
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  2 6 8   8 9 1  

A 1  

©  E U R O P E A N   PATENT  A P P L I C A T I O N  

©  Application  number:  87116269.9  ©  Int.  CI.4:  B21D  7 / 0 6  

©  Date  of  filing:  05.11.87 

©  Priority:  21.11.86  IT  1258486  ©  Applicant:  Fiorito,  Germano 
Via  Samo  18/7 

©  Date  of  publication  of  application:  1-16154  Genova(IT) 
01.06.88  Bulletin  88/22 

Applicant:  Fiorito,  Marco 
©  Designated  Contracting  States:  Via  Samo  18/7 

DE  ES  FR  GB  1-1  61  54  Genova(IT) 

Applicant:  Tabaton,  Vilma 
Via  Samo  18/7 
1-16154  Genova(IT) 

Applicant:  Fiorito,  Marina 
Via  Samo  18/7 
1-16154  Genova(IT) 

©  Inventor:  Fiorito,  Germano 
Via  Samo  18/7 
1-16154  Genova(IT) 
Inventor:  Fiorito,  Marco 
Via  Samo  18/7 
1-16154  Genova(IT) 
Inventor:  Tabaton,  Vilma 
Via  Samo  18/7 
1-16154  Genova(IT) 
Inventor:  Fiorito,  Marina 
Via  Samo  18/7 
1-16154  Genova(IT) 

©  Representative:  Porsia,  Bruno  et  al 
c/o  Succ.  Ing.  Fischetti  &  Weber  Via  Caffaro 
3/2 
1-16124  Genova(IT) 

<s 

Pm©  Metal  pipe  bending  apparatus. 
S) 
DO 
30©  The  object  of  the  invention  is  an  apparatus  for 
tO  bending  metal  pipes,  particularly  pipes  having  a 
N  means  and  a  great  diameter.  The  apparatus  is  asso- 
©  dated  with  a  vertical  press  (1,2)  and  comprises  two 
flower  pipe-bearing  cradle  members  (4)  with  their 
m  upper  surface  (104)  being  semi-circular  in  cross- 

section,  and  an  upper  pipe-bending  saddle  member 
(6)  arranged  between  the  two  cradle  members  (4), 

with  its  lower  surface  (106)  corresponding  to  an 
intrados  part  of  a  tore.  At  least  the  pipe-bending 
saddle  member  (6)  and  preferably  also  the  pipe- 
bending  cradle  members  (4)  have  each  in  the  central 
region  of  their  surface  in  contact  with  the  pipe  (T), 
two  opposite  lateral  depressions  (306,304)  which  are 
provided  in  symmetrical  positions  with  respect  to  the 
longitudinal  median  vertical  plane  of  the  saddle 
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member  (6)  or  of  the  cradle  member  (4)  in  areas  at 
45°  of  the  said  saddle  member  (6)  or  cradle  mem- 
ber  (4).  The  said  depressions  (306,304)  are  so  sized 
that  a  slight  pressure  applied  by  means  of  the  pipe- 
bending  saddle  member  (6)  on  the  pipe  (T)  to  be 
bent  on  starting  the  bending  thereof,  causes  an 
expanding  of  said  pipe  into  the  lateral  depressions 
(306,304),  so  that  conforming  protuberances  (T1  ,T2) 
are  formed  in  said  pipe,  and  a  contact  surface  be- 
tween  pipe  (T)  and  the  pipe-bending  saddle  member 
(6)  and  between  pipe  (T)  and  the  pipe-bearing  mem- 
ber  (4)  is  thus  obtained,  the  said  surface  being  of 
such  a  width  that  on  subsequent  by  increasing  the 
pressure  as  applied  by  means  of  the  pipe-bending 
saddle  member  (6)  up  to  obtain  the  moment  of 
flexure  which  is  required  for  bending  the  pipe  (T), 
any  specific  pressure  is  prevented  from  being 
reached,  which  would  be  apt  to  produce  the  narrow- 
ing  of  said  pipe. 

2 



1 0  268  891 2 

"Metal  pipe  bending  apparatus". 

I  he  object  of  the  invention  is  an  apparatus  for 
bending  metal  pipes,  comprising  two  lower  pipe- 
bearing  cradle  members  with  their  internal  surface 
being  semi-circular  in  cross,  section,  which  are  set 
in  an  axially  aligned  spaced  apart  relation,  and  are 
each  pivotably  mounted  around  a  transversal  axis, 
while  an  upper  pipe-bending  saddle  member  with 
an  internal  surface  corresponding  to  an  intrados 
part  of  a  tore,  is  provided  intermediately  between 
the  two  pipe-bearing  cradle  members  intended  for 
receiving  and  supporting  from  below  the  pipe  to  be 
bent,  and  is  designed  for  causing  the  bending  of 
the  pipe  by  straddling  it  and  by  being  forced  down- 
ward  by  a  vertical  press  having  the  said  pipe- 
bending  saddle  member  secured  to  the  movable 
plate  thereof. 

In  the  known  apparatus  of  this  type,  the  pipe- 
bending  saddle  member  has  a  simple  toric  profile, 
while  the  two  pipe-bearing  cradle  members  have  a 
simple  semi-cylindrical  profile.  On  starting  the 
bending,  the  toric  surface  of  the  pipe-bending  sad- 
dle  member  and  the  cylindrical  surface  of  the  pipe 
to  be  bent  are  caused  to  contact  each  other  in 
correspondence  of  a  point  or  of  an  extremely  small 
area.  The  result  is  that  an  excessive  specific  pres- 
sure-will  be  generated,  which  determines  the  sink- 
ing  of  the  pipe-bending  saddle  member  into  the 
pipe  to  be  bent  and,  as  a  consequence,  a  cor- 
responding  narrowing  of  the  pipe  and  a  reduction 
of  its  diameter  which  becomes  still  more  noticeable 
in  the  sequence  of  the  various  beinding  steps. 

