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layers of the elements appear to be worn off substantially parallel to the
borehole bottom; the The invention relates to a -rotary drill bit for
flat surface thus formed at the underside of the deephole drilling in
subsurface earth formations,   element is generally indicated as the
wear-flat. and in particular to a drill bit including a bit body    5  As
known to those skilled in the art of drilling which is suitable to be
coupled to the lower end of  the steady state of the rake angle at the
cutting a drill string and carries a plurality of cutting  edge is a
consequence of the almost permanent elements, wherein at least part of the
cutting      presence during drilling of a triangularly shaped elements
comprise a front layer of interbonded      body of crushed rock between the
toe of the abrasive particles.                           10   cutting
element, the virgin formation and the chip Bits of this type are known and
disclosed, for    being scraped therefrom. This body of crushed or example,
in US-A--4,098,362 and 4,244,432. The       even plastic rock, called the
build-up edge, is of cutting elements of the bits disclosed in these
major importance to the drilling performance of patents are preformed
cutters in the form of        the cutting element. This can be illustrated
by the cylinders that are secured to the bit body either by    15   fact
that under similar drilling conditions (i.e. mounting the elements in
recesses in the body or    identical speed of rotation and penetration
rate) by brazing or soldering each element to a pin       the drill
cuttings in the return mud flow of a worn which is fitted into a recess in
the bit body. During  drill bit are upset to a greater extent than the
drill drilling impacts exerted to the cutting elements    cuttings of a
fresh bit. The increased upsetting of are severe and in order to accomplish
that undue   20   the drill cuttings is a consequence of the presence
stresses in the elements are avoided the frontal    of the build-up edge at
the toe of a worn cutting surface of each element is generally oriented at
a   element. The contact surfaces between the build- negative top rake
angle between zero and twenty        up edge, the chip and the virgin
formation, at degrees.                                            which
surfaces rock to rock contact occurs, form The abrasive particles of the
front layers of the    25   areas of extremely high friction at which a
large cutting elements are usually synthetic diamonds      amount of
frictional heat is generated during or cubic boron nitride particles that
are bonded     drilling. together to a compact polycrystalline mass. The
Moreover it appeared that in field worn bits that front layer of each
cutting element may be backed    had been driven by a rotating drill string
at a by a cemented tungsten carbide substratum to   30   speed of rotation
of typically one hundred revolu- take the thrust imposed on the front layer
during   tions per minute, the front layers of the elements drilling.
Preformed cutting elements of this type   were worn away at the toe thereof
in such manner are disclosed  in  US-A-4,194,790  and  in          that the
cutting edge is located at the interface EP-A-0 029 187 and they are often
indicated as       between the front layer and the substratum. The
composite compact cutters, or -  in case the    35   cutting elements of
field worn bits that had been abrasive particles are diamonds - as
polycrys-      driven by a down-hole turbine at a relatively high talline
diamond compacts (PDC's).                   speed of rotation of typically
about eight hundred During drilling the cutting elements of a bit run
revolutions per minute appeared to be worn away along concentric tracks
that overlap each other so  in such a manner that the cutting edge thereof
is that the concentric grooves carved by the various   40   located at
about 0.3 mm behind the frontal sur- cutting elements in the borehole
bottom cause a     face of the front layer. uniform deepening of the
borehole. The elements       The cutting elements of these field worn bits
thereby provide aggressive cutting action to carve   were provided, as
usual, with an abrasive front the grooves in the bottom and during drilling
the    layer having a thickness of about 0.6 mm. Hence temperature at the
cutting edge of the elements   45   the cutting edge of a cutting element
of such a may rise several hundreds degrees Celsius above     field worn
turbine driven bit is located about the formation temperature. The
temperature at        halfway between the frontal surface of the front the
cutting edges of the cutters is an important    layer and the interface
between the front layer factor in the drilling process, since this tempera-
and substratum, which implies that during tur- ture should in the nowadays
applied compact   50   bine drilling the section of the lower surface of
the cutters not exceed [err]. Above this temperature    front layer behind
the cutting edge forms part of the bonds between the abrasive particles are
the wear-flat. As friction between the abrasive weakened to an undue extent
so that the particles   particles of the front layer and the rock formation
