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(54) COMPOSITE FAN

(57) The present invention relates to a composite
blade (24; 24’) for a modular axial flow fan (20), the blade
comprising a tip (24-1) a root end (24-2) opposite the tip,
wherein a blade length (L) is defined between the root
end and the tip a mounting pad (30) located adjacent to
the root end, a working portion (34) adjoining the tip,
wherein the working portion defines an aerodynamic pro-
file, a transition zone (32) between the mounting pad and
the working portion; and a reinforcement skin localized
about the root end along the blade length, wherein the
reinforcement skin extends through the mounting pad
and the transition zone and into the working portion.
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Description

BACKGROUND

[0001] The present invention relates to composite fan
blades and fans utilizing such blades, as well as associ-
ated manufacturing methods.
[0002] Fans are used in a variety of applications, such
as for automotive and vocational (e.g., agricultural, in-
dustrial) applications. Such fans can be engaged with a
suitable clutch that governs fan operation, allowing se-
lective control of fan rotational speed and associated air-
flow output.
[0003] Prior art fans are often made of molded mate-
rials. However, one-piece fan designs present limitations
with respect to scalability of a given design. For each size
fan offered, new molds/dies and tooling must be devel-
oped, which is burdensome and expensive. Modular fans
are also known, which utilize individual blades attached
to a common hub structure. When the individual blades
are made from composite materials, numerous limita-
tions arise with respect to maintaining sufficient strength
and durability for rigorous long-term use. Techniques for
making composite blades, such as the use of continuous
fiber reinforcement (e.g., woven fiber reinforcement pre-
forms), are known. But many such prior art configurations
require complex manufacturing methods, which are in
turn less scalable than desired (e.g., continuous fiber pre-
forms must be designed and provided for each blade
size).
[0004] Therefore, it is desired to provide an alternative
fan that provides substantial design flexibility while main-
taining ease of manufacturability and providing adequate
strength and durability.

SUMMARY

[0005] In one aspect, a modular fan assembly accord-
ing to the present invention includes a center hub assem-
bly and a first blade attached to the center hub assembly.
The center hub assembly includes a first plate having an
outer edge, and a second plate having an outer edge.
The first blade has a mounting pad and a working portion.
The mounting pad is positioned in between the first plate
and the second plate. The working portion extends be-
yond the outer edges of the first and second plates of the
center hub assembly. A thickness of the first blade is
smaller proximate the outer edge of the first plate than
at the mounting pad to create a first gap between the first
blade and the first plate at the outer edge of the first plate.
[0006] In another aspect of the present invention, a
composite blade for an axial flow fan includes a tip, a root
end opposite the tip, a mounting pad located adjacent to
the root end, a working portion adjoining the tip, a tran-
sition zone between the mounting pad and the working
portion, and a reinforcement skin. A blade length is de-
fined between the root end and the tip, and the working
portion defines an aerodynamic profile. The reinforce-

ment skin is localized about the root end along the blade
length, and extends through the mounting pad and the
transition zone and into the working portion.
[0007] The present summary is provided only by way
of example, and not limitation. Other aspects of the
present disclosure will be appreciated in view of the en-
tirety of the present disclosure, including the entire text,
aspects and accompanying figures.
[0008] The following aspects are preferred embodi-
ments of the invention:

1. A modular fan assembly comprising:

a center hub assembly comprising:

a first plate having an outer edge; and
a second plate having an outer edge; and

a first blade attached to the center hub assem-
bly, the first blade having a mounting pad and a
working portion, wherein the mounting pad is
positioned in between the first plate and the sec-
ond plate, wherein the working portion extends
beyond the outer edges of the first and second
plates of the center hub assembly, and wherein
a thickness of the first blade is smaller proximate
the outer edge of the first plate than at the mount-
ing pad to create a first gap between the first
blade and the first plate at the outer edge of the
first plate.

2. The assembly of aspect 1 and further comprising:

a plurality of additional blades, wherein the plu-
rality of additional blades are each configured
substantially identically to the first blade.

3. The assembly of aspect 1, wherein the mounting
pad has a planar configuration and a uniform thick-
ness.
4. The assembly of aspect 1 and further comprising:

a second gap between the first blade and the
second plate at the outer edge of the second
plate.

5. The assembly of aspect 4, wherein the first and
second gaps are substantially equal.
6. The assembly of aspect 1, wherein the first blade
has a thickness profile from a root end to a tip, and
wherein the thickness profile has a maximum thick-
ness at the mounting pad.
7. The assembly of aspect 6, wherein the thickness
profile has a minimum value at the tip, and wherein
the tip is part of the working portion.
8. The assembly of aspect 6, wherein the first blade
has a thickness profile that includes a first region, a
narrowing transition region, a second region and a
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further region corresponding to the working portion,
wherein the first region has a uniform thickness and
corresponds to the mounting pad, wherein the nar-
rowing transition region and the second region are
part of a transition zone between the mounting pad
and the working portion, wherein the smaller thick-
ness of the first blade proximate the outer edge of
the first plate is provided by at least one of the nar-
rowing transition region and the second region.
9. The assembly of aspect 1, wherein the first blade
has a thickness profile from a root end to a tip, and
wherein the thickness profile has a step-wise nar-
rowing between two regions of uniform thickness,
the two regions of uniform thickness located radially
inward from the working portion, and wherein one of
the regions of uniform thickness encompasses the
mounting pad.
10. The assembly of aspect 1, wherein a thickness
in the working portion decreases toward the tip.
11. The assembly of aspect 10, wherein a rate of
change of the thickness in the working portion de-
creases non-linearly toward the tip.
12. The assembly of aspect 10, wherein a rate of
change of the thickness in the working portion de-
creases at a declining rate toward the tip.
13. The assembly of aspect 10, wherein the working
portion includes a substantially constant thickness
region at the tip.
14. The assembly of aspect 1, wherein the first blade
is made of a composite material.
15. The assembly of aspect 14, wherein the blade
is made of short-strand fiber reinforced thermoset
material.
16. The assembly of aspect 14 and further compris-
ing:

a reinforcement skin localized about a root end
of the first blade, wherein the reinforcement skin
extends through the mounting pad and into the
working portion.

17. The assembly of aspect 16, wherein the rein-
forcement skin comprises a reinforcement mat of
short-strand fibers.
18. The assembly of aspect 16, wherein the rein-
forcement skin includes a gradient region along the
working portion of the first blade.
19. The assembly of aspect 1, wherein the first blade
is configured to produce a generally axial fluid flow
during operation.
20. The assembly of aspect 1, wherein the mounting
pad includes a plurality of fastener openings.
21. The assembly of aspect 1, wherein the working
portion is thinner than both the mounting pad and
the transition zone.
22. A blade for a generally axial flow fan, the blade
comprising:

a tip;
a root end opposite the tip, wherein a blade
length is defined between the root end and the
tip;
a mounting pad located adjacent to the root end,
wherein the mounting pad has a first thickness
that is substantially uniform;
a working portion adjoining the tip, wherein the
working portion defines an aerodynamic profile;
and
a transition zone between the mounting pad and
the working portion, wherein the transition zone
includes a narrowing transition region and a re-
gion with a second thickness that is substantially
uniform, the second thickness being less than
the first thickness.

