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(57) ABSTRACT 

Arrangements and associated methods are described for 
providing an isolated electrically conductive path in a sys 
tem in Which a boring tool is moved through the ground in 
a region. The system includes a drill rig and a drill string 
Which is connected betWeen a boring tool, or other in-ground 
device, and the drill. The drill string is made up of a plurality 
of electrically conductive drill pipe sections, each of Which 
includes a section length and all of Which are con?gured for 
removable attachment With one another to facilitate the 
extension and retraction of the drill string by one section 
length at a time. The arrangement associated With each drill 
pipe section provides part of at least one electrically con 
ductive path along the section length of each drill pipe 
section, Which electrically conductive path is electrically 
isolated from its associated drill pipe section and extends 
from the boring tool to the drill rig such that the electrically 
conductive path is extended by the section length When the 
drill string is extended by attachment of an additional drill 
pipe section to the drill string at the drill rig and the 
electrically conductive path is shortened by the section 
length When the drill string is shortened by detaching the 
additional drill pipe section from the drill string at the drill 
mg. 
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AUTO-EXTENDING/RETRACTING 
ELECTRICALLY ISOLATED CONDUCTORS IN A 

SEGMENTED DRILL STRING 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to under 
ground directional boring and more particularly, to auto 
matically extending and retracting electrically isolated con 
ductors provided in a segmented drill string. An associated 
method is also disclosed. 

[0002] Guided horiZontal directional drilling techniques 
are employed for a number of purposes including, for 
example, the trenchless installation of underground utilities 
such as electric and telephone cables and Water and gas 
lines. As a further enhancement, state of the art directional 
drilling systems include con?gurations Which permit loca 
tion and tracking of an underground boring tool during a 
directional drilling operation. As Will be seen, the effective 
ness of such con?gurations can be improved by providing an 
electrical pathWay betWeen a drill rig Which operates the 
boring tool and the boring tool itself. 

[0003] Turning to FIG. 1, a horiZontal boring operation is 
illustrated being performed using a boring/drilling system 
generally indicated by the reference numeral 10. The drilling 
operation is performed in a region of ground 12 including an 
existing underground utility 14. The surface of the ground is 
indicated by reference number 16. 

[0004] System 10 includes a drill rig 18 having a carriage 
20 received for movement along the length of an opposing 
pair of rails 22 Which are, in turn, mounted on a frame 24. 
A conventional arrangement (not shoWn) is provided for 
moving carriage 20 along rails 22. During drilling, carriage 
20 pushes a drill string 26 into the ground and, further, is 
con?gured for rotating the drill string While pushing. The 
drill string is made up of a series of individual drill string or 
drill pipe sections 28, each of Which includes any suitable 
length such as, for example, ten feet. Therefore, during 
drilling, drill pipe sections must be added to the drill string 
as it is extended or removed from the drill string as it is 
retracted. In this regard, drill rig 18 may be con?gured for 
automatically or semi-automatically adding or removing the 
drill string sections as needed during the drilling operation. 
Underground bending of the drill string enables steering, but 
has been exaggerated for illustrative purposes. 

[0005] Still referring to FIG. 1, a boring tool 30 includes 
an asymmetric face 32 and is attached to the end of drill 
string 36. Steering of the boring tool is accomplished by 
orienting face 32 of the boring tool (using the drill string) 
such that the boring tool is de?ected in the desired direction. 
Boring tool 30 includes a mono-axial antenna such as a 
dipole antenna 44 Which is driven by a transmitter 46 so that 
a magnetic locating signal 48 is emanated from antenna 44. 
In one embodiment, poWer may be supplied to transmitter 46 
from a set of batteries 50 via a poWer supply 52. In another 
embodiment (not shoWn), to be described in further detail 
beloW, an insulated electrical conductor is installed Within 
the drill string betWeen the drill rig and the boring tool in 
order to carry poWer to transmitter 46. A control console 54 
is provided at the drill rig for use in controlling and/or 
monitoring the drilling operation. The control console 
includes a display screen 56, an input device such as a 
keyboard 58 and a plurality of control levers 60 Which, for 
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example, hydraulically control movement of carriage 20 
along With other relevant functions of drill rig operation. 

[0006] Drill pipe 28 de?nes a through passage (not shoWn) 
for a number of reasons, including considerations of design, 
manufacturing methods, strength, and Weight, but also 
because typical horiZontal directional drilling also requires 
the use of some type of drilling ?uid (not shoWn), most 
commonly a suspension of the mineral bentonite in Water 
(commonly referred to as “drilling mud”). Drilling mud, 
Which is generally alkaline, is emitted under pressure 
through ori?ces (not shoWn) in boring tool 30 after being 
pumped through the interior passage of drill pipes 28 Which 
make up drill string 26. Drilling mud is typically pumped 
using a mud pump and associated equipment (none of Which 
are shoWn) that is located on or near drill rig 18. The 
pressures at Which the drilling mud is pumped can vary 
Widely, With a commonly encountered range of operation 
being 100 PSI to 4,000 PSI, depending on the design and 
siZe of the particular drill rig. For proper operation, pipe 
connections betWeen drill pipe sections 28 must not only be 
suf?ciently strong to join the sections against various thrust, 
pull and torque forces to Which the drill string is subjected, 
but they must also form a seal so as to not alloW the escape 
of drilling mud from these connections Which could result in 
an unacceptable drop in drilling mud pressure at the ori?ces 
of the boring tool. 

