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ABSTRACT OF THE DISCLOSURE

A fan damper includes a frame and a plurality of hollow airfoil blades, each having a
leading edge, a trailing edge, a seal formed on the trailing edge, and a pivot mechanism on
either end of each blade, each of which pivot mechanisms includes an extension that
includes a weight. A secondary seal is positioned between the pivot mechanisms and the
sides of the frame. A fadder bar connects the pivot mechanisms. During significant air
pressure changes, such as when a fan is turned on, the airfoil blades are caused to move,
against the weights from a first, closed, overlapping position relative to the frame,
whereupon the seal on the trailing edge of a relatively upper blade seals against the leading
edge of an adjacent relatively lower blade, and the secondary side frame seal seals against
the pivot mechanisms, to a second, open position. The airfoil blades will stay in the open
position as long as the air pressure is enough to overcome the effect of the weights. When

the air pressure decreases sufficiently, the blades return to the closed, overlapping position.
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SPECIFICATION
TITLE: AIRFOIL DAMPER
CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority from U.S. Patent Application Serial No. 62/235,985,
filed October 1, 2015, entitled “Airfoil Damper”, and of U.S. Patent Application Serial No.
62/247,982, filed October 29, 2015 , entitled “Airfoil Damper”.

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to building ventilation and, more particularly, to a damper used in a
wall of a building to control air movement through the building.

2. Description of the Related Art

In large buildings, such as agricultural or industrial buildings, there are often employed
large electric fans to move air through the building. Louvers, shutters or dampers are
installed in the walls of the buildings adjacent the large fans. The damper is open when the
fan is on to allow air movement through the damper and closed when the fan is off, thereby
preventing hot or cold exterior air from entering the building.

These conventional dampers are opened and closed by electric motors to coordinate
with the on/off operation of the electric fans. Of course, the need for electric motors requires
extra maintenance for the motor, extra cost for the motor and the electrical system for the

motor, extra use of electricity to power the motor, etc.

SUMMARY OF THE INVENTION

Accordingly, it is a purpose of the present invention to provide a damper which is more
economical, cost-effective, and reliable, and which can open and close automatically without
the need for an electric motor.

It is another purpose of the present invention to provide a damper that does not require
electric motor operation.

It is another purpose of the present invention to provide a damper that helps prevent
hot or cold air from penetrating through a closed damper.

It is another purpose of the present invention to provide a damper using hollow blades

that have a relatively high “R” (insulation) value for energy efficiency.
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10

15

20

25

30

It is still another purpose of the present invention to provide a damper providing a
superior seal between the blades, and between the blades and a frame for the blades.

It is another purpose of this invention to provide a blade that has seals along the
trailing edge thereof to provide a tight seal when the damper is in the closed position.

It is another purpose of the present invention to provide damper blades in an airfoil
shape to help provide lift to open the damper via a change in air pressure.

It is further a purpose of the present invention to provide a blade that has a pivot point
closer to a leading edge of the blade, which allows a pressure differential across the damper
to help the damper open on its own, without the need for motorization.

It is yet another purpose of the present invention to provide a ladder bar to connect
each blade to all other blades of the damper to create more uniform opening and closing
motions.

Finally, it is another purpose of the present invention to provide blades that have end
caps with an extension on a leading edge side thereof, and weights on the extensions which
must be counteracted by the air pressure in order to open the damper.

To achieve the foregoing and other purposes of the present invention there is provided
a damper having an open frame in which is arranged a plurality of aerodynamic vanes or
blades that move together automatically based on air pressure changes.

The blades move from an open position, wherein the blades are spaced from each
other and air moves through the damper between the blades, to a closed position, wherein
the top and bottom edges of adjacent blades (except the uppermost and lowermost blades)
overlap via seals, and the sides of the frame are sealed, so that air is essentially prevented
from moving through the damper. With the uppermost blade, an upper (leading) edge is
received by the top of the frame and a lower (trailing) edge overlaps the next adjacent blade
upper edge. With the lowermost blade, a lower (trailing) edge is received by the bottom of
the frame and an upper (leading) edge overlaps the next adjacent blade lower (trailing)
edge.

In accordance with an aspect of an embodiment, there is provided a damper,
comprising: a frame having an air inlet side and an air outlet side; and a plurality of hollow
blades, each having a cross-section in a shape of an asymmetrical airfoil with a convexly-
curved centerline, a leading edge, and a trailing edge, wherein the leading edge is a rounded
surface against which the inlet side air moves, and the outlet side air moves against the
trailing edge, top and bottom opposing surfaces between the leading edge and the trailing

