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©  Lubricant  pumping  in  tandem  drive  axles. 

©  A  lubricant  pump  (82)  of  the  gerotor  type  is 
mounted  concentrically  over  the  output  shaft  (24)  of 
the  leading  axle  (76)  in  a  tandem  drive  axle  arrange- 
ment  having  in  inter-axle  power  dividing  differential 
(36).  The  outer  rotor  (88)  of  the  pump  (82)  is  con- 
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nected  by  an  annular  drive  band  (120)  to  the  dif- 
ferential  carrier  (38)  to  assure  full  time  pump  opera- 
tion.  Passages  (114,134)  are  provided  for  flow 
through  an  externally  mounted  filter. 
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BACKGROUND  OF  THE  DISCLOSURE 

The  present  invention  relates  to  drive  axes  and 
particularly  drive  axles  arranged  in  tandem  to  re- 
ceive  power  from  a  common  power  input  or  propel- 
ler  shaft,  and  with  a  power  divider  for  providing 
shared  power  from  the  propeller  shaft  to  the  tan- 
dem  drive  axles.  In  particular,  the  invention  relates 
to  tandem  drive  axles  operating  from  a  common 
propeller  shaft  and  employing  a  power  divider 
comprising  an  in  inter-axle  differential.  Tandem 
drive  axles  having  an  inter-axle  differential  are 
widely  used  in  heavy  duty  trucks  for  on-  and  off- 
road  service.  Furthermore,  it  is  known  to  employ  an 
inter-axle  differential  in  tandem  drive  axles  with  a 
shiftable  mechanism  for  locking  the  inter-axle  dif- 
ferential  to  provide  positive  drive  to  the  leading  and 
trailing  tandem  axles. 

In  such  drive  axles  it  is  common  to  have  a 
supply  of  lubricant  in  the  housing  and  to  provide 
positive  lubricant  pressure  to  the  input  and  output 
shaft  journals  and  the  inter-axle  differential  which 
are  disposed  above  the  level  of  lubricant  in  the 
housing. 

Heretofore,  a  gear  driven  lubricant  has  been 
employed  which  has  been  driven  through  an  idler 
gear  from  the  input  shaft  and  which  directed  a 
spray  to  the  inter-axle  differential. 

Thus  it  has  been  desired  to  provide  a  low-cost 
and  convenient  way  to  incorporate  a  lubricant 
pump  for  providing  positive  flow  of  lubricant  to  the 
input  and  output  shaft  journals  in  the  driving  axles. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  provides  a  lubricant 
pump  within  the  housing  of  a  leading  tandem  driv- 
ing  axle.  The  pump  is  of  the  gerotor  type  with  the 
housing  mounted  concentrically  about  the  power 
shaft  on  the  output  side  of  an  inter-axle  differential 
with  the  rotating  element  of  the  gerotor  pump 
driven  by  an  annular  member  having  axially  ex- 
tending  lugs  engaging  the  carrier  of  the  inter-axle 
differential.  The  pump  is  thus  driven  irrespective  of 
whether  the  inter-axle  differential  is  locked  or  free 
to  divide  power  as  between  the  leading  tandem 
axle  countergear  and  the  output  shaft  to  the  trailing 
tandem  axle.  The  lubricant  pump  of  the  present 
invention  is  thus  conveniently  installed  in  a  leading 
tandem  drive  axle  with  a  minimum  of  modification 
to  the  axle  and  provides  a  positive  pressurized 
source  of  lubricant  flow  for  lubricating  the  drive 
axles.  The  lubricant  pump  installation  of  the 
present  invention  provides  a  convenient  pump  con- 
struction  which  is  disposed  concentrically  over  the 
output  shaft  of  the  inter-axle  differential  and  is 
conveniently  driven  by  a  coupling  connected  to  the 
carrier  of  the  inter-axle  differential. 

