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Description 

The  present  invention  relates  to  an  apparatus 
for  use  in  turning  steerable  vehicle  wheels  and, 
more  specifically,  to  a  new  and  improved  power 
steering  apparatus  having  an  electric  motor  to  turn 
steerable  vehicle  wheels. 

A  power  steering  apparatus  having  an  electric 
motor  to  turn  steerable  vehicle  wheels  is  disclosed 
in  US-A-4  415  054.  The  steering  apparatus  dis- 
closed  in  this  patent  has  a  torque  sensor  which  is 
actuated  upon  rotation  of  the  steering  wheel.  Ac- 
tuation  of  the  torque  sensor  causes  an  electronic 
control  unit  to  energize  the  electric  motor.  The 
electric  motor  drives  a  ball  nut.  The  ball  nut  coop- 
erates  with  a  screw  attached  to  a  rack  of  a  rack 
and  pinion  steering  mechanism.  Rotation  of  the  ball 
nut  moves  the  screw  and  the  rack  axially  to  effect 
turning  of  the  vehicle  wheels. 

In  the  power  steering  apparatus  of  US-A- 
4,415,054,  the  rack  extends  through  a  housing 
fixed  with  respect  to  the  vehicle  and  is  attached 
through  steering  linkages  directly  to  the  steerable 
wheels  of  the  vehicle. 

In  GB-A-2  164  303,  an  apparatus  for  use  in 
turning  steerable  vehicle  wheels  is  disclosed  which 
comprises  a  steering  shaft  connected  with  a  steer- 
ing  wheel.  An  electric  motor  responds  to  rotation  of 
the  steering  shaft  and  has  an  output  member  which 
is  rotatable  about  the  central  axis  of  the  motor.  A 
planetary  gear  set  is  drivingly  connected  with  the 
output  member.  A  transmission  output  member  is 
coaxial  with  the  central  axis  of  the  electric  motor 
and  is  connected  with  the  planetary  gear  set  to  be 
rotatable  thereby  upon  rotation  of  the  output  mem- 
ber.  A  manually  rotatable  drive  shaft  extends  axially 
through  the  electric  motor  and  the  planetary  gear 
set.  The  drive  shaft  has  an  input  end  portion  which 
is  drivingly  connected  with  the  steering  shaft  and 
an  output  end  portion  which  is  drivingly  connected 
with  the  transmission  output  member. 

The  present  invention  proceeds  from  the  prior 
art  represented  by  GB-A-2  164  303  and  provides 
an  apparatus  for  use  in  turning  steerable  vehicle 
wheels  of  the  type  defined  above,  which  is  char- 
acterized  by  a  ball  nut  attached  to  the  transmission 
output  member  for  rotation  therewith  about  the 
central  axis  upon  rotation  of  the  motor  output  mem- 
ber,  and  by  an  externally  threaded  member  dis- 
posed  in  engagement  with  and  circumscribed  by 
said  ball  nut  and  coaxial  with  the  central  axis  and 
movable  axially  by  the  ball  nut  upon  rotation  of  the 
motor  output  member  for  effecting  turning  of  the 
steerable  vehicle  wheels. 

Advantageous  embodiments  of  the  present  in- 
vention  are  defined  in  the  dependent  claims. 

Thus,  the  present  invention  provides  a  new  and 
improved  apparatus  for  providing  a  power  assist  to 

a  manual  steering  input  for  turning  steerable  ve- 
hicle  wheels.  By  combining  the  mechanical  advan- 
tage  obtained  from  the  planetary  transmission  with 
the  mechanical  advantage  obtained  from  the  ball 

5  nut  and  screw,  the  ball  nut  and  screw  can  be 
provided  with  a  relatively  large  pitch  to  transmit 
relatively  large  forces  to  the  steerable  wheels  and 
the  electric  motor  need  not  be  objectionally  large. 

In  the  preferred  embodiment,  the  planetary 
io  transmission  includes  a  sun  gear,  ring  gear  and 

planet  gears  which  mesh  with  the  sun  gear  and 
ring  gear.  The  sun  gear  is  driven  by  the  output 
member  of  the  electric  motor.  The  ring  gear  is 
fixed  against  rotation.  The  planet  gear  carrier  is 

75  mounted  on  a  transmission  output  member  and  the 
planet  gears  are  rotatable  about  their  axes  relative 
to  the  carrier  and  the  transmission  output  member. 
The  output  member  of  the  electric  motor,  the  sun 
gear,  planet  carrier,  and  the  transmission  output 

20  member  are  coaxial.  Also,  the  ball  nut  rotated  by 
the  transmission  output  member  and  the  screw  are 
coaxial  with  the  transmission  output  member.  Since 
all  of  the  parts  are  in  a  coaxial  relationship,  an 
effective  package  size  is  achieved. 

