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(54)  Poppet  valve  and  method  of  making  it 

(57)  A  poppet  valve  (3)  comprises  a  valve  stem  (1) 
and  a  valve  head  (2)  which  is  made  of  light  metal  such 
as  A1  alloy.  On  a  valve  face  (2a)  of  the  valve  head,  a 
hard  alloy  layer  (4)  which  comprises  wear  resistance 
increasing  material  and  the  light  metal  of  the  valve  head 
is  formed  to  increase  wear  resistance. 
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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  a  poppet  valve  and  s 
a  method  of  making  it,  and  particularly,  to  a  poppet 
valve  in  which  a  valve  face  is  hardened  to  increase  wear 
resistance. 

The  obstacle  to  increase  in  allowable  rotation 
speed  of  an  engine  is  increase  in  inertia  mass  owing  to  10 
weight  of  a  valve  operating  system.  Especially,  if  the 
poppet  valve  is  heavy,  movement  of  the  valve  element 
which  follows  a  cam  is  failed,  as  rotation  speed 
becomes  higher,  so  that  output  decrease  occurs.  There- 
fore,  to  lighten  the  valve  element,  the  whole  valve  ele-  is 
ment  or  valve  head  is  made  of  light  metal  such  as  Al  and 
Ti  instead  of  ordinary  heat  resistant  steel. 

However,  the  above  light  metal  has  lower  hardness 
than  that  if  heat  resistant  steel  and  is  poor  in  high  tem- 
perature  features.  Therefore,  in  a  valve  face  which  is  20 
engaged  on  a  valve  seat  and  repeatedly  subjected  to 
large  impaction  load,  there  is  a  problem  in  wear  resist- 
ance,  thereby  decreasing  durability  and  reliability.  To 
overcome  the  problem,  it  is  suggested  that  the  valve 
face  is  regulated  and  hardened  with  heat  treatment,  or  25 
that  a  hard  coated  layer  is  formed  on  the  valve  face  by 
surface  treatment  such  as  spray  coating  and  plating  so 
as  to  increase  wear  resistance. 

However,  the  valve  element  made  of  light  metal 
such  as  Al  does  not  attain  hardening  by  the  regulation,  30 
and  wear  resistance  required  for  the  valve  face  is  not 
obtained.  In  the  above  heat  treatment,  hard  coated  layer 
is  relatively  thin,  and  expected  to  disappear  within  a 
short  time.  Therefore,  it  is  not  practical. 

35 
SUMMARY  OF  THE  INVENTION 

In  view  of  the  disadvantages,  it  is  an  object  of  the 
invention  to  provide  a  poppet  valve  and  a  method  of 
making  it,  in  which  a  relatively  thick  surface  layer  of  a  40 
valve  face  is  hardened,  thereby  improving  wear  resist- 
ance  in  the  portion  greatly. 

According  to  one  aspect  of  the  present  invention, 
there  is  provided  a  poppet  valve  which  comprises  a 
valve  stem  and  a  valve  head,  at  least  the  valve  head  45 
being  made  of  light  metal,  a  hard  alloy  layer  which  con- 
tains  wear  resistance  increasing  material  and  the  light 
alloy  of  the  valve  head  being  formed  on  a  valve  face  of 
the  valve  head. 

The  hard  alloy  layer  is  formed  on  the  valve  face,  so 
thereby  increasing  wear  resistance  and  reliability.  The 
alloy  layer  is  formed  only  on  the  valve  face,  which  does 
not  affect  lightening  of  the  poppet  valve. 

According  to  another  aspect  of  the  present  inven- 
tion,  there  is  provided  a  method  of  making  a  poppet  55 
valve  which  comprises  a  valve  stem  and  a  valve  head, 
the  method  comprising  the  steps  of: 

joining  wear  resistance  increasing  material  onto  a 
valve  face  of  the  valve  head  made  of  light  metal; 
and 
heating  the  valve  face  to  weld  part  of  the  valve  face 
and  the  wear  resistance  increasing  material  to  form 
an  alloy  layer  which  contains  the  light  alloy  of  the 
valve  head  and  the  wear  resistance  increasing 
material. 

