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Description 

This  invention  relates  to  a  piston  with  a  cooling 
cavity  adjacent  to  piston-ring  grooves  according  to 
the  pre-characterising  part  of  claim  1  . 

Japanese  Patent  Publication  No.  60-25619  and 
Japanese  Laid  Open  Utility  Model  Registration  No. 
62-131771  disclose  respective  aluminum-alloy 
composite  materials  made  in  such  a  way  that  the 
molten  aluminum  alloy  is  penetrated  into  the  po- 
rous  metal  under  a  high  pressure  so  as  to  improve 
the  mechanical  strength  thereof. 

Moreover,  Japanese  Laid  Open  Patent  No.  59- 
213939,  Japanese  Laid  Open  Patent  No.  59- 
218341  and  Japanese  Laid  Open  Patent  No.  59- 
212159  disclose  respective  compound  layers  of  the 
porous  metal  of  iron,  nickel  or  copper  with  the 
aluminum  alloy  so  as  to  improve  the  wear  resis- 
tance  of  the  aluminum  alloy. 

When  such  composite  material,  in  which  the 
porous  metal  is  incorporated,  is  applied  to  a  re- 
quired  portion,  such  as  a  portion  of  a  piston,  the 
strength  and  the  wear  resistance  of  the  piston  and 
the  like  will  be  improved. 

However,  between  the  above  mechanical  prop- 
erties,  there  is  an  opposition  of  one  property  to  the 
other  in  relation  with  the  volumetric  ratio  of  the 
porous  metal,  so  that  if  the  volumetric  ratio  is 
designed  to  be  more  than  60%,  for  instance,  the 
wear  resistance  of  the  piston-ring  groove  will  be 
improved,  but  the  mechanical  strength  will  be  apt 
to  reduce,  for  example,  due  to  separation  initiated 
in  the  interface  between  the  porous  metal,  and  the 
metal  (e.g.  aluminum)  penetrated  in  the  porous 
metal. 

That  is,  the  higher  the  volumetric  ratio  is,  the 
larger  the  wear  resistance  is,  but  the  smaller  the 
strength  of  the  interface  is.  Conversely,  the  lower 
the  volumetric  ratio  is,  the  larger  the  strength  of  the 
interface  is,  but  the  smaller  the  wear  resistance  is. 

GB-A-2023765  and  FR-A-2284769  disclose  a 
piston  with  a  cavity  adjacent  to  piston-ring  grooves. 
A  portion  of  the  piston,  immediately  around  the  top 
piston-ring  groove,  is  strengthened  with  a  compos- 
ite  material  which  incorporates  a  porous  metal. 

JP-A-58-210102  discloses  providing  an  annular 
sintered  rotating  part  whose  density  is  higher  at  the 
outer  circumferential  edge  than  at  the  inner  circum- 
ferential  edge. 

According  to  the  present  invention,  there  is 
provided  a  piston  with  a  cooling  cavity  adjacent  to 
piston-ring  grooves,  wherein  a  portion  of  the  piston, 
adjacent  to  a  first  edge  portion  of  at  least  the  top 
piston-ring  groove,  is  strengthened  with  a  compos- 
ite  material  which  incorporates  a  porous  metal; 
characterized  in  that:  the  composite  material  ex- 
tends  from  the  first  edge  portion  to  a  second  edge 
portion  of  the  cooling  cavity  which  is  opposed  to 

the  first  edge  portion;  and  the  volumetric  ratio  of 
the  porous  metal  varies  from  the  first  edge  portion 
to  the  second  edge  portion. 

In  preferred  embodiments  of  this  invention,  the 
5  porous  metal  is  made  of  a  Ni-Cr  base  metal.  The 

volumetric  ratio  is  within  a  range  of  8-70%  in  a  part 
near  to  the  top  piston-ring  groove,  and  with  a  range 
of  0.5-5%  in  a  part  near  to  the  cooling  cavity. 