[0007] Continuing to refer to FIG. 1, drilling system 10 
may include a portable locator/controller 70 held by an 
operator 72 for sensing locating signal 48 in a Way Which 
alloWs the underground position of boring tool 30 to be 
identi?ed. Such portable detectors are described, for 
example, in US. Pat. Nos. 5,155,442, 5,337,002, 5,444,382 
and 5,633,589 as issued to Mercer et al, all of Which are 
incorporated herein by reference. Alternatively, one or more 
detectors (not shoWn) designed for positioning at ?xed, 
above ground locations may be used, as described in US. 
patent application Ser. No. 08/835,834, ?ling date Apr. 16, 
1997, Which is commonly assigned With the present appli 
cation and is incorporated herein by reference. 

[0008] Guided horiZontal directional drilling equipment is 
typically employed in circumstances Where the inaccuracies 
and lack of steering capability of non-guided drilling equip 
ment Would be problematic. A typical example is the situ 
ation illustrated in FIG. 1 in Which the intended drill path 
requires steering the boring tool around, in this instance 
beneath, obstacles such as utility 14. Guided drilling is also 
important Where the intended path is curved (not shoWn) or 
the target destination is more than a short distance (typically 
over 50 feet) from the starting point. In the latter situation, 
simply aiming a non-guided boring tool at the target desti 
nation from the starting point Will seldom result in main 
taining a suf?ciently accurate drill path and/or arriving 
reasonably close to the target destination. 

[0009] While system 10 of FIG. 1 illustrates a “Walk 
over” type locating system using a steerable boring tool, it 
should be appreciated that “non-Walkover” guidance/locat 
ing systems (not shoWn) are also useful in conjunction With 
steerable boring tools. The less commonly used non-Walk 
over systems typically utiliZe an instrumentation/sensor 
package (not shoWn) located in the boring tool that is 
electrically connected directly to console 54 at the drill rig 
via the aforementioned insulated electrical conductor (not 
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shown) located inside the through passage of the drill string. 
While batteries 50 may be used in the boring tool to power 
the instrumentation/sensor package, the insulated conductor 
may be used to supply electrical poWer to the instrumenta 
tion/sensor package, thus eliminating batteries 50 for rea 
sons Which Will be seen. At the same time, data may be 
transmitted from the instrumentation/sensor package to con 
sole 54 on the insulated conductor. Data can also be sent to 
the instrumentation/sensor package for calibration, signal 
processing and programming. 

[0010] In the instance of both Walkover and non-Walkover 
systems, the objective is to use information obtained from 
the locating system as a basis for making corrections and 
adjustments to the direction of steerable boring tool 30 in 
order to drill a bore hole that folloWs an intended drill path. 
Therefore, in most drilling scenarios, a Walkover system is 
particularly advantageous in since the origin of the locating 
signal leads directly to the position of the boring tool. 
Typically, the locating signal, in a Walkover system, is also 
used to transmit to above ground locations encoded infor 
mation including the roll and pitch orientation of boring tool 
30 along With temperature and battery voltage readings. 
Battery poWered transmitters often employ one to four 
replaceable internal “dry-cell” type batteries as a source for 
electric poWer. 

[0011] Although internal battery poWered transmitters per 
form satisfactorily under many conditions, there are a num 
ber of limitations associated With their use, most of Which 
are due to the relatively loW electric poWer available from 
dry-cell batteries. For example, battery life for a self 
poWered transmitter is relatively short and, under some 
circumstances, the exhaustion of batteries can result in the 
need to WithdraW an entire drill string for the purpose of 
replacing batteries in order to complete a drill run. It should 
also be appreciated that the loW poWer level available from 
dry-cell batteries, from a practical standpoint, limits the 
signal strength of locating signal 48. The available signal 
strength is of concern in relation to the depth at Which the 
boring tool may be tracked. That is, the above ground signal 
strength of locating signal 48 decays relatively rapidly as 
depth increases. The maximum operating depth for reliable 
receipt of locating signal 48 using a dry-cell poWered 
transmitter 46 is limited to approximately 100 feet, depend 
ing on the particular design and characteristics of boring tool 
transmitter 46 and the above ground detector(s) used. This 
distance may decrease in the presence of passive and active 
forms of magnetic ?eld interference, such as metallic objects 
and stray magnetic signals from other sources. 

