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Process for introducing an optical cable into solid grou The invention
| relates to a process for introduc- 5 ing an optical capTklS SI4FES BAS BEERS
" a tube and optical wavegui des introduced therein, into splid grgug&tumth
the aid of a laying unit. DE-Al-41 15 907 di scl oses a cabtetayrng—ptotgh
for |ayi ng cabPescrhpthonground, in particular in the 10 ground under
water. In this case, the blade of the cable- laying plough has arranged in
front of it a rotating cutting wheel which, in addition, is nmade to vibrate
vertical ly, w Proeresrcfert #mmgabpect@ttkal ecable hdntogi solbd t he
trench which i grbane excavated may 15 t hus al so be broken up thereby.

Thi s cabl e-1aying plough excavates relatively wi de trenches by displ aci ng
the soil with the aid of the plough blade. Such machi nes are used, in
particular, in coastal Thecinavendiondeelares’ tosa NPréeéss SEON Hirs@ié L O

covices. T8 | SXLTRROBBLELAR anL P 2hnro! 161 BoW s ey 8L L oy gyl 1
appr oxi - laying unit.

DE-Al-41 15 907 discloses a cable-laying plough
for lay:l.ng' cables in the ground, in particular in the
ground under water. In this case, the blade of the cable-

10 laying plough has arranged in front of it a rotating
cutting wheel which, in addition, is made to vibrate
vertically, with the result that hard objects located in
the region of the trench which is to be excavated may

thus also be broken up thereby. This cable-laying plough
15 excavates relatively wide trenches by displacing the soil
with the aid of the plough blade. Such machines are used,
in particular, in coastal areas and under water using
corresponding control devices. For laying operations in
the ground, the material is usually removed over a width
20 of from 60 to 100 cm and a cable-laying depth of approxi-
mately 70 cm, with the result that the outlay for the
laying operation is relatively high.
Furthermore, DE-Al1-30 01 226 discloses a line
network for transmitting signals, the signals being
25 passed through fibre-optic cables which are laid in a
network of pipes or ducts of an existing supply system.
In this case, however, fixed cable-laying routes are
predetermined, and inlets and outlets for the cable which
is to be laid have to be provided in a suitable manner
30 therein.
Alternatively to this, use may also be made, over
short distances, of so-called drilling or jetting pro-
cesses in which a
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mately 70 cm with the result that the outlay for the laying operation is

rélatively high. Furthermore, DE-Al-30 01 226 discloses §iTE 25 oy
for transmtting signals, the signals being passed thr@&‘lﬁ%ﬁ%!ﬂﬁm
cabl es which are laid in a network of pipés or ducts of an_exiRERLAGEBupp! y
system 1In thi ase, however, fixed cable-laying routes are predeterm ned,
and inlets andgﬂ'ﬁ?l gfsl]’?"b?m?%‘é&ﬂ%im'iﬁ']% im’l%st&? gropady Faechighpe
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Al ternatively use .nay al so be made, over short distances, of
so-called drilling or Fbetéobjeptof dhs aragenthinveationeisstorprovided

hori zontal by i gt grbRes8’ #b2d 4ntiaduicdhaP i Vptfial BEEIE MRENIESH 2Pfle 5
material is also di sadvant ageqQus here.
outlay for the laying operation can be reduced, it also
being intended that the outlay for the optical cable
system used be coordinated with the laying method. The
set object is achieved according to the invention, by a
10 process of the type explained in the introduction, in
that the optical cable used is a microcable or minicable
which comprises a homogeneous and pressurized-water-tight
tube which has an external diameter of from 2.0 to 10 mm,
preferably from 3.5 to 5.5 mm, and into which optical

15 waveguides are introduced.

A great advantage of the process according to the
invention is that only a relatively short amount of time
is taken for the laying operation, with the result that
it is used particularly wherever long-term hold-ups are

20 undesirable. This is the case, for example particularly
when laying new or additional cables, when the laying
operation has to be carried out in urban areas with heavy
traffic. Blocking off or'diverting is to be avoided as
far as possible. The operations of cutting, laying and

25 sealing the channel can take place directly one after the
other, these operations expediently being carried out all
in one go by a multipurpose machine. In this manner, the
traffic disruption is barely greater than that caused by
a road sweeper. There is also such a need, for example,

30 when all the laid pipes, cable ducts or pipelines have
already had cables laid in them, it then being possible
to splice onto the newly laid cables without interrup-
tion. Tubular mini communication cables, which are
referred to as microcables or'hinicables, are particular-

35 ly suitable for this purpose. These newly laid
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JP-A-61 107 306 discloses an optical waveguide which is provided wth a
metal tube in order to increase tensile strength. The optical waveguide is
provided with a sheath of vinyl, nylon or urethane, these materials 10
having el astic properties and thus prot ectd Mg the optical wavegui de

mechani cal |y aqgainst, external ,influences. In order to increase the_tensile
strength, a neggF?Feb?ﬁBe"FsmﬁFchﬁﬁg??e’aj‘yIBﬁggﬂ']&l& Y iPe sponneeted kO ubes
are stretched fioumt ausedundantl bverhayshetwbel.optical 15 wavegui de.

FR-A-2 677 137 discl 0S§3.8-88R8 Lo kR4 oot C%ﬂgﬂ%ﬁiér T

conposed of a tube and optical Twavegui des runnin defective
poi nt, an adapmégregpblercenrerises ja homogenegus: andipressuri zedrwatero

[ 21512 oy s, oS el 1 s 0
- A- -A_di scloses_a repajir nethod for conventi i C:
cabl es, two caBFﬁngﬁ'ébXSSbai F9 dedd™en Thees tuke’ hrEed ofRlL thigke
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Phtroduei ng. antsgerad chapERISHy, LREFRtatls) £rblalhiyudd OLEE S TIN]

i ntroducing an 0 cal ca ) y for i on
can be reducedthickness #oi @ap iextexnal t Atameterowakip o hetweasn | LAS

~cable 10 and 1/20, preferably approximately 1/10. The smallest
internal diameter of the tube used is 1.8 mm. This tube
may. be produced from metal, for example from chromium-
nickel-molybdenum (CrNiMol88) steel, aluminium alloys,
copper or copper alloys or from plastic, for example with
15 reinforcement inserts consisting of carbon fibres, glass
fibres, or a sintered carbon-fibre structure. These tubes
may be extruded, welded, folded or bonded longitudinally
at the overlap. The optical waveguides are then intro-
duced into the tube either after the empty tube has been

20 laid or at the :Eactoi‘y. The optical waveguides can be

blown in or jetted in.

The tubular minicable can be introduced into
solid ground by various types of process according to the
invention:

25 1. The laying may be carried out by means of a laying
machine which has a cutting wheel, with the aid of
which a narrow laying channel having a width of from
4 to 12 mm, preferably 7 mm, and a depth of from 50
to 100 mm, preferably 70 mm, is cut in the ground,

30 in particular in an existing roadway.

2 Such a minicable may also be forced into disused
supply lines (wastewater, gas, water).
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in in the longitudinal direction and pass through
obstructions such as dirt, rust and the like. The
minicable does not buckle in pipes since it is

10 supported by the disused supply line. After leaving
these pipelines, the laying operation may also be
_ continued with the aid of other laying processes.
3. It is likewise possible for a minicable to be pushed
into existing, active supply lines (wastewater,

15 water). The function of the supply lines is barely
impaired to any extent at all in this case. The
tubular minicable is resistant to pressurized water,
wastewater and corrosion. Gnawing by rodents can be
ruled out due to the large wall thickness of the

20 metal tube. It can be assumed that the optical-
waveguide network which is to be installed corre-
sponds with the existing supply network. Earthworks
may thus be reduced to a minimum. Appropriate fit-
tings which make it possible to 1lift the minicable

25 out of the supply lines are to be provided at the
appropriate locations.

4, Minicables may likewise be introduced into the
ground by earth-displacement or jetting processes.
In this case, first of all the tube of the minicable

30 is introduced, as a mechanical protection, into the
ground. Expediently, the fibre conductors, or very
thin blown fibres, are subsequently blown or jetted
in. In order to minimize the friction during the
blowing-in operation, the tubes, which are produced

35 without seams and are smooth on the insgide, are
coated with a plastic layer, e.g. PTFE. This



I's noved along after the insertion of the mcrocable or 15 m ni cabl e. The
obj ect which has been set is thus achieved in accordance with the invention
pl anning to a second nethod of the type nentioned at the beginning in such
a way that a mcrocable or mnicable w th3am external dianeter of 20 t he

tube of 2.0 to 10 referably 3.5 to 5.5 mm,is pressed ] utility

li nes for sevverage?%% ro{’sV\Zf%%/,emp&?'hg\??%é&?qogFPmoﬁe#&%s?W%PT ayi ng
unit. The object wheéttnhwhehecthe smetal mei/mmmcboiampmdiny. _

i nvention using a ty ho, \ £ Dbegj nni ng
in that the optical ﬁ%%ﬂ?ggﬁéegh?é ié%%r c%%%%t%gﬁ%ﬁé}gﬁ%}ﬁéﬁog %@meter
of the tube of 2.0 8eilingmf hhe tube jntesion. Esrth-dbsphacenent andd

into existng, actiypedbihyt Ié;f@é.‘ ME WAERHIASaLL 118G holsd Wi €h
| ayi ng uni?. 30 Sy gyn ad%gélrtlé e_ of ?ﬁg process accor%iqﬁi to the

rea a ]
i nvention is that oﬁl?e‘&e?"e?‘g\‘ﬂ?%?yc%ﬁﬁg’é}ﬁﬂe Jmewne IL thadribl- ¢ he
| ayi ng operation, wihy tHead cdoks (ot irotiateysetheardrillidig ybolgr ever

gy ol 0.u0s BERLUGEA, A0NEeoblben iR SR Rl UL, e,
operation has to bepeasibie tatbypasrRrbstEVEtic®isEEA water jet at very
- .10 high pressure may, for example, force away small
stones. The tube cuts or jets its way through the
ground and assists the advancement of the pressing-
in process. Moreover, the water pressure can move a
piston in the drilling body. The thrust-like move-
15 ment of the drilling head then breaks through ob-
structions more easily and reduces the static fric-

tion during the drawing-in operation.

By elastic expansion of the tube, the wall
friction with respect to the earth can be reduced fur-

20 ther. For this purpose, an outlet valve would have to be
provided at the end of the tube.

Using the tubular minicable according to the
invention, then, results in particular advantages, as
follows. The laying or introduction takes place with the

25 aid of a hollow tube, which, as cable, is already pro-
vided with optical waveguides; however, it is also
possible for the optical waveguides to be drawn in
subsequently. Appropriate selection of the wall thickness
ensures sufficient protection against mechanical loading,

30 corrosion and gnawing by rodents. Moreover, the tube has
a high stability to transverse compressive stress. For
lengthening and thinning the tube, use may be made of
methods, which are known per se, with cutting clamping
rings or a crimping process. For lengthening a tube

35 consisting of copper, connection by cold pressure welding
is possible, for example. Otherwise, the tube can be
processed like a normal installation pipe,
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is to be avoided as far as possible. The gperations of cutting, |aying and
seal ing the channel can take place directl*y Tone after the other, these
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cularly advantageous £for laying operations in roads.
Moreover, as a result of the rigidity, pulling and
pushing the minicable is possible and helpful in the
10 laying operation. Due to the small diameter of such a
minicable, the earth displacement is also particularly
low, it being possible for the earth to be displaced when
the cable is pressed or drawn into the surrounding earth.

A tubular microcable or minicable is particularly

15 suitable for laying in a roadway or in footpaths since
the roadway formation is barely broken up by the necess-
ary channel. All that is necessary in order to ensure the
safety of such a cable is a channel having a width of 4
to 12 mm and a depth of approximately 70 mm. In this

20 case, the channels for receiving the cables should, as
far as possible, only be provided on the sides of the
road since stressing is at its :I_.owelst: here. The channel
which has been introduced is refilled after the introduc-
tion of the cable or of the tube and is sealed against

25 the penetration of surface water. This sealing must not
produce any cavities in which surface water can collect.
The roadway surface can be restored in a simple manner.
All that is required during repair work is that, when the
road surface is cut away, the minicable or microcable

30 which has already been laid is not damaged.

A laying operation using a microcable and the
corresponding laying process according to the invention
produces considerable reductions in the costs for the
laying method, this resulting in a considerable reduc-

35 tion in the overall line-laying costs in the case of a
new installation. Moreover, the operational reliability
is increased by redundant routing.



AVENDED SHEET -3- mnicables or mcrocables my preferably be connected
to forma redundant overlay network. According to the invention, such a
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into the tube Q' L I%ir asfi.ﬁ:egcrtilieere,nméﬁ dj t%:ehu eb e;?gssible. It is highly
advantageous that subsequent laying operations in roads,
10 footpaths, cycle paths, curbstones and the like are
possible with a low degree of outlay. Consequently, a
technical concept may be adapted in a simple manner to
the wishes of the operator, it being possible to utilize
the existing infrastructure (wayleaves, and pipes for
15 wastewater, gas, district heat, etc.) It should also be
noted here that, in comparison with the standard method,
this method can save a large amount of time.

Various points should be noted when a laying
channel is provided in an asphalt surface of a federal
20 road which is made up of a Eop surface course of 4 cm, a
binder course of approximately 8 cm and a base course of
from 10 to 15 cm. The proportion of bitumen decreases
towards the base course, but the coarse-grained fillers
increase. However, the bitumen ensures the cohesion
25 within the individual layers. During cutting as far as
the asphalt base course, the laying channel is, then,
dimensionally stable, with the result that no material
caves in and the overall upper road structure remains
intact. During cutting, it is not permitted to cut
30 through the bitumen base course as far as the anti-frost
layer of the substructure since this may result in weak
points in the series of asphalt layers, which weak points
could break up the layer formation and result in damage
to the road within a short period of time. However, if
35 the minicable is laid in a water-tight and frost-resis-
tant manner, the soil mechanics are not influenced by
this intervention. However, modern roads are frost-

resistant since the crushed-stone substructure



20 | aid or at the factory. The optical wavegui des can be blown in or
Jetted in. The tubular m nicable can be introduced into solid ground by
vari ous types of process according to the invention: 25 1. The I aying
may be carried out by neans of a Iaying'hékh1ne whi ch has a cutting wheel,
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pass through after the laying operation, the laying channel is closed
) off again in a frost-resistant manner by a hot-melting
bitumen or by a fusible preformed bitumen filler.

10 However, very heavy traffic may result in addi-
tional consolidation and flow in the upper structure of
the road (lane grooves, shoulder). It is thus recommended
that the laying channel is foam-filled with a curable
plastic around the minicable directly after the latter

15 has been laid. After curing, the foam filling achieves a
compressive stressability which is sufficient for further
distributing the load of the carriageway surface
uniformly. Cavities and interstices between the minicable
and the laying channel are filled, without leaving any

20 cavities which could receive any surface water which may
penetrate and propagate this surface water along the
minicable. '

Vibrations due to the heavy traffic are absorbed
by the foam filling and are not passed on to the mini-

25 cable. Relatively small occurrences of the earth subsid-
ing may also be compensated for by the elastic foam, with
the result that such irregularities in the bitumen base
course would not result in the failure of the minicable
due to bending of the tube or fibre elongation.

30 For a minicable according to the invention,
compressed-gas monitorin§ and monitoring with a liquid,
for example, are also possible. The minicable may thus
also be filled with a liquid which, in the case of the
tube having a defect, escapes and resinifies under the

35 action of air. This ensures a kind of "self-healing".
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10 problem in respect of excess lengths when the minicable
igs drawn in and laid. This configuration gives a higher
strength in comparison with a normal cable with a conven-
tional plastic cable sheath, with the result that it is
also possible to work with considerably larger drawing-in

15 forces. Moreover, straightforward earthing is possible in
the case of the metal embodiment. If use is made of a
plurality of tubes which are insulated with respect to
one another, the metal cross-section may also be used for
supplying power to active components. By using metal

20 tubes, it would also be possible for overhead cables to
be of a considerably more straightforward construction.
A supporting element (e.g. a messengéer wire) could then
be dispensed with since the metal tubes assume this
function. In addition, such a minicable is pressurized-

25 water-tight, gas-tight, forms a water vapour barrier and
gives protection against the gnawing of rodents. Further-
more, it is fire-resistant, has excellent heat-dissipa-
tion properties and is resistant to aging and corrosion.

The flexibility of the minicable or of the tube

30 can be improved by a grooved sheath.

Further developments of the invention are given
in subclaims.

The invention will now be explained in more
detail with reference to 57 figures.

35 Figure 1 shows a construction of the tubular microcable

or minicable with a capping.



thin blown fibres, are subsequently blown or jetted in. In order to
mnimze the friction during the bl owing-in operation, the tubes, which are
produced 35 . W thout seans and are f@DOth on the inside, are coated
with a plastic layer, e.g. PTFE. This | ayer is, for exanple
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Figure 7 shows the method of laying the tubular mini-

10 cable with the laying channel already filled

again. |

Figure 8 illustrates the cross-section of a roadsurface
with a laying channel cut therein.

Figure 9 shows the laying channel which has already been

15 filled in.

Figure 10 shows a U-shaped holding-down device for micro-
cables in the laying channel.

Figure 11 shows a rivet-like metal bolt as holding-down
device for minicables.

20 Figure 12 shows a plan view of the sketched construction
of a bending device for thin-walled tubular
microcables or minicables.

Figure 13 shows the laying channel filled with hot bitu-
men and coloured glass particles.

25 Figure 14 shows a length-equalizing loop in a longitudi-
nal section through the road surface along a
cut laying channel.



structions nore easily and reduces the static fric- tion during the _
drawi ng-in operation. By elastic expansion of the tube, the wall friction
with respect to the earth can be reduced Eg 20 ther. For this purpose,
an outlet valve would have to be provi déd*at "the end of the tube. Using the
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Figure 19 shows a spacer ring with rectangular grooves on
10 its outer circumference.
Figure 20 shows a spacer ring with sawtooth-shaped
grooves on its outer circumference.
Figure 21 shows the arrangement of brushes on the outer
circumference of the spacer ring.
15 Figure 22 shows the lateral offset of hard-metal teeth.
Figure 23 shows a laid microcable with a tension-resis-
tant release element laid in addition.
Figure 24 shows a laid microcable with a filling profile
as filling means for the laying channel.
20 Figure 25 shows the electric connection of two minicables
or microcables via a metallic cable sleeve.
Figure 26 shows an insulated microcable with an insulated
power cable.
Figure 27 shows a non-insulated microcable with an insu-
25 lated power cable.



-6- these nethods relating to bending, provision of fittings, branchings
and inlets in sleeves. Also suitable for this purpose are cylindrical netal
fittings into which the mnicable can be introduced tightly. \Wen the
laying 5 operation is taking place frontth® surface of the ground, the

surface is only,mni | y_ br oken up, ich is parti- cularly adyantageous
for |aying ope*ﬁﬂ’ﬁﬁggbnzhwﬂs.al\/ﬂf%%s,“ r PoWer raple rY’éFHi t 40

pul ling and pushing the fhsulated micposabbec and hel pful in the 10

| ayi ng operatigp, e,ho the small .di ery of , such m ni,cabl e, t earth
di spl acenent iglg}’gé %%rf#’gﬁfar y Iig'v?/?ﬂ:%ttteg‘eilﬂbcbﬁgﬁ e“fjb t e ‘é%?e}ﬁ to
be di spl aced when the cabbddingpdewnedevicdiawn i nto the surrounding earth,
A tubul ar gicrpgghle §b 'Hhawsahlﬁieﬁﬂemacuier; anéddiéﬁﬁéggfaét}.fé 12Y1ng

I
in a roadway or Tn footpaths since the roadway formation Is y broken
up by the necess- ary ch@nfemmon ingplatienmecessary in order to ensure the

safety of suchragaeél 81i showshan néibddimért acdctding tb Fﬂglﬁi'e][mbﬁmh@_ .
the cabl ea’ Shoul o, as 1 JPEE Sodutth) SoRghetERg peo mmett A am s teelaty | ho
road since stressing is abcated| tnebetween. The channel
10 Figure 32 shows two electrically insulated minicables or
microcables.
Figure 33 shows two minicables or microcables within a
common insulation.

Figure 34 shows a sketch of the process being carried
15 out. _

Figure 35 shows the laying of the minicable or microcable
with magnet-containing cable holding-down
devices.

Figure 36 shows U-shaped, magnetic cable holding-down

20 devices in the laying channel. :

Figure 37 shows bar-like, magnetic cable holding-down
devices in the laying channel.

Figure 38 shows bar-like cable holding-down devices which
are lined up in a row on support filaments.

25 Figure 39 shows a cable holding-down device which has its
ends clamped on support filaments. '



whi ch has been introduced is refilled after the introduc- tion of the cable
or of the tube and is seal ed agai nst 25 the penetration of surface water.
This sealing must not produce any cavities in which surface water can
col l ect. The roadway surface can be restot®d-in a sinple manner. Al that

is required duging repair.work is that, when the road surface is cut away,
the nini cabl e %*'gﬁ?ﬁrg@aﬂ‘%w?,o a Wﬂgiﬁ naRlding down e devige) whigh: is
damaged. A | ayi ng oper at £bttedi fgte ai suppebteshedtihe correspondi ng | aying
process accor di €4 ngion C Qonsi derabl e .reductio in the
costs for the *'gg‘ll%g %rgt ﬁ%ﬁ%/'st H’g }gg’gﬁgl %3 i%glea 6“:%9"@%%?0?@%0%2”35
tion in the overall |inetregiag edgmali n génexatersf asnecvholddrmg4ddvmon.

Moreover, ghe operati onagevgbb@bility is increased by redundant routing.
-7 1t is also_advantageous that annular network structures with various

connection posETERFettesshayespe iR ovhish cdtheber Exeelys Rrogrameedd
branchi ng networks. A flgxéil ehei Ruigiidgsntigesieckddasbis ithedtedgd in

this manner, it 5 being pogslblea’Oh FISIE°8R' &3 LoppSre ELfRedatn W th the
Figure 43 shows a programmable chip which is accommodated
10 in a sleeve.

Figure 44 shows a defective microcable.

Figure 45 shows a plan view of the repair location.

Figure 46 shows a cross-section of the repair location.

Figure 47 shows a unit for exposing the laying channel.

15 Figure 48 shows a foam-rubber element introduced in the
longitudinal direction.

Figure 49 shows a laying channel with a profile body of
circular cross-section before the compression
operation.

20 Figure 50 shows the laying channel after it has been
closed off.

Figure 51 shows a laying unit. .

Figure 52 shows a longitudinally slit, annular profile
body which is fitted on the microcable.

25 Figure 53 shows the arrangement according to Figure 52
after the laying channel has been filled.



aid of gptical switches. A pigtail ring with optical switching, in which
optical fibres could be routed as far as the subscriber, would thys be.
possible. It is highly advantageous that subsequent |aying operations in
roads, 10 footpaths, cycle paths, curb%tdnes and the Iike are possible

with a | ow degLee of tlLay. Conse tly, at nical .congcept y be
adapted in a g#ﬁﬂ‘ﬁen‘g nﬂﬁx\'ﬂ Fh?r%ﬁ'ﬁr@s¥8fiyt %B’pér"&{q;rtu *M’Egr‘b%'ési bl e
to utilize the existing nithgagreecfucts(wayl eaves, and pipes for 15 _
wast ewat er, ga LStEkC t t S e that, in
conpari son w tEi?ﬂtés%gnggﬁang?ﬁogfktf%?se %%M(?@gg%&ég; eq.'ta‘t’ Ic%r ezeea %n_t of
time. Various points shothdthe hayiagwebanmelaying channel is provided in

an asphal tssurfageref 56 sBEWEAR rof {1 dpYEYCUHITHTEOS HBalbdd With S’ face
course of 4 cm a binder coilrse of approximately 8 cmand a base course of

from10 to 15 cm The prBPBF*RBn of bitunen decreases towards the base
course, but thPigomesB7gshowsdahi kekenmplary’ embodikenty dor tHuadirdg NEle

ensures the cohesion 25 eﬂw{':n‘?ﬁpgﬁ;éngﬁgig%g%ﬁéﬁggégal:#éﬁi.ng cutting as
e lay : ,

far as the asphalt base COUTSE, I'nNg di nensional |y
stable, with tRiguseub8 shewsndhentcoveringyprofilendafter otheal layioner

road struggure remains i%éf&ti&!riﬁgtﬁgfiﬁfﬂngi&h&ﬁnQPE permtted to cut
Figure 59 shows a cross-section of the mechanical influ-
ence of the pointed object. _
Figure 60 shows a front view of the influence of the
object on the covering profile.

