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A LAYING MACHINE

BACKGROUND

Several kinds of machine for laying cable, pipes, or the like have been proposed. US
5,214,868, US 5,320,451, US 6,189,244, US 4,326 347, EP 1,058,757, US 6,371,691 and
US 6,637,978 are examples of such machines.

US 6,637,978 shows a working machine for laying cable, pipes, or the like. The machine
includes an excavation means, a laying means for laying a wire in the excavation and a
consolidation means 1n an intermediate position between the excavation means and the

laying means. The width of the excavation being between 5 and 7 cm and the depth

between 25 and 50 cm.

OBJECT OF THE INVENTION

An object of the invention 1s to provide a laying machine that can make a trench and lay at

least one tlexible casing or tube, cable or wire in the trench 1n a cost efficient manner.

Another object 1s to make as little impact on the environment as possible.

SUMMARY OF THE INVENTION
At least one of the objects above 1s at least partially enabled by a laying machine for laying
at least one flexible casing or tube, cable or wire including a blade arrangement for making
a trench in the ground, a consolidation and laying means being arranged behind the blade,
for clearing and sateguarding the trench from collapsing while laying at least one flexible
casing or tube, cable or wire into the trench. Having a blade arrangement to cut a trench
provides a narrow trench which requires less energy to make than a wider one.
Furthermore, the narrow trench make less damage on €.g. a road and therefore provides
less environmental impact than a wider one, Furthermore it can much easier be covered

and made almost invisible as i1f no trenching had been performed. Furthermore using a
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blade arrangement in a cutting operation makes the side walls of the trench less likely to

collapse, since larger stones or roots are cut through. Furthermore the matenal from the
trench when using a blade arrangement becomes a fine dust which can be easily collected

by a dust collector.

A blade arrangement 1n the form of a blade assembly for working on a work
surface/area/structure 1s also suggested. The blade assembly including at least two blades,
a first blade, a second blade, and possible a third blade, that are axially aligned, each blade
having a working portion at the periphery of the blade and a central portion around the
axial center of the blade for being operated on by a device for driving the blade assembly, a
blade support structure extending between the working portion and the central portion
characterized 1n that the blades are spaced apart by a spacer structure/s,, said spacer
structure/s forming at least one compartment, between the blades, that is in contact with the

central portion and extending towards the working portion, and at least at one radius of the
spacer structure/s covering a significant part of the periphery at that radius of the spacer

structure/s, said compartment/s having an inlet at the central portion.

Preferably the blade assembly includes three blades which are spaced apart by two spacer
structures, said spacer structures each forming at least one compartment between the
blades in contact with the central portion and extending towards the working portion and at
least at one radius of the spacer structures covering a significant part of the periphery at
that radius of the spacer structures, said compartment/s having an inlet at the central

portion.

Preferably the significant part is at least 30%, preterably at least 50%, more preterably at
least 70% of the periphery.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a rear perspective view of the laying machine,

Fig. 2 1s a front perspective view of the laying machine,

Fig. 3 1s a front perspective view of a laying machine being able to operate at different

ground levels,
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Fig. 4 1s a rear perspective view of a laying machine being able to operate at different

ground levels,

Fig. 5 shows scissor mechanisms used 1n the embodiments of Fig. 3 and 4 when both are

fully retracted,

Fi1g. 6 shows the scissor mechanisms used in the embodiments of Fig. 3 and 4 when the

right one 1s retracted and the left one extended,

Fig. 7 1s a perspective view of a wheeled dust collector being pushed by the laying

machine,

Fig. 8 1s a reel carnage which for supplying flexible casings or tubes, cables or wires to the

laying machine,

Fig. 9 shows laying machine in operation pulling a reel trailer that supplies flexible casings

or tubes, cables or wires to the machine,
Fig. 10 shows schematically an embodiment of a dust collector,

Fig. 11 shows a partial exploded view of a blade assembly having three blades as seen

from the side opposite to where the drive shaft 1s connected,

Fig. 12 shows a partial exploded view of a blade assembly having three blades as seen

from the side where the drive shaft is connected,

Fig. 13 shows a cross section of the central member clamping the blade assembly,
providing a connection for the drive shaft and providing means for supplying fluid to

compartments 1n the blade assembly, and

Fig. 14 shows a zoomed 1n part of a cross section of the blade assembly at the periphery

thereof.

DESCRIPTION OF THE INVENTION

Fig.1 -2 shows a laying machine 1 according to one embodiment and Fig. 3-4 show the
laying machine 1 according to another embodiment. The laying machine 1 includes a blade
arrangement 2 for making a trench 5 in the ground and a consolidation and laying means 3

for clearing and safeguarding the trench 5 from collapsing while laying at least one tlexible
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casing or tube, cable or wire into the trench 5. The at least one flexible casing or tube,
cable or wire can be rolled off from a reel/s mounted on the machine 1 or as shown in Fig 8
from reels arranged on a reel trailer 40. A disc guard 18 covers the portion of the blade

arrangement 2 that is above ground level.

The machine 1 shown in Fig. 1-2 has two front wheels 7 and a rear wheel 8, while the
machine shown 1n Fig. 3-4 has two front wheels 27a, 27b and two rear wheels 28a, 28b
which are suspended by two scissor mechanisms 30a; 30b as 1s described 1n relation to Fig.

3-6. A motor 6 provides power to propel the machine 1 and to rotate the blade arrangement

2.

