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EARTH BORING BIT (71)   We, HUGHES TOOL COMPANY, a  wear, breakage, and
tearing for the outer Company organized and existing under the  row and
their supporting metal have been laws of the State of Delaware, United
States  proposed. However, improvements in the bit of America, having a
place of business at  life are still needed. 5 5425 Polk Avenue, Houston,
Texas 77023,   One of the objects of this invention is to  55 United States
of America, do hereby declare  provide an improved geometric configura- the
invention, for which we pray that a patent  tion for a rotary-percussion
earth-boring bit may be granted to us, and the method by  such that the
outer row inserts are positioned which it is to be performed, to be
particu-  to better withstand vertical, lateral, and 10 larly described in
and by the following state-  radial forces. Another object is to provide 60
ment:-                                   the outer row inserts with
additional sup- This invention relates in general to im-  porting metal.
Another object is to pro, proved rotary-percussion earth boring bits  vide
a bevel at the corner between the trans- and in particular to improvements
in the  verse base and lower region to increase sta- 15 geometric
relationship of the lower region  bility and facilitate cuttings removal.
An- 65 of the bit and cutting inserts.          other object is to provide
larger equally The first known commercially successful spaced generally
longitudinal grooves to rotary-percussion earth boring bit of the type
facilitate cuttings removal.  Another ob- having button inserts is
described in U.S.  ject is to minimize abrupt changes in ad- 20 Pat. No.
3,185,228. While such bits have  jacent transverse cross-sections through
uti- 70 been successful, often the outer or gage row  lization of a
configuration that approaches of inserts wears out or break before inserts
symmetry as close as practicable near the on the inner portions of the bit
serve their  outer periphery of the bit. useful life.
According to the invention there is pro- 25   There are several
explanations that may  vided a rotary-percussion earth-boring bit 75
explain the variation between gage and inner  including a body having
torque transmission row insert life. A greater amount of ma-  means on an
upper region, an anvil upper terial must be cut by the gage or outer row
surface, an enlarged lower region with a. inserts, which have a greater
circumference  transverse face containing button type in- 30 to travel than
the inner row inserts on each  serts, a bevel formed at the corner between
80 revolution of the bit. Greater forces are  the transverse face and the
enlarged lower exerted on the outer row of inserts, for in  region, an
outer row of circumferentially addition to the vertical compressive forces,
spaced inserts protruding from said bevel, an large lateral forces occur,
resulting from the  inner row of circumferentially spaced in- 35 cutting of
the sides of the borehole. The  serts located on said bevel radially
inwardly  85 typically used tungsten carbide insert will  of and between
the circumferentially spaced withstand great compressive forces, but not
inserts of the outer row, the inserts of great lateral or bending forces,
thus breakage  the inner and outer rows having longitudinal is more likely.
axes that are substantially normal to the 40    The outer row inserts are
also more likely  bevel.                              90 to be pulled from
the support metal of the    In this arrangement, the inner row leads body
by large radial tearing forces. The  the outer row in cutting the bottom of
the outer inserts protrude beyond the enlarged  borehole to form a somewhat
conical bottom lower region of the bit to avoid excessive  hole pattern.
This increases the life of the 45 wear on the lower region surface and
wedg-  inserts. Breakage is reduced because the 95 ing. Because the outer
inserts are close to  lateral forces are shared between more in- 



the periphery of the bit, support metal is thin  serts. The section of
support metal for each in this area. This leads to rupture of the sup-
insert is increased because the longitudinal port metal near the periphery.
axes of inner and outer rows form substan- 50   A number of solutions to
the problems of  tially the same angle with respect to the ver- 100
1,507,163                                       2 tical axis of the bit.
Cutting return flow may  the circumferentially spaced inserts 31. As be
increased because of larger and uniform  shown in Fig. 3, due to there
being an odd cuttings return grooves. Other objects, fea-  number of
inserts 31, two of the inserts 33 tures and advantages will become apparent
are spaced apart by a distance which is 5 hereinafter.
greater than the equal spacing of the remain- 70 In the accompanying
drawings:           ing inserts of said inner row, as said row ex- Fig. 1
is a perspective view as seen looking  tends circumferentially around the
bevel 35 obliquely from a corner on the lower region  between said two
inserts. of the bit body to show the preferred rela-    Each of the inserts
31 and 33 protrudes 10 tionshipof the transverse face of the bit with  from
the bevel 35, being inserted in ma- 75 the button type inserts and the
bevel     chined holes with interference fit in the man- Fig. 2 is a
longitudinal cross-section view  ner well known in the art. The
longitudinal of the bit shown in Fig. 1, except that some  axes of the
inserts 31 and 33 are substan- inserts have been moved to show their rela-
tially perpendicular to the surface of the 15  tive paths on the borehole
bottom during ro-  bevel 35. Since the bevel is substantially  80 tation of
the bit.                        flat or only slightly curved, the
longitudinal Fig. 3 is a bottom view of the bit shown in  axes of the
inserts 31 and 33 form substan- Fig.. .
tially the same acute angle with respect to the Fig. 4 is a top view of the
bit shown in  axis of revolution of the bit. The remaining :20  Fig. 1.
inserts 21 are distributed on the transverse 85 Referring initially to Fig.
