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Friction  welding  flashtrap  seal  and  method  of  producing  same. 

N  
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©  A  friction  welded  part  having  a  sealed  flash  trap 
(5)  is  disclosed,  along  with  a  method  for  producing 
such  parts.  The  friction  welded  parts  have  a  hollow 
cylindrical  part  (1)  and  a  second  part  (2)  to  which  the 
hollow  cylindrical  part  is  friction  welded.  There  is  an 
internal  flash  trap  (5)  in  the  region  of  the  weld  (4), 
and  the  hollow  cylindrical  part  is  pinched  inwardly  or 
a  conical  flange  (10)  is  deformed  outwardly  so  as  to 
seal  the  flash  trap  from  the  hollow  portion  of  the 
hollow  cylindrical  part  remote  from  the  weld.  The 
method  involves  the  conventional  steps  of  rotating 
the  parts  with  respect  to  each  other  under  pressure, 
stopping  the  rotation,  and  exerting  high  pressure  to 
Form  the  weld.  Then,  the  hollow  cylindrical  part  in 
the  region  adjacent  the  flash  trap  is  forced  inwardly 
or  a  flange  is  forced  outwardly  so  as  to  effect  the 
seal.  Rolling  is  the  preferred  method  of  forcing  the 
hollow  cylindrical  part  inwardly,  and  is  preferably 
carried  out  immediately  after  the  welding,  so  that  the 
remaining  weld  heat  can  be  used  to  advantage.  A 
mandrel  or  punch  is  used  if  a  flange  on  the  flash 
trap  is  forced  outwardly. 
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:RICT10N  WELDING  FLASH  TRAP  SEAL  AND  METHOD  OF  PRODUCING  5  AM  e 

BACKGROUND  OF  THE  INVENTION 

=ield  of  the  Invention 

This  invention  relates  generally  to  friction  weld- 
ng,  and  particularly  to  friction  welded  parts  having 
a  flash  trap.  The  invention  provides  friction  welded 
Darts  with  a  novel  sealed  flash  trap  and  a  method 
Df  producing  such  parts. 

Friction  welding  is  a  well-known  manufacturing 
orocess  which  uses  axial  force  and  rotational  mo- 
tion  to  heat  a  circular  interface  (solid  or  tubular)  by 
friction,  plasticising  and  upsetting  material  into 
"flash  rolls"  while  losing  axial  length,  and  then 
arresting  the  rotational  motion  and  usually  increas- 
ing  axial  force,  to  form  a  solid  state  forge  bond 
between  two  or  more  components.  It  may  be  per- 
formed  either  on  continuous  drive  friction  welding 
machines  using  a  constant  speed  motor  drive,  or 
on  inertia  friction  welding  machines  which  store 
kinetic  energy  in  a  flywheel  attached  to  the  ma- 
chine  spindle  and  disperse  that  energy  to  the  weld 
interface  when  axial  force  is  applied,  or  on  hybrid 
machines  combining  both  methods. 

Although  conventional  friction  welding  results  in 
a  totally  random  stopped  position,  specifically 
equipped  machines  with  an  "angular  orientation" 
capability  may  be  used  to  align  asymmetrical  fea- 
tures  on  opposite  sides  of  the  symmetrical  inter- 
face  by  stopping  the  machine  spindle  in  the  same 
location  every  cycle. 

Flash  is  of  course  inherent  in  friction  welding. 
In  some  applications,  the  flash  can  be  ignored,  but 
in  other  applications  cannot  be  tolerated.  The  flash 
may  have  small  particulate  matter  which  could 
break  away  and  cause  problems,  or  an  oxidized 
flash  scale  which  may  also  break  free  to  cause 
problems.  In  some  applications,  even  minute  par- 
ticles  breaking  away  from  the  flash  cannot  be  toler- 
ated.  For  example,  in  hydraulic  cylinders,  where 
the  end  of  the  cylinder  may  be  friction  welded  to 
the  body,  contamination  as  small  as  10  microns 
cannot  be  permitted. 

