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This invention relates generally to certain improve-
ments in low cost and efficient fan or blower units of the
generally axial flow type with a direct-connected electric
motor for forcing the circulation of air under a supported
human body and, more particularly, to such axial flow
fan units of small sizes and low actual air speeds and of
the efficient but inherently unstable, high pressure type,
such units preferably including a compact shroud-casing
of short axial length and having the fan, the casing, and
other parts of molded plastic for low cost and quietness.

The general objects of this invention are to provide an
improved fan unit of the type described above for use
with or in forced air type under-body ventilating and
human-body-supporting devices and, more particularly, to
provide such small fan that is more compact and of lower
cost, higher efficiency, and greater quietness,

Other and more specific objects are to provide:

A small generally axial flow type of such a fan or anti-
swirl stator therefor, each of whose blades has at least
a substantial portion of the area of at least one face
thereof (preferably its lower pressure or intake-side face)
being either a substantially true flat surface or plane or
else a simply or two-dimensionally bent plane, with said
plane inclined to the fan’s axis of rotation so as to provide
an effective airfoil shape relative to its path through the
air and with both an effective pitch and an effective cam-
ber curvature of at least said one face thereof, both prefer-
ably increasing radially inward along said blade and,
more particularly, said blade being of a thin and substan-
tially uniform actual thickness and having both of its
parallel faces lying in such inclined planes thronghout sub-
stantially the entire area of said blade.

A fan of this general type having blades with generally
flat planar surfaces tilted to the axis of rotation to provide
at least an effective pitch to thin light blades which are
more easily centrifugally balanced and hence provide a
fan which has a lower noise level and lower cost for
complete manufacture and which gives less loads to the
direct-connected electric motor and to its shaft bearings,
and, more particularly, such a fan having its blades cast
integral with its hub and preferably of a suitable and

ight plastic.

A fan or an anti-swirl portion of this general type
which has a minimum set-up, tooling, or mold cost and
which is also more readily and more cheaply fabricated
or cast because its blades are of thin, substantially flat
sheets whose planes are tilted to the axis of rotation to
provide at least an effective pitch.

Such a fan unit having its rotor portion or its stator
portion (the latter providing a shroud-casing, an electric-
motor support, and a spider which preferably includes an
end grille and also anti-swirl blades) cast in one piece,
preferably of plastic, and using a minimum weight and
cost of cast material because its blades are integral with
a hub and are thin, flat, and easily formed sheets whose
planes are tilted to the axis of rotation to provide at least
an effective airfoil pitch, said blades also preferably hav-
ing progressively decreasing chords outward from their
roots at said hub.

Such a fan unit having a generally flat or simply bent
planar blade whose plane is tilted to provide at least an
effective airfoil camber and, more particularly, such a
blade of thin sheet material having such a camber curva-
ture with its greatest effective airfoil thickness adjacent
its leading edge.
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An axial flow fan having rotary blades each lying in a
plane or true flat surface which is tilted at an angle of
more than 45 degrees to the axis of rotation; whose pitch
and camber curvature along cylindrical sections are por-
tions selected from sine wave curves; and, more particu-
larly, wherein the selected effective pitch is less than the
maximum pitch tilt available on such a sine wave curve
and is in a portion of said sine wave curve providing an
effective camber curvature on at least the low pressure
airfoil surface, and preferably forming thin sheet, mono-
convex effective airfoil sections throughout the extent of
the blades.

Such a generally axial flow and tilted planar blade fan
unit including a direct-connected electric motor and a
shroud ring forming part of an outer casing of a minimum
axial length wherein flat planes defining effective airfoil
blade surfaces are tilied to have a pitch-forming tilt com-
ponent and a tilt component toward the intake end of the
axis of rotation, such blades preferably being tilted toward
and with their outer ends overlying a direct-connected
electric motor.

Such a fan unit having a minimum number of parts
(exclusive of the direct-connected electric motor and elec-
trical parts) and comprising a one-piece cast plastic axial
flow type fan rotor unit with blades integral with its hol-
low hub as one piece, and its outer-casing-forming shroud
ring (also preferably of cast plastic), integral with its
shaft and motor-holding spider and its innermost motor
support or cup, as a second and stator piece.

Stuch a fan unit having tilted plane blades which have
an increasing effective camber width and an increasing
actual sheet width radially inward to a hub of material
diameter, such blades having, in particular, root sections
of approximately 90 degrees of arc about the axis of rota-
tion.

Other objects of this invention relate to improved con-
struction arrangements in compact flow units, including
the provision of a shroud ring outer casing having an
integral end grille serving to hold an electric motor and
also serving as a bladed anti-swirl stator member.

Such other objects also relate to the provision of a fan
unit having iwo open cup-like and relatively oppositely
rotating concentric and preferably open-end-to-open-end
hub members substantially enclosing an electric motor be-
tween them, with one such hub member integrally carry-
ing an eniry-preventing end grille or the like which pref-
erably forms an integral cylindrical outer shroud ring and
in which there is a short or minimum overhang in the
metor shaft connection to the rotor.

Still other such objects relate to the provision of such
a unit having only two main connected portions (exclu-
sive of the electric motor and electrical parts) and, more
particularly, only two one-piece plastic moldings.

Other and more detailed objects and advantages of this
invention, including coocperating or related features or
arrangements, are set forth in, or will be apparent from,
the attached specifications, drawings and claims.

Tt is to. be noted that this invention may include certain
features and advantages disclosed and claimed in my
United States Patents No. 2,992,604 and No. 2,992,605,
in which I am co-inventor. Accordingly, the disclosures
of these patents are included herein by reference. This
applies particularly to aspects of these prior patents relat-
ing to the axial fiow fan, its characteristics, and combina-
tions thereof with an under-body ventilating pad or layer
including a fixed resistance, and also to aspects relating
to two plastic motor-embracing hub cups.

