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description 

Background  of  the  Invention 
The  present  invention  relates  to  a  harmonic 

irive  apparatus,  and  more  particularly,  to  an 
mprovement  for  strengthening  and  stabilizing 
tie  tooth  engagement  of  a  circular  spline  with  a 
:lexspline  disposed  within  the  circular  spline. 

In  a  conventional  harmonic  drive  apparatus, 
such  as  that  disclosed  in  U.S.  Patent  No. 
3,667,320,  a  generally  elliptical  wave  generator  is 
•otated  by  its  driving  shaft  rotating  at  a  high 
speed  to  rotate  and  deform  an  elliptical  flexspline 
Dutside  the  wave  generator  through  a  bearing 
disposed  between  the  wave  generator  and  the 
flexspline.  The  flexspline  has  a  number  of  exter- 
nal  spline  teeth,  and  a  circular  spline  disposed 
Dutside  the  flexspline  also  has  a  number  of 
internal  spline  teeth  for  locally  engaging  with  the 
flexspline  teeth,  with  the  number  of  flexspline 
teeth  being  less  than  the  number  of  circular  spline 
teeth.  The  tooth  engaging  positions  of  the 
flexspline  and  the  circular  spline  are  moved  in 
conformity  with  the  rotation  of  the  driving  shaft. 
Due  to  the  difference  between  the  number  of 
flexspline  teeth  and  the  number  of  circular  spline 
teeth,  the  flexspline  is  rotated  at  a  rate  corre- 
sponding  to  the  difference  in  the  direction  oppo- 
site  the  rotational  direction  of  the  driving  shaft 
since  the  circular  spline  is  secured  to  a  casing  of 
the  apparatus.  An  output  shaft  connected  to  the 
flexspline  on  the  low  speed  side  of  the  apparatus 
is  thereby  rotated. 

In  the  above  conventional  apparatus,  the  wave 
generator  is  a  rigid  body  and  the  engaging  states 
of  teeth  depend  on  only  the  finishing  accuracy  of 
the  wave  generator.  Namely,  when  the  elliptical 
wave  generator  has  a  length  in  the  direction  of  the 
major  axis  thereof  longer  than  a.  predetermined 
length,  the  bearing  is  excessively  pressed  by  the 
wave  generator  and  the  endurance  of  the  bearing 
is  reduced,  thereby  preventing  the  normal  move- 
ment  of  the  bearing.  On  the  other  hand,  when  the 
wave  generator  has  a  length  in  the  direction  of  its 
major  axis  shorter  than  a  predetermined  length, 
the  flexspline  teeth  loosely  engage  with  the  circu- 
lar  spline  teeth,  and  the  accuracy  of  the  operation 
of  the  harmonic  drive  apparatus  is  reduced. 
Furthermore,  the  apparatus  portions  are  inevit- 
ably  slightly  worn  away  during  their  use  for  a  long 
period,  which  also  reduces  the  accuracy  of  their 
operations. 

US  —  A  —  3001840  discloses  a  harmonic  drive  in 
which  the  wave  generator  is  elastic  and  is  carried 
by  a  resilient  cup.  The  wave  generator  is  con- 
nected  to  the  cup  throughout  the  circumference 
of  both.  The  resulting  construction  provides  only 
limited  flexibility  and  requires  a  construction  of 
great  axial  length  and  complexity. 

US  —  A  —  3435706  describes  a  wave  generator 
divided  into  two  parts  with  intervening  spring 
plungers  which  press  the  halves  of  the  wave 
generator  outwards  towards  the  flexspline.  The 
wave  generator  parts  themselves  are  essentially 
rigid. 

US  —  A—  3166949  describes  a  harmonic  drive 
apparatus  comprising  the  features  preceding  the 
words  "characterised  by"  in  claim  1  of  this  patent 
specification. 

5  Accordingly,  an  object  of  the  present  invention 
is  to  provide  a  harmonic  drive  apparatus  in  which 
a  flexspline  is  biased  against  a  circular  spline  at  all 
times  so  as  to  locally  engage  external  teeth  of  the 
flexspline  with  internal  teeth  of  the  circular  spline, 

w  thereby  maintaining  the  preferable  engaging 
state  of  teeth  at  all  times. 

