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(57) Abrege(suite)/Abstract(continued):
are configured to transport material along the inner housing surface. Seal members are mounted upon the vanes. Spring members
are secured to the vanes urging the seal members into contact with the inner housing surface.
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ABSTRACT OF THE DISCLOSURE
A rotary valve including a housing having an inner surface. A rotary assembly is
positioned for rotation within the housing. The rotary assembly includes a plurality
of radially outwardly extending vanes. The vanes extend toward the inner housing
surface and are configured to transport material along the inner housing surface.
Seal members are mounted upon the vanes. Spring members are secured to the

vanes urging the seal members into contact with the inner housing surface.
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TITLE OF THE INVENTION
[0001] Rotary Valve for Handling Solid Particulate Material

Inventors: Robert J. O'Leary, Alvin L. Miller, John C. Hasselbach, Michael
W. Johnson

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE
INVENTION
[0002] This invention relates to rotary valves of the types suitable for handling

a flow of air and solid particulate material.
BACKGROUND OF THE INVENTION

[0003] In the art of manufacturing fibrous insulation, conveying mechanisms
are often used to transfer material from one location in a facility to another. Typical
conveying mechanisms include conveyor belts, roller lines, vibrating platforms,

blowers, pneumatic conveying systems and the like.

[0004] Pneumatic conveying mechanisms include pressure systems and
vacuum systems. In the art, dense phase conveying systems and dilute phase
conveying systems are commonly used. Dense phase conveying systems have a low
air-to-material ratio. Dense phase systems move material through a conveying line
in batches, with discrete material waves or plugs separated by air pockets. Adjusting

the system’s valves to add less material increases the air pocket size; adding more

material reduces the air pocket size.

[0005] In contrast, dilute-phase systems have a high air-to-material ratio. The
material is often fluidized, or suspended in the airstream, and moves at a relatively
high velocity, depending on the particle size and density. This system constantly
supplies the material at the pickup point and conveys it to the system’s discharge end

without interruption, with no waves or plugs of material and no air pockets
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[0006] Many materials may be transferred via the above systems including,
but not limited to, clay, carbon black, cement sand, metals, sugar, flour, grains,

pellets, chemicals, plastics, pharmaceutical materials such as tablets, and other

common materials know in the art.

[0007] Another example of a process that uses conveying mechanisms for
fibrous insulation material is the production of loose fill fiberglass insulation. Glass
is heated in a furnace until molten and then the molten glass is supplied to a fiberizer
to form velils or blankets of fiberglass. The fiberglass 1s then conveyed to a milling
apparatus that cuts the fiberglass into smaller bodies or tutts of insulation material.

The tufts then pass through a rotary valve in a duct work assembly to be collected for

packaging.

[0008] The rotary valve typically includes a plurality of metal vanes rotating
about a central shaft inside a housing or shell. The housing has inlet and outlet ports
on either side. The vanes divide the interior of the housing into muitiple 1solated

moveable compartments.

[0009] The rotary valve is often used to move material from areas of high
pressure to areas of low pressure or visa versa without significant depressurization.
Frequently, the top of the housing is open to allow insulation material to drop 1n via
oravity. The housing is also open at the bottom to allow material to exit the valve
via gravity or via an exhaust air stream. Typically, a seal arrangement 1s included at
the end of each vane and engaging the housing inner surface. The ends of the vanes
frequently have a seal material attached that slides along the inside of the housing to

prevent gas from flowing around the vanes from the high pressure region to the low.

[0010] The tufts are typically conveyed through the rotary valve by a high
pressure system. Further, the tufts, and gasses associated therewith, are often still

significantly heated from the fiber forming process. These and other factors can
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create wear and tear or otherwise degrade the seals of the rotary valve that maintain

the pressure difterence.

[0011] The seal material is usually a reinforced elastomer. Many times in high-
temperature applications, no seal material is used. Instead the metal vanes of the

rotary valve are brought to close tolerance with the housing to form the seal.

[0012] At high temperatures, for example around 400 degrees Fahrenheit, a
process usually requires significant sealing around a large diameter rotary valve.
Especially given the large diameter, the seal has to conform to eccentricities and
imperfections in the housing. In addition, material can build up around the entrance to
the housing and the seal must conform to these local asperities. Materials used for the
seals include plastics, such as Teflon' ", and elastomers, such as silicon. These seals,

however, tended to take a set, wear out, or fracture in this harsh environment.

[0013] Further, in an application where the rotary valve must present low
friction against the housing, the housing can have inherent variations and
eccentricities that would require the seal to have the ability to conform easily to the
housing. Elastomeric seals tend to present a high friction coefticient against the
housing surface. Solid seals, such as a Teflon ' seal, by DuPont, generally do not

provide a tight seal to the housing.

[0014] What is needed is an improved rotary valve seal.

SUMMARY OF THE INVENTION

[0015] This invention relates in general to rotary valves and in particular to a rotary

valve with an improved seal arrangement.

