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of a duct as distance from the previous drive unit increases, it is
generally necessary to include drive The present invention relates to a
control      wheels, or other means to provide forward thrust, in method
and apparatus.                              each drive unit to overcome the
resistive forces Apparatus and a method for installing optical   5   due to
the pressure gradient in the drive unit. fibres in ducts, using the fluid
drag of a gaseous      The present invention provides apparatus for medium
such as air to propel the fibre, are de -   controlling longitudinal
propulsive forces on a scribed   in   European   Patent  Application
flexible transmission line member being moved No.83306636.8 (EP - A - 108
590).                  through a passageway, the apparatus comprising: In
order to overcome the initial pressure gra-   10  means defining the
passageway, through which dient, some means such as the constant torque
the transmission line member is moved by said driving mechanism described
in the above ap-       forces, said passageway comprising means for
plication is used.                                 causing the transmission
line member to follow a The present applicants have now found that
predetermined curved path within the passageway, controlling the thrust on
a member such as an   15    sensing means at one or more locations in the
optical fibre member, being inserted into a tubular  passageway for
identifying lateral deviation of the pathway is advantageous, and
surprisingly simple   transmission line member from said predetermined
control means can be very effective in improving   curved path within the
passageway, and operation.
control means responsive to the sensing The control method and apparatus of
the   20   means for adjusting said longitudinal propulsive present
invention are particularly (but not exclu -  forces in response to data
from the sensing means sively) suitable for use in fibre blowing. Only a
brief  in such a manner that the occurrence of significant description of
fibre blowing is given here, and for a  deviations of the transmission line
member from fuller treatment, the patent application mentioned  said
predetermined curved path is minimised. above should be referred to. The
invention may   25   In one embodiment, the passageway is curved. also be
used in the installation of other members  In this case undesirable
compressive force on the such as cables including wires and/or fibres.
transmission line member causes it to buckle to- Fibre blowing is a new and
advantageous         wards a point on the outer side of the curve, and
method for installing optical fibre transmission   the sensor is located to
detect the presence of the lines. A bundle of optical fibres is propelled
along a   30  line at or near that point. It is very important to duct by
the fluid drag of compressed air which is  avoid buckling of a fibre member
during fibre fed into the duct. For the forces on the bundle of  blowing,
as this can cause expensive damage for fibres to be adequate, the flow
velocity of the air  the blowing unit. The invention can provide a very has
to be much higher than the intended speed of   simple way of detecting when
compressive forces the fibre bundle. Typically, the inner diameter of  35
are so high that buckling may occur, and taking the duct is 6mm, the outer
diameter of the fibre   preventive action to reduce the speed of the fibre
bundle is 2mm, its weight is 2 to [err] and the    member. pressure 150 psi
(approx. 106 Pa). Suitable material  Within the context of this
specification 'curve' for both the duct and the fibre packaging is poly -
is to be construed to include angled or sharp ethylene, having a
coefficient of friction of around   40  bends as well as progressive bends.
0.5.                                                   Additionally or
alternatively tensile force on the There is a steep pressure gradient where
the   transmission line member causing it to move the fibre bundle first
enters a pressurised area. To   inner side of the passageway may be
detected, assist the bundle at this point, drive wheels are  and a sensor
is located to detect the presence of incorporated in the drive unit, driven
at a torque   45  the fibre member at or near that side. Again, po - just
sufficient to overcome the opposing force re -  tential damage can be
avoided. sisting entry of the bundle. Then pressurised air     In an
alternative embodiment the passageway fed into the front end of the drive
unit flows into the  itself is straight and deflectors are provided so that
duct, its fluid drag force carrying the fibre bundle  undesirable forces on
the member cause it to with it.                                      50
move towards a sensor. Depending on the precise dimensions, materi -
Additionally, the control means is desirably als, pressures and so on used
for fibre blowing,   adapted to decrease the propulsion force on the
insertion of a fibre bundle into a considerable    transmission line member
in response to data from length of duct may be achieved. For example, with
the sensor indicating a buckle in the member and a single drive unit,
fibres may easily be installed   55  to increase the propulsion force in
response to data over 600 metres. For longer lengths, two or more
indicating the absence of a buckle. This ensures drive units spaced, say,
6OOm apart, may be pro -  that not only is damage to fibre or other compo -
vided. Due to the fall in pressure along the length  nents avoided, but the
propulsion force is not al - 2    



3                 EP 0 253 636 B1                   4 lowed to drop too
low, which would reduce the     more reliably than using the apparatus
described in speed of the transmission line. In fact, in practice  the
above -mentioned European Patent Applica- - the speed can be kept closed to
the optimum for   tion. fast and effective operation.
Blowing head, or drive unit, 13 is not illustrated The invention also
provides a system for in-    5   or described in detail here as a fuller
description of stalling a transmission line having control apparatus  a
similar head can be found in European Patent as specified above.
Application No. 83306636.8 (see Figure 7). Unit 13 Additionally, a method
is provided for control -  is one of a series of blowing units downstream
ling the propulsive force on a flexible transmission  from an initial unit
(not shown) where fibre bundle line member moving through a passageway, com
-   l0  25 is first introduced. The fibre bundle is a poly - prising
obtaining information on the presence or  ethylene envelope containing
several optical fibres, absence of the transmission line member at one or
and weighing approximately [err]. The duct does more location in the
passageway, transmitting data  not extend through the unit 13 but portions
11, 11' related thereto and varying the propulsive force on  are connected
with the aid of airtight seals to the the transmission line member in
dependence on   15  entrance and exit sides, respectively, of the unit 13.
