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Description 

The  present  invention  relates  to  helicoid 
threaded  members,  e.g.  for  forming  part  of  a  lens 
barrel. 

Lens  barrels  usually  have  a  structure  for  allow- 
ing  the  optical  system  to  be  movable  in  the  axial 
direction.  In  many  cases,  the  structure  comprises 
helicoid  threaded  tubes  which  are  connected  to- 
gether  by  means  of  their  threads  of  substantially 
trapezoidal  cross  section  formed  helically  on  the 
inner  or  outer  surfaces  thereof. 

In  the  past,  helicoid  threaded  tubes  of  this  type 
were  formed  of  a  metallic  material  through  high 
precision  machining.  Recently,  with  the  develop- 
ment  of  plastics  molding  techniques,  it  has  become 
possible  to  produce  plastics  tubes  of  this  type 
having  threads  integrally  formed  therewith  by  mold- 
ing,  whereby  reduction  in  cost  and  weight  of  the 
tubes  has  been  achieved.  An  example  is  shown  in 
Japanese  utility  model  publication  No.62-22128. 

Helicoid  threaded  tubes  formed  by  molding 
suffer  from  a  problem  in  that  burrs  inevitably  occur 
during  molding  at  portions  thereof  corresponding  to 
matching  surfaces  of  the  parts  of  the  metal  split 
mold  used  to  form  them.  When  plastics  articles  are 
formed  with  the  use  of  a  split  mold,  burrs  will  occur 
depending  on  various  conditions  such  as  the  accu- 
racy  of  the  split  mold,  errors  in  matching  of  the 
mold  halves,  and  abrasions  in  the  mold.  The  occur- 
rence  of  such  burrs  would  virtually  be  unavoidable 
even  if  the  above-mentioned  conditions  are  con- 
trolled  carefully.  It  takes  a  long  working  time,  and 
therefore  necessitates  a  substantial  cost,  to  remove 
burrs  formed  in  the  thread. 

To  solve  these  problems,  the  threads  of  a  prior 
art  plastics  helicoid  threaded  tube,  which  is  integ- 
rally  formed  with  the  tube,  are  configured  such  that 
the  height  and  width  of  the  threads  decrease 
gradually  in  the  portion  on  the  inner  or  outer  sur- 
face  of  the  tube  where  burrs  usually  occur  so  that 
the  portions  of  the  threads  having  gradually  de- 
creasing  height  and  width  can  avoid  engagement 
with  the  corresponding  threads  of  another  threaded 
tube  when  these  tubes  are  connected  together  by 
means  of  their  threads,  whereby  the  tubes  can 
smoothly  move  or  slide  on  each  other. 

Figs.  12  -  15  show  helicoid  threaded  tubes 
having  threads  which  are  partly  configured  in  a 
manner  as  described  immediately  above.  Specifi- 
cally,  Fig.  12  is  a  cross  sectional  view  of  a  male 
helicoid  threaded  tube,  and  Fig.  13  is  a  cross 
sectional  view  of  a  corresponding  female  helicoid 
threaded  tube. 

The  male  threaded  tube  30  shown  in  Fig.  12 
has  threads  in  an  outer  peripheral  portion  thereof 
which  are  shown  between  a  two-dot  long  and  two 
short  dashes  line  and  the  outer  contour.  Two 

grooves  3c  and  3d,  diametrically  opposed  to  each 
other,  are  straight  keyways  which  serve  to  prevent 
the  rotation  of  the  male  threaded  tube  30  when  the 
female  helicoid  threaded  tube  connected  thereto  is 

5  rotated  to  move  the  male  tube  30  forward  or  back- 
ward  along  the  optical  axis.  As  shown  in  Fig.  12, 
the  height  of  the  threads  decrease  gradually  in 
portions  34  and  adjacent  regions,  where  the 
threads  intersect  with  parting  lines  on  the  helicoid 

io  threaded  tube  to  which  the  matching  surfaces  A,  B, 
C  and  D  of  the  split  mold  parallel  to  the  optical  axis 
are  positioned,  so  that  molding  burrs,  if,  any,  in 
these  portions  will  not  engage  with  the  threads  of 
the  female  helicoid  threaded  tube. 

75  Fig.  14  shows  the  cross  section,  taken  along  a 
transverse  plane  which  is  parallel  to  the  optical 
axis,  of  the  threads  at  the  split  line  portions  34 
formed  by  making  the  mold  matching  surfaces  A, 
B,  C  and  D  intersect  with  the  threads  on  the 

20  helicoid  threaded  tube.  The  threads  are  substan- 
tially  lower  and  narrower  in  these  portions  than  in 
other  portions  M,  shown  in  Fig.  12,  where  the  mold 
matching  surfaces  are  not  positioned.  The  thread 
height  in  the  portions  M  is  indicated  by  a  two-dot 

25  long  and  two  short  dashes  line  in  Fig.  14. 
Meanwhile,  the  female  helicoid  threaded  tube 

32  shown  in  Fig.  13  has  threads  which  are  shown 
lying  between  a  two-dot  long  and  two  short  dashes 
line  and  its  inner  contour.  As  shown,  the  threads 

30  have  a  height  which  decreases  gradually  in  split 
line  portions  35  and  adjacent  regions,  which  por- 
tions  35  are  formed  by  making  six  radially  diverg- 
ing  matching  surfaces  E,  F,  G,  H,  I  and  J  of  the 
split  mold  intersect  with  the  threads,  so  that  mold- 

35  ing  burrs,  if  any,  will  not  engage  with  the  threads 
on  the  male  helicoid  threaded  tube. 

In  the  split  line  portions  35  formed  by  making 
six  radially  diverging  matching  surfaces  E,  F,  G,  H, 
I  and  J  of  the  split  mold  intersect  with  the  threads, 

40  the  threads  has  a  cross  sectional  shape  which  is 
substantially  identical  to  that  of  Fig.  14,  and  are 
substantially  lower  and  narrower  in  these  portions 
than  in  other  portions  N  shown  in  Fig.  13  where  the 
mold  matching  surfaces  are  not  positioned. 