23. The blade of aspect 22, wherein the transition
zone is twisted.
24. The blade of aspect 23, wherein the transition
zone is more twisted than the working portion.
25. The blade of aspect 22, wherein the working por-
tion is thinner than both the mounting pad and the
transition zone.
24. The blade of aspect 22, wherein the first thick-
ness constitutes a maximum thickness between the
root end and the tip.
25. The blade of aspect 22, wherein a thickness in
the working portion decreases toward the tip, and
wherein a minimum thickness between the root end
and the tip is located at the tip.
26. The blade of aspect 25, wherein a rate of change
of the thickness in the working portion decreases
non-linearly toward the tip.
27. The blade of aspect 25, wherein a rate of change
of the thickness in the working portion decreases at
a declining rate toward the tip.
28. The blade of aspect 25, wherein the thickness in
the working portion includes a substantially constant
thickness region at the tip.
29. The blade of aspect 22, wherein the first blade
is made of a reinforced composite material.
30. The blade of aspect 29, wherein the blade is
made of short-strand fiber reinforced thermoset ma-
terial.
31. The blade of aspect 22 and further comprising:

a reinforcement skin localized about the root
end, wherein the reinforcement skin extends
through the mounting pad and the transition
zone and into the working portion.

32. The blade of aspect 31, wherein the reinforce-
ment skin comprises a reinforcement mat of short-
strand fibers.
33. The blade of aspect 31, wherein the reinforce-
ment skin includes a gradient region along the work-
ing portion of the first blade.

3 4 
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34. The blade of aspect 22, wherein the mounting
pad includes a plurality of fastener openings.
35. The blade of aspect 34, wherein the plurality of
fastener openings are staggered.
36. A method of making a modular fan, the method
comprising:

positioning a mounting pad of a blade between
two plates of a center hub assembly;
aligning the blade such that the mounting pad
is located radially inward of an outer edge of at
least one of the two plates; and
spacing the outer edge of the at least one of the
two plates from the blade at the outer edge.

37. The method of aspect 36 and further comprising:

attaching a fastener to the two plates and the
blade, wherein the fastener passes through an
opening in the mounting pad.

38. The method of aspect 36 and further comprising:

molding a reinforcement mat into the blade at
the mounting pad.

39. The method of aspect 36 and further comprising:

wrapping a reinforcement mat made of a sheet
of reinforced thermoset material about a blank
made of a reinforced thermoset material, such
that the reinforcement mat extends only partially
along a length of the blank; and compressing
the reinforcement mat and the blank in a die.

40. A modular fan comprising:

a center hub assembly comprising:

a first plate having an outer edge; and
a second plate having an outer edge; and

a first blade made of a composite material and
attached to the center hub assembly, the first
blade comprising:

a tip;
a root end opposite the tip, wherein a blade
length is defined between the root end and
the tip; and
a reinforcement skin localized about the
root end along the blade length, wherein the
reinforcement skin extends past the outer
edge of the first plate of the center hub as-
sembly.

41. The modular fan of aspect 40, wherein the rein-
forcement skin extends past the outer edge of the

second plate of the center hub assembly.
42. The modular fan of aspect 40, wherein the rein-
forcement skin extends substantially equally along
the blade length on opposite sides of the first blade.
43. The modular fan of aspect 40, wherein the rein-
forcement skin comprises a reinforcement mat of
short-strand fibers.
44. The modular fan of aspect 40, wherein the rein-
forcement skin includes a gradient region.
45. The modular fan of aspect 40, wherein the first
blade is configured to produce an axial fluid flow dur-
ing operation.
46. The modular fan of aspect 40, wherein the first
blade further comprises:

a mounting pad located adjacent to the root end;
a working portion adjoining the tip, wherein the
working portion defines an aerodynamic profile;
a transition zone between the mounting pad and
the working portion, wherein the reinforcement
skin extends through the mounting pad and the
transition zone and into the working portion.

47. The modular fan of aspect 46, wherein the work-
ing portion is thinner than both the mounting pad and
the transition zone.
48. The modular fan of aspect 46, wherein a maxi-
mum thickness between the root end and the tip is
located at the mounting pad.
49. The modular fan of aspect 46, wherein a thick-
ness in the working portion decreases toward the tip,
and wherein a minimum thickness between the root
end and the tip is located at the tip.
50. The modular fan of aspect 46, wherein the mount-
ing pad includes a plurality of fastener openings.
51. The modular fan of aspect 46, wherein the tran-
sition zone is more twisted than the mounting pad
and the working portion.
52. The modular fan of aspect 40, wherein the first
blade is made of short-strand fiber reinforced ther-
moset material.
53. The modular fan of aspect 40 and further com-
prising:

a plurality of additional blades, wherein the plu-
rality of additional blades are each configured
substantially identically to the first blade.

54. The modular fan of aspect 40, wherein a thick-
ness of the first blade is smaller proximate the outer
edge of the first plate than adjacent to the root end
to create a first gap between the first blade and the
first plate at the outer edge of the first plate.
55. The modular fan of aspect 54 and further com-
prising:

a second gap between the first blade and the
second plate at the outer edge of the second
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plate.

56. A composite blade for an axial flow fan, the blade
comprising:

a tip;
a root end opposite the tip, wherein a blade
length is defined between the root end and the
tip;
a mounting pad located adjacent to the root end;
a working portion adjoining the tip, wherein the
working portion defines an aerodynamic profile;
a transition zone between the mounting pad and
the working portion; and
a reinforcement skin localized about the root end
along the blade length, wherein the reinforce-
ment skin extends through the mounting pad
and the transition zone and into the working por-
tion.

57. The composite blade of aspect 56, wherein the
mounting pad has a first thickness that is substan-
tially uniform, wherein the transition zone includes a
narrowing transition region and a region with a sec-
ond thickness that is substantially uniform, the sec-
ond thickness being less than the first thickness.
58. The composite blade of aspect 57, wherein the
reinforcement skin extends entirely through the nar-
rowing transition region of the transition zone.
59. The composite blade of aspect 56, wherein the
reinforcement skin comprises a reinforcement mat
of short-strand fibers.
60. The composite blade of aspect 56, wherein the
reinforcement skin includes a gradient region.
61. The composite blade of aspect 56, wherein the
working portion is thinner than both the mounting
pad and the transition zone.
62. The composite blade of aspect 56, wherein a
maximum thickness between the root end and the
tip is located at the mounting pad.
63. The composite blade of aspect 56, wherein a
thickness in the working portion decreases toward
the tip, and wherein a minimum thickness between
the root end and the tip is located at the tip.
64. The composite blade of aspect 56, wherein the
mounting pad includes a plurality of fastener open-
ings.
65. The composite blade of aspect 56, wherein the
transition zone is more twisted than the mounting
pad and the working portion.
66. The composite blade of aspect 56, wherein the
blade is made of short-strand fiber reinforced ther-
moset material.
67. A method of making a composite fan blade, the
method comprising:

wrapping a reinforcement mat about an end of
a blank made of composite material, such that

the reinforcement mat extends only partially
along a length of the blank; and
compressing the reinforcement mat and the
blank in a die.

