
PATENTS ACT t949 SPECIFICATION NO 1512560 In accordance with the Decision
of the Superintending Examiner, acting for the Comptroller-General, dated
20 February 1981 this Specification has been amended under Section 33 in
the following manner:- Page 1, delete lines 24 to 37, insert According to
the invention an impeller for a controllable pitch axial flow fan has a
blade thrust bearing serving to restrain the respective blade against
outward motion and comprising a plurality of bearing balls arranged to roll
between a pair of ball races spaced apart along the respective radius of
the impeller, the bearing being accommodated within an annular housing of
channel shaped cross-section having an open mouth directed radially inwards
towards the impeller axis, the walls of the housing projecting radially
inwards at least as far as the radially inner ball race such that they
serve to retain a lubricant covering the balls and races despite the
effects of centrifugal force during use of the impeller. Preferably the
blade bearing comprises a bearing cage accommodating said bearing balls,
and the walls of the housing project radially inwards beyond the radially
inner ball race such that the balls and the cage are always covered with
lubricant despite the effects of said centrifugal force. Page 2, delete
lines 104 to 118, insert 1. An impeller for a controllable pitch axial flow
fan having a blade thrust bearing serving to restrain the respective blade
against outward motion and comprising a plurality of bearing balls arranged
to roll between a pair of ball races spaced apart along the respective
radius of the impeller, the bearing being accommodated within an annular
housing of channel shaped cross-section having an open mouth directed
radially inwards towards the impeller axis, the walls of the housing
projecting radially inwards at least as far as the radially inner ballrace
such that they serve to retain a lubricant covering the balls and races
despite the effects of centrifugal force during use of the impeller. 2. An
impeller as claimed in Claim I wherein the blade bearing comprises a
bearing cage accommodating said bearing balls, and thewalls of the housing
project radially inwards beyond the radially inner ball race such that the
balls and the cage are always covered with lubricant despite the efforts of
said centrifugal force. THE PATENT OFFICE 12 August 1981             -
Bas 84346/12      PATENT SPECIFICATION   (11)  1512 560 O   (21)
Application No. 5311/77     (22) Filed 2 Dec. 1975   (19) (62) Divided out
of No. 1 512 559 (23) Complete Specification filed 10 Nov. 1976 (44)
Complete Specification published I June 1978 (51) INT. CL F04D 29/06 F16C
33/56 33/76 (52) Index at acceptance FIC  D2U F2A 101 123 126 131 5B7 9G
D24 D62 (72) Inventors WILLIAM RICHARDWOODS-BALLARD and ERIC DAVID APPLETON
(54) IMPROVEMENTS IN OR RELATING TO CONTROLLABLE PITCH AXIAL FLOW FANS (71)
We, WOODS  OF  COLCHESTER  subject of Patent Application No. 49485/75
LIMITED, of Tufnell Way, Colchester, Essex, (Serial No. 1512559). C04 5AR,
a British Company, do hereby    The bearing cage may be formed from a
declare the invention, for which we pray  relatively low mass material such
as an  50 5 that a patent may be granted to us, and the  acetal resin or
nylon impregnated with method by which it is to be performed, to  graphite.
be particularly described in and by the    The invention will now be
described, by following statement: -                 way of example, with
reference to the ac- This invention relates to controllable pitch
companying drawings, in which: -  55 10 axial flow fans, that is to say
fans of the    Figure 1 is a side elevation of a fan im- kind comprising a
rotatable impeller in- peller in accordance with the invention; corporating
a hub carrying a plurality of   Figure 2 is a fragmentary sectional eleva-
blades extending generally radially from the  tion of one of the blade
assemblies shown 



hub and arranged to drive the air in an  in Figure 1;
60 15 axial direction when the fan is operating,   Figure 3 is a plan view
of a thrust bearing and in which the blades can themselves be  cage shown
in Figure 2; rotated in use of the fan to a limited extent   Figure 4 is a
section taken on the line relative to the hub, for adjusting their pitch
IV-IV in Figure 3, looking in the direction angle; the invention relates
more particu-  of the arrows;                     65 20 larly to the
impellers of such fans.      Figure 5 is a section, similar to Figure 4,
The blades of fans of this kind are usually  but showing another form of
thrust bearing restrained from radially outward motion by  cage; and
rolling bearings.                        Figure 6 is an enlarged section of
the According to the invention an impeller thrust bearing assembly shown in
Figure 2. 70 25 for a controllable pitch axial flow fan has    Referring in
the first instance to Figures a blade bearing enclosed by a housing which
I to 4 and 6, the fan impeller comprises a acts to retain a lubricant in
the blade bear- hollow domed hub 1 mounted on a drive ing.
