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©  A  piston  for  an  internal  combustion  engine,  and  particularly,  but  not  exclusively,  for  a  Diesel  engine,  has  in  a 
region  thereof  reinforcing  ceramic  fibres,  the  fibres  originally  being  in  the  form  of  an  insert  for  the  piston  with  a 
relatively  high  density  in  the  range  10  to  20%  of  the  density  of  the  fibre  material.  In  the  fabrication  of  the  piston 
the  insert  is  infiltrated  with  molten  piston  material,  the  piston  being  formed  by  employing  a  pressure  casting 
technique,  such  as  squeeze  casting.  The  piston  material  comprises  an  aluminium  alloy  with  2.0  to  5.5%  by 
weight  copper  and  with  11.0  to  17.0%  by  weight  silicon,  and,  preferably,  2.5  to  3.5%  by  weight  copper  and  12  to 
14%  by  weight  silicon.  In  the  fibre-reinforced  region  the  top  ring  groove  of  the  piston  is  provided,  and,  possibly, 
the  fibre-reinforced  piston  region  provides  the  peripheral  part  of  the  crown  surface. 
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The  present  invention  relates  to  fibre-reinforced  metal  pistons  for  internal  combustion  engines,  espe- 
cially  Diesel  engines,  and,  in  particular,  the  present  invention  relates  to  metal  pistons  each  having 
reinforcing  ceramic  fibres  in  the  region  of  the  piston  in  which  the  top  ring  groove  is  provided;  and  the  piston 
is  of  a  cast  aluminium  alloy,  the  metal  having  infiltrated  the  fibre  reinforcement  when  the  piston  is  cast  by 

5  employing  a  pressure  technique  such  as  squeeze  casting. 
A  ceramic  fibre  reinforcement  increases  the  strength  of  a  piston  region  in  which  it  is  provided;  and  also 

enables  the  region  to  withstand  greater  temperatures  than  otherwise  would  be  the  case.  The  greater  the 
density  of  the  fibre  insert  initially  included  in  the  piston  region  in  relation  to  the  density  of  the  fibre  material 
the  stronger  the  provided  region. 

io  In  operation,  or  in  post-casting  heat  treatment  process  steps,  such  as  solution  heat  treating  and 
quenching,  such  a  piston  may  crack  due  to  differential  thermal  expansion  at  the  boundary  between  the 
fibre-reinforced  region  and  an  adjacent  region  which  is  not  so  reinforced.  This  cracking  is  more  likely  to 
occur  when  the  fibre  insert  initially  included  in  the  former  region  has  a  relatively  high  density,  say,  in  the 
range  10  to  20%  of  the  density  of  the  fibre  material. 

75  Conventionally  the  reinforcing  ceramic  fibres  in  a  piston  are  of  aluminium  oxide  and/or  of  aluminium 
silicate,  and,  in  the  fibre  insert,  before  the  piston  is  cast,  the  fibres  have  a  thin  coating  of  silica  provided  by 
drying  an  appropriately  shaped  preform  of  the  combination  of  the  fibres  with  a  binder  system  including 
silica  gel.  During  the  subsequently  required  pressure  casting  of  the  piston,  the  molten  aluminium  alloy 
comprising  the  piston  material  may  react  with  the  silica  coated  fibre  surfaces  and  becomes  bonded  thereto. 

20  In  any  event,  micro-shrinkage  of  the  cast  piston  material  occurs,  and  this  tends  to  break  any  bond  between 
the  aluminium  alloy  and  the  fibres,  or  otherwise  causes  the  fibres  to  become  less  securely  held  in  the 
aluminium  alloy.  This  causes  the  wear  resistance  of  the  fibre-reinforced  piston  region  to  be  significantly 
lower  than  otherwise  would  be  the  case. 

Whilst  it  is  known  that  a  relatively  high  density  fibre  insert  has  been  incorporated  into  a  piston  so  as  to 
25  provide  the  crown  surface,  previously  it  has  not  been  considered  desirable  to  include  such  a  relatively  high 

density  fibre  insert  in  the  region  of  a  piston  providing  a  top  ring  groove  because  it  causes  the  machining  of 
the  groove  to  be  more  difficult,  and  causes  increased  wear  of  the  piston  ring  in  the  groove,  in  addition  to 
increased  wear  associated  with  the  groove. 

