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©  Gear  synchronizer  for  power  transmission. 
@  In  a  gear  synchronizer,  a  clutch  sleeve  (12)  has  internal 
splines  in  continual  engagement  with  external  splines  of  a  hub 
member  (11)  fixed  to  a  shaft  (21)  and  is  axially  shiftable  to  be 
engaged  at  its  internal  splines  with  external  splines  of  a  spline 
piece  (24)  mounted  on  a  hub  portion  of  a  gear  member  (22) rotatable  on  the  shaft.  The  gear  synchronizer  includes  a  support ring  (14)  encircling  a  conical  portion  integral  with  the  spline 
piece  and  having  external  splines  (14a)  engageable  with  the 
internal  splines  of  the  clutch  sleeve,  a  synchronizer  ring  (15) 
coupled  with  the  support  ring  and  having  an  internal  conical 
surface  (15a)  for  frictional  engagement  with  the  conical  portion (24a)  of  the  spline  piece,  an  operation  ring  (16)  coupled  with  the 
support  and  synchronizer  rings  in  such  a  manner  as  to  be  axially 
displaced  in  response  to  relative  rotation  thereof  to  the 
synchronizer  ring,  a  connecting  ring  (25)  rotatably  mounted  on one  side  of  the  hub  member  and  connected  to  the  synchronizer 
ring,  the  connecting  ring  having  an  external  conical  surface 
(25a)  for  frictional  engagement  with  an  internal  conical  surface 
(16a)  of  the  operation  ring,  and  an  annular  waved  spring  (17b) 
disposed  between  the  support  and  operation  rings. 
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Description 

GEAR  SYNCHRONIZER  FOR  POWER  TRANSMISSION 

external  splines  of  the  hub  member,  the  clutch 
sleeve  being  axially  shiftable  toward  and  away  from 
the  gear  member  to  be  engaged  at  the  internal 
splines  thereof  with  the  external  splines  of  the  spline 
piece,  and  a  plurality  of  circumferentially  spaced 
strut  keys  assembled  with  the  inner  circumference 
of  the  clutch  sleeve  and  loaded  radially  outwardly 
into  engagement  with  the  clutch  sleeve,  charac- 
terized  in  that  the  gear  synchronizer  comprises  a 
support  ring  arranged  in  surrounding  relationship 
with  the  conical  portion  of  the  spline  piece  to  be 
thrusted  by  abutment  with  the  strut  keys  toward  the 
gear  member  and  having  external  splines  enga- 
geable  with  the  internal  splines  of  the  clutch  sleeve, 
a  synchronizer  ring  coupled  with  the  support  ring 
and  having  an  internal  conical  surface  for  frictional 
engagement  with  the  conical  portion  of  the  spline 
piece,  an  operation  ring  disposed  between  the 
support  ring  and  the  synchronizer  ring  and  being 
axially  movably  coupled  with  the  support  ring  for 
rotation  therewith  and  axially  movably  coupled  with 
the  synchronizer  ring  for  relative  rotation,  the 
operation  ring  having  an  internal  conical  surface,  a 
connecting  ring  rotatably  mounted  on  one  side  of 
the  hub  member  and  connected  to  the  spline  piece, 
the  connecting  ring  having  an  external  conical 
surface  for  frictional  engagement  with  the  internal 
conical  surface  of  the  operation  ring,  resilient  means 
disposed  between  the  support  and  operation  rings 
to  bias  the  support  ring  for  engagement  with  the 
synchronizer  ring  and  to  bias  the  operation  ring  for 
engagement  with  the  synchronizer  ring,  and  cam 
means  arranged  to  effect  relative  axial  displacement 
of  the  support  ring  and  the  operation  ring  against  the 
biasing  force  of  the  resilient  means  in  response  to 
relative  rotation  between  the  synchronizer  and 
operation  rings. 

In  a  practical  embodiment,  the  connecting  ring 
may  be  eliminated.  In  such  a  case,  the  hub  member 
is  formed  at  one  side  thereof  with  an  external  conical 
surface  for  frictional  engagement  with  the  internal 
conical  surface  of  the  operation  ring. 