45  When  the  prior  art  male  and  female  helicoid 
threaded  tubes  respectively  formed  as  a  single 
piece  member  by  molding,  in  which  the  threads 
are  reduced  in  both  height  and  width  in  the  split 
line  portions  where  the  mold  matching  surfaces  are 

50  positioned  so  that  the  top  and  side  surfaces  of 
such  thread  portions  of  one  threaded  tube  can 
avoid  engagement  with  the  threads  on  the  other 
threaded  tube,  the  thread  portions  34  and  35  of 
reduced  height  and  width  can  be  positioned  de- 

55  pending  on  the  angular  position  as  shown  in  Fig. 
15.  The  thread  portions  of  reduced  height  and 
width  are  hereinafter  called  "relief  portions". 
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In  Fig.  15,  in  which  the  male  and  female 
helicoid  threaded  tubes  30  and  32  are  simply 
shown  superposed,  the  threads  of  these  tubes  en- 
gage  together  in  angular  positions  or  ranges  K1, 
K2,  K3,  K4,  K5  and  K6.  In  the  other  angular  ranges, 
however,  at  least  part  of  the  threads  are  not  in 
engagement  with  corresponding  threads. 

When  a  mechanical  impact  is  applied  to  one  of 
the  helicoid  threaded  tubes  being  in  such  a  relative 
position,  the  sides  of  the  thread  portions  engaging 
together  will  be  subjected  to  enhanced  stress. 
Helicoid  threaded  tubes  of  plastics  have  a  lower 
modulus  of  elasticity  than  those  of  metal,  and 
therefore  have  a  stronger  tendency  to  be  deformed 
under  stress  than  metallic  threaded  tubes.  For  this 
reason,  the  engaging  portions  of  the  threads  are 
then  deformed  and  the  so  deformed  portions  will 
interfere  with  the  relative  movement  of  the  con- 
nected  helicoidal  threaded  tubes. 

To  avoid  such  problem,  the  thickness  of  the 
threaded  tubes  should  be  increased  so  that  de- 
formation  of  the  threads  can  be  prevented,  or  the 
angle  of  relief  of  the  relief  portions  of  the  threads, 
which  are  not  in  engagement  with  corresponding 
thread  portions,  should  be  made  smaller.  Unfortu- 
nately,  a  larger  thickness  of  the  tubes  is  associated 
with  a  larger  diameter  of  the  lens  system  mounted 
on  the  tubes.  Further,  to  make  the  angle  of  relief 
small,  the  height  of  the  threads  must  be  steeply 
decreased  from  their  effective  outer  diameter  31  or 
from  effective  inner  diameter  33  in  the  relief  por- 
tions  34  and  35,  making  rough  the  outer  or  inner 
contour  of  the  threaded  tubes.  This  roughness  also 
causes  the  action  of  rotating  the  connected  tubes 
to  be  not  smooth,  and  consequently  skill  or  exper- 
ience  is  necessitated  to  precisely  position  the  lens 
system.  One  of  the  male  and  female  helicoid 
threaded  tubes  may  be  made  of  metal  and  the 
other  of  plastics,  the  metal  one  being  provided  with 
threads  formed  by  machining.  In  this  case,  the 
threads  of  the  tube  of  plastics  must  still  have  relief 
portions  where  molding  burrs  tend  to  occur.  The 
existence  of  the  relief  portions  necessarily  causes 
a  decrease  in  the  total  area  of  contact  between 
engaging  threads  and  also  decreases  the  mechani- 
cal  strength  of  the  threads  of  plastics.  Thus,  the 
threads  of  these  tubes  made  of  different  materials 
may  be  likely  to  be  disengaged,  as  in  the  case  of 
tubes  both  of  which  are  made  of  plastics. 

Further,  in  the  relative  position  shown  in  Fig. 
15,  the  parting  line  segments  of  one  helicoid 
threaded  tube  are  located  in  angular  positions  dif- 
ferent  from  those  in  which  the  parting  line  seg- 
ments  of  the  other  helicoid  threaded  tube.  At  least 
one  relief  portion  of  one  tube  will  be  aligned  with 
one  relief  portion  of  the  other  tube  when  the  rela- 
tive  position  of  the  tubes  are  changed  by  a  small 
extent  of  relative  rotation.  Since  the  height  of  the 

relief  portions  of  the  threads  is  lower  than  the  other 
portions  of  threads,  there  will  be  a  clearance  where 
relief  portions  of  the  threads  on  one  tube  are 
aligned  or  registered  with,  i.e.  located  at  the  same 

5  angular  positions  of,  relief  portions  of  the  engaging 
threads  on  the  other  tube  connected  to  the  one 
tube.  Rays  of  light  can  pass  through  such  clear- 
ance,  as  shown  in  Fig.  16.  If  the  helicoid  threaded 
tubes  are  used  in  a  photographic  lens  barrel,  then 

io  there  is  a  danger  that  leakage  light  passing  through 
such  clearance  can  reach  the  photosensitive  film 
surface,  degrading  the  picture  taken. 

It  would  be  desirable  to  provide  an  improved 
helicoid  threaded  tubes  formed  by  molding  plas- 

15  tics,  which  is  highly  resistant  to  deforming  effect  of 
stress,  will  not  cause  a  malfunction  due  disengage- 
ment  of  threads  thereon  when  subjected  to  a  me- 
chanical  impact,  and  does  not  have  a  danger  of 
leakage  of  light  through  the  helicoid  threads. 