shaft 2 and carrying around its periphery a Preferably the housing is
formed from  plurality of radially extending blades 3. 75 30 metal and is
channel shaped in cross-section, Each blade 3 comprises an aerofoil portion
the blade bearing comprising a bearing cage  4 projecting outwards from a
circular root accommodating a plurality of bearing balls, portion 5 which
fits within an opening 6 in and the depth of the channel being such as the
wall of the hub 1. The root portion 5 to ensure that the balls and the cage
are  of each blade 3 is secured, as by screws 7 80 35 always covered with
lubricant despite the  to a blade carrier 8 located within the hub effects
of centrifugal force during use of the  1 and supported by a thrust bearing
9 dis- fan impeller.                           posed between a flange 10 on
the blade Preferably the lubricant has a density sub-  carrier 8 and a
flange 11 extending inwards stantially the same as the density of the  from
the opening 6.                 85 40 material of the bearing cage.
The-thrust bearing 9 comprises a number The blade bearing may be provided
with  of hardened steel balls 12 interposed be- a bearing cage arranged so
that during  tween an annular inner race 13 adjacent the rotation of the
impeller the centrifugal force  flange 10 and an annular outer race 14 ad-
acting on the bearing cage is taken on an  jacent the flange 11. The balls
are arranged 90 45 outer bearing race of the blade bearing, in  to roll in
shallow annular grooves 15 pro- accordance with the invention forming the
vided in the facing surfaces of the races 13    1,512,560
2 and 14 and are equidistantly spaced around  material such as an acetal
resin or nylon the grooves 15 by an annular bearing cage  impregnated with
graphite, and the bearing  65 16 having a relatively low mass and formed  9
contains a lubricant having a density sub- from  a suitable plastics
material such as  stantially the same as that of the material 5 acetal
resin or from nylon impregnated with  of the bearing cage 16. graphite. The
bearing 9 contains a lubricant    Since the mass of the annular cage 16,
having density substantially the same as  whether it be channel shaped or H
shaped  70 that of the material of the bearing cage 16. in cross-section,
is much less than that of a Each ball 12 lies within a part-spherical
conventional steel cage, the effects of centri- 10 pocket 17 in the form of
an opening which  fugal force are correspondingly reduced. extends axially
through the base of the  This reduced centrifugal load is taken on annular
cage 16 which has a substantially  the flat surface of the outer race 14
which  75 channel shaped cross-section, the cage 16  the base 18 of the
channel or the ends of being interposed between the surfaces of the  the
side arms 28 of the H abut, rather than 15  races 13 and 14 which are
provided with  on the balls 12 as occurs with a conventional the grooves
15, so that base 18 of the chan-  steel cage, thus eliminating a known
source nel or the ends of its side walls 19 abut the  of fretting.
Moreover, because the densities 80 surface 29 of the outer race 14. In
accord-  of the lubricant and the material of the bear- ance with the
invention the bearing 9 is  ing cage 16 are substantially the same, the 20
enclosed by an annular housing 20 which  contact pressure between the flat
surface of acts to retain the lubricant in the bearing  the outer race 14
and the base 18 of the and to prevent ingress of abrasive particles.