It  facilitates  hardening  to  the  light  metal  such  as  Al, 
and  makes  it  possible  easily  to  manufacture  the  poppet 
valve  in  which  only  the  valve  face  is  hardened. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  features  and  advantages  of  the  present  inven- 
tion  will  become  more  apparent  from  the  detailed 
description  of  embodiments  with  respect  to  the  accom- 
panying  drawings  wherein: 

Fig.  1  is  a  partially  broken  away  front  elevational 
view  of  a  poppet  valve  according  to  the  present 
invention; 
Fig.  2  shows  the  steps  for  making  the  poppet  valve; 
Fig.  3  is  a  vertical  sectioned  front  view  of  main  part 
to  show  how  to  mold  a  valve  element  by  forging 
while  a  ring  is  embedded  in  a  valve  face; 
Fig.  4  is  a  partially  broken  away  front  view  which 
powder  is  held  in  an  annular  groove  of  a  valve  face; 
and 
Fig.  5  is  a  partially  broken  away  front  view  in  which 
powder  is  held  in  a  plurality  of  grooves  of  the  valve 
face. 

DETAILED  DESCRIPTION  OF  PREFERRED  EMBOD- 
IMENTS 

Fig.  1  illustrates  one  embodiment  of  a  poppet  valve 
according  to  the  present  invention,  in  which  a  valve  ele- 
ment  3  which  comprises  a  valve  stem  1  and  a  valve 
head  2  provided  at  the  lower  end  of  the  valve  stem  1  is 
made  of  an  alloy  of  light  metal  Al  or  Ti,  such  as  Al-Si  or 
Ti-AI-V. 

A  tapered  valve  face  2a  in  the  valve  head  2  com- 
prises  relatively  thick  hard  alloy  layer  4  which  is  different 
from  the  valve  element  3  in  material,  the  alloy  layer  4 
being  formed  by  combining  Al  or  Ti  alloy  of  which  the 
valve  element  3  is  made,  with  wear  resistance  increas- 
ing  material  which  comprises  any  of  Ni,  Cu,  Ti,  Ta  and 
Mo  (Ti  is  excluded  if  the  valve  element  is  made  of  Ti 
alloy),  or  an  alloy  which  contains  two  or  more  elements 
thereof.  The  hard  alloy  layer  4  is  formed  on  the  valve 
face  2a  which  is  repeatedly  subjected  to  a  large  load  by 
engagement  on  a  valve  seat  (not  shown),  so  that  wear 
resistance  on  the  portion  is  greatly  increased,  thereby 
increasing  durability  and  reliability.  In  addition,  the  alloy 
layer  4  is  formed  only  on  the  valve  face  2a,  so  that 
increase  in  weight  of  the  valve  element  3  is  little.  It  does 
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not  affect  lightening  of  the  valve  in  weight. 
A  method  of  making  the  poppet  valve  will  be 

described.  Fig.  2  (A)  to  (D)  illustrate  how  to  make  the 
valve. 

As  shown  in  Fig.  2(A),  on  the  valve  face  2a  of  the 
valve  head  2  of  the  valve  element  3  made  of  a  light 
metal,  an  annular  groove  5  is  formed.  The  annular 
groove  5  is  formed  by  forging  or  mechanical  working 
after  forging.  Then,  as  shown  in  Fig.  2(B),  a  ring  6  made 
of  the  above  wear  resistance  increasing  material  is  put 
or  attached  on  the  annular  groove  5.  Then,  it  transfers  to 
a  heating  step  as  shown  in  Fig.  2(C).  Heating  means  in 
the  step  may  be  preferably  a  known  plasma-arc  type 
powder  overlaying  device  "P",  which  comprises  a  rotary 
drive  support  7  which  is  inclined  at  35  degrees  and 
rotated  slowly  in  one  direction,  and  a  torch  8  which  has 
a  vertical  axis  above  the  support  7.  The  torch  8  has  in 
the  middle  of  the  lower  end  a  nozzle  for  generating 
plasma  arc  9  and  a  plurality  of  bores  1  0  (not  shown)  for 
generating  an  inert  shielding  gas,  such  as  Ar,  around 
the  nozzle. 

