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Description
TECHNICAL FIELD

[0001] The present invention relates to an arrange-
ment in a drill rig and to a method of detecting a reduced
air flow through a flushing hole in a drill bit.

BACKGROUND ART

[0002] Drill rigs in different sizes are frequently used
in constructional work to drill holes in rocks. The drill rig
comprises a rock drilling machine with a drill bit adapted
for the specific conditions of the rock and used to pene-
trate the rock, and chip away the fractured rocks. The
penetration force is generated by either a high level feed
force or percussive wave forms. The rotation torque gen-
erated by a rotation motor will shear off the fractured rock.
[0003] In surface rock drilling processes, it is standard
practice to use compressed air to blow away the rock
cuttings and clean the surface of the rock to ensure that
the drill bit always is in contact with a fresh and solid rock
surface. If the cuttings were not cleaned away, the drill
bit would penetrate the cuttings and further break down
the cuttings into smaller sizes. This secondary breakage
is not wanted because of the considerable quantity of
waste energy and reduced drilling efficiency. The accu-
mulation of the cuttings will furthermore resist the rotation
of the drill bit and eventually jam the drill bit to stop.
[0004] A drill bit comprises flushing holes and com-
pressed air is arranged to flow out through the holes dur-
ing drilling. The flow of airis however stopped if the flush-
ing holes get plugged by mud or if fine cuttings are com-
pacted into the flushing holes. The ground condition
where the rock drill works varies widely and the existence
of mud in the ground substantially increases the risk of
plugged holes. When the ground is soft while drilling rate
is so fast that the air provided is not sufficient to clean
the cuttings away, the drill bitis plugged by impacting the
fine cuttings into the flushing hole.

[0005] When the flushing holes are plugged, the drill
bit gets stuck and then the drilling is completely stopped.
Then, the drill hole must be cleaned which takes a con-
siderable time. It may involve pulling out the whole drill
string. Consequently, it is important to ensure a contin-
uous air flow through the flushing holes of the drill bit.
[0006] A commonly used method of detecting a re-
duced or stopped air flow in the flushing holes of a drill
bitis to arrange an air flow monitoring device e.g. a venturi
flow nozzle in the air flow path downstream a compressor.
A low differential pressure is generated by such a device,
inthe range of afew psi (1 psi= 6.9 kPa) while the working
pressure is much higher. This normally means a differ-
ential pressure of less than 35 kPa (kilopascal). A certain
differential pressure indicates a normal air flow through
the holes. When the certain differential pressure disap-
pears, it indicates a stopped air flow. A mechanical or
electrical device comprising a switch is used to detect a
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differential pressure and to send out a signal to a control
unit to e.g. reverse the feed of air and stop the drilling.
The creation and detection of a differential pressure puts
demand on high sensitivity and high accuracy since the
device used is working in a comparatively very high pres-
sure environment.

[0007] The document WO2007/122288 teaches a
method of detecting an air flow rate through at least one
flushing hole in a front surface of a drilling bit arranged
in a rock drill rig comprising a displacement compressor
that is used for supplying an air flow to the at least one
flushing hole in the drill bit. The drill further comprises a
regulator arranged to regulate the system pressure in the
air flow path downstream the compressor.

[0008] Accordingly, prior art arrangements require a
detection device having a very high sensitivity for detect-
ing small pressure changes in a relatively high pressure
environment. This kind of electrical and/or mechanical
devices are very expensive and have high maintenance
cost.

[0009] Furthermore, prior art monitoring devices give
rise to a pressure drop in the air flow path which will have
a negative impact on the air flow out through the flushing
holes in the drill bit. It also has a negative impact on en-
ergy consumption.

[0010] Thus,there are needs toimprove arrangements
and methods for detecting a reduced, or stopped, air flow
through the flushing holes of a drill bit in a rock drill rig.

SUMMARY OF THE INVENTION

[0011] The aim of the invention is to remedy the above
mentioned drawbacks with air flow monitoring device as
mentioned above.