For  pistons  to  be  included  in  highly  rated  engines,  especially,  but  not  exclusively,  Diesel  engines,  it  is 
30  desirable  to  provide  top  ring  grooves  in  piston  regions  of  a  material  which  has  a  high  wear  resistance. 

Conventionally,  at  least  the  top  ring  groove  is  provided  in  a  Ni-resist  insert  which  has  a  desirable  high  wear 
resistance.  However,  the  Ni-resist  insert  can  not  be  subjected  to  temperatures  greater  than  270  °  C,  lower 
than  temperatures  to  which  it  may  be  subjected  in  a  highly  rated  engine.  Where  higher  temperatures  are  to 
be  experienced  in  a  piston  region  a  relatively  high  density  fibre  insert  conveniently  can  be  included  in  this 

35  region  instead  of  the  piston  region  comprising  a  Ni-resist  insert. 
It  is  an  object  of  the  present  invention  to  provide  a  piston  for  an  internal  combustion  engine  which  has  a 

relatively  high  density  fibre  insert  included  in  the  piston  region  providing  the  top  ring  groove,  and  this  piston 
region  having  a  high  wear  resistance. 

According  to  the  present  invention  a  piston  for  an  internal  combustion  engine  has  in  a  region  thereof 
40  reinforcing  ceramic  fibres,  and  in  the  fibre-reinforced  region  the  top  ring  groove  of  the  piston  is  provided, 

the  fibres  originally  being  in  the  form  of  an  insert  for  the  piston  with  a  relatively  high  density  in  the  range  10 
to  20%  of  the  density  of  the  fibre  material,  in  the  fabrication  of  the  piston  the  insert  being  infiltrated  with 
molten  piston  material,  the  piston  being  formed  by  employing  a  pressure  casting  technique,  such  as 
squeeze  casting,  characterised  in  that  the  piston  material  comprises  an  aluminium  alloy  with  2.0  to  5.5%  by 

45  weight  copper  and  with  11.0  to  17.0%  by  weight  silicon,  and,  preferably,  2.5  to  3.5%  by  weight  copper  and 
12  to  14%  by  weight  silicon. 

Any  such  an  aluminium  alloy  material  has  a  greater  hot  strength  than  aluminium  alloys  with  a  lower 
amount  of  copper,  and  provides,  in  the  operation  of  the  piston,  a  stronger  matrix  to  hold  the  reinforcing 
ceramic  fibres  than  is  provided  with  aluminium  alloys  having  a  lower  amount  of  copper. 

50  Further,  advantageously,  an  aluminium  alloy  having  2.0  to  5.5%  by  weight  of  copper  is  more  compatible 
with  the  piston  ring  to  be  provided  in  the  groove. 

Because  of  either,  or  both,  the  criteria  referred  to  in  the  two  preceding  paragraphs  there  is  obtained 
required  reduced  wear  of  the  piston  ring,  in  addition  to  the  obtaining  of  desirable  reduced  wear  of  the  ring 
groove,  in  the  operation  of  the  piston. 

55  In  addition,  because  of  the  higher  hot  strength  of  the  aluminium  alloy  having  2.0  to  5.5%  by  weight 
copper,  compared  with  an  alloy  having  a  lower  percentage  of  copper,  it  is  possible  to  provide  the  top  ring 
groove  closer  to  the  crown  surface,  where  the  operating  temperature  is  higher  than  otherwise  would  be  the 
case,  and  where  this  operating  temperature  is  higher  than  is  desirable  for  a  Ni-resist  insert.  Thus,  the  axial 
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length  of  the  top  piston  land  can  be  smaller  than  is  possible  with  a  Ni-resist  insert.  Such  a  piston 
arrangement  with  a  short  piston  land  is  advantageous  because,  in  an  engine,  the  "dead  volume"  above  the 
top  ring,  and  which  dead  volume  is  in  communication  with  the  combustion  volume  above  the  piston,  is 
smaller  than  otherwise  would  be  the  case.  The  reduction  in  the  dead  volume  causes  a  corresponding,  and 

5  advantageous,  reduction  in  undesirable  exhaust  emissions,  an  improvement  in  the  fuel  consumption  of  the 
engine,  and  a  longer  life. 