[0012] As a result of these limitations, drill head trans 
mitters for Walkover systems have been developed that can 
be poWered by an above ground external poWer source via 
the aforementioned electrical conductor. That is, the typical 
electrical conductor for this external poWer source is similar 
to that used With non-Walkover systems, namely a single 
insulated Wire that connects to the transmitter With the 
ground return for the electrical circuit including the metallic 
housing of boring tool 30, drill pipe 28 making up the drill 
string, and drill rig 18. Even in the case Where a locating 
signal is transmitted from the boring tool, the electric 
conductor may be used to send information from boring tool 
30 to the drill rig including, for example, the roll and pitch 
orientation of the boring tool, temperature and voltage, using 
a variety of data encoding and transmission methods. By 
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using the insulated electrical conductor, reliable operational 
depth may be increased by increasing the output poWer of 
transmitter 46 Without concern over depletion of internal 
battery poWer. Moreover, information encoded on the elec 
trical conductor can be received at the drill rig essentially 
irrespective of the operating depth of the boring tool. 

[0013] The prior art practice (not shoWn) for using exter 
nally-poWered electronic and electrical devices located in 
the boring tool has been to insert a piece of insulated 
electrical conducting Wire of appropriate length inside each 
piece of drill pipe 28 and manually perform a physical splice 
of the electrical Wire to the Wire in the prior section of drill 
pipe 28 each time an additional drill pipe section is added to 
the drill string. The process typically entails the use of 
specialiZed and relatively expensive crimp-on connectors 
and various types of heat-shrinkable tubing or adhesive 
Wrappings that are mechanically secure, Waterproof, and 
resistant to the chemical and physical properties of drilling 
mud. The process of interrupting pipe joining operations to 
manually splice the electrical conductor is labor-intensive 
and results in signi?cant reductions in drilling productivity. 
Care must also be taken by the person performing splicing 
to avoid tWisting or pinching the electrical Wire, and any 
failure to properly splice can result in Wire breakage and the 
need to WithdraW the drill string to make repairs. For drill 
rigs having the capability of adding/removing drill pipe 
automatically or semi-automatically, this otherWise useful 
time and labor saving function must be disabled or inter 
rupted to alloW a manual splice of the electric Wire. After 
completing the drill run, a reverse process of WithdraWing 
the drill string and removing each section of drill pipe 28 
from the ground requires cutting the Wire each time a section 
of drill pipe is removed, resulting in considerable Waste due 
to the discard of these once-used electrical Wires and splic 
ing materials. 

[0014] The present invention provides a heretofore unseen 
and highly advantageous arrangement and associated 
method Which automatically forms an isolated electrically 
conductive pathWay betWeen a drill rig and boring tool as the 
drill string extending betWeen the drill rig and the boring 
tool is either extended or shortened. 

SUMMARY OF THE INVENTION 

[0015] As Will be described in more detail hereinafter, 
there are disclosed herein arrangements and an associated 
method of providing an isolated electrically conductive path 
in a system in Which a boring tool is moved through the 
ground in a region. The system includes a drill rig and a drill 
string Which is connected betWeen a boring tool, or other 
in-ground device, and the drill rig and is con?gured for 
extension and/or retraction from the drill rig such that, When 
the drill string is extended, the boring tool moves in a 
forWard direction through the ground and, When the drill 
string is retracted, the boring tool moves in a reverse 
direction approaching the drill rig. The drill string is made 
up of a plurality of electrically conductive drill pipe sections, 
each of Which includes a section length and all of Which are 
con?gured for removable attachment With one another to 
facilitate the extension and retraction of the drill string by 
one section length at a time. The improvement comprises an 
arrangement associated With each drill pipe section for 
providing part of at least one electrically conductive path 
along the section length of each drill pipe section, Which 



US 2001/0030047 A1 

electrically conductive path is electrically isolated from its 
associated drill pipe section and extends from the boring tool 
to the drill rig such that the electrically conductive path is 
extended by the section length When the drill string is 
extended by attachment of an additional drill pipe section to 
the drill string at the drill rig and the electrically conductive 
path is shortened by the section length When the drill string 
is shortened by detaching the additional drill pipe section 
from the drill string at the drill rig. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The present invention may be understood by ref 
erence to the folloWing detailed description taken in con 
junction With the draWings brie?y described beloW. 

[0017] FIG. 1 is a diagrammatic elevational vieW of a 
drilling operation being performed in a region in accordance 
With the prior art. 

[0018] FIG. 2 is a diagrammatic cross-sectional vieW of 
adj acent ends of a pair of drill pipe sections shoWn here to 
illustrate a ?rst embodiment of an arrangement manufac 
tured in accordance With the present invention for automati 
cally forming a continuous, isolated electrically conductive 
path betWeen a drill rig and in-ground device. 

[0019] FIG. 3A is a diagrammatic cross-sectional vieW of 
a box adapter ?tting forming part of the arrangement of FIG. 
2 shoWn here to illustrate details of its construction. 

[0020] FIG. 3B is a diagrammatic cross-sectional vieW of 
a pin adapter ?tting forming part of the arrangement of FIG. 
2 shoWn here to illustrate details of its construction and 
Which is con?gured to mate With the box adapter ?tting of 
FIG. 3A When the ?ttings are installed in adjacent drill pipe 
sections. 

[0021] FIG. 3C is an end vieW of the pin adapter ?tting of 
FIG. 3B shoWn here to illustrate further details of its 
construction. 

