Conduct or systemfor well bore data transmission This appllcatlon has

disclosure in common with Wll Bore 459 ta Transmni ssion p*z |-
No.. ™0 286/, filed January 8, 1987, belonging to a common aSS|gn észgéz
BACK ND OF THE I NVENTION 1. Field of the Invention: This invention

relates to the transm ssion of data within a well bore, and is -
especially wuseful in 10 transntttﬂng downhol e data or neasurenents
“whi | e drilling. 2. Description of the Prior Art: In rotary drllllng, t he
rock bit is threaded onto the |ower end of a dr|II string or pipe. The pipe
i & 15 | owered and rotated, cays¢anductoneyspemiformwell bhire-datu tr 8lon geol ogi cal

<formations. The bit cuts a bore hole that is. | arger than the drill pipe,
so an annulus is credhde 8pplicatabherhasctdiscldsulre | lirpi pemmanaddeeht o

the drill string ne t W9 9,

- fluid, often call ﬁﬂ%#%pﬂ§ unpeggggaﬁﬁgfggthrgg%?g e!cﬁgé%i%$peh°'
through the dri 90 8@ drid-ash toJ%ﬁEa§ﬁrFacé9§Hn anginshrkd L& commenyi ng
cuttings frog t hesddgmiwl e bottontto the surface. 25 1t s
advant ageous to detect borehol e conditions while drilling. However, nuch of

the desired data must be detected near the bott om of the borehol e and IS :
not easily retrieved. An i dealBACKGBOWRDADF THEUINVENTION -2- would not

slow down or. otherwise hinder ordinary drilling operations, or require
excessi ve persaonnel or the special involvement of the drilling crew.,
1n . . 1. Field of the Invention:

\—/

This invention relates to the transmission of data

within a well bore, and is especially useful in

10 transmitting downhole data or measurements while
drilling. ' | '

S 2. D_ggcription of the Prior Art:

In rotary drilling, the rock bit is threaded onto

the lower end of a drill string or pipe. The pipe is

15 1lowered and rotated, causing the bit to disintegrate

geclogical formations. The bit cuts a bore hole that

_ is larger ~than the drill pipe, so an annulus is

O created. Section after section of drill pipe is added
to the drill string as new depths are reached.

20 - During drilling, a fluid, often called "mud", is

- pumped downward through the drill ‘pipe, through the
drill bit, and up to the surface through the annulus -
carrying cuttings from the borehole bottom to the
surface. ' '

25 It is advantageous to detect borehole conditions
while drilling. However, much of the desired data must
be detected near the bottom of the borehole and is not
easily retrieved. An ideal method of data retrieval



addltfon data retrieved instantaneously, in "real 5 time", is of greater
utility than data retrieved after tine delay. A systemfor takl ng

neasurenments while drilling is useful in directional drilling. \
Directional drilling is the process of using the drill bit to drill a bore
10 hole in a specific direction to achiewe sone drilling objective.

Measur enents concerning the drift angle, the azinmuth, and tool face

~orientation all aidin directional drilling. A neasurenent while driIIing'

system woul d repl ace single shot surveys and wire line 15 steering tools,
saving time and cuwbtldg dotl | sigwcosiown Meas uodnentwise | rinder | r@rd.yaale_ms
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obje_ct:Lve. Measurements concerning the drift angle,
" the azimuth, and tool face or:.entat:.on all aid in
"~ directional drilling. A measurement while drilling

system would replace single shot surveys and wire line
15 steering tools, saving time and cutting drillling costs.
Measurement while drilling systems also yield
valuable information about the condition of the drill
bit, helping determine when to replace a worn bit,
thus avoiding the pulling of "green" bits. Torque on
20 bit measurements are useful in this regard. See T.
Bates and C. Martin: "Multisensor Measurements-While-
' Drilling Tool Improves Drilling Economics", 0il & Gas
Journal, March 19, 1984, p. 119-37; and D. Grosso et
al.: _nuReport on MWD Experimental Downhole Sensors",
25 Journal of Petroleum Technology, May 1983, p. 899-907.
Formation evaluation is yet another object of a
measurement while drilling system. Gamma ray logs,
formation resistivity logs, and formation pressure
measurements are helpful in determining the necessity
30 of liners, reducing the risk of blowouts, allowing the -
' safe use of lower mud weights for more rapid drilling,
reducing the risks of lost circulation, and reducing
the risks of differential sticking. See Bates and
Martin article, supra.
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Exi sting neasurenent while drilling systens are said to inprove drilling
efflclency saving in excess of ten percent of the rig tinme; inprove
directional control, saving in excess of ten percent of the rig 5 tine;

al lowTogging while drilling, saving in excess of five percent of the rig
time; and enhance safety, produ0|ng I ndirect benefits. See A. Kanp:

. Pownhol e Tel emetry From The User's Pgjnt of View',, Journal of Petroleum
Technology, Oct ober 1983, p. 1792-96. 10 The transm ssion of
subsurface = data from subsurface sensors to surface nonitoring

equi pnent, while drilling operations continue, has been the object of nuch
tnventive effort overExistingt measyrepent. wbddeofdrhbl ing| isystens are
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of much inventive effort over the past forty years.
One of the earliest descriptions of such a system is
found in the July 15, 1935 issue of The Oil Weekly in
an article entitled "Electric Logging Experiments
Develop Attachments for Use on Rotary Rigs" by J.cC.
Karcher. In this article, Karcher described a systen
for transmitting geologic formation resistance data to
20 the surface, while drilling.'
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A variety of data transmission systems have been
_ proposed or attempted, but the industry leaders in oil
o "and gas technology continue searching for new and
improved systems for data transmission. Such attempts
25 and proposals include the transmission of signals
through cables in the drill string, or through cables
suspended in the bore hole of the drill string; the
transmission of ' signals by electromagnetic waves
through the earth; the transmission of signals by
30  acoustic or seismic waves through the drill pipe, the
earth, or the mudstream; the transmission of signals by
relay stations in the drill pipe, especially using
transformer couplings at the pipe connections; the
transmission of signals by way of releasing'chemical or



-4- radioactive tracers in the mudst r eam the"storihg_of signals in a
der, wth periodic or continuous retrieval;. and the

downhol e recor

transmn ssion of data signal s over pressure pul ses in the mudst r eam
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t hese proposed approackes face.a nultitude of practical
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%pulg ep@p@hepﬁy Bg@p&plg Measurement-Whlle-Drllllng_

Systems", Society of Petroleum Engineers Paper number
10036, Wilton Gravley reviewed the. current state of
measurement while drilling technology. In his view,

.only two'approacheS'are presently commercialiy viable°.
_ telemetry through the drilling fluid by the generation:

-of pressure-wave signals _and ' telemetry through

20

25

30

electrical conductors, or "hardwires".

Pressure-wave data signals can be sent through
the drilling fluid in two ways: -a continuous wave
method, or a pulse system. ' '

In a continuous wave telemetry, a continuous
pressure wave of fixed frequency is generated by
rotating a valve in the mud stream. Data from downhole
sensors is encoded on the'pressure wave in digital form
at the slow rate of 1.5 to 3 binary bits per second.
The mud pulse signal loses'half its amplitude for every
1,500 to 3,000 feet of depth, depending upon a variety
of factors. At the surface, these pulses are detected
and decoded.’ See generally the W. Gravley article,
supra, p. 1440. o ' '

Data transmission using pulse telemetry operates
Several times slower than the continuous wave system.
In this approach, preseure'puISes are generated in the

o



several tinmes slower than the continuous wave system In this approach,
pressure pul ses are generated in the drilling fluid by either

res cting the flowwth a pl unger or by passing snmall anounts of fluid
fromMhe inside of the drill string, through an orifice in the dril
¢tring, to the annulus. Pulse telenetry requires 5 about a mnute to
transmt one information word.  Sege geperally the W Gavley article,
*supra, p. 1440-41. Despite the problens associated with drilling fluid
telenetry, it has enj.oyed sone comercial success and prom ses to inprove
drilling economd:si.llinq A28id0 bybeeitherd res timiatsnig tive mElioan wi, asuch
.as’ porosity, radi @ac f | s,

drilling data séﬂﬁhg%QQE?g by w%#éﬂhg %ﬁ£@§ gﬁ%ﬁﬁ?é %fe orquté%
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i nf ormation [ i Ng, as_we article,
supra; and " ﬁéﬁgﬁh; %l§?g€ﬂ¥3q$éﬁbiﬂﬁ§ ??ﬁlénﬁﬁﬁpﬁg 'by Seg
Seat on, A. Rotmerneralb:ndthe W20Gerachey naveicld) | s@ptas xioultnad)-u:ebr uary
21, 1983, p. 80-84. Ap P&lésetﬁéarﬁﬁbﬁfézﬁ’é‘ sa&ésa&eéagnﬁﬂﬁgy Hpﬁzio;ﬁa &

D. Corporation |§ de Q% + ggve 0 and Successfu stin
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ystem erger
Expl oration tlon|§%dioach§gltya fqn@ygig@ pressure, as well as

dr1111ng data such as weight on bit, mud temperature,
and torque on bit.

Teleco 0Oilfield Servicee, Inc., developed the
15 first commercially available mudpuise telemetry.system,
' primarily to provide directional information, but now
~offers gamma logging as well. See Gravley article,
supra; and "New MWD-Gamma System Finds Many Field
Applications", by ©P. Seaton, A. Roberts, and L.
20 Schoonover, O0il & Gas Journal, February 21, 1983, p.

80-84. | | |
A mudpulse transmission system designed by Mobil
R. & D. Corporation is described in YDevelopment and
o . Successful Testing of a Continﬁous-Wave, Logging-While-
' 25 Drilling Telemetry System", Journal of Petroleunm
o Technology, October 1977, by Patton, B.J. et al. This
transmission system has been'integrated.into a complete

‘measurement while drilling system by The
Analyst/Schlumberger. | |
30 Exploration Logging, Inc., has a mudpulse

measurement while drilling service .that is in
commercial use that aids in directional drilling,.
improves drilling efficiency, and enhances safety.
Honeybourne, W.: "Future Measurement-While-Drilling



measurenent while drilling service that = is in comercial use that
aids in directional drilling, inproves drilling efficiency, and enhances
safety. Honeybourne, ‘W: "Future Measurenent-Wiile-Drilling -6- . -
Technology WIIl Focus On Two Levels", QI & Gas Journal, March 4%
{985, 'p. 71-75. .In addition, the Exlog systemcan be used to nmeasure

gamma ray em ssions and formation -resistivity while drilling occurs. 5
. Honeybourne, W:  "Formati on MAD Benefits Eval uation and Efficiency", Ol & °
- Gas Journal, February 25, 1985, p. 83-92. The chief problems with drilling’

fluid telemetry_ include: 1) .a.slqQw data_trapsm ssion.rate; ..2) high, 10 - -
si gnal attenuat T8RN ¢ _f_%(’:gﬁty%f’ﬁ’uéet 88t i Ay i 3ﬁé’le§'50\Ier Oia.ldhg‘ pdi®
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Performance of ifBasybeuRhle, Wi:l eFHIrndtinn WD Seiefilis EvdAsathom rahd
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R..:80-84. The . IS¢ ' ectl cgpdu Wi
the 20 transni sgfgﬁcd‘fanﬂ(bgur. 'e“begdgt;as_ g%uorngérléseé\%éeg%r%r ng, glftg%trjsﬁfi que
probl ens. For 83o9@,., is the difficulty of naking a reliable electrical

