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Description

Field of the Invention

[0001] The present invention relates to an apparatus and a method for installing cable, such as fiber optic commu-
nications cable, in duct or other conduit, such as underground duct.

Background of the Invention

[0002] Various techniques are known for installing cable in duct or other conduit, which can be underground, above
ground or in buildings. Sometimes the underground duct is known as "innerduct." A first technique is to pull the cable
through conduit with a previously positioned wire or string attached to a lead end of the cable.
[0003] The use of high speed moving air to drag a lightweight and flexible optical fiber member through the conduit
is also known, such as described in U.S. Patent No. 4,691,896, to Reeves et al. According to Reeves et al., the high
speed air creates a fluid drag force distributed along the optical fiber member in order to pull the optical fiber member
through the conduit.
[0004] US. Patent Nos. 4,850,569 and 4,934,662 to Griffioen et al. describe combining high speed air flow with a
pushing force applied at the entry end of the conduit to install the cable. U.S. Patent Nos. 5,197,715 and 5,474,277 to
Griffioen further describe the use of a leaky missile attached to the lead end of the cable which adds a tension force
on the lead end of the cable, in addition to the motive forces applied to the cable via the high speed moving air.
[0005] WO 92/17927 describes laying a cable into a tube by means of a pressurized hydraulic fluid, such as water.
A controller unit 11,120 including two track members regulates the speed of the cable.
[0006] The use of pressurized air in combination with a sealed missile, parachute or other device for creating a
pressure difference at the lead end of the cable is also known. The pressure difference creates a pushing force on the
missile or other device, which pulls the lead end of cable through the conduit,
[0007] Various concerns arise when cable is installed in conduit. One concern is the ease of installation. A further
concern is avoidance of damage to the cable during installation. Damage can occur in a variety of ways including: 1)
crushing the cable with the installation equipment in the diametral direction; 2) causing the cable to have bending
damage or column damage (may be referred to as "accordion damage") due to an excessive force applied in the
longitudinal direction; and 3) damaging the protective cable jacket, such as by wearing, shredding or cutting the outer
protective layer. Another concern is to minimize the amount of time needed to install the cable. Also, there is a concern
to avoid splices in the cable as much as possible. Splices are time consuming to make, and may lead to a decrease
in cable performance. Therefore, it is desirable to install the longest continuous length of cable possible to reduce the
number of splices needed for the desired cable run.
[0008] There is a need in the prior art for further systems and methods which address the above-identified concerns,
and other concerns.

Summary of the Invention

[0009] The present invention concerns an apparatus according to claim 1 for conveying a cable, such as through a
conduit, in order to install the cable in the conduit. The apparatus is useful for installing fiber optic cable in underground
duct, for example. A cable drive assembly frictionally engages an outside surface of the cable and applies a pushing
force on the cable for insertion of the cable into the conduit. A drive assembly speed signal generator and a cable
speed signal generator produce signals processed by a control system. Cable speed and drive assembly speed are
monitored by the control system such that if the drive assembly exceeds a predetermined faster speed relative to the
cable, the drive assembly will be stopped. Monitoring relative speeds is particularly useful in preventing cable jacket
damage, such as might occur if the drive assembly is slipping and moving too fast relative to the cable, or when the
cable has stopped due to an obstruction in the conduit, causing column or accordion damage.
[0010] Preferably, the cable drive assembly is used in combination with a cable blower assembly, and a sealed missile
sealably and slideably engaged with an inner wall surface of the conduit The cable blower and the missile create a
pressure difference at the lead end of the cable, thereby creating a pull force on the cable. The combination of the
cable drive assembly, and the missile and the cable blower assembly permits convenient installation of the cable in
conduit, such as underground duct.
[0011] Preferably, the control system includes a high speed cable shut off system, and a low speed cable shut off
system, both of which shut off the drive assembly when the speed of the cable either exceeds a certain predetermined
maximum, or falls below a certain predetermined minimum.
[0012] In the preferred embodiment, the cable drive assembly includes two opposed tractor drive assemblies, each
including a continuous chain and a plurality of cable engaging pads made from plastic and mounted to the chain.
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Preferably, the tractor drive assemblies are driven by hydraulic motors. In the preferred embodiment, the tractor drive
assemblies are positioned at a predetermined spaced apart distance, and place a predetermined pressure on the
cable, by the use of a hydraulic clamp cylinder. The clamp cylinder moves one tractor drive assembly toward and away
from the other tractor drive assembly, as desired by the operator. The clamp cylinder allows a desired normal force to
be placed on the cable by the tractor drive assemblies, so as to apply the proper frictional force to drive the cable
forward, and yet not exceed the compressive limits of the cable. Hydraulics allow such normal force to be preset, and
consistently repeated during operation.
[0013] The present invention also relates to a method of installing cable in a conduit according to claim 10. Such a
method includes in particular the steps of providing a drive assembly for moving the cable in a forward direction,
generating a first signal indicative of movement of the drive assembly, and generating a second signal indicative of
movement of the cable. The method further includes the steps of comparing the first and second signals over time,
and generating a drive assembly shut off signal if relative speeds of the drive assembly and the cable exceed a pre-
determined difference. The method preferably includes providing the cable with a sealed missile sealably and slideably
engaged with an inner wall of the conduit, and further applying air pressure to the missile so as to cause the missile
to generate a pull force on the cable. The method also preferably includes monitoring cable high speed and low speed
conditions, and generating a drive assembly shut off signal if the cable speed exceeds a predetermined maximum or
falls below a predetermined minimum.

Brief Description of the Drawings

[0014]

