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(57) Abstract: The invention relates to a work vehicle (1) compris-
ing an operable arm (10) adapted to handle a tool (A-D) fastened to
the free end of the arm, a control unit (4) for controlling the work
vehicle (1), a dust control system arranged to distribute water mist
with the aim of retaiming dust that 1s created when the tool 1s used.
For efficient dust control, the dust control system comprises a pres-
sure air source (31) and a water pressure source (21 ), an air duct
(33) arranged for the tool (A-D), through which an airflow from the
pressure air source (31) can be conveyed, an injection nozzle (26)
directed against the airflow in the air duct (33), with which water
from the water pressure source (21) can be sprayed into the airflow
for atomization of the water into liquid drops, which together with
the airflow form a water mist, whereby the air duct arranged for the
tool (A-D) is directed, so that the liquid drops form water mist (36)
in the surroundings of the tool.
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CONTROL OF DUST FORMATION USING WATER AND
AIR IN WORK WITH A TOOL-CARRYING WORK VEHICLE

TECHNICAL FIELD

The present invention relates to a tool-carrying work vehicle with a device for dust control in
connection with demolition work according to the preamble of claim 1. The invention also relates
to a method for limiting dust formation in connection with demolition work with a tool-carrying

work vehicle according to the preamble of claim 10.

BACKGROUND

A work vehicle such as a wrecking or demolition robot demolition is a remote-controlled working
machine travelling on tracks, which at a free end of an operable arm can carry various types of
tools for various types of work tasks. As examples of tools, chipping hammers for demolition and
wrecking work can be mentioned. An operator usually walks beside the machine and controls
Its various movements. The operator Is in communication with the machine via cables or
wirelessly, for example via Bluetooth or radio control. The operator controls the machine by
means of a remote control with two control sticks, and a series of various buttons and handles.
The machine can be adjusted into various work settings, so-called modes, by means of a handle.
The control sticks and the controllers usually have different functions depending on the selected
working mode. In a first transport mode, the machine is driven up to the work area, for example
to a wall that Iis to be demolished. Then the support legs are folded down, so that the machine
stands steadily. This is a setting mode. The actual demolition work subsequently begins with the

remote control in a working mode.

In case of crushing, grinding and similar processing of material such as concrete, stone or
plaster, particles are formed in the form of powder and dust. Dust can be very unhealthy for the
operator or other personnel staying close to the work area. A common way of preventing dust
from spreading in demolition and wrecking work is to bind the dust through water sprinkling. A
disadvantage of this is that relatively large amounts of water are consumed, and at the same

time the ability to bind dust is relatively low.

An example of such watering is described in patent application no. SE 1750014 A1, wherein
water is sprayed out from a spray nozzle at the tool that is actuated by the working machine and
towards the work area of the tool. The amount of water can be varied with regard to the tool that

IS coupled to the working machine. From JP 2005171517 A is known a working machine having
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a driver's cabin and a crane, which at its free end carries a tool. The working machine includes
a system for dust control with a liquid mist that uses sputtering nozzles or jets. The driver's cabin
of the working machine comprises a control panel with which the dust control system can be

controlled.
SUMMARY OF THE INVENTION

A disadvantage of the prior art tool-carrying working machines that use jets or sputtering nozzles
to achieve a dust control liquid mist is that they require a very high water pressure, not
infrequently between 250-300 MPa and hence also advanced pumps and other expensive
equipment to achieve this. Moreover, the high water pressures lead to a high water and energy
consumption, and jets and nozzles to achieve the desired drop size by means of sputtering are
susceptible to filling of particles and ice formation. It is known that the relative size of a liquid
drop has significant importance to its ability to bind dust particles of varying sizes. For efficient
dust control, it iIs necessary not only to know the particle size of the dust, but also to obtain
correspondingly sized water drops. A fine liquid mist consisting of a high proportion of drops with
a size of about 10 ym has proved suitable for binding and controlling dust with a particle size
varying between 10 and 55 uym or less. It should be pointed out that usually specific particles
smaller than 10 um (<10 ym) are particularly harmful to health and can cause lung disease when

inhaled.

In some cases, the access to water can be limited at a work site for the work vehicle concurrently
with the space and weight limitations of the work vehicle are restricting. This means that a work
vehicle of the present type Is neither adapted or suitable for carrying considerable amounts of
water in itself. A small and light device for dust control with low water consumption, few litres per

minute, Is thus desirable.

A first object of the present invention is therefore to achieve a work vehicle that offers an efficient
way of controlling dust formation. A second object of the invention is to achieve a work vehicle,
which can provide liquid drops of varying sizes without requiring delicate, costly, space-
consuming or heavy equipment for the work vehicle. A third object of the invention is to achieve
a work vehicle with a fully-automated intelligent device for dust control. A fourth object of the
iInvention is to suggest a method for limiting dust formation in connection with demolition work

with a work vehicle.