15 Figure 1 shows the construction of a tubular
microcable or minicable 1, the cable end 2 be.i.ng provided
with a drawing-in or drilling tip 5. The arrow 6 indi-
cates the drilling movement or advancement direction of
the drilling head. Running in the interior of the mini-

20 cable 1 are the optical waveguides 3, which may be
introduced either at the factory or after the laying

~ operation. The outer surface of the minicable is provided
with a surface protection 4.
Figure 2, then, shows the tube 8 of the minicable

25 1, in the interior of which, that is to say in the
central duct of which, optical waveguides have not as yet
been provided. In this case, the said central duct serves
initially as a pressurized jetting duct for the laying
operation. Thus, an appropriate medium, for example a

30 suitable



30 through the bitumen base course as far as the anti-frost |ayer of the
substructure since this may result in weak points in the series of asphal t
| ayers, which weak points could break up the layer formation and result in
damage to the road within a short period ¥ 1tine. However, if 35 t he

inicable is laid jo a,wajer-tjght apd frost-resis-, tant. nanner, the soi
?eglh;ﬁl cg Iafe %?“Jrﬂf |£%n%‘éi‘%§/g$h‘?% T RYSAFHTON Wikhthe reARik thatds
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b bs | oads. g4l ' | tatd [_into eaJ t r into
orarn S pea” AIPLSSLECIAL WAl 2H by BbRebilt o W ULl

drain pipes, and a seal ed, ace codrse esn ! _
surface water.tiPodf dancarcexdante t withf bhe mxxow dhrechionsud2l admg- 5

channel wislth gherdabé othéNadtLn Cdl 1B IES End f?éyiﬁed%ﬂﬁ}i&' the

stsructure of the ro remains, intact. Directly after operati on
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the pressure, required for the jetting process, by which
10 the medium is injected. If a valve is provided at the end
of the drilling tip 11, corresponding control allows the
liquid to be pulsed out under pressure. At the same time,
the tube 8 could increase and decrease in diameter in an
oscillating manner, this eliminating static friction with
15 respect to the earth.

Figure 3 displays a method of laying a tubular
minicable in the sand, gravel, earth or asphalt with the
aid of a laying unit 23, by means of which a laying
channel 19 is cut in the surface 14 of the ground 17.

20 Covering slabs or cobble stones are removed beforehand.
The machine comprises a linkage 22 on which the required
individual parts are combined to form a unit. All the
process steps are coordinated with one another. In the
case of the laying channel 19 which is to be provided in

25 the laying direction 21, a cutting wheel 15 with corre-
sponding cutting teeth, which cut a thin laying channel
19 with steep side walls, leads. The width of the laying
channel is just sufficient to receive the tubular mini-
cable 1 and the laying blade 18. Said laying blade 18

30 protects the side walls against céving in, guides the
minicable 1 along and, via a cable-fixing means 7, holds
constantly at the laying depth that end of the cable
which is to be laid, the minicable or microcable 1 being
fed from a ring, which is wound up on a laying reel 24,

35 via advancement rollers 25. A jetting rod 16 compacts the
deposited earth or £filling sand 20 behind the laying
blade 18. This operation takes place directly after the
excavating operation. It is thus not possible for the
side walls



the road (|l ane grooves, shoulder). It is thus recommended that the |aying
‘channel is foamfilled with a curable plastic around the mnicable directly
after the latter 15 has been laid. After curing, the foamfilling

achi eves a conpressive stressability whrch®i s sufficient for further

di stributi the l.gad of_ the carriage rface . uni formy. vifies and
i IntS e; Ist :Jclaggbef’\?veé%ﬁ hga#ﬁ?cggfgngﬁ'dvﬁﬁeéﬁﬁyirﬁg% I °§r égi? I ig&ing
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whi ch may pene e d L Sa S e o] ni e.
Vi Ibfat [ o%spduektg' ght ﬁg%hga%{/%q?;lﬁ%h%éee gg%gﬁgg\é\&%yﬁiﬁ'% P%attmhﬁ 'm"éﬁl nd
are not passedcuktipgiwheeil5, Xhe laing hlade 1f-ppdskhel jettingeneds of

T T ety o b o
e resu at s ifregularities i |
result in the F&F#ﬁ&g g? e IRethen Ha R 5"&&%?39 Br drhxe; 3DmeYes| hr e

el ongation. 30the entire Fhayingi nirdabl 23 zenitivemslyo :;.ﬂe thie EDay Dhg
56 possi bi'e. “PRacERehn 8 te U A (b b i iy e £ FEEPaSepdLr
in the case of aththeprginning of ddiedaying shanneldlfeviai & se-cmlibedt he
35 actigp of 1ayingTNbéweRFUr 8Aa2 & Ndydhg SEhimbfd 7% - The central
connection 28 for pressurized water jetting is provided
on the laying unit 23. Following the laying operation,
the road surface is restored or sealed.
Such laying operation gives particular advantages
15 since all cable types with a small diameter can be laid,
the outlay being essentially lower than for conventional
laying with a wide trench. During the laying operation,
the minicable is both drawn by the laying blade and
guided along by the advancement rollers. Pulling and
20 pushing of the minicable during the laying operation can
reduce the tensile loading. Moreover, the tubular design
of the minicable prevents buckling during laying in the
channel. Excavating, laying, filling in and sealing the
ground take place directly one after the other and
25 constitute a precisely coordinated operational sequence.
The cable is supported by the very narrow laying channel,
with the result that the risk of buckling is reduced.
Moreover, in the case of such a narrow laying channel,
the soil mechanics and the surface of the ground are only
30 minimally disturbed, so that post-treatment is not
necessary. The coordinated operational sequence does not
allow the side walls of the laying channel to collapse,
so that the soil is also prevented from caving in after-
wards. If the blown-fibre method is used for introducing
35 the optical waveguides, one or more hollow tubes are
laid, as a result of which pressurized water



-9- Moreover, the mnicable is interception-proof since the optical
maveguides cannot be bent. The mni- cable is stable with respect to
transverse forces, has a high tensile force, is conpact and, on account of
the 5 small dianeter, has a relatively wweight and little friction.

The tube, which ac as_ the_cabl e sheath, also assunes, at the sane tine,
the tensile-fofP8¥ g‘ﬁt?t P&n Mlﬁk %‘é%ﬁﬁ%r?‘%e?&?'&inilmﬁ%r I'n
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pressure has to be used to pass through this accumulation
10 of dirt 32. This figure further illustrates that the
disused supply line 31 may have a plurality of
branchings, so that it would also be possible for mini-
cables to be introduced from there. Valve openings 33
which are originally used for the supply line and are
15 each provided with a covering could be utilized for
sleeve inserts for the newly introduced minicable system.
At the start of the injection location, the minicable 1
is likewise introduced via a so-called laying bow 26 and
a laying thimble 27, advancement being effected, for
20 example, once again by means of advancement rollers 25.
Here too, the minicable 1 is drawn off from a laying reel
24, It is also possible here for pressurized water to be
injected, via a central connection 28 for pressurized
water, to the end location of the introduced minicable 1.
25 Figure 5 illustrates the introduction of a
minicable 1 into an existing supply line, for example
into a water pipe. At a bend 36 of the supply line 35,
the minicable 1 is introduced via an outlet location 37,
the inlet location being provided with a corresponding
30 seal 38. The minicable 1 is advanced within the supply
line with relative ease since there are no expected
obstructions. Gas or flowing water injected into the
supply line assist the advancement of the minicable.
Figure 6 illustra.tes' the jetting process for a
35 miﬁitube,



be of a considerably nore straightforward construction. A supporting
el'enent (e.g. a nessenger wire) could then be dispensed with since the
metal tubes assune this function. In addition, such a mnicable is
pressurized- 25 water-tight, gas-tight,1Borns a water vapour barrier and

ol ves proteot | G880 Ak, SRBIMAReoh BB ASTRE 4 Lo
resistant to agesgndnprocessssbep bjhche blokml-iftijref priacipliecahdetins of f
the i nventon SormethlPelkiands uaoRkdd “ak whe i difty o SR
in more detai | cated,r &xsthef 1 ali7onlyurthe emptyrminisube digmvdetted
constructi gn ofintBe thHedUda¥tH £99CaRl acKis ”&Qﬁéabbﬁ'e‘gishgiieaaWEH}}‘] is - 10
- *Figure 2 shows, sgche i cal 'y, a .l qngitudinal Section t hrough the
i ni tube wit hoﬁ&{?ﬂ?ﬁaga éb&&e- an “g*rb&t:r"e*as the, pantzal senpnearion he
| ayi ng operati28,fthis resulting in the formation, at the end of the

) drilling head 40, of a pressurized jetting cone 39 by

means of which the earth 17 is jetted out. The drilling

10 tip 40 is, in addition, made to rotate 41 in order to
increase the jetting-out action. The minitube is also
expediéntly made to rotate 42 at the inlet location.
After the minitube has been laid, the optical waveguides
are then jetted or blown in by the blown-fibre process.

15 The inner wall of the tube is coated with plastic in
order to improve the sliding movement of the fibre
element during the blowing-in operation.

Figure 7 illustrates the laying of a microcable
in an asphalted road surface. As a supplement to laying

20 the minicable 1 in a cut laying channel 19, the laying
channel 19 is first of all partially £filled with a
curable filling foam 43 after the minicable 1 has been
laid. Finally,' above this £filling foam, the laying
channel 19 is filled with a water-tight closure 44, for

25 example consisting of hot bitumen, with the result that
the roadway surface is sealed off again. It can further
be seen from Figure 7 that a road structure is made up of
various layers. An anti-frost layer 48, generally com-
prising crushed stones, has a base course 47 arranged on

30 it. The latter is adjoined to the top by a binder course
46, which, finally, is sealed by a surface course 45. It
can be gathered from this that the laying channel 19 must
not cut right through the base course 47, in order that
the supporting function is not impaired.

35 Figure 8 illustrates the position of the laying
channel 19 by a road cross-section with the above-
described layer



5. . a mnicable. Figure 4 shows the forcing-in process for a

m ni cable. Figure 5 shows the pushing-in process for a mnicable. Figure 6
shows the jetting process for a mnitube. glgure 7 shows the method of

| ayi ng the tubular mni- “cABie with the | ayi ng channe

already filled [ LIl ustr s Cry eqd 1 on. of
roadsu?/f ace w tE%EPa anﬂfnﬁggﬁé#:b 3 té:rq'el n. %I'-tl g%ﬁée'g ﬁ TS ?ﬁéh?%% ng
channel which hageappgaey Béenﬂlbinder course 46 |andl ia. sUrface qousbews a
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Figure 11 shows riv e net al boIt as -down devi ce for

i ni cabl es. 0°°“FF§U€§ YWhich Axe £uh ’-'\ﬂ“&k B’V e lr¥irgcehannel (12¢ion
of a bendi By dehecasphalthbasslddtrddinen abnly chesngl eatoredlid)i pabt £81

Fraure 13 Shovgaklse | BpgRpalagneh Cht!SfukhloBokng: Sbia FaeAkdn bRl o
| ongi tudi - nal cgbcd-ngndleptbugb betweead 4s onf @ dlSrgma X Ulaying ndepthnnel .
) of approximately 7 cm is optimum.

Figure 9 illustrates the same structure as in

10 Figure 8, but it is also shown how the'laying channel 19

is filled again and closed off after the tubular mini-

cable has been laid. It can thus be seen that the base of

the channel is provided, around the minicable 1, with a

curable £illing foam, over which a bitumen sealing

15 compound or a preformed bitumen joint filler is intro-

duced in a sealed manner. It would also be possible for

the filling material 49 to be applied to the microcable,

as the cable sheath, at the factory. It would form an

additional protection for laying the microcable. Suitable

20 means or processes e.g. with the supply of heat, could

make the filling means expand. The laying channel 19 is

consequently sealed off, so that it is not possible for

any surface water to penetrate. Optical waveguides 50 are

indicated in the interior of the minicable 1. In order to

25 rule out damage during laying and corrosion to the outer

sheath of the metallic tube by leakage currents in the

ground, the minicable 1 is provided on the outer side

with a non-conductive protective layer 51 which insulates

the metal with respect to the earth. A thin cable sheath

30 of plastic can be applied as the protective layer. For

this purpose, a firmly adhering wear-resistant coating

may also be applied. The channel is sealed off with hot

bitumen. If a preformed bitumen joint filler is used to

seal the laying channel 19, then it is introduced into

35 the laying channel 19 on edge and the surface courses to
be connected are heated with a gas flame or infrared



Fi.gure 15 shows a sleeve for a tubular mcrocable or mnicable. Figure 16
shows a | aying channel for laying a mnicable or mcrocable. 5 Figure 17
shows a wi dened | ayi ng channel before the resulting central web has been
broken out. Figure 18 shows the cross- sect? on t hrough the cutting- wheel

t of | ayi [ Eiqur 9 sho a, spacey ring with
fectangurar orBBUEL 81 §gutd bielndh £1dg $0dBediabEr oL alight etoons o
show. a spacerofi fheninzefiormeshtbi tumer dfjldercd somulisequently rolled
circunference. {fEgUlthe’ 135885 ﬁaelgﬁﬁen%% Oéfﬁ”éﬁ&escﬂ of ‘19}1?

circunference of the spacer ring. Figure 22 shows the Tateral o
of hard-netal YBEeR-tkgBh BaBneXmows a laid nicrocable with a

T et S gy oo LOFTAA B i ol el e
channel - 20 ELERPE S st Meldtag-Atom. davdberoator Thge H THARALs or
m crocabl es vi elampset 52 |axe gatdssead dntn thegout 28yihgvshanmebsld af¥sn
m'crocabl e witghgPel NTHl A% case, the web 54 of the clamp 52 holds
down the laid microcable or minicable. Tolerances in the
10 channel width are compensated for by the spring action of
'~ the lateral flanges. The flange ends may be provided with
lateral claws 53 so that they can engage in the side
walls of the laying channel 19. If the filling compound
softens, for example, due to hot temperatures, the cable
15 - holding-down devices 52 hold the microcable or minicable
in position without allowing it to rise up.

Figure 11 shows a further exemplary embodiment
for cable holding-down devices 57. These comprise rivet-
like metal bolts which are driven into the cut laying

20 channel 19 by means of their resilient shank 57. The
lens-shaped head 55 terminates at the roadway surface or
is slightly elevated. The cable route is easy to recog-
nize by the heads 55 of the holding-down devices. The
shank of the cable holding-down device 57 is provided

25 with barbs 56. : _

Figure 12 illustrates a bending device for cable
branchings and equalizing loops for thin-walled tubular
microcables or minicables. In the case of very small wall
thicknesses, the microcable or minicable is very sensi-

set

30 tive to buckling. However, radii down to 30 mm can be
produced without buckling by a bending device 61. For
this purpose, the microcable 1 is fixed with clamping
tongues 62 and drawn around a bending mandrel 60. For
simple manipulation, a pressure-exerting



power cable. Figure 27 shows a non-insulated mcrocable with an insu- 25

| at ed power cabl e. - 12 - Figure 28 shows a non-insul ated power cable
with an insulated mcrocable. Figure 29 shows an insulated mcrocable with
a cabl e hol di ng-down device. 5 Figure 30 Zhows a microcable with an

ddi ti onal cab | D_ac g0 nensulation. Fiqgure 31 shows ernbodi nen
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carried 15 is locateqd in the pxissof the berdingmandrel €0 wini cabl e or

m ciocabl eswith nmagnerigeré AINiiNAustites Bal SkaspIf¥Y) embodiment for

- a markixig of the microcable or minicable route. Such a

marking is particularly important for locating a micro-

cable or minicable and serves, at the same time, as a

warning marking for road construction work. The cut

10 laying channel 19 is hermetically sealed with a hot

bitumen 65. In this case, the hot bitumen 65 has glass

splinters 64, for example, added to it as filler, with

the result that, when light shines thereon, the course of

the laying channel 19 is shown up by the reflection of

15 light. Hot bitumen usually has a very low viscosity for

processing. For a laying-channel width of from 7 to 10

mm, the viscosity of the hot bitumen can be increased by

aggregates. The mechanical properties of the sealing

compound may then also be compared with those of the

20 existing road surface. For the marking, use may be made

of ground, coloured glass splinters as fillers and

aggregates. Different colouring and reflection mean that

the cable route may then be recognized clearly. Under

normal wear of the roadway surface, a number of glass

25 particles are always exposed and are thus easy to recog-
nize. |

Figure 14 illustrates that the microcable or

minicable may be provided with equalizing loops 66 for

length equalization and also for cable lead-throughs at

30 a sleeve. This means that excess lengths are taken up

during laying and crimping of the tubes and that subsid-

ence in the earth, in the road and expansions in length

in the microcable or minicable and the road surface are

compensated for without detrimental longitudinal stress-

35 ing. Such equalizing loops 66 are to be fitted during

laying, in which case the laying channel 19 has to be

provided at the appropriate locations with a correspon-

ding depression 67 or widening



devices., Figure 36 shows U shaped, magnetic cabl e hol di ng-down 20

devices in the laying channel. Figure 37 shows bar-like, magnetic cable
hol di ng-down devices in the |aying channel. Figure 38 shows bar-like cable
hol di ng- down devi ces which are lined up~if2a~row on support filaments. 25

Fi 39 sh | e .hol di ng;d Lce which hgs its ends clanped on
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i n sl eeve. Figure 44 shows a defective m crocable. _
a ugper road structure. In this case, the diameter depends

on the minimum microcable or minicable radius which can
be bent without buckling by means of the abovedescribed

L3

bending device. The core hole should subsequently be
10 sealed again in a frost-resistant manner by asphalt. U-
shaped bends of the minicable are also possible instead
of the equalizing loops.
Figure 15 illustrates an arrangement for a sleeve
68 into which microcables and minicables 1 are fed via
15 cable inlets 70. The appropriate measures such as con-
necting or splicing are then carried out in the interior
of the cable sleeve. Such a cable sleeve preferably com-
prises a round steel cylinder and is introduced into a
core hole of the ground 17. A sleeve cover 69 which can
20 be placed in position from above closes off the sgleeve
interior. After the sieeve'Gs has been introduced and the .
microcable 1 has been introduced in the sleeve, the
upright core hole, which can lead into the substructure
of the road, is concreted into the roadway in the lower
25 region. The sleeve is thus no longer subject to settling.
Sealing with respect to the upper road structure 72 is
effected with asphalt or liquid hot bitumen. Sealing in
the cable inlets 70 takes place, for example, with
conventional cutting ring seals or other seals which are
30 known per se for cable sleeves. Thin copper tubes into
which the cable ends can be introduced have also proved
expedient. These are crimped onto the outer wall of the
microcable by radial pressing. These crimped connections
are resistant to tension and pressurized water. At the
35 top, the core hole is terminated by a load-bearing cover
73 level with the road surface 72. If necessary, it is
also possible for the



Figure 45 shows a plan view of the repair l|ocation. Figure 46 shows a
cross-section of the repair location. Figure 47 shows a unit for exposing
the | ayi ng channel. 15 Fi gure 48 shows f oam r ubber el enent introduced
in the longitudinal direction. Figure 49 $hows a |l aying channel with a

file bod f Ci | - [ bef.ore.the conpressi on_operatd on. 20
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arrangenment according _to Figure ter the layling channe een

filled. - 1khe cablec sleeye, f8 o Thef reundoepbedinensn@ift e sable un-
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can easily be moved upwards if required.

It is also advantageous to use a small shaft
instead of the sleeve 68, this small shaft, in turn,

10 receiving a sleeve.

Discharge means and feed means may likewise be
run, as minicables or microcables, in a manner of an
overhead cable or non-supported cable.

The object of one development of the invention is

15 to find a process with the aid of which it is possible to
cut laying channels for minicables or microcables in the
solid ground in one operation. The set object is
achieved, in accordance with the process explained in the
introduction, in that a laying channel is cut by means of

20 a laying unit whose cutting-wheel arrangement is wvaried
in terms of thickness such that the width of the laying
channel is adapted in one cutting operation to the
corresponding diameter of the microcable or minicable
used.

25 Advantages of the process according to the devel-
opment of the invention may particularly be seen in that
it is now possible to produce laying channels in solid
surfaces such as asphalt and concrete, road surfaces,
curbstones or stone slabs by means of a laying unit in

30 which the cutting width can be set to the respective
diameter of the minicable or microcable used. For this
purpose, for example a cutting-wheel arrangement compris-
ing two standard blades with the interposition of a
spacer ring is drawn onto the axle of the laying unit.

35 Exchanging the spacer ring means that the cutting width
can thus be changed.



seal ant, Figure 57 shows an exenplary embodi ment for heating the seal ant
during t he | ayi ng operation. Figure 58 shows the covering profile after the

| ayi ng 10 operation in the I ¥|ng channel . Figure 59 shows a
cross-section of the nechanlcal |nflu- £ of the pointed object. Fi gure
60 shows a fro th he object on the cover
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medi um for exh¥psheg on the cireumference. These also clean the

10 channel of abrasion dust. This results, in particular, in

the advantages outlined below:

- Production of rectangular laying channels of any width.

- The width of the laying channel can be determined by
exchanging the spacer ring.

15 - The double cut in one operation means that the wear on
tools is uniform, the blades not being subjected to
bending stress, so that unbalances do not occur.

- The initially produced central web in the 1laying
channel is broken out at the base during the cutting

20 operation.

- Appropriate configuration of the outer circumference of
the spacer rings means that the laying channel is also
cleaned at the same time.

Figure 16 shows a rectangular laying channel VN

25 in a solid ground surface SO, a double arrow indicating

that the channel width VB has to be variable in

accordance with the minicable or microcable type MK used

in order to be able to achieve the necessary width in a

single cutting operation.



30 sui tabl e - 15 - liquid, is injected under pressure, with the result
that the earth is jetted out ‘and di spl aced at the end 11 of the nini cabl e.
In addition, rotating novenent of the drilling tip 10 in accordance with
the arrow directions 12 can 5 increase 1 action. Follow ng the |aying

operation, the opti cal ui | | ed bl own- f|br condu tors are
tﬁen i ntroduced into tﬁ%\aﬁgge g?ofiqt]ﬁ%s%ﬁ% c?abltg‘el ﬁﬁdPﬁ 1PBf t ShantPei de
of the m ni cabvidened layiog I%ha,mil bys t:{whe mmhichqunaecbﬁmed he
jetting procesgy i 104 hey {8 I nj e i

provi ded at th% eﬁd \c,)\,]ihﬁ?\ne dl’lﬁ ing tip 11 corri‘gé onc?xln co)'/"?rig

the liquid to msaaFSénebmimu%%mr A‘ti%ewééhetbﬁn%eswihé um 8

coufd i ncrsaseaaadndeanem } ) dfﬂst:eafl REN S&Raihs! bBEwEBA¥he (S

el*i m nati ng statl i ctjon pe to the earth. Figure 3
di spl ays a metR &b?i %\\1 bﬁ r ic v iBPYEEERan APRF R At t h

or asphalt w thirhemﬁezientiall epmﬁggun-'atiaﬁ, dfy tieenspatexhirdng. theandsg
channel 19 is ghfiei fnidCdtdfr ekt My irshimﬂESEQQelz' broken off at the
base BS during the cutting operation, this resulting in
10 the wide laying channel shown in Figure 16.

Figure 18 illustrates a cross-section of the
cutting-wheel arrangement, which comprises two blades TS1
and TS2 with a spacer ring DR located therebetween, the
width of the spacer ring DR being selected such that the

15 ring, together with the two blades TS1 and TS2, provides
the necessary width for the laying channel VN. The drive
axle AS is introduced in the laying unit VE via corre-
sponding linkages G.

Figures 19 to 22 illustrate the configuration of

20 the circumference of the spacer ring DR, the blade TS2
having been removed for this illustration. The blade TS1
is provided with appropriate cutting teeth in the conven-
tional manner. These cutting teeth Z may also be provided
with hard metal. If appropriate, the cutters may be

25 exchanged. Preferably, the cutters should be made to
protrude alternately beyond the cutting blade TS3 from
the blade centre, as can be seen from Figure 22. This
screwing action allows the blade TS3 to cut a clearance
at the channel flanks FL. "Seizing" is avoided. The

30 spacer ring DR is provided on its circumference with
grooves or cutouts of widely varying configuration which
break off the central web and clean the laying channel.
An air pressure by which the laying channel is freed of
fragments is produced by way of the cutouts or grooves.

35 This simultaneously achieves self-cleaning of the laying
channel as it is produced.



20 Covering slabs or cobble stones are renoved beforehand. The machi ne
conprises a linkage 22 on which the required individual parts are conbi ned
to forma unit. Al the process steps are coordinated with one another. In
the case of the laying channel 19 which~i%4%td be provided in 25 the

| ayi di t 21 eel 15 th corre- on t t eet h,
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the | aying bIadhaﬁﬂelTVNs operation takes place directly after the
excavating operation. hgi3et Nys NOf) PASSINLS "he ' 16e34T "BEEBer or10 -
staggering of the hard-metal teeth 2, which make it

10 possible for a blade TS3 to run freely. This arrangement
applies for each of the blades.

It is also possible to use such cutouts RA to cut
out a material which has the properties of bitumen.
The object of a further development of the invention

15 is to find a process by which the laid minicable or
microcable can be removed again from the laying channel,
in which case the filling material has to be removed
beforehand. The set object is achieved according to the
invention, in accordance with a process of the type

20 mentioned in the introduction, in that a tension-resis-
tant release element for lifting the laid minicable or
microcable is introduced, when said cable is laid in the
laying channel, above the minicable or microcable in the
filling material of the laying channel, in that the

25 tension-resistant release element is then drawn out
during the lifting operation, in which case the laying
channel is also released of £filling material, and in that
the minicable or microcable is then removed from the
laying channel.