1 of the draw-  face 19 to cooperatively cover, during rota- ing a rotary
percussion type earth boring  tion, the borehole bottom  as indicated in
bit is shown in perspective and includes a  Fig. 2. torque transmission
means in the form of    The body of the bit is preferably con- 25  splines
11, 13. These splines are adapted to  structed of a single mass of metal
through  90 be assembled with mating splines in the hous-  which a single
air course 23 extends obliquely ing (not shown) of a motor having a fluid
from the anvil surface 17 until it intersects driven reciprocating piston
that periodically  the transverse face 19. The centre of the engages an
anvil upper surface 17 of the bit.  resulting aperture on the transverse
face 19 30  It is conventional for a split-ring (not shown)  is offset from
the axis of revolution or centre- 95 to be assembled around a cylindrical
sur-  line of the bit so that an innermost insert face 15 to engage
shoulders in the housing  can effectively remove earth from the centre and
retain the bit for reciprocation in the  region of the borehole bottom.
housing and rotation with the housing. Such   It should be apparent from
the foregoing 35  arrangements are well known in the art  description that
an invention having signifi- 100 and the invention is not limited to use
with  cant advantages has been provided.  The any particular form of
housing or motor.    invention solves the problem  of how and The bit also
includes an enlarged lower  where to place more inserts to alleviate work
region 18 that terminates in a transverse  and stress required of the outer
row inserts 40  face 19 containing a plurality of button type  31, without
reducing the support metal sec- 105 inserts 21. The term "button type
insert"  tion. Placing an inner row of inserts 33 radi- refers to those
wear resistant inserts described  ally in-line with the outer row of
inserts 31 in the previously mentioned U.S. Pat. No.  was not feasible
since this led to loss of sec- 3,185,228. Commonly, such inserts are con-
tion of the supporting metal. Staggering an 45  structed of sintered
tungsten carbide and are  inner row of inserts 33 between the outer 110
well known in the art.                    row 31 and with their
-longitudinal axes at The bottom  surface of the bit includes  a different
angle to the surface of the bevel a flat transverse face 19 and bevel 35.
The  resulted in reduction in the size of cuttings bevel may be formed as a
frusto-conical  return grooves 37. Also, having outer and 



50  surface at the corner of the transverse face  inner row- inserts with
their longitudinal axes  115 19 and enlarged lower region 18. However, it
at different angles to the surface of the bevel may also be formed as a
somewhat curved  caused reduction in section of the support surface. An
outer row of inserts 31 are  metal between inserts. equally spaced
circumferentially about the    Prior art solutions placed the inner row 55
bevel 35. Between each two adjacent in-  of inserts 33 in a substantially
vertical posi- 120 serts 31, a generally longitudinally extend-  tion or
lesser angle of inclination to' the ing groove 37 forms a return course for
cut-  axis of rotation of the bit than the outer tings. As best seen in
Fig. 3, the grooves  row 31, which inclined outwardly to cut the 37 are
substantially similar in cross-section  side of the borehole. The reason
for the 60  as viewed axially of the bit, and are equally  differing angles
of inclination was to align 125 spaced around the enlarged lower region 18
the longitudinal axes of the inserts 31, 33 so as to be symmetrically
arranged with re-  substantially in -the direction of the resultant spect
to the inserts 31. An inner row of in-  of the lateral forces from the side
of the serts 33 are circumferentially spaced on the  borehole. It was
thought that to align the 65 .bevel 35 radially inwardly of and between
inner row 33 outwardly at the same acute 130    3
1,507,163                                       3 angle as the outer row 31
would subject it to  moved quickly, thus avoiding inefficient cut- 65 too
much bending force from the vertical  tings regrinding. direction.
