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(57) ABSTRACT 

The drilling machine includes a base member that is 
mounted on a deck for pivotal movement relative to an 

opening in the deck. AloWer Wrench is mounted on the base 
member for pivotal movement thereWith relative to the deck 
and for movement relative to the base member such that the 
loWer Wrench is engageable With ?at surfaces of a loWer drill 
rod. An upper Wrench is movable relative to the deck and 
engageable With ?at surfaces of an upper drill rod such that 
pivotal movement of the base member relative to the deck 
When the upper Wrench engages the upper drill rod and When 
the loWer Wrench engages the loWer drill rod rotates the 
loWer drill rod relative to the upper drill rod to break the joint 
betWeen the upper and loWer drill rods. 
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DRILLING MACHINE HAVING A NON-IMPACT 
BREAKOUT SYSTEM 

FIELD OF THE INVENTION 

[0001] The invention relates to drilling machines, and 
more particularly, to drilling machines having non-impact 
breakout systems. 

BACKGROUND OF THE INVENTION 

[0002] Drilling machines typically include a toWer and a 
rotary head movable along the toWer. The drilling machine 
includes a frame, a deck, a toWer, and a rotary head. The 
frame is supported for movement over the ground, and the 
toWer is mounted on the frame. The deck is supported by the 
frame and has a generally horiZontal upper surface With an 
opening through Which a drill string is eXtendable. The 
rotary head is movable along the toWer and engageable With 
a drill rod for rotating the drill string. 

[0003] The rotary head forces the drill string doWnWard to 
penetrate the ground and create a drilled hole. Typical 
drilling machines are capable of drilling to depths greater 
than the length of a single drill rod by connecting multiple 
drill rods together to create a drill string. This is accom 
plished by drilling a ?rst drill rod into the ground until the 
rotary head is completely loWered. Next, the rotary head is 
disconnected from ?rst drill rod and raised to the top of the 
toWer Where a second, upper drill rod is connected to the 
rotary head and threaded to the ?rst, loWer drill rod. The 
addition of more drill rods to the drill string can be accom 
plished in a similar manner to obtain a drill string capable of 
reaching the desired depth of the hole to be drilled. When the 
drill string is disassembled, the rotary head is raised to the 
top of the toWer and the eXposed upper drill rod is discon 
nected from the rotary head and from the loWer drill rod and 
removed from the drill string. The rotary head is then 
loWered and connected to the remaining drill rod and the 
procedure is repeated until the entire drill string is removed. 

[0004] Currently, there are tWo common Ways to break the 
joints betWeen adjacent drill rods in a drill string. The tWo 
Ways include an impact breakout system and a non-impact 
breakout system. The impact breakout system breaks the 
joint betWeen adjacent drill rods by rotating the drill string 
at a high speed in a reverse direction and then bringing the 
entire drill string beloW the upper drill rod to an abrupt stop 
While continuing to rotate the upper drill rod and the rotary 
head. The momentum built up from the rotation of the upper 
drill rod provides the necessary torque to break the threaded 
connection betWeen the upper and loWer drill rods. This 
method fails to consistently break joints betWeen drill rods 
and also generates substantial impact forces that could 
damage surrounding structures on the drilling machine. 

[0005] The non-impact breakout system provides multiple 
Wrenches that grab adjacent ends of upper and loWer drill 
rods and that rotate one of the drill rods relative to the other 
to break the joint betWeen the drill rods. The Wrenches used 
in these systems either engage ?ats located on the drill rods 
or clamp to the eXterior surfaces of the drill rod With teeth. 
KnoWn non-impact breakout systems also fail to consis 
tently break the joint betWeen drill rods, and the teeth from 
the clamping Wrenches tend to damage the eXterior surfaces 
of the drill rods. 
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SUMMARY OF THE INVENTION 

[0006] The breakout system of the present invention main 
tains the integrity of the eXterior surfaces of the drill rods 
because it engages ?ats on the drill rods instead of using 
teeth that engage the surfaces of the drill rods. The breakout 
system also improves the overall effectiveness by consis 
tently providing the necessary torque to break the joint 
betWeen the upper and loWer drill rods. Further, the breakout 
system is a non-impact breakout system and therefore pre 
vents any collateral damage to drilling machines caused by 
impact breakouts. 