edge, wherein each top and bottom surface is continuously convexly curved along an entire
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length thereof from the leading edge to the trailing edge, a convex rib connecting portions of
the opposing convexly-curved top and bottom surfaces at the trailing edge of each blade,
wherein a first distance between the top and bottom surfaces at the convexrib is greater
than a distance between the top and bottom surfaces adjacent the rounded leading edge,
two opposing open ends, an end cap sealing each of the open ends, and on the trailing
edge, a depressible seal parallel to the trailing edge, wherein each blade is pivotally
connected to the frame by respective pivot mechanisms received at the ends, wherein each
of the pivot mechanisms has a corresponding leading edge and trailing edge, wherein each
leading edge of each pivot mechanism includes a ballast weight integrally connected to a
front of the leading edge of the blade so that the leading edge of each pivot mechanism has
a greater weight than the trailing edge of the blade, which weight is non-adjustably fixed to
the pivot mechanism so that the weight cannot move relative to the pivot mechanism,
wherein each pivot mechanism includes a pivot point that extends therethrough from the
respective end cap close to the leading edge of each blade, and wherein the blades move
from a first, closed position relative to the frame, where the leading edge of each of the
blades and the weights are positioned above the respective pivot point, and the seal of the
trailing edge of one of the blades seals against the leading edge of another blade or a
bottom of the frame, to a second, open position relative to the frame, when a pressure of the
inlet air at the leading edge of each of the blades and the top and bottom surfaces of each of
the blades creates a lift in an amount sufficient to rotate the blades into the second, open
position, and, when the lift falls below the amount sufficient, the blades move back to the
first, closed position.

In accordance with another aspect of an embodiment, there is provided a damper,
comprising: a frame having an air inlet side and an air outlet side; a plurality of hollow
blades, each blade having an asymmetrical airfoil shape with a convexly curved centerline, a
leading edge, and a trailing edge, wherein the leading edge is a rounded surface against
which the inlet air moves, and the outlet air moves against the trailing edge, top and bottom
opposing surfaces between the leading edge and the trailing edge, wherein each top and
bottom surface is continuously convexly curved along an entire length thereof from the
leading edge to the trailing edge, a convex rib connecting portions of the opposing, convexly-
curved top and bottom surfaces at the trailing edge of each blade, two opposing, open ends,
an end cap closing each of the open ends, and first and second depressible, spaced seals
that extend substantially along and parallel with the trailing edges of the blades, pivot

mechanisms that have corresponding leading and trailing edges, that include extensions at

2a
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the leading edges of the pivot mechanisms, and that include therethrough a pivot point
extending from the respective end cap, which pivot points are received by the frame to allow
the blades to pivot relative to the frame; a ballast weight integrally connected at each leading
edge extension, in front of the leading edge of each blade, to render the pivot mechanisms
heavier at the leading edge thereof than at the trailing edges of the blades, which weight is
non-adjustably fixed to the pivot mechanism so that the weight cannot move relative to the
pivot mechanism; wherein the pivot point is close to the leading edge of each blade; and at
least one bar pivotally connecting the pivoting mechanisms so that the plurality of blades
move together, wherein the blades move from a first, closed position relative to the frame,
where the leading edge of each of the blades and the weights are positioned above the pivot
point, to a second, open position relative to the frame, when a pressure of the inlet air at the
leading edge of each blade and the asymmetrical top and bottom surfaces of each blade
creates a lift in an amount sufficient to rotate the blades into the second, open position, and,
when the lift falls below the amount sufficient, the blades move back to the first, closed
position, wherein, when the blades are in the first, closed position, each weight is located
above the respective pivot point, and, when the blades are in the second, open position, the
leading edges of the blades face the inlet side and the trailing edges of the blades face the
outlet side, and the blades are substantially horizontal with each weight being substantially
co-planar with the respective pivot point, and wherein the seals abut a leading edge of an
adjacent blade or a bottom of the frame when the blades are in the first, closed position.

Plural such dampers can be arranged adjacent to each other to provide a larger
amount of airflow and/or to provide selective opening and closing of respective dampers.

The damper is part of a ventilation system which minimizes air leakage and energy
loss relative to conventional ventilation systems incorporating dampers.

Other features and advantages of the present invention will be apparent from the
following description taken in conjunction with the accompanying drawings, in which like
reference characters designate the same or similar parts throughout the figures thereof.

2b
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the invention and, together with the description,

serve to explain the principles of the invention.

Fig. 1Ais a perspective view of a damper according to the present invention;
Fig. 1B is a side, cross-sectional view of a bottom member of the frame;

Fig. 2 is a plan view of a left side frame piece of the present invention, illustrating
particularly holes formed therein to receive the ends of the blades;

Fig. 3 is a side view of the frame piece shown in Fig. 2.
Fig. 4 is a perspective view of the frame;
Fig. 5 is a top view of a blade according to the present invention;

Fig. 6 is an right end view of the blade shown in Fig. 5, illustrating particularly the ribbed
internal reinforcement, the leading edge and the trailing edge with two seals;

Fig. 7 is an enlarged view of a first one of the seals on the trailing edge of the blade
shown in Fig. 6;

Fig. 8 is an enlarged view of a second one of the seals on the trailing edge of the blade
shown in Fig. 7,

Fig. 9 is a bottom perspective view of the blade shown in Fig. 6, illustrating particularly
ribbed internal reinforcement;

Fig. 10 is a top view of a blade with end caps attached to either end;

Fig. 11 is a right side view of the blade shown in FiG. 10;
Fig. 12 is a side view of a ballast bracket;
Fig. 13 is a top view of the ballast bracket shown in FIG. 12;

Fig. 14 is a top view of a blade according to the present invention with a pivot mechanism
attached at ends thereof;

Fig. 15 is a right side view of the blade shown in Fig. 14;

Fig. 16 is a left side view of the pivot mechanism shown in Fig. 15.

