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Abstract

The present invention relates to a method for controlling
drilling parameters during an initial phase of rock drilling
with a drilling machine. In accordance with the invention the
percussion pressure and feed pressure of the drilling machine
are controlled as continuously increasing functions during the
initial phase. The present invention also relates to such a

system.
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Method and system for collaring
Technical field

The present invention relates to a method and system for con-
trolling drilling parameters during an initial phase of drill-

1lng i1nto a rock.
Background of the invention

When drilling, it 1s very important that the start-up is per-
formed in a correct manner. Thus, at the start-up of drilling
into rocks with a percussion rock drilling machine, it has to
be ensured that the first part of the hole is accurately ac-
complished in order for the hole to be positioned at an in-

tended place and have a correct direction.

In order to obtain a good start of the drilling, it 1s desired
to try to control the drilling steel as good as possible near
the drill bit at the beginning of the drilling (drill steel
support), as well as to drill the first part of the hole using
a reduced feed force and a reduced drilling power in order to
prevent the drilling steel from sliding against the surface of
the rock. In other words, the critical part of the drilling,
i.e. the start-up or so called collaring, should be smooth and
careful until there has been formed a deep enough hole having

a correct direction, whereafter full feed force and drilling

power may be utillized. What constitutes a deep enough depth
depends to a large part on the quality of the rock. For exam-
ple, soft rocks having many cracks may require a deeper hole

to ensure a correct direction, before full feed force is used.

When the use of hydraulic rock drilling machines at first
started, generally, these were powered by uncomplicated direct
controlled hydraulic systems. The collaring was realized by

starting the drilling at a reduced hydraulic pressure supply
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to the percussion circuit and feed drive of the drilling ma-

chine. After a certain time, or when a certain drilled hole

depth 1s reached, the pressures were increased to such values
that resulted in a desired balance between drilling speed and
working life of the drilling steel (full drilling). This pres-
sure 1ncrease was performed by adjusting seguence valves, and
the pressure increase process depended on the valves and ducts

in the hydraulic systemn.

When more modern electrically and computer controlled hydrau-
lic systems later have come in use, the process of an initial
drilling step has been maintained, in which a reduced drilling
machine power and feed force 1s used, and a final drilling
step where full power is utilised. A suitable transition oc-

curs there between.

An example of such a previously known method for controlling
drilling parameters is shown in the European patent EP

0 564 504. This publication discloses a method for controlling
a rock drilling process, and in accordance with the method de-
scribed therein the percussion force and feed force of a
drilling machine are adjusted, so that the rotational power of

the drill does not exceed a pre-set limit value.

This 1s done by controlling the drilling in at least three
different stages, of which the first stage constitutes the

start-up drilling, the second a transition stage to the third,

which in turn is the normal operation. According to the
method, suitable values for each drilling stage are to be set,
so that the percussion force and feed force are optimal for

each stage.

There are several drawbacks with the method described in EP
0 564 504. An obvious drawback 1is that it is not always known
in advance what 1s optimal for a certain stage, and it is not

evident from said document how the predetermined feed force
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and percussion force values for the respective stage are to be determined in order to

be optimal. Another drawback is that the process with three or more stages in the
control program is unnecessarily complicated, since, among other things, it has to be
determined, on the one hand, how long the first reduced stage is to go on, and, on

the other hand, what the transition stage should look like.

The transition step should be smooth, but not unnecessary extended in order to avoid
that time is lost because a great part of the hole is drilled at a lower power than the
available full power. Consequently, the parameters that have to be set constitutes a
considerable drawback of the method shown in EP 0 564 504. There are a number
of parameters to adjust for each of the three or more stages, for example, different
periods of time, percussion force, feed force, drilling time, drilling depth, speeds etc.
Moreover, discontinuities in the direction of drilling parameter increase may give
Incorrect information to those parts of the automatic control system that supervise
these parameters in order to detect a drill possibly getting stuck.

It would thus be desirable to provide a method and an apparatus that simplifies and

improves the initial phase of drilling in rock.
Summary

Some embodiments of the present invention may provide a method and a system
that solves the above problems. More specifically, some embodiments of the present
invention may provide an improved method and a system for controlling drilling
parameters during collaring, in which the time consumption can be minimised, as well
as the number of parameters that have to be set. Some embodiments of the present
Invention may provide a method and a system for controlling drilling parameters
during collaring, which ensures that the collaring hole obtains the intended direction

and position.