[0007] One embodiment of the present invention is 
directed to a drilling machine for use With a drill string 
including an upper drill rod that has ?at surfaces and a loWer 
drill rod that has ?at surfaces. The drilling machine includes 
a base member, a loWer Wrench, and an upper Wrench. The 
base member is mounted on a deck for pivotal movement 
relative to an opening in the deck. The loWer Wrench is 
mounted on the base member for pivotal movement there 
With relative to the deck, and for movement relative to the 
base member such that the loWer Wrench is engageable With 
the ?at surfaces on the loWer drill rod so as to prevent 
rotation of the loWer drill rod relative to the base member. 
The upper Wrench is movable relative to the deck and 
engageable With the ?at surfaces on the upper drill rod so as 
to prevent rotation of the upper drill rod relative to the deck. 
When the upper Wrench engages the upper drill rod and the 
loWer Wrench engages the loWer drill rod, pivotal movement 
of the base member relative to the deck rotates the loWer 
drill rod relative to the upper drill rod to break the joint 
betWeen the upper and loWer drill rods. 

[0008] Another embodiment of the present invention is a 
drilling machine for use With a drill string. The drilling 
machine includes an upper Wrench and a loWer Wrench. The 
upper Wrench is pivotable relative to a deck and engageable 
With ?at surfaces on an upper drill rod so as to prevent 
rotation of the upper drill rod relative to the deck. The loWer 
Wrench is movable relative to the deck and engageable With 
a loWer drill rod so as to rotate the loWer drill rod relative to 
the deck such that rotating the loWer drill rod relative to the 
deck With the loWer Wrench When the upper Wrench engages 
the upper drill rod rotates the loWer drill rod relative to the 
upper drill rod to break the joint betWeen the upper and 
loWer drill rods. 

[0009] An additional embodiment of the present invention 
is directed to a method for breaking a joint betWeen upper 
and loWer drill rods of a drill string of a drilling machine. 
The method includes providing an upper Wrench movable 
relative to a deck and engageable With ?at surfaces on the 
upper drill rod so as to prevent rotation of the upper drill rod 
relative to the deck, providing a loWer Wrench movable 
relative to the deck and engageable With the loWer drill rod 
so as to rotate the loWer drill rod relative to the deck, 
engaging ?ats on the loWer drill rod With a loWer Wrench, 
engaging the ?ats of the upper drill rod With the upper 
Wrench to prevent rotation of the upper drill rod relative to 
the deck, and rotating the loWer drill rod With the loWer 
Wrench While the ?ats of the upper drill rod are engaged by 
the upper Wrench to break the joint betWeen the upper and 
loWer drill rods. 

[0010] Other features and advantages of the invention Will 
become apparent to those skilled in the art upon revieW of 
the folloWing detailed description, claims, and draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a side vieW illustrating a drilling machine 
embodying the present invention. 

[0012] FIG. 2 is an enlarged perspective vieW illustrating 
the rotary head guides of the drilling machine shoWn in FIG. 
1. 

[0013] FIG. 3 is a an enlarged vieW illustrating the rotary 
head guide shoWn in FIG. 2 partially disassembled. 

[0014] FIG. 4 is a cross section vieW taken along line 4-4 
in FIG. 3. 

[0015] FIG. 5 is a perspective vieW illustrating a feed 
cable system of the drilling machine shoWn in FIG. 1 With 
the rotary head in the raised position. 

[0016] FIG. 6 is a perspective vieW illustrating the feed 
cable system shoWn in FIG. 5 With the rotary head in the 
loWered position. 

[0017] FIG. 7 is an enlarged perspective vieW illustrating 
an upper portion of the feed cable system shoWn in FIG. 6. 

