‘1hPIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII *159159* A TRAILER FOR A
TUNNEL BORER FOLLOWNER TRAIN The present invention relates to a mm“mmmw
a tunnel borer follower train. BACKGRO4JND OF THE | NVENTI ON 5 mmmmw
tunnel's of large dinmensions and also of considerable length, it igfgmon
practice to use a "tunnel borer" enabling the entire cutting front to be

bor ed SIWU|ka%g$H§ra| Qe t%ﬁﬁﬁbngbﬁﬁgfﬁggﬁéﬁ%ﬁl&hk&ﬁd with a foll ower

train nade Up ers cars pulled by the tunnel
borer. These tralher preseatusavehtion| yeloteer aasporringdevarficaus: el enent s

that are ”@%ﬂﬁ@lf%Br%§kkgﬂle%rtEQQ?E while it is being bored, such as
voussoirs which are put in ace to pr%ﬁgy the tunnel wall, and also to
éiw}\ﬁl'i e t

renove the cuttings that CROIING 64 IRERT I8 i ng action proper.

These trailers aggeh \enta@;dn\gﬂ U&nW@@%' sft makgéualmehé@@hlsy a9 taflescmeﬂ ndrl cal
wal | of the tunnel mn e rai %ﬁgglnterposed It wll be

any
under st ood CPH&PdﬁFa iﬁp hvs%ﬁoﬂSISSW@8n59 FEEalFPy UB5od its 20
| ongi t udi nak tphaee bbrleE"t b@atbuﬂﬁgl tﬁéeéﬁﬂﬁSeacdeg&ﬁg Ghromgureatdd e in a

hori zont al glan thegtthe wheel s && E E g whi ch_are _nat §¥nvekinnunted
will cause PRESIeRtMMe tPPEPFE Yro f4Re BHnS c PFanpﬁﬁgﬁﬁt%ﬁ H%ed whi ch
nmust be cor wéthed. fbfl lwwel heaindeasitood bﬁatrb@ﬂepsoperth25fhpﬁwa1ﬁon It
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hori zontal , 1T n parti actory transfer of the ¢ ngs t hat
are extract age B?eﬁhéltfﬁﬁﬁe'l f@éréran@B@E@IsgAN@rsgmﬁ\le@enmE HIMENTI ON 30

There thereforenaxigelss far! %lkl'?%egh korhavelaywpysken whi %1@!@3@&%@,
trailer of a follower train mai nt ai ned subitantlal Rori zont al
whil e never?HEPe§§ voussocirs which are put int ace to prop up the

tunnel wall, and also to remove the cuttings that result
15 from the tunnel boring action proper.

These trailers are fitted with wheels that run
directly on the cylindrical wall of the tunnel without
any guide rails being interposed. It will be understood
that if a trailer is not loaded symmetrically about its

20 longitudinal plane or if the tunnel presents a degree of
curvature in a horizontal plane, then the wheels of
trailers which are not swivel-mounted will cause the
entire trailer to take on a certain amount of tilt, which
must be corrected. It will be understood that for proper

25 operation, it is necessary for the trailers of a follower
train to be substantially horizontal, in particular for
satisfactory transfer of the cuttings that are extracted
by the tunnel borer.

OBJECTS AND SUMMARY OF THE INVENTION

30 There therefore exists a real need to have a system
which enables a trailer of a follower train to be
maintained substantially horizontal while nevertheless
constituting a technique that is simple and that acts
simply.

35 An object of the present invention is to provide a

trailer for a tunnel borer follower train satisfying the
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conditions specified above.