68. The method of aspect 67 and further comprising:

cutting the blank from thermoset sheet molding
compound sheet stock.

69. A method of making a fan with the fan blade of
aspect 67, the method further comprising:

positioning a mounting pad of the composite fan
blade between two plates of a center hub as-
sembly;
aligning the composite fan blade such that the
mounting pad is located radially inward of an
outer edge of at least one of the two plates; and
spacing the outer edge of the at least one of the
two plates from the composite fan blade at the
outer edge.

70. The method of aspect 69 and further comprising:

attaching a fastener to the two plates and the
blade, wherein the fastener passes through an
opening in the mounting pad.

71. The method of aspect 67 and further comprising:

dispersing material of the reinforcement mat in
a gradient into parent material of the blank.

72. The method of aspect 67 and further comprising:

incorporating glass beads into at least a portion
of the blank.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 is a perspective view of an embodiment of a
modular fan according to the present invention,
shown attached to a fan clutch.
FIG. 2A is a cross-sectional view of a portion of the
modular fan, taken along line 2-2 of F1G. 1.
FIG. 2B is an enlarged view of region B of the section
of FIG. 2A.
FIG. 3A is a front elevation view of an embodiment
of a blade for the modular fan, shown in isolation.
FIG. 3B is a side elevation view of the blade of FIG.
3A.
FIG. 4 is a front elevation view of a portion of an
alternate embodiment of a blade.
FIG. 5 is a graph of thickness at a radial plane ex-
tending from a fan axis, as a percentage of maximum
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thickness, vs. radial position, as a percentage of
blade length, for embodiments of a blade.
FIG. 6 is a front elevation view of another embodi-
ment of a reinforced fan blade according to the
present invention.
FIG. 7 is a cross-sectional view of a portion of the
reinforced fan blade of FIG. 6.
FIG. 8 is a schematic view of a blade workpiece as-
sembly and a die assembly according to the present
invention.

[0010] While the above-identified figures set forth em-
bodiments of the present invention, other embodiments
are also contemplated, as noted in the discussion. In all
cases, this disclosure presents the invention by way of
representation and not limitation. It should be understood
that numerous other modifications and embodiments can
be devised by those skilled in the art, which fall within
the scope and spirit of the principles of the invention. The
figures may not be drawn to scale, and applications and
embodiments of the present invention may include fea-
tures, steps and/or components not specifically shown
in the drawings.

DETAILED DESCRIPTION

[0011] In general, the present invention relates to mod-
ular fan blades that can be made of composite material.
A fan blade of the present invention can have a thickness
profile that provides improved structural and stress-relief
qualities over prior art composite fan blades. In addition,
or in the alternative, the fan blade of the present invention
can have a reinforcement pattern that provides improved
strength and durability with little or no weight and thick-
ness penalty. The invention further includes a modular
fan incorporating the inventive blade design, and an as-
sociated method of manufacture. In this way, the fan has
a modular construction that permits characteristics such
as the number of blades, the size of blades, and/or the
airfoil working area geometry of the blades to be relatively
easily modified and adjusted without the need for exten-
sive redesign efforts, retooling of manufacturing facilities,
etc. The same or similar manufacturing methods and
equipment can thus be used to produce a relatively large
assortment of fans suitable for a variety of types of ap-
plications and capable of delivering a variety of fluid flow
performance profiles. Numerous benefits and advantag-
es of the present invention will be appreciated by those
skilled in the art in view of the entirety of the present
disclosure, including the accompanying figures. The
present application aspects priority to U.S. Provisional
Patent Application Ser. No. 61/988,582, filed May 5,
2014, which is hereby incorporated by reference in its
entirety.
[0012] FIG. 1 is a perspective view of an embodiment
of a fan 20 according to the present invention, shown
attached to a fan clutch 22. FIG. 2A is a cross-sectional
view of a portion of the fan 20, taken along line 2-2 of

FIG. 1 (i.e., in a radial section plane that when projected
passes through the axis A), and FIG. 2B is an enlarged
view of region B of the section of FIG. 2A. The fan 20 of
the illustrated embodiment is modular in design, with mul-
tiple (e.g., three to fifteen) individual blades 24 secured
to a center hub (or disc) assembly 26. The fan 20 can be
configured to rotate about an axis A to provide axial fluid
flow, which is to say that the fan 20 can generally be
considered an axial flow fan, even if a discharge flow
pattern may be slightly conical in some embodiments.
The number of blades 24 and blade solidity of the fan 20
are depicted in FIG. 1 merely by way of example, and
not limitation, and in further embodiments can vary as
desired for particular applications.
[0013] The blades 24 can be made individually, and
can be individually secured to the center hub assembly
26. Each blade 24 has a tip 24-1 and an opposite root
(or heel) end 24-2, a pressure side 24-3 and an opposite
suction side 24-4, and a leading edge 24-5 and an op-
posite trailing edge 24-6. A length L of the blade 24 is
defined in a radial (or spanwise) direction between the
tip 24-1 and the root end 24-2. The blade also has a
thickness that can vary, with a maximum thickness TM
(over the spanwise blade length L). The blades 24 can
be made of fiber-reinforced composite material, as dis-
cussed further below. Bolts, rivets or other suitable fas-
teners can be used to attach the blades 24 to the center
hub assembly 26. In alternate embodiments, a mechan-
ical retention or interlock feature such as a dovetail can
be provided to retain or help retain the blades. Each of
the blades 24 can have an identical or substantially iden-
tical configuration. That is, a single blade design can be
used to make all of the blades 24 of the fan 20. The single
blade design can be utilized to make other fans (not
shown) having different numbers of blades, different
center hub assemblies, or other modifications suited to
particular applications. In this way a fan designer can
utilize the single blade design to provide multiple different
fan configurations, thereby providing modularity and de-
sign flexibility. Individual fan blades 24 can also be
trimmed for length, such as by material removal from a
blade tip, thereby allowing a single blade design to be
used with fans having a variety of different fan diameters.
For example, blade trimming can facilitate fan diameter
variations of up to approximately 33%. Additional varia-
tions in fan diameters are possible through the provision
of a number of different blade designs at different lengths,
each further trimmable from a nominal starting length.
Further details of embodiments of individual blades ac-
cording to the present invention are discussed below.
[0014] The center hub assembly 26 can include a
number of at least partially planar discs that are used to
"sandwich" and secure the blades 24, such as using suit-
able fasteners (e.g., bolts, rivets). The illustrated assem-
bly 26 includes a first plate 26-1 and a second plate 26-2
(see, e.g., FIG. 2A), each of which is planar and has a
circular perimeter. In further embodiments the plates
26-1 and/or 26-2 can have more complex, three-dimen-