[0018] FIG. 8 is an enlarged perspective vieW illustrating 
a loWer portion of the feed cable system shoWn in FIG. 6. 

[0019] FIGS. 9-13 are schematic vieWs illustrating a slack 
take-up device of the feed cable system shoWn in FIG. 5. 

[0020] FIG. 14 is an enlarged top perspective vieW illus 
trating a non-impact breakout system of the drilling machine 
shoWn in FIG. 1. 

[0021] FIG. 15 is a plan vieW illustrating the operation of 
the non-impact breakout system shoWn in FIG. 14. 

[0022] FIG. 16 is a cross section vieW taken along line 
16-16 in FIG. 15. 

[0023] FIGS. 17-21 are enlarged perspective vieWs illus 
trating the non-impact breakout system shoWn in FIG. 14. 

[0024] Before one embodiment of the invention is 
eXplained in detail, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangements of the components set forth in the 
folloWing description or illustrated in the draWings. The 
invention is capable of other embodiments and of being 
practiced or being carried out in various Ways. Also, it is 
understood that the phraseology and terminology used 
herein is for the purpose of description and should not be 
regarded as limiting. The use of “including” and “compris 
ing” and variations thereof herein is meant to encompass the 
items listed thereafter and equivalents thereof as Well as 
additional items. The use of “consisting of” and variations 
thereof herein is meant to encompass only the items listed 
thereafter. The use of letters to identify elements of a method 
or process is simply for identi?cation and is not meant to 
indicate that the elements should be performed in a particu 
lar order. 

DETAILED DESCRIPTION 

[0025] FIG. 1 illustrates a drilling machine 10 embodying 
the present invention. The drilling machine 10 includes a 
frame 12 that is supported by craWlers 14 for movement 
above the ground 16. The drilling machine 10 includes an 
operator station 18 located on the front 20 of the frame 12 
and a toWer 22 pivotally mounted on the frame 12. The 
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toWer 22 is sometimes referred to as a derrick or mast and 
is movable relative to the frame 12 betWeen a substantially 
vertical position and a non-vertical position by a toWer lift 
cylinder 24. Varying the position of the toWer 22 varies the 
angle of drilling, as is knoWn in the art. The top 26 of the 
toWer 22 is generally referred to as the croWn and the bottom 
28 of the toWer 22 is generally referred to as the toWer base. 
The toWer 22 de?nes a longitudinal aXis 30 and includes tWo 
forWard elongated members 32, 34, or chords, and tWo 
rearWard chords 33, 35 (see FIG. 14). The chords 32, 33, 34, 
35 are connected together and supported by truss members 
37 along the toWer. The chords 32, 34 eXtend in a direction 
parallel to the longitudinal aXis 30 and are separated by a 
distance D measured perpendicular to the longitudinal aXis 
30 (see FIG. 2). Both chords 32, 34 have square-shaped 
cross-sections, and each chord 32, 34 includes a forWard 
face 80, an opposite rearWard face 82, and an interior side 
face 84 that is in facing relation With the other chord 32, 34 
(see FIG. 4). 
[0026] The drilling machine 10 includes a rotary head 36 
and rotary head guides 38. The rotary head guides 38 are 
connected to the rotary head 36 and are slidably coupled to 
respective chords 32, 34. The rotary head 36 is engageable 
With a drill string 40 and includes a motor (not shoWn) that 
rotates the drill string 40. The drill string 40 includes 
multiple drill rods 42 connected in series to form a desired 
length. The drill string 40 extends doWnWard from the rotary 
head 36, through the frame 12, and toWard, or into the 
ground 16. The drilling machine 10 also includes a feed 
cable system 44 that moves the rotary head 36 along the 
toWer 22. As the rotary head 36 rotates, the feed cable 
system 44 moves the rotary head 36 doWnWard to force the 
drill string 40 into the ground 16 in order to bore or drill a 
hole into the ground 16. The rotary head guides 38 properly 
align the rotary head 36 With the toWer 22 and counteract the 
torque forces transferred to the rotary head 36 during 
operation of the drilling machine 10. The feed cable system 
44 also moves the rotary head 36 upWardly to remove the 
drill string 40 from the ground 16. 