said data.                                        Fibre bundle 25 passes
from duct 11 into unit 13 The invention will now be described, by way of
via a seal preventing backflow of air and then example, with reference to
the accompanying       passes between a pair of drive wheels imparting
drawings in which:                                forward thrust to the
bundle. There is a down - Figure 1 is a diagrammatic view of apparatus  20
stream supply of air at 150 psi, which carries the according to an
embodiment of the present in -  bundle out into the second portion of duct
11'. vention;                                           Detector 15 is
positioned a short distance up - Figure 2 is an exploded, perspective view,
of a  stream of unit 13. One embodiment of detector 15 detector shown in
Figure 1;                    is shown in greater detail in Figures 2 to 4,
and Figures 3 and 4 are side and front elevations,  25  comprises a block
31, with cover 33 connected to respectively, of the same detector;
the block by screws 35. The block has two chan - Figure 5 is a schematic
view in section of the  nels, at right angles to one another, in its
surface detector with a piece of duct, showing two pos -  37 which mates
with the cover. Channel 39 forms, sible transmission line configurations;
with the cover 33, a cylindrical socket to receive Figure 6 is a block
diagram of the control circuit  30  plug 41 (described below). This channel
bisects the of Figure 1;                                   second channel
43, which is adapted to hold the Figure 7 is a schematic view of an
alternative  duct 11 so that the portion in the block forms an embodiment
of the detector;                    arc of a circle, in the plane of
surface 37, of radius Figure 8 is a schematic view of another em-
approximately 100mm. The length of the block is bodiment of the detector;
35  approximately 60mm. Figure 9 is a schematic view showing a further
Plug 41 is a device carrying an optical sensor. embodiment of the detector;
and                It has a bifurcated lower end 43 (as seen in Figure
Figure 10 is a schematic view showing a further  2) to straddle duct 11,
and grooves 45, 47 which embodiment of the detector.
locate an LED 49 and an optical receiver 51 di - Referring to Figure 1,
this shows two portions  40  rectly in line with one another on opposite
sides of 11, 11' of duct upstream and downstream respec -  the duct. Light
from the LED passes to the receiver tively of a blowing head 13. The duct
passes      through duct 11 close to its lowermost side as seen through two
detectors 15 and 17, which are con -  in Figure 1 (ie near the inner side
of the curve). nected via lines 19 and 21, respectively, to a    Any
suitable components may be used, eg Radio control circuit 23 which operates
to vary the speed   45  Spares Slotted Opto Schmitt Switch 304-560, of a
motor (not shown) in the blowing head ac -   which has an LED transmitting
in the infra- red at cording to signals received from the two detectors
900nm. The material of the duct 11, 11' is poly - 15, 17. Detector 15 is
positioned to detect exces-  ethylene BPD 246 tube with a PZ145 additive,
sive tension and detector 17 to detect excessive  obtainable from Griflex
Limited of Clwyd, which is compression forces acting on a transmission line
50  transparent at 900nm. Fibre bundle 25 is opaque to member 25, which may
typically comprise a bun -   the infra - red beam. die of optical fibres,
with or without accompanying  Detector 17 is located on the downstream side
electrical conductors, encased in a low density   of unit 13 and is of
similar construction to detector coating, as it is propelled through ducts
11, 11'.  15, except the LED 49' and receiver are located When either or
both of these forces rise too high,  55  close to the uppermost side of
duct 11' as seen in then the speed of the motor is reduced, and once
Figure 1, ie near the outer side of the arc. the forces have fallen, the
motor is speeded up      Signals from the optical receivers of detectors
again. Fibre blowing can occur much faster and    15 and 17 are transmitted
via lines 19, 21 to 3    



5                 EP 0 253 636 B1                    6 detector logic 55 of
control circuit 23 (see Figure  100mm radius has been found suitable for
both of 6), which operates as described below.             these purposes,
for a duct of inner diameter 6mm The operation of the apparatus will now be
and a fibre bundle of [err] and 2mm outer di- described. Transmission line
25 is propelled along  ameter. duct 11 by the fluid drag of air under
pressure   5    Various different types of detectors may be introduced at
the previous blowing unit (not        utilised in place of the curved track
optical sensor shown). The fluid drag produces a uniformly dis-   type
detector described above. For example, the tributed pulling force on the
fibre bundle, advancing  optical sensor may be replaced by a mechanical it
through detector 15 to blowing unit 13. The     device such as a biased
plunger or a trigger wire detector 15 acts to detect excessive tension in
the   10  and the curved track may be replaced by an an - fibre bundle. Too
much tension is to be avoided as  gled portion of track or by deflectors
within a track it can cause microbending and put the fibres in the  (that
may be straight or curved) creating a laterally bundle under too much
strain, which may damage     deflected portion of fibre bundle that tends
to de - them.                                              flect to a
greater or lesser extent dependent upon Block 31 introduces a bend in the
duct, which   is  whether it is subjected to compression or tension. will
generally be tighter than other bends in the      Referring now to Figure
6, control circuit 23 is duct (except in other detectors). If the forward-
provided to vary the speed of the motor driving the acting forces on the
fibre bundle downstream of    wheels in unit 13 depending on the signals
re- the detector 15 (ie the combined forces from the   ceived from
detectors 15, 17. In use, light from drive wheels and fluid drag) are
greater than the   20   LEDs 49, 49' is detected by the corresponding
upstream  forces, then the fibre bundle will be    receivers unless the
beam is interrupted by the placed under tension and the fibre will be
pulled to  movement of the fibre bundle to the appropriate the inner side
of the curve, as indicated by the   side of the duct. dotted line 57 in
Figure 5, and will contact the side  The presence of a signal on lines 19,
21 is of the duct close to the mid -point along the length  25  designated
by a binary one and the absence of a of the curve. This is where the
infra-red beam     signal is designated by a binary zero by detector
transmitted by LED 49 passes through the tube.     logic 55. Logic 55
comprises an AND gate, so if The fibre bundle interrupts the beam  and the
the fibre bundle is interrupting the beam of either speed of the motor
driving the wheels is reduced   LED 49, 49', then a binary zero is
transmitted by (by means of circuit 23 as described below).  30  logic 55.
Signals from detector logic 55 are clocked After emerging from unit 13 into
duct 11', the  into an 8 bit up-down binary counter 59 which fibre bundle
passes through detector 17, which     counts 'up' for a binary one and
'down' for binary detects any undesired compression forces acting    zero.