can easily be pulled out from the matrix, thereby   is high in comparison
to friction between the causing an excessive increase in bit wear.     55
lower surface of the substratum and the rock Detailed inspection of field
worn drill bits      formation an excessive amount of frictional heat
revealed that the abrasive front layers of the      is generated during
turbine drilling at the section cutting elements show wear at the cutting
edge      of lower surface of the front layer behind the only. This wear
mechanism has an almost steady      cutting edge. state nature since in
general the front layers   60   The invention aims to provide a drill bit
in appear to be worn in such a manner that the         which in particular
during turbine drilling the cutting edge thereof attacks the rock at a
negative  cutting elements are heated up to a lower extent rake angle,
generally indicated as the wear-angle,  than the cutting elements of the
known rotary drill of between 10 and [err] relative to the borehole
bits under similar drilling conditions. The inven- bottom. The substrate
layers backing the front   65   tion aims moreover to provide a drill bit
in which 
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during drilling operations where the  ting elements 3 a series of surface
set massive drill bit is driven by a rotating drill string the   diamond
cutters 12, which are embedded in the magnitude of the build-up edge, which
is formed      portion of the matrix 1 B near the centre of during drilling
in front of the cutting edge of each  rotation of the bit. At the gage 13
of the bit a series cutting element, remains small in comparison to    5
of massive diamond reaming elements 15 are the build-up edge being formed
in front of the      inserted in the matrix 18 which are intended to
cutting elements of the known rotary drill bits     cut out the borehole at
the proper diameter and to under similar drilling conditions.
stabilize the bit in the borehole during drilling. In accordance with the
invention these objects      As. illustrated in Figures 2-4 each
cylindrical are accomplished by a rotary drill bit comprising a    10
cutting element 3 is fitted by brazing or soldering bit body which is
suitable to be coupled to the     into a preformed recess 18 in the matrix
1 B. The lower end of a drill string and carries a plurality of
cylindrical cutting element 3 shown in these cutting elements, wherein at
least part of the      figures consists of a thin front layer 20 consisting
elements comprise a front layer of interbonded      of a polycrystalline
mass of abrasive particles, abrasive particles having a thickness less than
15   such as synthetic diamonds or cubic boron nitride 0.45 mm.
particles, and a tungsten carbide substratum 21. In a suitable embodiment
of the invention the     The cutting element 3 is backed by a support fin
thickness of the front layers is between 0.2 and 0.4  22 protruding from
the matrix 1B to take the mm.
thrust imposed on the element 3 during drilling. The invention will now be
explained in more   20     In Fig. 2 there is shown the cutting performance
detail by way of example with reference to the      of the cutting element
3 in fresh condition. The accompanying drawing, in which
thickness T of the abrasive front layer 20 is less Fig. 1 is a vertical
section of a rotary drill bit  than 0.45 mm and the element attacks the
virgin embodying the invention,                            formation 24 at
a negative rake angle of about ten Fig. 2 shows the drilling performance of
one of   25   degrees relative to the vertical, which angle is the cutting
elements of the bit of Fig. 1, taken in  identical to the top rake angle A
of the frontal cross section along line II-II                      surface
10 of the element 3. Fig. 3A shows the drilling performance of the
The predetermined amount of weight-on-bit cutting element of Fig. 2 in worn
condition during   being applied during drilling exerts a vertical drilling
operations wherein the bit is driven by a    30   force to the element 3
thereby forcing the toe 26 rotating drill string,
of the element 3 to penetrate into the rock Fig. 3B shows in detail the
encircled portion of  formation 24. The torque being applied simul- the
worn cutting element shown in Fig. 2A, and      taneously therewith to the
bit via the drill string Fig. 4 shows the drilling performance of the
(not shown) causes the element 3 to rotate about cutting element of Fig. 2
in worn condition during    35   the centre of rotation of the bit, thereby
cutting a turbine drilling.                                    circular
groove 29 in the rock formation 24 and The rotary drill bit shown in Fig. 1
comprises a   scraping a chip 28 therefrom. bit body 1 consisting of a
steel shank 1A and a       The chip 28 being removed from the formation
hard metal matrix 1B in which a plurality of        24 by the cutting
element 3 is subject to a preformed cylindrical cutting elements 3 are   40
combination of high compression and shear inserted.
forces that cause the chip 28 to curl up and to flow The shank 1A is at the
upper end thereof           in upward direction along the frontal surface
10 of provided with a screw thread coupling 5 for         the element 3.