[0012] The above problem is according to the first as-
pect of the invention solved in that an arrangement of the
kind in question has the specific features that it comprises
a rock drill rig comprising an air inlet valve arranged in a
flow path upstream to a displacement compressor that
is used for supplying an air flow to at least one flushing
hole in the surface of a drill bit. The drill rig further com-
prises an air regulator arranged to regulate the system
pressure in an air flow path downstream the compressor
and means for detecting a changed flow of air through
the at least one flushing hole in the surface of the drill bit.
The detecting means comprises a pressure sensor ar-
ranged between the air regulator and the inlet valve and
the sensor is adapted to measure the reduced system
pressure.

[0013] The solution according to the invention makes
it possible to arrange a point for monitoring the flow of
air through the flushing holes in the drill bit upstream of
the compressor. Through measuring the reduced system
pressure and knowing the inlet valve, the air flow rate
through the system is indirectly monitored.

[0014] Generally, a pressure regulator comprises an
unloader cylinder which senses the reduced system
pressure caused by flow changes in the system. The
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pressure regulator has a wide pressure changing range
and this is why we use this feature for the air sensing.
[0015] The inlet valve is arranged to work against at-
mospheric pressure and the inlet valve opening area is
inversely proportional to the differential pressure.
[0016] Knowing the reduced system pressure and the
characteristic of the inlet valve leads to the pressure be-
tween the inlet valve and the compressor.

[0017] The pressure changes at the regulator is in-
versely proportional to the air flow rate downstream the
compressor. Accordingly, the monitored reduced system
pressure is inversely proportional to the system air flow
rate.

[0018] The reduced system pressure is around 0-280
kPa (kilopascal) while the air system pressure is between
700-1050 kPa (kilopascal). The solution according to the
invention provides a measurement resolution and an ac-
curacy, which is extremely high compared to prior art
arrangements.

[0019] Additionally, it is practically easier to measure
the reduced system pressure between the regulator and
the inlet valve than between the inlet valve and the com-
pressor. Further, the pressure between the inlet valve
and the compressor is a negative pressure and measur-
ing a negative pressure demands a more complicated
and expensive equipment.

[0020] The solution according to the invention makes
it possible to use relatively inexpensive standard sensors
because resolution and accuracy of the sensor is not
required to achieve same or better performance for the
same air monitoring functions. This results in an arrange-
ment having better performance at a lower price since
pressure sensors provide reliable measuring results, and
are less complex components that are readily available
and easy to install.

[0021] A further advantage is that the amount of com-
ponents is reduced compared to prior art solutions e.g.
there is no device giving rise to a pressure drop in the air
flow path. This has a positive impact on the energy con-
sumption.

[0022] According to one embodiment of the invention,
the displacement compressor is a screw compressor or
any type of displacement compressor.

[0023] According to one embodiment of the invention,
the displacement compressor is a rotary compressor with
constant rotation speed.

[0024] According to one embodiment of the invention,
the displacement compressor (32) is a rotary compressor
with variable rotation speed.

[0025] The above problem is according to the second
aspect of the invention solved in that a method of the
kindin question has the specificfeatures thatit comprises
detecting an air flow rate through at least one flushing
hole in a front surface of a drilling bit arranged in a rock
drill rig. The rock drill rig comprises an inlet valve ar-
ranged upstream a displacement compressor that is
used for supplying an air flow to the at least one flushing
hole in the drill bit. The drill rig further comprises an air
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pressure regulator arranged to regulate the system pres-
sure in the air flow path downstream the compressor.
The method comprises measuring a reduced system
pressure between the regulator and the inlet valve. Fur-
ther, the method comprises detecting the air flow rate
through the drill bit based on the fact that the measured
reduced system pressure is inversely proportional to the
air flow rate.

This is based on a constant rotation speed of the com-
pressor and the fact that the system air flow is dependent
on the compressor speed rotation.

An embodiment is a method comprising comparing the
determined air flow rate with a predetermined value. If
the determined air flow rate is lower than the predeter-
mined value, send a signal to a control unit to reduce the
speed of the drill bit or to stop drilling. Further, if the de-
termined air flow rate is equal or higher than the prede-
termined value, send a signal to the control unit to con-
tinue drilling. The method is repeated at predetermined
intervals in order to control the flushing during drilling.
By considering a variable rotational speed of a compres-
sor, the solution according to the invention teaches the
air flow in other working points.