8 bit words are subsequently clocked onto on the fibre. Ideally, the fibre
bundle should be  line 61 to 8-bit D to A converter 63. The signals kept to
some degree, but not excessively, under  35  on line 61 are also
transmitted to detectors 65 and tension at all times. Compressive forces,
intro-   67 which detect strings, respectively, of all zeros duced if the
feed is too fast, can cause the fibre  and all ones. Either of these
conditions disables bundle to buckle. This halts the blowing process
further clocking onto line 61 until there is a change and can damage the
blowing unit, and it is there -  in the up/down counter, whereupon the
clock is fore important to avoid buckling.             40  re - enabled. On
an all - ones signal, the analogue The dimensions of block 31 and the
radius of    signal from D to A converter 63 operates a pulse curvature of
channel 43 are chosen so that a fibre  width modulation controller 65 for
the motor so that bundle under compressive forces which are unac -   the
maximum permissible pulse width for the motor ceptably high for safe and
smooth running of the   is adopted. Similarly, an all zeros signal causes
the fibre blowing is caused to buckle within channel 43.  45  pulse width
to be reduced to zero. Intermediate The path taken by the fibre bundle is
indicated by  signals, out of the 256 possibilities, result in cor- broken
line 57'. Note that midway along the chan -  responding intermediate pulse
widths. nel 43, the fibre bundle contacts the outer side of    The clock
rate selected is 1000Hz, so the the curve. The optical transmitter and
detector are  changes in the speed of the motor occur very positioned on
opposite sides of this region, so that  so  rapidly. If the fibre is
travelling along the centre of interruption of the beam indicates the
presence of  the duct, there will be an all ones signal and the a buckle.
motor will be speeded up. Very quickly, at least Similar considerations
apply to the selection of  one of the infra- red beams will be interrupted
and a curve for detecting excessive tensile forces.    binary zeros will be
input to counter 59. This will Ideally, a diameter can be selected so that
the fibre  55  cause the motor to slow down a little, and its rate bundle
moves to the inner or outer side of the     of deceleration will increase
as long as one of the curve, respectively, if the tension on the bundle is
beams remains interrupted. At some point, the too high or the compression
force too great. A     motor speed will have reduced sufficiently for both
4    



7                EP 0 253 636 B1                    8 beams to be detected,
and the motor will begin to  pends upon the stiffness of the bundle 25.
speed  up  again. This  behaviour continues          In the event of
tension on the bundle 25, then throughout the whole of the blowing process,
with  the line tends to move towards the inner radius of the fibre bundle
continually moving just into and  the curve and presses against bearing 77
which just out of the line of the infra- red beams, as the   5   causes a
tension signal to be generated, which motor speed rises and falls, thus
increasing and  causes an increase in propulsive force on the reducing the
thrust on the bundle. In normal op-  bundle. eration the voltage may remain
within the range      In some installations the bundle may not be fed 155V,
with 24V DC being the maximum rated       from a motorised reel or drive
wheels but may be voltage for the motor. This keeps the fibre moving   10
fed in freely or be fed from the output of an earlier as fast as possible,
with just below the maximum  blown installation. In this instance a
positive tension acceptable tension and compressive forces before
measurement can be reduced by lowering the and after the blowing unit.
Thus, as compared with  pressure of the blowing head, and the signal from
the apparatus described in European Patent Ap -   the transducer may be
used to adjust the pressure. plication No. 83306636.8, fibre blowing can
take  15  In addition to the monitoring and adjustment place more rapidly,
and the process is less likely to  enabled by the transistor output, a cut
out switch be disrupted due to buckling of the fibre bundle.  may be
provided to close down the blowing pro - The time taken to insert 600m of
2mm fibre bundle  cedure in the event that the tension reaches too into a
6mm duct using the apparatus described     great a level. Such a switching
device may be above is typically 22 minutes.               20  placed in
the transducer circuit and be operated at Figure 7 illustrates a mechanical
type of sensor  a threshold signal level, but it is preferred to utilise
located in a curved track. This particular detector is  an independent
mechanical circuit breaker. For this capable of sensing both tension and
compression,  purpose the bearing 77 is biased radially (with although in
fact it is necessary to sense only ten -  respect to the curve of the
channel 73) towards the sion or compression. A fibre bundle 25 from a drive
25  bundle 25. This bias may be provided by a spring. head (not shown) is
fed into an upstream portion  A switch 80 is mounted at the inner edge of
chan - 72 of duct that connects with a curved channel 73  nel 73 where it
is operated by the bearing 77 in the that in turn connects to a downstream
portion of  event of the tension in bundle 25 being sufficient to duct 74.
The curved channel 73 may be formed by   overcome the bias and urge the
bearing onto the a mechanical groove in a brass block and the   30  switch.
The bias is selected so that the bearing radius of the curve is set to be
greater than the  operates the switch when the tension reaches a minimum
bend radius for the line and preferably at  predetermined maximum safe
limit for the line. the natural set radius of the line. At the ends of the
When operated the switch closes down the blowing channel the bundle 25
passes through bearings 75  operation by breaking the compressor circuit
and which are mounted to absorb spurious lateral and   35  may also be
arranged to break any motorised feed vertical movement of the line 25. In
the central  circuit. region of the channel the bundle passes through a
In the event that a longitudinally compressive further set of bearings 76
and 77, two bearings 76  force is exerted on the bundle within the channel
being on the radially outer side of line 1 as it  73, the bundle will move
to the radially outward passes around the curved channel and a single  40
side of the curve and will operate against bearings bearing 77 being on the
inner side of the curve.  76 in an analogous way to that described for The
configuration of the bearings 76 and 77 may   bearing 77. A signal is
generated causing the mo - be reversed or the number of bearings changed,
tor to slow down. but it is generally preferred to have at least three
Figure 8 illustrates a T connection piece de - bearings for stability. Each
set of the bearings 76   45  tector in which a mechanical sensor is located
in a and 77 is connected to a sensor 79, such as a     T -piece. Depending
upon whether the leg of the T piezo-electric transducer or a strain gauge
to   is on the inside or outside of the angular deflection convert any
incremental movement into electrical  of the package the detector will
monitor for tension signals which are then amplified by a charge am -  or
compression. The duct connected to the T Piece plifier 78 and used to
control the motor (not shown)  50   may be held within a jig that enables
the flexible that feeds the fibre bundle into the duct which may  duct to
be bent through different angles and be a motor for drive wheels within a
blowing head  curves. Once installation is completed the T piece or a motor
for a motorised reel for non driven    can be removed and the duct ends
connected. The installations. Optionally (for all embodiments of  plunger
device comprises a plunger 90 biased by a detector) the signals may also be
fed to a chart  55  spring 91. When a transmission line impinges on
recorder 81 to provide a tension versus time or   the plunger this movement
of the plunger interrupts distance plot of the installation process,
although  an optical beam at its other end in response to a the accuracy of
compression measurement de-       predetermined pressure (movement). The
spring 5    



9                EP 0 253 636 B1                    10 can be adjusted to
vary the sensitivity of the       Instead of a series of blowing units,
there may plunger, and its projection into the duct may also  be only a
single one. In this case, it may be found be varied to adjust the interrupt
threshold. The  adequate to have a single detector with an optical forces
on the transmission line are adjusted as   sensor located on the outer side
of the arc of a before to correct for excessive tension or com -    5
curved duct to detect buckling of the bundle as it pression.
