1 0 3 MAY 2005 A METHOD OF TRANSM TTI NG | NFORVATI ON ALONG A STRI NG OF
DRI LLI NG RODS The present invention relates to a nethod of transmtting

information via a string of special rods 5 used in making colugns in,t
ground that are stronger than the sur r otindi ng terrain, the striﬁ&@ﬂ&cﬁgs

also nmaking it possible to transmt such information between a top end
close to the surface of the ground and a bottom end carrying drilling
tools. 10 Ph&EEHI QUL N DOHEDT N at N RN BLAM FnyON@e%ﬁﬁNNGi RY t he
terrain w tdyr @, 1i®c ¥odd qui d under very high pressure, often referred to as

"jet grouting” consists in pmaking colums of concrete in the ground (in
situ mxing of tB1S RGEI/H HHHAT det+3e 2Dy tAREABI T Phi d of the jet)

starting frommsdiaiehe] e diorsd bR v 4 rd nge oind osls @i dhi ebakhe hi gh
pressure fluid is delivered in order_to nmake ht_te%actgl um e of these jet
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taken to t%%éagchtr%rpai rﬁ2d5rflhlei rehol £. The central pipe conveys the jet

liquid, gener xture of” water and cenent, while the annular space
bet wdén t he out dhendldchsfiqur elibrongrl 1dat ingit@retd pPype conveys conpressed

air. It isRegaRidg,Mmie and dores {4 apents tRdrake degpi g 30niet- geeyt ed
col ums which need to be accuratelé/ae positioned in order to constitute a

shel | or "$t&H BYPSSHE grIouriF ore O F2rrHEEh 95@ateSby this net hod.

consists in making columns of concrete in the ground (in
situ mixing of terrain with a binder delivered by the

15 fluid of the jet) starting from a borehole by using a
string of rods into which the high pressure fluid is
delivered in order to make the column. One of these jet
methods makes use of two fluids and is referred to as a
"dual jet" method. A first fluid is a liquid for

20 destructuring the terrain and the other fluid is air for
improving the effectiveness of the liquid jet. The
technique is performed conventionally by using a dual
column string of rods, i.e. a column having an internal
pipe enabling both fluids to be taken to the bottom of

25 the borehole. The central pipe conveys the jet liquid,
generally a mixture of water and cement, while the
annular space between the outer wall of the tube and the
internal pipe conveys compressed air.

It is becoming more and more frequent to make deep

30 jet-grouted columns which need to be accurately
positioned in order to constitute a shell or "stem" in
the ground or a mass of terrain treated by this method.
In order to be able to make such a structure properly, it
1s necessary to measure continuously both the position of

35 drilling during the drilling stage and the diameter of
the column during the jet stage serving to make the

column in the previously drilled borehole. For this



In order to be able to make such a structure properly, it 1is necessary to
measure continuously both the position of 35 drilling during the drilling

stage and the dianmeter of the colum during the jet stage serving to nmake
the colum in the previously drilled bozehole. For this 2 0 3 M)Y] 208 2005
pur pose position-sensors such as a tiltnmeter, a nagnetoneter, a gyro, and
devices for neasuring dianeter are fitted to the bottom end of the string

of rods. TPhEEBoSENHEES tHWeL- ke ARkl R 0fa L munitaalddg, Weth the 5 surface
so that the data the\t/ grow de is tr E][ntted in real time to nmake it
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itself and EQSlOEFﬁE tbs |kteh§rt rt?%%s ort eln§aq< "t%et q{écaé%g ransmtter and

or

15 - receiver col S are ace Sal ctrical circult transmttlng
and recei vi aAgrrafsimmsi @mmeudltaﬁ@lﬁforsm @fs ted edtrd lonltipul sesiired this

pur pose is gﬁr{da@g&s%ggythg Stg%crt%q% WhiGgh |Sngeqq% iktsernal insul ation, and

the fluid be el ectrlca conduct.i ve. A first object of the
invention is to pPodFBécye Fed r%rﬁéks“tlisé*ﬁé%ﬁ tocﬁ A iR on using a

stringoof ped ogambeﬁa%l laqﬂéfaayd%@led a{adteeqhnlpq%cmpaﬂbr&@dl umis
simpler to éng and can bhe _used wth standard dual rods. 25 To

achi eve thi ﬁﬁéFlOPﬁeNPﬁveﬁt i’dd provitdés Za 7 ietod S 4%‘%%m tting

i nf or mat i onchetamenlvbe Wott awnarkging information in which one of
the conductors is the drilling fluid itself and the other
is either the rod or else the terrain. Transmitter and

15 receiver coils are placed on said electrical circuit for
transmitting and receiving information in the form of
electrical pulses. For this purpose is it necessary to
use rods which include internal insulation, and the fluid
must be electrically conductive.

