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(54)  Thrust  balancing  of  a  rotor. 

@  This  invention  relates  to  balancing  thrust  on  rotors.  For 
example  the  invention  relates  to  balancing  the  thrust  on  the 
rotor  of  a  compressor. 

A  single  stage  compressor  (10)  with  an  overhung  rotor  for 
process  gas  having  one  end  of  the  compressor  rotor  exposed 
to  atmospheric  pressure  and  the  other  rotor  end  exposed  to 
suction  pressure  can  incur  an  extremely  large  unbalanced  load 
on  the  thrust  area  of  the  rotor  as  a  result  of  the  imposed 
pressure  differential  between  atmosphere  and  suction  press- 
ures.  At  low  operating  speeds,  such  as  at  startup  or  shutdown, 
the  imposed  loading  is  known  to  exceed  the  load,  factor  for 
which  the  thrust  bearing  was  selected.  For  that  reason,  it  has 
been  necessary  to  improvise  in  order  to  allow  low  speed 
operation  when  excess  thrust  load  is  being  incurred. 
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Description 

THRUST  BALANCING  OF  A  ROTOR 

and  having  a  common  centerline  axis.  An  axially 
slidable  annular  sealing  ring  is  disposed  on  an 
outboard  side  of  the  thrust  collar  between  the  inner 
circumference  of  the  thrust  bearing  housing  and  the 
outer  circumference  of  the  thrust  bearing  ring.  A 
pilot  oil  feed  cavity  is  connected  to  move  the  axially 
slidable  sealing  ring  toward  the  thrust  collar  and  in 
sealing  engagement  therewith.  Main  oil  pressure  is 
introduced  on  the  outboard  side  of  the  thrust  collar 
so  that  during  periods  of  compressor  low  speed 
conditions,  the  thrust  unbalance  caused  by  the 
process  pressure  on  the  inlet  side  of  the  com- 
pressor  is  relieved  by  the  main  oil  pressure  against 
the  outboard  side  of  the  thrust  collar. 

In  an  embodiment  of  another  aspect  of  the 
invention,  the  sliding  seal  is  formed  on  its  bearing 
contact  surface  with  hydrodynamic  pockets 
whereby  as  the  speed  of  the  thrust  collar  is 
increased,  the  axial  distance  between  the  sealing 
ring  and  the  thrust  collar  is  increased  to  provide  for 
thrust  bearing  cooling  while  simultaneously  main- 
taining  a  seal  in  the  thrust  collar  area.  Once  the 
operating  speed  is  high  enough  so  that  the  thrust 
capacity  of  the  thrust  bearing  ring  is  adequate  to 
carry  the  thrust,  pilot  oil  pressure  behind  the  sliding 
seal  is  relieved  as  well  as  the  main  oil  pressure  on 
the  outboard  surface  of  the  thrust  collar.  This  will 
allow  the  sealing  ring  to  further  depart  from  the 
thrust  collar.  When  the  compressor  speed  again 
slows  for  shutdown  the  aforedescribed  invention  is 
once  again  actuated  using  the  pilot  oil  pressure. 
During  low  speed  operation,  high  pressure  seal  oil  is 
introduced  into  the  thrust  bearing  housing  whereas 
during  normal  operation  lube  oil  is  sent  to  the  thrust 
bearing. 

Reference  will  now  be  made  by  way  of  example  to 
the  accompanying  drawings  in  which  :- 

Figure  1  is  a  cross  section  of  a  single  stage, 
overhung  rotor  compressor. 

Figure  2  is  a  cross-section  of  the  bearing 
housing  portion  of  the  compressor  casing. 

Figure  3  is  a  cross-section  schematic  of  the 
thrust  bearing  housing  portion  of  the  com- 
pressor  casing. 

Figure  4  is  a  schematic  of  the  oil  delivery 
system. 