leaves the blowing unit, ie to include a detector 17, In some instances it
is convenient for the de -  which the duct passes through a short distance
tectors to be within the blowing head housing in a  downstream of the
blowing unit. The detector 17 combined assembly. This may be done for all
the   may alternatively include two sensors, one near the detectors
described.                         10  inner and one near the outer side of
the curve, to Figure 9 illustrates a trigger bar type of detec -  detect
both tension and compression in the fibre tor. A sloping channel 191 is
formed within a    bundle leaving the blowing unit. High tension would
blowing head. Fibre bundle 25 advances under first  be indicative of too
low a thrust on the bundle; thus wire or bar 92, then upwards within the
channel   interruption of the beam of the LED on the inner and under second
bar 92'. Excessive tension   15  side of the curve would be interpreted by
the causes the bundle 25 to touch bar 92, and exces -  control circuit as
requiring an increase in motor sive compression causes movement towards bar
speed. 92'. Both bars are pivoted at one end 93 and         Some or all of
the detectors in a blowing sys- movement is sensed at the other end 94 by
an      tem may be provided with two or more sensors to optical device 95.
20  detect various configurations of the fibre bundle. Figure 10
schematically illustrates a combined  For example, a sensor may be placed
to detect the assembly that incorporates mechanical sensors     presence of
the bundle at the optimum location in and deflectors for creating lateral
displacement of  the duct, which would maintain the motor speed the fibre
bundle 25. The bundle enters the head   constant as long as the bundle
remained at the from the left of the Figure. The right hand detector  25
optimum position. 97 is a buckle detector and the plunger end 98 of    In
the above example, the control circuit varies the sensor is spaced away
from the fibre package  the speed of a motor which drives wheels in the 25.
In close proximity to the plunger (as shown,  blowing unit, which engage
and impart thrust to the shortly before the plunger in terms of direction
of  fibre bundle. The circuit and blowing head may be travel of the fibre
bundle) a deflector 96 or baffle  30  modified to provide some alternative
means of displaces the line laterally towards the detector. In  varying the
thrust on the bundle. the event of buckling, the fibre bundle will tend to
Suitable dimensions for the detector, and the continue to deflect or bow in
the same direction  radius of curvature which it imposes on the duct, and
press against the plunger sensor 98. The      may readily be selected by
experiment. Radii in height of the baffle and/or the projection of the   35
the range 75 to 300mm will be suitable for many plunger into the passageway
enables sensitivity  fibre blowing systems. Ideally, the curve is tighter
adjustment. A tension detection mechanism 101    than any elsewhere in the
system. The curve cho - has a deflector 103 spaced a small distance
sen need not take the form of an arc of a circle, but downstream from the
plunger, the fibre bundle     will need to be tailored to cause buckling
when following a slightly upward path (as viewed) from   40  unacceptable
compressive forces arise. The pre - seal 105 to the deflector 103, with the
plunger 107  cise positions of the sensors may easily be varied just out of
contact with the bundle. In the event of  and one or more sensors may be
provided for each tension the fibre bundle is pulled taught so that it
detector. The effect on the pwm motor control 65 comes into contact with
the plunger 107.          may be observed using an oscilloscope and any A
modification to the arrangement shown in  45  desirable changes to clock
rate or sensor position Figure 10 is for the deflectors to be passive, that
is  made. not disturbing the normal route of the fibre bundle  In some
blowing systems it may only be nec - but serving to determine its route
under tension or  essary to sense for buckling or tension. compression.
Thus the deflector in the buckle de -   As well as the use described for
controlling the tecting system may comprise an insert that merely  50
speed of fibre blowing, the control apparatus may prevents the fibre from
bowing away from the      also be used, for example, to control the speed
of sensor and thus may comprise a restriction to the  reeling of fibre.
duct in the proximity of the sensor. For tension     Generally it is
advantageous to have a buckle monitoring the plunger may be in actual
contact   detector a short distance downstream of the drive with the fibre
bundle and function to detect the  55   means of a blowing head (which may
be wheels or increase in pressure due to the fibre bundle pulling  some
other means of applying propulsive force taught between two points.
such as compressed air). In this case, a signal indicating an excessive
compression force from the 6    



11                EP 0 253 636 B1                    12 drive means results
in a reduction of that force.  5. Apparatus as claimed in claim 4, wherein
the Also, there is advantageously a tension-detector       passageway is
curved so that undesirable upstream  of the drive means, and detection of
compressive force on the transmission line excessive force also results in
a reduction of the     member causes it to buckle towards a point on speed
of the drive motor, or variation to reduce the   5  the outer side of the
curve, and the sensing force on the transmission line. In addition (or al-
means is located to detect the presence of the ternatively) it is possible
to provide a downstream    transmission line member at or near that side.
