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(57) Abrége/Abstract:

An axial fan construction wherein Iindividual blade assemblies (13) are secured within apertures (18) In the fan hub (12).
Fasteners (25) extend between a retaining member (23) and a blade base (15), with each blade base including a shoulder (27)
overlying a bearing surface on the hub (19) and with resilient members (22) positioned between the blade base shoulders (27)
and hub bearing surfaces (19). A spacer (21) maintains the blade base shoulders and retaining members a preselected
distance apart to allow prestressing of the fasteners (25) while limiting the compressive force applied to the resilient member
(22). The blade base shoulders (27) and hub bearing surfaces (19) are configured to cooperate with the resilient member (22) to
Impart a centering force on the blade base (15) relative to a hub aperture (18) when the resilient member (22) iIs compressed
between the blade shoulder (27) and hub bearing surface (19).
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ABSTRACT OF THE DISCLOSURE
Qbolihabdl OF THE DISCLOSURE
An axial fan construction wherein individual

blade assemblies (13) are secured within apertures (18)
1n the fan hub (12). Fasteners (25) extend between a

resilient member (22). The blade base shoulders (27)
and hub bearing surfaces (19) are configured to
cooperate with the resilient member (22) to impart a
centering force on the blade base (15) relative to a hub
aperture (18) when the resilient member (22) is

Compressed between the blade shoulder (27) and hub
bearing surface (19).
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AXIAL FAN
BACKGROUND OF THE INVENTION
l1. Field of the Invention.

The present invention relates to axial fans
and, particularly, to a construction for securing
individual fan blade assemblies within apertures in a
fan hub whereby the blade assemblies are certered
within the hub apertures and the fan, 1itself, 1is
statically and dynamically balanced.

2. Description of the Prior Art.

Axial fan constructions wherein individual
blade assemblies are secured within apertur2s 1in the
fan hub are known to the prior art. An example of
such a construction 1is shown 1in the United States
Patent No. 3,545,884, issued December 8, 1970, for
ADJUSTABLE FAN CONSTRUCTION to J. W. Schroeter et
al. The Schroeter et al. construction employs an air
foil extending from a Dbase with the base having a
cylindrical portion which fits into a counterbore in
a fan hub assembly. The cylindrical portion provides
a shoulder in opposing relation to a face of the
counterbore with a resilient member being positioned
between the counterbore face and base shoulder. A
retaining disc allows a clamping action to secure the
blade assembly to the hub by bolts extending between
the disc and the blade base.

The Schroeter et al. construction positions
a spacer between the retaining disc and blade base to

allow a prestressing of the bolts while limiting the
amount of compression of the resiliént member. In
this manner, the bolts that secure the blade assembly
to the hub may be prestressed to counter fatigue

failure while the 1limit on compression 1r the
resilient member limits the force necessary to
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realign the blade relative to the hub. Thus, it 1is
possible to securely clamp the blade assembly to the
hub while allowing a manual adjustment of the blade
assembly.
SUMMARY OF THE INVENTION

The present invention provides an axiz. fan
construction o©f the general type disclosed by
Schroeter et al., including a prestressing of the
clampinc fasteners to avoid fatigue failure, and may
be constructed to allow a manual repositioning or
reorientation of the blades relative to the “ub. In
addition, the present invention provides a retaining
assembly for an axial fan blade which automatically
centers the fan blade relative to a radial axis along
which the blade assembly is positioned. In a

preferred embodiment, the blade assembly has 1it's

that 1is coincident with the radial axis, while a
construction in accordance with the present invention
provides an automatic "centering" to maintain the
radial center line along a radial axis. The
automatic centering allows a relaxation of tolerances
within the retaining assembly. It should be noted
that a feature of a fan constructed in accordance
with the present invention is the elimination of
bending forces. Such forces are estz-.ished only
when the blade assembly is not centered and are
eliminated by the automatic centering.