Fig. 17 is a top view of the pivoting mechanism shown in Fig. 15:

Fig. 17a is a side view of a right side one-piece pivot mechanism;

Fig. 17b is a top view of a blade including right and left one-piece pivot mechanisms like

that shown in Fig. 17a;
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Fig. 17c is a front view of a blade including right and left one-piece pivot mechanisms like
that shown in Fig. 17a;

Fig. 17d is a bottom view of a blade including right and left one-piece pivot mechanisms
like that shown in Fig. 173a;

Fig. 18 is a plan view of a ladder bar,

Fig. 19 is a perspective view of a leading edge of a blade, the pivot mechanism between
the blade and frame, and a ladder bar pivotally attached to the pivot mechanism.

Fig. 20 is another view of a leading edge of a blade, the pivot mechanism between the

blade and frame, and a ladder bar pivotally attached to the pivot mechanism.

DETAILED DESCRIPTION

Fig. 1Ais a perspective view of a damper 10 according to an embodiment of the
present invention received within an exterior wall 12 of a building and adjacent an electric
fan 14 that introduces air into a building.

In the embodiment shown, there is one damper 10 having two side-by-side sets 30a
and 30b of blades 30. Of course, only one set of blades 30 may be used in a damper 10,
there may be more than two sets of blades 30 per damper 10, or a plurality of dampers 10
can be located throughout a building, each frame having one or more sets of blades.

The one or more dampers 10 are a part of a larger ventilation system employing one
or more conventional electric fans 14. The one or more dampers 10 minimize air leakage
when respective associated fans 14 to which the one or more dampers 10 are attached are
off and allow for low energy losses when the associated fans 14 are operating.

Plural such dampers 10 can be arranged adjacent to each other in the wall 12 to
provide a larger amount of airflow and/or to provide selective opening and closing of
respective dampers 10.

The damper 10 generally includes a support or frame 20 and one or more vanes or
blades 30 arranged horizontally within the frame 20.

As described below, the damper 10 also includes pivot mechanisms 60 having blade
end pieces or end caps 70, 71 and ballast brackets 80, 81, as well as counter-weights 100,
and a ladder bar 110.

The frame 20 is preferably rectangular and defines an opening 16 between top,
bottom and right and left side portions 20a — 20d, respectively. The two vertical sides 20¢
and 20d may be longer than the horizontal bottom/top.

In the embodiment shown in Fig. 1A, two sets 30a and 30b of blades 30 are

separated at a vertical middle. In this embodiment, the frame 20 would include two right
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sides 20c and two left sides 20d, with the two innermost sides 20¢ and 20d being adjacent
each other.

The frame 20 should have outer dimensions like a traditional building wall damper
and is intended to replace such a traditional damper to provide improved energy efficiency,
ease of operation and maintenance. Of course, the damper 10 of this invention can be
used in new building construction, in addition to replacement of conventional motor operated
dampers.

The blades 30 move together in the frame 20, like a shutter, via the pivot
mechanisms 60 and ladder bars 110 described below.

As shown in Fig. 1B, the frame bottom 20b preferably includes an angled upper
portion 24 upon which a trailing edge 32 of a lowermost blade 30’ seals against when the
blades 30 are in the closed position. This creates a complementary surface for the blade 30’
to rest upon and therefore a better closed interface between the lowermost blade 30" and the
frame bottom 20b. As described below, each trailing edge 32 includes a seal 42. By this
interface, there is less air and light leakage through the damper 10, when the blades 30 are
in the closed position.

Figs. 2 and 3 show a left side frame piece 22. As shown therein, as with a
conventional damper frame, the vertical sides 20c and 20d include a plurality of equally
spaced holes 23. These holes 23 receive pivot pieces 74, described below, on the end caps
70, 71 of the blades 30. These holes 23 can be formed directly in the sides 20c¢ and 20d of
the frame 20 or in separate members attached to the frame 20.

An exemplary number of holes, i.e., fourteen, is shown in Fig. 2. These holes 23
would be formed correspondingly on both sides 20¢ and 20d of the frame 20 to receive the
respective pivot pieces 74 on the ends of the fourteen blades 30. Of course, any numbers of
blades 30, including a single blade, can be used with the frame 20, although a plurality is the
most likely.

The frame 20 is preferably metal, such as aluminum, but could be plastic or wood. In
any case, the material must be durable, as the damper will likely be exposed to the
elements, and should be structurally sturdy so as to be able to support reliably the other
components of the damper 10 described herein, and to be attached to the wall 12.

As shown in Fig. 4, the damper 10 may include seals 50 along preferably the insides
of the right side 20c and left side 20d of the frame 20. These seals 50 provide a low friction
surface between the ends of the blades 30 and the frame 20 to facilitate movement of the
blades 30 relative to the frame 20. These seals 50 also help prevent air and light leakage at
the interface of the leading 31 and trailing edges 32 of the uppermost 30” and lowermost 30’

blades, and along the top 20a and bottom 20b, respectively, of the frame 20, and between
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the two end caps 70, 71 of each of the blades 30 along the right and left sides 20c and 20d
of the frame 20.

The seals 50 preferably include fiber seals or strips 54, such as a felt material. Of
course, other materials could be used, such as a brush-like or rubber seal. In any case, the
material used should help prevent air and light movement across the interface, not impede
rotation of the blades 30 relative to the frame 20, and be durable enough to withstand many
opening and closing cycles of the damper 10.

