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0   A  method  of  manufacturing  double  row  angular 
contact  ball  bearings  having  race  rings  (10,11)  made 
from  tubular  sheet  metal  work  pieces,  and  balls  (12) 
arranged  therebetween  in  two  rows,  including  shap- 
ing  a  first  of  said  work  pieces  to  a  finished  outer 
race  ring  (10)  having  axially  spaced  finished  outer 
raceways  formed  in  the  said  first  work  piece; 
concentrically  aligning  a  second  of  said  work  pieces 
with  the  outer  race  ring  to  form  a  rotatable  unfin- 
ished  inner  race  ring  (11),  introducing  balls  (12) 
between  said  finished  (10)  and  unfinished  race  rings 
(10,11); 
inserting  rotatable  forming  members  (15,  16)  at  op- 
posed  ends  of  the  unfinished  inner  race  ring  (11); 
preventing  rotation  of  the  outer  race  ring  (10)  below 
a  predetermined  torque;  rotating  inner  race  ring  (11) 
and  forming  members  (15,16)  to  cause  the  balls  (12) 
to  roll  constantly  about  the  inner  race  ring  (11); 
bending  the  ends  of  the  unfinished  inner  ring  (11)  by 
said  forming  members  (15,16)  to  shape  the  unfin- 
ished  inner  raceways  to  final  finished  form,  until  the 
balls  (12)  are  permanently  encapsulated  in  two  rows, 
forming  a  bearing  free  from  play,  whereby  the  fin- 
ished  outer  race  ring  (10)  is  caused  to  start  rotating 
with  the  inner  race  ring  (11);  and  using  said  start  of 
rotation  as  indication  that  formation  of  the  bearing  is 
completed. 
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The  present  invention  refers  to  a  method  of 
manufacturing  a  double  row  angular  contact  ball 
bearing  having  an  outer  race  ring  and  an  inner  race 
ring  and  a  number  of  balls  arranged  between  said 
outer  and  inner  race  rings  in  two  axially  spaced 
apart  rows,  said  race  rings  being  made  from  tubu- 
lar  sheet  metal  material. 

Ball  bearings  with  race  rings  of  sheet  metal 
material  are  earlier  known  in  various  designs.  Such 
bearings  are  simple  and  inexpensive  and  can  be 
used  in  applications  having  not  too  high  require- 
ments  for  carrying  capacity,  speed  and  precision. 
Such  bearings  are  usually  manufactured  in  that  the 
outer  race  ring  and  the  inner  race  ring  are  shaped 
separately  to  final  form  by  pressing  or  the  like, 
whereupon  the  rings  are  assembled  in  common 
manner  by  insertion  of  balls  therebetween.  For 
manufacturing  reasons  such  bearings  earlier  usu- 
ally  have  been  made  as  single  row  bearings,  al- 
though  there  is  also  known  double  row  bearings  of 
this  type.  As  shown  in  US-A-3,732,606,  such  older 
double  row  bearings  often  have  had  a  split  outer 
race  ring,  which  facilitates  the  assembly  of  the 
bearing.  DE-C-25  18  129  furthermore  describes  a 
double  row  angular  contact  ball  bearing,  wherein 
the  race  rings  may  be  adjusted  angularly  relative  to 
each  other. 

Most  sheet  metal  bearings  are  manufactured  in 
that  the  separate  rings  are  pressed  or  rolled  in  a 
tool,  but  they  may  also  be  shaped  simultaneously 
during  the  very  assembly  operation.  US-A- 
3,657,781  shows  such  shaping  of  the  two  rings  for 
a  single  row  deep  groove  ball  bearing,  where  two 
annular  work  pieces  are  shaped  by  contact  only 
with  a  tool  and  with  the  balls,  which  last  mentioned, 
during  the  shaping  operation,  are  held  in  position 
by  means  of  the  tool.  However,  this  method  is  both 
complicated  and  expensive,  and  it  is  limited  to 
manufacture  of  single  row  ball  bearings. 