20  According  to  one  aspect  of  the  invention,  a 
helicoid  tube,  formed  by  molding  a  synthetic  resin 
by  means  of  a  split  mold,  comprises:  a  hollow 
cylindrical  member  of  synthetic  resin;  primary 
threads  integrally  formed  with  the  cylindrical  mem- 

25  ber  and  helically  extending  on  the  inner  or  outer 
surface  thereof  and  having  a  cross  section  which  is 
substantially  trapezoidal  at  all  portions  thereof  ex- 
cept  split  line  segments  thereof  where  the  match- 
ing  surfaces  of  the  split  mold  intersect  with  the 

30  cylindrical  member;  and  relief  threads  centered  at 
the  split  line  segments  and  continuously  extending 
from  the  primary  threads  with  the  width  gradually 
narrowing,  the  relief  threads  having  a  height  sub- 
stantially  equal  to  that  of  the  primary  threads. 

35  In  accordance  with  another  aspect  of  the 
present  invention,  a  lens  barrel  comprises  a  male 
helicoid  threaded  tube  and  a  female  helicoid 
threaded  tube  which  are  engageable  together  by 
means  of  the  threads  thereof,  at  least  one  of  the 

40  male  and  female  helicoid  threaded  tubes  being  in 
accordance  with  the  first  aspect  of  the  invention. 

In  the  helicoid  threaded  tube  of  the  present 
invention,  and  at  those  portions  of  its  threads  (i.e. 
relief  portions)  within  which  molding  burrs  will  tend 

45  to  occur  during  molding  because  of  the  presence 
of  the  matching  surfaces  of  the  split  mold,  the 
threads  have  a  gradually  narrowing  width  and  a 
constant  height.  This  configuration  of  the  threads 
ensures  that  engaged  male  and  female  helicoid 

50  threaded  tubes  formed  in  accordance  with  the  in- 
vention  can  achieve  a  smooth  relative  sliding 
movement  thereof  while  substantially  maintaining 
the  mechanical  strength  withstanding  stresses  ex- 
erted  on  the  sides  of  the  threads.  In  addition,  this 

55  configuration  can  prevent  leakage  of  light  through 
the  engaged  threads  irrespective  of  the  relative 
angular  positions  of  the  parting  line  relief  portions 
of  the  male  and  female  helicoid  threaded  tubes 

3 
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since  the  height  of  the  threads  is  constant  through- 
out  the  length  of  the  threads. 

Arrangements  embodying  the  present  invention 
will  now  be  described  by  way  of  example  with 
reference  to  the  accompanying  drawings,  in  which: 

Fig.  1  is  a  fragmentary  longitudinal  sectional 
view  of  a  photographic  lens  barrel  having  incor- 
porated  therein  first  embodiments  of  the  helicoid 
threaded  tube  according  to  the  present  inven- 
tion; 
Fig.  2  is  a  schematic  plan  view  showing  the 
threads  of  the  male  helicoid  threaded  tube 
shown  in  Fig.  1  ; 
Fig.  3  is  a  schematic  plan  view  showing  the 
threads  of  the  female  helicoid  threaded  tube 
shown  in  Fig.  1  ; 
Fig.  4  is  an  enlarged  fragmentary  sectional  view 
of  ordinary  portions  of  the  helical  threads  not 
including  split  line  segments  formed  by  the  split 
mold; 
Fig.  5  is  an  enlarged  fragmentary  cross  sec- 
tional  view  of  relief  portions  of  the  helical 
threads  in  split  line  segments  formed  by  the 
split  mold; 
Fig.  6  is  an  enlarged  fragmentary  perspective 
view  of  the  thread  portion  shown  in  Fig.  5; 
Fig.  7  is  an  enlarged  fragmentary  cross  sec- 
tional  view  showing  portions  of  engaged  threads 
of  the  helicoid  threaded  tubes  shown  in  Fig.  1; 
Fig.  8  is  an  illustration  for  explaining  stresses  on 
the  sides  of  engaging  threads; 
Fig.  9  is  an  illustration  for  explaining  stresses 
occurring  due  to  external  forces  exerted  onto  an 
outer  peripheral  surface  of  a  cylindrical  tube; 
Fig.  10  is  an  enlarged  fragmentary  cross  sec- 
tional  view  showing  the  profile  of  relief  thread 
portions  in  split  line  segments  of  a  second  em- 
bodiment  of  the  invention; 
Fig.  11  is  an  enlarged  fragmentary  perspective 
view  showing  the  thread  portion  of  Fig.  10; 
Fig.  12  is  a  schematic  plan  view  showing  a 
thread  portion  of  a  known  male  helicoid  thread- 
ed  tube  formed  by  means  of  a  split  mold; 
Fig.  13  is  a  schematic  plan  view  showing  a 
thread  portion  of  a  known  female  helicoid 
threaded  tube  formed  by  means  of  a  split  mold; 
Fig.  14  is  an  enlarged  fragmentary  cross  sec- 
tional  view  showing  a  known  relief  thread  profile 
in  split  line  segments  of  the  helicoid  threaded 
tubes  of  Figs.  12  and  13; 
Fig.  15  is  a  plan  view  showing  the  helicoid 
threaded  tubes  of  Figs.  12  and  13  engaged 
together;  and 
Fig.  16  is  a  cross  sectional  view  showing  the 
helicoid  threaded  tubes  of  Figs.  12  and  13  en- 
gaged  together,  wherein  relief  thread  portions  of 
these  tubes  are  aligned  or  registered. 

Fig.  1  shows  a  photographic  lens  barrel  incor- 
porating  therein  a  first  embodiment  of  the  inven- 
tion,  in  which  parts  of  the  lens  barrel  located  below 
the  optical  axis  6  are  not  shown. 

5  The  lens  barrel  of  Fig.  1  comprises  cylindrical 
tubes,  namely,  a  fixed  lens  tube  1,  focusing  tube  2, 
and  lens  carrier  tubes  3  and  5. 

Focusing  tube  2  and  lens  carrier  tube  3  have 
helicoid  thread  segments  which  are  engageable 

io  together  to  allow  movement  of  lenses  L1  and  L2 
along  the  optical  axis  for  focusing  purposes. 

