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©  Method  of  making  double-coned  coil  spring  and  apparatus  therefor. 

©  Disclosed  are  a  method  of  and  a  device  for 
making  a  double-coned  coil  spring  (1),  which  com- 
prises  using  a  semi-finished  spring  (2)  having 
formed  on  one  end  thereof  a  first  conically  wound 
portion  (2a)  with  the  rest  of  the  wound  portion  (2b) 
being  extended  with  the  maximum  diameter,  and 
forming  a  second  conically  wound  portion  (2c)  at  the 
cylindrically  wound  portion  (2b);  wherein  said  cylin- 
drically  wound  portion  (2b)  is  clamped  at  the  site 
from  where  formation  of  the  second  conically  wound 
portion  (2c)  is  to  be  started  by  means  of  a  first 
clamping  means  (3),  and  also  clamping  the  open 
end  of  said  cylindrically  wound  portion  (2b)  by 
means  of  a  second  clamping  means  (18);  and  the 
second  clamping  means  (18)  is  allowed  to  rotate  in 

^!the  direction  of  winding  the  semi-finished  spring  (2), 
^   while  said  second  clamping  means  (18)  is  forced  to 
If)  be  moved  toward  the  center  of  the  semi-finished 
§   spring  (2). 
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METHOD  OF  MAKING  DOUBLE-CONED  COIL  SPRING  AND  APPARATUS  THEREFOR 

This  invention  relates  to  a  method  of  making  a 
double-coned  coil  spring  to  be  made  by  using  a 
spring  having  on  one  end  thereof  a  conically 
wound  portion  and  forming  a  similar  conical  wound 
portion  on  the  other  end,  i.e.  so-called  "barrel- 
shaped  spring"  composed  of  two  cones  combined 
at  their  base  portions  and  to  an  apparatus  in  which 
the  above  method  can  efficiently  be  practiced. 

As  shown  in  Fig.  12,  a  double-coned  coil 
spring  1  having  a  maximum  diameter  d  at  the 
middle  of  the  spring  body  with  the  both  end  por- 
tions  being  wound  into  a  shape  of  cone  gradually 
focusing  toward  the  both  end  portions  in  the  axial 
direction  is  suitably  used,  for  example,  as  chassis 
spring  for  automobile  and  the  like  for  independent 
suspension.  Strictly  speaking,  both  end  wound  por- 
tions  of  this  spring  have  a  shape  of  truncated  cone 
(i.e.  a  cone  whose  tip  is  cut  off  perpendicularly 
relative  to  the  axis  thereof)  or  of  a  shape  focusing 
and  curving  toward  both  end  portions,  and  as  a 
whole  the  spring  presents  a  shape  of  a  "barrel"  or 
"spindle". 

As  a  method  of  making  such  double-coned  coil 
springs,  various  methods  have  been  proposed. 
However,  all  of  them  suffer  from  disadvantages  in 
that  they  involve  a  number  of  forming  steps,  lead- 
ing  to  complicated  constitution  of  the  apparatus 
itself  and  in  that  wind-forming  cannot  be  achieved 
with  the  desired  lead  angle  and  pitch  causing  in- 
consistency  in  the  shape  of  finished  products. 
Namely,  since  the  above  double-coned  spring  is 
wound  focusing  toward  both  end  portions,  it  is 
difficult  to  effect  the  entire  winding  process  in  a 
single  step  such  as  when  an  ordinary  cylindrical 
coil  spring  is  formed  using  a  removable  mandrel. 

In  this  connection,  in  the  invention  disclosed  in 
Japanese  Provisional  Patent  Publication  No. 
11743/1982  and  in  the  corresponding  U.S.  Patent 
No.  4,424,695,  it  has  been  proposed  to  provide  a 
forming  member  18  having  formed  thereon  a  spi- 
rally  stepped  conical  portion  having  the  required 
number  of  winds,  to  insert  this  forming  member  18 
through  a  gap  of  the  cylindrically  wound  portion  to 
force  the  cylindrical  coii  to  be  wound  around  the 
above  spirally  stepped  conical  portion  and  form  the 
cylindrical  portion  of  the  spring  into  a  conically 
wound  portion.  However,  according  to  the  appara- 
tus  proposed  above,  the  size  of  the  forming  mem- 
ber  18  having  formed  thereon  a  spirally  stepped 
conical  portion  is  limited  to  the  one  which  allow 
insertion  of  the  forming  member  18  through  the 
gap  in  the  cylindrically  wound  portion  of  the  spring, 
only  to  afford  a  conically  wound  portion  with  at 
most  two  or  two  and  a  half  winds,  disadvanta- 

geously. 
Under  such  circumstances,  this  invention  has 

been  proposed  to  provide  a  method  of  making  a 
double-coned  spring,  according  to  which  a  spring 

5  having  formed  on  one  end  a  first  conically  wound 
portion  with  the  rest  of  the  wound  portion  being 
extended  with  the  maximum  diameter  is  first  made 
in  a  separate  step;  a  second  conical  portion  can  be 
wind-formed  at  the  other  end  of  this  unfinished 

w  spring  (hereinafter  referred  to  as  "semi-finished 
spring");  wherein  forming  jigs  to  be  employed 
therefor  may  not  be  limited  only  to  those  which  can 
be  inserted  through  the  gap  of  the  cylindrically 
wound  portion;  and  the  number  of  winds  in  the 

75  second  conical  portion  can  easily  be  set  to  three 
winds  or  more,  as  desired,  and  an  apparatus  for 
practicing  said  method. 