[0022] FIG. 4 is a diagrammatic cross-sectional vieW 
shoWing mated, adjacent ends of the pair of drill pipe 
sections of FIG. 2 illustrating mated pin and box adapter 
?ttings of FIGS. 3A-3C Which automatically form a con 
tinuous, isolated electrically conductive path in accordance 
With the present invention. 

[0023] FIG. 5 is a diagrammatic partially cut-aWay vieW 
of adjacent ends of a pair of drill pipe sections shoWn here 
to illustrate a second embodiment of an arrangement manu 
factured in accordance With the present invention for auto 
matically forming a continuous, isolated electrically con 
ductive path betWeen a drill rig and in-ground device. 

[0024] FIG. 6A is a diagrammatic plan vieW of a box 
adapter tube ?tting forming part of the arrangement of FIG. 
5 shoWn here to illustrate details of its construction. 

[0025] FIG. 6B is a diagrammatic plan vieW of a pin 
adapter tube ?tting forming part of the arrangement of FIG. 
5 shoWn here to illustrate details of its construction and 
Which is con?gured to mate With the box adapter tube ?tting 
of FIG. 6A When the adapter tube ?ttings are installed in 
adjacent drill pipe sections. 

[0026] FIG. 6C is an end vieW of the pin adapter ?tting of 
FIG. 6B shoWn here to illustrate further details of its 
construction. 
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[0027] FIG. 7 is a diagrammatic cross-sectional vieW 
shoWing mated, adjacent ends of the pair of drill pipe 
sections of FIG. 5 illustrating mated pin and box adapter 
tube ?ttings according to FIGS. 6A-6C Which automatically 
form a continuous, isolated electrically conductive path in 
accordance With the present invention. 

[0028] FIG. 8 is a diagrammatic cross sectional vieW of 
adjacent ends of the pair of adjacent drill pipe sections 
shoWn here to illustrate a third embodiment of an arrange 
ment manufactured in accordance With the present invention 
for automatically forming a continuous, isolated electrically 
conductive path betWeen a drill rig and in-ground device. 

[0029] FIG. 9 is a diagrammatic cross sectional vieW of a 
tool used in installing adapter ?ttings Which form part of the 
embodiment illustrated in FIG. 8. 

[0030] FIG. 10 is diagrammatic cross-sectional vieW 
shoWing mated, adjacent ends of the pair of drill pipe 
sections of FIG. 8 illustrating mated pin and box adapter 
?ttings according to the third embodiment of the invention 
Which automatically form a continuous, isolated electrically 
conductive path. 

[0031] FIG. 11 is a diagrammatic cross sectional vieW of 
adjacent ends of the pair of adjacent drill pipe sections 
shoWn here to illustrate a fourth third embodiment of an 
arrangement manufactured in accordance With the present 
invention for automatically forming a continuous, isolated 
electrically conductive path betWeen a drill rig and in 
ground device. 

[0032] FIG. 12 is a diagrammatic cross sectional vieW of 
adjacent ends of the pair of adjacent drill pipe sections 
shoWn here to illustrate a multi-conductor embodiment of an 
arrangement manufactured in accordance With the present 
invention for automatically forming tWo continuous, iso 
lated electrically conductive paths betWeen a drill rig and 
in-ground device. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] Having previously described FIG. 1, attention is 
immediately directed to FIG. 2 Which illustrates a ?rst 
embodiment of an arrangement manufactured in accordance 
With the present invention and generally indicated by the 
reference numeral 100 for automatically extending and 
retracting electrically isolated conductors provided in a 
segmented drill string. It should be noted that like reference 
numbers refer to like components throughout the various 
?gures. Moreover, dimensions in the ?gures have been 
exaggerated With respect to component siZes and relative 
spacing for illustrative purposes. 

[0034] Arrangement 100 is con?gured for use With stan 
dard drill pipe sections such as drill pipe section 28 
described above. FIG. 2 illustrates drill pipe sections 28a 
and 28b having arrangement 100 installed therein. It should 
be appreciated that arrangement 100 may be provided as an 
after market kit for installation in commercially available 
drill pipe sections Which may already be in service or for 
installation in neW drill pipe sections. Alternatively, manu 
facturers may produce neW drill pipe sections having 
arrangement 100 incorporated therein at the time of manu 
facture. Drill pipe sections 28 each de?ne through hole 102, 
indicated by the reference numbers 102a and 102b, respec 
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tively, for drill pipe sections 28a and 28b. Through holes 102 
include a diameter D and de?ne an interior surface 103. Drill 
pipe section 28a includes a threaded pin (male) end ?tting 
104a While drill pipe section 28b includes a threaded box 
(female) end ?tting 104b. As is typical in the prior art, these 
end ?ttings are designed to threadably engage one another, 
for example, by rotating pin end ?tting 104a of drill pipe 
section 28a into box end ?tting 104b of drill pipe section 28b 
during a drilling operation so as to extend the drill string, as 
described above With regard to FIG. 1. It should be appre 
ciated that the con?gurations of these end ?ttings cooperate 
to produce self alignment as they engage one another, yet 
produce a suitably strong connection betWeen the drill pipe 
sections once the end ?ttings are fully engaged With one 
another. Moreover, as described With regard to FIG. 1, 
drilling mud (not shoWn) is pumped doWn the drill string and 
through holes 102a and 102b. The connection formed 
betWeen drill pipe sections 28a and 28b should also prevent 
the escape of the drilling ?uid from the drill string. 

