is traveling. A
preferred enbodiment ‘of the self-propelled carriage is described bel ow
with reféence initifEldyra ¢ 19 an geneésviewndf 2th&heaeatiabagehiiSe it
essentially gensid ed 4 ' 0; Y, sis 11 having.a front
wheel set 12 and gta?tﬁl?;:rlbﬁgaelsé%@{é1ﬁ$n%?%c%§%g$ﬁ§mﬁggpgs‘é'ﬁ§c ré% 18

i dentical, ofif*%HeN%ar wheel set 14 is described, by way of exanple. 15

The skip 10 may be giksteantddldnbsEimayt i Hdrigal sérf-ﬁ%gﬁuéad '1% ifh
axl s , e

connected to the.chassis 11 via a, .horizontal |ongitudin
skip 10 bei ng> BiV&aryy ql?ﬁﬁﬁlg%fdmp‘%e%"hs‘”b?hb’é%l?%%@‘:?néﬂiwéﬂ\fﬂw tengagi ng
the axi §016. FAgueseh lemhdf2 t hertexicarhfiagd 1espesénvehy1yetengnsed 16 and
16b, a respegl) ve Sane 9 and by a chassis 11 having a front wheel set
12 and a rear wheel set 14. Since both wheel sets are
identical, only the rear wheel set 14 is described, by
way of example.
15 The skip 10 may be substantiaily semicylindrical in
shape, and it is connected to the chassis 11 via a
horizontal longitudinal axis 16, the skip 10 being
pivotally mounted by means of bearings (not shown)
engaging the axis 16. At each end of the axis ls,
20 respectively referenced 16a and 16b, a respective one of
the wheel sets 12 and 14 is mounted so that it is free to
oscillate. As explained below, the wheel sets 12 and 14
are preferably interconnected by longitudinally extending
members 20 and 22 which naturally extend outside the skip
25 10 and parallel to its longitudinal axis.
There follows a description of the rear wheel set 14
given with reference to Figure 2. This wheel set
comprises two substantially identical arms 24 and 26. A
first end 24a, 26a of each arm is pivotally mounted via
30 the end bearings 16b on the horizontal support axis 16.
Each arm is preferably constituted by a first
substantially rectilinear portion 28 and by a second
portion 30 that extends at an angle relative to the first
portion 28. The second end 24b, 26b of each arm carries
35 a drive shaft 32 of axis x,x orthogonal to the direction
X,X' of the support axis 16. In addition, the ends of
the longitudinal members 20 and 22 are secured



-‘t he wheel sets 12 and 14 is nmounted so that it is free to oscillate. As
expl ai ned bel ow, the wheel sets 12 and 14 are preferably interconnected by
| orgi tudi nally extending nenbers 20 and 22 which naturally extend outside
the skip 25 10 and parallel to its |ongitudinal axis. There follows a

~description of the rear wheel set 14 given with reference to Figure 2.
This wheel set conprises two substantially identical arns 24 and 26. A

first end 24aestitifveBEh @rihd Setiy 03 @b | ¥ngosptedsVvig 3 i ngs
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end 24b, 26b,1%t armcarrletilSSadrlve haft .32 of axis Xx,Xx
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t hus secured to each SO as to CONSti apPSt he The
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34b are secure%e sal d m; The spacer Iura
hol es 36 t hu§™%fk ”@ngﬂh@ Bé’c%erﬁetthetctvhﬁdﬁmchmbéoadhasted and

thus enall i ngllhhet\aﬁeeif atfe tgallerptighathic, tdige lgeﬁfalgri ggdt he gallery

in which the gelf %ropel |, ed carr| ag%ﬂ%éto travel . Each arm 26 is also

fitted with“a mo Wt S 38 ope 3% 4 he Uri e ksar fiBpedyi a
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el

and preferably, each
wheels 40 and 42 1n each wheel set 14 to rotate.