The deformation of the chip 28 and coupling the bit to the lower end of a
drill string  friction between the chip 28 and the frontal (not shown). The
bit body 1 comprises a central   45   surface 10 of the element 3 generate
a con- bore 6 for allowing drilling mud to flow from the   siderable amount
of heat. Part of the heat is interior of the drill string via a series of
nozzles 7  transferred into the cutting element 3 via the into radial flow
channels 8 that are formed in the  contact surface with the chip 28, which
causes the bit face 9 in front of the cutting elements 3 to    element 3 to
heat up during drilling. The down- allow the mud to cool the elements 3 and
to flush   5o  . ward force applied to the bit during drilling drill
cuttings upwards into the surrounding         causes the toe 26 of the
element 3 to scrape along annulus.
the bottom 27 of the groove 29 which causes the The cutting elements 3 are
arranged in radial      element 3 to heat up at the toe 26 thereof to a
arrays such thatthe frontal surfaces 10 (see Fig. 2)  greater extent than
at any other location. The thereof are flush to one of the side walls of
the   55   large impacts exerted to the toe 26 in combination flow channels
8. The radial arrays of cutting       with the high temperature cause the
cutting elements are angularly spaced about the bitface 9   element 3 to
wear-off much faster at the toe 26 and in each array the cutting elements 3
are        thereof than at the frontal surface 10. arranged in a staggered
overlapping arrangement       In Fig. 3A the cutting performance of the
same with respect of the elements 3 in adjacent arrays   60   cutting
element as shown in Fig. 2 is illustrated, so that the concentric grooves
that are carved      but now in worn condition. 



during drilling by the various cutting elements 3     The wear pattern
shown in Fig. 3A occurs in the into the borehole bottom effectuate a
uniform       situation that the drill bit is driven by a rotating
deepening of the hole.                              drill string to rotate
at a speed of rotation of The bit comprises besides the cylindrical cut-
65   typically one hundred revolutions per minute. 3    5               EP
0155 026 B1                      6 his way of drilling, wherein the drill
string is     As, in the situation shown, the top rake angle A is driven by
a rotary table at the drilling floor, is  also a constant, the conclusion
is to be drawn that usually indicated as "rotary drilling". Due to the  in
this situation the length of the slanting surface rather high weight on bit
applied during rotary     31, and also the lengths of the high friction
areas drilling operations the average depth D, of the    5    at the
frontal and lower sides 35, 36 of the build- groove 39 being cut is, even
in hard rock forma-     up edge 34, are about proportional to the thick-
tions, more than 0.3 mm. In this situation the front  ness T of the
abrasive front layer 20. Resuming it layer 20 has been worn off at the toe
thereof in    can be stated that due to the reduced thickness T such a
manner that the cutting edge 30 at which      of the front layer 20 in the
element of the inven- the element 3 attacks the rock formation 24 is   10
tion a corresponding reduction of the length of located at the interface 23
between the front layer  the high friction areas at the frontal lower end
20 and substratum 21. In front of the cutting edge  sides 35, 36 of the
build-up edge 34 is accom- 30 a slanting surface 31 has been formed which
plished, provided that the cutting edge 30 is surface 31 is oriented at a
negative rake angle B of  located at the interface 23 between the front
layer between [err] and 15 relative to the bottom 37 of   15   20 and the
substratum 21 as is the case during the groove 39 being cut in the
formation 24.         rotary drilling. The tungsten carbide substratum 21
which has         Fig. 4 shows the cutting performance of the a much lower
hardness and wear-resistance than      cutting element 3 in the situation
that the element the front layer 20 has been worn away at the         3 has
ben worn off during use in turbine drilling contact surface with the
formation 24 in such a    20   operations. During turbine drilling the bit
is driven manner that the worn surface formed in use,         to rotate at
a speed of rotation of typically eight called the wear flat 32, is
substantially parallel to  hundred revolutions per minute by a down-hole
the bottom 37 of the groove 39.                        turbine (not shown)