The  said  inconvenience  particularly  occurs  in 
bends  with  a  rather  reduced  radius,  as  well  as  in 
connection  with  pipes  of  a  mean  and  a  great  diam- 
eter,  having  then  a  wall  of  a  very  limited  thickness 
in  relation  to  the  pipe  diameter.  The  same  inconve- 
nience  occurs  in  correspondence  of  the  pipe-bear- 
ing  cradles  when  an  already  partly  bent  pipe  is 
supported  on  a  cradle  member.  In  fact,  in  this 
instance,  the  contact  surface  between  the  bent  pipe 
and  the  cylindrical  pipe-bearing  cradle  member  is 
limited  to  a  very  narrow  area,  with  the  result  of  an 
excessive  specific  pressure  being  generated  on 
starting  the  bending,  and  of  a  consequent  narrow- 
ing  of  the  pipe. 

The  main  object  of  the  invention  is  to  eliminate 
or  at  least  to  sensibly  reduce  the  above  disclosed 
inconvenience,  as  well,  as  any  defect  in  the  bends 
made  by  using  the  known  apparatus  of  the  afore- 
mentioned  type. 

This  problem  is  solved  by  the  invention  by  the 
feature  that  at  least  the  pipe-bending  saddle  mem- 
ber  and  preferably  also  the  pipe-bearing  cradle 
members,  have  each  in  the  central  area  of  their 
pipe-contacting  surface,  at  least  one  lateral  depres- 

sion  preferably  provided  in  a  zone  at  about  45°  of 
the  saddle  member  or  the  cradle  member  cross- 
section,  and  which  is  smoothly  connected  to  the 
remaining  toric  surface  of  the  pipe-bending  saddle 

5  member  or  to  the  remaining  semi-cylindrical  sur- 
face  of  the  pipe-bearing  cradle  member.  Prefer- 
ably,  according  to  the  invention,  two  opposite  lat- 
eral  depression  of  the  above  stated  type  are  pro- 
vided,  which  are  symmetric  with  respect  to  the 

10  longitudinal  median  vertical  plane  of  the  pipe-bend- 
ing  saddle  member  or  of  the  pipe-bending  saddle 
member  or  of  the  pipe-bearing  cradle  member. 

In  the  implementation  according  to  the  inven- 
tion,  a  slight  pressure  applied  by  means  of  the 

75  pipe-bending  saddle  member  on  the  pipe  to  be 
bent  on  starting  the  bending  thereof,  produces  a 
yielding  and  an  expanding  of  said  pipe  into  the 
lateral  depression  or  depressions  in  the  saddle 
member  and  may  be  also  in  the  pipe-bearing  cra- 

20  die  member,  so  that  in  correspondence  of  the  zone 
of  the  said  depression  or  depressions  a  contact 
surface  between  the  pipe  and  the  pipe-bending 
saddle  member  and  may  be  also  between  the  pipe 
and  the  pipe-bearing  cradle  member  is  thus  deter- 

25  mined,  the  said  surface  being  of  such  a  width  that 
on  subsequently  increasing  the  pressure  up  to  ob- 
tain  the  moment  of  flexure  as  required  for  bending 
the  pipe,  any  such  specific  pressure  is  prevented 
from  being  reached,  that  would  cause  the  narrow- 

30  ing  of  said  pipe.  The  slight  deformation  of  the  pipe 
at  the  beginning  of  the  bending,  due  to  the  lateral 
depression  or  depressions,  produces  only  a  cor- 
respondingly  slight  change  in  the  shape  of  the 
originally  circular  profile  of  the  pipe  to  be  bent,  and 

35  not  a  reduction  of  the  peripheral  development 
thereof,  and  the  said  deformation  will  be  automati- 
cally  rectified  and  eliminated  when  after  a  bending 
step,  the  movable  plate  of  the  press  is  lifted  up 
together  with  the  pipe-bending  saddle  member, 

40  and  the  pipe  is  advanced  by  one  step  of  a  length 
not  much  shorter  than  the  just  bent  pipe  section, 
whereupon  the  bending  step  is  repeated.  In  this 
subsequent  bending  step,  the  previously  bent  sec- 
tion  of  the  pipe  is  actually  subjected  to  the  action 

45  of  a  portion  of  the  pipe-bending  saddle  member  or 
of  the  pipe-bearing  cradle  member  having  no  de- 
pressions,  so  that  it  is  a  fully  toric  or  semi-cylin- 
drical  portion,  whereby  the  said  pipe  section  will 
have  its  originally  circular  profile  restored.  The 

50  wide  contact  surface  thus  obtained  by  means  of 
the  lateral  depression  or  depressions,  between  a 
pipe  and  the  pipe-bending  saddle  member  in  the 
central  area  of  the  section  affected  by  the  bending, 
facilitates  the  bending  and  reduces  the  risk  of 
wrinkles,  laps,  and  any  other  undesired  distortion 
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being  formed  in  a  bend.  Therefore,  by  using  the 
apparatus  according  to  the  invention,  highly  ac- 
curate  bends  can  be  obtained  in  the  pipes,  with  a 
distortion  of  their  diameter  (reduction  and  ovaliza- 
tion)  being,  for  example,  contained  within  a  limit  of 
0,5-1,5%. 

The  apparatus  according  to  the  invention  is 
generally  used  for  cold  bending,  although  it  may 
be  also  used  for  hot  bending.  Moreover,  the  ap- 
paratus  according  to  the  invention  can  be  used  for 
bending  pipes  only  in  one  step  of  in  two  or  more 
steps,  depending  on  the  bending  radius,  the  thick- 
ness  of  the  pipe  wall,  the  pipe  diameter,  the  pipe 
material,  and  the  like.  The  apparatus  according  to 
the  invention  can  be  used  for  bending  pipes  of  any 
diameter,  although  it  is  particularly  adapted  for 
bending  pipes  of  a  mean  and  a  great  diameter, 
especially  pipes  for  oil  and  methane  pipelines  and 
generally,  for  liquid  and  gas  ducts,  for  example 
pipes  of  54"  and  even  of  60"  and  more.  In  fact, 
pipes  of  a  means  and  a  great  diameter  have  a  very 
low  thickness/diameter  ratio,  so  that  they  are  par- 
ticularly  exposed  to  the  risk  of  being  narrowed  as  a 
result  of  any  excessive  specific  pressure  at  the 
starting  of  each  bending  step.  On  the  other  hand, 
just  in  the  instance  of  pipes  having  a  low 
thickness/diameter  ratio,  in  order  to  avoid  the  for- 
ming  of  wrinkles  on  the  intrados  of  the  bending,  the 
distance  between  the  swing  centers  of  the  two 
pipe-bearing  cradle  members  needs  to  be  a  rela- 
tively  small  one,  and  to  be,  for  example,  main- 
tained  within  a  value  of  about  3.3  times  the  diam- 
eter  of  the  pipe.  Consequently,  the  force  needed 
for  reaching  the  moment  of  flexure  as  required  for 
bending  is  quite  important  in  relation  to  the  pipe 
diameter,  and  just  as  much  important  therefore  is 
the  extent  of  the  surfaces  affected  by  any  exces- 
sive  specific  pressure  that  produces  the  narrowing 
of  the  pipe  cross-sectional  opening. 