25 
Brief  Description  of  the  Drawings 

The  foregoing  and  other  objects  and  features 
of  the  present  invention  will  become  more  apparent 

30  to  one  skilled  in  the  art  upon  a  reading  of  the 
following  specification  made  with  reference  to  the 
accompanying  drawings  wherein: 

Fig.  1  is  a  pictorial  schematic  illustration  of  a 
vehicle  steering  apparatus  embodying  the 

35  present  invention; 
Fig.  2  is  a  sectional  view  of  a  power  steering 
assembly  constructed  in  accordance  with  the 
present  invention  and  embodied  in  the  vehicle 
steering  apparatus  of  Fig.  1; 

40  Fig.  3  is  an  enlarged  fragmentary  sectional  view 
of  a  portion  of  the  power  steering  assembly  of 
Fig.  2; 
Fig.  4  is  an  enlarged  fragmentary  sectional  view 
of  another  portion  of  the  power  steering  assem- 

45  bly  of  Fig.  2; 
Fig.  5  is  an  enlarged  fragmentary  sectional  view 
of  still  another  portion  of  the  power  steering 
assembly  of  Fig.  2; 
Fig.  6  is  a  fragmentary  sectional  view,  taken 

50  approximately  along  the  line  6-6  of  Fig.  4; 
Fig.  7  is  a  sectional  view,  taken  approximately 
along  the  line  7-7  of  Fig.  5; 
Fig.  8  is  an  elevational  view,  taken  generally 
along  the  line  8-8  of  Fig.  3;  and 

55  Fig.  9  is  a  fragmentary  sectional  view,  taken 
approximately  along  the  line  9-9  of  Fig.  8. 

Description  of  the  Preferred  Embodiment  of  the 
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Invention 

As  shown  in  Fig.  1,  a  truck  10  has  a  steering 
apparatus  12  for  turning  steerable  vehicle  wheels 
14.  Although  only  a  single  wheel  14  is  shown  in 
Fig.  1,  it  should  be  understood  that  a  pair  of 
steerable  wheels  are  mounted  for  pivotal  move- 
ment  at  opposite  ends  of  an  axle  16  of  the  truck 
10.  The  steerable  wheels  are  connected  for  con- 
joint  pivotal  movement  by  a  drag  link  28  and  suit- 
able,  well  known,  types  of  connectors  commonly 
known  as  tie  rod  ends.  The  axle  16  is  connected 
with  a  frame  18  of  the  truck  10  by  springs  22  and 
24. 

The  steering  apparatus  12  (Fig.  1)  includes  a 
known  steering  linkage  28  which  is  connected  with 
the  steerable  vehicle  wheels  14.  Upon  rotation  of  a 
steering  wheel  30,  a  power  steering  assembly  32, 
constructed  in  accordance  with  the  present  inven- 
tion,  is  operable  to  actuate  the  steering  linkage  28 
to  turn  the  steerable  vehicle  wheels  14.  A  base  end 
portion  36  of  the  power  steering  assembly  32  is 
connected  with  the  axle  16  and  with  a  steering 
column  38.  The  opposite  or  outer  end  portion  40  of 
the  power  steering  assembly  32  is  connected  with 
the  steering  linkage  28.  When  the  steerable  vehicle 
wheels  14  are  to  be  turned,  the  power  steering 
assembly  32  is  either  extended  or  retracted  to 
actuate  the  linkage  28  and  thereby  effect  turning 
movement  of  the  steerable  vehicle  wheels. 

To  initiate  turning  of  the  steerable  vehicle 
wheels  14,  the  steering  wheel  30  is  rotated  man- 
ually  by  a  vehicle  operator.  Rotation  of  the  steering 
wheel  30  actuates  a  torque  sensor  44  to  provide  an 
output  signal  to  an  electric  control  module  46.  The 
output  from  the  control  module  46  energizes  a 
reversible  electric  motor  50  (Fig.  2)  in  the  power 
steering  assembly  32  with  current  conducted  from 
the  vehicle  battery  52  (Fig.  1). 

The  electric  motor  50  (Fig.  2)  drives  a  plan- 
etary  gear  transmission  56.  The  planetary  transmis- 
sion  56  rotates  a  tubular  transmission  output  mem- 
ber  62  (Fig.  2)  to  rotate  a  ball  nut  64.  The  ball  nut 
64  in  turn  moves  an  output  member  66  axially  to 
move  a  ball  and  socket  joint  68  at  the  outer  end 
portion  40  of  the  power  steering  assembly  32.  The 
ball  and  socket  joint  68  is  connected  to  the  steer- 
ing  linkage  28  (Fig.  1).  Movement  of  the  member 
66  (Fig.  2)  and  the  ball  socket  joint  68  moves  the 
steering  linkage  28  to  turn  the  steerable  vehicle 
wheels  14. 

The  electric  motor  50  may  be  any  one  of  a 
variety  of  constructions  and  may  be  a  "brushless" 
electric  motor.  As  illustrated,  the  electric  motor  50 
includes  a  stator  82  which  is  connected  with  the 
main  housing  84  of  the  power  steering  assembly 
32.  A  generally  cylindrical  armature  86  is  circum- 
scribed  by  the  stator  82.  The  armature  86  is  en- 

ergized  by  current  conducted  from  the  battery  52 
(Fig.  1)  through  the  control  module  46  to  brushes 
88  (Fig.  3)  disposed  in  the  main  housing  84. 

A  tubular  motor  output  shaft  92  is  fixedly  se- 
5  cured  to  the  armature  86  and  supports  the  ar- 

mature  for  rotation  about  a  central  axis  94  of  the 
electric  motor  50  and  power  steering  assembly  32. 
The  tubular  motor  output  shaft  92  is  supported  at 
its  left  end  (as  viewed  in  Fig.  3)  by  a  bearing  98. 

io  The  opposite  end  of  the  tubular  motor  output  shaft 
92  (Fig.  4)  extends  into  the  planetary  transmission 
56  to  drive  the  planetary  transmission  56. 

