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A drilling string, threaded coupling, and rod adaptor for rotary drilling

Field of invention

The present invention relates to an extension drilling system for rotary drilling of
underground mining machines, and, although not exclusively, to an extension drilling
system having a plurality of extension rods constituting a drill rod string that has

cooperating male and female threaded couplings therebetween.

Background

When drilling long holes into the land surface or rock stratum, extension rods are
connected in succession by screw thread ends. In rotary drilling, the extension rods in
succession are connected to a rotary drill driving device to transfer the thrust and torsion to
the drill bit on the other end of the extension rods. During drilling, the screw threads are
subject to torque and shock loading from the thrust of rotary drilling, and the stress
generated therefrom results in the threads of the extension rod being screwed even tighter,

such that the screw threads cannot be readily disconnected.
In this situation, the solution to solve the above problem is usually to strike the extension
rods manually after boring the hole, that is, when the extension rods are not driven for

drilling. This will uncouple the screw threads to a certain extent.

In practice, this is dangerous to the operator and damaging to the extension rods.
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To provide a proper thread coupling of extension rods, to improve the drilling efficiency,
the helix angle and/or flank angle are adjusted to increase the anti-jamming performance of
threaded coupling, for instance, to increase the strength and resistance to jamming and
cross-threading. Examples of drill strings and threaded ends of drill strings for percussive

drilling are described in US 4,861,209 A and US 4,625,814 A.

However, drill strings or extension rods with improved helix angle or flank angle are
applied in percussive drilling, and not in rotary drilling. Moreover, conventional drill
strings are disadvantageous for several reasons. Generally, there is a desire to increase the
tightening capacity of a thread, where the tightening capacity is defined as the ratio
between the uncoupling torque and the tightening torque. If the uncoupling torque on the
threads is increased to raise the tightening capacity, it would result in difficulties in
disconnection of drill strings. Additionally, although in some cases lead angle is increased
in a certain way, the increased amount of degrees is usually quite limited, which will
further limit the performance of the drill string. Accordingly, what is required is a drill

string for rotary drilling that addresses the above problems.

Summary

It is an objective of the present invention to minimise the uncoupling torque of the
threaded coupling between a male threaded end and a female threaded end to provide an
easy to disconnect drill string. It is a further objective to use multi-start rope thread in the
field of rotary drilling to largely increase the lead angle of the rope thread by increasing the

lead of the threads.

The objective is achieved by providing a drill string, a rod adaptor and a threaded coupling
for connecting drill string members, or for connecting the drill string to the rod adaptor, in
which male and female coupling parts are arranged specifically to minimise the uncoupling

torque of the drill string.

According to a first aspect of the present invention, there is provided a drill string for

rotary drilling of underground mining machines, comprising: a first elongate drill string
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member having a main section and a male end; a second elongate drill string member
having a main section and a female end; the male and female ends having respective
threads to provide a thread coupling between the male and female ends, the thread
coupling enables the male end to be secured inside the female end such that the male and
female ends overlap axially; wherein a thread lead of the respective threads of the male end

and the female end is greater than a diameter of the male end and the female end.

Within the specification, reference to ‘threads’ refers to a helical ridge and groove

extending axially along a length portion of the male and female end.

Optionally, the respective threads of the male end and the female end are multi-start
threads. This configuration increases the thread lead, to increase the lead angle of the
threads of the male and female ends. Optionally, the respective threads of the male end

and the female end are double-start threads.

Within the specification, reference to ‘single-start thread’ refers to a thread having one
axially extending helical ridge, i.e., there is one ridge wrapped around the cylinder of the
thread’s body, and each time that the thread's body rotates one turn (360°), it has advanced
axially by the width of one ridge. And reference to ‘multi-start thread’ refers to a thread
having a plurality of axially extending helical ridges, i.e., there are multiple ridges wrapped
around the cylinder of the thread’s body, and each time that the thread's body rotates one
turn (360°), it has advanced axially by the width of that multiple ridges. By way of
example, "double-start” means that there are two ridges wrapped around the cylinder of the
screw's body. Each time that the screw's body rotates one turn (360°), it has advanced
axially by the width of two ridges. Normally, when the other parameters of the thread are
certain, comparing double-start thread and single-start thread, the thread lead of a double-
start thread is greater than that of a single-start thread, and the lead angle is thus increased
in a double-start thread. In the same manner, the thread lead and the lead angle of a triple-

start thread is generally greater than a double-start or single-start thread.