The blade arrangement 2, the disc guard 18, and the consolidation and laying means 3 are
mounted at a first side of the machine 1, here shown as the right hand side of the machine
1. This enables the operator to place the trench 5 close to side structures such as walls. The
blade arrangement 2 and the consolidation and laying means 3 can be moved from the first
side of the machine to the opposite second side (i.€. the left hand side). When changing
sides, the disc guard 18 1s replaced by a corresponding disc guard having a mirrored

configuration.

In the embodiment of Fig. 1-2 a seat 9 and feet support 10 are provided 1n the rear of the
machine 1 straight behind the blade arrangement 2 so that a seated dniver can drnive the
machine 1 while closely monitoring and controlling the trench making, consolidation and
laying operation. In the shown embodiment the seat 9 and the feet support 10 protrudes
somewhat more to the right than the blade arrangement 2 with the disc guard 18 and the
consolidation and laying means 3, which will somewhat limit how close the machine 1 can
make a trench 5 along a wall. However, 1t would of course be possible to have a driver seat
O which does not protrude further than the blade arrangement 2 with the disc guard 18 and
the consolidation and laying means 3. Such an embodiment may however reduce a seated

operator’s ability to visually monitor the trench making operation. The clearance Ah
between the ground and the feet support 10 1s suitable around 20-30 cm. This enables the

machine 1 to go very close to lower side structures such as a pavement along a road. The
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laying machine 1 may also be arranged to be arranged to be controlled wireless so that the

operator can choose between seated operation and remote controlled operation.

In the embodiment of Fig. 3 and 4, the machine 1 is not equipped with and driver seat. In
this embodiment the operator can operate the machine 1 by walking directly behind it
accessing the control panel 38 and/or by using a remote control (not shown) for wireless

control of the machine 1. In this embodiment the blade arrangement 2 with the disc guard

18 and the consolidation and laying means 3 are arranged as the outermost units of the first
side of the machine 1, enabling the machine 1 to go very close also to higher side

structures such as walls.

The machine preterably uses a hydraulic propulsion system powered by a diesel engine,
however other kinds of propulsion system and motors 6 can be employed. The blade
arrangement 2 1s preferably driven by the same motor 6 that propels the machine 1 (the
motor can e.g. be the same as used in the road saw model Husqvarna RS 8500 D or the
floor saw model FS 9900 D). However, it would of course be possible to use separate
motors for the blade arrangement 2 and the propulsion of the machine 1, as well as other

motors types than those exemplified with.

The motor 6 drives a shaft 17 that connects to the centre of the blade arrangement 2. The
shatt 17 with the blade arrangement 2 can be moved upwards and downwards to adjust the
cutting depth of the trench 5. The raising and lowering of the shaft with the blade
arrangement 2 1s preterably powered by the hydraulic system (not shown) that is powered
by the motor 6. In its most upward position the blade arrangement 2 1s above ground level,
1.€. 1t 1s 1n a transport position, and in its most downward position the shaft 17 holding the
blade arrangement 2 1s moved to a position close to the ground, e.g. only a few centimeters
from ground level. The maximum trench depth can therefore be made almost as deep as the
radius of the blade arrangement 2. Depending on how the machine 1 is configured,
different blade diameters can be used; preferably the blade diameters are between 500-
1200 mm. In one embodiment the blade arrangement 2 can be lowered or raised to any
position between these extremes, 1.¢. the trench depth can thereby be varied. In another

embodiment the machine 1 has one or several fixed operating depths.
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The working portion, 1.e. the active portion at the periphery of the blade arrangement 2, is
between 5 - 50 mm thick, preferably 5- 30 mm, more preferably 10-25 mm, most
preferably 15-25 mm. Thereby a thin trench can be cut, which requires less work to make
than a thicker one. The blade assembly 2 is preferably of a kind used for floor saws and
road saws including one saw blade or an assembly of two or more saw blades, preferably
two or three saw blades (see e.g. the embodiment described in relation to Fig. 11-14). The
saw blade/s comprise steel plate/s that preferably has diamond-impregnated segments at
the periphery (working portion) of the blade. Steel plates having diamond-impregnated
segments at the periphery are for instance sold by Husqvarna AB.

As can be seen 1n Fig. 1 the disc guard 18 includes a hinged lid 18a that can be opened to
access the blade arrangement 2. When closed the disc guard 18 has a width slightly larger
than the width of the blade arrangement 2. In the preferred embodiments the blade
arrangement 2 1s arranged to rotate in an upcut direction, i.e. a rotational direction where
the lowest portion of the blade arrangement 2 moves in the forward driving direction of the
machine 1. Therefore, dust and any debris from the trench making, consolidation and
laying operation will mainly exit the trench in front of the blade arrangement 2. To collect
this dust and debris dust duct 19 is provided 1n the front section of the disc guard 2. The
dust duct has an dust inlet 22 arranged close to the ground in front of the blade
arrangement 2 for receiving dust from the upcut rotation of the blade arrangement 2, and a
disc guard dust outlet 21 located above the disc guard dust inlet 22. An upper wall of the
disc guard dust duct 19 1s partly defined by a flexible sealing member 20 sealing towards
the blade arrangement 2 and preventing dust from entering the upper volume of the disc

guard 18. The sealing member 20 could e.g. be two rubber strips or two brushes.