These  and  other  features  of  the  invention  will 
become  apparent  from  the  claims  and  the  following 
specification  of  one  preferred  embodiment  thereof, 
diagrammatically  shown  in  the  accompanying 
drawings,  in  which: 

Figure  1  is  a  side  elevational  view  showing  a 
pipe  bending  apparatus  according  to  the  invention. 

Figure  2  is  a  vertical  cross-sectional  view 
taken  on  line  ll-ll  of  figure  1  ,  in  correspondence  of 
the  pipe-bending  saddle  member,  before  starting 
the  bending  pressure  on  the  pipe. 

Figure  3  is  a  cross-sectional  view  similar  to 
that  of  figure  2,  at  the  beginning  of  the  bending 
pressure  on  the  pipe. 

Figures  4  and  5  are  two  longitudinal  sec- 
tional  views  taken  on  lines  IV-IV  and  V-V  of  figure 
2,  showing  the  pipe-bending  saddle  member  be- 
fore  starting  the  bending  pressure  on  the  pipe. 

Figures  6  and  7  are  two  longitudinal  sec- 
tional  views  taken  on  lines  VI-VI  and  VII-VII  of 
figure  3,  showing  the  pipe-bending  saddle  member 
at  the  beginning  of  the  bending  pressure  on  the 

5  pipe. 
Figure  8  is  a  vertical  cross-sectional  view 

showing  a  pipe-bearing  cradle  member  before 
starting  the  bending  of  a  pipe  resting  with  an 
already  bent  section  thereof  on  the  said  pipe-bear- 

70  ing  cradle  member. 
Figure  9  is  a  cross-sectional  view  similar  to 

that  of  figure  8,  at  the  beginning  of  the  bending  of 
a  pipe. 

Figures  10  and  11  are  two  longitudinal  sec- 
75  tional  views  taken  on  lines  X-X  and  XI-XI  of  figure 

8,  showing  the  pipe-bearing  cradle  member  before 
starting  the  bending  pressure  on  the  pipe. 

Figures  12  and  13  are  two  longitudinal  sec- 
tional  views  taken  on  lines  XII-XII  and  Xlll-Xlll  of 

20  figure  9,  showing  the  pipe-bearing  cradle  member 
at  the  beginning  of  the  bending  pressure  on  the 
pipe. 

Figure  14  is  a  vertical  cross-sectional  view 
taken  on  line  XIV-XIV  of  figure  15,  showing  a  pair 

25  of  sizing  dies  for  ovalized  bends. 
Figures  15  and  16  are  top  views  according 

to  arrows  XV-XV  in  figure  1  4  of  the  lower  sizing  die 
in  two  different  operative  steps. 

The  illustrated  pipe  bending  apparatus  com- 
30  prises  a  vertical  press  of  which  the  base  1  and  the 

movable  plate  2  are  shown.  Arranged  on  the  base 
1  of  the  press  is  a  support  comprising  two  spaced 
apart  side  members  3  between  which  two  pipe- 
bearing  cradle  members  4  are  mounted,  the  upwar- 

35  dly  turned  surface  104  thereof  being  substantially 
of  a  semi-cylindrical  configuration,  so  that  this  sur- 
face  has  over  almost  the  whole  of  its  extent  a  semi- 
circular  profile.  The  two  pipe-bearing  cradle  mem- 
bers  4  are  axially  and  horizontally  in  line  with  each 

40  other,  and  are  made  so  as  to  contain  the  lower  half 
of  a  pipe  T  supported  thereon.  Each  pipe-bearing 
cradle  member  4  is  mounted  in  the  support  3-3  so 
as  to  be  swingable  around  a  transverse  horizontal 
axis.  Therefore,  in  the  shown  embodiment,  each 

45  pipe-bearing  cradle  member  4  has  two  co-axial 
side  pins  5  by  means  of  which  it  is  pivotably 
supported  in  respective  upper  seats  provided  in  the 
side  members  3  of  the  support.  The  axis  of  pins  5 
forming  the  swing  axis  of  each  pipe-bearing  cradle 

so  member  4,  is  located  below  the  axis  of  the  semi- 
circular  profile  of  the  said  pipe-bearing  cradle 
member  4.  The  upper  longitudinal  edges  204  of  the 
pipe-bearing  cradle  members  4  are  rectilinearly 
extended  in  the  upward  direction  beyond  the  hori- 

55  zontal  plane  passing  through  the  axis  of  the  semi- 
circular  profile  of  said  cradle  members  4. 

In  one  preferred  embodiment,  which  is  dis- 
closed  merely  by  way  of  a  non-limiting  example, 

4 
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trie  lengtn  ot  eacn  pipe-Dearing  cradle  member  4  is 
approximately  1  .2  times  the  diameter  of  the  pipe  T. 

The  distance  between  the  swing  axes  of  the 
two  pipe-bearing  cradle  members  4,  i.e.,  between 
the  pins  5  for  the  support  and  the  pivoting  of  said 
cradle  members  4  is  approximately  3.3  times  the 
diameter  of  the  pipe.  The  upward  extension  of  the 
upper  longitudinal  edges  204  of  each  pipe-bearing 
cradle  member  4  beyond  the  horizontal  axial  plane 
of  said  cradle  member  4  is  approximately  1/10  of 
the  diameter  of  the  pipe  T.  Also  the  distance  of  the 
axis  of  pins  5  for  each  pipe-bearing  cradle  member 
4  from  the  overlying  horizontal  axial  plane  of  said 
cradle  member  4  corresponds  approximately  to 
1/10  of  the  diameter  of  the  pipe  T. 