The  pump  output  is  circulated  through  a  filter 
external  to  the  axle  housing  and  re-enters  through 
a  gallery  communicating  with  passages  in  the  input 
and  output  shafts  which  supply  lubricant  to  the 

5  journals  for  these  shafts  and  to  the  inter-axle  dif- 
ferential  assembly. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

io  FIG.  1  is  a  cross-section  of  a  leading  tandem 
drive  axle  taken  vertically  through  the  axis  of  the 
input  shaft; 
FIG.  2  is  an  enlarged  view  of  a  portion  of  FIG.  1 
showing  the  inter-axle  differential  and  pump  in 

75  greater  detail; 
FIG.  3  is  a  section  view  taken  along  section 
indicating  lines  3-3  of  FIG.  2; 
FIG.  4  is  a  section  view  taken  along  section 
indicating  lines  4-4  of  FIG.  3; 

20  FIG.  5  is  a  cross-section  of  a  portion  of  a 
leading  tandem  driven  axle  employing  the 
present  invention  taken  horizontally  through  the 
axis  of  the  input  shaft;  and, 
FIG.  6  is  a  cross-section  taken  along  section 

25  indicating  line  6-6  of  FIG.  2. 

DETAILED  DESCRIPTION 

Referring  to  FIG.  1,  the  invention  is  illustrated 
30  as  embodied  in  the  leading  one  of  a  plurality  of 

tandem  drive  axles  indicated  generally  at  10,  and 
which  has  a  casing  or  housing  12.  A  power  input 
shaft  14  is  journalled  in  a  bearing  assembly  in- 
dicated  generally  at  16,  and  has  a  yoke  18  at- 

35  tached  thereto,  which  is  adapted  for  receiving  pow- 
er  from  the  vehicle  driveline. 

A  power  output  sleeve  or  coupling  20  is  jour- 
nalled  in  a  second  bearing  assembly  indicated  gen- 
erally  at  22,  and  has  a  reduced  diameter  pilot 

40  portion  24  of  input  shaft  14  journalled  therein  as 
denoted  by  reference  numeral  24.  Output  sleeve 
20  has  a  plurality  of  sidegear  teeth  26  formed 
thereon  for  receiving  driving  power.  The  end  of 
power  output  coupling  20  has  received  therein  and 

45  engaged  by  a  plurality  of  splines  28  provided  at 
one  end  of  an  output  shaft  30,  which  has  the  tail 
end  thereof  journalled  in  a  dual  race  bearing  as- 
sembly  indicated  generally  at  32.  The  output  end 
of  shaft  30  has  splined  thereto  an  output  yoke  34 

50  adapted  for  connection  to  the  input  shaft  of  the 
trailing  drive  axle  (not  shown)  of  the  tandem  ar- 
rangement. 

Input  shaft  14  has  a  plurality  of  splined  teeth 
36  formed  thereon  adjacent  the  pilot  24;  and,  a 

55  differential  carrier  or  spider  38  is  received 
thereover  and  splined  thereto  in  driving  engage- 
ment,  and  has  oppositely  disposed  differential  or 
spider  gears  40,42  mounted  thereon  in  free  rotating 
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arrangement,  and  engaging  the  teeth  26  of  the 
output  gear  on  one  side  thereof. 

A  power  transfer  helical  gear  44  is  received 
over  shaft  14  and  disposed  adjacent  the  spider 
gears  40,42;  and,  helical  gear  44  has  a  plurality  of 
side  teeth  46  thereon  which  engage  the  differential 
spider  gears  40,42.  The  helical  gear  44  is  journal- 
led  on  shaft  14  by  a  sleeve  bearing  or  bushing  48 
for  free  rotation  thereon.  Helical  gear  44  has  on  the 
input  axial  face  thereof  a  plurality  of  clutch  teeth 
50.  A  clutch  ring  52  is  received  over  an  enlarged 
diameter  spline  54  formed  on  shaft  14,  the  clutch 
ring  having  a  corresponding  set  of  clutch-dog  teeth 
56  formed  thereon  for  sliding  engagement  with  the 
dog  teeth  50  on  helical  gear  44.  Clutch  ring  52  has 
a  peripheral  groove  58  formed  thereon  by  the  shift 
fork  end  60  for  moving  the  ring  52  axially  on  spline 
56  for  engagement  and  disengagement  of  the  hel- 
ical  gear  44  with  shaft  14.  It  will  be  understood  that 
when  the  ring  52  engages  the  dog-teeth  50  on 
helical  gear  44  relative  rotation  of  the  helical  gear 
and  shaft  14  is  prevented  and  the  differential 
mechanism  is  thus  in  a  locked  condition. 

Helical  gear  44  is  engaged  with  a  countergear 
62,  which  is  received  over  and  drivingly  engaged 
with  splines  64  provided  on  a  pinion  shaft  66  which 
is  journalled  in  housing  12  by  means  of  the  dual 
bearing  assembly  indicated  generally  at  68.  Pinion 
shaft  66  has  formed  integrally  therewith  a  drive 
pinion  70  which  engages  the  axle  ring  gear  72, 
which  is  bolted  to  a  second  differential  carrier  74 
which  drives  the  axle  76  by  means  of  differential 
gears  78  and  side  gear  80. 