Fixed  lens  tube  1  has  an  engagement  portion 
1a  for  removably  fixing  such  tube  1  to  a  camera 
body  (not  shown).  Fixed  lens  tube  1  also  is  pro- 

15  vided  in  its  inner  surface  with  another  engagement 
portion  1b  which  engages  with  a  lug  2a  of  focusing 
tube  2  on  top  and  side  surfaces  so  as  to  prevent 
focusing  tube  2  from  moving  in  a  thrust  direction, 
i.e.  along  the  optical  axis. 

20  Focusing  tube  2  is  made  of  plastics,  and  is 
provided  in  its  inner  surface  with  a  thread  tube 
segment  2A  which  is  engageable  with  lens  carrier 
tube  3  which  carries  a  lens  L2  thereon.  This  thread 
tube  segment  2A  is  engaged  with  a  corresponding 

25  thread  tube  segment  3A  of  lens  carrier  tube  3. 
Focusing  tube  2  is  provided  at  its  one  end  with  an 
annular  focusing  operation  segment  2c  for  allowing 
manual  focusing  operation. 

Like  focusing  tube  2,  carrier  tube  3  is  made  of 
30  plastics  and  has  said  thread  tube  segment  3A  on 

the  outer  surface.  It  is  provided  on  its  inner  surface 
with  an  annular  variable  diaphragm  4.  Lens  carrier 
tube  5  carrying  lens  L1  thereon  is  fixedly  mounted 
to  lens  carrier  3  at  the  front  end  by  means  of 

35  screws  (not  shown).  That  is,  these  lens  tubes  3  and 
5  are  adapted  to  move  together  as  a  single  body. 

Fixed  lens  tube  1  has  mounted  thereto  straight 
keys  7  extending  in  the  direction  of  the  optical  axis, 
which  keys  7  are  engaged  in  straight  key  ways  3c 

40  and  3d  (shown  in  Fig.  2)  formed  in  lens  carrier  tube 
3.  Lens  carrier  tube  3,  engaged  with  the  thread 
tube  2A  of  focusing  tube  2,  is  prevented  from 
rotation  by  straight  keys  7.  Lens  carrier  tubes  3 
and  5  will  thus  move  together  forward  or  backward 

45  along  the  optical  axis  as  focusing  tube  2  is  rotated 
about  the  optical  axis  6  in  one  or  the  opposite 
direction  for  focusing  purposes. 

Figs.  2  and  3  show  cross  sections  of  male  and 
female  thread  segments  3A  and  2A,  respectively, 

50  of  lens  carrier  tube  3  and  focusing  tube  2,  respec- 
tively. 

Male  thread  segment  3A  shown  in  Fig.  2  will 
now  be  described  in  detail.  The  annular  region  of 
thread  segment  3A  bounded  by  a  two-dot  long  and 

55  two  short  dashes  line  and  the  outer  contour  is  the 
region  where  threads  3b  and  3e  (to  be  described  in 
more  detail)  are  formed.  Diametrically  opposed 
grooves  3c  and  3d  are  straight  key  ways  in  which 

4 
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straight  keys  7  engage  slidably,  respectively. 
The  cross  section  of  thread  3b  is  generally 

trapezoidal,  as  shown  in  Fig.  4.  The  cross  sectional 
profile  of  thread  3e  is  different  in  split  lines  and 
adjacent  regions,  the  split  lines  being  formed  at 
locations  where  mold  matching  surfaces  A,  B,  C 
and  D  of  the  split  mold,  which  are  parallel  to  the 
optical  axis,  intersect  the  threads.  Specifically, 
threads  3b,  3e  have  a  constant  height  throughout 
their  entire  lengths  but  have  a  narrower  width  in  the 
split  lines  and  adjacent  regions  (see  "3e"  in  Fig.  5) 
than  in  the  other  locations  (see  "3b"  in  Fig.  4).  For 
the  purpose  of  comparison,  the  thread  profile  3b  of 
Fig.  4  is  shown  by  a  two-dot  long  and  two  short 
dashes  line  in  Fig.  5. 

Fig.  6  is  an  enlarged  fragmentary  perspective 
view  of  the  above-mentioned  thread  portions  3b 
and  3e.  For  explanation,  only  part  of  the  helical 
thread  is  shown. 

Molding  burrs  3f  projecting  slightly  from  the 
surface  are  formed  where  mold  matching  surfaces 
(A-D)  are  located.  In  regions  3g  adjacent  to  mold- 
ing  burrs  3f,  namely,  relief  thread  portions,  the 
thread  has  a  gradually  decreasing  width.  In  Fig.  6, 
the  thread  portions  corresponding  to  Figs.  5  and  4 
are  designated  by  reference  marks  3e  and  3b, 
respectively. 

Next,  male  thread  tube  segment  2A  of  Fig.  3 
will  be  described.  The  annular  region  of  this  thread 
tube  segment  2A  bounded  by  a  two-dot  long  and 
two  short  dashes  line  and  the  inner  contour  is  the 
region  where  threads  2b  and  2e  are  formed. 

Threads  of  Figs.  2  and  3  are  substantially 
identical  in  shape,  but  threads  2b  and  2e  are 
formed  in  the  inner  surface  of  thread  tube  segment 
2A.  Specifically,  threads  2e  at  locations  where 
mold  matching  surfaces  E,  F,  G,  H,  I  and  J  of  the 
split  mold  are  positioned  are  substantially  identical 
profile  with  threads  3e  shown  in  Fig.  5,  and  threads 
2b,  which  are  spaced  apart  from  these  locations 
where  mold  matching  surfaces  are  positioned,  are 
of  the  same  profile  as  threads  3b  shown  in  Fig.  4. 
Thread  portions  adjacent  to  mold  matching  sur- 
faces  E,  F,  G,  H,  I  and  J  have  a  gradually  narrow- 
ing  width,  as  thread  portions  3g  of  Fig.  6  do. 

Next,  effects  of  engagement  of  the  above-men- 
tioned  male  and  female  thread  tube  segments  3A 
and  2A  will  be  explained. 