*constituting a technique that is sinple and that acts sinply. 35 An object
of the present invention is to provide a trailer for a tunnel borer
follower train satisfying the conditions specified above. 11111111 [11]
PO terer ererr rerer et 1l *@0002* 2 According to the invention,
this object is achieved by a trailer for a tunnel borer follower train, the

trailer comprising.2,eagsics REQVided pith achlur alirofs s vhapldief i ni ng
an advance direction for~the trailer, said chassis at rest presenting a
| ongi t udi nalPYad $raddex floangi tugingdl bergre fofl loyerettmpithatthe verti cal ,

the trail ertrfa‘irlte!lerccﬁ@imrsiiﬁg“_%i cha%%i'se%%vti\ﬂ%dt ks @%L%m}; hee
chassi s substantlg%%¥ symmetrical ly about the |angitudinal plane 10 of
symmetry of "fEleh&SHiNing fgarevReIC S RGTany Tt iHE dFrdheeThassi s of
the trail ersaiQl aHaes il dtheer ipzeileal idout lidngilteruidddinals axdsa -
means for f%fdln the two _tanks with Ilgwd' and 15 - nmeans for

control ling Oﬁl@l%'&’éﬂﬂaﬂy Bdens Gi FYimet é’cﬁhta&m%saé’egtﬁﬁ??['i o%f any
measur ed ti ltirain esucuraheramnegtprtikding:he quantity of Iiquid contained in
each tank creates A heturn tor %%%k%b%#{t@\% :OI%HQ;'Heu%&—g%%l is tending to

conpensate any tilt of said trailer bé un stood that by
per manent | y sudmttardlilaing tehyemedss cofl Uyi qliahti fheadiengfitudindaHeplamks  of

the trgiler, 4 tsr% RIS @ O Hgalig.a return torque as a function of the
t

i ndi cations fro e tilt meter fitted to the trailer so as to establish a
return torque 25 WA detblMeasBdnG &Mvert 1S 1€ thurdiaepiaPestivel y to

a substanti alday 1kar ionRialveP Y N IRy iidorAdantRiit s longitudinal
axis;
- means for feeding the two tanks with liquid; and

15 - means for controlling the quantity of liquid in
each tank as a function of any measured tilt in such a
manner that the quantity of liquid contained in each tank
creates a return torque about the longitudinal axis
tending to compensate any tilt of said trailer.

20 It will be understood that by permanently
controlling the mass of ligquid in each of the side tanks
of the trailer, it is possible to create a return torque
as a function of the indications from the tilt meter
fitted to the trailer so as to establish a return torque

25 which enables the trailer to be returned progressively to
a substantially horizontal position as it advances. The
chassis of the trailer is returned to the horizontal
position by its wheels slipping sideways under the effect
of the return torque. It will also be understood that

30 the system does not have any complex components, but
merely the tanks for receiving and storing the liquid and
systems of solenoid valves controlled by a central unit
so as to adjust the volume of liquid contained in each of
the two tanks.

35 In a preferred embodiment, the liquid used for

filling the tanks in controlled manner is the same as the



" chassis of the trailer is returned to the horizontal position by its wheels
slipping sideways under the effect of the return torque. It will also be
understood that 30 the system does not have any conpl ex conponents, but
nmerely the tanks for receiving and storing the liquid and systens of

sol enoi d_val ves control I ed by a central unit so as to adjust the vol une of

l'i quid cont tanks...35 I n ref d enbaodient,
the |iqui d aqct]fl gfeteﬁjgutga IS SOREr 6:I1I Célllman ert% ectlﬁgl “hnme as
the 3 quu@bn«secin‘aalﬁ eedi ng the cooling circuit of the tunnel borer

itself. It wll % %cielrsnt 0 Ak Ogifttg] Cooqpc&(ﬂl retmbotcﬂ%} d qud}ple used

performs two fun ons, name e tunne orer and al so
that of enaBlimwyich ugest mﬁrﬁ@ﬁmé‘-\'tm fyen cdsitoatst i Wlf}’orth@etemﬁﬁg the trailer

of the d unnelobongy did 'tceitﬁtelt rtﬁax%ls% antdAldnae ke igQH@Ing BRI EF
DESCRI PTI ON OF THE DRAW NGS her_ char act eristics and advant ages of the

i nvention widetWphear B tter ]Q?n ersée?d?lri@}t% 1 IKRARGI ddseriii i bR of

various embogh rey & @ndihed e td 10wV v aias sikddrditd g, exanpl es. The
description refers tq the acconpanying figures, in which: 15 - Figure 1 is

a plan viewtriZ® 8 er of a follower train; - Figure 2 is a fragnentary
vertical section view orBrRiEReDE$ckPDIOF QErEHR,; DRAUFiIgGses 3A and 3B are

respecltl vely ri glbt %land c:‘—heftﬁ Ze%lhatllfcswaerl | npquaﬁ td ol o{ the trailer of

the fdl% ower tra i rcuit T or feeding the
liquid tankgnﬁenuupnrwmﬂkyappﬁar better on reading the following

description of various embodiments of the invention given
as non-limiting examples. The description refers to the
accompanying figures, in which:

15 - Figure 1 is a plan view of a trailer of a follower
train;

- Figure 2 is a fragmentary vertical section view on
line II-II of Figure 1;

- Figures 3A and 3B are respectively right and left

20 half-views in elevation of the trailer of the follower
train;

- Figure 4 shows a simplified circuit for feeding
the liquid tanks of the trailer; and

- Figure 5 shows the circuit for feeding liquid to

25 the balancing tanks when said liquid is also used for
cooling the tunnel borer.
MORE DETAILED DESCRIPTION

Reference is made initially to Figures 1 to 3 while

describing a preferred embodiment of the trailer for a
30 tunnel borer follower train.

The trailer essentially comprises a chassis 12
presenting a horizontal longitudinal axis XX' and a
midplane PP' that is vertical when the trailer is at
rest. The chassis 12 is fitted at its bottom end with a

35 plurality of wheels, or preferably of pairs of wheels
such as 14, 16, and 18 which enable the trailer 10 to run
along the cylindrical wall 20 of the tunnel.



- Figure 5 shows the circuit for feeding liquid to 25 the bal ancing tanks
when said liquid is also used for cooling the tunnel borer. MORE DETAI LED
DESCRI PT1 ON Reference is made initially to Figures 1 to 3 while describing
a preferred enbodi nent of the trailer for a 30 tunnel borer follower
train. The trailer essentially conprises a chassis 12 presenting a

hori zontal | ongitudi,nal axis XX dpl ane . PP t IS vertical when

the trailer is a& Fé?tto?hgofﬁé§§|g212tgé Ek??8a5a92|93 6@t %ﬁlé&fﬁmth a

35 pluralitysoﬁlwheélin @brpnehéaabMythfapaongegbrmbeeﬁsr such as 14, 16,

and 18 which e%%%%% fo% Eﬁ@ £ ogggekg ~gyendrical mall 20 of
2

the tunnel . %2 s op por?ﬁon assi s of the}%raller IS
fitted in p&mﬁud@kaﬁomlwh Feeoneayor 824 for transferring cuttings fromthe

front end 26 of e traid ehet wets%nrte%v@wélgﬁ 12 %%nfc%rrré%t%eqreesent

i nvention is concerned, theré -is no need describe in detail the nanner
in which thés orasses t» @ﬁSFﬁéb@r&PI@ﬁtﬁélnﬁbé MATESEmE No W Rigd  tdHui pent

it includescnhsReqisf igaldsy ther thzanshen Radgendn Raredls rE oussoirs. 10 On

its top portion 22, the trailer is fitt two preferably identica
tanks 30 an8W2DMSHt & 1§f&ﬁ§@ﬁvcépﬁ§1356whayhéoFoﬁ@%ﬂ§g ST KX of

the trail ehanfhesg tvamksodre.di sposed along outS|de Iongltudlnal edges 34
and 36 .of the trajler chassis. exa a. k n be
genergply in the% ortnSofOPa PRE 5ﬁb§lar rgFFélgr léb ﬁﬁi CP caghC|ty of
1500 Iiterstha@heiambbay(mdemZucalpm@héﬁabwyam@tBédﬁpmnﬂeiirespectlve
sensor 382 855 1TRASWAAY e 1 drigMelicthall Qs bk eaeh drank 30 or 32,

I n addition, . .
traller These tanks are disposed along outside

longitudinal edges 34 and 36 of the trailer chassis. By

15 way of example, each tank can be generally in the form of
a rectangular parallelepiped with a capacity of
1500 liters. Each tank 30 or 32 is preferably fitted
with a respective sensor 38a or 38b for measuring the
level of liquid in each tank 30 or 32. In addition, a

20 tilt meter given reference 40 is fitted to the top
portion 22 of the follower train trailer so as to supply
a signal S representative of any tilt of the trailer.