It  has  been  a  desire  to  be  able  to  manufacture 
also  double  row  angular  contact  ball  bearings  from 
sheet  metal  material  in  an  inexpensive  and  simple 
manner,  thereby  obtaining  a  bearing  of  high  qual- 
ity,  and  where  the  bearing  clearance,  i.e.  the  inter- 
nal  clearance  between  balls  and  race  rings,  can  be 
adjusted  in  a  simple  manner. 

EP-A2-0  328  496  describes  double  row  angular 
contact  ball  bearings  of  this  type  and  also  some 
methods  for  manufacturing  such  inexpensive,  sim- 
ple  and  yet  reliable  bearings  in  a  simple  manner. 
One  or  both  race  rings  in  this  publication  is/are  first 
shaped  to  finished  or  semi-finished  state,  e.g.  by 
rolling,  whereupon  the  inner  ring  is  arranged  co- 
axially  inside  the  outer  ring.  The  two  rows  of  balls 
thereupon  are  inserted  between  the  two  rings  and 
the  unfinished  and/or  semi-finished  ring  is  finally 
shaped  by  bending  during  rotation  of  the  rings 
relative  to  each  other  for  causing  the  rows  of  balls 

to  roll  constantly.  The  balls  hereby  will  be  perma- 
nently  encapsulated  in  two  rows,  whereby  the  balls 
serve  as  the  only  counterholds  during  the  shaping 
operation.  In  order  to  obtain  a  desired  zero-play  in 

5  the  bearing  it  is  specified  that  the  pressure  applied 
on  the  portions  to  be  bent  shall  be  carefully  adapt- 
ed,  but  this  makes  it  difficult  to  obtain  the  same 
desired  play  and  preload  in  every  bearing,  due  to 
small  dimensional  differences,  etcetera. 

io  The  purpose  of  the  present  invention  is  to 
provide  a  method,  which  in  a  simple  and  efficient 
manner  solves  this  problem,  and  provides  a  pos- 
sibility  to  obtain  a  predetermined  and  equal  preload 
and  play  in  every  bearing  manufactured,  and  which 

75  preload  furthermore  can  be  adjusted  to  the  desired 
amount,  and  this  has  been  obtained  with  a  method 
incorporating  the  following  steps: 

a)  providing  a  first  tubular  sheet  metal  work 
piece  to  form  a  finished  outer  race  ring  having  a 

20  pair  of  axially  spaced  finished  outer  raceways 
formed  in  the  inner  surface  of  the  work  piece 
adjacent  its  opposite  axial  ends; 
b)  providing  a  second  tubular  sheet  metal  work 
piece  concentrically  aligned  with  the  the  outer 

25  race  ring  to  form  a  rotatable  unfinished  inner 
race  ring  having  a  pair  of  axially  spaced  unfin- 
ished  inner  race  ways  formed  in  the  outer  en- 
velope  surface  thereof  adjacent  opposite  axial 
ends  thereof; 

30  c)  introducing  two  rows  of  balls  between  the 
finished  outer  race  ring  and  the  unfinished  inner 
race  ring; 
d)  providing  two  rotatable  forming  members  in- 
serted  at  opposite  axial  ends  of  the  unfinished 

35  inner  race  ring; 
e)  preventing  rotation  of  the  outer  race  ring 
below  an  adjustable  but  predetermined  torque; 
f)  rotating  the  unfinished  inner  race  ring  and  the 
forming  members  to  make  the  rows  of  balls  roll 

40  constantly  about  the  circumferential  periphery  of 
the  inner  race  ring; 
g)  bending  the  unfinished  inner  ring  outwardly  of 
the  two  rows  of  balls  by  the  rotatable  forming 
members  to  shape  the  unfinished  inner  race- 

45  ways  to  a  final,  finished  form,  until  the  balls  are 
permanently  encapsulated  in  two  rows  forming  a 
bearing  free  from  play,  whereby  the  finished 
outer  race  ring  is  caused  to  start  to  rotate, 
together  with  the  inner  race  ring;  and 

50  h)  using  the  start  of  rotation  of  the  outer  race 
ring  as  an  indication  that  the  formation  of  the 
bearing  is  completed. 
The  invention  hereinafter  will  be  further  de- 

scribed  with  reference  to  the  accompanying  draw- 
55  ings,  wherein: 

