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(571 ABSTRACT

An axial flow fan comprising a rolled fan ring, a blade
rotatably mounted within the fan ring, and a lining of
metal foil honeycomb about the inner periphery of the
ring with the openings therethrough extending radially
of the ring. At least a portion of the inner surface of
the lining is crushed to provide a substantially uniform

~ clearance about the tip of the blade. The honeycomb

is constructed of sheets of the metal foil which are
bent and joined together at spaced apart locations by
an adhesive. A layer of the honeycomb is first an-
nealed and then installed in the ring. Annealing
renders the honeycomb soft and substantially destroys
the bond so that the lining may be crushed to only a
fraction of its original thickness.

3 Claims, 6 Drawing Figures
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1
AXIAL FLOW FANS

This is a division of application Ser. No. 852,140,
filed July 3, 1969, and entitled *‘ Axial Flow Fans”, now
U.S. Pat. No. 3,588,271,

In fans of this type, wherein the fan blades may mea-
sure 6 feet or more from tip-to-tip, the ring in which the
blades rotate is rolled and usually requires welding and
galvanizing. As a result, the ring is out-of-round to a
considerable extent, so that the actual clearance
between the blade tip and the ring may be a good deal
less in some spots and a good deal more in other spots
than the nominal clearance therebetween. Since the
minimum clearance obviously controls the tip-to-tip
size of the blades, there are large clearances between
the tip and portions of the ring, which result in a fairly
substantial loss of efficiency.

It has heretofore been proposed to prevent leakage
past the tips of rotor blades of turbines or the like by
means of a seal comprising a layer of metal foil
honeycomb lining the stator with the openings through
the honeycomb extending radially of the stator. Com-
mercially available honeycomb of this type comprises
sheets of metal foil which are bent along their lengths
and joined at spaced apart locations by means of an ad-
hesive. It has further been proposed t6 accomplish
theoretically zero clearance between such rotors and
stators by using a layer somewhat thicker than the
distance between the rotor tip and stator and then com-
pressing the inner periphery of the honeycomb layer by
one or more turns of the rotor.

These prior practices in the turbine and related arts
provided no answer to the problems above-noted with
respect to the large blade tip-to-ring tolerances in axial
flow fans, because of their incompatibility with the
compressive strength of the metal foil honeycomb
material. For example, in order to obtain close tip
tolerances in such fans, it is necessary to compress the
honeycomb layer, at least in some spots, to as little as

10 percent of its original thickness. It was found that
the honeycomb material could not be compressed to
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this extent, except by a time-consuming process of -

manually hammering it into such a shape.

An object of this invention is to provide an axial flow
fan having a fan ring with a honeycomb type real
thereabout, together with a method of manufacturing
same, which may be reduced to only a fraction of its
original thickness with a minimum of time and effort.

A further object is to provide such a fan and manu-
facturing method in which the seal is made up of com-
mercially available honeycomb material which requires
only a minimum of modification.

Still another object is to provide such a fan and
manufacturing method jn which the honeycomb
material is reduced to the desired thickness by rotation
of a blade within the ring, and yet without damage to
the blade despite the considerable extent to which the
honeycomb is reduced. _

A still more particular object is to provide a shoe
which is attachable to the blade for facilitating this
reduction of the honeycomb.

These and. other objects are accomplished, in ac-
cordance with the illustrated embodiment of the
present invention, by a fan ring having a lining of metal
foil honeycomb material which has been annealed.
Thus, as distinguished from the *‘full hard” condition in
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which this material is offered commercially, the
honeycomb is relatively soft and thus bendable along
the axes of the openings therethrough when subjected
to compressive forces. Consequently, with such materi-
al disposed about the inner periphery of the fan ring
with the openings extending radially of the ring, it is
easily crushed to only a fraction of its original
thickness. Furthermore, the annealed material does not
have the spring back which is evident in full hard metal
foil honeycomb material, so that, once crushed, it tends
to maintain the desired blade tip-to-fan ring clearance.

Preferably, the honeycomb material is annealed
prior to installation within the fan ring, and the metal
foil sheets of such material are joined together only to
an extent necessary to permit the material to be han-
dled. This weak joinder of the foil sheets renders the
material even more readily crushable, because the
sheets are free to bend relative to one another without
tearing. At the same time, the weak joints between the
sheets enable the layer of honeycomb material to be
handled during installation in the fan ring, as above-
described. When commercially available honeycomb
material is used, the heat from the annealing process
weakens these joints to the desired extent.

In its preferred form, the lining is made up of a back-
up plate to which a layer of the honeycomb material is
adhered. In this manner, the lining may be preformed
for attachment to existing fan rings. Also, it may be
replaced or repaired with a minimum of time and ef-
fort. : :
The installed lining is preferably- crushed to the
desired thickness by one or more rotations of a fan
blade within the fan ring. For this purpose, there is a
forming shoe which is removably attachable to the end
of the blade so as to protect the blade tip from damage
which might result from direct contact with the
honeycomb material. :

In the drawings, wherein like reference characters
are used throughout to designate like parts: '

FIG. 1 is a perspective view of an axial flow fan hav-
ing a fan ring lined with honeycomb material in ac-
cordance with the present invention;

. FIG. 2 is an enlarged perspective view of part of the
lining and the tip end of a blade during installation of
the blade;

FIG. 3 is a perspective view similar to FIG. 2, but
with the shoe attached to the blade end during crushing
of the lining;

FIG. 4 is a sectional view of the lining and the shoe
on the blade end;

FIG. 5 is a cross sectional view of a blade within the

‘lined fan ring; and

FIG. 6 is a perspective view of a portion of the
preformed lining prior to installation in the fan ring.

