
2216190 CENTRIFUGAL PUMP BEARING ARRANGEMENT This  invention  relates  to
a  centrifugal  pump and more particularly  to  a  bearing  arrangement
for  a  type  of 5     centrifugal pump known as a "sealless pump". A
sealless pump is the type of centrifugal pump that has its impeller and
bearing system isolated from the impeller driving mechanism by an isolating
wall that seals the 10    pumping  mechanism  from  the  surrounding
environment and eliminates  the  necessity  to use rotary seals to seal the
pumped fluid against leaking along the shaft. This type of pump is
particularly desirable when pumping 15    corrosive  or toxic fluids which
are dangerous when allowed to  leak.    The  driving  mechanism is coupled
to the pump impeller by an arrangement of magnets located on the opposite
sides  of  the  isolating wall which magnetically connects  the  torque  of
the  driving  mechanism  to  the 20    impeller. A sealless centrifugal
pump must include an impeller bearing system which is independent of the
motor driving bearings and therefore necessitates that the impeller 25
bearing   system  carry  the  full  load  on  the  impeller including both
radial and thrust forces. In the past, a designer of this type of pump
generally used a closed impeller to reduce the thrust load on the bearing
system to  a  manageable  load.    However,  the  use  of a closed 30
impeller  is  undesirable  when pumping fluids contaminated with  debris
or other solid materials because the impeller is more easily clogged and is
more difficult to clean than an open impeller.   



-2- An object of the invention is to provide a centrifugal pump of the
sealless type having a semi-open impeller and a bearing system able to
carry the load created by the semi-open  impeller  without  premature
failure.   Another 5     object  is  to  provide  a centrifugal pump of the
sealless type having a bearing lubrication system using the pumped fluid as
a lubricant and coolant for the bearing system. According to the present
invention, there is provided a 10    centrifugal   pump  of  the  sealless
type  comprising:  a housing  containing a pumping chamber, a pump inlet
passage extending  from  an  inlet  in the housing and opening into the
pumping chamber and a pump outlet passage running from the pumping chamber
to an outlet in the housing; a shaft 15    mounted  in  said  housing  for
rotation;  a pump impeller attached to the forward end of the shaft for
rotation with the shaft in the pumping chamber and a magnet holder attached
to the rear end of the shaft carrying a first magnetic means adapted to be
magnetically coupled to a 20    second  magnetic  means  rotated by a
rotary driving device such as an electric motor, said shaft being mounted
in at least two journal bearings spaced from each other along the length of
the shaft and located between the impeller and  the  magnet  holder,  a
shell surrounding the journal 25    bearings  and  magnet  holder  to  seal
the  pump from the exterior  and  prevent  the pumped fluid from leaking,
said shell  being  located  between  the  two magnetic means and being
able  to  transmit  magnetic  forces between the two magnetic means for
magnetically coupling said two magnetic 30    means  together,  said
housing  containing  a  passage for conducting lubricating fluid to. the
part of the shaft 



located  rearward  of  the journal bearings relative to the    -3- impeller
and  forward  of  the  magnet  holder, means for feeding  the  lubricating
fluid forwardly along the length of   said  shaft  through  both  journal
bearings  before exiting from the journal bearings adjacent the impeller, 5
and  a  thrust  bearing mounted on the shaft so as to move to an eccentric
position to correct for any misalignment between the shaft and the journal
bearings, the thrust bearing being keyed to rotate with the magnetic
holder, whereby   the   pressure   on  the  lubricating  fluid  is 10
automatically  lowered  by  passage  through  the bearings causing it to be
at a substantially reduced pressure when exiting  from  the journal
bearings adjacent the impeller, thereby reducing the pressure of said
lubricating fluid applied  to  the  impeller  as  it exits from said
journal 15     bearings. 20 25 30    -  4  - For  a  better understanding
of the invention, and to show how  the  same  may be carried into effect,
reference will now  be  made,  by  way  of  example,  to the accompanying
drawing, in which:- 5 



Figure  1  is  a  vertical  section  of a centrifugal pump taken  along  an
impeller  axis  incorporating  a bearing system of the invention, and 10
Figure  2  is  an  enlarged  portion of Figure  1 showing a thrust bearing
structure at the rear end of the impeller shaft. The   sealless
centrifugal  pump  shown  in  the  drawing 15     includes  a  pump  casing
1 containing an axial inlet 2, a pumping chamber 3 and an outlet 4, all of
which are interconnected by passages extending through the casing. The
casing 1 also contains a mounting foot 5 and an 20     annular  flange  6
surrounding the pumping chamber 3.  The annular flange 6 is adapted to
receive a casing cover 7 circling  a  pump  cartridge  10  containing  a
number of components   including   an  axially  extending  shaft  11
carrying  a  semi-open  pump  impeller  12 rotating in the 25     pump
chamber  6  during pump operation.  The cartridge 10 will  be  specifically
described  later.    The semi-open impeller 12 includes a shroud 13 and a
series of vanes 14 having one edge integral with the shroud 13. 30     A
power  frame  16  fits  over  the  cartridge  10 and is attached to the
casing 1 and casing cover 7 by a series of  bolts  17  circling  the
outside of the flange 6.  The    -5- power  frame  16  further  includes  a
mounting  foot  18 adapted  to  support  the  pump  in  conjunction  with
the mounting foot 5 on the casing 1. A drive shaft 19 is rotatively mounted
in the power frame 10 by a pair of 5      axially  spaced  bearings  20 and
21 fixed in the frame 16 



