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@  Improvements  in  or  relating  to  cutter  assemblies  for  rotary  drill  bits. 

(g)  A  cutter  assembly,  for  a  rotary  drill  bit,  comprises  a 
preform  cutting  element  (18)  mounted  on  a  carrier  (19)  in  the 
form  of  a  stud  or  post  received  in  a  socket  in  the  bit  body.  The 
carrier  (19)  is  a  metal  matrix  composite,  formed  by  sintering, 
hot-pressing  or  by  an  infiltration  process,  comprising  tungsten  /  
metal  particles  in  a  metal  binder  phase  or  a  mixture  of  tungsten  * * /  
metal  particles  and  tungsten  carbide  particles  in  a  metal  binder  *—  *-  — 
phase. 
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Description 

Improvements  in  or  relating  to  cutter  assemblies  for  rotary  drill  bits 

The  invention  relates  to  cutter  assemblies  for 
rotary  drill  bits  for  use  in  drilling  or  coring  holes  in 
subsurface  formations.  5 

The  cutter  assemblies  are  for  use  in  rotary  drill  bits 
of  the  kind  comprising  a  bit  body  having  a  shank  for 
connection  to  a  drill  string,  a  plurality  of  cutter 
assemblies  mounted  at  the  surface  of  the  bit  body, 
and  a  passage  in  the  bit  body  for  supplying  drilling  10 
fluid  to  the  surface  of  the  bit  for  cleaning  and/or 
cooling  the  cutters.  Each  cutter  assembly  comprises 
a  preform  cutting  element  mounted  on  a  carrier. 

One  common  form  of  preform  cutting  element 
comprises  a  tablet,  for  example  circular,  having  a  15 
thin  hard  cutting  layer  of  polycrystalline  diamond 
bonded  to  a  thicker,  less  hard  backing  layer  of 
cemented  tungsten  carbide.  The  preform  cutting 
element  is  then  mounted  on  the  carrier,  for  example 
by  a  process  known  as  "LS  bonding".  20 

The  carrier,  which  is  usually  generally  cylindrical  in 
shape,  is  received  in  a  socket  in  the  surface  of  the  bit 
body.  The  bit  body  itself  may  be  machined  from 
metal,  usually  steel,  or  may  be  moulded  using  a 
powder  metallurgy  process.  In  known  cutter  assem-  25 
blies  of  this  type  it  has  been  usual  for  the  carrier  to 
be  formed  from  cemented  tungsten  carbide  which 
has  characteristics  which  render  it  particularly 
suitable  for  this  purpose.  Thus,  it  exhibits  high 
rigidity,  high  resistance  to  the  erosion  to  which  such  30 
carriers  are  subject  in  use,  and  hot  strength.  Also, 
the  coefficient  of  expansion  of  tungsten  carbide  is 
sufficiently  close  to  the  coefficient  of  expansion  of 
polycrystalline  diamond  to  reduce  the  residual 
stresses  which  can  occur  when  the  two  materials  35 
are  bonded  together.  However,  some  of  the  other 
characteristics  of  cemented  tungsten  carbide  have 
certain  disadvantages. 

For  example,  cemented  tungsten  carbide  has  low 
toughness  (i.e.  it  is  comparatively  brittle)  and  this  40 
can  lead  to  failure  of  such  cutter  assemblies  in  use, 
as  a  result  of  impact  forces  on  the  assembly.  Also, 
after  prolonged  use,  a  large  wear  flat  develops  on 
the  carrier  and  bears  on  the  formation  being  drilled. 
Due  to  the  high  abrasion  resistance  of  the  tungsten  45 
carbide,  this  leads  to  high  heat  generation  due  to 
friction,  with  consequent  overheating  and  premature 
failure  of  the  polycrystalline  diamond  layer  of  the 
preform  cutting  element.  The  combination  of  low 
toughness  and  high  heat  generation  also  causes  50 
heat  checking  of  the  tungsten  carbide  carrier 
material  with  resultant  premature  failure  of  the  bit. 

According  to  the  invention,  a  cutter  assembly  for  a 
rotary  drill  bit  comprises  a  preform  cutting  element 
mounted  on  a  carrier,  wherein  the  carrier  is  formed  55 
from  a  material  containing  at  least  a  proportion  of 
tungsten  metal.  The  material  preferably  contains  at 
least  about  50%  tungsten  metal,  for  example  at  least 
about  8O°/o.  In  a  preferred  embodiment  the  carrier  is 
formed  of  a  metal  matrix  composite  comprising  60 
tungsten  metal  particles  in  a  metal  binder  phase. 

The  metal  matrix  composite  may  be  formed  by  a 
sintering  or  infiltration  process,  or  by  hot-pressing. 