channel or the side arms 28 of the H-section  85 The housing 20 is of metal
and is channel is further reduced, thus further reducing the 



shaped in cross-section having its mouth  torque required to turn the
blades 3 to 25 directed radially inwards towards the im-  adjust their
pitch angles. Also, the sliding peller axis as shown in Figure 2, the depth
motion which occurs between the balls 12 of the channel being sufficient to
ensure that  and the cage 16 when the pitch angle of the 90 the balls 12
and the cage 16 are always  blades 3 is adjusted, takes place at a rela-
covered with lubricant despite the effects of  tively low contact pressure
and against the 30 centrifugal force during use of the fan im-  material of
the cage 16 which has a rela- peller.
tively low co-efficient of friction. Further- Adjustment of the pitch angle
of the  more, the provision of the housing 20 en- 95 blades 3 is brought
about by means of an  sures that the balls 12 and the cage 16, arm  21
extending transversely from  the  together with the bearing surfaces of the
35 carrier 8 and supporting at its end a pin 22  races 13 and 14, are
always covered with carrying a roller 23 which locates within a  a
lubricant, preferably a suitable grease, channel 24 in the periphery of a
common  despite the effects of centrifugal force dur- 100 actuating disc
25. The disc 25 surrounds and  ing use of the fan impeller. is rotationally
fast with the drive shaft 2 but 40  is also capable of axial movement
relative    WHAT WE CLAIM  IS: - to the drive shaft 2. Any convenient
control    1. An impeller for a controllable pitch arrangement, for example
mechanical, elec-  axial flow fan having a blade bearing en- 105 trical or
pneumatic, may be employed for  closed by a housing which acts to retain a
adjusting the axial position of the disc 25, lubricant in the blade
bearing. 45 and it will be seen that axial movement of    2. An impeller as
claimed in Claim  1, the disc 25 will be converted into a simul-  wherein
the housing is channel shaped in taneous rotation of all the blades 3 about
cross-section  having  its mouth  directed 110 their respective axis. One
or more counter-  radially inwards towards the impeller axis, balance
weights 26 may be provided on the  the blade bearing comprising a bearing
cage 50  blade carrier 8 to oppose inherent blade  accommodating a
plurality of bearing balls, turning moments.                          and
the depth of the channel being such as Refering now to Figure 5, this shows
an  to ensure that the balls and the cage of 115 alternative form of the
annular cage 16 hav-  the blade bearing are always covered with ing a
substantially H-shaped cross-section  lubricant despite the effects of
centrifugal 55 and part-spherical pockets 17 in the form  force during use
of the fan impeller. of openings which extend through the cross  3.  An
impeller having a blade bearing arm 27 of the H parallel to the side arms
enclosed by a housing substantially as here- 120 28. The cage 16 is
interposed between the  inbefore described with reference to Figures
surfaces of the races 13 and 14 which are  2 and 6 of the accompanying
drawings. 60 provided with the grooves 15, so that the ends of the side
arms 28 abut the flat surface       For the Applicants, 29 of the outer
race 14. As before the cage          H. V. A. KIRBY, 16 is formed from a
relatively low mass           Chartered Patent Agent. Printed for Her
Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd.-1978.