In the attached drawings:

FIG. 1 ig a schematic half end view locking axially at
the inlet end of a cylinder, which here may be considered
as the outer periphery of a fan hub with a blade shown
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3 )
broken away, and also showing a portion of a cylinder
“for the blade tip paths; . : )
.~ FIG. 2 is a schematic sidé elevation showing the cylin-
der of FIG. 1 intersected by certain tilted planes, together
with the root section of a fan blade defined by one such
plane; :
FIG. 3 is a schematic view showing the cylinders of
- FIG, 2 unrolled or developed in a clockwise direction to
show their sine wave curve intersections of the planes,
together with showings of certain airfoil “blade sections
thus developed; ’

~FIG. 4 is a half (and partly broken-away 'and section--

al) inlet end view of a first form of fan'unit according to
this invention; ' IR ; :

FIG. 5 is a half (and partly broken-away and section-
al) side elevational view of the unit of FIG. 4;

FIG. 5A is a side elevational view like FIG. 5, but

_showing a modification ‘of interior parts thereof;

FIG. 6.is a view taken generally as in FIG. 4, but

showing a second form of this invention;

FIG. 7'is a side view, taken as in FIG. 5, of the unit -

of FIG. 6; .. )
FIG. 8 is a partly broken-awdy side elevational view
taken like FIGS. 4 and 6, but showing another form of
this invention; and ~ . :
FIG. 9 shows cylindrically developed sections of fan
blades like ‘FIG. 3, but enlarged and with the camber

curvatures. and -actual sheet thicknesses exaggerated for -

-ease of illustration. )

In the foregoing drawings and in their descriptions, the
same or similar reference characters are used in connec-
tion with the several forms illustrated for ease in follow-

ing the disclosure. Accordingly, differing or modified
parts in succeeding modified forms are distinguished by
_-the use of the same reference number increased by 100. 3:

It is also to be noted that FIGS. 1 through 3 and FIG. 9
in particular (and generally as to- the other figures) -are
not fully accurate as to pitch and camber or other angles
or curvatures, but are somewhat exaggerated or off-scale
for purposss of illustration. The same applies to the axial
and ‘other clearances.

Referring again to the drawings, and having in mind
that points on a rotary fan blade having equal air (abso-
lute) speeds sweep through a cylindrical path or line on
a cylinder (and similarly for stator blades); the cylinder
CYLy and the circle Cy thereon of FIG, 1 (both having
a radius Ry to the hub O.D.) are schematically shown
in FIG. 2 as intersected by the tilted plane P; which inter-

sects the axis Ap of the cylinder (here the axis of rotation

of the fan) at an acute angle ag. It will be noted that
the complement ag of this angle ap is the maximum angle
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between the plane P, and any element of the cylinder

CYLy, or between P, and any plane tangential to the
cylinder along the intersection of P; and CYLy. It is
also noted that angle ag may be considered as a pitch-
forming angle, as commiented on below.,

The cylinder CYLy is typical of any cylindrical rela-
tive air flow path or section through any of the tilted-
plane blades of the present invention.. However, CYIy
may, for convenience, be considered as corresponding to
-the roots of the blades or to the outer periphery of a gen-
erally cylindrical hub, or may be considered as generally
the hub radius in that portion of the hub. It is to be noted
that the hub or hubs need not be cylindrical in all cases,
since they may be conical, dish-shaped, ‘or of other shapes,
so long as they are fully open at one end and have. a shaft.
connecting, partly-closed portion at the ofher end.

This intersection of plane P; and cylinder CYLy, shown
in FIG. 3, is a sine (or cosine or harmonic motion) type
“wave curve SWy in which the periphery of the cylinder
is unarolled or developed along the abscissa . (circle Cx),
so that axial dimension H of FIG. 2 is the maximum
ordinate H of FIG. 3. :

In FIGS. 1, 2, and 3, the rotary motion of the root
blade ‘section 8y is shown by arrows ROT. The rotary
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air flow relative to the blade is in the opposite direction.
In the general case of a relatively contra-rotating blade
(including the cases of a contra rotor fan or a. swirl-
removing set of stator blades), the blade mctions and the
relative rotary air flow directions are in opposite direc-
tions, but the intake ends and the camber curvatures are

- the same. -

In FIG. 3, the abscissa values B, and Eg'in curve SWg:
(for the hub or root sections of a blade) -are 90 degrees
apart and coirespond to the similarly designated cylinder
elements of FIGS. 1 and 2. - Further, portions of this
curve. SWy may be considered as showiag cylindrical
sections through a very thin and actually true flat blade
forming a mcno-convex effective airfoil, or else as show-
ing one surface (preferably the lift or low pressure sur-
face) of a thicker and perhaps bi-convex blade. )

A proper minimum or limiting hub diameter is selected,

“as discussed below.. Then a true flat sheet or plane (at

least.one. for each blade) is tilted to the axis of rotation
Apg at a suitable angle ag, providing the complement or
maximum pitch angle og. This maximum pitch angle aa
is notused for the whole blade length or span under this
invention. } g

The desired effective pitch at and near the blade tips
is usually materially less than ac when following this in-
vention. As an example only, and as illustrated, aq may
be in the general order of over 30 degrees to give the de-
sired lesser .root pitch to a -rotating -blade.” This angle
ac may be more, or less, depending of course on the
over-all fan size, the hub diameter, and the particular fan
results desired. It will be apparent that the hub diameter
should be a large percentage of the tip diameter for the
proper ratio of hub effective pitch to tip pitch.

A material portion (and preferably all) of the length
and/or area of such an axial flow type blade has along
its radial length suitable chordal ‘widths which lie on
curves like SWy along concentric cylinders like CYLy.
Particularly in the case of rotary blades, it is preferable
that they have radially inwardly increasing chords along
suchsine wave curves.  One blade of uniform chord
throughout- its span or radial length would thus form.
progressively angularly shorter arcs radially outward or
along increasing diameter cylinders. That is, the radially
outer arcs-(across the pitch ' tilted blade chords) would
subtend progressively smaller angles about the axis of ro-
tation. :

It will be understood that here the effective chord (and
the effective camber or camber curvature) of a section
through-an airfoil. blade in relative rotation with respect
to a fluid or air (and especially about a relatively small
or short radius) will be along the surface of an imaginary
cylinder, corresponding to- the particular radius at that
section. - This cylinder then may be considered as the ef-
fective curved path of such a blade section relative to the
fluid or air. ' Thus, effective blade sections are here taken
on such cylinders, and such cylindrical sections are re-

-ferred to herein in' connection with the effective pitch or

the effective camber, camber width,
camber thickness, or the like.

Looked at another way, the portion of the tilted plane
defining the blade surface (or both surfaces forming the
preferred thin' sheet, mono-convex airfoil) may be re-
garded as having a so-called two-way tilt.. More ac-
curately, it has two. components of one tilt. One is a
pitch-forming component. ' The other extends axially of
the fan and forms the camber curvature and also pro-
duces additional or effective pitch.” This effective pitch
has the pitch given by the pitch-forming component in-
creased by the camber. .- .

Put-another way, all of the lines in the tilted plane of
a rotating blade and which also pass through the axis
of rotation are inclined at an acute angle (which is the

camber curvature,

- camber forming component). to the axis of rotation,

A typical such effective _blade section is shown by the
sheet thickness-indicating double lines for the blade root
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section 8z which has at least one (or its low-pressure)
surface lying on curve SWy and located between the
points or elements E, and Ep, which correspond respec-
tively to maximum plane or sheet pitch and to no sheet
or plane pitch. g

It will thus be seen that root sections such as 8g, of
a maximum practical and yet efficient chord width, will
subtend angles about Ay of approximately or approach-
ing 90 degrees. This requires a large ratio of hub di-
ameter to tip diameter. Put another way, the trailing end
of 8z approaches the ogee straight portion at Eg but
here does not go through Eg, at least not in the preferred
forms of this invention, since if the curve extends ma-
terially beyond Eg it would have a reverse curvature. In
some cases, for maximum blade areas the trailing edge of
a root section may extend through or past Eg, as long as
the reversed curvature is not material.

