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©  A  method  of  producing  a  steel  body  comprising  hard  material  inserts. 

A  method of  producing  a  steel  body  (1)  comprising  hard 
material  inserts,  (2)  particularly  a  drill  bit  for  rock  drilling,  in 
which  steel  powder  is  compacted  at  least  partially  around  the 
inserts  from  a  cold  state  to  a  high  density  preform.  The 
preform  is  then  sintered  and  because  of  the  choice  of  alloy 
the  steel  powder  shrinks  substantially  during  the  sintering.  A 
high  strength  drill  bit  is  produced  in  which  the  inserts  may 
have  almost  any  form,  in  particular  a  form  optimized  for  a 
particular  application. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  method  of  p roduc ing   a  s t e e l   body  comp- 
r i s i n g   hard  m a t e r i a l   i n s e r t s ,   e .g.   producing  d r i l l   b i t s   for  r o c k  

d r i l l i n g .  

According   to  p r i o r   a r t   hard  metal  i n s e r t s   have  been  f ixed   to  s t e e l  

e i t h e r   by  b r a z i n g   or  press  f i t s .   Both  these  methods  p r e s e n t   d i f f i c u l t -  

ies  which  are  overcome  only  by  care  during  m a n u f a c t u r e .   B r a z i n g  

tends  to  cause  t e n s i o n a l   s t r e s s   during  the  subsequen t   coo l ing   so  t h a t  

a  wealkening  of  the  s t e e l  a n d   the  hard  metal  may  occur .   Press  f i t s  

r e q u i r e   tha t   both  the  hardened  s t ee l   and  the  hard  metal  i n s e r t s   a r e  

machined  to  c lose   t o l e r a n c e s .   Fur thermore ,   the  hard  metal   i n s e r t s   w i l l  

not  be  f u l l y   suppor t ed   at  the  base  of  the  h o l e .  

One  a t t e m p t   of  overcoming  the  machining  r e q u i r e m e n t ,   p a r t i c u l a r l y   r e -  

g a r d i n g   the  hard  metal  i n s e r t s   for  d r i l l   b i t s  ,   is  d e s c r i b e d   i n  

US  p a r e n t s   3  749  190  and  3  805  364.  According  to  these  p a t e n t s   a 

s l e e v e   of  a  sof t   m a t e r i a l   is  provided  around  the  hard  metal  i n s e r t  

to  f i l l   the  space  between  the  i n s e r t   and  the  s t e e l   body.  If  t h i s  

f i x a t i o n   method  is  p r o p e r l y   used  the  s t r e n g t h   of  the  f i t   is  e n t i r e l y  

depending   on  the  shear   s t r e n g t h   of  the  sof t   m a t e r i a l .  

The  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  p rov ide   a  method  of  p r o d u c -  

ing  a  s t ee l   body  compris ing   hard  m a t e r i a l   i n s e r t s   which  method 

avoids   machining  to  close  t o l e r a n c e s   and  where  the  s t r e n g t h   of  t h e  

f i na l   product   is  not  l im i t ed   by  the  s t r e n g t h   of  a  sof t   m a t e r i a l  

between  the  s t e e l   body  and  the  hard  m a t e r i a l   i n s e r t s .   In  a d d i t i o n ,   n o  

machining  marks  are  p r e sen t   on  the  ins ide   of  the  s t e e l   hole  t o  

act  as  s t r e s s   r a i s e r s   and  f a t i g u e   i n i t i a t o r s .   The  i n v e n t i o n   a l s o  

g u a r a n t e e s   fu l l   suppor t   of  the  bottom  of  the  b u t t o n s .   The  i n v e n t i o n  

also  makes  i t   p o s s i b l e   to  reduce  the  amount  of  hard  metal  i n s ide   t h e  

s t e e l ,   r e s u l t i n g   in  improved  economy. 

The  i n v e n t i o n ,   which  is  def ined  by  the  subsequen t   c la ims ,   f u l f i l l s  

the  above  mentioned  ob jec t   by  p r e s c r i b i n g   tha t   s t e e l   powder  i s  



compacted  from  a  cold  s t a t e   to  a  high  dens i t y   preform  compris ing  t h e  

hard  m a t e r i a l   i n s e r t s   and  tha t   the  compos i t ion   of  the  s t ee l   powder 
is  chosen  such  that   i t   undergoes   s u b s t a n t i a l   sh r inkage   during  the  s u b -  

sequent   s i n t e r i n g .  