connection at. each pigp@ jaWLdf Oprobleas wItHIUgHiODNinFeTaaiah t&Donetyy
- devel oped a 25 hardwre systemthat avoids_the r_objrems_ a so;g:i edhwi -h
maki ng physi cal ¥®&8%ca coahmfe‘tq"{)ngagf t?‘ﬁ%’éﬁg’ds% PRt o%é. ‘r‘ﬂlté
Exxon tel enejpy sdysteAmsttpdoyst bon; 3) difficulty in detecting signals .
over mud px'm_ip ho.ise;' 4) 'the inconvenience of L
_intex"facing"an'd harmonizing the data telemetry system
with the choice of mud pump, and drill bit; 5)
telemetry 'system-int'erfefeh_ée with rig hydraulics; and
15 6) maintenance requirements. ‘See generally, Hearn, E.:
' “How Operators Can Improve Performance of Measurement-
While-Drilling Systems", 0il & Gas Journal, October 29,
1984, p. 80-84. | |
' The wuse of ‘electrical ‘conductors in the
20 transmission of subsurface data also presents an array
of unique _probléms. . Foremost, is the difficulty of
making a reliable eiectrical connection at each pipe
junction. o L ' .
Exxon Production Research Company developed a ot
25 hardwire system that avoids "_the problems _asso_ciatéd-
" with making thsicalI ‘electrical connections at threaded
pipe junctions. The Exxon telemetry system employs a
continuous electrical cable that is sﬁspended in the
pipe bore hole. | | S
36 Such an approach presents st'il_l different
- problems. The chief difficulty with having a
continuous conductor '_wit_h'ir_\ a string of pipe is that
‘the entire conductor must be raised as each new joint
of pip'e is either added or removed from the drill



cont i nuous electrical cable that is suspended in.the pipe bore hole. 30
Such . an approach ' presents still di fferent problens. The chi ef
dlffkculty with having a continuous conductor within a string of pipe is:
that Whe entire conductor nust be raised as each new joint of pipe is

g¢i ther added or renoved fromthe drill_ _ string, or the conductor itself
nmust be segnented |ike the joints of p| pe in the string. The Exxon
*approach is to use a longer, less frequently segnented conductor that

is stored down hole 5 in a spool that will yield nore cable, or take up

~mere slack, as t§'€r§héua6f09hfae&%hﬁ%%to@° élf gxigg_n

1;\53 ut L9 rlgch res
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system functi ons H"Ers afdeipe tauthesstsdBrgi0 addit | onal t| m in
maki ng - trips. Thl'shesys:t;em [ @ﬂﬁb@t ely descridedd nile ob| et
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‘contact rings insiAekBakNehéaseeustiACheli®es) O Nt . A wre runs
through the pipe bor N el ectrhc,all connect| n bot h ends of each pi pe.
\Wen the pipe string is o9& up FRERi RPH Mt Eegpiyespithat fhe
the surface, drhklingoqratztperforngsseveralaupeﬁratﬁ.babl Yonehetre\lthia®

this systemw || n t de of. e oreater
t han t%e mud u|§%§§¥§?§t§§%| ﬁﬁt%ﬁgwp%%%ﬂ{s %ﬁ/\% i (?H@roblsgl’ﬁse 25

| f standard r’n@t af haBaY tBb‘PeJ otht RIRREINET RS- P this system is
A , . adequately described ‘in L.H. Robinson et al.: "Exxon

Completes Wire 1line Drilling Data Telemetry Systen",
0il & Gas Journal, April 14, 1980, p. 137-48.

'~ Shell Development' Company has pursued a telemetry

15 system that employs modified drill pipe, having

electrical contact rings in the mating faces of eadh

tool Jjoint. A wire runs through the pipe bore,

| electrically connecting both ends of each pipe. When

the pipe string is "made up" of individual joints of

20 pipe at the  surface, the «contact rings are

automatically mated.

While this system will transmit data at  rates

R three orders of magnitude greater than the mud pulse

L - systems, it is not without its own péculiar problens.

25 If standard metallic-based tool Jjoint compoﬁnd, or

“pipe dope", is used, the circuit will be shorted to

ground. A special electrically non-conductive tool

joint compound is required to prevent this. Aléo,

since the transmission of the signal across each pipe

30 junction depends upon good physical contact between the

contact rings, each mating surface must be clearned with

a high pressure water stream before the specia.. "dope"

is applied and the joint is made-up. . '

The Shell system is well described in. Denison,




"pi pe dope", is used, the circuit will be shorted to ground. A speci al
electrlcally non- conductlve tool joint conmpound is required to prevent

this: Also, since the transm ssion of the signal across each pipe 30
Juncﬁlon depends upon good physical contact between the contact rings, eeth
{ating surface must be cleaned with a ?lgh pressure water stream before the
speci al "dope" is applied and the joint Ts made-up. The Shell systemis '
“wel |. described in Denison, -8- E.B.: "Downhole Measurenents - Through
Modified Drill Pi-pe", ‘Journal Of Pressure Vessel Technol ogy, May 1977, p. -

374-79; Deni SO, B.E. B"DowhSedld ' Meabugemonts- Rmheoaghl l Maal’f'%a”ebﬂu

Syst em Passes Fi nlest I 5 @Gas our Jun 197 .
63-66; and Den:ng’te 'E%t§urn%°th T e Y] #T?‘F%° WenEFYylg'”'
- Systent, JournaP-of FATH éunD%Gﬁnol.ogF Brebr UShell07®, HighSDat&sRate
search of the pbrqulﬁaigeritelfér&eﬁ@/@sﬁtéh By ﬂa&é’é @é%@“gt-fhéton &

. substi-tuting E{ans {orner acitor couplin eac
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connecti on s °8'Fna?'he “FI Ywite céAd ©S apsk eﬁ?nhﬁﬁﬂer .
2,379,800, Sign®.BrandtHigh orDadest ataté)y lﬁ-ﬂﬁng-lar'eeldmeefpsesygbgmnpse

Tn Teas " ool Mhpte i bRy, Sy a808, AT oel

their high power®3+r equi r enent s. U S. patent : nunmber 3,090,031, Signal
Transm ssi on System zb\sehrth Lcmel-.he ﬁwmﬁ Qaa.tibeﬁévéwé ROMBLLbLySes,

'Spget ?a_?_ﬂgsh gh po%kag{%ses at ﬁﬁg%g}egﬁfﬂagﬁer ftterge#gl ﬁgégﬁ |nt ° .
probl em as 't he daurd igfg t Hen baeach y mmﬁmtc&mnection in 1lieu of the -/
hardwire connection. -U.S. patent number 2,379,800,
‘Signal Transmission System, by D.G.C. Hare, discloses
the use of a trans‘formé_r coupling at each pipe
15 junction, and was 4issued in 1945, ‘The principal
difficulty with the use of transformers is their high
power requirements. U.S. patent number 3,090,031,
Signal Transmission_SYstem,.by A.H. Lord, is addressed
to t_hese' high power losses, and teaches the placement
20 of an amplifier and a battery in each joint"of pipe. -

The high power losses at the transformer junction
remained a problem, as the life of the battery became a
critical consideration. In U.S. patent number -
4,215,426, -Te_lemetry -and Power Transmission For  ‘wi

25 Enclosed Fluid Systens, 'bylF. Klatt, an acoustic enefgy
conversion unit is employed to convert acoustic energy
into electrical power for powering the transformer
junct_lon.. This approach, however, is: not a direct
solution to the high power 1os'ses at the pipe junction,

30 but rather is an avoidance of the larger problem. _

Tra_nslformers operate upon Faraday's 1law  of
induction. 'Briefly, Faraday's law states that a time
varying magnetic field produces an electromotive force
which may establish a current in a suitable closed



critical consideration. -~ In US patent nunber 4,215, 426,
Telemetry and Power Transm ssion For 25 Enclosed Fluid Systens, by F.

Kl at{", '‘an acoustic energy conversion unit is enployed to convert acoustic
energdy into electrical power for powering the transfornmer junction.
Thi s approach, however, 1is not a direct solution to the high power |osses
at the pi pe junction, 30 but rather is an avoi dance of the |arger problem
*Transformers operate upon Faraday's?9 llaw of induction. Briefly,
Faraday's. |l aw states that a time varying magnetic field produces an _
- elrectromotive force which nay establish a current in a suitable closed

«-9- circuit. MELREWAE: cal Mgthemakigayly, | Raraday'enflaw #$7dt &wfes -
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principal is o asmkenz [ trangfo as .t t s of
N ndings 10 wiapsad Sabote st Baflh !4E0a5elsn ! A8 EL0RIRANCE o Wit
electrically i¥BPaeedlux,pdf addggnéei hel prigivagl &duxey mesiasy
t hrough one set theWmadniguder &HICiEte defBYNETHE & | pxin al | p¥sKhbiau@y t he
iron core and indyces_an_enf in the second windings resulting in the 15
flow of current FR™EhE gﬁgond wi ndi ngs. The iron core itself can be

anal yzed as a nagneti3nciireni ©corien transfimmex asrtvo 5Etsl oft micelings

circuit anal y§j Syrappef® Bt andn di §{8RENCRTSXI ST PRUCVEE nali RGEUdiglQ t he -
olren nonlinear 2?23&318213§rr°9§8?géég, but magnetically coupléd;
Current'flowihg through one set of windings produces a
- magnetic flux that flows through the iroan core and
induces an emf in the second windings resulting in the
15 flow of current in the second windings. |
The iron core itself can be analyzed as a magnetic
circuit, in a manner similar to DC electrical circuit
aﬁalysis. Some important differences exist however,
including the often nonlinear nature of ferromagnetic
20 materials. T _
| Briefly, magnetic'materials have a reluctance to
the flow ©f magnetic flux which is anaiogous to the
L)' o resistance matgriais have to the flow of ele?tric
currents. Reluctance is a function of the length of a
25 material, L, its cross section, S, and its permeability
U. Mathematically, Reluctance = L/(U * S), ignoring
the nonlinear nature_of ferromagnetic materials.
Any air gaps -that exist in the transformer's iron
core present a greét impediment to the flow of magnetic
30 flux. This is so because iron has a permeability that
~exceeds that of air by a factor of roughly four
thousand. Consequently, a great deal of energy is
expended - in relatively small air gaps in a
transformer's iron core. See generally, HAYT:



20 materials. Briefly, magnetic materials have a reluctance to the fl ow of
.magnetic flux which is anal ogous to the resistance naterials have to the
flow of electric currents. Reluctance is a function of the length of a %?

matefial, L, its cross section, S, and its perneability U . Mathemati cal
jRel uctance = L/ (U * §), ignoring thggnhonlinear nature of ferronagnetlc'

Y,

terials. Any air gaps that exist in the transforner’s iron core present a -

great inpediment to the flow of magnetic 30 flux. This is so because iron
‘has  a-perneability that exceeds that of air by a- factor of roughly

f our thousand. En@am&gwrﬂgIsaectrQﬁnagndEﬁbspfMamramlninf%pfgdﬁdThlra
relatively snal g - atransforner's iron core. -

See generall yn%w R =" ne3ell‘r-‘{1ng El ectro- Magnetics, MGaw H ||, 1974
~Third Edition, p. 30513a2trahef@raa3f@xnsﬂdaunplragealedednedthe abevalove-

mentioned pat entgntARfed CpatenitsONopELE! 288  Of¥BH S Brdd  Brh¥e rRirhedaPs:
The air gaps eX|st because the |pe sectipns.nust be severable. Attenpts

“continue t& “ifh aixng t?ﬁ?t?hﬁs?%?ﬁeFXIEBuBFFﬁBse the Pips:
it mght becomeqﬁmﬁns(must be sdverabFe. patent- nunber 4, 605, 268,

10 Transformer Cable adog., t heejd8a:,0f U

transformer coupling Hs #& %ﬁer re?lne‘gg H@Fb tﬁgllnvéﬁtorééfgﬁgsestpﬁe
‘use of closely AMapsfpmmes| coumldag.coi B9 t othansnit daightcr obecamsi pe
junction. To da dﬂﬁﬁbéﬂ the pas- ebf@ﬁts f%ﬁﬁet aukbared 45605, 268,

AT e ey e el

using a transformer coupling is further refined. Here -

the inventor proposes the use of closely aligned small

toroidal coils to ‘transmit data across a pipe junction.