[0027] The drill string 40 is assembled by drilling a ?rst 
drill rod 42 (see FIG. 17) into the ground 16 until the rotary 
head 36 is completely loWered. NeXt, the rotary head 36 is 
disconnected from the ?rst drill rod 42 and raised to the top 
26 of the toWer 22 Where a second, upper drill rod 42A (see 
FIG. 17) is connected to the rotary head 36 and to the ?rst, 
loWer drill rod 42B. The addition of more drill rods 42 to the 
drill string 40 can be accomplished in a similar manner to 
obtain a drill string 40 capable of reaching the desired depth 
of the hole to be drilled. The drill rods 42 have mating 
threaded ends 46 that are connected together by turning the 
rotary head 36 in a forWard, drilling direction to form a joint 
48 betWeen drill rods 42. EXcept for the loWest drill rod 42, 
Which includes a drill point at its loWest end, each drill rod 
42 includes external threads at one end and internal threads 
at the other end such that the drill rods 42 can be threaded 
together to form the drill string 40. 

[0028] The drill string 40 is disassembled by raising the 
rotary head 36 to the top 26 of the toWer 22 and discon 
necting the eXposed upper drill rod 42A from the adjacent 
loWer drill rod 42B With a non-impact breakout system 50, 
if necessary, located near the base of the toWer 22. The 
non-impact breakout system 50 breaks the threaded joint 48 
betWeen the upper and loWer drill rods 42A, 42B such that 
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the upper drill rod 42A can be removed from the rotary head 
36 and the drill string 40. The rotary head 36 is then loWered 
and connected to the upper end of the remaining loWer drill 
rod 42B and the procedure is repeated until the entire drill 
string 40 is removed. 

[0029] As best illustrated in FIG. 2, the ?rst rotary head 
guide 38 is coupled to one side 52 (right side in FIG. 2) of 
the rotary head 36 and the second rotary head guide 38 is 
coupled to the opposite side 54 (left side in FIG. 2) of the 
rotary head 36. The ?rst rotary head guide 38 is a mirror 
image of the second rotary head guide 38, and therefore, 
only the ?rst rotary head guide 38 Will be described in detail 
With further reference to FIGS. 3 and 4. FIG. 3 is an 
enlarged perspective vieW of a partially disassembled rotary 
head guide 38 With the chord 32 removed. 

[0030] The ?rst rotary head guide 38 includes a support 56 
and ?rst and second or upper and loWer Wear assemblies 58, 
60 mounted to the support 56 (see FIG. 2). The support 56 
extends parallel to the longitudinal axis 30 and is centrally 
connected to the side 52 of the rotary head 36. Upper and 
loWer ends 62, 64 of the support 56 are connected to the feed 
cable system 44 that provides the force necessary to move 
the rotary head 36 along the toWer 22. The Wear assembly 58 
is positioned on an upper portion 66 of the support 56 and 
above an upper surface 68 of the rotary head 36 and the Wear 
assembly 60 is positioned on a loWer portion 70 of the 
support 56 and beloW a loWer surface 72 of the rotary head 
36. The Wear assemblies 58, 60 are similarly constructed, 
therefore, the con?guration of only the upper Wear assembly 
58 Will be described in detail. 

[0031] With further reference to FIGS. 3 and 4, the Wear 
assembly 58 includes ?rst, second, and third sets 74, 76, 78 
of Wear blocks 98 that slidably engage With the three 
respective faces 80, 82, 84 of the chords 32. The sets 74, 76, 
78 of blocks 98 of the other rotary head guide 38 similarly 
engage the faces 80, 82, 84 of the chord 34. The ?rst set 74 
of Wear blocks 98 engage the forWard face 80 of the ?rst 
chord 32, the second set 76 of Wear blocks 98 engage the 
side face 84 of the ?rst chord 32, and the third set 78 of Wear 
blocks 98 engage the rearWard face 82 of the ?rst chord 32. 