A dust collector 50; 500 (see Fig. 7, 9, 10) can be connected to the disc guard dust outlet
21, to recerve dust and debris from the trench making operation. The dust collector 50; 500
may include suction means (not shown) or other active means for conveying dust to a
receiving compartment of the dust collector, for instance a screw conveyor 501 (see Fig.
10), or 1t may rely only on the rotational force from the rotating blade arrangement 2 (See
Fig. 7). The dust collector 50; 500 can include any kind of container or a bulk bag (e.g. a
Flexible Intermediate Bulk Container), that can be arranged on the machine 1 or on a

separate wheeled unit.
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In the embodiment shown 1n Fig. 7 the dust collector 1s a first wheeled unit 50 in front of
the machine 1 that is pushed forward by the machine 1 as it propels. The first wheeled unit
50 of Fi1g. 7 has an inner compartment 51 which 1s preterably covered by a lid (not shown)
during the trench making operation. The inner compartment 51 1s connected to the dust
outlet 21 via an opening to the inner compartment 51 at the rear side thereof. The dust duct
19 and the inner compartment 51 of the first wheeled unit 50 forms a substantially closed
air system which optionally has an air filter for letting out air while keeping the dust in the
compartment 51. If having an air filter 1t 1s preferably arranged on the lid (not shown). The
first wheeled unit 50 1s easily disconnected from the laying machine 1 so that moved away

and emptied when filled.

In Fig. 9, 10 the dust collector 50; 500 1s a second wheeled unit 500 that supports a bulk
bag 501. Here the wheeled unit 500 1s shown arranged at the left side of the machine, 1.e.
the side opposite to where the blade arrangement 2 1s mounted. A screw conveyor 502 has
a screw conveyor inlet 503, 1in a lower distal end thereof, which receives dust from an dust
outlet 1n front of the disc guard 18, and conveys the dust to the screw conveyor outlet 504
at the opposite distal end of the screw conveyor 502 that supplies the bulk bag 501 with the
conveyed dust. When a bulk bag 1s full, the second wheeled unit 500 can be replaced by
another second wheeled unit 500°, and/or the bag can be removed from the second wheeled
unit 500 and optionally emptied at a suitable location. Even though the embodiment in
Fig. 9, 10 shows a screw conveyor 502 for conveying the dust to the bulk bag 501, other

kinds of conveying means can be employed, for instance a belt conveyor.

In the embodiment of figure 1 and 2 the consolidation and laying means 3 1s manually put
into the trench and secured at the operating depth. In this embodiment, when making a
trench 5, the laying machine 1 first makes an 1nitial trench with the blade arrangement 2. In
this imitial step the consolidation and laying means 3 1s detached from the machine 1.
When the 1mnitial trench 5 has been made the blade arrangement 2 1s raised, and the
consolidation and laying means 3 is inserted into the trench 5, preferably already
supporting the at least one flexible casing or tube, wire or cable. Alternatively the at least
one flexible casing or tube, wire or cable can be provided to the consolidation and laying
means 3 while in the trench 5. Thereafter the consolidation and laying means 3 1s secured

to the laying machine 1 and the blade arrangement 2 1s lowered to the operating depth.
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In the embodiment shown 1n Fig. 4 1t can be seen that the consolidation and laying means 3
1s being held by two pivotable arms 61, 62. Each arm 61, 62 include a turnbuckle so that
their respective length can be adjusted by turning the turnbuckles. Thereby the position of
the consolidation and laying means 3 behind the blade arrangement 2 can be adjusted.
Furthermore, the pivotable arms 61, 62 are so arranged that, when lifting the consolidation
and laying means 3 up from the trench 5 while the disc blade arrangement 2 still 1s present

therein, 1t follows a trajectory that prevents the consolidation and laying means 3 from

intersecting with the blade arrangement 2 when being raised or lowered into the trench 5.
An actuator 63 can be actuated to raise and lower the consolidation and laying means 3.
The actuator 63 can e.g. be a hydraulic actuator connected to the hydraulic system of the
machine 1 or an electric actuator. The operator can control the raising lowering of the
consolidation and laying means 3 via the control panel 38 on the machine or via remote

control (not shown).

When reaching the operating depth the concave front end 11 of the consolidation and
laying means 3 1s arranged to be located behind the blade arrangement 2, at a position so
that the concave front end faces and follows the periphery of the blade arrangement 2 and
so that the clearance between the front end 11 and the blade arrangement 2 is less than 50
mm within the trench 5. Preterably the clearance 1s less than 40 mm, more preferably less
than 20 and most preferably less than 10 mm. In fact the clearance could even be zero the
first time 1t 1s used letting the blade arrangement 2 work up a clearance. Of course as the
blade arrangement 2 1s worn the clearance may increase. The consolidation and laying
means 3 could therefore be equipped with clearance adjusting means for adjusting 1t
forwardly and backwardly to adjust the clearance between the front end 11 and the

periphery of the blade arrangement 2.

Furthermore, when arranged behind blade arrangement 2, i.e. during the trench making,
consolidation and laying operation, the lowest portion of the consolidation and laying
means 3, 1.€. its bottom 13, 1s arranged to be located above the lowest portion of the blade
arrangement 2, preferably between 10-100 mm above, more preferably 10-60 mm, most

preferably 20-50 mm. Preferably the bottom 13 1s flat.