Said first and second objects of the invention are achieved by a work vehicle having the features
and characteristics stated in claim 1. Said third object of the invention appears from the

characteristics of claim 7. Said fourth object of the invention is achieved by a method having the
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features and characteristics stated in claim 10. Further advantages of the invention appear from

the dependent claims.

The Iinsight that forms the basis of the invention is a work vehicle equipped with a device that
produces liquid drops by water, via a nozzle, being spayed into an airflow that is discharged from
an air duct can generate a liquid mist that efficiently can bind the type of dust particles that are
typically formed in connection with demolition and wrecking work with for example building
material, such as concrete, rock material or the like. By conveying the airflow through an air duct,
the pressure liquid can simply be sheared into liquid drops of varying sizes by changing the
velocity of the pressure air through the air duct and at the same time the pressure of the pressure

water can be regulated or alternatively be kept constant, whereby only the air velocity is
regulated. Drops of varying sizes can thus be obtained to efficiently bind occurring dust particles,

the sizes of which can vary significantly, depending on specific features of the material being

demolished and the specific tool that the demolition robot uses for the work.

According to an embodiment, the dust control system comprises a pressure air source and a
water pressure source, an air duct, arranged for the tool, through which an airflow from the
pressure air source can be conveyed, an injection nozzle, directed against the airflow in the air
duct, by means of which water from the water pressure source can be spayed into the airflow
for atomization of the water into liquid drops, which together with the airflow form a water mist,
whereby the air duct arranged for the tool has an outlet that is directed, so that the liquid drops

form water mist in the surroundings of the tool.

According to a second embodiment, the control unit comprises a first operator interface, which
allows the choice of at least one tool, wherein each such choice Is associated with a certain
predefined parameter setting of the velocity of the pressure air through the air duct, the working
pressure of the pressure water to the injection nozzle or a combination thereof to obtain a size

of the formed liquid drops corresponding to the selected tool.

According to a second embodiment, the control unit comprises a second operator interface,
which allows the choice of at least one tool, wherein each such choice Is associated with a
certain predefined parameter setting of the velocity of the pressure air through the air duct, the
working pressure of the pressure water to the injection nozzle or a combination thereof to obtain

a size of the formed liquid drops corresponding to the selected material.
DESCRIPTION OF FIGURES

In the following, an exemplary embodiment of the invention is described in further detail with

reference to the accompanying drawing, in which;
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Fig. 1 shows a first view of a work vehicle equipped with a device for producing and diffusing a

liquid mist in the work area for a tool according to the invention;

Fig. 2 schematically shows a line system for providing the dust formation device of the work

vehicle with the required pressure water and pressure air, respectively, and

Fig. 3 schematically shows a view of a remote control with an intelligent system, which according
to the invention automatically adapts the size of the liquid drops to efficiently form dust particles,
the size of which can vary, partly depending on the tool that is coupled to the work vehicle, and

partly on the type of material that the tool is intended to process.
DESCRIPTION OF EMBODIMENTS

Fig. 1 further shows a work vehicle in the form of a demolition robot 1 equipped with a device for
producing and diffusing a liquid mist in the work area for a tool according to the invention. The
device includes a pressure water source and a pressure air source, respectively, which suitably
are avalilable from external networks on the work site, on which the work vehicle is operated. In
another embodiment, the work vehicle 1 must be able to hold suitable internal sources, which

can provide pressure water and pressure air, respectively.

An operator 2 (machine operator) walks beside the work vehicle 1 and remote-controls it
wirelessly via a remote control device 4, comprising a transmitter/receiver unit. A chassis with a
carriage having a top carriage 6 and an undercarriage /7 is generally denoted 5. The top carriage
o is twistably bedded on the undercarriage 7 for swinging in a horizontal plane. The
undercarriage 7 is equipped with a propulsion device comprising tracks 8. Support legs are
denoted 9 and are operated by associated hydraulic cylinders, and an operable arm means,
denoted 10, is sustained on the top carriage 6 and is operable by means of hydraulic cylinders.
A cable is denoted 12 and is intended to be connected to a stationary three-phase electric power
grid to provide the work vehicle 1 with electric power. The arm means 10 Is at its free end
provided with a tool attachment 11, a so-called snap fastener, to which various types of tools A-
D can be attached and connected for hydraulic operation. Said tools A-D can comprise a
hydraulically powered chipping hammer, which is shown in the figure, a pair of scissors, a saw,

a rotatable shear blade to mention a few examples.