The  piston  arrangement  may  be  such  that  the  fibre-reinforced  piston  region  in  which  the  top  ring  groove 
is  provided  also  provides  the  peripheral  part  of  the  crown  surface.  Hence,  the  top  piston  land  is  solely 
provided  by  the  fibre-reinforced  piston  region,  and  desirably  may  be  of  smaller  axial  extent  than  otherwise 

io  is  possible. 
The  present  invention  will  now  be  described  by  way  of  example,  with  reference  to  the  accompanying 

drawings,  in  which 
Figure  1  is  a  sectional  elevation  of  one  embodiment  of  a  piston  in  accordance  with  the  present  invention, 
the  illustrated  section  being  in  the  plane  including  both  the  piston  axis  and  the  axis  of  the  gudgeon  pin 

is  bores,  and 
Figure  2  corresponds  to  Figure  1  and  shows  a  modification  of  the  piston  of  Figure  1  . 
The  piston  10  of  Figure  1  for  a  Diesel  engine  is  produced  by  squeeze  casting  an  aluminium  alloy 

comprising:- 

Copper  2.5%  by  weight 
Silicon  13.5%  by  weight 
Nickel  1  .0%  by  weight 
Magnesium  1  .0%  by  weight,  and 

25 
the  balance  being  aluminium  and  both  significant  and  insignificant  impurities. 

The  ultimate  tensile  strength  of  this  alloy  at  350  °  C  is  70  MegaPascals. 
The  illustrated  piston  is  provided  with  three  ring  grooves  12,  but  any  desired  number  of  such  ring 

grooves  may  be  provided.  The  crown  surface  is  indicated  at  14,  and  a  combustion  bowl  16  is  formed  in  this 
30  crown  surface.  Gudgeon  pin  bores  18  extend  through  bosses  provided  in  the  piston  below  the  ring  grooves 

12.  The  piston  skirt  is  indicated  at  20.  Also  shown  in  the  drawing  is  the  piston  axis  22  and  the  axis  24  of  the 
gudgeon  pin  bores  18. 

An  insert  (not  shown)  of  reinforcing  ceramic  fibres,  for  example,  the  fibres  being  of  alumina,  is 
incorporated  in  the  piston  10  in  the  squeeze  casting  process  step.  In  particular,  the  fibre  insert  is  located  at 

35  a  required  position  in  the  casting  mould,  and,  under  the  application  of  externally  applied  pressure,  molten 
aluminium  alloy  of  the  composition  referred  to  above  is  caused  to  infiltrate  the  fibre  insert.  The  arrangement 
is  such  that  an  annular  fibre-reinforced  piston  region  26  is  provided,  and  in  this  piston  region  is  provided  the 
top  ring  groove  12'. 

The  piston  is  for  a  highly  rated  Diesel  engine,  and  the  top  ring  groove  12'  is  so  located  in  relation  to  the 
40  crown  surface  14  that  the  top  piston  land  28,  whilst  having  a  finite  axial  length,  has  an  advantageously  small 

axial  length  of  less  than  10  millimetres  between  the  top  ring  groove  12'  and  the  periphery  of  the  crown 
surface  14.  This  axial  length,  may  be  in  the  range  3  to  10  millimetres,  and,  conveniently,  may  be  in  the 
range  5  to  9  millimetres.  Any  such  small  axial  length  for  the  top  piston  land,  previously,  would  have  implied 
a  high  tendency  for  the  land  to  break  under  normal  operating  conditions  for  the  piston.  However,  in 

45  accordance  with  the  present  invention,  the  combination  of  an  aluminium  alloy  with  a  high  hot  strength, 
infiltrating  a  relatively  high  density  ceramic  fibre,  reinforcing  insert,  ensures  that  breakage  of  the  top  piston 
land  does  not  occur.  For  example,  this  land  has  an  axial  length  of  8.5  millimetres.  Because  of  any  such 
location  of  the  top  ring  groove  12'  the  temperatures  to  which  the  piston  region  26  are  subjected  may  be 
higher  than  270  °C,  unsuitable  for  Ni-resist  material  which  conventionally  is  used  for  such  a  piston  region. 