Fig.  7  is  longitudinal  sectional  view  showing 
focusing  tube  2  and  lens  carrier  tube  3  having  their 
respective  thread  tube  segments  2A  and  3A  en- 
gaged  together.  In  this  figure,  thread  tube  segment 
3A  of  lens  carrier  tube  3  is  located  below  thread 
tube  segment  2A  of  lens  carrier  tube  2.  Threads  2b 
on  thread  tube  segment  2A  indicated  by  a  solid 
line  are  of  the  normal  thread  profile,  while  threads 
3e  on  thread  tube  segment  3A  indicated  by  a  two- 
dot  long  and  two  short  dashes  line  are  of  the 

thread  profile  found  at  locations  where  mold  match- 
ing  surfaces  A  -  D  of  the  split  mold  are  positioned. 

Threads  2b  and  3b,  like  ordinary  helicoid 
threads,  engage  together  at  their  sides  and  have 

5  radial  clearances  between  the  tops  and  bottoms  of 
the  threads.  It  is  possible  not  only  to  avoid  adverse 
influences  of  molding  burrs  on  the  operation  of 
engaged  thread  tube  segments  2A  and  3A  but  also 
to  improve  the  mechanical  strength  of  these 

io  threaded  tube  segments  when  the  sizes  of  these 
clearances  a  and  b  are  made  larger  than  the  sum 
of  the  height  of  molding  burrs  on  focusing  tube  2 
and  the  height  of  molding  burrs  on  lens  carrier  tube 
3,  and  the  extents  of  relief,  indicated  as  "c"  and 

is  "d",  respectively,  on  the  sides  where  the  mold 
matching  surfaces  of  the  split  mold  are  positioned, 
are  made  larger  than  the  height  of  burrs  3f  on  the 
threads  of  male  thread  tube  segment  3A.  In  other 
words,  effects  mentioned  immediately  above  can 

20  be  achieved  by  narrowing  the  thread  width  in  relief 
portions  while  maintaining  constant  the  thread 
height  throughout  the  entire  length  of  the  threads. 

Improvement  in  the  mechanical  strength  of 
these  thread  tube  segments  2A  and  3A  will 

25  hereinafter  be  described. 
Fig.  8  shows  the  engagement  of  threads  2b 

and  3b  on  tube  segments  2A  and  3A  of  focusing 
tube  2  and  lens  carrier  tube  3,  respectively.  As- 
suming  that  a  transverse  stress  F  is  applied  to  the 

30  engaged  portion  of  male  thread  2b  in  a  direction  of 
movement  of  lenses  parallel  to  the  optical  axis, 
from  the  right  hand  side  in  Fig.  8,  the  force  Fa 
exerted  onto  a  side  3bS  of  thread  3b  is  the  compo- 
nent  of  the  transverse  stress  F  which  is  normal  to 

35  the  side  3bS.  Such  force  component  Fa,  which  can 
cause  the  thread  to  be  deformed,  can  be  de- 
composed  into  two  component  forces,  i.e.  a  first 
component  F1  which  acts  in  a  direction  parallel  to 
the  optical  axis,  and  a  second  component  F2  which 

40  acts  in  a  radial  direction.  Assuming  now  that  the 
inclination  of  the  side  3bS  of  thread  3b  is  60  °  for 
purposes  of  simplicity,  the  force  component  F2, 
which  is  exerted  in  a  radial  direction  from  the 
thread  2b  on  female  thread  tube  2A  against  the 

45  thread  3b  on  male  thread  tube  3A  may  be  ex- 
pressed  to  be  0.43F.  This  means  that  about  a  half 
of  the  force  exerted  laterally  to  focusing  tube  2  will 
be  converted  to  a  force  which  presses  threads  3b 
downward  in  Fig.  8. 

50  Fig.  9  is  a  schematic  illustration  showing  exter- 
nal  forces  P  exerted  onto  the  outer  periphery  of  a 
straight  cylinder.  Assuming  that  the  cylinder  has  a 
width  b,  and  a  wall  thickness  h,  with  the  "radius", 
which  is  the  distance  from  the  center  axis  of  the 

55  cylinder  to  the  "center  line"  of  the  wall  thickness, 
being  r,  the  magnitude  of  deformation  A  may  be 
expressed  by  the  following  known  equation: 

5 
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where  "E"  is  the  Young's  modulus. 
The  magnitude  of  deformation  A  is  proportional 

to  the  third  power  of  the  wall  thickness  "h". 
It  is  in  fact  difficult  to  accurately  estimate  ac- 

tual  deformation  of  an  actual  thread  tube  segment 
because  forces  are  generally  exerted  to  the  tube  in 
different  directions  and  the  tube  generally  has  a 
complex  cross  sectional  configuration,  but  the 
above  expression  generally  tells  that  a  force  ex- 
erted  laterally  to  focusing  tube  2  will  cause  a 
deformation  of  the  tube  whose  magnitude  is  sub- 
stantially  directly  proportional  to  such  force  and  is 
substantially  inversely  proportional  to  the  third  pow- 
er  of  the  wall  thickness  "h". 

In  particular,  it  is  true  that  the  wall  thickness 
will  largely  affect  the  deformation.  For  this  reason, 
the  mechanical  strength  of  threaded  tubes  will  be 
decreased  if  both  of  the  width  and  height  of 
threads  are  reduced  in  mold-matching  portions  and 
adjacent  regions  as  in  conventional  threaded  tubes, 
in  order  to  avoid  malfunctioning  due  to  molding 
burrs,  which  reductions  mean  a  reduction  in  the 
effective  wall  thickness,  and  therefore  the  strength 
of,  the  tube  at  such  portions  or  regions.  Such 
reduction  in  the  effective  wall  thickness  will  natu- 
rally  cause  the  tube  to  be  more  likely  to  be  de- 
formed  under  stress.  Further,  since  the  height  of 
the  relief  thread  portions  is  then  substantially  lower 
than  that  of  the  other  thread  portions,  the  diameter 
of  one  tube  can  become  larger  than  the  effective 
outer  diameter  of  the  other  tube  engaged  with  the 
one  tube  or  can  become  smaller  than  the  effective 
inner  diameter  of  the  other  tube  engaged  with  the 
one  tube,  with  the  result  that  these  tubes  will  be 
disengaged  from  each  other  when  the  entire  body 
of  the  one  tube  is  subjected  to  elastic  deformation. 