In contrast, having the leading edge portion of such
a blade section extend over or across the point E, has no
such reverse curvature limitation. A blade section so
chosen (to lie across the points of greatest change in
curvature on either side of E5) may be desirable in cer-
tain cases under this invention. For root sections, this
last permits greater chord which, if desired, may thus
be somewhat over 90 degrees arc with the blade section
trailing end at BEg. For all sections, this practice gives
more camber curvature and camber thickness. Thus,
this practice is useful for tips which would otherwise have
too little camber. In this last case, the limiting factor
will obviously be {00 much curve hook or camber thick-
ness (usually adjacent the leading edge). It is of particu-
lar interest to note that this practice materially increases
the effective camber.

It is to be noted that such a location and such a selected
chord or chord width also provide an effective and de-
sirable camber or camber curvature which is more clearly
shown and exaggerated (as to camber thickness and cam-
ber curvature) in the enlarged FIG. 9.

As best seen in 8’y in FIG. 9, these airfoil profile shapes
or blade camber curvatures have their maximum camber
thickness T¢ desirably well forward of the middle of the
chord and toward the leading edge L. Put another way,
a sine wave type curve, such as SWyg, is an ogee curve as
it reverses its curvature through the increasingly straight
portions adjacent or toward Ex. The rear or trailing por-
tion of the effective blade sections is foward point E,,
so that the effective blade curvature becomes straighter
or flatter toward ifs trailing edge T. This provides a de-
sirable airfoil profile or camber curvature.

Such effective camber curvatures for thin sheets give
adequate efficiency, like early and low air-speed, thin,
mono-convex airplane wings. Here they permit the mak-
ing of airfoils from true flat or planar sheets, or with
actual sheet thickness substantially only that required by
strength to resist the centrifugal load, lift load, and other
loads and vibrations. There are resulting advantages in
ease of fabrication, cost, and the like. Good, practical
aerodynamic efficiencies are obtained at suitably low rela-
tive air speeds. Thus, flat-sheet tilted and mono-convex
fan blade portions according to this invention are intend-
ed for relative tip air speeds of less than about 150 feet
per second.

In certain small or other fans, the lower cost of the fan
is more important than a relatively small reduction in
efficiency. Thus, higher tip speeds may be used if the
noise level permits. Beiter over-all resuits and a lower
noise level (which is important where such a fan is un-
silenced and is close to the person to whom it supplies
under-body ventilating air, especially in a quiet room)
are obtained by materially lower tip velocities. As noted
in my said prior patents, the preferred high pitch but un-
stable tip fan with its lower speed is desirably materiaily
quieter.

In this conpection, it may be noted as an exemplary
disclosure of certain suitable properties and values that
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the small and low cost under-body ventilating fan unit
iliustrated herein has a blade tip diameter of about 4%4
to 4% inches, a rated speed of 6000 r.p.m., and a hub
O.D. or blade root diameter of about 2% to 234 inches.
Thus, the blade root diameter is over half of the tip diam-
eter. The micro-size electric motor shown is in the order
of about 1% inch O.D. (materially smaller than the hub
C.D.) and about 134 inches long, exclusive of shaft length.
Other sizes of motors, including smaller ones, may of
course be used. It is to be noted that in these sizes and
types of mctor, the motor O.D. being materially smaller
than the hub LD. permits a flow of cooling air inside of
the hub along the metal motor casing, as discussed in
more detail below.

These fan units are of the relatively high pitch, high
pressure, and high efficiency, but inherently unstable typs
disclosed in my prior Patent No, 2,992,605, Further,
such units are designed to operate against pressures in
the order of those disclosed in my said prior patent, and
have effective angles of attack and effective pitches of the
same order. In the exemplary form illustrated, and also
for the small under-body ventilating fan wunits according
to this invention, the effective tip pitch for the rotating
blades (along cylindrical sections) is preferably in the
range of about 18 to 30 degrees (as set forth in my said
prior patents) and here is preferably in the narrower range
oi about 20 to about 25 degrees. Thus, as noted above,
the maximum pitch-forming angle Ag will be about 3¢
degrees or more, and in all rotating blade cases hereunder,
angle ag, will be over 45 degrees.

As best shown in FIG. 9, the effective pitch angles, such
as pg and py, for each cylindrical section are measured
between the chord line C.L. (lying tilted along a rotation
path cylinder) and the rotation path circles such as Cyg
and Cq for the particular blade radius being considered.

The measurement of the effective angle of attack is
analogous. The angle of attack is of course a smaller
angle because of the material axial component of the rela-
tive air velocity. It will thus be seen that the effective
pitch is progressively greater toward the root section, In
other words, it desirably increases progressively for radial-
ly inward sections toward the limiting and large hub diam-
eter. It will be seen that this radially inward effective
pitch increase along a blade having a constant pitch-form-
ing angle component (or a constant angle ag) is given by
the camber curvature along the selected region of the
curve SW for each radius. Put another way, the radially
inwardly increasing effective camber curvature alsoc gives
an increasing effective pitch. This is true even through all
of the airfoil blade surface or surfaces actually lie in (or
are parallel to) one flat plane.

The foregoing is true for blades of constant actual chord
width (or constant effective chord) along their spans or
radial lengths. It is even more so, or is accentuated by,
the preferred and illustrated tapering actual blade widths.
The corresponding taper in the chord widths desirably pro-
vides greater strength and stiffness to resist centrifugal
force and also to resist bending loads generally transverse
to the blade planes. This taper also gives a desirably
greater chord for the slower relative air speed airfoil sec-
tions toward the blade roots,

From the foregoing, it will be seen that there is . a
specific or generally limiting fan blade 1.D. or hub O.D.
for the best aerodynamic and structural arfangement. In
the types shown, the hub O.D. is about half (and pref-
crably more) of the blade tip diameter. As explained
above, it is not feasible nor desirable to increase the chord
of the blades at their roots moere than so much, or here -
much over 90 degrees of arc. There is a certain com-
promise between the most desirable root and tip sections
along a given tilted plane. It will be seen that blades
tilted according to this invention are best suited to fans.
having a relatively large ratio of blade reot or hub diam-
eter to tip diameter, and thus are very well suited to small
size fan-units. of the type described herein for under-body
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ventilation. It is to be noted that the blades shown have
a root chord which is materially greater (here about 1%
inches) than the maximum blade span or length out from
the hub- (here about 1% inches at the leading edge). In

general, such fans may.be under 6 incheés in tip diameter .

and ‘with tip speeds and pitches as described above for
rotor blades. ' Stator blades according to this' invention

will.of course have ‘effective tip pitches of nearly 90 de-

- ‘grees because of the large axial
- air flow-velocity.