To  describe  in  detail,  the  method  of  making  a 
double-coned  coil  spring  (hereinafter  simply  re- 

20  ferred  to  as  "double-coned  spring")  according  to 
this  invention  comprises  using  a  semi-finished 
spring  having  formed  on  one  end  thereof  a  first 
conically  wound  portion  with  the  rest  of  the  wound 
portion  being  extended  with  the  maximum  diam- 

25  eter;  and  forming  a  second  conically  wound  portion 
at  the  cylindrically  wound  portion; 
wherein  the  above  cylindrically  wound  portion  is 
clamped  at  the  site  from  where  formation  of  the 
second  conically  wound  portion  is  to  be  started  by 

30  means  of  a  first  clamping  means,  and  also  clamp- 
ing  the  open  end  of  the  above  cylindrically  wound 
portion  by  means  of  a  second  clamping  means; 
and 
the  second  clamping  means  is  allowed  to  rotate  in 

35  the  direction  of  winding  the  semi-finished  spring, 
while  the  above  second  clamping  means  is  forced 
to  be  moved  toward  the  center  of  the  semi-finished 
spring. 

Further,  the  apparatus  for  efficiently  practicing 
40  the  above  method  of  making  a  double-coned 

spring  according  to  this  invention  using  a  semi- 
finished  spring  having  formed  on  one  end  thereof  a 
first  conically  wound  portion  with  the  rest  of  the 
wound  portion  being  extended  with  the  maximum 

45  diameter,  and  forming  a  second  conically  wound 
portion  at  the  cylindrically  wound  portion,  com- 
prises: 
a  bed  on  which  a  semi-finished  spring  can  be 
loaded  horizontally; 

so  a  first  clamping  means  disposed  on  the  above  bed, 
which  releasably  clamps  the  above  semi-finished 
spring  at  the  site  from  where  formation  of  the 
second  conically  wound  portion  is  to  be  started; 
a  conical  guide  member  formed  in  the  above  first 
clamping  means,  having  a  pitch  such  that  it  may 
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provide  a  curve  substantially  equal  to  that  of  a 
conical  coil  portion  to  be  finally  wind-formed  in  the 
semi-finished  spring; 
a  movable  head  disposed  to  oppose  the  above  bed 
beyond  the  above  first  clamping  means,  which  can 
be  moved  closer  or  farther  relative  to  the  above 
bed; 
a  second  clamping  means  disposed  on  the  above 
movable  head  such  that  it  can  slide  in  the  direction 
intersecting  the  direction  of  moving  the  movable 
head,  which  releasably  clamps  the  free  end  of  the 
cylindrically  wound  portion  of  the  above  semi-fin- 
ished  spring; 
a  means  for  forcing  the  second  clamping  means  to 
rotate  in  the  direction  of  winding  the  semi-finished 
spring;  and 
a  means  for  forcing  the  above  second  clamping 
means  to  move  toward  the  axis  of  the  semi-finished 
spring. 

As  has  been  described  above,  according  to  the 
method  and  apparatus  of  this  invention,  a  second 
conical  portion  having  a  desired  pitch  can  accu- 
rately  be  formed  at  the  cylindrically  wound  portion 
of  a  semi-finished  spring  having  formed  on  one 
end  thereof  a  first  conically  wound  portion  with  the 
rest  of  the  wound  portion  being  extended  with  the 
maximum  diameter  by  clamping  the  above  cylin- 
drically  wound  portion  at  the  site  from  where  for- 
mation  of  the  second  conically  wound  portion  is  to 
be  started  by  means  of  the  first  clamping  means, 
and  also  clamping  the  open  end  of  the  above 
cylindrically  wound  portion  by  means  of  the  second 
clamping  means;  and  by  causing  a  rotary  motion  to 
the  second  clamping  means;  and  also  forcing  it  to 
move  toward  the  axis  of  the  semi-finished  spring  to 
force  the  above  portion  to  be  wound  around  the 
forming  jig  positioned  inside  of  the  spring. 

This  invention  provides  an  advantage  of 
achieving  accurate  forming  economically  using  a 
simple  mechanism.  The  forming  jigs  to  be  em- 
ployed  in  the  apparatus  according  to  this  invention 
can  be  inserted  from  the  open  wind  end  of  the 
cylindrically  wound  portion  of  the  semi-finished 
spring,  so  that  they  may  not  be  limited  to  the  ones 
which  must  be  able  to  be  inserted  from'  the  spring 
gap  of  the  cylindrically  wound  portion.  Accordingly, 
the  number  of  winds  in  the  second  conical  portion 
can  be  increased  to  three  winds  or  more,  as  de- 
sired,  and  thus  this  invention  can  readily  cope  with 
the  demands  of  users  widely. 

Fig.  1  shows  schematically  a  preferred  em- 
bodiment  of  the  apparatus  according  to  this  inven- 
tion  in  perspective  view; 

Fig.  2  shows  a  front  view  of  the  apparatus 
shown  in  Fig.  1  partially  in  vertical  cross-section; 

Fig.  3  shows  a  vertical  cross-section  of  the 
movable  head; 

Fig.  4  shows  schematically  a  constitution  of 
the  winding  means  and  the  second  clamping 
means  in  exploded  perspective  view; 

Fig.  5  shows  a  front  view  of  the  second 
5  clamping  means; 

Fig.  5(a)  shows  a  state  before  the  end  of  the 
semifinished  spring  is  clamped  by  means  of  the 
second  clamping  means; 

Fig.  5(b)  shows  a  state  where  the  end  of  the 
10  semi-finished  spring  is  clamped  by  means  of  the 

second  clamping  means; 
Fig.  6(a)  to  11(a)  illustrate  motions  of  the 

apparatus  according  to  this  invention  with  passage 
of  time;  whereas 

is  Figs.  6(b)  to  11(b)  each  illustrate  a  view  of 
the  semi-finished  spring  in  the  axial  direction  in  the 
state  as  shown  in  Figs.  6(a)  to  11(a),  respectively; 

Fig.  12  is  a  front  view  showing  the  appear- 
ance  and  constitution  of  the  double-coned  spring;  - 

20  Fig.  13  is  a  right  side  view  of  another  em- 
bodiment  of  the  mechanism  for  moving  the  slider 
to  be  used  in  the  apparatus  of  the  present  embodi- 
ment  in  the  diametral  direction  of  the  rotor; 

Fig.  14  is  a  perspective  view  of  the  major 
25  portion  of  another  embodiment  of  the  conical  guide 

member  to  be  employed  in  the  apparatus  of  the 
present  embodiment; 

Fig.  15  is  a  block  diagram  of  the  control 
circuit  of  the  apparatus  of  the  present  embodiment. 