Description  of  the  Prior  Art 

In  the  past,  this  problem  has  meant  that  friction 
welding  could  not  be  used  for  certain  applications, 
unless  elaborate  steps  were  taken  to  eliminate  the 
flash,  e.g.  by  machining,  or  by  using  some  form  of 
sealant  to  seal  off  the  area  of  the  weld  from  the 

area  to  be  kept  uncontaminated. 
External  and  internal  (for  tubular  welds)  flash 

may  be  removed  by  shearing  tools,  turning  tools, 
or  boring  tools  on  the  welder.  Alternatively,  "flash 

5  traps"  may  be  used  to  partially  isolate  internal  or 
external  flash  rolls.  A  flash  trap,  in  the  case  of  an 
internal  flash  trap,  is  typically  in  the  form  of  a  solid 
cylinder  of  diameter  slightly  less  than  the  inner 
diameter  of  the  hollow  cylindrical  part,  extending 

w  along  the  hollow  cylindrical  part  back  from  the 
region  of  the  weld,  and  having  an  annular  recess  in 
the  region  of  the  weld.  The  flash  is  "trapped"  in 
this  annular  recess.  However,  there  must  normally 
be  some  clearance  between  the  rotating  compo- 

15  nents,  i.e.  between  the  hollow  cylinder  and  the 
solid  flash  trap  cylinder,  so  that  the  concentricity 
limitation  (accuracy  under  load)  of  the  machine 
used  does  not  result  in  "rubbing"  or  "pickup"  away 
from  the  friction  surfaces,  with  consequent  damage 

zo  and  creation  of  scale  and  loose  particulate  matter. 
The  existence  of  this  clearance  provides  a  path  for 
small  particulate  matter  to  escape  the  trap.  In  the 
prior  art,  that  clearance  in  flash  traps  of  this  and 
other  configurations  has  been  sealed  by  subse- 

25  quent  operations  using  epoxy,  "0"  rings,  conven- 
tional  welding,  etc.,  which  renders  the  production  of 
the  parts  somewhat  uneconomical. 

30  SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  invention  to  provide  a 
tightly  closed  interior  flash  trap,  and  a  method  of 
producing  such  a  flash  trap,  to  provide  an  economi- 

35  cai  solution  to  the  problem. 
Thus  in  accordance  with  the  present  invention 

the  hollow  cylindrical  part  adjacent  the  non-re- 
cessed  portion  of  the  flash  trap  is  pinched  inwardly, 
thereby  sealing  the  recessed  area  of  the  flash  trap 

40  from  the  hollow  portion  of  the  hollow  cylindrical 
part  remote  from  the  weld. 

Alternatively,  the  flash  trap  includes  an  annular 
conical  flange  which  is  deformed  outwardly,  there- 
by  sealing  the  recessed  area  of  the  flash  trap  from 

45  the  hollow  portion  of  the  hollow  cylindrical  part 
remote  from  the  weld. 

In  accordance  with  the  method,  the  conven- 
tional  steps  of  rotating  the  parts  with  respect  to 
each  other  under  pressure,  stopping  the  rotation, 

so  and  exerting  high  pressure  to  form  the  weld,  is 
improved  by  then  forcing  the  hollow  cylindrical  part 
adjacent  the  non-recessed  portion  of  the  flash  trap 
inwardly  against  the  non-recessed  portion  of  the 
flash  trap,  or  by  forcing  an  annular  conical  flange 
on  the  flash  trap  outwardly,  thereby  sealing  the 
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recessed  area  of  the  flash  trap  from  the  hollow 
portion  of  hollow  cylindrical  part  remote  from  the 
weld.  This  step  is  preferably  carried  out  imme- 
diately  after  the  welding,  so  that  the  remaining  weld 
heat  can  be  used. 

Further  features  of  the  invention  will  be  de- 
scribed  or  will  become  apparent  in  the  course  of 
the  following  detailed  description. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  order  that  the  invention  may  be  more  clearly 
understood,  the  preferred  embodiment  thereof  and 
the  preferred  method  will  now  be  described  in 
detail  by  way  of  example,  with  reference  to  the 
accompanying  drawings,  in  which: 

Fig.  1  is  a  sectional  illustration  of  a  part 
produced  in  accordance  with  the  prior  art; 

Fig.  2  is  a  sectional  illustration  of  a  cor- 
responding  part  as  produced  according  to  the  in- 
vention; 

Fig.  3  is  a  sectional  illustration  showing  an 
alternative  flash  trap  arrangement; 

Fig.  4  is  a  sectional  illustration  showing  yet 
another  alternative  flash  trap  arrangement;  and 