With reference now to the details of the above-
described drawings, and particularly FIG. 1 thereof, the
axial flow fan 10 includes a fan ring 11 mounted in an
opening through a rectangular housing 12, and a blade
13 carried by a coupling 14 for rotation within the fan
ring. The coupling is mounted on a support 15 extend-
ing across the top of the ring and is driven by a suitable
connection (not shown) with a motor 16 on one end of
the support. More particularly, and in accordance with
the present invention, the inner periphery of the fan
ring is lined at 17 with honeycomb to provide a sub-
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stantially uniform clearance about the tip of the blade
13.

As previously described, in industrial fans of this
type, wherein the blade 13 may measure 6 feet or more
from tip-to-tip, the ring is usually a rolled channel
which, during construction, is welded and galvanized.
As a result, although the nominal clearance between
the tip of the blade and the inner periphery of the ring
may be % to 1 % inches, the actual clearance may vary
from % to 1 % inches upon assembly of the blade within
the ring.

As also previously described, the lining 17 about the
fan ring is preferably made up of a layer of commer-
cially available, metal foil honeycomb material. As
shown in detail in FIG. 6, this honeycomb ‘material
comprises sheets 18 -of aluminum or other metal foil
which are bent along their lengths and joined at spaced
apart locations 19 so as to form parallel, side-by-side
openings 20 therebetween. More particularly, the
sheets are supplied in a “full hard”’ condition and are
Joined by an adhesive. Thus, the layer is rigid as a
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column and extremely strong in compression in a

direction parallel to the axes of the openings 20.
Because the sheets are joined at 19, they will tend to
tear rather than bend, when subjected to compressive
force. Also, the foil, in its full hard condition, has a ten-
dency, when bent, to spring back to its original shape.

In accordance with the present invention, this com-
mercially available honeycomb material is first’ an-
nealed, which, as well known in the art, involves heat-
ing it above a certain temperature and then cooling it
slowly. Although this annealing temperature will vary
with different metals, all metals have a critical anneal-
ing temperature at which they become relatively soft,
and thus bendable, as all of their internal pressures are
removed. It is another characteristic of metals that,
when annealed, they lose the above-mentioned ten-
dency to spring back—i.e., when bent, they will tend to
retain that shape.

Furthermore, annealing temperatures are generally
sufficiently high that they will substantially destroy the
bond between the adjacent sheets:18 of metal foil. In
any case, the honeycomb material may be raised to a
temperature sufficient for this purpose, even though it
is above the critical annealing temperature, so long as it
is not above the melting point of the metal foil. That is,
the adhesive normally used for this purpose will be sof-
tened during the annealing process so that, even though
it may reharden during cooling of the honeycomb, the
joint between the sheets will be extremely weak. More
particularly, the adherence between the sheets is not
sufficient to seriously resist their bending relative to
one another as the honeycomb layer is crushed in ac-
cordance with the present invention. On the other
hand, the joint still provides sufficient adherence
between the adjacent sheets of the honeycomb to per-
mit the layer of honeycomb to be handled in the
manner described below,

After the layer of honeycomb material has been an-
nealed, as above-described, it is acoured to a backing
plate 21 of plastic material which is relatively rigid, and
yet bendable to permit it to conform to the curvature of
the fan ring. Actually, this does not require a great
amount of bending since the fan ring may be 6 feet or
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more in diameter, while the lining 17 about its -

4

periphery may be in the order of 1 inch. In any case, the
end edges of the sheets on one side of the layer of
honeycomb material are adhered to the face of the
plate 21 so as to preform the lining 17 for releasable at-
tachment to the inner periphery of the fan ring.

" In the preferred embodiment of the invention, the
back-up plate 21 is formed by laying.up suitable rein-
forcement such as is secured in a mold which is then
filled with a liquid thermosetting resin, preferably. an
epoxy resin. As the resin sets up, the end edges of the
layer of honeycomb material are pressed against it, so
that the hardened resin will form small filiets about’
these edges, as shown in FIG. 6. ' :

Preferably, the preformed lining is made up in large
sheets and then cut into sections suitable for installa-
tion in the fan ring. Normally, several sections are laid
end-to-end within the fan ring so as to leave a gap
between opposing ends, as shown in FIG. 2. This per-
mits installation of the blades into the coupling 14,
after which an additional section of the lining is in-
stalled in the gap between the ends of the already laid
up section of lining.

