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Title:  "Method  of  providing  a  face  seal" 

Description  of  Invent ion 

This  invention  relates  to  a  method  of  providing  a  face  seal  at  an  end  of  

a  t ube .  

At  present,  to  provide  a  face  seal,  it  is  necessary  to  secure,  usually  by 

welding  or  brazing,  a  fitting,  usually  a  male  fitting,  on  an  end  of  a  tube,  t h e  

male  fitting  having  a  longitudinally  outwardly  facing  surface  thereof  in  which  

a  groove  is  provided  to  receive  a  seal  such  as  an  O-r ing.  

It  is  an  object  of  the  present  invention  to  provide  a  new  or  improved  

method  of  providing  a  face  sea l .  

According  to  a  first  aspect  of  the  invention,  we  provide  a  method  o f  

providing  a  face  seal  at  an  end  of  a  tube  comprising  the  steps  of  displacing  an  

end  of  the  tube  to  provide  a  radially  inwardly  extending  region,  providing  a  

groove  in  a  longitudinally  outwardly  facing  end  of  the  inwardly  e x t e n d i n g  

region  to  receive  a  seal .  

Preferably  the  end  of  the  tube  is  displaced  radially  inwardly  so  that  t h e  

inwardly  extending  region  comprises  a  thickened  end  of  the  tube  wall.  This 

may  be  achieved  by  a  punching  opera t ion . .  

In  one  method  in  accordance  with  the  invention,  the  punching  o p e r a t i o n  

comprises  the  steps  of  supporting  the  tube  by  a  clamping  means,  moving  a  

first  punching  tool  longitudinally  towards  the  tube,  the  punching  tool  having  a  

part  which  receives  and  displaces  the  end  of  the  tube  inwardly,  moving  t h e  

first  punching  tool  longitudinally  away  from  the  tube,  moving  a  s econd  

punching  tool  longitudinally  towards  the  tube,  the  second  punching  tool  

having  a  first  part  which  is  received  in  the  end  of  the  tube  and  a  second  p a r t  

which  engages  the  tube  wall  so  that  the  displaced  end  of  the  tube  is  d e f o r m e d  

into  an  annular  space  adjacent  the  first  part  of  the  second  punching  tool .  

Alternatively,   the  punching  operation  may  comprise  the  steps  of  

supporting  the  tube  by  a  clamping  means,  moving  a  punching  tool  

longitudinally  towards  the  tube  so  that  a  first  part  of  the  tool  is  received  in 

the  end  of  the  tube,  whilst  a  second  part  of  the  tool  engages  the  tube  wal l ,  
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continuing  to  move  the  tool  so  that  the  end  of  the  tube  is  displaced  and  

deformed  Into  an  annular  space  adjacent  the  first  part  of  the  tool .  

In  an  a l ternat ive   method  in  accordance  with  the  invention,  t h e  

displaced  inwardly  extending  region  may  be  provided  by  a  spinning  opera t ion  

comprising  the  steps  of  supporting  the  tube  in  a  clamping  means,  moving  a  

spinning  tool  longitudinally  of  the  tube  so  that  a  first  part  of  the  tool  is 

received  within  the  end  of  the  tube,  rotating  the  tool  about  the  longitudinal 

axis  of  the  tube  whilst  continuing  to  move  the  tool  longitudinally  of  the  t u b e  

so  that  g  second  part  of  the  spinning  tool  engages  with  the  tube  wall  and 

displaces  and  deforms  the  end  of  the  tube  into  an  annular  space  adjacent  t h e  

first  part  of  the  too l .  

Preferably,   in  each  case,  the  tube  is  supported  with  the  end  region  to  be  

displaced  projecting  from  the  clamping  means  and  the  annular  groove  in to  

which  the  end  of  the  tube  is  deformed,  is  located  between  the  c lamping  

means  and  the  first  part  of  the  tool.  Further,  in  each  case,  preferably  a  

longitudinally  outwardly  extending,  generally  planar,  face  is  provided  on  t h e  

inwardly  extending  region  in  which  the  groove  may  subsequently  be  provided.  

Preferably  the  groove  is  machined  and  is  generally  of  channel  

configuration  in  cross-sect ion,   although  a  groove  of  another  cross  sec t iona l  

configuration  could  a l ternat ively   be  provided  if  required.  The  groove 

preferably  surrounds  the  opening  in  the  tube.  Thus  the  seal  may  be  an  'O' 

r ing.  