[0016] In accordance with an aspect of the present invention, there is provided a
rotary valve configured to handle fibrous insulation material. The rotary valve
comprises: a housing having an inner surface; a rotary assembly positioned for rotation
within the housing and including a plurality of radially outwardly extending vanes that
extending toward the inner housing surface and are configured to transport fibrous
insulation material along the inner housing surface; and seal arrangements mounted

upon the vanes, each seal arrangement including a seal member mounted upon a vane
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and positioned between a laminate member and a spring member. The seal member 1s
configured to continuously extend at an acute angle from the vane to the inner surface of
the housing. The spring members urge the seal arrangements into contact with the

inner housing surface.

[0017] In accordance with another aspect of the present invention, there is provided
a rotary valve configured to handle fibrous insulation material. The rotary valve
comprises: a generally cylindrical housing having an inner surface; a rotary assembly
including a rotatable shaft disposed within the housing and including a plurality of
radially outwardly extending vanes secured to the shaft for movement relative to the
housing, the vanes being configured to transport fibrous insulation material along the
inner housing surface; and seal arrangements mounted upon the vanes. Each seal
arrangement extends at an acute angle relative to the vanes. Each seal arrangement
includes a seal member positioned between a laminate member and a spring member.
The seal member is configured to continuously extend at an acute angle from the vane
to the inner surface of the housing. The spring members urge the seal arrangements

into contact with the inner housing surface.

[0018] Various objects and advantages of this invention will become apparent
to those skilled in the art from the following detailed description, when read in light of

the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Fig. 1 is a schematic diagram of a system for production of loose fill

fiberglass insulation.
[0020] Fig. 2 is a cross-sectional view of a portion of the rotary valve ot Fig. 1.

[0021] Fig. 3 is an enlarged perspective view of a portion of the rotary valve of

Fig. 2 taken at circle 3.
[0022] Fig. 4 is a front view of the top portion of the spring member of Fig. 3.

[0023] Fig. 5 is a side view of a portion of a rotary valve in accordance with a

second embodiment of the present invention.
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DETAILED DESCRIPTION AND
PREFERRED EMBODIMENTS OF THE INVENTION
[0024] Although specific terms are used in the following description for the

sake of clarity, these terms are intended to refer generally to the structures of the
invention selected for illustration in the Figures, and are not intended to define or
limit the scope of the invention. Referring now to the drawings, there is illustrated in
Fig. 1 a system 10 for production of loose fill fiberglass insulation. It must be noted
that while particular embodiments of the present invention will be described in an
environment related to the production of loose fill fiberglass insulation, the present
invention 1s not to be limited to such an environment. It must be understood that the
invention may be practiced with any fibrous insulation material, such as any

compressible fibrous material made of mineral fibers or polymeric fibers or both.

[0025] As can be seen 1n Fig. 1, streams 16 of molten glass are supplied from
a forehearth 14 of a furnace 12 to rotary fiberizers 18 to form veils 20 of glass fibers

which are collected to form a fibrous glass blanket 24.

[0026] The glass blanket 24 1s received by a milling apparatus 28. Optionally,
the glass blanket 24 can be received on a belt conveyor 22 and compressed to an
appropriate height by an upper conveyor 26 prior to entering the milling apparatus
28. The milling apparatus 28 then cuts the fibrous insulation material in the fibrous

blanket 24 into tufts 30 of loose fill fibrous insulation.

[0027] A collection duct 32 is attached to the milling apparatus 28 for
recerving the tufts 30 and transporting them through a rotary valve 34. A
blower/pump (not shown) is connected to at least one of the milling apparatus 28 and
the rotary valve 34. The blower/pump creates a pressure differential on either side of
the rotary valve 34, with the higher pressure being on the upstream or milling

apparatus side of the rotary valve 34. The pressure differential urges the tuft 30
through the rotary valve 34, as will be further described below.

8
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[0028] An exit duct 36 is connected to the rotary valve 34 for transporting the
tufts 30 to a bagging assembly 38 which bags the fibers for storage and shipment, for

example, to a building construction site.

[0029] As best shown in Fig. 2, the rotary valve 34 includes a housing 40, a
rotary assembly 41, and a plurality of seal arrangements 46. The housing 40 is
substantially cylindrical having a substantially cylindrical main body 48 and two
substantially circular end caps 50 made from a hardened metal, such as tempered
steel. It must be understood, however, that the housing 40 may be made from any
suitable components of any suitable material. The main body 48 defines an inner
sealing surface 49. The main body 48 and the end caps 50 cooperate to define a
valve cavity 51. It must be understood, however, that the housing 40 may have any
suitable shape. The main body 48 includes an inlet port 52 for connection to the
collection duct 32, thus allowing for entry of the tufts 30 into the rotary valve 34.
One of the circular end caps 50 includes an outlet port 54, located generally opposite
the inlet port 52, for connection to the exit duct 36, thus allowing for egress of the

tufts 30 from the rotary valve 34.