30 The problem with lifting the minicable or micro-
cable (only the term microcable will be used from now on)
is that the cable runs in a laying channel which is
covered in a sealed and well-adhering manner with a
£filling material above the microcable. In this case, use

35 is made of a filling material which has viscous and
adhering properties, for example



of. the laying channel in the region 13 of the laying machine to cave in.
Surrounding earth will not cave in, with the result that the surface 14
wi |l not sink. The cutting wheel 15, the laying blade 18 and the jetting
rod 5 16 together formthe laying unit 232&nd are connected rigidly to one

anot her via a lipkage 22. A drive 30 ves the epntire layin nit 23
conti nuously i hipﬁﬁ‘gf’aygﬁﬁ°ﬁaﬁ'ﬁgﬁ¥0nt§g. "§ﬁ€°§ﬂ5229°5?‘.‘?ﬁebgd %‘Fﬁ%l Qutg
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one after the ggtqerweet‘:rl]:ded with the £filling means, so that, as far as
possible, there is no adherence between the two. The
tension-resistant release element may be designed as a
separate element, for example in the form of a 1'ine, of
15 a profile body or of a strip. Such release means may
consist, for example, of plastic or of metal, for example
of steel. However, it is also possible for special
release means or plastic materials to be applied around
the microcable, for example a plastic film of poly-
20 ethylene, so that adherence between the microcable and
the £illing means occurs only negligibly, if at all.
Furthermore, it is possible for this purpose that the
laying channel be filled above the microcable with a
release means which is designéd as a filling profile and
25 is pressed into the laying channel, if appropriate with
additional sealing with respect to the borders of the
laying channel. Once again, a viscous material such as
bitumen is particularly suitable for this purpose.
Particularly elastic materials, for example rubber or
30 elastic plastics, are suitable for such a £illing
profile.

However, the tension-resistant release element
may also form a constituent part of the sheathing of the
microcable, it being possible for the sheathing material

35 to be separated easily from the microcable, so that, once
again, the £filling material is first of all removed with
the tension-resistant release element during the lifting
operation.



25 constitute a precisely coordinated operational sequence. The cable is
supported by the very narrow-laying channel, with the result that the risk
of buckling is reduced. Moreover, in the se of such a narrow | ayi ng
channel, the soil nechanics and the surtf#® of the ground are only 30
mnimally disturbed, 0., L hat ost-treatment .i S not necessar The
coordi nat ed operat i onaFéssﬂﬂ&%s%ﬁ??ﬁfgﬁﬁ%\ﬁ%@sﬁ o=t scﬂ?ziﬁﬁa

| ayi ng channel ofoetettapeallyocohductine smatertal) sit mayvalwedbéragedavi ng
in after- wardg. hﬁd&%&oﬂ'OWBifkﬁke gikod is used for introducing 35 t he
opti cal maveQU|3és one of nore oIPOM/tubes are laid, as a result of which
pressuri zed water - 17 - may then be channelled directly onto the
cutting wheel. This | oosens the rocks or the subsoil. Figure 4 illustrates
tte systemfor the forcing- in process, by neans of which a mnicable 1 is
forced 5 into a disused supply line 31. It is indicated that the

m nicable 1 which is to be forced in may, for exanple, also come up against
accurrul ation of dirt 32 which constitutes bl ockage of the supply line.

Cor r espondi ng



pressure has to be used to pass through this accunulation 10 of dirt 32.
This figure further illustrates that the disused supply line 31 may have a
plurality of branchings, so that it would_al so be possible for mni- cables
to be introduced fromthere. Valve openTnﬁg 33 which are originally used

for the supply_line and are 15  each gvided with a covering could be
utilized for sfggegyiﬁggP?st$8rm%ﬁ§°ﬁ5§ﬁ9'introduced m ni cable system At
the start of the injecTtohs| bthusbrnatedeini Rigabéec2i thati & anlcrocabhleduced

via-a so-call | 3y ng,a i t Qi adypn [ ng
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connection 28 foi__agregzs_url zed water, to the _end | ocation of the introduced

m ni cable 1. 2%8¢ Plastic E%"ei | p28; RASR amrangeq | ghevei MRidr  a
m ni cabl e 1 i nhbcrmocakletdugingpihe laying fo® theaspne.i Abéve vhis) thee. At
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vat er injeCteerELgsthlement ZT is, then, drawn out in order also to
remove the filling means FM from the laying channel VN,
this'resulting in the laying channel VN then being free
and it being possible to lift the microcable MK without

15 risk.

Figure 24 shows that it is also possible for the
laying channel VN to be filled with a tension-resistant
filling profile FP, which is drawn out if required. This
tension-resistant £illing profile FP may additionally be

20 introduced with a sealant, for example with bitumen, this
resulting in the laying channel VN being sealed reliably.

The object of a further development of the
invention is to provide a process for the power supply of
a minicable or microcable with optical waveguides. The

25 set object is achieved, by a process of the type men-
tioned in the introduction, in that the metallic tubes of
the microcables or minicables are connected to the
central power supply.

In general, at the present time, the power is

30 supplied by an additional power cable which is supplied
from a central point. The disadvantage is that a separate
power cable has to be laid over allarge distance. Costs
for an additional cable route and voltage losses have to
be accepted. Additional measures for the power supply

35 likewise have to be taken for the optical-waveguide
submarine cable known per se.



supply line assist the advancement of the minicable. Figure 6 illustrates
the jetting process for a 35 m ni t ube, which is then provided wth
optical waveguides in the second process step by the blown-fibre principle
and thus forms the finished ninicable. As®has al ready been indi- cated,

fi f all Lnidube is, jett 5 intqg the earfh 17,  In this
ci'a;Zf gr egsur @%ﬁeﬁg?é:a%%%%ﬁ%#l %%I’ﬁ’héf%"? ?ﬁ#tﬁ'}b% qﬂfpae t‘*‘%‘%’é‘rﬁ?‘gl
connecti on 28,cemprisesula | tybudarhométabntshegtint Thdscnproteths dthe | i ng
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jetted out. The drilling In &a (10N, ate 41 in
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made to rosat ewiifharebpectnite) twmaiiverse AfbLEes NeMBirBbERS % hesrid ai d,

brocess. 15 | YREuPA-tp WEIeE ohd eving enatish db Wrdviier §ives Gaier 1o
i nprove the slmninhgabbecoeniicfocdlslé i the mdacsssdryl protgedticom |y irgst n
operation. Figytfesnil! Hebhahesal "initbhdes, ¥ T8N % properties
of this minicable or microcable, however, are not util-
10 ized. If, then, the metal tubes of these minicables or
microcables are electrically interconnected at the

connecting locations, as is effected, for example, with
the aid of metallic connecting sleeves, this system can
be used for a power supply. A second conductor may
15 provide the return conductor or, if it is insulated, the
power supply. With the return conductor, insulation may
be dispensed with if required. The return conductor may
additionally assume protective functionms.
_ Such a minicable or microcable and the power
20 supply may also be produced as a continuous cable. A
separate return conductor can be dispensed with if two
insulated microcables are laid. Use may also be made of
two microcable tubes in one microcable with corresponding
common insulation. The cable sheath insulates the tubes
25 with respect to one another and to the earth. Such a
minicable or microcable can easily be bent around a
narrow axis and laid.
With such a power supply, the strength and the
conductivity are realized by way of the cross-section of
30 the cable sheath or of the metallic tube. Sufficient
electrical interconnection is guaranteed by crimping
metallic sealing heads of a cable sleeve to the metallic
tube of a minicable or microcable. For the return conduc-
tor of the power supply, use may also be made, for
35 example,



in an asphalted road surface. As a supplenent to |aying 20

1 in a cut laying channel 19, the laying channel 19 is first of all

the m ni cabl e

partially filled with a curable filling foam 43 after the mnicable 1 has
been | aid. Fi naIIy, above this filling to2fh =the I aying channel 19 :csh
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of insulated power supply, the following advantages can

also be achieved:

- corrosion protection for the metal

- the metal tube is protected against mechanical
damage during laying

- the insulation layer forms a wear layer for the

' drawing-in operation of the microcable

- the insulation layer forms heat insulation when
sealing the laying channel with hot bitumen

- the insulation layer forms vibration insulation in
the case of heavy traffic.

Figure 25 shows the through-connection of the
power supply with the aid of a metallically conductive
cable sleeve KM. The power is supplied through the micro-
cables MKl and MK2, the ends of which are electrically
interconnected by the sleeve tube MR. The electric
contacting, the relief of tension and the sealing of the
microcables MKl and MK2 take place at the crimp locations
of the sealing heads DK. In this case, the outer side of
the cable sleeve KM is additionally provided with an
electric insulation IS.

Figure 26 illustrates in the position of a micro-
cable MK which [lacuna] in the laying channel VN above a
power cable SK provided with an insulation SKI.



base course 47, a binder course 46 and a surface course 45. It is only the
surface course 45 and the binder.course 46 which are cut through by the

| ayi ng channel 19, 5 t he asphalt base course 47 only being cut to a
partial extent. Depending on the nature-o¥lthe road surface, the cutting
depth is betwe 4 cm and C | ayin epth of appr oxi el mis
opti mum Fi gur@%’i??‘ﬁ%ﬂ °gﬁ%ﬁe’&%ﬁﬂ&f&ﬁé’&@gﬁe{mgg#g#% 2@ hut
it is al so shotmbaoMRRhef | tlye Nl chocsisle MK i 5s fprdeided arithng plaseile of f
after the tubu L Dk 2. CaRl e b ' eﬁ?f t t he
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bi tunen j ognt Eia&i;fﬁ?! SolBbAd MG Chke poweed igd tIRIY YupplieP Wih ERE be
pessible for the filTing terial 49 to be apglled to _the mcrocable, as
the cable sheaﬁ'ﬂ,’“ﬁ?tfﬂe“f‘g’&?we MK and &heoinsutated; Pewaz cable 3K i on

for laying the m crocabiguréulyaliowl) thécarpangepentcstea meh-inél- It hig
s onsequont | YY) B1EBEFabIE {ok v PR TEE SR EXERLF i g, ok LS
wat er to penet thecopbjicadawaveguddede are) anrangedi,c #bave an hinsulatedr of
the mnicehl e dowbP 8aBEE BR,Zwithil @ QalidR Ryl R Ad B alse-
corrosion to tplezaggt&;wer-supply cable SK is, once again, insulated and
the non-insulated tube MKR of the microcable MK is
earthed. In this case, an insulation can be dispensed
with.

15 Figure 28 shows the power supply through a

microcable MK whose tube MKR is provided with an insula-

tion IS. Above this, an earth strip, as return conductor

RL, ensures the return conduction. In this case, the

return conductor RL serves simultaneously as additional
- 20 protection for the microcable MK.

Figure 29 shows the laying of a microcable
provided with insulation IS, in which case a continuous
cable holding-down device NH secures the introduced cable
MK in its wvertical position. The cable holding-down

25 device NH has obliquely positioned side walls NHS which
are supported against the wall of the laying channel VN.
In this case, return conduci:ion of the power supply takes
place via the cable holding-down device NH, which serves
moreover as an upward protection and guard.

30 Figure 30 illustrates the power supply through a
microcable MK which is arranged, with an additional wire
28, with an insulation IS. Said additional wire ZS is
electrically insulated with respect to the microcable MK.
Moreover, the material of the



sheath of the netallic tube by | eakage currents in the ground, the
mnicable 1 is provided on the outer side with a non-conductive protective
| ayer 51 which insulates the netal with respect to the earth. A thin cable
sheath 30 of plastic can be applied a3 3%e protective layer. For this
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m ni cabl e. Tol erances I n
Z8 in the region of the web ST if required. Such a

10 separation is practical, for example, for bridging
connecting sleeves.

Figure 32 shows the arrangement of two micro-
cables MKl and MK2 located one above the other in the
laying channel VN. The two microcables MKl and MK2 are

15 insulated separately and can be laid separately from one
another or together. Each microcable may expediently be
spliced to a single sleeve and electrically intercon-
nected. _

Figure 33 shows the power supply through two

20 microcables MKl and MK2 which are located one above the
other and are insulated separately, but are connected to
one another via a web ST. For splicing, the microcables
MKl and MK2 can be separated from one another in the
region of the web ST, with the result that each micro-

25 cable MKl or MK2 can be spliced in different single

- 8leeves and electrically interconnected.

The object of a further development of the
invention is to find a process with the aid of which a
laid minicable or microcable can be located. The set

30 object is, then, achieved, in accordance with process of
the type mentioned in the introduction, in that the route
of the optical minicable or microcable laid in a laying
channel is followed with the aid of a detector.

Advani:ages of the invention over the prior art

35 can be seen, in particular, in that, with the aid of a
detector, the



10 channel width are conpensated for by the spring action of the |ateral
fl'anges. The flange ends may be provided with lateral claws 53 so that they
can engage in the side walls of the |ayi 3q:{channel 19. If the filling
conpound softens, for exanple, due to hot eTrperatures the cable 15
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process, which is based on the operation of suitable
detectors, can thus be used for the acceptance and
approval of a new cable route, since the quality of
laying and the laying depth can be established at any
15 time.
It is thus expedient to arrange such a detector,
as a functional unit for locating cables, in front of a
joint-cutting machine, so that any metallic object, for
example a cable or supply line, which is located in the
20 ground, is detected in each case. For laying minicables
or microcables, detection can take place via the metal
tube itself, via a return conductor which is carried
along or else via cable holding-down devices in the
laying channel. These cable holding-down devices may also
25 be used, for example, for the power supply and for a
protective function for locating the minicable or micro-
cable. It would be possible for holding-down devices to
have a fixedly predetermined code or else to be freely
programmable. A service vehicle which is used to trace
30 the laid cable is expediently made available for this
process. This unit produces the reference for a marking
points, and stores the route in which the optical cable
is laid, so that the route can be transferred onto
existing street plans. In this way, both the position and
35 the depth of the laid microcable can be established.
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channel VN, and the laying channel VN has then been

10 filled with £illing material, for example bitumen,
metallic fillers having been added to the £illing
material.

Figure 35 shows a longitudinal section through a
laying channel VN in solid ground VG. The microcable MK

15 is introduced at the base of the laying channel and is
held in position with the aid of cable holding-down
devices NH, which are of a dowel-like design. The indi-
vidual cable holding-down devices NH are provided with
magnets whose magnetic fields can be located by the

20 detector passing over them. The alignment of these
magnets may be the same or else alternately different in
all of the cable holding-down devices NH. Alternate
alignment of the magnets M with the poles MN and MS can
produce a system of alternate magnetic fields by means of

25 which it is even possible to establish a coding for the
laid minicable or microcable. The laid cables can be
identified accurately in this manner, with the result
that it is possible to rule out mix-ups during repair
work.

30 Figure 36 illustrates a laid microcable MK, in
the laying channel VN, which is held in position by
magnetic cable holding-down devices NHN. Here too, poles
of the magnetic cable holding-down devices NHM may be
clamped in the laying channel VN with alternate orienta-

35 tion of the magnet poles NHMN and NHMS, so that coding of
the cable route is possible in this case as well. The
U-shaped cable holding-down devices NHN wedge



20 existing road surface. For the marking, use may be made of ground,
coloured glass splinters as fillers and aggregates. Different col ouring and
reflection nean that the cable route may then be recogni zed clearly. Under
normal wear of the roadway surface, a nunPer-of glass 25 particles are
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depression 67 thewmdgnetdc field can rber deteteedbthirouyhf fild efilEpage f or
the equalizingpaperial, which is not illustrated in this case.
Figure 37 illustrates, once again, a microcable
10 MK laid in a laying channel VN, this microcable being
held in position by bar-like cable holding-down devices
SNHM. These bar-like cable holding-down devices SNHM
likewise wedge in during laying and are supported against
the channel wall. Once again, the bar-like cable holding-
15 down devices SNHM are magnetically insulated with respect
to one another, and may be permanently magnetic or only
magnetized individually during laying. Here too, it is
possible to allocate an individual coding (morse) to each
laid optical cable by alternating the magnet poles. It is
20 also possible in this case, in the manner described, for
the magnetic field to be detected by a detector in
accordance with the process according to the invention.
A grid-like cable holding-down device GNH is
illustrated in Figure 38. Here, the bar-like, magnetic
25 cable holding-down devices SN, HM are fastened on two
longitudinally running support filaments TF, the individ-
ual bar-like, magnetic cable holding-down devices SNHM
being magnetically insulated from one another. During the
laying operation, this grid-like cable holding-down
30 device GNH can be easily unwound and introduced above the
cable in a clamping manner. Such a structure can also be
used in a simple manner to measure the length of the
‘cable route since a kind of graduated scale is provided
by the uniform spacing of the bar-like cable holding-down
35 devices SNHM. The individual bar-like cable holding-down
devices SNHM may be permanently magnetic or only
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It g.s illustrated in Figure 40 that the cable

holding-down devices ENHM may also have their ends E
fitted onto a support sheet TFOL. Here too, it is poss-
ible to vary the polarity and the spacing of the indi-
vidual bar-like cable holding-down devices ENHM for a
corresponding - coding. During £illing of the laying
channel with hot bitumen, the sheet then melts, with the
result that the hot bitumen can £ill the laying channel
between the bar-like magnets ENHM. The bar-like cable
holding-down devices ENHM remain wedged in the laying
channel and hold the microcable in the corresponding
position. _ :

In addition to the abovedescribed possibility of
purely passive coding by cable holding-down devices NH,
an active coding provided by electronic components is
illustrated in Figure 41. Figure 41 is derived from
Figure 35. However, the magnets have been replaced by
electronic pulse generators I. The information of the
pulse generators I can be interrogated from the road
surface by a movable induction loop IS.

The pulse generators I can emit cable-specific
information, e.g. operator name, route to which the
relevant cable belongs, laying depth, laying date, number
of optical waveguides, etc.

A freely programmable chip C which is assigned to
the microcable MK or to the holding-down device NH is
illustrated in Figure 42.



Sealing with respect to the upper road structure 72 is effected with
asphalt or liquid hot bitunmen. Sealing in the cable inlets 70 takes place,
for exanple, with conventional cutting ring seals or other seals which are
30 known per se for cable sl eeves Tht @ opper tubes into which the cable
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electronic active components to be accommodated here. The

10 power supply can take place from here, it also being

possible for the support surfaces TF of the cable hold-

ing-down devices NH to be designed, for example, as

power-supply conductors.

The abovementioned optical cables are referred to

15 as microcables and are preferably laid in laying channels

in solid ground. On account of their small diameters, the

laying channels can be kept very narrow, so that they can

be produced with the aid of cutting processes. Particu-

larly suitable laying surfaces are substructures and

20 roads consisting of asphalt or concrete. The laying depth

is very small and is between 7.5 and 15 cm. Such optical-

waveguide cable systems are particularly wellsuited for

laying in surfaces which have already been established

for this purpose, since high-outlay excavation work does

25 not have to be carried out. Moreover, the laying time is

very short, which is particularly advantageous in the

case of roads. After the introduction of the microcables

into the cut laying channels, these are filled. with

suitable filling material, for example with bitumen.

30 Further examples of suitable laying channels are expan-

sion joints which are provided between individual con-

crete slabs or are provided as a precautionary measure in

concrete slabs for road surfaces. Microcables may like-

wise be laid in these expansion joints. These expansion

35 joints are likewise filled with £illing material, so that
the microcables are protected.



I nstead.of the sleeve 68, this small shaft, in turn, 10 receiving a

sl eeve. Discharge neans and feed nmeans may |ikew se be run, as mnicables
or microcables, in a manner of an overhead cabl e or non-supported cabl e.
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ni crocabl e uséiPeedrintg sthe rlawing fehannelmaaincut t i ng- wheel arr angenent
conpris- 10 A further object of the invention is to develop
a process by which it is possible to remove a microcable
of the abovedescribed type from the laying channel and to
repair the same. The set object is, then, achieved, with
the aid of a process of the type mentioned in the intro-
15 duction, in that, with the aid of a unit for exposing the
microcable, the £illing material is removed from the
laying channel over a length which is required for the
introduction of a repair set, said repair set being
formed from two cable sleeves, two equalizing loops and
20 a connecting tube between the cable sleeves, in that the
microcable is lifted from the laying channel freed of the
filling material, in that the tube of the microcable is
shortened over a length which corresponds to the repair
set and in that the repair set is connected tightly to
25 the two ends of the microcable.

Microcables of the abovedescribed type are laid
in the upper region of roads énd footpaths. In terms of
dimensions, they are very small and could thus easily be
overlooked when earth work is carried out, so that the

30 possibility of damage is considerably higher than in the
case of conventionally laid communication cables. It is
thus necessary to have a quick process for repairing a.
damaged microcable, by means of which the damage can be
rectified in a relatively simple manner and in a short

35 period of time. A repair set is designed for this pur-
pose, which set is made up of existing standard parts,
that is to say of two cable sleeves with a connecting
tube located therebetween,



ing two standard bl ades with the interposition of a spacer ring is drawn
onto the axle of the laying unit. 35 Exchangi ng the spacer ring neans
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for example, with the aid of an Optical Time Division

10 Reflectometer (OTDR). In this case, some of the intro-
duced light is reflected back by way of defect locations
in the glass (soiling, splice, etc.). If the transit time
is measured, the spacing between the defect location and
the transmitter can be measured. '

15 For the repair, the microcable has to be exposed,
on either side of the defect location, to such an extent
that there is sufficient excess length for manipulation
and for splicing in the cable sleeves. For this purpose,
however, first of all the laying channel has to be freed

20 of filling material since it is not otherwise possible
for the microcable to be lifted without further damage.
The laying channel is exposed by cutting out or scraping
out - possibly in a number of layers - or by heating the
sealing compound, by cutting out and removing with the

25 aid of a cutter guided in the laying chanmnel, or by
heating the microcable or further electrically heat-
conductive parts which may be located in the channel
close up beside the microcable.

-In each of the two cable sleeves, which are

30 suitable for receiving microcables at least in the inlet
region, in each case one end of the defective microcable
is introduced and is spliced there to optical waveguides,
which are guided to the second cable sleeve via the
connecting tube. These optical waveguides are then

35 spliced, in the second sleeve, to the optical waveguides
of the second end of the defective microcable. The cable
sleeves are expediently sunk in core holes which are cut
in tangentially beside the exposed laying



bendi ng stress, so that unbal ances do not occur. - The initially produced
central web in the laying channel is broken out at the base during the
cutting 20 operation. - Appropriate configuration of the outer

ci rcunference of the spacer rings nmeans™ t%4t -t he | ayi ng channel is also

cl eaned at the_sane Fiogure 16_.shows ect angul ar, ] ay channel VN
25 in a soli ﬁ#’ldn&?fﬁt ek °of gbﬁb‘l’@'{a‘?‘i’fﬁ?ﬁo‘? n%f?g?\‘é? 8 (3xe
channel width Uﬁrhagedothag‘altﬁ.ann.y ion aumardheeveewicyhihuerm miab| ther

O r e LhEebl1 > etab eARTh1bRaD0e b bl RGNS dihallGOARRRL Vadl! O

in asingle cu operat 1 on us‘t’
production of the mrmﬂ memmﬂopﬂmhbwadbg baideflecteded

apart frog oge gAyidICexteft . 20fkE I3 ockiblle Ebﬁnéééﬂﬁﬁﬁ' Vﬂﬂe\?:.se
i nt roduced spacer ﬁi?g t:vvlth the result that 5 a cent ra I rst of
e

all remains betRR s apd; areciesignedrRe aanalizing, jacps, so
appropriate cithasf dtenisalposaiblelredi edmpensatesPfee! tbleganeeds and

longitudinal expansion when the sleeves are introduced

and during operation. The tight connections ~to the
10 microcables are produced by crimping the ends of the
equalizing loops onto the ends of the microcable. After
these operations,. the laying channel can be filled with
filling material again.
A break KB in a microcable NK is illustrated in
15 Figure 44, the £filling compound having already been
removed from the laying channel over a length which is
necessary for the repair. All that is left in the exposed
laying channel FVN, which is provided, for example, in a
solid road surface VG, is a small layer of £illing
20 compound above the microcable NK, which layer of filling
compound, for safety reasons, is not removed in its
entirety, so that the microcable MK is not damaged
mechanically by the tool. An appropriate control means as
is further explained at a later point in the text is
25 suitable for this purpose. The laying channel with the
viftually exposed microcable MK is then accessible from
the road surface SO, so that the two ends of the micro-
cable MK which is to be repaired can then be removed
simply and carefully. |
30 Figure 45 illustrates the already outlined process
for repairing a microcable MK which is broken at the
location KB, the exposed laying channel FVN being viewed
from above in this case. It can be seen that two core
holes B have been drilled vertically into the ground,
35 virtually tangentially beside the exposed laying channel
FVN, at a spacing which is required for the excess lengths
of the optical waveguides, and a cylindrical cable sleeve
KM has been introduced into each of the core holes. These
cable sleeves KM are designed for receiving microcables



that this central web M5 is inmmedi ately broken off at the base BS during
the cutting operation, this resulting in 10 the wi de | aying channel shown
in Figure 16. Figure 18 illustrates a cross-section of the cutting-wheel
arrangenent, which conprises two bl ades=T&t and TS2 with a spacer ring DR

| ocat ed t herebet n, the w dt t he spacer ring bei ng sel ect ed such
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Figure 46 shows the arrangement in accordance
with the outlined repair process and constitutes a
longitudinal section of the arrangement according to
Figure 45, for the sake of simplicity the cable sleeves

15 being illustrated in a sectional and simplified form in
order better to show the conditions. It can thus be seen
that the equalizing loops AS are connected by means of
crimping AK, on the one hand, to the tube ends of the
microcable MK which is to be repaired and, on the other

20 hand, to the cable inlets KE of the cable sleeves KM. The
optical waveguides LWL of the microcable MK are each fed
to the corresponding cable sleeve KM by way of the
equalizing loops AS and, there, are spliced, at splicing
units SK, to optical waveguide LWL which lead, via the

25 connecting tube VR, to the respectively second cable
sieeve KM. All the connections can be restored in this
manner. After the cable sleeves KM have been closed off,
the previously exposed laying channel FVN can be filled
with filling material again.