Figure 1 is a schematic drawing of a cable conveying apparatus in accordance with the present invention showing
cable being installed into a duct with the apparatus.
Figure 2 is a perspective view of an embodiment of the cable conveying apparatus in accordance with the present
invention.
Figure 3 is a top view of the apparatus shown in Figure 2.
Figure 4 is a front view of the apparatus shown in Figure 2, with a portion of the housing removed.
Figure 5 is a back view of the apparatus shown in Figure 2, with portions of the housing removed.
Figure 6 is an end view of the apparatus shown in Figure 2.
Figure 7 is a perspective view of the lower tractor drive assembly of the apparatus shown in Figure 2.
Figure 8 is an exploded perspective view of the lower tractor drive assembly.
Figure 9 is a perspective view of the upper tractor drive assembly of the apparatus shown in Figure 2.
Figure 10 is an exploded view of the upper tractor drive assembly.
Figure 11 is an enlarged perspective view of one of the chain pads.
Figure 12 is a perspective view of the cable counter assembly of the apparatus shown in Figure 2.
Figure 13 is an exploded view of the cable counter assembly.
Figure 14 is an exploded perspective view of portions of the air block assembly of the apparatus shown in Figure 2.
Figure 15 is an exploded perspective view of portions of the duct mount assembly of the apparatus shown in Figure
2.
Figure 16 is an exploded perspective view of the adjustment assembly for the air block assembly and the duct
mount assembly of Figures 14 and 15.
Figure 17 shows the air block assembly and the duct mount assembly with the cable and the duct in place, and
the upper block of the air block assembly removed.
Figure 18 shows the air block assembly and the duct mount assembly with the upper block portions of each re-
moved, and no duct or cable present.
Figure 19 is a schematic representation of the cable speed control system of the apparatus shown in Figure 2.
Figure 20 is a schematic representation of the hydraulic control system of the apparatus shown in Figure 2.
Figure 21 is a perspective view of the frame of the apparatus shown in Figure 2.
Figure 22 is a perspective view of the frame of Figure 21 including portions of the control system.
Figure 23 is a bottom view of the frame and control system features shown in Figure 22.
Figure 24 is a side view of an embodiment of a missile usable with the cable conveying apparatus of Figure 2.