Within the specification, reference to ‘thread lead’ refers to the distance along the thread's

axis that is covered by one complete rotation (360°) of the thread, or to put it in another
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way, refers to an axial length between two corresponding points on a thread. The thread
lead of a single-start thread refers to the axial length between two corresponding points on
the helical ridge, which is the width of one ridge, and it is the same for double-start and
multi-start threads, where the thread lead equals to the width of two or multiple ridges,
respectively. Generally, the thread lead of a double-start thread would be double the axial
length between the two points on two adjacent ridges, and the thread lead if it is a triple-
start thread would be triple such axial length. Reference to ‘lead angle’ refers to an angle
between the helical ridge of a thread and a plane perpendicular to the axis of the thread.
The lead angle reflects a level of inclination of the threads, to be specific, a level of helical

ridge inclination of the threads.

Optionally, the threads are right-handed threads. And optionally, the respective threads of

the male end and the female end are rope threads or trapezoidal threads.

Within the specification, reference to ‘right-handed threads’ refers to threads that when
seen from a point of view on the axis through the centre of the helix, moves away from the
viewer when it is turned in a clockwise direction, and moves towards the viewer when it is
turned counter clockwise. Reference to ‘rope thread’ or ‘trapezoidal thread’ refers to a
thread profile. The thread profile of a rope thread is partially circular, such that the thread
profile of the grooves or ridges of the rope thread is part of a circle, which means that the
thread profile has rope geometries. In the same manner, the thread profile of a trapezoidal

thread is trapezoidal.

Optionally, the thread coupling between the male end and the female end can be uncoupled

by hand, since the uncoupling torque is minimised, and the coupling is easy to disconnect.

Optionally, the respective threads of the male end and the female end have a diameter of
16mm and are triple-start. The diameter of the male and female ends is defined as the
transverse distance between two ridges of the male and female ends respectively. Given
that the diameter of the threads is 16mm, optionally, the lead angle of the threads of the

male end and the female end is greater than 20°. This configuration decreases the
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uncoupling torque of the threads, and thus the drill string is easy to disconnect with such an

increased lead angle.

Optionally, the respective threads of the male end and the female end have a diameter of
20mm and are-double start. The diameter of the male and female ends is defined as the
transverse distance between two ridges of the male and female ends respectively. Given
that the diameter of the threads is 20mm, optionally, the lead angle of the threads of the
male end and the female end is greater than 22°.  This configuration decreases the
uncoupling torque of the threads, and thus the drill string is easy to disconnect with such an

increased lead angle.

Optionally, the respective threads of the male end and the female end have a diameter of
25mm and are double-start. And optionally, the lead angle of the threads of the male end
and the female end is greater than 17° given the diameter of the threads being 25mm. This
configuration decreases the uncoupling torque of the threads, and thus the drill string is

easy to disconnect with such an increased lead angle.

Optionally, the underground mining machine that uses the drill string is a bolting machine

or bolter miner.

According to a second aspect of the present invention there is provided a threaded coupling
for connecting drill string members to form a drill string, the threaded coupling comprising:
a male end having a first axial length; a hollow female end having a second axial length;
the male and female ends having respective threads to enable the male end to be secured
inside the female end such that at least a part of the first axial length of the male end and a
part of the second axial length of the female end overlap axially to form a coupling;
wherein a thread lead of the respective threads of the male end and the female end is

greater than a diameter of the male end and the female end.

Optionally, the respective threads of the male end and the female end are multi-start

threads. This configuration increases the thread lead, so as to increase the lead angle of the
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threads of the male and female ends. Optionally, the respective threads of the male end

and the female end are double-start threads.

Optionally, the threads are right-handed threads.

According to a third aspect of the present invention there is provided a rod adaptor for a
rotary drilling machine, comprising: a first end; a second end positioned towards a drill
string of the drilling machine, wherein the second end and a corresponding end of the drill
string have respective threads to enable the second end to be secured to the corresponding
end of the drill string; an elongate body extending between the first end and the second end;
wherein the threads of the second end have a thread lead that is greater than a diameter of

the second end thread.

Optionally, the respective threads of the male end and the female end are multi-start
threads. This configuration increases the thread lead, so as to increase the lead angle of the
threads of the male and female ends. Optionally, the respective threads of the male end

and the female end are double-start threads.

Optionally, the threads are right-handed threads.

Optionally, the rod adaptor is a drive adaptor. The first end of the drive adaptor is
positioned towards a drive system of the drilling machine, so that the drive system
transmits power to the drive adaptor, and further to the drill string. The drive adaptor is
connected between a drive unit of the drilling machine and the drill string, the second end
of the drive adaptor can be a male threaded end to be secured inside a female threaded end
of the first drill rod on the drill string; or the second end of the drive adaptor can be a
female threaded end to be secured outside a male threaded end of the first drill rod on the
drill string. In this way, the drive unit transmits power to the drive adaptor and further to

the drill string through the threaded coupling of the second end and the drill string.

