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This invention relates in general to axial flow

fans and drives therefor, and in particular to ar-=

rangements of fan driving motors, the fans
driven thereby and fan and motor casings by
which the fan driven by the driving motor is so

supported with respect to the fan and motor

casing that the fan may operate with minimum
tip clearance between the fan and the peripheral
wall of the fan chamber.  From another aspect,

my invention relates to a method of coaxial as-
sembly of a fan in the fan chamber of a fan and

motor casing.

The efficiency of ax1a1 ﬂow fans of Lhe vane
axial type is determined in great degree by the
running clearance between the tip of the fan
blades and the inner wall of the fan chamber, 4nd
if this clearance can be maintained at a uniform
minimum of a few thousandths of an inch, a
highly advantageous result, from the aspect of
efficiency, may be obtained. In the volume pro-
duction of small fans ‘utilizing motors built by
volume production methods, it is - highly im-
probable that there will be available peripheral
surfaces on the motor -casings so perfectly coaxial
with the axis of rotation of the fan driving motor
shafts as to permit, through the mere coopera-
~ tion of such surfaces with matingly shaped inter-
nal surfaces on the fan and motor casing, the
desired centering of the fan in the fan chamber
of the fan and motor casing.” The manufacturer
of relatively inexpensive fans on a volume pro-
duction basis, with utilization of volume produc-
tion methods, will find his production costs seri-
ously increased, if it is necessary to take the
motors which are to be incorporated in the-fans
and turn upon them surfaces in true coaxial re-
lation with the motor shafts. If such a manu-
facturer can avoid this operation and yet effect a
proper centering of the motor shaft with respect
to the fan chamber by a method which will not
itself add materially to production costs, there
will be a considerable advantage- obtained, and,

particularly if mono-bloc fan and motor housings

are utilized, so that distortion in use is unlikely,
a permanent minimum running clearance ray
be expected.

It is an object of my invention to provide an
improved axial flow fan. It is another object to
provide an improved axial flow fan of the type in
which the motor is carried by the fan and motor
housing. It is a further object to provide an im-
proved axial flow fan, having a driving motor
carried by a fan and motor casing and employ=

ing improved means for maintaining the motor

with its driving shaft coaxml with the mtemal
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wall of the fan chamber which is provided in the
fan and motor casing. It is still another object
of the invention to provide an improved axial
fiow fan having improved means, which require
no special machining of surfaces of revolution on
the motor casing, for maintaining the fan driving
motor with its shaft in coaxial relation with the
inner wall of the fan chamber of a fan and motor
housing, in such manner that the tip clearance
between the fan and such wall may be main-
tained at a small minimum. It is still another
object of the invention to provide an improved
axial flow fan of the type in which the driving
motor is carried by the fan and motor housing, in
which fan the centering of the motor shaft with
respect to the fan chamber is accomplished. by
bedding a portion of the motor casing in a ma-
terial plastic during assembly of the motor in the
fan and motor casing, but which material hard-
ens into a rigid mass; and which not only pro-
vides a seat for the motor casing but also, as it
were, keys itself into a locked relation to the fan
and motor casing in such a manner that removal
of the motor, if necessary, and its replacement
with its shaft in true coaxial relation to the fan
chamber, is possible.. It is still another object of
my invention to provide an improved method. for
the volume production and precision assembly of
axial flow fans. Other objects and a fuller under-
standing of the invention may be had by referring
to the following discourse and claims, taken in
conjunction with the accompanying drawmgs

‘In these drawings,

Fig, 1 is a longitudinal sectlon through a fan
and motor casing mounted on a jig used in ef-

- fecting assembly. .

Fig.2is a s1m11ar v1ew W1th a plastm ring posi-
tioned in the motor housing preparatory to the
insertion and securmg of the motor in such
housing.

Fig. 3 is a view snmlar to Flgs 1 a,nd 2, show-
ing the motor inserted in the motor housing, and
the plastic substance reshaped by pressure, and
the parts ready for the application of holding
means to maintain,the motor in desited position.