According  to  a  p r e f e r r e d   embodiment  of  the  i n v e n t i o n   the  s t e e l   powder 

is  compacted  by  the  impact  of  a  high  v e l o c i t y   punch,  whereby  a  c o n -  

s i d e r a b l y   h igher   and  more  uni form  dens i ty   is  ob t a ined   than  with  c o n -  

v e n t i o n a l   p r e s s i n g   t e c h n i q u e s .   This  app l i e s   e s p e c i a l l y   to  the  r e g i o n s  

n e a r e s t   to  the  hard  m a t e r i a l   i n s e r t s   where  an  adequate   powder  f l ow  

is  not  ob ta ined   with  c o n v e n t i o n a l   t e c h n i q u e s .  

The  hard  m a t e r i a l   i n s e r t s   may,  f u r t h e r m o r e ,   be  advan tageous ly   p r o v i d e d  

with  su r face   i r r e g u l a r i t i e s ,   e .g .   being  rough  as  compacted  and  s i n t -  

ered,   or  o the rwise   such  shaped  tha t   they  become  mechan ica l l y   l o c k e d  

in  the  s t e e l   body  through  the  c o m p a c t i o n .  

I t   has  been  de termined  to  be  advan tageous   to  use  a  s t e e l   powder  comp- 

r i s i n g   4-16  %  Ni,  0 .25-1 .5  %  Cu,  0 .2 -0 .5  %  Mo  and  0 .3 -0 .9   %  C  to  o b t a i n  

the  des i r ed   sh r inkage   dur ing  the  s i n t e r i n g .  

To  f u r t h e r   improve  the  f i x i n g   of  the  hard  m a t e r i a l   i n s e r t s   in  t h e  

s t e e l   body  i t   is  advantageous   to  m e t a l l u r g i c a l l y   bond  a  layer   o f  

meta l ,   e.g.  e l e c t r o - p l a t e d   n i c k e l ,   i ron  or  c o b a l t ,   f i r s t   to  the  h a r d  

m a t e r i a l   i n s e r t s   and  then  du r ing   s i n t e r i n g   to  the  s t e e l .   The  m e t a l  

layer   may  be  d e p o s i t e d   on  the  hard  m a t e r i a l   i n s e r t s   in  any  s u i t a b l e  

way. 

A  f u r t h e r   advantage  with  the  p r e s e n t   i n v e n t i o n   is  ob ta ined   if  t h e  

composi t ion   of  the  s t e e l   powder  is  va r i ed   so  tha t   a  s u b - s u r f a c e   l a y e r  

of  lower  hardness   is  o b t a i n e d .   Such  a  l ayer   would  be  r ap id ly   removed 

during  o p e r a t i o n   a f t e r   the  s u r f a c e   layer   of  normal  hardness   has  b e e n  

worn  down,  whereby  the  s e l f - s h a r p e n i n g   of  the  d r i l l   b i t   is  improved .  

This  lower  hardness   may  be  o b t a i n e d   through  d e c r e a s i n g   the  copper  

or  carbon  content   of  the  a l l o y ,   or  i n c r e a s i n g   the  n i cke l   c o n t e n t .  

V a r i a t i o n   in  hardness   may  a lso   be  used  to  i n c r e a s e   r e s i s t a n c e   t o  

gauge  w e a r .  



Even  though  hard  m a t e r i a l   in  the  p r e s e n t   a p p l i c a t i o n   mostly  r e f e r s   to  

hard  me ta l s ,   e .g .   va r ious   metal  c a r b i d e s ,   the  term  also  i n c l u d e s  

other   s u i t a b l e   hard  m a t e r i a l s   e.g.  o ther   c a r b i d e s   or  diamonds.  One 

example  is  in  r o t a r y   d r i l l i n g   where  i t   has  turned  out  to  be  a d v a n t -  

ageous  to  use  hard  m a t e r i a l   i n s e r t s   which  comprise  hard  m e t a l  d i s c s  

having  a  sur face   l aye r   of  s i n t e r e d   diamonds.  This  diamond  layer   i s  

p r o t e c t e d   during  s i n t e r i n g   by  n i cke l   p l a t i n g   of  the  hard  metal  and 

the  diamonds.  A l t e r n a t i v e l y ,   the  s i n t e r i n g   t e m p e r a t u r e   may  be  r e d u c e d .  

A  f u r t h e r   advantage  ob t a ined   with  the  p r e s e n t   i n v e n t i o n   is  that   t h e  

hard  m a t e r i a l   i n s e r t s   can  have  almost  any  form.  This  means  that   t h e y  

can  be  given  a  form  which  is  opt imized  for  a  p a r t i c u l a r   a p p l i c a t i o n .  