BRIEF DESCRIPTION OF THE DRAWING

[0026] One embodiment of the present claimed inven-
tion is schematically illustrated in the appended figure,
in which:

Figure 1 is a drill rig in which the claimed arrange-
ment is used;

Figure 2 is a perspective view of a drill bit, and
Figure 3 is the claimed arrangement schematically
disclosed,

Figure 4 is a diagram showing the reduced system
pressure changes (denoted unloader pressure) ver-
sus differential pressure generated by a venturi flow
nozzle.

DESCRIPTION OF ALTERNATIVE EMBODIMENTS

[0027] In Figure 1 a surface rock drill rig 10 is illustrat-
ed. The rig 10 is used for hole drilling in different types
of constructional or mining work. The rig 10 comprises a
rig body 11 that comprises machinery for enabling trans-
port of the rig, as well as for providing the required power
to conduct the drilling and a displacement compressor
(not shown). The drill is placed in the outer end of an
elongated arm 12 that extend forward from the rig body
11. The arm is manoeuvrable to be easily movable to the
intended position of the hole.

Adrill bit 20, illustrated in Figure 2, is used for penetrating
the rock and chip away the fractured rocks. The front
surface 21 of the drill bit 20 is provided with a number of
drill elements 22 used for penetrating the rock. The front
surface is furthermore provided with four flushing holes
23. Compressed air, provided from the displacement
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compressor in the rig body 11, is flowing out from the
flushing holes 23 in order to blow the rock cuttings away
and clean the surface of the rock. This ensures that the
drill bit 20 always is in contact with fresh and solid rock
surface in order to keep the drilled hole free from already
cut rock.

Figure 3 is a part of a drill rig air system schematically
disclosed. The system comprises an air inlet flow path
30 through which air to a compressor 32, powered by a
power source M, is lead via an inlet valve 31. Com-
pressed air from the compressor 32 is passed on to a
pressure vessel 33. Air is fed from the pressure vessel
33 via an air flow path 34 to the drill bit 20 where it exits
the bit via the flushing holes 23. An air regulator 35 is
arranged to regulate the inlet air valve 31 to regulate the
air system pressure which the compressor produces in
the air flow path 34 downstream the compressor.

The inlet valve 31 is used for regulating the quantity of
air supplied to the compressor 32 in order to avoid the
system pressure from rising when the air flow through
the flushing holes 23 in the drill bit 20 are plugged.
[0028] The system further comprises a pressure sen-
sor 36 arranged between the air regulator 35 and the
inlet valve 31. The pressure sensor is adapted to meas-
ure the reduced system pressure and to send a corre-
sponding signal to a control unit 37. The air flow rate
through the drill bit 20 is determined based on the fact
that the measured reduced system pressure is inversely
proportional to the air flow rate.

Where the displacement compressor 32 is a rotary com-
pressor with variable rotation speed, the method is based
on a desired rotation speed in each working point.

If the determined air flow rate is lower than a predeter-
mined value, the speed of the drill bit is reduced and/or
the drilling is stopped.

[0029] If the determined air flow rate is equal or higher
than a predetermined value, the drilling is continued.
Figure 4 is a chart showing the result of a test done on
a surface rock drill rig comprising a venturi flow nozzle.
The diagram shows the relationship between the reduced
system pressure (denoted unloader pressure) and the
air flow rate. The flow rate is indicated by differential pres-
sure created by air flow through the venturi flow nozzle
device. The differential pressure is proportional to the
flow rate.

Whenthe airflow reaches zero, the reduced system pres-
sure reaches its highest level. This reduced system pres-
sure is about 30% of the system pressure and is much
higher pressure than commonly used venturi tube gen-
erated differential pressure. The difference between the
full flow and zero flow conditions is very easily detected
by monitoring the reduced system pressure changes. An
economical and simple pressure sensor can so be used
for detecting the air flow status.

The reduced system pressure is highest when the differ-
ential pressure is close to zero i.e. when the air flow
through the flushing holes is close to zero.

The reduced system pressure is lowest when the differ-
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ential pressure is highest i.e. when the air flow through
the flushing holes is full and the inlet valve is fully open.
[0030] Accordingly, if the air flow through the flushing
holes 23 stops, the air regulator 35 closes the inlet air
valve 31 to prevent the system pressure from going up.
This is achieved in that the inlet valve is controlled by the
reduced system pressure.