For  a  better  understanding  of  the  present  inven- 
tion,  and  to  show  hov  the  same  may  be  carried  into 
effect,  reference  will  nov  be  made,  by  way  of 
example,  to  the  accompanying  drawings  in  which: 

Fig.  1  illustrates  in  cross-section  form  one  of 
the  circumferentially  equi-spaced  parts  of  a 
gear  synchronizer  according  to  the  present 
invention; 

Fig.  2  is  a  cross-sectional  view  of  a  support 
ring  shown  in  Fig.  1  ; 

Fig.  3  is  a  front  view  of  the  support  ring 
shown  in  Fig.  2; 

Fig.  4  is  an  enlarged  cross-sectional  view  of  a 
portion  of  the  support  ring  shown  in  Fig.  2; 

Fig.  5  is  a  cross-sectional  view  of  a  syn- 
chronizer  ring  shown  in  Fig.  1  ; 

Fig.  6  is  a  front  view  of  the  synchronizer  ring 
shown  in  Fig.  5; 

Fig.  7  is  an  enlarged  cross-sectional  view  of  a 

The  present  invention  relates  to  a  gear  syn- 
chronizer  for  power  transmissions,  and  more  par- 
ticularly  to,  but  not  exclusively,  to  a  gear  syn-  5 
chronizer  of  the  type  which  comprises  a  gear 
member  rotatable  on  a  transmission  shaft,  a  hub 
member  mounted  on  the  transmission  shaft  for 
rotation  therewith  and  being  formed  thereon  with 
external  splines,  a  spline  piece  provided  on  a  hub  10 
portion  of  the  gear  member  for  rotation  therewith 
and  being  formed  at  one  side  thereof  with  a  conical 
portion  and  thereon  with  external  splines,  a  clutch 
sleeve  encircling  the  hub  member  and  having 
internal  splines  in  continual  engagement  with  the  15 
external  splines  of  the  hub  member,  the  clutch 
sleeve  being  axially  shiftable  to  be  engaged  at  the 
internal  splines  thereof  with  the  external  splines  of 
the  spline  piece,  a  synchronizer  ring  mounted  on  the 
conical  portion  of  the  spline  piece  for  frictional  20 
engagement  therewith,  and  a  plurality  of  circum- 
ferentially  spaced  strut  keys  assembled  with  the 
inner  circumference  of  the  clutch  sleeve  and  loaded 
radially  outwardly  into  engagement  with  the  clutch 
sleeve  to  abut  against  and  urge  the  synchronizer  25 
ring  toward  the  spline  piece  in  shifting  operation  of 
the  clutch  sleeve. 

In  U.S.  Patent  No.  4,413,715  issued  on  November 
8,  1983,  there  has  been  proposed  such  a  gear 
synchronizer  of  the  Borg-Warner  type  as  described  30 
above,  wherein  the  clutch  sleeve  is  axially  shifted  by 
a  manual  shift  lever  connected  thereto  to  abut  the 
strut  keys  against  the  synchronizer  ring  and  to  urge 
them  toward  the  spline  piece  for  effecting  frictional 
engagement  between  the  synchronizer  ring  and  the  35 
spline  piece.  In  such  shifting  operation  of  the  clutch 
sleeve,  the  manual  shift  lever  is  loaded  by  a  reaction 
force  applied  thereto  from  the  synchronizer  ring 
through  the  clutch  sleeve.  In  the  gear  synchronzier, 
it  is  desirable  to  provide  a  cam  mechanism  for  40 
effecting  frictional  engagement  between  the  syn- 
chronizer  ring  and  the  spline  piece  in  shifting 
operation  of  the  clutch  sleeve.  The  cam  mechanism, 
however,  is  apt  to  cause  slight  frictional  engagement 
between  the  synchronizer  ring  and  the  spline  piece  45 
in  a  condition  where  the  clutch  sleeve  is  retained  in  a 
neutral  position. 

