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ROTOR STABILITY OF A ROTARY PUMP 

TECHNICAL FIELD 

0001. The present invention relates to improvements in 
the impeller or rotor stability of a rotary pump. 

BACKGROUND OF THE INVENTION 

0002 Rotary pumps have used journal bearings to stabi 
lise a spinning rotor or impeller. It has been noted that 
commonly the impeller rotates about a central axis within 
the pump housing and may whirl to the side of the housing 
when the impeller is rotated at high speeds with insufficient 
load and results in instability in relation to the rotation of the 
impeller. 
0003. The impeller of the rotary blood pump disclosed 
within U.S. Pat. No. 6.227,797 Watterson et al. is hydro 
dynamically suspended and may under certain conditions 
the impeller or rotor may experience a touchdown event. A 
touchdown event is a situation where the impeller or rotor 
touches or contacts the inner walls of the pump housing. 
Touchdown of the impeller or rotor often leads to damaging 
the impeller, housing and/or the pumping fluid. If a touch 
down event occurs in a rotary blood pump implanted in a 
patient, Such an event may result in impaired pump perfor 
mance that may result in complications for the patient. 
Touchdown may be avoided by increasing the stability of the 
impeller or rotor or increasing the stiffness and/or dampen 
ing of the impeller or rotor. 
0004 U.S. Pat. No. 5,324,177 Golding et al describes a 
means for increasing impeller or rotor stability in a rotary 
pump. The impeller and/or rotor are biased by a load 
provided by additional load acting only in radial orientation 
in respect of the axis of rotation of the pump. This has the 
effect of offsetting the rotor and thus stabilising the rotor in 
only the radial direction. The arrangement disclosed in U.S. 
Pat. No. 5,324,177, may also tend to destabilise the impeller 
in relation to the axial positioning of the impeller. Addition 
ally, the radial biasing of the impeller is only useful in 
situations where the motor stators of the pump are posi 
tioned radially in respect of the axis of rotation of the 
impeller. This may lead to a considerably increase in size of 
the overall pump. 
0005 The present invention aims to at least address or 
ameliorate one or more of the above disadvantages associ 
ated with the abovementioned prior art. 

SUMMARY OF THE INVENTION 

0006. In accordance with a first aspect the present inven 
tion consists in a rotary pump including an impeller rotatable 
within a housing; wherein a load is imposed on said impeller 
as it rotates, in a direction that is Substantially parallel to the 
axis of rotation and wherein said load stabilises the motion 
of the impeller. 
0007 Preferably said load is achieved by magnetically 
biasing said impeller. 
0008 Preferably said pump includes a set of stators 
positioned below the impeller and said set of Stators gener 
ates said load. 

0009 Preferably the magnetically biasing of said impel 
ler is achieved by at least one yoke. 

Apr. 20, 2006 

0010 Preferably an angle formed between the upper 
and/or lower axial surfaces of the impeller are not parallel 
with the respective corresponding surface of the inner wall 
of the housing. 
0011 Preferably said impeller is not circular and the 
inner walls of the housing are generally circular. 
0012 Preferably said load prevents or limits the impeller 
from contacting the housing, when in use. 
0013 Preferably said impeller is generally square shaped. 
0014 Preferably said impeller includes a hydrodynamic 
bearing. 
00.15 Preferably said hydrodynamic bearing is formed by 
a taper on the surface of the impeller of between 10 um and 
50 um. 
0016 Preferably a gap of less than 250 um is formed 
between the impeller and the housing, when in use. 
0017 Preferably said pump is for pumping blood. 
0018 Preferably said pump is implantable within the 
body of a patient. 
0019. In accordance with a second aspect the present 
invention consists in a rotary pump including an impeller 
rotatable within a housing; wherein impeller is hydrody 
namically Suspended and wherein an angle formed between 
the upper and/or lower axial surfaces of the impeller are not 
parallel with the respective corresponding surface of the 
inner wall of the housing. 