9 10 
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sional shapes. Moreover, in some embodiments multiple
plates can be stacked together on one or both sides of
the blades 24. For instance, for larger fan sizes, multiple
identical plates can be stacked together on both sides of
the blades 24 to form the center hub assembly 26. The
first and second plates 26-1 and 26-2 can each be made
of a metallic material, such as steel. As explained further
below, some or all of the blades 24 have portions posi-
tioned in between the first and second plates 26-1 and
26-2, with remaining portions of those blades 24 protrud-
ing outward from the center hub assembly 26. A central
opening can be provided in each plate 26-1 and 26-2 to
facilitate attachment of the fan 20 to the clutch 22 or other
desired mounting location. Suitable fastener openings
can be provided in each of the plates 26-1 and 26-2 for
attachments of the blades 24 to the center hub assembly
26, as well as to attach the center hub assembly 26 to
the clutch 22 or another structure. In further embodi-
ments, one of the plates 26-1 and 26-2 can be integrated
into the clutch 22.
[0015] A spacer 28 (or other suitable insert or plug)
can be provided at the center hole of the center hub as-
sembly 26 or otherwise at or near an inner diameter of
the assembly 26, positioned in between the first and sec-
ond plates 26-1 and 26-2. In embodiments in which the
blades 24 are attached to the center hub assembly 26 at
or near outer diameter portions of the first and second
plates 26-1 and 26-2, the spacer 28 can help provide
rigidity when mounting the fan 20 to the clutch 22 (or
other structure). In alternate embodiments, the spacer
28 can be omitted, such as when suitable mounting struc-
tures are present on the clutch 22 to obviate the need for
the spacer 28.
[0016] FIG. 3A is a front elevation view of an embodi-
ment of a blade 24 for the fan 20, shown in isolation, and
FIG. 3B is a side elevation view of the blade 24 of FIG.
3A. As discussed above, the blade 24 includes the tip
24-1, the root (or heel) end 24-2, the pressure side 24-3,
the suction side 24-4 (not visible in FIGS. 3A and 3B),
the leading edge 24-5 and the trailing edge 24-6. The
blade 24 can be divided into distinct regions, including a
mounting pad 30, a transition zone 32, and a working
portion 34.
[0017] The mounting pad 30 can be located adjacent
to or adjoining the root end 24-2, and can function to
provide an attachment to the center hub assembly 26. In
the illustrated embodiment, the mounting pad 30 has mul-
tiple openings 36 (e.g., five staged or staggered holes)
through which fasteners can be positioned to facilitate
engagement between the blade 24 and the center hub
assembly 26. In some embodiments, the mounting pad
30 can be substantially planar (e.g., having opposite, par-
allel planar surfaces), to facilitate capture between planar
first and second plates 26-1 and 26-2.
[0018] The working portion 34 adjoins the tip 24-1 of
the blade 24, and provides primary working surfaces of
an aerodynamic profile to interact with fluids when the
blade 24 is in use. The particular shape of the working

portion 34 can be configured to provide nearly any de-
sired aerodynamic properties. For instance, parameters
such as chord length, radial (i.e., spanwise) length L,
thickness, twist, camber, sweep, lean, bow, dihedral,
etc., can be adjusted as desired for particular applica-
tions. For instance, the working portion 24 (e.g., at the
leading edge 24-5 and/or at the trailing edge 24-6) can
be swept into or away-from a direction of rotation to help
improve noise or efficiency characteristics of the fan 20,
and a twist angle in the working portion 34 (which can be
measured as an angle between a chord line extending
between the leading and trailing edges 24-5 and 24-6
and a plane oriented orthogonal to the axis A) can vary
in the radial (spanwise) direction.
[0019] The transition zone 32 extends between the
mounting pad 30 and the working portion 34, and can
provide a relatively high amount of twist so as to position
the working portion 34 in a different and desired orienta-
tion relative to the mounting pad 30 and the center hub
assembly 26. For instance, the transition zone 32 can be
more twisted than the working portion 34 or the mounting
pad 30, that is, the transition zone 32 can have a greater
variation in twist angle than within either the working por-
tion 34 or the mounting pad 30. In one embodiment, the
working portion 34 has a twist angle that changes over
a range of 5-20° (e.g., from approximately 30° adjacent
to the transition zone 32 to 20° at the tip 24-1), the mount-
ing pad 30 is untwisted (i.e., has no change in twist angle),
and the transition zone 32 has a twist angle that changes
over a range of more than 20° (e.g., by approximately
30°). As explained further below, the mounting pad 30
and the transition zone 32 can each be substantially thick-
er than the working portion 34, such that structural integ-
rity and rigidity is provided at and near attachments to
the center hub assembly 26, while providing desired aer-
odynamic and mass characteristics in the working portion
34. Some particularly advantageous thickness charac-
teristics along the length L of the blade 24 are discussed
below.
[0020] In some embodiments, the blade 24 can be
made of a sheet molding compound (SMC) material, with
or without reinforcement, filler(s) (e.g., hollow glass
beads, abrasion-resistant materials, etc.), or other addi-
tives (e.g., for color, anti-static properties, etc.). Fillers
and additives can be uniformly and homogeneously dis-
tributed throughout the blade 24 and the SMC material,
or can be localized is selected areas. For instance, a
thermoset SMC material of a vinyl ester resin having
chopped fiberglass reinforcement can be used. In con-
trast to continuous fiber composite materials, chopped
reinforcement fibers used with composite materials have
short, discontinuous fibers that are arranged essentially
randomly within a binder matrix. The chopped reinforce-
ment fibers can be essentially uniformly distributed
throughout the SMC material, although further embodi-
ments with additional reinforcement are discussed be-
low. The chopped reinforcement fibers can be 30-55%
(by weight) of the overall SMC material, and more pref-
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erably 34-50% (by weight) and most preferably approx-
imately 47% (by weight). However, the particular mate-
rials used and the percentage of reinforcement fibers can
vary as desired for particular applications.
[0021] FIG. 4 is a front elevation view of a portion of
an alternate embodiment of the blade 24, having a dif-
ferently configured mounting pad 30’. As shown in the
embodiment of FIG. 4, a notch 40 is provided along a
lateral edge of the mounting pad 30’ as an alignment
feature for quality measurements. The notch 40 can ex-
tend to the root end 24-2. The presence of the notch 40
is not specifically related to aerodynamic or structural
design of the blade 24, but is beneficial for manufactur-
ability and dimensional verification and control.
[0022] FIG. 5 is a graph of a thickness profile at a radial
plane extending from the fan axis A (which corresponds
to the section line 2-2 of FIG. 1), as a percentage of the
maximum thickness TM, vs. radial position, as a percent-
age of the overall blade length L, for a number of embod-
iments of a blade 24. Each illustrated embodiment (elev-
en in total) is represented in the graph of FIG. 5 by a
corresponding plot line 48-1 to 48-12. As shown in FIG.
5, 0% of the blade length L corresponds to the root end
24-2 and 100% of the blade length L corresponds to the
tip 24-1. The actual dimensions corresponding to the
maximum thickness TM and the blade length L can vary
as desired for particular applications. In one example em-
bodiment, the maximum thickness TM can be 11 mm
(0.433 in.) and the blade length L can be 400 mm (15.748
in.).
[0023] In the illustrated embodiments, the blade thick-
ness can have a first region 50, a narrowing transition
region 52, a second region 54, and an additional region
34’ corresponding to the working portion 34 (referred to
herein simply as the working portion region 34’). The
working portion region 34’ can extend to 100% of the
blade length L (i.e., to the tip 24-1). In the illustrated em-
bodiments, the working portion region 34 begins at 30%
of the blade length L and ends at 100% of the blade length
L, meaning that the working portion 34 encompasses
70% of the blade length L. The first region 50 can begin
at 0% of the blade length L (i.e., at the root end 24-2). In
the illustrated embodiments, the first region 50 ends at
10% of the blade length L, meaning that the first region
50 encompasses 10% of the blade length L. The narrow-
ing transition region 52 is located in between the first and
second regions 50 and 54, and can connect those first
and second regions 50 and 54. In the illustrated embod-
iments, the narrowing transition region 52 begins at 10%
of the blade length L and ends at 11.5% of the blade
length L, meaning that the narrowing transition region 52
encompasses 1.5% of the blade length L. The second
region 54 can adjoin the working portion region 34’. In
the illustrated embodiments, the second region 54 begins
at 11.5% of the blade length L and ends at 30% of the
blade length L, meaning that the second region 54 en-
compasses 18.5% of the blade length L. The first and
second regions 50 and 54 each have a constant (i.e.,