30 
Next,  the  method  of  making  a  double-coned 

spring  according  to  this  invention  will  be  described 
below  correlated  with  an  apparatus  in  which  the 
above  method  can  efficiently  be  practiced.  Fig.  1 

35  shows  schematically  a  constitution  of  the  double- 
coned  spring  making  apparatus  in  perspective  view 
in  which  the  present  method  can  be  practiced.  In 
this  double-coned  spring  making  apparatus  30,  a 
double-coned  spring  1,  having  a  first  conical  por- 

40  tion  2a  and  a  second  conical  portion  2c  combined 
at  their  base  portions  is  finally  wind-formed  by 
using  a  semi-finished  spring  2  comprising  a  first 
conical  portion  2a  and  a  cylindrically  wound  portion 
2b  which  extends  with  the  maximum  diameter,  and 

45  winding  the  cylindrically  wound  portion  2b  to  re- 
duce  the  diameter  gradually. 

As  shown  in  Fig.  1  ,  a  bed  4  is  disposed  on  the 
upper  left  position  of  a  base  32  in  the  apparatus 
30,  in  which  a  pair  of  elongated  plate  members  36 

so  are  disposed  on  a  bottom  plate  34  fixed  on  the 
above  base  32  to  form  an  obtuse  angle  there- 
between,  on  which  a  semi-finished  spring  2  can 
horizontally  be  loaded.  Incidentally,  in  the  state 
where  a  semi-finished  spring  2  is  loaded  on  the 

55  bed  4,  the  plate  members  36  have  preliminarily 
been  set  to  have  a  slope  angle  such  that  the  axis 
of  the  semi-finished  spring  2  may  be  aligned  with 
that  of  a  rotor  13  to  be  described  later.  On  the 

3 
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bottom  surfaces  of  the  plate  members  36,  a  plural- 
ity  of  guides  38  are  provided  to  protrude  therefrom, 
respectively,  and  guide  bars  40  to  which  a  location 
regulating  means  8  (to  be  described  later)  is  dis- 
posed  are  slidably  inserted  to  these  guides  38. 

A  first  clamping  means  3  is  disposed  on  the 
right  end  portion  of  the  bed  4  which  releasably 
damps  the  semi-finished  spring  2  loaded  horizon- 
tally  on  the  bed  4  at  the  site  from  where  formation 
of  second  conical  portion  2c  is  started.  Namely,  on 
the  above  bottom  plate  34,  a  supporting  member 
42  is  removably  attached  to  the  bottom  plate  34  in 
the  middle  of  the  two  plate  members  36  also 
disposed  on  the  bottom  plate  34  and  a  clamping 
member  7a  formed  on  one  end  of  a  lever  7  is 
pivoted  to  this  supporting  member  42  through  a  pin 
44.  To  the  other  end  of  this  lever  7,  a  piston  rod  6a 
of  a  cylinder  6  disposed  on  the  base  32  is  attached 
to  cause  an  oscillatory  movement  to  the  lever  7  to 
be  pivoted  on  the  axis  of  the  pin  44  upon  actuation 
of  the  cylinder  6.  Further,  a  conical  guide  member 
5  having  a  pitch  such  that  it  may  provide  a  pitch 
substantially  equal  to  that  of  a  conical  coil  portion 
to  be  finally  wind-formed  in  the  semi-finished 
spring  2  is  formed  on  the  supporting  member  42 
disposed  above  the  clamping  member  7a,  so  that 
the  semi-finished  spring  2  may  be  clamped  at  the 
site  from  where  the  formation  of  the.  second  conical 
portion  2c  is  started  between  the  base  portion  5a  of 
this  conical  guide  member  5  and  the  clamping 
member  7a. 

The  guide  bars  40  slidably  inserted  to  the 
above  guides  38  extend  to  the  right  side  of  the 
above  bed  4  (i.e.  the  side  where  the  above  first 
clamping  means  3  is  disposed),  and  a  mounting 
member  46  from  which  the  location  regulating 
means  8  protrudes  is  extended  over  the  ends  of 
these  guide  bars  40  to  be  removably  fixed  on  the 
bottom  surfaces  thereof  by  means  of  bolts  (not 
shown).  Also,  a  connecting  member  48  is  extended 
over  the  other  ends  of  the  guide  bars  40,  and  a 
protrusion  50  is  formed  on  the  bottom  surface  of 
ths  connecting  member  48.  As  shown  in  Fig.  2,  a 
piston  rod  10a  of  a  cylinder  10  disposed  on  the 
rear  surface  of  the  bottom  plate  34  in  the  bed  4  is 
attached  to  this  protrusion  50,  so  that  the  location 
regulating  means  8  may  be  moved  closer  or  farther 
relative  to  the  bed  4  by  means  of  this  cylinder  1  0. 
To  describe  in  detail,  as  shown  in  Fig.  7(a),  the 
location  regulating  means  8  functions  so  that  it  may 
perform  positioning  of  the  semi-finished  spring  2 
by  supporting  with  pressure  the  cylindrically  wound 
portion  2b  at  the  proximity  of  the  open  end,  when 
the  location  regulating  means  8  is  mo.ved  closer 
toward  the  cylindrically  wound  portion  2b  of  the 
above  spring  2  loaded  on  the  bed  4. 