. To date none of the past efforts have yet achieved

15 a commerc1ally successful hardwire data transmission
. system for use in a well bore.

one long standing problem in the transmiss1on of
well bore data has been the electrical coupling of the
receiving end and the transmitting end of each tubular

20 member. :

The Shell 0il Company telemetry systenm comprises a
modified tubular member, “having electrical contact
rings in the mating surfaces of each tool joint. The )
contact rings in each tubular member are electrically e

25 coupled by an insulated electrical conductor extending

| between each contact ring. The insulated electrical

conductor is disposed in a fluid-tight metal-conduit-to-

isclate said conductor from the fluid in and around thei

_ drill string when the tubular members are connected  in

30 a drill string and lowered in a well bore. The Shell

0il Company approach is described and claimed in U.S.

patent number 4,095,865, entitled Telemetering Drill
String with Piped Electrical Conductor.

A different helical conduit is disclosed in Well



wel | bore data has been the electrical coupling of the receiving end and
‘the transmitting end of each tubular 20 nenber. The Shell G Conpany
tel~emat ry systemconprises a nodified tubular nenber, having electrical
cont'set i ngs in the. mating surfaces of each tool joi nt “The contact rings
in each tubular menber are electrically 25 coupled by an insul ated

el ectrical conductor extending bet weeihleach contact ring. The i nsul at ed
~*electrical conductor is disposed in a fluid-tight netal conduit to isolate
sai d conduct or fron1the fluid in and around the drill string when the

t ubul ar - nenbets con ed i st nd | II-
_bore. The Shell &q@gga pf&?%pﬁn e‘Jécn%’légg%‘ﬁd cl §W%é§q Ef
pat ent nunber 4,9B508b55286Mkt i ﬁlaéd 'Pé'-lf@(m\tferimgd@}iignest tongdwerh Riopdthe
~Electrical Condugéps. of¥ digdalcy eggbﬂgggca,hemlgw t Baefll s% V‘ﬁgy
)

Bore Data  Transm sSsion é,l Seri al Nunber
07/ 00 , 286/ . Sai ¥e¥8RalLi BRPE¥LELLHASH t 0 adhere to the bore of each

t-ubul ar gp][r?_ersl Botblﬁaaroaweishaﬁalffd‘ﬂlmlﬂ fwr@aﬁﬁﬁsgﬂi hellli%a][ice
it is difficult cur e iical_g£on t e bore wa

each tubul ar rrenﬁgPéuéﬁl %eﬁ%a?"f%n i e i% s%%%}? 5“'?35‘85&? P’%ﬁﬁl'al’sﬂa&ber
only at the pin helliba} ecedsiudft dxtrsecunedrtoeadeh. tAbutlhe' imelmiviesr qrﬂmbers
are mani pul ated ae EHS #iltx' aP Boxd @nﬁsl‘%f.h%ldc@@'t G tadiey, es@%gre Y

~oscillating |ike E causing-the conduit to,rub agal nst the
~of the tubul ar nEHBB ar mmém%w %’??ré“?ﬁ’yp‘b}%%ﬁﬁeiﬁ Ehea¥elln boxe nhdihis)
conduit. Drihpinerhikcdld wohludrt emaguchespbnaacbyansseipratindie Yies ata on

' Oi/t he . spring, causing the conduit to rub against the bore
'(_  wall of the tubular members, which in time may produce
a breach in the helical Con_duit. Drilling fluid will
.e.nter such a - breach and impair the operation of the
: 13 data transmission system.

In addition, the helical conduit may impede the
‘use of certain wire 1line tools, by decreasing the
diameter of the bore of each tubular member, or by

presenting a possibility of entanglement.



15 data transm ssion system ‘In addition, the helical conduit may inpede
the pse of certain wire line tools, by decreasing the dianeter of the bore
of each tubul ar nmenber, or by presenting a possibility of entanglenent kﬁ
- 12 - SUWARY OF THE INVENTICN In the -preferred enbodinment,  an . =
el ectromagnetic field generating nmeans, . such as a coil and ferrite core,
I's enployed to transm t electrlcal-daua-signals 5 across a threaded
junction utilizing a nagnetic field. The nagnetic field is sensed by. the
- adj acent connected tubul ar menber through a Hall Effect sensor. The Hal

Effect’ sensor produces an eSWMARYaOF BHBNERVENDNIOR corresponds to
magnetic field strength. This 10 electrical .signal is
transmtted via an electrical conductor that preferably runs al ong the

i nsi de of the tubul ainnetiber pxefewieshalemboddimeinsni ngncielretrémagmpeotizici ng

a uniform pgkgeq %&ﬂ&f&@ﬂﬂg“%eéﬂ’s t Bl esgrla:ahoallgnaha fJﬂft?or

uni form pulse is sent 10 5 electromagnet)jc f eneratlng npans
transni ssi on acfFB¥es dife Q¥f%e t?ﬁéﬁﬁE&F ftﬁﬁFFg data” gignals
manner, all Eheabubsbaa|thﬂnade¢ompncalentutﬁlauiﬁgtathmghﬁtncﬂ:ﬁﬁda.In

an ef ficient mapger, bRetilde e fUR CEL ClenBUROMY R adfiber §§x§ﬁ&é¢e¢§°

conductor that cou cel Vi ng ansmn
“each tubul ar neﬁﬁbﬁlanmﬁmHﬁq1th#%ﬁﬂ%ﬂ% EﬁlhtgﬁfﬁFSnﬁﬁﬂﬁﬂﬁﬂunThecﬁalhe

type having at kegettoneehhas aliiﬁo’iiddﬁ@' A xEuiietdans @ﬂﬁxﬁ s pesEsh
s secured to | RREEAFPRRES, ERe TRRERRGIE off4EAch 1 ASHORS Rember . HHE s
suff|c|ent|y1¢heﬂectr1cal SLgnal is transmitted via an electrical
conductor that preferably runs along the in51de of the
tubular member to a signal conditioning circuit for
producing a uniform pulse corresponding to the
electrical'siénal.' This uniform pulse is sent to an
15 electromagnetlc field generating means for transmission
" across the subsequent threaded junction. In this
manner, all the tubular members cooperate to transmit’
the data signals in an efficient manner.
_ In the pteferred embodiment, the. electfical
20 conductor that .couples the receiving end to the
transmitting end of each tubular member is a  thin
‘flexible printed planar conductor of the type héving at _
least one substantially planar conductive band disposed e
 between two layers of electrically insulating material.
25 said conductor is secured to the surface of the pipe
" bore of each tubular member, and is sufficiently thin
to be passéh under an o-ring seal into sealed cavities
and chambers.

In this configuration the electromagnetic field
30 generating means, Hall Effect sensor, and signal
conditioning circuit are electrically coupled through

the flexible printed planar conductor, yet remain
protected from well bore fluid.



to be passed under an o-ring seal into sealed cavities and chanbers. In

t hi ssconfiguration the el ectromagnetic field 30 generating neans, Hal

Ef fect sensor, and signal conditioning circuit are electrically coupl ed
throh the flexible printed planar conductor, yet remain protected from:
del I bore fluid. BRI EF DESCRI PTIONt©F-THE DRAWNGS FIG 1 is a
_fragnentary | ongi tudi nal section of two tubul ar nmenbers connected by a
‘threaded pin and box, exposing the various conponents that cooperate 5
within the tubular nenbers BRIEFREFCRIBTTIONSOFEHE BRAVINGSe t hr eaded
“junction. FIG 2Ais a fragnentary |ongitudinal section of a portlon of a
<t ubul ar. menber, reveg&lng a, condu%tor Xsten1|n accordance with th

present. i nventi on. ¥ &5 2pfregmantary, dé??@ﬁt‘%ﬁlréﬁlpoFFFSPBf athe
fragnentary | ongtWodltwbuEQ:t membefrsF| donidctéd Cby?Gai thafeRiddr peAendf a
portion of FIG Fl o] | O l'ine 2D .2D of
"FIG 2B. 15 gEf %k?ggahéra1%%n?gféﬁﬁ%hgg?ﬁgPﬁgﬁgsec ot° zPﬁﬁﬁq on
of the pin of & Wikhiz Wéﬁbé:rubtgéﬁ)nﬁﬁmhﬁrﬁg ﬁmetp‘la@smirteddﬁ‘bﬂh(ﬁiqm&?to
‘place the Hal | Ehteeksseheorhicadied Gh@ckiieon.FIG 4 is a view of a drilling

L o LU RV T e o
equi prent. "FI G p®rtiien aofciaciubuldimgmembedt, rheealu.ggalacmuhduclmmg
means, which is Gaisitiedd iM HiddrRRAMR2 % ik b Wha PFVHS: invention. _

10 - - FIG. 2B is .an enlargement of a portion of the

L,/ ' fragmentary longitudinal section of FIG. 2A. _ -
: FIG. 2C is an enlargement of a portion of FIG. 2B.
FIG. 2D is a cross section as seen along line 2D-
2D of FIG. 2B.

15 FIG. 3 is a fragmentary longitudinal section of a
portion of the pin of a tubular member, démonstrating
the preferred method used to place thé Hall Effect
sensor within the pin. _

FIG. 4 is a view of a drilling rig with a drill

20 string composed of tubular inembers adapted for the
transmission of data signals from downhole sensors to
surface monitoring equlpment.

_ FIG. 5 1is a circuit dié.gram -of the signal
N\ 3 : conditioning means, which is carried within each
' . 25 tubular member. '

' FIG. 6A is a three-quarters fragmentary view of a
tubular member with conductor system in accordance with
the present invention. |

FIG. 6B is an enlarged isometric view of the

30 flexible printed planar conductor depicted in FIG. 6A.