Optionally, the rod adaptor is a bit adaptor. The first end of the bit adaptor is positioned

towards a drill bit of the drilling machine, so that power transmitted to the bit adaptor is
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further transmitted to the drill bit for drilling. The bit adaptor is connected between a drill
bit of the drilling machine and the drill string. The second end of the bit adaptor can be a
male threaded end to be secured inside a female threaded end of the last drill rod on the
drill string; or the second end of the bit adaptor can be a female threaded end to be secured
outside a male threaded end of the last drill rod on the drill string. In this way, the power
transmitted from the drive unit to the drill string, is further transmitted to the drill bit

through the threaded coupling between the drill bit and the drill string.
Optionally, the threads of the second end have a diameter of 20mm, and a lead angle of the
threads can be greater than 22°. This configuration decreases the uncoupling torque of the

threads, and thus the rod adaptor is easy to disconnect from the drill string.

Brief description of drawings

A specific implementation of the present invention will now be described, by way of

example only, and with reference to the accompanying drawings in which:

Figure 1A is a perspective view of a drill rod according to a specific implementation of the

present invention;

Figure 1B is a planar view of the drill rod of figure 1A, with a cross sectional view of the

female end, according to a specific implementation of the present invention;

Figure 2A is a perspective view of a drive adaptor according to a specific implementation

of the present invention;

Figure 2B is a planar view of the drive adaptor of figure 2A according to a specific

implementation of the present invention;

Figure 2C is another planar view of the drive adaptor of figure 2A according to a specific

implementation of the present invention;
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Figure 3A is a perspective view of a bit adaptor according to a specific implementation of

the present invention;

Figure 3B is a planar view of the bit adaptor of figure 3A, with a cross sectional view of

the threaded end, according to a specific implementation of the present invention;

Figure 4A is a planar view of the drive adaptor in figures 2A-2B and the bit adaptor in

figures 3A-3B connected to a drill string according to a specific implementation of the

present invention;

Figure 4B is another planar view of the drive adaptor in figures 2A-2B and the bit adaptor

in figures 3A-3B connected to a drill string according to a specific implementation of the

present invention;

Figure 5A is a planar view of a male thread of figure 1A-1B, figure 2A-2B;

Figure 5B is a cross sectional view A-A’ of the male thread in figure 5A;

Figure 6A is a planar view of a female thread of figure 1A-1B, figure 3A-3B;

Figure 6B is a cross sectional view B-B’ of the female thread in [igure 6B;

Figure 7 is a cross sectional view of a threaded coupling in figure 4A-4B according to a

specific implementation of the present invention.

Detailed description

Figure 1A is a perspective view of a drill rod 100 according to a specific implementation of
the present invention. Referring to figure 1A, the drill rod 100, which can be used in a
bolting machine or bolter miner, includes an elongate rod body 101, a first end 102, and a
second end 103. An outside diameter of the elongate rod body 101 increases at each end

102, 103 to form a radially flared end coupling region respectively. The first end 102 is a

RECTIFIED SHEET (RULE 91) ISA/EP
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male end with external threads, and the second end 103 is a female end with internal
threads. The male threaded end 102 of the drill rod 100 is cooperative with a female
threaded end of a next extension rod, and the female threaded end 103 of the drill rod 100
is cooperative with a male threaded end of a previous extension rod, to provide thread
couplings between the extension rods. The thread coupling enables the male end to be
secured inside the female end such that the male end and the female end overlap axially. A
plurality of drill rods 100 engaging with one another forms an elongate drill string, where
one end of the drill string is connected to a drill bit that is drilling into a land surface or
rock stratum, and the other end of the drill string is connected to a drive unit that drives the

drilling.

Figure 1B is a planar view of the drill rod 100 of figure 1A, with a cross sectional view of
the female end 103, according to a specific implementation of the present invention. The
major diameter Dm of the male end 102 is approximately the same as the major diameter
Dr of the female end 103. An outer diameter Dro of the female end 103 is equal to or
slightly larger than an outer diameter of the rod body 101. The rod body 101, and the male
and female ends 102, 103 are aligned axially. In the axial direction 107 towards the rod
body 101, a shoulder 104 is configured in a region adjacent the male end 102, and an
outermost surface 105 of the female end 103 substantially perpendicular to the axle 107 of
the drill rod 100 rests against the shoulder 104 when the male and female ends are coupled
together in a connection. In the axial direction 107 towards the rod body 101, a tapering
shoulder 106 is configured in a region adjacent the female end 103, which creates an
expanded region 108 between the rod body 101 and the female end 103, the outer diameter
D1 of the expanded region 108 can be equal to the radially outermost diameter D> of the

shoulder 104.