It  is,  therefore,  a  primary  object  of  the  present 
invention  to  provide  an  improved  gear  synchronizer 
wherein  the  clutch  sleeve  is  not  applied  with  such  a  50 
reaction  force  from  the  synchronizer  ring  to  reduce 
the  operator's  effort  in  shifting  operation. 

According  to  the  present  invention,  the  object  is 
attained  by  providing  a  gear  synchronizer  which 
includes  a  gear  member  rotatable  on  a  transmission  55 
shaft,  a  hub  member  formed  thereon  with  external 
splines  and  being  mounted  on  the  transmission 
shaft  for  rotation  therewith,  a  spline  piece  formed  at 
one  side  thereof  with  a  conical  portion  and  thereon 
with  external  splines  and  being  provided  on  a  hub  60 
portion  of  the  gear  member  for  rotation  therewith,  a 
clutch  sleeve  encircling  the  hub  member  and  having 
internal  splines  in  continual  engagement  with  the 
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portion  of  the  synchronizer  ring  shown  in  Fig.  5; 
Fig.  8  is  a  cross-sectional  view  of  an 

operation  ring  shown  in  Fig.  1  ; 
Fig.  9  is  a  front  view  of  the  operation  ring 

shown  in  Fig.  8; 
Fig.  10  is  an  enlarged  cross-sectional  view  of 

a  portion  of  the  operation  ring  shown  in  Fig.  8; 
Fig.  11  is  a  sectional  view  illustrating  a  cam 

mechanism  of  the  synchronizer  ring; 
Fig.  12  illustrates  in  cross-sectional  form  a 

modification  of  the  gear  synchronizer  shown  in 
Fig.  1  ; 

Fig.  13  illustrates  in  cross-sectional  form 
another  modification  of  the  gear  synchronizer 
shown  in  Fig.  1  ;  and 

Fig.  14  illustrates  in  cross-sectional  form  a 
further  modification  of  the  gear  synchronizer 
shown  in  Fig.  1. 

Referring  now  to  the  drawings,  wherein  like 
reference  numerals  represent  the  same  or  corre- 
sponding  parts  throughout  the  figures,  there  is 
illustrated,  in  Fig.  1  ,  a  transmission  shaft  21  on  which 
are  rotatably  supported  a  pair  of  axially  spaced 
change-speed  gears  22  and  23.  Disposed  between 
the  change-speed  gears  22  and  23  is  a  pair  of 
synchronizer  assemblies  10  which  are  operable  to 
cause  selective  speed  synchronization  between  the 
shaft  21  and  the  gears  22  and  23,  respectively.  The 
synchronizer  assemblies  have  a  common  hub 
assembly  which  includes  a  hub  member  11  fixed  to 
the  transmission  shaft  21  by  means  of  a  spline 
connection  for  rotation  therewith. 

The  synchronizer  assemblies  are  arranged  to  be 
operated  through  a  clutch  sleeve  12  which  is 
connected  by  a  yoke  groove  12c  to  a  conventional 
manual  shift  mechanism  (not  shown).  The  hub 
member  11  has  an  outer  cylindrical  hub  portion 
which  is  formed  thereon  with  external  splines.  The 
clutch  sleeve  12  is  arranged  in  surrounding  relation- 
ship  with  the  hub  member  1  1  and  has  internal  splines 
12a  in  continual  engagement  with  the  external 
splines  of  hub  member  11  and  a  reverse  gear  12d 
formed  thereon.  The  clutch  sleeve  12  is  axially 
shiftable  to  be  engaged  at  its  internal  splines  12a 
with  external  splines  24b  of  a  spline  piece  24.  The 
spline  piece  24  is  mounted  on  each  hub  portion  of 
change-speed  gears  22  and  23  by  means  of  a  spline 
connection  for  rotation  therewith.  The  spline  pieces 
24  are  each  formed  at  one  side  thereof  with  a  conical 
portion  24a. 