Fig. 4 is a view showing the fan assémbly re-
moved from the jig. after the motor has been.
fixed in. desmed relatlon to. the fan and motor
housing. '

Fig. 5 is a view 1n long1tud1na,1 central sectmn'
through. the complete. fan, with the fan rotor .
mounted on the motor shaft. -

‘Referring to. the dra.wmgs, and first to Fig. 1
it will be observed that a fan and motor casing
i0 comprlses an outer annular _portion | I con-
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nected to an inner annular wall portion {2 by a
series of radially extending vanes 13, these vanes
being appropriately spaced about the axis of the
casing and shaped to produce the desired effect
upon the flow of the air displaced by the fan
later described. The inner wall {2 constitutes a
motor housing and surrounds a chamber 4 in
which a fan driving motor I5 is adapted to be
received, and the wall 12 has cohnected integrally
with it a radially extending wall portion 16 trav-
ersed by openings 1, through which studs or the
like may extend, and the wall 16 also has a cen-
tral opening {€, through which a nose portion

10

{9 of smaller diameter then the overall diam=-

eter of the motor {5 may extend. The surface
20 of the wall {8 which is nearer the chamber 14
may desirably (hut need not necessarily) be made
plane and be o disposed that the axis of an in-
ternal surface of revolution 2f which bounds a
fan chamber 22 in the fan and motor casing is
pérpendicular to it. Thé fan and motor casing
10 may desirably be cast or molded, so that the
same may he free of distortion.
Ordinarily the surface 21 will be an internal
Irical surface, but it is obvious that any
other surface of revolution pérmitting the assem-
blage of an appropriately shaped fan rotor in
close running relation to the wall 2{ might he
employed subject to the condition that, if a jig
of the character here illustrated is to be used,
such surface shall be adapted readily to receive
and closely fit upon o corresponding external
surface formed upon the jig. )
Figs. 1 to 3 show a jig 25 having openings 2§

extending through it so that the socket end of ©

a torque wrench or the like may be inserted
through them. This jig has two coaxial surfaces
of revolution, an internal surface of revolution
271 formed closely to fit the shaft of a motor
which i5 to be positioned in the fan and motor
housing, and an external surfaze of revolution
28, adapted closely fo fit within the internal sur-
face of revolution 2{. When the fan and motor
casing is positioned with its surface 2% snugly
surrounding the surface 28 it will be evident that
the surface 27 will be coaxial with the surface
21, and therefore that a motor °haft which close-
1y fits the surface 27 will be coaxizl with tha sur-
face 24, with the result that if, while the shaft of
the motor is so held, the body of the motor can
be securely fixed within the chamber {4, the mo-
tor shaft will remain in coaxial ‘elatlop to the
wall 2! when the jig 25 is removed from the fan
and motor casing 3, or vice versa. Moreover,

a fan, the tips of whose blades lie in ‘a surface ;

of revolution coaxial with a motor shaft receiv-
ing socket in the fan hub, which sccket is a cldse
fit for the motor shaft, will, when assémbied upon
the shaft of the motor, be coaxial with the fan
chamber wall 2{ and capable of operating with
a very -small but safe clearance within the fan
chamber.