The  end  of  the  motor  output  shaft  92  which 
projects  into  the  planetary  transmission  has  gear 

is  teeth  which  form  the  sun  gear  102  (Figs.  4  and  6) 
of  the  planetary  transmission  56.  The  sun  gear  102 
is  in  meshing  engagement  with  a  plurality  of  planet 
gears  104,  106  and  108  (Fig.  6).  The  planet  gears 
104,  106  and  108  are  rotatably  mounted  on  stub 

20  shafts  110  (Figs.  4  and  6)  disposed  on  a  planet 
carrier  114.  The  planet  gears  104,  106  and  108  are 
disposed  in  meshing  engagement  with  a  ring  gear 
118  which  is  fixedly  connected  to  the  main  housing 
84  and  therefore  cannot  rotate  about  its  own  axis. 

25  The  sun  gear  102,  the  planet  gears  104,  106  and 
108,  and  the  ring  gear  118  constitute  a  planetary 
gear  set. 

Rotation  of  the  sun  gear  102  by  the  motor 
output  shaft  92  causes  the  planet  gears  104,  106 

30  and  108  to  rotate  about  the  stub  shafts  110  and 
relative  to  the  planet  carrier  114.  Rotation  of  the 
planet  gears  104,  106  and  108  relative  to  the 
stationary  ring  gear  118  causes  the  planet  gears 
104,  106,  108  to  orbit  and  planet  carrier  114  to 

35  rotate  about  the  central  axis  94  of  the  power  steer- 
ing  assembly  32.  The  planet  carrier  114  is  located 
at  the  left  end  as  viewed  in  Figs.  2  and  4,  of  the 
transmission  output  member  62. 

The  planetary  transmission  56  preferably  has  a 
40  3  to  1  drive  ratio.  Thus,  each  time  the  motor  output 

shaft  92  and  sun  gear  102  rotate  through  three 
revolutions,  the  planet  gears  104,  106  and  108  orbit 
and  the  planet  carrier  114  rotates  through  one 
revolution.  This  results  in  the  motor  output  shaft  92 

45  rotating  three  times  as  fast  as  the  transmission 
output  shaft  62.  Of  course,  the  planetary  transmis- 
sion  56  could  be  provided  with  a  gear  ratio  other 
3:1. 

The  ball  nut  64  is  drivingly  connected  with  the 
50  planet  carrier  114  of  the  planetary  transmission  56. 

Thus,  the  output  force  provided  by  the  electric 
motor  50  is  increased  by  the  mechanical  advan- 
tage  provided  by  both  the  planetary  transmission 
56  and  the  ball  nut  64.  This  enables  the  electric 

55  motor  50  to  provide  relatively  large  steering  forces, 
such  as  are  commonly  required  in  heavy  truck 
steering  without  being  objectionably  large. 

The  ball  nut  64  has  an  outer  housing  124  (Fig. 
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5)  which  is  integrally  formed  with  the  transmission 
output  member  62.  The  outer  housing  124  is  pro- 
vided  with  an  internal  thread  convolution  126  (Fig. 
5).  The  internal  thread  convolution  126  circum- 
scribes  an  external  thread  convolution  130  on  the 
output  member  66.  A  plurality  of  spherical  balls 
132  are  interposed  between  the  thread  convolu- 
tions.  A  pair  of  return  or  transfer  tubes  134  and  136 
are  disposed  on  the  outside  of  the  ball  nut  housing 
124.  The  return  or  transfer  tubes  134  and  136 
provide  passages  for  conducting  the  balls  132  be- 
tween  axially  spaced  apart  turns  of  the  helical 
internal  and  external  thread  convolutions  126  and 
130.  Rotation  of  the  ball  nut  housing  124  causes 
the  balls  132  to  axially  move  the  output  member 
66. 

The  output  member  66  is  coaxial  with  the 
transmission  output  member  62  and  is  held  against 
rotation  about  the  central  axis  94  of  the  power 
steering  assembly  32  by  a  roller  assembly  140 
(see  Fig.  7).  The  roller  assembly  140  also  guides 
the  axial  movement  of  the  output  member  66.  The 
roller  assembly  140  includes  a  pair  of  rollers  142 
and  144  (Figs.  5  and  7)  which  are  rotatably  moun- 
ted  on  a  support  pin  or  axle  146  (Fig.  7)  which 
extends  diametrically  through  the  output  member 
66.  The  rollers  142  and  144  engage  a  plurality  of 
tracks  150,  152,  154  and  156  (Fig.  7)  formed  in  the 
outer  end  portion  of  the  main  housing  84.  Although 
the  main  housing  84  has  been  shown  in  Fig.  7  as 
being  shaped  so  as  to  form  the  tracks  150-156,  it  is 
contemplated  that  the  tracks  could  be  formed  on 
the  inside  of  a  housing  having  a  different  external 
configuration. 