In  this  embodiment,  the  outer  cylindrical  hub 
portion  of  hub  member  11  is  axially  recessed  in  its 
circumferentially  equally  spaced  portions.  As  shown 
in  Fig.  1,  the  axially  recessed  portions  each  are 
formed  as  an  axial  groove  11a.  Disposed  within  each 
of  the  axial  grooves  11a  is  a  strut  key  L3  which  is 
radially  outwardly  loaded  by  a  pair  of  axially  spaced 
annular  springs  17a  attached  thereto  and  supported 
in  engagement  with  a  corresponding  recess  12b  of 
clutch  sleeve  12  under  the  load  of  springs  17a.  The 
right-hand  synchronizer  assembly  is  substantially 
the  same  as  the  left-hand  synchronizer  assembly 
such  that  a  detailed  description  of  the  left-hand 
synchronizer  assembly  only  is  believed  necessary. 
The  left-hand  synchronizer  assembly  includes  a 

support  ring  14  arranged  in  surrounding  relationship 
with  the  conical  portion  24a  of  spline  piece  24,  a 
synchronizer  ring  15  coupled  with  the  support  ring 
14  for  frictional  engagement  with  the  conical  portion 

5  24a  of  spline  piece  24,  an  operation  ring  16  coupled 
with  the  support  ring  14  and  synchronizer  ring  15, 
and  an  annular  waved  spring  17b  disposed  between 
the  support  ring  14  and  operation  ring  16. 

As  shown  in  Figs.  2  to  4,  the  support  ring  14  is 
10  integrally  formed  at  its  outer  periphery  with  external 

splines  14a  of  small  length  and  at  its  inner  periphery 
with  an  annular  groove  14b  and  a  plurality  of 
circumferentially  equally  spaced  radial  recesses  14c. 
As  shown  in  Figs.  5  to  7,  the  synchronizer  ring  15  has 

15  an  internal  conical  surface  15a  for  frictional  engage- 
ment  with  the  conical  portion  24a  of  spline  piece  24 
and  is  integrally  formed  at  its  cuter  periphery  with  a 
plurality  of  circumferentially  equally  spaced  cam 
grooves  15b  and  an  annular  projection  15c.  As 

20  shown  in  Fig.  11,  the  cam  grooves  15b  each  are  in 
the  form  of  a  V-groove  having  a  pair  of  inclined  cam 
surfaces.  In  a  condition  where  the  synchronizer  ring 
15  has  been  coupled  with  the  support  ring  14  as 
shown  in  Fig.  1,  the  synchronizer  ring  15  is  retained 

25  in  position  by  a  snap-ring  1  7c  which  is  coupled  within 
an  internal  annular  groove  of  support  ring  14  and 
engaged  with  the  external  annular  projection  15c  of 
synchronizer  ring  15. 

As  shown  in  Figs.  8  to  10,  the  operation  ring  16  is 
30  integrally  formed  at  its  inner  periphery  with  an 

internal  conical  surface  16a  and  at  its  one  side  with  a 
pluarlity  of  circumferentially  equally  spaced  axial 
projections  16b  and  a  plurality  of  circumferentially 
equally  spaced  cam  projections  16c.  The  operation 

35  ring  16  is  further  formed  at  its  outer  periphery  with  an 
external  annular  groove  15d.  In  a  condition  where 
the  operation  ring  16  has  been  coupled  with  the 
support  ring  14  and  synchronizer  ring  15  as  shown  in 
Fig.  1,  the  axial  projections  16b  of  ring  16  are 

40  engaged  with  the  radial  recesses  14c  of  support  ring 
14  in  such  a  manner  as  to  permit  relative  displace- 
ment  of  the  support  and  operation  rings  14  and  16  in 
an  axial  direction,  and  the  cam  projections  16c  of 
ring  16  are  engaged  with  the  cam  grooves  15b  of 

45  synchronizer  ring  15  in  such  a  manner  as  to  permit 
relative  rotation  of  the  synchronizer  and  operation 
rings  15  and  16.  Disposed  within  an  annular  space 
between  the  grooves  14b  and  16d  of  respective 
rings  14  and  16  is  the  annular  waved  spring  17b 

50  which  acts  to  position  the  support  and  operation 
rings  14  and  16  in  an  axial  direction. 