20 A first object of the invention is to provide a
medium for transmitting information using a string of
rods implementing the dual jet technique, which medium is
simpler to implement and can be used with standard dual
jet rods.

25 To achieve this object, the invention provides a
method of transmitting information between the bottom and
top ends of a string of rods, each rod comprising an
outer conducive wall and a coaxial inner pipe of
conductive material for conveying liquid under pressure,

30 the annular space between said pipe and said outer wall
being filled with an electrically insulating fluid, the
method being characterized in that it comprises the
following steps:

placing a first inductive coupling coil in the
35 vicinity of the bottom end of the string of rods in said

annular space so that said coil surrounds said pipe;



top ends of a string of rods, each rod conprising an outer conducive wall
and a coaxial inner pipe of conductive material for conveying liquid under
pressure, 30 the annul ar space between said pipe and said outer tpélﬂﬁpewmq
filled with an electrically insulating fsuid, the nmethod being £E8-
characterized in that it conprises the followi ng steps: placing a first

i nductive coupling coil in the 35 vicinity of the bottomend of the string
of rods in said agpiylialg %\Qﬁf‘e@.e&ftrtlhﬂil sAigh0ido BHIDUNSIS]L sghg- pige; 3 0 3
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To achieve this object, the invention provides a
string of drilling rods fitted with information
transmission means, each rod comprising a conductive

15 outer wall, a coaxial inner pipe that is likewise
conductive for conveying a flow of liquid under pressure,
the annular space between the outer wall and the inner
pipe being filled with an insulating fluid, the string
being characterized in that the information transmission

20 means comprise:

- a first inductive coupling coil placed close to
the bottom end of said string of rods in said annular
space 1in such a manner that said coil surrounds said
pipe;

25 - means for applying an electrical signal to said
coil that is representative of information to be
transmitted;

- a second inductive coupling coil placed close to
the top end of said string of rods in the annular space

30 in such a manner that said coil surrounds said pipe; and

- means for picking up the electrical signal created
in said second coil.

It will be understood that in the invention the
current loop is constituted by conductive elements formed

35 by the outer wall of the rods and by the inner pipe
within the same rods, with these elements being separated

by the insulating gas that fills the annular space



space in such a manner that said coil surrounds said pipe; 25 - neans for
applying an electrical signal to said coil that is representative of
information to be transmtted; - a second inductive coupling coil placed
close to the top end of said string of Aods in the annul ar spacg 3 @ggigmﬁ
such a manner that said coil surrounds said pipe; and - neans for "picking up
the electrical signal created in said second coil. It wll be understood
that in theberwerin arhddwe twuraentid bopulbss const i tahedhby bendaehi ve
elements formed 35 by the ouervall of the.rods and by the Lnoer pipe
within the sgﬁ% rods, W H THese el ehent s Eelnb sepa?ate Eyqﬁﬁe i nsul ating
gas that filany tdeelighmd @irors par esdad Srd/o@905 bet meealyhesgqutiwescoaxi al
tubes. It c e - thi st ransm ssi f.Ln ' does not
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the top coil acts as a receiver enabling information to be transmtted to
t he instal | &Po® tha&C ceess ERF hake oidel brIt el PrATaF hali BA BARd that are

situat ed ontihe k0 tdd ace wfe thesiodiodd whit glseebe yndemnskeod that
the information applied to the first cail, i.e. the bo%ton1c0|l, is the
infornationU§§IFVeF%§ &PEQE@%ﬁﬁﬁRN%Pqnéhﬁ%da?% Fheuabdtt 8t pBFti on of the