To secure the fan driving motor in position
in the chamber {4 with the motor shaft cosxial
with the wall 21, T employ a material which may
be positioned in the forin of a ‘plastic layer be-
tween an end surface 30 of the motor 'I5 and the
opposed surface 20 of the wall 16. This mate-
rial may assume many forms, subject only to the
conditions that it be suitably plastic when put
in place and hardenable with reasonable speed
and remain hard at the temperatures encoun-
tered in use. It may, for example, be iron ‘ce-
ment, or may be somewhat like the well known
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the form of a thermoplastic ring, which is heat
softenable and which may be deformed under
pressure sufficiently to cause it to be squeezed
up around the lateral edges of the motor head
and also to “key into” the openings {71 through
which the mounting studs for the motor extend
and into the opening 18 around the nose {89.
This material, when in the form of a perforated
disc, after being softened by heat, may be placed
in the end of the moter housing and “squashed”
into the desired relation to the motor housing
either by applying a force on the end of the
motor or by applying tension to the studs pro-
vided for fixing the motor in position. It will be
understood that if the forming or moulding of
the plastic is to be accomplished by traction on
the studs, openings 2§ must extend completely
through the jig to permit a socket wrench to
have access to the holding studs, but if it be de-
sired simply to apply pressure axially upon the
end of the motor 15, while the end of the cas-
ing 10 rests upon a shoulder S on the jig 25, to
cause the plastic layer to be pressed into the de-
sired shape, the openings 26 may merely be
sockets sufficiently long to permit the motor
mounting studs to enter them without interfer-
ence, and, after the jig is removed, following the
hardening of the plastic substance, lock wash-
ers and nuts may be applied to the studs, with
the exertion of uniform torques, without dis-
turbing the coaxial relation of the motor shaft
with the fan chamber surface 21.

It will be noted that in the specific construc-
tion illustrated, the motor {5 is provided with

. mounting studs 33 to which lock washers 34 and

nuts 35 are adapted to be applied.

It will further be noted that the motor casing
and the inner annular wall of the housing have
spaced, respectively external and internal, sur-
faces of revolution, the latter surrounding the
former, which surfaces are cut by common planes
to which the axis of the motor shaft is perpen-
dicular, and that the hardened plastic material,
in the assembled relation of the fan parts, ex-
tends hetween and simultaneously contacts said

> surfaces of revolution and thereby provides radial

support for the motor casing in the housing.
Reviewing the disclosures of the figures of the
drawings, it will be observed that in Fig. 1 the
fan and motor casing (0 has been mounted on
the jig 2% in such a manner as to position the
surface 2i in coaxial relation with the surface
271. A plastic disc 37, one softenable at a tem-
perature pelow the boiling point of water and
adapted to become hard upcn cooling and to
remain hard at temperatures above any which
would normally be develeped during the opera-
tion of the fan, is illustrated in Fig. 2 upon the
surface 20, with a central opening 2§ in the plas-
tic disc, of smaller diameter then the cpening
18, coaxial with the latter opening, and with
stud receiving openings 39 of smaller diameters
than the stud receiving openings (7 overlying
these latter openings. In Fig. 3 the motor 15 is
shown as having been inserted in the chamber
14, and pressure applied to its upver end has
caused the plastic disc 37 to be deformed so that
an annular portion thereof, 40, has been pro-
jected into the opening 8. Other annular por-
tions 41 thereof have been projected into the
annular spaces between the studs 33 and the
walls of the openings (1, and a further annular
portion 42 thereof has been projected or squeezed
outwardly, and at least partially surrounds the
convex outer edge of the motor head through
which the motor shaft extends. In Fig. 4, the
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fan has been removed from the jig 25 and; prior
to this, preferably, the lock washers:34 and nuts
35 have been applied to the studs 33 and further
pressure has been applied o the plastic disc 37
to increase the depth of the seating of the motor
casing in the plastic body, and the plastlc ‘has
been permitted to. harden so that further de-
formation as the assembly is handled,wll_l_ not
occur. It will be understood that the nuts and
lock washers may be applied, and preferably are
applied, while the jig is still in position, but that
this is not necessarily done at that time. In
Fig. 5 there will be observed the location of a fan
50 upon the rotor shaft with the fan.blades 51
arranged to operate with a close and substantially
uniform clearance at 52, between their edges and
the internal surface 21i.