At  the  top  of  the  location  regulating  means  8, 
there  is  provided  a  conical  guide  member  9  stand- 

ing  upright  which  can  be  inserted  to  the  cylin- 
drically  wound  portion  2b  of  the  semi-finished 
spring  2  along  the  axial  direction.  This  conical 
guide  member  9  is  combined  with  the  conical 

s  guide  member  5  provided  on  the  above  first  clamp- 
ing  means  3  (see  Fig.  7(a))  to  guide  the  direction  of 
winding  the  second  conical  portion  2c  to  be  formed 
in  the  semi-finished  spring  2.  Incidentally,  both  the 
supporting  member  42  and  the  mounting  member 

10  46,  on  which  the  two  conical  guide  members  5  and 
9  are  provided,  are  constituted  so  that  they  may  be 
removable  from  the  bed  4  and  the  guide  bars  40, 
respectively,  whereby  the  conical  guide  members  5 
and  9  can  speedily  be  replaced  with  other  ones 

75  depending  on  the  specifications  even  such  as  when 
the  diameter  of  the  semi-finished  spring  2  to  be 
formed  is  changed  according  to  any  orders 
change. 

Moreover,  as  shown  in  Fig.  14,  when  the  coni- 
20  cal  guide  member  5  is  formed  into  a  cone  having 

two  or  more  winds,  the  direction  of  winding  the 
second  conical  portion  2c  to  be  formed  on  the 
semi-finished  spring  2  can  be  guided  by  the  coni- 
cal  guide  member  5  alone  and  the  above  conical 

25  guide  member  9  can  be  omitted.  In  this  constitu- 
tion,  however,  the  axial  length  of  the  conical  guide 
member  5  is  to  be  designed  to  have  a  size  shorter 
than  the  gap  of  the  cylindrically  wound  portion  2b 
of  the  spring  2  to  be  formed. 

30  On  the  base  32,  on  the  side  opposite  to  the 
location  of  the  bed  4  beyond  the  above  first  clamp- 
ing  means  3,  a  guide  52  having  formed  therein 
parallel  guide  grooves  52a  is  fixed,  and  a  movable 
head  11  is  disposed  on  this  guide  52  to  be  mov- 

35  able  at  a  horizontal  level  substantially  the  same  as 
that  of  the  bed  4;  wherein  a  servomotor  12  is 
disposed  on  the  base  32  on  the  right  side  of  the 
guide  52,  i.e.  on  the  side  opposite  to  the  direction 
of  the  bed  4,  and  a  screw  bolt  22  fixed  to  the  rotary 

40  shaft  of  the  servomotor  12  through  a  coupling  21  is 
screwed  into  a  nut  (not  shown)  provided  on  the 
movable  head  11.  Therefore,  by  driving  the  ser- 
vomotor  12,  the  movable  head  11  is  moved  closer 
or  farther  relative  to  the  above  bed  4  under 

45  cooperation  of  the  screw  bolt  22  and  the  above  nut. 
Indicentally,  a  gear  94  is  attached  to  the  rotary 

shaft  of  the  servomotor  12,  which  gear  94  is  en- 
gaged  with  another  gear  95  attached  to  the  input 
shaft  of  an  encoder  23;  wherein  output  signals  from 

so  the  encoder  23  are  as  shown  in  Fig.  15  inputted  to 
a  central  processing  unit  (CPU)  24  such  as  a  micro 
computer  and  the  like,  whereby  the  location  of  the 
above  movable  head  11  can  be  controlled  by 
achieving  drive  control  of  the  motor  12  based  on 

55  the  above  signals  inputted  to  the  CPU  24. 
In  the  movable  head  11,  there  is  rotatably 

disposed  a  cylindrical  rotor  13  whose  axis  is  sub- 
stantially  aligned  with  that  of  the  semi-finished 

4 
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spring  2  loaded  horizontally  on  the  bed  4.  As 
shown  in  Fig.  2,  one  end  of  this  rotor  13  directing 
to  the  bed  4  protrudes  from  the  movable  head  11 
in  the  axial  direction,  and  a  gear  54  is  formed  on 
the  circumference  of  this  protrusion.  A  servomotor 
14  is  also  disposed  at  the  upper  part  of  the  mov- 
able  head  1  1  ,  and  a  gear  56  attached  to  the  output 
shaft  of  this  motor  14  engages  with  the  above  gear 
54.  Thus,  the  rotor  13  is  designed  to  be  rotated  for 
forward  or  reverse  motion  by  the  servomotor  1  4  to 
achieve  positioning  of  a  winding  means  17  to  be 
described  later.  Further,  a  gear  26  attached  to  the 
input  shaft  of  an  encoder  25  is  engaged  with  this 
gear  56,  so  that  the  rotation  angle  of  the  rotor  13 
can  be  detected.  Incidentally,  output  signals  from 
this  encoder  25  are  inputted  to  the  above  CPU  24. 

On  each  end  of  the  rotor  1  3  relative  to  the  axial 
direction,  a  pair  of  guide  rails  58  are  disposed  on 
both  sides  of  the  axis  of  the  above  rotor  13  to  be 
parallel  in  the  diametral  direction  thereof,  respec- 
tively,  so  that  a  slider  15  disposed  in  the  through 
hole  1  3a  of  the  rotor  1  3  may  be  movable  along  the 
above  guide  rails  58.  To  describe  in  detail,  as 
shown  in  Figs.  1  and  3,  four  rollers  60  are  rotatabiy 
fixed  on  the  right  and  left  sides  of  the  slider  15, 
respectively,  and  these  four  rollers  60  engage  with 
the  guide  rails  58,  respectively,  such  that  they  can 
roll  therealong.  Further,  on  one  end  in  the  longitudi- 
nal  direction  of  each  guide  rail  58,  an  L-shaped 
bracket  64  is  disposed,  on  which  a  servomotor  20 
is  disposed.  A  screw  bolt  27  fixed  to  the  rotary 
shaft  (not  shown)  of  this  motor  20  through  a  cou- 
pling  (not  shown)  is  screwed  into  a  nut  28  provided 
on  a  bracket  62  attached  to  the  slider  15.  Accord- 
ingly,  the  slider  15  is  reciprocated  diametrally 
passing  through  the  rotation  center  of  the  rotor  13 
by  driving  the  servomotor  20.  Incidentally,  the  ref- 
erence  numeral  29  shows  an  encoder  which  de- 
tects  the  amount  of  rotation  in  the  above  motor  20 
to  input  the  detection  signal  to  the  CPU  24,  where- 
by  the  location  regulation  of  the  slider  15  can  be 
achieved. 