[0032] The support 56 includes a forWard bracket 86 that 
is in facing relation With the forWard face 80 of the ?rst 
chord 32. The support 56 also includes a rearWard bracket 88 
that is in facing relation With the rearWard face 82 of the ?rst 
chord 32. End brackets 89 are connected to the support 56 
and abut against the ends of the forWard and rearWard 
brackets 86, 88. The support 56 includes a central, longitu 
dinally extending mounting portion 90 that is located 
betWeen the forWard and rearWard brackets 86, 88 and that 
is in facing relation With the side face 84 of the ?rst chord 
32. 

[0033] The Wear assembly 58 includes sets 92, 94, 96 of 
backing bars 100 that are positioned betWeen respective sets 
74, 76, 78 of Wear blocks 98 and the support 56 or brackets 
86, 88. Speci?cally, a ?rst set 92 of backing bars 100 are 
coupled betWeen the ?rst set 74 of Wear blocks 98 and the 
forWard bracket 86, a second set 94 of backing bars 100 are 
coupled betWeen the second set 76 of Wear blocks 98 and the 
mounting portion 90 of the support 56, and a third set 96 of 
backing bars 100 are coupled betWeen the third set 78 of 
Wear blocks 98 and the rearWard bracket 88. 

[0034] Each set 74, 76, 78 of Wear blocks 98 and each 
respective set 92, 94, 96 of backing bars 100 include tWo 
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separate Wear blocks 98 positioned in an end to end rela 
tionship in a direction parallel to the longitudinal axis 30 and 
tWo respective and separate backing bars 100 positioned in 
an end to end relationship in a direction parallel to the 
longitudinal axis 30. Only one respective combination 
including one Wear block 98 and one respective backing bar 
100 Will be described in relation to the mounting portion 90 
of the support 56. It should be noted that four of the six Wear 
block/backing bar combinations on each Wear assembly 58, 
60 are actually mounted to the brackets 86, 88 of the support 
56 and not to the mounting portion 90 of the support 56 as 
Will be described beloW. 

[0035] Three adjustment mechanisms 102 are coupled to 
the mounting portion 90 of the support 56 and engage the 
backing bar 100 such that adjustment of the adjustment 
mechanisms 102 moves the backing bar 100 aWay from the 
support 56 to move the Wear block 98 against the chord 32. 
In the illustrated embodiment, the adjustment mechanisms 
102 are bolts 104 that extend through threaded holes 106 in 
the support 56 (see FIG. 4) such that rotation of the bolts 
104 in clockWise direction extends the bolts 104 through the 
support 56 and moves the backing bar 100 aWay from the 
support 56. Rotation of the bolts 104 in a counterclockWise 
direction retracts the bolts 104 and alloWs a larger gap 
betWeen the backing bar 100 and the side face 84 of the 
chord 32. The illustrated embodiment also includes a lock 
nut 108 that is threaded on each bolt 104 on the side of the 
support 56 that is opposite to the backing bar 100 such that 
When each bolt 104 has been correctly adjusted, the lock nut 
108 can be tightened against the support 56 to prevent each 
bolt 104 from turning, thereby ?xing the minimum distance 
betWeen the backing bar 100 and the support 56. 

[0036] The Wear block 98 and the backing bar 100 each 
include a pair of spaced apart apertures 110 that extend in a 
direction that is perpendicular to the longitudinal axis 30. 
TWo guide studs 112 are connected to the support 56 and 
extend through the respective apertures 110 in the Wear 
block 98 and the backing bar 100 to maintain the alignment 
of the Wear block 98 and the backing bar 100 relative to the 
support 56 and each other. 