[0035] Referring noW to FIGS. 3A and 3B in conjunction 
With FIG. 2, arrangement 100 includes a box adapter ?tting 
108 Which preferably is positioned in through hole 102a of 
drill pipe section 28a and a pin adapter ?tting 110 Which 
preferably is positioned in through hole 102b of drill pipe 
section 28b for reasons to be described beloW. FIG. 3A 
illustrates box adapter ?tting 108 While FIG. 3B illustrates 
pin adapter ?tting 110. While only one pair of end ?ttings of 
adjacent drill pipe sections have been illustrated, it should be 
appreciated that each drill pipe section includes opposing 
ends having a box end ?tting at one end and a pin end ?tting 
at its other end. Thus, each drill pipe section in an overall 
drill string (not shoWn) receives pin adapter ?tting 110 in its 
box end ?tting 104b and box adapter ?tting 108 in its pin end 
?tting 104. A length of insulated conductor 112 (only 
partially shoWn in FIG. 2) is used to electrically intercon 
nect the pin and adapter ?ttings associated With each drill 
pipe section. 
[0036] Referring primarily to FIG. 3A, box adapter ?tting 
108 includes a ?rst cylindrically shaped electrically conduc 
tive body 114 having a threaded end portion 116, an out 
Wardly projecting peripheral collar 118, having an outer 
diameter d1, at its opposing end de?ning a step 119 and an 
outer peripheral surface 120, having a diameter d2, disposed 
betWeen peripheral collar 118 and threaded end portion 116. 
An electrical connection tab 122 extends outWardly from an 
area of peripheral collar 118 for use in electrical connection 
With conductor 112 (FIG. 2). The interior surface of con 
ductive body 114 includes a diameter d3 con?gured to alloW 
the passage of drilling ?uid and comprises an electrical 
contact surface 123. Conductive body 114 may be formed 
from suitable electrically conductive materials including, 
but not limited to stainless steel or beryllium copper. A 
cylindrical electrical insulating sleeve 124 includes a length 
L and outer diameter D‘. Sleeve 124 includes an inWardly 
projecting peripheral collar 126 de?ning an entrance diam 
eter approximately equal to d2. The remaining extent of 
length L of sleeve 124 includes an inner diameter that is 
slightly greater than d1. Sleeve 124 may be formed from 
suitable materials such as, for example, delrin. A compres 
sion collar 130 is captured betWeen peripheral collar 126 of 
sleeve 124 and a locking ring 132. The latter is designed to 
threadably engage threaded end portion 116 of conductive 
body 114 and is produced from an electrically non-conduc 
tive material such as, for example, delrin. Alternatively (not 
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shoWn), locking ring 132 may include a conductive, 
threaded inner body surrounded on its exterior by an elec 
trical insulating material. Compression collar 130 may be 
formed from elastomeric materials such as, for example, 
polyurethane. Locking ring 132 also includes a pair of 
opposing notches 134 (as shoWn by a dashed line) Which 
may be utiliZed in rotating the locking ring relative to 
conductive body 114. Speci?c details regarding the instal 
lation and operational use of box adapter ?tting 108 Will be 
provided at an appropriate point hereinafter folloWing a 
description of pin adapter ?tting 110. 

[0037] Turning noW to FIG. 3B, pin adapter ?tting 110 
includes a second cylindrically shaped electrically conduc 
tive body 140 having threaded end portion 116, peripheral 
collar 118, including its outer diameter d1, de?ning step 119 
and outer peripheral surface 120, having a diameter d2, 
disposed betWeen peripheral collar 118 and threaded end 
portion 116. Electrical connection tab 122 extends out 
Wardly from an area of peripheral collar 118. Conductive 
body 140, like previously described conductive body 114, 
may be formed from suitable electrically conductive mate 
rials including, but not limited to beryllium copper and 
de?nes a through opening 135 for the passage of drilling 
?uid. Installation of cylindrical electrical insulating sleeve 
124, locking collar 130 and locking ring 132 Will be 
described beloW. 

[0038] Referring to FIGS. 3B and 3C, second conductive 
body 140 includes a contact ?nger arrangement 142 formed 
as an outermost part of threaded end portion 116. Contact 
?nger arrangement 142 includes an opposing pair of elon 
gated electrical contact ?ngers 144. Each contact ?nger 
includes an elongated contact arm 146 and an end contact 
148. Elongated contact arms 146 are preferably integrally 
formed With conductive body 140. End contacts 148 may be 
integrally formed With contact arms 146 (not shoWn) or may 
be produced separately and attached by any suitable method 
(as shoWn) such as, for example, Welding. Separately pro 
duced end contacts may be formed from suitable electrically 
conductive materials such as, for example, stainless steel or 
high strength copper alloy. FIG. 3C shoWs locking ring 132 
threadably engaged With second conductive body 140 using 
threads 148 of the locking ring and conductive body, Where 
these threads are indicated diagrammatically by a ZigZag 
line. It should be noted that the con?guration of contact 
?ngers 144 alloWs the contact ?ngers to be biased toWards 
one another such that the contact ?ngers exert a resilient, 
outWard force against applied inWard biasing forces. 