Referring  now  to  Figure  1,  a  compressor  10 
includes  a  compressor  casing  20  which  surrounds  a 
head  22  having  a  truncated  cone  bore  23  for  inlet 
process  fluid.  As  depicted  in  Figure  1,  process  fluid 
flows  from  left  to  right,  from  the  inlet  end  of  the 
compressor  to  an  impeller  24.  The  impeller  is 
attached  to  and  rotatable  with  a  rotor  26  which  is 
supported  within  the  compressor  casing  by  journal 
bearings  one,  of  which,  is  shown  as  main  journal 
bearing  28.  As  shown  in  Figure  1,  where  there  are 
two  similar  parts,  the  one  to  the  left  will  be  referred 
to  as  the  inboard  part  and  the  one  to  the  right  will  be 
referred  to  as  the  outboard  part.  Hence,  the 
compressor  casing  is  closed  at  the  left  side  by  an 
inboard  end  cover  32  and  closed  at  the  right  side  by 

This  invention  relates  to  balancing  thrust  on 
rotors.  For  example  the  invention  relates  to  balanc- 
ing  the  thrust  on  the  rotor  of  a  compressor.  5 

A  single  stage  compressor  with  an  overhung  rotor 
for  process  gas  having  one  end  of  the  compressor 
rotor  exposed  to  atmospheric  pressure  and  the 
other  rotor  end  exposed  to  suction  pressure  can 
incur  an  extremely  large  unbalanced  load  on  the  10 
thrust  area  of  the  rotor  as  a  result  of  the  imposed 
pressure  differential  between  atmosphere  and  suc- 
tion  pressures.  At  low  operating  speeds,  such  as  at 
startup  or  shutdown,  the  imposed  loading  is  known 
to  exceed  the  load  factor  for  which  the  thrust  75 
bearing  was  selected.  For  that  reason,  it  has  been 
necessary  to  improvise  in  order  to  allow  low  speed 
operation  when  excess  thrust  load  is  being  incurred. 

A  conventional  approach  toward  resolving  the 
foregoing  has  been  to  increase  the  load  capacity  of  20 
the  thrust  bearing  sufficient  to  withstand  the  load 
level  which  the  bearing  incurs.  This  approach  is 
disadvantageous  because  the  larger  bearing  re- 
quires  higher  oil  flow  and  has  higher  power  losses  at 
design  speed.  Another  approach  has  been  to  reduce  25 
the  pressure  differential  by  venting  the  process  gas 
from  the  compressor  to  reduce  the  overall  internal 
pressure  to  an  acceptable  level.  This  approach  has 
been  likewise  unsatisfactory  in  that  it  will  result  in  a 
considerable  waste  of  process  gas  during  com-  30 
pressor  operation.  Still  another  technique  has  been 
to  counteract  the  high  pressure  differential  with 
appropriately  directed  high  pressure  oil  at  a  press- 
ure  which  may  be  significantly  higher  than  the 
process  gas.  This  approach,  in  the  past,  has  tended  35 
to  complicate  and  enlarge  the  seal  oil  system. 

One  aspect  of  the  present  invention  seeks  to 
provide  a  thrust  balancing  system  for  a  rotor,  e.g.  of 
a  compressor,  which  will  be  effective  to  avoid 
excessive  thrust  loadings  during  periods  of  low  rotor  40 
speed. 

Another  aspect  seeks  to  provide  thrust  balance  of 
a  rotor  at  low  speed  without  increasing  thrust 
bearing  size,  or  causing  increased  thrust  bearing 
design  complexity,  or  increasing  oil  pressures.  In  the  45 
case  of  a  gas  compressor  it  is  desirable  to  avoid 
having  to  vent  process  gas. 

Yet  a  further  aspect  of  the  invention  utilizes  high 
pressure  seal  fluid  during  period  of  low  speed 
operation  and  lower  lubrication  fluid  during  periods  50 
of  normal  rotor  operation  within  the  thrust  bearing 
housing. 