forming part of the drill As shown in detail in Fig. 38 a triangularly
string. shaped body of crushed rock, called the build-up    25  During
turbine drilling operations in hard edge 34, is present between the
slanting surface    formations the cutting depth Dr of the groove 31, the
groove bottom 37 and the chip 38 being       being cut per revolution by
each cutting element 3 removed from the formation 24. The build-up
of the bit is usually in the order of 0.07 mm. edge 34 is compressed to a
high extent and in        Detailed inspection of the cutting elements of
particular the contact surface between the frontal   30   field worn
turbine driven bits revealed that even if side 35 of the build-up edge 34
and the chip 38,     each cutting element is provided with a front layer
and the contact surface between the lower side 36    having a thickness T'
of about 0.6 mm, the cutting of the build-up edge 34 and the groove bottom
37,    edge 40 is located at about 0.3 mm behind the at which contact
surfaces rock to rock contact      frontal surface 10. The slanting surface
41 being occurs, form areas of extremely high friction.  35   formed in use
at the toe of each cutting element One purpose of providing the cutting
element       appears to be oriented again at an angle B of with a very
thin abrasive front layer 20 is to       between 10 and [err] relative to
the bottom 47 of reduce during rotary drilling the length of the     the
groove 49. The small distance between the "high friction areas" at the
frontal and lower side  cutting edge 40 and the frontal surface 10 is 35
and 36, respectively, of the build-up edge 34 in   40   apparently a
consequence of the permanently low order to reduce the amount of heat
generated         magnitude of the build-up edge 44 during turbine during
drilling at these areas and to improve the    drilling operations. It is
believed that the low chip flow along the frontal side 35 of the build-up
magnitude of the build-up edge 44 during turbine edge 34.
drilling is a consequence of the fact that the As indicated in Fig. 3A and
3B the thickness T of   45  height H of the build-up edge 44 does not
exceed the abrasive front layer 20 of the cutting elements  the. depth DT
of the groove 49 being cut in the 3 in the bit according to the invention,
which      formation 24. thickness T is less then 0.45 mm, is small in
In the prior art cutting element the section 43' of comparison to the
thickness T' of the abrasive      the lower surface of the front layer
located front layer of the cutting elements in prior art bits,   50
between the cutting edge 40 and the interface 23' which thickness T' is
typically about 0.6 mm. The   between the front layer and substratum forms
interface 23 between the front layer and sub-       part of the wear flat
42 formed in use. stratum of a prior art cutting element and the        Due
to the extreme hardness and wear slanting surface 31' formed in use at the
toe of the  resistance of the front layer 20 friction between prior art
cutting element are indicated in phantom    55   the section 43' and the
bottom 47 of the groove 49 lines. The length of the slanting surface 31'
is high in comparison to the friction between the formed in use at the toe
of the prior art element   lower surface of the relatively soft tungsten
car- 



equals T'/sin ([err]-B-A), whereas the length of      bide substratum 21
and the groove bottom 47. the slanting surface 31 formed in use at the toe
of  Consequently in the prior art element an exces- the element 3 according
to the invention equals T/   60   sive amount of frictional heat is
generated at the sin ([err]-B-A). It is observed that the magnitude
section 43', which causes the cutting element to of the angle B appears to
be permanently            heat up during turbine drilling in particular in
the between 10 and 15, irrespective of the thickness   area of the section
43'. T of the front layer 20, and that, therefore, the     As in the drill
bit according to the invention the angle B can be considered to be a
constant factor.   65   thickness T of the front layer 20 of the cutting 4
7               EP 0155026 B1                       8 elements is less than
0.45 mm the cutting edge 40    Patentanspruche is located close to the
interface between the front layer 20 and substratum 21. Hence a substantial
1. Rotationsbohrkopf fMr Tiefbohrungen in reduction is achieved of the
amount of heat         unterirdischen Erdformationen, wobei der Bohr-
generated at the wear flat 42 during turbine    5    kopf einen
Bohrkopfkorper (1) umfagt, der mit drilling.