During  operation  of  the  power  steering  assem- 
bly,  the  electric  motor  50  rotates  the  transmission 
output  member  62  about  the  central  axis  94  of  the 
power  steering  assembly  32  (Fig.  2).  A  pair  of 
thrust  bearings  160  and  162  (Fig.  4)  cooperate  with 
the  planet  carrier  114  to  hold  the  transmission 
output  member  62  against  axial  movement  relative 
to  the  main  housing  84.  Since  the  output  member 
66  is  held  against  rotary  movement  relative  to  the 
main  housing  84  by  the  rollers  142  and  144  (Fig. 
5),  rotation  of  the  transmission  output  member  62 
results  in  the  output  member  66  being  moved 
axially  relative  to  the  main  housing  84  under  the 
influence  of  drive  forces  transmitted  from  the  trans- 
mission  output  member  62  and  ball  nut  housing 
124  to  the  output  member  66  through  the  balls 
132. 

Upon  operation  of  the  reversible  electric  motor 
50  in  one  direction,  the  output  member  66  is 
moved  toward  the  right  (as  viewed  in  Fig.  5)  by  the 
ball  nut  64.  Upon  operation  of  the  electric  motor  50 
in  the  opposite  direction,  the  output  member  66  is 
moved  axially  toward  the  left  (as  viewed  in  Fig.  5). 
It  should  be  noted  that  the  output  member  66  has 

been  shown  in  a  fully  retracted  position  in  Figs.  2, 
4  and  5  and  that  subsequent  operation  of  the 
electric  motor  50  will  result  in  the  output  member 
66  being  extended  toward  the  right  (as  viewed  in 

5  Figs.  2,  4  and  5). 
Internal  and  external  thread  convolutions  126 

and  130  on  the  ball  nut  housing  124  and  output 
member  66,  respectively,  have  a  relatively  large 
pitch  or  lead.  This  enables  relatively  large  diameter 

io  balls  132  to  be  used  in  the  ball  nut  64  and  the 
thickness  of  the  thread  convolutions  126  and  130  to 
be  large  enough  to  carry  high  loads  required  for 
heavy  truck  steering.  In  one  specific  embodiment 
of  the  invention,  the  ball  nut  64  has  a  lead  of  0.666 

is  turns  per  inch,  and  the  balls  132  have  a  diameter 
of  approximately  0.28  inches. 

Upon  operation  of  the  electric  motor  50  to 
rotate  the  planetary  transmission  output  member 
62  and  move  the  drive  member  66  to  turn  the 

20  steerable  vehicle  wheels,  a  shaft  72  rotates  with  the 
planetary  transmission  output  member  62.  The 
manually  operated  input  shaft  72  extends  through 
the  tubular  motor  output  shaft  and  is  coaxial  there- 
with  and  rotatable  relative  thereto.  Shaft  72  is 

25  drivingly  connected  to  the  planetary  transmission 
output  member  62  to  provide  for  manual  vehicle 
steering. 

The  shaft  72  (Figs.  3  and  4)  is  driven  by  a 
bevel  gear  set  166  (Fig.  3)  connected  with  a  shaft 

30  76  connected  with  the  steering  wheel  30.  The  bevel 
gear  set  166  includes  a  bevel  gear  168  connected 
to  the  shaft  72.  A  bevel  gear  170  is  disposed  in 
meshing  engagement  with  the  bevel  gear  168  and 
is  connected  to  the  manual  steering  shaft  76.  The 

35  end  of  the  shaft  72  opposite  from  the  bevel  gear 
166  is  drivingly  connected  to  the  planet  carrier  114 
and  planetary  transmission  output  member  62  (Fig. 
4)  by  splines  72a. 

When  the  steerable  vehicle  wheels  14  have 
40  been  turned  to  an  extent  corresponding  to  the 

amount  of  rotation  of  the  steering  wheel  30,  the 
rotation  transmitted  from  the  shaft  72  through  the 
bevel  gear  set  166  to  the  shaft  76  and  torque 
sensor  44  will  result  in  the  torque  sensor  providing 

45  a  null  signal  to  the  control  module  46.  In  response 
to  this  signal,  the  control  module  46  de-energizes 
the  electric  motor  50. 

When  the  steering  wheel  is  turned  and  then 
released,  road  forces  applied  against  the  output 

50  member  66  are  sufficient  to  move  the  output  mem- 
ber  66  relative  to  the  main  housing  84  to  a  position 
corresponding  to  a  straight-ahead  orientation  of  the 
steerable  vehicle  wheels.  The  road  forces  move  the 
drive  member  66  axially  relative  to  the  ball  nut  64. 

55  This  axial  movement  results  in  rotation  of  the  ball 
nut  housing  124  and  transmission  output  member 
62.  The  rotation  of  the  transmission  output  member 
62  results  in  rotation  of  the  shaft  72.  The  rotation  of 

4 
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the  shaft  72  is  transmitted  through  the  bevel  gear 
set  166  and  the  shaft  76  (Fig.  3)  to  the  steering 
column  38.  This  rotation  causes  the  steering  wheel 
30  to  rotate  back  to  a  position  corresponding  to  a 
straight-ahead  position  of  the  steerable  vehicle 
wheels  14.  The  relatively  large  pitch  of  the  thread 
convolutions  126,  130  on  the  ball  nut  and  screw 
enable  the  power  steering  assembly  32  to  be  read- 
ily  returned  to  a  straight-ahead  condition. 