Detailed Description of the Preferred Embodiments

[0015] The present invention generally concerns a cable conveying apparatus and method which generates a motive
force and applies the force to a cable for use in installing the cable in a conduit. Preferably, the motive force is a pushing
force developed by a drive assembly which frictionally engages the cable at the entry end of the conduit. The cable
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conveying apparatus and method of the present invention preferably generates a further motive force on the cable by
blowing a missile attached to an end of the cable through the conduit. Such motive pulling force in combination with
the motive pushing force from the drive assembly can be utilized to install cable, such as fiber optic cable, in duct or
other conduit, such as underground innerduct.
[0016] By monitoring the motive forces and the speeds of the system components, damage to the cable is reduced
or avoided, and a properly performing cable can be installed. For example, compressive force damage in the diametral
direction of the cable ("crushing") and column damage can be reduced or avoided by monitoring the normal force
applied by the cable drive assembly. By also monitoring the speeds of the cable drive assembly and the cable, it is
also possible to reduce or avoid cable jacket damage such as might occur if the cable drive assembly is slipping on
the cable and moving faster than the cable, as when the cable begins to slow down in the case of an impending
stoppage. The cable is further protected by monitoring cable speed in the case of excessively high cable speed, or too
low of a cable speed. Runaway cable, such as in the case of excessively high speed, is not desired, nor is too low of
a speed, which may be indicative of an instant cable stoppage.
[0017] The present invention reduces the risk of cable damage, such as can occur if excessive normal forces, ex-
cessive cable slippage, and excessively high or too low speeds of the cable are not properly monitored or avoided.
Through automatic monitoring and control, advantageous apparatus and methods result, thereby allowing improved
success rates for cable installation. Also, through automatic monitoring and control, less experienced installers can
more consistently install the cable.
[0018] Turning now to Figures 1-6, a schematic representation (Figure 1), and an example embodiment (Figures
2-6) for a cable conveying apparatus 20 in accordance with the invention are shown. Figures 7-24 show components
of apparatus 20 in greater detail. Apparatus 20 generates motive force(s) for the installation of cable 22 to be pulled
from reel 24, or other cable source, and inserted into an interior of duct 26. Duct 26 can be any of a variety of known
ducts, such as polyethylene, suitable for receiving cable 22 on a long term basis during use of cable 22 for transmission
or conduction of signals. Cable 22 can be any of a variety of known transmission or conductive cable, including fiber
optic cable having one or more optical fibers contained therein, and preferably having a circular outer perimeter. Ap-
paratus 20 accepts cable 22 at inlet 36, and cable 22 exits apparatus 20 at outlet 38. Duct 26 extends from apparatus
20 to distal end 30 which can be several hundred feet or less away from apparatus 20, or several thousand feet or
more away from apparatus 20.
[0019] Preferably, the motive force generated by apparatus 20 includes a pushing force generated by frictional en-
gagement of the cable with moving parts of a drive assembly 40. Cable drive assembly 40 frictionally engages cable
22 so as to provide a motive pushing force. In the preferred embodiment, cable drive assembly 40 is hydraulically
driven by a hydraulic pressure source 42 linked by lines 42a to drive assembly 40.
[0020] Preferably, the motive force further includes a pulling force generated by air pressure. Apparatus 20 preferably
also includes a cable blower assembly 44 which allows for air pressure to enter duct 26. A missile 34 attached to cable
22 at lead end 32 slideably and sealably closes off duct 26 from the atmosphere sufficient to create a pressure difference
adjacent to missile 34. Cable blower assembly 44 is linked to a blower or air compressor 46 which generates appropriate
air pressure. Air line 46a and valve 46b (Figure 2) link blower 46 with cable blower assembly 44. Air pressure within
duct 26 between missile 34 and apparatus 20 causes missile 34 to move toward exit end 30 of duct 26. The air pressure
within duct 26 behind missile 34 generates a motive pulling force at lead end 32 of cable 22.
[0021] Apparatus 20 preferably further includes a cable counter assembly 48 which monitors the speed of cable 22
during operation. Preferably, cable counter assembly 48 also monitors the length of cable passing through apparatus
20 from reel 24.
[0022] Apparatus 20 preferably also includes a frame 50, which can be supported by legs for supporting frame 50
at a convenient level above the ground. Such supporting structure could also include wheels, for conveniently moving
apparatus 20 between locations. Frame 50 also supports cable drive assembly 40, cable blower assembly 44, and
cable counter assembly 48. Frame 50 also supports a control assembly 52 (Figure 2) which monitors and/or controls
operation of various of the components of apparatus 20. Frame 50 allows for the various assemblies to be conveniently
used and transported together as a unit.
[0023] Cable blower assembly 44 includes an air block assembly 54 which links both cable 22 received from cable
drive assembly 40, and the source of pressurized air from blower 46 with duct 26. Duct mount assembly 56 forms a
portion of cable blower assembly 44, and securably mounts duct 26 to apparatus 20. Adjustment assembly 58 below
cable blower assembly 44 also forms a portion of cable blower assembly 44, and allows for vertical adjustment of air
block assembly 54 and duct mount assembly 56 relative to frame 50. The adjustment is with respect to cable drive
assembly 40. Such vertical adjustment allows for different diameter cables to be installed with apparatus 20. As the
diameter of the cable is varied, the location of the central axis of the cable will vary as it exits cable drive assembly 40.
Such variance in height is adjusted for in order to allow for proper sealing in airblock assembly 54, as will be described
in greater detail below.
[0024] Cable drive assembly 40 includes lower and upper tractor drive assemblies 60, 62. Preferably, each is driven
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by a hydraulic motor, 64, 66. Each tractor drive assembly 60, 62 includes a moveable member. In a preferred embod-
iment, an endless chain in each assembly 60, 62 is driven by hydraulic motors 64, 66, respectively, so as to frictionally
engage cable 22 and apply the motive pushing force to cable 22. In the preferred embodiment illustrated, tractor drive
assemblies 60, 62 oppose each other and are aligned in the vertical direction. Other moveable drive members besides
opposed endless chains are possible including wheels and/or belts. Further, the moveable members can be arranged
in V-shape, as shown in U.S. Patent No. 4,285,454, for example.
[0025] A lower drive counter 68 monitors movement of lower tractor drive assembly 60, which is indicative of the
speed of cable drive assembly 40. Such speed monitoring is important for preventing excessive relative speed between
cable drive assembly 40 and cable 22 during slippage.
[0026] Cable drive assembly 40 further includes a hold down system, such as a hydraulic clamp cylinder 70 in the
preferred embodiment, linked to pressure source 42 by line 42a. This generates a predetermined normal force on cable
22 between lower and upper tractor drive assemblies 60, 62. Some slip is acceptable. Too much slip can cause cable
jacket damage. Too much slip may also limit the usefulness of apparatus 20 if insignificant push forces are generated.
Duct 26 usually contains some irregularities, joints and bends that can keep cable 22 and missile 34 from moving
smoothly. Unless an appropriate normal force is generated (not too much slip), the pushing force may be inadequate
to overcome the irregularities, and slip may occur too often, causing unnecessary cable jacket damage or insignificant
cable push. On the other hand, a normal force which is too high risks crush damage to the cable, and inadequate
slippage, such that column damage will be more likely to occur as cable drive assembly 40 continues to move cable
22 when cable 22 is being slowed or stopped within duct 26. When slip does occur under high normal force loads,
cable jacket damage may result. By providing for a predetermined normal force with apparatus 20, predetermined slip
levels can be monitored. This results in an appropriate level of slip, so as to not cause too many shutdowns of apparatus
20 when cable damage is not significantly at risk, but excessive slip is noted, and results in shut off of apparatus 20
to prevent damage situations.
[0027] Apparatus 20 balances the benefits and risks associated with drive assembly 40 which generates a pushing
force from a moving member frictionally engaged with the cable. Apparatus 20 reduces or avoids cable damage (crush,
column, and slippage), but allows for sufficiently long runs of continuous cable to be installed. Such balance comes
from monitoring and controlling the normal force applied to cable 22, the speed of cable 22, and the speed of cable
drive assembly 40.
[0028] As will be described in greater detail below, the control system of apparatus 20 includes control subsystems
for: monitoring and controlling the speed of lower and upper tractor drive assemblies 60, 62; monitoring the speed of
cable 22; monitoring and controlling system air pressure; and monitoring and controlling the hold down system, such
as clamp cylinder 70.
[0029] Referring now to Figures 7-11, further details of cable drive assembly 40 are shown. Figures 7 and 8 illustrate
lower tractor drive assembly 60 in greater detail. Lower tractor drive assembly 60 includes an endless drive chain 80
driven by hydraulic motor 64 having an output shaft 84 connected to drive sprockets 86. Motor 64 is mounted to housing
88 at one end. At an opposite end of housing 88, a tensioner 90 is moveably mounted via threaded rod and nut 91 to