Referring  to  FIGS.  2,  3,  and  4,  a  pump  assem- 
bly  indicated  generally  at  82  has  a  stator  in  the 
form  of  a  casing  84,  which  has  formed  therein  an 
outer  cylindrical  internal  surface  86  in  which  is 
journalled  an  outer  rotor  member  88  for  precision 
fit  free  rotation  therein.  The  inner  periphery  of  the 
outer  rotor  member  88  has  a  plurality  of  internally- 
extending  teeth  or  lobes  disposed  in  circumferen- 
tially  equally  spaced  arrangement  as  denoted  typi- 
cally  by  reference  numeral  93  in  FIG.  3.  Stator  84 
has  a  second  cylindrical  surface  formed  thereon 
and  spaced  radially  inwardly  from  the  outer  surface 
86  and  denoted  by  reference  numeral  94  in  FIGS. 
3  and  4.  The  cylindrical  surface  94  is  disposed 
about  an  axis  displaced  from  the  axis  of  the  cylin- 
drical  surface  86  by  a  desired  amount  to  thereby 
make  the  surfaces  94  and  86  eccentric  with  re- 
spect  to  each  other. 

An  inner  rotor  96  has  the  outer  periphery  there- 
of  provided  with  a  plurality  of  circumferentially 
spaced  radially-outwardly  extending  teeth  or  lobes, 
as  denoted  typically  by  reference  numeral  98  in 
FIG.  3.  It  will  be  understood  that  the  external  lobes 
98  are  configured  so  as  to  be  capable  of  inter- 
digitation  with  the  lobes  93  upon  rotation  of  the 

inner  ring  96  about  the  surface  94  upon  which  it  is 
journalled  in  a  precision  free-sliding  arrangement. 

Referring  to  FIGS.  2,  3,  and  4,  the  pump  as- 
sembly  82  is  shown  installed  in  the  axle  housing  12 

5  by  bolts  or  screws  100  received  through  apertures 
102  provided  in  lugs  104  provided  on  the  pump 
stator  84  in  circumferentially  spaced  arrangement. 
The  outer  periphery  of  the  outer  rotor  ring  88  has  a 
plurality  of  circumferentially  equally  spaced  reces- 

io  ses  or  notches  denoted  typically  by  reference  nu- 
meral  106  in  FIG.  3,  which  are  adapted  for  driving 
engagement,  as  will  hereinafter  be  described  in 
detail.  It  will  be  understood  that  the  stator  has  a 
central  bore  108  with  a  clearance  hole  for  the  drive 

is  coupling  20  which  is  received  therethrough  upon 
installation  of  the  pump  assembly  82  in  housing  12. 
The  stator  also  has  an  inlet  slot  110  provided 
therein  which  communicates  with  the  face  of  the 
rotors  88,96  on  the  side  thereof  adjacent  the  hous- 

20  ing  12.  The  stator  84  has  an  outwardly-extending 
boss  112  provided  thereon  as  shown  in  FIGS.  3 
and  4,  which  boss  has  formed  therein  an  outlet  or 
discharge  port  114  which  also  communicates  with 
the  side  of  the  inner  rotor  96  and  outer  rotor  98  for 

25  discharging  fluid  upon  rotation  of  the  inner  and 
outer  rotors.  A  cover  or  annular  cap  116  is  secured 
over  the  rotors  onto  the  stator  by  screws  (not 
shown)  engaging  a  plurality  of  circumferentially 
spaced  holes  118  provided  in  the  stator.  The  cover 

30  is  removed  in  FIG.  3,  illustrated  in  solid  outline  in 
FIGS.  1  and  2,  and  shown  in  dashed  outline  in  FIG. 
4. 

Referring  to  FIGS.  1  and  2,  a  drive  coupling  in 
the  form  of  annular  band  120  has  a  plurality  of 

35  circumferentially-spaced  and  axially-extending  lugs 
122  which  each  engage,  respectively,  one  of  a 
plurality  of  notches  124  formed  in  the  axial  face  of 
the  differential  carrier  38. 