As g result of this 1nvent10n it w1ll be observed
that I have prov1ded a very srmple and effective
method for the production of high efficiency fans,
utilizing comparatively inexpensive motors, with-
out special machining of the casings of. these
motors, the only prerequisite to satisfactory re-
sults being that the bearings of the motors be
adapted to maintain the motor shaft so that it
shall be ineapable of much radial displacement
of its axis in operation. In other words, the
bearings should hold the shaft without much
play. It will be also obvious that the arrange-
ment is one in which, through very simple oper-
ations, assembly can be accomplished, that the
use of plastic discs or other plastic bedding mate~
rial is a simple and inexpensive process, that the
inter-keying of the plastic and the casing, etc.
provides for a very effective and secure centering
of the motor shaft in the motor casing with re-
spect to the fan chamber in the fan and motor
housing, and, in other words, that both an im-
proved, inexpensive, simple, and effective method
of fan construction providing fans of high aero-
dynamic efficiency, and an improved .fan con-
struction per se of high aerodynamic efficiency,
are provided.

While there is in this application speclﬁcally
described one form which my invention may as-
sume in practice, it will be understood that this
form has been shown for purposes of illustration
and that the invention may be modified and em-
bodied in various other forms without departing
from its spirit or the scope of the appended
claims.

What I claim as new and desire tolsecure by
Letters Patent is:

1. In combination, in an axial ﬁow fan, a fan
and motor housing comprising an outer annular
wall and an inner annular wall in substantially
concentric relation, the outer annular wall'pro-
viding a fan chamber and the inner annular wall
a motor housing, and a plurality of circumfer-
entially spaced vanes connecting said walls in
fixed spaced relation, said inner -wall having a
radially inwardly extending portion to provide
a transversely extending surface toward which a
motor received in the motor housing moves upon
insertive movement, a motor having a casing and
a rotating shaft, said motor casing and said
inner annular wall havihg spaced, respectively
external and internal, surfaces of revolution, the
latter surrounding the former, which surfaces
are cut by common planes to which the axis of
said rotating shaft is perpendicular; a fan for
which said shaft constitutes both a:support and
driving means, said motor. casing having a sur-
face thereon facing said transversely extending
surface when said motor casing is,arranged with-
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in the motor chamber, and means for fixing the
motor relative to the fan and motor housmg wrth
the fan centered in the fan chamber mcludmg
a hardened thermoplastlc annulus. having. por-
tions extendmg between and 51mu1taneously con-
tactmg said surfaces of revolution and thereby
prov1d1ng a radial support for the motor casing
and other portlons extendmg between said trans-
verse surface and the OppOSItely facing surface of
the motor casing: and means for mamtalnmg
said p1ast1c annulus under compressmn between
said. transverse surface and the opposn;ely fac-
ing surface of the motor casmg

2. In combmatlon in an axial flow fan, a fan
and motor housmg comprising an outer annular
wall and an inner annular, wall.in substantral_ly
concentric relation, the outer annular wall pro-
viding a fan chamber and the inner annular wall
a motor housing, and a plurality of circumfer-
entially spaced vanes connecting said walls in
fixed spaced relation, said inner wall having a
radially inwardly extending. portion open at its
center and . providing -a transversely extending
surface toward which a motor received in the
motor housing moves upon. insertive movement,
a-motor having a casing and a-rotating shaft, a
fan for which said-shaft constltutes both:a sup-
port and driving means, said motor casing having
a. surface thereon facing said transversely ex-
tending surface when -said motor casing is.ar-
ranged within the motor chamber and having a
projecting portion receivable in the open.center
of said radially inwardly extending. portion; and
means for fixing the motor relative to the fan and
motor housing with the fan centered in the fan
chamber, including a hardened plastic annulus
having portions providing radial support for the
metor casing with respect to said housing both
at the periphery thereof and at said projecting
portion, and means for maintaining said plastic
annulus under compression between said trans-
verse surface and the oppositely facing surface
of the motor casing.