dem unteren Ende eines BohrgestAnges verbun- To avoid that the
wear-resistance of the cutting   den werden kann und eine Vielzahl von
Schneide- elements is reduced to an undue extent it is       lementen (3)
tragt, dadurch gekennzeichnet, dalB preferred to provide the drill bit
according to the  wenigstens ein Teil der Elemente eine Front- invention
with cutting elements having a front   10   schicht (20) von miteinander
verbundenen abrasi- layer with a thickness T of more than 0.1 mm. In    ven
Teilchen mit einer Dicke IT) von weniger als an attractive embodiment of
the invention the        0,45 mm umfaBt. thickness of the front layer of
each cutting          2. Rotationsbohrkopf wie in Anspruch 1 bean- element
is between 0.2 and 0.4 mm.                   sprucht, worin die Dicke der
Frontschichten der It is observed that instead of the cylindrical   ?S
Elemente mehr als 0,1 mm betragt. shape of the cutting elements shown in
the            3. Rotationsbohrkopf, wie in Anspruch 1 bean- drawing the
cutting elements of the bit according   sprucht, worin die Dicke der
Frontschichten der to the invention may have any other suitable
Elemente zwischen 0,2 und 0,4 mm betragt. shape, provided that the cutting
elements are         4. Rotationsbohrkopf, wie in einem  der An- provided
with an abrasive front layer having    20   sprOche 1 bis 3 beansprucht,
worin die Front- thickness less than 0.45 mm. It will be further
schichten (20) der Schneidelemente (3) aus einer appreciated that the
cutting element may consist     polykristallinen Masse abrasiver
Diamantteilchen of a front layer only, which front layer is sintered
besteht, wobei die Masse an ein Wolframcarbid- directly to the hard metal
bit body. Furthermore, it  substrat gebunden ist. will be understood that
instead of the particular   25 distribution of the cutting elements along
the bit   Revendications face shown in Fig. 1 the cutting elements may be
distributed in other patterns along the bit face as    1. Tr6pan de forage
rotatif pour le forage de well.
trous profonds dans des formations souterraines, 30   le trepan comprenant
un corps de trepan (1) qui Claims
convient pour accouplement avec l'extremit6 inferieure d'un train de tiges
et porte une multipli- 1. Rotary drill bit for deephole drilling in subsur-
cite d'6lements coupants (3), caracterise en ce face earth formations, the
bit comprising a bit      qu'au moins une partie de ces 6lements compren-
body (1) which is suitable to be coupled to the    35   nent une couche
frontale (20) de particules abra- lower end of a drill string and carries a
plurality of  sives li6es entre elles ayant une 6paisseur (T) de cutting
elements (3), characterized in that at least  moins de 0,45 mm. part of
said elements comprise a front layer (20)     2. Le tr6pan de forage
rotatif selon la revendica- of interbonded abrasive particles having a
thick-    tion 1, dans lequel l'6paisseur des couches fron- ness (T) less
than 0.45 mm.                    40   tales des 6l6ments est superieure A
0,1 mm. 2. The rotary drill bit as claimed in claim 1,       3. Le tr6pan
de forage rotatif selon la revendica- wherein the thickness of the front
layers of the    tion 1, dans lequel l'paisseur des couches fron- elements
is more than 0.1 mm.                        tales des 616ments est comprise
entre 0,2 et 0,4 3. The rotary drill bit as claimed in claim 1,     mm.
wherein the thickness of the front layers of the    45  4. Le tr6pan de
forage rotatif selon l'une quel- elements is between 0.2 and 0.4 mm.
conque des revendications 1-3, dans lequel les 4. The rotary drill bit as
claimed in any one of   couches frontales (10) des elements coupants (3)
claims 1-3, wherein the front layers (20) of said    consistent en une
masse polycristalline de parti- cutting elements (3) consist of a
polycrystalline    cules abrasives de diamant, cette masse etant lice mass
of abrasive diamond particles said mass   50   A un substrat de carbure de
tungstene. being bonded to a tungsten carbide substratum. 55 60 
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less than 0.45 mm the cutting edge 40    PatentansprOche is located close
to the interface between the front layer 20 and substratum 21. Hence a
substantial        1. Rotationsbohrkopf fOr Tiefbohrungen in reduction is
achieved of the amount of heat          unterirdischen Erdformationen,
wobei der Bohr- generated at the wear flat 42 during turbine    5    kopf
einen Bohrkopfk6rper (1) umfa~t, der mit drilling.