The  present  invention  resides  in  a  harmonic 
drive  comprising  a  rigid  hollow  circular  cylindrical 
outer  spline  with  internal  spline  teeth,  a  flexible  « 

15  hollow  cylindrical  flexspline  with  external  spline  £  
teeth  that  mesh  locally  with  the  internal  teeth  of 
the  outer  spline,  the  flexspline  having  fewer  teeth  » 
than  the  outer  spline,  and  a  rotatable  wave 
generator  within  the  flexspline,  characterised  by  a 

20  cam  section  of  the  wave  generator  being  radially 
elastic  and  comprising  a  ring  member  flexible  in 
its  radial  direction,  but  having  rigidity  in  its 
circumferential  direction,  and  an  inner  member, 
disposed  within  the  ring  member,  which  is  flex- 

25  ible  in  the  radial  direction  of  the  ring  member  so 
as  to  apply  a  compressive  force  on  the  ring 
member  from  the  inside  thereof,  wherein  the 
inner  member  comprises  elastic  spring  portions 
connected  to  the  ring  member  through  the  bridge 

30  portions  so  as  to  transmit  torque  from  the  spring 
portions  to  the  ring  member. 

This  construction  provides  ample  flexibility  of 
the  wave  generator,  to  compensate  for  dimen- 
sional  errors  or  wear,  and  to  enable  line  contact 

35  between  the  wave  generator  and  the  circular 
spline  by  flexing  of  the  wave  generator,  which  can 
enhance  the  tooth  engagement  conditions. 

The  present  invention  will  be  further  described 
with  reference  to  accompanying  drawings,  in 

40  which: 
Fig.  1  is  a  sectional  side  view  of  the  upper  half 

of  a  harmonic  drive  apparatus  according  to  the 
present  invention; 

Fig.  2  is  a  sectional  view  of  the  harmonic  drive 
45  apparatus  taken  along  Line  II  —  II  of  Fig.  1; 

Fig.  3  is  a  front  view  of  a  wave  generator  in  the 
harmonic  drive  apparatus  of  Fig.  1;  and 

Figs.  4  to  7  are  front  views  of  other  embodi- 
ments  of  the  wave  generator  according  to  the  " 

so  present  invention.  * 

Description  of  the  Preferred  Embodiments 
Referring  to  Fig.  1,  a  harmonic  drive  apparatus 

of  the  present  invention  is  shown  which  com- 
55  prises  a  driving  shaft  1  rotatable  at  a  high  speed, 

and  a  wave  generator  2  secured  on  the  driving 
shaft  1.  The  wave  generator  2  is  preferably  made 
of  steel,  etc.,  and  has  a  boss  10  with  a  bore  10a  for 
securing  the  boss  10  onto  the  driving  shaft  1,  and 

60  a  ring  member  11  which  is  elliptical  having  a 
major  and  a  minor  axis  in  the  illustrated  embodi- 
ment  and  is  elastic  in  the  radial  direction  thereof. 
A  bearing  6  is  disposed  between  the  wave 
generator  2  and  a  flexspline  3  to  rotate  the 

65  flexspline  3  by  the  rotation  of  the  wave  generator 

2 
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The  bearing  6  comprises  inner  ana  outer 
flindrical  races  6a  and  6b  both  flexible  in  the 
idial  directions  thereof,  and  balls  6c  rotatably 
stained  between  the  inner  and  outer  races.  A 
rcular  spline  5  is  disposed  outside  the  flexspline 
and  secured  by  a  fastening  member  20  to 

asings  7'  and  7  with  bearings  8  for  the  driving 
laft  1  and  bearings  9  for  a  shaft  4  on  the  low 
seed  side  fixed  to  the  flexspline  3.  The  flexspline 
and  the  circular  spline  5  respectively  have  a 