As  shown  in  Fig.  11,  the  cam  projections  16c  of 
ring  16  are  each  formed  with  a  semicircular  cam 
surface  which  is  in  contact  with  the  inclined  cam 

55  surfaces  of  the  corresponding  cam  grooves  15b 
under  the  load  of  waved  spring  17b.  When  relative 
rotation  of  the  synchronizer  ring  15  and  operation 
ring  16  is  caused  by  shifting  operation  of  the  clutch 
sleeve  12,  the  cam  projections  16c  of  ring  16 

60  cooperate  with  the  cam  grooves  15b  of  ring  15  to 
effect  relative  displacement  of  rings  15  and  16  in  the 
axial  direction  against  the  biasing  force  of  waved 
spring  17b.  In  the  above-described  condition,  the 
external  splines  14a  of  support  ring  14  and  the 

65  external  splines  24b  of  spline  piece  24  are  arranged 
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In  Fig.  13  there  is  illustrated  another  modification 
10B  of  the  gear  synchronizer,  wherein  the  internal 
conical  surface  16a  of  operation  ring  16  is  formed 
substantially  the  same  in  diameter  as  the  internal 
conical  surface  15a  of  synchronizer  ring  15,  and 
wherein  there  is  provided  relatively  large  spacing 
between  the  respective  inner  end  faces  of  syn- 
chronizer  ring  15  and  spline  piece  24  and  the 
respective  outer  end  faces  of  operation  ring  16  and 
hub  member  11.  In  this  modification  10B,  the 
spacing  is  useful  to  prevent  rotation  of  the  syn- 
chronizer  ring  15  and  operation  ring  16  with  the 
spline  piece  24  caused  by  engagement  therewith  in  a 
condition  where  the  clutch  sleeve  12  is  retained  in  a 
neutral  position.  Furthermore,  the  gear  synchronizer 
may  be  modified  as  illustrated  in  Fig.  14,  wherein  a 
plurality  of  interleaved  frictional  clutch  plates  26  are 
disposed  between  the  connecting  ring  25  and  hub 
member  11. 

'to  be  engaged  with  the  internal  splines  12a  of  clutch 
sleeve  12  in  shifting  operation,  and  the  support  ring 
14  is  positioned  to  abut  against  the  strut  keys  13.  As 
shown  in  Fig.  1,  the  left-hand  synchronizer  assembly 
further  includes  a  connecting  ring  25  which  is 
rotatably  mounted  on  one  side  of  the  hub  member 
1  1  and  connected  with  the  spline  piece  24  by  means 
of  a  spline  connection  for  rotation  therewith.  The 
connecting  ring  25  has  an  external  conical  surface 
25a  for  frictional  engagement  with  the  internal 
conical  surface  16a  of  operation  ring  16. 

Assuming  that  the  clutch  sleeve  12  is  shifted  to 
the  left  by  the  operator  to  engage  the  change-speed 
gear  22  to  the  transmission  shaft  21  ,  the  strut  keys 
13  will  move  with  the  clutch  sleeve  12  to  abut  against 
and  urge  the  support  ring  14  toward  the  syn- 
chronizer  ring  15  which  will  bring  the  internal  conical 
surface  15a  of  synchronizer  ring  15  into  frictional 
engagement  with  the  conical  portion  24a  of  spline 
piece  24.  At  this  initial  stage,  the  operation  ring  16 
rotates  with  the  support  ring  14  to  cause  relative 
rotation  between  the  synchronizer  ring  15  and 
operation  ring  16,  and  the  internal  splines  12a  of 
clutch  sleeve  12  are  brought  into  engagement  at 
their  chamfers  12ai  with  chamfers  14ai  of  external 
splines  14a  of  support  ring  14.  As  a  result,  the  cam 
projections  16c  of  operation  ring  16  cooperate  with 
the  cam  grooves  15b  of  synchronizer  ring  15  to 
effect  relative  axial  displacement  of  rings  15  and  16 
against  the  biasing  force  of  waved  spring  17b.  This 
causes  frictional  engagement  of  the  internal  conical 
surface  16a  of  operation  ring  16  with  the  external 
conical  surface  25a  of  connecting  ring  25.  Under  this 
condition,  the  operator's  effort  applied  to  clutch 
sleeve  12  is  transmitted  as  a  synchronous  torque  to 
the  spline  piece  24  through  the  support  ring  14  and 
synchronizer  ring  15  and  is  further  transmitted  as  a 
synchronous  torque  to  the  spline  piece  24  through 
the  support  ring  14,  operation  ring  16  and  connect- 
ing  ring  25.  Thus,  synchronism  between  the  relatively 
rotating  parts  is  established  such  that  the  internal 
splines  12a  of  clutch  sleeve  12  are  smoothly 
engaged  with  the  external  splines  24b  of  spline  piece 
24. 