AS indicated, ln a preferred embodiment, the
retaining assembly of the present invention may be
constructed to allow manual adjustment, as by
rotation of the blade assembly about it's radial

center line. The automatic centering discussed above

not only maintins alignment of the individual blade
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assemblies but, also, maintains balance of the fan
itself. In addition, proper selection of materials
provides an automatic self-damping which decreases
vibration induced stress of the blades aré a
reduction of the potential for fatigue failure -° a
blade. In a preferred embodiment, individual blade
assemblies are clamped within apertures in a fzn hub
Dy fasteners extending between a retaining plate and
a Dbase which forms a par: of the blade assembly,.
Each blade base includes a shoulder which overlies a
bearing surface on -he hub with a resilient member
being positioned between the blade base shoulder andg
the hub bearing surface. The blade base shoulders
and hukt bearing surfaces are configured to cooperate
with the resilient member to impart a centering force
on the Dblade base (relative to a hub aperture) on
compression of the resilient member between the blade
shoulder and hub bearing surface. Prestressing of
the fasteners used to clamp the blade assembly to the
base, as disclosed in the above-identified Schroeter

et al. patent, is retained.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a cross-sect:on of a portion of
an axial fan in accordance with the present inventiorn.
Figure 2 is a cross-section similar to that
of Figure 1 illustrating a modification to the
embodiment of Figure 1.
DETAILED DESCRIPTION OF THE PREFERRED EMBCDIMENT

Referring now to Figqure 1, there 1is
illustrated a cross-section of a portion of an axial
fan including a single blade assembly, the fan being
located within a duct 10 and rotatable about a
rotation axis 11 (as by a shaft), in known manner. A
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hub 12 extends from and around the rotation axis 11 and 1is

secured to a shaft 1lying along the rotation axis 11 (not

shown), for rotation therewith, 1n any desired manner. The hub

12 carries a series of blade assemblies 13 (one shown), each

F

of which 1s expected to be 1dentical to the 1llustrated

assembly 13. The number of assemblies 13 1s dependent upon the

particular design and application.

Fach of the blade assemblies 13 1ncludes an air foil

portion 14 and a base portion 15. The Dblade assembly 13

(including the air foil 14 and base portion 15) has its center
of gravity 1lying along center line 16, the center line 16
peing preferably coincident with a "radial axis" as that term

1s understood from the description below.

The base 15 1includes a shoulder portion 27 that fits

within a counterbore 17 of the hub 12, the counterbore 17
pbeing an enlarged portion of an aperture 18 that extends
through the hub 12. The counterbore 17 1includes a bearing

surface 19 1n generally opposing relation to a radius 20, the

radius 20 being formed at the junction of the shoulder 27 and

a spacer portion 21 of the base 15. A resilient member 22 1is

positioned between the bearing surface 19 and radius 20.

A retaining plate 23 1s positioned agalinst an 1nner
pbearing surface 24 of the hub 12 while a threaded fastener 25
extends through the plate 23 and into engagement with threads

within the base 15--within the spacer 21 1in the embodiment

shown. In the i1llustrated embodiment, the spacer 21 1s unitary

with the base 15. A washer 26 1s provided to facilitate

tightening of the fastener 25, 1n known manner.
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As noted above, the blade assembly 13 has 1ts center of

gravity located along a center line 16, the center line 16

preferably lying along an axis (a radial axis) extending
radially outwardly from, and perpendicular to, the rotation

axis 11. The shoulder 27 and spacer 21 of the blade base 15

are symmetrical with respect to the center line 16 while the

counterbore 17, bearing surface 19 and aperture 18 of the hub

12 are symmetrical with respect to a radial axis. The plate

23, washer 26 and fastener 25 are symmetrical and are

preferably positioned with their axis of symmetry coincident

with a radial axis. The bearing surface 19 1s preferably

formed as a conical section that 1s coaxial with a radial

axlis.