umber  of  external  and  internal  spline  teeth  3a 
nd  5a  as  shown  in  Fig.  2,  and  the  number  of 
exspline  external  teeth  3a  is  less  than  the 
umber  of  internal  teeth  5a  of  the  circular  spline 
.  The  flexspline  external  teeth  3a  locally  firmly 
ngage  with  the  internal  teeth  5a  of  the  circular 
pline  5  when  the  flexspline  3  is  deflected  radially 
utwards  by  the  compression  of  the  wave 
enerator  2.  The  boss  10  of  the  wave  generator  2 
i  located  on  the  interior  of  the  wave  generator  2 
nd  is  preferably  made  of  steel,  aluminum,  or 
pring  steel,  and  the  ring  member  11  is  preferably 
lade  of  spring  steel.  The  boss  10  and  the  ring 
nember  11  may  be  integrally  formed.  As  shown 
i  Fig.  3,  the  boss  10  within  the  elliptical  ring 
nember  11  is  secured  to  the  ring  member  11  so 
s  to  be  parallel  with  the  minor  axis  thereof,  and 
he  upper  and  lower  portions  of  the  ring  member 
1  are  elastic  in  the  direction  of  the  major  axis 
hereof  and  thus  constitutes  a  cam  section  for 
ocally  engaging  the  flexspline  external  teeth  3a 
vith  the  circular  spline  internal  teeth  5a  to  absorb 
my  play  between  the  flexspline  3  and  the  circular 
ipline  5. 

When  the  wave  generator  2  is  secured  to  the 
shaft  1  and  assembled  within  the  flexspline  3  so 
is  to  bias  the  wave  generator  2  against  the 
lexspline  3,  the  upper  and  lower  portions  of  the 
ing  member  11  are  compressed  and  deformed 
ivithin  the  flexspline  3  and  thereby  apply  a  com- 
jression  force  on  the  flexspline  3  from  the  inside 
hereof  through  the  bearing  6  in  the  direction  of 
:he  major  axis  of  the  ring  member  11,  thereby 
maintaining  the  reliable  engaging  state  of  teeth  at 
all  times. 

Fig.  4  shows  another  embodiment  of  the  wave 
generator  according  to  the  present  invention.  The 
wave  generator  2b  comprises  a  boss  12b  secured 
to  the  driving  shaft  1,  and  elastic  spring  portions 
14b  connected  to  the  boss  12b  and  the  ring 
member  11  through  bridge  portions  15b  and  13b 
in  the  major  and  minor  axes  of  the  ring  member 
11,  respectively.  The  boss  12b  and  the  spring 
portions  14b  constitute  an  inner  member.  The 
wave  generator  2b  is  also  flexible  in  the  radial 
direction  thereof  but  rigid  in  the  circumferential 
direction,  which  is  useful  to  absorb  the  disagree- 
ment  between  the  axes  of  the  driving  shaft  1  and 
the  circular  spline  5. 

In  Fig.  5,  the  wave  generator  2c  comprises  a 
boss  12c  similar  to  the  boss  12b,  and  elastic 
spring  portions  Reconnected  to  the  boss  12c  and 
the  ring  member  11  through  bridge  portions  15c 
and  13c  in  the  minor  and  major  axes  of  the  ring 
member  11,  respectively.  The  wave  generator  2c 

Wlin  Driuge  puiUUIIO  I  Ob  in  me  iiiajui  uaij 
tion  has  a  rigidity  against  the  torsion  which 
inevitably  occurs  in  the  wave  generator,  the  tor- 
sional  rigidity  being  higher  than  the  torsional 
rigidity  of  the  wave  generator  2b  with  bridge 
portions  13b  in  the  minor  axis  direction  in  Fig.  4. 
This  torsion  of  the  wave  generator  is  generated 
because  the  wave  generator  portions  are  slightly 
displaced  in  the  circumferential  direction  by  the 

;  rotation  of  the  driving  shaft  1  so  that  the  engaging 
positions  of  teeth  against  the  driving  shaft  1  are 
slightly  retracted  from  their  normal  positions  in 
proportion  to  the  torque  of  the  driving  shaft. 