uniform) or substantially constant thickness in the illus-
trated embodiments. The maximum thickness TM along
the blade length L can be located at the first region 50,
that is, the first region 50 can have a value of 100% TM.
The second region 54 has a lesser thickness than the
first region 50 (e.g., approximately 91% TM). Each of the
illustrated plots 48-1 to 48-12 has a minimum thickness
value at 100% of the blade length L (i.e., at the tip 24-1).
The thickness in the narrowing transition region 52 can
decrease linearly or substantially linearly, or can de-
crease in other ways, such as with an increasing or de-
creasing rate of change as a function of the blade length
L.
[0024] The first region 50 can correspond to the mount-
ing pad 30, while the narrowing transition region 52 can
fall within the transition zone 32. In further embodiments,
one or more additional narrowing transition regions (not
shown in FIG. 5) can be provided within the transition
zone 32, such that a step-wise narrowing of thickness
occurs. In still further embodiments, the second region
54 can have a nonuniform thickness, such as to provide
a slight and gradual change in thickness at a rate much
less than the rate of change in the narrowing transition
region 52.
[0025] The narrowing transition region 52 can be po-
sitioned along the blade length L such that a portion of
the transition zone 32 that is thinner than the mounting
pad 30 is located between the first and second plates
26-1 and 26-2. As best shown in FIG. 2B, the blade 24
can be secured to the center hub assembly 26 such that
the transition zone 32 begins radially inward from outer
diameter edges 26-3 of the first and second plates 26-1
and 26-2 of the center hub assembly 26. The decrease
in thickness of the blade 24 produced by the narrowing
transition region 52 can create a gap 60 between the
blade 24 and the center hub assembly 26 at one or both
sides of the blade 24 at the transition zone 32. In other
words, the smaller thickness of the blade 24 proximate
at least one of the outer diameter edges 26-3 of the first
and second plates 26-1 and 26-2 compared to the thick-
ness at the mounting pad 30 produces one of more of
the gaps 60. In the illustrated embodiment of FIG. 2B,
there are two substantially equal gaps 60 present, one
adjoining the first plate 26-1 and the other adjoining the
second plate 26-2 on the opposite side of the blade 24.
Having one or more gaps 60 at or near the outer diameter
edges 26-3 of the center hub assembly 26 helps to reduce
stress concentrations at an interface between a given
blade 24 and the center hub assembly 26. Such reduction
of stress concentration can facilitate the use of smaller
values of the maximum thickness TM of the blades 24,
thereby reducing mass of the fan 20, and can help avoid
the need for continuous strand reinforcement filaments,
complexly shaped reinforcement material preforms, or
other more complex and expensive manufacturing tech-
niques, where the blades 24 are made of composite ma-
terials.
[0026] Turning again to FIG. 5, although the illustrated
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embodiments all have a common profile in the regions
50, 52 and 54, that is, the plot lines 48-1 to 48-12 are
coincident in the regions 50, 52 and 54, the thickness in
the working portion region 34’ varies between the em-
bodiments illustrated by the plot lines 48-1 to 48-12 in
FIG. 5. In general, all of the illustrated embodiments have
decreasing thickness toward 100% of the blade length L
(i.e., toward the tip 24-1) in the working portion region
34’. Various illustrated embodiments (e.g., the plot line
48-2) have substantially linearly decreasing profiles. The
embodiments represented by the plot lines 48-1 to 48-7
each decrease from 90.9% TM to 31.8% TM at 100% of
the blade length L. The embodiment represented by the
plot line 48-8 instead decreases from 90.9% TM to 27.3%
TM at 100% of the blade length L. Further, the embodi-
ments represented by the plot lines 48-9 to 48-12 each
decrease from 90.9% TM to 22.7% TM at 100% of the
blade length L. The embodiments represented by the plot
lines 48-9 to 48-12 also generally decrease in thickness
relatively rapidly to a point (e.g., at approximately 42%
of the blade length L), and then either decrease in thick-
ness relatively slowly or maintain a substantially constant
thickness to 100% of the blade length L. For example, in
the plot lines 48-11 and 48-12 both decrease the thick-
ness by 67.3% of TM over 37.5% of the blade length L in
an inner part of the working portion region 34’, at a sub-
stantially linear or decreasing rate of change, and then
decrease the thickness by only 0.9% TM over the remain-
ing 32.5% of the blade length L to 100% of the blade
length L (i.e., to the tip 24-1). The plot lines 48-9 to 48-12
each have a uniform thickness over an outermost portion
to 100% of the blade length L, such as over the outermost
7.5% of the blade length L. The thickness reduction in
the working portion region 34’ can be optimized for var-
ious performance parameters. For instance, the thick-
ness profiles of the working portion region 34’ discussed
above can help reduce stress concentrations at the lead-
ing and trailing edges 24-5 and 24-6 outward of the tran-
sition zone 32 of the airfoil 24, while having a negligible
impact on max burst speed capability.
[0027] It should be noted that the embodiments illus-
trated in FIG. 5 and described above are provided merely
by way of example and not limitation. Workers skill in the
art will recognize that other embodiments are possible in
accordance with the present invention.
[0028] FIG. 6 is a front elevation view of an embodi-
ment of a reinforced blade 24’, and FIG. 7 is a cross-
sectional view of a portion of the reinforced blade 24’.
The blade 24’ can be utilized with the fan 20, and can
have a configuration similar to the embodiments of the
blade 24 described above or another configuration, as
desired. The blade 24’ includes reinforcement that can
help improve durability and strength.
[0029] The blade 24’ can be made of a sheet molding
compound (SMC) material, such as a thermoset SMC
material having chopped fiberglass reinforcement within
a binder matrix (e.g., vinyl ester), with additional rein-
forcement provided at one or more selected regions. For