As shown in Fig. 1 and Fig. 3, the remote control device 4 comprises impact means such as
control sticks 4a and buttons 4b and handles R, which can be operated by the operator 2 to
control and monitor the various functions of the work vehicle 1. Via the remote control device 4,
the operator 2 may set the work vehicle 1 in various operating or usage conditions. Depending
on the selected operating mode, the impact means will control various functions of the work

vehicle 1. The choice of operating mode and other information of importance to the operator 2
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can be shown in an indication means in the form of a display unit 4c on the remote control device
4. The arm means 10 comprises, at its ends, a number of articulately joined arm parts, which
are mutually moveable by impact of hydraulic cylinders 15. The hydraulic cylinders 15 are
controlled by means of a valve block 16 with electro-hydraulically operative valves, which are
accommodated In the pivotable part of the top carriage 6 of the work vehicle 1. The hydraulic
valve block 16 enables regulating a flow of a hydraulic fluid to each of the consumers of the work

vehicle.

Also referring to Fig. 2, a schematic view is shown of an external pressure water supply included
In the work vehicle 1, an external water line in the form of a water pressure source 21 connected
to a water inlet 22 of the work vehicle 1, wherein the water inlet 22 Iis connected to a first water
line 22:1, which Is connected to and arranged to convey water to a, via the remote control device
4, manageable and controllable pressure water-controlling valve 24 by which the water pressure
source's 21 work pressure can be regulated. In an alternative embodiment, in which the work
pressure of the water pressure source Is kept constant, the work vehicle 1 can comprise a
pressure-reducing valve 24 (not shown. The task of the pressure-reducing valve 24 is thereby
to ensure that the water pressure i1s kept at a constant and predetermined level at a
predetermined work pressure, which preferably is somewhat lower than an applicable system
pressure, as it is well known that the system pressure of external water networks can be both
unstable and varying. Said pressure water-controlling valve 24 is in turn connected to a second
water line 22:2 arranged to convey the water to an injection nozzle 26 in close connection to the
tool A-D. The pressure water source 21, the water inlet 22, the first water line 22:1, the pressure
water-controlling valve 24 (alternatively a pressure-reducing valve 24), the second water line
22:2, the Iinjection nozzle 26 together form a water supply arrangement. As shown in a partial
enlargement in Fig. 1, the work vehicle can in an alternative embodiment, if necessary, be
equipped with an internal pump 28 to provide water with the required pressure and flow if the
current work site of the work vehicle 1 lacks the required external water line or water pressure

SOource.

Moreover, also referring to Fig. 2 a schematic view is shown of an external pressure air supply
Included in the work vehicle 1 in the form of an external pressure air line or pressure air source
31 connected to a pressure air inlet 32 of the work vehicle 1, wherein the pressure air inlet 32 is
connected to a first pressure air line 32:1, which is connected to and arranged to convey
pressure air to an adjustable pressure air-controlling valve 34 via the remote control 4. The
remote control device 4 includes a regulator R (see Fig. 3) on the remote control device 4 with
which said pressure air-controlling valve 34 can be controlled and checked manually by the
operator 2. Said pressure air-controlling valve 34 is in turn connected to a second pressure air

line 32:2 arranged to convey pressure air to an air duct 33, consisting of a tube through which a
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strong airflow can pass and to which air duct the above-mentioned pressure water-conveying
iInjection nozzle 26 is coupled in close connection with an outlet 35 of the air duct 33. The
pressure air source 31, the pressure air inlet 32, the first pressure air line 32:1, the second
pressure air-controlling valve 34, the second pressure air line 32:2 and the air duct 33 together

form a pressure air supply arrangement.

As shown in a partial enlargement in Fig. 1, the work vehicle 1 can, if necessary, be equipped
with a compressor 35 to provide air with the required pressure and flow, whereby where
applicable said can constitute a pressure air source If the Iif the current work site of the work

vehicle lacks the required external pressure air line.

When the tool A-D is mounted onto the work vehicle 1, said combination of air/water is thus
arranged to the work vehicle in such a manner that the water supply 21 is connected to the
Injection nozzle 260 via the pressure water-controlling valve 24, wherein said valve does not
necessarily need to be used with a pressure-controlling aim, but only to open/close the water
supply to the water nozzle 26 (on/off regulation), if the system pressure of the pressure source
In itself is so stable that this is possible. The pressure water should have a work pressure, which
IS lower than 20 MPa, preferably between 3-10 MPa. As shown In Fig. 2, the injection nozzle 26
ends in one or a plurality of outlet apertures 27 inside the free end of the air duct 33. Furthermore,
the pressure air supply 31 is connected to the air duct 33 via the pressure air-controlling valve
34 whereby the velocity of the air flow that is conveyed to the air duct 33 can be varied by
switching the degree of opening of the pressure air-controlling valve 34. The occurring airflow
through the air duct 33 Is strong and can have velocities of between 30-300 m/s. The airflow

velocity through the air duct 33 Is preferably at least 30 m/s.

When water, via the injection nozzle 26 apertures 27, is injected into the airflow passing through
the air duct 33, an atomization of the liquid into small liquid drops Is obtained. Subsequently, the
liquid drops continue with the airflow and form a mist 36. By varying the velocity of the airflow,
the size of the liquid drops can be varied. Alternatively, the size of the liquid drops can be varied
by varying the work pressure of the water being injected via the injection nozzle 26. As
mentioned initially, the size of the liquid drops are highly decisive for how efficiently dust particles

of varying sizes can be bound.