50  The  fibre  insert  incorporated  into  the  piston  had  a  relatively  high  density  of  15%  of  the  density  of  the 
fibre  material.  Because  of  this  high  density,  because  of  the  high  hot  strength  of  the  aluminium  alloy  referred 
to  above,  because  of  the  improved  compatibility  of  the  alloy  with  the  piston  ring,  and  because  of  the 
inherent  high  strength  support  provided  by  the  aluminium  alloy  for  the  reinforcing  alumina  fibres,  there  is  a 
desirable  high  wear  resistance  for  the  piston  region  26,  and  a  reduced  wear  rate  of  the  piston  ring  included 

55  in  the  groove  provided  in  the  region. 
A  modification  of  the  piston  of  Figure  1  is  shown  in  Figure  2,  and  where  appropriate  the  same  reference 

numerals  are  used  in  both  Figures  to  identify  identical  or  closely  resembling  parts. 

3 
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The  piston  10'  of  Figure  2  differs  from  that  of  Figure  1  in  that  the  annular  fibre-reinforced  region  26',  in 
addition  to  having  the  top  ring  groove  12'  formed  therein,  also  extends  to  the  peripheral  part  of  the  crown 
surface  14,  and  provides  the  whole  of  the  top  piston  land  28'.  This  modification  enables  the  top  piston  land 
28',  and  the  piston  10',  to  be  of  smaller  axial  extent  than  otherwise  is  possible. 

Claims 

1.  A  piston  for  an  internal  combustion  engine  has  in  a  region  thereof  reinforcing  ceramic  fibres,  and  in  the 
fibre-reinforced  region  the  top  ring  groove  of  the  piston  is  provided,  the  fibres  originally  being  in  the 

io  form  of  an  insert  for  the  piston  with  a  relatively  high  density  in  the  range  10  to  20%  of  the  density  of 
the  fibre  material,  in  the  fabrication  of  the  piston  the  insert  being  infiltrated  with  molten  piston  material, 
the  piston  being  formed  by  employing  a  pressure  casting  technique,  characterised  in  that  the  piston 
material  comprises  an  aluminium  alloy  with  2.0  to  5.5%  by  weight  copper  and  with  11.0  to  17.0%  by 
weight  silicon, 

15 
2.  A  piston  as  claimed  in  claim  1  characterised  in  that  the  aluminium  alloy  has  2.5  to  3.5%  by  weight 

copper. 

3.  A  piston  as  claimed  in  claim  1  or  claim  2  characterised  in  that  the  aluminium  alloy  has  12  to  14%  by 
20  weight  silicon. 

4.  A  piston  as  claimed  in  claim  1  or  claim  2  or  claim  3  characterised  in  that  the  piston  material 
comprises:- 

25 Copper  2.5%  by  weight 
Silicon  13.5%  by  weight 
Nickel  1  .0%  by  weight 
Magnesium  1  .0%  by  weight 

30 
with  the  balance  being  aluminium  and  both  significant  and  insignificant  impurities. 

5.  A  piston  as  claimed  in  any  one  of  the  preceding  claims  characterised  in  that  the  reinforcing  ceramic 
fibres  are  of  aluminium  oxide  and/or  aluminium  silicate. 

35 
6.  A  piston  as  claimed  in  any  one  of  the  preceding  claims  characterised  by  being  for  incorporation  in  a 

Diesel  engine. 

7.  A  piston  as  claimed  in  claim  6  characterised  in  that  the  axial  length  of  the  land  between  the  top  ring 
40  groove  and  the  periphery  of  the  crown  surface  of  the  piston  is  between  3  and  10  millimetres. 

8.  A  piston  as  claimed  in  claim  7  characterised  in  that  the  axial  length  of  the  land  between  the  top  ring 
groove  and  the  periphery  of  the  crown  surface  of  the  piston  is  between  5  and  9  millimetres. 

45  9.  A  piston  as  claimed  in  any  one  of  the  preceding  claims  characterised  in  that  the  fibre-reinforced  piston 
region  also  provides  the  peripheral  part  of  the  crown  surface. 

50 
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