tension detector and an upstream buckle detector. Each of these is arranged
to send a signal to      6. Apparatus as claimed in claim 4 wherein the
trigger an increase in drive speed or other propul -   10  passageway is
curved so that undesirable sive force on the transmission line if excess
force    tensile force on the transmission line member is detected.
causes it to move towards the inner side of the curve, and the sensing
means is located to Claims
detect the presence of the transmission line 15      member at or near that
side. 1. Apparatus for controlling longitudinal propul - sive forces on a
flexible transmission line     7. Apparatus as claimed in any preceding
claim member (25) being moved through a pas -            wherein the
sensing means comprise an op - sageway (43,73), the apparatus comprising:
tical transmitter and receiver, located on op - means defining the
passageway (43, 73),  20     posite sides of the passageway for detecting
through which the transmission line member         the position of the
transmission line. (25) is moved by said forces, said passageway comprising
means (31, 75, 96, 103) for causing  8. Apparatus according to any of
claims 1 to 6 in the transmission line member to follow a pre -     which
the sensing means comprise a dis- determined curved path within the
passage-   25    placement member that is arranged to be way,
displaced by the transmission line when the sensing means (49, 79, 90) at
one or more       lateral deviation of the transmission line ex- locations
in the passageway (43, 73) for iden -    ceeds a predetermined value.
tifying lateral deviation of the transmission line member from said
predetermined curved path  30  9. Apparatus as claimed in any preceding
claim, within the passageway, and                         wherein the
sensing means are located to de - control means (23) responsive to the
tect the presence or absence of the transmis - sensing means (49, 79, 90)
for adjusting said      sion line member at a plurality of locations.
longitudinal propulsive forces in response to data from the sensing means
in such a manner  35  10. Apparatus as claimed in any preceding claim that
the occurrence of significant deviations of   where the passageway is
curved where the or the transmission line member from said pre -       each
curve is the arc of a circle of radius determined curved path is minimised.
between 75 and 300mm, and the sensing means are disposed at or near the
midpoint 2. Apparatus according to claim 1, in which said  40   along the
length of the or each curve. means for causing the transmission line member
to follow a predetermined path com -    11. Apparatus according to any
preceding claim in prises a curve in the passageway.                  which
the transmission line comprises one or more optical fibres. 3. Apparatus
according to claim 2 in which the   45 sensing means are located at the
outer and/or   12. A transmission line blowing system including inner side
of the curve.                           at least one control apparatus as
claimed in any preceding claim, the system comprising 4. Apparatus
according to claim 1 in which the         one or more blowing units
supplied with a means for causing  the transmission  line  50      gaseous
medium for propelling a lightweight member to follow a predetermined path
com -        and flexible transmission line member along a prises a
deflector (96, 103) located to direct     tubular pathway (11, 11'), the or
each blowing the transmission line member towards the           unit
comprising propelling means to provide a sensing means in the event of
undesirable          propulsive force to said member, the control
compressive or tensile forces on the fibre  55     means of said control
apparatus in use ad - member.
justing said propulsive force in dependence on data from said sensing
means. 7    11                EP 0 253 636 B1                    12 



drive means results in a reduction of that force.  5.  Apparatus as claimed
in claim 4, wherein the Also, there is advantageously a tension - detector
passageway is curved so that undesirable upstream  of the drive means, and
detection of         compressive force on the transmission line excessive
force also results in a reduction of the     member causes it to buckle
towards a point on speed of the drive motor, or variation to reduce the   5
the outer side of the curve, and the sensing force on the transmission
line. In addition (or al-    means is located to detect the presence of the
ternatively) it is possible to provide a downstream   transmission line
member at or near that side. tension detector and an upstream buckle
detector. Each of these is arranged to send a signal to      6. Apparatus
as claimed in claim 4 wherein the trigger an increase in drive speed or
other propul -   10  passageway is curved so that undesirable sive force on
the transmission line if excess force    tensile force on the transmission
line member is detected.                                           causes
it to move towards the inner side of the curve, and the sensing means is
located to Claims                                                 detect
the presence of the transmission line 15      member at or near that side.
1. Apparatus for controlling longitudinal propul - sive forces on a
flexible transmission line     7. Apparatus as claimed in any preceding
claim member (25) being moved through a pas -            wherein the
sensing means comprise an op - sageway (43,73), the apparatus comprising:
tical transmitter and receiver, located on op - means defining the
passageway (43, 73),  20     posite sides of the passageway for detecting
through which the transmission line member         the position of the
transmission line. (25) is moved by said forces, said passageway comprising
means (31, 75, 96, 103) for causing  8.  Apparatus according to any of
claims 1 to 6 in the transmission line member to follow a pre -     which
the sensing means comprise a dis- determined curved path within the
passage-   25    placement member that is arranged to be way,
displaced by the transmission line when the sensing means (49, 79, 90) at
one or more       lateral deviation of the transmission line ex- locations
in the passageway (43, 73) for iden -    ceeds a predetermined value.
tifying lateral deviation of the transmission line member from said
predetermined curved path  30  9. Apparatus as claimed in any preceding
claim, within the passageway, and                         wherein the
sensing means are located to de - control means (23) responsive to the
tect the presence or absence of the transmis - sensing means (49, 79, 90)
for adjusting said      sion line member at a plurality of locations.
longitudinal propulsive forces in response to data from the sensing means
in such a manner  35  10. Apparatus as claimed in any preceding claim that
the occurrence of significant deviations of   where the passageway is
curved where the or the transmission line member from said pre -       each
curve is the arc of a circle of radius determined curved path is minimised.
between 75 and 300mm, and the sensing means are disposed at or near the
midpoint 2. Apparatus according to claim 1, in which said  40   along the
length of the or each curve. means for causing the transmission line member
to follow a predetermined path com -     11. Apparatus according to any
preceding claim in prises a curve in the passageway.                  which
the transmission line comprises one or more optical fibres. 3. Apparatus
according to claim 2 in which the   45 sensing means are located at the
outer and/or   12. A transmission line blowing system including inner side
of the curve.                           at least one control apparatus as
claimed in any preceding claim, the system comprising 4. Apparatus
according to claim 1 in which the         one or more blowing units
supplied with a means for causing the transmission  line   50      gaseous
medium for propelling a lightweight member to follow a predetermined path
com -        and flexible transmission line member along a prises a
deflector (96, 103) located to direct     tubular pathway (11, 11'), the or
each blowing the transmission line member towards the           unit
comprising propelling means to provide a sensing means in the event of
undesirable          propulsive force to said member, the control
compressive or tensile forces on the fibre  55      means of said control
apparatus in use ad - member.