The side walls 12 of the consolidation and laying means 3 prevents the trench walls from

partly or completely collapsing before the at least one flexible casing or tube, cable or wire
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1s ted 1nto the trench 5. The consolidation and laying means 3 further has one or more
feeding ducts 14 that each has a inlet at an upper portion 15 of the consolidation and laying
means 3 for receiving the flexible casing, cable or wire and a outlet at a rear end 16 of the
consolidation and laying means 3 for feeding the cable or wire to the trench 5. Each
feeding duct 14 can be arranged to guide one or more flexible casings or tubes, wires, or
cables, preferably one flexible casing or tube. Thus the at least one feeding duct 14 can be
one, €.g. feeding a larger flexible casing with room for multiple cables, or several tubes,
wires or cables on top of each other. Preferably the feeding duct 14 is at least two,
preferably at least four. The consolidation and laying means 3 is preferably made open or
openable at the upper portion of and towards the rear end of the consolidation and laying
means 3, so that the at least one flexible casing or tube, wire, or cable can be fed by
pushing i1t down into the consolidation and laying means 3, 1.e. this could be done while it
is already in the trench 5. Another alternative is to push the at least one flexible casing or
tube, wire, or cable through the inlet of the feeding duct 14 to the outlet of the feeding duct
14. A further option would be to have one of the side walls 12 of the consolidation and
laying means 3 detachable, 1.e. detaching it and putting the at least one flexible casing or

tube, wire, or cable into the desired feeding duct 14.

In one embodiment the consolidation and laying means 3 have the same thickness or is no
more than Imm thinner than the blade arrangement 2.The advantage with this embodiment
is that both the blade arrangement 2 and the consolidation and laying means 3 can be made
as thin as possible, 1.e. as thin as the size of the flexible casing or tube, cable or wire

allows.

Alternatively, the consolidation and laying means 3 i1s made thinner than the blade
arrangement 2, preferably at least 1 mm thinner, more preferably at least 2 mm thinner,
most preterably at least 5 mm thinner, even more preferred 10 mm thinner. One advantage
of having the consolidation and laying means 3 thinner than the blade arrangement 2, is
that 1f the trench 5 1s not to be cut in a straight line but rather allowing for a curvature, the
lesser thickness of the consolidation and laying means 3 reduces the risk for it to get stuck
in the trench 35, 1.e. the more thinner the consolidation and laying means 3 is in relation to

the blade arrangement 2, the steeper curves can be done when making the trench 5.
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The wire laying machine 1 could further include, a temperature sensor (not shown) for
sensing the temperature of the blade arrangement 2, a coolant and/or consolidation liquid
supply means (not shown) for supplying liquid to the blade arrangement 2, and means for
regulating the amount of supplied liquid (not shown) to the blade arrangement 2 based on
inputs from the temperature sensor. The coolant and/or consolidation liquid for either
cooling the blade arrangement 2, or consolidating the trench 5 by wetting it thereby

reducing risk of partly or entirely collapsing trench walls, or a combination of cooling the

blade arrangement 2 and consolidating the trench 5.

Regarding the rotational direction of the disc, even though it 1s preferred to have upcut
direction, the opposite would also be feasible. Of course then the dust inlet and outlet are

suitably arranged at the rear end of the blade arrangement 2.

When laying fiber optic cables 1t 1s common to put out hollow tubes or flexible casings
where the fiber optic cables are blown out using air pressure through already installed
tubes and/or casings, 1.¢. after that the tubes and/or flexible casings have been put down in

trenches and been covered.

The laying machine 1 may also include as GPS receiver which saves positional data which
can be used in combination with digital maps to document the excavated trenches.
Furthermore the laying machine may also include means for monitoring the cutting depth
and to save this information in combination with the positional data. Also information
about how many and which kind of flexible casings, tubes, cables or wires that have been
laid down 1n the trenches. Thereby a full documentation can be provided about where the
trenches have been excavated, how deep they are, and what kind and how many cables,

wires etc that has been laid down 1n the trenches.

In Fig. 3-6 an embodiment 1s shown where the laying machine 1 has a left 27a, 28a and a
right 27b, 28b wheel pair mounted to a scissor mechanism 30a; 30b of left and the right
side of the machine 1. Respectively scissor mechanism 30a; 30b having a front scissor arm
31a; 31b for the front wheel 27a; 27b and a rear scissor arm 32a; 32b for the rear wheel
28a; 28b. The scissor mechanism i1s best seen 1n Fig. 5 and 6. In Fig. 3, the laying machine
1 1s shown with the left wheel pair 27a, 28a on a first ground level 1, e.g. street level, and

the second wheel pair 27b, 28b on a second elevated ground level II, e.g. a pavement. An
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actuator 33a; 33b actuates the front scissor arm 31a; 31b when extends or retracts the
scissor mechanism 30a; 30b, and thereby raising or lowering the corresponding side of the
machine 1, so that it can operate with the wheel pairs 27a, 28a; 27b, 28b on different

ground levels while keeping the blade arrangement 2 vertical.

The actuators 33a; 33b are preferably hydraulically powdered cylinders that each are
connected to a corresponding hydraulic scissor control valve (not shown). Of course, the
actuators 33a; 33b can alternatively be electrical actuators. The laying machine 1 has a first
level sensor (not shown) which measures the angle to horizontal in a sideways direction.
The first level sensor 1s connected to an electronic control unit (not shown) that can be set
to control the hydraulic scissor control valves (not shown) and thereby the scissor
mechanisms 30a; 30b. Thereby the machine 1 can be automatically controlled to stay
leveled 1n horizontal position, so that the blade arrangement 2 1s kept vertical. The first

level sensor may also provide leveling information to the operator.

In one embodiment the first level sensor can be calibrated. In this situation the operator
uses a reterence level sensor and inputs the results either manually using the control panel
38 or a remote control device or by connecting the reference sensor to the electronic
control unit (1.e. via cable or wireless, for instance via an usb cable to the control panel).
The reterence senor may be connected to a computer running a calibrating software. A

calibrating software may also be included 1n the electronic control unit.