In  the  unlikely  event  that  the  electric  motor  50 
would  fail  to  drive  the  motor  output  shaft  92  and/or 
planetary  transmission  56  when  the  steering  wheel 
is  turned,  the  shaft  72  is  effective  to  transmit  man- 
ual  drive  forces  to  the  transmission  output  member 
62.  Thus,  manual  rotational  force  applied  to  the 
steering  wheel  30  is  transmitted  through  the  steer- 
ing  column  38  to  the  shaft  76  (Fig.  3).  The  shaft  76 
rotates  in  a  direction  corresponding  to  the  direction 
of  rotation  of  the  steering  wheel.  The  rotation  of  the 
shaft  76  is  transmitted  to  the  shaft  72  by  the  bevel 
gear  set  166.  Since  the  shaft  72  is  connected  to 
the  transmission  output  member  62,  the  rotation  of 
the  shaft  72  results  in  rotation  of  the  transmission 
output  member  62  to  rotate  the  ball  nut  64  to  move 
the  drive  member  66  to  effect  turning  movement  of 
the  steerable  vehicle  wheels  14. 

The  power  steering  assembly  32  is  connected 
with  the  axle  16  (Fig.  1)  by  a  ball  and  socket  joint 
172  (Figs.  3  and  8).  The  ball  and  socket  joint  172  is 
fixedly  connected  to  the  main  housing  84  by  a  pair 
of  bolts  174  and  176  (Fig.  8).  The  ball  and  socket 
joint  172  has  a  ball  stud  180  which  projects  from  a 
socket  housing  182  and  is  connected  with  the 
vehicle  axle  16  by  a  nut  184  on  a  threaded  outer 
end  portion  of  the  ball  stud  180. 

During  operation  of  the  electric  motor  50,  the 
ball  and  socket  joint  172  transmits  motor  reaction 
forces  to  the  axle  16.  The  ball  and  socket  joint  172 
allows  the  power  steering  assembly  32  to  rotate 
about  the  central  axis  188  (Fig.  8)  of  the  ball  stud 
180  to  accommodate  the  motion  of  the  steering 
linkage  28.  The  ball  stud  180  is  also  pivotal  about  a 
center  192  (Fig.  8)  to  move  the  central  axis  188  of 
the  ball  stud  in  a  plane  defined  by  the  axis  188  and 
the  central  axis  94  of  the  power  steering  assembly 
32  to  further  accommodate  relative  movement  be- 
tween  the  axle  16  and  steering  linkage  28.  How- 
ever,  the  socket  housing  182  cooperates  with  the 
ball  stud  180  to  hold  the  ball  stud  against  pivotal 
movement  in  a  direction  transverse  to  the  plane 
defined  by  the  central  axis  188  of  the  ball  stud  180 
and  the  central  axis  94  of  the  power  steering  as- 
sembly  32. 

By  blocking  pivotal  movement  of  the  ball  stud 
180  in  a  direction  transverse  to  a  plane  defined  by 
the  central  axis  188  of  the  ball  stud  and  the  axis 
94,  the  ball  stud  180  holds  the  housing  84  against 
rotation  under  the  influence  of  reaction  forces  ap- 

plied  to  the  housing  by  the  electric  motor  50.  Thus, 
during  acceleration  and  deceleration  of  the  electric 
motor  50  to  rotate  the  armature  86  relative  to  the 
stator  82,  the  stator  applies  reaction  forces  to  the 

5  housing  84.  These  reaction  forces  tend  to  rotate 
the  housing  84  in  either  a  clockwise  or  counter- 
clockwise  direction  (as  viewed  in  Fig.  8)  about  the 
central  axis  94  of  the  power  steering  assembly  32. 

To  block  rotation  of  the  housing  84  under  the 
io  influence  of  reaction  forces  applied  to  the  housing 

by  the  electric  motor  50,  the  socket  housing  182  is 
provided  with  a  slot  196  (Fig.  9)  having  straight 
side  surfaces  198  and  200  which  extend  parallel  to 
the  central  axis  94  of  the  power  steering  assembly 

is  32.  The  slot  196  has  a  central  axis  204  which 
extends  parallel  to  the  central  axis  94  of  the  power 
steering  assembly.  The  slot  196  allows  the  ball 
stud  180  to  pivot  in  a  direction  parallel  to  the  axis 
204.  However,  the  side  surfaces  198  and  200  block 

20  sidewise  pivotal  movement  of  the  ball  stud  180  in  a 
direction  transverse  to  the  axis  204. 

Electric  motor  reaction  forces  are  transmitted 
to  the  housing  84.  These  reaction  forces  are  in  turn 
transmitted  to  the  socket  housing  182.  The  reaction 

25  forces  tend  to  rotate  the  socket  housing  182  rela- 
tive  to  the  ball  stud  180  in  a  direction  transverse  to 
the  central  axis  204  of  the  slot  196  and  to  the 
central  axis  94  of  the  power  steering  assembly  32. 
However,  rotation  of  the  socket  housing  under  the 

30  influence  of  the  reaction  forces  is  blocked  by  en- 
gagement  of  a  side  surfaces  198  or  200  of  the  slot 
196  with  the  ball  stud  180. 

Although  the  ball  and  socket  joint  172  is  pro- 
vided  with  the  slot  196  (Fig.  9)  to  transmit  rotary 

35  action  forces  to  the  vehicle  axle  16,  the  ball  and 
socket  joint  68  (Fig.  2)  at  the  opposite  end  of  the 
power  steering  assembly  32  is  free  to  pivot  or 
move  in  any  direction  relative  to  the  drive  member 
66.  Thus,  the  ball  and  socket  joint  68  is  ineffective 

40  to  resist  reaction  forces  during  operation  of  the 
electric  motor  50. 