As also shown in Fig. 4, the seals 50 may be received in a plastic, elongated retainer
52 affixed to the insides of the frame 20 by, e.g., attachments 53 like rivets, screws or even
adhesive. Alternatively, the felt seals 54 can be attached directly to the frame, by, e.g.,
rivets, screws, adhesive, etc.

As noted above, these seals 50 seal against the end caps 70, 71 of the blades 30
described below, and edges 31, 32 of the blades 30 to reduce air and light leakage and
improve energy efficiency. Thus, in addition to the improved thermal efficiency of the
damper 10 due to the construction of the blades 30 discussed below, such efficiency is
further enhanced by the use of these seals 50 between the blades 30 and the frame 20.

Fig. 5 is a top view of a blade 30 according to a preferred embodiment of the present
invention, without the end caps 70, 71 or ballast brackets 80, 81 which are described below.

As shown in Figs. 5, 6 and 9, each blade 30 is a wing-like or airfoil member. Of
course, an airfoil includes a surface that aids in lifting the airfoil via the air currents moving
therealong. That is, the blade 30 has an aerodynamic profile designed {o achieve high lift
and low drag, i.e., to help provide lift to move the damper 10 to the open position from the
closed position, and still have the necessary structural properties to operate at high face
velocities, and under a pressure difference when the damper 10 is closed.

More particularly, each blade 30 is an elongated member with first and second
longitudinal edges, i.e., the leading edge 31 and the trailing edge 32, extending between two
opposite ends, left end 33 and right end 34, a top 35 and a bottom 36. A seal 42, discussed
below, is included in the trailing edge 42.

FIG. 6 is a right end 34 view of the blade 30. Preferably the blade 30 is extrusion
molded of a suitable plastic that is durable enough to keep its shape under various air
temperature and moisture conditions, and air pressures. An example of such a material is
exterior grade polyvinylchloride plastic.

The blade 30 has a hollow core 37 with a central rib 45 extending longitudinally along
the blade 30, as described further below.

The following dimensions are for illustrative purposes only and are not intended to

limit the invention. The blade 30 may about 4.337 inches wide from the leading edge 31 to
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the trailing edge 32, and about .414 inches thick from the top 35 to the bottom 36 along a
middle 38 thereof. A radius of the top 35 is about 7.496 inches and a radius of the bottom is
about 21.453 inches. The thickness of the wall 39 making up the blade 30 is about .024 of
an inch. The radius of the leading edge 31 is about .15 inches At the trailing edge 32,
upper and lower corners 40 and 41 have a radius of about .041. The overall length of a
blade 30, from end to end, may be about 60 inches.

This airfoil-shapes blade 30 allows air to flow through the opening 16 defined by the
frame 20, when the blades 30 are not parallel with the frame 20, but doesn’t allow the air
flow through the opening 16, when the blades 30 are parallel with the frame 20.

When air pressure on a discharge side of the damper 10 is greater than the air
pressure on an inlet side of the damper 10, the blades 30 close, preventing any movement
of air across the sealed damper 10. When the pressure on the inlet side (leading edges 31
of the blades 30) becomes greater than the pressure on the discharge side, the airfoil shape
of the blades allows the blades 30 to begin to rotate open (against the counter-weights 100
discussed below) and allow the air to flow through the damper 10. That is, as the air flow
velocity across the blades 30 increases, the air enveloping each blade 30 starts to create a
lifting force that begins opening the blades 30 until equilibrium is achieved between the lifting
force of the air and the gravitational forces on the blade 30.

More particularly, air pressure "A” moving against the leading edge 31 of each blade
30 causes the blade 30 to rotate (see arrow “B”) from a closed, overlapping, essentially
vertical state (see Fig. 1A) to the essentially horizontal, non-overlapping state shown in Fig.
6 against the counter balance of the weights 100 described below. The airfoil profile of the
blade 30 facilitates movement of the air pressure “A” along the blade 30 and helps keep the
blade 30 in the horizontal state, as long as the air pressure “A” is exerted against the airfoil
shape.

No motorization is usually necessary to open/close the blades 30, as the damper 10
opens and closes automatically due to air pressure differences. Nonetheless, the damper
30 can be motorized, if desired, e.g., when used for air supply instead of air exhaust.

As best shown in Figs. 6-9, extending along the trailing edge 32 of each blade 30 is a
seal 42 that is preferably co-extruded with the blade 30. The seal 42 is preferably formed of
first and second seal parts 43 and 44, respectively, running along the trailing edge 32. When
the blades 30 are in the closed position, the double seal 42 on the trailing edge 32 of an
upper blade 30 presses against the leading edge 31 of a lower, adjacent blade 30 except for
the lowermost blade 30’ (described above and as shown in Fig. 1B) to substantially seal the

interface of two overlapping blades 30 against air movement and light transmission.
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FIG. 7 is an enlarged view of the first seal part 43 on the trailing edge 32 of the blade
30 shown in Fig. 6. This first seal part 43 is curved and preferably extends outwardly and
downwardly from an upper portion of the trailing edge 32. In an exemplary embodiment, the
overall length of this seal part 43 is about .412 of an inch.

FIG. 8 is an enlarged view of the second seal part 44 on the trailing edge 32 of the
blade 30 shown in Fig. 6. This second seal part 44 is preferably shorter (in an exemplary
embodiment, about .159 inch) than the first seal part 43 and curves back toward the trailing
double edge 32. The second seal part 44 curves toward the blade 30 so that when in the
closed position, the seal 42 will easily and reliably contact the blade 30 below (or wall 24 as
the case may be). This will ensure that the blades 30 all contact when in the closed position,
eliminating any light penetration and reducing air migration across the damper 10.