3. In combination, in an axial ﬂow fan a.fan
and motor housing comprising an outer annular
wall and an inner annular wall in substantially
concentric relation, the outer annular wall pro-
viding a fan chamber and the inner annular wall
a motor housing, and a plurality of circumieren-
tially spaced vanes connecting said walls in fixed
spaced relation, said inner wall having a radially
inwardly extending portion providing a trans-
versely extending surface toward which a motor
received in the motor housing moves upon in-
sertive movement and having motor holding stud
receiving openings, a motor having a casing and a
rotating shaft, a fan for which said shaft con-
stitutes both a support and driving means, said
motor casing having a surface thereon facing
said ‘transversely extending surface when. said
motor casing is arranged w1th1n the motor cham-
ber, and having pro,]ectmg studs extending
through said stud’ receiving openmgs for fixing
the motor rélative to the fan and motor housing
with the fan centered in the fan chamber, nuts
on said studs, and a hardened plastic annulus
having portlons recelved in said openings around
said studs and through their cooperation with the
peripheries of said studs and. the walls of said
openings fixing the position of sald studs in said
openings, said hardened plastxc annulus .main-
tained under compressmn by said studs, between
said surfaces.

4. In combmatlon, in- an ax1a1 ﬂow fan, a fan

and motor housmg comprising .an .outer. .annular
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wall and an inner annular wall in substantially
concentric relation, the outer annular wall pro-
viding a fan chamber and the inner annular wall
a motor housing, and a plurality of circumferen-
tially spaced vanes connecting said walls in fixed
spaced relation, said inner wall having a ra-
dially inwardly extending portion providing a
transversely extending surface toward which a
motor received in the motor housing moves upon
insertive movement and having motor holding
stud receiving openings, a motor having a casing
and a rotating shaft, a fan for which said shaft
constitutes both a support and driving means,
said motor casing having a surface thereon fac-
ing said transversely extending surface when said
motor casing is arranged within the motor cham-
ber, and having projecting studs extending
through said stud receiving openings for fixing
the motor relative to the fan and motor housing
with the fan centered in the fan chamber, nuts
on said studs, and a hardened plastic annulus
having portions received in said openings around
said studs, and other portions extending hetween
the motor casing and a surrounding surface on
said housing and providing a radial support for
the motor casing relative to said housing, said
annulus maintained under compression, by said
studs, between said surfaces.

5. In combination, in an axial flow fan, a fan
and motor housing comprising an outer annular
wall and an inner annular wall in substantially
concentric relation and a plurality of circumfer-
entially spaced vanes connecting said walls and
maintaining them in spaced relation, said outer
annular wall extending beyond one end of said
inner annular wall and circumferentially enclos-
ing a fan chamber and said inner annular wall
circumferentially enclosing a metor chamber and
having a radially inwardly directed wall pro-
viding a transversely extending surface, a motor
having a casing and a rotating shaft, a fan for
which said shaft constitutes a support and driv-
ing means, said motor casing having a surface
thereon facing said transversely extending sur-
face when said motor casing is arranged within
said motor chamber and its shaft is supporting
said fan within said fan chamber, and means for
fixing said motor casing relative to said fan and
motor housing with said fan centered in said fan
chamber including studs carried by said motor
casing, openings in said radially inwardly di-
rected wall through which said studs extend, nuts
on said studs, and a hardened plastic material
molded between said surfaces and at least par-
tially filling the spaces between said studs and
the walls of the openings in said radially in-
wardly directed wall and through their coopera-
tion with the peripheries of said studs and the
walls of said openings fixing the position of said
studs in said openings.