According to an embodiment of the present invention, there is provided a method for

controlling drilling parameters during an initial phase of drilling in rock using a drilling
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machine, whereby the percussion pressure and feed pressure of the drilling machine

are controlled as continuously increasing functions during the initial phase.

Thereby, the number of parameters may be minimised to include start values for the
percussion and feed pressure, and time duration of the initial phase. Further, a

successful drilling may be ensured by adjusting the collaring depth by means of the

duration of the initial phase.

According to an embodiment of the present invention, the initial phase thus includes a
single stage control starting from predetermined start values to full force values. This
may result in a time efficient initial drilling, wherein the time to set different

parameters in a plurality of different stages has been eliminated.

According to one embodiment of the present invention, the control is represented by
functions, which are continuous in time and having a gradually increasing derivative.
Thereby, a continuously increasing pressure may be obtained, whereby the initial

phase results in a collaring hole with a correct direction, whereby the risk of drilling
steel slip Is minimised.

According to another embodiment of the present invention, said continuous functions

are represented by exponential functions.

In this way, a well known mathematic function may be used, which may easily be
programmed and stored.

According to another embodiment of the present invention, the feed pressure is
supervised during the collaring stage, so that the percussion pressure is limited if the
damping pressure with certainty does not exceed the idling pressure of the damper.
Thereby, it may be ensured that the percussion pressure of the drilling machine is
limited when the drilling steel shank is not in percussion position. This supervision
may, for example, be performed by means of a RPCF function (Rotation Pressure
Controlled Feed), and the percussion pressure values may, in a preferred

embodiment, be limited to the percussion pressure start values. Alternatively, the
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percussion pressure may be lowered when the feed pressure goes below a
predetermined level.

The present invention Is also related to system for controlling drilling parameters

during an initial phase of drilling in rock with a drilling machine, wherein the system
Includes means for controlling the percussion pressure and feed pressure of the

drilling machine as continuously increasing functions during said initial phase.

Further advantages are obtained in different aspects of the invention, and will be

apparent from the following detailed description.

Brief description of the drawings
Figure 1 shows a timing diagram of a prior art method for collaring.

Figure 2 shows a timing diagram of another prior art method for collaring.

Figure 3 shows a timing diagram of a method for collaring in accordance with the

Invention.
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Figure 4 schematically shows a system in which the present in-

vention may be utilised.
Detailed description of preferred embodiments

The prior art method for performing collaring described above

is shown in figure 1. During collaring, this method starts

with a reduced feed force and percussion force. No parameter
control is thus performed, the pressure increase is due toO

valves and ducts used in the hydraulic system.

In figure 2, the second of the above disclosed, previously
known methods for controlling electric and computer controlled
hydraulic systems is shown, in which a suitable transition oc-
curs between the initial stage, and its corresponding values,
and the final stage, in which the drilling machine is run at

full capacity.

This method comprises a number of parameters that has to be
gset. Initial wvalues have to be determined, and, also, for how
long this stage with reduced power 1s to go on. Further, the
aspects of the transition stage illustrated in figure 2, be-
tween the points Tl and T2, have to be determined. In other
words, 1t has to be determined what the transition step should
look like in order for it to be smooth enough. At the same

time it 1s undesired to drill with the reduced power too long,

since time then 1is lost.

With the above described solution, 1in some situations, there

is a risk of hysteresis in the valves of the system, i.e.,

-

self-oscillation in the system. This may occur, for example,
when drilling in soft and/or fissured rock, when the drill
steel shank suddenly is not 1n percussion position anymore,
and it 1s necessary to go down to the collaring level values
of the percussion pressure. Then, it has to be started over

from the beginning with a new collaring stage followed by a
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transition stage, before the system again is run at full ca-
pacity. This can be repeated several times, thus resulting in

a very time consuming mode of operation.

According to the present invention, all the above drawbacks
are avoided. With reference to figure 3, a methed for collar-

ing according to the present invention will now be described.

In collaring according to the present invention, start values
for the percussion pressure of the drilling machine (and
thereby the percussion power of the drilling machine), and the
feed pressure are chosen. These values are chosen such that
the collaring is smooth enough to ensure that the hole obtains
correct direction and position, while at the same time the
pressure cannot be so low that it may cause problems in the
drilling machine. For example, start values are advantageously
chosen to be slightly higher than the accumulator pressure in

order to avoid problems with included membranes. The start

values should, off course, neither be too low to accomplish a
collaring hole. The start values may, for example, in an ordi-

nary drilling machine, be about 130 bar.