Arranged  intermediately  between  the  two  pipe- 
bearing  cradle  members  4  is  the  pipe-bending  sad- 
dle  member  6  which  is  secured  to  the  movable 
plate  2  of  the  press.  Preferably,  the  pipe-bending 
saddle  member  6  is  connected  to  the  movable 
plate  2  of  the  press  through  an  articulated  joint  or  a 
knuckle  having  a  transverse  horizontal  axis  of  ar- 
ticulation. 

In  the  shown  embodiment,  the  said  articulated 
joint  consists  of  a  plate  7  which  is  secured  to  the 
plate  2  of  the  press,  such  as  by  means  of  bolts, 
and  has  two  downwardly  extending  side  ears  8. 
Welded  below  the  securing  plate  7  is  an  articula- 
tion  member  9  having  a  concave  lower  surface  that 
corresponds  to  a  cylindrical  surface  segment  with  a 
transverse  horizontal  axis.  The  mating  convex  up- 
per  surface  of  an  articulation  member  10  bears 
against  the  said  concave  lower  surface  of  the  ar- 
ticulation  member  9,  and  the  said  member  10  has 
its  lower  planar  horizontal  surface  bearing  against 
the  upper  planar  horizontal  surface  of  the  pipe- 
bending  saddle  member  6.  In  the  ears  8  extending 
sideways  of  the  articulation  members  9,10  and  the 
pipe-bending  saddle  member  6,  bores  1  1  are  made 
which  are  co-axial  to  each  other  and  to  the  centre 
of  curvature  of  the  mating,  concave  and  convex 
surfaces  of  the  two  superposed  articulation  mem- 
bers  9,10. 

The  transverse  horizontal  axis  which  is  com- 
mon  to  the  two  bores  1  1  and  to  the  curved  mating 
surfaces  of  the  two  articulation  members,  prefer- 
ably  lies  only  a  little  above  the  horizontal  plane 
passing  through  the  barycenter  of  the  pipe-bending 
saddle  member  6.  The  pipe-bending  saddle  mem- 
ber  6  is  secured  to  the  side  ears  8  by  means  of 
two  pins  12  having  a  diameter  which  is  sensibly 
smaller  than  the  bores  1  1  ,  so  that  the  said  pins  are 
oassed  with  a  correspondingly  great  play  through 
the  said  bores  1  1  ,  to  be  driven  in  the  pipe-bending 
saddle  member  6.  The  sensible  play  between  the 
oins  12  and  the  bores  11  in  the  ears  8  guarantees 
that  the  pressure  of  the  press  will  be  applied  on  the 
Dipe-bending  saddle  member  6  solely  through  the 

two  mating  articulation  members  9,10,  and  not 
through  the  pins  12  that  mainly  perform  the  task  of 
holding  together  the  assembly  formed  by  the  pipe- 
bending  saddle  member  6  and  the  two  articulation 

5  members  9,10,  when  this  assembly  is  suspended 
from  the  uplifted  movable  plate  2  of  the  press. 

The  lower  surface  106  of  the  pipe-bending 
saddle  member  6,  which  is  turned  toward  the  pipe 
T,  is  substantially  formed  by  a  tore  segment  in- 

10  trados  part  of  180,  with  a  cross-section  like  that  of 
the  pipe  T  to  be  bent,  and  with  a  radius  being 
slightly  shorter  than  that  of  the  bend  to  be  made  in 
said  pipe.  The  longitudinal  edges  206  of  the  pipe- 
bending  saddle  member  6  are  rectiiinearly  ex- 

15  tended  downwards,  tangentially  to  the  cross-sec- 
tion  of  the  tore,  for  example  over  a  length  of  about 
1/10  of  the  diameter  of  the  pipe. 

According  to  the  invention,  two  lateral  depres- 
sions  306  are  provided  in  the  lower  tore  intrados 

20  part  surface  106  of  the  pipe-bending  saddle  mem- 
ber  6,  at  the  central  region  of  said  member  6,  and 
are  situated  on  opposite  sides  of  the  longitudinal 
median  vertical  plane  of  the  pipe-bending  saddle 
member  6,  in  correspondence  of  areas  at  about  45 

25  from  the  said  plane,  and  are  symmetrical  with 
respect  to  the  said  plane.  More  particularly,  each 
one  of  these  depressions  306  has  a  maximum 
depth  at  its  central  area,  i.e.,  in  correspondence  of 
the  median  transversal  plane  of  the  saddle  member 

30  6,  at  about  45  of  the  cross-section  of  the  said 
member  6.  Such  a  depth  gradually  decreases  from 
the  central  area  of  the  depression  in  all  direction, 
so  that  a  smooth  connection  is  obtained  of  the 
depression  306  to  the  remaining  toric  surface  106 

35  of  the  saddle  member  6. 
The  extent  of  each  depression  306  in  the  lon- 

gitudinal  direction  of  the  pipe-bending  saddle 
member  6  preferably  corresponds  to  the  arc  chord 
of  the  impression  produced  in  pipe  T  by  a  pipe- 

40  bending  saddle  member  6  having  no  depressions 
306,  as  a  result  of  the  excessive  specific  pressure 
at  the  beginning  of  the  bending.  In  one  preferred 
embodiment,  the  extent  of  each  depression  306  in 
the  longitudinal  direction  of  the  pipe-bending  sad- 

4S  die  member  6  is  of  about  0.6  times  the  diameter  of 
pipe  T.  The  maximum  depth  of  each  depression 
306  preferably  corresponds  substantially  to  the 
maximum  camber  of  the  said  impression  arc. 