adjust tension on drive chain 80, and includes rotatably mounted sprockets 92 for supporting drive chain 80. Chain 80
includes a plurality of metal chain links 96 with outwardly facing pads 98 mounted to mounting flanges 99 of chain 80.
Mounting flanges 99 extend outwardly from links 96 on each side of chain 80.
[0030] Chain 80 is mounted for movement relative to housing 88 by rotation of drive sprockets 86 by motor 64.
Elongated region 100 of chain 80 is supported by a center chain guide plate 102 mounted to housing 88. Guides 104
are mounted to center chain guide plate 102 on opposite sides of chain 80. Guides 104 each include a lip 106 which
covers a side portion of each pad 98 when positioned in the elongated section 100 during operation. Preferably, guide
plate 102 and guides 104 are made from a material with good slide and wear properties, such as plastic. Nylatron
plastic is one example.
[0031] Referring back to Figure 4, a counter sprocket 108 is mounted to an end of sprocket shaft 86a connected to
motor 64. Sprocket 108 is sensed by a sensor assembly 112 such as a magnetic pickup which senses sprocket teeth
and generates a corresponding signal indicative of moving teeth. Housing 114 (see Figure 2) protects sprocket 108
and sensor assembly 112. The signal is input to the control system for monitoring movement (speed) of output shaft
84. Monitoring the speed of output shaft 84 enables monitoring of the speed of chain 80 directly driven by output shaft
84. Sensor assembly 112 includes a permanent magnet, a pole-piece, and a sensing coil all contained in a protective
case. The teeth of sprocket 108 (iron, steel or other magnetic material) distort the magnetic flux field passing through
the sensing coil and pole-piece, which in turn generates a wave form signal processed by the control system. Other
proximity sensors, and other speed sensors can be used with apparatus 20, as desired.
[0032] Referring now to Figures 9 and 10, upper tractor drive assembly 62 includes a drive chain 80a, constructed
in a similar manner as drive chain 80 of lower tractor drive assembly 60. Hydraulic motor 66 drives an output shaft 124
which turns drives sprockets 126. Sprockets 126 directly engage drive chain 80a so as to move drive chain 80a in a
similar manner as drive chain 80. A housing 128 surrounds chain 80a, and supports various components including
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motor 66, and output shaft 124 at one end of the housing. An adjustable tensioner 130 at an opposite end of housing
128 supports rotatable sprockets 132 also supporting drive chain 80a. Chain 80a includes an elongated region 134
supported by a center chain guide plate 136 mounted to housing 128, and facing in an opposite direction to elongated
region 100 of drive chain 80 of lower tractor drive assembly 60. Guide plate 136 is constructed from similar materials
as guide plate 102. Elongated regions 100, 134 apply a normal force to cable 22 and the motive pushing force.
[0033] Referring now to Figures 2-10, the connection is shown between lower and upper tractor drive assemblies
60, 62. The connection includes hydraulic clamp cylinder 70 mounted to housing 88 of lower tractor drive assembly
60 at one end and to housing 128 of upper tractor drive assembly 62 at an opposite end. Cylinder 70 includes an
extending shaft 142 and a clevis 144 at a distal end. A cylinder mounting bracket 146 mounts cylinder 70 to housing
88. Cylinder flange 145 of cylinder 70 mounts to bracket 146 at a bracket mounting flange 147 at a lower end. Bracket
146 further includes spaced apart channels 148 and a center projection 150 at an upper end.
[0034] Structures associated with upper tractor drive assembly 62 cooperate with clevis 144, and channels 148 and
center projection 150, respectively, to mount upper tractor drive assembly 62 for movement. Specifically, a flange 152
extends from housing 128 for receipt of clevis 144. A pin 154 (Figure 5) connects clevis 144 to flange 152. Guide blocks
156, 158 extending from housing 128 are spaced apart so as to be received in channels 148, with center projection
150 disposed therebetween. Protective pads 157, 159 extend from guide blocks 156, 158 toward bracket 146.
[0035] When cylinder 70 is operated so as to move shaft 142 between positions, the clevis link causes corresponding
movement of upper tractor drive assembly 62 relative toward or away from lower tractor drive assembly 60. The co-
operating guide blocks 156, 158 and channels 148 and center projection 150 result in alignment of lower and upper
tractor drive assemblies 60, 62 at all times.
[0036] Clamp cylinder 70 is preferred because of its repeatability and ease of use. Manually adjustable clamp systems
are possible in accordance with the invention, but difficulties can arise if the normal force and slippage are not ade-
quately monitored, so as to avoid or reduce the likelihood of crush damage, column damage, and jacket damage.
[0037] Referring now to Figure 11, an example chain pad 98 is shown in greater detail. An outer facing surface 160
defines a central V-shaped channel 162. Two oppositely positioned flanges 164 each include two mounting apertures
166 extending therethrough for receipt of fasteners 168 (see Figures 8 and 10) for mounting pad 98 to chain links 96.
Preferably, pad 90 is made from moldable plastic and includes insert molded lock nuts 169. During use, the V-shaped
channel 162 receives cable 22, in a self-centering manner.
[0038] Referring now to Figures 12 and 13, details of cable counter assembly 48 are shown in greater detail. Inlet
end 170 receives cable 22 to be counted or monitored during introduction into the conduit from a source of cable, such
as reel 24 illustrated in Figure 1. Cable counter assembly 48 includes a main housing 172 mounted to lower tractor
drive assembly 60, a generally horizontal front lower support roller 174, and two vertical centering rollers 176. Output
roller 178 is positioned beneath cable 22 during use. Output roller 178 is utilized to generate information about cable
speed, and also preferably cable length. Output roller 178 includes an output shaft 180, and a sprocket 182 (Figure
5). A sensor assembly 184 mounted to housing 172 senses sprocket teeth in order to generate a corresponding signal
indicative of moving teeth. Sensor assembly 184 is similarly constructed as sensor assembly 112 for monitoring drive
assembly speed. Cable counter assembly 48 relies on frictional engagement with output roller 178 in order to generate
appropriate signals from sensor assembly 184. Top pressure rollers 186 apply downward pressure on cable 22 during
use so as to achieve proper frictional engagement with output roller 178. Only one pressure roller 186 is visible in the
drawings on an upstream side of output roller 178. The second pressure roller is located on the downstream side of
roller 178.
[0039] Top pressure rollers 186 are mounted to a movable mounting plate 188 connected to a tensioner 190 for
adjustment of pressure of pressure rollers 186 on cable 22. Tensioner 190 is preferably spring loaded, so as to prevent
excessive pressure on cable 22 between output roller 178, and pressure rollers 186. A block 194 threadably engages
a shaft 196. A spring 198 biases block 194 downwardly. Block 194 moves upwardly against spring 198 when cable 22
has a kink, or when overcranking of shaft 196 occurs by the operator. Pressure rollers 186 are preferably V-shaped
so as to help achieve a cable centering feature. Cable 22 exits cable counter assembly 48 at outlet end 192 where
cable 22 is engaged by cable drive assembly 40. Outlet end 192 mounts to lower tractor drive 60 with suitable bolts
or other fasteners 193 (Figures 2 and 3).
[0040] Referring now to Figures 14-18, further details of cable blower assembly 44 are shown. Air block assembly
54 shown in Figures 14, 17 and 18 receives cable 22 from cable drive assembly 40, and air pressure from blower 46
and directs both into duct 26. Air block assembly 54 includes upper and lower blocks 200, 202, two locator pins 203,
and four mounting bolts 204. Bolts 204 are hingedly connected to lower block 202 adjacent each corner, and the bolts
reside in longitudinal slots through upper block 200, during use. Threaded nuts 205 secure upper block 200 to lower
block 202 during use. C-clips 205a prevent nuts 205 from becoming separated from bolts 204. Positioned between
upper and lower blocks 200, 202 are inlet seals 206 which slideably and sealably engage cable 22 during use to prevent
or restrict air flow out of airblock assembly where cable 22 enters. Outlet seals 208 seal the interior of air block assembly
54 and duct 26 from the atmosphere. A perimeter seal 210 in groove 211 seals a remainder of air block assembly 54
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between inlet seals 206 and outlet seals 208 from the atmosphere. An air inlet 216 in lower block 200 connects to
blower 46 so as to supply air block assembly 54 with the pressurized air.
[0041] With particular reference to Figures 17 and 18, contained within air block assembly 54 are inlet insert 212
and outlet insert 214 which allow for size adjustment to accommodate different cable sizes, and different duct sizes,
respectively. Inserts 212 and 214 are removably mounted to lower main block 215 of lower block 202. Upper block 200
is constructed in a similar manner including an upper main block 217. Inserts 212, 214 are not shown in Figure 14.
Each insert 212 and 214 includes inner grooves 206a, 208a for receipt of seals 206, 208, respectively. Also, lower
main block 215 includes grooves 212a, 214a, and inserts 212, 214 include projection rings 212b, 214b along the
mounting surfaces for secure engagement. Securing fasteners, pins or screws 212c, 214c further align and secure
inserts 212, 214 to lower main block 215. A similar construction is provided for upper main block 217. An outlet or tap
line 213 allows for system air pressure to be monitored and is connected to control assembly 52. A kit of differently-
sized and selectable inserts 212, 214 can be provided so as to allow apparatus 20 to be used with different sizes of
cable and duct.
[0042] Within air block assembly 54, a venturi effect is provided by the internal configuration of internal chamber