Any  suitable  metal  or  metal  alloy  may  be  used  as 
the  metal  binder  phase  of  the  composite.  For 
example,  any  of  the  following  materials  may  be 
suitable:  Cu,  Co,  Ni  +  Cu,  Ni  +  Fe,  Ni  +  Fe  +  Mo, 
Co  +  Ni. 

In  one  embodiment  according  to  the  invention  the 
metal  matrix  composite  has  the  following  composi- 
tion  (percentages  by  volume): 

W 
Ni 
Fe 

950/0 
3.50/0 
1.5o/o 

Use  of  a  metal  matrix  composite,  of  the  kind 
referred  to,  for  the  carrier  may  overcome  the 
problems  described  above  with  relation  to  existing 
cemented  tungsten  carbide  material.  In  addition,  the 
new  material  is  found  to  be  even  stronger  than 
cemented  tungsten  carbide  in  cantilever  bending 
and  shear  forces  to  which  cutter  assemblies  may  be 
subject  in  use. 

In  an  alternative  embodiment  according  to  the 
invention  the  material  of  the  carrier  is  thoriated 
tungsten,  which  comprises  thorium  dioxide  (e.g. 
about  2%)  with  the  balance  tungsten  metal. 

The  invention  includes  within  its  scope  arrange- 
ments  where  the  carrier  is  formed  of  a  metal  matrix 
including  tungsten  metal  in  addition  to  the  tungsten 
carbide  normally  used.  It  is  found  that  the  presence 
of  a  proportion  of  tungsten  metal  in  the  matrix 
alleviates  some  of  the  disadvantages  of  tungsten 
carbide  alone,  as  mentioned  above. 

In  such  embodiments  of  the  invention  the  tung- 
sten  metal  and  tungsten  carbide  together  may 
constitute  at  least  about  5fjo/o  of  the  material  from 
which  the  carrier  is  formed,  and  preferably  at  least 
about  8OO/o. 

The  metal  matrix  composite  may  include  tungsten 
metal  particles  and  tungsten  carbide  particles  in  a 
metal  binder  phase  and  may  be  formed  by  sintering, 
by  an  infiltration  process  or  by  hot  pressing  a 
mixture  of  powdered  tungsten  carbide  and  tungsten 
metal  with  a  catalyst  material,  such  as  cobalt. 

The  carrier  may  be  in  the  form  of  a  generally 
cylindrical  stud,  the  cutting  element  being  mounted 
on  an  end  surface  of  the  stud  and  generally  coaxial 
therewith.  Alternatively,  the  stud  may  be  formed, 
adjacent  one  end  thereof,  with  a  plane  surface 
inclined  at  an  angle  of  less  than  90°  to  the 
longitudinal  axis  of  the  stud,  the  preform  cutting 
element  being  mounted  on  said  inclined  surface. 

The  invention  includes  within  its  scope  a  rotary 
drill  bit  comprising  a  bit  body  having  a  shank  for 
connection  to  a  drill  string,  a  plurality  of  cutter 
assemblies  according  to  the  invention  mounted  at 
the  surface  of  the  bit  body,  and  a  passage  in  the  bit 
body  for  supplying  drilling  fluid  to  the  surface  of  the 
bit  for  cleaning  and/or  cooling  the  cutters. 

In  the  accompanying  drawings: 
Figure  1  is  a  side  elevation  of  a  typical  drill  bit 
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in  which  cutter  assemblies  according  to  the 
invention  may  be  used,  ■■ 

Figure  2  is  an  end  elevation  of  the  drill  bit 
shown  in  Figure  1  ,  and 

Figure  3  is  a  side  elevation  of  a  typical  cutter 
assembly  of  the  kind  to  which  the  invention 
relates. 

Figures  1  and  2  show  a  typical  full  bore  drill  bit  of  a 
kind  to  which  cutter  assemblies  of  the  present 
invention  are  applicable.  The  bit  body  TO  is  machined 
from  steel  and  has  a  threaded  shank  1  1  at  one  end 
for  connection  to  the  drill  string.  The  operative  end 
face  12  of  the  bit  body  is  formed  with  a  number  of 
blades  13  radiating  from  the  central  area  of  the  bit, 
and  the  blades  carry  cutter  assemblies  14  spaced 
apart  along  the  length  thereof.  The  bit  has  a  gauge 
section  including  kickers  16  which  contact  the  walls 
of  the  borehole  to  stabilise  the  bit  in  the  borehole.  A 
central  passage  (not  shown)  in  the  bit  body  and 
shank  delivers  drilling  fluid  through  nozzles  17  in  the 
end  face  12  in  known  manner. 