As in the prior art Schroeter et al. patent, incorporated
herein, the present invention provides a separation between
the forces that retain the blade assembly in position on the
hub during operation and those that maintain the blade
position at rest. That 1s, the spacer 21 1s dimensioned to
maintain the shoulder 27 of base 15 at a preselected distance

P

from the plate 23 on full tightening of the fastener 25. This

maintains the shoulder 27 at a preselected distance from the

counterbore 17 of the hub 12 (when the plate 23 1s against the

F

inner bearing surface 24 of +the hub 12) and allows the

fastener 25 to be preloaded so as to avoid fatigue fallure in

the fastener assembly, 1in known manner. During operation

(during rotation of the fan assembly about the rotation axis

11), friction between the plate 23 and bearing surface 24 will

e

maintain the relative position of the blade assembly 13 and

the hub 12. When the fan wheel is at rest, however, it 1s the
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compression of the resilient member 22 (between the
radius 20 and bearing surface 19), and the friction
resulting from that compression, that serves to
maintain the blade position relative to the hub 1l2.
As 1s known from Schroeter et al., the relative
dimensions of the parts can be selected such that the
air foil 14 can be manually rotated about the axis 16
without 1loosening of the fastener 25. However,
unlike the Schroeter et al. construction, the
retaining assembly of the present 1invention provides
an automatic centering of a blade assembly 1l. along a
radial axis. This 1s a result of the angle of the
bearing surface 19--the forming of that surface as a
conical section having its axis coincident with the
radial axis--and the compression of the resilient
member 22. That 1s, the angle of the bearing surface
19 results in a compressive force on the resilient
member 22 having one component generally parallel to
a radial axis and another <component Ggenerally
perpendicular to that axis. The parallel component

provides a force required to maintain the blade 1in

position at rest. The perpendicular component serves
to urge the base 15 of a blade assembly 13, and 1its
center line 16, toward the radial axis. In this

manner, the tolerances of the components may be
relaxed while still providing a centering of those
components along the radial axis. In addition,
during operation, should the blade center line/center
©of gravity be off the radial axls, the centrifugal
force acting on the components of the blade assembly,
and 1ts retaining assembly, urges them tc center
their center lines/axes of symmetry along the radial
axils. It should be noted that due to the symmetry of

-----
\ . - - . .
\\\\\
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the several components and the fact that Dblade
assembly 13 has its center of gravity along the
center line 16 (and a radial axis), rotation of the
blade 13 about the center line 16 does not alter the
balance of the assembly. In addition, with the
self~centering feature, this symmetry is maintained
when a substantial clearance between the parts is
used.

Obviously, many modifications and variations
of the present invention are possible in light of the
above teachings. One such modification 1S
lllustrated 1in Figure 2 whereir 1like reference
numerals designate elements corresponding to those of
Figure 1. 1In Figure 2, the essential difference lies
in the provision of a race or sliding bearing surface
30 positioned on the conical section surface 19 and
between that surface 19 and the resilient member 22.
The materials of the race 30 and resilient member 22
may be selected to facilitate a sliding movement
therebetween thereby preventing degradation of the
resilient member 22 and a change in the preload
characteristics provided by the member 22 through
wear. In this manner, the "need" to tamper with a
factory set preload in the blade retaining assembly
(2 preload of the fastener 25) is eliminated. Also,
the (friction force provided remains sufficient to
prevent 1inadvertant adjustment as by hand or through
aerodynamic or centrifugal component forces during
operation. Additionally, the spacer 21 is shown as a
unitary member with the base 15. While 1t 1is
desirable that the spacer 21 be unitary, it need not
be sO0 1long as the function described hereir is

retained. A separate spacer element may therefore be
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provided consistent with the teachings herein. It should also

be noted that the use of a resilient member serves to reduce

n

the amplitude of the blade natural frequency. This action 1s

enhanced through the selection of an elastomeric material for

the resilient member 22 that 1s 1nherently self-damping. The

result 1s decrease 1n the vibration-induced stress 1n the

ﬁ
p—

blade thereby decreasing the potential for fatigue failure o:

R—

pr—
p—

the Dblade. An optimal match of the resilient element

F

characteristics and the mass and natural frequency of the

R—

blade assembly is within the skill of one ordinarily skilled

in the art. Also, the hub aperture need not be cylindrical so

long as 1t 1s symmetrical with respect to a radial axis--a

surface of revolution of a straight line about a radial axis,

for example. Further, the junction of the shoulder 17 and

spacer portion 21 of base 15 need not be formed as a radius as
shown at 20. Alternatively, a conical bearing surface may be

formed at that Jjunction 1n opposing relation to the bearing

surface 19. Finally, a single fastener 25 1s 1llustrated
securing the several components to each other. While this 1is
preferred in many applications, multiple fasteners, or non-
threaded fasteners, may be employed consistent with the

requirement that symmetry be established and maintained. It 1is

therefore to be understood that, within the scope of the

appended claims, the invention may be practiced otherwlse than

as specifically described.

e e SISO TE LTI TR IR MIIRAANY 104 MO0 o251 M40 MU MO AL AL SRR S EE SRR TS 1851 707 70 o oo o W T AL M GO MM IR U UM SO O ONMESLINE T UL 1 N AER eblqe g



CA 02024100 2000-07-24

1. In an axial fan wherein individual Dblade
assemblies are clamped within apertures in a fan hub by
fasteners extending between a retaining member and a blade
base, each blade base including a shoulder overlying a
bearing surface on the hub with resilient means positioned
between the blade base shoulder and hub bearing surface,
and having spacer means for maintaining the blade base
shoulder and retaining member a preselected distance apart
to allow prestressing of the fasteners while limiting the
compressive forces applied to the resilient means, the
improvement wherein the blade base shoulders and hub
bearing surfaces are configured to cooperate with the
resilient means to impart a centering force on the blade
base relative to the hub aperture when a resilient means
1s compressed between the blade shoulder and hub bearing

gsurface.

2. The axial fan of c¢laim 1 wherein the hub
apertures are generally cylindrical, said bearing surfaces
being formed as conical sections coaxial with said

cylindrical apertures.

3. The axial fan of claim 2 wherein said spacer

means are formed as unitary extensions of the bases.

4 . The axial fan of claim 1 wherein said apertures
are defined by a surface of revolution of a straight line
about an axis, said bearing surfaces being formed as

conical sections coaxial with said apertures.
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5. The axial fan of claim 4 wherein said spacer
means are formed as unitary extensions of the blade bases,
sald unitary spacer means being symmetrical with respect

to a hub aperture axis when centered within the hub

aperture.

6. The axial fan of claim 5 wherein said unitary
spacer means comprise threaded bores extending along
spacer means axis of symmetry, said fasteners comprising
threaded members engagable with said threaded bores.

7. The axial fan of claim 6 further comprising race
means engaging said resilient means for facilitating

manual rotation of each said base within each said

aperture.

8 . The axial fan of claim 7 wherein said resilient

means are self-damping.

9. In an axial fan having a plurality of fan blades
supported for rotation with a hub about a rotational axis,
each blade being secured through a different aperture in
the hub and extending generally along a radial axis
extending from the rotational axis through said hub
aperture, said hub apertures being generally symmetrical
with respect to their radial axis and extending between
inner and outer hub bearing surfaces, and each of the
blades being formed of a base and an airfoil extending
outwardly from the base with the base including a shoulder
generally overlying the outer hub bearing surface, and

having a retaining plate overlying the inner hub
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bearing surface, spacer means between the pase

shoulder and retaining plate, fastener means

securing the base to the retaining plate and

resilient means between the base shoulder and outer

hub bearing surface, the 1mprovement whereln at
least a portion of the spacer means 1s unitary with

said base and 7Joins the Dbase shoulder at a

junction, the outer hub bearing surface Dbeing

formed as a conical section opposing salid junction.

10. The axial fan of <c¢laim 9 wherein each hub

aperture, blade base, blade base shoulder, unitary

spacer means portion, retaining plate and fastener
are generally symmetrical and are secured coaxlally

relative to each other and a radial axis.

_

11. The axial fan of claim 10 wherein each fan

blade has 1its center of gravity along a radial axis

when supported by said hub.

gty

12. The axial fan of c¢laim 11 further comprising

race means engaging saild resilient means for

facilitating manual rotation of said base within an

aperture.

13. The axial fan of c¢laim 12 wherein said

resilient means are self-damping.

14. The axial fan of claim 9 wherein each fan

g

blade has its center of gravity along a radial axis

when supported by said hub.
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