Next,  a  winding  means  17  is  disposed  to  the 
slider  .  15,  which  is  inserted  through  the  slider  15 
parallel  to  the  rotation  center  of  the  above  rotor  1  3 
and  extends  in  the  axial  direction.  This  winding 
means  17  is  composed  of  a  hollow  rotary  shaft  66 
rotatabiy  supported  on  the  slider  15,  a  winder  67 
disposed  on  the  rotary  shaft  66  at  the  end  directing 
to  the  bed  4,  and  a  main  shaft  68  which  is  inserted 
to  the  hollow  rotary  shaft  66  and  integrally  rotated 
with  the  rotary  shaft  66  by  driving  the  servomotor 
16.  To  describe  in  detail,  as  shown  in  Fig.  3,  the 
hollow  rotary  shaft  66  is  rotatabiy  supported  by  the 
slider  15  through  a  bearing,  and  the  winder  67  is 
fitted  over  one  end  of  the  rotary  shaft  66  through  a 
bolt  69.  Incidentally,  at  the  tip  of  the  winder  67, 
there  is  disposed  a  guide  piece  67b  which  guides 

the  direction  of  winding  the  second  conical  portion 
2c  to  be  formed  in  the  semi-finished  spring  2  and 
also  clamps  the  end  of  the  semi-finished  spring  2 
in  cooperation  with  a  second  clamping  means  18  to 

s  be  described  later. 
To  the  hollow  space  66b  of  the  above  rotary 

shaft  66,  the  main  shaft  68  is  inserted,  and  the  right 
end  of  this  main  shaft  68  is  connected  to  the  rotary 
shaft  (not  shown)  of  a  servomotor  16  disposed  on 

70  the  above  bracket  62  through  a  coupling  (not 
shown).  Further,  a  key  70  is  provided  on  the  main 
shaft  66  to  protrude  from  the  outer  periphery  there- 
of,  as  shown  in  Fig.  4,  and  this  key  70  is  fitted  into 
a  key  groove  66a  formed  in  the  rotary  shaft  66, 

75  such  that  the  main  shaft  68  and  the  rotary  shaft  66 
may  integrally  be  rotated.  Accordingly,  by  driving 
the  servomotor  16,  the  main  shaft  68  and  the  rotary 
shaft  66  are  integrally  rotated  in  a  predetermined 
direction  (in  the  direction  of  winding  the  second 

20  conical  portion  2c  of  the  semi-finished  spring  2). 
Incidentally,  an  encoder  92  is  disposed  to  the 

above  bracket  62,  and  a  gear  93  attached  to  the 
input  shaft  of  the  encoder  92  is  engaged  with  a 
gear  90  attached  to  the  rotary  shaft  of  the  ser- 

25  vomotor  1  6;  whereby  the  rotation  angle  of  the  main 
shaft  68  and  the  rotary  shaft  66  can  be  detected 
and  inputted  to  the  above  CPU  24. 

As  shown  in  Fig.  4,  a  diametral  through  hole 
67a  is  formed  on  the  right,  side,  relative  to  the  axial 

30  direction,  of  the  guide  piece  67b  disposed  to  the 
winder  67,  and  a  second  clamping  means  18  is 
inserted  through  this  through  hole  67a  by  means  of 
a  mechanism  to  be  desribed  later,  such  that  it  can 
move  along  the  through  hole  67a.  This  second 

35  clamping  means  18  is  composed  of  an  L-shaped 
clamping  member;  wherein  a  recess  18c  opening 
toward  the  axis  of  the  rotary  shaft  66  is  formed  at  a 
perpendicular  portion  18a  of  the  clamping  member 
18  to  be  inserted  to  this  through  hole  67a,  wherein 

40  an  eccentric  protrusion  68a  formed  on  the  above 
main  shaft  68  engaging  with  this  recess  18c  (see 
Fig.  5).  Namely,  as  the  main  shaft  68  rotates,  the 
clamping  member  18  engaged  with  the  eccentric 
protrusion  68a  of  the  main  shaft  68  moves  dia- 

45  metrally  within  the  through  hole  67a  as  shown  in 
Fig.  5(b)  to  clamp  the  end  of  the  semi-finished 
spring  2  between  the  horizontal  projection  18b  and 
the  circumference  of  the  above'  guide  piece  67b.  It 
should  be  noted  that  the  clamping  member  18  is 

50  designed  to  move  within  the  above  through  hole 
67a  only  when  the  main  shaft  68  is  rotated  in  the 
direction  of  winding  the  second  conical  portion  2c 
of  the  semi-finished  spring  2. 