justing said propulsive force in dependence on data from said sensing
means. 7    13                EP 0 253 636 B1                    14 13. A
transmission line blowing system as claimed     aufweist: 



in claim 12 having sensing means downstream        Einrichtungen, die den
Durchgang (43, 73) of the or each blowing unit.
festlegen, durch die das Obertragungslei - tungselement (25) durch die
Krafte bewegt 14. A transmission line blowing system as claimed   5  wird,
wobel der Durchgang Einrichtungen (31, in claim 12 or 13 having a first
blowing unit       75, 96, 103) aufweist, um das Obertragungs- and one or
more subsequent units, wherein         leitungselement zu veranlassen,
einem vorbe - sensing means are located upstream of the or       stimmten
gekrUmmten Weg innerhalb des each of said subsequent units.
Durchgangs zu folgen, 10      F~hleinrichtungen (49, 79, 90) an einer oder
15. A transmission line blowing system as claimed     mehreren Stellen in
dem Durchgang (43, 73) in claim 14 wherein the sensing means up -
zum Identifizieren einer seitlichen Abweichung stream and downstream of a
blowing unit are        des Obertragungsleitungselements von dem adapted to
send data to common control             vorbestimmten gekrUmmten Weg
innerhalb means which is adapted to respond to detec -   15  des Durchgangs
und tion of the presence of a transmission line        eine
Steuereinrichtung (23), die auf die FUh - member by either sensing means to
reduce           einrichtungen (49, 79, 90) antwortet, zum Ein - the
propulsive force on the member.               stellen der liangsgerichteten
Vortriebskrifte als Antwort auf Daten von den FOhleinrichtungen 16. A
transmission line blowing system as claimed   20  in einer derartigen
Weise, daB das Auftreten in any one of the claims 12 to 15 wherein the
von signifikanten Abweichungen des Obertra- blowing unit includes a motor
to impart pro-       gungsleitungselements von dem vorbestimm - pulsion
force to the member and the control       ten gekrlmmten Weg minimiert
wird. means is adapted to vary the speed of the motor.
25  2. Gerat gemaB Anspruch 1, in dem die Einrich - tungen, die das
Obertragungsleitungselement 17. A method of controlling the propulsive
force on   veranlassen, einem  vorbestimmten Weg zu a flexible transmission
line member (25) mov -     folgen, in dem Durchgang eine Kurve aufweist.
ing through a curved passageway, comprising passing the transmission line
member through   30  3. Gerat gemaB Anspruch 2, in dem die Fhl - a portion
of the passageway where the mem -        einrichtungen an der AuBeren
und/oder inneren ber is caused to deviate from a predetermined      Seite
der Kurve angeordnet sind. path if acted upon by undesirable forces,
sensing the deviation of the transmission line  4. Gernt gemaB Anspruch 1,
in dem die Einrich - from a predetermined path, at one or more  35
tungen, die das Obertragungsleitungselement locations in said portion,
which occurs if un -   veranlassen, einem  vorbestimmten Weg zu desirable
tensile or compressive force acts on     folgen, einen Ablenker (96, 103)
aufweist, der the transmission line, transmitting data related   angeordnet
ist, um das Obertragungsleitungs- zd  thereto, and adjusting the propulsive
force on     element in Richtung auf die FOhleinrichtungen the transmission
line member in dependence   40    zu lenken, im Falle unerwanschter Druck-
on said data.                                      oder Zugkrafte auf das
Faserelement. 18. A method of advancing a lightweight and       5. Gerat
gemiaB Anspruch 4, wobei der Durch - flexible transmission line member
along a          gang gekrUmmt ist, so daB eine unerwUnschte pathway (11,
11') comprising imparting pro -   45  Druckkraft auf das
Obertragungsleitungsele - pulsive force to the transmission line member
ment dieses veranlaBt, sich in Richtung auf and subsequently propelling the
member by          einen Punkt an der AuBenseite der Kurve zu means of
fluid drag of a gaseous medium            beugen, und wobei die
Fahleinrichtungen an- passed through the pathway (11, 11') and
geordnet sind, urn die Anwesenheit des Ober - controlling the propulsive
force on the member  50  tragungsleitungselements bei oder nahe dieser
according to the method of claim 17.               Seite zu erfassen.
Patentanspriiche                                  6.  Gerat gemaB Anspruch
4, wobei der Durch - gang gekrammt ist, so daB eine unerwtnschte 1. Gerit
zum  Steuern llngsgerichteter Vor-   55      Zugkraft auf das
Obertragungsleitungselement triebskrAfte an einem flexiblen Obertragungs-
dieses veranlaft, sich in Richtung der Innen - leitungselement (25), daB
durch einen Durch-      seite der Kurve zu bewegen, und wobel die gang (43,
73) bewegt wird, wobei das Gerat         FUhleinrichtungen angeordnet sind,
um  die 8 *   C    L   M   S    *    15                EP0253636B1
16 Anwesenheit des Obertragungsleitungsele -          und einer oder
mehrerer nachfolgender Ein - ments be! oder nahe dieser Seite zu erfassen.