The  external  surface  of  the  tube  wall  may  be  provided  with  a  m a l e  

thread  if  required  to  enable  the  tube  to  be  secured  to  a  female  fitting  or  

other  member  providing  a  female  threaded  opening. 

Alternatively,   the  tube  may  be  provided  with  an  external  a b u t m e n t ,  

such  as  a  collar,  which  is  engaged  by  a  nut,  in  use,  to  enable  the  tube  to  be  

secured  to  a  female  fitting  or  m e m b e r .  

In  each  case,  the  seal  may,  prior  to  securing  the  tube  to  the  fitting  or  

member,   extend  from  the  groove  and  be  urged  into  engagement   with  t h e  

fitting  or  member  when  the  tube  is  secured  to  the  fitting  or  member  t o  

provide  a  seal  between  the  tube  and  the  f i t t ing.  

According  to  a  second  aspect  of  the  invention,  we  provide  a  tube  having 

a  face  seal  received  in  a  groove  in  a  longitudinally  outwardly  facing  end  of  

the  tube,  the  groove  being  provided  in  an  inwardly  extending  region  of  t he  

tube  wall,  formed  by  a  method  in  accordance  with  the  first  aspect  of  t h e  

i n v e n t i o n . .  



The  invention  will  now  be  described,  Dy  way  ot  example  oniy,  w i m  

eference  to  the  accompanying  drawings  where in : -  

F1GURE  I  is  a  perspective  view  of  a  tube  provided  with  a  face  seal  by  a  

nethod  in  accordance  with  the  first  aspect  of  the  invent ion;  

FIGURES  2a  and  2b  show  two  stages  in  a  punching  operat ion  which  is 

>art  of  a  method  in  accordance  with  the  invention;  

FIGURES  3a  and  3b  show  two  stages  of  an  a l te rna t ive   punching  

jperation  of  a  method  in  accordance  with  the  invention;  

FIGURE  4  shows  a  stage  in  a  spinning  operation  for  use  in  a  method  in 

accordance  with  the  invent ion.  

All  of  the  drawings  are  intended  only  to  be  d iagrammat ic   as  will  be  

apparent  to  a  man  skilled  in  the  a r t .  

Referring  to  Figure  I,  a  tube  10  has  at  one  end  a  longi tudinal ly  

jutwardly  extending  face  1  1  which  surrounds  the  central  opening  12  of  t h e  

rube  10. 

Provided  in  the  end  face  1  1  is  a  channel  cross  section  groove  1  3  in 

which  an  O-ring  seal  14  is  provided.  For  different  configurat ion  seals,  a  

groove  13  of  a l ternat ive  cross  section  may  be  provided. 

As  shown,  the  seal  14  extends  outwardly  of  the  groove  13,  a l though  

when  the  tube  10  is  connected  to  a  female  fitting  or  a  female  t h r e a d e d  

opening  in  another  member,   the  seal  14  is  deformed  thereby  providing  a  seal  

between  the  end  face  1  1  and  the  fitting  or  member .  

To  faci l i tate   this  connection,  the  exterior  surface  of  the  tube  10 

adjacent  the  end  thereof,  is  provided  with  a  male  thread  1  5. 

In  an  a l ternat ive  ar rangement ,   the  exterior  surface  of  the  tube  10  m a y  

be  provided  with  an  abutment  such  as  a  collar  which  is  engaged  by  a  nut  as  

the  nut  is  slid  along  the  tube  10,  which  nut  may  permit,  the  tube  10  to  be  

connected  to  the  female  fitting  or  m e m b e r .  

Conventionally,  in  order  to  provide  an  end  face  seal,  it  is  necessary  t o  

secure,  usually  by  welding  or  brazing,  a  male  fitting  on  the  end  of  the  t ube  

10. 

In  accordance  with  the  present  invention  however,  the  end  face  seal  is 

provided  by  displacing  the  end  of  the  tube  10  radially  inwardly  to  provide  a 

thickened  portion  of  the  tube  wall  at  the  end,  in  which  the  groove  13  may  be 

cut  by  machining.  

Referring  now  to  Figures  2a  and  2b,  two  stages  in  a  punching  o p e r a t i o n  

are  shown. 
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The  tube  10  is  shown  held  by  a  pair  of  clamping  members  18  and  19 

which  are  movable  apart  to  release  the  tube,  each  clamping  member  having  a  
part  circular  groove  to  receive  the  tube  10. 