Fig. 2 schematically and in more detail shows parts of a line system for providing the dust
formation device of the work vehicle 1 with the required pressure water and pressure air,
respectively, from a respective source. Thus, the air duct 33 comprises the above-mentioned
tube through which the strong airflow passes. In connection with an outlet 35 at the free end of
the air duct 33, said outlet apertures 27 for water injection end. In connection with the area,

where the airflow leaves the air duct 33, water is thus sprayed or injected into the airflow via the
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outlet apertures 27. The airflow, which has a relatively high velocity (>30m/s), thereby atomizes
the spayed in liquid into small drops, which are diffused and form said liquid mist 36. It should
be understood that the outlet apertures 27 for the water not necessarily need to be arranged
inside the air duct 33, but they can correspondingly be arranged somewhat outside or after the

air duct's 33 outlet 35 (not shown).

With reference to Fig. 3, the remote control 4 is schematically shown as it is seen by the operator
2. In addition to said control sticks 4a and buttons 4b, the display unit 4c has an optional user
interface with a first user interface zone 4:1, which in the form of selection elements show a
number of optional tools A-D, a second user interface zone 4:2, which shows a number of
optional materials E-H. Said tools A-D can for example comprise a chipping hammer, a rotatable
saw blade etc., and said material can for example comprise various types of common material
E-H that the work vehicle normally demolishes or wrecks, particularly dust-generating material
such as concrete, stone material, plaster or the like. Both user interface zones 4:1, 4:2 are
oriented in mutually parallel lines and are placed on opposite sides (right/left - side) of the display
unit 4c. in response to choices that are made by the operator 2, control symbols 4:3, 4:4 are
activated, indicating choices by lighting. As appears from Fig. 2, said control symbols are

arranged in lines next to said first and second user interface zones 4:1; 4.2, respectively.

Furthermore, the work vehicle 1 comprises a computer 4d or the like with software, which on the
basis of the operator's 2 choice of tool and a material in said user interface zones 4:1, 4:2
automatically selects suitable process parameters for said water supply arrangement and
pressure air arrangement, respectively, in such a manner that the mist-formation structure and
size of the liquid drops formed are adapted in an optimum manner to efficiently bind the particles
that can be expected to be formed during work with the selected tool and/or the selected

material. The computer 4d is accommodated in the remote control device 4.

This means that when the work vehicle 1 is started, a plurality of modes or positions in the
corresponding generically indicated fields A, B, C, D respectively E, F, G, H are shown on the
display 4c, and the operator 2 selects the desired tool and material with the relevant buttons 4b
on the remote control device 4 or directly on the display unit 4c by pointing to graphic fields on
it. In the cases where the operator 2 selects any of the optional tools A-D in the first user interface
zone 4:1 and/or any of the indicated materials E-H in the second user interface zone 4:2, based
on the operator's 2 choices, the software will retrieve suitable process parameters to create an
adequate mist formation. The computer 4d executes a program, which automatically controls
the water supply arrangement and the pressure air supply arrangement, respectively, in a
predetermined manner. More specifically, each such choice Is associated with a certain

predefined velocity of the airflow that is conveyed through the air duct 33, the working pressure



10

15

20

WO 2021/101427 PCT/SE2020/051038

8

of the pressure water to the injection nozzle 26 or a combination thereof to obtain a size of the

formed liquid drops corresponding to the selected tool or material.

If neither a tool nor a material is selected Iin said respective user interface zones 4:1, 4:2, the
indicated control symbols on the display unit 4c will be turned off. In case of no such choice, the
operator 2 can choose to manually control and check the structure of the mist formation and also
choose the size of the drops by means of the regulator R on the remote control device 4. If so,
the operation of the regulator R implies that the velocity of the airflow conveyed through the air
duct 33, the work pressure of the pressure water to the injection nozzle 26 or a combination
thereof, can be controlled to achieve the desired size of the formed liquid drops and/or

geometrical structure and distribution of the liquid mist.