[0039] Referring to FIGS. 2, 3A and 3B, having generally 
described the structure of arrangement 100, its installation 
Will noW be described. Each adapter ?tting is initially 
assembled by ?rst sliding insulating sleeve 124 onto either 
conductive body 114 of box adapter ?tting 108 or conduc 
tive body 140 of pin ?tting adapter 110 such that outWardly 
projecting peripheral collar 118 is received against inWardly 
projecting peripheral collar 126 of sleeve 124. Compression 
collar 130 is then positioned on either of the conductive 
bodies, as shoWn. Because compression collar 130 is gen 
erally formed from elastomeric materials, its inner diameter 
may be slightly less than d2 so long as the compression 
collar is positionable as shoWn. FolloWing installation of the 
compression collar, locking ring 132 is installed With 
notches 134 exposed for access thereto. 
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[0040] Following initial assembly of the adapter ?ttings, 
installation in a drill pipe section may proceed. Outer 
diameter D‘ of box adapter ?tting 108 and pin adapter ?tting 
110 are con?gured to be less than diameter D of through hole 
102 in one of drill pipe sections 102. Therefore, the pin and 
box adapters are slidably receivable in through hole 102. As 
illustrated in FIG. 2, box ?tting adapter 108 is preferably 
installed at pin end ?tting 104a of each drill pipe section 
While pin ?tting adapter 110 is preferably installed at box 
end ?tting 104b of each drill pipe section for reasons to be 
described beloW. 

[0041] Installation of the adapters may be performed by 
?rst connecting electrical conductor 112 betWeen connection 
tabs 122 of one box ?tting adapter 108 and of one pin ?tting 
adapter 110. Thereafter, for example, pin ?tting adapter 110 
is inserted, contact ?nger arrangement 142 ?rst, into through 
hole 102 at pin end ?tting 104a of a drill pipe section. Pin 
?tting adapter 110, With electrical conductor 112 attached, is 
alloWed to slide in the through hole until positioned at box 
end ?tting 104b as shoWn in FIG. 2. At this point, notches 
134 of locking ring 132 the pin ?tting adapter may be 
engaged using a speci?cally con?gured socket tool (not 
shoWn). The locking ring is rotated to compress compression 
collar 130 betWeen inWardly projecting peripheral collar 126 
of insulation sleeve 124 and locking ring 124. As the 
compression collar is compressed, it expands radially 
betWeen and against peripheral surface 120 of conductive 
body 114 or 140 and interior surface 102 (FIG. 2) of a drill 
pipe section 28. The compression collar is designed to seal 
against the interior of the drill pipe in order to achieve a tight 
and secure ?t by this radial expansion. In addition, com 
pression collar 130 Will alloW adapter ?ttings 108 and 110 to 
accommodate normal manufacturing variations in the inside 
diameter of the drill pipe through hole to avoid the need for 
additional precision machining of the drill pipe. It should be 
appreciated that use of a threaded engaging con?guration 
permits the removal and/or replacement of the pin and box 
adapter ?ttings and/or of other components, such as com 
pression collars 130, by a reverse process and results in a 
reusable adapter ?tting. 

[0042] FolloWing installation of the pin ?tting adapter, as 
described immediately above, box adapter ?tting 108, also 
connected to conductor 112, is positioned in pin end ?tting 
104a of the drill pipe section and ?xed in position in 
essentially the same manner as pin adapter ?tting 110. It 
should be appreciated that this installation technique may be 
modi?ed in any suitable manner so long as the illustrated 
con?guration of the adapter ?ttings and conductor 112 is 
achieved in the through hole of the drill pipe section. For 
example, box adapter ?tting 108 may be installed ?rst. As 
another example, conductor 112 may initially be connected 
to only the adapter ?tting to be installed ?rst and, after its 
installation, With the conductor extending through the drill 
pipe section, the conductor may be connected to the other 
adapter ?tting prior to its installation. 

[0043] Turning again to FIG. 2, attention is noW directed 
to the operational use of arrangement 100. FIG. 2 illustrates 
drill pipe sections 28a and 28b as these sections are about to 
be attached With one another. As can be seen in this ?gure, 
pin end ?tting 104a of drill pipe section 28a is partially 
extending Within box end ?tting 104b of drill pipe section 
28b. In this regard, it should be appreciated that drill pipe 
sections 28a and 28b Will be brought into substantial align 
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ment by the box and pin end ?ttings prior to pin adapter 
?tting 110 engaging box adapter ?tting 108. Thus, the 
possibility of damage to the adapter ?ttings resulting from 
misalignment of the drill pipe sections is greatly reduced. 
With regard to avoiding damage to the adapter ?ttings, it 
should be appreciated that installation of pin adapter ?tting 
110 in box end ?tting 104b of each drill pipe section affords 
substantial protection to contact ?ngers 142 extending out 
Wardly from the through hole of the drill pipe section. That 
is, installation of pin adapter ?tting 110 in pin end ?tting 104 
of the drill pipe sections (not shoWn) Would cause contact 
?ngers 142 to extrude in a highly exposed manner from the 
drill pipe section risking damage during virtually any han 
dling of the drill pipe section. 