In one embodiment the operator can choose to set one of the scissor mechanisms 30a; 30b
in a fixed position. Thus 1n this situation the electronic control unit is adjusting the
horizontal leveling by extending or retracting the opposite scissor mechanism 30b; 30a.
Usually the scissor mechanism 30a; 30b on the side where the blade arrangement 2 is

located 1s set 1n a fixed position. Thereby the cutting depth can be kept constant.

In addition the operator can choose to switch off the automatic leveling control and instead
manually control one or both hydraulic scissor control valves. Of course, the machine
could be arranged without an automatic leveling system relying only on manual control of

the hydraulic scissor control valves.

By having the scissor mechanisms 30a; 30b, the flexibility of the laying machine 1

increases. The machine 1 can operate with one wheel pair 27a, 28a at one ground level I

and the opposite wheel pair 27b, 28b on a different ground level II, for instance by having
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one of the wheel pairs on a pavement. Also the ground clearance of the machine can be
adjusted, e.g. by extending/retracting both scissor mechanisms 30a; 30b. This can be
advantageous 1f the ground 1s somewhat uneven, e.g. with stones sticking up. Furthermore
if one wheel 27a, 27b, 28a, 28b encounters a bump or a small hole, both the consolidation
and laying means 3 and the blade arrangement 2 can be kept from tilting left or right, by
extending or retracting the scissor mechanisms 30a; 30b, i.e. minimizing the risk of them

getting jammed 1n the trench.

In the embodiment shown 1n Fig. 3-6, the front wheels 27a, 27b and the rear wheels 28a,
28b are hydraulically driven. The rear wheels 28a, 28b can be jointly turned, up to 90
degrees by use of hydraulics, or be tuned individually, whereas the front wheels 27a, 27b
in this embodiment are fixed from turning. Each rear wheel 28a, 28b have an angle sensor
for determining the angular position of respectably rear wheel. The angular sensors can be
individually calibrated by the operator. This calibrating feature can also allow
manufacturing to have slightly less accuracy when mounting the sensors, since they can be

calibrated after manufacture.

As mentioned above the machine can be operated from a control panel 38 on the machine 1
or by a remote control device. Each scissor mechanism can be individually extended or
retracted. The machine 1 can be set for automatic leveling or manual leveling, with or
without fixing one of the scissor mechanisms 30a; 30b in one position and adjusting the
other. The rear wheels 28a, 28b can be turned individually or jointly. All these features
provides for great flexibility.

The steering control of the machine 1 can at least be set in a transport mode or 1n a cutting
mode. If the blade arrangement 2 1s in an operating position in the trench 5, the steering
control acts difterently compared to when 1n the transport mode. For instance the angular
position of the rear wheels are limited, e.g. +- 10 degrees compared to +- 90 degrees in

transport mode. In transport mode the angular position of the wheels are proportional to the

joystick or steering wheel position, 1.e. the wheels will revert to 0 degrees if the joystick is

released, whereas in cutting mode moving a joystick position gives inputs to slowly turn

the wheel 1n one rotational direction, turning speed determined by how much the joystick

position 1s offset (optionally the turning speed of the wheel i1s constant regardless of how

much the joystick 1s offset). If the joystick 1s released the wheels stay in their latest

position. In the cutting position the forward speed 1s also limited, for instance a full
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joystick oftset could provide a speed that 1s only a third of the speed in transport mode.

When raising the blade arrangement 2 from the trench 5, the steering control is kept in the
cutting mode until it 1s deactivated. One advantage with this 1s that the blade arrangement 2
can be switched while keeping the wheels in the same position. This is very beneficial
since normally the wheels are slightly turned 1n operating conditions, even if the machine 1
1s intended to go straight forward. This 1s done to compensate for the forces that arises due

to that the blade 1s positioned at one side of the machine 1.

Another feature of the steering control is that, when starting the motor the joystick must be

in neutral position to be able to be activated, so the machine will not move when the

joystick 1s activated.

There 1s a sensor measuring the strain on the flexible casing, wires, cables, etc. and that
stops forward propulsion regardless of joystick input, 1f a predetermined threshold 1s
succeeded. The machine 1 can provide information to the operator before this threshold has
been reach, for instance be signaling with a green color if there 1s no or little tension,
orange 1f the tension 1s closer to critical, and red i1f the machine 1s about to stop forward

propulsion.

In one embodiment there 1s provided a fluid pressure sensor that stops the rotation of the

blade arrangement 2 1f the fluid pressure 1s lost.

In an alternative embodiment each wheel 27a, 28a, 27b, 28b has an individual
raising/lowering mechanism, automatically controlled by an electronic control unit (not
shown) and/or by the operator. Thereby the laying machine 1 can easily adapt to height
changes 1n the ground level. By having the ground clearance between the main body of the
machine 1 and wheels 27a, 28a, 27b, 28b individually controlled the blade arrangement 2
and the consolidation and laying means 3 cannot only be kept from tilting to the left or
right when driving on different levels, such as pavement vs. street, or when encountering
bump or holes, but they can also be kept from tilting forward or backward 1f e.g. one of the

front wheel drives over a bump.