A  first  punching  tool  20  is  shown  which  has  a  recess  21  to  receive  t h e  
end  of  the  tube  10,  shown  at  22,  which  projects  from  the  clamping  m e m b e r s  

18,  19. 

When  the  first  punching  tool  20  is  moved  longitudinally  of  the  t u b e  

along  central  axis  A  thereof,  towards  the  tube  10,  the  end  22  of  the  tube  will 
be  received  in  the  recess  21,  and  as  the  first  punching  tool  20  continues  t o  

move,  the  end  22  of  the  tube  will  be  deformed  radially  inwardly,  as  shown  in 

Figure  2a.  

Thereaf te r ,   the  first  punching  tool  20  is  moved  longitudinally  a w a y  
from  the  tube  10  to  permit  a  second  punching  tool  30  to  be  moved  

longitudinally  towards  the  tube  10  along  axis  A. 

As  shown  in  figure  2b,  the  second  punching  tool  has  a  first  part  31 

which  is  received  within  the  central  opening  12  of  the  tube  10,  the  first  p a r t  
31  being  of  such  dimension  to  be  accommodated  within  the  opening  at  t h e  

displaced  end  22. 

The  punching  tool  30  has  a  second  part  32  which  engages  the  end  22  of 
the  tube  1  0  as  the  punching  tool  30  is  moved.  

It  can  be  seen  that  as  the  tool  30  continues  to  move  along  axis  A,  t h a t  
the  end  of  the  tube  is  deformed  into  an  annular  space  33  adjacent  the  f i r s t  

part  3  1  of  the  second  tool  30,  which  extends  between  the  first  part  3  1  and  t h e  

adjacent   parts  34  of  the  clamping  members  18,  19. 

Thus,  the  end  of  the  tube  is  thickened  to  provide  an  end  face  1  1  o f  

generally  planar  form  in  which  the  groove  13  may  subsequently  be  provided 
by  machin ing .  

When  the  punching  operation  is  completed,  the  second  punching  tool  30 
is  moved  longitudinally  away  from  the  tube  10  and  the  clamping  members  18, 
19  release  the  tube,  thereaf te r   the  thread  15  on  the  exterior  surface  of.  t h e  
tube  10  may  be  provided,  although  the  thread  may  be  formed  prior  t o  

punching,  if  requi red .  

Figures  3a  and  3b  show  an  al ternat ive  punching  operation,  similar  pa r t s  
to  those  shown  in  Figures  2a  and  2b  being  indicated  by  the  same  r e f e r e n c e  

numera l s .  

In  this  operation,  a  single  punching  tool  40  is  used,  which  has  a  f i r s t  

part  41  which  is  received  within  the  central  opening  12  of  the  tube  10  and  a  
second  annular  part  42  which  displaces  and  deforms  the  end  22  of  the  tube  10. 
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Again,  clamping  memDers  10  ana  17  uic  piuvmcu  , 

jbe  1  0  during  the  punching  opera t ion .  

The  punching  tool  40  is  again  moved  longitudinally  towards  the  tube  10 

long  axis  A  until  the  projecting  end  22  of  the  tube  10  is  engaged  by  t h e  

jcond  part  42  of  the  tool  40.  In  this  position,  the  first  part  41  of  the  tool  40 

ill  be  received  within  the  opening  12. 

Upon  continued  movement  of  the  tool  40,  the  end  22  of  the  tube  10  will 

e  displaced  radially  inwardly  and  deformed  into  an  annular  space  43  a d j a c e n t  

he  first  part  41  of  the  tool  40,  as  shown  in  Figure  3b,  to  provide  a  t h i c k e n e d  

jbe  wall  at  the  end  22.  The  thickened  end  22  has  the  generally  p l ana r  

jngitudinally  outwardly  extending  surface  II  in  which  a  groove  13  m a y  

ubsequently  be  provided  by  machining  or  any  other  m e t h o d .  

Referring  now  to  Figure  4,  one  stage  of  a  spinning  operation  is  shown,  

^gain,  similar  parts  to  those  shown  in  Figures  2a  and  2b  are  given  the  s a m e  

eference  numera l s .  

The  tube  10  is  shown  held  between  two  clamping  members  18,  19  of  a  

rlamping  means  so  that  an  end  22  of  the  tube  projects  from  the  c l amping  

nembers  18,  19. 