30 Figure 47 shows a unit GF for removing the
filling compound FM from the laying channel VN provided
in solid ground VF. A microcable MK is laid at the base
of said laying channel VN and has to be lifted, for
example, due to a break in the tube. In this case, the

35 microcable MK is provided with an insulation layer 1s.
For the purpose of removing the filling compound FM, use
is made, in this process, of a heated cutter SCH



break off the central web and clean the |aying channel. An air pressure by
whi ch the laying channel is freed of fragnents is produced by way of the
cutouts or grooves. 35 Thi s simultaneous|y achi eves sel f-cleaning of the
| ayi ng channel as it is produced. - 26%2 TFigure 19 illustrates
rectangul ar cut and Figure.20, ilJustrates sawt oot h- shaped touts
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invention 15 mosntedfondaampbidlesanthy OF and He heiated,nifoablexaiple,
from a container for fuel BS via a connecting line SH. A
motor M ensures that the unit GF advances above the

10 laying channel VN on the road surface. An electric
measuring device MV is used, during the process, to
monitor that the microcable is not additionally damaged
by the cutter SCH being introduced too deeply, the tube
of the microcable MK and the metallic cutter SCH being

15 connected to a cozit::l.nuity tester. If, then, the insula-
tion layer IS is damaged by the cutter SCH, the measuring
device MV responds and the depth of engagement of the
cutter SCH may then be corrected. It is also possible for
the exposing operation to take place in layers.

20 Further aids may also be provided in order to
. expose the microcable in the laying channel. Thus, for
example, the insulation of the microcable may be designed
as a type of zip fastener, so that the tube itself does
not come into contact with sealing material when the

25 latter is being introduced. After the filling material
has been removed and the "zip fastener" has been opened,
the microcable can be completely freely removed from the
insulation. Furthermore, it i1s also possible for a
ripping wire to be introduced into the laying channel

30 above the microcable, it being possible for this ripping
wire to be used for pulling out the filling material. If
continuous cable holding-down devices have been intro-
duced above the microcable during the laying operation,
these cable holding-down devices may also be used for

35 removing the filling material.

If the microcable has an insulation, this insula-
tion is extremely suitable as a release means between the
metallic



m_crocabl e can be renoved again fromthe |aying channel, in which case the
filling material has to be renoved beforehand. The set object is achieved
according to the invention, in accordance with a process of the type 20
nent i oned in the introduction, in that a #¥nsion-resis- tant release
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the microcable should have a smooth surface in order to

10 reduce the adherence. The laying channel is exposed in
the abovedeséribed manner, but the insulation remains in
the laying channel.

It is also possible to lay a strand of foam
rubber GU as release means between the microcable MK and

15 the filling material FM, as is shown in Figure 48. In
such an arrangement, the cutter of the laying unit would
then not have to be heated. It is also possible to use a
particularly strong cable sheath. In addition, the cable
sheath may also be thickened.

20 In accordance with the same process, it would
also be necessary to remove a filling material from a
laying channel which are introduced between the indivi-
dual slabs of a concrete roadway or in expansion joints
of slabs on which it is possible to drive. It would

25 therefore also be possible to dispense with the operation
of introducing an additional channel with the aid of a
cutting blade in the case of concrete roads. If these
channels in the concrete have a dimension which corres-
ponds ﬁpproximately to the diameter of a microcable, such

30 cables can be introduced into these already existing
channels without further measures being taken. These
channels are then likewise filled with filling material
and sealed. Since such seals in the channels of the
concrete slabs have to be renewed at certain time inter-

35 vals for safety reasons, there is the opportunity to use
such occasions to lay new microcables without additiomnal
cost, time-saving also playing a role here. Moreover, the
road structure would



- 27 - Dbitunmen. Accordingly, the mcrocable cannot be drawn out before not
the filling material is renoved. Likew se, further, secondary cutting of
the laying channel is not an option since the filling material would only
snear on 5 account of its viscous consi'St%c'y. The invention solves this
problem then,_i hat a.tensjan-resi nt release elenent |s enbedded
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filled abpye tHfeahménOsalhe tie! Mbmy joints against dirt and surface
water. Such channels are likewise suitable for the laying

of microcables. In order to protect the microcables laid
therein and in order to be able to compensate for irregu-
larities caused by the so0il mechanics, it is expedient to

15 widen the dummy joint at each concrete-slab joint, so
that the microcable has sufficient opportunities for
compensation in these areas. For this purpose, a core
hole with a diameter of 8 to 10 cm would be sufficient in
order to protect the laid microcable when roadway slabs

20 are displaced with respect to one another by subsidence,
‘earthquakes or similar ground movement. Shearing off or
buckling of the laid microcable could thus be largely
ruled out.

The length of the repair set depends on the

25 damage location. In order to have sufficient excess
length of fibre, a fibre supply of approximately 1.5 m
has to be allowed for each sleeve. The connecting tube
VR, and thus the length of the repair set, is always 3 m
longer than the defect location which is to be bridged.

30 The £filling material can also be heated, for
example, by heating current-carrying conductors which
have been introduced in the £illing material. The cable
holding-down devices, for example, can be used for this
purpose. '

35 The object of a further development of the
invention is to provide a process in which the microcable
is fixed continuously along its length during the laying
operation.



rel ease nmeans which is designed as a filling profile and 25 I's pressed

into the |aying channel, if appropriate with additional sealing with
respect to the borders of the laying chanpel. Once again, a viscous
materi al such as bitumen is particularly iTabl e for this purpose.
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The microcable, then, is fixed, in a simple

manner and ideally following the laying of the microcable
in the laying channel, by introducing a continuous
10 profile body at the base of the laying channel. The
continuous, elongate profile body preferably comprises an
extruded, rubber-like plastic, which is usually referred
to as foam rubber. The action of pressing this profile
body into the laying channel deforms it elastically and,
15 due to the elastic prestressing, wedges it against the
walls of the laying channel. In so doing, irregularities
are compensated for by the elastic material. The material
consists of a rot-proof soft rubber which is resistant to
temperature and UV. If required, this profile body may
20 additionally be sealed at the top with a sealant, for
example with hot bitumen. In this way, the profile body
is additionally fixed mechanically in the channel. This
gives the following advantages over holding-down devices
comprising metal clamps or similar elements:
25 - Less hot bitumen is required for the sealing.
- The profile body is laid quickly, in some circumstances
immediately after.
- The laying operation can run continuously.
- This alone provides rough sealing with respect to
30 surface water.
- The elastic material of the profile body can allow for
expansions in the ground.



- 28 - supply along the mcrocable. It is illustrated in Figure 23 that a
mcrocable MK is introduced in the cut | ayi ng channel VN of the solid

ground VG and,
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a profile body. Furthermore, the channel is sealed
towards the road surface and the cable is protected
against mechanical loading and vibration.

In the simplest exemplary embodiment, use is made
of an elastic profile body with circular cross-section
which is pressed in directly above the microcable, for
example using a roller or roll, the remaining free space
in the laying channel being sealed off towards the top
with a hot biéumen. On account of its elastic properties,
pressing in of the profile body also fills the cavities
between the microcable and the laying walls.

An exemplary embodiment in which the microcable
is already sheathed with an elastic profile body is also
advantageous.

However, use may also be made of dimensionally
stable, elastically deformable sealing profiles, which
then have deformable formations, for example barbs, which
make it possible for said sealing profiles to clamp and
catch on the channel walls and irregularities in the
laying channel. |

As sealant for sealing the laying channel against
the penetration of water, use is preferably made of heat-
softenable materials,



invention is to provide a process for the power supply of a mnicable or

m crocable with optical wavegui des. The 25 set object is achieved, by a
process of the type nen- tioned in the introduction, in that the netallic
tubes of the microcables or ninicables ar® connected to the central power
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stable 5 wth respectUse mayrsless e madecsf thanpeveturértesbstangrandd in

whi ch the layiaﬂmgﬂgf8§£1i§ QEQ%&ge$é¥f§¥§tﬂ§aies in which there are
arranged free ducts into which microcables or else free
10 optical waveguides are drawn. The optical waveguides are
introduced, then, for example by cables, fibres or fibre
elements being blown or drawn in, it being possible for
these operations to take place before or else after the
introduction of the profile body. '
15 It is thus possible for a microcable to be fixed
in its laying channel in a simple manner by a continuous
profile body, the cut laying channels in the solid
ground, for example a road, being closed off in a water-
tight manner. The microcables can be laid better using
20 such profile bodies and, in the event of a repair being
necessary, these profile bodies can be easily removed
again from the laying channel. The profile bodies which
are introduced above the microcable simultaneously
protect against high temperatures (from 230 to 280°C),
25 which may occur when the hot bitumen or the hot-melt
adhesive penetrates. Moreover, it is also possible for
the profile bodies to compensate, to some extent, for
changes in length in the case of irregularities in the
road (subsidence) or in the case of different thermal
30 expansions of cable and road surface.

However, the microcables may also be provided
during manufacture with a sheath consisting of soft, as
far as possible cellular or expanded plastic, so that
this sheath already assumes the function of the profile

35 bodies. Such a microcable is then held down by the
applied
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b8ifgt ! iprdeire BHdy CwBikh completely encloses the
microcable provides a uniform radial pressure, with the

result that the cable is aligned without stressing. Since

the elongate profile bodies hold the microcable down
uniformly, it is no longer possible for the microcable to
rise up due to inherent stressing of the same. Moreover,
the microcable is not subject, during laying, to any
longitudinal stressing, which could possibly lead to
expangsion or tensile stressing of the optical fibres.

. During the laying operation, the microcable is routed

20
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30

35

very accurately, so that the cable cannot deflect or
buckle under the thermal or mechanical loading. Further-
more, pressing the profile bodies into the laying channel
results in gap-free filling of the interstices in the
vicinity of the channel wall on account of their elastic
properties.

The microcable may have a sheath extruded on it
as early as the production stage. However, it is also
possible to apply a cylindrical sheathing subsequently,
shortly before the microcable is laid, said sheathing
preferably being slit, so that it can be latched onto the
microcable.

The introduced profile bodies can be cut out in
a simple manner, during repair work, with the aid of a
chisel or knife, so that the microcable which is to be
repaired can be lifted in a simple manner.
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drawi ng-i n opeintroducédtsebsequentbycinto a laying channel, in which
’ case the profile body is first of all removed in order to
provide space for the further microcable. A profile body
10 is then subsequently pressed in and is, once again,
closed off towards the top with a sealant.

If use is made of relatively hard profile bodies,
additional free ducts may run in the longitudinal direc-
tion, it being possible for fibres to be provided there-

15 in, for example blown in, at a later point in time.

Figure 49 shows a laying channel VN in solid
ground V@, for example a road surface. The microcable MK
has already been introduced in the base of said laying
channel VN. As the arrow GK indicates, a continuous

20 profile body GU consisting of elastic material, for
example rubber, has been introduced above the microcable
MK as a holding-down device for the same.

Figure 50, then, shows that the action of press-

ing in causes the profile body GU to mould to the micro-

25 | cable MK and the channel wall NW. The rest of the laying
channel is filled in a sealed manner towards the top, up
to the road surface SO, with a sealant B, for example a
hot-melting bitumen.

Figure 51 shows, schematically, the operation of

30 a laying unit VW. The microcable MK is unwound directly
from a drum TMK on the left-hand side, so that the
microcable can be laid easily in the laying channel.
Unnecessary deformation of the microcable is avoided in
this case. A



- . the insulation |ayer forns heat insulation when sealing the |aying
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insulation in the case of heavy traffic. 20 Fi gure 25 shows the
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After the intrgﬂ%&fnvﬁf' Tapﬁ CﬁQJe%S’ yth&e profile body, in a simple
manner. The laying shoe VS is held in position with the
10 aid of a spring structure F, and a braking device BR
ensures a defined drawing-off speed for the two drums TMK
and TGU. Finally, the laying direction VR is indicated by

an arrow.
Figure 52 shows a microcable MK which has already
15 been provided with an elongate, annular profile body GUR.
This profile body can either be extruded onto the micro-
cable MK .dur:l.ng production or be drawn on subsequently.
If the profile body GUR is drawn on subsequently, it is
expedient to provide a longitudinal slit S, so that the
20 profile body GUR can be latched onto the microcable MK by
expansion. The edges of the longitudinal slit S are
expediently bevelled, to render the latching-on operation

easier.

Figure 53 shows a laid microcable MK with a
25 profile body GUR drawn thereon, the pressing-in operation
deforming said pfofile body such that cavities are
largely eliminated. In this embodiment, furthermore, an
additional profile 2P which additionally closes off the
laying channel towards the top is introduced. The two
30 profile bodies consist of elastically or plastic
material, so that they lend themselves well to deforma-
tion. The rest of the laying channel VG is, once again,
closed off and sealed with a sealant, for example hot
bitumen B. If it is intended to lift a microcable MK
35 again, then a chisel is used to remove the sealant B
mechanically and extract it from the laying channel.
Since it is only the sealant and the channel wall which
adhere firmly to one another, the profile body can
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hol di ng- down 2§igg§§§§§§§§;ﬁ¥< %%fi‘eﬂjﬂe‘*/fif;‘m H&Hisﬁgé';\r/\hgigaf#isaml ch
are supported agungatudinhs rush. res n o sfiluses
return copguct b B GP&wROYE bEUWR! dt!&KESter point in time. Provided

in the upper region of the profile body VP is a duct for
a microcable MK which is introduced into the profile body
VP in the direction GR, through a longitudinally running
slit VPS, before the laying operation. '

15 Figure 55 shows the profile body VP of Figure 54
within the laying channel VN, the elastic barbs WH having
been wedged along the channel wall. Additional optical
waveguides may possibly be drawn or blown into the free
ducts FK of the profile body VP at a subsequent point in

20 time. The upper part of the laying channel VN is, once
again, filled with a sealant B.

Figure 56 shows a cross-section of a profile body
P which likewise has elastic properties, but cannot be
deformed plastically and has already been sheathed at the

25 factory with a fusible sealant BVP, for example consist-
ing of hot bitumen or hot-melt adhesive. This grooved
moulding NFT is heated before laying, so that it can be
rolled into the laying channel in the hot state. Free
ducts are, once again, provided in the profile body P,

30 but a slit duct for receiving a microcable may also be
provided here.



pl.ace via the cabl e hol di ng-down device NH, which serves noreover as an
upward protection and guard. 30 . es \
supply through a mcrocable MK which is £anged with an additional wre
ZS, with an insulation IS, Said additiona
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cr over . the ter aI of the
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sealant is rolled in at the road surface and removed.
Furthermore, the object of one development of the
invention is to find a process in which the laid mini-
cable or microcable is sufficiently protected against
damage by the penetration of pointed implements and very
sharp-edged objects. The said object is achieved accord-
ing to the invention, with the aid of a process for
introducing an optical cable of the type mentioned in the
introduction, in that, after the introduction of the
minicable or microcable into the laying channel, an
elastic, notch-impact-resistant covering profile which is
difficult to cut through by mechanical intervention is
laid in the longitudinal direction of the minicable or
microcable, and in that the width of the laying channel

. is covered in so doing.

The advantages of the process according to the
invention for laying optical-waveguide cables, in par-
ticular minicables or microcables, consists essentially
in that as early as at the actual laying stage itself
additional protection is afforded for the optical-
waveguide cable against accidental or intentional mechan-
ical intrusion into the laying channel. Such intrusion in
the route may occur, for example, deliberately as a
result of vandalism or accidentally as a result of work
being carried out in the ground there. Thus, for example,
in the case of the penetration of a pointed and very
sharp-edged object, for example a screwdriver or chisel,
penetration as far as the microcable is prevented. This
results in elastic/plastic

S



| ayi ng channel VN. The two m crocables MK1 and MK2 are 15 I nsul at ed
separately and can be laid separately fromone another or together. ~Each
m crocabl e nmay expediently be spliced to a single sleeve and electrically
i ntercon- nected. Figure 33 shows the pbv\%?‘ Supply through two 20

' bl VK d whi gh_are_| ocat ed,one ve the other and e
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coverings. Such sensors may be used, for example, to
10 locate and monitor disruption-free operation. The
toughened resilient core essentially prevents the pene-
tration with a sharp-edged object. The foam sheathing, on
the other hand, cushions the additional loading and
distributes the compressed loading over a large surface
15 area, so that the minicable or microcable is not deformed
or damaged any further. In addition, this also provides
a simple lifting aid for the optical-waveguide cable,
since the tensile strength of the covering profile is
sufficient for removing from the laying channel the
20 filling material which is located above said covering
profile. The covering profile also serves, at the same
time, as the holding-down device for the optical-
waveguide cable in the laying channel and, in the case of
metal inserts, can also function as an earthing strip.
25 Figure 58 illustrates the cross-section of a
laying channel VN, at the base of which a microcable MK
is laid. An intermediate covering 2ZWA is additionally
introduced, after or during the laying of the microcable
MK, on said microcable MK 1located beneath it. This
30 additionally produces buffering against mechanical action
from above, with the result that directed blows with a
tool or similar pointed object cannot deform or even cut
through the microcable MK. Said intermediate covering ZWA
may, if appropriate be provided with inserts ZWE, for
35 example with metallic wires, or with sensors. Such
sensors can be used at a later point in time to locate
the cable routing as well as penetrating water or disrup-
tions in the road structure and to trace the intrusion.
With an intermediate covering



- 33 - laid mnicable or mcrocable can be traced so accurately that, for
exanple, it can even be entered, with rela- tively |low tolerances, for
archiving in town street plans and cableﬁﬂgute pl ans. The process using a
detector 5 according to the invention ca I'so be used to |l ocate the cable
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| ayi ng depsh ceéndfl6SkebengtRdand e&anis'frershi %mp&hsisavunaﬂ:z@ﬁm @y to
R A I
cabl e or supplyionnts patlimgrily bas=sdedsi hhenelibewzgednuxodmce&tm in
\e,?;ht ﬁgsreret FOreh 81 Eh iU HEHUES YovlrAHy 22WAS: a2BRECT6LN &FF1AGK 1 ace
introduction of the microcable. Said covering profile AP

10 may, in principle, be designed as a metal-wire, plastic,
hemp or sisal line, it being necessary for the material
used to have the corresponding properties. This means
that the covering profile AP has to be designed so that
it is difficult to cut through, can be deformed mechanic-

15 ally to a limited extent and is tough and resilient,
which can be achieved, for example, by stranding indivi-
dual elements. However, it is advantageous if such an
element is coated, as core MFK, with an elastic sheathing
APU, preferably consisting of foam material, it being

20 necessary for the diameter of the overall covering
profile AP to correspond to the width of the laying
channel VN, such that clamping in the laying channel is
also achieved therewith. The core MFK itself has to have
a thickness which corresponds at least to the diameter of

25 the microcable, so that the covering profile AP with its
core MFK provides the microcable MK with full covered
protection. The rest of the laying channel VN is filled
towards the top, towards the surface of the ground VG,
with a £filling material, preferably with hot bitumen.

30 Such a covering profile AP thus provides considerable
protection against accidental or intentional penetration
of destructive objects into the laying channel VN, the
tough and resilient core MFK largely preventing the
penetration of a sharp-edged object. In this case, the

35 sheathing APU consisting of elastic material cushions the
loading and distributes the compressive loading over a
large surface area. The microcable MK located there-
beneath is not deformed or damaged. However, the inte:r:;
mediate covering ZWA shown in this figure does not have



tube itself, via a return conductor which is carried along or else via
cabl e hol di ng-down devices in the laying channel. These cabl e hol di ng- down
devi ces may al so 25 be used, for exanple, for the power supply and for a
protective function for Iocating the miTi%® ﬁble or mcro- cable. It would be
possi bl e for Id| down . devl c to have a fj redeterm ned code or

el se to be free tgo(fl‘angrpaafﬁﬁbq s%’r'me’!} cfg éﬂgcﬁaf’g”é@gdpFB filgce 30
the laid cableAR;ankﬁhthelyeqaﬂeedvadndﬂuidnu itsel Hi MeBéovdh) S thei t
produces the rgfRhe n [Q in ich
the opti cal cag{e |?% %ﬁys Qﬁg ?@%?b ?aghgegéggﬁgggrP§§Egﬁfoaph

exi sting stree®¥ ans. In this may, both the position and 35 the depth of
the laid mcrocabl e can be established. - 34 - Figure 34 describes the
princi pl e of the process for |ocating an optical cable, in particular a

m ni cabl e or mcrocable, with the aid of a detector D which is accomodat ed
in a service vehicle. Wien this vehicle 5 drives over a |laying channel VN,

it is established by way of the emtted and reflected | ocating signal OS
that a



| ayi ng channel VN has been driven over. In this exenplary enbodi nent, the-
m crocabl e MK has been laid in the |aying channel VN, and the |aying
channel VN has then been 10 filled with _filling material, for exanple
bi tunen, metallic fillers having been add® to the filling material. Figure

35 shows a |l ongjtudinal section through In hannel VN _i,n sol i round
VG. The m croc%o?% ‘Reg pe Pnfiﬂaﬁgeﬁ&ﬁ%ﬁegb@sg&’f the. HLERAPF A Ennel
and is held i MPposineen on tdccdmtaicE dhe dhigh mechang-cadwstengtds Mg

whi ch are of - dgsd pndip- W I b obdi.ng-

devices NH ar ?%?gglgdgglé\%’t ?ﬁ%ﬁ?ﬁ%bs?nﬁg‘%ﬁfi%‘ﬁ?i ke?%‘? %gh %'eatyllo at ed
by the 20 dethannel jREsthe £ ng tpaberigl M| legated thereabeve. magnet s

0! i ng- down devi ces TELO § or oy Lragte CUf e e

ol di ng- down devi ces NH. rnate aligppgent ,o0 e nmagnet.s e

pol es MN and N&Y c2nPoAoEsS 93’15%? e?ﬁoghéFPeliﬁat‘{e‘ g‘ﬂ"&hfFe @Ky Breans
of 25 . which inté stiee clayhssidhannel cfikiud with i i1 ldng hmteaiihl

m ni cabl e or nierocab T |ai abl C | L] rataly in

t hi s manner, vr\%'?h ?ﬁekﬁégul%%et hé:tq"’l%t’ i'%"sepog{s?:gfneé?%g%%iéggu m'lif?d&g'sg/-duri ng
repair work. 3Jplaced and theuebjegti |SGiscomess intiogicrntaccwith Mhe | n

10 elastic sheathing APU of the covering profile AP. In this
case, the sheathing APU is deformed, or even cut through,
but the pointed object SG then comes up against the core
MFK, which is difficult to cut through, of the covering
profile AP, where it is finally stopped. That side of the

15 sheathing APU which is located therebeneath is deformed
by the pressure produced, and a distribution of pressure
takes place. The microcable MK located therebeneath,
which in this case is arranged beneath the intermediate
covering ZWA, is thus not damaged.

20 Figure 60 illustrates the operation according to
Figure 59 in cross-section. It can clearly be seen that,
when it comes into contact with the covering profile AP,
the pointed object SG deforms, or else cuts through, the
sheathing APU and is then prevented from advancing

25 further by the core MFK, otherwise, the conditions
correspond to Figure 59.



t he laying h.is held in position by nmagnetic cable
hol di ng- doxﬁ Bi :ﬂ “'m e t oo, poles of the magnefre—eabte—mm
hol di ng- do be clanped in the laying ¢RHRhSHEEINHAGtBEEN

!
alternate orienta- tion of the magne';t pol es NHWN { and NRMIPBACED t hat
codi ng of the bl r is possible in this case as welT. Thetshape
cabl e hol di ng- %ﬁf’eﬁ 5&5 NHN wedge - 35 - in during laying and are

supported on the chanrRtocwds . £oke dntatsheringaban lopitdicad- deableedntes are

ticall t
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t hrough the fill materi al |IIustrated | thIS case. [Figure
37 illustrat e?a?ﬁfget%hﬁ ntube WQEFOE’&EFS‘ }W" K ?ﬁFﬁrﬁ‘ﬂfa diapeter. Rfnnel
VN, this m crotxdm e2bei ng el (im,n préeférablyy firam- 3.5 tnbs 5 hfdngi @gdaiown

LT S e el e e
2. Process accord to Claim 1, characterized in
10 that the optical waveguides (3) are introduced at the
factory. |
3. Process according to Claim 1, characterized in

that the optical waveguides (3) are blown into the
already laid tube (8).