As  shown  in  greater  detail  in  Figure  3,  each  cutter 
assembly  14  comprises  a  preform  cutting  element 
18  mounted  on  a  carrier  19  in  the  form  of  a  stud 
which  is  located  in  a  socket  in  the  bit  body.  Each 
preform  cutting  element  is  in  the  form  of  a  circular 
tablet  comprising  a  thin  facing  layer  20  of  polycry- 
stalline  diamond  bonded  to  a  backing  layer  21  ,  both 
layers  being  of  uniform  thickness.  The  rear  surface 
of  the  backing  layer  is  bonded,  for  example  by  LS 
bonding,  to  a  suitably  orientated  surface  on  the  stud. 

It  will  be  appreciated  that  the  drawings  illustrate 
only  one  example  of  the  many  possible  variations  of 
the  type  of  bit  and  cutter  assembly  to  which  the 
invention  is  applicable  and  many  other  arrange- 
ments  are  possible.  For  example,  the  bit  body, 
instead  of  being  machined  from  steel,  may  be 
moulded  from  tungsten  carbide  matrix  infiltrated 
with  a  binder  alloy.  Also,  instead  of  the  cutting 
element  being  a  two-layer  preform,  it  may  comprise 
a  unitary  tablet  of  thermally  stable  polycrystalline 
diamond  material.  Instead  of  the  configuration 
shown,  the  carrier  may  be  in  the  form  of  a  generally 
cylindrical  stud,  the  circular  cutting  element  being 
mounted  on  an  end  surface  of  the  stud  and  being 
generally  coaxial  therewith. 

In  a  first  preferred  embodiment  the  carrier  is  a 
metal  matrix  composite  having  the  following  compo- 
sition  (percentages  by  weight)  : 

binder  phase. 
Where  the  material  includes  tungsten  carbide,  the 

tungsten  metal  and  tungsten  carbide  together 
preferably  constitute  at  least  about  50%,  and  more 

5  preferably  80%,  of  the  material  from  which  the 
carrier  is  formed.  As  in  the  embodiments  previously 
described,  the  carrier  may  be  formed  by  sintering, 
infiltration  or  hot-pressing.  Such  methods  are  well 
known  in  the  art  and  will  not  therefore  be  described 

10  in  detail. 
The  composite  carrier  material  preferably  con- 

tains  at  least  50%  tungsten-  metal  and,  in  some 
embodiments,  at  least  about  80%  tungsten  metal. 

The  use  of  a  composite  including  tungsten  metal 
15  according  to  the  invention  for  the  carrier  may 

facilitate  the  bonding  of  the  cutting  element  to  the 
carrier. 

As  previously  mentioned,  the  material  according 
to  the  invention  is  found  to  be  stronger  than 

20  cemented  tungsten  carbide  when  subjected  to 
cantilever  bending/shear  forces.  Laboratory  evalu- 
ation  shows  that,  when  shear  loading  a  standard 
16mm  diameter  post  held  in  a  high  strength  steel 
fixture,  the  tungsten  metal  composite  begins  to 

25  deform  plastically  at  the  same  force  level  as  a  similar 
cemented  tungsten  carbide  post  fractures.  Failure 
of  the  tungsten  metal  composite  occurs  at  30% 
higher  forces  than  those  at  which  tungsten  carbide 
fails,  and  it  does  so  in  a  ductile  manner  after 

30  significant  plastic  deformation.  These  characteris- 
tics  are  advantageous  in  the  environment  in  which 
such  cutter  assemblies  operate. 

35  Claims 

1.  A  cutter  assembly,  for  a  rotary  drill  bit, 
comprising  a  preform  cutting  element  (18) 
mounted  on  a  carrier  (19),  the  carrier  being 

40  formed  from  a  material  containing  at  least  a 
proportion  of  tungsten  metal. 

2.  A  cutter  assembly  according  to  Claim  1, 
wherein  the  material  from  which  the  carrier  (19) 
is  formed  contains  at  least  about  50%  tungsten 

45  metal. 
3.  A  cutter  assembly  according  to  Claim  1, 

wherein  the  material  from  which  the  carrier  (19) 
is  formed  contains  at  leastabout  80%  tungsten 
metal. 

50  4.  A  cutter  assembly  according  to  any  of 
Claims  1  to  3,  wherein  the  carrier  (19)  is  formed 
of  a  metal  matrix  composite  including  tungsten 
metal  particles  in  a  metal  binder  phase. 

5.  A  cutter  assembly  according  to  Claim  4, 
55  wherein  the  metal  matrix  composite  is  formed 

by  sintering. 
6.  A  cutter  assembly  according  to  Claim  4, 

wherein  the  metal  matrix  composite  is  formed 
by  an  infiltration  process. 