Also  in  the  central  region  of  the  semi-circularly 
50  profiled  upper  surface  104  of  each  pipe-bearing 

cradle  member  4  two  lateral  depressions  304  are 
provided,  which  are  situated  on  opposite  sides  of 
the  longitudinal  median  vertical  plane  of  the  pipe- 
bearing  cradle  member  4  in  correspondence  of 

>5  areas  at  about  45°  from  the  said  plane,  and  which 
are  symmetrical  with  respect  to  the  said  plane. 
Each  one  of  these  depressions  304  has  a  maxi- 
mum  depth  in  its  central  region,  i.e.,  in  correspon- 
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dence  of  the  median  trans  versal  plane  of  the  pipe- 
bearing  cradle  member  4,  at  about  45°  of  the 
semi-circular  cross-section  of  said  member  4.  Such 
a  maximum  depth  of  the  depression  304  preferably 
corresponds  to  about  one  quarter  of  the  maximum 
depth  of  the  depressions  306  in  the  pipe-bending 
saddle  member  6,  and  gradually  decreases  in  all 
directions,  so  that  a  smooth  connection  is  effected 
of  the  depression  304  to  the  remaining  semi-cylin- 
drical  surface  104  of  the  cradle  member  4.  The 
extent  of  each  depression  304  in  the  longitudinal 
direction  of  the  pipe-bearing  cradle  member  4  may 
be  defined  as  previously  disclosed  in  connection 
with  the  depression  306  in  the  pipe-bending  saddle 
member  6  and,  for  example,  it  may  corresponds  to 
about  0.3  times  the  diameter  of  pipe  T. 

The  pipe  T  to  be  bent  is  fitted  between  the 
raised  pipe-bending  saddle  member  6  and  the 
pipe-bearing  cradle  members  4  and  is  accomodat- 
ed  in  the  two  cradle  members  4.  By  lowering  the 
pipe-bending  saddle  member  6  so  as  to  cause  the 
same  to  contact  the  pipe  T,  however  without  any 
pressure  being  yet  applied  thereon,  the  conditions 
shown  by  solid  lines  in  figures  4  and  2  and  -  only 
for  the  pipe-bending  saddle  member  6,  in  figures  4 
and  5,  are  obtained.  Subsequently,  by  means  of 
the  pipe-bending  saddle  member  6  a  slight  pres- 
sure  is  applied  on  the  pipe  T,  such  that  this  pipe 
will  be  squeezed  and  will  be  forced  to  expand  in 
correspondence  of  the  two  depressions  306  in  the 
pipe-bending  saddle  member  6  whereby  it  is  so 
deformed  that  it  fills  the  said  depressions  306  and 
has  two  conforming  protuberances  T1  formed  in 
the  same,  as  shown  in  figures  3,6,  and  7.  Thus,  a 
wide  contact  surface  is  obtained  between  the  pfpe- 
bending  saddle  member  6  and  the  pipe  T,  over  a 
zone  extending  substantially  throughout  the  length 
of  the  depressions  306.  This  contact  surface  is  of 
such  a  width  that  when  the  pressure  as  applied  on 
the  pipe  T  by  means  of  the  pipe-bending  saddle 
member  6  will  be  subsequently  increased  up  to 
attain  the  moment  of  flexure  as  required  for  the 
bending  of  said  pipe,  no  excessive  specific  pres- 
sure  will  occur,  which  would  be  apt  to  cause  a 
sinking  of  the  pipe-bending  saddle  member  6  into 
the  pipe  T,  and  so  a  consequent  narrowing  of  said 
pipe.  The  pipe  T  is  therefore  bent  without  substan- 
tially  reducing  its  diameter  and  its  cross-sectional 
opening. 

During  the  bending  of  pipe  T,  the  two  pipe- 
bearing  cradle  members  4  are  pivoting  in  opposite 
directions  about  the  pins  5,  as  shown  by  dash  lines 
in  figure  1.  Since  the  pins  5  for  the  pivoting  of  the 
pipe-bearing  cradle  members  4  are  situated  below 
the  longitudinal  axis  of  pipe  T,  the  pipe-bearing 
cradle  members  4  are  drawn  near  to  each  other 
and  bring  about  a  strong  compressive  stress  on  the 
axis  of  pipe  T.  This  limits  the  tendency  to  being 

stretched  of  the  pipe  extrados  and  the  consequent 
reducing  of  the  thickness  of  the  extrados  wall  of 
the  pipe. 

The  above-described  extension  of  the  longitu- 
5  dinal  edges  204  and  206  of  the  pipe-bearing  cradle 

members  4  and  the  pipe-bending  saddle  member 
6  beyond  the  horizontal  plane  passing  through  the 
longitudinal  median  axis  of  pipe  T,  is  in  order  to 
laterally  cover  the  pipe  and  the  bend  in  the  course 

w  of  being  made,  and  to  hold  the  respective  sidewalls 
tending  to  spread  apart,  thus  avoiding  the  deform- 
ing  action  of  the  cradle  members  and  particularly 
of  the  saddle  member  6  on  the  median  zon  of  the 
pipe  profile,  especially  in  pipes  having  a  wall  of  a 

15  relatively  small  thickness. 
The  articulation  9,10  interposed  between  the 

movable  plate  2  of  the  press  and  the  pipe-bending 
saddle  member  6  permits  the  said  member  to  be 
inclined  when  the  underlying  pipe  T  is  already 

20  partly  curved  and  then  it  is  not  tangent  to  the 
central  point  of  the  saddle  member  6  between  the 
lateral  depressions  306  thereof.  In  the  particular 
embodiment  of  said  articulation  9,10,  which  is  de- 
scribed  by  way  of  an  example  by  referring  to 

25  figures  1,2,.  the  swing  center  is  preferably  situated 
substantially  at  the  top  side  of  pipe  T,  in  order  'to 
avoid  any  sideward  displacement. 