instance, a reinforcement mat 70 can be incorporated
into the mounting pad 30, the transition zone 32 and/or
the working portion 34 of the blade 24’ that provides a
localized reinforcement skin with additional reinforce-
ment fibers monolithically joined to a remainder of the
blade 24’. The skin provided by the reinforcement mat
70 can be localized at or near external surfaces of the
blade 24’ (e.g., the pressure and suction sides 24-3 and
24-4), as shown in FIG. 7. It should be noted that indi-
vidual reinforcement fibers are not shown in FIGS. 6 and
7, but instead the reinforcement mat 70 is depicted sche-
matically by stippling.
[0030] In some embodiments, the reinforcement mat
70 can be incorporated into the blade 24’ without any
overall change in thickness relative to the non-reinforced
blade 24 described above. In other embodiments, the
reinforcement mat 70 can help provide a thickened region
at or near the root end 24-2. The reinforcement mat 70
can extend from the root end 24-2 through the mounting
pad 30 and into (or through) the transition zone 32, and
optionally also into the working portion 34. In this way,
relative to the thickness profile embodiments described
above, the reinforcement mat 70 can extend entirely
through the narrowing transition region 52 of the transi-
tion zone 32, and also entirely through the second region
54. In that way, when the blade 24’ is used in the fan
assembly 20, the reinforcement mat can extend outward
beyond the outer edge 26-3 of the first and/or second
plates 26-1 and 26-2 (illustrated by a dashed reference
arc in FIG. 6). In some embodiments, the reinforcement
mat 70 can provide a first region 70-1 and a second region
70-1. The first region 70-1 can be located at or near the
root end 24-2 and can extend outward along the length
of the blade 24’ through the mounting pad 30 and the
transition zone 32 and into the working portion 34. In the
first region 70-1 the mat 70 can provide relatively more
dense reinforcement. The reinforcement mat 70 can
have some areas of limited or interrupted coverage in
the first region 70-1 and/or the second region 70-1 due
to material flow during fabrication, which is discussed
further below, though uniform and homogeneous cover-
age in at least the first region 70-1 may be advantageous
in some embodiments. In the second region 70-2 the mat
70 can be feathered or blended into base or parent ma-
terial of the blade 24’, such as in a gradient that dimin-
ishes the reinforcement in an outward direction. The gra-
dient of the second region 70-2 thereby blends the rein-
forcement mat 70 smoothly into parent material of the
blade 24’ The second region 70-2 can be located at an
outward extent of the mat 70, and can be positioned in
the working portion 34 (e.g., near a base or root end of
the airfoil working portion). The use of particular embod-
iments of compression molding techniques, which are
explained below, can facilitate creating a reinforcement
skin with the reinforcement mat 70 in the first and second
regions 70-1 and 70-2.
[0031] The reinforcement mat 70 can be made from
material comparable to that of the base material of the
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blade 24’, such as chopped fiberglass reinforced SMC
material. Alternatively, the reinforcement mat can be
made from material that differs from the parent material,
such as being in the form of a woven mat (i.e., continuous
strand filaments in a woven pattern), having directionally-
oriented (i.e., non-random) chopped reinforcement fib-
ers, having a higher percentage of reinforcement fibers
than the parent material, and the like.
[0032] The reinforcement mat 70 helps provide im-
proved strength and durability to the blade 24’ for use
with the fan 20, particularly with respect to relatively high
stress regions at or near the center hub assembly 26.
Such improved strength and durability allows for higher
speed operation (i.e., faster rotational speeds) than
would otherwise be possible. The inventors have discov-
ered through experimental testing that an approximately
118% increase in speed capability of the fan 20 is pos-
sible through the use of the reinforcement mat 70 with
the blade 24’.
[0033] FIG. 8 is a schematic view of a blade workpiece
assembly 124’ and a die assembly 180 suitable for mak-
ing the reinforced blade 24’. An embodiment of a fabri-
cation process for making the reinforced blade 24’ is as
follows. First, SMC sheet stock material (e.g., uncured
thermoset sheet material) is rough cut to a desired size
to make a "charge cut" blank 182, which has a tip 124-1’
and an opposite root or heel 124-2’. The charge cut blank
182 can correspond to a blank that could, alternatively,
be used to make the blade 24, and represents the parent
material of the finished reinforced blade 24’. In typical
embodiments, the blank 182 is shaped as a strip or other
simple shape. In this sense complex preparatory cutting
and shaping is unnecessary. The reinforcement mat 70
is also rough cut to a desired size from SMC sheet stock
material, and can be wrapped around the root 124-2’ of
the blank 182. In the illustrated embodiment only a single
layer reinforcement mat 70 is used, though in further em-
bodiments multiple layers can be utilized. The reinforce-
ment mat 70 can be sized to extend a desired distance
toward the tip 124-1’ when wrapped around the blank
182. A cut length of the reinforcement mat 70 prior to
compression molding can be adjusted to determine how
far through the transition zone 32 and into the working
portion 34 of the blade 24’ the reinforcement mat 70 ex-
tends when finished. In the illustrated embodiment, the
reinforcement mat 70 extends symmetrically along op-
posite sides of the blank 182, but in alternate embodi-
ments an asymmetric arrangement can be used instead.
Together the blank 182 and the reinforcement mat 70
make up the workpiece assembly 124’.
[0034] The workpiece assembly 124’, with the rein-
forcement mat 70 positioned in a desired orientation rel-
ative to the blank 182, can be inserted into the die as-
sembly 180. In this way both the blank 182 (i.e., the parent
material) and the reinforcement mat 70 are both present
within the die assembly 180 at the same time. Optionally,
additives and/or other materials can also be positioned
in the die assembly 180 with the reinforcement mat 70

and the blank 182. For instance, glass beads can be
placed in the die assembly 180 along at least one select-
ed portion of the blank 182, such that a syntactic material
is produced along at least a portion of the blade 24’. The
glass beads could be present in an additional SMC strip,
or loose.
[0035] Compression molding can then be performed
with the die assembly 180 by applying suitable heat and
pressure to the workpiece assembly 124’. The die as-
sembly 180 modifies the shape of the workpiece assem-
bly 124’ to produce a properly shaped blade 24’. The
heat and pressure of the compression molding process
can "set" the thermoset SMC material, if such material is
used, in a manner well-known to those of ordinary skill
in that art. After compression molding, trim operations
can be performed to remove flash. Further, as mentioned
above, additional trimming operations can optionally be
performed to shorten the blade 24’ to a desired length.
It should be noted that the blade 24 can be made in a
similar fashion, simply by omitting the reinforcement mat
70 and related steps.
[0036] The fabrication process described above allows
for relatively efficient and economical manufacture of the
blade 24’, without the need for complex dies or more
elaborate molding processes (e.g., without the need for
complex continuous strand composite molding tech-
niques or preforms), while still producing a strong and
durable blade of lightweight composite material suitable
for automotive and vocational fan applications. Moreo-
ver, the fabrication process described above accommo-
dates some variability in reinforcement fiber orientation
due to material flow during compression molding while
still providing a strong and durable finished blade 24’ and
fan 20.