[0044] Referring to FIGS. 2 and 4, as attachment of drill 
pipe sections 28a and 28b proceeds from the pre-aligned 
situation of FIG. 2, pin adapter ?tting 110 and box adapter 
?tting 108 contact one another at a predetermined point (not 
shoWn) When substantial alignment has already been 
achieved betWeen drill pipe sections 28a and 28b. At this 
predetermined point, contacts 148 of contact ?ngers 144 
engage electrical contact surface 123 of box adapter ?tting 
108. As a result, contact ?nger arms 146 are resiliently 
biased toWards one another in a Way Which maintains 
electrical contact betWeen contacts 148 and electrical con 
tact surface 123. Thus, each time an additional drill pipe 
section is attached to a drill string (not shoWn) electrical 
contact is formed betWeen the pin adapter ?tting and box 
adapter ?tting, as arranged in the drill pipe section Which 
de?nes an above ground end of the drill string and the end 
of the additional drill pipe section to be connected thereWith. 
At the same time, drilling ?uid may readily pass through the 
central through openings de?ned by the mated box and pin 
adapter ?ttings in adjacent drill pipe sections. In accordance 
With the present invention, arrangement 100 produces an 
electrically conductive path betWeen a boring tool and a drill 
rig (such as shoWn in FIG. 1) in an essentially automatic 
manner. Arrangement 100 is highly advantageous in this 
regard since drilling operations need not be interrupted for 
purposes of maintaining an electrical connection With the 
boring tool. Therefore, the full advantages attendant to drill 
rigs con?gured for automatically adding drill pipe sections 
to the drill string Will be realiZed While still maintaining a 
continuous, isolated electrically conductive path betWeen 
the drill rig and the boring tool. Moreover, this advantage is 
realiZed in retraction of the drill string as Well as in its 
advancement. That is, removal of a drill pipe section from 
the above ground end of the drill string automatically 
disconnects arrangement 100 Within that drill pipe section 
from the overall continuous, electrically conductive path 
being maintained betWeen the boring tool and the drill rig. 
Arrangement 100 is suitable for any application requiring an 
isolated electrical conductive pathWay betWeen the drill rig 
and the underground end of the drill string. For example, the 
arrangement may be used With a boring tool to carry 
electrical poWer from the drill rig to the boring tool and/or 
carrying data to and/or from the boring tool. Alternatively, 
arrangement 100, and other arrangements described beloW, 
are useful in utility pullback operations during Which it may 
be useful to send data from the underground end of the drill 
string to the drill rig. Such information may comprise, for 
example, tension monitoring data. 
[0045] Referring to FIGS. 3A, 3B and 4, it should be 
appreciated that typical drilling ?uid (not shoWn) is pumped 
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doWn the drill string and ?oWs in the direction indicated by 
an arrow 160. Because the drilling ?uid exhibits electrical 
conductivity, any direct contact betWeen adapter ?ttings 108 
and the drilling ?uid (Which is itself in physical and elec 
trical contact With ground via the uninsulated interior Walls 
of the drill pipe sections) Will create an electrical pathWay to 
ground and cause loss of poWer and/or signal. Hereinafter, 
this electrical pathWay may be referred to as the drilling ?uid 
ground path. Therefore, insulative, dielectric coatings (not 
shoWn) such as, for example, chromium oxide should be 
used on surfaces exposed to the drilling ?uid other than outer 
faces 150 (see FIG. 3B) of electrical contacts 148 of pin 
adapter ?tting 110 and electrical contact surface 123 (see 
FIG. 3A) of box adapter ?tting 108. Moreover, extension of 
insulator sleeve 124 into the through hole of each drill pipe 
section, substantially beyond (not shoWn) conductive bodies 
114 and 140, serves to reduce the drilling ?uid ground path. 

[0046] Alternatively, pin adapter ?tting 110 and tube 
adapter ?tting 108 may be held in place by a separate, 
replaceable single-use barbed ?tting 126 Which is shoWn in 
phantom in FIG. 4. Barbed ?tting 126 may include a 
threaded end 128 Which is designed to engage pin adapter 
?tting 110 and tube adapter ?tting 108 thereby eliminating 
the need for locking ring 132, the threads on the associated 
conductive bodies and compression sleeve 130. In this Way, 
the adapter ?ttings may be removed from one drill pipe 
section and threaded onto threaded end of the installed 
barbed ?tting in another drill pipe section. Alternatively, a 
broken barbed ?tting may readily be replaced at loW cost. 
The barbed ?tting may be formed from suitable materials 
such as, for example, stainless steel. In using a barbed ?tting 
or any other ?tting to be deformably received in a drill pipe 
through hole, connection tab 122, FIG. 4, should be modi 
?ed to avoid interference. Alternatively, conductor 112 may 
be connected directly to surface 123 of box adapter ?tting 
108 or to the interior surface of the pin adapter ?tting 
(neither connection is shoWn). If barbed ?tting 126 is made 
from an electrically non-conductive material, insulating 
sleeve 124 may also be eliminated. Like insulating sleeve 
124, a non-conductive barbed ?tting may extend Well into 
the drill pipe through hole to reduce the electrical pathWay 
formed through the drilling ?uid betWeen the conductive 
bodies of the adapter ?ttings and ground. 