stringoof rads,faaed dfhathd heraarme. 15 i nformation, possibly after being
transformed, is gol|agted by he 1op gollsand. iransm (red LpsLhe
processi ng assenbli es Tocated oh THe SUrtace ot - the
applied to the first coil, i.e. the bottom coil, is the
information delivered by the sensors mounted in the
bottom portion of the string of rods, and that the same
15 information, possibly after being transformed, is
collected by the top coil and transmitted to the
processing assemblies located on the surface of the
ground.
Other characteristics and advantages of the
20 invention will appear 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:
- Figure 1 is an elevation view of a conventional
25 type of equipment for drilling by jet grouting;
- Figure 2 is a simplified view of the string of
rods fitted with transmission means;
- Figure 3 1is a more detailed view showing the
information transmission means located at the top end and
30 at the bottom end of the string of rods; and
- Figure 4 shows one way 1in which the information
for transmission can be encoded.
Figure 1 is a simplified diagram showing a dual jet
drilling machine. This figure shows a platform 10
35 preferably mounted on crawler tracks 12 and hinged to the
bottom end 1l4a of a vertical guide mast 14. The mast 14

serves to guide a carriage 16 in vertical translation



ground. Ot her characteristics and advantages of the 20 invention will appear
better on reading the follow ng description of various enbodi nents of the
invention given as non-limting exanples. The description refers to the
acconpanying figures, in which: - Figuresl is an elevation vie gf 7'}35
conventional 25 type of equipnment for drilling by jet grouti n? I guré

is asinplified view of the string of rods fitted with transm ssion rreans
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head. The drilling head 18 serves first] a/ to rotate the strlngp rods 20
r tR§
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carries in particular a rotary.jojnt epabling air under pressure and jet
liquid 24 afd D6 & PHE 38R Cﬂ%ﬂeilr’b%f% ilkhe bottomrod 20; is fitted with a
jet taa 28 and md tuhilal rmhmﬁi@aét@hsdlﬁhamo:ﬂrﬁmiﬂ@ it pekEobrednder st ood
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by | owering he groun be” under st 60d
into the ground. It will also be understood that when

drilling is carried out to a considerable depth, it
becomes necessary to install additional intermediate rods
15 20,??2.
Figure 2 is a simplified diagram of the string of
rods 20 comprising ordinary rods 20, and the bottom rod
20;, the jet tool 28, and the mechanical tool 30. At its
bottom end, the string of rods also includes a module 32
20 containing various sensors which are explained below. As
can be seen in Figure 2, each rod 20, is constituted by an
outer tube 34 and by a coaxial inner pipe 36. The outer
wall 34 and the inner pipe 36 define between them an
annular gap 38 which is used for conveying air under
25 pressure to the jet module 28. The coaxial inner pipe 38
is used for conveying liquid under pressure, also to the
jet module.
In the invention, in order to enable information to
be transmitted from the sensors contained in the bottom
30 module 32 to the surface of the ground, a first
electromagnetic coupling coil 40 is mounted in the bottom
rod element 20;, which coil is mounted in the annular gap
38 filled with air under pressure. This coil 40
surrounds the inner pipe 36. To make the coil 40 easier
35 to install, it is possible to provide for the outside
wall 34 of the rod to have a larger diameter portion 42

in this zone. As explained in greater detail below, the



drilling is carried out to a considerable depth, it becones necessary to
install additional internmediate rods 15 20a???. Figure 2 is a sinplified

di agram of the string of rods 20 conprising ordinary rods 20a ﬁqprq Qmﬁ
bottomrod 20i, the jet tool 28, and thé nechanical tool 30. At its bottom
end, the string of rods also includes a nodule 32 20 contai ning vari ous
sensors which are explained below As can be seen in Figure 2, each rod 20a
is constitukﬁﬁjbyuams(nﬁmneduémeBﬁ ahdcbyi@atoaxhdlictomer spiche ag644The

outer wall nd the inner e 3 fi bet we t hbem an ; annul ar. gap 38
which is use(? f%lr csoenr%/se%ﬁsng fa:%? %(gcrhqg% g?éss%rrlegﬁ?) Fﬁg jed g (F& 8. The
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transmtted om t sensors cont ai ned otton1
surfacé of e gridur,serdnd stokl et r bfmgPRI¢CtedupPi AGSEBIICA8 i s nount ed

