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(57) Abrégée/Abstract:
A large Iindustrial celling fan (10). includes exceptionally long fan blades (12) with blade tips that can be tilted upward to more
broadly distribute the air. Such broad distribution might be particularly beneficial in cases where the fan is installed relatively low to
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(57) Abrege(suite)/Abstract(continued):
avold obstacles such as hanging lights, sprinkler heads and rafters. A low mounting position Is possible, because the fan Is
suspended from a hanger (16) of adjustable length. The fan includes several joints that are redundantly bolted and welded for
safety. A continuous. retaining ring provides additional safety. A resilient bushing (20) enhances the flexibility of the fan blades and
reduces strain where the fan blades connect to a central mounting hub (52). To more broadly distribute the airflow underneath the
fan, each fan blade has a twisted geometry to provide an angle of attack that decreases from the root (64) to the tip (14) of the

blade.
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(57) Abstract: A large industrial ceiling fan (10). includes
exceptionally long fan blades (12) with blade tips that can be
tilted upward to more broadly distribute the air. Such broad
distribution might be particularly beneficial in cases where
the fan is installed relatively low to avoid obstacles such as
hanging lights, sprinkler heads and rafters. A low mount-
ing position is possible, because the fan is suspended from
a hanger (16) of adjustable length. The fan includes several
joints that are redundantly bolted and welded for safety. A
continuous. retaining ring provides additional safety. A re-
silient bushing (20) enhances the flexibility of the fan blades
and reduces strain where the fan blades connect to a central
mounting hub (52). To more broadly distribute the airflow
underneath the fan, each fan blade has a twisted geometry to
provide an angle of attack that decreases from the root (64)

to the tip (14) of the blade.
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INDUSTRIAL CEILING FAN

Field of the Disclosure

[0001] The present disclosure generally pertains to ceiling fans and more specifically to

industrial ceiling fans.

Background of Related Art

[0002] It can be difficult to effectively ventilate large, wide-open areas of a building such
those areas typically found 1n warehouses and factories. Ductwork can be expensive and
impractical in some applications, so as a low-cost alternative, a number of ceiling fans might
be 1nstalled simply to keep the indoor air circulating.

[0003] An area can be ventilated by a large number of small fans or a fewer number of
large fans. Either option has 1ts advantages and disadvantages. Smaller fans can be easier to
install between rafters, sprinkler heads, hanging lights and other obstacles found 1n some
buildings. Small fans might also be strategically located to focus the ventilation where 1t 1s
most needed. In buildings with high ceilings, however, small fans might not have the
capacity to discharge air at a volume that can effectively reach the area near the tfloor where
the occupants could appreciate the airflow, thus small fans might be almost worthless 1n some
cases.

[0004] Larger fans might be able to discharge air at a volume and velocity that can reach
the floor, however, large fans require more radial clearance, thus they can be more difficult to
install between obstacles. If a large fan 1s lowered so that the fan blades rotate underneath the
obstacles, the fan might be so low that 1t creates a focused draft directly below the fan rather
than broadly distributing the air. Increasing the speed of the fan can worsen the focused draft
problem. Decreasing the fan speed can eliminate the draft, but operating below the fan's
rated speed can be an inefficient use of the fan. In addition, large fans are inherently heavier
and may require creative means for ensuring that the fan and 1ts various parts remain intact.
[0005] Consequently, a need exists for an industrial ceiling fan that overcomes the

aforementioned drawbacks of both small and large fans.
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Summary

[0006] In some examples a ceiling fan 1s suspended from an adjustable length bar.

[0007] In some examples, a ceiling fan has a redundant combination of weld fillets and
mechanical fasteners that helps ensure that the motor remains coupled to the hanger.

[0008] In some examples, the fan includes a safety ring that inhibits complete separation of
the fan hub from the drive shaft and which serves to couple the blade support arms together.
[0009] In some examples, a ceiling fan has blade tips that are tilted upward.

[0010] In some examples, a resilient bushing helps couple the fan blades to the hub,
wherein the bushing helps minimizes stress at the root of the fan blades.

[0011] In some examples, the resilient bushing allows the blades to deflect upward as the
speed of the fan increases.

[0012] In some examples, the fan provides an airtlow thrust with a reaction force that
supports most of the blades weight.

[0013] In some examples, the fan blades are at least five feet long.

[0014] In some examples, the number of fan blades 1s no more than six, and the blades are
relatively light compared to the thrust they exert.