From  the  above  description,  it  will  be  understood 
that  the  operation  ring  16  and  connecting  ring  25  act 
to  noticeably  increase  the  synchronous  capacity  of 
the  gear  synchronizer  and  to  apply  therethrough  a 
reaction  force  acting  on  the  support  ring  14  and 
synchronizer  ring  15  to  the  hub  member  11  thereby 
to  reduce  the  operator's  effort  in  shifting  operation. 
In  a  practical  embodiment,  the  gear  synchronizer 
may  be  modified  as  illustrated  in  Fig.  12,  wherein  the 
external  conical  surface  25a  of  connecting  ring  25  is 
replaced  with  an  external  conical  surface  11b  formed 
on  the  one  side  of  hub  member  11  for  frictional 
engagement  with  the  internal  conical  surface  16a  of 
operation  ring  16.  In  this  modification  10A,  the 
operation  ring  16  acts  to  apply  therethrough  the 
reaction  force  acting  on  the  support  ring  14  and 
synchronizer  ring  15  to  the  hub  member  11  thereby 
to  reduce  the  operator's  effort  in  shifting  operation. 
The  synchronous  torque,  however,  is  applied  to  the 
spline  piece  24  only  through  the  support  ring  14  and 
synchronizer  ring  15. 

10 

15 

20 

Claims 

25 
1.  A  gear  synchronizer  including  a  gear 

member  (22)  rotatable  on  a  transmission  shaft 
(21),  a  hub  member  (11)  formed  thereon  with 
external  splines  and  being  mounted  on  said 
transmission  shaft  for  rotation  therewith,  a 
spline  piece  (24)  formed  at  one  side  thereof 
with  a  conical  portion  (24a)  and  thereon  with 
external  splines  (24b)  and  being  provided  on  a 
hub  portion  of  said  gear  member  for  rotation 
therewith,  a  clutch  sleeve  (12)  encircling  said 
hub  member  and  having  internal  splines  (12a)  in 
continual  engagement  with  the  external  splines 
of  said  hub  member  (11),  said  clutch  sleeve 
being  axially  shiftable  toward  and  away  from 
said  gear  member  to  be  engaged  at  the  internal 
splines  (12a)  thereof  with  the  external  splines 
(24b)  of  said  spline  piece,  and  a  plurality  of 
circumferentially  spaced  strut  keys  (13)  assem- 
bled  with  the  inner  circumference  of  said  clutch 
sleeve  and  loaded  radially  outwardly  into  en- 
gagement  with  said  clutch  sleeve, 

characterized  in  that  the  gear  synchronizer 
comprises: 

a  support  ring  (14)  arranged  in  surrounding 
relationship  with  the  conical  portion  (24a)  of 
said  spline  piece  (24)  to  be  thrusted  by 
abutment  with  said  strut  keys  (13)  toward  said 
gear  member  (22)  and  having  external  splines 
(14a)  engageabie  with  the  internal  splines  (12a) 
of  said  clutch  sleeve; 

a  synchronizer  ring  (15)  coupled  with  said 
support  ring  and  having  an  internal  conical 
surface  (15a)  for  frictional  engagement  with  the 
conical  portion  (24a)  of  said  spline  piece; 