BRIEF DESCRIPTION OF DRAWINGS 

0020 Embodiments of the present invention will now be 
described with reference to the accompanying drawing 
wherein: 

0021 FIG. 1 shows a cross-sectional top view of an 
example of the prior art in this field; 
0022 FIG. 2 shows a cross-sectional side view of a first 
embodiment of the present invention; 
0023 FIG. 3 shows a perspective view of a portion part 
of the embodiment shown in FIG. 2; and 
0024 FIG. 4 shows a cross-sectional side view of a 
second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0025 FIG. 1 schematically depicts a prior art rotary 
pump 3 having a generally circular impeller 1 positioned 
within a pump housing 2 with a generally circular inner wall. 
The impeller 1 is preferably suspended by a fluid or hydro 
dynamic bearing generated by the interaction of the outer 
Surface of impeller 1 and the inner Surface of pump housing 
2. 

0026. The impeller 1 rotates about a central axis of the 
rotary pump 3. In FIG. 1, the impeller 1 is shown to be under 
an insufficient biasing load. This insufficient load biasing the 
impeller allows it to move away from the central axis of 
rotation in a helical pattern 4. This results in the impeller 1 
experiencing a relative instability which in the worst case 
may lead to impeller instability. The impeller 1 may in this 
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case roll around the inner Surface of the housing 2 and 
follow the helical path 4, which may lead to the eventual 
collision with the inner wall of the housing 2. This motion 
may result in damage to the outer Surfaces of the impeller 1 
against the inner walls of the housing 2 and/or damaging the 
pumping fluid. 
0027 A first embodiment of the present invention is 
shown in FIG. 2. In this embodiment, there is provided a 
rotary pump 3 including an impeller 1 which is hydrody 
namically Suspended within housing 2 using a fluid bearing. 
When in use, the impeller 1 rotates about the axis of rotation 
and pumps fluid from the inlet 7 to the outlet 6 by a 
continuous centrifugal motion. The pumping fluid is pref 
erably blood and the rotary pump 3 is suitable for implan 
tation within the body a patient. 
0028. The fluid bearing is achieved by the interaction of 
the outer surface of the impeller 1 interacting with the inner 
surface of the housing 2 of the rotary pump 3. The rotary 
pump 3 is preferably adapted to be implantable within the 
body of a patient to assist the pumping fluid, such as blood. 
The rotary pump 3 includes: stators 9, an inlet 7, and an 
outlet 6. The stators 9 are preferably mounted axially, in 
relation to the axis of rotation of the rotary pump 3, on or in 
the housing 2 and impart an electrodynamic driving force on 
magnets encapsulated within each of the blades 10 which 
form the impeller 1. The impeller 1 comprises four blades 10 
that are connected by struts 11 in a generally square con 
figuration and the blades 10 also include hydrodynamic 
bearing surfaces which form fluid bearings when they inter 
act with the inner Surface of the housing. 
0029 When in use, a load may be created electromag 
netically by the stators 9 to act on the impeller 1 in a 
direction that is substantially parallel to the axis of rotation 
A. This load acts on the impeller 1 in an axial direction and 
biases the impeller 1 either generally towards the inlet 7 or 
towards the lower inner surface of the housing 2. The axial 
biased load acting on the impeller 1 may additionally 
stabilise the rotating impeller 1 and may improve the sta 
bility of impeller 1. 
0030 The electromagnetic biasing may be achieved by 
either: increasing the EMF output of the stators on either the 
upper or lower side of the impeller 1; or by introducing a 
yoke which contacts the stators and increases the EMF 
output on either the upper or lower side of the impeller 1. 
0031. Alternately, the load may be created by inducing an 
axial magnetic load. This magnetic load may be formed or 
created by including a ring of iron or PermalloyTM material 
above and/or below the stators 9 in the housing. The ring 
may form a yoke 15 covering the stators 9. Preferably, the 
ring on either side of the impeller 1 must be of varying 
amounts of iron or be of varying distances from the impeller 
1. The effect of which would be to vary the load experienced 
by the impeller 1 as the magnets encapsulated with the 
impeller 1 may be drawn to a yoke 15. 
0032) Preferably, the gap 8 is formed between the outer 
axial Surface of the impeller 1 and the corresponding inner 
wall of the housing 2. The gap 8 is preferable optimised 
when the gap 8 is less than 250 um, as this may increase 
stiffness and dampening of the bearing and lead to increases 
in rotor stability. 
0033. Also preferably, the blades 10 of the impeller 1 
include a tapered surface. The tapered surface is preferably 
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optimised at a height of between 10 um and 50 lum. This also 
may allow the impeller or rotor to be additionally stabilised. 
0034 FIG.3 shows a preferred impeller 1 which may be 
used with the first embodiment of the present invention. This 
impeller 1 includes four blades 10 joined by four struts 11. 
The blades 10 may include hydrodynamic surfaces to allow 
the impeller 1 to be hydrodynamically suspended, when in 
use. The blades 10 preferably have a generally shark fin 
shaped configuration so as to minimise damage to the 
pumping fluid. The impeller 1 has a generally square con 
figuration, wherein the struts 11 are joined between the outer 
adjacent edges of the blades 10. The struts 11 may also 
include hydrodynamic surfaces. The preferred impeller 1 is 
shaftless to also minimise damage to the pumping fluid. 
0035) The impeller 10 shown in FIG. 3, may also expe 
rience an additional load, when in use. This load may be 
generated by the generally square configuration of the 
impeller 10 interacting with a generally circular interior 
Surface of the pump housing 2. The non-uniform shape of 
the impeller 10, as depicted FIG. 3, may allow the forces 
acting on the impeller to be decentralised and this may 
increase the load acting on the impeller 10. The load thereby 
limits the instability experienced by the impeller 10. A 
further embodiment of the present invention is shown in 
FIG. 4. This embodiment shows an alternate impeller 1, 
wherein the upper 13 and lower 12 axial outer surfaces of the 
impeller 1 have been positioned to be not parallel with the 
respective corresponding Surface of the inner of the housing 
2. The effect of this feature is to increase the stiffness and 
dampening of the bearing, when in use. This in turn leads to 
an increase in relation to the stability of the rotor or impeller 
1 and may prevent or limit touchdown. 
0036) The embodiment shown in FIG. 4 could be 
achieved by using the embodiment shown in FIG. 2 and 
rotating the blades 10 inwards towards the centre of the 
impeller 1. The inward angle depends on the position of the 
center of gravity relative to the center of pressure on the 
bearing surface of the impeller 1. 
0037. A person skilled in the art will recognise that the 
term impeller within this specification has substantially the 
same meaning as rotor. All of the preferred embodiments 
may be used as implantable medical devices or as cardiac 
assist devices. 