in the bott@@nduytd¥gyﬁgnvgg)théW&@@a§9|ﬁ01§tnpynted in the annular gap 38
filled with air under pressur Thi s I surrounds the_inner p pe 36. To
e

make the coil 40 °&asi%er<nomgiy otkﬁ?ls‘?‘é'f?r ‘f"’t‘l]r% PossiBl E°HE pPodfde tF6r t he
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zone. As epr ed .in ater 2 5.coil 40 is
connect ed by‘% ctHi i éhﬁﬁhﬁﬁ $%c%%c%i %ﬁﬁhclY% thgt g 8F the rmodul e
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Thi s second coOi IS conn to electri con ctors via the rot ary
joint 22. AdY [Ukh@Emitaee guganrs vednst bfuthea rodrede2otandlehe that is

well suited transmission in current loop mode. The coils
40 and 46 are mounted on one of the conductor elements of

15 this current loop constituted by the inner pipe 36 and
the outer wall 34. Thus, if a non-DC electrical signal
is applied to the bottom coil 46, induced current is
established in the above-defined current loop and is
therefore picked up by the top coil 46. As a result, the

20 coil 46 and the conductors 48 associated therewith
obtains an electrical signal representative of the
electrical signal which was applied to the bottom coil
40. If the signal applied to the coil 40 is
representative of measurements performed by the sensors

25 placed in the measurement compartment 32, it will be
understood that electrical signals are picked up on the
surface of the ground that are representative of said
measurements, and that these electrical signals can be
processed in real time on the surface.

30 With reference now to Figure 3, the component
elements of the invention placed in the bottom rod
element 20; and in the top rod element 20, are described
in greater detail.

Figure 3 shows in greater detail that the

35 measurement compartment 32 contains a tilt sensor 50 for

monitoring how close the drilling tool is to vertical and

a sensor 52 enabling the thickness of the column made in



i nner pipes 36 of the same rods are nmade of a netal or a netal alloy that
conducts electricity. It should be 10 understood that the inner pipe 36 and
the outer wall 34 when electrically connected at their top and bottom ends
by any suitable means constitute a condactor loop that is well @ 6y 2005
transm ssion in current |oop node. The coils 40 and 46 are nounted on one
of the conductor elenents of 15 this current |oop constituted by the inner

pi pe 36 andncthe outeizaald B3¢ ndddisred ! arnopoCiehgetirbcal, sgnal s
applied to the bottomTcoil 46, induced current iis. established in the

above- def | REGSdlreC 6o &M $s STHER et R E2pPeked GPiBy the top coil 46.

As a resul tondhie 2R 80l | Afendi § hersonsushors 481assegtatgdat herewith
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are pickedgépw3ﬁcﬁh@“%ﬁﬁ%éﬂﬁ?%ﬁ‘iﬁlttﬂ?éﬂkf%?@f? rée?ébre§§n%§tibé of said
nmeasur enentegnsand that dheseswieting cad shgnadésscaambetsprbegssed in rea
tinme on the _surface. 30,Wth arence now.to. Figu .~Lhe_canpanent

el enent s opetrﬁé)rimr?\%er%ﬁ oD\ng pﬁoarg:\g%‘“iengtﬁé“%\(lﬁf Tﬁ?gd&g%%féﬁéﬂgnzm "a‘ﬁd in the
top rod el elmemt 1205 & dayorlhecpregprsaerveetrli theFiggreal shows in
greater detais t; fhe nea qg@qug ofpart et . 32-6QRtakAs a tilt sensor
50 f%? nn%?ﬁggﬁﬁg’hOM/cJ se_t%e dri IT%Q %oolﬂ?s_?o Ser?ical and a sensor
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Ih this binary value 1, and delivering no AC signal when the

digital signal has binary value 0. This is shown in

15 Figure 4. The frequency signals generated by the
interface circuit 56 are applied to the bottom inductive
coupling coil 40 by the conductors 44. The inductive
coupling coils 40 and 46 are preferably constituted by a
magnetic core of toroidal shape surrounding the inner

20 pipe 36, with an electrical conductor being coiled around
the core so as to constitute a conventional type of
electromagnetic coil.