[0037] During operation of the drilling machine 10, the 
Wear blocks 98 experience excessive Wear against the chords 
32, 34 and, in turn, large gaps are created betWeen the Wear 
blocks 98 and the chords 32, 34. These gaps alloW misalign 
ment of the rotary head 36, and misalignment of the drill 
rods 42 When attempting to connect drill rods 42 to create a 
drill string 40. The operator eliminates these gaps and 
maintains proper spacing betWeen the Wear blocks 98 and 
the chords 32, 34 by occasionally adjusting the adjustment 
mechanisms 102 to ensure proper spacing betWeen the Wear 
blocks 98 and the chords 32, 34. Speci?cally, the adjustment 
mechanisms 102 are adjusted to move the Wear blocks 98 
against the chords 32, 34 to eliminate the large gaps due to 
operation Wear. 

[0038] As shoWn in FIG. 2, the rotary head guides 38 each 
include a contact length CL. The contact length CL is 
de?ned by the distance betWeen the top end 116 of the 
uppermost Wear block 98 of the Wear assembly 58 and the 
bottom end 118 of the loWermost Wear block 98 of the Wear 
assembly 60. This contact length CL is the same for both 
rotary head guides 38 and is greater than the distance 
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between the chords 32, 34. Due to the increased contact 
length CL, the rotary head guides 38 improve the alignment 
of the rotary head 36. 

[0039] In addition, it is more convenient to replace and 
maintain the Wear assemblies 58, 60 of the rotary head 
guides 38 because a crane is not required to support the 
rotary head 36 during the repair of the Wear assemblies 
58-60. The rotary head guide 38 eliminates the need for a 
crane to support the rotary head 36 during maintenance by 
providing a second set of Wear assemblies 58, 60 connected 
to the supports 56 so that one set of Wear assemblies 58, 60 
can be replaced or adjusted While the second set of Wear 
assemblies 58, 60 support the rotary head 36 by coupling to 
the chords 32, 34. 

[0040] FIG. 5 illustrates the feed cable system 44 With the 
rotary head 36 in the raised position. The feed cable system 
44 of the drilling machine 10 includes tWo feed cable 
subsystems 120 that are similarly constructed on each side 
of the rotary head 36. Accordingly, only one such subsystem 
120 Will be described in detail beloW. The feed cable 
subsystem 120 includes a pull back cable 122 that pulls the 
rotary head 36 upWard and a pull doWn cable 124 that pulls 
the rotary head 36 doWnWard along the toWer 22. The pull 
back cable 122 includes a ?rst end 126 that is connected to 
the upper end 62 of the support 56 of the rotary head guide 
38 and a second end 128 that is connected to the top 26 of 
the toWer 22 through a slack take-up device 130. The pull 
doWn cable 124 includes a ?rst end 132 that is connected to 
the loWer end 64 of the support 56 of the rotary head guide 
38 and a second end 134 that is connected to the bottom 28 
of the toWer 22 through a take up device 136. 

[0041] The feed cable subsystem 120 includes a ?rst pull 
back pulley 138 that is rotatably connected to the forWard 
portion 140 of the top 26 of the toWer 22, a second pull back 
pulley 142 that is rotatably connected to the rearWard 
portion 144 of the top 26 of the toWer 22, and a third pull 
back pulley 146 rotatably connected to a pulley support 
member 148 that is movable relative to the toWer 22. The 
feed cable subsystem 120 also includes a ?rst pull doWn 
pulley 150 rotatably connected to the forWard portion 140 of 
the bottom 28 of the toWer 22 and a second pull doWn pulley 
152 rotatably connected to the pulley support member 148 
at a position that is loWer than the third pull back pulley 146. 
The pull back cable 122 extends from the upper end 62 of 
the support 56 and reeves around the pull back pulleys 138, 
142, 146 consecutively before connecting to the slack take 
up device 130. The pull doWn cable 124 extends from the 
loWer end 64 of the support 56 and reeves around the pull 
doWn pulleys 150, 152 consecutively before connecting to 
the take up device 136. 