Fig. 8 shows a reel trailer 40 which 1s suitably pulled by the laying machine 1. The reel
trailer 40 supplies flexible casings, tubes, cables or wires to the laying machine 1 and 1s

equipped with a plurality of reels 41, 42, 43 each being initially fully winded with a
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flexible casing, tube, cable or wire. The trailer also has a coolant/consolidation liquid tank
45 for supplying liquid to the laying machine 1 for cooling the blade arrangement 2 and/or
consolidating the trench 5. From the cable reels 41-43, cables are guided via the guiding
members 46 towards the laying machine in front of the trailer 40. The shown embodiment
being able to hold 20 reels; 1.e. enabling the laying machine 1 to lay up to 20 flexible
casings, tubes, cables or wires 1n the trench. The outer reels 41 are easily accessed and can
hence easily be replaced when empty. To change the upper inner reels 43, a central bar 44
at each side of the trailer 40 which holds a pair of upper inner reels 43 can be displaced
forward respectively rearward to provide enough space for removal of an upper inner reel
43. The lower inner reels 42, hanging 1n front of the coolant/consolidation liquid tank 45,
are each arranged on a pivotable arm 47 (in the shown embodiment there 1s in total four
pivotable arms 47). By pivoting the arm 47 outwardly a lower inner reel 42 can be

replaced.

In Fig. 9 a laying machine 1 1s pulling a second reel trailer 400, according to another
embodiment. A dust collector 500 1s also connected to the laying machine 1 collecting dust
from the laying machine 1. The reel trailer includes a plurality of reels 401 having their
axis transversal to the driving direction, which makes it easy to roll of flexible casings,
tubes, cables or wires 405. The flexible casings, tubes, cables or wires 405 are guided by
an overhead guiding system 402, 403 including two horizontal tubes, a left hand tube 402
and a right hand tube 403, above the reels 401 and extending 1n the driving direction. Each
tube has several inlets 402a, 403a to the tube and the tube guides the wires towards the
laying machine 1. The laying machine 1 1s connected to the reel trailer 400 by a rod, with
one flexible joint at each end. The reel trailer 400 also includes a fluid tank 404, that
supplies tluid through a hose that 1s guided 1n the left hand tube 402. Also seen 1n the
figure 1s a full dust collector that has been disconnected from the laying machine in favor

of a new and empty dust collector 500.

Figure 11-14 shows a blade arrangement 1n the form of a blade assembly 200, according to
one embodiment, that 1s suitable for cutting a trench with the laying machine 1. The blade

assembly 200 includes an inner first blade 201 and intermediate second blade 202 and an

outer third blade 203.
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Each blade 201,202; 203 having a working portion 201a; 202a; 203a at the periphery of the
blade and a central portion 201c; 202c; 203¢ around the centre of the blade, and a blade
support structure 201b; 202b; 203b extending between the working portion 201a; 202a;

203a and the central portion 201c; 202¢; 203c.

The blades are preterably steel plates having diamond-impregnated segments at the
periphery. The total width of the blade assembly 200 at is periphery is preferably 15-25
mm. The diameters of the first and third blades are preferably in the range 500-1200 mm.

The second blade 202 can be of equal diameter or up to 100 mm shorter.

A first spacer structure 204 1s arranged between the first blade 201 and the second blade
202, and a corresponding second spacer structure 205 is arranged between the second blade
202 and the third blade 203. The spacer structures 204, 205 are of flat circular shape with a
plurality of radially extending triangular shaped holes that are evenly distributed around
the centre of the spacer structure 204, 205. The holes in the spacer structures 204, 205
provide a plurality of compartments 206, 207 together with the two neighboring blades
201,202, 202, 203, a plurality of first compartments 206 between the first and second blade
and a plurality of second compartments 207 between the second and third blade . The
segments of the spacer structures 204, 205 that enclose the holes provide the side walls
206a, 206b; 207a, 207b of the compartments and the two neighboring blades 201,202; 202,

203 provides the axial walls.

Each compartment 206, 207 has two radial extending side walls 206a, 207a that both
extends radially from a predetermined distance from the axial center of the blades,
preferably within 150 mm from the center. The two radial extending sidewalls 206a; 207a
of compartment 206, 207 are preferably of equal length. The compartments 206, 207 have
a third side wall extending between the two side walls defining the outer edge of the
compartments 206, 207. The third side wall is located at a distance closer to the periphery
of the blades 201, 202, 203 than to the center of the blades, preferably within 200 mm from

the periphery. The third side wall 1s preferably straight or concave.

The number of compartments between two neighboring blades should be at least one,
preferably the number 1s 1n the range of 3-20, more preferably 7-15.In the shown
embodiment the number 1s 12. For cooling purposes, the area that the side walls cover on
the blade 1s preferably as large as possible. However, the spacer structure also functions as

supporting structure and to some extent as a vibration dampener.
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The spacer structure 1s preferably a disc made of steel. However other materials could be

used.

A plurality of first bores 209, one for each first compartment 206, perforates the first blade
201 to reach each of the first compartments 206 at or close to the intersection of its two
radial extending sidewalls 206b, 1.e. at a position close to the centre of the blades. The
second blade 202 have a plurality of second bores 209, one for each second compartment

207, that each are positioned to extend from the first compartments 206 at or close to the

intersection of its two radial extending sidewalls 206b , i.e. opposite to the first bores 209,
to reach a corresponding second compartment 207, 1.e. at or close to the intersection of its

two radial extending sidewalls 207b.

The blade assembly 1s clamped together at the central portion of the blades between an
inner member 210 and an outer member 211, a plurality of securing bolts 212 extending
through bores in the blades and spacer structure. The blade assembly is also secured by a
plurality of bolts 213 at the periphery of the blades and the spacer structures, and at
intermediate position between the periphery and the centre. The bolts 213 extend through
the three blades and the two spacer structures, and are arranged to protrude the spacer

structure at the structural part thereof.