The top receiver coil 46 can be seen in the annular

space 38 of the top rod 20, and this coil is connected via

25 the rotary joint 22 to the output electrical conductor
48. The coil 46 is preferably likewise made using a
magnetic core 58 of toroidal shape with an electrical
conductor wound on the core 60.

Figure 3 also shows in diagrammatic manner the

30 admission 62 of liguid under pressure, e.g. cement in
suspension in water for feeding the inner pipe 36, and
the compressed air feed 64 for feeding the annular space
38. In the jet compartment 28 there is also shown
diagrammatically an injection nozzle 66 connected to the

35 axial pipe 36.



conmpartment. There is also shown a self-contained electrical power supply

or battery 54. The neasurenent 5 sensors 50 and 52 are connected to an
interface conponent 56 which. enables the electrical signals delivered by
the sensors and corresponding to the nmea8urenents they perfornedet My 2008
converted into digital measurements and then into AC signals representatlve
of the digital 10 information. By way of exanple, this can conprise a
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conventional type of electronmagnetic coil. e top receiver coil 46 can be
seen in the dRAQITERCIGFace RO D T D05 Sk 3 CEoFei s connect ed

via 25 the gelamy, ai.rt. 22 tadhe Qﬂﬁammleéﬁ%m&alta:;@él%ma@é 48. The coil
46 is prefer bky i kewi se nad?ﬂﬁianEHD gnetic core 58 of t0r0|d§ shape
with an el ecfP I %Sondi&For* $Se Jtf:orlecj éb’sslﬂi%]ﬁ e"3 BFsHE€fiows in
di agramoat i ¢ tR@nresilishdn 3headrips viceh 62, obnkl i d;hundeecmsessssjrae e.g.

i for feedln the |nner 36 an t he

cenent In S_US en5| nolrn %I’h > ¢ he
conpr essed ai- afnggc} 6% f&\?’%f r?d:k}eﬁe annula e ace t%% f‘%t
conpart ment 28et herté oms r@lds@Osihovme dcagngnmast lacalrlaylsantltrqrecambrthﬂ)zzl e 66
connect ed tooE%%r %@ %XE%EeH%%&:BGFf%m a practical point of view, it
is preferable for both coils to be constituted by a
15 single magnetic torus having both a transmitter winding
and a receiver winding wound thereon.

To achieve this result, it is also possible to use
only two coils each of which alternate between being used
as a transmitter and being used as a receiver. For this

20 purpose, each coil can be associated with a switch member
enabling it to be connected either to a receiver circuit
or to a transmitter circuit.

The two electromagnetic coils associated with the
above-defined current loop alsc make it possible to

25 transmit electrical power from the surface to the
measurement compartment 32 in order to recharge the
battery 54. Such power transmission is performed during
periods when there is no information to be transmitted.

In addition, in the above description, it is assumed

30 that drilling is performed using the dual jet technique.

For certain structures, a triple jet technique is
used. A liquid jet and a compressed air jet serve to
destructure the terrain and the third jet serves to
deliver the slurry for making the column. Under such

35 circumstances, the rods have two coaxial inner pipes. In

such a configuration, the inductive coupling coils should



0 3 MAY 2005 In the enbodi nent descri bed above, a transmtting bottom coi
40 connected to the sensors co-operates with a top coil 46 connected to a
processing unit. Information therefore flows fromthe bottom pr ty 9fpsp
the string of rods to the surface of the Yround. In some circunstances, It
can be advantageous to transmt information to the sensors fromthe surface
of the ground, i.e. to enable transm ssion to take place downwards. For
this purposeagainisepbssihbkd ta pheviedeul@rd wpace sdd fdre daprewih@0;, one
of which acts as_a t&ansnitter and the other as a receiver, and two coils
in the bottomrod 20r, “one acting as a transmtter and the other as a
receiver. Froma practical point of view, it 1is preferable for both coils
to be constituted by a 15 single magnetic torus having both a transmtter