15 4, Process according to Claim 1, characterized in
that the optical waveguides (3) are jetted into the
already laid tube (8) with the aid of a ligquid medium.
5. Process according to one of the preceding claims,
characterized in that a laying channel (19) with a width,

20 adapted to the diameter of the microcable or minicable
(1), of £from 4.5 to 12 mm, preferably 7 mm, is cut into
the solid ground (17) by means of a cutting wheel (15)
arranged in the laying unit (23).
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the channel the bar-1ike cabl e hol di ngs

- SNHM are mag H! “ hﬁ W th respect to one ano ITé‘“S SJI’EETM BEEN
per manent |y gneti zed individually dufing I&SRLW@EDHere
too, it is possible to aIIocate an indiVi '(JaT cod| ng (norse) 1O sach—ted

tical bl alterpating the nm 2 al. so possible in
?Ei Iscgasg?1 o %e nmannef° ﬁﬁgﬁrfﬁgﬁr&?fﬁt t ¢ 1"8’@1 ractenigesetiRt ed

by a det ector thatctie diacingidhandel pfil®)eds 2atotoi agdéptthlfw?gtsﬁg A
grid-1like cablg,h | s illustrated in Figure re,
Eo2b6 0, DK dENbES FiHab

t he bar-Ilike, nmagnetic di'ng> down devices SN, EM are fastened
on two | ongi t ulit nal | y Preeess Wiﬁgl A9enoneTFOE t ((aims vild- taal4,

Choul at od Tron kgadeskoztal fh hie thélds *ngg"QOp*eﬂr PF R (F) g
t rom.one anot her ri
ngreahgl di ng- gogntﬂe\ﬂi@é“@%a supplye Lines y 3hlodra m%wmd

above the cablgasnon warepiby mamerofsuch?lﬁiﬁg[)ilﬁiure Ca2| ﬁlcsoabﬁi ﬁsegf' n
ot a el |3 ToopleEabe ARIAAL W GRSk PRSICS, 4
hol di ng- down SGhar%I@WEiaEeGI\#M thate thelindccodalibe -ox kelrcddbsd éo( 1) nigs dovvn
devices WM nBiskéd PHLEE NeRL 8 ¥idGI KL fv adiPly lines (35) for waste
water or water by means of a laying unit.
9. Process according to one of Claims 1 to 4,
characterized in that the microcable or minicable (1) is
pressed into the solid ground (17) by means of a laying
15 unit..
10. Process according to one of Claims 1 to 4,
characterized in that the microcable or minicable (1) is

jetted into the solid ground (17) by means of a laying
unit.

20 11. Process according to Claim 5, characterized in
that the laying channel (19) is cut in a base course (47)
of the ground, in particular a roadway, in that the
laying channel (19) is cleaned, preferably having excess
material blown out of it, in that the microcable or

25 minicable (1) is guided into the laying channel (19), and
held at a constant laying depth, by a feed element in the
form of a laying blade (18), in that, after the introduc-
tion of the microcable or minicable (19), the laying
channel (19) is filled with £illing material (20) by

30 means of a following £illing apparatus in
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- .36 - rragnetiz ur| hg l'aying. Here too,| THISI SHAESSA.

provi de a codi n mlwmmﬂﬂn t he magnet pol es. Figurle 39 Rl—p @gpgg
that the cable ngL devi ces M can be, a "'"ﬂ cked ¢r
cl anped onto the support filaments TF. Th may al so take pl ace on S|te in

whi ch case any Si | r prod uc, [of0)

al so take pl acgﬂgf §£°§'g"x§°%£g5€§'g£f§yfﬁ§ (Rg) ana'noetitkte i?l't‘?te gl dual
bar-1ike, 10 hagnetlu c{X%bl dshoterminatoed é&wthe HRekelicl bt:l-:faczl Ihystﬁat ed
in Figure 40 t a gb§i,ng- down devi ces ENHM nay al so have their
ends E fitted g%thékgasgpgg?t rlshgeiet TFOL. Here too, it is poss- ible to vary
the polarity ahd+the sBECFREBorcCRFIing toflaim ik ¢harackerizedcin

hol di ng- dosn dehhee& EehPAbDe GiiQ&thﬁﬂ%lPﬁsCQQtﬂ?duQéE{ E&ta;] Ie Hrt:égﬂ??ft}] gte
lt?\)él RgtCB?PErGrL itgﬁt I(Bbﬁtugegﬁl 5?8 ci&ﬁgﬁp ng&h S(Illlgwbar-l i ke magnets
ENHM The bar-IlBke cabPzogéss mackorddngoweo dlainedIEN 12 e¢Bar@sget-in
the laying chagggly apd e the ELS&Bga@H%dde*T&&Priss%&TTé¥3with a
bitumen sealing compound or a preformed bitumen joint

10 filler.

14. Process according to one of Claims 11 to 13,
characterized in that the laying channel (19) is marked
by a 1light-reflecting layer (64), preferably with
embedded glass bodies (65) as filling means.

15 15. Process according to one of the preceding claims,
characterized in that the microcable or minicable (1) is
drawn off from a ring wound up on a laying reel (24) and,
prior to the introduction into the laying channel (19),
is aligned and levelled parallel to the route of the

20 laying channel (19) with the aid of guide rollers (25).
16. Process according to one of the preceding claims,
characterized in that in the case of changes in direction
and bends up to minimum radii of 30 mm of the laying
channel (19), the microcable or minicable (1) is adapted

25 to the directional route in a bending apparatus (61).
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paosition. In a ovedescri bed possibility of purely passive

codi ng by cabl ﬂm,‘ ',m WUﬁw ces NH, 25 an active codi ng provided by
~electronic conponents 1@ i rated in gure 41. Figure 41 is derived
from Figure 35. However, the nmagnets have®beén repl aced by el ectronic pul se

enerators |I. e info | h ul se gener, rs_1 _cap,be i errogated
?ronlthe r oad gg sur ggé gg géﬁ% §ﬁ$ dﬁt 5ﬁE$SdBr?§F ing

generators | cah=€n¢te€ébhé-Qpe@hhh:ﬁhﬁ(hdhﬁ|t&) qfg;hqumaqtmmabiamprroute
to which the rﬁhﬁxaamsafeig Qslfaﬂgthéﬁxangiéeﬂgu&éal %ﬁsch .

optical wavegui r eel ogranna
a23|gned to th@gﬂPSFSEaMhéqh<%FetEnPWB mﬂqhﬁﬁndgﬂﬁ G@Hﬂﬂi?&# eeves,

illustrated i nckigpablé2tubes- 037:Eiti:li.n§‘30 store and reproduce infornation
(cabl e, sleeve oper at

free o egU|des Interroga Lon can
take place indd tlvely85b5 BRe & {&ﬁﬁ) n?l 5heﬁ?§ f*ﬁ)gﬁ%i dellritlty
contacting thecbabacterndaed én that the tube (8) of the microcable or
minicable (1) is lengthened, if required, with the aid of

adhesive connections, solder connections or weld connec-

10 tions which are known per se.

19. Process according to one of the preceding claims,
characterized in that excess lengths of the microcable or
minicable (1) in the form of equalizing loops (66) are
laid in the cable-laying route.

15 20. Process according to Claim 11, characterized in
that the laying channel (19) is arranged in the side of
the roadway, in the cycle path or £footpath, on or in
kerbstones or along the fronts of houses.

21, Process according to one of Claims 1 to 5 or 11

20 to 20, characterized in that holding-down elements (52,

- 57) are pressed into the laying channel (19) after the
introduction of microcable or minicable (1).

22. Process according to Claim 21, characterized in
that U-shaped, spreadable clamps (52) are pressed into

25 the laying channel (19).



5.carrier fil f he sleeve. In Figure 43, the progranmable chip CH
IS accom md@ﬁ“ﬁ'ﬂ!ﬁﬂ ﬂ;ﬂke M so that information can be emtted from
t he sleeve. It1% LSOx iBlte for furth el ectronic active conponents to

be accommodat ed here. The 10 power subp&é Can take place fromhere, it

al so being posgible fo h upport .surfaces, Tk _of,.the.cabl e hol d-.ing- down
devices NH to gé'desi g%ﬁéfgfgrggfgﬁsf'@,g i’? FRdR Ay SPAFRRRAT AT #‘ﬁe
abovenent i onedtbpti gilvetaillike smetalkfbolbd t(57)5 arespressedaldnt athle ar e

preferably |ai §abinka%hlfnehaRag)s in solid ground. On account of their
smal | di arreters?ytﬁg I 'ayl ng cﬁag?\el s can be kept very narrow, so that they

can be produced@®with t REcgegsaceerding tp anes ofsthepreceding elatmes abl e
| aying surfaceghaffctebizedctiti ccha@Plud@ id Oad8eCHBHi &t midrYoadIdabt Of

oot cal - wavegBtisoRabet Q)s el Yp: e 1) LPrpstaFitel ok Mromiang i n
surfaces whi chnbakeleamotybidehumn (GsNiMbL8BRd for this purpose, since

I outt . exgyal One BEkefadratslf cBEnd O CILERSY £k PO
case of roads.chprasterized: daiuthabnuse tim madeoqi| @smicrocabd.ec or

l'ayi ng chgonel fini&hB368 Wiehfal t@BeVeblsisting of aluminium. _

- 26. Process according to one of Claims 1 to 23,
characterized in that use is made of a microcable or
minicable with a tube (8) consisting of steel.

27. Process according to one of Claims 1 to 23,
15 characterized in that use is made of a microcable or

minicable with a tube (8) consisting of plastic.

28. Process according to Claim 27, characterized in

that reinforcement elements, preferably glass fibres,

carbon fibres or a sintered carbon-fibre structure, are
20 embedded in the plastic.

29. Process according to one of the preceding claims,

characterized in that connecting sleeves and/or branching

sleeves (68) are arranged in the cable-laying route, and

in that the microcables or minicables (1) are guided in
25 tightly through inlets and outlets (70).



suitable filling for exanple wi th bitunmen. 30 Furt her exanpl es
-of suitable IayiJjﬁTﬂBMru E’l ‘ﬂ'ﬁxpan- sion joints which are provided -

bet ween individ bs or g provided as a precautionary

measure in concrete slabs for r'oad surfac®%. "M crocabl es may |ike- w se be
laid in these pansi og_LQLAQLS, an ] |nts are | i kew se
filled with filFrng ma?él&r’?gpg ?8&’%%? hEe %&ag‘&alés An
38 - However, Fhagkutheamicrbeablesedlmihbcablieh(lh) c:l:mcpdabe:kded: withidned,

for -exanpl e “hSﬂpéﬁaibiemeéﬁlgaﬁhkﬁtﬂe carried out on the tube. These
m crocabl es cannot, however e renoved fromthe |aying channel 5

together with She fill PRgCRABeAFEPTEARge ton S ladme dol r ragtexizedin
pur pose wosl d dRaRUExEESs Ml EnFERD | SF fuld REorovabley ek, mlhﬁc&lshs k'ﬁ? iw be

Quced i nto t heEPay ERER. i Vembagad, pepge aze Taidl 4 e Habigctavlpa e
I nvention is tvodbeel op a process by which it is possible to reane a
mcrocabl e of ghe abovpggaghkPedeb¥@ind "UNddY o2 LhBIpFR0EEhg AW h s,
characterized in that discharge means or feed means of
10 the minicable or microcable (1) are run as an overhead
cables or a non-supported cable.

33. Process according to one of Claims 1 to 23,
characterized in that use is made of a microcable or
minicable with a tube (8) consisting of copper.

15 34. Process according to one of the preceding claims,
characterized in that minishafts for receiving cable
sleeves are arranged in the cable-laying route.

35. Process according to one of the preceding claims,
characterized in that the tubes (8) of the minicable or

20 microcable (1) are provided with an inner coating of
friction-reducing plastic, preferably PTFE.

36. Process according to Claim 35,



a r the sane. The set obj ect is, then, achieved, with the aid of a
process ofu Hmmll ut" ed in the intro- 15 duction, in that, with the
aid of au the mcrocable,, the filling material is renoved
fromthe laying c afinef oVer a | engt h whi$h Ts required for the o
I ntroduction o t being foymed from t cabl e
sl eeves, two eéh#i&gle%if%&(;p%n aﬁ%gﬁoﬁgga{'gi%%e%??%%q BRI M abl e
sl eeves, in théromhennemulsidne preferablyfwithithel agtigncbfinheatireed of
the:filling megprial, pRotldh ddiotaiisy Ao b BeCERE Yl foddrad WA, 0VC!

a length which corresponds_to t repalr set a epair set is

connected ti gh?\‘?r?%t%ize‘ﬂh%ntW"en@’éfuﬁlé“#ﬁ%ﬁ%ﬂ aise/ 18 Rade of of
t he abovedescrabedbé ywEth' €n| Bhtetrial h@ispeceér 68 ﬁaref thaads. 8Ngm.

f oot pat h f..di nensi ons ey are ver and poul t hus
eggl Fs bz over!?g([)rkrzdo\/\ﬂ'éé %ﬁﬁf’m‘kﬂf‘% S rree8 oﬁga e RYe¢ réas%“s'
possibility ofcharagterizednin dehabl yEdw otivs mimtcahﬂ.éhaxmsﬁ aiade of
conventional ly |€ﬁﬂe¢9i@ﬂ“&°@£%ﬁ?ntﬁ §ss|$f Tgrw% HeEEssa, y’\l,%o have a

qui ck process for repairin m crocab means 0 ch the
damage can be $Rctifi eﬁrﬁ’ﬂe&' r%‘l’%ﬂ#‘#@@ tq meeO#ahherpmﬁnm alaims 35

period of160i N"echdri€Parize@! 1hS AR INLer inibablad,- WS CisWiiadla G S
made up of eX|§t|ng \" ggga&é&f“%hf%kness to external diameter ratio is
between 1/5 to 1/20, preferably 1/10.
40. Process according to one of the preceding claims,
characterized in that a laying channel is cut by means of
15 a laying unit whose cutting-wheel arrangement is varied
in terms of thickness such that the width of the laying

channel is adapted in one cutting operation to the

corresponding diameter of the microcable or minicable
used.

20 41. Process according to Claim 40, characterized in
that the cutting-wheel arrangement, comprising two blades
(TS1l, TS2) and a spacer ring located therebetween, is
drawn onto the axle of the laying unit, the thickness of
the the spacer ring determining the overall thickness of

25 the cutting-wheel arrangement for the necessary width of
the laying channel.



t hat i say cable sl eeves with a connecting tube | ocated
therebet vveen LIIII mllunlr |t| necting tube bri dgi ng over the |ength of

t he danaged are necti on ts which are connected to the
ends of the damaged mcr ocabl e. The danma Iocatlon for exanple a
cut-through t of t r r | g

the aid of an ectric gﬂ gcgﬁéhé%gr;fgy ?I 8n. {lb&gaa’g |f6<t§g tﬂb’e |s
still connect éﬂlm%ﬂ:##itwflyintmﬁéimtis aade of ia spaceaptring whiuﬂgw de
has:to be tra%%ﬁémfmai%u%@'& BidfLIdE, Ayl ly Uk Qi

Ti me .Division 10 Ref | ect onet er é‘a . |s case, ne “of the |ntro-
duced |ight istheflaxing ghannel BéFIuAGPeePuPAUaﬁlmeﬂn ofh ewiting
(sofling, 5plifesidiés)duting ené rmtingldspet&tmsured the SpaC' ng

For ‘the ropai re¥the mETORant careeretpgols, Fistn 13, Grmrerterdaes: e
def ect | ocati orhat ctheclaying ahanndhdis idieaned hiuwamlcd.’ntrmllmgt h
for manipul at i oReS0fs T SR | E1Fuhflot & 3Bt Ceisd C5YESer FPng N S PUT POSE,
44. Process according to Claim 42, characterized in
10 that the laying channel is cleaned by way of sawtooth-
shaped cutouts on the circumference of the spacer ring.
45, Process according to Claim 42, characterized in
that the laying channel is cleaned by way of bar-like,
flexible brushes (B) on the circumference of the spacer
15 ring (DR).
46. Laying unit for producing a laying channel for
receiving a minicable or microcable, characterized in
that it contains a cutting-wheel arrangement on whose
drive axle (AS) there is arranged two blades (TS1l, TS2)
20 and, located therebetween, a spacer ring (DR) adapted to
the necessary overall thickness.
47. Laying unit according to Claim 46,



wi t hout furt aying channel is exposed by cutting out or
scraping out - possi ny |n a nunber of 'Ia@%r's - or by heating the sealing

conpound, by c out _and, r eovi w th the a cutter Jui ded
in the laying %’ﬁ g*??%?e‘gyiﬁe%ﬁ)*ﬁgrgﬁﬁea%%?%cﬁﬁ?% @#“gf 3H i cally
heat - conduct i Jar peuteubsi m}reqnbEhéocbteuhferémeechannel cI ose up beside

t he-m crocabl €ggl N ea%giaérﬁast £ t 1?4 eésl M&h ac_;heaz:; te:sitﬂédagl e

for receiving mcrocab region,” in each case

end of the def%%t?%tn‘?léﬁoiﬁﬁﬁ%fl%’-nmtmﬂu&iﬁ mﬂoy%qmd Irriouts

opti cal vvageguw!g;s,oﬂ\htﬁa éifotiEdeené®, t he second cabl e sleeve via the
connecting tub

Th t 35 I d, in the
second sl eeve, E%D tﬁzeﬁﬁiﬁﬁuﬂﬁatﬁ%@ﬁrf &qg’g’c"brﬁf'es |ce Iitﬁﬁdect i ve

m crocabl e. Thincalat sthevapauer cxind e(DR) Dask barebikeholﬂaa:ﬂbx&l are
cut in tangentjpllyeDephfieol "enEXPLSEnESNLAGe. - 40 -
50. Laying unit according to one of Claims 46 to 49,
10. characterized in that it is also possible for a material
such as bitumen to be broken out by way of the cutouts of
the blades TSl.
51. Laying unit according to one of Claims 46 to 49,
characterized in that the cutouts of the blades (TS) are
15 provided with hard-metal teeth (Z) which can be exchanged
if required.

however, fir |ng channel has to be freed 20 of filling
mat eri al si %ﬂiﬂm rvm: se possible for the mcrocable to be lifted

52. Laying unit according to Claim 51, characterized
in that the hard-metal teeth (Z) are arranged in a stag-
gered manner.

20 53. Process according to one of the preceding claims,
characterized in that a tension-resistant release element
(2T, FP) for lifting the laid minicable or microcable
(MK) is introduced, when said cable is laid in the laying
channel (VN), above the minicable or microcable (MK) in

25 the filling material (FM) of the laying channel (VN), in
that the tension-resistant release element (ZT, FP) is
then drawn out during the lifting operation, in which
case the laying



channel, The_Jj ¥ s of the cylindrical cable sleeves are arranged

t angenti al Ig 6' Uﬂ mllﬁyl inder, with the result that the inlets of the
m crocabl e [ #he form of equalizing |oops only have to be
deflected to 5 a slight extent. The nicrof&bte connections |ikew se
conprise tubes _and are I gned_as eqyal i zi | 0ops,, SO that jt_is _possible
to conpensate f’g?”'PBJIi'er‘gﬁie 8, Ad 800 & Lj‘ﬁ?@iﬁ‘?gl%fe sh nperiak H&wes
are introducedandd inlurthgtophaatﬁ:tnicéﬂhtbghtmﬂﬂiﬂj&ﬁle)nlsnp Tilille tken

m cr-ocabl es ar C y | 8] t BRagh he equal i zing | oops onto
t he ends of thge§§gg§cggﬁg.tﬁ%tg?&?ﬁgsg opeggt?gﬁgf the laying channel can
be filled wth5%kl|ingProcessapcaguiingAtor §daikB 530 chamachmtized\kin s

lustrated incdae oF Gig 447) WK 1did |88 CREAGN ARSI IEla g e

removed fromthe Iaxlng channel over a length I's necessary for the
repair. All th8t®P€RFeft in the exposed |aying channel FVN, which is
provi ded, for BSanpl e, Proces8ohdordifigs tof WAAIMGCS53,S chaéridteried D

compound. for SARE, § paEEY R OFLTh el Sraketanly Stedlatfig of segely b, 1o
m crocabl e NK Laidoasdhengidnnrenintant| yebgasacelement AGZTppropri at e
control nggns §§.1s fUpLBEEsEXRIUIIHY €o! Y O Haaithe! "$3t YL &5,
characterized in that the tension-resistant release
element (2T) is laid in strip form.
57. Process according to Claim 53, characterized in
that the release element (ZT), initially adhering to the
15 minicable or microcable (MK), is laid in one operationm,
and in that the release element (ZT) is ripped away from
the minicable or microcable during the lifting operation,
and in that the £illing material (FM) is removed from the
laying channel (VN) together with the ripped-away release
20 element (ZT).
58. Process according to Claim 53, characterized in
that the laying channel (VN) is covered by a filling
profile (FP), preferably consisting of rubber or plastic,
which can be used as release means and is preferably
25 introduced into the laying channel (VN) with bitumen, in
that, during the lifting operation, the filling profile
is first of all removed and the minicable or microcable
(MK) is then lifted.
59. Process according to one of Claims 53 to 58,



25 suitable h| s urpose The | aying channel with the virtually
exposed m crogém M'MCcessi ble fromthe road surface SO, so that
the two ends e MK which_is to be repaired can then be

removed sinply and care ulfy 30 - 66FTgure 45 illustrates the

bl e WK [ is brok t
Fhe Tovation KhaPREEEETabdl 1:CPRRAL T *ral ChER" Bsaris  FBASH ERTSARRC | n
this case. It wahtbngsbermmmm between theBniniecabienormidmsbable
vertically int @uf\c/neiﬂrm £ keef] &%U%Wabgﬁssagia;uX?ﬁeéaﬁ&é&@ cgposed

| ayi ng channel acl ng ichi1s re excess Tengths

of the optical thavein -'F-ﬁ%bleaﬂ-'ﬁ lai%’i?‘i’%‘éll?c BFf cthe fidl iog (ratemial
i nt roducedsi nt Qmﬁcbnefoa{geegoiﬁtbo{;gg 1dP£58 €BkhRes! ceves KM are designed

cabl e sl cove i BPet o KEPEBSRRP cAaaBAiaT chRac ok | Goadies 58 o Cdorfibct ed.
The di anet er oéhahestetribedarimquthati n\ghé oomdﬁn&ﬁmmt rélease
drameter of { PELEREREC RS YondidRabl0Ur RIS 18 hbE° 43 nlef SGHEL
place by cri rrpls&p;:vly along the route of the microcable.

10 61. Process according to one of the preceding claims,
characterized in that the metallic tubes of microcables
or minicables (MK, MK1, MK2) are connected to the central
power supply.

62. Process a.ccordi:ig to Claim 61, characterized in

15 that the electric through-connection between two micro-
cables or minicables (MK1l, MK2) is effected via a metal-
lic cable sleeve (KM).

63. Process according to one of Claims 61 to 62,
characterized in that the power is supplied via a mini-

20 cable or microcable (MK) and an additionally laid power
cable (SK, RL, ZS). |
64. Process according to one of Claims 61 to 63,
characterized in that the miérocable or minicable (MK,
MK1, MK2) is laid, without insulation, as a return

25 conductor.