Fu r the rmore ,   i t   is  p o s s i b l e   to  ob ta in   a  s t e e l   body  compr i s ing   hard  m a t e r i -  

al  i n s e r t s   with  an  o v e r a l l   s t r e n g t h   which  up  to  now  has  been  b e l i e v e d  

to  be  u n o b t a i n a b l e   with  powder  m e t a l l u r g y .  

The  method  accord ing   to  the  p r e sen t   i n v e n t i o n   is  performed  in  t h e  

f o l l o w i n g   way.  The  preformed  hard  m a t e r i a l   i n s e r t s   are  placed  on 

a  c o n v e n t i o n a l   die  in  the  de s i r ed   p a t t e r n .   The  die  is  then  p l a c e d  

in  a  compaction  chamber.  Steel   powder,  p r e f e r a b l y   with  the  above 

mentioned  compos i t ion ,   is  then  added  around  the  i n s e r t s .   Normal ly  

the  lowermost  pa r t   of  the  i n s e r t s   wi l l   extend  o u t s i d e   the  volume  of  

powder.  Then  the  s t e e l   powder  is  covered  by  ano ther   die  or  a  t h i n  

d i sc .   After   this   the  powder  is  compacted  from  a  cold  s t a t e   to  a 

high  d e n s i t y   preform.   This  is  p r e f e r a b l y   performed  by  means  of  a  h i g h  

v e l o c i t y   punch,  which  impacts  the  powder.  Exper iments   have  shown  t h a t  

good  r e s u l t s   are  o b t a i n a b l e   in  the  speed  range  100-600  m/s.  A f t e r  

compaction  the  p r e f o r m  i s   s i n t e r e d .   S i n t e r i n g   should  take  place  at  a 

t empera tu re   in  the  range  1100  to  1250°C  and  l a s t   for  1/2-3  hours .   These 

va lues   depend  somewhat  on  the  composi t ion   of  the  alloy and  the  t y p e  

of  f i x a t i o n   r e q u i r e d .   A  s t e e l   powder  with  the  above  mentioned  compos- 
i t i o n   w i l l ,   during  s i n t e r i n g ,   undergo  a  s u b s t a n t i a l   s h r i n k a g e ,  

0.5-2  %.  In  order  to  improve  the  f i x a t i o n   of  the  i n s e r t s   a  chemica l  

bond  between  the  hard  m a t e r i a l   and  the  s t e e l   may  be  produced  by  t h e  

use  of  a  flux  on  the  i n t e r f a c e   of  the  two  m a t e r i a l s .   After   s i n t e r i n g  

the  compact  may  be  e i t h e r   furnace  cooled  or  a i r   cooled  or  quenched 

in  an  oil  bath  or  s i m i l a r .  

If  the  compact  is  in tended   to  be  used  in  a  d r i l l   b i t   the  back  f a c e  



is  machined  f l a t   and  then  f r i c t i o n   welded  to  a  s t e e l   tube.   No 

s p e c i a l   t echn iques   are  r e q u i r e d   for  the  f r i c t i o n   welding.   Good  r e s u l t s  

have  been  obta ined  with  a  r o t a t i o n   speed  of  1500  rpm,  a  welding  t i m e  

of  10  seconds  and  a  con t ac t   p r e s s u r e   of  20  bar .   Af ter   th i s   the  p a r t  
is  machined  to  get  r id  of  the  weld  burr   and  to  ob t a in   the  f l u s h i n g  

ho l e s .   The  pa r t   is  also  p rov ided   with  a  thread   or  o the r   s u i t a b l e  

f i t m e n t   for  connec t ion   to  a  d r i l l   rod  .  I t   is  d e s i r a b l e ,   a l t h o u g h  

not  n e c e s s a r y ,   to  temper  the  f i n i s h e d   b i t   at  a  t e m p e r a t u r e   o f  

about  200°C.  

Below  are  three   s p e c i f i c   examples  of  the  i n v e n t i o n .  

1.  Hard  metal  bu t tons   were  p l aced   on  a  die  in  a  70  mm  d i a m e t e r  

compact ion  chamber  and  120  cm3  of  s t e e l   powder  was  p laced   a r o u n d  

the  b u t t o n s .   This  was  then  compacted  by  a  p l a s t i c   punch  with  an  i m p a c t  

v e l o c i t y   of  300  m/s.  The  l eng th   of  the  punch  was  100  mm.  The  c o m p o s i t -  

ion  of  the  s t e e l   powder  was  0.4  %  C,  8  %  Ni,  1.5  %  Cu,  0.5  %  Mo, 

the  r e s t   was  i ron .   The  compact  was  then  s i n t e r e d   at  1200°C  for  1  h o u r  

in  a  p r o t e c t i v e   atmosphere  of  10  %  hydrogen  in  n i t r o g e n .   A  Ma  4  h i g h  

t e m p e r a t u r e   b raz ing   f lux  from  C a s t o l i n   S.A.  was  p laced   over  the  exposed  

ca rb ide   bu t tons   before   s i n t e r i n g .   Af t e r   s i n t e r i n g   t h e  

compact  was  furnace  cooled  to  900°C  in  the  s i n t e r   furnace   and  t h e n  

air   quenched.   The  part   was  then  tempered  at  180°C  for  1  h o u r .  