15 As shown more clearly in Figures 3 and 4, and
preferably, each wheel, e.g. the wheel 40, is made up of
three parallel disks 44, 46, and 48 each constituted by a
pair of cheek plates 50 and 52 fixed on a hub 54, itself
secured to the drive shaft 32. At its periphery, each

20 disk 44, 46, and 48 is fitted with rollers such as 56
which constitute a tread on each disk 44 to 48 and thus
of the wheel 40 as a whole. These rollers are free to
rotate about axes 58 secured to the cheek plates 50 and
52, these axes extending orthogonally to the axis x,x' of

25 the drive shafts of the wheels, and thus to the axes of
the wheels. The rollers 56 are regularly spaced around
the periphery of the disks 44 to 48 and they are
pivotally mounted about the axes 58 by means of bearings
60. The rollers 56 are preferably made of a material

30 that has a low coefficient of friction and their outside
faces are in the form of surfaces of revolution about
axes that coincide with the axes 58, each surface of
revolution being defined by a circular arc 62 so that
each roller is generally barrel-shaped.

35 As shown more clearly in Figure 4, it is preferable
for the diameter of the circle on which the axes 58 of

the wheels 56 of the middle disk 46 are disposed to be



-three parallel disks 44, 46, and 48 each constituted by a pair of cheek
pl ates 50 and 52 fixed on a hub 54, itself secured to the drive shaft 32.
At its periphery, each 20 disk 44, 46, and 48 is fitted with rollers such
as 56 which constitute a tread on each digsk 44 to 48 and thus of the

“wheel 40 as a whole. These rollers are free to rotate about axes 58
secured to the cheek plates 50 and 52, these axes extending orthogonally

to the axis Xgréatdr 26ndhecHei yeambabi-s oq;a% i e axes
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of the disks LS they2 Bt et 8 pPRofAF NG T SdALed about the axes 58 by
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that has a | coefficjent_of friction.and their outside faces are in the
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the wall on which it is running in directions that are
15 the result of summing two possible displacement vectors,
firstly a displacement D1 which is the result of the
wheel as a whole turning about its axis x,x', and
secondly a displacement D2 which is the result of the
rollers being free to rotate, in particular the rollers
20 that are in contact with the wall, about their own axes
58.
It will be understood that because of these two
possible directions of displacement, the carriage as a
whole can continue to move even if the gallery does not
25 have a rectilinear axis and without requiring steering
means to be provided for the carriage, with this being
due to the transverse displacement component D2.
In Figure 2, the self-propelled carriage is shown in
a rectilinear portion of gallery. Both arms 24 and 26 of
30 the wheel set are symmetrical about a vertical mid-plane
P,P' of the gallery H.
In Figure 2, the carriage is shown in a rectilinear
portion of gallery H. 1In this situation, both arms 24
and 26 of each wheel set are symmetrical about a
35 diametral vertical plane P,P' of the gallery. The same

applies to the skip 10 of the carriage assuming that it



-‘rollers 56, each wheel 40, 42 is free to nove relative to the wall on
which it is running in directions that are 15 the result of summ ng two
possi bl e di spl acenent vectors, firstly a displacenment DI which is the
result of the wheel as a whole turning about its axis x,x', and secondly
a displacenent D2 which is the result of the rollers being free to rotate,
in particular the rollers 20 that are in contact with the wall, about their

own axes 58.id tlasddd b@yrﬁiﬁ@@fﬁéé@ﬂytﬁ%uée%‘gs@oﬁﬁﬁt}%ﬁ% ARy, sc | bl &

di rections of dISS | acenent, the carriage as a e can. conti 0 nove
even if the gdii%ry does not 25 have a rectilinear axis and WIthOUt

requiring steerindFigweanss tahdies ptrl@ylcfleﬂri@djetbﬁ gapbiragsn Wit @ ltllesqpel ng

due to the t LANSVES S& q,lo%olla% nent corrpon](ca . In Fi gure 2, fThe

sel f-propelled carriage 1s s IR et PFAGES CRoFPMBANSAGaltiT y. Bot h

arms 24 d&nd Xdeoffacd0 tthes Wﬁ'em ettt e ofmeltéeal 1abﬁut: 2e¥ehilliiglar,

m d-pl ane PRe ¢f th rr e is shown i'n a
e aiha ] eryA%-]( Cfanézé%%&ngn ?foﬁﬁ ﬁ%eérﬁEtZE logsy 26

rectilinear portlon of ga S situa
of each wheelthSeXdre rgﬁ%’é?ﬂ%]a]lelébolﬁ %pr@@m@neasaéxpéatneal apbaeg P, P