In  contrast,  in  accordance  with  the  present 
invention,  the  strength  of  the  thread  tube  is  not  so 
weakened  at  relief  thread  portions  and  therefore  its 
mechanical  strength  is  not  so  decreased  in  such 
portions  because  the  thread  height  is  constant 
throughout  the  length  of  the  threads  including  the 
relief  thread  portions.  Therefore,  tubes  arranged  in 
accordance  with  the  present  invention  will  not  suf- 
fer  from  disengagement  of  their  engaging  threads 
and  resulting  malfunctioning. 

Figs.  10  and  11  show  a  second  embodiment  of 
the  thread  according  to  the  present  invention.  The 
embodiment  is  applied  to  a  lens  barrel,  which  com- 
prises  fixed  lens  tube  1,  focusing  tube  2,  and  lens 
carrier  tubes  3  and  5  all  of  which  are  identical  with 
those  shown  in  Figs.  1  through  3  and  are  therefore 

not  shown  in  Figs.  10  and  11  and  will  not  be 
described  again  here. 

The  second  embodiment  is  substantially  iden- 
tical  with  the  first  one,  except  that  it  has  a  different 

5  configuration  of  thread.  Specifically,  Fig.  10  shows 
the  cross  sectional  profile  of  threads  3b  and  3eS 
on  lens  carrier  tube  3  or  male  thread  tube  segment 
3A.  As  in  Fig.  4,  the  thread  profile  3b  outlined  by  a 
two-dot  long  and  two  short  dashes  line  represents 

io  the  ordinary  thread  profile,  i.e.  that  profile  which  is 
found  in  locations  not  including  those  where  mold 
matching  surfaces  of  the  split  mold  are  positioned, 
and  further  additional  locations  adjacent  thereto. 

In  Figs.  10  and  11,  thread  portions  3eS  out- 
15  lined  by  a  solid  line,  where  mold  matching  surfaces 

are  positioned,  has  a  constant  height  and  a  re- 
duced  width.  In  the  first  embodiment,  the  thread 
sides  are  simple  inclined  surfaces  as  shown  in 
Figs.  5  and  6,  but  in  the  second  embodiment  the 

20  inclined  side  surfaces  are  provided  with  step  por- 
tions  3h  in  the  middle  thereof.  This  is  to  facilitate 
the  machining  of  relief  contours  in  the  metallic 
mold  during  preparation  of  the  mold,  eventually  to 
improve  the  machining  accuracy,  the  relief  con- 

25  tours  in  the  mold  corresponding  to  burrs  3f  on  both 
sides  of  threads.  The  profile  presented  by  the  first 
embodiment  requires  different  cutters  for  cutting 
both  sides  of  threads  or  otherwise  it  requires  elec- 
tric  discharge  machining,  these  machining  methods 

30  requiring  substantial  labor  but  with  a  machining 
accuracy  inferior  to  that  which  is  attainable  with  the 
second  embodiment.  Each  step  3h  is  only  slightly 
spaced  from  the  top  of  the  thread,  so  that  it  will  not 
adversely  affect  the  focusing  operation. 

35  In  Fig.  10,  burrs  3f  are  not  shown  at  thread 
portions  3eS  for  purposes  of  simplicity. 

As  will  be  understood  from  the  foregoing,  the 
embodiments  of  the  invention  have  a  constant 
thread  height  even  in  locations  of  split  lines  where 

40  split  mold  is  positioned,  and  therefore  they  are 
resistant  to  deforming  effects  of  stresses.  In  addi- 
tion,  since  the  relief  thread  portions  have  a  con- 
stant  engaging  height  when  being  engaged  with 
threads  on  the  opposite  thread  tube,  which  height 

45  is  equal  to  that  of  ordinary  thread  portions,  defec- 
tive  focusing  operation  due  to  disengagement  of 
threads  on  connected  threaded  tubes  can  be  avoid- 
ed  even  if  one  threaded  tube  is  subjected  to  me- 
chanical  impacts. 

50 
Claims 

1.  A  helicoid  threaded  tube  formed  by  molding  a 
synthetic  resin  by  means  of  a  spilt  mold,  com- 

55  prising: 
a  hollow  cylindrical  member  (2;3)  of  syn- 

thetic  resin; 
primary  threads  (2b;3b)  integrally  formed 

6 
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with  the  cylindrical  member  and  helically  ex- 
tending  on  the  inner  or  outer  surface  thereof 
and  having  a  cross  section  which  is  substan- 
tially  trapezoidal  at  all  portions  thereof  except 
split  line  segments  thereof  where  the  matching 
surfaces  of  the  split  mold  intersect  with  the 
cylindrical  member;  and 

relief  threads  (2e;3e;3es)  centered  at  the 
split  line  segments  and  continuously  extending 
from  the  primary  threads  (2b;3b)  with  the  width 
gradually  narrowing,  the  relief  threads  having  a 
height  substantially  equal  to  that  of  the  primary 
threads. 

2.  The  helicoid  threaded  tube  as  claimed  in  claim 
1,  wherein  said  relief  threads  (2e;3e)  have  a 
narrower  top  surface  width  than  said  primary 
threads  and  have  the  same  inclination  on  both 
sides  thereof  as  said  primary  threads. 

3.  The  helicoid  threaded  tube  as  claimed  in  claim 
1,  wherein  said  relief  threads  (3es)  comprise 
trapezoidal  portions  which  are  lower  than  said 
primary  threads,  and  projecting  top  portions 
which  project  from  said  trapezoidal  portions  to 
the  height  of  said  primary  threads. 