Fig.  5  is  a  sectional  illustration  showing  a 
part  in  which  the  flash  trap  has  an  annular  conical 
flange  which  is  deformed  instead  of  the  hollow 
cylinder. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT  AND  METHOD 

Fig.  1  shows  a  sectional  view  of  a  typical  part 
produced  according  to  the  prior  art,  and  Fig.  2 
shows  a  sectional  view  of  a  typical  part  produced 
according  to  the  present  invention.  Illustrated  is  a 
hollow  cylindrical  part  1  friction  welded  to  an  end 
cap  2,  the  end  cap  including  a  flash  trap  in  the 
form  of  a  solid  cylindrical  portion  3  of  diameter 
slightly  less  than  the  inner  diameter  of  the  cylin- 
drical  part  1,  extending  along  the  cylindrical  part  1 
back  from  the  region  of  the  weld  4,  and  having  an 
annular  recess  5  in  the  region  of  the  weld  to 
receive  flash  from  the  weld.  Because  the  diameter 
of  the  solid  cylindrical  portion  3  is  slightly  less  than 
the  inner  diameter  of  the  cylindrical  part  1  ,  so  that 
the  concentricity  limitation  (accuracy  under  load)  of 
the  machine  used  does  not  result  in  "rubbing"  or 
"pickup"  away  from  the  friction  surfaces,  with  con- 
sequent  damage  and  creation  of  scale  and  loose 
particulate  matter,  there  is  a  clearance  path  6  for 
small  particulate  matter  to  escape  the  trap,  ie.  the 
annular  recess  5.  In  the  prior  art,  if  friction  welding 
was  to  be  used  in  applications  where  such  con- 
tamination  was  not  permissible,  the  clearance  path 

6  had  to  be  sealed  in  subsequent  operations  using 
epoxy,  "0"  rings,  conventional  welding,  etc.,  ren- 
dering  the  production  of  the  parts  somewhat  un- 
economical. 

5  In  Fig.  2,  the  improvement  offered  by  the 
present  invention  can  be  seen.  The  portion  of  the 
hollow  cylindrical  part  1  adjacent  the  non-recessed 
portion  of  the  solid  cylindrical  portion  3  is  rolled 
inwardly  at  deformed  area  7  so  as  to  seal  off  the 

w  clearance  path  6.  Alternatively,  as  seen  in  Fig.  5, 
the  flash  trap  may  be  deformed  outwardly  with  the 
same  effect,  as  will  be  described  in  greater  detail 
below. 

The  method  produces  this  friction  welded  as- 
75  sembly  with  a  tightly  closed  flash  trap,  on  the 

friction  welding  machine  as  part  of  the  machine 
cycle,  while  still  allowing  adequate  clearance  dur- 
ing  the  rotational  part  of  the  weld  cycle. 

The  method  is  carried  out  by  first  running 
20  through  the  "weld"  portion  of  the  machine  cycle  in 

a  conventional  manner,  complete  with  the  usual 
clearance.  Then,  immediately  at  the  completion  of 
the  weld  portion  of  the  machine  cycle,  while  the 
material  adjacent  to  the  weld  4  is  hot,  the  spindle 

25  of  the  friction  welding  machine  is  re-started,  this 
time  rotating  the  complete  welded  assembly,  and  a 
roller  or  rollers  is/are  brought  into  contact  with  the 
assembly  opposite  the  "clearance"  area  and  a 
force  is  applied  to  the  roller(s)  so  that  material  is 

30  upset  or  rolled  into,  or  spun  into,  the  flash  trap 
clearance  area,  closing  it  tightly.  The  weld  heat 
allows  the  upset  to  occur  with  much  less  force  than 
if  the  assembly  were  cold,  and  the  subsequent 
shrinkage  on  full  cooling  ensures  an  even  tighter 

35  seal.  The  roller  force  may  be  time  and/or  travel 
and/or  force  controlled,  prior  to  the  machine  spin- 
dle  stopping  and  the  assembly  being  unloaded. 

The  deformed  area  7  could  be  created  by  any 
suitable  means,  not  being  limited  to  rolling,  and  at 

40  any  convenient  time.  For  example,  the  part  could 
be  reheated  and  then  rolled,  or  cold  rolling  could 
be  used  (though  presumably  with  less  satisfactory 
results). 