It could be mentioned that also at automatic operation, when the computer 4d controls the water
supply arrangement and the pressure air arrangement, respectively, the operator 2 can at any
time overrule the computer 4d and manually control and regulate operational parameters by
means of the buttons and controls 4b as well as the regulator R of the remote control device 4.
The latter thus makes it possible for the operator 2, also during automatic operation, to fine-tune
mist formation and drop size through the influence of the above-mentioned process parameters
by means of the manual regulator R. According to an embodiment, the computer 4d Is where
relevant equipped with both a read-write memory as well as a permanent memory for data
storage, which makes it possible to save two or more specific mist formation settings for a tool
A-D and/or a material, which In practice in a specific work process has proved to be well-
functioning and preferred by the operator 2. All air/water lines are in the form of tubes, hoses or
the like.
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CLAIMS

A work vehicle (1), comprising an operable arm (10) adapted to handle a tool (A-D)
fastened at the free end of the arm, a control unit (4) for controlling the work vehicle (1), a
dust control system arranged to distribute water mist with the aim of retaining dust that is
created when the tool is used, characterized in that the dust control system comprises a
pressure air source (31) and a water pressure source (21), an air duct (33) arranged for
the tool (A-D), through which an airflow from the pressure air source (31) can be conveyed,
an injection nozzle (26), directed against the airflow in the air duct (33), with which water
from the water pressure source (21) can be sprayed into the airflow for atomization of the
water into liquid drops, which together with the airflow form a water mist, whereby the air
duct arranged for the tool (A-D) Is directed, so that the liquid drops form water mist (306) in

the surroundings of the tool.

A work vehicle (1) according to claim 1, comprising a pressure air-controlling valve (34 ),
with which the velocity of the airflow that is conveyed through the air duct (33) can be

regulated.

A work vehicle (1) according to claim 2, whereby the airflow velocity through the air duct
(33) can be regulated in an interval between 30-300 m/s, whereby the airflow velocity

preferably is at least 30 m/s in the air duct.

A work vehicle (1) according to any one of claims 1-3, comprising a pressure water-
controlling valve (24) with which the work pressure of the water pressure source (21) to

the injection nozzle (26) can be regulated.

A work vehicle (1) according to claim 4, whereby the water has a work pressure, which Is
lower than 20 MPa, preferably between 3-10 MPa.

A work vehicle according to any one of claims 2 or 4, whereby the control unit (4) comprises
a regulator (R) with which the opening degree of pressure air-controlling valve (34) or the

injection pressure of the pressure water-controlling valve (24:2) can be regulated manually.

A work vehicle (1) according to any one of claims 1-6, whereby the control unit (4)
comprises a first operator interface (4:1), which allows the choice of at least one tool (A-
D), wherein each such choice Is associated with the setting of at least one of the following
process parameters; a certain pre-defined parameter setting of the velocity of the pressure
air through the air duct 33, the working pressure of the pressure water to the injection
nozzle (26) or a combination thereof to obtain a size of the formed liquid drops

corresponding to the selected tool.
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A work vehicle (1) according to any one of claims 1-7, whereby the control unit (4)
comprises a second operator interface (4:2), which allows the choice of at least one type
of material (E-H), wherein each such choice is associated with the setting of at least one
of the following process parameters; a certain pre-defined velocity of the pressure air that
IS conveyed through the air duct (33), the working pressure of the pressure water to the
Injection nozzle (26) or a combination thereof to obtain a size of the formed liquid drops

corresponding to the selected material.

A work vehicle (1) according to any one of claims 1-8, comprising a demolition robot,
whereby the control unit (4) comprises a remote control device intended to be carried by

an operator (2).

A method for dust control in connection with demolition work with a work vehicle (1) of the
type, which at a free end of an operable arm (10) has a fastened tool (A-D), characterized
in that a pressure air source (31) is arranged, that a water pressure source (21) is
arranged, that a liquid mist is produced by the water from the water pressure source (21)
being injected in an airflow from the air pressure source (31), so that the airflow atomizes
the water into liquid drops and diffuses the liquid drops as a liquid mist, and that the liquid
mist formed in this manner is diffused in a work area for the tool (A-D) for absorption of

dust that is created when the tool is used.

A method according to claim 10, whereby the airflow is produced in an air duct (33)

arranged for the tool (A-D).



PCT/SE2020/051038

1/2

WO 2021/101427

% |
4

Lo .
J\t. « s s & . . . s s e o cl .\.'
b S . Y R el 11-“.1.{I.d..\”!ml\rui.
] \..\ : ;r.v ™ L wrrtd O . \»P,..m . :
& . " .

.
.
.

W.?.:..Jﬂ.& ,

”

e LAy z .
ry [ i ’
m n m u Kx ’ : a2 Cple v m
- t-l- F . : ‘.ﬁl.'\\o\ l”v- qtft
. -.\p.\a.\.»\t. ¥ iu.\.t:.{(ul ' H v %
S N - A an, :
R . ) . : . - ot o A
) T imae, LA ’ R
e L e O : 4 . s P
S AEA . E ¢ b\.\lu
I 8 1 . v,
\...\.9.- » s - “ - tl
' .
. [ ]
“ .\l.l-l. X d \—v 3
* 7 * "» -
; h. F » v“ k, I!!
o ad b ———
’ ol w
“ c\!.lll-l.- -t - 2 m @ . - ﬁ
’ voos .
e P N S s .
s 4 " S .
R . N (R B il e p & s, A
T e - L. .. A .. . L. R  tew
) st ———— el AT e AsDa srs. | raaa -man rEpE - A ‘. . t
. . . - & Pl S S I R N R - .. .. .}-}- / g g . . » .
LR ICICIE A IEIEIEIC I IR JEITI NE JE I 0 JE I I ICIE I ICIE I IEI I I M - .'.".l\..\ll.ln-{t‘\i v £ . el ¥ v
L U B B B B U U B I I L B B -p v . . . -
s e . DO b .i‘.lsh\r'&v(‘\. b —t . P “I e
* . . . . - . . - ! o - L «n o
v . e e 2 N . .
B UL o oot B A A ANSEE T T T . il 4 ‘..
. . t A - a PN e = = o O il \v : e
A .12 - ol ; s
%