4.  A  lens  barrel,  comprising: 
a  male  helicoid  threaded  tube  (3)  and  a 

female  helicoid  threaded  tube  (2)  which  are 
engageable  together  by  means  of  the  threads 
thereof,  at  least  one  of  said  male  and  female 
threaded  tubes  comprising: 

a  hollow  cylindrical  member  (2;3)  of  syn- 
thetic  resin  formed  by  molding  a  synthetic 
resin  by  means  of  a  split  mold; 

primary  threads  (2b;3b)  integrally  formed 
with  the  cylindrical  member  and  helically  ex- 
tending  on  the  inner  or  outer  surface  thereof 
and  having  a  cross  section  which  is  substan- 
tially  trapezoidal  at  all  portions  thereof  except 
split  line  segments  thereof  where  the  matching 
surfaces  of  the  split  mold  intersect  with  the 
cylindrical  member;  and 

relief  threads  (2e;3e;3es)  centered  at  the 
split  line  segments  and  continuously  extending 
from  the  primary  threads  (2b;3b)  with  the  width 
gradually  narrowing,  the  relief  threads  having  a 
height  substantially  equal  to  that  of  the  primary 
threads. 

5.  The  lens  barrel  as  claimed  in  claim  4,  wherein 
said  relief  threads  (2e;3e)  have  a  narrower  top 
surface  width  than  said  primary  threads  and 
have  the  same  inclination  on  both  sides  thereof 
as  said  primary  threads. 

6.  The  lens  barrel  as  claimed  in  claim  4,  wherein 
said  relief  threads  (3es)  comprise  trapezoidal 
portions  which  are  lower  than  said  primary 
threads,  and  projecting  top  portions  which  pro- 

5  ject  from  said  trapezoidal  portions  to  the  height 
of  said  primary  threads. 

Patentanspruche 

70  1.  Mit  schraubenformigem  Gewinde  versehener 
Tubus,  der  durch  GieBen  eines  Kunstharzes 
mittels  einer  geteilten  Form  gebildet  ist,  mit: 

-  einem  hohlen  zylindrischen  Teil  (2;  3) 
aus  Kunstharz, 

75  -  primaren  Windungen  (2b;  3b),  die  mit 
dem  zylindrischen  Teil  zusammenhan- 
gend  und  sich  auf  dessen  innerer  oder 
auBerer  Oberflache  schraubenformig  er- 
streckend  gebildet  sind  und  einen  Quer- 

20  schnitt  haben,  der  im  wesentlichen  in  al- 
ien  Teilen  mit  Ausnahme  von  Teilungsli- 
nienabschnitten,  wo  die  PaBflachen  der 
geteilten  Form  sich  mit  dem  zylindri- 
schen  Teil  schneiden,  im  wesentlichen 

25  trapezformig  ist,  und 
-  Aussparungs-Windungen  (2e;  3e;  3eS), 

deren  Zentrum  bei  Teilungslinienab- 
schnitten  liegt  und  die  sich  kontinuierlich 
von  mehreren  Windungen  (2b;  3b)  unter 

30  gradueller  Verringerung  der  Breite  er- 
strecken,  wobei  die  Aussparungswindun- 
gen  eine  Hohe  haben,  die  im  wesentli- 
chen  gleich  derjenigen  der  primaren 
Windungen  ist. 

35 
2.  Mit  schraubenformigem  Gewinde  versehener 

Tubus  nach  Anspruch  1,  wobei  die  Ausspa- 
rungs-Windungen  (2e;  3e)  eine  geringere  Brei- 
te  der  oberen  Oberflache  als  die  primaren 

40  Windungen  und  auf  beiden  Seiten  dieselbe 
Neigung  wie  die  primaren  Windungen  haben. 

3.  Mit  schraubenformigem  Gewinde  versehener 
Tubus  nach  Anspruch  1  ,  wobei 

45  die  Aussparungs-Windungen  (3eS)  trapezfor- 
mige  Abschnitte  aufweisen,  die  niedriger  als 
die  primaren  Windungen  sind,  und  hervorste- 
hende  obere  Abschnitte,  die  von  den  trapezfor- 
migen  Abschnitten  sich  bis  zur  Hohe  der  pri- 

50  maren  Windungen  erstrecken. 

4.  Objektivfassung,  mit 
-  einem  mannlichen  Tubus  (3)  mit  schrau- 

benformigem  Gewinde  und  einem  weibli- 
55  chen  Tubus  (2)  mit  schraubenformigem 

Gewinde,  die  mittels  ihrer  Windungen  in 
Eingriff  miteinander  stehen  konnen,  wo- 
bei  mindestens  einer  des  mannlichen 

7 
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und  weiblichen  Gewinde-Tubus  aufweist: 
--  ein  hohles  zylindrisches  Teil  (2;  3)  aus 
Kunstharz,  das  durch  GieBen  eines 
Kunstharzes  mittels  einer  geteilten  Form 
gebildet  ist, 
--  primare  Windungen  (2b;  3b),  die  zu- 
sammenhangend  mit  dem  zylindrischen 
Teil  und  sich  schraubenformig  auf  des- 
sen  innerer  oder  auBerer  Oberflache  er- 
streckend  gebildet  sind  und  einen  Quer- 
schnitt  haben,  der  in  alien  Abschnitten 
mit  Ausnahme  von  Teilungslinienab- 
schnitten,  wo  die  PaBflachen  der  geteil- 
ten  Form  sich  mit  dem  zylindrischen  Teil 
schneiden,  im  wesentlichen  trapezformig 
ist,  und 
--  Aussparungs-Windungen  (2e;  3e;  3eS), 
die  ihren  Mittelpunkt  bei  Teilungslinien- 
abschnitten  haben  und  sich  kontinuierlich 
von  den  primaren  Windungen  (2b;  3b) 
unter  gradueller  Verringerung  ihrer  Breite 
erstrecken,  wobei  die  Aussparungs-Win- 
dungen  eine  Hohe  haben,  die  im  wesent- 
lichen  gleich  derjenigen  der  primaren 
Windungen  ist. 