In one embodiment of the present invention, the thread lead of the respective threads of the
male end 102 and the female end 103 is greater than the major diameter Dm/Drr of the male
end 102 and the female end 103. Preferably in this embodiment, the male and female
threads are multi-start threads, more specifically, the threads of the male end 102 and the
temale end 103 can be double-start threads or triple-start threads. Advantageously, such

configuration minimises the uncoupling torque of the threaded coupling between the male
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and female ends, and thus the male and female ends can be easily disconnected, e.g., by
hand. By way of example, the male end 102 and the female end 103 are double-start
threads, and the thread lead, which is double the pitch of the threads, is configured to be
greater than the major diameter Dy/Drr of the male end and the female ends 102, 103. By
way of another example, the male end 102 and the female end 103 are triple-start threads,
and the thread lead, which is triple the pitch of the threads, is configured to be greater than
the major diameter Dwm/Drr of the male end and the female ends 102, 103.

In one embodiment, the double-start threads are right-handed threads. In another
embodiment, the respective threads of the male and female ends are rope threads or
trapezoidal threads. By way of example, the threads can be symmetrical threads having
rope geometries. In one embodiment, the male end 102 and the female end 103 have
double-start rope threads, where given the major diameter of the male thread being 20mm,

the lead angle of the double-start thread can be greater than 22°, advantageously, the

uncoupling torque of the threaded coupling is minimised. In another embodiment, the
major diameter Dm of the male end 102 and the major diameter Dgr of the female end 103

is 25mm, and accordingly the lead angle of the threads can be greater than 17°, which also

largely decreases the uncoupling torque of the threads.

In other embodiments of the present invention, the major diameter Dy of the double starts
threads may be in a range e.g., between 18-25mm. If the thread lead L; is configured to be
L> =25.4mm, greater than the major diameter Dv/Drr as aforementioned, the lead angle

B can be calculated from the below formula:

tanp = Lo/TTDm

Based on the formula, by configuring the male and female threads as double-start threads
as illustrated in the embodiments of the present invention, the lead angle § can be
calculated as:

tan =L»/TDy  where the major diameter Dv = 17.7mm and L, =25.4mm.

B=24.6°
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tan} =L,/TDM  where the major diameter Dv = 19.7mm and L, =25.4mm.

B=223°

tan =L»/TDy  where the major diameter Dv = 21.7mm and L, =25.4mm.

B=204°

tan =L»/TDy  where the major diameter Dv = 24.7mm and L, =25.4mm.
B=18.1°

Advantageously, the uncoupling torque of the double-start threads coupling can be
minimised given that the lead angle B can be configured to be in a range as illustrated

above.

Also, based on the above formula, by configuring the male and female threads as triple-

start threads as illustrated above, the lead angle B can be calculated as:

tan =L»/TDy  where the major diameter Dv = 15.7mm and L, =19.05mm.

B=21.1°

Advantageously, the uncoupling torque of the triple-start threads coupling can be

minimised.

The value of major diameters and lead angles are illustrated as embodiments and are not
for limitation of the present invention. A person skilled in the art would understand that

other embodiments with different values of major diameters and lead angles can be applied.

Throughout the specification, a double-start rope thread is described as an embodiment of
this invention, and it is described for illustrative purpose only, for the person skilled in the
art, it will be understood that multiple starts, e.g., a triple start thread is also within the

spirit of the present invention, and thus e.g., triple-start rope thread can be used in the
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present invention for the purpose of decreasing the uncoupling torque of the coupling

region of the drill rod.

Referring to figure 1B again, the drill rod 100 includes a groove 109 located on or around
the expanded region 108. In one embodiment, there are two grooves 109 recessed from the
external surface of the expanded region 108 and circled around the expanded region 108 in
a vertical direction. The groove(s) 109 is configured for identifying the drill rod 100 of the
present invention with minimised uncoupling torque, from other drill rods with similar

appearances.