It will be understood that in accordance with the

principle of the present invention, each of the two tanks

25 30 and 32 is filled with a suitable quantity of water for
establishing a return torque to compensate for tilt of
the trailer as measured by the tilt meter 40. Naturally,
at rest, i.e. when the trailer has a midplane PP' which
is vertical, the tanks 30 and 32 are half filled with

30 liquid.

With reference initially to Figure 4, a simplified

embodiment of the circuit for feeding the tanks 30 and 32
with ligquid is described. This figure shows a central
processor unit 42 which receives the tilt signal S

35 delivered by the tilt meter 40 together with the signals
N, and N, delivered by the level sensors 38a and 38b
mounted in the tanks 30 and 32. Depending on the



20 tilt nmeter given reference 40 is fitted to the top portion 22 of the
follower train trailer so as to supply a signal S representative of any
tilt of the trailer. It will be understqg)d that in accordance with the
principle of the present invention, each of the two tanks 25 30 and 32 is
filled wth a suitable quantlty of water for establishi ng a return torque

to conpensate for t||t of he trail as neasured b tilt neter 40.
Natural |y, "&@SUE&EC n CERE 4 a Mgt Aas CRTNES Isarrri"ePli'lq}v)rﬁ is
vertical, thevtearaksa 3@nann 3 attee hatd dddkedavidd 30D démed-gte Vit h
reference|n|t|all o F| ure4 a5|rrpI|f|ed enbodi nent of the circuit
for feedi ngstuﬁe’atbz} \Mth liquid is described. This figure

shows a central Ipr M(mmm”lutfléﬁ \striboldl 1 meai, ve$1et Ae quild, sul'gu*n;ﬂ i$ 35

del  vered by.he,Lihly RBLer 40.L0gethes il holbersianals Mnang.fe.

deI|vered b e "év sensdrs nounteéed i n the
Dependi ng ox4t Heells ms:mc@dwel lin 1 ettise 3@entangl 3@ 10f4211'@)rttaﬂd1% 3the liquid

| evel s N1 a N2 o h n t r at urn
torque. In ?ﬁllds%s?l Q’lta %I Otl% ﬁ%r%en sa%g %n@e@% id, q‘mk% tﬁﬂkgs’;@@ am‘c; erably

water, arriveés a\;LlSé? aam ﬁeﬁpﬁé?tlwe 'Pl’ﬁtéeﬁl G@e%Allgiseé raé%dpe’c%k? ve inlets

30a and 32arelsgdee 1tverllys c%ne%&@&%ovlo@ta@lterp@pésv@zvesldft%qargbcio The

t anks 0 an ave respectlv Iet i ngs 30b and 32b
respe&tl velg &'%ﬁr‘?iel GdEame %% each 10 fitted with a

sol enoi d val ve 56tami158bel tundelﬂstbmdmdmtsmodtmmatsmnplizrﬁ&@ nplified
enbodi nent, ﬁw%;%{j? # QIR |1% lﬁfgg&%tf gentdal,unit 42
calcul ates a eren the Ievels 1 or gener ing a
return torqeentaad Nhﬂlsi ]953 dqaflfoelrlart@es ian didfgrenseudmtvwern ddm rol | ing t he
filling levels N, and N, for generating a return torque, and this

15 difference in level is used for controlling the filling
valves 48 and 50 or the emptying valves 56 and 58 so as
to adapt the level in each tank to the desired level
difference corresponding to a difference in mass in the
tanks 30 and 32 that is suitable for producing the return

20 torque.

Figure 5 shows an improved embodiment of the feed
circuits for the tanks 30 and 32 which also serve to
provide at least part of the cooling for the liquid
circulating in the heat exchanger of the tunnel borer.

