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©  Method  to  increase  the  strength  of  an  element  for  percussive  drilling. 

©  The  present  invention  relates  to  a  method  to 
increase  the  strength  of  an  element  for  percussive 
drilling,  said  element  being  made  of  hardened  steel 
and  transferring  impact  energy  in  its  axial  direction, 
said  method  involving  deep  rolling  of  the  surface 
layer  of  the  element,  at  least  in  certain  sections.  The 
invention  also  refers  to  an  element  worked  in  accor- 
dance  with  the  method  of  the  invention. 

Fatigue  cracks  in  elements  of  the  above  men- 
tioned  kind  are  initiated  in  areas  having  an  intensive 
dislocation  motion.  Such  areas  are  originated  near 
notches  and  parts  having  sharp-edged  corners. 

The  aim  of  the  present  invention  is  to  remedy 
the  influence  that  "poor  surfaces"  have  upon  the 
fatigue  strength. 

The  main  characterizing  feature  of  the  invention 
is  that  said  deep  rolling  of  elements  for  percussive 
drilling  creates  a  surface  finish  S  Ra  1.0. 
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Method  to  increase  the  strength  of  an  element  for  percussive  drilling 

The  present  invention  refers  to  a  method  to 
improve  the  strength  of  an  element  for  percussive 
drilling,  said  element  being  made  of  hardened  steel 
and  transferring  impact  energy  in  its  axial  direction, 
said  method  involving  deep  rolling  of  the  surface 
layer  of  the  element,  at  least  in  certain  sections. 
The  invention  also  refers  to  an  element  worked  in 
accordance  with  the  method  according  to  the  in- 
vention. 

By  the  term  fatigue  the  structural  change  is 
meant  that  arises  due  to  the  influence  from  a 
pulsating  load  and  that  eventually  gives  rise  to  a 
successively  growing  crack  resulting  in  a  fracture. 
Fatigue  is  caused  by  strain  hardening  in  connection 
with  a  complex  dislocation  motion  and  fatigue 
cracks  are  initiated  in  areas  of  very  intensive  dis- 
location  motion.  Such  areas  originate  near  notches 
and  parts  having  sharp-edged  corners  etc.  From 
this  it  is  concluded  that  to  a  great  extent  fatigue 
cracks  are  initiated  at  the  surface  of  the  material. 

The  normal  prior  art  method  to  counteract  the 
creation  of  fatigue  cracks  is  to  produce  compres- 
sion  stresses  in  the  surface  layer  of  the  element. 
This  is  normally  effected  by  shot  peening.  How- 
ever,  this  method  provides  comparatively  rough 
surfaces  of  the  element  that  is  treated.  This  is  an 
obvious  disadvantage  since  the  surface  finish  also 
is  of  importance  for  the  creation  of  fatigue  cracks. 

The  aim  of  the  present  invention  is  to  remedy 
the  negative  influence  that  "poor"  surfaces  have 
upon  the  fatigue  resistance.  Said  aim  of  the 
present  invention  is  realized  by  a  method  and  an 
element  that  has  been  given  the  characteristics  of 
the  appending  claims. 

Below  the  invention  will  be  described  more  in 
detail,  reference  being  made  to  the  accompanying 
drawings.  Figs.  1-5  disclose  how  deep  rolling  is 
carried  out;  Fig.6  discloses  comparative  surface 
sizing  for  different  treatments;  Fig.7  shows  how 
fatigue  test  of  test  pieces  has  been  carried  out;  and 
Fig.8  discloses  a  table  of  results  from  the  fatigue 
test. 

The  characterizing  feature  of  the  invention  is 
thus  that  the  surface  layer  of  elements  for  percus- 
sive  drilling,  at  least  in  some  "slim"  sections,  is 
subjected  to  deep  rolling.  As  non-restrictive  exam- 
ples  threads  of  drifter  rods,  external  surfaces  of 
hexagonal  rods  and  radii  of  down-the-hole  bits  may 
be  mentioned.  By  the  deep  rolling  plastic  deforma- 
tion  of  the  surface  layer  of  the  element  without  heat 
treatment  is  achieved.  There  are  basically  three 
reasons  why  the  plastic  working  of  the  surface 
increases  the  fatigue  strength. 
*  Compression  stresses  in  the  surface  result  in  that 
the  resulting  stress  in  the  surface  is  reduced,  i.e. 

the  amplitude  of  the  tensile  stress  decreases  while 
the  amplitude  of  the  compression  stress  increases. 
*  Cold  working  increases  the  hardness  of  the  sur- 
face. 