Similarly,  a  plurality  of  circumferentially-spaced 
40  axially-extending  lugs  126  are  formed  on  the  axially 

opposite  face  or  side  of  the  band  120;  and,  each  of 
the  lugs  126  is  engaged  with  one  of  the  notches 
106  (see  FIG.  3)  in  the  outer  rotor  88  of  the  pump. 

Thus,  the  annular  band  120  transmits  rotary 
45  power  from  the  differential  carrier  38  directly  to  the 

outer  rotor  88  of  the  pump. 
Referring  to  FIGS.  1  ,  3,  4,  and  6,  the  outlet  of 

the  pump  114  is  connected  externally  of  the  casing 
12  via  the  fluid  conduit  128  indicated  in  dashed 

50  outline  in  FIG.  6  to  a  filter  130;  and,  the  filtered 
lubricant  is  returned  to  the  casings  through  conduit 
132,  also  shown  in  dashed  outline,  which  is  con- 
nected  to  an  inlet  passage  134  provided  in  casing 
12.  Passage  134  communicates  with  a  vertical  pas- 

55  sage  136  which  is  ported  to  the  outer  diameter  of 
coupling  20  between  seal  rings  138,140.  A  plurality 
of  cross  passages  142,146  formed  in  coupling  20 
communicate  lubricant  to  the  interior  thereof. 

3 
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Lubricant  under  pressure  flows  from  the  interior 
of  coupling  20  through  central  passage  148  in  pilot 
portion  24  and  shaft  14  to  cross  hole  150  which 
supplies  sleeve  bearing  48.  Lubricant  under  pres- 
sure  flows  axially  through  sleeve  bearing  48  and 
lubricates  the  spider  gears  40,42  on  the  power 
dividing  differential  and  the  clutch  on  gear  44. 

Referring  to  FIG  2,  if  desired,  pilot  portion  24  of 
input  shaft  14  may  have  a  plurality  of  flats  152,154 
formed  thereon  to  facilitate  oil  flow  to  output  gear 
26.  It  will  be  understood  that  the  inlet  port  or  slot 
110  in  pump  stator  84  is  immersed  below  the 
lubricant  fill  level  in  casing  12  in  order  to  provide  a 
continuous  supply  to  the  pump  82.  If  desired,  filter 
130  may  be  mounted  directly  on  the  exterior  of 
casing  12,  in  which  case  conduits  128,132  would 
comprise  holes  in  the  casing  spaced  to  commu- 
nicate  directly  with  the  filter  inlet  and  outlet.  In  the 
present  practice,  vertical  oil  passage  136  is  bored 
from  the  exterior  of  the  casing  and  sealed  with  a 
threaded  plug  156. 

The  present  invention  thus  provides  a  unique 
and  low  cost  means  for  lubricating  the  input  and 
output  shaft  of  tandem  drive  axles  with  an  inter-axle 
power  dividing  differential.  A  gerotor  pump  is 
mounted  concentrically  over  the  output  shaft  of  the 
leading  axle.  The  outer  rotor  is  connected  via  an 
annular  drive  band  to  the  inter-axle  differential  car- 
rier  to  insure  full  time  pump  operation.  Lubricant 
galleries  are  provided  for  flow  to  and  from  an 
external  filter. 

Although  the  present  invention  has  been  de- 
scribed  with  respect  to  the  illustrated  embodi- 
ments,  it  will  be  understood  that  the  invention  is 
capable  of  modification  and  variation,  and  is  limited 
only  by  the  following  claims. 

Claims 

1.  In  combination  with  tandem  drive  axles  having 
a  power  divider  therebetween,  the  improve- 
ment  comprising: 

(a)  a  housing  means  (12)  having  a  supply  of 
lubricant  therein; 
(b)  a  power  input  shaft  (14)  for  one  of  said 
axles  (76)  and  a  power  output  shaft  (30) 
having  a  gear  (26)  thereon  for  the  other  of 
said  tandem  axles  and  a  power  divider  com- 
prising  an  inter-axle  differential  having  the 
spider  or  carrier  (38)  thereof  drivingly  con- 
nected  to  said  input  shaft  and  carrier  moun- 
ted  differential  or  idler  gears  (40,42)  mesh- 
ing  with  said  output  shaft  gear  and  a  drive 
gear  (44)  for  said  one  axle; 
(c)  pump  means  (82)  having  a  stator  (84) 
mounted  to  said  housing  means  and  a  rotor 
means  (88,96)  operative  upon  rotation  with 
respect  to  said  stator  to  circulate  said  lubri- 

cant  for  lubricating  said  input  and  output 
shafts  and  said  power  divider;  and, 
(d)  coupling  means  (120)  drivingly  connect- 
ing  said  carrier  to  said  rotor  means. 