Preferably,  the  porous  metal  lying  between  the 
io  first  edge  portion  and  the  second  edge  portion 

comprises  superposed  layers  which  have  different 
volumetric  ratios. 

A  non-limiting  embodiment  of  the  present  in- 
vention  will  now  be  described  with  reference  to  the 

75  accompanying  drawings,  in  which:- 
Figure  1  is  a  front  view,  half  broken  away  and  in 
section,  of  a  piston  according  to  an  embodiment 
of  this  invention; 
Figure  2  is  an  enlarged  fragmentary  sectional 

20  view  illustrating  a  portion  of  the  piston  of  Figure 
1; 
Figure  3A  is  a  sectional  view  of  an  annularly 
formed  porous  metal  to  be  embedded  in  the 
piston  of  Figure  1  ;  and 

25  Figure  3B  is  a  plan  view  of  the  annularly  formed 
porous  metal  of  Figure  3A. 

Referring  to  the  drawings  in  detail,  and  initially 
to  Figure  1  thereof,  it  will  be  seen  that  a  piston 
embodying  the  present  invention  has  a  cooling 

30  cavity  3  adjacent  to  piston  grooves  2. 
The  cooling  cavity  3  communicates  by  pas- 

sages  (not  shown)  with  the  inside  of  the  piston  1, 
so  that  oil  flowing  from  the  crank  case  to  the 
cooling  cavity  3  inhibits  an  increase  of  temperature 

35  of  the  piston  1  . 
As  shown  in  Figure  2,  the  piston  1  is  reinforced 

by  a  composite  material  4  from  a  partial  edge  of  a 
top  piston-ring  groove  2  to  a  partial  edge  of  the 
cooling  cavity  3,  which  is  in  opposed  relation  to  the 

40  partial  edge  of  the  top  piston-ring  groove  2. 
As  shown  in  Figure  3B,  a  porous  metal  4a 

incorporated  in  the  composite  material  4  is  of  an- 
nular  shape,  and,  as  shown  in  Figure  3A,  a  part, 
denoted  by  numeral  5,  of  a  sectional  profile  co- 

45  incides  with  a  curve,  which  forms  a  part  of  the 
periphery  of  the  cooling  cavity  3. 

It  will  be  seen  from  Figure  3A  that  the  porous 
metal  4a  is  made  by  superposed  layers,  each  of 
which  has  a  different  volumetric  ratio  Vf  from  the 

50  rest.  That  is,  the  porous  metal  4a  comprises  the 
outermost  layer  6,  which  is  to  be  located  near  to 
the  piston-ring  groove  2  and  the  volumetric  ratio  Vf 
of  which  is  in  a  range  of  8-70%;  the  innermost 
layer  7,  which  is  to  be  located  near  to  the  cooling 

55  cavity  3  and  the  volumetric  ratio  Vf  of  which  is 
within  a  range  of  0.5-5%;  and  the  intermediate 
layer  8,  which  is  interposed  between  the  outermost 
layer  6  and  the  innermost  layer  7  and  the  volu- 

2 
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metric  ratio  Vf  of  which  is  smaller  than  that  of  the 
uppermost  layer  6  and  larger  than  that  of  the 
innermost  layer  7.  It  is  noted  that  the  intermediate 
layer  8  is  in  a  single  layer,  but  may  be  in  plural 
layers.  If  the  intermediate  layer  8  is  in  plural  layers, 
the  volumetric  ratio  Vf  will  be  changed  stepwise 
from  the  outside  to  the  inside  of  the  plural  layers. 

The  porous  metal  4a  is  made  of  Ni-Cr  base 
metal,  and  chromium  therein  is  in  a  range  of  10- 
100%.  Further,  the  innermost  layer  7  may  be  made 
of  Ni,  and  a  predetermined  amount  of  chromium 
may  be  included,  for  example,  by  means  of  treat- 
ing  the  porous  metal  4a  by  chromizing. 