Fig.  6  shows  a  further  embodiment  of  the  wave 
j  generator  to  reduce  the  torsion  thereof  described 

above.  A  wave  generator  2d  comprises  a  boss  1  2d 
similar  to  the  boss  1  2c,  elastic  spring  portions  14d 
connected  to  the  boss  12d  through  bridge  por- 
tions  15d,  preferably  four  levers  16  connected  to 

o  the  spring  portions  14d,  and  an  elastic  ring 
member  11.  The  levers  16  are  fixed  to  the  ring 
member  11  at  each  end  thereof  in  the  radial 
direction  of  the  ring  member  11,  at  which  the 
teeth  of  the  flexspline  3  generally  begin  to  locally 

5  completely  engage  with  the  teeth  of  the  circular 
spline  5.  When  the  torque  is  transmitted  from  the 
driving  shaft  1  to  the  wave  generator  2d,  the 
spring  portions  14d  apply  forces  on  the  levers  16 
through  the  bridge  portions  15d. 

o  In  Fig.  6,  when  torque  is  applied  to  the  wave 
generator  2d  in  the  clockwise  direction,  the  right 
lever  of  the  two  upper  levers  16  applies  the  torque 
on  the  ring  member  11  in  the  counterclockwise 
direction,  thereby  generating  a  slight  displace- 

s  ment  of  the  ring  member  11  in  the  counter- 
clockwise  direction  which  acts  to  advance  the 
engaging  positions  of  teeth  in  the  clockwise 
direction.  When  the  advancement  distances  of  the 
engaging  positions  and  the  aforementioned 

to  retraction  distances  thereof  described  with 
respect  to  Fig.  5  are  balanced,  it  is  possible  to 
maintain  the  rigidity  of  the  harmonic  drive  por- 
tions  on  the  side  of  the  driving  shaft  rotating  at  a 
high  speed  at  an  extremely  high  level. 

*5  Fig.  7  shows  a  further  another  embodiment  of 
the  wave  generator  used  in  a  harmonic  drive 
apparatus  in  which  the  teeth  of  the  flexspline  3 
locally  engage  with  the  teeth  qf  the  circular  spline 
5  at  angles  equally  spaced  by  120°.  The  wave 

50  generator  2e  comprises  a  boss  12e  similar  to 
bosses  12b,  12c  and  12d,  elastic  spring  portions 
14e  connected  to  the  boss  12e  through  bridge 
portions  15e,  a  ring  member  11e  with  three 
rounded  corners  equally  spaced  by  120°,  and 

55  three  bridge  portions  13e  respectively  connected 
to  the  spring  portions  14e  and  the  three  rounded 
corners  of  the  ring  member  lie.  It  will  be  under- 
stood  that  the  wave  generator  2e  also  has  a 
function  similar  to  the  one  of  the  wave  generator 

60  2c  described  with  respect  to  Fig.  5. 
As  mentioned  above,  according  to  the  present 

invention,  the  outermost  portion  of  a  wave 
generator  is  constituted  by  an  elastic  ring 
member  flexible  in  the  radial  direction  but  rigid  in 