216. Pressure rings 217 are provided to further seal moving cable 22 from the atmosphere, in combination with seals
206. Rings 217 are believed to develop alternatively high and low pressure regions adjacent cable 22, and this assists
to develop a good seal between air block assembly 54 and the atmosphere.
[0043] Referring now to Figures 15, 17, and 18, duct mount assembly 56 is shown in greater detail. Duct mount
assembly 56 includes lower and upper blocks 218, 220 held together by two bolts 222 which are hingedly connected
to lower block 218. Bolts 222 also reside in slots 224 in upper block 220. Threaded nuts 223 secure upper block 218
to lower block 220. C-clips 223a prevent nuts 223 from becoming separated from bolts 222. Each block 218, 220 has
at least one gripping ring 225 (Figure 18) for gripping an exterior surface of duct 26 to secure duct 26 to duct mounting
assembly 56. Each block 218, 220 has five rings 225 in the preferred embodiment illustrated. Locator pins 228 assist
with proper alignment of blocks 218, 220.
[0044] To allow for different duct sizes to be used with apparatus 20, gripping ring inserts 226, 227 are removably
secured to lower and upper main blocks 219, 221 of lower and upper blocks 218, 220. Insert 226 has gripping rings
225 positioned on an inside surface, and a projection ring 226b on an outside surface. Projection ring 226b resides in
a groove 226a on lower main block 219 for secure mounting together. A securing fastener, pin or screw 226c further
aligns and secures insert 226 to lower main block 219. A similar construction is provided for upper main block 221 and
insert 227. Inserts 226, 227 are not shown in Figure 15. A similar sizing kit can be provided for inserts 226, 227.
[0045] Referring now to Figure 16, adjustment assembly 58 is shown in greater detail. A main mounting block 230
mounts to lower tractor drive 60 (Figures 2-5). An upper mounting plate 232 is vertically movable relative to main
mounting block 230. Adjustment mechanism 234 allows vertical adjustment of upper mounting plate 232 relative to
main mounting block 230. Upper mounting plate 232 supports air block assembly 54 and duct mount assembly 56.
Such vertical adjustment allows for use of air block assembly 54 and duct mount assembly 56 with cables of various
dimensions wherein the center line would vary relative to lower tractor drive assembly 60. Each of airblock assembly
54 and duct mount assembly 56 mount to mounting plate 232 through apertures 236a, b with suitable screws or other
fasteners. Similarly, main mounting block 230 mounts to lower tractor drive assembly 60 with suitable bolts or other
fasteners received in apertures 238. Knob 234a is rotatable to move upper mounting plate 232 up or down along
threaded shaft 234b relative to main mounting block 230. Clamp 239 locks upper mounting plate 232 into position once
its height is adjusted.
[0046] Referring now to Figure 19, a cable speed control system 240 of control assembly 52 is shown schematically.
Control system 240 controls operation of cable drive assembly 40 so as to terminate operation in the case of an ex-
cessive relative speed difference between cable drive assembly 40 and cable 22. Inputs to a cable speed control
module 242 include electronic signals from cable sensor assembly 184, and tractor drive sensor assembly 112. Cable
speed control system 240 includes circuitry for comparing the sensor inputs so that if a predetermined speed difference
exists, such as a 15% faster tractor drive speed over the cable speed, a tractor drive shut off signal is generated. A
smaller percentage difference in the threshold is possible, but it may result in more frequent, and less necessary system
shut offs. A greater percentage difference is possible, but it may result in less system shut offs, but more cable jacket
damage.
[0047] Should control module 242 sense an excessive speed of tractor drive relative to cable 22, control module 242
will activate a hydraulic motor control switch, such as a solenoid 244, thereby shutting down hydraulic motors 64, 66
and cable drive assembly 40. Should cable speed exceed a maximum threshold or fall below a minimum threshold,
the same shut off signal is generated by control module 242 for solenoid 244. Not only is cable speed monitored, but
so is cable distance. Control module 242 has both a cable speed display 245, and a cable distance display 246. Control
module 242 also includes system electrical power switch 243, and various buttons 241 for resetting control system
counters and displays, such as displays 245, 246 noted above, for example.
[0048] Control module 242 is preferably software controlled and is programmable to accept proximity switch or other
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monitoring sensor signals indicative of cable movement and tractor drive movement. Control module 242 is pro-
grammed accordingly to generate the appropriate display signals, i.e. speed and distance of cable 22, and the appro-
priate solenoid activation signal (tractor drive shut off signal) based on the signals received from the sensors. Any of
a variety of conventional control modules 242 with programming capability can be used. Control module 242 is pref-
erably appropriately programmed with desired delays between receipt of signals from the sensors and when a shut off
signal is generated so that only desired shut offs occur. For example, cable 22 may jerk from time to time as it is pulled
from reel 24. Such jerking motion may result in slippage signals from the cable slip sensors. However, with an appro-
priate time delay programmed into module 242, no system shut off will occur since this slippage is acceptable. Slippage
from jerk is usually only a short term slippage, and typically does not result in cable damage. Therefore, there is no
need to cause system shut off in these conditions.
[0049] Figure 2 illustrates an electrical power cord 290 for control module 242, as well as two selectable adaptor
plug cords 292, 293 for use with different power supplies in the field. Figure 2 also illustrates detachable sensor lines
294, 295 for permitting detachment of control module 242 from the rest of apparatus 20.
[0050] Referring now to Figure 20, a schematic is shown for a hydraulic control system 247 of control assembly 52.
Specifically, hydraulic control system 247 includes a hydraulic pump 248 (source 42 in Figure 1) linked to a fixed relief
valve 250, and a pressure-compensated regulator 252. Solenoid 244, and a first directional control valve 254 lead to
hydraulic motors 64, 66. A pressure reducer 256, a second directional control valve (four position, three-way) 258, and
two pilot-to-open check valves 259 lead to clamp cylinder 70.
[0051] Referring now to Figure 21, frame 50 is shown in greater detail. Various elongated members 270a-g are
utilized to assemble frame 50. Frame 50 supports various components of apparatus 20 including control assembly 52
and lower tractor drive assembly 60. Brackets 272 mount to legs (not shown) for supporting members 270a-g above
the ground.
[0052] Referring now to Figures 22 and 23, various hydraulic control components of control assembly 52 are also
illustrated with respect to frame 50. A hydraulic control module 276 includes various gauges 278 for display of clamp
cylinder system hydraulic pressure, system air pressure, and motor system hydraulic pressure. Control module 276
also includes a manually operated motor speed control lever 280 for controlling the speed of motors 64, 66 via hydraulic
directional control valve 254 (Figure 20). Control module 276 also includes a manually operated up/down control lever
282 for controlling clamp cylinder 70 via hydraulic directional control valve 258 (Figure 20). Pressure line port 284 and
return line port 285, both shown in Figures 22 and 23 with protective caps 284a, 285a connect control module 276 to
hydraulic pump 248. The various hydraulic lines 286 between motors 64, 66, clamp cylinder 70 and gauges 278a, c
are shown at least in part by reference to Figure 23, and also Figures 5 and 6, in accordance with the hydraulic schematic
of Figure 20. Control module 242 is preferably separate from hydraulic control module 276, and preferably resides in
space 279 on hydraulic control module 276. By making separate modules, module 240 can be detached as desired,
such as protect it from the weather during periods of nonuse.
[0053] Referring now to Figure 24, an example missile 34 is shown in greater detail. Missile 34 includes a tip 350,
and a connection end 352 for connecting to cable 22. Typically a swivel is connected to cable 22, and missile 34
connects to the swivel. Disposed between tip 350 and connection end 352 is at least one seal 354 for sealing an interior
of duct 26. Missile 34 has two seals 354. Preferably, seals 354 are sized so that missile 34 generates sufficient pressure
to move through duct 26 in order to pull cable 22 therethrough, but the seals are not so tight with duct 26, such that it
frequently become stuck when it would encounter the common irregularities within duct 26. Silicone rubber discs for
seals 354 work well. Other sealed missiles besides missile 34 are possible for use with apparatus 20.
[0054] Apparatus 20 with control assembly 52 prevents damage to cable 22 being installed into the conduit. Damage
to fiber optic cables can occur when cable 22 slows down or stops moving in the duct 26. The damage to the cable
can be due to column failure, exceeding minimum bend radii, or the pushing device slipping on the cable jacket thus
causing wear of the cable jacket. The control system accomplishes this by monitoring slippage by comparing the speed
of the pushing device versus actual cable speed. If the control system senses a difference between the two speeds,
it will then stop the pushing device by activating a bypass valve (solenoid 244). By stopping the pushing device when
a speed differential (slippage between pusher and cable) is sensed, the wear to the cable jacket will be minimal. To
ensure that slippage between the pushing device and the cable occurs, the cylinder 70 at a predetermined and fixed
pressure controls the amount of clamp force applied to the cable. The amount of down force is directly proportional to
the amount of pushing force that can be applied to the cable in accordance with the equation F=µN, where:

µ = coefficient of friction;
N = normal force or clamp force;
F = pushing force.

[0055] By limiting the clamping force, the pushing device will slip on the cable before it can exert enough force to
cause a column failure. This also ensures that the clamping force does not exceed the compressive limits of the cable.
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Since slip damage can occur before a complete stoppage of cable 22 occurs, monitoring relative speeds leads to an
advantageous apparatus 20.
[0056] The control system also preferably provides two additional safety features. High speed protection is provided
if the cable exceeds a speed, such as 300 feet/minute (91 meters/minute) in the preferred embodiment, then the control
system will stop the pushing device by activating the bypass valve, thus stopping the cable. The high speed condition
will usually indicate a duct joint failure or out of control cable situation. Low speed protection is provided if the cable
speed falls below a minimum, such as 25 feet/minute (7.6 meters/minute) in the preferred embodiment, then the control
system will stop the pushing device by activating the bypass valve thus stopping the cable. The underspeed condition
will usually indicate an instant blockage in the duct system. While low speed monitoring is important, low speed mon-
itoring will not prevent some cable damage situations which are addressed by the cable slippage monitoring system
described above.
[0057] Some working examples follow: The chain pad material in the preferred embodiment is a cast polyurethane,
having a 95 Durometer shore "A". An example material is compound 6321-A-50D. Example fiber optic cable includes
a polyethylene (medium density) outer jacket. It has been observed that an approximate coefficient of friction between
these two materials is about 0.393. Examples of cable 22 include cable ranging from 3/8 inches (10 millimeters) to 1
and 1/4 inches (32 millimeters) in diameter. Pirelli Cable Corporation, Outside Plant, Unarmored Loose Tube cable or
Customer Premise, Ribbon In Loose Tube cable are appropriate cable types for installation with apparatus 20. In the
case of Pirelli Unarmored Loose Tube cable, the following data* is provided:

For Pirelli Ribbon In Loose Tube cable the following data* is provided:
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Examples of duct 26 range from 1 inch (25 millimeters) up to 2 inches (51 millimeters) in diameter, as well as SDR 11
and 13.5. Typically, pneumatic pressure is at 135 pounds per square inch (psi) maximum and generates at least 175
cubic feet/minute (cfm) (5 cubic meters/minute) minimum and 375 cfm (11 cubic meters/minute) maximum. The hy-
draulic operating pressure is typically at 1500 psi (103 bar) maximum, with an 8 gallons/minute (30 liters/minute) flow
maximum and 5 gallons/minute (19 liters/minute) flow minimum. Example sensors 112, 184 include Red Lion part
number MP37CA00 magnetic pickups. Example sprockets 108, 182 include 60 teeth, with a 2.570 inch diameter, from
Madison Electric part number 4000-0870. The elongated regions 100, 134 of each drive chain are about 8 inches (203
millimeters) long and the hydraulic clamp cylinder pressure is set so as to develop about 100 lb/in (176 N/cm) of
compression force on the cable.
[0058] Alternatively, it is to be appreciated that cable conveying apparatus 20 of the present invention can be used
as a puller which utilizes the motive force in a pulling manner by frictionally engaging cable 22 with drive assembly 40.
The jacket protection features of apparatus 20 are equally advantageous whether apparatus 20 is a puller or a pusher.

Claims

1. An apparatus (20) for conveying a cable (22), such as through a conduit (26), the cable having a longitudinal axis
extending in the longitudinal direction of the cable, the apparatus comprising:

a drive assembly (40) including a moveable drive member (60) for engaging an outside surface of the cable
and for applying onto the cable a normal clamping force resulting, in combination with the moving of the drive
member, in a longitudinal friction force capable of moving the cable in the longitudinal direction;
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characterized in that the apparatus further comprises:

a drive assembly sensor and signal generator (68, 112) for sensing movement of the moveable drive member
of the drive assembly, and for generating a signal indicative of the sensed movement of the drive member;
a cable sensor and signal generator (48, 184) for sensing movement of the cable, and for generating a signal
indicative of the sensed movement of the cable, wherein the movement of the cable and that of the drive
member can differ relatively to each other, particularly when the cable advancing encounters some resistance
resulting in slippage of the drive member relative to the cable; and
a control system (240) which controls movement of the movable member of the friction drive assembly, the
control system including circuitry for receiving the signal from the drive assembly sensor and signal generator
and the signal from the cable sensor and signal generator, the control system including further circuitry for
comparing the signals so as to compare movement of the drive assembly and the cable over time, wherein a
drive assembly shut off signal is generated by the control system if the relative speed difference between the
drive assembly and the cable exceeds a predetermined value.