an  operation  ring  (16)  disposed  between 
said  support  and  synchronizer  rings  and  being 
axially  movably  coupled  with  said  support  ring 
(14)  for  rotation  therewith  and  axially  movably 
coupled  with  said  synchronizer  ring  (15)  for 
relative  rotation,  said  operation  ring  having  an 
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internal  conical  surface  (16a); 
a  connecting  ring  (25)  rotatably  mounted  on 

one  side  of  said  hub  member  (11)  and  con- 
nected  to  said  spline  piece  (24),  said  connect- 
ing  ring  having  an  external  conical  surface  (25a)  5 
for  frictional  engagement  with  the  internal 
conical  surface  (16a)  of  said  operation  ring; 

resilient  means  (17b)  disposed  between 
said  support  and  operation  rings  to  bias  said 
support  ring  for  engagement  with  said  syn-  10 
chronizer  ring  and  to  bias  said  operation  ring  for 
engagement  with  said  synchronizer  ring  ;  and 

cam  means  (15b,  16c)  arranged  to  effect 
relative  axial  displacement  of  said  support  and 
operation  rings  against  the  biasing  force  of  said  15 
resilient  means  (17b)  in  response  to  relative 
rotation  between  said  synchronizer  and  oper- 
ation  rings. 

2.  A  gear  synchronizer  as  claimed  in  Claim  1, 
wherein  said  support  ring  (14)  is  formed  at  an  20 
inner  periphery  thereof  with  a  plurality  of 
circumferentially  spaced  radial  recesses  (14c), 
and  said  operation  ring  (16)  is  formed  at  one 
side  thereof  with  a  plurality  of  circumferentially 
spaced  axial  projections  (16b)  which  are  en-  25 
gaged  with  the  radial  recesses  of  said  support 
ring  in  such  a  manner  as  to  permit  axial 
movement  of  said  operation  ring. 

3.  A  gear  synchronizer  as  claimed  in  Claim  1, 
wherein  said  support  ring  (14)  is  formed  at  an  30 
inner  periphery  thereof  with  an  annular  groove 
(14b),  and  said  operation  ring  is  formed  at  an 
outer  periphery  thereof  with  an  annular  groove 
(16d)  which  corresponds  with  the  annular 
groove  of  said  support  ring  to  form  an  annular  35 
space  therebetween,  and  wherein  said  resilient 
means  is  in  the  form  of  an  annular  waved  spring 
(17b)  disposed  within  the  annular  space  bet- 
ween  said  support  and  operation  rings. 

4.  A  gear  synchronizer  as  claimed  in  Claim  1,  40 
wherein  said  cam  means  comprises  a  plurality 
of  circumferentially  spaced  cam  grooves  (15b) 
formed  in  an  outer  periphery  of  said  syn- 
chronizer  ring  (15),  and  a  plurality  of  circum- 
ferentially  spaced  cam  projections  (16c)  formed  45 
on  one  side  of  said  operation  ring  (16)  and 
being  engaged  with  the  cam  grooves  of  said 
synchronizer  ring  under  the  biasing  force  of 
said  resilient  means. 

5.  A  gear  synchronizer  as  claimed  in  Claim  1  ,  50 
further  comprising  a  frictional  clutch  mechan- 
ism  (26)  disposed  between  said  connecting  ring 
(25)  and  said  hub  member  (11). 