While this invention has been shown in Placing the inner inserts 33
substantially  only one of its forms, it should be apparent 5  vertical or
at a lesser angle of inclination to  to those skilled in the art that it is
not so the axis of rotation of the bit than outer  limited but is
susceptible to various changes 70 inserts 31 may have placed their
longitudinal  and modifications without departing from axes more in line
with the differing result-  the scope of the invention as defined in the
ant forces, however it deprived both rows  claims. 10  31, 33 of needed
support section. It is des-    The embodiment of the invention des- irable
to place inserts 33 as close to the  cribed above and illustrated in the
drawings 75 cuttings return grooves 37 as possible to  is also described
and illustrated in co-pend- share the work load of outer inserts 31. But
ing Application No. 21905/75 (Serial No. because the longitudinal axes of
the inner  1,506,314) the claims of which differ in scope 15  inserts 33
was near vertical, the base 39 was  from those of the present application.
also close to return groove 37 and support
80 section was reduced, leaving support only on    WHAT WE CLAIM IS: - the
inward periphery. Also, as the phan-    1. A  rotary-percussion
earth-boring bit tom lines designating bases 39, 41 in Fig. 2  including a
body having torque transmission 20  show, if adjacent inserts incline at
different  means on an upper region, an anvil upper angles, the phantom
lines intersect.  Less  surface, an enlarged lower region with a  85 body
section is available to resist radial  transverse face containing button
type in- tearing forces than if the phantom lines do serts, a bevel formed
at the corner between not intersect as with bases 39 and 43. Further the
transverse face and the enlarged lower 25  outward, on base 43, the radial
force is  region, an outer row  of circumferentially greater than on base
41, requiring more sec-  spaced inserts protruding from  said bevel, 90
tion for support.                          an inner row of
circumferentially spaced in- The use of a bevel 35 with inner and  serts
located on. said bevel radially inwardly The use of a bevel 35 with inner
and    of and between the circumferentially spaced outer rows 31, 33
protruding outward from  inserts of the outer row, the inserts of the 30
it at substantially the  same angles of in-  inner and outer rows having
longitudinal 95 clination with respect  to the bit axis of re  axes that
are substantially normal to the volution solves the problem. The work load
bevel. of the outer row 31 is reduced, body support    2. An earth-boring
bit according to claim section  is sufficient, yet cuttings return  1,
wherein said bevel is frusto-conical. 35  grooves 37 are increased in area.
The inner    3. An earth-boring bit according to claim  100 row 33 leads
the outer row 31 in cutting  1 or claim  2, wherein the inserts of said 



portions of the side of the borehole. This  outer row of inserts are
substantially equally reduces the work required of the outer row   spaced.
31 and shares the lateral forces from the    4. An earth-boring bit
according to any 40  side of the borehole between the two rows.  of claims
1 to 3, wherein a longitudinally ex- 105 The resultant forces acting on
each row 31,  tending groove is formed in the enlarged 33 are not precisely
in the same direction,  lower region between each two adjacent cir- yet
because the rows 31, 33 are perpendicular  cumferentially spaced inserts of
the outer to the surface of bevel 35, they are able to  row. 45  withstand
bending forces. Because of the    5. An earth-boring bit according to claim
110 outward inclination, the cutting tips of inserts  4, wherein said
longitudinally extending 33 are on the periphery of the bit where  grooves
are substantially similar in cross- they are needed, yet their bases 39 are
in-  section as viewed axially of the bit. ward where there is sufficient
body section    6. An earth-boring bit according to claim 50  for support.
Large cutting return grooves  4 or claim 5, wherein said longitudinally ex-
115 37 are possible because of the inward place-  tending grooves are
substantially equally ment of base 39.                           spaced
around said enlarged lower region. Furthermore, the use of a large bevel 35
7. An earth-boring bit according to claim gives greater bit stability
because of the  3 and claim 6, wherein said outer row of 55  partial
cone-shaped uncut bottom  of the  inserts and said longitudinally extending
120 borehole. Cutting chip removal is more effec-  grooves are symmetricaly
arranged around tive because of the gradual transition from   the central
longitudinal axis of the bit. the horizontal borehole bottom  to the ver-
8. An earth-boring bit according to any tical borehole sides. Fat chips cut
from the  of claims I to 7, wherein the inserts of said 60  bottom of the
borehole will not clog when  inner row, as said row extends circumferen-
125 they change directions from  horizontal to  tially around said bevel
between one of said vertical on being carried outward and up-  inserts and
an insert adjacent thereto, are ward. Because the return flow air is large
substantially equally spaced. and uniform, large cutting chips can be re-
9. An earth-boring bit according to claim    3
1,507,163                                       3 angle as the outer row 31
would subject it to  moved quickly, thus avoiding inefficient cut- 65 too
much bending force from the vertical  tings regrinding. direction.