After  the  above-described  bending  step,  the 
pipe-bending  saddle  member  6  is  lifted  up  and  the 

30  partly  bent  pipe  T  is  advanced  rightward  or  left- 
ward  as  seen  in  figure  1  ,  by  one  step  of  a  length 
not  much  shorter  that  the  length  of  the  already  bent 
section.  The  above-described  bending  step  is  then 
repeated,  and  on  carrying  out  this  step,  the  pre- 

35  viously  bent  pipe  section  provided  with  lateral  prot- 
uberances  T1  conforming  to  the  depressions  306  in 
the  pipe-bending  saddle  member  6,  comes  to  be 
located  in  correspondence  of  a  portion  thereof,  in 
which  the  cross-section  of  the  toric  surface  1  06  of 

40  the  saddle  member  6  is  semi-circular  in  shape, 
with  no  lateral  depressions.  Therefore,  this  semi- 
circular  portion  in  cross-section  of  the  pipe-bending 
saddle  member  6  promotes  the  re-sizing  of  the 
already  bent  section  of  the  pipe,  by  eliminating  its 

45  protuberances  T1  due  to  the  depressions  306. 
When  the  section  of  pipe  T  which  is  received 

in  a  pipe-bearing  cradle  member  4  is  rectilinear, 
the  bearing  surface  therefor  extends  over  the  whole 
semi-cylindrical  surface  of  the  cradle  member  4, 

50  and  the  lateral  depressions  304  in  said  member 
have  no  effect  on  the  said  pipe  section  since  there 
is  no  risk  of  any  excessive  specific  pressure.  How- 
ever,  as  shown  in  figures  8  to  13,  when  a  pre- 
viously  bent  pipe  T  is  received  in  the  pipe-bearing 

55  cradle  member  4,  then  on  having  the  said  pipe  T 
bent  by  means  of  the  pipe-bending  saddle  member 
6,  an  operating  condition  occurs  in  correspondence 
of  the  pipe-bearing  cradle  member  4,  which  is 

6 
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similar  to  tne  operating  conaition,  as  aescnoed 
above  for  the  pipe-bending  saddle  member,  in  con- 
nection  with  a  straight  pipe.  The  initial  position  of 
the  previously  bent  pipe  T  section  in  a  pipe-bear- 
ing  cradle  member  4  is  shown  in  figures  8,10,  and 
11,  in  which  it  clearly  appears  that  the  contact 
between  the  semi-cylindrical  surface  of  the  cradle 
member  4  and  the  toric  surface  of  the  previously 
bent  pipe  T  is  limited  to  a  very  narrow  area.  Owing 
to  the  slight  pressure  as  applied  on  the  previously 
bent  pipe  T  by  means  of  the  pipe-bending  saddle 
member  6  on  starting  the  bending,  the  said  pipe  is 
so  deformed  that  it  fills  the  two  depressions  304  in 
the  pipe-bearing  cradle  member  4  and  has  two 
conforming  protuberances  T2  formed  in  the  same, 
as  shown  in  figures  9,12,  and  13.  Thus,  the  contact 
area  between  the  previously  bent  pipe  T  and  the 
pipe-bearing  cradle  member  4  is  widened  to  such 
an  extent  as  to  prevent  any  excessive  specific 
pressure  from  being  generated,  which  would  cause 
the  narrowing  of  the  pipe  when  the  pressure  of  the 
pipebending  saddle  member  6  on  the  previously 
bent  pipe  T  is  increased  to  cause  a  further  or  the 
final  bending  thereof. 

The  pipe  bending  apparatus  comprises  also 
two  sizing  dies  14,16  shown  in  figures  14  to  16, 
which  are  meant  for  eliminating  any  ovality  of  the 
pipe  T  in  correspondence  of  the  bend  TC.  It  is 
ascertained  that  the  said  ovality  always  appears  in 
such  a  manner  that  the  major  axis  of  the  ovalized 
Dross-section  of  the  pipe  bend  TC  is  perpendicular 
to  the  plane  of  said  bend  TC.  Each  one  of  the  two 
sizing  dies  14,16  has  a  concave  surface  114,116 
corresponding  to  a  part  slightly  smaller  than  180  of 
a  toric  surface  segment.  The  load  of  this  toric 
surface  substantially  corresponds  to  the  load  of  the 
Dipe  bend  TC. 

The  cross-section  of  the  said  toric  surface  part 
s  slightly  lesser  than  a  semicircle  and  has  a  radius 
:hat  is  slightly  longer  than  the  radius  of  the  cross- 
section  of  the  pipe  bend  TC.  The  said  two  sizing 
dies  14,16  are  arranged  the  one  over  the  other  with 
heir  concave  toric  surfaces  114,116  facing  each 
sther,  and  one  of  them  is  secured  to  the  press 
Dase  1  and  the  other  to  the  movable  plate  2  of  the 
3ress.  The  whole  in  such  a  manner  that  when  the 
wo  sizing  dies  14  and  16  are  caused  to  bear  the 
)ne  upon  the  other  by  their  longitudinal  side  edges, 
he  said  sizing  dies  14,16  delimit  in  cross-section  a 
substantially  oval  opening  having  its  major  axis 
lorizontal  and  slightly  longer  than  the  diameter  of 
he  cross-section  of  the  pipe  bend  TC,  and  its 
ninor  axis  vertical  and  slightly  shorter  than  the 
iiameter  of  the  cross-section  of  the  bend  TC.  Each 
>ne  of  the  said  sizing  dies  14,16  is  prolonged  at 
east  one  and  preferably  at  both  ends  thereof  tan- 
jentially  to  the  pipe  bend  TC,  and  so  to  the  toric 
iurface,  by  a  substantially  rectilinear  section 

214,216  having  its  maximum  extent  in  correspon- 
dence  of  the  extrados  of  the  pipe  bend  TC,  and 
being  reduced  to  nothing  in  correspondence  of  the 
intrados  of  said  bend. 

5  To  size  an  ovalized  pipe  bend  TC,  the  said 
bend  is  inserted  between  the  two  sizing  dies  14,16 
so  as  to  have  the  plane  of  the  bend  arranged 
horizontally.  Thus,  the  major  axis  of  the  oval  cross- 
sectional  shape  of  the  pipe  bend  TC  is  arranged 

70  vertically,  i.e.,  in  correspondence  of  the  minor  axis 
of  the  oval  opening  between  the  two  sizing  dies 
14,16,  as  shown  by  a  dash-and-dot  line  in  figure 
14.  By  compressing  by  means  of  the  press  the 
pipe  bend  TC  between  the  two  dies  14,16,  and  by 

75  suitably  adjusting  the  pressure,  the  major  axis  of 
the  cross-section  of  the  ovalized  bend  is  shortened 
and  the  minor  axis  of  the  said  cross-section  grows 
longer,  thus  restoring  the  circular  cross-sectional 
shape  of  the  pipe  bend  TC.  The  operation  is  re- 

20  peated  by  successive  steps  over  the  whole  length 
of  the  pipe  bend  TC  (figure  15). 