25 In this embodiment, the tanks 30 and 32 thus serve, as
already explained, to create a return torque due to the
different masses of liquid they contain, and they also
serve as heat exchangers for providing at least some of
the cooling required by the cooling ligquid of the tunnel

30 borer. This circuit has in addition a pump 46 whose
inlet 46a is connected to a first pipe 60 leading to the
outlet orifices 30c and 32c¢ from the tanks 30 and 32 via
sclenoid valves 62 and 64. The outlet 46b of the pump 46
is connected to a pipe 66 feeding the cooling circuit R

35 of the tunnel borer. Each tank also has a first liquid
inlet 30d, 32d which is connected via pipes 68, 70, and

72 to an external source of cold liquid. The pipes 70



val ves 48 and 50 or the enptying valves 56 and 58 so as to adapt the |evel
in each tank to the desired level difference corresponding to a difference
in mass -in the tanks 30 and 32 that is guitable for producing the return
20- torque. Figure 5 shows an inproved enbodi nent of the feed circuits for
the tanks 30 and 32 which also serve to provide at |east part of the
cooling for t | QU Gl.rcul ati isn.t a t unnel
borer. 25 In{’u{lﬁiésé g%%%dﬁl(r?e%gvt%heehn%adnlkgog{? g’%gt\’fg’xf]%us%g{erﬁgel glgjé al ready
expl ai ned, tentchegtatwire rdt Wrron dtpueauda no alrruidi R erferitheraseezebf 1§ quid

t hey cont ai n,,,and f@eé’oﬁe%oceé%wgaéﬁ%yg'%, exchapgers, fy provigding at

| east sone of the cooling requir the cool i ng@l iquid of the tunnel 30

borer. This dikatuierheics B At i33e LHIMs 46Mfos® a1l et2 46aTh8 connect ed

to a figst )%% &b | eadi NGt dP Wit HPuldne it i< @feniier al 328 dheom the
tanks 30 and 32 via solenoid vg! ves 62 and 64., The ogtlet, 46b of the punp

46 is conndiRRP (3 £ RE 5% delditRf He Tt Solfi g TSRO 352 bre 1@

t unnel bor ercorfsacit ity ars ortyast fa fdlned dridji dsedorldetsRBshoBRdvabhveh i s
connect ed vi ipes 6 70, an 72 1.0 an .ext al, source of cold |iquid.
The pi pes 709606%%6]51% e RS withe é"oa\lé'r'\eoiegad] VIS ST Ghd 6. The

outl et pi pe ¢ tfromadmewnldt My ai nafida Rl & heigarfiel leddimy te connect ed
by pi 80, 1;3@5} 4 i ifd t t anks
30 an %32. The C.gél]g?e OﬁtIlo‘i}slaﬂfelgrtetcéegc?ldsv‘\?lt\ﬂg gatsf ggnéeélg{ru%e%%%%%e%gé%ng&fhe

pi pes 82 andiey larqui¥dited with a first solenoid valve 88 constituting an

on/of f val ve and g s&pid o) el c sty eso Yhdayi ngrd hf e d@rfsen The val ve
90 al so serves to control an outlet flowrate intao a pi%e 92 Igadi nﬁ to 10
%E’p‘é bid.

out si de t he ¥5EY FCIP TR kR &4 Fena™d %@ rFLERRA | Y
its tilt meter 40. There can also be seen a central
15 control unit 42 which receives the signal S as delivered

by the tilt meter 40, the temperature measurement T as
delivered by the temperature sensor 86, and the level
measurements N; and N, as delivered by the level sensors
38a and 38b sensing the levels in the tanks 30 and 32.

20 The outlets from the central control unit 42 serves to
control the solenoid valves 62, 64, 74, 76, 88, and 90.
The central unit also serves to control the circuit 94
controlling the pump 46.

Before describing the operation of the liquid

25 circuit in detail, it can be stated in general terms that
when the temperature of the liguid coming from the tunnel
borer heat exchanger via the pipe 78 is below a
predetermined value Ty, then this is the liquid which is
used for filling the tanks 30 and 32 in order to

30 establish the return torque. In contrast, if the
measured temperature T is greatexr than the reference
temperature Tp, then it is cold liquid coming via the pipe
72 that is used for adjusting the liquid levels N, and N,
in the tanks 30 and 32.