FIG. 6Ais a three-quarters fragnentary view of a tubular menmber with
conductor systemin accordance with the present invention. FIG 6B is an
enl arged isonetric view of the 30 flexible printed planar conductor A
dépicted in FI G- 6A. - DESCRI PTI ON OF PREFERRED EMBODI MENT The preferred
data transmi ssion systemuses drill pipe with tubular connectors or tool

. joints that enable the efficient transht s3ion of data fromthe bottom of a
5 well bore to the surface. The configuration of the connectors will be

- described-initially, follopedchRYp2TeRSeF Rk rRED K81 system In
" FIG 1, a longitudinal section of the threaggg cfc,)?'nngﬁqc;télb\cﬁr e}{q\'/veen two .
t ubul ar nenmbers 11, 13 is shown. 10 Pin 15 of tubular menmber. 11 is

connect ed é o box 17 the&ﬂhﬁtatraag‘gatal%gahtshg&?aﬁ Js%sﬂ:@iq[ itx_;ge%i?}ﬁtﬂilfor .
recei ving data sjgnals ox 17 is adapted for .transmitting data ..
si gnal s. gHaI_I EfPERT géﬁ’%o#"%ﬁ?ﬁs F&é‘é‘ef:%°ﬁ?e O%od2ds I8 % tﬁ?‘% &halte

shown.in FIG 3.the efificjedf transmiissddn oifodata firoml Theaibttdmretded
sensor hol der .22,L$7S kALO cavi 20 . ¢s . Ther. ter,
the protrudin portf}oﬁéggefqﬁeltggnggr - gl_eder Lr%% i%q:'rfelr??)“fea&lbof r%ﬁﬁ'ﬁggl ng. 20
Ret ur ni ng now t oSPRERCEOXrshWiddy be7 describedad nitdiiaddyL3 fiollawas &y ta |
recei ve an outergekegyptidni Bieo tyal @he&@]_i]_n@?rstglﬁeeve 23 is inserted. |nner
sl eeve 23 is constructed_qf. a nonmagnetic, .electrically resistive (RTM

subst ance, such as " I\/Eﬂe &GTh@"oLﬂe 9@?5&\}%%23 i§e§§1§éapgd t}te Zé}z(%g@‘?o
“tubul ar nmenber 18oanectéonr betweerh&wpotubhlay srexpbersd L9 dhdisosisownut e
‘a’'signal 10 Pin 15 of tubular member 11 is connected to box 17 of (-
tubular nie_mber 13 by threads 18 and is adapted for
receiving data signals, while box 17 is adapted' for
transmitting data signals. '

K

Hall Effect sensor 19 resides in the nose of pin
15 “15',' as is "sh_own"in FIG. 3. A cavity 20 is machined--
into the pin 15, and a threaded sensor holder 22 is
screwed into the cavity 20. . Thereafter, the
protruding portion of the sensor holder 22 is removed
by machining. ' o | _

20 o ' Returning now to FIG. 1, the ng 17 of tubular
‘member 13 is adapted to receive an outer sleeve 21 into
which an ‘inner sleeve 23 is inserted. Inner sleeve 23 -
is constrﬁcted.df a npnmag_netic, electrically resistive
substance, such as "Monel The outer sleeve 21 is

25 sealed at 27, 27' to tubular member 13 and secured in
_the box 17 by snap ring 29 and constitute a signal
transmission assembly 25. Outer sleeve 21 and inner
sleeve 23 are in a hollow cylindrical shape so that the

| flow of drilling fluids through the bore 31,31' of

30 tubular members 11, 13 is not impeded. o -

Protected within the inner sleeve 23, from the
" harsh drilling environmerit,_ is an electromagnet 32," in
this instance, a coil 33 wrapped abodt a ferri_te"core



transm ssion assenbly 25. Quter sleeve 21 and inner sleeve 23 are in a

hol | ow cyl i ndrical shape so that the flow of drilling fluids through the-
borg: 31,31 of 30 tubular nmenbers 411, 13 is not inpeded. Protected within
t he \aner sleeve 23, fromthe harsh drilling environnment, is an _

el ectromagnet 32, in this instance, a.cpil_33 wapped about a ferrite core-
- 15 - 35 (obscured from view by coil 33), and signal conditioning
sc¢ircuit 39. The coil 33 and _core 35 arrangenent is held in place by

retaining ring 36. Power is provided to Hall Effect sensor 19, by a 5

1 iéh! um batgegys .%chu%}icg frtdnzelsiwﬂteewd by cbaltelsxa)gomdfr%& rt4a°’1
.and is secured by ¢ seal ed, a : sn rin ower ows to
“Hal | Effect sensé?n§8t69§fngoﬁﬁﬂ5?%}g 4g§ gsﬁtdféhiil%? a28f | F_YehIR
51. The signal cemdahgeneng dsr beld 3o \mltalmen biyu neltadi nitvgrenirey 36 i s
powered by a battery g%?%garlst o?égvf@é@atae? resé‘?é:gtn gggségogfde@rftgd)

of tubul ar nenber g W res e 1n cavil

conduct signal 8 ﬁ#&ﬁﬂpﬁe HerFteF¥ect 43ensovhich \y¥esidesss, 164 feattery

]E Ihr ouglh t he cavudt:bmﬁart&emndat Jhandtieryeddred@ By etapt FBCQIelaM.e‘aOQﬁeCIIG Io
exi bl e prlnte cl.r cul or,tra sian. to a t1oni

circuit and coil a&ﬁd &8 &’ &Pgaéaéne%%we% owtfp éﬁ'%@' Effgff q7h ?}? 19

tubul ar nmenber 1®viedenconductershdsd,26x aantainathdrbex d;:filtmmplereﬁrmer

13. Two. power ' gRRdUGlgnal 52ondi®iciity ©laGiddidal 136 Couioth t dki@lar

battery 41 and the nal __conditionin cuit at the opposite end (not
shown) " of tuBf Igﬁmﬁﬁgbeﬂ 111Fhr88§ﬁrgpex Bl e2pr ﬁ?%ﬂr¥|r§%W{1§P E%It%}y
s contained at the pin end (not depicted) of tubular

member 13. _ _
Two signal wires 53, 54 reside in cavity 51, and
conduct slgnals from the Hall Effect sensor 19. Wires
15 53, 54 pass through the cavity 51, around the battery
' 41, and electrically connect to flexible  printed
c1rcu1t 57 for transmission to a signal conditioning
cxrcult and coil and core arrangement in the upper end .
(not shown) of tubular member 11 identical to that
20 found in the box of tubuiar member 13.
| | Two power conductors 55, 56 are electrically
coupled to the battery 41 and the signal conditioning
_ circuit at the opposite end (not shown) of <tubular
U member 11 through flexible printed circuit 57. Battery
- 25 41 is grounded to tubular member 11, which becomes the
return conductor for power conductors 55, 56. Thus, a
total of four wires are connected to flexible printed
planar conductor 57. Flexible printed planar conductor
57 electrically couples the Hall Effect Sensor 19 and
30 battery 41 to a signal transmission assembly identical
to the signal transmission assembly 25 of Fig. 1.
Flexible printed planar conductor 57 is of the
type having at least one substantially planar
conductlve band disposed between at least two layers of



25 41 is grounded to tubul ar nenber. 11, which becomes the return conductor
.for power conductors 55, 56. Thus, a total of four wres are connected to
flexible printed planar conductor 57. Flexible printed planar conductor &7
electrically couples the Hall Effect Sensor 19 and 30 battery 41 to a hel
si gnal ‘transm ssion assenbly identical to the signal transm ssion assenbl y
25 of Fig. 1. Flexible printed planarjgonductor 57 is of the type having
at least one substantially planar conductive band di sposed between at
| east- two | ayers of - 16 --electrically “insulating material. I'n the

preferred embodivestiyiddiEry | emsbiladqrdgn adtphaaar congy tfe h eQeQQ@dtO ot
0. 008) an overall éPICk ess ﬁ éie éé} 003 n&he l_a MAdth of é

1.27cn) appr oxi oY _§B8rt e JREIR% t

roughly equivahemwenailtthnckmespkbfofoozhE? osldnbaesvu uhaﬁtmemﬁe

- usual l'y apprOX|g§h@ es %I % nted
circuits are scr éé#%; é#?y I n %% b%ok en?lyfe exi Iegéprcﬁ

Application & Q@%ﬁh GuFGEShEV sequiMadentyubteshé&@e n hengkly of th@d by

Dekk d
0-8247.7215- 6 ;‘«::%‘ék%’é r“."'f‘%?:' R N o D
ex

rom _batter
- conpart nent ‘43 ore 31F B ntﬁarﬁPéﬁér dﬁﬂﬁucgﬁ#cg?qgg |
electrically coyemetalllyo sngnathen rbkeock5 E&tltrbﬁ expbler ommGMﬂﬂ(Ns

'?ﬁrougﬁ sggond%%%ﬁ*%%%£%%$%§g§§5§§§5%§%§% grgugggger nggggg nq%%r:B
31 with pl ‘ug 0681ai i SL2%hpdukd Rekker, and further i ent:Lf:Led by .
International Standard Book Number 0-8247-7215-6. e
' A second drilled hole 62 1leads from battery
compartment 43 to bore 31. The flexible printed planar
conductor 57 is electrlcally connected to signal wires
15 83, 54 and power conductors 55, 56 in battery
~ compartment 43. It exits the battery_compartment 43
through second drilled hole 62. Second drilled hole 62
is plugged'at'bore 31 with plug 66 which is eomposed of
Epoxy or similar suitable material. The flexible
20 Printed wire 57 runs along bore 31 of tubular member 1l
_from'secohd drilled hole 62 to the box end of tubular
member 11 (not deplcted) In the preferred'embodiment
flexible printed wzre 57 is secuired to the bore 31 wall_
by a thermal set adhe51ve. This adhesive is cured at
25 the same time ‘the coatlng 64 is applied to bore 31 of
tubular member - 11. |

Bore .31 is coated with a coatlng 64 of the type
ordlnarlly ‘used in the industry to coat the bores of
tubular members..  In the preferred embodiment, said -

30 coating 64 is a phenollc coating of the type produced
by Baker Hughes Tubular (a subsidiary of Baker Hughes,
Inc., a Delaware corporation) further identified as ?A-i
700 coating. In the preferred embodiment, coating 64
is at least three to four times as thick as_flexible



Epoxy or simlar suitable material. The flexible 20 printed wire 57
runs, al ong bore 31 of tubular nenber 11 from second drilled hole 62 to the
box.send of tubular nmenmber 11 (not depicted). In the preferred enbodi nent,
flexble printed wire 57 is secured to the bore 31 wall by a thernmal set
:adhesive. This adhesive is cured. at. 25 the sane tinme the coating 64 is
applied to bore 31 of tubular nember 11. Bore 31 is coated -with a coating _
»64 of the type ordinarily used in the industry to coat the bores of tubular

nenbers. Int referred enbodi gEN - t 64 is.a phenolic .
coating of the E’% ptp?rdo I}Cae’ba%yc g‘g?{:?ﬁgﬁz &‘3@)%% F?ﬁ 4D SBaker

. Hughes, Inc. edeichriaa Iy pecaples  ftiet hﬁalldemfféq:bd Sensger 190 and
“coating. In tmw&ffrifdtsnho%mm At d s tﬁa@ﬁeg L9
-four tines as thick . as flexib 17,- printe anar conduct or ‘7

Fl exi bl e print eFnithe ?F%’P%’ct’??%’&??&s%&&lﬁs?mﬂaﬁ £t BEE- Sensor 19 and
battery 41 tba si gn&®IGs amsrﬂsssaOﬂragﬁm'ba:yylUwﬂgimlﬁsltbecsidﬁabf a

transm ssion as \/ 5 | G n
| ongi t udi nal ?tq{%nl 0 orﬁta?%ﬁ}orl%mhbtﬁ a]Ff ?%xa%e‘f‘g%@ {é@éé%ar
t ubul ar rrenber TETRAT vi'-%l m%t ivigible] ins BEG: ctledl$ ndepistedevin thimal

transni ssion asserdiy 4fgnsl Iﬂﬁaﬁsﬁﬂési@nsaggédmwamw £51 98eAtseaR! ¥oOf

FIG 1. - O 427" 10 seal s _the out 4 31 whi chy
Coat ed wi th coat ik, CEARFRGSHEPm AT off oF Grecht. 4% EANhofa! b1,

coating 64 e%® ers:bsa]cmltzhe oouernisideyenf4 3l gatl boransti sdiimh a:bseabh;zedZS