on  the  opposite sides of a bearing chamber 22 adapted to contain
lubricant for the bearings 20 and 21. The outer end  of the shaft 19 is
adapted to be coupled to a driving motor (not shown) using a conventional
coupling means. 10 The casing cover 7 is an annular member that slides into
a recess in the casing 1 circling the pumping chamber 3 and has a lip 25
overlying the flange 6 with holes receiving the bolts 17. The annular lip
25 is sandwiched 15     between  the flange 6 and an annular flange 26 on
the open end of the power frame 16 with the bolts 17 serving to hold both
the casing cover 7 and the power frame 16 to the casing 1. 20     The
cartridge  body  30  fits into the casing cover 7 and has an annular step
31 seating against the outer face of the casing cover 7 controlling the
distance that the cartridge body 30 extends into the casing cover 7. The
cartridge   body   30   contains  recesses  at  both  ends 25
surrounding  respective  front  and  rear  journal bearing bushings  33
and  34.    The  impeller  shaft  11 extends through the bushings 33 and 34
and carries respective bearing sleeves 36 and 37 rotating in the bushings
33 and 34.    The  bearing  sleeves  36 and 37 are slipped on the 30
shaft 11 with a spacing sleeve 39 located therebetween.    6 The front end
of the shaft 11 carries an outwardly - extending  flange  41  with  a
thrust  collar  42 seating against  the  flange  41  and the forward end of
the front bushing  33.    The  collar 42 controls the rearward axial 



5      movement  of  the  shaft  11.    The impeller 12 carries a threaded
member  44  that threads into a threaded hole in the  front end of the
shaft 11 and seats against the shaft flange 41. 10     The  rear  end  of
the  shaft  11  carries  several items including a set of shims 46, a
thrust bearing collar 47 and  an  aligning  ring  48,  all  of  which  are
slidably mounted on the shaft 11. A magnet holder 50 is keyed on the shaft
11 by a.key 51 in a position engaging the rear 15     face  of  the
aligning  ring 48 and is held in place by a nut 52 threaded on the rear end
of the shaft 11. The nut 52 locks all of the rotating components of the
cartridge 10  in  place  on  the  shaft  11 in the cartridge body 30
extending through the bearing bushings 33 and 34. The 20     thickness  of
the set of shims 46 control the end play of the shaft 11 in the cartridge
body 30. The  thrust collar 47 serves as a thrust bearing and rides on  the
rear  end  of  the  rear bushing 34 much like the 25     front  thrust
collar  42  rides  on  the front end of the front  bushing  33.  However,
the rear thrust collar 47 is loosely  mounted on the shaft 11 and can move
to eccentric positions relative to the shaft axis. The rear face 54 of  the
thrust  collar  47  is bevelled at an angle of 45 30     degrees  relative
to  the  axis  of  the  shaft 11 and is engaged  by the rounded front seat
55 of the aligning ring 48.    The  rounded  face  of the seat 55 follows a
radius    -7- located  in  a  plane  that  is  parallel  to  and extends
through the axis of the shaft 11. 



The  seat  55  and the bevelled rear face 54 of the thrust 5      collar
47  are  dimensioned  so  the thrust collar 47 can move to an eccentric
position if necessary for the front face of the thrust collar 47 to seat
flat against the rear   end   of   the  rear  bearing  bushing  34.    This
arrangement allows the thrust collar 47 to move to a 10     position  that
corrects  for any misalignment between the shaft 11 and journal bearings
comprising the sleeves 36 and 37 and bushings 33 and 34. The thrust collar
47 is keyed to rotate with the magnet holder 50 by several pins 57 that are
fixed to the rear face of the thrust collar 15     47  and  extend
rearwardly and loosely into corresponding holes placed in the front face of
the magnet holder. The holes are large enough to provide the pins 57 with
sufficient play to allow the thrust collar 47 to move a sufficient
distance  relative  to  the  shaft  axis  for 20     adjusting  the
alignment  of  the thrust collar 47 on the rear end of the adjacent bearing
bushing 34. The periphery of the magnet holder 50 carries a series of
magnets 58 which rotate closely about the interior of a 25     relatively
thin  can-shaped  shell 59 which fits over the magnet holder 50 and the
other parts of the cartridge 10. The power frame 16 contains an outer
magnet holder 61 attached to and rotating with the drive shaft 19 around 30
the  can-shaped  shell 59 in close proximity thereto.  The outer  magnet
holder  61  carries  a series of magnets 62 spaced around its interior
which are magnetically linked to the magnets 58 on the inner magnet holder
50 for    -8 