Figures 2A to 2C illustrate a drive adaptor 200 configured to be coupled between a drive
unit and a drill rod 100 as shown in figures 1A-1B. The drive adaptor 200 includes a main
section 201, a male threaded end 202 connected to a first drill rod 100, and an end 203
connected to the drive unit to transmit power from the drive unit to the drill rod 100. The
male threaded end 202 is configured with similar shape to the male end 102 of the drill rod
100, and thus is configured to be complementary in shape to the female end 103 of the drill
rod 100. When the drive adaptor 200 is connected to a drill string including the first drill
rod 100, the male threaded end 202 is coupled to the female threaded end 103 of the first
drill rod 100, to secure the drive adaptor 200 to the drill string. The axis 207 of the drive
adaptor 200 coincides with the axis 107 of the drill rod 100 when the drive adaptor 200 is
secured. In one embodiment, the male end 202 of the drive adaptor 200 has a thread lead
that is greater than a diameter Dy of the male end 202. The threads of the male end 202
can be multi-start threads, and in one specific embodiment, the male end 202 has double-
start threads. Advantageously, the usage of double-start threads in the threaded coupling in
rotary drilling machines, minimises the uncoupling torque of the threaded coupling, and
thus the drive adaptor 200 and the drill string can be easily disconnected, e.g., by hand. In

one embodiment, the double-start threads are right-handed threads.

Referring to figure 2C, an annular shoulder 204 projects radially from a middle region of
the main section 201, such that a diameter Ds of an outer surface of the shoulder 204 is
greater than a diameter D of the main section 201. And the diameter Da of the main

section 201 is preferably greater than the outer diameter Dawm of the male threaded end 202.
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By way of example, the male end 202 has an outer diameter Dam of 20mm, while the
projecting shoulder 204 has a diameter Ds of 25mm and the main section 201 has a
diameter Da of 22mm. In one embodiment, the total length La of the drive adaptor can be

200mm.

By way of example, the male end 202 has double-start rope threads, where given the major
diameter of the male thread being 20mm, the lead angle of the double-start thread can be

greater than 22°, thus the uncoupling torque of the threaded coupling is minimised. By

way of another example, if the major diameter Dy of the male end 102 is 25mm, the lead

angle of the male threads can be greater than 17°, which also largely decreases the

uncoupling torque of the threads.

Referring to figures 2B-2C again, the drive adaptor 200 includes a groove 209 located
axially around an expanded region 208 adjacent the male end 202. In one embodiment,
there are two grooves 209 recessed from the external surface of the expanded region 108
and circled around the expanded region 108 in a vertical direction to the axle 207 of the
drive adaptor 200. The groove(s) 209 is configured for identifying the drive adaptor 200 of
the present invention with minimised uncoupling torque, from other drive adaptors with
similar appearances. The drive adaptor 200 shown in figure 2C is the same drive adaptor

200 as shown in figure 2B when rotated axially by 90° to 270°.

Figures 3A to 3B illustrate a bit adaptor 300 configured to be coupled between a drill bit
and a drill string of a rotary drilling machine. The bit adaptor 300 includes a main section
301, a female threaded end 303 connected to the last drill rod 100 of the drill string, and an
end 302 connected to the drill bit to transmit power from the drill string to the drill bit for
drilling into the land surface or rock stratum. The female threaded end 303 is configured
with similar shape to the female end 103 of the drill rod 100, and thus is configured to be
complementary in shape to the male end 102 of the drill rod 100. When the bit adaptor
300 1s connected to the drill string including the last drill rod 100, the female threaded end
303 is coupled to a male threaded end 102 of the last drill rod 100, to secure the bit adaptor
300 to the drill string. The axis 307 of the bit adaptor 300 coincides with the axis 107 of

the drill rod 100 when the bit adaptor 300 is secured. In one embodiment, the female end
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203 of the bit adaptor 300 has a thread lead that is greater than a diameter D of the female
end 203. And in one embodiment, the threads of the female end 203 are multi-start threads,
and, the female end 203 has double-start rope threads. Advantageously, the usage of
double-start threads in the threaded coupling in rotary drilling machines, minimises the
uncoupling torque of the threaded coupling, and thus the bit adaptor 300 and the drill string
can be easily disconnected, e.g., by hand. In one embodiment of this present invention, the
double-start threads are right-handed rope threads, while in a conventional design, the bit

adaptor has left-handed threads which are rope threads or trapezoidal threads.

Referring to figure 3B, a planar view of the bit adaptor 300 with a cross sectional view of
the threaded end 303 is shown. In the embodiment of figure 3B, the inner diameter Dar of
the female threaded end 303 is 20mm, and the outer diameter Dpa of the main section 301
is 22mm. By way of example, the lead angle of the double-start female thread 303 is

greater than 22° given the major diameter Dar of the female threaded end 303 equals to

20mm, and in one embodiment, thus the uncoupling torque of the threaded coupling is
minimised. By way of another example, if the major diameter Dar of the female end 303

is 25mm, the lead angle of the female threads is accordingly greater than 17°, which also

largely decreases the uncoupling torque of the threads.