The  valve  head  2  of  the  valve  element  3  which  held 
the  ring  3  in  the  previous  step  is  put  into  a  holding  ring 
7a  on  the  rotation  drive  support  7  of  the  device  "P". 
Then,  the  upper  end  of  the  valve  stem  1  is  pressed  by  a 
rotatable  workpiece  holder  (not  shown),  so  that  the 
valve  element  3  is  rotated  in  a  certain  direction  by  mov- 
ing  the  rotation  drive  support  7.  At  the  same  time,  the 
plasma  arc  9  is  generated  by  the  torch  8  above  the  ring 
6,  and  the  inert  shielding  gas  10  is  injected  to  heat  and 
weld  the  ring  6  and  the  annular  groove  5  which  locally 
sopports  the  ring  6.  At  the  same  time,  the  torch  8  may 
be  preferably  reciprocated  horizontally  within  a  prede- 
termined  range.  The  valve  element  3  is  rotated  once,  so 
that,  as  shown  in  Fig.  2  (D),  a  relatively  thick  hard  alloy 
layer  4'  which  differs  from  the  valve  element  3  in  mate- 
rial  is  formed  on  the  valve  face  2a  by  combining  the 
valve  element  3  with  the  ring  6.  The  alloy  layer  4'  con- 
tains  intermetallic  compound  such  as  Al-Ni,  Al-Cu,  Al- 
Ti,  Al-Ta  and  Al-Mo  when  the  material  is  Al  alloy,  or  such 
as  Ti-Ni,  Ti-Cu,  Ti-Ta  and  Ti-Mo  when  it  is  Ti  alloy.  The 
valve  element  3  in  Fig.  2(D)  is  finished  to  a  predeter- 
mined  form  by  mechanical  processing  to  the  valve  face 
2a  after  the  step  (C). 

Fig.  3  illustrates  another  embodiment  in  which  the 
ring  6  is  held.  In  the  embodiment,  after  the  ring  6  is 
inserted  and  put  into  a  die  1  1  for  molding  the  valve  ele- 
ment  with  forging,  material  (not  shown)  is  strongly 
pressed  by  a  punch  12,  and  the  ring  6  is  embedded  in 
the  valve  face  2a  by  making  plastic  deformation  of  the 
material  for  molding  the  valve  head  2.  Accordingly,  the 
steps  for  forming  the  annular  groove  5  as  shown  in  Fig. 
2  (A)  and  (B)  and  the  step  for  holding  the  ring  6  can  be 
omitted,  thereby  decreasing  the  number  of  steps. 

In  Fig.  4,  the  annular  groove  5  of  the  valve  element 
3  is  filled  with  powder  13  which  comprises  the  foregoing 
wear  resistance  increasing  material  instead  of  the  ring  6 
as  above.  The  powder  1  3  may  be  ordinary,  but  may  be 

preferably  compressed  powder,  taking  account  of  drop- 
ping  during  transportation  of  the  workpieces.  When  it  is 
made  of  compressed  powder,  welding  of  the  powder  1  3 
becomes  faster,  and  heating  time  becomes  shorter. 

5  Thus,  especially,  it  is  convenient  for  the  valve  element  3 
made  of  Al  alloy  which  has  a  low  melting  point. 

Fig.  5  illustrates  that  a  plurality  of  grooves  14  are 
formed  on  the  valve  face  2a,  powder  13  being  embed- 
ded  in  the  grooves  1  4.  In  this  example,  the  material  is 

10  partially  exposed.  Therefore,  it  is  effectively  heated  and 
welded  to  make  an  alloy  readily. 