A  preferred  embodiment  of  the  invention  com- 
prises  a  single  stage  compressor  having  an  over- 
hung  rotor  wherein  one  end  of  the  compressor  rotor  55 
incorporating  the  impeller,  which  is  "overhung",  is 
outside  one  of  the  journal  bearings  and  is  exposed 
to  process  gas  whereas  the  other  end  of  the 
compressor  rotor  is  exposed  to  atmospheric  press- 
ure.  The  compressor  casing  may  include  a  thrust  60 
bearing  housing  which  encloses  a  thrust  collar 
rotatable  with  the  compressor  rotor  and  a  stationary 
thrust  bearing  ring  axially  adjacent  the  thrust  collar 
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housing  36  which  may  include  the  inner  housing  48. 
The  thrust  collar  or  thrust  runner  60  is  disposed 
axially  between  the  inboard  bearing  ring  62  and  the 
outboard  bearing  pad  65.  The  bearing  pad  65  is  only 

5  one  of  a  plurality  of  bearing  pads  (not  shown)  which 
are  contained  within  a  bearing  cage  or  ring  64.  An 
outer  support  ring  61  locates  the  outboard  thrust 
bearing  ring  64  relative  to  the  inner  housing  48.  An 
axially  slidable  annular  sealing  ring  70  is  shown  in  its 

10  sealing  position  sealingly  engaging  the  outboard 
surface  72  of  the  thrust  collar  60.  The  sealing  ring  is 
positioned  between  the  radially  outer  circumference 
of  the  support  ring  61  and  the  radially  inner 
circumference  of  the  inner  bearing  housing  48.  The 

15  sealing  ring  is  caused  to  move  in  the  acial  direction 
toward,  the  thrust  collar  by  means  of  a  pilot  oil 
pressure  which  is  introduced  into  an  annular  pilot 
cavity  80  through  port  81  which  applies  pressure  to 
the  outboard  side  of  the  sliding  seal  causing  the 

20  sealing  ring  to  sealingly  engage  the  outboard  side  72 
of  the  thrust  collar.  The  means  for  introducing  pilot 
fluid  pressure  into  the  cavity  80  will  be  shown  in 
conjunction  with  the  description  of  Figure  4. 

Main  oil  feed  84  provides  oil  to  main  oil  manifold  86 
25  which,  in  turn,  provides  oil  into  the  interior  thrust 

bearing  housing  88  through  radial  passageways  90 
(only  one  shown).  A  thrust  housing  oil  seal  92,  along 
with  the  annular  sliding  seal  70,  retains  pressurized 
oil  within  the  interior  of  the  bearing  housing,  which 

30  provides  a  counterforce  acting  against  the  outboard 
surface  72  of  the  thrust  collar  to  oppose  the 
unbalance  axial  force  acting  on  the  rotor  due  to 
process  fluid  pressure. 

The  axially  moveable  sealing  ring  70  is  unbalanced 
35  so  that  even  after  equal  oil  pressure  exists  in  the 

bearing  area  88  and  the  annular  cavity  80,  a  net  force 
exists  on  the  outboard  side  of  the  seal  70  to  push  the 
sealing  ring  into  contact  with  the  thrust  collar  60. 
This  means  that  under  static  conditions,  there  is 

40  essentially  no  leakage  flow  at  the  sealing  surface  94. 
The  inboard  surface  of  the  sealing  ring  at  the  sealing 
surface  94  must  act  as  a  secondary  thrust  bearing 
during  startup  conditions,  effectively  carrying  the 
unbalance  load  of  the  sealing  ring.  The  inboard 

45  surface  of  the  sealing  ring  70  is  machined  in  a  thrust 
bearing  configuration  so  as  to  form,  under  pressure, 
a  hydrodynamic  pocket  96,  which  might  take  the 
form  of  a  tapered  land  or  step  bearing.  As  the 
operating  speed  of  the  rotor  increases,  there  is  an 