65. Process according to one of Claims 61 to 63,
characterized in that |



| oops AS serve for uaI I zing tol erances and expansions. Since the cable
sl eeves KM ha“ﬂ[l "ﬂl I e inlets KE, the equalizing | oops AS can be
fitted on wit so that fhey can be run into the exposed

10 | ayi ng channel Wt hout . buckl i ng f Ztressi ng. Figure 46 shows the

arrangenent in C th t utI| ed rocess,.and c,onstltutes
a l ongl t udi nal tggcﬁi%r}&?b%egﬁr Eﬁ% gﬁg 5DtB PYHEPRE M th any e

sake of sinplidneyplahbonak¥8) sand\iss 1edd, b@thginbhﬂatﬁ.ahedasnaasupplyonal
and ~si npl i fi edebRaALERLON dgﬁdbegtesr ﬁ.as‘gpw 2% cogghhjuggg Ig_sca:[la:wus be

seen that the equalizing s AS a e connect 'mg AK, on
the one hand, Yothawt: ﬁﬁéulﬁ§§°ﬁf PﬁeanFEFBé‘abPQnMCMFCIGRLs NB) be repaired

and,” on ths ot bet 20 pddesko ddtord@E t6! ¥ne KE£Oc1a®sC o] € 3 6y es KM

The opti cal ui des Croc each fed to the
COI’I’engﬂdl ng SﬁgfﬁchﬁéﬁgdKﬁb&% Bt °gﬁt %&%ﬁ" %&?"M%n@nl her e,
are spliced, aintpbduced imi the%yimoﬂamélm@ﬂddm%mmmd
via the 25  cggpaaLigg.tube VR to the respectively second cable sleeve
KM Al the conpections can be restored in this manner. After the cable

sl eeves KM hav87been cPEQeEs8f accerdingeicoGliaime)6ios ahdxad taridehniy FUN

can be filbed vhab ai mihdgaBleCbrimi?dddcable (MK) in a common insula-
tion (IS) is laid in the laying channel (VN) as power
supply conductor.
68. Process according to Claim 67, characterized in
' that the insulated minicable or microcable (MK) and the
15 insulated additional conductor (ZS) are connected to one
another via a web (ST).
69. Process according to Claim 61, characterized in
that two insulated minicables or microcables (MK1l, MK2)
are introduced in the laying channel (VN), the power
20 being supplied via one cable and the power being returned
via the second cable.
70. Process according to Claim 61, characterized in
that two insulated minicables or 'microcablea (MK1, MK2)
are combined in an insulation (IS) and are introduced
25 into the laying channel (VN).
71. Process according to one of the preceding claims,



3Q . Figure 47 shows a unit G- for renoving the filling conpound FM
fromthe | provided in solid ground VF. A mcrocable M is
|l ai d at thﬂmn mﬂmngﬂmmﬁyi ng channel VN and has to be lifted, for
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out force sxceeHStanaadauﬁéabb:e (D) Heusdhis hadé e6f ¥hb ime tRL AL doR
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8A

a connecting | ¥ fFef8tres that the unit GF advances above the
10 | ayi ng ch@dnel VNancehe acadrdingate. Claime|74Gt raharastsarizel dbwi ce

W is used, dughgg, !l Ritor | P bk’ id'Hhadd o W Ydhfads- ke
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10 74. Process according to Claim 71, characterized in
that, when the minicable or microcable (MK) is laid,
magnets (M) whose magnetic fields are located with the
aid of the detector (D) are introduced into the laying
channel (VN).

15 75. Process according to Claim 74, characterized in
that the magnets (M) are arranged on individual, spaced-
apart cable holding-down devices (NH).

76. Process according to Claim 74, characterized in
that bar-like, magnetic cable holding-down devices (SNHM)

20 are introduced, at distances apart from one another, in
the laying channel (VN).

77. Process accordihg to Claim 76,



by the cuttey ' ltggpduced too deeply, the tube of the mcrocable
MK and the nﬂlmllﬁmﬁuﬂmllﬂ?}( bei ng 15 connected to a continuity tester.
| f, then, thesinsulia-mtien tayer ISis dqﬂgged by the cutter SCH, the

measuring device M responds and t he depttr of engagenent of the cutter SCH

t hen be co LS. al ossi ble faqr,.the expqsin rati to
Take place i n PhEERElesttel®1a! tRaBDEHS) bael Qi TSRS By Fhofl: |
order to exposinghdowncdevipes | (SNEM) |axe ngrranged| onlhlemgitudinelly e,

the i nsul ationghnils HhGhEFEDEE1MRUNLE ?gfjg%ﬁ%vﬁ%yﬁ%f{a&ﬂ%a ged ener.,

so that the tube itse]f does not conme In cont act ng eri al
when the 25 Paiderfilanmgntg, | And aced. intreduced fintengthet dawingas

beer’ renoved agHahhiel " (V) {26 t et {ndisiss D afii dENES  cdblfe HEYDGRN doviatn be

conpletely freely,.reno romthe insulation. Furthernore, it is also
possi bl e for ag?%/fbﬁ?ﬁgyﬁﬁlg’to be introduced into the |aying channel 30

above the micr'd8abl e, Protesmsgapcesdbhg tor Cllaim I'Ii'rppiai@nu'm(fi(zdm imed
for pulling ou € hid .09 ri COL+l 4O e I £1g- down
devi ces have b{é%%gi rtI:IHrel o-ﬁﬁcjé%&gbdh\g il %gcm%%%b?{élggfg%ng%e 4]%9?%%’
operation, thelSNEMb have their esde edamped enpoatbe surpext fijammts
renmoving 1de fkk) ng material. |f the mcrocable has an insulation, this

| nsul a- 79. Process according to Claim 76, characterized in

that the bar-like magnetic cable holding-down devices
(SNHM) have their ends (E) fitted into a longitudinally
running support sheet (TFOL).

15 80. Process according to Claim 74, characterized in
that U-shaped, magnetic cable holding-down devices (NHM)
are clamped into the laying dhannell(VN).

8l1. Process according to one of Claims 74 to 80,
characterized in that the magnets of the cable holding-

20 down devices (M, SNHM, KNHM) are introduced with alter-
nate polarity (S, N) into the laying channel (VN), such
that a magnetic coding is obtained for the laid minicable
or microcable (MK), and that this coding for the laid
minicable or microcable (MK) is thus evaluated with the

25 aid of the detector (D).

82. Process according to Claim 71, characterized in
that the £filling material of the laying channel (VN) is
provided with metallic fillers.

83. Process according to Claim 71,



tion is.extrenely suitable as a rel ease neans between thEIﬂﬁ€H4+€——————43:~w
- tube of _ d the well-adhering filling mat er i al'd GHEET HAS BEEN
exanpl e bi ﬂnmqﬂlﬂmﬂamﬂmrs the laying channel. A cable sheath cRERIAOEDNg

of pol yet hyi erfe, Lpaltbersor a ‘swel 1ing nohwb¥eh acts as a zip fastener—as the —

bl t l's d t adhere,to the tube
bt adhero el PRERRERECHESR Hh LAl BLRCERand o, FESPARERGE HECE 88 BRIE onse
neans between gemerstarst (5 ane timstdlledigimathei alabléhcholRiing-idden of
t he ‘m cr ocabl Y] ébgggg k\ﬁg rrgg{._g,gu;:%gfg éﬁtg& :%nto 10 reduce the

adherence. The laying C ann | S expose € apbovedescri bed manner, but
the insul ati on8%enni nsPracess Fﬁ?PHQiEGaﬁneplaﬂ-m 73 ,alchanaetEtized di ay a

strdand of §oanthabber Q4 aﬁoéﬂﬁféetae%b‘hﬂ%ﬁ:tﬁ"’el%‘ the Wicrecabie Migand 15
thefllllngrraerl as iIs ure 48. In such an arrangenent,
the cutter ﬁﬁefﬁy?%%gm ﬁgt"]i‘r"a‘\’/lé qap YR Ankprmatian 5 so
possible to usenatherbondllaﬂ.b;l ahdo&g.yﬂ.abi ofs lthal nidrvcalblidd OMK)t hend abl e
, may also be reprogrammed subsequently.
85. Process according to one of Claims 71 to 84,
10 characterized in that interrogation and programming are
effected from the outside via induction loops (IS).
86. Process according to Claim 84, characterized in
that the power supply and interrogation of the chips (C,
CH) are effected from the sleeve (M).
15 87. Process according to Claim 86, characterized in
that the chip (CH) is accommodated in a sleeve (M) which
is easily accessible and is controlled electrically from
the outside.
88. Process for repairing a microcable according to
20 one of the preceding claims, characterized in that, with
the aid of a unit (GF) for exposing the microcable (MK),
the filling material (FM) is removed from the laying
channel (VN) over a length which is required for the
introduction of a repair set, said repair set being
25 formed from two cable sleeves (KM), two equalizing loops
(AS) and a connecting tube (VR) between the cable sleeves
(KM), in that the microcable
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channel s wi t hoGesParafcko itk rerairisnf mirrrnm thenrepaizreet him

likewi se f5l| edonhbBtbdl tightIPi €6 itHe ARd eRdsCes ShaCRISHSEaBEE! k). t he
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90. Process according to Claim 88, characterized in
10 that the filling material (FM) is removed with the aid of
a heatable cutter (SCH), by means of which the f£illing
material (FM), preferably bitumen, is first of all heated
and then cut out.

91. Process according to one of Claims 88 to 90,
15 characterized in that, tangentially to the exposed laying
channel (FVN), two core holes (B) are drilled, at a
distance from one another, vertically into the ground
(VG), in that a cable sleeve (KM) which is suitable for
the connection of microcables (MK) is introduced into
20 each core hole (B), a connecting tube (VR) which belongs
to the repair set being introduced between the two cable
sleeves (KM) in the exposed laying channel (FVN), and in
that the ends of the microcable (MK) which is to be
_ repaired are connected tightly to tubular equalizing
25 loops (AS) which are arranged at the off cable-sleeve
inlets (KE).
'92. Process according to Claim 91,
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nat be \_Neé'kenedm by additional |aying channels for the mcrocable. It would
be possi bl njoints to be nade deeper or w der by abrasive
gri ndi ng. mﬂluum1lmmmrare di vi ded u directly after 5 casting, by
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10 mm Seal i ngtight}y ftoarthabbguadizing| logps0 (AS) tbyecbedag ditdmpledmy

joints agai nsteg Lo&”?jai rface water. Such channels are |ikew se suitable
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94. Process according to Claim 88, characterized in
that the filling material (FM), at least the residue of
the filling material (RFM), is removed from the laying
channel (VN) with the aid of a ripping wire laid aleng

15 the microcable (MK).

95. Process according to one of Claims 88 to 93,
characterized in that the tube of a microcable (MK) is
provided with a barely adhering insulation (IS), for
example consisting of polyethylene, paper or a swelling

20 nonwoven, which is slit open after the removal of the
filling material (FM), with the result that the micro-
cable (MK) can be easily removed from the exposed laying
channel (FVN) without adhering to the residual f£illing
material (RFM).

25 96. Process according to Claim 88, characterized in
that the filling material (FM) is drawn out with the aid
of cable holding-down devices which run along above the
microcable (MK) in the laying channel (VN) and may be
heated strongly as current-carrying conductors.

30 97. Process according to one of Claims 88 to 96,
characterized in that



25, damage location. In order to have sufficient excess |ength or fibre,
a fibre supqgl Imm ly 1.5 mhas to be allowed for each sl eeve.
The connecti rlgl Flmﬁllﬂmrhus the length of the repair set, is always 3
m | onger than tife deflct®location which™id3td ble bri dged. 30 The
filling materi C of exa e eatin

curren? carrylgg cggéggggrggwﬁ?ghihégg b&gn | Vggugéd erfﬁé filling .
materi al. The 88bl e hoPtpresdovacatmding, tbororexaofl d:la:iam b88usex 995 this
purpose. 35  characteri%efl) £l tRdt?2 tﬂ%‘ t{}ﬂ.rl Q:%V @1 Ofrmd NCig

invention is to prOV|de a process 1N roca Ie |s fixed
continuously aFSRgVeEstremglaving iqhpnnrls spich sporherwpen individuakhe
set ‘obj ect si s, su,haa, o&Cb,I eaﬁdreb§ g;aaqs&sfs of OIt he tylpe ment i (ﬁned : n thteh

i nt roducti on, he mcro- cable is |xe in_a annel _in e
ground with thggal d of 5 E8RPI RRSREHMS | ke Snﬁlgﬁq% 6? &%us?le 5
mat eri al, and charheterihesedaying tlmtndthe s ﬂaajm bmatetriaduc{Fg)a is
seal ant .

removed from laying channels which are arranged as
expansion joints in concrete slabs of a roadway, in which
10 case, at transitions from one concrete slab to the other,
the microcable runs in core holes which are likewise
filled with £illing material.
100. Process according to one of Claims 88 to 99,
characterized in that the cable sheath is thickened or
15 the microcable has applied over it a foam-rubber element
(6U) which is laid continuously in the 1longitudinal
direction, protects the cable against mechanical damage
and forms a release means between the cable and bitumen.
101. Process according to one of the preceding claims,
20 characterized in that the microcable (MK) is fixed in a
laying channel (VN) in the ground (V@) with the aid of a
continuous profile body (GU, GUR, VP, NFT) consisting of
elastic material, and in that the laying channel (V@) is
sealed by introducing a sealant (B, BVP).

25 102. Process according to Claim 101, characterized in
that bitumen is used as the sealant (B, BVP).
103. Process according to Claim 101, characterized in

that



The m crocabl ,, in a sinple manner and ideally follow ng
‘the | ayi ng ofﬂ“ﬂ@'ﬂ&ﬁlﬂg aiin the laying channel, by introducing a
cont i nuous 1 * t the base gf t he Iaylng channel . The
continuous, elongate profile body prefera Fy conprises an extruded,

ber-1ike pl I dt ubb
[ubber -1 e Pl gohit. plkcRahBptSHE LY pkELEREG e RsRae I RATE RRR Tl
el astically ands used asethe sealen&st(Bs BVe®3tLressi ng, medges it agai nst
the walls of thgglayi nsrsgaggelaccld}ﬁﬁgd%gonér&rI glgrihts' Fox tgrtg? 303,

conpensated for by the elastic nmat consi's
rot - proof softchakpeterarzed in thatsuast isomadeapef saprofiblie hodyf (GU)

required, shiswitehf ciectgdy Rbsglsectddhnli onally be sealed at the top with
' the profile body is

. | ant, f I th hot bit n. In this wa
2adi i onal 1y 1 FH8A TecRERESER RoATTAIBE £ ne "oh, Llgimes W0k $o) F0A ng
advant ages ovechhwhdtagidedniﬂeﬁhaesusnwﬁslmadﬁgcEEhabreEmMHSbadyS(Gukﬁf
el enent s: 1the§§nuggﬁbhggg§nsbgtiggu|red for the sealing. - The
|

profile body is lal n sone rcunstances i mediately after. -
The | aying opet86i-on CBF°FEH506#FHMQQHM3F° -onéj of aCdadmer A0Ildeso r bOSH

seal ing wibh renReabtkeiz8d in tHat2GBe"®hChade of a profile body (VP)
which is adapted to the laying channel (VN) and has a
longitudinally running duct for microcables (MK).
107. Process according to Claim 106, characterized in
that use is made of a profile body (VP) with a plurality
15 of free ducts (FK) running in parallel
108. Process according to Claim 106 or 107, character-
ized in that optical waveguides are introduced into the
free ducts (FK).
109. Process according to one of Claims 101 to 108,
20 characterized in that use is made of a profile body (VP)
with barbs (WH) integrally formed laterally thereon.
11i0. Process according to one of Claims 101 to 109,




-.The elastic
gr ound. -

the sealing a
The channel f

' pfofile body can al | ow for expansions in the
’ﬂﬂiﬁﬁl m iﬂnl y slight shrinkage of the hot bitunen in
r s 'e-i's hardl¥ any "sub- sequent settling”. -

Fe'body and 5 t he seal ant,

illing, conprising the profi

can’

The' mai n’ pur Ok A aRL=eR, ot R o b pESEETE boolE A8, 1B RRReT (o

| ayi ng channelofia hgroeved dmonldipgof(NFE) behich catprises, anhelaksirel
g)giyr]fgi&et Nep)r Gty k" 18CEoaRMa! WA et i dalant)! B¥F) Cind0BaBS!

and vibration. e sinplest exenplary enbodi nent,
I's made of an fé]%lq‘l?‘ﬁﬂ'dﬁlq)e body with circular cross-section which is

seal ed 10 t
mechanical |o

i's

use

pressed i di naatly almpésddie deddrdity etof 6heldf Cladiid €10bi 8¢ 4109l | er

AR e drL GheR Cen Sasbin o A8, 2 pRReRRRCPY o

or roll, the
towards the t
pressing in o

10

15

20

25

fehehasyppdiy |af Hoet al B Pparticehar chyi ihérared radiation
(IS), before being pressed into the laying channel (VN).
112. Process according to one of Claims 101 to 111,
characterized in that the laying of the microcable (MK)
followed by the laying of the profile body (GU, GUR, NFT)
in the laying channel (VN) and the sealing of the laying
channel (VN) by means of a sealant (B, BVP) are effected
with the aid of a .combined laying machine (VW), which
carries along a drum for microcable (TMK) and a drum for
profile body (TGU).

113. Process according to one of Claims 101 to 112,
characterized in that an additional profile (ZP) is
introduced on a profile body (GU, GUR, VP, NFT) which has
already been introduced.

114. Process according to one of the preceding claims,
characterized in that, aft'er, or simultaneously with, the
introduction of the minicable or microcable (MK) into a
laying channel (VN), an elastic, notch-impact-resistant
covering profile (AP) which is difficult to cut through
from the outside by mechanical intervention is laid in
the longitudinal direction of the minicable or microcable
(MK) , and in that the width of the laying channel (VN) is
covered in so doing.



between the m l.ayi ng wall's. 20 An exenpl ary
enbodi nent in mﬂmmllﬁmwmﬂﬂble Is already sheathed with an elastic
profile body is*al s0 adwantsageous. Howexgr, use may al so be nade of
~dinensionally stable, elastically defor B & seal i ng profiles, which 25

t hen have defqrymble formations, f ex I arhs,, Whitch ke .t ssi bl e
for said seali *or of ié)re%@%sos cﬁdzfrﬁf% ?ggag‘ﬁl ?ﬁ'@’c k%ﬁ?lcn%\ﬂlilzsedgg‘&

i rregul ariti eshat thecdegring cprofible (AP)ecabmprisingssametglt wdreapmg
channel agai ”?ﬁ eﬁﬁ?astiﬁ? ey r_ai:'llgl_é%lo"‘ﬂﬁ& ﬁ‘ése}afdprﬁf SR 1atAde Of

heat - softena materials, r exanpl e tusible bitunen”or “hot
bi tumen or hotchannelgdiBYi«es known per se, e.g. consisting of polyam de.

These seialsaﬂt A £ i{“ﬁﬁb&ﬂﬁdﬁ[&iﬁiﬂ&&:&‘dﬂﬁh qﬁ&e&hiarahtc@ﬁtzha iln ]

m orocabl e se'y bt ind "EchPULLIEBE DLy 3, 285H, (BHRTT RIS D 11"

t enper at ur e-r el ffixniltando cut through mechanically and an elastic

- gheathing (APU) consisting of plastic material,
preferably of foam, is introduced, the core (MFK) com-

10 prising one or more metal wires or one or more plastic,
hemp or sisal filaments.

117. Process according to Claim 116, characterized in
that use is made of a covering profile (AP) in which the
core (MFK) is formed by stranded filaments.

15 118. Process according to one of the preceding claims,
characterized in that an intermediate covering (Zwa) is
introduced between the minicable or microcable (MK) and
the covering profile (aP). '

119. Process according to Claim 118, characterized in

20 that use is made of an intermediate covering (ZWA) with
inserts (ZWE), pfeferably comprising metallic wires.

120. Process according to one of Claims 118 or 119,
characterized in that use is made of an intermediate
covering (ZWA) with sensors introduced therein.



di nensi.onal ly stable profile bodles in which there are arranged free ducts
into which mi crxmlmmunl"mltkullr ee 10 - optical wavegui des are drawn. The
opti cal wavegui then,v?or exanpl e by cables, fibres or
fibre elenents belng btowh or drawn in bei ng possible for these

operati ons tolﬁke Pl 3¢8cReE0h88E ﬁaeoé‘fg?’ﬁ{ S8 bERAUGI NN RLRRE

profile bod or a~mcroca

inits |ayi ngchazacterized si#rplté‘a#anm e madet iafuods mindaaklerody, the

_cut> laying changebeable! IAKIOWLEnIROLEBe (MKRFXBBREEsRLR adf £aBgigl osed
off in a water- _tight_manner. The crocabl es

-
such profile Bédices aR&¥ocess agcara P90F°aP’?‘%&.ﬁarthﬁepﬁgcﬁégggsﬁ?'?gm%ese
profil e badi echaracterdzed smrﬂmuaﬂ.agaﬁmﬂxyndchﬂdmﬂmmehamnmineihe

profile bodie hCch_ar ntr bove t m._cr bl Kmul t ane |y
protect agai ngtz%)gﬁr?eﬁﬁg?% 8& g& %rﬁﬁe‘fﬁ#ﬁ?' %gi?lﬁ 8)",?)25’1' iﬁhfg'%% ma
occur when thdmwmcgverheghwwﬁlﬁommmmmehot cabde-lapingver,
it is also posgiltlee for the profile bodies to conpensate, to some extent,
for changes in length in the case of irregularities in the road

(subsi dence) or in the case of different thermal 30 expansi ons of cabl e
and road surface. However, the m crocables nmay al so be provided




during manufacture with a sheath consisting of soft, as far as possible
cel lul ar or expanded plastic, so that this sheath already assunes the
function of the profile 35 bodi es. Squ a mcrocable is then held down
by the applied - 48 - sheath, which Ts %oﬁpressed in the sane manner
agai nst the chgﬂgﬁkagglls. The profile bodies may thus be introduced into
the laying channel"as an endless profile without any 5 joints, the profile
bodi es expediently being brightly coloured, so that they simnultaneously
provide a varNpRGeblh kIS CAMPARANP! kil HLAOP! callla MLGEECADLLLAS
elastically sealed towards the top, sO that the mcro- cable is isolated
from mechani caf¥PB88rng (vibration). 10 Using a profile body which

cgmﬁl e}] ely elncl ors1es Eha ﬂhoéﬁgﬁbhle;aleuéd_esoaatﬁéeéea_rﬁsli:ad.:wf@&whx e,
\glrz)ng;tg :)re;yi %‘Etgb?a te%&%?%ﬁﬁ?’#é?%@‘i&&é%?ﬁ g?‘m%zﬁ%’l eenz)"ﬁ:e‘onger
possi bl e for tménivebdealld,tdribsolidsgropndudli7Zd iwiih ebhesadds figa of
the sane. More@¥ging unit (23). The microcable or minicable (1) used
for this purpose comprises a homogeneous and pressurized-
water-tight tube (8) which has an external diameter of
from 2.0 to 10 mm and into which optical waveguides (3)
are introduced.