0038. The above descriptions describe only some of the 
embodiments of the present invention. Further modifications 
may be obvious to those skilled in art and may be made 
without departing from the scope and spirit of the present 
invention. 

1. A rotary pump including an impeller rotatable within a 
housing; wherein a load is imposed on said impeller as it 
rotates, in a direction that is Substantially parallel to the axis 
of rotation and wherein said load stabilises the motion of the 
impeller. 

2. The rotary pump as claimed in claim 1, wherein said 
load is achieved by magnetically biasing said impeller. 

3. The rotary pump as claimed in claim 2, wherein said 
pump includes a set of stators positioned below the impeller 
and said set of Stators generates said load. 

4. The rotary pump as claimed in claim 2, wherein 
magnetically biasing said impeller is achieved by at least 
one yoke. 
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5. The rotary pump as claimed in claim 1, wherein an 
angle formed between the upper and/or lower axial Surfaces 
of the impeller are not parallel with the respective corre 
sponding Surface of the inner wall of the housing. 

6. The rotary pump as claimed in claim 1, wherein said 
impeller is not circular and the inner walls of the housing are 
generally circular. 

7. The rotary pump as claimed in claim 1, wherein said 
load prevents or limits the impeller from contacting the 
housing, when in use. 

8. The rotary pump as claimed in claim 6, wherein said 
impeller is generally square shaped. 

9. The rotary pump as claimed in claim 1, wherein said 
impeller includes a hydrodynamic bearing. 

10. The rotary pump as claimed in claim 8, wherein said 
hydrodynamic bearing is formed by a taper on the Surface of 
the impeller of between 10 um and 50 Lum. 
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11. The rotary pump as claimed in claim 1, wherein a gap 
of less than 250 um is formed between the impeller and the 
housing, when in use. 

12. A rotary pump as claimed in claim 1, wherein said 
pump is for pumping blood. 

13. A rotary pump as claimed in claim 13, wherein said 
pump is implantable within the body of a patient. 

14. A rotary pump including an impeller rotatable within 
a housing; wherein impeller is hydrodynamically suspended 
and wherein an angle formed between the upper and/or 
lower axial surfaces of the impeller are not parallel with the 
respective corresponding Surface of the inner wall of the 
housing. 