Fig.  1  is  a  front  view  of  a  two  row  angular 
contact  ball  bearing  assembled  in  accordance 
with  the  method  according  to  the  invention,  and 
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with  a  portion  broken  away  for  showing  the 
interior  thereof. 
Fig.  2  is  an  end  view  of  the  bearing  shown  in 
Fig.  1. 
Fig.  3  is  a  fragmentary  section  showing  sche- 
matically  the  first  step  in  the  assembly  of  the 
bearing  shown  in  Fig.  1. 
Fig.  4  is  a  view  similar  to  Fig.  3  showing  the 
second  step  in  the  assembly. 
Fig.  5  shows  in  a  view  similar  to  Fig.  3  and  Fig. 
4  the  third  step  in  the  assembly. 
Fig.  6  is  a  fragmentary  view  taken  on  line  VI-VI 
in  Fig.  5,  and 
Fig.  7  is  a  view  similar  to  Fig.s  3-5  showing  the 
fourth  and  final  step  in  assembly. 

Fig.s  1  and  2  show  schematically  a  double  row, 
angular  contact  ball  bearing  having  an  inner  race 
ring  11,  an  outer  race  ring  10  and  two  rows  of  balls 
12  disposed  between  the  race  rings.  The  outer 
race  ring  10  is  provided  with  a  circumferential 
depression  10a  between  the  rows  of  balls,  but  is 
otherwise  cylindrical.  The  inner  race  ring  11  is 
cylindrical  but  has  circumferential,  radially  outward- 
ly  extending  end  portions  13  at  its  axial  ends.  The 
spaces  formed  by  the  circumferential  depression 
10a  and  the  axial  end  portions  13  form  together  a 
raceway  for  each  row  of  balls  12.  Thus  it  is  ob- 
tained  a  double  row,  angular  contact  ball  bearing, 
having  no  ball  retainer,  the  bearing  instead  being 
equipped  with  a  maximum  number  of  balls.  The 
invention  is  not  limited  to  such  bearings  but  can  be 
used  also  at  bearings  having  a  smaller  number  of 
retainer-guided  balls. 

Fig.  3  illustrates  schematically  the  first  step  in 
manufacturing  a  double  row,  angular  contact  ball 
bearing  according  to  the  present  invention.  As  illus- 
trated  therein,  a  finished  outer  race  ring  10  is 
inserted  in  a  suitable  manner  axially  into  assembly 
position  in  the  support  of  an  assembly  machine  or 
the  like,  having  clamping  jaws  14  arranged  to  grip 
the  outer  race  ring  10,  when  this  is  inserted  therein 
and  to  hold  it  clamped  with  an  adjustable  clamping 
force. 

In  the  embodiment  shown  in  Fig.s  3-6,  the  jaws 
14  are  two  semi-circular  members,  each  having 
contact  elements  14a,  adapted  to  correspond  to  the 
curvature  of  the  outer  race  ring  and  arranged  to 
prevent  the  outer  race  ring  from  rotation,  when  the 
clamping  jaws  14  are  clamped  about  the  outer  race 
ring  10.  By  suitable  choice  of  material  and  size  of 
the  contact  elements  14a  and  the  size  of  the 
clamping  force  it  is  possible  to  determine  in  an 
accurate  manner,  when  the  outer  race  ring,  thus 
clamped  between  the  clamping  jaws  14,  shall  begin 
to  rotate,  as  the  outer  race  ring  is  subjected  to  a 
torque. 

In  the  second  step  of  manufacture,  illustrated  in 
Fig.  4,  a  tubular  member  11  is  inserted  axially  into 

the  outer  race  ring  10  to  a  position  concentrically 
aligned  with  the  outer  race  ring  10.  This  is 
achieved  with  a  first  forming  member,  in  the  em- 
bodiment  shown  shaped  as  a  mandrel  15  entering 

5  the  tubular  member  1  1  . 
Balls  12  then  are  inserted  in  the  annular  space 

between  the  rings  10,  11  from  both  axial  ends,  as 
can  be  seen  in  Fig.  5.  A  second  forming  member, 
in  this  embodiment  shaped  as  a  further  mandrel  16 

io  is  advanced  from  the  side  of  the  inner  ring  op- 
posed  to  the  one  from  which  the  first  mandrel  15  is 
introduced  in  the  inner  ring,  until  this  second  man- 
drel  16  is  in  contact  with  the  end  face  of  the  inner 
ring.  The  introduction  of  the  balls  12  in  the  annular 

is  spaces  can  preferably  by  made  with  aid  of  a  tool 
17  schematically  shown  in  Fig.s  5-7. 