2. The apparatus of claim 1, further comprising an air pressure generator.

3. The apparatus of claim 1, further comprising a high speed cable shut off system.

4. The apparatus of claim I, further comprising a low speed cable shut off system.

5. The apparatus of claim 4, further comprising a high speed cable shut off system.

6. The apparatus of claim 1, wherein the drive assembly includes two moveable drive members, wherein each move-
able drive member includes a tractor drive assembly, wherein each tractor drive assembly includes a continuous
chain, and a plurality of cable engaging pads mounted to the chain.

7. The apparatus of claim 6, wherein the drive assembly includes a hydraulic cylinder holding the tractor drive as-
semblies at a spaced apart distance.

8. The apparatus of claim 6, wherein the drive assembly includes a hydraulic motor driving each tractor drive assem-
bly.

9. The apparatus of claim 8, wherein the drive assembly includes a hydraulic cylinder holding the tractor drive as-
semblies at a spaced apart distance.

10. A method of installing a cable (22) in a conduit (26) comprising the step of:

providing a drive assembly (40) including a moveable drive member (60) applying onto the cable a normal
clamping force resulting, in combination with the moving of the drive member, in a longitudinal friction force
moving the cable in a forward direction;
the method being characterized by the further steps of:

generating a first signal indicative of movement of the drive member generating a second signal indicative
of movement of the cable, wherein the movement of the cable and that of the drive member can differ
relatively to each other, particularly when the cable advancing encounters some resistance resulting in
the slippage of the drive member relative to the cable;
comparing the first and second signals over time; and
generating a drive assembly shut off signal if relative speeds of the drive member and the cable exceed
a predetermined difference.

11. The method of claim 10, further comprising the steps of providing the cable with a missile sealably engaged with
an inner wall of the conduit, and applying air pressure to the missile so as to generate a pull force on the cable.

12. The method of claim 10, Anther comprising the step of generating a drive assembly shut off signal if the second
signal indicates a cable speed above a predetermined maximum threshold value, or a cable speed below a pre-
determined minimum threshold value.
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Patentansprüche

1. Vorrichtung (20) zum Fördern eines Kabels (22), beispielsweise durch ein Führungsrohr (26) hindurch, wobei das
Kabel eine sich in die longitudinale Richtung des Kabels erstreckende longitudinale Achse besitzt, und wobei die
Vorrichtung folgendes aufweist:

ein Antriebseinrichtung (40), welche ein bewegliches Antriebselement (60) zum Eingriff an einer äußeren Ober-
fläche des Kabels und zum Ausüben einer klemmenden Normalkraft auf das Kabel beinhaltet, wodurch in
Kombination mit der Bewegung des Antriebselementes eine longitudinale Reibungskraft resultiert, die zur
Bewegung des Kabels in die longitudinale Richtung geeignet ist;

dadurch gekennzeichnet, dass
der Apparat weiterhin folgendes aufweist:

einen Antriebseinrichtungs-Sensor und -Signalgenerator (68, 112) zum Erfassen der Bewegung des beweg-
lichen Antriebselementes der Antriebseinrichtung und zum Erzeugen eines Signals, welches die gemessene
Bewegung des Antriebselementes angibt;
ein Kabel-Sensor und -Signalgenerator (48, 184) zum Erfassen der Bewegung des Kabels und zum Erzeugen
eines Signals, welches die erfasste Bewegung des Kabels angibt, wobei die Bewegung des Kabels und die-
jenige des Antriebselementes sich relativ zueinander unterscheiden können, insbesondere dann, wenn das
vorrückende Kabel auf einigen Widerstand trifft, was zu einem Schlupf des Antriebselementes relativ zu dem
Kabel führt; und
ein Steuerungssystem (240), das die Bewegung des beweglichen Elementes der Reibantriebsetnrichtung
steuert, wobei das Steuerungssystem Schaltungen zum Empfang des signals von dem Antrtebseinrichtungs-
Sensor und -Signalgenerator und des Signals von dem Kabel-Sensor und -Signalgenerator aufweist, und
wobei das Steuerungssystem weitere Schaltungen zum Vergleichen der Signale aufweist, um die Bewegung
der Antriebseinrichtung und des Kabels in der Zelt zu vergleichen, wobei ein Abschaltsignal der Antriebsein-
richtung von dem Steuerungssystem erzeugt wird, wenn die relative Geschwindigkeitsdifferenz zwischen der
Antriebseinrichtung und dem Kabel einen vorgegebenen Wert überschreltet.

2. Vorrichtung nach Anspruch 1, die weiterhin einen Druckluftgenerator aufweist.

3. Vorrichtung nach Anspruch 1, die weiterhin ein Abschaltsystem für Kabel hoher Geschwindigkeiten aufweist.

4. Vorrichtung nach Anspruch 1, die weiterhin ein Abschaltsystem für Kabel niedriger Geschwindigkeiten aufweist.

5. Vorrichtung nach Anspruch 4, die weiterhin ein Abschaltsystem für Kabel hoher Geschwindigkeiten aufweist.

6. Vorrichtung nach Anspruch 1, wobei die Antriebseinrichtung zwei bewegliche Antriebselemente aufweist, wobei
jedes bewegliche Antriebselement ein Traktorantriebseinrichtung aufweist, wobei jede Traktorantriebseinrichtung
eine zusammenhängende Kette und eine Mehrzahl von am Kabel eingreifenden Auflagegliedern aufweist, die an
der Kette montiert sind.

7. Vorrichtung nach Anspruch 6, wobei die Antriebseinrichtung einen hydraulischen Zylinder aufweist, der die Trak-
torantriebseinrichtung in einer beabstandeten Distanz hält.

8. Vorrichtung nach Anspruch 6, wobei die Antriebseinrichtung einen hydraulischen Motor aufweist, der jede Trak-
torantriebseinrtchtung antreibt.

9. Vorrichtung nach Anspruch 8, wobei die Antriebseinrichtung einen hydraulischen Zylinder aufweist, der die Trak-
torantriebseinrichtung in einer beabstandeten Distanz hält.

10. Verfahren zum Einbringen eines Kabels (22) in ein Führungsrohr (26), welches den folgenden Schritt aufweist:

Vorsehen einer Antriebseinrichtung (40), welche ein bewegliches Antriebselement (60) aufweist, das auf das
Kabel eine klemmende Normalkraft ausübt, wodurch in Kombination mit der Bewegung des Antriebselements
eine longitudinale Reibungskraft resultiert, die das Kabel in eine Vorwärtsrichtung bewegt;
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wobei das Verfahren durch die folgenden weiteren Schritte gekennzeichnet wird:

Erzeugen eines ersten Signals, das die Bewegung des Antriebselementes angibt,
Erzeugen eines zweiten Signals, das die Bewegung des Kabels angibt, wobei die Bewegung des Kabels und
diejenige des Antriebselementes sich relativ zueinander unterscheiden können, insbesondere dann, wenn
das vorrückende Kabel auf einigen Widerstand trifft, was zu einem Schlupf des Antriebselementes relativ zu
dem Kabel führt;
Vergleichen des ersten und zweiten Signals Im Zeitablauf; und
Erzeugen eines Abschaltsignals der Antriebseinrichtung, wenn relative Geschwindigkeiten des Antriebsele-
mentes und des Kabels eine vorgegebene Differenz überschreiten.