Claims 

45  1.  An  apparatus  for  use  in  turning  steerable  ve- 
hicle  wheels  (14),  said  apparatus  comprising: 

an  electric  motor  (50)  having  a  central  axis 
(94),  said  electric  motor  (50)  including  a  motor 
output  member  (92)  rotatable  about  said  cen- 

50  tral  axis  (94); 
a  planetary  gear  set  (56)  drivingly  con- 

nected  with  said  motor  output  member  (92); 
a  transmission  output  member  (62)  coaxial 

with  said  central  axis  (94)  of  said  electric  motor 
55  (50)  and  connected  with  said  planetary  gear 

set  (56)  and  rotatable  by  said  planetary  gear 
set  (56)  upon  rotation  of  said  motor  output 
member  (92);  and 

5 
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a  manually  rotatable  drive  shaft  (72)  ex- 
tending  axially  through  said  electric  motor  (50) 
and  said  planetary  gear  set  (56),  said  drive 
shaft  (72)  having  an  input  end  portion  drivingly 
connected  with  a  steering  wheel  (30)  and  an 
output  end  portion  drivingly  connected  with 
said  transmission  output  member  (62); 

characterized  by: 
a  ball  nut  (64)  attached  to  said  transmis- 

sion  output  member  (62)  for  rotation  therewith 
about  said  central  axis  (94)  upon  rotation  of 
said  motor  output  member  (92);  and 

an  externally  threaded  member  (66)  dis- 
posed  in  engagement  with  and  circumscribed 
by  said  ball  nut  (64)  and  coaxial  with  said 
central  axis  (94)  and  movable  axially  by  said 
ball  nut  (64)  upon  rotation  of  said  motor  output 
member  (92)  for  effecting  turning  of  the  steera- 
ble  vehicle  wheels. 

2.  An  apparatus  as  defined  in  claim  1  wherein 
said  planetary  gear  set  (56)  includes  a  sun 
gear  (102)  drivingly  connected  with  said  motor 
output  member  (92),  a  ring  gear  (118)  fixed 
from  rotation  about  its  axis  encircling  said  sun 
gear  (102),  and  planet  gears  (104,  106,  108) 
meshing  with  said  sun  gear  (102)  and  said  ring 
gear  (118)  and  carried  by  said  transmission 
output  member  (62)  and  rotatable  relative  to 
said  transmission  output  member  (62). 

3.  An  apparatus  as  set  forth  in  claim  1  or  claim  2 
further  including: 

a  main  housing  (84)  enclosing  said  electric 
motor  (50),  planetary  gear  set  (56),  and  ball  nut 
(64); 

a  ball  and  socket  joint  (172)  connected  to 
said  main  housing  (84),  said  ball  and  socket 
joint  (172)  including  a  ball  stud  (180)  adapted 
to  be  connected  with  the  vehicle  and  a  socket 
housing  (182)  enclosing  one  end  of  the  ball 
stud  (180)  and  connected  to  said  main  housing 
(84),  said  socket  housing  (182)  including  a 
surface  means  (198,  200)  for  blocking  move- 
ment  of  said  main  housing  (84)  in  a  direction 
transverse  to  the  motor  axis  (94)  under  the 
influence  of  reaction  forces  transmitted  to  said 
main  housing  (84)  from  said  electric  motor 
(50). 

4.  An  apparatus  as  set  forth  in  claim  3  wherein 
said  sun  gear  (102)  is  disposed  in  a  coaxial 
relationship  with  said  electric  motor  (50)  and 
said  ring  gear  (118)  is  fixed  to  said  main 
housing  (84). 

5.  An  apparatus  as  set  forth  in  claim  4  wherein 
said  transmission  output  member  (62)  is  the 

planet  carrier  of  said  planet  gears  (104,  106, 
108)  and  is  rotatable  relative  to  said  ring  gear 
(118)  upon  relative  rotation  of  said  sun  and 
planet  gears  (102,  104,  106,  108). 

5 
6.  An  apparatus  as  set  forth  in  any  of  claims  1  to 

5  further  including  means  (140)  for  guiding  the 
axial  movement  of  said  externally  threaded 
member  (66)  and  for  holding  said  externally 

io  threaded  member  (66)  against  rotation  about 
its  axis. 

7.  An  apparatus  as  set  forth  in  any  of  claims  1  to 
6,  including  a  sensor  (44)  for  detecting  torque 

is  in  said  drive  shaft  (72)  and  for  actuating  said 
electric  motor  (50). 