The practice. of this invention will be -apparent from
this disclosure to those skilled in this art, and they will
‘readily appreciate its advantages and use for any particular
and suitable fan application. This includes the use of

compornent -of relative

chords (by-the above-described taper along thé radial 3

lengths of the blades) and the location of the blade cylin-
drical sections along a suitable SW cuive. (given by the
ag tilt angle) to give the best camber curvatures for each
radial section and for the desired. best over-all lift co-
efficients along the radial blade lengths for a fan of a par-
ticular speed and for a particular pressure. At this point,
reference is again made to the disclosures in this regard
in my above-referred to two prior paterts. :

While of course not necessary in all cases under this
invention, good results have been obtained with the striic-
turally simple; stronger, and preferred form illustrated,
in which the tapered chord blades are generally centrally

-radial'in.actual end view. That is, as shown; the center
lines of ‘the axially projected blade chord widths are gen-
erally radial for a more easily tooled and simpler, stronger
arrangement. - i '

Turning again to the cylindrically developed FIGS. 3
and 9 in particular, it will be noted that the cylindrical
or effective airfoil or blade section 8y (taken at-or near
the root) has the largest camber curvature and the largest
camber thickness.- This is true, first, because of its actu-
ally greater chord length, which is given here by the above
described blade width taper. It is also due to the camber-
forming tilt component, and would also be true if such a
blade had the same actual sheet widths throughout its
radial length or if it had the tip width throughout. ~As
shown by cylindrical section 83 (taken at or near the tip
of the same mono-convex and mono-tilted plane blade),
the radially outer sections as shown have a progressively
decreasing camber curvature and thickness and a resulting
and desirable decrease in effective pitch angle.

"~ To ‘the extent that the blades are of -very thin sheets,
the shapesof the leading and trailing edges make little
difference.  Hence FIG. 3 shows these edges cut off about
normal to-the blade plane. 'As a refinement, or when the
blade sheet is thicker, the blade sheet may have its lead-
ing and trailing edges formed as shown in FIG. 9, where
they ‘are illustrated as sharp and as made by using the
effective chord line CL to terminate. the sheet. at either
edge. : ) :

As seen in FIG. 3, a reverse pitch blade section such

--as 8'y, lies in the same tilted plane P, with 83 and 8 but
in the next adjacent 90 degree guadrant or on the other
side of A to reverse the pitch-forming - component of
the tilt angle. - However, 8’y has the same direction and
compouent of axial tilt and the same direction of effective
camber as 8y and 81, Thus such reverse pitch blades are
tilted to- the same angular component toward the intake

“end of the. fan unit. v :

Blades with sections like 8’y and 8g, having oppositely
directed effective pitches, are well adapted for .contra-
rotating (equal and opposite) sets of blades. : This is fur-
ther illustrated by 8’y and 8’7 of FIG. 9. 'Such oppositely
pitched blades are also useful for the generally similar
case of an anti-swirl stator set of blades, - Such a stator
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(nearly 90 degrees), which also preferably increases in:
wardly because of the major axial component of the rela-
tive air velocity. In certain cases; radially outer parts (or
even all) of such thin anti-swirl stator blades may bs
substantially radial planes or sheets. e

While tilted thin sheet and effectively mono-convex air-
foil blades are preferred, yet .certain advantages of this
‘invention may be realized by bent plane blades or by
thickened ‘blades in which portions of the blades-aré not
of a uniform thin sheet or-are not uniformly tilted. ~ For

“example, the tip section 8’y of FIG. 9 may be_thickened

and have its high pressure face actually curved to give
a biconvex airfoil, which is more suitable for the higher
relative air speeds near the tips of a larger diameter or
higher speed fan having its otherwise planar blades so
modified out near their tips. As will be apparent, this
effectively bi-convex airfoil requires a greater actual cotl-
vexity on the pressure side of: the. otherwise’ sheet-like
blade, and this may be achiéved by a pressure side thin-
ning out or curvatuie, giving a convex higher pressure
surface on the-other side of the chord line CL.

Turning now to other aspects of this invention and to the
exemplary  combinations- or arrangements of FIGS. 4
through 8, it is to be noted that certain of their features
and advantages may be-employed either with or without
the tilted plane and cambered aspects hereof.

Where the absolute minimum .axial length is desired for
such a small and shroud-cased axial flow type fan unit,
or in.certain: other cases, an arrangement of the general
type of FIGS. 4 and 5 may be employed. “Here there is an
omission of the features ‘of the axially elongated, anti-
swirl stator blades and the multi-function end grille which
includes the motor-holding spider.

For purposes of illustration, the fan rotor and its blades
are shown as the same in each of the four forms of FIGS.
4and 5, 5A, 6 and 7, and 8, except of course for the oppo-
site axial tilt directions relative to the open end of the
fan rotor hub, and similarly ‘as to the stator hub.

FIGS. 4 and 5 show a one-piece or truly unitary and
light weight, low cost plastic molded rotor which is desig-

-nated as a whole by R. This rotor comprises the hub,

desigrated as-a whole by 2, and the integral thin-sheet
blades, each designated. as a whole by 8. .

The O.D. of the hub 2 and the corresponding roots
(or LD.) of the blades 8 lie on the circle Cr of FIGS. 1,
2, and 3, since the hub is. here shown as. of true cylin-
drical shape for ease .of molding and better air flow. As
noted above, other -generally dished or open-end hub
shapes may be used. The blade tips 8¢ lie on, or close to,
the tip circle Cp of FIGS. 1, 2, and 3, and the low pres-
sure faces of these blades 8 lie in planes like P, of FIG. -
2, with a uniform sheet thickness giving a close and actu-
ally -parallel low pressure face: As disclosed above, the
blades 8 of FIGS. 4 and 5 lie in-a tilted plane, or may be
considered as tilted in two.components,. one of which is
toward the inlet end of the fan unit (here designated as a
whole by 1) and’ thus toward the -connected or partly
closed (and here-flat, axially outer end of the exposed)
end wall 3 of the molded hub.