50  increase  of  oil  film  in  the  region  of  the  hydrodynamic 
pocket  96  which  effectively  increases  the  axial 
clearance  between  the  sealing  ring  and  the  thrust 
collar  thereby  increasing  the  oil  flow.  By  properly 
balancing  the  area  of  the  hydrodynamic  pocket 

55  relative  to  the  outboard  seal  area,  the  sealing  ring 
will  provide  oil  flow  to  adequately  cool  the  thrust 
bearing  during  periods  of  low  speed  operation,  while 
simultaneously  maintaining  a  seal  at  the  thrust  collar 
to  allow  the  static  thrust  to  be  counteracted  by  the 

60  main  oil  pressure  in  the  bearing  housing  on  the 
outboard  side  of  the  thrust  collar.  Once  the 
operating  speed  of  the  rotor  is  high  enough  so  that 
the  thrust  capacity  of  the  thrust  bearing  is  adequate 
to  carry  the  thrust,  the  pilot  oil  feed  pressure  in 

65  cavity  80  is  relieved  and  then  immediately  thereafter 

an  outboard  end  cover  34  each  of  which  is  fastened 
to  the  compressor  casing  20  by  bolts  35.  The 
compressor  rotor  is  supported  by  bearings  which 
are  part  of  a  bearing  housing  36  which  will  be 
described  in  further  detail,  yet  to  come. 

The  operation  of  the  compressor  thus  far  de- 
scribed  is  as  follows.  A  prime  mover  (not  shown) 
such  as  a  turbine  or  electric  motor  drive  causes  the 
rotor  26  to  rotate.  The  inlet  side  of  the  compressor, 
such  as  the  bore  side  of  the  head  22,  is  subjected  to 
process  fluid  at  high  pressure  P1.  The  rotor  causes 
its  attached  impeller  24  also  to  rotate  so  that  the 
pressure  of  the  process  fluid  is  caused  to  rise  as  the 
fluid  is  centrifugally  compressed  to  an  outer  annulus 
38  of  the  compressor  casing  whereupon  the  fluid  is 
discharged  from  the  compressor  casing  from  a 
discharge  opening  which  is  not  shown  but  is 
otherwise  familiar  to  persons  having  skill  in  the  art. 
The  outboard  rotor  end  opposite  the  inboard  rotor 
end  on  the  inlet  side  of  the  compressor  casing  is 
exposed  to  atmospheric  pressure  PA.  Atmospheric 
pressure  is  considerable  less  than  process  pressure 
P1  so  that  the  rotor  is  subjected  to  a  net  force  F,  at 
static  and  low  speed  conditions  in  the  outboard 
direction,  which  is  approximately  equal  to  the 
difference  between  the  process  pressure  less 
atmospheric  pressure  times  the  area  A1  under  the 
main  shaft  seal  40.  This  is  a  static  pressure 
difference  which  is  not  accounted  for  until  the 
compressor  attains  a  sufficient  speed  to  provide  a 
reactive  force  to  the  force  F  due  to  the  process  fluid 
pressure  differential  acting  against  the  unbalanced 
area  of  the  impeller.  In  the  bearing  housing  36,  the 
force  F  acting  on  the  rotor  is  transferred  to  the 
compressor  casing  through  the  thrust  bearing  now 
to  be  described. 