Referring to figure 3B, the bit adaptor 300 includes a groove 309 located axially around an
expanded region 308 adjacent the female end 303. In one embodiment, there are two
grooves 309 recessed from the external surface of the expanded region 308 and circled
around the expanded region 308 in a vertical direction to the axle 307 of the bit adaptor
300. The groove(s) 309 is configured for identifying the bit adaptor 300 of the present
invention with minimised uncoupling torque, from other bit adaptors with similar

appearances.

The male end 202 in figures 2A-2C, and the male end 102 in figures 1A-1B, each has an
axial length Lm. The female end 303 in figures 3A-3B, and the female end 103 in figures
1A-1B, each has an axial length Lr. The internal threads of the female end 103; 303, and
the external threads of the male end 102; 202 form a threaded coupling to enable the male
end 102; 202 to be secured inside the female end 103; 303 such that at least a part of the



10

15

20

25

30

WO 2020/114699 PCT/EP2019/080306

-15-

axial length Ly of the male end 102; 202 and a part of the axial length of the female end
103 overlap axially. In an embodiment of the present invention, the axial length Ly is
38mm, and the axial length Lr is the same with the axial length Ly, such that the axial
length of the male end 102; 202 and female end 103; 303 overlaps with each other.

Figure 4A is a planar view of the drive adaptor 200 in figures 2A-2B and the bit adaptor
300 in figures 3A-3B connected to a drill string 400 according to a specific implementation
of the present invention. Figure 4B is another planar view of the drive adaptor 200 in
figures 2A-2B and the bit adaptor 300 in figures 3A-3B connected to a drill string 400
according to a specific implementation of the present invention. The drill string 400
shown in figure 4B is the same drill string 400 as shown in figure 4A when rotated axially

by 90° to 270°. In the embodiment of figures 4A-4B, the drill string 400 includes at least a

first drill rod 100” and a last drill rod 100°’. The first and second drill rods 100" and 100’
are embodiments of the drill rod 100 shown in figure 1A-1B. The first drill rod 100’ is
connected to a drive system 402 in one end and is further connected to the drive adaptor
200 via a threaded coupling 401, and the last drill rod 100" is connected to a drill bit 403
in one end and is further connected to the bit adaptor 300 via the threaded coupling 401°’.
The threaded couplings 401’ and 401"’ are formed by securing a male threaded end to a
female threaded end, and the threaded couplings 401’ and 401°" is a section where an axial
length of the male end overlaps with an axial length of the female end. In the
embodiments of the present invention, a thread lead of the respective threads of the male
and female threaded ends is greater than a diameter Dy/Dgr of the male and female
threaded ends, as a result, the threaded couplings 401’ and 401°° have a minimised
uncoupling torque, so that the drill string and the drive/bit adaptor can be easily

disconnected, e.g., by hand.

Figure 5A illustrates a planar view of the male threads 102; 202 of figures 1A-1B, and
figures 2A-2B, and figure 5B illustrates a cross sectional view A-A’ of the male threads
102; 202. Figure 6A illustrate a planar view of the female threads 103; 303 of figures 1A-
1B, and figures 3A-3B, and figure 6B illustrates a cross sectional view B-B’ of the female
threads 103; 303. Since the male thread and the female thread are complementary in

shape, figure 5A, 5B, 6A and 6B are described in combination. In one embodiment, the

RECTIFIED SHEET (RULE 91) ISA/EP
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threads 102; 202 and the female threads 103; 303 are rope threads with at least two starts.
Particularly, the rope thread has symmetrical threads having rope geometries, and the
threads are right-handed threads in one embodiment. Multi-start thread has an increased
thread lead compared with a single-start thread, by configuring the thread lead L2 to be
greater than the major diameters Dv; D of the male threads 102; 202 and the female
threads 103; 303, the uncoupling torque of the threaded couplings can be minimised. In
one embodiment, the male and female threads are double-start rope threads. By way of
example, referring to figures SA, 5B, 6A and 6B, the thread lead L1 of the male threads
102; 202 and the female threads 103; 303 is 12.7mm, and the thread lead L2 of each start is
25.4mm, which is greater than the major diameter 20mm of the male and female threads.
Thereby when the male threads 102; 202 and the female threads 103; 303 are in coupled
connection, the uncoupling torque of a threaded couplings is reduced. Moreover, in this
embodiment, given the major diameter of the male and female threads equals to 20mm, the
lead angle B as shown in figure 6B is greater than 22°, a longitudinal height H1 of thread
ridges 501; 601 and thread grooves 502; 602 is configured to be 1.55mm. In one
embodiment, the threads of the male end 102; 202 includes several ridges 501 that have a
radius of 5.5mm, and the threads of the female end 102; 202 includes several grooves 602
that have a radius of 6mm. While in another embodiment, the threads of the male end 102;
202 includes several grooves 502 that have a radius of 6mm, and the threads of the female

end 103; 303 includes several ridges 601 that have a radius of 5.5mm.