For better motor cooling or, more specifically, to re-
move heat from the adjacent metal end and sides (as well
as the far end) of the small ‘and usually high speed elec-
tric motor 12, holes or openings such as 4 are suitably
formed in (and preferably initially molded into) the end
wall 3. 'This permits ‘motor cooling air to be sucked

- through the cup of hub 2 into the higher velocity. and

70

blade section is shown' (out of position) by 357, which

corresponids to blades 235 and 335 of FIGS. 6, 7, and 8.
This blade 35y lies in a plane generally like Py of FIG. 2.
In this last case, the anti-swirl “stator blades should de-

sirably be of a ‘very. much greater effective pitch angle-

lower pressure down-stream tegion, as. shown here.
As shown in FIG. 4, the blades 8 are of the above-fioted

"-dimensions and are tapered in width by straight side edges

forming the leading edge I, and the trailing edge T, to
thus provide the above-noted and important progressively

. inwardly increasing effective -chords and actual widths.

75

The tips 8¢ may, if desired, be outwardly terminated by
circular arcs-lying in the planes of the blades themselves,
This is easier and cheaper to form-and here gives but
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little deviation from circle Cp. In fact, this difference is
too small to effectively illustrate here.

The center of the outermost axial (or partly closed)
end of hub 2 and, in particular, its end wall 3 is suitably
connected to the threaded end of shaft I3 of motor .12.
For this purpose, there is a small generally cylindrical
outer extension 7 having an inner coaxial shaft-fitting hole
7’ .of suitable length, in which the shaft is suitably held
by threads plus cement, or in other known ways.

An infernally-threaded and cast-in-metal insert 7A is
used here for added local strength in the case of a plastic
hub. The hub wall thicknesses (like the blades) are only
those needed for strength and rigidity.

As shown in FIG. 35, the axial component of tilt of the
blades 8 provides that they have their tip portions ex-
tending materially axially toward the intake end and also
beyond the hub end 3, or beyond the blade roots. These
blade roots are nearly co-extensive in axial length with
hub 2. However, the major part (or well over half) of
the blade areas and weights are here shown as axially
overlying the hub 2 for better strength and balance.

The several preferably integral (or else separate and
suitably rigidly interconnected) stator parts are here desig-
nated as a whole by S, and include the motor 12, its cup-
like holding means or hub (designated as a whole by 15),
the motor-locating spider or the like (designated as a whole
by 24), the finger-entry-preventing or other suitable eniry
grille for the outer or exposed end (designated as a whole
by 30), and the connected outer-casing-forming blade tip
shroud ring (designated as a whole by 38).

Here, for minimum axial length, the moter-holding
means 15 comprises the cup-like inner hub portion formed
by the simple bends or the molded-to-shape arms of the
cruciform axially-thin spider 24. This may be made of

one piece of simply bent sheet metal or plastic, or else 5

of molded plastic. It has suitable means to connect it to
the motor. Part 15 provides open end portions 18 to per-
mit cooling air through holes 4 to hit the end and flow
along the sides of motor 12, between the spider arm por-

tions 18’, which in this form tightly engage and help hold 4

the sides of the motor 12.

The flat outer end portions 25 of the four arms of this
one-piece spider 24 are sloped or bent as shown along
the trailing edges T of blades 8, and may be cast integral
with the outer shroud ring casing 3§, or else be suitably
connected thereto. It will be noted that the portions 18’
of the motor-holding cup part 15 of the spider engage or
cover only part of the periphery of the axial end of the
motor to permit cooling air to flow between them and hit
uncovered portions.

As shown in FIG. 5, the suitably larger diameter cup-
like hub 2 of the rotor (which has a diameter as described
above) has the concentric and smaller diameter cup-like
stator hub portion 15 nested within it axially close to the

inner end of hub 2, with only needed working clearance ;

axially. This gives a very compact and short arrange-
ment. I also provides for the passage of ventilating air
therethrough. The diamond-patterned plastic grille 38
may be separate and fitted into the end of shroud 35.

Referring again to FIG. 5, particularly where its inner
and duct-holding end 37 is to be retained and covered
by a suitable similarly shaped and sized duct end 39 to
lead the flow of forced air through an under-body-venti-
lating device, the axial length of ring 36 is preferably
short. Tt is shown here as little more than the axial length
of the blade tips 5. This is feasible when the inner motor
end is covered by a rigid or a preferred fuily-flexible or
cloth-like duct 39 which will not collapse too much.
Such a duct 39 may form part of an under-body ventilating
pad for use on antomobile seats or on other surfaces. It
may folly cover any desired length of shroud ring 36
and may be secured or held thereon by suitable means, in-
cluding an elastically contracting duct end 38A.

For cases where the air flow obstruction by the flat
spider arm portions 25 is to be avoided, or where the
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absolute minimum axial length is not desired, FIG. 5A
shows a simpler and entirely flat form of spider 124, in
which the inner motor-holding portion 115 is not cup-like
but is flat or in the same plane with the rest of spider
124, The axial end view of FIG. 5A would be generally
like FIG. 4. Hence it is not shown.

The motor 112 is here air-cooled substantially as de-
scribed above. The flat inner motor-holding central por-
tion 115 of the cross spider is riveted at 11§ through thin
spacers 117 to Iugs 117A fixed on the end of the motor,
as-shown. The outer ends 125 of its four arms are spaced
and connected and disclosed: in FIG. 5. In this modi-
fication of FIG. 5A, the flat spider 115-124 may be in a
suitable arrangement close against the closed end of the
rotor hub 1062 or else, as shown, spaced slightly from, the
open end of the rofor hub cup: 182. The shroud casing
136 may be as shown in FIG. 5.

In other uses, or where the fan unit is to have its motor
end exposed, the cylindrical shroud ring of FIG. 5A or.
FIG. 5 (which forms the only outer casing) may be
axially lengthened to overlie the discharge end of the
motor. In such a case, a finger-entry-preventing or other
suitable discharge end grille (which may also comprise
anti-swirl blades) may be integrally or detachably se-
cured to the discharge end of such a shroud casing. The
discharge end may be exposed in the case of a small unit
fan or blower to be used by itself, or where air is sucked
out of a duct like 3% from an under-body ventilating de-
vice with a reversed direction of air fiow therethrough.

Turning to FIGS. 6 and 7, the one-piece molded plastic
rotor R” may be just like R of FIGS. 4 and 5 except for
an opposite axial tilt of its blades, and so may include
the same parts, which are similarly numbered but which
are not again described nor listed here. In FIGS. 6 and
7, however, the rotor hub 262 is directly over the dis-
charge end (which in this case is also the non-exposed or
duct end) of the motor 2:2. Also, blades 288 are tilted
toward the intake end and thus overlie the motor beyond
the open end of hub cup 262, They also partly overlie
the hub portion of the stator.

However, here the stator §” (exclusive of the similar
motor 212, its shaft 213, and other electrical parts) con-
sists of only a one-piece plastic molding which includes
the following as integral parts thereof: the motor-holding-
cup hub portion, designated as a whole by 215; the motor-
locating spider (which also forms the finger-entry-pre-
venting grille, as well as the anti-swirl blades), designated
as a whole by 234; and the outer casing shroud ring,
designated as.a whole by 236.