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY
from which copies may be obtained.     2
1,512,560                                         2 and 14 and are
equidistantly spaced around  material such as an acetal resin or nylon
the grooves 15 by an annular bearing cage  impregnated with graphite, and
the bearing  65 16 having a relatively low mass and formed  9 contains a
lubricant having a density sub- from  a suitable plastics material such as
stantially the same as that of the material 5 acetal resin or from nylon
impregnated with  of the bearing cage 16. graphite. The bearing 9 contains
a lubricant    Since the mass of the annular cage 16, having density
substantially the same as  whether it be channel shaped or H shaped  70
that of the material of the bearing cage 16.  in cross-section, is much
less than that of a Each ball 12 lies within a part-spherical  conventional
steel cage, the effects of centri- 10  pocket 17 in the form of an opening
which  fugal force are correspondingly reduced. extends axially through the
base of the  This reduced centrifugal load is taken on annular cage 16
which has a substantially  the flat surface of the outer race 14 which  75 



channel shaped cross-section, the cage 16  the base 18 of the channel or
the ends of being interposed between the surfaces of the  the side arms 28
of the H abut, rather than 15  races 13 and 14 which are provided with  on
the balls 12 as occurs with a conventional the grooves 15, so that base 18
of the chan-  steel cage, thus eliminating a known source nel or the ends
of its side walls 19 abut the  of fretting. Moreover, because the densities
80 surface 29 of the outer race 14. In accord-  of the lubricant and the
material of the bear- ance with the invention the bearing 9 is  ing cage 16
are substantially the same, the 20  enclosed by an annular housing 20 which
contact pressure between the flat surface of acts to retain the lubricant
in the bearing  the outer race 14 and the base 18 of the and to prevent
ingress of abrasive particles.  channel or the side arms 28 of the
H-section  85 The housing 20 is of metal and is channel  is further
reduced, thus further reducing the shaped in cross-section having its mouth
torque required to turn the blades 3 to 25  directed radially inwards
towards the im-  adjust their pitch angles. Also, the sliding peller axis
as shown in Figure 2, the depth  motion which occurs between the balls 12
of the channel being sufficient to ensure that  and the cage 16 when the
pitch angle of the  90 the balls 12 and the cage 16 are always  blades 3 is
adjusted, takes place at a rela- covered with lubricant despite the effects
of  tively low contact pressure and against the 30  centrifugal force
during use of the fan im-  material of the cage 16 which has a rela-
peller.                                   tively low coefficient of
friction. Further- Adjustment of the pitch angle of the  more, the
provision of the housing 20 en- 95 blades 3 is brought about by means of an
sures that the balls 12 and the cage 16, arm  21 extending transversely
from  the  together with the bearing surfaces of the 35  carrier 8 and
supporting at its end a pin 22  races 13 and 14, are always covered with
carrying a roller 23 which locates within a  a lubricant, preferably a
suitable grease, channel 24 in the periphery of a common  despite the
effects of centrifugal force dur- 100 actuating disc 25. The disc 25
surrounds and  ing use of the fan impeller. is rotationally fast with the
drive shaft 2 but 40  is also capable of axial movement relative    WHAT WE
CLAIM  IS: - to the drive shaft 2. Anv convenient control    1. An impeller
for a controllable pitch arrangement. for example mechanical, elec-  axial
flow fan having a blade bearing en- 105 trical or pneumatic, may be
employed for  closed by a housing which acts to retain a adjusting the
axial position of the disc 25. lubricant in the blade bearing. 45  and it
will be seen that axial movement of    2. An impeller as claimed in Claim
1, the disc 25 will be converted into a simul-  wherein the housing is
channel shaped in taneous rotation of all the blades 3 about  cross-section
having  its mouth  directed 110 their respective axis. One or more counter-
radially inwards towards the impeller axis balance weights 26 may be
provided on the  the blade bearing comprising a bearing cage 50  blade
carrier 8 to oppose inherent blade  accommodating a plurality of bearing
balls, turning moments.                           and the depth of the
channel being such as Refering now to Figure 5, this shows an  to ensure
that the balls and the cage of 115 alternative form of the annular cage 16
hav-  the blade bearing are always covered with ing a substantially
H-shaped cross-section  lubricant despite the effects of centrifugal 55
and part-spherical pockets 17 in the form  force during use of the fan
impeller. of openings which extend through the cross    a. An impeller
having a blade bearing arm 27 of the H parallel to the side arms  enclosed
by a housing substantially as here- 120 28. The cage 16 is interposed
between the  inbefore described with reference to Figures surfaces of the
races 13 and 14 which are  2 and 6 of the accompanying drawings. 60
provided with the grooves 15, so that the ends of the side arms 28 abut the
flat surface        For the Applicants, 29 of the outer race 14. As before
the cage            H. V. A. KIRBY, 16 is formed from  a relatively low
mass            Chartered Patent Agent. Printed for Her Majesty's
Stationery Office by Burgess & Son (Abingdon), Ltd.-1978. Published at The
Patent Office, 25 Southaunpton Buildings, London, WC2A` lAY from which
copies may be obtained.    