o e r ¥V i ratre ) . -, ' . n o - - e . R .
) gt - : - g om V- - crrr - FYwE - rEmr .. D
N s B . e ¥ ,
- drn (-ﬂn- . = . ) . . . f
- s - -‘- . "l -l

NI
.\.\A..@w.
%, .
. L
N '
’
.y . 4.5
B ‘£, . “\..
", - \ML& ot
o . R ay g
._.”.- 4 » b.-\\
\““-. -\ , - M- l”h-.--
. iy . a ’ .
u L N g, pannress £
. e L . .\‘-u. - -
2 v 7
) jainis O W s
.. ¥ i ~~ \ Ea™
Py ‘e . *
L e, .1 ‘..\. ’ .lc\ . Fy
SRS . e,
Tk lc\v ’ fc..
~.\h--s L .!\.
g 7 4 | ..\.%.»nc.x” . ;\\...
Ton, A N \m s Sy T
. E - . . .....\.\..b‘ - s R/
a gl T, ¥, o 7 A Ty v, )
. oA P k. S ‘., '
onh—Vc... ..L..l\ . ) “ .. .\“ Vel j!l.. . ..
<o REE 5 I an 2ol . FE & B “irmy
M T a T A a : Lo B AL N < 8
A Q.ooh\l. . N« ...\.\‘l\l\!u . . . > &o. L.
) Jaa e Gy ST % A fr fin o1
"l‘\\ -o\n”.oo.b.q = .s W < v.l.-v -d\ v IH“M. . h y , \ ld.\ \ . /
\.I\. “ a v a s > [ \Aﬁ . . v .1...' ~ ~
I\l’\....o\!.cwnuol~c. > L% A 7 w.\..! \‘. . ... ¥ . Ay . Ills‘.\.nll\s.\\
-v.-hir v .csvco g 2’ v . = 0 ERENCEN
. '% - L4 0..-.. >
e R W
.C‘..f-.‘o > >, N A
- .)‘-\.F‘.o\cv.s\oc ) :
‘\"‘o.
\.,.\\

T e :
-\L.." .“\‘ul.l. I.I
= d z
" N.J m %
- . iC
/I mEw “m - -—--—ew LR J v oo --— - -y I\o '*
; : o -
; ; o oS :
¥ “ e
4 : . [
n. . \\..
R ST | .
4 \\ e g _
r . e “ “..
; | e g . : .,. ra
m . 8 “-. \....-‘.t...qk ) e W S - v » “ 1 (LT TPV VT FFrry |
L A ;e 8 it CIREY e " T4y " .
t‘. . Ap R X 2 : .-...\t : M . .qs. llc l.\t i ’
i v"l. % ‘- b. ) ) ‘-\— X .l.. ..“ % v [
.v\dl.i.kl\ ...R.u.\h “w 2 ..\'u.l. * i N < ~ s¢ .ill p N i
T2 S U [N . AC “ o f
4 3 \\ 2 SV B L y
v‘- . ' = .w w’. inln.d . . . “ *‘- - \
4 1 » “. 4.1k " ¢ o e A A CrPr Taiy rrarwd
¢ P ’ 2
! X m fm Qoo %
n.i.!.li v d - - - s L e ww "“.“ 3 m 2 ﬂ



WO 2021/101427 PCT/SE2020/051038

- ' - -y
. . i {\” \‘.". . =

\
’ . ' A St 2 &t e N
',‘T '."- qv‘“ - 'I'\\\\‘ .:\\\ T oweeat .H.'\':.;
'-'" ...\ ‘*’ ’ o . L. )

]