transmitting  torque  from  the  outer magnet holder 61 to the  pump
impeller  shaft  11.    Driving a pump impeller using  magnets  in this
manner is well known in the art of sealless pumps. 5 The  casing  cover 7
contains a fluid passage 64 extending from  its  front  face to its rear
face for conducting the pumped  fluid  from  the  pumping chamber 3 into
the space containing  the magnet holder 50.  This fluid flows to the 10
thrust  bearing  including  the  thrust collar 47, passing through  such
thrust bearing and then forwardly along the shaft  11  through  the
journal  bearings  including  the bearing bushings 33 and 34 and exits from
the thrust bearing  42  on  the  shaft  11  adjacent the impeller 12. 15
Such  fluid  serves  to  lubricate and cool such bearings. Using  the
pumped  fluid  as a lubricant is possible when the  nature  of  the pumped
fluid enables it to serve as a lubricant. 20     In   the   event  the
pumped  fluid  cannot  serve  as  a lubricant, such as when it is too
dirty, the forward end of the passage 64 can be closed by a threaded plug
and lubricating fluid is introduced from the outside through the  branch
passage  65  running  into the passage 64 and 25     shown  as blocked by
the threaded plug 66.  Normally, this lubricating  fluid  is  pumped  fluid
that has been passed through a filter system for cleaning it. In  the
past, designers of sealless pumps have introduced 30     the  lubricating
fluid  into  the  bearing  system midway between the journal bearings
causing the lubricating fluid to flow in both directions along the shaft
11. It   



-9- has been found that this type of lubricating system will not work with
this type of pump under the conditions intended for the pump disclosed
herein. The pressure of the lubricating fluid exiting from the front end of
the 5     shaft  11  is  at  such  a  high pressure that it places an undue
load on the impeller 12 causing the bearings to quickly  fail.    This high
thrust load could be reduced by making the impeller 12 a closed impeller,
which is the step taken by previous designers of this type of pump 10
facing  the  same problems.  However, closed impellers have other problems
such as being difficult to clean, It should  be mentioned that the bearing
surfaces disclosed herein are made of silicon carbide which is a very hard
15    surface  and  is  necessary to carry the loads in this pump design.
Nevertheless,  such  bearings  could not survive until  the  invention  of
the  present  system wherein the lubricating fluid is passed inwardly
through the thrust bearing 47 and then forwardly along the shaft 11 through
20    the  journal  bearings  and exiting from the thrust bearing collar 42
adjacent the impeller 12. 25 30    10 CLAIMS: 1.     A   centrifugal   pump
of   the   sealless   type comprising: a housing containing a pumping
chamber, a 5      pump  inlet passage extending from an inlet in the
housing 



and opening into the pumping chamber and a pump outlet passage  running
from the pumping chamber to an outlet in the   housing;   a  shaft  mounted
in  said  housing  for rotation; a pump impeller attached to the forward
end of 10     the  shaft  for  rotation  with  the  shaft in the pumping
chamber  and  a  magnet holder attached to the rear end of the shaft
carrying a first magnetic means adapted to be magnetically  coupled. to  a
second magnetic means rotated by a rotary driving device such as an
electric motor, 15     said  shaft being mounted in at least two journal
bearings spaced from each other along the length of the shaft and located
between the impeller and the magnet holder, a shell  surrounding  the
journal bearings and magnet holder to  seal the pump from the exterior and
prevent the pumped 20     fluid  from  leaking, said shell being located
between the two  magnetic  means  and  being able to transmit magnetic
forces  between  the  two  magnetic means for magnetically coupling said
two magnetic means together, said housing containing  a  passage for
conducting lubricating fluid to 25     the  part  of  the  shaft  located
rearward of the journal bearings relative to the impeller and forward of
the magnet holder, means for feeding the lubricating fluid forwardly along
the length of said shaft through both journal   bearings   before   exiting
from  the  journal 30     bearings  adjacent  the  impeller,  and  a
thrust bearing mounted on the shaft so as to move to an eccentric position
to correct for any misalignment between the    - 11 - shaft and the journal
bearings, the thrust bearing being 



keyed to rotate with the magnetic holder, whereby the pressure on the
lubricating fluid is automatically lowered by passage through the bearings
causing it to be at a 5     substantially   reduced  pressure  when
exiting  from  the journal bearings adjacent the impeller, thereby reducing
the pressure of said lubricating fluid applied to the impeller as it exits
from said journal bearings. 10    2.     A  pump  according  to  claim  1
wherein the thrust bearing is located on the shaft rearwardly of the
journal bearings  and forwardly of the magnet holder and within the shell
with the means for feeding the lubricating fluid being    arranged to feed
the lubricating fluid through the 15    thrust  bearing  first  before
such  fluid  is  fed to the journal bearings so that the pressure on such
fluid is reduced  by  passing  in  series through the thrust bearing and
then through the journal bearings mounted along the impeller shaft. 20 3.
A  pump  according  to  claim  1  or  2, wherein the lubricating fluid is
drawn from the fluid being pumped. 4.     A  pump  according  to  claim  1
or  2, wherein the 25    lubricating fluid is separate from the fluid being
pumped. 5.     A  pump substantially as hereinbefore described with
reference to the accompanying drawings. 30    