35 By way of example, the reference temperature Ty is
equal to 40°C.



“In addition, the tanks 30 and 32 are fitted with |evel sensors 38a and 38b
and the trailer is fitted with its tilt nmeter 40. There can also be seen a
central 15 control unit 42 which receives the signal S as delivered by the
titt meter 40, the tenperature neasurenment T as delivered by the
tenperature sensor 86, and the level neasurenments Ni and N2 as delivered
by the | evel sensqrs 38a and evel s |n the tanks 30 and

3 en
32. 20 The outl ets r(?rﬁ e Ceftr &I% iwraggluqlﬁl tCliffug‘er\?@s Wo *tontrol the
sol enoi d valRiegir@2 5 64 dBgcribedB8n dmdadQ. beller.cemtheal tdhret al so serves

to control tt*Ze “éxra%ﬂée %5 %”tl”ﬁ[ d”gig%[ q@"@xtluéun%b 1014856l ng the

oper ation of quid circui € stated 1 nh general
terns that e\méwngeer rEpEeEunest &y the Iseqeicd Gonmilrg lesemttiee tunnel

borer heat exghanggn-Mi %ntlhce 4@ ReuLER d %h%elv%wv% g’ edety mned valye TR,

then this is the |iquid whi Is used for filling the tanks 30 and 32 in
order to 30 S&¥YA5ILSs ﬁh%éfarlém% ey GHER 1on Megmeradthati thselnkftasifed

t enper at ur e oF ithegreaikers d Ran ddieidcefedr @rce het @IpRr @toure TR, then it is

cold liquid_com.ng via the e 2 that is ed for adjusting the liquid

Covel s NI ard T S Voot 35 5 32 36 BF by oSS 5 e

ref erence temmenaummethe|ﬁ§omeqdauﬂqml@D@omﬁngﬂﬁzcmxﬂhﬁiauidﬁsdﬁﬁbe

hydrayli c ¢ uit s i-n, Fi gur SGhi b When t he
Yo %ﬁ gﬁe ESE%ﬁJ&l Y %n@h qg1 h %%dl a‘%&ﬂ ﬁﬁ

tenperature of the eavi unne orer angé? as
measur ed by ttil¢ setser 496 itdd e’§d\7ter$ar$817R905 telngl &entarad &ﬁmatrelz causes the

val ve 88 tocheapaned: and 2o rolinhe, wAlE A I salt e that the

inlet 30e of the tank 30 I's connecte SI mu taneously, t he
val ves 74 aR@VEdsale 8nds¥d @ e tlpnks so as to Create a return

torgque while still allowing liquid to flow through the
15 tanks 30 and 32 at a rate that is suitable for cooling
the liquid flowing through the heat exchanger of the
tunnel borer. This circulation is driven by the pump 46.
If the temperature of the liquid leaving the heat
exchanger R of the tunnel borer as measured by the sensor
20 86 is greater than T, then the central unit 42 closes the
valve 88 and puts the pipe 82 into communication with the
outlet pipe 92 via the valve 90. 1In this configuration,
the liquid leaving the heat exchanger R of the tunnel
borer leaves directly via the outlet pipe 92. The levels
25 N, and N, in the tanks 30 and 32 are then adjusted using
the cold liquid feed source connected to the pipe 72.
The rates at which liquid flows through the tanks are
adjusted in such a manner as to enable the pump 46 to
continue to feed the heat exchanger R of the tunnel borer
30 while maintaining a suitable difference in level in the
tanks 30 and 32 to create the return torque that
corresponds to the tilt as measured by the sensor 40.
These flow rates are controlled by means of the valves
70, 76, and 62, and 64. The pipes shown in Figure 5 are
35 also shown in Figures 1 to 3.
Naturally, it would not go beyond the invention for