In  the  final  step  of  the  shaping  operation,  as 
can  be  seen  in  Fig.  7  the  two  forming  members  or 
mandrels  15,  16  are  caused  to  rotate.  Thereby  the 

20  inner  ring  1  1  starts  to  rotate,  whereupon  both  man- 
drels  15,16,  during  continued  rotation,  are  caused 
to  press  axially  towards  the  inner  ring.  Each  man- 
drel  has  an  end  portion  15a,  16a  resp.,  of  a  diam- 
eter  substantially  corresponding  to  the  internal  di- 

25  ameter  of  the  inner  ring.  Said  end  portion  15a  of 
the  first  mandrel  15,  which  also  serves  to  position 
the  inner  ring  11  concentrically  in  the  outer  ring  10, 
is  rather  long,  whereas  the  opposite  mandrel  16 
can  have  a  rather  short  end  portion  16a.  Both 

30  mandrels  have  an  outer  portion  15b,  16b  resp.  with 
diameter  bigger  than  the  internal  diameter  of  the 
inner  ring  11,  the  transitory  portion  15c,  16c  be- 
tweeen  these  two  portions  of  different  diameter 
being  curved. 

35  During  rotation  the  forming  members  or  man- 
drels  15,  16  thus  are  pressed  with  their  curved 
transitory  portions  15c,  16c  against  opposed  ends 
13  of  the  inner  ring,  thereby  bending  both  ends 
radially  outwards.  The  rotation  causes  the  balls  12 

40  to  roll  against  the  raceways  and  during  this  rotation 
the  outer  race  ring  is  held  in  position  and  being 
prevented  from  rotating  by  the  clamping  jaws  14. 
During  bending  of  the  ends  13  of  the  inner  race 
ring  an  in-creasing  preload  is  built  up  in  the  bear- 

45  ing.  When  the  inner  ring  ends  13  have  been  bent 
to  a  pre-determined  degree,  this  preload  causes 
transfer  of  a  torque  from  the  rotated  inner  race  ring 
to  the  outer  race  ring  via  the  balls.  The  torque 
acting  on  the  outer  ring  via  the  rotating  balls  there- 

50  by  will  overcome  the  clamping  force,  by  which  the 
contact  elements  14a  of  the  clamping  members  14 
hold  the  outer  race  ring,  and  hereby  the  outer  race 
ring  begins  to  rotate.  This  start  of  rotation  is  an 
indication  that  the  desired  preload  in  the  bearing 

55  has  been  achieved  and  the  force  pressing  the 
mandrels  15,  16  axially  against  the  inner  ring  is 
relieved.  The  inner  ring  11  then  has  been  shaped 
to  desired  form  where  the  rows  of  balls  12  are  en- 
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capsulated  between  the  outer  race  ring  10  and  the 
inner  race  ring  11.  The  rotation  of  the  mandrels  15, 
16  and  of  the  inner  race  ring  11  is  terminated,  the 
mandrels  15,  16  are  retracted  and  the  clamping 
jaws  14  are  opened  to  the  position  shown  in  dash- 
and-dot  lines  in  Fig.  3,  whereupon  the  completed 
double  row  angular  contact  ball  bearing  shown  in 
Fig.s  1  and  2  and  having  race  rings  manufactured 
from  sheet  metal  material,  can  be  removed  from 
the  assembly  machine. 