wi nding and a receiver w nding wound thereon. To achieve this result, it is
al so possible to use only tw coils each of which alternate between being
used as a transmtter and being used as a receiver. For this 20 purpose,
each coil can be associated with a switch menber enabling it to be
connected either to a receiver circuit or to a transmtter circuit. The two
el ectromagnetic coils associated with the above-defined current |oop also
make it possible to 25 transmt electrical power fromthe surface to the
measur enent conpartmnment 32 in order to recharge the battery 54. Such power
transm ssion is perfornmed during periods when there is no information to be
transmtted. In addition, in the above description, it is assumed 30 that
drilling is perfornmed using the dual jet technique. For certain structures,
atriple jet technique is used. Aliquid jet and a conpressed air jet serve
to destructure the terrain and the third jet serves to



deliver the slurry for making the colum. Under such 35 circunstances, the

rods have two coaxial inner pipes. In such a configuration, the Rgﬂ# ;%ES
coupling coils should 9 0 3 MAY 20 again be located in the anngl‘r éé

used for conveying conpressed air. 0 3 NAY 2D05 10 CLAIMS 1/ A nethod of
transmtting informati on between the bottomand top ends of a string of
rods, each rod conprising an outer conducive wall and a coaxial inner 5
pi pe of condUthiM& material for conveying liquid under pressure, the

annul ar space ,begt salL¢ PLRe G S ; vald el didhed with an
electrically?(ngu a??ﬁg ?Iu?d,sﬁﬁe ne?ﬂéélbeiﬁb C aracfgg?ze ?n that it
conpri ses t heofbpPmodnAgteprepsds1@fplraditag e Afr stodsdradiver*®upling coil in

the vicinity.gbrtBengobhonuerd ebrdhe it iwd 10fadPds ddn:sad 0 i@neyl ar space
so that said coil surrounds said pipe; a%plylng an electrical signal to said
coi | that isPlPepPésERPEHFYEVEF "fHE Hirlorhivgt i(SOR o 68 thr YT 15

pl aci ng a segeadsiuipdycthveacoupbirgpeeid ltesed Gaildheimp and edidhe string

of drilling rods in id .annul.ar, space,so that sai.d second cojl _surrounds
said pipe; 3HESPi &’Erslﬁggﬁﬁngn%éﬁé&%r RS Syirai® ot st TVl B 150 t he
transmtted Ebbodpathenmberbawdsded ngecbradacyidri zZ8d Arsthiatg 1of drilling rods
fitted with Eg&ggg@%%oghet%gQ§gk§%5p%t ns, each rod conprising a
conductive outer wall, ‘a coaxial rnner pi'pe that is |ikew se 25 conductive
for cohVeying a fPédacénsl rqiidgstndeduyntégeucauplimg amul arm spaee bet ween
the outer walk-apdctiheri BRGI bottom end of the string of rods in said
annular space so that said coil surrounds said pipe;
applying an electrical signal to said coil that is
representative of the information to be transmitted;
15 placing a second inductive coupling coil close to
the top end of the string of drilling rods in said
annular space so that said second coil surrounds said
pipe; and
picking up an electrical signal representative of

20 the transmitted information from said second coil.

2/ A string of drilling rods fitted with information
transmission means, each rod comprising a conductive
outer wall, a coaxial inner pipe that is likewise

25 conductive for conveying a flow of liquid under pressure,
the annular space between the outer wall and the inner
pipe being filled with an insulating fluid, the string
being characterized in that the information transmission
means comprise:

30 - a first inductive coupling coil placed close to
the bottom end of said string of rods in said annular
space 1in such a manner that said coil surrounds said
pipe;

- means for applying an electrical signal to said

35 coil that is representative of information to be

transmitted;



pi pe being filled with an insulating fluid, the string being characterized

inthat the information transm ssion neans conprise: 30 - a first inductive
coupling coil placed close to the bottomend of said string of r@g§ Ayngzﬁp
annul ar space in such a manner that saiyd coil surrounds said pip

for applying an electrical signal to said 35 coil that is representative of
information to be transmtted; 11 3 MAY 20115 - a second inductive coupling

coi | placed close L0 qdhed ap&end of, Saldh sl ngoof §9Qéebf‘c§t}§ cangul ar

space in such a manner that sald‘00| surrounds sai means for
pi cki ng up thé éPectriccalt ﬁcglr@alstcrrme@ﬁ 569 5| ah@eéaﬁaiééu BPa8E A string

of rods accondispgnt @ &l-ANB8L2 ¢ haracterdzed suﬁréﬂﬁ&s'éaiargﬂﬁé .cappri ses,
at its bottomend, at Ieast one neasurenent sensor hat sai d nmeans