The  present  invention  is  not  limited  to  the  foregoing 
embodiments,  but  may  apply  to  a  stem-welding-type 
poppet  valve  in  which  the  upper  part  from  a  suitable  por- 

15  tion  such  as  a  middle  portion  of  the  valve  stem  1  is 
made  of  an  ordinary  heat  resistant  steel  and  the  lower 
part  of  the  valve  stem  1  which  contains  the  valve  head  2 
is  made  of  Al  alloy  or  Ti  alloy  as  above,  instead  of  the 
valve  element  3  totally  made  of  Al  alloy  or  Ti  alloy  as 

20  above. 
The  valve  face  2a  has  a  tapered  surface,  and  there- 

fore,  may  be  heated  and  welded  with  the  ring  6  which  is 
merely  put  on  the  face  without  forming  the  annular 
groove  5.  The  lower  surface  of  the  ring  6  may  be  flat  to 

25  join  the  valve  face  2a. 
The  powder  1  3  may  be  held  on  the  valve  face  2a 

with  adhesion  by  a  suitable  binder  without  the  annular 
groove  5  or  groove  1  4. 

To  heat  the  valve  face  2a,  high  density  energy  such 
30  as  laser  and  electronic  beam  may  be  employed  instead 

of  plasma  arc  as  above. 
The  foregoings  merely  relate  to  embodiments  of  the 

invention.  Other  changes  and  modifications  may  be 
made  by  person  skilled  in  the  art  without  departing  from 

35  the  scope  of  claims  wherein: 

Claims 

1  .  A  poppet  valve  which  comprises  a  valve  stem  and  a 
40  valve  head,  at  least  the  valve  head  being  made  of 

light  metal,  a  hard  alloy  layer  which  contains  wear 
resistance  increasing  material  and  the  light  alloy  of 
the  valve  head  being  formed  on  a  valve  face  of  the 
valve  head. 

45 
2.  The  poppet  valve  as  defined  in  claim  1  wherein  the 

light  metal  is  Al  alloy  or  Ti  alloy. 

3.  The  poppet  valve  as  defined  in  claim  1  wherein  the 
so  wear  resistance  increasing  material  is  Ni,  Cu,  Ti, 

Ta,  Mo  or  an  alloy  made  of  two  or  more  elements 
thereof. 

4.  A  method  of  making  a  poppet  valve  which  com- 
55  prises  a  valve  stem  and  a  valve  head,  the  method 

comprising  the  steps  of: 

joining  wear  resistance  increasing  material 

3 
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onto  a  valve  face  of  the  valve  head  made  of 
light  metal;  and 
heating  the  valve  face  to  weld  part  of  the  valve 
face  and  the  wear  resistance  increasing  mate- 
rial  to  form  an  alloy  layer  which  contains  the  5 
light  alloy  of  the  valve  head  and  the  wear  resist- 
ance  increasing  material. 

5.  The  method  as  defined  in  claim  4  wherein  the  light 
metal  is  Al  alloy  or  Ti  alloy.  w 

6.  The  method  as  defined  in  claim  4  wherein  the  wear 
resistance  increasing  material  is  Ni,  Cu,  Ti,  Ta,  Mo 
or  an  alloy  made  of  two  or  more  elements  thereof. 

15 
7.  The  method  as  defined  in  claim  4  wherein  the  wear 

resistance  increasing  material  is  formed  like  a  ring 
which  is  joined  onto  the  valve  face. 

8.  The  method  as  defined  in  claim  4  wherein  the  wear  20 
resistance  increasing  material  is  formed  as  powder 
or  compressed  powder  which  joins  the  valve  face. 

9.  The  method  as  defined  in  claim  4  wherein  the  wear 
resistance  increasing  material  is  embedded  and  25 
held  on  the  valve  face. 

10.  The  method  as  defined  in  claim  4  wherein  a  groove 
is  formed  on  the  valve  face,  the  wear  resistance 
increasing  material  being  held  in  the  groove.  30 

1  1  .  The  method  as  defined  in  claim  4  wherein  there  are 
a  plurality  of  grooves  in  which  the  wear  resistance 
increasing  material  is  embedded. 

35 
1  2.  The  method  as  defined  in  claim  4  wherein  high  den- 

sity  energy  such  as  laser,  plasma  arc  or  electron 
beam  is  used  to  heat  the  valve  face. 

1  3.  The  method  as  defined  in  claim  4  wherein  the  valve  40 
face  is  heated  and  welded  in  an  atmosphere  of  an 
inert  shielding  gas. 

45 
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