Discussion of Possible Embodiments

[0037] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0038] A modular fan assembly including: a center hub
assembly that includes a first plate having an outer edge,
and a second plate having an outer edge; and a first blade
attached to the center hub assembly, the first blade hav-
ing a mounting pad and a working portion, wherein the
mounting pad is positioned in between the first plate and
the second plate, wherein the working portion extends
beyond the outer edges of the first and second plates of
the center hub assembly, and wherein a thickness of the
first blade is smaller proximate the outer edge of the first
plate than at the mounting pad to create a first gap be-
tween the first blade and the first plate at the outer edge
of the first plate.
[0039] The modular fan assembly of the preceding par-
agraph can optionally include, additionally and/or alter-
natively, any one or more of the following features, con-
figurations and/or additional components:

a plurality of additional blades, wherein the plurality
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of additional blades are each configured substantial-
ly identically to the first blade;
the mounting pad can have a planar configuration
and a uniform thickness;
a second gap between the first blade and the second
plate at the outer edge of the second plate;
the first and second gaps can be substantially equal;
the first blade can have a thickness profile from a
root end to a tip, and the thickness profile can have
a maximum thickness at the mounting pad;
the thickness profile can have a minimum value at
the tip, the tip being part of the working portion;
the first blade can have a thickness profile that in-
cludes a first region, a narrowing transition region, a
second region and a further region corresponding to
the working portion, wherein the first region has a
uniform thickness and corresponds to the mounting
pad, wherein the narrowing transition region and the
second region are part of a transition zone between
the mounting pad and the working portion, wherein
the smaller thickness of the first blade proximate the
outer edge of the first plate is provided by at least
one of the narrowing transition region and the second
region;
the first blade can have a thickness profile from a
root end to a tip, the thickness profile having a step-
wise narrowing between two regions of uniform thick-
ness, the two regions of uniform thickness located
radially inward from the working portion, and one of
the regions of uniform thickness encompasses the
mounting pad;
a thickness in the working portion can decrease to-
ward the tip;
a rate of change of the thickness in the working por-
tion can decrease non-linearly toward the tip;
a rate of change of the thickness in the working por-
tion can decrease at a declining rate toward the tip;
the working portion can include a substantially con-
stant thickness region at the tip;
the first blade can be made of a composite material,
and preferably the blade is made of short-strand fiber
reinforced thermoset material;
a reinforcement skin localized about a root end of
the first blade, wherein the reinforcement skin ex-
tends through the mounting pad and into the working
portion;
the reinforcement skin can comprise a reinforcement
mat of short-strand fibers;
the reinforcement skin can include a gradient region
along the working portion of the first blade;
the first blade can be configured to produce an axial
or generally axial fluid flow during operation;
the mounting pad can include a plurality of fastener
openings; and/or
the working portion can be thinner than both the
mounting pad and the transition zone.

[0040] A blade for am axial or generally axial flow fan

can include: a tip; a root end opposite the tip, wherein a
blade length is defined between the root end and the tip;
a mounting pad located adjacent to the root end, wherein
the mounting pad has a first thickness that is substantially
uniform; a working portion adjoining the tip, wherein the
working portion defines an aerodynamic profile; and a
transition zone between the mounting pad and the work-
ing portion, wherein the transition zone includes a nar-
rowing transition region and a region with a second thick-
ness that is substantially uniform, the second thickness
being less than the first thickness.
[0041] The blade of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components:

the transition zone can be twisted;
the transition zone can be more twisted than the
working portion;
the working portion can be thinner than both the
mounting pad and the transition zone;
the first thickness can constitute a maximum thick-
ness between the root end and the tip;
a thickness in the working portion can decrease to-
ward the tip, and a minimum thickness between the
root end and the tip can be located at the tip;
a rate of change of the thickness in the working por-
tion can decrease non-linearly toward the tip;
a rate of change of the thickness in the working por-
tion can decrease at a declining rate toward the tip;
the thickness in the working portion can include a
substantially constant thickness region at the tip;
the working portion of the blade can be swept into
or away-from the direction of rotation to improve fan
noise or efficiency characteristics;
the first blade can be made of a reinforced composite
material, preferably short-strand fiber reinforced
thermoset material;
a reinforcement skin localized about the root end,
the reinforcement skin extending through the mount-
ing pad and the transition zone and into the working
portion.
the reinforcement skin can comprise a reinforcement
mat of short-strand fibers
the reinforcement skin can include a gradient region
along the working portion of the first blade;
the mounting pad can include a plurality of fastener
openings; and/or
the plurality of fastener openings can be staggered.

[0042] A method of making a modular fan can include:
positioning a mounting pad of a blade between two plates
of a center hub assembly; aligning the blade such that
the mounting pad is located radially inward of an outer
edge of at least one of the two plates; and spacing the
outer edge of the at least one of the two plates from the
blade at the outer edge.
[0043] The method of the preceding paragraph can op-
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tionally include, additionally and/or alternatively, any one
or more of the following steps and/or aspects:

attaching a fastener to the two plates and the blade,
wherein the fastener passes through an opening in
the mounting pad;
molding a reinforcement mat into the blade at the
mounting pad; and/or
wrapping a reinforcement mat made of a sheet of
reinforced thermoset material about a blank made
of a reinforced thermoset material, such that the re-
inforcement mat extends only partially along a length
of the blank; and compressing the reinforcement mat
and the blank in a die.

[0044] A modular fan can include: a center hub assem-
bly comprising: a first plate having an outer edge; and a
second plate having an outer edge; and a first blade made
of a composite material and attached to the center hub
assembly, the first blade comprising: a tip; a root end
opposite the tip, wherein a blade length is defined be-
tween the root end and the tip; and a reinforcement skin
localized about the root end along the blade length,
wherein the reinforcement skin extends past the outer
edge of the first plate of the center hub assembly.
[0045] The modular fan of the preceding paragraph
can optionally include, additionally and/or alternatively,
any one or more of the following features, configurations
and/or additional components:

the reinforcement skin can extend past the outer
edge of the second plate of the center hub assembly;
the reinforcement skin extends substantially equally
along the blade length on opposite sides of the first
blade;
the reinforcement skin can comprise a reinforcement
mat of short-strand fibers;
the reinforcement skin can include a gradient region;
the first blade can be configured to produce an axial
or generally axial fluid flow during operation;
the first blade further comprises:

a mounting pad located adjacent to the root end;
a working portion adjoining the tip, wherein the
working portion defines an aerodynamic profile;
a transition zone between the mounting pad and
the working portion, wherein the reinforcement
skin extends through the mounting pad and the
transition zone and into the working portion;
the working portion can be thinner than both the
mounting pad and the transition zone;
a maximum thickness between the root end and
the tip can be located at the mounting pad;
a thickness in the working portion can decrease
toward the tip, such that a minimum thickness
between the root end and the tip is located at
the tip;
the mounting pad can include a plurality of fas-

tener openings.
the transition zone can be more twisted than the
mounting pad and the working portion;
the first blade can be made of short-strand fiber
reinforced thermoset material;
a plurality of additional blades, wherein the plu-
rality of additional blades are each configured
substantially identically to the first blade;
a thickness of the first blade can be smaller prox-
imate the outer edge of the first plate than adja-
cent to the root end to create a first gap between
the first blade and the first plate at the outer edge
of the first plate; and/or
a second gap between the first blade and the
second plate at the outer edge of the second
plate.