(FIG 2B s an eYWBILLAS 84 POTbLEING 45 Chedty feSBRELL! £RbLYeR21
gnlargenent of O ring

at bore 31, coatlng 64 extends only to the middle of
signal transmission assembly 425.
'FIG. 2B is an enlargement of a portion of FIG. 2a,
15 specifically an enlargement of O-ring 427'. O-ring
: 427' is disposed in annular groove 411, forming a seal
at bore 31 which is coated by coating 64.
FIG. 2C is an enlargement of a portion of FIG. 2B,
_depicting o-ring 427', coating 64, insulating layers
20 - 413 and 415 and conductive bands 417. Conductive bands
417 are disposed between the two insulating layers 413,
415; together, they comprise flexible printed planar
conductor 57. This flexible printed planar conductor
. 57 is secured to tubular member 11 by a thermally set
~ 25 adhesive (not depicted). Coating 64 protects the
- - flexible printed wire from the harsh well bore
environment. .
FIG. 2D is a cross section as seen along line 2D~
2D of FIG. 2B. O-ring 427' forms a water tight seal .
30 that is capable of withstanding high pressure. The -
~effectiveness of this seal is not diminished by the
passage of flexible printed planar conductor 57 under
said o-ring 427'. Thus, the signal transmission
assembly 425 is both sealed and electrically coupled to



427" is dlsposed I n annul ar groove 411, forn1ng a seal at bore 31 which is
coat ed by coating 64. FIG 2Cis an enlargenent of a portion of FIG 2B
depiicting o-ring 427', coating 64, insulating |ayers 20 413 and 415 an
conductive bands 417. Conductive bands 417 are di sposed between the tmo

{lnsulatlng | ayers 413, 415; together,, itghey conprise flexible printed planar
conductor 57.. This flexible printed planar conductor 57 is secured to~
‘tubul ar menber 11 by a thernally set 25 adhesive (not depicted). -
Coating 64 protects the flexible printed wire fromthe harsh well" bor e

environnent. Fl Qledticnicsr eagrieat im atheecrpetoiehs i 8E Ahe 2BushilELG
2B. - 0-ring 427 JUIE 2 wat er tight seal 30 that is capabl e of
wi t hst andi ng hldﬁlﬁ?égbure The effectiveness of this seal ‘is not

di mi ni shed by .the pasE¥@e 6A flsexd btbreerquadtprafaagrentacyorvisv uotlea
said o-ring 42€ubu1ar1ﬁbﬁbert@§thScSHéhctéraQ§§£§§'QR QEE@?@5¥c§2§i£ﬁ

both seal ed aﬁd electrically .coup electronics carried 1n other

portions of tHhe ?%u?ﬁ?sﬁﬁﬁbé'lnvqﬂlté°”6A | The Pﬁ’l"eéa’?ﬁua‘?f eFuPRLAF e RERPRTYi ew
~of a.tubular nenber isi tshommdmlthlousystlw\ signadortemeemissivd hbsepbagent

i nvention. .The en it e S UL LY h I
transm ssi on assgn% %}%&13“3ﬁﬁ%ﬁ%@%?lﬁ% ﬁaglanar condtg?g %7§F§h%g§Ured
- to tubul ar nenbeF°1&“&P§ﬁraﬁe&8ﬁ€mkkaw%ﬁﬂi%ﬁm&@ﬂe%}YﬁrcéaﬁlﬁgaG&d with 6B

is a closer viewe@htihg bhexi HEs.106pr ist ad cldser wiew of tha fibgible

preferred enbodjnen con CtIV bands 417 | ses_faur con t.ors 53,
54, 55, 56; d&i dpfbﬂgdﬁgtoyg are %unbere(} t@b?regﬁsﬁarfsd cdiment, "

.conductive bands 417 comprises four conductors 53, 54,'. o/
- 55, ‘56; said conductors are numbered to correspond to
the wires which they are connected, specifically,
signal wire 53, 54 and power conductors 55, 56.
15 . conductive bands 417 are disposed between two
' 1nsu1at1ng 1ayers 413, 415.

FIG. 5 is an electrical circuit drawing depicting .
the'preferred signal processing means 111 between Hall
Effect sensor 19 and electromagnetic field generating

20 means 114, which in this case is coil 33 and core 35.

" The signal conditioning means 111 can be subdivided by
function into two portions, a 51gna1 amplifying means
119 and a pulse generating means 121. Within . the
signal amplifying means 119, the major components are e

25'operational amplifiers 123, 125, and 127. Within the
pulse generating means 121, the major components are
comparator 129 and multivibrator 131. Various resistors
and -capaciftors are selected to cooperate with these
major components to achieve the desired conditloning at

30 each stage. ' ' S

-As shown in FIG. 5, magnetic field 32 exerts a
force on Hall Effect sensor 19, and creates a voltage
pulse across terminals A and B of Hall Effect sensor
19. Hall Effect sensor 19 has the characteristics of a



the wires which they are connected, specifically, signal wre 53,
54 and power conductors 55, 56. 15 Conductive bands 417 are
di sgposed between two insulating layers 413, 415. FIG 5 is an electrical
ciroupt drawi ng depicting the preferred signal processing neans 111 between
fal | Effect sensor 19 and electronagnq%ig field generating 20 neans 114,
vich in this case is coil 33 and core“35. The signal conditioning neans’
»111 can be subdivided by function into two portions, a signal anplifying
means 119 and a pul se generating neans 121. Wthin the signal anplifying
means 119, .the négbt .Egﬁﬁ§ﬁem1&°@%t@pe@lﬁm. atpl¢ii sscaps8bléa2bg and
L1270 Wthin thegpebseisgNBHIthEEARY 12ime VS ERGT t$i878s

_ s : YR 4 .
conmparator 129 apd pul ti.vikratar 131. Various resistors and capacitors are
- selected to coop® a?@'ﬁ%ﬁgiﬂﬂ§;§h%§iﬁ'é%ﬁﬂxﬁﬁﬂﬁ???cﬁ%ﬁ%ié§etFﬁés§€§FP€d '
~condi tioning at 86itackhsitagiertetst stiolyn thahtyés in mmgretiic fiwkd 3%t
‘exerts a force o Ef {5 SESPr 149 d greates, -1 ag | r oss
ternminals A and ﬂ“%?hh@|4§§§%xx sené%rtTga ﬁgLFBE?f§%¥¥§%%2g§q€gkﬁgsgﬁhe
characteristics BPwar to 1deteqly |time c¥arydnpcofiietdsy ovkhdeit 2 wHRR is
capabl e of deteckiffgceosehadk Bad poterveeyuigefiegaglic fields. It is

changes I n magnet o FRARL  BAESSt Rl r1or S8 18 (RAPLETLE! | 1BRHEor
requires no poweccnovegtedctta i pewedr wonguiciteordsd? wanfle aa ragativéednputnsor
has power reqyj r egRRbsteddito FohEEt conBlstbr 5d. MASe BowBPSiddndRicticRrut
connecteq to pomﬁg c%%d %L%Tf% ggg%e%yn%qqtlve |nput_ :
. . . 14
S’ Operational amplifier 123 is connected to the
output terminals A, B of Hall Effect sensor 19 through
resistors 135, 137. Resistor l35'is éonnected between
15 the inverting input of operational amplifier 123 and
' terminal A through signal conductor 53. Resistor 137
is connected ©between ' the noninverting input of
operational amplifier 123 and terminal B through signal
conductor S4. A resistor 133 is connected between the
20 inverting input and the output of operaﬁional anplifier
123, © A resistor 139 is connected between the
noninverting input of operational amplifiér 123 and
ground. Operational amplifier 123 is powered through a
P terminal L which is connected to power conductor 56.
' 25 Power conductor 56 . is connected to the pésitivg
terminal of battery 41. ' |
Operational amplifier 123 operates as a
differential amplifier. At this stage, the voltage
pulse is amplified about threefold. Resistance values
30 for gain resistors 133 and 135 are chosen to set this
gain. The resistance values for resistors 137 and 139
are selected to complement the gain resistors 137 and
139.

Operational amplifier 123 is connected to.



10 connected to power conductor 50. The power conductors 49, 50 lead to
operational anplifier 123 is connected to t he out put .
terminals A, B of Hall Effect sensor 19 through resistors 135, 137

Resi stor 135 is connected between 15 the inverting input of operational

battery 41.

{anplifier 123 and termnal A through <iogral conductor 53. Reslstor_137 S

connected between the noninverting input of operational anplifier

and term nal
bet ween the 20

123. A

powered through a term

B through signal conductor 54. A resistor 133 is connected

i nverting input and the output of operational anptifier

“,

123,

resi speratisgali amphifieer ed25bshwomgh thecapachbert 14d amput
of operational agglikibgr i af‘l?’egéﬂﬂﬂﬂflgﬁe’&gi'th@' 13MRlddd ﬁ tﬁr&%s

I S" connecte ower con

- Power conduct or CSGaicé-t@é'nnéétled ¥hiche BaSFkRyeaR¥: n‘i"ﬁalc‘?ﬂ‘P‘?}%&’?ery apd

Qper at i onal

At this stage

val ues 30 fo
resi stance val uésiPMT qfesnpﬁm’tswlwl anplidtien 2%l ected to conpl ement t he

to- -20-

25

aasblgtfrwltts irs pacm est fla»sz fxﬁecﬁléﬁ@j eabinpbnangki foer .
J5PE PIEREIT eSSy Y e CorliYed R R BAG

gain resistors 137 a'}sld ICIf% aﬂd@%& cortBuddd Q:fetw%ée%?‘ *l-zlhlé Sinwv ted
Opera, | Ona I T1 er Cl T or a es| . stor-
Ftne LOULEaE (of POR AT ERaY: ARBLAFAEY N4] rABE ccks

143. The anpl i A"&FY AR

any DC corrponewnlmwn:tntgstlmmt olre rpalss ageoff dpcanafm@qménogmp;brmiments
of 5 the 5'19”3'1%5 Rfé' %%e%%d' S&oaneekedebe Ghe . ”VﬁéEhBth“&% ofs

operatlonal

anpl |

15

20

25

30

| er .
connected to the terminal L, which 1leads through

~conductor 56 to battery 41. A resistor 149 is

connected to. the noninverting  input of operational
amplifier 125 and to ground. A resistor 151 is
‘connected in parallel with capacitor 145. ‘

- At operational ~amplifier 125,' the  signal is
further amplified by ‘about twenty fold. Resistor

'~ wvalues for resistors 143, 151 are selected to set.this

gain. . Capacitor 145 is provided to reduce the gain of
high frequency components of the signal that are above

o

the desired operating frequencies. Resistors 147 and
149 are selected to bias node C at about one-half the

battery 41 voltage.

_ 0perat;ona1 amplifier 125 is connected to
operational amplifier 127 through a capacitor 153 and a
resistor 155. Resistor 155 leads ‘to the inverting
input of operational amplifier 127. A resistor 157 is
connected between the inverting input and the output of
operational amplifier 127. The noninverting input or
node D of operational amplifier 127 is connected
through a resistor 159 to the terminal L. Terminal L
leads to battery 41 through conductor 56. A resistor
161 is 'connected between the noninverting input of
operational amplifier 127 and ground.



A capacitor 145 is connected between the inverting input and the output of
operational anplifier 125. The noninverting input or node C of operational
anpl gfier 10 125 is connected to a-resistor 147. Resistor 147 is
conrected  to the termnal L, which |eads through conductor 56 to
@attery 41. A resistor 149 is-cgAanected to the noninverting
Input of operational anmplifier 125 and to ground. A resistor 151
is 15 connected in parallel with capacitor 145. At operational anplifier
. 125, the signal is further anplified by about twenty fold.