dem unteren Ende eines Bohrgestanges verbun- To avoid that the
wear-resistance of the cutting   den werden kann und eine Vielzahl von
Schneide- elements is reduced to an undue extent it is        lementen (3)
trAgt, dadurch gekennzeichnet, dall preferred to provide the drill bit
according to the   wenigstens ein Teil der Elemente eine Front- invention
with cutting elements having a front   le   schicht (20) von miteinander
verbundenen abrasi- layer with a thickness T of more than 0.1 mm. In
ven Teilchen mit einer Dicke (T) von weniger als an attractive embodiment
of the invention the        0,45 mm umfalt. thickness of the front layer of
each cutting           2. Rotationsbohrkopf wie in Anspruch 1 bean- element
is between 0.2 and 0.4 mm.                   sprucht, worin die Dicke der
Frontschichten der It is observed that instead of the cylindrical   15
Elemente mehr als 0,1 mm betrigt. shape of the cutting elements shown in
the             3. Rotationsbohrkopf, wie in Anspruch 1 bean- drawing the
cutting elements of the bit according    sprucht, worin die Dicke der
Frontschichten der to the invention may have any other suitable
Elemente zwischen 0,2 und 0,4 mm betragt. shape, provided that the cutting
elements are          4. Rotationsbohrkopf, wie in einem der An- provided
with an abrasive front layer having    20   spruche 1 bis 3 beansprucht,
worin die Front- thickness less than 0.45 mm. It will be further
schichten (20) der Schneidelemente (3) aus einer appreciated that the
cutting element may consist     polykristallinen Masse abrasiver
Diamantteilchen of a front layer only, which front layer is sintered
besteht, wobei die Masse an ein Wolframcarbid- directly to the hard metal
bit body. Furthermore, it  substrat gebunden ist. will be understood that
instead of the particular   25 distribution of the cutting elements along
the bit   Revendications face shown in Fig. 1 the cutting elements may be
distributed in other patterns along the bit face as    1. Trdpan de. forage
rotatif pour le forage de well.
trous profonds dans des formations souterraines, 30   le tr6pan comprenant
un corps de trdpan 11) qui Claims
convient pour accouplement avec l'extremit6 inferieure d'un train de tiges
et porte une multipli- 1. Rotary drill bit for deephole drilling in subsur-
cite d'6l6ments coupants (3), caract6rise en ce face earth formations, the
bit comprising a bit      qu'au moins une partie de ces 6elments compren-
body (1) which is suitable to be coupled to the    35   nent une couche
frontale (20) de particules abra- lower end of a drill string and carries a
plurality of  sives liees entre elles ayant une epaisseur (T) de cutting
elements (3), characterized in that at least  moins de 0,45 mm. part of
said elements comprise a front layer (20)      2. Le trepan de forage
rotatif selon la revendica- of interbonded abrasive particles having a
thick-    tion 1, dans lequel l'6paisseur des couches fron- ness (T) less
than 0.45 mm.                    40   tales des 6lements est superieure 3
0,1 mm. 2. The rotary drill bit as claimed in claim 1,       3. Le tr6pan
de forage rotatif selon la revendica- wherein the thickness of the front
layers of the     tion 1, dans lequel l'paisseur des couches fron- elements
is more than 0.1 mm.                        tales des 6l6ments est comprise
entre 0,2 et 0,4 3. The rotary drill bit as claimed in claim 1,     mm.
wherein the thickness of the front layers of the    45  4. Le tr6pan de
forage rotatif selon l'une quel- elements is between 0.2 and 0.4 mm.
conque des revendications 1-3, dans lequel les 4. The rotary drill bit as
claimed in any one of   couches frontales (10) des 6lements coupants (3)
claims 1-3, wherein the front layers (20) of said    consistent en une
masse polycristalline de parti- cutting elements (3) consist of a
polycrystalline    cules abrasives de diamant, cette masse etant liee mass
of abrasive diamond particles said mass   so    a un substrat de carbure de
tungstene. being bonded to a tungsten carbide substratum. 55 * C   L   M
S * 60 65 5    