According to the invention, the pressure sensor is meas-
uring the reduced air system pressure and thereby indi-
rectly monitoring the flow rate of air through the flushing
holes.

According to the present invention, both pressure and
compressor speed rotation are considered and therefore
the air flow rate is completely controlled.

[0031] A consequence of the present invention is that
with a given pressure in the air inlet path and varying the
compressor speed rotation, the air flow rate will vary lin-
early with the compressor speed rotation.

Claims

1. Anarrangement for a rock drill rig (10) comprising a
displacement compressor (32) that is used for sup-
plying an air flow (34) to at least one flushing hole
(23) in the surface of a drill bit (20), the arrangement
further comprising an air regulator (35) arranged to
regulate the system pressure in the air flow path (34)
downstream the compressor and means for detect-
ing an flow of air through the at least one flushing
hole (23) in the surface of the drill bit, characterised
in that an inlet valve (31) is arranged upstream of
the compressor (32), and in that the detecting
means comprises a pressure sensor (36) arranged
between the air regulator (35) and the inlet valve (31)
and adapted to measure a reduced system pressure.

2. An arrangement according to claim 1, wherein the
displacement compressor (32) is a rotary compres-
sor with constant rotation speed.

3. An arrangement according to claim 1, wherein the
displacement compressor (32) is a rotary compres-
sor with variable rotation speed.

4. Amethod of detecting an air flow rate through at least
one flushing hole (23) in a front surface of a drilling
bit (20) arranged in a rock drill rig (10) comprising a
displacement compressor (32) that is used for sup-
plying an air flow (34) to the at least one flushing hole
(23) in the drill bit, the drill rig (10) further comprising
an air regulator (35) arranged to regulate the system
pressure in the air flow path (34) downstream the
compressor, the method being characterized by an
inletvalve (31) arranged upstream of the compressor
(32) and by measuring a reduced system pressure
between the air regulator (35) and the inlet valve
(31), and
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determining the air flow rate through the drill bit (20)
based on the fact that the measured reduced system
pressure is inversely proportional to the air flow rate.

A method according to claim 4, comprising setting a
desired compressor rotation speed.

A method according to claim 4 or 5 comprising
comparing the determined air flow rate with a pre-
determined value,

if the determined air flow rate is lower than the pre-
determined value, reduce the speed of the drill bit
(20) or stop drilling, or

if the determined air flow rate is equal or higher than
the predetermined value, continue drilling.

Patentanspriiche

1.

Anordnung fir ein Felsbohrgestell (10), einen Ver-
dréangerkompressor (32) umfassend, der fur die Zu-
fuhrung einer Luftstrémung (34) zu mindestens ei-
nem Spiilloch (23) an der Oberflache einer Bohrkro-
ne (20) verwendet wird, wobei die Anordnung weiter
einen Luftregler (35) umfasst, der angeordnetist, um
den Systemdruck in dem Luftstromungspfad (34)
stromabwarts des Kompressors zu regeln, und ein
Mittel zum Erfassen einer Stromung von Luft durch
das mindestens eine Spllloch (23) an der Oberfla-
che der Bohrkrone, dadurch gekennzeichnet,
dass ein Einlassventil (31) stromaufwarts des Kom-
pressors (32) angeordnet ist, und dadurch, dass das
Erfassungsmittel einen Drucksensor (36) umfasst,
der zwischen dem Luftregler (35) und dem Einlass-
ventil (31) angeordnet ist und ausgefihrt ist, um ei-
nen reduzierten Systemdruck zu messen.

Anordnung nach Anspruch 1, wobei der Verdranger-
kompressor (32) ein Rotationskompressor mit kon-
stanter Rotationsgeschwindigkeit ist.

Anordnung nach Anspruch 1, wobei der Verdranger-
kompressor (32) ein Rotationskompressor mit vari-
abler Rotationsgeschwindigkeit ist.