The  piston  1  is  manufactured  as  follows. 
Firstly,  the  ring-shaped  porous  metal  4a  is  set 

in  a  predetermined  position  of  a  permanent  mold, 
together  with  a  core  for  the  cooling  cavity  3,  and 
the  like.  A  molten  aluminum  alloy  of  AC8A  is 
poured  into  the  permanent  mold  at  a  temperature 
of  760  °C,  and  solidified  under  high  pressure  of 
800  kg/cm2.  Thereafter,  the  piston-ring  groove  and 
the  like  are  formed  by  machining. 

Having  described  an  illustrative  embodiment  of 
this  invention  with  reference  to  the  accompanying 
drawings,  it  is  to  be  understood  that  the  invention 
is  not  limited  to  that  precise  embodiment,  and  that 
various  changes  and  modifications  may  be  effected 
therein  by  one  skilled  in  the  art  without  departing 
from  the  invention.  For  example,  the  porous  metal 
was  made,  in  the  embodiment,  by  the  superposed 
layers,  but  may  be  made  en  bloc.  In  that  event,  the 
volumetric  ratio  Vf  will  be  changed  not  stepwise  but 
continuously. 

The  embodiment  shown  in  the  drawings  pro- 
vides  a  piston  which  avoids  the  previously  de- 
scribed  problems  associated  with  the  prior  art.  It 
has  a  volumetric  ratio  of  a  porous  metal  incor- 
porated  in  a  composite  material,  which  is  applied  to 
the  piston,  which  is  larger  in  a  part  near  to  a 
piston-ring  groove,  and  smaller  in  a  part  near  to  a 
cooling  cavity,  which  is  provided  adjacent  to  the 
piston-ring  groove,  so  that,  if  the  piston-ring  groove 
comes  in  severe  sliding  contact  with  a  piston  ring, 
the  piston-ring  groove  having  a  good  wear  resis- 
tance  will  scarcely  be  damaged.  Furthermore,  the 
strength  of  the  piston  will  be  much  improved  due 
to  an  improved  strength  of  the  interface  of  the 
composite  material  near  to  the  cooling  cavity. 

Claims 

1.  A  piston  (1)  with  a  cooling  cavity  (3)  adjacent 
to  piston-ring  grooves  (2),  wherein  a  portion  of 
the  piston,  adjacent  to  a  first  edge  portion  of  at 
least  the  top  piston-ring  groove,  is  strengthen- 
ed  with  a  composite  material  (4)  which  incor- 
porates  a  porous  metal  (4a); 

characterized  in  that: 

the  composite  material  (4)  extends  from 
the  first  edge  portion  to  a  second  edge  portion 
(5)  of  the  cooling  cavity  which  is  opposed  to 
the  first  edge  portion;  and 

5  the  volumetric  ratio  of  the  porous  metal 
(4a)  varies  from  the  first  edge  portion  to  the 
second  edge  portion. 

2.  A  piston  according  to  claim  1,  wherein  the 
io  porous  metal  (4a)  is  made  of  a  Ni-Cr  base 

metal. 

3.  A  piston  according  to  claim  1  or  2,  wherein  the 
volumetric  ratio  of  the  porous  metal  (4a)  is 

is  within  a  range  of  8-70%  in  a  part  (6)  near  to 
the  top  piston-ring  groove,  and  within  a  range 
of  0.5  -  5%  in  a  part  (7)  near  to  the  cooling 
cavity  (3). 

20  4.  A  piston  according  to  any  one  of  claims  1  to  3, 
wherein  the  porous  metal  (4a)  lying  between 
the  first  edge  portion  and  the  second  edge 
portion  comprises  superposed  layers  (6,  7,  8) 
which  have  different  volumetric  ratios. 