heiten, wobel die FUhleinrchtungen der oder 



jeder der nachfolgenden Einheiten vorge - 7. Gerat gemaB irgendeinem der
vorhergehenden         schaltet sind. AnsprUche, wobei die
FUhleinrichtungen einen   6 optischen Sender und Empffinger aufweisen,
15. Obertragungsleitungsblassystem  gemrl3 An- die  an  gegen~berliegenden
Seiten  des          spruch 14, worin die FUhleinrichtungen, die Durchgangs
angeordnet sind zum Erfassen der       einer Blaseinheit vorgeschaltet und
nachge- Position der Obertragungsleitung.                 schaltet sind,
angepaBt sind, um Daten zu ei - 10      ner gemeinsamen Steuereinrichtung
zu sen- &  Gerit gemAB irgendeinem der AnsprUche 1 bis        den, die
angepaBt ist, um auf die Erfassung 6, bei dem die FUhleinrichtungen ein
Ver-         der Anwesenheit eines Obertragungsleitungs- schiebungselement
aufweisen, welches ange -        elements durch eine der F~hleinrichtungen
zu ordnet ist, um durch die Obertragungsleitung       antworten, um die
Vortriebskraft auf das Ele- verschoben zu werden, wenn die seitliche   is
ment zu reduzieren. Abweichung des Obertragungselements einen vorbestimmten
Wart Oberschreitet.              16. Obertragungslaitungsblassystem  gema8
ir- gendeinem der AnsprOche 12 bis 15, worin die 9. Gerat gernaB
irgendeinem der vorhergehenden        Blaseinheit elnen Motor einschlielt,
um dem Ansprlche, wobei die F~hleinrichtungen an -   20   Element eine
Vortriebskraft zu verleihen, und geordnet sind, um die Anwesenheit oder Ab-
worin die Steuereinrichtung angepaflt ist, um wesenheit des
Obertragungsleitungselement an       die Geschwindigkeit des Motors zu
verandern. einer Vlelzahl von Stollen zu erfassen. 17. Verfahren zum Steuem
der Vortriebskraft auf 10. Ger~t gernaB irgendeinem der vorhergehenden   25
ein  flexibles  Obertragungsleitungselement AnsprUche, wobei der Durchgang
gekr~mmt            (25), das sich  durch  einen  gekrlrnmten ist, wo die
oder jede Kurve der Bogen eines        Durchgang bewegt, wobei das
Verfahren auf - Kreises vom Radius zwischen 75 und 300 mm         weist:
DurchfUhren des Obertragungsleitungs- ist, und wo die FUhleinrichtungen bei
oder         elements durch einen Abschnift des Durch- nahe des
Miftelpunkts entlang der Lange der  30    gangs, wo das Element veranlaft
wird, von oder jeder Kurve angeordnet sind.                  einem
vorbestimmten Wag abzuweichen, wenn unerwUnschte Krafte darauf wirken,
FOhlen der 11. Gerdt gemaB irgendeinem der vorhergehenden        Abweichung
der Obertragungsleitung von ei - Ansprache, in dem  die Obertragungsleitung
nem vorbestimmten Weg an einer oder meh - eine oder mehrere optische Fasern
aufweist.    35  rerer Stellen in dem  Abschnitt, die auftritt, wenn
unerwUnschte Zug - oder Druckkrafte 12. Obertragungsleitungsblassystem, das
wenig-        auf die Dbertragungsleitung wirken, Obertragen stens ein
Steuergerat nach irgendeinem der         darauf bezogener Daten und
Einstellen der vorhergehenden AnsprOche einschlieBt, wobei
Vortriebskraft auf das Obertragungsleitungs- das System eine oder mehrere
Blaseinheiten   40    element in Abhangigkeit der Daten. einschlieBt, die
mit einem gasformigen Medi- um  zurn Vortreiben eines leichtgewichmigen
18. Verfahren zum Vorschieben eines leichtge- und  flexiblen
Obertragungsleitungselements      wichtigen und flexiblen
Obertragungsleitungs- entlang eines rdhrenf6rmigen Durchgangs (11,
elements entlang eines Durchgangs (11, 11'), 11') versehen ist, wobei die
oder jede Blas-   45  das aufweist: Verleihen einer Vortriebskraft auf
einheit eine Vottriebseinrichtung aufweist, um     das
Obertragungsleitungselement und nach - eine Vortriebskraft auf das Element
bereit zu      folgend  Vortreiben  des  Elements  mittels stellen, wobei
die Steuereinrichtung des ver-      Fluidwiderstand eines gasformigen
Mediums, wendeten Steuergerats die Vortriebskraft in        das durch den
Durchgang (11, 11 ') gefUhrt Abhangigkeit von Daten von den FUhleinrich -
50  wird, und Steuern der Vortriebskraft auf das tungen anpaBt.
Element gemAB dem Verfahren von Anspruch 17. 13.
Obertragungsleitungsblassystem gemiaB An- spruch 12 mit FOhleinrichtungen,
die der oder  Revendlcatlons jeder Blaseinheit nachgeschaltet sind.    55
1. Appareil pour regler des forces propulsives 14.
Obertragungsleitungsblassystem  gemraS  An-      longitudinales exercees
sur un 6l6ment souple spruch 12 oder 13 mit einer ersten Blaseinheit     de
ligne de transmission (constituant ou faisant 9 ~      ~~~ ~~~ 1
RElliil  Sll ll Ill    17                EP 0 253 636 B1
18 partie d'une ligne de transmission) (25) qui est  plication d'une force
de traction inddsirable a deplace a travers un passage (43, 73), I'ap-
l'6elment de ligne de transmission provoque 



pareil comprenant:                                son deplacement vers le
c8t4 interieur de la un moyen definissant le passage (43, 73)      courbe,
et le moyen de detection est posi- a travers duquel l'element de ligne de
tran-   5  tionne pour detecter la presence de I'element K.4'   smission
(25) est deplace par lesdites forces,    de ligne de transmission sur ce
c8te ou pres ce passage comprenant un moyen (31, 75)           de ce c8te.