Resi st or val ues for rm‘hestsnr@aMSfrdﬁlo@tee:as:aloe(aledamp)lsﬁierhussgepa”sses
£apaci tor 145 | SREBUEARC | ocdpgureob e 8a N AP | i Shillequenthe o

a re a

conponents of the si th ove esired operating frequenC|es
Resi stors 147 an@omgnam; s8de fpEdhey Hnhdbisge thenPagisage efe-the flawer

battery 41 volta&equa% | OBghponéhlsi fig¥  théd si§na£9nn%‘;§é¥htidﬁ%125
operational anplifi thrgugh a c aC| or 153 a a _resistor,

"Resi stor 155 |xad¥® &fllﬁé' i hPdr t ARy S o n§I 4 mR%Y 5127an A
resistor 157 is ampliémumthm/eeﬂ taJp@nommahaigr i tpittenddlts, owhpoh dfs

operational anpli f QZ%&‘? %Md}ye&h%h irg{._lgrgnrlg’g) agadeﬁ% Olehe

oper at i onal arrpl | connect e roug resi st or
terninal L. Ter mrﬁéllslﬁqréadé-r’?o ang t dFy Are hPG&&ﬁteéndEEt Hroydde Aa bC
resistor 161 i s qeweactadd nedavean the noninverting input of operational

anplifier 127 _and gro 1- | f operati I fi

125 passes th}%ugh Lé’ncearpaz;'c:L oa'rz'l 1%%%]3&%%1 F‘?% na é %ﬁ?‘k ‘%)‘%:orrp‘% ent

aqd, further i nhi mm@amm%écmmamacitor Te3 t° eliminate the
DC component. The capac:.tor 163 is connected to the
inverting  input of compaz_-ator 128. Comparator 129 is

part of the pulse generating means 121 and is an

15 operational amplifier operated as a comparator. A
resistor 165 is connected to the inverting input of
~comparator 129 and to terminal L. Terminal L 1leads

"~ through conductor .56 to battery 41. A resistor 167 is
connected between the inverting input of comparator 129
20 and ground. The noninyetting input of comparator 129
is connected to terminal L through resistor 169. The
noninverting input is also connected to ground through
series resistors 171,173.
W ' Comparator 129 compares the voltage at - the
25 inverting input node E to the voltage at the
nbninverting input node F. Resistors 165 and 167 bias
. node E of comparator 129 to one-half of the battery 41
voltage. ReSLStors 169, 171, and 173 cooperate
together to hold node F at a voltage value above one-
30 half the battery 41 voltage. '
' When no signal is provided from the output of
operational amplifier 127, the voltage at node E is
L less than the voltage at node F, and the output of
' ‘comparator 129 is in its ordinary high state (i.e., at



: . ‘the si - rational. 5 anplifier 127
onponents of the signal. Operat _ . e
'rasggfgcythg nEignal ~and provides an.anpl;flcgfg?grgf iggrgﬁhnﬁggly The
i | ich i he selection of re : : e

thirty fold, which is set by t | ! SSrors - 1os and 57, e

i stors 161 are selected to provide a _ .$¢~
reZLZE?gﬁaESQ gzglifier. 127 ~is connected to conparatorléggighrqugh
“a capacitor 163 to elininate the DC conponent. The.cggacgﬁg[or_lzg s part .
connected to the inverting input of conpar at or 129. ( npl ator 129 _
of the pul se generating neans 121 and is an 15 operati ona np

' - i . 165.i s connected to the inverting .
operated as a CORYPRP’ voltAdeSS! St Qo gif ed S verl
i Ir[:put of conparator ) an(} tgﬁerm.?fg}_ L91tferpngs Ln| cenlstads b@tween

1 N ' _
conductor .56 to B¥4&F yE4@nd Redest & 8B3ulle W‘.“g‘%ﬁg@ﬁgﬁ}\‘ﬁﬁgﬁfﬁgeyﬁaﬁt
o comparat or 126 g ahacar gl #edd1s k8 04tk MG &her cemparater

N t r 1 . CO . .- . ) . . . . . .

noni nvert g i npiCrs. aGHURHe AR 8 (el { Revighasext ChouSs Bf Offle

: nparat@tal> yaldmge et tiwle @ haia dxceddLKe v&ﬁtag g 1gd
171,173. Conp - erting input “nhode" . ?Qeg shere
node E to ther.vol yags @ﬁis”ﬂ%lpga%rﬁ'fnve{_%e utpats of Compaatateyy 149
165 and. 167 bias _node 1E of conpararor I29 OITe e t her. s old.

Itage.  Resi $P§fs 19¥89and) zemainal 1aW3 forooper abagt A8t R st Y Vﬁ N
'\rﬁgde I% at a vol t gesentuataboae ane- 30 half the battery 41 voltage.

Rl he
i i ' ] ' f operational anplifier 127, the
no signal is provided tI%e 0 ut,o . |
~vol tage at node E is I'gs% %-:ﬁ'aﬁ’rt E%f%o#?a&’me% o amd tiilvd bt i1

~ conparator 12914 §hrRughs gﬁnﬁ'qﬁa:rgr_hrgs}. St @apdditer Bi5 is dhrected .t'o. )
. 'pin 2 of -multivibrator 131. Multivibrator 131 is
preferably an L555'mon<_>stable nultivibrator.
A resistor 177 is connected -beﬁwe_e'n' pin 2 of
‘multivibrator 131 and ground. A resistor 179 is
15 cohnected'betweén  pPin 4 andg pih 2. a capacitor 181 is'
~ connected between ground and pins 6', 7. Capacitor 181
is also connected through a resistor 183 to pin 8.
Power is supplied through power conductor 55 to pihs
4,8. Conductor 55 leads to the battery 41 as does
20 conductor 56, but is a separate wire from conductor se.
The choice of resistors 177 and 179 serve to bias input

Pin 2 or node ¢ at a voltage value above ocne-third of
the battery 41.

A capacitor 185 is connected to 'ground and to
25 conductor 55. Capacitor 185 is an energy storage
capacitor and helps to 'provide'._power to multivibrator -
131 when an output Pulse is generated. 2 'capacitor 187
is connected between pin 5 and ground. Pin 1 is
grounded. Pins 6, 7 are connected to each other. Pins
304, 8 are also c'onnected'to each other. The output'pin'_
3 is connected to a diode 189 and to coil 33 through a
conductor 193. A diode 191 is connected between ground
and the cathode of diode 189. E

The capacitor 175 and resistors 177, 179 provide



- supply voltage). The difference in voltage between nodes E and nodes F
shoul d be sufficient to prevent noise voltage levels fromactivating the
conparat or 129. However, when a-signal arrives at node E, the 5 total
voltage at node E will exceed the voltage at node F.  Wien this happens,
the output of conparator 129 goes low and remains low for as long as a
Signal is present at node E. Conparatms 129 is connected to nultivibrator
~231 10 t hrough capacitor 175. Capacitor 175 is connected to pin 2 of
mul tivibrator 131. Mul tivibrator 131 is preferably an L555 nonostabl e

multivibrator. A resis 177 is, connect et | Qf mul tivjbrator
ey ctacieb-hobute s Hi
,pln capaci P offs earer tradsindme o 7spike
Capaci tor 181 | S¢ %E%&ééd t@ﬁ&“ﬂ?iﬁgé?%@igé 1?%0&%%? §at'3%""51‘5 I s
~supplied through po conduct or %b g ?

t he battery 41 AFYode0intRdth s i@@utbu?“i’s 2 Qgpd?“l%ttei%l?@‘?‘?%mlzil- .
conduct or 5Thnm§|p| aubiiviikators 137 anyl behsiaiive t addi &%id NPRowsi N 2

or node Gat a v val.u |rd th t y a aC|tor
185 is-connectedg?%ggeoug S°§B?¥s§§ &? dct o ap%ﬁfiggi %a%#%ofes
an energy . storig@ éﬁgaéﬁﬂ@ﬁﬁﬁ@jﬁﬂﬂ?ﬁttbhﬁrpuﬂée w@ﬁﬁthfnthe|¢Mﬁpator

131 when an out pyﬁwe”&e bﬁtﬁ@ﬁeﬁ%ed orAnSéEaﬁ' t%ﬂ%ﬁm%&%a&%%@
between pin 5 and groun Pi ns 7.are connected to

each other. -Pi nsP3b°8 ¥3 EPe°§I§§°cB ﬁ58§§8°P§sea§hpB?ﬁe?ed'The out put pin
3 i s connegt ed tOThedmnHeltsﬁrahdrtm3mois 8anshtibvughta ®dowtcipalskss.

g o 17" ar EOEHEH BELIEE" o bl 591 TR phodhas Lol
_ : pulse, close to the value of the battery 41 voltage, as
an.output. Diodes 189 and 191 are provided to inhibit
any ringing, or oscillation encountered when the pulses
.15 are sent through conductor 193 to the coil 33. More
speclflcally, diode 191 absorbs the energy generated by
the collapse of the magnetic field. At coil 33, a
| magnetic field 32' is generated for transmission of the
data signal across the subsequent Jjunction between
20 tubular members.
‘As. illustrated in Fig. 4, the previously described
_ apparatus is adapted for data transmission in a well
bore.
U A drill string 211 supports a drill bit 213 within
- . 25 a well bore 215 and includes a tubular member 217_
having a sensor package (not shown) to detect downhole
conditions. The tubular members 11, 13 shown in Fig. 1
-Jjust below the surface 218 are typical for each set of
connectors, containing the mechanical and . electronic
30 apparatus of Figs. 1 and 5. |
. The upper end of tubular member and sensor package
217 is preferably adapted with the same components as
tubular member 13, including a coil 33 to generate a
‘magnetic field. The lower end of connector 227 has a



- 23 - an'RC tinme constant so that the square pulses at the output of

conparator 129 are transformed into spiked trigger pulses.. The trigger

pul ses from conparator 129 are.fed into the input pin 2 of nultivibrator .
131. 5 Thus, nmultivibrator 131 is sensitive to the "low' outputs
%onparator 129. Capacitor 181 and resistor 183 are selected to set the

ul se wi'dth of the output pulse at out gyt _pin 3. or node H In this
enbodi ment, a pulse width of 100 mi croseconds is provided. 10 The

'nult|V|brator 131 is sensitive to "low' pulses fromthe out put of

conpar at or. 129, but prOV|des a high pulse, close to the value of the.
battery 41 voltagé a %5?95ﬂﬁﬁﬂs°11poEelﬁgnﬁﬁH 191 iar &he davire e@d of

i nhi bit any ringtapuler m]déxatmmmemmtw ed when the pul ses 15 are sent

t hrough conductor 193 3 egifigall ode 191 a rb
t he g%ergy ggnerated lg"')% e [of¢) %Ip')s eg?o%gzﬁggﬁbtl é?fagi %t gig o

‘magnetic field 3kas §T§em®t@®apb¢dt Eans reseiiyingf dm diﬁ:gmaslsgrmﬂxdathess
the subsequents j WaglerORrze Rt £dibWAnd@IveL sy a'éf@éﬂed in Fig.