The two seal paris 43, 44 can be made of, e.g., a low durometer rubber or nylon, and
are preferably co-extruded with the blade 30. Alternatively, the seals 43, 44 can be formed
individually, or together, and attached to the trailing edge 32 of the blade 30 via a channel
(not shown) formed in the trailing edge, or by adhesive, rivets, screws, etc.

Figs. 6 and 9 also show the ribbed internal reinforcement of the blade 30. That is,
the hollow core 37 of each blade 30 includes internal reinforcing ribs 45, 46 that preferably
extend along the length of, and provide structural integrity to, the hollow blade 30.

Preferably one of the ribs 45 extends approximately along the central axis “C” of the
elongated blade 30 and a pair of the ribs 46 extends along at least one edge of the blade 30,
preferably the leading edge 31.

As shown in Figs. 10-17, the present invention also includes a plurality of pivot
mechanisms 60 that close the ends of the blades 30 and basically include end caps 70, 71
and a ballast brackets 80, 81, as described below. Each pivot mechanism 60 is pivotably
connected to a ladder bar 110, described below, and to the holes 23 in the frame 20 via the
pivot pieces 74.

FIG. 10 is a top view of a blade 30 with right and left end caps 70, 71, attached to the
respective right and left ends 34 and 33, respectively, of each blade 30. FIG. 11 is a side
view of the right end cap 70 shown in FIG. 10. The left end cap 71 is essentially a mirror
image of the right end cap 70 so only the right end cap 70 is described below.

As shown in Figs. 10 and 11, the right end cap 70 is an elongated member having a
leading end 72 and a trailing end 73. The end cap 70 includes a pivot piece 74, e.g., a
bushing or pin, toward the leading edge 72 and projecting outwardly relative to from the
blade 30. That is, preferably an axis of rotation “D” of the blade 30 is between the central
axis “C” of the blade 30 and the leading edge 31 of the blade 30, and more preferably

relatively close to the leading edge 31.
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Since each blade 30 has a pivot paint defined by the projecting pivot piece 74 that is
closer to the leading edge 31 of the blade 32, this allows for a pressure differential across
the damper 10 to help the blades 30 begin to open on their own under air pressure, as
described herein, along the axis “D” parallel with the leading 31 and trailing 32 edges of the
blade 30. Thus, unlike the conventional dampers, no electric motor is required to open and
close the blades 30 on the damper 10, according to the present invention.

The end cap 70 may also include holes 75 to connect the end cap 70 to a ballast
bracket discussed below.

Each end cap 70, 71 is preferably separately injection molded from plastic and
inserted into the hollow opposite ends 33 and 34 of each blade 30 to close the hollow blade
30. Thatis, as shown particularly in Figs. 16 and 17, the inner side of each end cap 70, 71
preferably includes two projecting portions 76, 77, each of which is received by a respective
hollow portion 92, 90 of the blade 30. The projecting portions 76, 77 are separated by a
space 78 that corresponds to the central rib 45 that separates the hollow, trailing portion 90
and the hollow leading portion 92 of the blade 30 (see Fig. 6).

The end caps 70, 71 may be held to the blades 30 by ribs 68 formed on the outside
of walls forming the projecting portions 76, 77. These ribs 68 provide outward force on the
inside of the walls 39 of the blade 30. That is, the end caps 70, 71 can be attached to the
open ends 33, 34 of the blades 30 via an interference fit between the ribs 68 and receptacles
86, as described below. Basically, each end cap 70, 71 is merely inserted and snapped into
the open ends 33, 34 of the blade 30. Alternatively, other attachments, e.g., an industrial
adhesive, or sonic welding can be used to connect the end caps 70, 71 to the blades 30.

These hollow and closed or capped blades 30 have a relatively high “R” (insulation)
value for energy efficiency. That is, each blade’s R value might be about 1.6 or 1.7, as an
example only.

As shown in Figs. 12-17, each pivot mechanism 60 includes, in addition to an end cap
70, 71, a ballast bracket or arm 80, 81, respectively, that extends therefrom to receive a
weight (described below) 100 to provide counter-balance for the blades 30. The ballast
brackets 80, 81 are preferably made of metal. The left bracket 81 is essentially a mirror
image of the right bracket 80 so only the right bracket 80 will be described below.

More particularly, FIG. 12 is a side view of a right ballast bracket 80 and FIG. 13 is a
top view thereof. The bracket 80 is elongated and includes a first, leading end 82, which
corresponds to the leading end 72 of the end cap 70, and a second, opposite, trailing end
83, which corresponds to the trailing end 73 of the end cap 70.

At the first end 82 there is a hole 84 that receives a removable connector 102 to
secure the weight 100 to the ballast bracket 80. The connector 102 may be, e.g., a bolt/nut,



10

15

20

25

30

35

CA 02943754 2016-09-29

rivet, etc. At the second end 83 there is an opening 85 to receive the projecting portion 76 of
the end cap 80 therethrough. As shown in Fig. 12, the opening 85 is formed to include
receptacles 86 to receive the ribs 68 discussed above therethrough.