The male threaded ends 102; 202 as shown in figure SA-B and the female threaded ends
103; 303 as shown in figure 6A-B are connected to form the threaded couplings 401” and
401°" as shown in figure 4A-4B. Referring to figure 7, a cross sectional view of a threaded
couplings 401" and 401" according to a specific implementation of the present invention is
shown. In this embodiment, the first axial length Ly of the male ends 102; 202 and the
second axial length Lr of the female ends 103; 303 overlaps axially to form the threaded
couplings 401’ and 401°°. The axis of the male ends 102; 202, and the axis of the female
ends 103; 303 coincides with each other to form an axis 707 of the threaded couplings 401°
and 401", and a fluid passage for flushing is formed in the axial direction 707 by
intercommunicating a hollow region 702 in the female ends 103; 303 and a hollow region

702 in the male ends 102; 202.
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By using multi-start rope thread, setting the thread lead of the thread to be greater than the

major diameter of the thread becomes possible, and thus, an increased lead angle can be

provided to reduce the uncoupling torque of the threaded couplings.
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Claims

1. A drill string (400) for rotary drilling of underground mining machines comprising:

a first elongate drill string member (100) having a main section (101) and a male
end (102);

a second elongate drill string member (100) having a main section (101) and a
female end (103);

the male end (102) and the female end (103) have respective threads to provide a
thread coupling (401) between the male end (102) and the female end (103), the thread
coupling (401) enables the male end (102) to be secured inside the female end (103) such
that the male end (102) and the female end (103) overlap axially;

wherein a thread lead (L2) of the respective threads of the male end (102) and the
female end (103) is greater than a diameter (Dm; Drr) of the male end (102) and the female
end (103).

2. The drill string (400) according to claim 1, wherein the respective threads of the

male end (102) and the female end (103) are multi-start threads.

3. The drill string (400) according to claim 1, wherein the respective threads of the
male end (102) and the female end (103) are double-start threads.

4. The drill string (400) according to claim 2, wherein the respective threads of the
male end (102) and the female end (103) are triple-start threads.

5. The drill string (400) according to any of the preceding claims, wherein the
respective threads of the male end (102) and the female end (103) are right-handed
threads.

6. The drill string (400) according to any of the preceding claims, wherein the
respective threads of the male end (102) and the female end (103) are rope threads

or trapezoidal threads.
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The drill string (400) according to claim 2, wherein the respective threads of the
male end (102) and the female end (103) has a diameter (Dwm; Drr) in a range
approximately between 16mm and 25mm, and a lead angle (B) of the threads is

greater than 17°.

The drill string (400) according to any of the preceding claims, wherein the

underground mining machine is a bolting machine or bolter miner.

A threaded coupling (401) for connecting drill string members (100) to form a drill
string (400) according to any of the preceding claims, wherein the threaded
coupling (401) comprises:

a male end (102; 202) having a first axial length (Lwm);

a hollow female end (103; 303) having a second axial length (Lr);

the male end (102; 202) and the female end (103; 303) having respective threads to

enable the male end (102; 202) to be secured inside the female end (103; 303) such that at
least a part of the first axial length (Lm) of the male end (102; 202) and a part of the second

axial length (L) of the female end (103) overlap axially to form the threaded coupling

401).

10.

11

12.

The threaded coupling (401) according to claim 9, wherein the respective threads of
the male end (102; 202) and the female end (103; 303) have a diameter (Dwm; Dr) in
a range approximately between 18mm and 25mm, and a lead angle () of the

threads is greater than 17°.

. The threaded coupling (401) according to claim 9, wherein a diameter (Dwm; Drr) of

the respective threads of the male end (102; 202) and the female end (103; 303)
approximately equals to 16mm, and a lead angle () of the threads is greater than

20°.

A rod adaptor (200, 300) for a rotary drilling machine, comprising:
a first end (203; 302);
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a second end (202; 303), positioned towards a drill string (400) according to any of
claims 1 to 8, wherein the second end (202; 303) and a corresponding end (103; 102) of the
drill string (400) have respective threads to enable the rod adaptor (200, 300) to be secured
to the drill string (400); and

an elongate body (201; 301) extended between the first end (203; 302) and the
second end (202; 303).