11. Verfahren nach Anspruch 10, welches weiterhin die folgenden Schritte aufweist,
Vorsehen des Kabels mit einem Projektil, welches abdichtend an einer Inneren Wand des Führungsrohres angreift,
und
Ausübung von Luftdruck auf das Projektil, um eine ziehende Kraft auf das Kabel zu erzeugen.

12. Verfahren nach Anspruch 10, welches weiterhin den Schritt aufweist, ein Abschaltstgnal der Antriebseinrichtung
zu erzeugen, wenn das zweite Signal eine Kabelgeschwindigkeit angibt, die über einem vorgegebenen maximalen
Schwellenwert liegt, oder eine Kabelgeschwindigkeit, die unter einem vorgegebenen minimalen Schwellenwert
liegt.

Revendications

1. Appareil adapté pour transporter un câble (22), par exemple à travers un tube (26), le câble ayant un axe longi-
tudinal s'étendant dans le sens longitudinal du câble, cet appareil comprenant :

un ensemble d'entraînement (40) comprenant un organe d'entraînement mobile (60) coopérant avec une sur-
face extérieure du câble et pour appliquer sur le câble une force de serrage normale qui, lorsqu'elle est as-
sociée au mouvement de l'organe d'entraînement, se transforme en une force de friction longitudinale capable
de déplacer le câble dans le sens longitudinal ;

caractérisé en ce que l'appareil comprend en outre :

un détecteur de l'ensemble d'entraînement et un générateur de signaux (68, 112) adaptés pour détecter le
mouvement de l'organe d'entraînement mobile de l'ensemble d'entraînement et pour générer un signal indi-
quant qu'un mouvement de l'organe d'entraînement a été détecté ;
un détecteur de câble et un générateur de signaux (48, 184) adaptés pour détecter un mouvement du câble
et pour générer un signal indiquant qu'un mouvement du câble a été détecté, dans lequel le mouvement du
câble et celui de l'organe d'entrainement peuvent être différents l'un de l'autre, en particulier lorsque le câble,
en avançant, rencontre une certaine résistance résultant du glissement de l'organe d'entrainement par rapport
au câble ; et
un système de commande (240), qui commande le mouvement de l'organe mobile de l'ensemble d'entraîne-
ment à friction, le système de commande incluant des circuits pour recevoir le signal venant du détecteur de
l'ensemble d'entraînement et du générateur de signaux ainsi que le signal en provenance du détecteur de
câble et du générateur de signaux, le système de commande comprenant en outre des circuits pour comparer
les signaux de façon à comparer le mouvement de l'ensemble d'entraînement et celui du câble sur une période
de temps donnée, dans lequel un signal d'arrêt de l'ensemble d'entraînement est généré par le système de
commande si la différence de vitesse relative entre l'ensemble d'entraînement et le câble dépasse une valeur
prédéterminée.

2. Appareil selon la revendication 1, comprenant en outre un dispositif de génération de pression d'air.

3. Appareil selon la revendication 1, comprenant en outre un dispositif d'arrêt de câble haute vitesse.

4. Appareil selon la revendication 1, comprenant en outre un dispositif d'arrêt de câble basse vitesse.

5. Appareil selon la revendication 4, comprenant en outre un dispositif d'arrêt de câble haute vitesse.
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6. Appareil selon la revendication 1, dans lequel l'ensemble d'entraînement comprend deux organes d'entraînement
mobiles, dans lequel chacun des organes d'entraînement susceptibles de se déplacer comprend un ensemble
d'entraînement tracteur, dans lequel chaque ensemble d'entraînement tracteur comprend une chaîne continue et
une pluralité de patins adaptés pour entraîner le câble, qui sont fixés à la chaîne.

7. Appareil selon la revendication 6, dans lequel l'ensemble d'entraînement comprend un vérin hydraulique qui main-
tient les ensembles d'entraînement tracteurs espacés les uns des autres d'une certaine distance.

8. Appareil selon la revendication 6, dans lequel l'ensemble d'entraînement comprend un moteur hydraulique adapté
pour entraîner chaque ensemble d'entraînement tracteur.

9. Appareil selon la revendication 8, dans lequel l'ensemble d'entraînement comprend un vérin hydraulique qui main-
tient les ensembles d'entraînement tracteurs espacés les uns des autres d'une certaine distance.

10. procédé permettant d'installer un câble (22) dans un tube (26) comprenant l'étape consistant à .

fournir un ensemble d'entraïnement (40) comprenant un organe d'entraînement mobile (60) adapté pour ap-
pliquer sur le câble une force de serrage normale qui, lorsqu'elle est associée au mouvement de l'organe
d'entraînement, se transforme en une force de friction longitudinale capable de déplacer le câble dans une
direction vers l'avant.
le procédé étant caractérisé en outre par les étapes suivantes consistant à :

générer un premier signal indiquant le mouvement de l'organe d'entraînement ;
générer un deuxième signal indiquant le mouvement du câble, dans lequel le mouvement du câble et
celui de l'organe d'entraînement peuvent être différents l'un de l'autre, en particulier lorsque le câble, en
avançant, rencontre une certaine résistance résultant du glissement de l'organe d'entraînement par rap-
port au câble ;
comparer le premier et le deuxième signaux sur une période de temps donnée ; et
générer un signal d'arrêt de l'ensemble d'entraînement si la différence de vitesse relative entre l'organe
d'entraînement et le cable dépasse une valeur prédéterminée.

11. Procédé selon la revendication 10, comprenant en outre les étapes consistant à pourvoir le câble d'un missile
hermétiquement engagé avec une paroi interne du tube, et à appliquer une certaine pression d'air sur le missile
de façon à générer une force de traction sur le câble.

12. Procédé selon la revendication 10, comprenant en outre l'étape consistant a générer un signal d'arrêt de l'ensemble
d'entraînement si le deuxième signal indique que la vitesse du câble se situe en dessus d'une valeur de seuil
maximale prédéterminée, ou si la vitesse du câble se situe en dessous d'une valeur de seuil maximale prédéter-
minée.
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