The initial phase, or collaring phase, 1s then controlled by
continuously increasing functions. In the preferred embodi-
ment, the continuously increasing functions have a gradually
increasing derivative, as i1s shown in figure 3, which results
in the preferred, smooth transition. One example of a func-
tion, which advantageously may be used, i1s the mathematically
well known exponential function, but any substantially con-
tinuous function in accordance with the mentioned reguirements

may be used.

The use of a continuous function of time with a gradually in-
creasing derivative results 1n a system with only two control
stages, of which the parameters of the first stage, the col-

laring, 1ncludes the start values of the percussion pressure,
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the feed pressure and the length of the initial stage.
Thereby, the number of parameters needed to be set is mini-
mised. During the collaring stage, the percussion pressure and
feed pressure are controlled independently, but with the same

duration, i.e. throughout the collaring stage.

The feed pressure should, however, be supervised by means of
the system RPCF function (Rotation Pressure Controlled Feed)
during the collaring stage. The RPCF function controls the
feed pressure such that the rotation pressure and/or torgue is
substantially constant 1n order to ensure that the drill
string component joints are suitably tightened. This function
is of particular importance during full drilling, when the

power 1s higher.

In order to limit the percussion pressure of the drilling ma-
chine when the drill steel shank is out of position for per-
cussion, the damping pressure of the drilling machine should
be supervised so that the percussion pressure is limited to,
for example, the start values 1f the damping pressure with
certainty does not exceed the no-load pressure of the damper.
As 1is well known to a person skilled in the art, the damper is
used to damp the reflexions which arise when the drill steel
hits the rock. As also is well known to a person skilled in
the art, the damping pressure may be used to ensure that the
drill steel is 1n contact with the rock at time of percussion.
The initial stage may, in other words, be combined with the
supervision of the damping pressure so that the percussion

pressure does not run away from the feed pressure.

However, 1t i1is not always necessary to go down to the start
values, even if this usually is the case since these have been
chosen with regard to, among other things, the accumulator
pressure. By utilising the present invention, using the con-

trol by means of continuous functions, the risk for self-
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oscillation 1is avoided in the system. Accordingly, it is not

always necessary to go down to the lowest level in the collar-
ing, 1.e. the start values, if soft rock is encountered, but
1t 1s possible to go down to a level where the percussion
pressure 1s limited with regard to the no-load pressure of the
damper. Alternatively, the percussion pressure may be lowered

when the feed pressure is or goes below a predetermined level.

An operator may chose between the setting of a desired hole

depth of the collaring, or for how long the initial phase

should go on.

Finally, the stop values may also be determined, which advan-

tageously correspond to the full power of the drilling ma-

chine. It may, however, in some situations, be necessary to

run the machine at a reduced power, whereby desired values may

be set.

Figure 4 schematically shows a system 1, in which the present
invention may be utilised. The system 1 includes, in its sim-
plest embodiment, a drilling machine 2 with a control system
3, by means of which an operator may control the system 1. The
control system may be integrated with the drilling machine 2,

Oor be separately connected.

In summary, by means of the present invention, a continuous,

smooth collaring is achieved, in which the parameters that has

to be set by an operator can be minimised, and in which sev-
eral different stages with accompanying parameter settings are:

avolded altogether.
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CLAIMS:
1. Method for controlling drilling parameters during an initial phase of

drilling in rock with a'drilling machine, wherein the percussion pressure and feed

pressure of the drilling machine are controlled as continuously increasing functions

during said initial phase.

2. Method as claimed in claim 1., wherein said control is represented by

continuous functions of time with a gradually increasing derivative.

3. Method as claimed in claim 1 or 2, wherein said continuous functions

consist of exponential functions.

4. Method as claimed in any one of claims 1-3, wherein the feed pressure

IS controlled on the basis of the rotation pressure.

D. Method as claimed in claim 4, wherein the percussion pressure is

lowered when the feed pressure is or goes below a predetermined level.

6. System for controlling drilling parameters during an initial phase of
drilling In rock with a drilling machine, wherein the system includes means for
controlling the percussion pressure and feed pressure of the drilling machine as

continuously increasing functions during said initial phase.

7. System as claimed in claim 6, wherein said controlling is represented by

continuous functions of time with gradually increasing derivative.

8. System according to claim 6 or 7, wherein said continuous functions

consist of exponential functions.

Q. System according to any one of the claims 6-8, wherein the system

includes means for controlling the feed pressure on the basis of the rotation pressure.
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10. System according to claim 9, wherein the system includes means for
lowering the percussion pressure when the feed pressure is or goes below a

predetermined level.
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