[0046] A composite blade for an axial or generally axial
flow fan can include: a tip; a root end opposite the tip,
wherein a blade length is defined between the root end
and the tip; a mounting pad located adjacent to the root
end; a working portion adjoining the tip, wherein the work-
ing portion defines an aerodynamic profile; a transition
zone between the mounting pad and the working portion;
and a reinforcement skin localized about the root end
along the blade length, wherein the reinforcement skin
extends through the mounting pad and the transition
zone and into the working portion.
[0047] The composite blade of the preceding para-
graph can optionally include, additionally and/or alterna-
tively, any one or more of the following features, config-
urations and/or additional components:

the mounting pad can have a first thickness that is
substantially uniform, wherein the transition zone in-
cludes a narrowing transition region and a region
with a second thickness that is substantially uniform,
the second thickness being less than the first thick-
ness;
the reinforcement skin can extend entirely through
the narrowing transition region of the transition zone;
the reinforcement skin can comprise a reinforcement
mat of short-strand fibers;
the reinforcement skin can include a gradient region;
the working portion can be thinner than both the
mounting pad and the transition zone;
a maximum thickness between the root end and the
tip can be located at the mounting pad;
a thickness in the working portion can decrease to-
ward the tip, and a minimum thickness between the
root end and the tip can be located at the tip;
the mounting pad can include a plurality of fastener
openings;
the transition zone can be more twisted than the
mounting pad and the working portion; and/or
the blade can be made of short-strand fiber rein-
forced thermoset material.
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[0048] A method of making a composite fan blade can
include: wrapping a reinforcement mat about an end of
a blank made of composite material, such that the rein-
forcement mat extends only partially along a length of
the blank; and compressing the reinforcement mat and
the blank in a die.
[0049] The method of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following steps and/or aspects:

cutting the blank from thermoset sheet molding com-
pound sheet stock;
a method of making a fan with the fan blade de-
scribed above can include: positioning a mounting
pad of the composite fan blade between two plates
of a center hub assembly; aligning the composite fan
blade such that the mounting pad is located radially
inward of an outer edge of at least one of the two
plates; and spacing the outer edge of the at least
one of the two plates from the composite fan blade
at the outer edge;
attaching a fastener to the two plates and the blade,
wherein the fastener passes through an opening in
the mounting pad;
dispersing material of the reinforcement mat in a gra-
dient into parent material of the blank; and/or
incorporating glass beads into at least a portion of
the blank.

Summation

[0050] Any relative terms or terms of degree used here-
in, such as "substantially", "essentially", "generally", "ap-
proximately" and the like, should be interpreted in ac-
cordance with and subject to any applicable definitions
or limits expressly stated herein. In all instances, any
relative terms or terms of degree used herein should be
interpreted to broadly encompass any relevant disclosed
embodiments as well as such ranges or variations as
would be understood by a person of ordinary skill in the
art in view of the entirety of the present disclosure, such
as to encompass ordinary manufacturing tolerance var-
iations, incidental alignment variations, transient align-
ment or shape variations induced by thennal, rotational
or vibrational operational conditions, and the like. More-
over, any relative terms or terms of degree used herein
should be interpreted to encompass a range that ex-
pressly includes the designated quality, characteristic,
parameter or value, without variation, as if no qualifying
relative term or term of degree were utilized in the given
disclosure or recitation.
[0051] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the spirit
and scope of the invention. For instance, features of any
embodiment disclosed above can be utilized in combi-
nation with features from any other embodiment dis-

closed above.

Claims

1. A composite blade (24; 24’) for a modular axial flow
fan (20), the blade comprising:

a tip (24-1);
a root end (24-2) opposite the tip, wherein a
blade length (L) is defined between the root end
and the tip;
a mounting pad (30) located adjacent to the root
end;
a working portion (34) adjoining the tip, wherein
the working portion defines an aerodynamic pro-
file;
a transition zone (32) between the mounting pad
and the working portion; and
a reinforcement skin localized about the root end
along the blade length, wherein the reinforce-
ment skin extends through the mounting pad
and the transition zone and into the working por-
tion.

2. The composite blade of claim 1, wherein the mount-
ing pad has a first thickness that is substantially uni-
form, wherein the transition zone includes a narrow-
ing transition region (52) and a region (54) with a
second thickness that is substantially uniform, the
second thickness being less than the first thickness,
and wherein the reinforcement skin extends entirely
through the narrowing transition region of the tran-
sition zone.

3. The composite blade of any preceding claim, where-
in the reinforcement skin comprises a reinforcement
mat (70) of randomly-oriented short-strand fibers.

4. The composite blade of any preceding claim, where-
in the reinforcement skin includes a gradient region
(70-2).

5. The composite blade of any preceding claim, where-
in the mounting pad includes a plurality of fastener
openings (36).

6. The composite blade of any preceding claim, where-
in the blade is made of randomly-oriented short-
strand fiber reinforced thermoset material.

7. A modular fan (20) comprising:

a center hub assembly (26) comprising:

a first plate (26-1) having an outer edge
(26-3); and
a second plate (26-2) having an outer edge
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(26-3); and

the blade of any preceding claim, wherein the
blade is attached to the center hub assembly,
and wherein the reinforcement skin extends
past the outer edge of the first plate of the center
hub assembly.

8. The modular fan of claim 7, wherein the reinforce-
ment skin extends past the outer edge of the second
plate of the center hub assembly, preferably wherein
the reinforcement skin extends substantially equally
along the blade length on opposite sides of the first
blade.

9. The modular fan of claim 7 or 8, wherein a thickness
of the first blade is smaller proximate the outer edge
of the first plate than adjacent to the root end to create
a first gap (60) between the first blade and the first
plate at the outer edge of the first plate.

10. The modular fan of claim 7, 8 or 9 and further com-
prising:

a second gap (60) between the first blade and
the second plate at the outer edge of the second
plate.

11. A method of making a composite fan blade (24; 24’),
the method comprising:

wrapping a reinforcement mat (70) about an end
(124-2’) of a blank (182) made of composite ma-
terial, such that the reinforcement mat extends
only partially along a length of the blank; and
compressing the reinforcement mat and the
blank in a die (180).

12. The method of claim 11 and further comprising:

cutting the blank from thermoset sheet molding
compound sheet stock.

13. The method of claim 11 or 12 and further comprising:

dispersing material of the reinforcement mat in
a gradient into parent material of the blank.

14. The method of claim 11, 12 or 13 and further com-
prising:

incorporating glass beads into at least a portion
of the blank.

15. A method of making a fan with the composite fan
blade made according to any of claims 11 to 14, the
method further comprising:

positioning a mounting pad (30) of the composite
fan blade between two plates (26-1, 26-2) of a
center hub assembly (26);
aligning the composite fan blade such that the
mounting pad is located radially inward of an
outer edge (26-3) of at least one of the two
plates;
spacing the outer edge of the at least one of the
two plates from the composite fan blade at the
outer edge; and
attaching a fastener to the two plates and the
blade, wherein the fastener passes through an
opening (36) in the mounting pad.
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