5  *  Cold  working  makes  the  surface  notches  less 
sharp-edged  and  evens  out  stress  peaks  in  the 
bottom  of  the  notches. 

The  term  "elements  for  percussive  drilling"  re- 
fers  to  elements  transferring  impact  energy  in  their 

w  axial  direction. 
For  an  extremely  schematic  illustration  of  deep 

rolling  reference  is  being  made  to  Figs.1-3.  As  is 
apparent  from  these  figures  an  element  10  is 
worked  by  a  rotating  roller  1  1  under  high  pressure. 

?5  This  means  that  a  rotation  is  imparted  to  the  ele- 
ment  10  itself.  This  is  indicated  in  Fig.1  and  2  by 
arrows  of  rotation  12  and  13.  Normally  a  number  of 
rolling  laps  of  the  element  10  are  carried  out.  As 
pointed  out  above  the  idea  of  the  invention  in- 

20  eludes  both  deep  rolling  of  the  entire  element  10 
as  well  as  deep  rolling  of  only  certain  portions  of 
the  element  10.  In  case  of  deep  rolling  of  the 
surface  layer  of  e.g.  a  hexagonal  rod  no  rotation  of 
the  rod  is  carried  out  but  the  rod  itself  is  fed  axially 

25  past  a  deep  rolling  roller.  In  Fig.4  it  is  shown  what 
the  distribution  of  compression  stresses  looks  like 
in  a  deep  rolled  radius.  The  depth  of  the  compres- 
sion  stresses  can  reach  up  to  4  mm  and  depends 
on  rolling  pressure,  material,  etc. 

30  In  Fig.5  is  shown  more  in  detail  how  deep 
rolling  is  carried  out.  The  rotating  roller  is  des- 
ignated  by  11  and  the  detail  by  10.  The  plastic 
working  of  the  surface  layer  is  provided  by  apply- 
ing  comparatively  high  forces  -  forces  that  exceed 

35  the  yield  point  of  the  material  -  and  thereby  a 
plastic  deformation  occurs.  Below  the  contact  sur- 
face  a  wedge  shaped  zone  is  created.  In  said  zone 
the  condition  of  the  material  is  changed.  The  sur- 
face  layer  is  primarily  compressed  in  subzone  a 

40  and  then  it  is  plastified  in  subzone  b  and  finally 
"flattened  down"  to  a  superfinish  in  subzone  c  as 
the  contact  is  decreased  and  the  stresses  are 
reduced. 

The  main  process  is  carried  out  in  the  area  of 
45  the  plastifying,  whereby  both  the  tops  and  the 

bottoms  of  the  surface  are  plastified.  For  a  com- 
plete  glazing  of  the  surface  a  rolling  lap  is  required. 
After  a  number  of  rolling  laps  the  tops  have  in 
principle  filled  the  bottoms  in  the  metal  cutted 

so  surface.  This  is  however  carried  out  in  micro  level 
and  therefore  no  breaking  down  of  coarseness  tops 
occurs. 

It  is  extremely  important  that  the  originated 
contact  area  gets  the  above  mentioned  wedge 
shape  having  its  terminating  point  directed  in  the 
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3eding  direction  of  the  deep  rolling  roller.  The 
ilongated  feeding  zone  prevents  the  material  from 
luilding  up  bulge-like  at  the  end  of  the  roller  involv- 
ig  the  risk  of  a  thread-like  waviness  occurring  on 
he  surface  of  the  part. 

In  order  to  give  an  understanding  of  the  finish 
>f  the  surfaces  after  shot  peening  and  deep  roiling 
esp.  reference  is  being  made  to  Fig.6  that  also 
ihows  a  turned  surface.  Both  in  shot  peening  and 
leep  rolling  one  starts  with  a  turned  surface. 
Comparative  tests  have  been  made  upon  test 
)ieces  that  through  bending  fatigue  by  4-point 
oad,  se  Fig.7,  have  been  subjected  to  load 
:hanges,  either  to  a  fracture  or  until  the  number  of 
oad  changes  •  exceed  10s.  The  test  pieces  have 
ifter  turning  either  been  untreated,  shot  peen.ed  or 
ieep  rolled.  As  is  appearent  from  the  table  in  Fig.8 
significantly  higher  fatigue  resistances  are  achieved 
or  the  deep  rolled  test  pieces  as  compared  to 
jntreated  and  shot  peened  test  pieces. 