13. The rod adaptor (200, 300) according to claim 12, wherein the rod adaptor (200,
300) is a drive adaptor (200), the first end (203) of the drive adaptor (200) is
positioned towards a drive system (402) of the drilling machine, so that the drive
system (402) transmits power to the drive adaptor (200), and further to the drill
string (400).

14. The rod adaptor (200, 300) according to any of claims 12 to 13 , wherein the rod
adaptor (200, 300) is a bit adaptor (300), the first end (302) of the bit adaptor (300)
is positioned towards a drill bit (403) of the drilling machine, so that power
transmitted to the bit adaptor (300) is further transmitted to the drill bit (403) for

drilling.



WO 2020/114699 PCT/EP2019/080306
1/9

102

FIG. 1A

FIG. 1B




WO 2020/114699

2/9

PCT/EP2019/080306

</ 200

202

209
202

203

FIG. 2B

La

T
ﬂ “ 207




WO 2020/114699 PCT/EP2019/080306
3/9

303

</ 300

302

FIG. 3A

) §




WO 2020/114699

202

100° \

100’

402

PCT/EP2019/080306
4/9

200 203

401°

103

FIG 4B



WO 2020/114699 PCT/EP2019/080306
5/9

102; 202
A _.| Y

501

502

FIG. 5A



WO 2020/114699

H1

502
501

PCT/EP2019/080306
6/9
102: 202
/] —
/]
ve 12
A
L1
Y 4
g é
SECTION A-A’

FIG. 5B



WO 2020/114699 PCT/EP2019/080306

7/9
— )
B 103: 303
B—

FIG. 6A



WO 2020/114699 PCT/EP2019/080306
8/9

103; 303

602

L2

601\

H1

SECTION B-B’

FIG. 6B



WO 2020/114699 PCT/EP2019/080306
9/9

401°; 401

703 ~  103:303 102; 202
702
Q\ m / /Z/V[

\

N\ 777777777

- 707

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2019/080306

A. CLASSIFICATION OF SUBJECT MATTER

INV. E21B17/00 E21B17/04
ADD.

E21B17/042

According to International Patent Classification (IPC) or to both national classification and IPG

F16L15/06

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

E21B Fl16L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X GB 1 111 995 A (SANDVIKENS JERNVERKS AB)
1 May 1968 (1968-05-01)

column 3, lines 72-92; figures 1, 2

A EP O 187 628 A2 (SANTRADE LTD [CH])

16 July 1986 (1986-07-16)

the whole document

A WO 2004/003334 Al (SANDVIK AB [SE])

8 January 2004 (2004-01-08)

the whole document

A GB 1 564 473 A (PADLEY & VENABLES LTD)
10 April 1980 (1980-04-10)

the whole document

1-14

1-14

1-14

1-14

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or other

"P" document published prior to the international filing date but later than

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

means being obvious to a person skilled in the art

the priority date claimed

"&" document member of the same patent family

Date of the actual completion of the international search

4 March 2020

Date of mailing of the international search report

12/03/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Manolache, Iustin

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2019/080306
Patent document Publication Patent family Publication

cited in search report date member(s) date

GB 1111995 A 01-05-1968 CA 921510 A 20-02-1973
FR 1434083 A 01-04-1966
GB 1111995 A 01-05-1968
NO 127937 B 03-09-1973
us RE27284 E 15-02-1972
us 3388935 A 18-06-1968

EP 0187628 A2 16-07-1986 AT 46212 T 15-09-1989
AU 5149785 A 10-07-1986
BR 8600006 A 23-09-1986
CA 1250455 A 28-02-1989
CN 86100022 A 03-12-1986
DE 3572856 D1 12-10-1989
EP 0187628 A2 16-07-1986
FI 855186 A 08-07-1986
IE 57151 Bl 06-05-1992
JP HO682191 U 25-11-1994
JP S61176791 A 08-08-1986
NO 170234 B 15-06-1992
SE 459681 B 24-07-1989
us 4760887 A 02-08-1988

WO 2004003334 Al 08-01-2004 AU 2003245195 Al 19-01-2004
CA 2483951 Al 08-01-2004
CN 1662726 A 31-08-2005
EP 1516102 Al 23-03-2005
HK 1079262 Al 23-11-2007
JP 4485944 B2 23-06-2010
JP 2005530944 A 13-10-2005
KR 20050008786 A 21-01-2005
RU 2302506 C2 10-07-2007
SE 520077 C2 20-05-2003
US 2004050592 Al 18-03-2004
WO 2004003334 Al 08-01-2004
ZA 200408788 B 26-07-2006

GB 1564473 A 10-04-1980 GB 1564473 A 10-04-1980
ZA 7707388 B 25-10-1978

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report