65  the  circumferential  direction.  The  ring  member  is 

o 
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preferably  generally  in  the  shape  of  an  ellipse  and 
has  a  uniform  cross  section  along  its  length,  and 
is  processed  in  a  manner  such  that  the  length  of 
the  major  axis  of  the  ring  member  is  slightly 
longer  than  a  predetermined  length  in  an  unre- 
stricted  state.  Accordingly,  when  the  ring  member 
is  assembled  within  a  flexspline  such  that  the 
length  of  the  major  axis  of  the  ring  member  is 
reduced  to  the  predetermined  length  by 
compressing  the  wave  generator,  the  ring 
member  applies  a  compressive  force  on  the 
flexspline  from  the  inside  thereof  so  as  to  locally 
reliably  engage  the  external  teeth  of  the  flexspline 
with  the  internal  teeth  of  a  circular  spline  at  all 
times.  Thus,  even  when  there  is  an  error  in  the 
length  of  the  major  axis  of  the  wave  generator  in 
manufacturing  it  or  if  the  major  axis  of  the  wave 
generator  is  reduced  in  length  by  wear  during  its 
usage,  such  an  error  or  reduction  causes  the 
engaging  force  between  the  flexspline  and  the 
circular  spline  to  change  only  a  little  without 
preventing  them  from  functioning  so  that  a  stable 
engaging  state  can  be  maintained  at  all  times. 
Furthermore,  although  in  the  conventional  har- 
monic  drive  apparatus,  the  elliptical  wave 
generator  comes  in  point  contact  with  the  circular 
spline,  according  to  the  present  invention,  the 
wave  generator  comes  in  line  contact  with  the 
circular  spline  over  some  distance  by  the  flexure 
of  the  flexible  wave  generator,  thereby  slightly 
increasing  the  number  of  efficiently  engaging 
teeth,  which  is  an  outstanding  effect. 

Claims 

1.  A  harmonic  drive  comprising  a  rigid  hollow 
circular  cylindrical  outer  spline  (5)  with  internal 
spline  teeth,  a  flexible  hollow  cylindrical 
flexspline  (3)  with  external  spline  teeth  that  mesh 
locally  with  the  internal  teeth  of  the  outer  spline 
(5),  the  flexspline  having  fewer  teeth  than  the 
outer  spline,  a  rotatable  wave  generator  (2)  within 
the  flexspline,  and  a  cam  section  (11)  of  the  wave 
generator  (2)  being  radially  elastic,  characterised 
by  said  wave  generator  (11)  comprising  a  ring 
member  (11)  flexible  in  its  radial  direction,  but 
having  rigidity  in  its  circumferential  direction,  and 
an  inner  member  (14b),  disposed  within  the  ring 
member,  which  is  flexible  in  the  radial  direction  of 
the  ring  member  (11)  so  as  to  apply  a  compres- 
sive  force  on  the  ring  member  from  the  inside 
thereof,  wherein  the  inner  member  comprises 
elastic  spring  portions  (14b)  connected  to  the  ring 
member  (11)  through  the  bridge  portions  (13b, 
15b)  so  as  to  transmit  torque  from  the  spring 
portions  to  the  ring  member. 

2.  A  harmonic  drive  apparatus  as  claimed  in 
claim  1,  characterised  in  that  the  ring  member  has 
a  generally  elliptical  shape  in  cross  section,  and 
the  inner  member  is  connected  to  the  ring 
member  in  the  direction  of  the  minor  axis  thereof. 

3.  A  harmonic  drive  apparatus  as  claimed  in 
claim  1,  characterised  in  that  the  inner  member 
comprises  levers  (16)  for  connecting  the  ring 
member  (11)  with  elastic  spring  portions  (14d) 

disposed  inside  the  levers  so  as  to  transmit  from 
the  spring  portions  to  the  ring  member  through 
the  levers. 

5  Patentanspruche 

1.  Harmonisches  Getriebe,  umfassend  einen 
starren  hohlen  kreiszylindrischen  AufSenring  (5) 
mit  Innenverzahnung,  einen  flexibien  hohlen 

10  zylindrischen  Flexring  (3)  mit  AuSenverzahnung, 
die  lokal  mit  der  Innenverzahnung  des  AuSenrin- 
ges  (5)  kammt,  wobei  der  Flexring  wenigerZahne 
hat  als  der  AulSenring,  einen  drehbaren  Weilenge- 
nerator  (2)  innerhalb  des  Flexringes,  und  einen 

15  Kurvenscheibenbereich  (11)  des  Wellengenera- 
tors  (2),  der  radial  elastisch  ist,  dadurch  gekenn- 
zeichnet,  dalS  der  Wellengenerator  ein  Ringteil 
(11),  das  in  seiner  radialen  Richtung  flexibel  ist, 
aber  in  seiner  Umfangsrichtung  Steifigkeit  besitzt, 

20  und  ein  Innenteil  (14b)  aufweist,  das  innerhalb 
des  Ringteiles  angeordnet  ist  und  das  in  der 
radialen  Richtung  des  Ringteiles  (11)  flexibel  ist, 
um  auf  das  Ringteil  von  seiner  Innenseite  eine 
Druckkraft  auszuuben,  wobei  das  Innenteil  elas- 

25  tische  Federbereiche  (14b)  besitzt,  die  mit  dem 
Ringteil  (11)  iiber  Briickenbereiche  (13b,  15b) 
verbunden  sind,  um  ein  Drehmoment  von  den 
Federbereichen  auf  das  Ringteil  zuubertragen. 