2.  Hard  metal  bu t tons   were  p l a t e d   with  pure  n i cke l   using  a  s t a n d a r d  

commercial   t echn ique .   These  were  then  p laced  in  r e c e s s e s   machined  

for  them  in  a  die.  The  die  was  then  p laced   in  a  70  mm  d iameter   compac t -  

t ion   chamber.  240  cm3  of  s t e e l   powder  was  added.  The  composi t ion   o f  

the  s t e e l   powder  was  0.6  %  C,  16  %  Ni,  0.75  %  Cu,  0.5  %  Mo,  t h e  

r e s t   was  i ron.   This  was  compacted  by   the  impact  of  a  120  mm  punch  a t  

330  m/s.  The  compact  was  s i n t e r e d   in  a  p r o t e c t i v e   atmosphere  f o r  

1/2  hour  and  then  air   cooled.   The  compact  was  then  tempered  for  1 

hour  at  220°C. 

3.  Hard  metal  bu t tons   having  a  nega t i ve   taper   were  placed  i n  

r e c e s s e s   machined  in  a  d ie .   This  was  then  placed  in  a  70  mm  d i a m e t e r  

compaction  chamber  and  160  cm3  of  s t e e l   powder  added  around  t h e  

b u t t o n s .   The  composi t ion   of  the  s t e e l   powder  was  0.7  %  C,  4 %  N i ,  



0.5  %  Cu,  0.5  %  Mo,  the  res t   was  i ron .   This  was  compacted  by  t h e  

impact  of  an  80  mm  p l a s t i c   punch  at  250  m/s.  The  compact  was  s i n t e r e d  

for  2  hours  at  11400C  under  a  p r o t e c t i v e   a tmosphere.   A  high  t empe-  

r a tu re   f lux  was  provided  on  the  i n t e r f a c e s   between  the  ca rb ides   and 

the  s t e e l   powder  .   The  par t   was  fu rnace   cooled  down  to  800°C  and 

then  oi l   quenched.   The  piece  was  then  tempered  at  200°C. 

In  the  accompanying  drawing  f ig .   1  shows  a  d r i l l   b i t   for  rock  d r i l l i n g  

produced  accord ing   to  the  i n v e n t i o n .   F i g s  .   2-5  show  d i f f e r e n t   embodi -  

ments  of  the  d r i l l  b i t   from  below.  F igs .   6-11  show  a  number  o f  

a l t e r n a t i v e   shapes  of  hard  m a t e r i a l   i n s e r t s   for  d r i l l   b i t s .  

The  d r i l l   b i t   accord ing   to  Fig.  1  comprises   a  head  p o r t i o n   1  comp- 

r i s i n g   a  number  of  hard  metal  i n s e r t s   2.  This  par t   of  the  d r i l l   b i t  

has  been  manufac tured   with  the  method  accord ing   to  the  i n v e n t i o n .   Head 

po r t i on   1  has  been  connected  with  a  s t e e l   tube  3  by  f r i c t i o n   w e l d i n g .  

The  d r i l l   has  f u r t h e r   been  provided  with  a  thread  4  for  the  c o n n e c t i o n  

with  a  d r i l l   s t r i n g   and  a  channel  5  for  f l u s h i n g   f l u i d .   As  can  be  

seen  in  f ig s .   2-5  v i r t u a l l y   any  c r o s s - s e c t i o n a l   form  can  be  u sed  

for  the  i n s e r t s .   In  a d d i t i o n   to  the  forms  shown  almost  any  p r i o r   a r t  

form  may  be  used.  In  f ig s .   6-11  a  number  of  a l t e r n a t i v e   i n s e r t s   a r e  

shown.  These  i n s e r t s ,   which  are  only  a  few  examples  of  p o s s i b l e  

forms,  have  c i r c u l a r   c r o s s - s e c t i o n a l   areas  a l though  they  may  have  

other  c r o s s - s e c t i o n a l   forms,  e .g .   any  of  those  shown  i n  f i g s .   2 - 5 .  