for 10 applyi ng “sAERNE e iRAXIGIG it Cehp?l et heaRs FePN2E0RYEAEEAG t he
measur gnent ;pectogmd ynsagd isensor into an electrical signal and neans
for causing an electrical signal representative of said neasurenent to flow
through said coil. 15 4/ A string of rods according to claim 3,
characterized A Bthhaly ot ﬂddstuﬁddﬁﬁfﬂgitdtciyimher ehapetsegiaed
rechargeabl e battery far merln t he sensor(s) coupling cails also
serving to rrah@ St LS Ieczgﬁbal OWeT™ %ﬁTT(ﬁ“retﬁaﬁ fﬁa sa|9 reghéFﬁgéble
battery. 5/ersMeemynmmaﬂmkﬁanaurchamﬂtxnc¢QRM1QaDd weanm 4pr characteri zed

in thay, said Egﬁ?f%?f %Qrﬂ%f | SQ% JBANS| TOfgn SENESALE NG 2ndigit abel ectri cal

signal repre trve
converting the measurement performed by said sensor 1into

an electrical signal and means for causing an electrical
signal representative of said measurement to flow through
said coil.

15
4/ A string of rods according to claim 3, characterized
in that, at its bottom end, it further comprises a
rechargeable battery for powering the sensor(s), said
coupling coils also serving to transmit electrical power

20 for recharging said rechargeable battery.

5/ A string of rods according to claim 3 or claim 4,
characterized in that said sensor comprises means for
generating a digital electrical signal representative of
25 said measurement, and in that the means for applying the
electrical signal comprise means for converting said

digital signal into an analog signal.

6/ A string of rods according to claim 5, characterized
30 in that the means for converting the digital information

comprise means for generating an electrical signal at

given frequency and amplitude whenever the digital signal

is in a first binary value and no such signal whenever the

digital signal is in a second binary value.
35 )

7/ A string of rods according to any one of claims 2 to

6, characterized in that each coil further comprises



25 said neasurenent, and in that the nmeans for applying the electrical
signal conprise neans for converting said digital signal into an anal og
signal. 6/ A string of rods according to claim5, characterized 30Q in that
the neans for converting the digital inf oié‘rati on conpri se neans f ol 3 MAY 2085
generating an electrical signal at given frequency and anplitude whenever
the digital signal is in a first binary value and no such signal whenever
the digital sjgnal, is in a second binary value,  35.7/.A string,of rods
accor di ng tosélr%%“%ln‘e‘%fmec?%% rﬁs&z f%p*é,‘n%h‘é?a%f%?héaa%nsfﬁaf*egghs‘éalg[
further conpricsds 122 0 3 RY 21 by sva 1 edhi and neanseforimpplyiany akectrical
electrical signal .to said_ _coil_in a fjrst binar |l ue and_for picking up
an el ectri calsggﬁa&néﬂrepsreébterﬂn o'E HePtoi 1l i % %e%%l%ﬂ%lrb?%r%ag%%e. 58/ A

string of rods according to any one of clains 2 to 6, characterized in that

¢ Turther copi sesfd h# d-daductiyeasaupling,goble pbacetaifssal doannul ar
space close to said second coil, and neans for applying an electrical
signal repre$entttERAS Y i FEGr bt Foat f o IubDtheansaissienstd SALd%third

coil, and a figunidh iwductiyei ngodpting: gobh disposedachosert gpgakd first
coil and fitted with means for picking up_ the el egtrlgalwsl nal present on
said fourth &diase 1 g2 sTFFAG of O+ 0ds>BECBPHIAgiPH 2Ry BheSofclains 2 to
8, charact er ic2ed tiri ddlats Bacdhl CHEbrEOENE & SE8e o MBPNLSIBat LORUSOSUr roundi ng
said inger pipe and an electrical  gonductof wound op the, tord8etive
coupling coil disposed close to said first coil and
fitted with means for picking up the electrical signal

present on saild fourth coil.

15 8/ A string of rods according to any one of claims 2 to
8, characterized in that each coil comprises a magnetic
torus surrounding said inner pipe and an electrical

conductor wound on the torus.