Thanks  to  the  rectlinear  end  prolongations 
214,216  of  the  two  sizing  dies  14,16,  these  dies 
can  effect  the  sizing  even  of  any  rectilinear  extrem- 

>5  ity  or  extremities  TC  of  the  pipe  bend  TC.  There- 
fore,  the  rectlinear  extremity  TC  of  the  pipe  bend 
TC  is  inserted  into,  and  compressed  within  one  of 
the  two  end  sections  of  the  opening  between  the 
two  dies.  14,16,  in  correspondence  of  the  rectilinear 

jo  respective  tangential  prolongations  214,216  of  said 
dies  (figure  16).  The  annulment  of  these  rectilinear 
tangential  prolongations  214,216  of  the  sizing  dies 
14,16  in  correspondence  of  the  intrados  of  their 
toric  surface  114,116  is  foreseen  in  order  to  not 

!5  hinder  the  sizing  of  the  bent  pipe  section  TC. 
The  invention  may  be  applied  also  to  the  bend- 

ing  of  pipes  having  been  preliminarily  filled  with 
water,  after  the  tight  sealing  of  their  ends  by  means 
of  welded  plugs.  In  this  instance,  according  to  the 

io  invention,  the  water  contained  in  the  pipe  before 
bending  under  pressure,  preferably  under  a  pres- 
sure  of  about  1/4  of  the  pressure  that  the  pipe  can 
withstand.  Such  an  initial  pressure  of  the  water  in 
the  pipe  is  controlled,  for  example,  by  means  of  a 

'@5  pressure  gauge  connected  to  the  water  inflow 
union,  and  is  restored  in  the  course  of  the  first 
bending  steps,  during  which  it  tends  to  change 
owing  to  the  alteration  in  the  extrados  portion  of  the 
bend.  This  control  is  effected  until  the  water  pres- 

o  sure  in  the  pipe  will  be  maintained  in  a  practically 
constant  condition. 

In  any  case,  by  using  the  apparatus  according 
to  the  invention,  bends,  can  be  obtained  with  a 
radius  starting  from  about  two  or  three  times  the 

5  diameter  of  the  pipe,  and  the  bends  thus  obtained 
present  a  very  slight  reduction  of  the  pipe  diam- 
eter,  and  a  very  slight  ovality  and  distortion,  so  that 
they  meet  the  strictest  technological  requirements. 



11 0  268  891 12 

Of  course  the  invention  is  not  limited  to  the  just 
described  and  shown  embodiments,  and  the  same 
may  be  widely  changed  and  modified,  the  more  so 
as  for  what  concerns  the  geometrical  shape  and/or 
the  position  and/or  the  number  of  the  depressions 
306,304  in  the  pipe-bending  saddle  member  6  and 
in  the  pipe-bearing  cradle  members  4,  without  how- 
ever  departing  from  the  leading  principle  as  set 
forth  above,  and  as  claimed  hereinafter. 

Claims 

1  .  An  apparatus  for  bending  metal  pipes,  com- 
prising  two  lower  pipe-bearing  cradle  members  (4) 
with  their  upper  surface  (104)  being  semicircular  in 
cross  section,  which  are  set  in  an  axially  aligned, 
spaced  apart  relation,  and  are  each  swingably 
mounted  around  a  transversal  axis  (5),  while  an 
upper  pipe-bending  saddle  member  (6)  with  its 
lower  surface  (106)  corresponding  to  an  intrados 
part  of  a  tore,  is  provided  intermediately  between 
the  two  pipe-bearing  cradle  members  (4)  intended 
for  receiving  and  supporting  from  below  the  pipe 
(T)  to  be  bent,  and  is  designed  for  producing  the 
bending  of  the  pipe  (T)  by  straddling  it  and  by 
being  forced  downwardly  by  a  press  (1,2),  char- 
acterized  in  that  at  least  the  pipe-bending  saddle 
member  (6),  and  preferably  also  the  pipe-bearing 
cradle  members  (4)  have  each  in  the  central  area 
of  their  surface  in  contact  with  the  pipe  (T),  at  least 
one  lateral  depression  (306,304)  preferably  located 
in  a  zone  at  about  45  of  the  cross-section  of  the 
saddle  member  (6)  or  the  cradle  member  (4),  and 
which  is  smoothly  connected  to  the  remaining  toric 
surface  (106)  of  the  pipe-bending  saddle  member 
(6)  or  to  the  remaining  semi-cylindrical  surface 
(1  04)  of  the  pipe-bearing  cradle  member  (4). 

2.  The  apparatus  according  to  claim  1,  char- 
acterized  in  that  in  the  toric  surface  (106)  of  the 
pipe-bending  saddle  member  (6)  and  preferably 
also  in  the  semi-cylindrical  surface  of  each  pipe- 
bending  cradle  member  (4),  two  opposite  lateral 
depressions  (306,304)  are  provided,  which  are 
symmetric  with  respect  to  the  longitudinal  median 
vertical  plane  of  the  saddle  member  (6)  or  the 
cradle  member  (4). 

3.  The  apparatus  according  to  any  one  of 
claims  1  or  2,  characterized  in  that  the  depression 
or  depressions  (306,304)  are  so  sized  that  a  slight 
pressure  as  applied  by  means  of  the  pipe-bending 
saddle  member  (6)  on  the  pipe  (T)  to  be  bent  on 
starting  the  bending  thereof,  produces  an  expand- 
ing  of  said  pipe  into  the  lateral  depression  or 
depressions  (306,304)  so  that  conforming  protuber- 
ances  (T1.T2)  are  formed  in  said  pipe,  whereby  a 
contact  surface  between  the  pipe  and  the  pipe- 
bearing  saddle  member  (6)  and  between  the  pipe 

and  the  pipe-bearing  cradle  member  (4)  is  ob- 
tained,  the  said  surface  being  of  such  a  width  that 
on  subsequently  increasing  the  pressure  as  applied 
by  means  of  the  pipe-bearing  saddle  member  (6), 

5  up  to  obtain  the  moment  of  flexure  as  required  for 
bending  the  pipe  (T),  any  such  specific  pressure  is 
prevented  from  being  reached,  that  would  be  apt  to 
cause  the  narrowing  of  said  pipe. 