The  present  invention  thus  refers  to  deep  roll- 
ng  of  elements  for  percussive  drilling.  Said  ele- 
nents  are  made  out  of  hardened,  preferably  case- 
lardened,  steel.  The  deep  rolling  gives  rise  to 
;ompression  stresses  to  a  depth  of  preferably  at 
east  0.5  mm  from  the  surface  that  is  worked.  The 
esidual  stress  (compression)  of  the  element  must 
xeferably  be  >  0.5  <js.  According  to  a  preferred 
smbodiment  of  the  invention  the  residual  stress 
[compression)  must  be  in  the  magnitude  of  0.7-0.8 
js.  The  surface  finish  that  is  achieved  by  the  deep 
■oiling  must  be  S  Ra  1.0. 

The  expression  roller  burnishing  is  in  principle 
squivalent  with  the  above  used  deep  rolling.  How- 
3ver,  there  is  usually  the  difference  that  in  deep 
rolling  higher  forces  are  used  within  a  more  con- 
centrated  area  of  the  element  that  is  worked.  No 
definite  border  line  between  the  two  methods  exists 
but  there  is  an  overlapping  zone.  Throughout  the 
present  application  the  expression  deep  rolling  has 
been  used. 

In  this  connection  the  well-known  fact  should 
be  pointed  out  that  corrosion  reduces  the  fatigue 
resistance.  A  more  finished  surface  makes  it  harder 
for  the  corrosion  to  attach  itself  to  the  surface.  This 
is  manifested  in  such  a  way  that  more  finished 
surfaces  give  rise  to  a  more  general  nature  of 
corrosion  while  coarse  surfaces  more  likely  get 
pittings.  Since  the  products  within  the  field  of  per- 
cussive  rock  drilling  often  work  in  extremely  corro- 
sive  environments  it  is  of  the  utmost  importance 
that  the  corrosion  is  counteracted  as  much  as 
possible. 

Within  the  scope  of  the  invention  it  is  possible 
to  have  a  further  treatment  of  the  elements  for 
percussive  drilling  after  the  deep  rolling.  This  sub- 
sequent  treatment  has  the  aim  of  further  improving 
the  surface  finish  of  the  elements.  Preferably  this 

improvement  or  tne  surcace  unisn  is  acnieveu  uy 
polishing  or  grinding.  Said  surface  finish  is  prefer- 
ably  in  the  magnitude  of  Ra  0.1  . 

To  sum  up  it  can  be  concluded  that  elements 
5  for  percussive  drilling  are  subjected  to  a  pulsating 

stress  that  gives  rise  to  fatigue  cracks.  The  deep 
rolling  of  an  element  for  percussive  drilling  simulta- 
neously  provides  compression  stresses  in  the  sur- 
face  layer  and  a  comparatively  high  surface  finish. 

o  The  invention  can  be  varied  freely  within  the 
scope  of  the  appending  claims. 

Claims 
5 

1.  Method  to  increase  the  strength  of  an  ele- 
ment  for  percussive  drilling,  said  element  being 
made  of  hardened  steel  and  transferring  impact 
energy  in  its  axial  direction,  said  method  involving 

>o  deep  rolling  of  the  surface  layer  of  the  element,  at 
least  in  certain  sections, 
characterized  in  that  said  deep  rolling  creates  a 
surface  finish  £  Ra  1  .0. 

2.  Method  according  to  claim  1  , 
»5  characterized  in  that  the  residual  stress  is  bigger 

than  half  the  yield  point. 
3.  Method  according  to  claim  1  or  2, 

characterized  in  that  the  deep  rolling  gives  rise  to 
compression  stresses  to  a  depth  of  at  least  0.5  mm 

30  from  the  surface  that  is  worked. 
4.  Method  according  to  any  one  of  the  previous 

claims, 
characterized  in  that  after  the  deep  rolling  the 
element  is  subjected  to  polishing. 

35  5.  Element  for  percussive  drilling,  said  element 
being  made  of  hardened  steel  and  transferring  im- 
pact  energy  in  its  axial  direction,  the  surface  layer 
of  the  element,  at  least  in  certain  sections,  being 
deep  rolled, 

40  characterized  in  that  said  deep  rolled  sections 
having  a  surface  finish  £  Ra  1  .0. 

6.  Element  according  to  claim  5, 
characterized  in  that  the  residual  stress  is  bigger 
than  half  the  yield  point. 

45  7.  Element  according  to  claim  5  or  6, 
characterized  in  that  the  compression  stresses 
caused  by  the  deep  rolling  are  present  to  a  depth 
of  at  least  0.5  mm  from  the  surface  that  is  worked. 

8.  Element  according  to  any  one  of  claims  5  to 
50  7, 

characterized  in  that  the  deep  rolled  sections  are 
polished. 
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