\‘. - A e - . Lt N
- - .. P . L . . LN - v . ..
(255 M s o s e a s s s s s i T N : - : T
¢ 5 'y .
) . ] ¥ .
} AT A R e ] Wﬁ%%ﬁh&"g%%\\‘ﬁf@‘\\“%#\w . P ’ . ' = s s . e e C e -
* - . aa s ¢ aa - . - a4 s T4 a4 e s aas [ ' Yaawen LI I 0 ) .. . L ] e B o eyt «h anw R haa vt - - WY .
o AR N i N A T R A T AL, R S, LA, v S A A Y G A .;.j.;v»“ : v . ' . coommm
1 -
4 . -
{ :: : ;.‘_T"‘“ 2 . o e e Y s e R e kil
\ U RN : s‘-
* N " A . N
\ e’ 3\ l. : . :‘h\ - a e q_-._q;.' - .y - - —-wma - - e " gy Tt e e e & -
\ ‘Q o ' o * < t
4 . s . 3 . . . : . . .
5 . . g " -,—.-v,—.-g' " 1 - W - * gt T T TN N RN QNN T WA, CeEE AL EE
. *‘.1‘ . .‘ . \' LI ' . . . . L . e .« . . .
g LT LT T KN MR T LY > L }, . . .
. . ‘ 2 s e w e . '4’.“_? ‘\_\ S i Emw . '- :' ‘.5 ‘- _‘q‘ o, -'-.\.‘-‘-:‘ '_“ “ . ._"_"\,' ¥ N ‘;t". o V- - .
’ - Ry . Cerwwes, Y v -
) “ " > : """ ‘\;T. - h'- ‘. > . . q = - . . . .
e N : T - yww mm—m—— AWEEY imm——- - amWRE L gae RWRW Y
f‘ Ry RS
" . v N - - . vTTThY Lasas e rew’ cmmm YT ww
: & . v e N -
Wy ?’?"\-f CERYNTTSST RN : e I-Q-O? y ’ b O %‘a‘a.!h;.‘\‘ .\'\"-‘ > :.\I}\\‘-" . hz‘}m - -\\"“ v iy ':"vl‘ v D gttt - B
B S N A e S N L A Wit 3\:‘ E y )
‘ ) o . A P L A . LN R T L e s . t.. . : I_“ . \ %.' \‘?\ pp——— "-hh A ~ gM-\" AA"'- ',\\L‘.‘ ——
. . .‘_'.\___r_..’- .'\ ’ W Y ST . \:-.' .
g, N T . e PO
T - ) T e v'k:'h\ LamW Y Ny e Ve——
' g ) e o e T . E,
. Y (] = * r‘\"-a. n"‘-? ' :._ ‘\
. [] - .
g . . .\c;. ' ._:‘ﬁ .
Y \ 2 .
e LT N \ e as's
. . - :
.i \ ¥
. \ ‘.
.
N . 5\
oY :
[\
.

SOUrce

',lur PRI TR PR TN

!

™S T
& e . f_.i
-f;
!
f
3
)

A
W
lw‘ S “‘t‘ .‘A‘l o " m"‘ il .'.“L' o o~ "ER: wmm ‘r‘ - LRww - wws - - "'.} Jeew - rwww p— - . u—'-- '.-'_.' :-'-'\.‘- '--"l
\ ‘ + -
X - v 3 :
L
: . .
y | ! ] aie £ 8, . -
1 h] :
N \ t [ 1,
a ~~ Py v . v . ’
- “_%C . [ "b .. -;#‘-
. "y . " ‘-*..g_ A
\:-‘\\\ L A Amal. waRs ame  wewh m‘{v Cwww ‘.'_“-'-‘._--—'--: e e wtel AN AT ey . ::'_.‘-_‘_:-’!"' .
" ~..\._ . . .. . . LY - e e . c e . N L, - . -":._-.- .
! '\""‘.‘\.\. J U k.t' . : . "-\\..'\.\1.1.1.1.1.1.\.\.\\“1;-*‘1—;'.’ -;"". b 4
- L R N WL W W W Ny —r - > . - . .
: ), w _— RARR TR m——y . )
K a‘ .. i - ' . } K '
‘_-‘-‘. : 1\.:? -.u,g .\_&_ . . \
-t ) - b ‘: \
- .
s REE - !
|.. \ \
: b )

g_**" Loncrete

AT
s ke e ke e ke o e MW Y

Fa XS

Chipping hammer! |

1

Sy Er,
<

'
»
r
'
Fl
p
L

FE RIS

P A

r—p,

A3 3 3 3 3 3 & anh g

- - - -
oy
o ’Jmu”fff.‘f.".‘ffffrffff‘ -
F
*0
e

: ) E
N PR
1, t & "3 1 \
N T ;\ ‘3 1 \
. \e~ 'l!' “ 4

R Sl N

. .
B Al TP P A [ . . . . s, . . . s ‘.*.“."{‘ .

x
v K R 1 \
', 3 T 1 \
..' ’ ] 1 \
) 4

:». L LS S SR Sl - i
:.. 'u'.l Coen e ': b‘--\ “t \" : ‘
: ¥ i Ry ; $ 5 : \
r. . ' 1

. . . :: L} - . lt.' N
\ N St Moot v | H
» A N YA e k

' — .WM\\H“\\\\\*;‘E—:-:“*‘H‘E‘E“:‘E‘E‘E‘E e - e “r“““““.""'-'.' ' i

. R e N 2 @ 2 . . - L. A . . '
Lt -

A

(" . . :
P P = g Y

'I'.-.".;m' S
T J',"
o

’

L85

-




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2020/051038

A. CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: BO1D, BO5B, EO2F, E04G, E21C, E21D, E21F

Documentation searched other than mimmimum documentation to the extent that such documents are included 1n the fields searched

SE, DK, FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with idication, where appropriate, of the relevant passages Relevant to claim No.