the trailer to have more than two tanks distributed along



interrupt the flow of liquid comng fromthe cold source 10 via the pipe
72. Depending on the indications fromthe tilt neter 40, the val ves 88,
90, and 62 and 64 are controlled so as_to maintain a difference between
the levels NN and N2 in the tanks so as to create a return torque while
still allowng liquid to fIOM/through the 15 tanks 30 and 32 at a rate that
is suitable for _coolin e Li flo t hrough the heat exchanger of
the tunnel© E@répng?ﬁ 1@9&0&@5 %4|§n§158eﬁ b§th8k5§ﬁﬁs46WlF% t he
tenperaturethbsbhelbhqueﬁdlea@mngahhe beahg emnhapnféedRookrtié tiwnnel borer
as neasur ed g% t he sensor gg iga Feaggr %QangR then the central unit
42 closes t RESVERVE BERARE Sﬁt h g Be 221"t 8“communi cation with the

out | et plpe 92 viNart wewtdl V¢ 90. begonhi sheortigear affi 6he itlvenltiigm d | eavi ng
t he heat nger fo e ¢t q eaye i ly ~\vi | et
bipe 03 TheCreutrs BaoR Sid RBLe PASERRke 30 ang 1o s CHaAost st ed
usi ng the G@B@GP¢QNEGYfé@dtﬁﬁuﬁeehéoﬁndct@dthé & tpiofe the Chﬁﬁ§1ﬁates at

whi ch |i qui dgf kﬂ\éﬁt&la&%&h @t 2Bks rai € eaaflidsbod meRnSUTF JdRES as to
enabl e the punp 46 continue to feed the heat “exchanger R of the tunnel

borer 30 whifP& Wﬁ?ﬁp§1ﬁﬁn§h§ %ﬁWFéSIéndFPFeF§ﬁ5§'|PUFe@M MR SHE NS anks 30

and 32 to CEQ@'WertaE%sl’ et Uhdek Ot thatumetbhesrqnds oo ridhte tddris@ss
nmeasu y the_sensor 4 ow rates are cqntrg#ledlg%vnea s of the

red
Tl ved 8 70) ChE- DR HORt ST LeTRAPBRpeS ORGSR LM G 2 90
shown in Fi gutéstlptipes. ofatieallyksit swoalsd tmoengoreepord fffeerdrmbvierit | on

for i, LT Bhier L9 haye u0re Lhan, Lo Lanks  skiibul edal ong & the

| ongi t udi na 84730 the haSSIS these right and |eft
t anks bei ngdeéﬁﬁﬁféhltéélo\féloail [raite onive Sars ﬂfiﬁtﬁn@eeas adrg et 30iEnd 32.

Nor woul d i thgo-Benand et e 3C e Ok Hehe HeleNtbPR rolled in such a
15 manner as to feed the heat exchanger of the tunnel borer
in appropriate manner.

The above-described system for maintaining a
horizontal attitude is preferably fitted to the leading
trailer, with coupling between trailers being such that

20 the return torque created by the tanks 30 and 32 of the
leading trailer is transmitted to the other trailers.



* 5 for the nasses of liquid present in the tanks or disposed respectively
to the right and to the left of the chassis of the trailer to be
controlled not by nmeans of devices for gmeasuring the levels in the tanks,
but by neasuring flow rates. Under such circunstances, flow rate sensors
10 can be nounted in the pipes, respectively the inlet and outlet pipes of
t he tanks, ;@ gﬁsto ensure a differential flowrate while correcting tilt
and then a P6MSdi fferential flowrate once tilt has been corrected, with
the absol ut @/f howreaflert fiem betngnebdnbrokkeliol howarhtaals, mieer as to feed

the heat exchanger abnfRetHANE! CHOLEE o LRoBPALAPLE ALeTBANGET THE of

above- descri syste |nta|n|ng a orlzonta tude i s preferably
fitted to tkWaekéaddeginingi prar adwpnRecOiperhgoBef®Behher &iBdle el ng such

that 2§ theSEQHUEHa%%EguﬁtCE@%Eegrggehﬁﬁnéaak§o§91€ﬂ@1§%l°%xﬁﬂﬁaukﬁ%ﬂ'ng
trailer is transmtted to_the other trailers AIMS 1/ Atrailer for a

tunnel bor etOPgEtEReRatr BiLANSt RE SYPEEFEY EBﬁErP§| H§¥51CRAssit%r ovi ded
with a pIur@&bgylefuwhg@kscdmbkmgmggan advance direction for the trailer,