Revendicatlons 

20  1.  Appareil  a  utiliser  pour  pivoter  des  roues  (14) 
de  direction  de  vehicule,  ledit  appareil  compre- 
nant: 

-  un  moteur  electrique  (50)  comportant  un 
axe  central  (94),  ledit  moteur  electrique 

25  (50)  comprenant  un  element  de  sortie  de 
moteur  (92)  monte  a  rotation  autour  de 
cet  axe  central  (94); 

-  un  train  planetaire  (56)  relie  a  entraTne- 
ment  audit  element  de  sortie  de  moteur 

30  (92); 
-  un  element  de  sortie  de  transmission 

(62)  coaxial  a  cet  axe  central  (94)  dudit 
moteur  electrique  (50)  et  connecte  audit 
train  planetaire  (56)  et  rotatif  par  ce  train 

35  planetaire  (56)  par  rotation  dudit  element 
de  sortie  de  moteur  (92);  et 

-  un  arbre  d'entraTnement  (72)  rotatoire 
manuellement,  s'etendant  axialement  a 
travers  ledit  moteur  electrique  (50)  et  le- 

40  dit  train  planetaire  (56),  cet  arbre  d'en- 
traTnement  (72)  presentant  une  partie 
d'extremite  d'entree  connectee  a  entraT- 
nement  a  un  volant  (30)  ainsi  qu'une 
partie  d'extremite  de  sortie  reliee  a  en- 

45  traTnement  audit  element  de  sortie  de 
transmission  (62); 
caracterise  par: 

-  un  ecrou  a  billes  (64)  attache  audit  ele- 
ment  de  transmission  de  sortie  (62)  pour 

50  une  rotation  avec  celui-ci  autour  de  cet 
axe  central  (94),  par  rotation  dudit  ele- 
ment  de  sortie  de  transmission  (92);  et 

-  un  element  exterieurement  taraude  (66) 
engageant  et  circonscrit  par  ledit  ecrou  a 

55  billes  (64),  coaxial  audit  axe  central  (94) 
et  pouvant  etre  deplace  axialement  par 
ledit  ecrou  a  billes  (64)  par  rotation  dudit 
element  de  sortie  de  moteur  (92)  afin  de 

6 
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tourner  les  roues  de  direction  du  vehi- 
cule. 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
ledit  train  planetaire  (56)  contient  une  roue 
solaire  (102)  reliee  a  entraTnement  audit  ele- 
ment  de  sortie  de  moteur  (92),  une  roue  den- 
tee  annulaire  (118)  fixe  en  rotation  autour  de 
son  axe  encerclant  ladite  roue  solaire,  et  des 
roues  planetaires  (104,  106,  108)  engrenant 
avec  ladite  roue  solaire  (102)  et  ladite  roue 
annulaire  (118)  et  supportee  par  ledit  element 
de  sortie  de  transmission  (62)  et  rotative  par 
rapport  audit  element  de  sortie  de  transmission 
(62). 

3.  Appareil  selon  les  revendications  1  ou  2,  com- 
portant  en  outre: 

-  un  bottier  principal  (84)  renfermant  ledit 
moteur  electrique  (50),  ledit  train  plane- 
taire  (56)  et  ledit  ecrou  a  billes  (64); 

-  un  joint  a  rotule  (172)  relie  audit  boltier 
principal  (84),  comprenant  une  tige  a  ro- 
tule  (180)  formee  pour  etre  reliee  au  ve- 
hicule  et  un  boltier  a  cuvette  (182)  enfer- 
mant  une  extremite  de  la  tige  a  rotule 
(180)  et  reliee  au  boltier  principal  (84), 
ledit  boltier  a  cuvette  (182)  presentant 
des  moyens  de  surface  (198,  200)  pour 
bloquer  le  mouvement  de  ce  boltier  prin- 
cipal  dans  une  direction  transversale  a 
I'axe  du  moteur  (94)  sous  I'effet  de  for- 
ces  de  reaction  transmises  par  ledit  mo- 
teur  electrique  (50)  audit  boltier  principal 
(84). 

4.  Appareil  selon  la  revendication  3,  dans  lequel 
ladite  roue  solaire  est  agencee  coaxialement 
par  rapport  audit  moteur  electrique  (50)  et  ladi- 
te  roue  annulaire  (118)  est  fixee  a  ce  boltier 
principal  (84). 

5.  Appareil  selon  la  revendication  4,  dans  lequel 
ledit  element  de  sortie  de  transmission  (62)  est 
le  support  planetaire  desdites  roues  planetaires 
(102,  104,  106,  108)  et  peut  subir  une  rotation 
par  rapport  a  ladite  roue  annulaire  (118)  par 
une  rotation  correspondante  de  ladite  roue  so- 
laire  et  desdites  roues  planetaires  (102,  104, 
106,  108). 

6.  Appareil  selon  I'une  des  revendications  1  a  5 
comprenant  en  outre  des  moyens  (140)  de 
guidage  du  mouvement  axial  dudit  element 
exterieurement  taraude  (66)  et  de  maintien  du- 
dit  element  exterieurement  taraude  (66)  contre 
la  rotation  autour  de  son  axe. 

7.  Appareil  selon  I'une  des  revendications  1  a  6 
comprenant  un  senseur  (44)  de  detection  de 
torsion  dans  ledit  arbre  d'entraTnement  (72)  et 
d'actionnement  dudit  moteur  electrique  (50). 