X JP 2017218759 A (HAZAMA ANDO CORP ET AL), 14 1-6, 10-11
December 2017 (2017-12-14); paragraphs [0006]-[0007],
[0013]-[0029]; figure 5; claims 3,7-8; WPI abstract and
machine translation

D, Y SE 1750014 A1 (HUSQVARNA AB), 12 July 2018 (2018-07- 7-9
12); abstract; page 2, line 1 - page 4, line 11; page 5, line 1 -
line 5; page 7, line 20 - page 10, line 11; page 11, line 12 - line
19; page 12, line 16 - line 20; all figures

D, A 1-6, 10-11

& Further documents are listed in the continuation of Box C. & See patent family annex.

* Special categories of cited documents: “T” later document published after the international filing date or priority

«A»  document defining the general state of the art which is not date and not in contlict with the application but cited to understand
considered to be of particular relevance the principle or theory underlying the invention

“D”  document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive

«p»  earher application or patent but published on or after the step when the document is taken alone

international filing date

v, document which may throw doubts on priority claim(s) or which 1s
L™ ¢ited to establish the publication date of another citation or other oy

; . document of particular relevance; the claimed invention cannot be
special reason (as specified)

considered to involve an inventive step when the document 1s
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  « ¢ »

the priority date claimed document member of the same patent family

Date of mailing of the international search report

15-01-2021

Date of the actual completion of the mternational search

15-01-2021

Name and mailing address of the ISA/SE

Patent- och registreringsverket
Box 5055
S-10242 STOCKHOLM

Facsimile No. + 46 8 666 02 86
Form PCT/ISA/210 (second sheet) (July 2019)

Authorized officer
Sven Bocker

Telephone No. + 46 8 782 28 00




INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2020/0510338

C (Continuation).  DOCUMENTS CONSIDERED TO BE RELEVANT

Category*™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 20140159257 A1 (MARTIN ETHAN), 12 June 2014 (2014- | 1-11

06-12); paragraphs [0006]-[0008], [0015], [0017]; claims 1,4-

5,9-11
A KR 101994593 B1 (JEONG DAE IL), 28 June 2019 (2019-06- | 1-11

28); paragraphs [0022], [004 3], [00438]; figures 2-6; WPI
abstract and machine translation

A JP 2003251131 A (MENTEC KK), 9 September 2003 (2003- 1-11
09-09); paragraphs [0032]-[0042]; all figures; WPI abstract and
machine translation

A US 20110160920 A1 (ORR DAVID C ET AL), 30 June 2011 1-11
(2011-06-30); paragraphs [0074], [0087]

Form PCT/ISA/210 (continuation of second sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.
PCT/SE2020/051038

Continuation of: second sheet
International Patent Classification (IPC)

E04G 23/08 (2006.01)
BO5B 7/04 (2006.01)
EO2F 3/96 (2006.01)
B01D 47/00 (2006.01)
B05B 12/00 (2018.01)
E02F 9/20 (2006.01)
E21F 5/02 (2006.01)
E21F 5/04 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2019)



INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/SE2020/051038

N 2017218759 A 14/12/20177 _NONE
SE 1750014 A1 12/07/2018 EP 3568543 A4 19/08/2020
SE 542391 C2 21/04/2020
US 20200032651 A1 30/01/2020
WO 2018132054 A1 19/07/2018
US 20140159257 A1 12/00/2014 AU 2013359181 At 19/06/2014
CA 2894543 C 10/09/2019
CN 1049068862 A 07/10/2015
EP 2941505 B1 12/07/2017
JP 2016504188 A 12/02/2016
MX 2015007241 A 28/04/2016
US 39000648 B2 24/02/2015
WO 2014093692 A3 28/08/2014
KR 101994593 B1__ 28/06/2019 NONE
N 2003251131 A 09/09/2003 JP_ 3795411 B2 _ 12/07/2006
US 201101060920 A1 30/00/2011 AU 2010343334 A1 02/08/2012
AU 2012203442 A1 12/07/2012
BR 112012016365 A2 04/10/2016
CN 10206960032 A 20/09/2012
JP 2013516558 A 13/05/2013
RU 20121324960 A 10/02/2014
US 0046895 B2 02/06/2015
US 20150220089 A1 06/08/2015
WO 2011090522 A1 28/07/2011

Form PCT/ISA/210 (patent family annex) (July 2019)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - wo-search-report
	Page 15 - wo-search-report
	Page 16 - wo-search-report
	Page 17 - wo-search-report