Next,  Fig.  13  shows  another  embodiment  for 
55  shifting  the  slider  to  be  used  in  the  present  appara- 

tus  in  the  diametral  direction  of  the  rotor,  wherein  a 
cam  72  fixed  to  the  rotary  shaft  66  is  used  for 
shifting  the  slider  15.  As  shown  in  Fig.  13,  a 
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rectangular  regulating  plate  74  is  removably  at- 
tached  to  one  ends  of  the  guide  rails  58  disposed 
on  the  rotor  13  through  a  plurality  of  bolts  76.  A 
cam  72  having  a  shape  as  shown  in  Fig.  1  3  is  also 
fixed  to  the  rotary  shaft  66  disposed  in  the  slider 

.15  at  a  position  where  the  circumference  of  the 
cam  72  can  be  abutted  against  the  regulating  plate 
74,  and  a  compression  spring  78  is  interposed 
between  the  slider  15  and  the  internal  peripheral 
surface  of  the  rotor  13.  Namely,  the  compression 
spring  78  functions  not  only  to  urge  constantly  the 
slider  15  in  the  direction  to  be  spaced  from  the 
center  of  the  rotor  13,  but  also  to  urge  the  circum- 
ference  of  the  cam  72  to  be  abutted  against  the 
regulating  plate  74. 

Accordingly,  when  the  rotary  shaft  66  is  rotat- 
ed,  the  cam  72  rotates  with  the  circumference 
thereof  being  in  contact  with  the  end  of  the  regulat- 
ing  plate  74,  whereby  the  slider  15  can  be  shifted 
to  the  center  of  the  rotor  13  as  shown  with  the 
dotted  chain  line  in  Fig.  13.  Incidentally,  a  stopper 
80  which  can  be  abutted  against  the  internal  pe- 
ripheral  surface  of  the  rotor  13  and  whose  length  is 
adjustable  is  disposed  to  the  slider  15.  By  adjust- 
ing  the  length  of  this  stopper  80  and  also  by 
varying  the  shape  of  the  cam  72,  the  center  of  the 
second  conical  portion  2c  to  be  formed  in  the 
semi-finished  spring  2  can  be  off-set  from  the 
center  of  the  cylindrically  wound  portion  2b. 

Further,  as  described  above,  the  outputs  from 
the  above  encoders  23,  25,  92  and  29  are  inputted 
to  the  above  CPU  24,  and  these  data  inputted  are 
reiationally  operated  with  the  numerical  information 
preliminarily  inputted  to  the  CPU  24  to  effect  drive 
control  of  the  above  servomotors  12,  14,  16  and  20 
through  drivers,  respectively  (see  Fig.  15).  Thus, 
the  length  of  travel  of  the  movable  head  11,  and 
the  rotation  angles  of  the  rotary  shaft  66  and  the 
main  shaft  68  can  be  controlled. 

Next,  the  function  of  the  spring  making  appara- 
tus  shown  in  the  embodiment  having  such  constitu- 
tion  will  be  described  correlated  to  the  method  of 
making  double-coned  spring.  First,  as  shown  in 
Fig.  1,  a  semi-finished  spring  2  having  formed  on 
one  end  thereof  a  first  conical  portion  2a  with  the 
rest  of  the  wound  portion  comprising  a  cylindrically 
wound  portion  2b  extending  with  the  maximum 
diameter  from  the  first  conical  portion  2a  is  loaded 
on  the  bed  4  provided  on  the  apparatus  30; 
wherein  the  semi-finished  spring  2  has  been  heat- 
ed  about  850  to  900  *  C  in  the  previous  step  and  is 
waiting  for  the  subsequent  hot  processing  and  the 
hardening  process  to  be  subjected  to  in  a  later 
process. 

The  semi-finished  spring  2  heated  to  such  high 
temperature  is  released  at  a  position  directly  above 
the  bed  4  and  dropped  straight  downward  in  a 
required  horizontal  posture  onto  the  predetermined 

position  of  the  above  bed  4;  whereby  the  semi- 
finished  spring  2  is  loaded  on  the  bed  4  with  its 
cylindrically  wound  portion  2b  directing  toward  the 
above  movable  head  11.  During  this  process,  the 

5  conical  guide  member  5  of  the  first  clamping 
means  3  Is  inserted  to  the  cylindrically  wound 
portion  2b  of  the  semi-finished  spring  2  through  the 
gap  thereof  as  shown  in  Fig.  6(a).  Since  the  pos- 
ture  of  dropping  the  semi-finished  spring  2  is  pre- 

w  liminarily  controlled,  the  portion  near  the  site  from 
where  formation  of  the  second  conical  portion  2c  of 
the  spring  2  is  started  is  adapted  to  be  positioned 
in  front  of  the  first  clamping  means  3;  and  also  the 
open  end  of  the  cylindrically  wound  portion  2b,  to 

75  direct  right  upward  substantially. 
In  this  state,  the  above  cylinder  10  is  actuated 

to  move  the  location  regulating  means  8  movably 
disposed  on  the  bed  4  toward  the  cylindrically 
wound  portion  2b  of  the  semi-finished  spring  2, 

20  whereby  the  base  portion  of  the  location  regulating 
means  8  is  abutted  against  the  cylindrically  wound 
portion  2b  at  the  portion  near  its  free  end,  and  the 
spring  2  is  slightly  shifted  on  the  bed  4  toward  the 
first  clamping  means  3  finally  to  effect  axial  posi- 

25  tioning  of  the  spring  2  between  the  first  clamping 
means  3  and  the  location  regulating  means  8,  as 
shown  in  Fig.  7(a).  In  this  process,  the  conical 
guide  member  9  provided  on  the  location  regulat- 
ing  means  8  intrudes  into  the  cylindrically  wound 

30  portion  2b  of  the  spring  2  to  be  combined  with  the 
conical  guide  member  5  disposed  on  the  above 
first  clamping  means  3  at  their  ends  to  form  a 
conical  portion  having  a  pitch  such  that  it  may 
provide  a  curve  substantially  equal  to  that  of  the 

35  second  conical  portion  2c  to  be  formed. 
Next,  the  cylinder  6  is  actuated,  and  the  lever  7 

is  pivoted  on  the  pin  44  to  a  required  direction  as 
shown  in  Fig.  8  to  clamp  the  cylindrically  wound 
portion  2b  securely,  between  the  clamping  member 