The weights 100 are preferably made of metal and serve to facilitate easy movement
of the blades 30 and avoid the need for an electric motor to return the blades 30 to a closed
position from the open position, once the air pressure stops. Instead, the weights could be
plastic molded members with, e.g., metal therein, to provide the weight.

The weight 100 can be removably connected to the bracket 80, 81. Alternatively, a
weight 110 could be molded as part of the pivot mechanism 60 and would not be removable,
as discussed below. '

The end caps 70, 71/ballast brackets 80, 81/weights 100 can be configured to
accommodate the mass distribution of a given blade 30 length. In this regard, in a preferred
embodiment, each weight will be about 2.25 grams. However, the formula for determining
the size of the weight or ballast for a particular size of blade is “Ballast = .335 (g/in) x length
of the blade.” It is this weight that needs to be overcome in order to open the blade 30. In
this regard, the airfoil design of the blade 30 facilitates the opening of the blade via changing
air pressure against the effect of the weight.

As can be seen from the embodiment shown in Figs. 12 and 14, the first end 82 of the
right ballast bracket 80 is bent to the outside (i.e., away from the blade 30 and toward the
frame 20) so that the weight 100 and the connector 102 can clear the ladder bar 110
discussed below during movement of the blade 30.

Rivets, screws, etc., can also be used at the holes 75, if desired, to further secure the
brackets 80, 91 to the end caps 70, 71.

Alternatively, and preferably, as shown in Figs. 17a-17e, pivot mechanism 60 can be
formed as one piece, including the weights 100, via molding.

Fig. 17a is a right side view of a one-piece pivot mechanism 60. The left one piece-
pivot mechanism 60 is essentially the same so no detailed description thereof is necessary.
Fig. 17b is a top view of a blade 30 including right and left one-piece pivot mechanism 60
like that shown in Fig. 17a. Fig. 17c is a front view of a blade 30 including right and left one-
piece pivot mechanisms 60. Further, Fig. 17d is a bottom view of a blade 30 including right
and left one-piece pivot mechanisms 60.

As shown in Figs. 17a-17d, the pivot mechanism 60 does not use separate end caps
70, 71, ballast brackets 80, 81, and removable weights 100. Instead, the pivot mechanism
60 includes an elongated body 62 and an extension 64 formed at the leading edge 72

thereof. The weight 100 is preferably formed at the end of the extension 64. In this way, the
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trailing edge 73 of the blade 30 is of one weight and the extension 64 is of another, greater
weight.

Again, the air pressure “A” must be sufficient to overcome the weighted extension 64
in order to allow the blade 30 to open. Of course, inset molding can be used, wherein the
pivot mechanism 60 is molded around a weight 100, which may be a multiple of weights, or
material of different weights used for the body 62 and the extension 64.

The entire pivot mechanism 60 can be formed as one piece, with the weight 100
being included therein. Alternatively, any of the components described above, e.g., the
blades, end caps, seals, weights, etc., can be formed individually and mechanically
combined or any number of the components can be combined as one-piece.

As noted above, the damper 10 utilizes a counterweight system to assist in the
opening of the blades 30. In this regard, a pre-calculated set of weights 100 is attached to
the leading edge 31 sides of the blades 30.

Thus, the present invention provides blades 30 that have pivot mechanisms 60, each
with an extension on each leading edge 31 side to allow for the reception of the counter
weights 100 to assist in the opening motion of the damper 10 under air pressure A.

As shown in Fig. 18, there is also included at least one elongated ladder bar 110 that
connects all blades 30 together. The ladder bars 110 are preferably made of metal. That is,
the ladder bar 110 includes holes 112 that align with holes 114 formed in the ballast brackets
80, 81 and holes 116 in the end caps 70, 71 (see Fig. 12) and are connected by a bolt,
screw, washer, etc., so as to allow the blades 30 to move in unison via the ladder bar 110
from the closed to the open position and back.

One or more ladder bars 110 may be used. In the embodiment shown in Fig. 1B
herein, a total of four ladder bars 110 are used, one at each end 33, 34 of the sets 30a and
30b.

Also, the ladder bar 110 can be used for “lock down” of the damper 10, e.g., during a
winter season, when the fans won'’t be operating and the damper will not be opened, and/or
for security reasons at any time of the year.

Figs. 19 and 20 show the leading edge 31 of the blade 30, the pivot mechanism 60
between the blade 30 and the frame 20, and a ladder bar 110 pivotally attached to the pivot
mechanism 60. More particularly, there is shown the leading edge 31, left end cap 71, a left
ballast bracket 81, and a ladder bar 110, with the blade 30 pivoting between closed and
open positions. As can be seen, the ladder bar 110 is located inwardly relative to the end
cap 71 and the ballast bracket 81, but the weight 100 is placed outwardly of the ladder bar
110. As noted above, the first end 82 of the ballast bracket 81 is bent outwardly relative to
the ladder bar 110 for clearance of the weight 100.

1
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Bushings, washers, lubricants, etc., can be provided at all pivot points, where
necessary. Same facilitates movement of the damper 10 and reduces friction, especially
over long-term use.

Any of the components noted above, especially the preferably plastic components
like the blades 30 and end caps 70, 71, can be black for aesthetic purposes as well as to
prevent light infiltration through the damper 10, when desired.