[0015] In some examples, the fan blades are tapered and twisted along their length, and the
blades angle of attack 1s greater near the root of the fan blade than near 1ts tip to more evenly

distribute the airflow across the full diameter of the fan.

Brief Description of the Drawings
[0016] Figure 1 1s a side view of a ceiling fan with 1ts blades when stationary being
substantially horizontal.
[0017] Figure 2 1s a side view of the ceiling fan of Figure 1 but with the tip of the fan
blades being tilted upward.
[0018] Figure 3 1s a closer side view of the fan of Figure 2.
[0019] Figure 4 1s a cross-sectional view taken along line 4-4 of Figure 3.

[0020] Figure 5 1s a perspective view of the ceiling fan but with the fan blades omaitted.

Detailed Description

[0021] A ceiling fan 10, 1llustrated in Figures 1 — 5, includes various features that make fan

10 particularly suited for ventilating large open areas 1n a building such as 1n a factory or

_0
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warchouse. Fan 10, for instance, has fan blades 12 that can be five to twelve feet long (or
longer) to ventilate a broad area below the fan; fan blades 12 can be tilted lengthwise with a
blade tip 14 raised so that fan 10 can cover an even broader area; each fan blade 12 has a
shape that varies along its length to promote airflow underneath the full diameter of the fan; a
hanger 16 has an adjustable length 18 so that fan 10 can be installed at an elevation where fan
blades 12 can avoid pipes, hanging light fixtures, overhead beams and various other obstacles
often found 1n industrial buildings; a resilient connector 20 (Figs. 3 and 4) provides fan
blades 12 with strain reliet and additional flexibility; and fan 10 includes a bracket assembly
22 with redundant or backup connections for safety.

[0022] To rotate fan blades 12, fan 10 includes an electric motor 24 comprising a rotor 26,
a stator 28, and a speed-reducing gearbox 30. To keep the physical size and weight of motor
24 to a minimum (¢.g., approximately 98 Ibs) while providing sufficient horsepower (¢.g.,
about 2 hp), rotor 26 rotates at relatively high speed. To achieve an appropriate speed and
torque for fan blades 12, gearbox 30 1s coupled to rotor 26. Extending downward from
ocarbox 30 1s an output drive shaft 32 that rotates at some predetermined rated speed (e.g., 50
rpm), which 1s considerably less than the speed of rotor 26. A variable speed drive can be
used to vary the speed of rotor 26 and thus vary the speed of the fan blades.

[0023] Bolts 34 can be used to mount motor 24 to bracket assembly 22, which 1n turn can
be connected to hanger 16. In an example, bracket assembly 22 includes a side plate 22a that
1s redundantly bolted (bolts 36) and welded (some type of fillet 38 welded or otherwise) to an
upper plate 22b and a lower plate 22¢. Side plate 22a 1s formed and/or fabricated to extend
about halfway around the circumference of motor 24. Such a shape provides bracket 22 with
adequate torsional stiffness and exposes motor 24 to ambient air for cooling the motor.
Lower plate 22c¢ 1s a round disc with a central hole through which drive shaft 32 protrudes
and freely rotates within. L-shaped brackets 40 can be used for connecting side plate 22a to
lower plate 22¢. Upper plate 22b 1s generally U-shaped and serves to connect bracket 22 to
hanger 16.

[0024] To provide hanger 16 with adjustable length 18 and torsional resistance, hanger 16
can be comprised of two telescoping square tubes 16a and 16b. Tube 16a or 16b can include
a series of holes 42 to which another set of holes 1n the other tube can selectively be aligned.
Once a chosen set of holes are aligned to provide hanger 16 with a desired length, bolts 44
can be 1nserted 1nto the holes to lock tubes 16a and 16b 1n place. Connectors 46 can couple
hanger 16 to a suitable overhead structure 48 (e.g., ceiling, rafters, etc.), and connectors 50

can be used for fastening hanger 16 to bracket assembly 22.
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[0025] Below bracket assembly 22, drive shaft 32 connects to a hub 52. The connection
can be achieved using a taper-lock bushing 54 (Fig. 4), a shaft key 56, and/or a redundant
safety bolt 58 (Fig. 3) at the end of shaft 32. The threads on the safety bolt should be chosen
sO as to ensure the bolt tends to tighten under the normal operating direction of the fan. Hub
52 includes a plurality of fan blade support arms 60. For the illustrated example, hub 52
includes four arms 60 for four fan blades 12. Although more or less arms and fan blades are
certainly possible, the quantity of four has been shown to provide a particularly desirable
combination of cumulative blade weight, air thrust and balance, which will be explained later.
[0026] To connect fan blades 12 to hub 52, a yoke 62 1s mounted to and extends from a
root 64 of cach fan blade 12. Yoke 62 defines two bores 66 and 68 into which two locking
pins 70 and 72 are inserted. A resilient connector 20 1n the form of a polymeric bushing (¢.g.,
neoprene rubber) creates a radial interference fit that frictionally holds pins 70 and 72 within
bores 66 and 68. Pins 70 and 72 matingly engage a neck 74 of an adjustable shank 76 that
screws 1nto support arm 60.