4.  The  apparatus  according  to  any  one  or  more 
w  of  the  preceding  claims,  characterized  in  that  each 

depression  (306  or  304)  has  a  maximum  depth  at 
its  central  area,  in  correspondence  of  the  median 
transversal  plane  of  the  pipe-bending  saddle  mem- 
ber  (6)  or  of  the  pipe-bearing  cradle  member. 

75  5.  The  apparatus  according  to  any  one  or  more 
of  the  preceding  claims,  characterized  in  that  the 
maxim  depth  of  each  depression  (306)  in  the  pipe- 
bending  saddle  member  (6)  substantially  corre- 
sponds  to  the  maximum  camber  of  the  arcuate 

20  impression  which  owing  to  an  excessive  specific 
pressure  would  be  produced  in  pipe  (T)  by  a  pipe- 
bending  saddle  member  (6)  having  no  depressions 
(306). 

6.  The  apparatus  according  to  any  one  or  more 
25  of  the  preceding  claims,  characterized  in  that  the 

extent  of  each  depressions  (306)  in  the  pipe-bend- 
ing  saddle  member  (6)  in  the  longitudinal  direction 
thereof,  substantially  corresponds  to  the  chord  of 
the  arcuate  impression  which  owing  to  an  exces- 

30  sive  specific  pressure  would  be  produced  in  pipe 
(T)  by  a  pipe-bending  saddle  member  (6)  having 
no  depressions  (306). 

7.  The  apparatus  according  to  any  one  or  more 
of  the  preceding  claims,  characterized  in  that  the 

35  extent  of  each  depression  (306)  in  the  pipe-bend- 
ing  saddle  member  (6)  in  the  longitudinal  direction 
thereof,  is  of  about  0.6  times  the  diameter  of  pipe 
CD- 

8.  The  apparatus  according  to  any  one  or  more 
40  of  the  preceding  claims,  characterized  in  that  the 

maximum  depth  and/or  the  longitudinal  extent  of 
each  depression  (304)  in  each  pipe-bearing  cradle 
member  (4)  substantially  correspond  to  one  quarter 
of  the  respective  values  of  a  depression  (306)  in 

45  the  pipe-bending  saddle  member  (6). 
9.  The  apparatus  according  to  the  preamble  of 

claim  1  or  according  to  any  one  or  more  of  the 
preceding  claims,  characterized  in  that  the  pipe- 
bending  saddle  member  (6)  is  swingably  mounted 

50  around  a  transversal  axis  which  is  substantially 
located  at  the  top  side  of  pipe  (T)  and/or  not  much 
above  the  horizontal  plane  passing  through  the 
barycenter  of  the  said  member  (6). 

10.  The  apparatus  according  to  any  one  or 
55  more  of  the  preceding  claims,  characterized  in  that 

between  the  movable  plate  (2)  of  the  press  and  the 
pipe-bending  saddle  member  (6)  two  articulation 
members  (9,10)  are  interposed,  which  are  placed 

8 
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tne  one  over  the  other  and  mate  in  correspondence 
of  a  cylindrical  contact  surface  with  its  axis  of 
curvature  coinciding  with  the  swing  axis  of  the 
pipe-bending  saddle  member  (6),  this  latter  mem- 
ber  being  suspended  from  two  side  ears  (8)  which  5 
are  integral  with  the  upper  articulation  member  (9), 
and  being  fastened  to  said  ears  so  as  to  be  pivota- 
ble  around  the  axis  of  curvature  of  the  said  cylin- 
drical  contact  surface,  with  a  great  play  trans- 
versely  to  the  said  axis.  w 

11.  The  apparatus  according  to  the  preamble 
of  claim  1  ,  or  according  to  any  one  or  more  of  the 
preceding  claims,  characterized  in  that  it  comprises 
two  superposed  sizing  dies  (14,  16)  for  eliminating 
any  ovality  in  the  cross-section  of  bends  (TC)  pro-  75 
vided  at  at  least  one  end  of  a  rectilinear  section 
(TC"),  the  facingly  arranged  surfaces  (114,116)  of 
the  two  sizing  dies  (14,16)  consisting  each  of  a  part 
slightly  lesser  than  180°  of  a  toric  surface  segment 
with  a  radius  substantially  corresponding  to  the  20 
radius  of  the  bend  (TC)  of  the  pipe,  so  that  the  two 
superposed  sizing  dies  (14,16)  delimit  there- 
between  an  opening  having  a  substantially  oval 
cross-section,  the  major  axis  of  which  is  horizontal 
and  parallel  to  the  plane  of  the  pipe  bend  (TC)  and  25 
is  slightly  longer  that  the  diameter  of  the  cross- 
section  of  said  bend  (TC),  while  the  minor  axis  of 
the  said  opening  is  vertical  and  is  slightly  shorter 
than  the  diameter  of  the  cross-section  of  the  pipe 
bend  (TC),  the  said  sizing  dies  (14,  16)  having  30 
each  at  one  and  preferably  at  both  of  their  extrem- 
ities,  in  correspondence  of  the  extrados  side,  a 
tangential  rectilinear  prolongation  (214,216)  which 
is  reduced  to  nothing  at  the  intrados  side,  and 
serves  for  the  sizing  of  any  rectilinear  end  sections  35 
(TC)  of  the  pipe  bend  (TC). 

12.  The  apparatus  according  to  the  preamble 
of  claim  1  ,  or  according  to  any  one  or  more  of  the 
preceding  claims,  which  is  applied  for  the  bending 
pipes  being  tightly  sealed  at  their  ends  and  being  40 
filled  with  water,  characterized  by  means  for  gen- 
erating  in  the  water  contained  in  the  pipe  an  initial 
pressure,  preferably  an  initial  pressure  of  about  1/4 
the  pressure  that  the  pipe  can  withstand,  means 
being  also  provided  for  controlling  and  substantially  45 
restoring  the  initial  value  of  said  pressure  during 
the  bending  of  the  pipe. 

50 
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