The stator portion 215 is a cup generally like the rotor
or hub-cup 2 and is here shown as having the same 1D,
and O.D. as 282. Obviously, different diameters may be
used. Cooling air flows in through openings 294 in rotor
hub 282, over the ends and sides of motor 212, and out
through openings 218 in stator hub 215,

It will be noted that the two hubs 202 and 215 to-
gether overlie substantially the entire length of the motor
except for a normal clearance between them., The dis-
tance between the inner hub ends is little more than the
motor length. This, taken with the particularly desirable
feature of having the tilted fan blades overlie the motor
length, provides the shortest possible axial length of the
entire unit for a given length of motor, and also provides
a minimum length of outer shroud casing, which here
overlies only part of the motor.

Suitable means are provided to locate and retain the
motor in stator hub 215. As shown, the interior sides of
hub 215 are molded with integral ribs 228 to extend in
and frictionally engage the sides of the motor. These
ribs, which permit air cooling, include end steps 229 to
space the outer or intake end of the motor from the end
2I5A of hub 215. Other suitable or known securing
means may be employed to fix the motor here.

The stator spider portion 224 comprises the anti-
swirl and aerodynamic-efficiency-increasing blades 235
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and 235, They are preferably tilted and formed as de—
" scribed above in connection with FIGS. 1, 2, and 3. A
suitable number of inner such blades 235 are CIOSe enough
together to form a finger-entry-preventing grille when
taken with the stator hub end 215A and the intermediate
ring 243. - A number of such rings like 243 may be em-
ployed if desired.. There are more of the outer blades
235" (of which some may be radially continuous with
the inner blades 235) to provide the .outer part of the
finger-entry-preventing  grille arrangement. - All these
blades ‘are cast in one piece of plastic integral with hub

215; ring 243, and the outer shroud ring 236. It will be

apparent that other or decorative arrangements may be

employed for the functions of blades 235, 235", or the

like, rings 243, and hub end 215A with its holes 218.
For the-best utilization of axial -space in an axially

12

ribs like hub.215. Both hubs 302 and 315 have the air
cooling holes as described. '

The radially inner stator blades 335 are tapered:along
both' edges and are axially wider (or .of greater chord)
inwardly, as shown, so that: their leading edges (and the
leadmg edges of blades 335’) are aXlaHy close to the trail-
ing edges of rotor blades 308.- This is generally like (but

. inverted from) the arrangement of FIG. 7. . In FIG. 8

10

compact ‘arrangement and for a flat' exposed end, the

stator. blades 235 and 235’ are shown as having their
outer ‘and leading edges terminated flush with the outer
end of casing shroud 236. While difficult to illustrate
here, their planes- may have the above-describéd axial
component. of tilt in the same axial direction as the rotor
blades (but with a different slope), even though they are
also. shown . as being tapered or of progressively wider
chord widths (and axial dimensions) toward hub 215.
This uses up substantially all .of the axial space along
the motor length and inside of shroud 236, aside from
normal’ clearances. Here the tapered trailing edges of
the stator blades are generally close to the leading edges
of the tapered rotor blades. - However, it will be appre-

ciated that the leading edges of the stator blades may also

be sloped so that.end 215A of stator hub 215 is axially
inward of the outer ends of the rotor blade tips and of
the axially outer end of the shroud ring at 236A.

The duct 239 here is like 39 of FIG. 5. ‘However, in
this form the air entry end of shroud 236 is shown as:
outwardly curved at 236B to provide a smooth flow, in-

wardly-constricting air entry path to increase’ efiiciency -

and to reduce noise in this region.

The insert 7A of FIGS. 4, 5, and 5A has been omitted
in FIGS. 7 and 8 for simplicity of illustration.

The desirable features and the axial compactness of
havmg the tilted rotor blades axially overlie the motor,
as in the prefe red arrangement of FIGS. 6 and 7, may
be ntilized in other ways. One such other way is indicated
in' FIG. 8, which also illustrates the grille, spider, and
anti-swirl blades as a unit on the discharge side, which
is ‘here expesed for uses such as those :discussed above.
It will be appreciated ‘that a suitable grille end of the
anti-swirl blades may. be employed at either or both ends.

In FIG. 8, the rotor R is generally like the rotor R
of FIG. 5. Tt is turned end for end to have its intake and
its leading edges toward its inner or its non-exposed end,
as here illustrated. The one-piece rotor R’” includes the
hub 362 and the blades 308, tilted as disclosed above.
It will be understood that while these blades and the hub
are shown as essentially the same in all of the illustrated
forms, yet they may be modified in various ways. As
only one example, the leading edges of blades 308 may
lie in a flat plane (which may include the inner end of
hub 302) and thus be generally like blades 235 and 235
in this respect. The hub 382 may be lengthened for this
purpose, or else the blades may have tip portions cut

. away for the same reason. ' v

The stator S’ (aside from the motor 312 and its parts)
is a.one-piece plastic molding which comprises the cup
or hub portion 315, the spider, grille, and anti-swirl por-
tion 324, and the casing shroud ring 336. “Each of these
three portions is like the corresponding portion of FIG.
7 (aside from the gemerally conical or truncated shape
of the exposed end of the grille 324 and the trailing edges
of its stator-anti-swirl blades 335 and 335’ as illustrated
here),.so that they need not be ‘described in detail. It 'is
noted that hub 315 may include internal motor-engaging
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the shroud 336 has its smoothly curved-in and -air-ac-
celemtmg entry portion 336B at its upstream or entering
end. - The similar duct 339 is shown as embracing over
only the inner end of 336 or 336B, in coatrast to the
partial .covering by the duct in FIG. 7 and the substan—
tially total -axial covering in FIGS. 5 and 5A. .

In general, it will be noted that the fan rotor, its blades,
the direction of the axial air flow AAF, and the corre-
sponding L and T edges of the moving and stator air-
foils are the same in all ‘of the forms shown except that
of FIG. 8. In all the drawings, the blades are shown with
their center line (Ce, of FIGS. 1 and 3).generally radical.
This is not essential in all forms of the invention. In
FIGS. 1 and. 3, the tilt angle of plane.P, for the stator
blades (wh;ch are, in effect or relatively, contra-rotating
blades) is shown.out of proportion for cxarlty of illustra-
tion. As previously explained, P, is tilted in the same
gener al direction (toward the intake end) as is P;. Also,
in view of the previously-explained exaggerated showing
of ‘axial clearances, it will be understood that the units
shown herein may actually be materially shorter for a
given motor length or fan length.