5 
2.  The  improvement  defined  in  claim  1,  wherein 

said  pump  rotary  member  is  drivingly  con- 
nected  to  said  carrier  by  an  annular  member 
(120). 

10 
3.  In  combination  with  tandem  drive  axles  having 

a  power  divider  therebetween,  the  improve- 
ment  comprising: 

(a)  housing  means  (12)  having  one  of  said 
is  tandem  axles  (76)  journalled  thereon  and 

containing  a  supply  of  lubricant; 
(b)  a  power  input  shaft  (14)  journalled  on 
said  housing  means  and  adapted  for  driving 
one  of  said  tandem  axles; 

20  (c)  a  power  output  shaft  (30)  journalled  on 
said  housing  means,  and  adapted  for  driv- 
ing  another  of  said  tandem  axles; 
(d)  a  power  divider  (38)  having  an  input 
member  (38)  drivingly  attached  to  said  input 

25  shaft  and  an  output  member  (20)  drivingly 
attached  to  said  output  shaft  and  power 
dividing  means  (40,42)  carried  by  said  input 
member  and  operatively  connected  to  pro- 
vide  divided  power  to  said  first  tandem  axle 

30  and  said  output  member; 
(e)  lubricant  pump  means  (82)  including  a 
stator  (84)  mounted  on  said  housing  and 
including  a  rotor  (88),  rotatable  with  respect 
to  said  stator  for  pumping  said  lubricant 

35  between  an  input  and  an  outlet  in  said  sta- 
tor;  and, 
(f)  a  drive  coupling  (120)  interconnecting 
said  power  divider  input  member  and  said 
pump  rotor  for  effecting  rotation  thereof. 

40 
4.  The  improvement  defined  in  claim  3,  wherein 

said  power  divider  comprises  an  inter-axle  dif- 
ferential  and  said  input  means  comprises  a 
differential  gear  carrier. 

45 
5.  The  improvement  defined  in  claim  3,  wherein 

said  pump  means  comprises  a  gerotor  pump. 

6.  The  improvement  defined  in  claim  3,  wherein 
50  said  drive  coupling  comprises  an  annular 

member. 

7.  The  improvement  defined  in  claim  3,  wherein 
said  power  divider  comprises  an  inter-axle  dif- 

55  ferential,  said  input  member  comprises  a  dif- 
ferential  gear  carrier,  and  said  drive  coupling 
comprises  an  annular  member  connected  to 
said  carrier. 

4 
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8.  The  improvement  defined  in  claim  3,  wherein 
said  rotary  member  is  mounted  for  concentric 
rotation  with  said  power  input  shaft. 

9.  The  improvement  defined  in  claim  3,  wherein  5 
said  power  dividing  means  includes  pair  of 
oppositely  disposed  spider  gears  mounted  for 
free  rotation  of  said  power  input  shaft;  and, 
said  spider  gears  engage  a  drive  gear  moun- 
ted  for  free  rotation  about  said  power  input  10 
shaft  and  drivingly  inter-connected  to  said  first 
tandem  axle. 

10.  The  improvement  defined  in  claim  3,  wherein 
said  pump  means  is  disposed  axially  inter-  is 
mediate  said  power  input  shaft  and  said  power 
output  shaft. 

11.  The  improvement  defined  in  claim  3,  wherein 
said  pump  means  comprises  a  gerotor  pump  20 
having  a  rotatable  outer  annular  member 
drivingly  connected  to  said  power  divider  input 
member  and  having  an  inner  annular  member 
disposed  for  eccentric  rotation  with  respect  to 
said  housing  means.  25 

12.  The  improvement  defined  in  claim  3,  wherein 
said  drive  coupling  includes  an  annular  mem- 
ber  having  at  least  one  lug  extending  there- 
from  and  engaging  a  corresponding  at  least  30 
one  recess  provided  on  said  power  divider 
input  member. 

13.  The  improvement  defined  in  claim  3,  wherein 
said  drive  coupling  includes  an  annular  mem-  35 
ber  having  at  least  one  lug  extending  there- 
from  and  engaging  a  corresponding  at  least 
one  recess  formed  on  said  pump  means  rotat- 
able  input  member. 
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