ansm.ssion in a
BFpoPETRETEr i TPORFTYA 3 tR  krAnsBit vBaka
“bore 215 and i nclsim'@la; tubulthre nbobeho2&7 & ng Insehder pRThsteatioh,

shown) to detect geunhal ‘rsl?&i)ﬂ&" beAdSa £l (WY GELTEIRIES 0L, Ja%,éhggggi n

4, the preV|oust des |be aratus js adapted for dat
wel | bore. A drill gﬁﬁg

Fig. 1just below the _surface”21 or each Set 'connec

are i ca
cont ai ni.ng the nﬁ@t‘i’anf@ﬁ}“a’&i‘fﬂnel%%?rorﬁrEfSGSap‘b%iagu§Wﬁm edl upd EheThe

upper end of tubidran Imestheingingl e Rs0tHRA AL g rsgp!zeberQMe\tead?@tfé,
with the sanme CO@%%%?Hf%é@d by suitable means such as radio waves 231

to surface monitorlng and recording equipment 233. Any
suitable commercially available radio transmission’
system may be employed. One type of system that may be

15 used is a PMD "Wireless Link", receiver model R102 aud-_

transmitter model T201A. _
In operation of the electrical circuitry shown in
FIG. 5, DC power from.battery 41 is supplied to. the
Hall Effect sensor 19, operational amplifiers 123, 125,
20 '127” comparator 129, and multivibrator 131. Referring'
also to FIG. 4, data signals from sensor paékage-217
Causg an éleétromagnetic field 32 to be generated at .
each threaded connectibh_of the drill string 211. -
_ .In each tubular member, the electromagnetic field
25 32 causes an output voltage pulse on terminals A, B of
' Hall Effect sensor 19. - The voltage pulse is amplified
by the operational amplifiers 123, 125 and 127. The
output of comparator 129 will go low on receipt of thé
pulse, providing a sharp negatlve trigger pulse. The
30 multivibrator 131 will. provide a 100 millisecond pulse
on receipt of the trigger pulse from comparator 129.
The output of multivibrator 131 passes through coil 33
to generate an “electromagnetic field 32! for
transmission to the next tubular member. |

o



‘tubul ar menber 13, including a coil 33 to generate a.magnetic field. The

| ower- end of connector 227 has a -24- Hall Effect sensor, |ike sensor
in the | ower end of tubular nmenmber 11 in Fig. 1. Each tubul ar nmenber 219.

19

in

"the-dwi || string 211 has one end adapted for receiving data signals and the

§ other end adapted for transnitting data signals. The tubul ar nembers

cooperate to transnit data signals up $he_borehole 215. In this
i1lustration, data is being sensed fromthe drill bit 213, and fromthe
formation 227, and is being transmtted up the 10 drill string 211 to the .

drilling rig 229, wherRikt direseritainsami h&edMﬁ%&Mﬁﬁén%Vﬁ!ﬁ@fﬁs ﬁ%ol .

maves 231 to sur nit cqrdin 233 Any suilt
comercially avélgfg'gggge Qd*%ge@gn sﬁnﬁh‘ sy %“&@%?B’iﬁﬂm Qe
type of system t@atangjgbalipulses,i contRNDing rieiMal:birdﬂ' frdnetzell&}fge

model R102 and taeea? téﬁrdm%blp%séfs%%atbenﬁf ﬁéﬁﬁ &' ER e

rombattery 41 1s sup

circuitry shog
Hal | Effect s sﬁ?‘rfgceop@?at’r'% %1 fi eP¥CRy3trapsmisgiony, df-’%%r’rﬁmtat or
129, and nul tivi luequd\relaahys:l%a‘lercon'gaatsatt aHd Ci:iﬁle glaiﬁtsl gﬁ»,@lrs &gégn .

sensor package 2 o tr eneyJ at
each threaded CO%%GC?IHO%% ?)’% tkﬁ%dl’l %s%t%tréli%g 2 fd eac %]%oulé& 'ﬁ’éﬁ&e

the el ectromagnePreippgyd 2511?211(96&% Rt bom Svol puge pmiote orimpedddal s

A, B of Hall Effegynieizantly; ndhepeelibag s@ocpe AW! kbR @rha ”A;;gd
SET oo P BB bhei el W e RO e A
pulse. "~ The Moreover, the high power losses associated with. a
e ' transformer coupling at each threaded Jjunction are
avoided. Each tubular member has a battery for
powering the Hall Effect sensor, and the 'signal
15 conditioning means; but such battery can operate in
excess of a thousand hours due to the overall low power
requirements of this invention. .
The present invention 'emp,loys efficient
electromagnetic phenomena to transmit data signals
20 across the junction of threaded tubular members. The
preferred embodiment employs the Hall Effect, which was
discovered in 1879 by Dr. Edwin Hall. = Briefly, the
Hall Effect is observed when ‘a current carrying
L/ conductor is placed in a magnetic field. The ccmponent
' 25 of the magnetic field that is perpendicular to the
current exerts a Lorentz force on the current. This
force disturbs the current'distribution, resulting in a
pctential difference across the current path. This
potential difference is referred to as the Hall
30 voltage. ' _
- The basic equation describing the interaction of
the magnetic field and the current, resulting in the
Hall voltage is:



30 nultivibratof_lSi mﬁlllprovide a 100 mllisecond. pul se on receipt of the
trigger pulse fromconparator 129. The output of nultivibrator 131 passes

- through coil 33 to generate an el ectromagnetic field 32 for.
transnission to the next tubular nmenmber. - - 25 - This invention has nery”
advantages over existing hardwire telenmetry systens. A continuous. Stream

~of data signal pulses, containing imnf2érmation froma | arge array of
downhol e sensors can be transnmitted to the 5 surface in real tine.
Such transmi ssion does not require physical contact at the pipe joints,

nor does-it.involve the susmans;omo}tpny fab,LedeV\Qﬂel? 4 }: pary : .
dr|II|ng oper ati ons are not |npeded°3| ni.ficant no S| C|al glpe
- dope is required, and 10 spetealSi P8 FaEantof ¥9ﬂ¥Qﬁ|?¢¥?ﬁﬁ%r

m ni m zed Moreownsdie high power |osses associated with- a transforner

‘coupling at each threaded jugc a i Ea bul ar nber
has a battery for pomerlgg %%ﬁn¥b§$ g%? ﬁ%%%%%gzgg 5ﬁ€hgagp§ﬁ§$ 15
condi ti oni ng Fediseldkhatchs bE%%'E??dkg%l@petatbhenc‘éR’éeBt path:t housand

hours due to the overall IQMRQOﬂgrtﬁgqugignaaégfgéléﬂt; aﬂaentlon The
present i nventi on

enpl ef nt el egt ne henonena to
transnit data signals 20 acr s%stﬁg %h%?*%ﬁsﬁf fhﬁ%ﬁdgan% ﬁr shefiber s.
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current- carrying, conductor is placed in a magnetic e conponent 25
of the nagneigc:é&%ﬁ?F}%aPrPE°B£FﬁEﬁH|EBIEFet agﬂétéﬁrFéﬁ%de§EFF§g§threntz

force on the current.TheTlfioxemost advantages of using the Hall Effect o/
to transmit data across a pipe junction are the'ability
to transmit data signals across a threaded junctibn
without making a physical contact, the 1low power

15 requirements for such Eransmissionr and'the resﬁlting-
increase in battery life.. | '
This invention -has several distinct advantages
over the mudpulse transm1551on systems that are
o commercially available, and which represent the state:
' 20 of the art. Foremost is the fact that this invention
can transmit data at two to three orders of magnitude
faster than the mudpulse systems.. This speed is
accomplished without any interference with ordinary
drilling operations. Moreover, the signal suffers no v/
25 overall attenuation since it is regenerated in each
tubular member. : |
The conductor systen for well bore data
transmission has a number of advantages over prior art
, conductor systems.
30 First, helical conduits for wiring ‘are not
- required in the present system. Thus, the hazards.bf
mechanical failures in such conduit systems are.
altogether avoided. '
Second;'the flexible printed planar conductor of



force disturbs the current distribution, resulting in a potenti al

di fference across the current path. This potential difference is
referred to as the Hall 30 voltage. The basic equation describing the
interaction of the magnetic field and the current, resulting in the Hal

{OItage is: - 26 - [err] where - [err] is the current flow ng through
.the Hall sensor;- - B SIN X is the copponent of the magnetic 5 field that
»i-s perpendicular to the current path;“: RHis the Hall coefficient; and - t.

is the thickness of the conductor sheet If the current is held constant,
and the other constants are disregarded, the Hall voltage will be 10

.directly proportipaalpreaditc 8980ehi @dd$! Aot! rappaidtiats, f Q18TASEN the |
advant ages. of u5|mg tge Hal_I fect tg transmt data acrdss a plpe junction
are the ability ALAPRERTPE §BPaPIP§nEPL®across a threaded junction wit hout
maki ng a physical conThird,t hehed oprpsent lEondegtior esysten’ opréséhts no
transm ssi on, an q Lt LBO 1 L AV NN A-E i.§ . nvention
has sever al djstgﬁ%ngéggﬁ aggseéggésgﬁge#%d%%#iga Fa%é s§?8§s§ystens t hat
“are commerci @ |y avai FaBF&R/atherPraserbr eonfucter swyatewoisoidasigned .
Forenpst is the tactpddit uhbks v, OinedNdihgnViAirda,2 a116W¥Pngo fdy ee
orders of nagnrtgﬁe_fﬁst%r. tﬁan t he nu%afkﬁg ag%ﬁhgns. his Spee i's
acconpl i shed wi tHEuf*eShy >Rt EPPR&REe R FINYS, Ay Pepanatedy seale
oper ati ons. Moedevtrontike shgmbersubkecaviidies. Thus, the electrical
coupling is accomplished with no risk of breach in the
10 seal, and the various electronic components remain

protected from well bore fluids.
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25 overal

attenuation since it is regenerated in each tubul ar nmenber.

hazards of nechanical failures in sucg condurt—systeﬁe—a%e—a%%egether

avoi ded. Second, .
. present system does not appreciably dimni sh t ﬂm ﬂ I I '!il III pr pe bor e. o
Third, the present conductor system presents n nt angl enent

t he present conductor systemis desrgned to

“for wire |ine t @LR W th

the flexible. prrnted pl a conduct

pass under seals, |nclud|ng Orin allowing for the electrical coupli
of physically séparaﬂ%&ilmﬂﬁﬂwﬁﬁeﬁ ﬁﬁﬁﬂQi;%ﬁﬁnﬁmﬁ%sb¢ncayst235forhuse

el ectrical” couplinng ISP Ik Wb, ldsipPis Hgash Qmﬁf'ﬁaﬁ o
and the various electronic conponents r'emai n protected rom we ore

fluids.

fluid filled well
t hr eaded ends—f
transmtting 'n

1

An inproved el ectrical transm-ssion systemfor use-in a

gr adarmt'eﬁcfl' O%%Irslﬂ#]ransm %Jr'fntgé]g%t aﬂa@ié\%aﬁs %gﬁﬂl é

recei ving end adist ecﬁ¢éﬂt¢cbcef¢?/¢ ngf-M%In%fFWS data psighalsn and a
Carﬂéc%ﬁ.vnb}’ en&aé&hpted for receiv:.ng data signals;

releasably

10
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a partltlon- releasably . Carried by said

.transmlttlng end of said tubular member for matlng with

sald tubular member;

a compartment bounded in'paft'by said_partition
and in part by said tubular member;

a transmitter disposed in said compartmenﬁ'of said
tubular member:;

_ seal means for sealing said. compartment where said
partition mates with said tubular member to protect
said transmitter from said fluid in said well bore;

a fiexible plahar conductor of the type having at
least one substantially pianar conductive band covered
by electrically insulating material, said flexible
planar conductor extending substantially between said receiving

end of said tubular member and said transmitting end of
said tubular member, passing between said ¢tubular

member and said seal means into said compartment, and
electrically coupling said receiving end of 'said
tubular member with said transmitter, wherein  the
integrity of said seal means is not disturked and said

The

_of

~conduct or system for well . bore data transm ssion has a nunber
advant ages over prior art conductor systems. 30 First, “helical
chnduits for wring are not required in the present systent Thus, “%ﬁe

ng
t he

seal

boree, tutaipryt Sienbem wikhi tiateaded aehﬂbufai' wﬂheet%ﬁh

transmitter is protected from said fluid in said well

bore.