Figure 3



the-mcrocable is not subject, during laying, to any | ongitudi nal
stressing, which could possibly |lead to expansion or tensile stressing of
the optical fibres. During the laying operation, the mcrocable is routed
20 very accurately, so that the cable cannot deflect or buckle under the
thermal or nechani cal |oading. Further- nore, pressing the profile bodies
into the |aying channel results in gap-free filling of the interstices in
the vicinity of the channel wall on accoug’;(] their elastit 25
properties. The m crocable nay have a she xtruded on it as early as the
production stage. However, it is also possible to apply a cylindrical
sheat.hi ng subsequently, shortly before the mcrocable is laid, said

sheat hing 30 preferably being slit, so that it can be latched onto the

m crocabl e. The intfoduced profile bodies can be cut out ”plg Siqpl e
manner, during re;g}r work, with the aid of ja chisel qr kmifle¥ sb that the

m erocabl e which i to b 35 repai Bed cap be lifteddin a sinple manner.
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I't. is also possible for a plurality of mcro- cables to be arranged one
above the other in one |laying channel, this providing the possibility of
using a profile body which has a plurality of longitudinally 5 directed
free ducts. It is also possible for further mcrocables to be introduced
subsequently into a laying channel, in which case the profile body is first
of all renoved in order to provide space for the further mcrocable. A
profile body 10 in then subsequently prgqpqp2|n and is, once again,

cl osed off towards the top with a seal ant. use is made of relatively
hard profile bodies, additional free d - tLpespgngi t udi na
direc- tion, it being passible for fib Jr £d fLligre- 15 I n
for “exanple blown in, a | at er in 19 ' e 49 ASlows a | ayi ng
channel VN in solid grots VG for)e foplr glnkage Ahe nicrocable
MK has al ready been introduced in tthe pase aidoyasngchhinnel VN As
the arrow K indicates, “=conti nuof§ 2 r ON nsi sting of
efastic material, for exanple rubber, |hass beeMNINASHMICLT Jpbove the
m crocabl e MK as a hol di ng-down devicejfor the s§R}/*H 2 A0, then, shows
that the action of press- ing in causeg§ the " oJould to the
i . .
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25 cable MK and the channel wall NW The rest of the laying channel is
—711ed in a seal ed nanner towards the top, up to the road surface SO wth
a sealant B, for exanple a hot-nelting bitunen. Figure 51 shows,
schematically, the operation of 30 a laying unit VW The microcable M is
unwound directly froma drum TMK on the left-hand side, so that the
m crocable can be laid easily in the laying channel. Unnecessary
deformati on of the mcrocable is aw iggplin this case. A - 50 - laying
shoe VS avoids the situation where #he m crocable MKsrises up out of the
| ayi ng channel. Provided on the rig g g/ e/ of e laying unit VWis a
second drum TGQU for the profi nuously pressed 5
=into the laying channel- VMZaly a pressure-exerting
roller AR In this way, in g rocable MK is laid in
t he | aying channelegN, and N\
*The | ayi ng shoe VSems hel d
structure F, and a b




ensures a defined drawi ng-off speed for the two drunms TMK and TGU. Finally,
the laying direction VRis indicated by an arrow. Figure 52 shows a

m crocabl e MK whi ch has al ready 15 been provided with an el ongate,

annul ar profile body GUR This profile body can either be extruded onto the
m cro- cable M during production or be drawn on subsequently. If the
profile body GUR is drawn on subsequently, it_is expedient to provide a

| ongi tudinal slit S, so that the 20 proili Ie3t20dy GUR can be | atched onto
the m crocabl e MK by expansi on. The edges of the longitudinal alit S are
expediently bevelled, to render the | atching-on operation easier. Figure 53

shows a laid mcrocable MK wwth a 25 profile body GJR eon, the
pressing-in operation deform ng said profile body sug Ities are
largely elinminated. In th!%!e@bgpinent, further Opagpprofile
ZP which additionally close fT" the laying ch tgp is

I ntroduced. The two 30 profile bodies consist or
pl astic materi h, so, that th | end t henmel ves wel | .. The
rest of the Iai annel V&lis, Mth a

ng
seal ant, for “Taaallr




35 again, then a chisel is used to renove the seal ant B nmechanically and
extract it fromthe laying channel. Since it is only the sealant and the
channel wall which adhere firmy to one another, the profile body can -
51 - be easily drawn out after renoval of the sealant. As a result, the

m crocable MK which is to be repaired is freely accessible again. Figure 54
shows the cross-section through an 5 el ongat e,sgzle body VP conpri si ng
a solid prefile which has elastic properties, t not be def ornmed

pl asti- -cally. The profile body is fixed innRe |aying channel by elastic

barbs WH. Arranged within the profile bod .Qf';'ql‘p" ! na runni ng
free ducts FK into which fibres 10  cam bekddahd® o’ 4 beall ater point
in time. Provided in the upper region gt gihﬂfﬁ /004
a mcrocable MK which is intpaguced i rs :ahﬁf!

direction GR through a |ongjtudinally rung . <
operation. 15 Fi guL€g 55 shows t 5

wi thin the | ayi ng channel VN“_the el asticf




been wedged al ong the channel wall. Additional optical wavegui des may

possi bly be drawn or blown into the free ducts FK of the profile body VP at
a subsequent point in 20 time. The upper part of the |aying channel VN
is, once again, filled with a sealant B. Figure 56 shows a cross-section of
a profile body P which |ikew se has elastic properties, but cannot be
deforned plastically and has al ready been sheathed at the 25 factory with
a fusible sealant BVP, for exanple sist- ing of hot bitunen or hot-nelt
adhesive. This grooved noul di ng F’T i%s heated before laying, so that it can
be rolled into the |laying channel in theBWOt state. Free ducts are, once
again, provided in the profile dy Fsl‘ 3 ' gsduct for receiving a
m crocabl e nay al so be provided . ¢ Fé“57 shows the | aying
operation for a grooved noul di QoY e 56. Here, use is
made of a hot roll VW which *J\g,/ : qrmul ding NFT into
the laying channel VN. The seal ) %fi | e body is
expedi ently heated ﬁheattﬂ ‘\;’( 3

AR




radiation Ws frominfrared radiators |IS. Before laying, the |aying channel
VN is also heated in order to avoid overly rapid cooling of the seal ant.
Finally, the excess sealant is rolled in at the road surface and renoved.
10 Furthernore, the object of one devel opnment of the invention is
to find a process in which the laid mni- cable or mcrocable is
sufficiently protected agai nst damage by _the penetration of pointed

i npl ements and very shar p-edged obj ects. 7THe3§h|d obj ect is achieved
accord- 15 ing to the invention, with the aid of a process for

I ntroduci ng an optical cable of the type nmentioned in the introduction, in
that, after the |ntroduct|on of the n1n|cablﬁ‘o§|n1crocable into the Iaying

chaﬁnel an el astic, notc#; g}rem stant ceve&ring profile which is 20

difficult to cut through J Ggah i cal |nter&%;. on |s laid in the

| ongi tudi nal direction of the mnicable %

vm;d’?h of the laying channel is cover L*"%' V‘\g‘

process according to the 25 I nvent1on ,, -:‘p\u

cables, in par- ticular mnicables or nlg?'n ¢ i sts essentially in

that as early as at the actual | ayi X t'%rcé'4;4%t| al protectlon S
g 1:ent§ i ntentional

afforded for the optical - wavegui de cabl el
mechan-

in that the
3 vant ages of the
-wavegui de
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30 ical intrusion into the laying channel. Such intrusion in the route
may occur, for exanple, deliberately as a result of vandalism or
accidentally as a result of work being carried out in the ground there.
Thus, faor exanple, in the case of the penetration of a pointed and very 35
sharp edged object, for exanple a screwdriver or chisel, penetration as far
as the mcrocable is prevented. This resgbt ja elastic/plastic - 53 -
deformation of the tough and resilient c jiz profile, which conprises,
for exanple, a netal-wire core and an el astic_sheathing consisting of
plastic material. Inter- nedlate y above the

m crocable 5 may ad :gnﬁEi ng opera- tion.
Wres for reinforcin hanlcal i nformation
which is to be called up may addltlo

i nternedi ate coverings. Such sensord
locate and nonitor disruption-freg

core essentially prevents the pene-
f oam sheat hi ng, on
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t he ot her hand, cushions the additional |oading and distributes the
conpressed | oadi ng over a |arge surface 15 area, so that the mnicable or
m crocabl e is not deformed or damaged any further. In addition, this also
provides a sinple lifting aid for the optical -wavegui de cable, since the
tensile strength of the covering profllegfsﬂffici ent for renoving from

the laying channel the 20 filling. material which is | ocated above said
covering profile. The coverlng proflle al s at the same tine, as
t he hol di ng- down or thf avegui defcabl e in the |aying
channel and, in the case of 8 N ,

strip. 25 Figure 58 ill :
channel VN, at the base of which 2y i ¥d\ An internediate
covering ZWA is additionally introf KN the laying of the

m crocabl e MK, on said m crocablfe Y. is 30

addi tional ly produces buff gk rom above, with
the result that directed bﬂjﬁg § ed obj ect cannot
def orm or even cut through the : gdi at e covering
ZWA may, if appropriate be provided pr 35 exanple with
netallic wires, or with sensors. nsed at a later
point intinme to |ocate

FIG20 181

FIG 21 Ts1
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the cable routing as well as penetrating water or disrup- tions in the road
structure and to trace the intrusion. Wth an internedi ate covering - 54

- ZWA consisting of conductive material, it is also poss- ible for the tube
MKR of the microcable MK to be manufac- tured fromplastic instead of

nmetal, it being necessary for the correspondi ng boundary conditions as
regards 5 tensile strength and transv

ers ressive strength to be
observed. The covering profile AP on V\Ir‘ﬁhfgg inven- tionis primarily
based is then |ikew se introduced above this internedi ate covering ZWA

after or during the introduction of the mcrocable. Said covering profile
AP 10 may, in principle, be designed as a netal-wire, plastic, henp or
sisal line, it being necessary for the material used to have the
correspondi ng properties. This means that the covering profile AP has to be
designed so that it is difficult to cut through, can be deformed nechani c-
15 ally to alimted extent and is tough and resilient, which can be

achi eved, for exanple, by stranding indivi- dual elenents. However, it is

advant ageous if such an
FIG 22
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element.is coated, as core MFK, with an el astic sheathing APU, preferably
consisting of foammaterial, it being 20 necessary for the dianeter of
the overall <covering profile AP to correspond to the width of the |aying
channel VN, such that clanping in the laying channel is also achieved
therewith. The core MFK itself has to have a thickness which corresponds at
| east to the dianmeter of 25 the mcrocable, so that the covering profile
AP with its core MFK provides the m'croc]al)lleaﬂK with full covered
protection. The rest of the laying channel VNis filled towards the top,
towards the surface of the ground VG with a filling material, preferably
with hot bitunmen. 30 Such a covering profile AP thus provides

consi derabl e protection against accidental or intentional penetration of
destructive objects into the laying channel VN, the tough and resilient
core MFK largely preventing the penetration of a sharp-edged object. In
this case, the 35 sheat hi ng APU consi sting of elastic material cushions

t he | oadi ng and distributes the conpressive |oading over a | arge surface
area. The microcable MK l'ocated there- beneath is not deforned or damaged.
However, the inter- nediate covering ZWA shown in this figure does not have

FIG 23




- 54a - to formpart of the arrangenent if the covering profile AP neets
the requi-red conditions itself. Mreover, the nmechanically strong structure
of the covering profile AP may - 55 - also be used as a sinple lifting
aid for the mcrocable M since, on account of the high nechanical

strength, it can be used, if required, ti SLQ%(MH fromthe |aying channel
VN the filling material FM Il ocated there 3 £5 Fi gure 59
illustrates assuned nechanicax:' 2g8g by a pointed dM'ect SG which is
driven with a force Pinto th qi? channeMRfiIIe “wi th e filling

material FM In this ration, the filling terigl FMig di pl aced and
the qbject SGMKhes i cop ' : at hily AM@f the
covering profil § AP, - . oy even
cut through, bu ' ject SG then comes up ' MFK
which is difficyll to cut thrOpkgltem—otmmtite—rr ' file AP, wherejit is

finally stopped/ That side of (L&




15 sheathing APU which is | ocated therebeneath is deformed by the
pressure produced, and a distribution of pressure takes place. The

m crocabl e MK | ocated therebeneath, which in this case is arranged beneath
the internediate covering ZWA, is thus not danaged. 20 Fi gure 60
Il lustrdtes the operation according to Figure 59 in cross-section. It can
clearly be seen that, when it cones intd]§ t wwth the eovering profile
AP, the pointed object SG deforms, or else cuts through, the sheathing APU

and fs then prevented from advanci Nge. -~Qe core MFK
otherwi se, the conditions correspof¥.N | AN 95 P 2134 P
-56- WD 97/20236 PCT/ DE £’§2 Pat : Ress for
i ntroduci ng an optical c \ n- - ' opti cal wavegui des
i ntroduced therein, into solid groufedki > aying unit, 5
characterized in that the optical c Yo/ ) cable or mnicable
(1) with an external dianeter of th \ X IS

\ ' <~ MK

) N °'.o
VN3¢ D\




tube (8) of 2.0 to 10 mm preferably of 3.5 to 5.5 nmm the tube (a) being
honogeneous and pressurized-water- tight, in that the |aying channel (19)
with a width of 10 . 4.5 to 12 mm preferably 7 nm which is adapted to the
di aneter of the m crocable or mnicable (1) being made in the fixed
under | yifig | ayi ng surface (17) using th]aclfl fy?Qg unit (23), in that the

m crocable or mnicable (1) is introduce nto the laying channel (19) by
means of a 15 feed elenent and is held g \ onstant | ayi ng depth, in
that 't he laying channel (19) is filled «v&‘!}\ material (20) with a
filling device (16) which i v ﬂ on ti%of the microcable or
mnicable (1). 2. Procéslg)g or di \_»//@fj‘m\. . aracterized in 20
that the optical waveguides (3) are i \\‘\:;}) -r/'Q factory. 3.

Process according to Caim1, characteN {%,/Q t he optical wavegui des
(3) are blown into the already |aid tub

A :i\\\}: Process
according to Claiml, characterized i rs]'t t\\-
NN

optical waveguides (3) are
jetted into the already laid tube (8) "Wt
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GR-95 P 2134 P - 57 - WD 97/20236 PCT/ DE 96/ 02154 5. Process
according to one of the preceding clains, characterized in that the | aying
channel (19) is mlled in a supporting laying (47) of the underlying |aying
surface (17), in particular a carriageway, using a 5 mlling wheel (15)
which is arranged in the laying unit, and in cleaned, preferably using

conpressed air. 6. Process according to Claimb5, characterized in that
the laying channel (19) is cut to a dept]?ﬁq’f 3onm 50 to 100 nm preferably
70 m 10 7. Process. for introducing an optical cable, con- sisting

of a tube and optical wavegui des introduced therein, in supply lines in a
solid underlying laying surface with the aid of a laying unit,
characterized in that, as optical cable, a mcrocable or mnicable (1) 15
with an external dianeter of the tube (8) of 2.0 to 10 m preferably of 3.5
to 5.5 m is pressed into utility lines (31) for sewerage, gas or water,

whi ch have been left open, using a laying unit. 8. Process for

2 a

i ntroduci ng an optical cable, com 20 pongd of a tube and opti cal
wavegui des, int roducedFlG 34 \ .
D\ 2=}
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therein, into supply lines in a solid underlying laying surface with the
aid of a laying unit, characterized in that, as optical cable, a mcrocable
or mnicable (1) with an external dianmeter of the tube (8) of 2.0 to 25
10 mm preferably of 3.5 to 5.5 mm is inserted into existing, active
utility lines (35) for sewerage, gas or water, using a laying unit.
REPLACEMENT SHEET 2 4 MAR 1998 ?Mf DED SHEET GR 95 P 2134 P
- 58- WD 97/20236 PCT/ DE 96/ 02154 9. 15 rd&ess according to one of
Claims 1 to 4, characterized in that the mcrocable or mnicable (1) is
pressed into the solid ground (17) by neans of a laying unit. 5 10.
Process according to one of Cains 1 to 4, characterized in that the

m crocable or mnicable (1) is jetted into the solid ground (17) by neans
of a laying unit. 11. Process according to Claim1l, characterized in

FIG36 \uuy NHMS wN




10 that the microcable or minicable (1) is introduced into the | aying
channel ((19) with a feed elenent in the formof a laying blade (18), in

that the filling material (20) is filled in using the filling device in the
formof a filling-in lance (16), and in that the |aying channel 15 (19)

is topped off at the road surface with a sealing |ayer (50). 12.

~Process according to Caim1l, charactegi 7dii:that a curable filling foam
is introduced, as filling material (20) li/ntfo e laying channel (19). 20

13. = Process according to Claim11l1l or 12, character- ized in that the

| ayi ng channel (19) is filled with a bitunmen sealing conpound or a
preformed bitunmen joint filler. 14. Process according to one of O ains

11 to 13, 25 characterized in that the laying channel (19) is nmarked by a
light-reflecting |ayer (64), preferably with enbedded gl ass bodi es (65) as
filling nmeans. REPLACEMENT SHEET 24 MAR 1998 AMENDED SHEET
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GR 95 P.2134 P -58a- WO 97/ 20236 PCT/DE 96/ 02154 15. Process
according to one of the preceding clains, characterized in that the

m crocable or minicable (1) iS drawn off froma ring wound up on a |aying
reel (24) and, prior to the introduction into the |laying channel (19), 5

is aligned and levelled parallel to the route of the laying channel (19)
with the aid of guide rollers (25). 16. 1 Eiicess according to one of the
precedi ng clains, characterized in that iﬁ l case of changes in direction
and bends up to mninumradii of 30 nmof the laying 10 channel (19), the .
m crocable or mnicable (1) is adapted to the directional route in a
bendi ng apparatus (61). REPLACEMENT SHEET 2 4 MAR 1998 AMENDED SHEET -
59 - 17. Process according to one of the preceding clains,
characterized in that th?\‘téb“B) of the g crocable or mnicable (1) is
| engt hened, if required, necti ng




el ements which are known per se, for exanple sleeves, 5 crinpable tubes or
fittings. 18. Process according to one of Clains 1 to 16, characteri zed
in that "the tube (8) of the microcable or mnicable (1) is |engthened, if
required, with the aid of adhesive connections, solder connections or weld
connec- 10 tions which are known per se. 19. . Process according to one
of the preceding clains, characterized in that excess |l engths of the
‘mcrocable or mnicable (1) in t{glg'[n of equalizing | oops (66) are laid
in the cable-laying route. 15 . Process according to Claim1l
characterized in that the |laying channel (19) is arranged in the side of
the roadway, in the cycle path or footpath, on or in kerbstones or along
the fronts of houses. 21. Process according to one of Clainms 1 to 5 or
11 20 to 20, characterized in that hol ding-down el enments (52, 57) are
pressed into the laying channel (19) after the introduction of mcrocable
or mnicable (1). 22.. Process according to Claim?2l1, characterized in

t hat U shaped, spreadable clanps (52) are pressed into 25 the | ayi ng

" channel (19).




- .60 - 23. Process according to Caim 21, characterized in that
rivet-like nmetal bolts (57) are pressed into the laying channel (19). 24.
Process according to one of the preceding clains, 5 characterized in that
~use is made of a mcrocable or mnicable (1) with a tube (8) consisting of
chrom unt ni ckel - mol ybdenum (Cr Ni Mol 88) . 25. Process according to one
of Caims 1 to 23, characterized in that 98§ nmade of a mcrocable or 10
m nicable with a tube consisting of al nanZr# 26. Process according to
one of Clainms 1 to 23, characterized i RN®dt use is made of a m crocable or
m ni cable with a tube (8) consisting o \( 2/ - Process according to
one of Clains 1 to 23, 15 characterig} q“ use is made of a

m crocable or mnicable with a tube (8 NS of plastic. 28.

Process according to Caim 27, charact at r ei nf or cenent

el enents, preferably glass fibres, car 8y a sintered carbon-fibre
structure, are 20 enbedded in the pl Process according to
one of the preceding clains, character connecti ng sl eeves
and/ or branching '

S &

< \
nd NS
O QN
l-l— WQ -
ON o
RTINS
x N P
Y R\
N SO\ .
N AY.
N $ .o'
WP L)
>
I
L o
\
o oy o
(dp ENLS N
°
A 3
0
. ...
o
< N
L._v N\

?M
7



sl eeves, (68) are arranged in the cable-laying route, and in that t he
m crocabl es or mnicables (1) are guided in 25 tightly through inlets and

outlets (70). - 61 - 30. Process according to Claim11,
characterized in that the mcrocable or zgnygr le (1) is provided with an
expandabl e cabl e sheath. 31. Process ing to Caim1ll

characterized in 5 that excess lengths Q. th® m crocable or m nicable (1)
in the formof U shaped bends are laid um‘rhk cabl e-laying route. 32.
Process according to one of the precgedi characterized in that

di scharge neans or feed neans of 1 t hel m syocable (1) are
run as an overhead cabl es or a non{suppor : . . r ocess
according to one of Clainms 1 to 23, chara jed in that use\is made of a
m crocable or mnicable with a tubg (8) c § stfi 34.
Process according to one of the prgcedi ng hi s ize§l in that

m ni shafts for receiving cable slegves ar -l ayi ng

route.

FIG 45
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35. Process according to one of the preceding clains, characterized in
that the tubes (8) of the minicable or 20 mcrocable (1) are provided
with an inner coating of friction- redu0|ng pl astic, preferably PTFE. 36.

Process according to O aim 35, %r therlzed in that the inner
coating is separated out from an erruI5|Z)z g ferably with the action of
heat. 37. Process accordi ng_{ of the preceding cl ains,

characterized in that, for t de of 5 a tube with an

i nternal dianmeter of nore than 1}8 38. ess according to one of
t he preceding clains, characteri i fjjt hat, for m ni cabl e, use is nade
of a tube with a wall thickness ¢ffr 0 ORI\ 39. Process
according to one of the preceding claijjys 10 cpRIRgyterized in that, for
m ni cabl es, use is nmade of tubesj|whos Il thNER to external dianeter
ratio is between 1/5 to 1/20, pr fgg 1/ 10. h \\ Process according to
one of the preceding clains, chafacter di h \&yi ng channel is cut
by neans of 15 a laying unig ywlose e dngenent is varied
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in terns of thickness such that the wdth of the |laying channel is adapted
I n one cutting operation to the correspondi ng di aneter of the m crocable or
m ni cabl e used. 20 41. Process according to C aim40, characterized
in that the cutting-wheel arrangenent, conprising two blades (TSI, TS2) and
a spacer' ring |l ocated therebetween, is drawn onto the axle of the |aying
unit, the thickness of the the spacer r;z zgiirnining t he overal

t hi ckness of 25 the cutting-wheel arr ge for the necessary w dth of
t he Fayi ng channel . - 63 - 42 Process according to one of C ains

40 or 41, characterized in that use is ma spacer ring which has
circunferential cutouts or profiles, By | ayi ng channel is
si mul t aneously cl eaned of cutting 5 rgsi ring the jcutting operation

43. Process according to C aim42, t hat the |aying
channel is cleaned by W@y of rectangul ci rcunference of
the spacer ring. 44. -« Process acconfdi n@to C aim42, |characterized in
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10, that the laying channel is cleaned by way of sawtooth- shaped cutouts on
the circunference of the spacer ring. 45. Process according to Claim
42, characterized in that the |laying channel is cleaned by way of bar-1liKke,
flexi ble brushes (B) on the circunference of the spacer 15 ring (DR). 46.
Laying unit for producing a laying channel for receiving a minicable or

m crocabl e, characterized in that it con gll?s 2 cutti ng-wheel arrangenent
on whose drive axle (AS) there is arrangz \/\3 bl ades (TS1, TS2) 20 and,

| ocated t herebetween, a spacer ring (DR) adapted to the necessary overall

t hi ckness. 47. Laying unit according to C aim46, - 64 -
characterized in that the spacer ring (DR) has rectangu- |ar cutouts (RA)
on the circunference. 48. Laying unit according to C aim 46,
characterized in that the spacer ring (DR) has sawt oot h-shaped cutouts 5
(SA) on the circunference. 49. Laying unit according to C aim46,
characterized in that the Spacer ring (DR) has bar-like, flexible




———

brushes (B) on the circunference. 50. Layi ng unit according to one of
Clains 46 to 49, 10 characterized in that it is also possible for a
mat erial such as bitunmen to be broken out by way of the cutouts of the
bl ades TS1. 51. Laying unit according to one of Clains 46 to 49,

characteriized in that the cutouts of the blades (TS) are 15
hard-netal teeth (Z) which can be exchanged iz raf(fzred. 52
unit according to Claimb51, characterized in ﬁ

provi ded with
Layi ng

e hard-netat teeth (2)

are arranged in a stag- gered manner. 20 53. Process Qcordi ng to one

of the preceding clai ms.,Fcharactér ed in that a tension-re
el ement (ZT, FP) for Ii g e |% ,
i ntroduced, when said cab’l@ |4$II ai gt
m ni cabl e or mcrocable (M) in 25
| ayi ng channel (VN), in that the t¢gmf§
I's then drawn out during the liftim

FIG 50

stant rel ease
(M) is

A bove t he
the

X “-_ﬁ‘ (ZT, FP)

§e | ayi ng




- 65 - channel (VN) is also released of filling material (FM, and in that
the mnicable or mcrocable (M) is then renpoved fromthe |aying channel
(VN . 54. Process according to Caimb53, characterized in 5 that a |line
(ZT) is laid as tension-resistant rel ease el ement. 55. Process
according to Caim53, characterized in that a netal profile, preferably
consisting of steel, is laid as tension-zgfgpggft rel ease elenent (ZT). 10
56. Process according to one of d ai 3 55, characterized in that
t he t'ensi on-resi stant release elenent (ZT) is laid in strip form 57.
Process according to Caimb53, characterized in that the rel ease el enent

(ZT), initially adhering to the 15 m ni cabl georfw-egpncable (M), is laid
in one operation, and in that the rel ease el effent] ] ,-:\\ipped away from
the minicable or mcrocable during the lifting oderagf¥ny aqd in that the

filling material (FM is renoved fromthe | &yiagqdchayf A\ together with

the ripped-away rel ease 20 el enent (ZT). 58. -1Pr dd ks

53, characterized in that the |laying channel (VN) i §}&¢

profile (FP), preferably consisting of rubberEgr pl g4
~ .

oY ding to daim
DRy a filling

FIG 51
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which can be used as rel ease means and is preferably 25 I ntroduced into
the |l ayi ng channel (VN) with bitunen, in that, during the lifting

operation, the filling profile is first of all renoved and the m nicable or
m crocable (MK) is then lifted. 59. Process according to one of C ains
53 to 58, 66 characterized in that a rel ease neans which prevents

wetting is introduced between the mnic Vﬁ ozdﬂicrocable (MK) in order to
keep as | ow as possible the adherence t ot l ni cabl e or mcrocabl e (MK)
of thke filling material 5 (FM introduced into the |aying channel. 60.
Process according to one of Clains 53 to 57, characterized in that the
tension-resi stant rel ease el ement (ZT) consisting of nmetal is used for the
power supply along the route of the mcrocable. 10 61. Process
according to one of the preceding clains, characterized in that the
metallic tubes of m crocables or niniﬂzgg; MK, MKI, .MK2) are connected to
the central power supply. 62.° Proce ording to Cl aim®61,
characterized in ' :




15. that the electric through-connection between two mcro- cables or

m ni cables (MK, MK2) is effected via a netal- lic cable sleeve (KM. 63.
Process according to one of Clainms 61 to 62, characterized in that the
power is supplied via a mni- 20 cable or mcrocable (MK) and an
additionally laid power cable (SK, RL, ZS). 64. Process according to
one of Clains 61 to 63, characterized in w?t ﬂe m crocabl e or m nicable
(MK, MKI, MK2) is laid, wthout insulatig, aa return 25 conductor. 65.
Process according to one of Clains 61 to 63, characterized in that - 67
- the mnicable or mcrocable (MK) is provided with an insulation (I1S) and

Is laid, with insul ation, as'rFIE y conduc&mERnd a separate earth
conductor is laid, wthout ins tJn, as a Yeturn conductor (RL, NH). 5

66. Process according to one of Clqi s 4R
a cabl e hol di ng-down device (NH) intro B

used as current

L 0 65, characterized in that
el M ayi ng channel (VN) is

WH
FK

FIG 55 B




conductor. 67. Process according to Caim61l, characterized in 10
that a mnicable or mcrocable (MK) in a common insula- tion (IS) is laid

in the laying channel (VN) as power supply conductor. 68. Process
according to Claim67, characterized in that the insulated mnicable or
m crocable (MK) and the 15 I nsul at ed addi ti onal conductor (ZS) are

connected to one another via a web (ST). @ y Process according to Claim
61, characterized in that two insul ated Zn /cata es or mcrocables (M1,

MK2) *are introduced in the laying channel (VN), the power 20 bei ng
supplied via one cable and the power beglog-tetyrned via the second cabl e.