5 
Patentanspruche 

1.  Lenkvorrichtung  fur  lenkbare  Fahrzeugrader 
(14),  welche  Vorrichtung  aufweist: 

io  einen  Elektromotor  (50)  mit  einer  Mittelachse 
(94),  welcher  Elektomotor  (50)  ein  urn  die  Mit- 
telachse  (94)  drehbares  Motorabtriebselement 
(92)  aufweist; 
ein  Planetengetriebe  (56),  das  mit  dem  Motor- 

15  abtriebselement  (92)  in  Antriebsverbindung 
steht; 
ein  mit  der  Mittelachse  (94)  des  Elektromotors 
(50)  koaxiales  Kraftubertragungselement  (62), 
das  mit  dem  Planetengetriebe  (56)  verbunden 

20  und  bei  Drehung  des  Motorabtriebselements 
(92)  mittels  des  Planetengetriebes  (56)  drehbar 
ist;  und 
eine  durch  Handbetrieb  drehbare  Antriebswelle 
(72),  die  axial  durch  den  Elektromotor  (50)  und 

25  das  Planetengetriebe  (56)  verlauft,  wobei  die 
Antriebswelle  (72)  ein  mitnehmend  mit  einem 
Lenkrad  (30)  verbundenes  Antriebsendstuck 
und  ein  mitnehmend  mit  dem  Kraftubertra- 
gungselement  (62)  verbundenes  Abtriebsend- 

30  stuck  aufweist; 
gekennzeichnet  durch: 
eine  an  dem  Kraftubertragungselement  (62) 
befestigte  Kugelmutter  (64),  die  sich  damit  bei 
Drehung  des  Motorabtriebselements  (92)  urn 

35  die  Mittelachse  (94)  drehen  kann;  und  durch 
ein  mit  Au/Sengewinde  versehenes  Element 
(66),  das  mit  der  Kugelmutter  (64)  in  Eingriff, 
von  ihr  umbeschrieben  und  mit  der  Mittelachse 
(94)  koaxial  ist  und  das  bei  Drehung  des  Mo- 

40  torabtriebselements  (92)  axial  mittels  der  Ku- 
gelmutter  (64)  verschiebbar  ist,  urn  eine  Lenk- 
bewegung  der  lenkbaren  Fahrzeugrader  her- 
vorzurufen. 

45  2.  Vorrichtung  nach  Anspruch  1  ,  bei  welchem  das 
Planetengetriebe  (56)  ein  mitnehmend  mit  dem 
Motorabtriebselement  (92)  verbundenes  Son- 
nenrad  (102),  einen  bezuglich  seiner  Achse 
drehfest  gehaltenen  und  das  Sonnenrad  (102) 

50  umgebenden  Zahnkranz  (118)  sowie  Planeten- 
rader  (104,  106,  108)  enthalt,  die  mit  dem 
Sonnenrad  (102)  und  mit  dem  Zahnkranz  (118) 
in  Eingriff  stehen  und  die  mittels  des  Kraft- 
ubertragungselements  (62)  gelagert  und  relativ 

55  zu  dem  Kraftubertragungselement  (62)  drehbar 
sind. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  welche 
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ferner  enthalt: 
ein  Hauptgehause  (84),  das  den  Elektromotor 
(50),  das  Planetengetriebe  (56)  und  die  Kugel- 
mutter  (64)  umschlie/St;  und 
ein  Kugelgelenk  (172),  das  mit  dem  Hauptge-  5 
hause  (84)  verbunden  ist,  wobei  das  Kugelge- 
lenk  (172)  einen  Kugelzapfen  (180)  enthalt,  der 
dafur  geeignet  ist,  mit  dem  Fahrzeug  verbun- 
den  zu  werden,  sowie  ein  Sockelgehause  (182) 
enthalt,  das  ein  Ende  des  Kugelzapfens  (180)  10 
umschlie/St  und  das  mit  dem  Hauptgehause 
(84)  verbunden  ist,  wobei  das  Sockelgehause 
(182)  eine  Flacheneinrichtung  (198,  200)  auf- 
weist,  mit  der  eine  Bewegung  des  Hauptge- 
hauses  (84)  in  einer  Richtung  quer  zur  Motor-  is 
achse  (94)  unter  dem  Einflu/S  von  Ruckwir- 
kungskraften,  die  der  Elektromotor  auf  das 
Hauptgehause  (84)  ubertragt,  zu  verhindern  ist. 

4.  Vorrichtung  nach  Anspruch  3,  bei  welchem  das  20 
Sonnenrad  (102)  in  koaxialer  Beziehung  zu 
dem  Elektromotor  (50)  angeordnet  ist  und  bei 
welchem  der  Zahnkranz  (118)  an  dem  Haupt- 
gehause  (84)  festgehalten  ist. 

25 
5.  Vorrichtung  nach  Anspruch  4,  bei  welchem  das 

Kraftubertragungselement  (62)  der  Planeten- 
radtrager  der  Planetenrader  (104,  106,  108)  ist 
und  bei  einer  Relativdrehung  des  Sonnenrades 
und  der  Planetenrader  (102,  104,  106,  108)  30 
relativ  zum  Zahnkranz  (118)  drehbar  ist. 

6.  Vorrichtung  nach  einem  der  Anspruche  1  bis 
5,  welche  ferner  eine  Einrichtung  (140)  auf- 
weist,  mit  der  die  Axialverschiebung  des  mit  35 
Au/Sengewinde  versehenen  Elements  (66)  ge- 
fuhrt  und  das  mit  Au/Sengewinde  versehene 
Element  (66)  gegenuber  einer  Drehung  urn 
seine  Achse  festgehalten  werden  kann. 

40 
7.  Vorrichtung  nach  einem  der  Anspruche  1  bis 

6,  welche  einen  MeCfuhler  (44)  aufweist,  mit 
dem  das  Drehmoment  in  der  Antriebswelle 
(72)  abgetastet  und  der  Elektromotor  (50)  beta- 
tigt  werden  kann.  45 
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