A  spinning  tool  50  is  shown  which  comprises  a  first  part  51  which,  in 

,se,  is  received  within  the  internal  opening  12  of  the  tube  10  and  a  s econd  

>art  52  comprising  an  annular  surface  which  engages  the  end  22  of  the  t u b e  

0. 

In  the  method,  the  tool  50  is  moved  towards  the  tube  10  a long 

ongitudinal  axis  A  until  the  first  part  51  is  received  in  the  opening  12  and  t h e  

;econd  part  52  engages  the  end  22.  The  tool  50  is  continuously  spun  as  

ndicated  by  the  arrow  54  and  thus  the  end  22  of  the  tube  10  is  displaced  and  

Reformed  into  an  annular  space  53  adjacent  the  first  part  5!  of  the  tool  50, 

which  lies  between  the  first  part  51  and  adjacent  regions  34  of  the  c l amping  

nembers  18,  19. 

Thus  again,  the  end  22  of  the  tube  10  is  thickened  to  provide  a  gene ra l ly  

alanar  surface  1  1  in  which  the  groove  13  may  be  cut  to  receive  an  O-ring  or  

other  seal  14. 

After  performing  the  punching  operations  described  with  reference   t o  

Figures  3a  and  3b,  or  the  spinning  operation  described  with  reference  t o  

Figure  4,  the  exterior  surface  of  the  tube  10  may  be  provided  with  a  t h r e a d  

15  as  shown  in  Figure  I,  or  again  the  thread  15  may  be  provided  prior  t o  

punching  or  spinning. 
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Thereaf ter ,   the  seal  14  is  introduced  into  the  groove  13  so  that  the  t u b e  

10  may  be  connected  to  a  female  fitting  or  other  member  which  provides  a 
female  threaded  opening  as  required,  the  end  face  1  1  being  sealed  with  t h e  

fitting  or  member  by  virtue  of  the  O-ring  seal  14  which  engages  with  a  

corresponding  sealing  face  of  the  fitting  or  member  to  which  the  tube  10  is 

c o n n e c t e d .  

It  will  be  apprec ia ted   that  although  punching  and  spinning  ope ra t ions  
have  been  described  in  order  to  provide  the  end  of  the  tube  with  a  t h i ckened  

end  wall  in  which  the  groove  13  may  be  provided,  any  other  method  f o r  

displacing  the  end  of  the  tube  radially  inwardly  and  to  provide  an  inwardly 

extending  region,  may  be  provided.  
The  invention  has  been  found  to  be  particularly  applicable  to  tubes  

made  of,  for  example,  steel  having  a  wall  thickness  of  between  4.  1  7  mm  and  

2.03  mm,  although  with  different  tools  and  clamping  means,  it  is  envisaged 
that  the  invention  could  be  applied  to  tubes  made  of  a l ternat ive   m a t e r i a l s  

and  having  wall  thicknesses  lying  outside  the  range  given. 
The  features  disclosed  in  the  foregoing  description,  or  the  a c c o m p a n y -  

ing  drawings,  expressed  in  their  specific  forms  or  in  terms  of  a  means  for  

performing  the  disclosed  function,  or  a  method  or  process  for  at taining  t h e  

disclosed  result,  or  a  class  or  group  of  substances  or  compositions,  as  
appropriate ,   may,  separate ly   or  in  any  combination  of  such  features,   be  

utilised  for  realising  the  invention  in  diverse  forms  t he reo f .  
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.AIMS 

A  method  of  providing  a  face  seal  at  an  end  (22)  of  a  tube  (10) 

mprising  the  steps  of  displacing  an  end  (22)  of  the  tube  (10)  to  provide  a  

dially  inwardly  extending  region,  providing  a  groove  (13)  in  a  longi tudinal ly  

twardly  facing  end  (1  1)  of  the  inwardly  extending  region  to  receive  a  seal  

A  method  according  to  claim  I  character ised  in  that  the  inwardly 

ctending  region  is  achieved  by  a  punching  operation  which  comprises  t h e  

eps  of  supporting  the  tube  (10)  by  a  clamping  means  (18,19),  moving  a  f i r s t  

jnching  tool  (20)  longitudinally  towards  the  tube,  the  punching  tool  (20) 

3ving  a  part  which  receives  and  displaces  the  end  (22)  of  the  tube  (10) 

,wardly,  moving  the  first  punching  tool  (20)  longitudinally  away  from  t h e  

jbe  (10),  moving  a  second  punching  tool  (30)  longitudinally  towards  the  t u b e  

0),  the  second  punching  tool  (30)  having  a  first  part  (31)  which  is  received  in 

ie  end  of  the  tube  (10)  and  a  second  part  (32)  which  engages  the  tube  wall  so 

xrt  the  displaced  end  (22)  of  the  tube  (10)  is  deformed  into  an  annular  s p a c e  

djacent  the  first  part  (31)  of  the  second  punching  tool  (30). 