of the gall eWthT%t%&rve mARMdIRS 410 e Ak petd) of &ergé&fbag%‘ aggum ng
that it 7 is,|oaded mretrically about its I tudl na ©S8xi s 16.
Figure 6 shO\Xgleteﬁé\; ca&?{?lﬁ’gé’q%% porRigie @3t gé%ﬁg??enﬂ mm@mestaot
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with rotary AoversudioRlt repsirterssciss lear riEd Dyi 4 hetsewn Wieer squFhi § |
vector summ ng of 1@i filerao MYRMRY Smphasize that because the center
of gravity Gl lies beneath the support axis 16 of the
15 skip 10, it tends to return to a vertical position as
soon as the gallery H returns to a rectilinear profile.
Similarly, and preferably, the wheel sets taken together
present a center of gravity G2 which is naturally
disposed beneath the support axis 16, but also beneath
20 the center of gravity Gl of the skip. The movements that
result from these relative positions for the centers of
gravity tend likewise to return the wheel sets 12 and 14
to their vertical rest position (arms 24 and 26
symmetrical about the vertical plane P,P'), with this
25 being the position shown in Figure 2.
In the embodiment described above, it is stated that
each wheel of the wheel sets is made up of three disks 44
to 48 each carrying rollers 56. Naturally, in some
applications, each wheel could comprises a single disk
30 fitted with the above-described rollers, or only two
disks.



10 enabl es the wheel sets 12 and 14 as a whole to tilt about the vertical
pl ane P,P of the gallery, about the |ongitudinal support axis 16. This is
shown in Figure 6. It is inportant to enphasize that because the center of

~gravity G lies beneath the support axis 86 of the 15 skip 10, it tends to
return to a vertical position as soon as the gallery Hreturns to a
rectilinear profile. Simlarly, and preferably, the wheel sets taken

toget her pregeamMaa center of gravity G2 which is naturally disposed
al so, beneath 20 the center of gravity G

beneath the support is 16,..bu . _

of the skip. h%lﬁ%ﬁg%ﬁﬁ%?%%kﬁ& TESUT RS rom tMebe fFerampyvéngodnt ieons for
the centers @hlhynynd@/SuhuidﬂdmaMkyadyﬂiﬁﬂtﬁéalhghﬁpggltﬁgtga%%iggg 14
to their vertjgal, r j L. ar 4 and 26 symmetrical about the
verti cal pIa%%qggpéﬁgﬁmtf?%ﬁﬁ%§(§% éﬁhd‘iﬁ?Tﬁ% $Fdn shown in Figure 2.
In the efbodi nent "dés@hidsed salverstiittutiesd statted thiadel easbswheel of the
wheel sets iscrRdetUR Al N Y A}az},l\%tao A8 gach carrying rollers 56.

Naturally, in sonme applications, each eel” could conprises a single disk
30 fitted with the &&Ffddesdd bed rollers, or only two disks. 8 CLAIMB

1/ A sel f-propel | edacaioriagatsui g duli Vi dd-@ 985 85 YR cn

substantiallg c&lia@rical shape, .the carriage belng éﬁarac.erlzea in that

it conmprises™?3% §%¢RadSi LVGElYUMAPPY WA virfeel Larash divepetonvel y a
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axi s on mhicgaigagq E%EQ IS ;Ri.votally nounted in its length direction, 10

each wheel set e|n8 connectéed to a respective end of said support axis;
each wheel set comprising:

two arms, a first end of each arm being pivotally
mounted on one end of said support axis, said arms lying
15 in a common plane orthogonal to said sSupport axis;
means for maintaining the arms at a constant
angular separation;
two rotary drive shafts, each drive shaft being
pivotally mounted at the second end of a respective arm,
20 said drive shafts being orthogonal to said support axis;
means for rotating said drive shaft; and
two wheels, each wheel comprising a hub secured to
a corresponding rotary drive shaft, at least one circular
disk secured to the hub, and at its periphery a plurality
25 of rollers for co-operating with the cylindrical wall of
said gallery, each roller being mounted to rotate freely
about an axis that is orthogonal to the rotary drive
shaft of the wheel.

30 2/ A carriage according to claim 1, characterized in that
the center of gravity of said skip lies beneath said skip
support axis.

3/ A carriage according to claim 1 or claim 2,
35 characterized in that the center of gravity of each wheel

set lies beneath the center of gravity of the skip.