As best shown in FIGS. 2 and 3, each section of the
lining 17 of honeycomb material is releasably attached
to the inner periphery of the fan ring 11 by means of
screws 22 extending through matching holes in the
back-up plate 21 and fan ring 11. As previously
described, this or other suitable means of fastening the
plate to the fan ring enables the lining to be installed in
existing fan rings, and also to be replaced or repaired
with a minimum of difficulty. :

The shoe 23 attachable to the blade 13 for crushing
the layer of honeycomb upon rotation of the blade; is
shown in each of FIGS. 3 and 4 to include a V-shaped
plate 24 adapted to fit over the trailing edge of the
blade 13 and to be properly located longitudinally of
the blade by an abutment 24a on its end engageable
with-the tip of the blade. When so fitted, the V-plate is
held in place by means of a U-shaped strap 25 fittable -
over the loading edge of the blade and secured tightly
thereagainst by means of nuts 26 threaded over its op-
posite ends and against a flange 27 welded across the

‘outer side of the V-plate. More particularly, the op-

posite ends of the flange 27 are notched to receive the
ends of the strap 25, so that it may be moved up over
such ends, along with the V-plate, and the nuts then
threaded over the ends so as to attach the V-plate
securely against the trailing edge of the blade.

There is another flange 28 welded to the outer side of
the V-plate 24 intermediate its ends. A support 29 in
the form of a plate having turned-down opposite sides
is supported from flange 28 by means of threaded bolts
30 extending through them. A pair of lock nuts 30a on
the bolts 30 on opposite sides of flange 28 enable the
support plate 29 -to be moved longitudinally with
respect to the V-plate 24 and thus longitudinally with
respect to the length of the blade 13.

A pair of rollers 31 and 32 extend laterally beneath
the plate 29 and have their opposite ends rotatably
mounted in the turned-down sides of the plate. Thus,
with the blade turned to zero pitch, as shown in FIGS. 2
and 3, as well as in broken lines in FIG. 8, the rollers ex-
tend transversely across the lining 17. The roller 32,
which is fartherest from the V-plate 24 and thus leads
the other roller 31 upon rotation of the shoe 23 to the
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right in FIG. 3, is located radially inwardly of the roller
31. Thus, as shown in FIGS. 3 and 4, the roller 32 will
initially crush the honeycomb material to only a por-
tion of the extent desired, and the roller 31 then
crushes it further to the thickness desired. Inasmuch as
this crushing is done in stages, less force is required in
rotating the shoe 23 by means of the blade 13. How-
ever, it will be understood that a single roller 31 of rela-
tively large diameter may be found sufficient. As can
also be seen, there is a flange 31a on opposite ends of
the roller 31 for rolling over the opposite side edges of
the lining 17 during the final crushing stage. After the
honeycomb has been crushed, and the shoe 23
removed, the blade 13 may be turned to the desired
pitch.

As can be seen from FIGS. 3, 4 and 5, when the
honeycomb is crushed, the end edges thereof are
folded down relative to one another. Thus, depending
upon the extent to which the honeycomb is crushed,
the folded edges of the honeycomb may almost close
the ends of the openings 20.

Normally, prior to crushing, the lining 17 is of a
height substantially equal to the estimated maximum
clearance between the blade tip and the inner
periphery of the fan ring. In this manner, it may be ex-
pected that the clearance between the blade tip and
crushed inner periphery of the lining will be substan-
tially uniform. Of course, since the final forming roller
31 extends radially beyond the blade tip, it will com-
pensate for any larger than expected clearance
between the blade tip and fan ring. Even if this
clearance is larger than expected by an amount greater
than the extension of the roller 31 beyond the tip of the
blade, the resulting area of the lining 17 which was not
crushed at all would be relatively small. Furthermore,
and as above-described, the nuts 30a on the threaded
end of the bolt 30 enable the support plate 29, and thus
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the roller 31 to be adjusted toward and away from the
tip of the blade so as to crush the lining to a greater or
lesser extent, as desired.

From the foregoing, it will be seen that this invention
is one well adapted to attain all of the ends and objects
hereinabove set forth, together with other advantages
which are obvious and which are inherent to the
method and article.

It will be understood that certain features and sub-
combinations are of utility and may be employed
without reference to other features and subcombina-
tions. This is contemplated by and is within the scope of
the claims. _

As many possible embodiments may be made of the
invention without departing from the scope thereof, it
is to be understood that all matter herein set forth or
shown in the accompanying drawings is to be in-
terpreted as illustrative and not in a limiting sense.

The invention having been described, what is
claimed is;

1. A shoe for use in crushing a lining about a fan ring,
comprising a bracket having means thereon for at-
taching it to the edge of a fan blade rotatable within the
fan ring, a support carried on an end of the bracket for
extension laterally therefrom, a roller rotatably
mounted on the support for engaging across the inner
periphery of the lining upon rotation of the blade, and
et SR AP ot oA and v g
roller relative to the lining.

2. A shoe of the character defined in claim 1,
wherein the roller has flanges on its outer ends for en-
gaging the opposite side edges of the lining.

3. A shoe of the character defined in claim 1, includ-
ing another roller mounted on the support in a position
leading the first-mentioned roller for initially crushing
the lining to only a partial extent.
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