5.  Objektivfassung  nach  Anspruch  4,  wobei 
die  Aussparungs-Windungen  (2e;  3e)  eine  ge- 
ringere  Breite  der  oberen  Oberflache  als  die 
primaren  Windungen  und  auf  beiden  Seiten 
dieselbe  Neigung  wie  die  primaren  Windungen 
haben. 

6.  Objektivfassung  nach  Anspruch  4,  wobei 
die  Aussparungs-Windungen  (3eS)  trapezfor- 
mige  Abschnitte  aufweisen,  die  niedriger  als 
die  primaren  Windungen  sind,  und  hervorste- 
hende  obere  Abschnitte,  die  sich  von  den  tra- 
pezformigen  Abschnitten  bis  zur  Hohe  der  pri- 
maren  Windungen  erstrecken. 

Revendicatlons 

1.  Tube  filete,  forme  par  moulage  d'une  resine 
synthetique  au  moyen  d'un  moule  en  plusieurs 
parties,  comprenant  une  piece  cylindrique 
creuse  (2  ;  3)  en  resine  synthetique,  des  par- 
ties  de  filet  principales  (2b  ;  3b),  qui  sont 
venues  de  matiere  avec  la  piece  cylindrique  et 
s'etendent  d'une  maniere  helico'fdale  sur  la 
surface  interieure  ou  exterieure  de  cette  piece 
et  qui  ont  une  section  transversale  pratique- 
ment  trapezo'fdale  dans  toutes  les  zones  a 
I'exception  de  segments  de  ligne  de  joint  de 
cette  section  transversale  ou  les  surfaces  de 
joint  du  moule  en  plusieurs  parties  recoupent 
la  piece  cylindrique,  et  des  parties  de  filet  en 
depouille  (2e,  3e  ;  3es)  qui  sont  centrees  sur 

les  segments  de  ligne  de  joint  et  s'etendent 
d'une  maniere  continue  a  partir  des  parties  de 
filet  principales  (2b  ;  3b)  et  dont  la  largeur 
diminue  progressivement,  tandis  que  la  hau- 

5  teur  de  ces  parties  de  filet  en  depouille  est 
pratiquement  egale  a  celle  des  parties  de  filet 
principales. 

2.  Tube  filete  selon  la  revendication  1,  dans  le- 
io  quel  les  parties  de  filet  en  depouille  (2e  ;  3e) 

ont  une  largeur  de  surface  superieure  plus 
etroite  que  les  parties  de  filet  principales  et  ont 
la  meme  inclinaison  sur  leurs  deux  flancs  que 
les  parties  de  filet  principales. 

15 
3.  Tube  filete  selon  la  revendication  1,  dans  le- 

quel  les  parties  de  filet  en  depouille  (3es) 
comprennent  des  zones  trapezo'fdales,  qui  sont 
plus  basses  que  les  parties  de  filet  principales, 

20  et  des  zones  superieures  en  saillie  qui  s'eten- 
dent  audela  des  zones  trapezo'fdales  jusqu'a  la 
hauteur  des  parties  de  filet  principales. 

4.  Barillet  d'objectif  comprenant  un  tube  filete 
25  male  (3)  et  un  tube  filete  femelle  (2)  qui  peu- 

vent  venir  en  prise  entre  eux  au  moyen  des 
filets  de  ces  tubes,  au  moins  I'un  des  tubes 
filetes  male  et  femelle  comprenant  une  piece 
cylindrique  creuse  (2  ;  3)  en  resine  synthetique 

30  formee  par  moulage  d'une  resine  synthetique 
au  moyen  d'un  moule  en  plusieurs  parties,  des 
parties  de  filet  principales  (2b  ;  3b),  qui  sont 
venues  de  matiere  avec  la  piece  cylindrique  et 
s'etendent  d'une  maniere  helico'fdale  sur  la 

35  surface  interieure  ou  exterieure  de  cette  piece 
et  qui  ont  une  section  transversale  pratique- 
ment  trapezo'fdale  dans  toutes  les  zones  a 
I'exception  de  segments  de  ligne  de  joint  de 
cette  section  transversale  ou  les  surfaces  de 

40  joint  du  moule  en  plusieurs  parties  recoupent 
la  piece  cylindrique,  et  des  parties  de  filet  en 
depouille  (2e,  3e  ;  3es)  qui  sont  centrees  sur 
les  segments  de  ligne  de  joint  et  s'etendent 
d'une  maniere  continue  a  partir  des  parties  de 

45  filet  principales  (2b  ;  3b)  et  dont  la  largeur 
diminue  progressivement,  tandis  que  la  hau- 
teur  de  ces  parties  de  filet  en  depouille  est 
pratiquement  egale  a  celle  des  parties  de  filet 
principales. 

50 
5.  Barillet  d'objectif  selon  la  revendication  4,  dans 

lequel  les  parties  de  filet  en  depouille  (2e  ;  3e) 
ont  une  largeur  de  surface  superieure  qui  est 
plus  etroite  que  celle  des  parties  de  filet  princi- 

55  pales  et  ont  la  meme  inclinaison  sur  leurs  deux 
flancs  que  ces  parties  de  filet  principales. 
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6.  Barillet  d'objectif  selon  la  revendication  4,  dans 
lequel  les  parties  de  filet  en  depouille  (3es) 
comprennent  des  zones  trapezo'fdales,  qui  sont 
plus  basses  que  les  parties  de  filet  principales, 
et  des  zones  superieures  en  saillie  qui  s'eten-  5 
dent  au-dela  des  zones  trapezo'fdales  jusqu'a 
la  hauteur  des  parties  de  filet  principales. 
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