40  7a  of  the  first  clamping  _  means  3  and  the  base 
portion  5a  of  the  conical  guide  member  5,  at  the 
site  from  where  formation  of  the  cylindrically 
wound  portion  2b  into  a  conical  portion  is  started. 
Incidentally,  in  this  state,  the  movable  head  11  is  in 

45  a  waiting  posture  at  a  position  spaced  with  the 
maximum  distance  from  the  bed  4;  whereas  the 
slider  15  is  shifted  diametrally  to  a  position  with  the 
maximum  distance  from  the  center  of  the  rotor  13, 
and  the  clamping  member  18  attached  to  the  end 

50  of  the  winding  means  17  disposed  in  the  slider  15 
is  in  an  open  posture  and  waiting  for  clamping  as 
shown  in  Fig.  8(b). 

A  required  sensor  (not  shown)  detects  the  loca- 
tion  of  the  open  end  of  the  cylindrically  wound 

55  portion  2b,  directing  right  upward,  of  the  semi- 
finished  spring  2  loaded  on  the  bed  4,  and  the 
servomotor  14  disposed  in  the  above  movable 
head  11  is  driven  for  forward  or  reverse  motion 
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based  on  the  command  from  the  CPU  24  to  rotate 
the  rotor  1  3;  whereby  the  winder  67  of  the  winding 
means  17  disposed  in  the  slider  15  is  directed 
toward  the  open  end  of  the  cylindrically  wound 
portion  2b.  Also,  the  main  shaft  68  and  the  rotary 
shaft  66  are  rotated  in  the  direction  opposite  to  the 
direction  of  winding  the  second  conical  portion  2c 
of  the  semi-finished  spring  2  to  move  the  above 
clamping  member  18  to  a  position  where  it  can 
clamp  the  open  end  of  the  semi-finished  spring  2, 
as  shown  in  Fig.  8(b). 

@  Next,  the  servomotor  1  2  is  driven  to  forward 
straight  the  movable  head  11  supporting  thereon 
the  rotor  13  toward  the  semi-finished  spring  2 
loaded  on  the  bed  4  (see.  Fig.  9(a));  whereby  the 
horizontal  projection  18b  of  the  clamping  member 
18  in  an  open  posture  and  the  movable  head  11 
supporting  thereon  the  rotor  13  are  forwarded 
straight  toward  the  semi-finished  spring  2  loaded 
on  the  bed  4  (see  Fig.  9(a)).  Thus,  the  open  end  of 
the  cylindrically  wound  portion  2b  in  the  spring  2  is 
positioned  between  the  horizontal  projection  18b  of 
the  clamping  member  18  in  the  open  posture  and 
the  circumference  of  the  guide  piece  67b. 

As  described  above,  since  the  location  of  the 
movable  head  1  1  after  its  travel  has  been  detected 
by  the  encoder  23,  the  servomotor  12  is  stopped  at 
this  point  through  command  from  the  control  circuit 
of  CPU  24.  At  this  timing,  the  servomotor  16  is 
rotated  to  move  the  clamping  member  18  closer  to 
the  guide  piece  67b,  as  shown  in  Fig.  5(b),  to 
securely  clamp  the  open  end  of  the  spring  2. 

Upon  rotation  of  the  main  shaft  68  to  be  driven 
by  this  servomotor  16,  the  key  70  disposed  to  the 
main  shaft  68  is  abutted  against  the  end  of  the  key 
groove  66a  of  the  rotary  shaft  66  to  drive  the  main 
shaft  68  and  the  rotary  shaft  66  integrally.  Thus, 
the  end  of  the  cylindrically  wound  portion  2b  of  the 
semi-finished  spring  2  is  forced  to  be  turned.  Fur- 
ther,  by  driving  the  servomotor  20  to  shift  the  slider 
15  in  the  diametral  direction  of  the  rotor  13,  a 
winding  motion  toward  the  axis  of  the  spring  2  is 
given  to  the  cylindrically  wound  portion  2b  clamped 
by  the  clamping  member  18,-  meanwhile  the  slider 
1  5  slides  diametrally  toward  the  center  of  the  rotor 
13. 

Consequently,  the  cylindrically  wound  portion 
2b  is  wind-formed  along  the  conical  coil  portion 
formed  by  the  above  conical  guide  members  5  and 
9  to  finally  form  the  second  conical  portion  2c 
having  a  required  pitch  as  shown  in  Fig.  10(b). 
Further,  upon  driving  of  the  servomotor  12,  the 
movable  head  11  moves  slightly  toward  the  bed  4 
(see  Fig.  11),  whereby  the  wind  end  portion  of  the 
second  conical  portion  2c  is  pressed  back  in  the 
axial  direction  to  form  a  flat  coil  end  to  finally 
provide  a  double-coned  spring  having  the  first  coni- 
cal  portion  2a  and  the  second  conical  portion  2c 

combined  at  their  base  portions. 
Incidentally,  if  the  slider  15  is  shifted  to  the 

axis  of  the  rotor  13,  i.e.  to  a  position  off-set  from 
the  axis  of  the  semi-finished  spring'  2,  a  spring 

s  whose  second  conical  portion  2c  has  a  center  off- 
set  from  the  center  of  the  cylindrically  wound  por- 
tion  2b  can  be  formed. 