A  bearing  housing  36  may  include  an  outer 
bearing  housing  46  and  an  inner  bearing  housing  48 
generally  all  referred  to  as  the  bearing  housing  36. 
The  bearing  housing  is  fastened  to  the  compressor 
casing  by  means  of  radially  inner  bolts  50  and  radially 
outer  bolts  52.  The  rotor  26  is  supported  within  the 
bearing  housing  by  means  of  a  main  journal  bearing 
28  and  an  outboard  journal  bearing  54.  The  thrust 
bearing  structure  is  mounted  in  the  inner  bearing 
housing  48  between  the  two  journal  bearings,  and 
includes  a  rotatable  thrust  collar  and  runner  60 
affixed  to  or  formed  with  the  rotor  26.  The  stationary 
portion  of  the  thrust  bearing  is  a  pair  of  thrust 
bearing  rings.  It  is  well  known  by  those  acquainted 
with  the  art  that  a  thrust  bearing  ring  is  an  annular 
cage  having  a  radially  inner  support  ring  and  a 
radially  outer  support  ring  connected  by  a  radially 
extending  member  which  supports  a  plurality  of 
hydrodynamically  pie  shaped  segments  or  bearing 
pads.  There  are  two  thrust  bearing  rings,  in  the 
present  embodiment,  as  further  represented  by 
inboard  bearing  ring  62  and  outboard  bearing  ring 
64.  As  unequal  forces  are  applied  to  the  rotor  ends, 
the  inboard̂   and  outboard  bearing  pads  transfer  the 
unequal  force  to  their  respective  bearing  ring 
(depending  on  the  direction  of  the  unequal  force) 
which  is  then  transferred  to  the  thrust  bearing 
housing  and  the  compressor  casing. 

Figure  3  is  an  enlarged  schematic  of  the  bearing 
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the  lube  oil  line  102  with  the  main  oil  feed  line  126  to 
assure  outboard  thrust  bearing  lubrication  during 
normal  operation  periods  where  high  pressure  seal 
oil  is  not  required.  A  check  valve  118  is  used  to 

5  provide  flow  from  the  line  102  automatically  during 
periods  at  normal  operating  speeds  when  thrust 
unbalance  is  within  the  normal  operating  capabilities 
of  the  thrust  bearing  or  under  conditions  where  the 
process  fluid  pressure  is  low  and  therefore  thrust 

10  unbalance  is  not  so  severe. 
The  embodiment  of  the  invention  as  previously 

described  operates  in  accordance  with  the  following 
method.  During  period  of  low  speed  rotor  operation, 
introducing  high  pressure  seal  oil  into  an  annular 

15  pilot  oil  cavity  for  moving  the  annular  axially  slidable 
sealing  ring  into  sealing  engagement  with  the  thrust 
collar;  introducing  high  pressure  seal  oil  into  a  main 
oil  manifold  for  applying  seal  oil  pressure  to  the 
thrust  collar  in  a  closed  thrust  housing  chamber.  As 

20  the  rotor  gains  speed,  moving  the  sealing  ring  and 
the  thrust  collar  axially  apart  using  hydrodynamic 
forces  whereby  lubrication  of  the  thrust  bearing  is 
accomplished.  At  normal  operating  speed,  deleting 
high  pressure  seal  oil  for  lower  pressure  lubricating 

25  oil  whereby  the  thrust  bearing  operates  under 
normal  operating  oil  pressures.  Reintroducing  seal 
oil  pressure  into  the  bearing  housing  as  previously 
described  as  the  rotor  speed  decreases  below  a  set 
limit. 

30  Thus  in  accordance  with  the  previously  described 
construction  and  method  of  operation  it  is  apparent 
that  the  illustrative  embodiment  of  the  present 
invention  provides  the  following  advantages. 

The  embodiment  provides  a  thrust  balancing 
35  system  which  operates  during  periods  of  low  rotor 

speed  to  cause  high  pressure  seal  oil  to  be 
introduced  into  the  thrust  bearing  housing  for  the 
combined  purpose  of  first  providing  a  closed 
chamber  on  the  outboard  side  of  the  thrust  collar; 

40  and  second  to  allow  the  introduction  of  high 
pressure  seal  oil  to  provide  a  counterbalancing 
pressure  against  the  thrust  collar  to  offset  process 
pressure  during  periods  of  low  rotor  speed. 

In  addition,  as  the  rotor  continues  to  increase 
45  speed,  the  sealing  ring  will  move  away  from  the 

thrust  collar  because  of  the  unique  hydrodynamic 
pockets  formed  in  the  inboard  face  of  the  axially 
slidable  sealing  ring  to  increase  the  lubrication  of  the 
thrust  bearing. 