25 
Patentanspruche 

1.  Kolben  (1)  mit  einem  Kuhlraum  (3)  in  der  Nahe 
der  Kolben-Ringnuten  (2),  bei  dem  ein  Ab- 

30  schnitt  des  Kolbens  in  der  Nahe  eines  ersten 
Kantenabschnittes  Wenigstens  der  oberen  Kol- 
ben-Ringnut  mit  einem  Verbundmaterial  (4) 
verstarkt  ist,  welches  ein  poroses  Metall  (4a) 
einschlieBt,  dadurch  gekennzeichnet,  dal3 

35  sich  das  Verbundmaterial  (4)  von  dem  ersten 
Kantenabschnitt  zu  einem  zweiten  Kantenab- 
schnitt  (5)  des  Kuhlraumes,  welcher  dem  er- 
sten  Kantenabschnitt  gegenuberliegt,  erstreckt 
und  sich  das  volumetrische  Verhaltnis  des  po- 

40  rosen  Metalles  (4a)  von  dem  ersten  Kantenab- 
schnitt  zu  dem  zweiten  Kantenabschnitt  hin 
verandert. 

2.  Kolben  nach  Anspruch  1,  bei  dem  das  porose 
45  Metall  (4a)  aus  einem  Ni-Cr-Basismetall  be- 

steht. 

3.  Kolben  nach  Anspruch  1  oder  2,  bei  dem  der 
volumetrische  Anteil  des  porosen  Metalles  (4a) 

50  im  Bereich  von  8  bis  70  %  in  einem  Teil  (6) 
nahe  der  oberen  KolbenRingnut  und  in  einem 
Bereich  von  0,5  bis  5  %  in  einem  Teil  (7)  nahe 
dem  Kuhlraum  (3)  liegt. 

55  4.  Kolben  nach  einem  der  Anspruche  1  bis  3,  bei 
dem  das  zwischen  dem  ersten  Kantenabschnitt 
und  dem  zweiten  Kantenabschnitt  liegende  po- 
rose  Metall  (4a)  ubereinanderliegende  Schich- 

3 
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ten  (6,  7,  8)  umfaBt,  die  unterschiedliche  volu- 
metrische  Verhaltnisse  haben. 

Revendicatlons 
5 

1.  Piston  (1)  ayant  une  cavite  de  refroidissement 
(3)  adjacente  aux  gorges  (2)  des  segments, 
dans  lequel  une  partie  du  piston,  adjacente  a 
une  premiere  partie  de  gorge  du  segment  su- 
perieur  au  moins,  est  renforcee  par  un  mate-  10 
riau  composite  (4)  qui  contient  un  metal  poreux 
(4a),  caracterise  en  ce  que 

le  materiau  composite  (4)  est  dispose  de 
la  premiere  partie  de  bord  a  une  seconde 
partie  de  bord  (5)  de  la  cavite  de  refroidisse-  is 
ment  qui  est  opposee  a  la  premiere  partie  de 
bord,  et 

le  rapport  volumetrique  du  metal  poreux 
(4a)  varie  de  la  premiere  partie  de  bord  a  la 
seconde.  20 

2.  Piston  selon  la  revendication  1,  dans  lequel  le 
metal  poreux  (4a)  est  forme  d'un  metal  a  base 
de  Ni-Cr. 

25 
3.  Piston  selon  la  revendication  1  ou  2,  dans 

lequel  le  rapport  volumetrique  de  metal  poreux 
(4a)  est  compris  entre  8  et  70  %  dans  une 
partie  (6)  qui  est  proche  de  la  gorge  du  seg- 
ment  superieur,  et  dans  une  plage  de  0,5  a  5  30 
%  dans  une  partie  (7)  qui  est  proche  de  la 
cavite  de  refroidissement  (3). 

4.  Piston  selon  I'une  quelconque  des  revendica- 
tions  1  a  3,  dans  lequel  le  metal  poreux  (4a)  35 
place  entre  la  premiere  partie  de  bord  et  la 
seconde  partie  de  bord  comprend  des  cou- 
ches  superposees  (6,  7,  8)  qui  ont  des  rap- 
ports  volumetriques  differents. 

40 
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