6.  A  gear  synchronizer  including  a  gear 
member  (22)  rotatable  on  a  transmission  shaft  55 
(21),  a  hub  member  (11)  formed  thereon  with 
external  splines  and  being  mounted  on  said 
transmission  shaft  for  rotation  therewith,  a 
spline  piece  (24)  formed  at  one  side  thereof 
with  a  conical  portion  (24a)  and  thereon  with  60 
external  splines  (24b)  and  being  provided  on  a 
hub  portion  of  said  gear  member  for  rotation 
therewith,  a  clutch  sleeve  (12)  encircling  said 
hub  member  and  having  internal  splines  in 
continual  engagement  with  the  external  splines  65 

of  said  hub  member,  said  clutch  sleeve  being 
axially  shiftable  toward  and  away  from  said  gear member  to  be  engaged  at  the  internal  splines 
thereof  with  the  external  splines  of  said  spline 
piece,  and  a  plurality  of  circumferentially  spaced 
strut  keys  (13)  assembled  with  the  inner 
circumference  of  said  clutch  sleeve  and  loaded 
radially  outwardly  into  engagement  with  said 
clutch  sleeve, 

wherein  the  gear  synchronizer  comprises  : 
a  support  ring  (14)  arranged  in  surrounding 

relationship  with  the  conical  portion  (24a)  of 
said  spline  piece  (24)  to  be  thrusted  by 
abutment  with  said  strut  keys  (13)  toward  said 
gear  member  and  having  external  splines  (14a) 
engageable  with  the  internal  splines  (12a)  of 
said  clutch  sleeve; 

a  synchronizer  ring  (15)  coupled  with  said 
support  ring  (14)  and  having  an  internal  conical 
surface  (15a)  for  frictional  engagement  with  the 
conical  portion  (24a)  of  said  spline  piece; 

an  operation  ring  (16)  disposed  between 
said  support  and  synchronizer  rings  and  being 
axially  movably  coupled  with  said  support  ring 
(14)  for  rotation  therewith  and  axially  movably 
coupled  with  said  synchronizer  ring  (15)  for 
relative  rotation,  said  operation  ring  having  an 
internal  conical  surface  (16a)  for  frictional 
engagement  with  an  external  conical  surface 
(11b)  formed  on  one  side  of  said  hub  member 
(11); 

resilient  means  (17b)  disposed  between 
said  support  and  operation  rings  to  bias  said 
support  ring  for  engagement  with  said  syn- 
chronizer  ring  and  to  bias  said  operation  ring  for 
engagement  with  said  synchronizer  ring;  and 

cam  means  (15b,  16c)  arranged  to  effect 
relative  axial  displacement  of  said  support  and 
operation  rings  against  the  biasing  force  of  said 
resilient  means  in  response  to  relative  rotation 
between  said  synchronizer  and  operation  rings. 

7.  A  gear  synchronizer  as  claimed  in  Claim  6, 
wherein  said  support  ring  (14)  is  formed  at  an 
inner  periphery  thereof  with  a  plurality  of 
circumferentially  spaced  radial  recesses  (14c), 
and  said  operation  ring  (16)  is  formed  at  one 
side  thereof  with  a  plurality  of  circumferentially 
spaced  axial  projections  (16b)  which  are  en- 
gaged  with  the  radial  recesses  of  said  support 
ring  in  such  a  manner  as  to  permit  axial 
movement  of  said  operation  ring. 

8.  A  gear  synchronizer  as  claimed  in  Claim  6, 
wherein  said  support  ring  (14)  is  formed  at  an 
inner  periphery  thereof  with  an  annular  groove 
(14b),  and  said  operation  ring  is  formed  at  an 
outer  periphery  thereof  with  an  annular  groove 
(16d)  which  corresponds  with  the  annular 
groove  of  said  support  ring  to  form  an  annular 
space  therebetween,  and  wherein  said  resilient 
means  (17b)  is  in  the  form  of  an  annular  waved 
spring  disposed  within  the  annular  space 
between  said  support  and  operation  rings. 

9.  A  gear  synchronizer  as  claimed  in  Claim  6, 
wherein  said  cam  means  comprises  a  plurality 
of  circumferentially  spaced  cam  grooves  (15b) 
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formed  in  an  outer  periphery  of  said  syn- 
chronizer  ring  (15),  and  a  plurality  of  circum- 
ferentially  spaced  cam  projections  (16c)  formed 
on  one  side  of  said  operation  ring  (16)  and 
being  engaged  with  the  cam  grooves  of  said 
synchronizer  ring  under  the  biasing  the  force  of 
said  resilient  means. 
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