50  After  normal  rotor  speed  has  been  attained,  the 
high  pressure  seal  oil  is  shut  off  and  lubrication  oil  is 
introduced  into  the  thrust  bearing  so  that  the 
bearing  now  operates  as  a  conventional  thrust 
bearing. 

55  While  there  has  been  shown  what  is  considered  to 
be  a  preferred  embodiment  of  the  invention  other 
modifications  will  occur  to  those  having  skill  in  the 
art. 

the  main  high  pressure  oil  supply  to  the  oil  manifold 
86  and  outboard  cavity  88  relative  to  the  thrust  collar 
is  closed.  This  will  cause  the  unbalance  force  on  the 
sealing  ring  to  reverse,  moving  the  sealing  ring  70 
away  from  the  thrust  collar.  Then  when  the  thrust 
bearing  pressure  is  at  its  normal  operating  level,  the 
pumping  action  of  the  collar  itself  will  keep  pressure 
at  the  sealing  ring  area  above  the  pilot  oil  inlet 
pressure.  The  annular  cavity  80  is  maintained  at  inlet 
pressure  by  passageways  98  connecting  it  with  main 
oil  manifold  86. 

During  a  shutdown,  a  similar  procedure  occurs. 
When  the  speed  of  the  rotor  decreases  below  a 
predetermined  level,  the  annular  pilot  cavity  is 
provided  with  pressurized  seal  oil  a  fraction  of  a 
second  before  it  is  fed  to  the  main  oil  manifold  86. 
The  result  is  that  the  axially  slidable  annular  sealing 
ring  70  seals  against  the  thrust  collar  after  which  the 
thrust  housing  cavity  88  is  pressurized  to  counteract 
rotor  thrust  as  rotor  speed  decreases  further.  The 
condition  is  held  until  the  rotor  comes  to  rest. 

The  area  available  on  the  outboard  side  of  the 
thrust  collar  is  typically  two  to  three  times  the  area 
under  the  process  fluid  seal.  Therefore,  the  thrust 
compensation  can  be  accomplished  with  oil  at  a 
pressure  below  the  sealing  pressure,  so  seal  oil  can 
be  used  as  is  shown  in  Figure  4. 

Another  aspect  of  the  present  invention  is  that  an 
oil  supply  system  is  provided  which  will  provide  for 
thrust  balancing  at  low  compressor  speeds  and  also 
adequate  lubrication  at  all  compressor  speeds.  The 
oil  supply  system  100  is  shown  in  Figure  4  and 
includes  a  lubrication  oil  supply  102  which  supplies 
oil  to  all  compressor  bearings  other  than  the 
outboard  thrust  bearing  under  discussion  with 
respect  to  the  present  invention.  A  portion  of  the 
compressor  lubrication  oil  is  passed  through  redun- 
dant  pumps  104  and  is  discharged  at  high  pressure 
into  line  106  for  pressurizing  oil  seals  within  the 
compressor  in  accordance  with  normal  compressor 
sealing  practice.  According  to  this  aspect  of  the 
present  invention  seal  oil  is  used  to  provide  pilot  fluid 
for  moving  axially  slidable  sealing  ring  70  to  seal  the 
interior  thrust  bearing  housing  and  to  provide  main 
oil  pressure  to  provide  a  thrust  balancing  function 
during  period  of  low  rotor  speed. 

Regulating  valve  108  passes  high  pressure  oil  at  a 
regulated  pressure  relative  to  sealing  gas  reference 
pressure  into  the  high  pressure  oil  feed  line  124.  The 
oil  feed  of  high  pressure  oil  is  divided  between  a  pilot 
oil  valve  110  and  a  main  oil  valve  112.  The  pilot  oil 
valve  controls  fluid  flow  into  the  pilot  oil  cavity  80 
through  port  81  previously  described  in  Figure  3, 
whereas  the  main  oil  valve  112  controls  fluid  flow  into 
the  main  oil  manifold  86  through  the  main  oil  feed  84 
previously  described  with  respect  to  Figure  3.  In 
practice  and  in  accordance  with  the  present  inven- 
tion,  the  valves  are  operated  sequentially  so  that  the 
pilot  oil  valve  1  10  is  operated  first  and  then  followed 
by  opening  of  the  main  oil  valve  112. 