L]



transnmitting end of said tubular member for mating with 10 said tubul ar

menber ;

a conpartnent bounded in part by said partition and-in part by said

tubul ar menber; a transmitter disposed in said conpartnment of said tubular

menbey; 15

artition mates with said tubul ar member to pr ot ect

said fluid in said well bore; a flexib pl anar conduttof dof thestype
shavi ng at

electrically

seal neans for sealing said 'COWartm,manHm,Q",f
. rom

| east one substantially planaf conductive band covered 20 by
insulating material, said .flexible planar conductor

~extendi ng subst ant al I g‘%&gﬁﬁ}éé%iﬂeé@fﬁé{i _nersﬂgmfésﬁahdggtgbaha%ogﬁgggf

.and said transmtting en sal d .t ubul ar

nober, ., passin ween sai

+ e . 5 .
“tubul ar nenber ard <hi HeEd| fipdRd Medd LAXE MPLEIRRSRT, afempsising in

electrically

with

bor e.

cowdnblihatink receiving end- of said tubular nenber

said transmtter, wherein the integrity of said seal neans is not
~disturbed and said transmtter is protected fromsaid fluid in said well

29- 2.
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fluid filled vellcditie-Ith ONNENMri CONDEEF $h§Jih Na CREPE NBEEE Thadihybathar
menber with threaded ends . apteg.fqr 5 conhec |02 inaJdrill string in a
| | THNRy | ui

wel | bore havi ng H§hnef2 _
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mat 1 n sal I nher

a sleeve carried by said transmitting end of said
tubular member for mating with said inner wall of said _
tubular member and forming a compartment bounded in
part by said sleeve and in part by said inner wall of
said tubular member; '

a signal transmitter disposed in said compartment
of said tubular member;

~ a seal means for sealing said compartment where
said sleeve mates with said inner wall of said tubular
member to protect said signal transmitter from said
fluid in said well bore;

a flexible printed planar conductor of
predetermined thickness, of the type having at least
one substantially planar conductive band disposed

'between at least two layers of electrically insulating

material, said flexible printed planar conductor being
disposed on said inner wall of said tubular mewmber,
passing between said seal means and said inner wall of
said tubular member into said compartment, and
electrically coupling said nreceiving end of said



t ubul ar menber and formng a'co-rrpartrfent bounded in part by said sleeve
and in part by said inner wall of said tubular nenber; a signal transmtter

di gposed in said conpartnment 15 of .said tubular nenber; a seal neans f "r’“"
sealing said conpartnent where said sleeve nmates wth said inner wall .

. said tubular nmenber to protect said signal tra ' d fl.ui d |n
said well bore; 20 a flexible pri nnmlmﬂu““mlﬂmduct or
predet erm ned thi ckness, of the type 3Ravi ng at ast wnet sybstantially

pl anar ‘conducti ve band di sposed between at least two |ayers of electricall
insulating material, said flexible printed planar conduct or bei ng 25.

di sposed on sai tubuhar wenbex wikl teiid asigneder trpnspibgebet wewreia d
seal means and ggid bBﬁﬁér‘ﬂi\EhtOEeﬁahﬁs Sealled, pRIRItid gt&iéaé nal

‘compartnent, and el e¢tri cal cou iqd recel Vi nq .en sai
tubul ar menber WFRRSBIFGEE SHSP‘ FPSF} ﬁ&f’t‘g‘r eg?%

t 3

Y.

remai ns seal ed, protectlng said si gnal transmtter from sald f|UId |n said

[ b d | | 5 t
yell Bore"and neans Lgpcopus| 080t BHLH eibiAY Blabegas ol
transni ssi on5 sgendrcie¥oite sgido i@P&FmWE%&felﬁ?lé’altdlbéﬂééfvé‘ei@er%l easabl
carried by sai d3t ubul aarrenhap roﬁ’red eﬁbttiﬁHPve‘ira‘ﬂsﬁﬁts%'l%ﬂ %stem

transmi ssion ste dg. ag:c ég ﬂ gl er ei n t he seal
conprises: a pI ‘37‘9' atly2 WHEFt m Slegvi s E?%%%%%Hllbn
said sl eeve V\/neluanm@)lhys s dl ttmmlamvahémhérsal d tubul ar nmenber; and a

plurality of o-jings ogg d'fn%’f@\gedn %ﬁ‘é@tqjlcal transmission system

10 accord.mg to Claim 2 wherein the seal means comprises:

a plurallty cf spaced ‘apart annular grooves
' dlsposed on said sleeve where it abuts said inner wall
of said tubular member; and

a 'p'lu'r_ality of o-—_rings'_bn_e disposed in each of .
15 said annular grooves, sealingly engaging said inner
wall of said tubular member and sealing said
'compari:ment from said well bore environment, wherein
said flexible printed planar conductor passes between .
at least one of said plurality of o-rings and said
20 inner wall of said tubular member. -

5. An improved electrical transmission system accordihg.'
to Claim 2 further comprising:
coating means for coating said central passage_bf
said tubular member, wherein said flexible printed
25 planar conductor is disposed between said inner wall of
said tubular member and said coating means.

y
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15 said annul ar grooves, sealingly engaging said inner wall of said
tubul ar nmenber and sealing said conpartnent fromsaid-well-bore——
environment, wherein said flexible printed planar conductor passes betmeen

‘at *I&®5t one of said plurality of o-rings and said 20 | uﬁ “l“
tubul ar nenber. 5. An inproved electrical transm ssion
Claim2 further conprising: coating neahs Tor coating sai d central passage

»of said tubular menber, wherein said flexible printed 25 planar conductor
i s di sposed betmeen said inner wall of said tubular menber and said coating

means. . .- QVh An Imﬁ vgd data transm ssion systemfor use in a
amel | bore conprlgrng PREPYSE | BAtaa trapsmissienb&ystiath £ cusedianas

adapted for conneweldnbbmrea dompristinhgndni ecabwaklkibare having an 5 i nner
wal | defining a central fluid passage, a receiving end adapted for
receiving data signals, and a transnitting end adapted for transmtting
“data signals; a Hall ERfdbwlasonembens wicily i thrbéydedi (érrds:ea&apgeen(tdi:f

sai d tubul ar menbgenhakti®seiiH 1 gial r L.ng
el ectri cal gnaln corresp ond % o ié‘leggriﬁ!; Iﬁ %alwegfon ?oﬁlg‘ﬁgngm?é‘n

carried by %allePﬁﬁsmWﬁ¥%g @ﬁng¥n%ala tmﬁﬂﬁﬁahmwikﬂi¢orppﬁédgebngaa

pul se in responserboeuhdnglewawaadpt&ugﬁak &bedueﬁﬁglaatab%1§%stHahhd
Ef fect sensor neagsy

d b
said transnitting enggﬁﬁ ér Ig%b%eﬁbgPrfg%gS%gﬁgﬁnglﬁ@iaggégég&ﬁals

Ta sleeve carried by said transn1tt|ng end of said
U | a Hall Effect sensor means carrled by said
: receiving end of said tubular member for receiving data

10 signals and producing an  electrical signal
corresponding thereto;

a signal conditioning means carried by said
transmitting end of said tubular member for producing

a pulse in response to the electrlcal signal produced
15 ~ by said Hall Effect sensor means;

an electromagnetic field generating means carried
by said transmitting end of said tubular merber for
transmitting data signals;

a sleeve carried by said transmitting end of said
20 tubular member and having first and second mating

surfaces for mating with said inner wall of said
tubular member:;

a compartment means, formed in part by said sleeve

and in part by said_tubular member, for housing said

25 signal conditioning means and said electromagnéﬁic
field generating means;



20 tubular nmenber and having first and second mating surfaces for
mati.ng with said inner wall of said tubular nenmber; a conpartment—peans,

formed in part by said sleeve and in part by said tubular

conduct or of 5 predet erm ned t hi ckness of the type having at

menber,

housing said 25  signal condi ti oni ng neans m wﬂm gnetN—:
sfield generating neans; =~ - 32 - first and seg Mﬁm:l“m ‘mfor- :
seallng said conmpartment where said-fggst and second mét i f g Surfaces of -

said sl eeve abuts said tubular nmenber; a. flexible printed

-,

for ™

pl anar

| east one

substantially planar €bnatctand baedondspseall eear®n for IsﬁﬁianVWSald
layers of el ecébhﬁéﬂﬁentnﬁﬁbé@ %ﬁiﬁﬁtﬁ&'s%| anPiséddrX infdis

subs

| difyeh V4

antlally 10

bei ng di sposed on sal er wa sai, ul.ar nenber
ext endi ng bet weefifs§Rd tF ﬁ?ﬁﬁtﬁkﬁgseﬁé u&thHEHEPrhenber and said

receiving end of said tubular nenber, passing between said first seal

Hal | Effect sensor neans, sal |t|on|

nmeans

and said inner wall of Sa'ﬁé’ﬁ%i.gnm con eagand @ﬁi&l_caggmgg%

el ectromagnéti ¢ Predgtgsmd endane Mving @t e

e

ast pne

flexible printed swnorseammauqv InSTIExﬁa#Valclorﬁhctalvd t torud aa;&pasbea betwedn
I nproved data el ¢ tr| # 5518§ eRySt e Zoeéegégiﬁﬁl_i g t%s%@a%g

wherein said sle easably carrred by

i nproved data tr m@mrg@lon sAjd ofd exitiolel] pgln'eedj Wiliree bednghatisnased somg:
a battery di sposegiid Sk (#RAY¥LACATESDE] 8Bular member, substantially

10 extending between said transmlttlng end of said tubular

' member and said receiving end of said tubular member,
passing between said first seal means and said inner
wall of said tubular member, and electricélly'coupling-_
' said Hall Effect sensor means, said signal conditioning

15 ~ means, and said'electromagnetic field generating meéns;

and

a means for securing said flexible printed wire to

said inner wall of said tubular member.

7. An improved data electrical transmissién system
20 according to Claim 6 wherein said sleeve is releasably

carried by said tubular member.

8. An improved data_transmission system according to

Claim 6 further comprising:

a battery disposed in said tubular member and
25 electrlcally coupled to said Hall Effect sensor means,

said signal condltioning means,

30 conductor.

and
electromagnetic field generating means at least in part

~through said at 1least one. substantially planar
conductive band of said flexible printed planar

said

«

neans

%



25 el ectrically coupled to said Hall Effect sensor—treans—said __ signa
conditioning nmeans, and sai d electronagnet ield generating
nmeans at least in part through said at |east one sul Mﬂu&u’tmﬂ'
cond_‘ycti ve band of said flexible printed planar 30 ﬂw 33 -
9. ‘An inproved data transm ssion systemfor use in a well bor'e dccording to
iCaim6 further conprising: a coatimp nmeans for coating said central
. -passage of said tubular menber, wherein said flexible printed 5 pl anar

;gpgug;g;,;; dizspozed belueen SaldL | POShoUTLL18h St OpLa JIRMhE and

well bore according to Claim 6 further comprising:

a coating means for coating said central passage

of said tubular member, wherein said flexible printed

5 planar conductor is disposed between said inner wall of
said tubular member and said coating means.