After  completion  of  this  winding  process  of 
forming  the  second  conical  portion  2c,  clamping  by 

w  the  second  clamping  member  18  is  released,  and 
when  the  winding  means  17  is  retracted  together 
with  the  movable  head  11,  this  clamping  member 
18  moves  away  from  the  wind  end  of  the  second 
conical  portion  2c.  Further,  as  the  location  regulat- 

75  ing  means  8  retracts,  the  clamping  of  the  double- 
coned  spring  1  by  the  first  clamping  means  3  is 
released,  and  the  above  double-coned  spring  1  is, 
for  example,  held  by  a  hand  (not  shown)  such  as  a 
manipulator  and  the  like  is  lifted  directly  upward  to 

20  be  forwarded  to  the  subsequent  hardening  process. 

Claims 

25  1.  A  method  of  making  a  double-coned  coil 
spring  (1),  which  comprises: 
using  a  semi-finished  spring  (2)  having  formed  on 
one  end  thereof  a  first  conically  wound  portion  (2a) 
with  the  rest  of  the  wound  portion  (2b)  being  ex- 

30  tended  with  the  maximum  diameter,  and  forming  a 
second  conically  wound  portion  (2c)  at  the  cylin- 
drically  wound  portion  (2b); 
wherein  said  cylindrically  wound  "portion  (2b)  is 

"  clamped  at  the  site  from  where  formation  of  the 
35  second  conically  wound  portion  (2c)  is  to  be  start- 

ed  by  means  of  a  first  clamping  means  (3),  and 
also  clamping  the  open  end  of  said  cylindrically 
wound  portion  (2b)  by  means  of  a  second  clamping 
means  (18);  and 

40  the  second  clamping  means  (18)  is  allowed  to 
rotate  in  the  direction  of  winding  the  semi-finished 
spring  (2),  while  said  second  clamping  means  (18) 
is  forced  to  be  moved  toward  the  center  of  the 
semi-finished  spring  (2). 

45  2.  An  apparatus  for  making  a  double-coned 
spring  (1)  using  a  semi-finished  spring  (2)  having 
formed  on  one  end  thereof  a  first  conically  wound 
portion  (2a)  with  the  rest  of  the  wound  portion  (2b) 
being  extended  with  the  maximum  diameter,  and 

50  forming  a  second  conically  wound  portion  (2c)  at 
the  cylindrically  wound  portion  (2b),  comprising: 
a  bed  (4)  on  which  a  semi-finished  spring  (2)  can 
be  loaded  horizontally; 
a  first  clamping  means  (3)  disposed  on  said  bed 

55  (4),  which  releasably  clamps  said  semi-finished 
spring  (2)  at  the  site  from  where  formation  of  the 
second  conically  wound  portion  (2c)  is  to  be  start- 
ed; 

7 



13  EP  0  322  605  A2  14 

a  conical  guide  member  (5)  formed  in  said  first 
clamping  means  (3),  having  a  pitch  such  that  it 
may  provide  a  curve  substantially  equal  to  that  of 
the  conical  coil  portion  (2c)  to  be  finally  wind- 
formed  in  the  semi-finished  spring  (2);  5 
a  movable  head  (11)  disposed  to  oppose  said  bed 
(4)  beyond  said  first  clamping  means  (3),  which 
can  be  moved  closer  or  farther  relative  to  said  bed 
(4); 
a  second  clamping  means  (18)  disposed  on  said  w 
movable  head  (11)  such  that  it  can  slide  in  the 
direction  intersecting  the  direction  of  moving  the 
movable  head  (11),  which  releasably  clamps  the 
free  end  of  the  cylindrically  wound  portion  (2b)  of 
said  semi-finished  spring  (2);  75 
a  means  (16)  for  forcing  the  second  clamping 
means  (18)  to  rotate  in  the  direction  of  winding  the 
semi-finished  spring  (2);  and 
a  means  (20)  for  forcing  said  second  clamping 
means  (18)  to  move  toward  the  axis  of  the  semi-  20 
finished  spring  (2). 

3.  An  apparatus  for  making  a  double-coned 
spring  (1)  according  to  Claim  2,  wherein  a  rotor 
(13)  having  a  center  line  substantially  aligned  with 
the  axis  of  the  semi-finished  spring  (2)  loaded  on  25 
the  bed  (4)  is  pivotted  to  said  movable  head  (11), 
and  a  slider  (15)  having  a  winding  means  (17)  is 
disposed  to  said  rotor  (13)  so  that  it  can  be  recipro- 
cated  in  the  diametral  direction  of  said  rotor  (13). 

4.  An  apparatus  for  making  a  double-coned  30 
spring  (1)  according  to  Claim  3,  wherein  said  wind- 
ing  means  (17)  is  disposed  to  the  slider  (15)  so 
that  it  can  be  rotated  in  the  direction  of  winding  the 
semi-finished  spring  (2),  and  said  second  clamping 
means  (18)  is  disposed  to  the  end  of  the  winding  35 
means  (17),  extending  parallel  to  the  rotation  center 
of  the  rotor  (13). 

5.  An  apparatus  for  making  a  double-coned 
spring  (1)  according  to  one  of  Claims  2  to  4, 
wherein  a  location  regulating  means  (8)  which  40 
achieves  positioning  of  the  semi-finished  spring  (2) 
loaded  on  said  bed  (4)  in  cooperation  with  said  first 
clamping  means  (3)  is  interposed  between  said 
bed  (4)  and  the  movable  head  (11)  so  that  it  can  be 
moved  closer  or  farther  relative  to  said  bed  (4);  45 
a  conical  guide  member  (9)  for  guiding  the  direc- 
tion  of  winding  the  second  conically  wound  portion 
(2c)  to  be  formed  in  the  semi-finished  spring  (2)  is 
formed  upright; 
the  conical  guide  member  (9)  is  designed  to  be  so 
inserted  from  the  cylindrically  wound  portion  (2b)  in 
the  axial  direction  from  the  open  end  thereof  when 
the  location  regulating  means  (8)  is  moved  closer 
toward  the  bed  (4)  to  be  combined  with  the  conical 
guide  member  (9)  disposed  in  said  first  clamping  55 
means  (3). 
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