It  will  be  appreciated  that  the  above  description 
45  relates  to  the  preferred  embodiment  and  method 

by  way  of  example  only.  Many  variations  on  the 
invention  will  be  obvious  to  those  knowledgeable  in 
the  field,  and  such  obvious  variations  are  within  the 
scope  of  the  invention  as  described  and  claimed, 

so  whether  or  not  expressly  described. 
For  example,  it  should  be  apparent  that  the 

invention  can  be  applied  to  virtually  any  friction 
weld  involving  a  flash  trap  where  rolling  or  the  like 
could  be  used  to  seal  the  area  of  the  flash  trap,  not 

55  being  restricted  to  the  specific  parts  described 
above.  Figs.  3  and  4  provide  examples  of  possible 
alternative  flash  trap  configurations.  In  Fig.  3,  the 
flash  trap  is  formed  by  machining  a  reduced  wall 

3 
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thickness  section  8  in  the  hollow  cylindrical  part  1  . 
No  recessed  area  is  then  required  in  the  solid 
cylindrical  portion  3.  In  Fig.  4,  the  solid  cylindrical 
portion  3  is  considerably  reduced  in  diameter,  and 
the  flash  trap  is  created  by  virtue  of  the  presence 
of  a  ring  9  inside  the  hollow  cylindrical  part  1. 
Whatever  the  configuration  of  the  flash  trap,  the 
essence  of  the  invention  lies  in  creating  the  de- 
formed  area  7  after  creating  the  weld,  in  order  to 
seal  the  flash  trap. 

The  alternative  shown  in  Fig.  5  involves  an 
annular  conical  flange  10  at  the  inner  end  of  the 
solid  cylindrical  portion  3.  Instead  of  a  roller  or  the 
like  deforming  the  wall  of  the  hollow  cylindrical  part 
1,  a  mandrel  or  punch  11  is  used  to  deform  the 
flange  10  outwardly,  thereby  effecting  the  desired 
seal.  The  mandrel  or  punch  11  has  a  chamfered 
end  to  match  the  conical  shape  of  the  flange  1  0,  so 
that  axial  pressure  forces  the  flange  radially.  This 
alternative  version  of  the  product  and  method  may 
be  desireable  in  many  cases  despite  the  added 
complexity  of  the  operation,  as  for  example  where 
the  external  cosmetics  of  the  hollow  cylindrical  part 
I  may  be  important,  or  where  the  wall  thickness  of 
the  hollow  cylindrical  part  1  dictates  against  rolling 
it  inwardly. 

Such  a  part  is  formed  by  completing  the  weld 
and  then  forcing  the  flange  1  0  against  the  mandrel 
I  I  or  vice  versa.  For  example,  after  friction  welding 
the  parts  in  the  conventional  manner,  the  mandrel 
11  could  be  automatically  advanced  inside  the  hol- 
low  cylindrical  part  1  ,  and  backstopped.  The  hollow 
cylindrical  part  could  then  be  undamped,  and  the 
welded  assembly  advanced  toward  the  mandrel  1  1 
by  the  welder  cylinder,  to  deform  the  flange  10  and 
effect  the  seal. 

Claims 

1  .  A  friction  welded  ferrous  metal  part  having  a 
hollow  cylindrical  part  (1)  and  a  second  part  (2)  to 
which  said  hollow  cylindrical  part  is  friction  welded, 
said  friction  welded  part  including  in  the  region  of 
the  weld  (4)  an  internal  flash  trap  (5)  defined  be- 
tween  said  hollow  cylindrical  part  (1)  and  a  cylin- 
drical  projection  (3)  from  said  second  part  (2), 
characterized  by  the  improvement  in  which  one  of 
said  hollow  cylindrical  part  (1)  and  said  cylindrical 
projection  (3)  is  deformed  towards  the  other  so  as 
to  seal  the  flash  trap  (5)  from  the  hollow  portion  of 
said  hollow  cylindrical  part  (1)  remote  from  the 
weld. 

2.  A  friction  welded  part  as  recited  in  claim  1  , 
in  which  said  hollow  cylindrical  part  (1  )  is  deformed 
inwardly  in  the  region  adjacent  said  flash  trap  (5) 

so  as  to  seal  said  flash  trap  from  the  hollow  portion 
of  said  hollow  cylindrical  part  remote  from  the 
weld. 