As described above, and as shown particularly in Figs. 1A, 1B, 4, 6, 14, 19 and 20,
the frame 20 forms the outside of the damper 10 and each vertical side of the frame 20
receives each blade end with a weight extending therefrom, all in a pivoting relation via the
pivot mechanism 60. The ladder bar 110 is pivotally connected to the pivot mechanisms 60.

The blades 30 are usually oriented vertically relative to the frame 20, with the leading
edge 31 of the uppermost blade 30" against the top 20a of the frame 20, and the trailing
edge 32 of the uppermost blade 30" sealed against the leading edge 31 of the next lower
blade 30 via the seal 42, and the trailing edge 32 of the next lower blade 30 against the
leading edge 31 of the next lower blade 30, and so on, until the trailing edge 32 of the lowest
most blade 30’ seals against the wall 24. The ends of the blades 30 are sealed relative to
the sides 20¢ and 20d of the frame by the felt seals 50. In this orientation, the damper 10
seals out air and light. Also, each weight 100 is positioned above the pivot point 74 near the
frame 20.

When the air pressure A increases and moves against the airfoil shape of the blades
30, and is of an amount sufficient to counteract the weights, the blades 30 move from the
vertical, overlapping orientation described above, wherein the weights 100 are near the
frame 20, to a horizontal position, wherein the weights 100 are spaced from the frame 20
and the ladder bar 110 and relatively co-planar with the corresponding horizontal blade 30 to
which it is attached. In the horizontal position, the air A is allowed to move between the
spaced blades 30. As long as the air pressure is of an amount sufficient to overcome the
affect of the weights, the airfoil blades stay in the relatively horizontal spaced position.
When the air pressure A falls below this amount, the blades return to the original, vertical,
overlapping position due to the weights.

In summary of the above, the present invention, in at least one embodiment,
basically provides a damper that includes a frame and a plurality of hollow airfoil blades.
Each blade has a leading edge, a trailing edge, a seal formed on the trailing edge, preferably
by co-extrusion molding, and a pivot mechanism on either end of each blade. Each pivot
mechanism includes an extension that includes a weight, either attached thereto or more
preferably integrally formed therewith. A secondary seal is positioned between the pivot

mechanisms and the sides of the frame. A ladder bar connects the pivot mechanisms so
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that the blades move in unison. At a significant enough change in air pressure, such as
when a fan is turned on, and due to the airfoil shape, the affect of the weights is overcome,
and the blades are caused to move from a first, closed, overlapping position relative to the
frame, whereupon the seal on the trailing edge of a relatively upper blade seals against the
leading edge of an adjacent relatively lower blade, and the secondary side frame seal seals
against the pivot mechanisms, to a second, open position. The airfoil biades will stay in the
second, open position as long as the air pressure is enough to overcome the affect of the
weights. When the air pressure decreases below the amount of air pressure needed to
overcome the affect of the weights, the blades return to the first, closed, overlapping
position.

Based on the above-described structure and operation, the damper 10 according to
the present invention saves energy due to less leakage of hot/cold air through the damper
10, improved insulation and the lack of any need for electricity to run a damper motor. Also,
by not needing a motor, the construction is simpler, less costly to purchase and maintain,
and more reliable. Further, the blades 30, each being a hollow but sealed member and
being made from plastic, provide improved thermal insulation across the entire damper. The
blades 30, along with the double seal 42 along the trailing edge 32 and the frame seals 50,
reduce thermal, air and light leakage. Moreover, because each blade 30 is essentially
removably mounted on the frame, it is easy to replace a damaged blade 30, change a weight
100, etc., if necessary.

While a preferred embodiment describes the use of a weight 100 on each pivot
mechanism, the present invention should not be limited thereto. A weight 100 on only one of
the end caps of each blade, weight(s) on every other blade end cap, or multiple weights on
each end cap, may be suitable.

Further, while a preferred embodiment is described herein wherein a fan 14 is adjacent
the damper 10, the invention is not limited thereto. That is, the damper 10 may be in one
wall of a building and the fan(s) 14 may be in another wall, particularly is some horticultural
or agricultural applications. In these cases, when the fan(s) is turned on, the damper 10
opens, as described above. Moreover, while the damper of this invention is described above
for use in a building wall, the damper could be located elsewhere, e.g., in the roof of a
buitding.

Moreover, while a preferred embodiment described above indicates the damper 10 is
used with an electric fan, the damper according to the present invention provides benefits
when there are changes in air pressure at the damper, e.g., from changing weather
conditions, that are not caused by a fan. In this case, if the air pressure changes are

adequate, the damper 10 still opens reliably. Thus, the present damper may be used
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whenever there is a desire to have a damper open when air pressure thereat changes
enough pressure to open the damper blades against the weights 100, e.g., during tornado
weather conditions. In any case, the airfoil design and counterweight system allows the
blades to move under air pressure changes without an electric motor.