2.  Harmonisches  Getriebe  nach  Anspruch  1, 
30  dadurch  gekennzeichnet,  daK  das  Ringteil  eine  im 

allgemeinen  elliptische  Gestalt  im  Querschnitt  hat 
und  dalS  das  Innenteil  mit  dem  Ringteil  in  der 
Richtung  seiner  kleinen  Achse  verbunden  ist. 

3.  Harmonisches  Getriebe  nach  Anspruch  1, 
35  dadurch  gekennzeichnet,  dalS  das  Innenteil  Hebel 

(16)  aufweist,  um  das  Ringteil  (11)  mit  elastischen 
Federbereichen  (14d)  zu  verbinden,  die  im  Inne- 
ren  der  Hebel  angeordnet  sind,  um  ein  Drehmo- 
ment  von  den.  Federbereichen  iiber  die  Hebel  auf 

40  das  Ringteil  zu  iibertragen. 

Revendications 

1.  Transmission  harmonique  comprenant  une 
45  cannelure  externe  cylindrique  circulaire  rigide 

creuse  (5)  avec  des  dents  internes  de  cannelure, 
une  cannelure  flexible  cylindrique  creuse  flexible 
(3)  avec  des  dents  externes  de  cannelure  qui 
viennent  en  prise  localement  avec  les  dents 

50  internes  de  la  cannelure  externe  (5),  la  cannelure 
flexible  ayant  moins  de  dents  que  la  cannelure 
externe,  un  generateur  rotatif  d'onde  (2)  dans  la 
cannelure  flexible,  et  une  section  de  came  (1  1  )  du 
generateur  d'onde  (2)  etant  radialement  elasti- 

55  que,  caracterisee  en  ce  que  ledit  generateur 
d'onde  (11)  comprend  un  organe  formant  bague 
(11)  flexible  en  direction  radiale,  mais  ayant  une 
rigidite  en  direction  circonferentielle,  et  un  organe 
interne  (14b)  dispose  dans  I'organe  formant 

60  bague,  qui  est  flexible  dans  la  direction  radiale  de 
I'organe  formant  bague  (11)  afin  d'appliquer  une 
force  de  compression  sur  I'organe  formant 
bague,  de  I'interieur,  ou  I'organe  interne  com- 
prend  des  portions  de  ressort  elastique  (14b)  qui 

65  sont  connectees  a  I'organe  formant  bague  (11) 
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3.  Transmission  narmonique  seion  la  revenui- 
cation  1,  caracterisee  en  ce  que  I'organe  interne 
comprend  des  leviers  (16)  pour  connecter  I'or- 
gane  formant  bague  (11)  aux  portions  de  ressort 

;  elastique  (14d)  qui  se  trouvent  a  I'interieur  des 
leviers,  afin  de  transmettre  le  couple  des  portions 
de  ressort  a  I'organe  formant  bague  par  I'interme- 
diaire  des  leviers. 

o 

•u 

lb 

ib 

lb 

bU 

bb 

iar  les  portions  de  liaison  (13b,  ibP)  atm  ae 
ransmettre  le  couple  des  portions  de  ressort  a 
organe  formant  bague. 
2.  Transmission  harmonique  selon  la  revendi- 

ation  1,  caracterisee  en  ce  que  I'organe  formant 
(ague  a  une  forme  generalement  elliptique  en 
ection  transversale  et  I'organe  interne  est  con- 
lecte  a  I'organe  formant  bague  dans  la  direction 
le  son  axe  mineur. 

bb 
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