6. In combination, in an axial flow fan, a fan
and motor housing comprising an outer annular
wall and an inner annular wall in substantially
concentric relation and a plurality of circum-
ferentially spaced vanes connecting said walls
and maintaining them in spaced relation, said
outer annular wall extending beyond one end of
said inner annular wall and circumferentially
enclosing a fan chamber and said inner annular
wall circumferentially enclosing a motor cham-
ber and having a radially inwardly directed wall
providing a transversely extending surface, a mo-
tor having a casing and a rotating shaft, a fan
for which said shaft constitutes a support and
driving means, said motor casing having a' sur-
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8

face therech facing said transversely extendirig
surface when said motor casing is arranged with-
in said motor chamber and its shaft is supporting
said fan within said fan chamber, and means for
fixing said motor casing relative to said fan and
motor housing with said fan centered in said fan
chamber including studs carried by said motor
casing, openings in said- radially inwardly di-
rected wall through which said studs extend,
nuts on said studs, said motor having a pro-
jecting portion surrounding said shaft and said
radially inwardly directed: wall having another
opening into which said projecting portion ex-
tends, and a- hardéned plastic material molded
between said surfaces and at least partially filling
the space between: said projéction and the wall
of the opening into which it projects and through
its cooperationr with the peripheral wall of said
projecting portion and the wall of said another
opening- fixing the position of said projection
radially with respect to said opening.

7. In combination, in an axial flow fan, a fan
and motor housing comprising an outer annular
wall and an inner annular wall in substantially
concentric relation and a plurality of circumfer-
entially spaced vanes connecting said walls and
maintaining them in spaced relation, said outer
annular wall extending beyond one end of said
inner annular wall and circumferentially en-
closing a fan chamber and said inner annular
wall circumferentidlly enclosing a- motor cham-
ker and having a radially inwardly directed wall
providing a transverSely extending surface, a
motor having a casing' and a rotating shaft, a
fan for which said shaft constitutes a support
and driving means; said' motor casing having a
surface thereon facing said transversely extend-
ing surface when said motor casing is arranged
within said motor chamber and its shaft is sup-
porting said fan within said fan chamber, and
means for fixing said: motor casing relative to
said fan and- motor housing with said fan cen-
tered in said fan chamber including studs car-
ried by said motor casing; openings in said ra-
dially inwardly dirécted wall through which said
studs extend, nuts on said studs, said motor hav-
ing a projecting portion surrounding said shaft
and said radially inwardly directed wall having
another opening into which said projecting por-
tion extends, and a hardened plastic material
molded between said surfaces and at least par-
tially filling the space between said projection
and the wall of the opening into whieh it pro-
jects and also at least-partially filling the spaces
between said studs and the walls of the openings
through which the studs extend; such material
through its filling portions fixing the motor cas-
ing against lateral displacement relative to said
housing.

8. In combination, in an axial flow fan, a fan
and motor housing comprising an- outer annular
wall and an inner annular wall in- substantially
concentric relation and a plurality of circum-
ferentially spaced vanes connecting said walls
and maintaining them in spaced relation, said
outer annular wall extending beyond one end of
said inner annular wall and circumferentiaily
enclosing a fan chamber and said inner annular
wall circumferentially enclosing a- motor cham-
ber and having a radially inwardly directed wall
providing. a transversely extending surface, a
motor having a casing and a rotating shaft, a
fan for which said shaft constitutes a support
and driving means; said motor casing having 4
surface thereon' facing said transversely exterid-
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ing surface when said motor casing is arranged
within said motor chamber and its shaft is sup-
porting said fan within said fan chamber, and
means for fixing said motor casing relative to said
fan and motor housing with said fan centered in
said fan chamber including studs carried by said
motor casing, openings in said radially inwardly
directed wall through which said studs extend,
nuts on said studs, said motor having a pro-
jecting portion surrounding said shaft and said
radially inwardly directed wall having another
opening into which said projecting portion ex-
tends, and a hardened plastic material molded
ketween said surfaces and at least partially filling
the space between said projection and the wall
of the opening into which it projects and also at
least partially filling the spaces between said
studs and the walls of the openings through

b

10
which the studs extend, said hardened plastic
material also forming a bed for the outer pe-
riphery of the front end of the motor casing,
said motor casing being spaced at all points from
the walls of said housing. )
CHARLES F. GOEDE.
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