In the foregoing description, the rotor and stator blade -
surfaces (such as P; and P,) have been considered as
being true flat planes. However, as noted above in the
objects, the broader aspects of this invention inciude the
use of a simple or only two-dimensional bend or bends in
such planes to modlfy the tilt effect in different radial sec-
Such simple bends do not include warped or three-
dimensionally-curved surfaces. = Howevet, they provide
additional desirable results and may be used with the
above-described and preferred blc.des of thin and uniform-
thickness -sheet’ material.

Numerous possible - forms of ‘simple bend ‘curvatures
may be used to give desired or better effective lift coeffi-
cients at particular cylindrical blade sections. One such
form is schematlcally shown by the edge-on view of the
bent pla“xe BP in FIG. 2. This may be considered as
showing plane P; displaced .down and simply bent osly
along lines which are contained therein and which are
parallel to its radial line Az—Ep, with a curvature which
increases radially outward, as shown. In other words, it
is bent only along lines parallel to its line of greatest tiit
angie; and across its contained true straight lines of no
tilt or those parallel to Ag—Eg.

Thus blade sections located like 8 ‘and 8 8, but with
their surfaces defined by BP, will be seen from FIG. 2
to have an actual camber curvature given by this two-
dimensional -curvature, which is convex toward the suc-
tion face or toward the axial air intake end. This is in
addition to the above-discussed effective camber curva-
ture, so that the total effective camber is increased. . This

_ camber increase is greater in blade regions away’ from
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E, and téward Eg. It will be seen that bends or curves -of
the type of BP will provide a progressive decrease in angle
ac and in effective pltch for radially outer cylindrical air-
foil sections. This is accompanied by a generally corre-
sponding decrease in total (effective ‘plus acmal) camber
curvature. Such arrangements are useful in giving a de-
sirably greater contrast or change in both pitch and
camber between root and tip blade sections than that
given by a true flat plane like Py, They help in permlttmg
greater span lengths of efficient airfoil blades for a given
hub,

Other useful: forms. of -such bent planes include the
simple bend curving ofa tilted plane like Py, generally
along the length of the blade and in the direction shown
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by BP. Such bending along the blade length is a pre-
ferred type of curving. This type of bending is shown by
BP, wherein a blade like 8 will be simply bent diagonally
across its chord widths. - In other forms, this bending
may, if desired, be along the blade center line Ceg or
along a blade edge, such as L. It will be apparent that
such oendmg along contained lines parallel to Eg, or
along lines approaching this direction, will produce more
actual camber curvature in blade regions near E, and
may be useful for this purpose in particular desrgns
Eowever, in general this last is not preferred since it
tends to produce an effective tilt angle which is at least
partly reversed and thus glves a partly or wholly reversed
effective pltch and camber in blade regions near Eg.

Fo summarize, the 51mp1° bendmg, when used to modi-
fy the effects of a tilted plane, is preferably at least gen-
erafly in a direction which will change the tilt angle be-
tween radrally different airfoil sections. Often, but not
necessarily in all cases, this bending may be used to pro-
vide effective pitch and camber whrc‘x increase radially
mwardly more than the increase given by just a tilted flat
plane. Other uses are within the purview of this inven-
tion.

The above-noted simple bend curvatures for sheet-like
blades may be provided by various known or suitable
methods including the subsequent permanent bending of
an initially flat blade or its complete or partial bending
by centufugal force in normal use. It is also to be noted
tHat various other types and directions of simple bends
may be used to modify the above-described effects of a
tilted plane under the broader aspects of the invention and
as will be apparent from this disclosure to those skiiled
in this and related arts.

It will be noted that there is a short motor shaft over-
hanﬂ or drstance out from the motor end to is connection
to the rotor in the three forms of FIGS. 4 and 5, FIGS.
6 and 7, and FIG. 8. This overha_ng is less in these last
two forms, since the motor-holding portion 15 or the
like is not between the motor and the rotor.

As noted briefly above, fan units according to this in-
vention may in fact be used with their discharge ends
exposed. One such case is where air is to be sucked out
of the flexible duct from the under-body ventilating pad.
It is mtended that in these arrangements, the eniry-pre-
venting grille, which also preferably forms the motor-
holding spider and the anti-swirl blades, be located on the
exposed drscharge end. It will be seen that this can
readily be achieved on any exposed end; or, if both ends
are exposed, two grilles may be used.

While only certain of the numerous possible forms and
arrangements contemplated by this invention are specifi-
cally described in the foregoing specification, including the
references to my said prior paterts, it is to be understood
that this invention may include, and is intended to cover
by the appended claims, various other forms or arrange-
ments including the use of only part of the advantages
hereof or the use of features hereof in other relations, all
within the teachings and spirit of this invention.

1 claim as my invention:

1. An axial flow fan unit of the direct-connected elec-
tric motor type having a one-piece member comprising

a hollow, generally cylindrical, generally cup-like por-

tion having at least one axial end which is partly
closed to embrace over the axial end of an electric
motor located at least in part within the axial length
of said cup-like hub portion and

a plurality of integral blades thereon,

each blade being throughout a material part thereof
a thin sheet whose surfaces contain true straight
lines extending generally entirely across the blade
chord width, said surfaces being tilted to the
fan’s axis of rotation to provide effective airfoil
camber curvature as well as effective airfoil
pitch.
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2. The unit of claim 1 in which

said member is a fan rotor,

said surfaces are simply bent planes,

said blades have an effective tip pitch in the efficient

but inherently unstable range of from 20 to 25 de-
grees to supply under-body ventilating air flow
against an always present minimum and stall-pre-
venting restriction, and

said blades have chords not decreasing radially inward.

3. The unit of claim 1 in which

said unit is an anti-swirl stator and also a grille for the

exposed axial end of said fan unit.

4. The unit of claim 1 in which

each tilted blade is of plastic and has at least the lead-

ing edge portion of its tip regions tilted toward and
extending materially axially beyond the air intake
axial end of said hub portion,
the actual thickness of each thin, flat sheet blade
being only that thickness needed for strength,
and
said blades being flat throughout substantially
their entire areas to form a mone-convex cam-
bered airfoil.
5. The unit of claim 1 in which
at least part of the tip portion of each filted blade is
axially offset toward and beyond the connected axial
end of said hub portion, and '

each blade is tapered to provide chords increasing ra-

dially inwardly toward a limiting hub diameter to
provide a root section of approximately 90 degrees
of arc.

6. The unit of claim 1 in which

at, least part of the tip portion of each blade is axially

offset toward and beyond the non-connected, fully
open end of said cup-like hub portion, and

each blade is tapered to provide radially inwardly in-

creasing chords whose centers lie generally on a radial
plane through the axis of rotation.

7. The unit of claim 1 having

two such one-piece members, each of plastic, one being

a fan rotor and the other being an antr-swrrl stator,
and each having a hub portion,
at least one of said hub portions having motor-
cooling opening means through its connected
end.