[0047] Attention is noW turned to FIG. 5 Which illustrates 
a second embodiment of an arrangement manufactured in 
accordance With the present invention and generally indi 
cated by reference numeral 200 for automatically extending 
and retracting electrically isolated conductors provided in a 
segmented drill string. This ?gure is a partial cut aWay plan 
vieW having drill pipe sections 28a and 28b cut aWay around 
arrangement 200 for illustrative purposes. Likewise, dimen 
sions in the ?gures have been exaggerated With respect to 
component siZes and relative spacing for illustrative pur 
poses. 

[0048] Like previously described arrangement 100, 
arrangement 200 is con?gured for use With standard drill 
pipe sections such as drill pipe section 28 described above. 
FIG. 5 illustrates drill pipe sections 28a and 28b having 
arrangement 200 installed therein. Further like arrangement 
100, it should be appreciated that arrangement 200 may be 
provided as an after market kit for installation in commer 
cially available drill pipe sections Which may already be in 
service or for installation in neW drill pipe sections. Alter 
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natively, manufacturers may produce neW drill pipe sections 
having arrangement 200 incorporated therein at the time of 
manufacture. 

[0049] Referring noW to FIGS. 6A, 6B and 6C in con 
junction With FIG. 5, arrangement 200 includes a box 
adapter tube ?tting 202 Which preferably is positioned in 
through hole 102a of drill pipe section 28a and a pin adapter 
tube ?tting 204 Which preferably is positioned in through 
hole 102b of drill pipe section 28b for reasons to be 
described beloW. FIG. 6A illustrates box adapter tube ?tting 
202 in detail While FIG. 6B illustrates pin adapter tube 
?tting 204 in detail. Even though only one pair of end ?ttings 
of adjacent drill pipe sections have been illustrated, it should 
be appreciated that each drill pipe section includes opposing 
ends having a box end ?tting at one end and a pin end ?tting 
at its other end. Thus, each drill pipe section in an overall 
drill string (not shoWn) receives pin adapter tube ?tting 204 
in its box end ?tting 104b and box adapter tube ?tting 202 
in its pin end ?tting 104a. Insulated conductor 112 (only 
partially shoWn in FIG. 5) is used to electrically intercon 
nect the pin and adapter tube ?ttings associated With each 
drill pipe section, as Will be further described. 

[0050] First describing pin adapter tube ?tting 204 With 
reference to FIGS. 6B and 6C, the pin adapter tube ?tting 
includes an overall cylindrical shape, Which is best seen in 
the end vieW of FIG. 6C, having a Wall thickness of 
approximately one-sixteenth of an inch. Other Wall thick 
nesses are equally useful so long as the requirements 
described beloW are satis?ed. In this regard, it should be 
appreciated that both the pin and box adapter tubes may be 
formed from single pieces of tubing, as Will be described. 
Alternately, the various portions of the pin and box adapter 
tubes to be described can be formed separately (not shoWn) 
and interconnected in any suitable manner such as, for 
example, stainless steel. The pin and box adapter tube 
?ttings may be formed from any suitable material including, 
but not limited to, stainless steel or high strength copper 
alloy. 

[0051] Continuing to describe pin adapter tube ?tting 204, 
a centering ring 206, Which is visible in both FIGS. 6B and 
6C, a locking body 208 and a pin head arrangement 210 are 
provided. An arcuate shaped electrical connection tab 212 
extends outWardly from centering ring 206 for electrical 
connection With conductor 112 (FIG. 5). Centering ring 206 
and locking body 208 are interconnected by a ?rst arcuate 
member 214 extending therebetWeen While pin head 
arrangement 210 is connected With locking body 208 by a 
second arcuate member 216. When pin adapter tube ?tting 
204 is formed from an overall single piece of tubing, arcuate 
members 214 and 216 are integrally formed With those 
portions of the pin adapter tube ?tting Which they serve to 
interconnect. In cross-section, arcuate members 214 and 216 
appear identical to the end vieW of electrical connection tab 
212, as illustrated in FIG. 6C. A compression slot 217 is 
de?ned by pin head arrangement 210 and second arcuate 
member 216 such that circumferential forces around the pin 
head arrangement Will result in a reduced radius. That is, the 
circumference of the pin head arrangement, particularly at 
its outermost end can be reduced for reasons to be seen. 

[0052] Referring to FIG. 6B, locking body 208 includes a 
specially con?gured locking cut 218 Which extends along 
the entire length of the locking body and de?nes tWo 






