pour amener I'6l1ment de ligne de transmis - sion & suivre un trajet courbe
predetermine   7. Appareil selon l'une quelconque des revendi - dans le
passage,                          10      cations precedentes, dans loquel
les moyens un moyon de detection (49, 79, 90) prevu      de ddtoction
comprennent un emetteur et un a un ou plusieurs endroits dans le passage
recepteur optiques disposes sur des c8t6s (43, 73) pour d6tecter la
ddviation lat6rale de   opposes du passage pour detecter la position
l'el6ment de ligne de transmission par rapport    de la ligne de
transmission. a ce trajet courbe pr6determine dans le pas -   15 sage et
&  Appareil solon l'une quelconque des revendi - un moyen de reglage (23)
reagissant au        cations 1 a 6, dans lequel les moyons de moyen de
detection (49, 79, 90) pour ajuster      detection comprennent un organe
mobile les forces propulsives longitudinales en re-      agence pour Otre
deplace par la ligne de \,fy   ponse a des donnees fournies par le moyon
20   transmission lorsque la deviation laterale de la de detection, de
manibre quo l'apparition de      ligne de transmission depasse une valeur
deviations significatives de l'el6ment de ligne   predeterminee. de
transmission par rapport audit trajet courbe predetermine, soit reduite a
un minimum.      9. Appareil solon l'une quelconque des revendi- 25
cations prdcedentes, dans lequel les moyens 2. Appareil solon la
revendication 1, dans loquel    de detection sont positionnds pour d6tecter
la le moyen pour amener l'element de ligne de        presence ou l'absence
de l'6lement de ligne transmission a suivre un trajet pr6determin6      de
transmission a une pluralite d'endroits. comprend une courbe dans le
passage. 30  10. Appareil solon l'une quelconque des revendi - 3. Appareil
solon la revendication 2, dans lequel    cations precedentes, dans loquel
le passage les moyens de detection sont situes sur le        est courbe et
dans lequel la courbe ou chaque c8te exterieur et/ou le c8te interieur de
la      courbe correspond a un arc de corcle dont le courbe.
rayon est compris entre 75 ot 300 mm, les 3s      moyens de detection etant
places au milieu ou 4. Appareil solon la revendication 1, dans lequol
pras du milieu de la longueur de la courbe ou le moyen pour amener
I'element de ligne de        de chaque courbe. transmission a suivre un
trajet predetermine comprend un deflectour (96, 103) positionnd    11.
Appareil solon l'une quelconque des revendi - pour diriger l'element de
ligne de transmission   40  cations precedentes, dans lequel ia ligne de
vers le moyon de d6tection au cas oO des         transmission comprend une
ou plusieurs fibres forces ind6sirables de compression ou de
optiques. traction sont exerc6es sur l'el6ment & fibre- (s).
12. Systeme de soufflage pour l'installation d'une 45     ligne de
transmission, comportant au moins un 5. Appareil solon la revendication 4,
dans loquel    appareil de reglage solon l'une quelconque le passage est
incurve de maniere quo l'ap -      des revendications precedentes, le
systeme plication d'une force de compression inddsi -     comprenant une ou
plusieurs unit6s de souf - rable a l'element de ligne de transmission
flage alimentees avec un milieu gazeux pour provoque son d6port, avec
formation d'une   5o   faire avancer un element de ligne de tran - boucle,
vers un point situe du c8te exterieur     smission l6ger et souple le long
d'un trajet de la courbe, et le moyen de detection est       tubulaire (11,
11'), l'unite de soufflage ou cha - positionne pour detecter la presence de
1Ne1 -    quo unite de soufflage comprenant un moyen ment de ligne de
transmission sur ce c8te ou      d'avancement pour conferer une force
propul - pras de co c8te.                         55       sive audit
element, le moyen de reglage dudit appareil de r6glage ajustant ladite
force pro - 6. Appareil solon la revendication 4, dans loquel    pulsive
pendant l'utilisation, en fonction de le passage est incurv6 de maniere quo
I'ap -      donnees provenant des moyens de detection. 10
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20 13. Systeme de soufflage pour l'installation d'une     et A regler la
force propulsive exercee sur ligne de transmission selon la revendication
l'6l6ment conformement au proc6d6 selon la 



12, possedant un moyen de detection en aval        revendication 17. de
l'unite de soufflage ou de chaque unite de soufflage.
5 14. Systhme de soufflage pour Pinstallation d'une ligne de transmission
selon la revendication 12 ou 13, possedant une premiere unite de souf -
flage et une ou plusieurs unites consecutives,  10 dans lequel des moyens
de detection sont places en amont de l'unite consecutive ou de chaque unit6
consecutive. 15. Systhme de soufflage pour l'installation d'une   15 ligne
de transmission selon la revendication 14, dans loquel les moyens de
detection on amont et en aval d'une unite de soufflage sont congus pour
envoyer des donnoes A un moyen de r6glage commun concu pour reagir  20 a la
detection de la pr6sence d'un element de ligne de transmission par l'un ou
l'autre moyen de detection par la r6duction de la force pro - pulsive
exercee sur cet 616ment. 25 16. Systbme de soufflage pour l'installation
d'une ligne de transmission selon l'une quelconque des revendications 12 A
15, dans lequel l'unite de soufflage comporte un moteur pour confe - rer
une force propulsive A I'element et dans   30 loquel le moyen de reglage
est congu pour varier la vitesse du moteur. 17. Procede pour r6gler la
force propulsive exer- cee sur un element souple de ligne de tran -   35
smission (25) se deplagant A travers un pas - sage courbe, consistent a
faire passer l'e1l- ment de ligne de transmission a travers une partie du
passage Oi l'element est amen6 & devier d'un trajet pr~determind s'il est
sollicit6  40 par des forces ind6sirables, a detecter la d6 - viation de la
ligne de transmission par rapport au trajet pr6determine & un ou plusieurs
en - droits dans ladite partie, deviation qui se pro- duit si une force
indesirable de traction ou de   45 compression agit sur la ligne de
transmission, A transmettre des donnees se rapportant a cette d6viation et
a ajuster la force propulsive exerc6e sur l'el6ment de ligne de
transmission en fonction de ces donnees.                50 1& Procede pour
faire avancer un element de ligne de transmission l6ger et souple le long
d'un passage (11, 11'), consistent & conferer une force propulsive &
I'6l6ment de ligne de  5s transmission puis A faire avancer cet el6ment par
l'effet d'entrainement produit par un milieu gazeux envoye & travers ce
passage (11, 11') 11                     |-|||||| |11111:11111 li1111111111