The inner member 210 includes an outer sleeve 214 for connecting the blade assembly 200
to a blade driving shatt (not shown) of the machine 1. The outer sleeve 214 includes a
central bolt 215 for securing to the blade driving shaft. The inner member 210 also
includes a circular tlange 216 that projects transversal from the first blade 201 and
surrounds the sleeve 214, and forming a circular recess 217 between the sleeve 214 and the
flange 216. The free end of the flange 216 has an inwardly extending brim 218 that partly
1S covering the circular recess 217. At the bottom of the recess 217 adjacent to the inner
side walls of the flange 216 there are provided a plurality of third bores 219, one for each
first bores 208, tor connecting to the first bores 209 of the first blade 201.

When connected to the blade driving shaft (not shown) a spraying nozzle (not shown) is
arranged to mate the circular recess 217. During operation, fluid 1s sprayed towards the
circular recess 217. The inward brim 218 helps forming a channel as the centripetal forces
urges the fluid to flow radially, which urges the fluid to fill the first and second
compartments 206, 207 via the connecting bores 208, 209, 219. Due to the high rotation of
the blade assembly 200 and tolerances between the blades 201, 202, 203 and the spacer
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structures 204, 203, fluid will slowly exit the compartments 206, 207 at the side walls of

the compartments 206, 207 facing the periphery, 1.e. the third side walls 206b, 207b. The
fluid filled compartments 206, 207 and the slow flow there from will efficiently cool the

blades 201, 202, 203 and provide moisture to the dust reducing dusting problems.

Besides cooling the blades via the cooling compartments via the fluid flow through the
compartments 206, 207, fluid can be sprayed to the outer side/s of the first and/or third

blade.

Even though the number of blades have been described as three, 1t would be possible to use

only two blades and with one spacer structure in between. Furthermore 1t could be possible

to use even more blades, adding one spacer structure for each added blade.

This kind of blade assembly could be used 1n other machines than the one described 1n the

present application using circular cutting blades.

To increase tlow of fluid from the compartments, apertures may be formed 1n the side

wall/s facing the periphery.

Even though the preferred form for the compartments is the triangular shape described
above, 1t would be possible to have other shapes. Furthermore the some or all of the

compartments could be interconnected.

The compartments 206, 207 could be made to start outside the central portions, by having
interconnecting channels from the central portions. Further a compartment could be

arranged as a volume enclosed solely or partly within the spacer 1tsellf.

When using the term central portion 201c¢, 202¢, 203¢c, the extension of 1t should be

interpreted as the largest area covered by the inner and outer members 210, 211 .

Even though we have described a blade assembly 200 where the fluid 1s supplied outside
the axial centre and from the machine side, it would be possible to supply fluid through the

axial center. For instance by using a hollow drive shaft and having openings 1in the drive
shaft to the compartments in the blade assembly. Alternatively fluid may be supplied at the
opposite side to where the drive shaft connects. In such case, a recess in the outer member

with radial openings to the compartments may be provided.
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One or both of the axial walls of the compartments could be provided by the spacer
structure. In the case of one axial wall provided by the spacer structure; instead of holes,
machined recesses in the structure could be provided. In the case of two axial walls
provided by the spacer structure; the spacer structure could include two parts both having

machined recesses that are mounted facing each other.

The fluid use to cool the blades 1s preterably water.
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CLAIMS:

1. A laying machine for laying at least one flexible casing or tube, cable or wire
including:

a blade arrangement for making a trench in the ground,

a consolidation and laying means being arranged behind the blade arrangement, for

clearing and safeguarding the trench from collapsing while laying at least one tlexible

casing or tube, cable or wire into the trench;

wherein during a trench making, consolidation and laying operation the lowest
portion of the consolidation and laying means is between 10-100 mm above the

lowest portion of the blade arrangement.

2. The laying machine according to claim 1, wherein during said trench making,
consolidation and laying operation the lowest portion of the consolidation and laying

means 1S between 10-60 mm above the lowest portion of the blade arrangement.

3. The laying machine according to claim 2, wherein during said trench making,
consolidation and laying operation the lowest portion of the consolidation and laying

means 1S between 20-50 mm above the lowest portion of the blade arrangement.
4. A laying machine for laying at least one flexible casing or tube, cable or wire

including:

a blade arrangement for making a trench in the ground,

CA 2772698 2018-02-14
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a consolidation and laying means being arranged behind the blade arrangement, for
clearing and safeguarding the trench from collapsing while laying at least one flexible

casing or tube, cable or wire into the trench;

a temperature sensor for sensing the temperature of the blade arrangement;

a coolant and/or consolidation liquid supply means for supplying liquid to the blade

arrangement; and

a means for regulating the amount of supplied liquid to the blade arrangement based

on inputs from the temperature sensor.

5. A laying machine for laying at least one flexible casing or tube, cable or wire

including:
a blade arrangement for making a trench in the ground,

a consolidation and laying means being arranged behind the blade arrangement, for
clearing and safeguarding the trench from collapsing while laying at least one flexible

casing or tube, cable or wire into the trench; and

a disc guard adapted to cover a portion of the blade arrangement that is above ground
during trench making, the disc guard having a width slightly larger than the width of
the blade, and a dust duct having a dust outlet for exiting dust or debris from the

volume confined by the dust duct.

6. The laying machine according to claim 5, wherein the dust duct has a dust inlet

arranged close to the ground and the blade arrangement.

CA 2772698 2018-02-14
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7. The laying machine according to claim 6, wherein the dust inlet 1s arranged at the

front of the blade arrangement.

8. The laying machine according to claim 6 or 7, wherein an upper wall of the dust
duct is at least partly defined by a flexible sealing member sealing towards the blade

arrangement.

9. The laying machine according to any one of claims 1-8, wherein the front end of
the consolidation and laying means is concave and facing the periphery of the blade

arrangement, and wherein the minimum distance between the disc and the front end 1s

in the range of 0-40 mm.