While this invention has been shown in Placing the inner inserts 33
substantially  only one of its forms, it should be apparent 5  vertical or
at a lesser angle of inclination to  to those skilled in the art that it is
not so the axis of rotation of the bit than outer  limited but is
susceptible to various changes 70 inserts 31 may have placed their
longitudinal  and modifications without departing from axes more in line
with the differing result-  the scope of the invention as defined in the
ant forces, however it deprived both rows  claims. 10  31, 33 of needed
support section. It is des-    The embodiment of the invention des- irable
to place inserts 33 as close to the  cribed above and illustrated in the
drawings 75 cuttings return grooves 37 as possible to  is also described
and illustrated in co-pend- share the work load of outer inserts 31. But
ing Application No. 21905/75 (Serial No. because the longitudinal axes of
the inner  1,506,314) the claims of which differ in scope 15  inserts 33
was near vertical, the base 39 was  from those of the present application.
80 also close to return groove 37 and support section was reduced, leaving
support only on    WHAT WE CLAIM IS: - the inward periphery. Also, as the
phan-    1. A  rotary-percussion earth-boring bit tom lines designating
bases 39, 41 in Fig. 2  including a body having torque transmission 20
show, if adjacent inserts incline at different  means on an upper region,
an anvil upper angles, the phantom  lines intersect. Less  surface, an
enlarged lower region with a  85 body section is available to resist radial
transverse face containing button type in- tearing forces than if the
phantom lines do  serts, a bevel formed at the corner between not intersect
as with bases 39 and 43. Further  the transverse face and the enlarged
lower 25  outward, on base 43, the radial force is  region, an outer row of
circumferentally 



greater than on base 41, requiring more sec-  spaced inserts protruding
from  said bevel, 90 tion for support.                         an inner row
of circumferentially spaced in- serts located on said bevel radially
inwardly The use of a bevel 35 with inner and  of and between the
circumferentially spaced outer rows 31, 33 protruding outward from  inserts
of the outer row, the inserts of the 30  it at substantially the same
angles of in  inner and outer rows having longitudinal 95 clination with
respect to the bit axis of re-  axes that are substantially normal to the
volution solves the problem. The work load  bevel. of the outer row 31 is
reduced, body support    2. An earth-boring bit according to claim section
is sufficient, yet cuttings return  1, wherein said bevel is
frusto-conical. 35  grooves 37 are increased in area. The inner    3. An
earth-boring bit according to claim 100 row 33 leads the outer row 31 in
cutting  1 or claim 2, wherein the inserts of said portions of the side of
the borehole. This  outer row of inserts are substantially equally reduces
the work required of the outer row   spaced. 31 and shares the lateral
forces from the    4. An earth-boring bit according to any 40  side of the
borehole between the two rows-  of claims 1 to 3, wherein a longitudinally
ex- 105 The resultant -forces acting on each row 31,  tending groove is
formed in the enlarged 33 are not precisely in the same direction,  lower
region between each two adjacent cir- yet because the rows 31, 33 are
perpendicular  cumferentially spaced inserts of the outer to the surface of
bevel 35, they are able to  row. 45  withstand bending forces. Because of
the    5. An earth-boring bit according to claim 110 outward inclination,
the cutting tips of inserts  4, wherein said longitudinally extending 33
are on the periphery of the bit where  grooves are substantially similar in
cross- they are needed, yet their bases 39 are in-  section as viewed
axially of the bit. ward where there is sufficient body section    6. An
earth-boring bit according to claim 50  for support. Large cutting return
grooves  4 or claim 5, wherein said longitudinally ex- 115 37 are possible
because of the inward place-  tending grooves are substantially equally
ment of base 39.                          spaced around said enlarged lower
region. Furthermore, the use of a large bevel 35    7. An earth-boring bit
according to claim gives greater bit stability because of the  3 and claim
6, wherein said outer row of 55  partial cone-shaped uncut bottom  of the
inserts and said longitudinally extending 120 borehole. Cutting chip
removal is more effec-  grooves are symmetricaly arranged around tive
because of the gradual transition from   the central longitudinal axis of
the bit. the horizontal borehole bottom to the ver-    8. An earth-boring
bit according to any tical borehole sides. Fat chips cut from the  of
claims 1 to 7, wherein the inserts of said 60  bottom of the borehole will
not clog when  inner row, as said row extends circumferen- 125 they change
directions from  horizontal to  tially around said bevel between one of
said vertical on being carried outward and up-  inserts and an insert
adjacent thereto, are ward. Because the return flow air is large
substantially equally spaced. and uniform, large cutting chips can be re-
9. An earth-boring bit according to claim    1,507,163                    4
8, wherein said one insert and said insert ad-  GERALD CARTER & COMPANY,
jacent thereto are spaced apart by a distance        Chartered Patent
Agents, which is greater than the equal spacing of the      Agents for the
Applicants. remaining inserts of said inner row. Printed for Her Majesty's
Stationery Office by Burgess & Son (Abingdon), Ltd.-1978. Published at The
Patent Office, 25 Southampton Buildings, London, WC2A 1AY from which copies
may be obtained.    