An  accumulator  114  is  used  in  combination  with 
the  pressure  regulating  valve  to  assure  that  there  is 
adequate  pressure  in  the  line  124  to  meet  the 
demands  of  the  thrust  balancing  system  as  pre- 
viously  described.  In  addition,  a  line  116  connects 

60 
Claims 

1.  A  system  for  balancing  thrust  in  a  com- 
pressor  including  a  compressor  casing  having  a 
rotor  supported  therein;  an  impeller  mounted 65 
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the  inner  circumference  of  the  bearing  housing 
and  the  outer  circumference  of  the  thrust 
bearing  ring; 
a  pilot  oil  feed  line  connected  to  move  the  axially 
slidable  sealing  ring  toward  the  thrust  collar 
under  conditions  of  low  compressor  speed  ; 
a  main  oil  feed  for  pressurizing  the  outboard 
side  of  the  thrust  collar  after  the  axially  slidable 
annular  sealing  ring  is  moved  toward  the  thrust 
collar. 

7.  A  method  of  operating  a  compressor 
having  a  bearing  housing  including  a  thrust 
collar  and  a  thrust  bearing  ring  mounted  on  a 
rotor;  said  method  comprising  the  steps  of: 
introducing  high  pressure  pilot  oil  into  the 
bearing  housing  to  cause  an  axially  slidable 
sealing  ring  to  engage  the  thrust  collar  during 
periods  of  low  rotor  speed  ; 
introducing  high  pressure  main  oil  into  the 
bearing  housing  to  create  a  balancing  force 
against  the  thrust  collar  after  the  sealing  ring 
engages  thr  thrust  collar; 
deleting  the  high  pressure  main  oil  and  the  pilot 
oil  and  introducing  lower  pressure  lube  oil  into 
the  bearing  housing  after  the  rotor  has  reached 
a  normal  operating  speed. 

8.  The  method  recited  in  claim  9  wherein 
periods  of  low  rotor  speed  operation  include 
start-up  and  shutdown;  and,  wherein  normal 
operating  speed  includes  a  continuous  opera- 
ting  speed  at  useful  compressor  capacity. 

9.  A  system  for  balancing  thrust  in  a  rotating 
shaft  machine  having  an  outer  casing  including 
a  rotor  supported  therein;  a  thrust  collar 
mounted  on  the  rotor  and  at  least  one  station- 
ary  thrust  bearing  ring  on  the  outboard  side  of 
the  thrust  collar  and  axially  adjacent  thereto  for 
limiting  the  axial  movement  of  the  rotor;  and 
wherein  the  thrust  balancing  system  com- 
prises: 
a  bearing  housing  surrounding  the  thrust  collar 
and  the  thrust  bearing  ring; 
an  axially  slidable  sealing  ring  disposed  on  the 
outboard  side  of  the  thrust  collar  and  between 
the  outer  circumference  of  the  thrust  bearing 
ring  and  the  inner  surface  of  the  bearing 
housing; 
an  annular  pilot  oil  cavity  between  the  thrust 
bearing  ring  outer  circumference  and  the  inner 
surface  of  the  bearing  housing;  and,  a  main  oil 
manifold  having  a  discharge  outlet  radially 
inwardly  of  the  thrust  bearing  ring  outer  circum- 
ference; 
means  for  pressurizing  the  pilot  oil  cavity  to 
move  the  sealing  ring  into  contact  with  the 
thrust  collar;  and,  means  for  pressurizing  the 
main  oil  manifold  on  the  side  of  the  thrust  collar 
containing  the  sealing  ring. 