10. The laying machine according to claim 9, wherein the minimum distance between

the disc and the front end is in the range of 0-20 mm.

1 1. The laying machine according to any one of claims 1-10, wherein the front end of
the consolidation and laying means is following the periphery of the blade
arrangement so that during a trench making, consolidation and laying operation, the
clearance between the front end and the blade arrangement is less than 50 mm 1n the

trench.

12. The laying machine according to claiml 1, wherein the clearance between the

front end and the blade arrangement 1s less than 40 mm 1n the trench.

CA 2772698 2018-02-14



13. The laying machine according to claim 12, wherein the clearance between the

front end and the blade arrangement is less than 20 mm in the trench.

14. The laying machine according to claim 13, wherein the clearance between the

front end and the blade arrangement is less than 10 mm in the trench.

15. The laying machine according to any one of claims 1-14, wherein the
consolidation and laying means have at least one feeding duct that has a inlet at an
upper portion of the consolidation and laying means for receiving a flexible casing or
tube, cable, or wire and a outlet at a rear end of the consolidation and laying means

for feeding the flexible casing or tube, cable, or wire to the trench.

16. The laying machine according to any one of claims 1-13, wherein the
consolidation and laying means have the same thickness or less than 1 mm thinner

than the blade arrangement.

17. The laying machine according to any one of claims 1-15, wherein the

consolidation and laying means is thinner than the blade arrangement.

18. The laying machine according to claim 17, wherein the consolidation and laying

means is at least I mm thinner than the blade arrangement.

19. The laying machine according to claim 18, wherein the consolidation and laying

means is at least 2 mm thinner than the blade arrangement.
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20. The laying machine according to claim 19, wherein the consolidation and laying

means is at least S mm thinner than the blade arrangement.

21. The laying machine according to claim 20, wherein the consolidation and laying

means 1s at lecast 10 mm thinner than the blade arrangement.

22. The laying machine according to any one of claims 1-21, wherein the cutting

portion of the blade arrangement 1s 5 - 50 mm thick.

23. The laying machine according to claim 22, wherein the cutting portion of the

blade arrangement is 15-30 mm thick.

24. The laying machine according to claim 23, wherein the cutting portion of the

blade arrangement 1s 10-25 mm thick.

25. The laying machine according to claim 24, wherein the cutting portion of the

blade arrangement 1s 15-25 mm thick.

26. The laying machine according to any one of claims 1-25, wherein the at least one

feeding duct comprises at least two feeding ducts.

27. The laying machine according to claim 26, wherein the at least one feeding duct

comprises at least four feeding ducts.
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28. The laying machine according to any one of claims 1-27, wherein during a trench
making, consolidation and laying operation the blade arrangement 1s arranged to
rotate so that lower portion of the blade arrangement moves in the driving direction of

the machine, 1.¢. upcut rotation.

29. A laying machine for laying at lcast on¢ flexible casing or tube, cable or wire

including:
a blade arrangement for making a trench in the ground,

a consolidation and laying means being arranged behind the blade arrangement, for
clearing and safeguarding the trench from collapsing while laying at least one flexible

casing or tube, cable or wire into the trench;

at least four wheels, including onc wheel pair at a first side of the machine and
another wheel pair at a second and opposite side of the machine, and means tor
adjusting the ground clearance on at least one side of the machine, so that the
machine can be driven with one wheel pair on a first ground level (I) and the opposite

at a higher or lower second ground level (II), while still keeping the machine leveled.

30. The laying machine according to claim 29, wherein the machine includes means

for adjusting the ground clearance on both sides of the machine.

31. The laying machine according to claim 29 or 30, wherein the means for adjusting

the ground clearance is a scissor mechanism.
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32. The laying machine according to claim 29 or 30, wherein the machine includes

means for individually adjusting the ground clearance for each said wheel.

33. The laying machine according to claim 6, wherein a dust collector 1n the form of a

wheeled unit 1s connected to the dust outlet for receiving dust and debris.

34. The laying machine according to claim 5, wherein the dust collector is arranged 1n

front of the blade arrangement and being arranged to be pushed by the machine.

35. The laying machine according to claim 33 or 34, wherein the dust collector

includes an inner compartment having a opening for the dust outlet and a lid.

36. The laying machine according to claim 35, wherein the lid includes an air filter.

37. A laying machine for laying at least one flexible casing or tube, cable or wire

including:
a blade arrangement for making a trench in the ground,

a consolidation and laying means being arranged behind the blade arrangement, for
clearing and safeguarding the trench from collapsing while laying at least one flexible

casing or tube, cable or wire into the trench;

wherein the blade arrangement comprises a blade assembly for working on a work
surface/area/structure, the blade assembly including at least two blades, a first blade,
a second blade, and possible a third blade, that are axially aligned, cach blade having

a working portion at the periphery of the blade and a central portion around the axial
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center of the blade for being operated on by a device for driving the blade assembly, a
blade support structure extending between the working portion and the central portion
characterized in that the blades are spaced apart by a spacer structure/s, said spacer
structure/s forming at least one compartment, between the blades, that is in contact
with the central portion and extending towards the working portion, and at lcast at
one radius of the spacer structure/s covering a significant part of the periphery at that

radius of the spacer structure/s, said compartment/s having an inlet at the central

portion.

38. The laying machine according to claim 37, wherein fluid 1s also added to at least

one outer side of the blade assembly, at least to reduce cutting friction.

39. The laying machine according to claim 38, wherein the fluid 1s added to both

outer sides of the blade assembly.
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