By  repeatedly  giving  the  clamping  jaws  14  the 
same  clamping  forces  it  is  possible  to  produce 
bearings  having  the  same  internal  play  and  preload 
in  a  very  simple  and  reliable  manner,  and  the  start 
of  the  rotation  of  the  outer  race  ring  during  the 
assembly,  can  be  used  as  an  impulse  for  relieving 
the  pressure  on  the  mandrels,  thereby  obtaining  a 
high  degree  of  automatization  of  the  assembly.  The 
fact  that  the  preload  of  the  formed  bearing  is  used 
in  this  manner  for  determining  when  the  formation 
of  the  bearing  is  completed  means  that  small  di- 
mensional  differencies  between  components  of  the 
bearings  will  not  cause  problems,  with  finished 
bearings  having  different  internal  clearance  and 
preload. 

The  invention  is  not  limited  to  the  embodiment 
shown  in  the  drawings  and  described  with  refer- 
ence  thereto  but  a  plurality  of  modifications  are 
possible  within  the  scope  of  the  accompanying 
claims.  Thus  the  clamping  jaws  14  which  are 
shown  in  Fig.  6  as  two  semi-circular  members, 
may  of  course  be  designed  in  other  manners,  and 
the  exact  design  of  the  two  forming  members  or 
mandrels  15,  16  may  also  differ  from  what  is 
shown  and  described  hereinbefore. 

Claims 

1.  A  method  of  manufacturing  a  double  row  an- 
gular  contact  ball  bearing  having  an  outer  race 
ring  (10)  and  an  inner  race  ring  (11)  and  a 
number  of  balls  (12)  arranged  between  said 
outer  and  inner  race  rings  in  two  axially 
spaced  apart  rows,  said  race  rings  being  made 
from  tubular  sheet  metal  work  pieces, 
said  method  incorporating  the  steps  of: 

a)  providing  a  first  tubular  sheet  metal  work 
piece  to  form  a  finished  outer  race  ring  (10) 
having  a  pair  of  axially  spaced  finished  out- 
er  raceways  formed  in  the  inner  surface  of 
the  work  piece  adjacent  its  opposite  axial 
ends; 
b)  providing  a  second  tubular  sheet  metal 
work  piece  concentrically  aligned  with  the 
the  outer  race  ring  (10)  to  form  a  rotatable 
unfinished  inner  race  ring  (11)  having  a  pair 
of  axially  spaced  unfinished  inner  race  ways 
formed  in  the  outer  envelope  surface  there- 

of  adjacent  opposite  axial  ends  thereof; 
c)  introducing  two  rows  of  balls  (12)  be- 
tween  the  finished  outer  race  ring  (10)  and 
the  unfinished  inner  race  ring  (11); 

5  d)  providing  two  rotatable  forming  members 
(15,  16)  inserted  at  opposite  axial  ends  of 
the  unfinished  inner  race  ring  (11); 
e)  preventing  rotation  of  the  outer  race  ring 
(10)  below  an  adjustable  but  predetermined 

io  torque; 
f)  rotating  the  unfinished  inner  race  ring  (11) 
and  forming  members  (15,  16)  to  effect 
rolling  the  rows  of  balls  (12)  constantly 
about  the  circumferential  periphery  of  the 

is  inner  race  ring  (11); 
g)  bending  the  unfinished  inner  ring  (11) 
outwardly  of  the  two  rows  of  balls  (12)  by 
rotatable  forming  members  (15,  16)  to 
shape  the  unfinished  inner  raceways  to  a 

20  final  finished  form,  until  the  balls  (12)  are 
permanently  encapsulated  in  two  rows  for- 
ming  a  bearing  free  from  play,  whereby  the 
finished  outer  race  ring  (10)  is  caused  to 
start  to  rotate,  together  with  the  inner  race 

25  ring  (11);  and 
h)  using  the  start  of  rotation  of  the  outer 
race  ring  (10)  as  an  indication  that  the  for- 
mation  of  the  bearing  is  completed. 

30  2.  A  method  as  claimed  in  claim  1  , 
characterized  in, 
using  forming  members  (15,  16)  in  form  of 
mandrels,  at  least  one  of  which  having  an  end 
portion  (15a)  with  a  diameter  corresponding  to 

35  the  internal  diameter  of  the  inner  race  ring 
(11),  and 
using  said  one  end  portion  (15a)  for  concen- 
trically  aligning  the  inner  race  ring  (11)  in  the 
outer  race  ring  (10)  during  assembly. 
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