Fig.  6  shows  an  i n s e r t   having  n e g a t i v e   t a p e r . F i g .   7  shows  an  i n s e r t  

having  a  rough  s u r f a c e .   In  f ig .   8  the  i n s e r t   is  provided  with  a  neck  

or  wa i s t .   In  f ig .   9  the  i n s e r t   is  p rovided   with  s eve ra l   necks.   The 

i n s e r t   in  f ig .   10  has  a  form  s i m i l a r   to  that   of  a  human  tooth .   The 

i n s e r t   shown  in  f ig .   11  is  a d d i t i o n a l l y   provided  with  a  n e c k .  



1.  A  method  of  p roduc ing   a  s t e e l   body  compr i s ing   hard  m a t e r i a l  

i n s e r t s   in  which  preformed  hard  m a t e r i a l   i n s e r t s   are  p laced  in  a  

die  in  a  des i r ed   p a t t e r n ,   s t e e l   powder  is  added  to  at  l e a s t   p a r t i  -  

a l ly   surround  the  i n s e r t s   and  the  powder  is  compac ted ,  

c h a r a c t e r i z e d   t h e r e  b y  

tha t   the  s t e e l   powder  is  compacted  from  a  cold  s t a t e   to  a  high  d e n s i t y  

preform,   that   said  preform  is  s u b s e q u e n t l y   s i n t e r e d ,   whereby  for  s a i d  

s t e e l   powder  is  chosen  a  s t e e l   a l loy   which  undergoes  s u b s t a n t i a l   s h r i n k a g e  

during  the  s i n t e r i n g   to  produce  a  firm  f i x a t i o n   of  the  hard  m a t e r i a l  

i n s e r t s   in  the  s t e e l   b o d y .  

2.  A  method  acco rd ing   to  claim  1,  c h a r a c t e r i z e d  

t h e r e  b y   tha t   the  s t e e l   powder  is  impacted  by  a  high  v e l o c i t y  

punch  to  e f f e c t   said  c o m p a c t i o n .  

3.  A  method  a c c o r d i n g   to  claim  1  o r  2 ,   c h a r a c t e r i z e d  

t h e r e  b y   tha t   said  s i n t e r i n g   comprises   s i n t e r   f o r g i n g .  

4.  A  method  a cco rd ing   to  any  of  the  p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i z e d   t h e r e  b y   tha t   the  s t e e l   powder  i s  

compacted  around  i r r e g u l a r i t i e s   on  the  hard  m a t e r i a l   i n s e r t s   t o  

mechan ica l ly   lock  the  i n s e r t s   in  the  s t e e l   body .  

5.  A  method  acco rd ing   to  any  of  the  p r e c e d i n g   c l a i m s ,  

c h a r a c t e r i z e d   t h e r e  b y   tha t   said  hard  m a t e r i a l  

i n s e r t s   comprise  a  pa r t   having  a  l a r g e r   c r o s s - s e c t i o n a l   area  than  t h e  

cross  - s e c t i o n a l   area  at  the  su r face   of  said  s t ee l   body  and  tha t   t h e  

s t e e l   powder  is  compacted  around  said  par t   to  mechan ica l ly   lock  t h e  

i n s e r t s   in  the  s t e e l   body .  

6.  A  method  a c c o r d i n g   to  any  of  the  p reced ing   c l a i m s ,  

c h a r a c t e r i z e d   t h e r e  b y   that   a  s t ee l   powder  comp- 

r i s i n g   4-16 %  Ni,  0 .25 -1 .5  %  Cu,  0 . 2 - 0 . 5   Z  Mo  and  0 .3 -0 .9   %  C  is  u s e d .  



7.  A  method  according  to  any  of  the  preceding   c l a i m s ,  

c h a r a c t e r i z e d   t h e r e  b y   t h a t  a  l a y e r  o f   m e t a l  

is  m e t a l l u r g i c a l l y   bonded,  f i r s t   to  the  hard  m a t e r i a l   i n s e r t s   and  t h e n  

during  the  s i n t e r i n g   to  the  s t e e l .  

8.  A  method  according  to  any  of  the  preceding  c l a i m s ,  

c h a  r a c  t  e r i  z e d   t h e  r e  b  y  that   the  s t e e l   powder  h a s  

vary ing   composi t ion   whereby  a  s u b - s u r f a c e   layer  of  lower  h a r d n e s s  

is  o b t a i n e d .  

9.  A  method  according  to  any  of  the  preceding   c l a i m s ,  

c h a  r a c  t  e r  i z e d   t h e  r e   by  that   the  hard  m a t e r i a l   i n -  

s e r t s   comprise  hard  metal  d i scs   having  a  surface   l ayer   of  s i n t e r e d  

d iamonds .  
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