10.  The  system  or  compressor  of  any  preced- 
ing  claim  wherein  the  axially  slidable  sealing  ring 
further  includes  hydrodynamic  pockets  on  the 
surface  of  the  sealing  ring  facing  the  thrust 
bearing  collar. 

on  one  end  of  the  rotor  and  rotatable  therewith  ; 
a  thrust  collar  mounted  on  the  rotor  and 
rotatable  with  the  rotor  and  at  least  one 
stationery  thrust  bearing  ring  axially  adjacent 
the  thrust  collar  for  limiting  the  axial  movement  5 
of  the  rotor;  and  wherein  the  thrust  balancing 
system  comprises: 
a  bearing  housing  surrounding  the  thrust  collar 
and  the  thrust  bearing  ring; 
an  axially  slidable  sealing  ring  disposed  within  10 
one  side  of  the  bearing  housing  and  around  the 
outer  circumference  of  the  thrust  bearing  ring  ; 
means  for  moving  the  axially  slidable  sealing 
ring  into  sealing  contact  with  the  thrust  collar 
during  periods  of  low  compressor  rotor  speed;  15 
and, 
means  for  pressurizing  the  bearing  housing  on 
the  side  including  the  axially  slidable  sealing 
ring. 

2.  The  thrust  balancing  system  recited  in  20 
claim  1  further  including  an  annular  pilot  oil 
cavity  between  the  thrust  bearing  ring  outer 
circumference  and  the  inner  surface  of  the 
bearing  housing;  the  axially  slidable  sealing  ring 
disposed  between  the  pilot  oil  cavity  and  the  25 
thrust  collar. 

3.  The  thrust  balancing  system  recited  in 
claim  1  further  including  an  annular  pilot  oil 
cavity  between  the  thrust  bearing  ring  outer 
circumference  and  the  inner  surface  of  the  30 
bearing  housing;  and,  a  main  oil  manifold  having 
a  discharge  outlet  radially  inwardly  of  the  thrust 
bearing  ring  outer  circumference. 

4.  The  thrust  balancing  system  recited  in 
claim  3  further  comprising  an  oil  delivery  system  35 
including  a  first  line  connected  to  the  pilot  oil 
cavity  and  a  second  line  connected  to  the  main 
oil  manifold;  and,  a  third  line  having  a  check 
valve  connected  to  the  second  line,  the  first  and 
second  lines  being  connected  to  high  pressure  40 
oil  and  the  third  line  being  connected  to  a  lower 
pressure  oil  whereby  low  pressure  oil  is 
delivered  to  the  main  oil  manifold  whenever  the 
pressure  in  the  second  line  falls  below  the 
pressure  in  the  third  line.  45 

5.  The  thrust  balancing  system  recited  in 
claim  4  further  including  a  pilot  oil  valve 
connected  in  the  first  line;  a  main  oil  valve 
connected  in  the  second  line;  the  pilot  oil  valve 
and  the  main  oil  valve  being  connected  to  a  50 
common  high  pressure  oil  header,  whereby  the 
valves  must  be  operated  sequentially  to  deliver 
pilot  oil  to  the  annular  sealing  ring  prior  to  main 
oil  being  delivered  to  the  thrust  collar. 

6.  A  compressor,  including  :  55 
a  compressor  casing,  having  a  rotor  supported 
therein,  an  impeller  mounted  on  one  end  of  the 
rotor  and  rotatable  with  the  rotor;  a  thrust  collar 
mounted  on  the  rotor  and  rotatable  with  the 
rotor  and  at  least  one  stationary  thrust  bearing  60 
ring  mounted  within  a  bearing  housing  for 
limiting  the  axial  movement  of  the  rotor  under 
load; 
an  axially  slidable  annular  sealing  ring  disposed 
on  an  outboard  side  of  the  thrust  collar  between  65 
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