A  method  according  to  claim  I  characterised  in  that  the  inwardly 

xtending  region  is  achieved  by  a  punching  operation  which  comprises  t h e  

teps  of  supporting  the  tube  (10)  by  a  clamping  means  (18,19),  moving  a  

inching  tool  (40)  longitudinally  towards  the  tube  (10)  so  that  a  first  part  (41) 

,f  the  tool  (40)  is  received  in  the  end  (22)  of  the  tube  (10),  whilst  a  second  

,art  (42)  of  the  tool  (40)  engages  the  tube  wall,  continuing  to  move  the  tool  

40)  so  that  the  end  (22)  of  the  tube  is  displaced  and  deformed  into  an  annular  

pace  adjacent  the  first  part  (41)  of  the  tool  (10). 

im  A  method  according  to  claim  1  characterised  in  that  the  d i sp laced  

nwardly  extending  region  is  provided  by  a  spinning  operation  comprising  t h e  

;teps  of  supporting  the  tube  (10)  in  a  clamping  means  (18,19),  moving  a  

spinning  tool  (50)  longitudinally  of  the  tube  (10)  so  that  a  first  part  (51)  of  t h e  

fool  is  received  within  the  end  (22)  of  the  tube,  rotating  the  tool  (50)  abou t  

the  longitudinal  axis  (A)  of  the  tube  (10)  whilst  continuing  to  move  the  tool  

(50)  longitudinally  of  the  tube  so  that  a  second  part  (52)  of  the  spinning  tool 

engages  with  the  tube  wall  and  displaces  and  deforms  the  end  (22)  of  the  t u b e  

(10)  into  an  annular  space  adjacent  the  first  part  (51)  of  the  tool  (50). 
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5.  A  method  according  to  claim  2,  or  claim  3,  or  claim  4  character ised  in 

that  the  tube  (10)  is  supported  with  the  end  region  (22)  to  be  d isplaced 

projecting  from  the  clamping  means  (18,19)  and  the  annular  space  into  which 

the  end  of  the  tube  is  deformed,  is  located  between  the  clamping  m e a n s  

5  (  1  8,  1  9)  and  the  first  part  (3  1,41,51)  of  the  tool  (30,40,50). 

6.  A  method  according  to  any  one  of  the  preceding  claims  character ised  in 

that  the  longitudinally  outwardly  extending  region  has  a  generally  planar  f a c e  

(II)  provided  on  the  inwardly  extending  region,  in  which  the  groove  (13)  is 

subsequently  provided.  

10  7.  A  method  according  to  any  one  of  the  preceding  claims  character ised  in 

that  the  groove  (13)  is  machined  and  is  generally  of  channel  configuration  in 

c ros s - sec t ion .  

8.  A  method  according  to  any  one  of  the  preceding  claims  character ised  in 

that  the  external  surface  of  the  tube  wall  is  provided  with  a  male  thread  (15) 

15  to  enable  the  tube  (10)  to  be  secured  to  a  member  providing  a  f e m a l e  

threaded  opening.  

9.  A  method  according  to  any  one  of  claims  I  to  7  character ised  in  t h a t  

the  tube  (10)  is  provided  with  an  external  abutment   which  is  engaged  by  a  

nut,  in  use,  to  enable  the  tube  to  be  secured  to  a  female  fitting  or  member .  

20  10.  A  method  according  to  claim  8  or  claim  9  charac ter i sed   In  that  the  seal  

is  an  *0'  ring  (14)  and  prior  to  securing  the  tube  (10)  to  the  fitting  or  m e m b e r ,  

the  'O'  ring  (14)  extends  from  the  groove  (13)  and  is  urged  into  engagemen t  

with  the  fitting  or  member  when  the  tube  (10)  is  secured  to  the  fitting  o r  

member  to  provide  a  seal  between  the  tube  (10)  and  the  fitting  or  member .  
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