The foregoing is considered illustrative only of the principles of the invention. Further,
since numerous modifications and changes will readily occur to those skilled in the art, it is
not desired to limit the invention to the exact construction and operation shown and
described. Accordingly, all suitable modifications and equivalents may be resorted to that fall

within the scope of the invention and the appended claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A damper, comprising:
a frame having an air inlet side and an air outlet side; and
a plurality of hollow blades, each having
a cross-section in a shape of an asymmetrical airfoil with a convexly-curved
centerline, a leading edge, and a trailing edge,
wherein the leading edge is a rounded surface against which the inlet side air
moves, and the outlet side air moves against the trailing edge,
top and bottom opposing surfaces between the leading edge and the trailing
edge,
wherein each top and bottom surface is continuously convexly curved along
an entire length thereof from the leading edge to the trailing edge,
a convex rib connecting portions of the opposing convexly-curved top and
bottom surfaces at the trailing edge of each blade,
wherein a first distance between the top and bottom surfaces at the convex
rib is greater than a distance between the top and bottom surfaces adjacent the
rounded leading edge,
two opposing open ends,
an end cap sealing each of the open ends, and
on the trailing edge, a depressible seal parallel to the trailing edge,
wherein each blade is pivotally connected to the frame by respective pivot
mechanisms received at the ends,
wherein each of the pivot mechanisms has a corresponding leading edge and trailing
edge,
wherein each leading edge of each pivot mechanism includes a ballast weight
integrally connected to a front of the leading edge of the blade so that the leading edge of
each pivot mechanism has a greater weight than the trailing edge of the blade, which weight
is non-adjustably fixed to the pivot mechanism so that the weight cannot move relative to the
pivot mechanism,
wherein each pivot mechanism includes a pivot point that extends therethrough from
the respective end cap close to the leading edge of each blade, and
wherein the blades move from a first, closed position relative to the frame, where the
leading edge of each of the blades and the weights are positioned above the respective
pivot point, and the seal of the trailing edge of one of the blades seals against the leading
edge of another blade or a bottom of the frame, to a second, open position relative to the
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frame, when a pressure of the inlet air at the leading edge of each of the blades and the top
and bottom surfaces of each of the blades creates a lift in an amount sufficient to rotate the
blades into the second, open position, and, when the lift falls below the amount sufficient, the
blades move back to the first, closed position.

2. The damper according to claim 1, wherein the seal is first and second
spaced, elongated seals that extend substantially along a length of the trailing edge of each
of the blades.

3. The damper according to claim 1 or claim 2, wherein each weight is integrally
molded with each of the pivot mechanisms, respectively, as one piece.

4, The damper according to any one of claims 1 to 3, further comprising an

insulative member between each pivot mechanism and the frame.

5. The damper according to any one of claims 1 to 4, wherein each of the blades
is extrusion molded with the seal.

6. The damper according to any one of claims 1 to 5, further comprising:
at least one bar pivotally connecting the pivoting mechanisms so that the plurality of
blades move between the first and second positions together.

7. The damper according to any one of claims 1 to 6, wherein the ballast of the

weight is equal to .335 (g/in) multiplied by a length of the blade.

8. The damper according to any one of claims 1 to 7, wherein the insulative R

value of each end capped blade is in the range of 1.6 t0 1.7.

9. A damper, comprising:
a frame having an air inlet side and an air outlet side;
a plurality of hollow blades, each blade having

an asymmetrical airfoil shape with a convexly curved centerline, a leading
edge, and a trailing edge,

wherein the leading edge is a rounded surface against which the inlet air
moves, and the outlet air moves against the trailing edge,

top and bottom opposing surfaces between the leading edge and the trailing
edge,
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wherein each top and bottom surface is continuously convexly curved along
an entire length thereof from the leading edge to the trailing edge,

a convex rib connecting portions of the opposing, convexly-curved top and
bottom surfaces at the trailing edge of each blade,

two opposing, open ends,

an end cap closing each of the open ends, and

first and second depressible, spaced seals that extend substantially along

and parallel with the trailing edges of the blades,

pivot mechanisms that have corresponding leading and trailing edges, that include
extensions at the leading edges of the pivot mechanisms, and that include therethrough a
pivot point extending from the respective end cap, which pivot points are received by the
frame to allow the blades to pivot relative to the frame;

a ballast weight integrally connected at each leading edge extension, in front of the
leading edge of each blade, to render the pivot mechanisms heavier at the leading edge
thereof than at the trailing edges of the blades, which weight is non-adjustably fixed to the
pivot mechanism so that the weight cannot move relative to the pivot mechanism;

wherein the pivot point is close to the leading edge of each blade; and

at least one bar pivotally connecting the pivoting mechanisms so that the plurality of
blades move together,

wherein the blades move from a first, closed position relative to the frame, where the
leading edge of each of the blades and the weights are positioned above the pivot point, to a
second, open position relative to the frame, when a pressure of the inlet air at the leading
edge of each blade and the asymmetrical top and bottom surfaces of each blade creates a
lift in an amount sufficient to rotate the blades into the second, open position, and, when the
lift falls below the amount sufficient, the blades move back to the first, closed position,

wherein, when the blades are in the first, closed position, each weight is located
above the respective pivot point, and, when the blades are in the second, open position, the
leading edges of the blades face the inlet side and the trailing edges of the blades face the
outlet side, and the blades are substantially horizontal with each weight being substantially
co-planar with the respective pivot point, and

wherein the seals abut a leading edge of an adjacent blade or a bottom of the frame

when the blades are in the first, closed position.

10. The damper according to claim 9, wherein each blade is extrusion molded
with the seals.

17
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1. The damper according to claim 9 or claim 10, wherein each weight is
integrally molded as one piece with the respective pivot mechanism.

12. The damper according to any one of claims 9 to 11, wherein the insulative R
5 value of each end capped blade is in the range of 1.6 to 1.7.
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