60  7.  A  cutter  assembly  according  to  any  of 
Claims  4  to  6,  wherein  the  material  of  the  metal 
binder  phase  is  selected  from  Cu,  Co,  Ni  +  Cu, 
Ni  +  Fe,  Ni  +  Fe  +  Mo,  Co  +  Ni. 

8.  A  cutter  assembly  according  to  Claim  4, 
65  wherein  the  metal  matrix  composite  has  the 

W 
Ni 
Fe 

950/b 
3.5<Vb 
1.50/0 

In  this  preferred  example  the  percentage  of 
tungsten  metal  is  greater  than  80%,  but  lower 
percentages  of  tungsten  metal  may  also  provide 
advantage.  Preferably,  however,  the  material  con- 
tains  at  least  about  50%  tungsten  metal-. 

Lower  percentages  of  tungsten  metal  may  be 
appropriate  in  the  case  where  the  material  of  the 
carrier  also  includes  tungsten  carbide,  such  as  a 
metal  matrix  composite  including  tungsten  metal 
particles  and  tungsten  carbide  particles  in  a  metal 
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following  composition  (percentages  by  vol- 
ume): 
W  95% 
Ni  3.50/0  5 
Fe  1.50/0 

wherein  the  metal  matrix  composite  is  formed 
by  sintering. 

16.  A  cutter  assembly  according  to  Claim  14, 
wherein  the  metal  matrix  composite  is  formed 
by  an  infiltration  process. 

17.  A  cutter  assembly  according  to  Claim  14, 
wherein  the  carrier  (19)  is  formed  by  hot-press- 
ing  a  mixture  of  powdered  tungsten  carbide  and 
metallic  tungsten  with  a  catalyst  material. 

18.  A  cutter  according  to  Claim  17,  wherein  the 
catalyst  material  is  cobalt. 

19.  A  cutter  assembly  according  to  any  of 
Claims  1  to  18,  wherein  the  carrier  (19)  is  in  the 
form  of  a  generally  cylindrical  stud,  the  cutting 
element  (18)  being  mounted  on  an  end  surface 
of  the  stud  and  generally  coaxial  therewith. 
20.  A  cutter  assembly  according  to  any  of 

Claims  1  to  18,  wherein  the  carrier  (19)  is  in  the 
form  of  a  stud  formed,  adjacent  one  end 
thereof,  with  a  plane  surface  inclined  at  an  angle 
of  less  than  90°  to  the  longitudinal  axis  of  the 
stud,  the  preform  cutting  element  (18)  being 
mounted  on  said  inclined  surface. 
21.  A  rotary  drill  bit  comprising  a  bit  body  (10) 

having  a  shank  (11)  for  connection  to  a  drill 
string,  a  plurality  of  cutter  assemblies  (14) 
mounted  at  the  surface  of  the  bit  body,  and  a 
passage  in  the  bit  body  for  supplying  drilling 
fluid  to  the  surface  of  the  bit  for  cleaning  and/or 
cooling  the  cutters,  at  least  some  of  the  cutter 
assemblies  (14)  being  in  accordance  with  any  of 
Claims  1  to  20. 

9.  A  cutter  assembly  according  to  any  of 
Claims  1  to  3,  wherein  the  material  of  the  carrier 
(19)  is  thoriated  tungsten,  comprising  thorium 
dioxide  with  the  balance  tungsten  metal. 

10.  A  cutter  assembly  according  to  Claim  9, 
wherein  the  thoriated  tungsten  comprises 
about  20/0  thorium  dioxide. 

1  1  .  A  cutter  assembly  according  to  Claim  1  , 
wherein  the  carrier  (19)  is  formed  of  a  metal 
matrix  composite  including  tungsten  metal  and 
tungsten  carbide. 

12.  A  cutter  according  to  Claim  1  1  ,  wherein  the 
tungsten  metal  and  tungsten  carbide  together 
constitute  at  least  about  500/o  of  the  material 
from  which  the  carrier  (19)  is  formed. 

1  3.  A  cutter  according  to  Claim  1  1  ,  wherein  the 
tungsten  metal  and  tungsten  carbide  together 
constitute  at  least  about  800/0  of  the  material 
from  which  the  carrier  (19)  is  formed. 

14.  A  cutter  assembly  according  to  any  of 
Claims  11  to  13,  wherein  the  carrier  (19)  is 
formed  of  a  metal  matrix  composite  including 
tungsten  metal  particles  and  tungsten  carbide 
particles  in  a  metal  binder  phase. 

15.  A  cutter  assembly  according  to  Claim  14, 
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