8. An axial flow, high pitch and inherently unstable type
fan unit for relative tip air velocities of less than 150
feet per second to force under-body ventilating air flow,
said unit having

airfoil blades, each of which comprises

a thin sheet which is substantially flat and planar
between its leading and trailing edges and
throughout at least a substantial portion of its
radial length,

the substantially parallel planes of the two
faces of said sheet being spaced by a sheet
thickness substantially only adequate for
strength,

said two planes intersecting the fan’s axis of
rotation at an angle which in part deter-
mines the effective pitch of the blade along
its radial length

and which also tilts the radial length of the
blade axially toward the inlet end of the
fan, :

whereby each blade has an increasing effec-
tive camber curvature along cylindrical sec-
tions of decreasing diameter in its rotary
path relative to the air.

9. The fan unit of claim 8 in which

said blades are rotary fan blades of plastic, and

said angle is an acute angle of more than 45 degrees.

10. An under-body ventilating unit comprising

an unstable, high pitch type of axial flow fan rotor
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in a stator shroud ring forming part of an outer
casing for the unit,
an inner, motor—holdmg portion rigidly cornected to
" said shroud ring and
having therein an electric motor with a shaft at one
axial end, o
a-generally ‘cup-like rotor hub portion secured on said
motor shaft and extending over at- least the shaft
end of said motor, and .
airfoil fan blades fixed to said rotor hub portlon,
each blade including a thin sheef whose surfaces
contain straight lines extending generally across

10

the chord- widths of the blade substantially -

from its leading edge to its trailing edge, said

surfaces being tilted to the fan’s axis of rotation -

"to provide - effective pitch as well as effective
camber curvature throughout a material portion
of the radial air flow sections through the blade;

the axial lengths of at least the tip portions of
said. blades belng within the axial length of
said shroud ring casmg
11. The unit of claim 10 in which
each blade is a snbstantially flat and tilted sheet through-
out ‘substantially all of the radial air flow sections
through the blade,
the maximum tilt angle of the extended plane of each
such. blade sheet is greater than the effective pitch
angle of at least the tip portion of said blade,
~ said ‘motor-holding portion is- generally cup-like and
embraces the non-shaft end of said electric motor,
said rotor and stator parts are each ‘one-picce mold-
~+ ings of noise-vibration-damping' plastic,
the diameter of said hub has a minimum value which
-determines the root section pitch of each said blade,
and -
the effective chord -widths of said blades at drfferent
radii in part determine the effective pitch and effective
camber at each radial section of the blade.
12. In a generally axial flow type fan umit for forcing
the flow of under-body ventilating air,
airfoil blade portions to act on relatively moving air,
in each of which blade portions at least one of its high
and low pressure surfaces is a flat plane extending
substantially from the leading edge to the trailing edge
of the blade inclined to the fan’s axis of rotation and
also axially toward the fan unit’s inlet end to pro-
vide an effective pitch; and an effective camber.
13. The fan blade portions of claim 12 whxch are of
plastic,
substantially flat on both faces throughout substan-
tially their entire extent,

have an effective tip pitch in the efficient but inherently

unstable range ‘of from about 20 to:25 degrees,
have an effective .airfoil camber curvature, and

‘have radially inwardly mcreasmg chords and actual
sheet widths.

“14. A compact and axially short, ax1al fiow fan unit
of the direct-connected electric motor type having an
inner axial end to be retained in the eéxposed open end of
a duct or the like to force the flow of air therethrough
and under a supported human body, said unit comprising

an electric motor having a shaft at its inner end,

an axial flow type fan: rotor having blades on and
secured on said shaft by an intesral cup-like portion
at least in part axially overlying and embracing the
inner end of said motor,

said fan rotor being a first, one-piece" plastic moldmg,

a motor-holding stator having an integral cup-like
portion embracing and at least in part axially over-
lying the outer and exposed end of said motor,

a motor-locating -spider also forming a finger-entry-
preventing outer end grille integral with said motor-
holdmg port1on and -

# shroud ring also iormmg a radially outer casing
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integral with said grille and. axially “overlying at
least the tips of said fan blades and also ax1a11y over-
lying “said * motor,
said stator, aside from said motor being essentially
a secend one-piece plastic moldmg
15. The unit of claim 14 in which -
at least material portions of said fan blades are flat
sheets inclined. to ‘the fan’s axis of rotation and
toward its intake end to provide an effective pitch,
and
said end grille has'its radially-extending pomons form-
ing anti-swirl blades, = . -
material portions of which are also flat sheets in-
~clined to the fan’s axis of rotation and toward
its intake end to provide an effective pitch op-
posite to that of said fan'blades.
16. An axially short, compact, and low cost axial flow

type fan unit comprising -

an electric motor having a shaft, -

an axial flow:fan rotor havmo a- first generally cup-
like ‘hub portion embracing and overlying an axial

. end -of said motor and rigidly: connected to its shaft
close to said motor for a minimum overhang,

fan blades fixed on said sub and at least in
part axially overlying said motor, and -

a stator ‘including said -motor and a motor-holding
second generally cup-like hub portion, concentric
with -said first cup-like hub portion, embracing and
overlying an axial end of sa1d motor and connected
thereto,” .~

a motor—looatmﬂ spider at least in part overlying
said stator hub portion and fixed thereto, and
a-cylindrical outer shroud ring fixed to said spider

and forming the entire outer casing, said shroud
ring axially overlying at least the tip portions
of said rotor blades and being materially axially
shorter than said motor.

17. The unit of claim 16 in which

said rotor member and said stator member are each
one piece plastic moldings; and

said fan blades are flat sheets,

having a thickness only substantially that needed
_for strength and .
having both their planes. tilted to the fan’s axis of
rotation to provide an effective camber curva-
ture forming a selected part of a sine wave type
curve taken along each cylindrical section, and
having a pitch which is less at the blade tips than
the complement of the maximum angle between
each said plane and the axis of rotation.

18..The unit of claim 16 in which .

said two cup-like hub portions are over opposite axial
ends of said motor and are arranged open-end-to-
open-end to substantially overlie the axial length of
said motor, and

said spider -also forms an entry preventmg axial end

grille.

References Cited by the Examiner

UNITED STATES PATENTS 7
799,004 9/05 HOVEY ool . 230—275 X
2,393,933 1/46 Poole o ________- 230—120
2,541,251 2/51- Honerkamp et al. ______ 230-—133
2,769,035 - 5/55  Schmidt ...________ 230—275 X
2,950,859 8/60 XKirk _________.____ 230275 X
2,991,927 ~ 7/61 Quick _____________- - 230120 X

References Cited by the Applicant
 UNITED STATES PATENTS
1,833,529 11/31 Mvoody.r

VLAU'RENCE V. EFNER, Prz'n’zq;lyr Examiner.
ROBERT M. WALKER, Examiner.