[0027] The distance to which shank 76 screws 1nto arm 60 determines the radial position of
fan blade 12 and thus provides a means for balancing fan 10. The rotation of shank 76 within
arm 60 provides a mean for adjusting a fan blade's pitch or angle of attack. The rotational
position of pins 70 and 72 within bores 66 and 68 determines whether fan blade 12 1s tilted up
(F1g. 2) for broader distribution of air, tilted down (not shown) or level (Fig. 1).

[0028] Once fan blades 12 are properly adjusted, a screw 78 threadingly engages pin 72 to
clamp pins 70 and 72 tightly against neck 74, and a second screw 80 tightens support arm 60
to shank 76. Tightening screw 80 draws together two tabs 82 that are locked 1nto two flutes
84 on either side of an expansion slit 86 1n arm 60. Thus, tightening screw 80 tends to close
slit 86 so that arm 60 tightly constricts around the threads of shank 76, thereby locking shank
76 to arm 60. With pins 70 and 72 now fixed against rotation by virtue of engagement with
neck 74, the resilient connector 20 allows for limited rotation of blade 12 about an axis
oenerally defined by screw 78. With blade 12 at rest, the friction provided by connector 20
between pins 70 and 72 and bores 66 and 68 1s adequate to support the weight of the blades
without a mechanical hard stop. For fan rotation, the yieldability of the resilient connector 20
facilitates the tip of blade 12 rising as 1t forces air downwards, without placing undue stress
on the hub assembly.

[0029]  As an extra precaution against hub 52 accidentally separating from drive shaft 32,
a series of brackets 88 fasten a retaining ring 90 (Figs. 3 and 5) to fan blade support arms 60

that extend from hub 52. Retaining ring 90 completely encircles side plate 22a and 1s
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disposed above lower plate 22¢. An inner diameter of ring 90 1s smaller than the outer
diameter of lower plate 22¢, so lower plate 22¢ cannot fit through the inner diameter of ring
90. Consequently, 1f hub 52 were to descend relative to drive shaft 22, the descent would
stop when ring 90 or brackets 838 encounters lower plate 22¢. Upon engaging lower plate
22¢, ring 90 being a continuous ring helps evenly distribute the weight of hub 52 and fan
blades 12 among the series of ring-supporting brackets 88. In addition, ring 90 couples blade
support arms 60 together, thus providing another redundant safety feature — should a support
arm separate from the hub.

[0030] Additional notable features of fan 10 pertain to the fan's dynamic response during
operation. The quantity, weight, and shape of fan blades 12 1n conjunction with the fan
blade's flexibility enhanced by resilient connector 20 causes the fan blade tips 14 to rise an
appreciable amount 1n response to fan 10 forcing air downward. The rise of tips 14 1s
represented by the phantom lines of Figures 1 and 2. The phantom lines show the elevation
of fan blades 12 while rotating at the rated speed, and the solid lines represents fan blades 12
while stationary. Although even horizontal fan blades 12 with their current shape (tapered
and twisted from root 64 to tip 14) can broadly and thoroughly distribute discharge air over
an 1ndistinct flow pattern, a slight positive incline of fan blades 12 enhances this desirable
ctfect by imparting a greater horizontal/radial component to the moved air as compared to an
un-inclined blade.

[0031] In achieving this effect, each fan blade 12 preferably develops an individual airflow
thrust 92 that creates an individual upward reaction force 94 that supports most of a single fan
blade's weight. In some cases, reaction force 94 supports substantially all of the blade's
weight. This 18 possible with the current fan blade's tapered hollow geometry, which
provides a fan blade that weighs between only one and three pounds per foot of 1ts length.96.
Also, limiting the number of fan blades to six or less (such as, for example, four or three fan
blades) means that a cumulative airtlow thrust 98 (total thrust exerted by fan 10) creates a
cumulative reaction force 100 that 1s distributed over fewer blades, thereby increasing the
upward flexing of each individual blade during operation. The cumulative reaction force 100
provided by the blades, however, may be 1nsufficient to place hanger 16 1n compression,
which might destabilize fan 10.