Verfahren zum Bestimmen einer Luftstromungsrate
durch mindestens ein Splloch (23) an einer vorde-
ren Oberflache einer Bohrkrone (20), die in einem
Felsbohrgestell (10) angeordnet ist, umfassend

einen Verdrangerkompressor (32), der fur die Zuflh-
rung einer Luftstrdmung (34) zu dem mindestens ei-
nen Spiulloch (23) an der Bohrkrone verwendet wird,
wobei das Bohrgestell (10) weiter einen Luftregler
(35) umfasst, der angeordnet ist, um den System-
druck in dem Luftstrdmungspfad (34) stromabwarts
des Kompressors zu regeln, wobei das Verfahren
durch ein Einlassventil (31) gekennzeichnet ist, das
stromaufwarts des Kompressors (32) angeordnet
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ist, und durch Messen eines reduzierten System-
drucks zwischen dem Luftregler (35) und dem Ein-
lassventil (31), und

Bestimmen einer Luftstrémungsrate durch die Bohr-
krone (20), basierend auf der Tatsache, dass der
gemessene reduzierte Systemdruck umgekehrt pro-
portional zur Luftstrémungsrate ist.

Verfahren nach Anspruch 4, das Einstellen einer ge-
wiinschten Kompressor-Rotationsgeschwindigkeit
umfassend.

Verfahren nach Anspruch 4 oder 5, umfassend
das Vergleichen der bestimmten Luftstromungsrate
mit einem vorbestimmten Wert,

falls die bestimmte Luftstrémungsrate niedriger als
der vorbestimmte Wert ist, Reduzieren der Ge-
schwindigkeit der Bohrkrone (20) oder Anhalten des
Bohrvorgangs, oder

falls die bestimmte Luftstromungsrate gleich wie
oder hoher als der vorbestimmte Wert ist, Fortsetzen
des Bohrvorgangs.

Revendications

Agencement pour un appareil de forage de roche
(10) comprenant un compresseur volumétrique (32)
qui est utilisé pour fournir un flux d’air (34) a au moins
un trou de chasse (23) dans la surface d’un outil de
forage (20), 'agencement comprenant en outre un
régulateur d’air (35) agenceé pour réguler la pression
de systeme dans le chemin de flux d’air (34) en aval
du compresseur et un moyen pour détecter un flux
d’air atravers ’'au moins un trou de chasse (23) dans
la surface de l'outil de forage, caractérisé en ce
qu’une soupape d’admission (31) est agencée en
amont du compresseur (32), et en ce que le moyen
de détection comprend un capteur de pression (36)
agenceé entre le régulateur d’air (35) et la soupape
d’admission (31) et congu pour mesurer une pres-
sion de systéme réduite.

Agencement selon la revendication 1, dans lequel
le compresseur volumétrique (32) est un compres-
seur rotatif avec une vitesse de rotation constante.

Agencement selon la revendication 1, dans lequel
le compresseur volumétrique (32) est un compres-
seur rotatif avec une vitesse de rotation variable.

Procédé de détection d’'un débitde flux d’air atravers
au moins un trou de chasse (23) dans une surface
avant d’'un embout de forage (20) agencé dans un
appareil de forage de roche (10) comprenant un
compresseur volumétrique (32) qui est utilisé pour
fournir un flux d’air (34) a I'au moins un trou de chas-
se (23) dans l'outil de forage, I'appareil de forage
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(10) comprenant en outre un régulateur d’air (35)
agenceé pour réguler la pression de systéeme dans le
chemin de flux d’air (34) en aval du compresseur, le
procédé étant caractérisé par une soupape d’ad-
mission (31) agencée enamontdu compresseur (32)
et en mesurant une pression de systéme réduite en-
tre le régulateur d’air (35) et la soupape d’admission
(31), et en déterminant le débit de flux d’air a travers
I'outilde forage (20) surlabase dufait que la pression
de systeme réduite mesurée est inversement pro-
portionnelle au débit de flux d’air.

Procédé selon la revendication 4, comprenant la
fixation d’'une vitesse de rotation de compresseur
souhaitée.

Procédé selon la revendication 4 ou 5, comprenant
la comparaison du débit de flux d’air déterminé aune
valeur prédéterminée,

si le débit de flux d’air déterminé est inférieur a la
valeur prédéterminée, la réduction de la vitesse de
I'outil de forage (20) ou l'arrét du forage, ou

si le débit de flux d’air déterminé est égal ou supé-
rieur a la valeur prédéterminée, la continuation du
forage.
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