70. Process accordi ng tmﬁmm, drized in that two insul ated
m ni cabl es or m crocabl es ( " ) ar ad-BYPan insulation (1S) and

are introduced 25 " into the laying chg . 71, Process accordi ng
to one of the preceding clains, - g acterized in that the route
of the optical mnicable Q
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or.m crocabl e (M) laid in a | ayi ng channel (VN) is followed with the aid

of a detector (D). 72. Process according to Claim71, characterized in
5 that, as detector (D), use is nade of the nmetal detector which is known
per se. 73. Process according to Claim71, characterized in that, as
detector (D), use is nmade of a georadar-like unit. 10 74. Process

according to Claim7l, characterized in that, when the m nicable or
m crocable (MK) is laid, magnets (M vvhoag metic fields are located with
the ad of the detector (D) are introduc t he | aying channel (VN). 15

75. Process according to Claim 74, characterized in that the magnets
(M are arranged-on individual, spaced- apart cable hol di ng-down devices
(NH). 76. Process according to Claim74, characterized in that

bar-1i ke, magnetic cabl e hol di ng-down devices (SNHV 20 are introduced,
at distances apart fromone another, in the laying channel (VN . 77.

Process according to Cl aim 76, lG 58 _
| - F F

M




- 69 - characterized in that the bar-Iike magnetic cable hold- ing-down

devices (SNHM are arranged on |ongitudinally running support filanments
(TF), such that they adhere to said filanents, and are introduced into the
laying 5 channel (VN) as continuous, grid-like cable hol di ng-down devices
(G\NH). 78. Process according to Claim?77, characterized in that the
bar-1i ke magnetic cabl e hol di ng-down devi ces é HVM) have their ends cl anped:
onto the support filanents 10 (TF). 79. r dc according tto daim
76, characterized in that the bar-like nmagnetic cable hol di ng-down devi ces
(SNHM have their ends (E) fitted into a longitudinally running support
sheet (TFQOL). 15 80. Process according to aim74, characterized in
t hat U shaped, magnetic cabl e hol di ng-down devic (NHM) are clamped into

t he | aying channel (VN). 81. Process acco o one of Clains 74 to
80, characterized in that the magnets of the ol di ng- 20 down devi ces
(M SNHM KNHM are introduced with alter- n Pty (S, N) into the

| ayi ng channel (VN), such that a nagnetic codin obtained for the laid
m ni cabl e or mcrocable (M), and that this ( gffor the laid '

FIG 59

‘ S o

. \
]




m ni cabl e or mcrocable (MK) is thus evaluated with the 25 aid of the

detector (D). 82. Process according to Claim71, characterized in that
the filling material of the |laying channel (VN) is provided with netallic
fillers. 83. Process according to Claim?71, GR 95 P 2134 P

- 70 - WD 97/20236 PCT/DE 96/ 02154 characterized in that el ectronic
- conponents such as pul se generators (I) are installed in the cable

* ., hol.di ng-down devices (NH) for active cable detection. 84. Process

~according to Caim71, charact rliﬁg'h n5that it is possible to connect to
-the mcrocable (MK) freely pro& ble chips (C which can give

i nformation on the condition and Il@ying of the mcrocables (M) and may

al so be reprogramred subsequently.\¥ Process according to one of

Clains 71 to 84, 10 aS eri ge t interrogation and progranmm ng
. are effected fromt Vi § S 9

. 86. Process




that the power supply and interrogation of the chips (C_CH are effected

fromthe sleeve (M. 15 87. Process according to Cl aim 86,
characterized in that the chip (CH) is accormpdated in a sleeve (M which
is easily acce®®i 4Pcontrolled &l&cfrically fromthe outside. 88.
Procéss accor ﬁ# characterized in 20 that, for subsequently
repairing a m %he aid of a unit (GF) for exposingthe

m crocabl e ( ing material (FM is renoved fromthe |aying
channel (VN) Mg%/er %%ir'lé#h which is required for the introduction of a

repair set, said repair set being fornmed fromtwo 25 cabl e sl eeves (KM

two equalizi nGprSQ0pgs (& iﬂ@r&dﬁ@&ﬂéﬁéﬂg dptiRd1VRbaBERL AGRAE N HHET 2
MAR 1998 AVENDED SHEET P =717~ O 97/ 20236

PCT/ DE 96/ 02159*®#8%een the cabl e sl eeves (KM, in that the nicrocable

The invention relates to a process for introduc-
5 ing an optical cable, consisting of a ‘tube and optical
waveguides introduced therein, into solid ground with the
aid of a laying unit.
DE-Al-41 15 907 discloses a cable-laying plough
for laying cables in the ground, in particular in the
10 ground under water. In this case, the blade of the cable-
laying plough has arranged in front of it a rotating
éutting wheel which, in addition, is made to vibrate
vertically, with the result that hard objects located in
the region of the trench which is to be excavated may
15 thus also be broken up thereby; This cable-laying plough
excavates relatively wide trenches by displacing the soil
with the aid of the plough blade. Such machines are used,
in particular, in coastal areas and under water using
corresponding control devices. For laying operations in
20 the ground, the material is usually removed over a width
of from 60 to 100 cm and a cable-laying depth of approxi-
mately 70 cm, with the result that the outlay for the
laying operation is relatively high.
Furthermore, DE-Al1-30 01 226 discloses a line
25 network for transmitting signals, the signals being
passed through fibre-optic cables which are laid in a
network of pipes or ducts of an existing supply system.
In this case, however, fixed cable-laying routes are
predetermined, and inlets and outlets for the cable which
30 is to be laid have to be provided in a suitable manner
therein.
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(NK) is:lifted out of the |aying channel (FVN) freed of the filling

material (FM, in that the tube of the mcrocable (MK) is shortened over a

| engt h which c P ﬂd; to the repair, set, and in that the repair set

I's connected t g e tvvo ends of tﬁe mcrocabl e (MK). 89.

Procéss accordba.g Eé characterized in that the filling materi al

(FM I s renoved § akl ng place in the laying channel (VN). 10
Process aCCOfdAﬂGe&ﬁﬁﬂ%ﬂ}B@o A8 Ay h&%dauaotﬁatms&e fdddd N9

rraterlal (FM is remved wt aid of. a heatabl € cutter , by nmeans .
of which the fPhRPFRgIdBtances, af B%T%Hw?rbn REn OF| s‘iq‘a‘#agcp QT |

heated and theges#esOlh wiich % tube PBOdat¥oduceddiltgizontully (hedns 88

to 90, characterized in ha ntially to.the exposed_|a |n channpel
(FVN) ; two corggﬁol%° %B‘ dral?%e‘é df"gfar‘hﬁ“}% é % &
vertical | y5i nt mateeiglodadalss) disadvhatageoabl he:beeve (KM  whi ch [ s

suitable for 20 t he npegd i of C rqﬂég&
each core hole (B), a ggnﬁeg?'l E'g"t u%da &k [gé sidtgt}t é%?)al r set
bei ng i nt r oducwhight &eenrwédeﬁo%'abm netal ctuband nuwﬂi% e pbrexe288i ng

channel (FVN), tefdile bB2bngbR.cPHE 6ptisgl Wavegabde {d1providédiwitr be
25 repaired are, ConpeCl el ingnt ! vyh%d B! 8LetHUaL., Z'iilse materials
10 having elastic properties and thus protecting the optical
waveguide mechanically against external influences. In
order to increase the tensile strength, a metallic tube
is also applied, loosely at first. Then the tubes are
stretched and thus secured to the sheathed optical
15 waveguide.

FR-A-2 677 137 discloses a repair method for
optical cables which are composed of a tube and optical
waveguides running therein. At the defective point, an
adapted tubular element is inserted, to which the ends of

20 the defective tube are connected again, the defective
point being bypassed.

EP-A-0 553 1991-A discloses a repair method for
conventional optical cables, two cable sleeves being used
in which the connections are made between the optical

25 waveguides by means of an intermediate cable element.

The object of the present invention is to provide
a process for introducing an optical cable in which the
outlay for the laying operation can be reduced, it also
being intended that the outlay for the optical cable

30 system used be coordinated with the laying method. The
set object is achieved according to the invention, by a
first process '
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| opps (AS) which are arranged at the off cable-sleeve inlets (KE). 24 MAR
1998 AMENDED SHEET - - characterized in that the m crocabl es (M)
are connected trghtl to the equal i zing 1 oops (AS) by being crinped thereon
(AK). 93. E% %r8ing to one vf%& ins 88 to 92, 5

characteri zed ;%TO% i§ made of a neasuring device (I\N) preferably an
electric conti ? | ch indicates that, upon exposure of the

| h | LV h , t hat
2112 ngdevi 25 Fhe BB IRE 24 (nd PSP SBOERELE. (Y1) ol 120
set in notion.optical cﬂhm@d@mmﬁgrpsabﬂar orgsinieabletkaving am t hat

the filling F t U8 . of ebNEo Fagh i
(RFM, is rerrbn%ggéﬂrl%?n %aaemﬁ?/%ﬁgéctﬂf'n%ﬁ \?ELQWP'[ hatﬁ% ‘fij' %}%%ijl ng

wire laid al ond-25t0 thé M s tubebeing homogepsouss and Rf b one
of Clains $8 tdzé3rwater-tight,

a laying channel with a width of 4.5 to 12 mm, preferably
7 mm, which is adapted to the diameter of the microcable
or minicable, being introduced with the laying unit into
the solid underlying laying surface,

10 the microcable or microlsiclcable being introduced into
the laying channel by means of a feed element and being
held at a constant laying depth, the laying channel being
filled with £illing material using a £illing device which
iz moved along after the insertion of the microcable or

15 minicable.

The object which has been set is thus achieved in
accordance with the invention planning to a second method
of the type mentioned at the beginning in such a way that
a microcable or minicable with an external diameter of

20 the tube of 2.0 to 10 mm, preferably 3.5 to 5.5 mm is
pressed into utility lines for sewerage, gas or water,
which have been left open, using a laying unit.

The object which has been set is achieved accord-
ing to the invention using a third method of the type

25 mentioned at the beginning in that the optical cable used
is a microcable or minicable with a diameter of the tube
of 2.0 to 10 mm, preferably 3.5 to 5.5 mm, which is
inserted into existing, active utility lines for sewerage
gas or water using a laying unit.

30 : A great advantage of the process according to the
invention is that only a relatively short amount of time
is taken for the laying operation, with the result that
it is used partiéularly wherever long-term hold-ups are
undesirable. This is the case, for example particularly

35 when laying new or additional cables, when the laying
operation has to be carried out in
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characterized in that the tube of a mcrocable (M) is provided with a
“barely adhering i nsul ati on (1'S), for exanple consisting of polyethyl ene,

paper or a Ssv [ woven, which %'bs slit open after the renoval of
thefilling% )26 ththe result® that the micro- cable (M) can
be easily re g @Fposed | ayi ng channel (FVN) wi thout adhering to
the residual fiTTing materl (RFM. 25 96. Process according to

C aim 88, chargalal ifshd wezahem Ekhhfﬂg r@i@ékﬂ;g(&& o hABtIY With

the aid of cab)]e hol ding- dovvn devi Ces which run al on&ba ove th m crocabl e
(MK) in the | a¥® ntechanA¥rideq) as,fam aeraesibdes: ﬁgP?%?"- ons of
current- Ca”ylé\ﬂ:ﬁmﬁiﬂClﬂf'Sng3Qnd %Baling meéﬁambrdhﬂgth&eoriﬂdﬁe

(F) s remmvaT ety cpae' 83ter” Eng’ other . ERpap, gPAEAsERS: SHRAG 35 ¢ o
97, characheriamtly rbeing carried| ouy adlecinabnefFgp by memuididipunposdenyi ng
channel s whi cly 4y €1 WaP tHIM ki3, endl ePsePlc W fAPGSEisn N8 DiDely
greater than that caused by a road sweeper. There is also
such a need, for example, when all the laid pipes, cable
ducts or pipelines have already had cables laid in them,

10 it then being possible to splice onto the newly laid
cables without interruption. Tubular mini communication
cables, which are referred to as microcables or mnini-
cables, are particularly suitable for this purpose. These
newly laid
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99.” ‘Process according to one of _CI' aims 88 to 97, charactrerized—in that

the filling material (FM is renoved from laying cg bif r " 10
arranged as expangi=0hn },QihRt g i N concrete gkabs of m m 'iﬂ Mt
case, at trans% %gggbg&%qo%e concrete sl ég to the other, it _ abl e
runs in core hgbqgngﬁigg 02h84l i kewise filled with filling material. 100.
Process according to one of Clains 88 to 99, characterized in that the

cabl e sheath i pakten¢kenadmar 15 the m crocabl e has applied over idt aI

f oam rubber elenment ( which js laid contjnuously in the |qngitudina

di rection, proﬁ'écts t he TOS6PE ;@i n&tﬁ%‘g %a@d&?&&é”&nd‘_‘ @ 8ORp| ease
means bet ween sietdag eofinca bitubeenand0bpticadX Omg&dd@’sdlb:lﬂﬁti-mﬁa_adﬁ

t he preceding L. .20 h erl [ t I I ac S
fixed in a | ayi%h%&.cgh'gﬁnéf’tgﬁﬁ’f%% é%ge&g? o‘%%ﬁl% %‘{nﬁ’%{ ﬂ‘eilgygééf “éﬂ:'_
cont i nuous Spr ocharagserized iaurhavrtheropticali cabhkg daid| dst acmimtreri al ,

and in that theably 6 i#iRaAb1EeVR1) Wit fil dediHd L WA SE2 enp (B,
BVP). 25 102, P@gces I accordin Clarm 101 aracterized 1 n that

to C
bitumen is use§°RE t 20 %3 18vpp, preferably,Qfs R c¥R dPnd M. O ai m
101, character thed tubd h§a) being homogeneous and pressurized-water-

tight, in that the laying channel (19) with a width of
10 4.5 to 12 mm, preferably 7 mm, which is adapted to the
diameter of the microcable or minicable (1) being made in
the fixed underlying laying surface (17) using the laying
unit (23), in that the microcable or minicable (1) is
introduced into the laying channel (19) by means of a
15 feed element and is held at a constant laying depth, in
that the laying channel (19) is filled with f£illing
material (20) with a £filling device (16) which is moved
on to the insertion of the microcable or minicable (1).
2, Process according to Claim 1, characterized in
20 that the optical waveguides (3) are introduced at the
factory.
3. Process according to Claim 1, characterized in
that the optical waveguides (3) are blown into the
already laid tube (8). _
25 4, Process according to Claim 1, characterized in
that the optical waveguides (3) are jetted into the
already laid tube (8) with the aid of a ligquid medium.
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- 74 - a hot-nelt adhesive, preferably consisting of Eollﬁam' de, is used as
b1

t he -seal ant (B, BVP). 104. Process according to o mﬂnlmﬂlﬂmllto
M

103, characteri ' e is made of profile _
circul ar cross‘c’g(ﬁ/%Q,Q?"'tqsf%a?S Process aggor'di ng to one‘of d'ai r?s 101 to
103, 'characterip@%tggp 9'%‘#21‘5&3 I's made of a profile body (GUR) with annul ar
cross-section. 106. rocess according to one of Cains 101 to 105, 10
o the | ayi ng cpanncl, (ao el ac o tREPES Shf OF the Prbolldizly bialual! o
to the |aying channe s .a l.ongjtudi na _
mi crocabl )és ? ."rf(?fe(n'\zl)ﬁgigfts cHheii iving crasmnede (12hatacediiledd in
that use i s nad:m od ®suppeiritisagdolyyind’) (w7)h ﬁghhbaiﬁdgﬂ@iﬁ%g 1§yg%8c71ucts
FK) running i el 08. accordin 0 aim or ,
(chaz act er - ize% u%?ﬁ%#at (8'35 i'ca?’nmagé’gﬁ?%%%aﬁr i rﬁ%&i‘lﬁ?&i’ﬂymo 2% r Be
ducts (FK)5 10®illing wheed H35dr whight dsomsrengedains thellayingsun2@,
characteri zed ighd ¥ civared,TRA%fUrabIy Yeiny MepreWRed Vsl bar bs (VW)

[ ally théereon.
integrally forrge.d at erProcyess according to Claim 5, characterized in

that the laying channel (19) is cut to a depth of from 50
to 100 mm, preferably 70 mm.

10 7. Process for introducing an optical cable, con-
sisting of a tube and optical waveguides introduced
therein, in supply lines in a solid underlying laying
surface with the aid of a laying unit, characterized in
that, as optical cable, a microcable or minicable (1)

15 with an external diameter of the tube (8) of 2.0 to
10 mm, preferably of 3.5 to 5.5 mm, is pressed into
utility lines (31) for sewerage, gas or water, which have
been left open, using a laying unit.

8. Process for introducing an optical cable, com-

20 posed of a tube and optical waveguides, introduced
therein, into supply lines in a solid underlying laying
surface with the aid of a laying unit, characterized in
that, as optical cable, a microcable or minicable (1)

. with an external diameter of the tube (8) of 2.0 to

25 10 mm, preferably of 3.5 to 5.5 mm, is inserted into
existing, active utility lines (35) for sewerage, gas or
water, using a laying unit.

SHERT
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110. Process according to one of Clainms 101 to 109, - 75 -

characterized in that, as the profile body, use is m

nmoul di ng ( NFT) i@’nb hPc f?&lﬁes an el astlcsé)rofl le ( mmmu“ﬂ“ﬁtﬁﬂﬂd with

seal ant (BVP) i g€ ducts (FK). 5 111. Priocésstactordiig to one
ﬂ?s@% |

of dains 101 fgp ?ﬁﬁggerl zed in that the sealant (B, BVP) is
softened by the supply o eat, in particular by infrared radiation (19S),

beforg bei ng. pgess]cedd ?i‘@cé?&lhzdédlﬂi nrteJ 6¥U) ?:E-lftlaimd:'r acees 4,
according to one o ai ns 0 cteriz a e

| ayi ng of the FRRFBEEBFEZERKIR] H‘?B\Aéhe W"‘FF@"% Sf h’e Rdy
(&, GUR NFT)prashéd iaronghehasddd gydundndizhe hyeadem &£ taheldydmang
channel (VN) éngrgans of a sealant (B, BVP) are effected with the aid of a

conbi ned | ayin thine (VW, which 15 carries along a drumfor
m crocabl e5( TMK® . and anoeeﬂﬁorach#dimg bddy omel)of 1 laims PAoctes 4,

according to OgRg 1 1 A5 eSr imin{@dpp® epyiidonal
profile (ZP) |§ |ﬁt;“r=(% dogﬁa{:ﬁaé glilgcﬁfé i%i& R, Vzllg NFT) Whl cih has
jetted into the solid ground ( 7) by means of a laying

unit.
11. Process according to Claim 1, characterized in

10 that the microcable or minicable (1) is introduced into
the laying channel (19) with a feed element in the form
of a laying blade (18), in that the filling material (20)
is filled in using the filling device in the form of a
filling-in lance (16), and in that the laying channel

15 (19) is topped off at the road surface with a sealing
layer (50). '

12. Process according to Claim 11, characterized in
that a curable £filling foam is introduced, as £illing
material (20) into the laying channel (19).

20 13. Process according to Claim 11 or 12, character-
ized in that the laying channel (19) is filled with a
bitumen sealing compound or a preformed bitumen joint
filler. _

14. Process according to one of Claims 11 to 13,

25 characterized in that the laying channel (19) is marked
by a 1light-reflecting layer (64), preferably with
embedded glass bodies (65) as filling means.
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20 already been introduced. 114. Process accord| }

precedi ng cl ai ns, char acteri zed in that, after, or si "gj lmllm!

i ntroduction o tgl e or m crocalgl e (M) into Qylung s ann

(VN), an el ast ?E ct-reS| stant >2% = cover| ng prof| l e (AP) which
is difficult t g I_Esjlromthe out side by mechanical intervention is
laid in the Iongl |na |rect|on of the mnicable or mcrocable (M), and

in that the wiggh of theok §¥hNGoEbARDEY (J/Nnd BEORUE FrebdadfyPiithe,

76 - 115. Process accor characte IZE

covering profi FbaFAP)'—eﬁéﬁﬁﬁl éPnEhﬁtnE?almWF‘éc%Pl& %FEE*IF ablep(b)l L8sal
line is laid iarabf ba¥i fisok eBlg Woing Sp ohlf. layif 0£eé§ eﬂprﬂ@g to

d 114, ch d t hat i t h MFK
which 15 4 {1 BRLDEL 5ookhe; APSToRuRE °3ﬁ§2!1e3aqp&%:n&eaa§f@ S ctif og
(APU) COESI si.sng,lngneq)I andi develllled gparglilbdkr &bl \thd toate iof the

i ntroduced, the,gopg CNEKheTOThofOwieR’ tRb"E18"E£0hulBEC -BE 1 8ks (285 O ONe

or nore plastiC
16. Process according to one of the preceding claims,

characterized in that in the case of changes in direction
and bends up to minimum radii of 30 mm of the laying

10 channel (19), the microcable or minicable (1) is adapted
to the directional route in a bending apparatus (61).
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hemp or -sisal filaments. 117. Process accordi ng"r—o—el—ai—m 16—
characterized in that use I s made of:a coveri ng whi ch the
core (MFK) is orJ 4 nded fil ament - 'ﬂ accordi ng
to one of the ms, character’ ed in |ate
covering (ZV\A) ?ﬂ? bet ween the m ni cabl e or m crocabl e (M) and
the covering pro e 9. Process according to Claim 118,

characterized i, ctefteiatﬁ thatTedectkodic! fzsﬁwﬁdheaesﬁewé R AL

with inserts (ZWE), preferab corrprlsmg mefal i c wres Process

according to (FRREFAtPRs{I)18Te ipetalded Jin cFhecgable haldingdewmde of

an intermedi at@evDoéd i (HY e a&tiveemssmé detéoelised t herein. 121.

Process accordipg to ope of the gdi n haracterized in that use

i s made of a ré‘?ut cabl ’5?°?ﬁ%r5‘5§3?‘g ? wk? im ?& ?‘ﬂf teFi&e. é

plastic. 122. thaPr d\cesis muibl’g to coaneitt o ptheeuﬁ.ngochbﬂ.ms (MK)

characterized § Ugy | Wit
oi\:/g ro | &Eﬁ%j &E ir@{ Euaxlréel o

arranged in the C e I nt er ate coverl ng (ZWA)
for locating tom Ebsleona Fﬁgn and laying of the microcables

may also be reprogrammed subsequently.

85. Process according to one of Claims 71 to 84,

10 characterized in that interrogation and programming are
effected from the outside via induction loops (IS).

86. Process according to Claim 84, characterized in
that the power supply and interrogation of the chips (C,
CH) are effected from the sleeve (M).

15 87. Process according to Claim 86, characterized in
that the chip (CH) is accoomodated in a sleeve (M) which
is easily accessible and is controlled electrically from
the outside.

88. Process according to Claim 1, characterized in

20 that, for subsequently repairing a microcable with the
aid of a unit (GF) for exposing the microcable (MK), the
filling material (FM) is removed from the laying channel
(VN) over a iength.which is required for the introduction
of a repair set, said repair set being formed from two

25 cable sleeves (KM), two equalizing loops (AS) and a
connecting tube (VR)
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between the cable sleeves (KM), in that the microcable
(MK) is lifted out of the laying channel (FVN) freed of
the £illing ‘material (FM), in that the tube of the
microcable (MK) is shortened over a length which cor-
responds to the repair set, and in that the repair set is
connected tightly to the two ends of the microcable (MK).
89. Process according to Claim 88, characterized in
that the £filling material (FM) is removed by cutting
taking place in the laying channel (VN).

90. Process according to Claim 88, characterized in
that the filling material (FM) is removed with the aid of
a heatable cutter (SCH), by means of which the filling
material (FM), preferably bitumen, is first of all heated
and then cut out.

91. Process according to one of Claims 88 to 90,
characterized in that, tangentially to the exposed laying
channel (FVN), two core holes (B) are drilled, at a
distance from one another, vertically into the ground
(VG), in that a cable sleeve (KM) which is suitable for
the connection of microcables (MK) is introduced into
each core hole (B), a connecting tube (VR) which belongs
to the repair set being introduced between the two cable
sleeves (KM) in the exposed laying channel (FVN), and in
that the ends of the microcable (MK) which is to be
repaired are connected tightly to tubular equalizing
loops (AS) which are arranged at the off cable-sleeve
inlets (KE). |
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