3.  A  friction  welded  part  as  recited  in  claim  2, 
5  in  which  said  flash  trap  (5)  is  defined  by  an  annular 

recess  in  a  solid  cylinder  (3)  of  diameter  slightly 
less  than  the  inner  diameter  of  said  hollow  cylin- 
drical  part  (1),  said  solid  cylinder  projecting  from 
said  second  part  (2)  and  extending  along  said 

70  hollow  cylindrical  part  past  the  region  of  the  weld 
(4),  and  in  which  said  hollow  cylindrical  part  adja- 
cent  the  non-recessed  portion  of  said  solid  cylinder 
is  pinched  inwardly  against  said  non-recessed  por- 
tion  of  said  solid  cylinder. 

75  4.  A  friction  welded  part  as  recited  in  claim  1  , 
in  which  said  flash  trap  (5)  is  defined  by  an  a  solid 
cylinder  (3)  of  a  diameter  substantially  less  than 
the  inner  diameter  of  said  hollow  cylindrical  part 
(1),  said  solid  cylinder  having  at  its  inner  end  an 

20  axially  and  outwardly  projecting  conical  flange  (10), 
said  flange  being  deformed  outwardly  against  said 
hollow  cylindrical  part. 

5.  A  method  of  producing  a  friction  welded 
ferrous  metal  part  by  friction  welding  a  hollow 

25  cylindrical  ferrous  metal  part  (1)  to  a  second  fer- 
rous  metal  part  (2)  where  said  friction  welded  part 
includes  in  the  region  of  the  weld  (4)  an  internal 
flash  trap  (5)  defined  between  said  hollow  cylin- 
drical  part  (1)  and  a  cylindrical  projection  (3)  from 

30  said  second  part  (2),  said  method  comprising  the 
conventional  steps  of  rotating  said  parts  with  re- 
spect  to  each  other  under  pressure,  stopping  the 
rotation,  and  exerting  high  pressure  to  form  the 
weld,  and  the  improvement  characterized  by  one  of 

35  said  hollow  cylindrical  part  and  said  cylindrical  pro- 
jection  then  being  deformed  towards  the  other,  so 
as  to  seal  the  flash  trap  from  the  hollow  portion  of 
said  hollow  cylindrical  part  remote  from  the  weld. 

6.  A  method  as  recited  in  claim  5,  in  which  said 
40  hollow  cylindrical  part  (1)  in  the  region  adjacent 

said  flash  trap  (5)  is  deformed  inwardly  so  as  to 
seal  the  flash  trap  from  the  hollow  portion  of  said 
hollow  cylindrical  part  (1)  remote  from  the  weld  (4). 

7.  A  method  as  recited  in  claim  6,  in  which  said 
45  forcing  of  said  hollow  cylindrical  part  inwardly  to 

effect  said  seal  takes  place  immediately  after  for- 
ming  said  weld,  so  that  the  heat  from  the  weld 
facilitates  the  deformation  and  the  forming  of  said 
seal. 

so  8.  A  method  as  recited  in  claim  6,  in  which  said 
deformation  of  said  hollow  cylindrical  part  inwardly 
to  effect  said  seal  is  by  means  of  resuming  rotation 
with  the  welded  part  and  bringing  one  or  more 
rollers  into  contact  with  said  hollow  cylindrical  part. 

55 
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9.  A  method  as  recited  in  claim  7,  in  which  said 
deformation  of  said  hollow  cylindrical  part  inwardly 
to  effect  said  seal  is  by  means  of  resuming  rotation 
with  the  welded  part  and  bringing  one  or  more 
rollers  into  contact  with  said  hollow  cylindrical  part.  5 

10.  A  method  as  recited  in  claim  5,  in  which 
said  flash  trap  is  in  the  form  of  a  solid  cylinder  (3) 
of  a  diameter  substantially  less  than  the  inner  di- 
ameter  of  said  hollow  cylindrical  part  (1)  so  as  to 
define  said  flash  trap  (5),  said  solid  cylinder  having  10 
at  its  inner  end  an  axially  and  outwardly  projecting 
conical  flange  (10),  and  in  which  said  flange  is 
deformed  outwardly  against  said  hollow  cylindrical 
part. 
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