[0032] Although the invention 1s described with respect to various examples, modifications
thereto will be apparent to those of ordinary skill in the art. The scope of the invention,

therefore, 1s to be determined by reference to the following claims:
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Claims

1. A ceiling fan mountable to an overhead structure, the ceiling fan comprising:

a hanger mountable to the overhead structure;

a motor with a drive shaft that points generally downward;

a hub connected to the drive shaft such that the hub is below the motor;

a plurality of fan blades coupled to the hub;

a bracket assembly that couples the motor to the hanger;

a lower plate extending from the bracket assembly such that the lower plate is above
the hub; and

a retaining ring supported by the hub and disposed above the lower plate such that the
lower plate and the retaining ring limit relative vertical movement between the hub and the

bracket assembly if the hub were to descend relative to the drive shaft of the motor.

2. The ceiling fan of claim 1, wherein the retaining ring encircles the motor.

3. The ceiling fan of claim 1, wherein the retaining ring encircles the drive shaft.

4, The ceiling fan of claim 1, further comprising a plurality of brackets that couple the
hub to the retaining ring.

5. The ceiling fan of claim 4, wherein the plurality of brackets and the plurality of fan

blades are in one-to-one correspondence.

6. The ceiling fan of claim 5, wherein the hub includes a plurality of arms to which the

plurality of fan blades are connected, and the plurality of brackets are attached to the plurality

of arms.

7. The ceiling fan of claim 6, wherein the plurality of arms, the plurality of brackets and

the retaining ring are substantially fixed relative to each other.

8. The ceiling fan of claim 1, wherein the bracket assembly includes a redundant
combination of fillets and mechanical fasteners that helps ensure that the motor remains

coupled to the hanger.
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9. The ceiling fan of claim 1, wherein the hanger comprises a pair of tubes that are
telescopically engaged and have a generally rectangular cross-section, whereby the pair of
tubes render the hanger vertically adjustable by virtue of the pair of tubes being telescopically
engaged, and the hanger can resist torque by virtue of the pair of tubes having the generally

rectangular cross-section.

10. The ceiling fan of claim 1, further comprising a plurality of resilient members that
help resiliently couple the plurality of fan blades to the hub such that the plurality of fan
blades can deflect both upward and downward more readily than if the plurality of fan blades

were more rigidly coupled to the hub.

11. A ceiling fan mountable to an overhead structure, the ceiling fan comprising:

a hanger mountable to the overhead structure;

a motor with a drive shaft that points generally downward,;

a hub connected to the drive shaft such that the hub is below the motor;

a plurality of arms extending from the hub;

a plurality of fan blades coupled to the plurality of arms;

a plurality of brackets connected to the plurality of arms;

a bracket assembly that couples the motor to the hanger;

a lower plate extending from the bracket assembly such that the lower plate is above
the hub; and

a retaining ring connected to the plurality of brackets and disposed above the lower
plate such that the retaining ring encircles at least one of the motor and the drive shaft,
wherein the lower plate and the retaining ring limit relative vertical movement between the

hub and the bracket assembly if the hub were to descend relative to the drive shaft of the

motor.

12. The ceiling fan of claim 11, wherein the plurality of arms, the plurality of brackets

and the retaining ring are substantially fixed relative to each other.

13. The ceiling fan of claim 11, wherein the plurality of brackets and the plurality of fan

blades are in one-to-one correspondence.
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14. The ceiling fan of claim 11, wherein the bracket assembly includes a redundant
combination of fillets and mechanical fasteners that helps ensure that the motor remains

coupled to the hanger.

15, The ceiling fan of claim 11, wherein the hanger comprises a pair of tubes that are
telescopically engaged and have a generally rectangular cross-section, whereby the pair of
tubes render the hanger vertically adjustable by virtue of the pair of tubes being telescopically
engaged, and the hanger can resist torque by virtue of the pair of tubes having the generally

rectangular cross-section.

16. The ceiling tan of claim 11, further comprising a plurality of resilient members that
help resiliently couple the plurality of fan blades to the plurality of arms such that the plurality
of fan blades can deflect both upward and downward more readily than if the plurality of fan

blades were more rigidly coupled to the plurality of arms.
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