[0042] With further reference to FIGS. 6 and 7, the feed 
cable subsystem 120 includes a linear motor 154 that is 
connected betWeen the pulley support member 148 and a 
deck 156 that is connected to the bottom 28 of the toWer 22. 
The linear motor 154 is movable betWeen a retracted posi 
tion and an extended position. In the retracted position the 
pulley support member 148 is located at approximately the 
center of the toWer 22 and the rotary head 36 is located in 
the raised position. In the extended position the pulley 
support member 148 is located near the top 26 of the toWer 
22 and the rotary head 36 is located in the loWer position. 
During operation of the drilling machine 10, a tension is 
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generated in the pull doWn cable 124 When the linear motor 
154 moves upWard to move the rotary head 36 doWnWard 
forcing the drill string 40 into the ground 16 and a tension 
is generated in the pull back cable 122 When the linear motor 
154 moves doWnWard and the rotary head 36 moves upWard 
lifting the drill string 40 out of the drilled hole. 

[0043] Tension in the cables 122, 124 of the feed cable 
subsystem 120 causes the cables 122, 124 to stretch. Cable 
stretch in one of the cables 122, 124 caused by the tension 
applied to the cable 122, 124 results in a corresponding slack 
in the other cable 122, 124. Slack experienced in the cables 
122, 124 is disadvantageous because loose cables 122, 124 
in a cable and pulley system are likely to disconnect from the 
pulleys 138, 142, 146, 150, 152 and cause the cable 122, 124 
to Whip from the pulley 138, 142, 146, 150, 152 When a 
tension is reapplied to the loose cable 122, 124. In addition 
to requiring immediate maintenance to repair the feed cable 
subsystem 120, cable Whip is capable of causing injury to 
vehicle operators and damage to surrounding equipment on 
the drilling machine 10. The feed cable subsystem 120 
prevents loose cables 122, 124 because the slack takeup 
device 130 removes slack from the pull back cable 122 When 
the pull doWn cable 124 experiences elastic stretch. 

[0044] Tension in the cables 122, 124 also can create a 
permanent stretch in the cables 122, 124. Permanent stretch 
is different from elastic stretch in that elastic stretch alloWs 
the cable 122, 124 to return to its original length after the 
tension is removed from the cable 122, 124. Alternatively, 
permanent stretch is the amount that the cable 122, 124 
remains extended after the tension is removed from the cable 
122, 124. Permanent stretch is also disadvantageous because 
it results in haZardous loose cables 122, 124. As best shoWn 
in FIG. 8, the take up device 136 of the feed cable subsystem 
120 removes the permanent stretch from the cables 122, 124 
to keep the cables 122, 124 taut even after the tension in the 
cables 122, 124 has been removed. Speci?cally, the perma 
nent stretch of the cables 122, 124 is removed When the 
rotary head 36 is moved to the loWermost position such that 
the rotary head 36 rests against stops 158 that are connected 
to the bottom 28 of the toWer 22. The stops 158 support the 
rotary head 36 such that the tension in the cables 122, 124 
can be removed such that any permanent stretch in the cables 
122, 124 appears as slack in the cables 122, 124. At this 
point, the take up devices 136 are electrically or hydrauli 
cally actuated to sloWly retract until the cables 122, 124 are 
pulled taut, thereby removing the slack caused by the 
permanent stretch. 

[0045] The slack take-up device 130 is illustrated sche 
matically in FIGS. 9-13. The slack take-up device 130 
includes a cylinder 160 and a piston 162 Within the cylinder 
160 dividing the cylinder 160 into a stem side 164 and an 
open side 166. The stem side 164 of the cylinder 160 
includes a conduit 168 that is in ?uid communication 
betWeen the cylinder 160 and hydraulic ?uid that is main 
tained at a constant pressure. The open side 166 of the 
cylinder 160 includes an inlet 170 and an outlet 172 Which 
are ?uidly connected to a loW pressure oil bath 174. The 
pressure of the oil bath 174 is substantially less than the 
pressure of the hydraulic ?uid so as not to prevent the 
hydraulic ?uid from moving the piston 162. An oil bath 174 
is used in the preferred embodiment although valves Which 
alloW air to enter and exit the open end of the cylinder 160 
could also be used. The oil bath 174 is preferred because the 