5 said chassis at r sentin | on i nal XIS and .a | ongitudi nal
pl ane of symetry £ aﬁ ggg gWPiE%P?StW8gn%F§ Pgr t ﬁrFHSF S¢Shprising: - at
| east two tapbstanmnaédyoBymMetmhaasﬂy abohst ahei abhygisyainetarli qdldne about
t he l?Bg'tugEn?&pﬁ %?§tﬁ%ot f gxggg%ry of the chassis; - means for

measuri ng any §sSI'€°5f°the trailer relative to the
hori zont al about -i meahengruticashriagi sny- tadinotf shef eddistg = tef thkke t anks

with |iquidi,gn er1§e1a€%@8 tEOEh%OBEE:‘?leBh'EQlt hecarantid Y Rlgalduiiirhi n
each tank as a tunction of any nmeasured tilt in such a
axis;

- means for feeding the two tanks with ligquid; and
15 - means for controlling the gquantity of liquid in
each tank as a function of any measured tilt in such a
manner that the quantity of liquid contained in each tank
creates a return torque about the longitudinal axis
tending to compensate any tilt of said trailer.
20
2/ A trailer according to claim 1, wherein each tank
includes means for measuring the level of liquid in the
tank, and wherein the ligquid feed control means comprise
means for ensuring that the quantity of liguid in each

25 tank corresponds to levels related to the measured tilt.

3/ A trailer according to claim 1 or claim 2, for a
tunnel borer that includes a cooling liquid circuit,
wherein the liquid used for feeding said tanks

30 constitutes at least part of the liquid for cooling said

tunnel borer.

4/ A trailer according to claim 3, wherein the means for
feeding said tanks with liguid comprise means for

35 measuring the temperature T of the tunnel borer cooling
liquid; means for comparing the temperature T with a

predetermined temperature Ty; means for feeding said tanks



* manner that the quantity of liquid contained in each tank creates a return
torque about the longitudinal axis tending to conpensate any tilt of said
trailer.- 20 2/ Atrailer according to claim1, wherein each tank includes
means for measuring the level of liquidiin the tank, and wherein the

liquid feed control neans conprise means for ensuring that the quantity of

I d h.25 tank t | ated to t dtilt.
31 A rai | o Al GG TR 6r I o i 3 1 B Oa P AndP bR er el

i ncludes a eedld ngrikquirbnciare wixternslerssiurdehefl icgplidd lusedid aif f2esi ng
sai d tanks ?('O constitutes at least part of the liquid for cooling said

tunnel borer®°4/ A trailer according to claim3, wherein the neans for

feedi ng said tanks with liquid conprise nmeans for 35 nmeasuring the

temperafure T 1tel£“ ? e/ eg%o'dl%%m 4 gy %1ar£‘?r?rhs fv%?xcfﬂga{ﬁ 0g the

terrperature eterm tenperature TR nea ding said
t anks 10 wmerar@mfdalt eidﬁgmg it Garfksrmtmlwdm#we fRlRfg said

tanks from %Ie@eeerdhafig Sé%lir&%a‘?fksc@ﬂi |f el iWfith TesRcdiwd A trailer
according to clalm aor claim4, wherein the neans for fe(%dl ng thg t anks

with |iqui dCaRasieRiped Vst Paeting 1St PRGTKSUAMFFTEY e Wit h

resgectl ?/e t@@ﬂtlsi’ olbsiasnbi eowdlete i l:i!ﬁlﬂgﬁtclcﬁirm@rmﬁcﬂw iwlsai df tanks,
sai tlet es hein tQ t-he inlet

contr I%I abl @ éﬁpes}’lé} or&ﬁqﬁétq? oI &F pLFEr“Pp el ) con?:%c?aeﬁdt%uqlﬁe
cool i ng ci rmm‘lg)dem'edtlﬁ‘d‘leﬂo ther eraolfindA diraididr dforttee ttummedl bor er

fol l ower train..,15 substantially as herein described with reference to and
as illust rat e i'n the acconpanyi ng draw ngs.

6/ A trailer for a tunnel borer follower train,
15 substantially as herein described with reference to and

as illustrated in the accompanying drawings.