*each. wheel set conprising: two arns, a first end of each arm being
pivotally nounted on one end of said support axis, said arnms lying 15 in
a conmon pl ane orthogonal to said support axis; neans for nmintaining the

~arms at a constant angul ar separation; bwo rotary drive shafts, each
drive shaft being pivotally nmounted at the second end of a respective arm
20 said drive shafts being orthogonal to said support axis; neans for

rotating sai d/dn varsHalde aﬁubrdﬂmgwmﬁehﬁy &ashomheeh i 6Nprisi Ag a hub
secured to a.,corr spondl t¥ drive shaft, at |east one circular disk

secured to thgaﬁﬁﬁ Cand< 4K%q 5y 195t YRESY (rATRTSe8 Bhres| mutsiaddy
co- oper at i ngparef lefle ddykisndrdcatedredd tife waedall gabb eryheepehipakher J3ei ng

nounted to r r.ee s dypat ] ogonal to the rotary
drive shaft(éta theS\%ﬂIb\éﬁlnggﬁté)/ﬂ%1 g&;r‘“ﬁi agesaalc o?%ﬂ:‘fjg?o claim1l,
charactePized in that the center of gravity of said skip lies beneath sai d
skip suppor g /axi [ddALYE cl | ai,m. 2 5
characterlzed/ln ?ﬁgﬁﬁfégp?gﬁter I$FS$£3P?§”%3‘ (§%¥%% Errigd ? Flegﬁﬁéneath
the center of 6r§9@9§r§foph§@95 aQE,KQEQLQQkKe%m@©¢@|@garb any one of
claims 1 to 3nguthangcterized in that each wheel conprises three nutually
paral l el disks secured to the wheel hub, the periphery of each disk being
provided with said rollers. 5 5/ A carriage according to claim 4,
char act épi zed/i A bhatiagbeam@Hndmmgomce&abnﬁ:Hgiﬁhhféﬁﬁéfqiaaspﬁcggagpart
angul arly. 10,8/ Asc e r.di clalnt aract rized in that
t he mid- plangggo hgﬂ%%%%efgcggt 63%Ha t S fﬁ'Q8&é} the axes of
rotatlon of the rollers on one disk are angularly offset

relative to the corresponding mid-planes of the rollers

on the other two disks.

15
7/ A'carriage according to any one of claims 4 to 6,
characterized in that all of the rollers are
substantially identical, and in that the circle to which
the axis of rotation of the rollers of the central disk
20 are tangential is of diameter greater than the

corresponding diameters of the two side disks.

8/ A carriage according to any one of claims 1 to 7,
characterized in that the means for maintaining the two

25 arms of a wheel set at a constant spacing are adjustable,
thereby enabling said spacing to be adapted to match the
diameter of said gallery.

9/ A carriage according to any one of claims 1 to 8,

30 characterized in that the rolling surface of each roller
is a surface of revolution about the axis of rotation of
the roller and having a generator line constituted by a

circular arc.

35 10/ A carriage according to any one of claims 1 to 9,
characterized in that it further comprises two

longitudinally extending members parallel to said support



rotation of the rollers on one disk are angularly offset relative to the
corresponding m d-planes of the rollers on the other two disks. 15 7/ A
carriage according to any one of clains 4 to 6, characterized in that al
_of the rollers are substantially identicabp, and in that the circle to
which the axis of rotation of the rollers of the central disk 20 are
tangential is of dianeter greater than the corresponding dianeters of the

two side di skxisB/ eAdHBIToage: @eos T Y0ekOeAAYnENRelbet! 3,1k AP
characteri zed inchha t he ans for_. mai ntai nin gthg tﬁo 25 arﬁ%95¥u% wheel

t
set at a constEhC PR W &l ddjgrt abrks ?ﬂngByC@ﬁéﬁﬁPﬁ@dé@igd aypacithg to
be adapt ed t aheatottharhevhekilanedter of said gallery. 9/ A carriage according
to any one of clainms 1 to 8, 30 characterized in that the rolling surface
of each roller is a surface of revolution about the axis of rotation of
the roller and having a generator line constituted by a circular arc. 35
10/ A carriage according to any one of clains 1 to 9, characterized in
that it further conprises two |longitudinally extending nmenbers parallel to
said support 10 axis, each longitudinally extending nmenber securing one
arm of one of the wheel sets to the corresponding armof the other wheel
set. :