[0030] The rotary assembly 41 includes a rotary shaft 42 and a plurality of

vanes 44. The rotary shatt 42 extends into the cavity 51 from one circular end cap
50. The rotary shaft 42 1s centrally located within the housing 40, thus lying along
the central longitudinal axis .of the main body 48. It must be understood, however,

that the rotary shaft 42 may be placed in any suitable location.

[0031] The plurality of vanes 44 are fixed or secured to the rotary shaft 42 for
rotational motion therewith, 1.e. movement relative to the housing 40. The vanes 44

extend outwardly from the rotary shaft 42 toward the inner surface 49 of the housing
40.

[0032] A plurality of seal arrangements 46 are mounted upon the vanes 44

opposite the rotary shaft 42 for sealing engagement with the inner surface 49.
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[0033] As shown in Fig. 3, the seal arrangement 46 includes a seal member

54, a spring member 56, and a laminate layer 58.

[0034] The seal member 54 is mounted upon the vane 44 via the spring
member 56, i.e. the seal member 54 is fastened to the spring member 56 and the
spring member 1s fastened to the vane 44. The seal member 54 and the spring
member 56 may be fastened to the vane 44 by any suitable arrangement, such as
adhesives, welds, or fasteners. Optionally, the seal member 54 is connected to the
laminate layer 58 opposite the spring member 56, i.e. the seal member 54 is
positioned between the laminate layer 58 and the spring member 56, as shown in Fig.
3. The combination of the seal member 54 and the laminate layer 58 is thus a
laminated seal member. The laminate layer 58 may, for example, be a sacrificial
layer of plastic or rubber, or any other suitable material. The laminate layer 58 can
be provided to add structural integrity to the seal member 54, and thus strengthening
the seal member 54. This may be especially desired in the case where the seal
member is made from a woven material. Additionally, the laminate layer 58 may be
provided as a protective covering for the seal member 54, thus lengthening the life of

the seal member 54.

[0035] The seal member 54 must have flexibility and is optionally formed of a
vulcanized elastomeric polymer. The elastomeric polymer can be of a polyamide,
such as nylon. However it must be understood that the seal member may be any
other suitable polyamide or any suitable elastomeric polymer. For example, the
elastomeric polymer may be a fluoroelastomer, such as a Viton '~ elastomer, by
DuPont. The seal member 54 can be a woven polyamide, and more particularly can
be an aromatic polyamide, such as a Kevlar ' polyamide, by DuPont, although the

seal member may be any suitable aromatic polyamide.

[0036] The seal member 54 is generally a thin folded or angled rectangular
solid, although the seal member 54 may be any suitable shape. The seal member 54

1s folded or angled such that the portion of the seal member 54 extends at an acute
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angle, as shown at an angle of approximately 45 degrees, relative to the vane 44, as
indicated at A. Thus, the seal member 54 is folded such that the seal member 54
contacts the inner housing surface 49 at angle of approximately 45 degrees. It must
be understood, however, that the seal member may contact the inner housing surface
49 at any suitable angle. For example, the angle of the seal member 45 relative to
the inner housing surface 49 may be increased to reduce the resistance that the seal
member 54 encounters due to imperfections in the inner housing surface 49.
Alternatively, the angle may be decreased to push the seal member 54 tighter to
inner housing surtace 49 and thus increase the amount of pressure difference for

which the seal member 54 will effectively seal.

[0037] The spring member 56 secured to the vane 44 urges the seal member

54 1nto contact with the inner housing surface 49.

[0038] The spring member 56 is a flat strip spring formed of metal, such as
spring steel. It must be understood, however, that the spring member 56 may be any
suitable spring formed from any suitable material in any suitable manner, such as a

hinge spring or a series of coil springs with fasteners.

[0039] As shown in Fig. 4 the spring member 56 optionally includes a
plurality of spring fingers 60. The spring fingers 60 allow the seal member 54 to
make localized adjustments when passing across physical surface imperfections of
the inner housing surface 49, while still maintaining sufficient overall pressure to

seal the seal member 54 against the inner housing surface 49.

[0040] The seal arrangement 46 provides a good air seal, especially around a
large diameter rotary valve, such as the valve 34. Additionally, the seal arrangement
46 contorms well to the eccentricities and imperfections in the housing 40. Further,
when insulation material builds up around the inlet pbrt 52, the seal arrangement 46
conforms to these local asperities. Due to the resiliency of the seal member 54 in

cooperation with the applied force of the spring member 56, the seal arrangement 46
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presents low friction, as compared to less resilient and fixed prior art seal
arrangements, against the inner housing surface 49, while conforming to the inherent

variations and eccentricities of the inner housing surface 49.

[0041] The spring member 56 and the sealing member 54 cooperate to apply a
constant but relatively light force against the inner housing surface 49. If, during
operation, the seal arrangement 46 encounters an asperity in the inner housing
surface 49, the seal arrangement 46 conforms locally without significantly stressing
or damaging the seal member 54. The fingers 60 thus allow for isolation of the
forces relative to the seal member 54 should an obstruction be encountered. Further,
the apply force of the spring member 56 may adjusted by changing the angle A, by
changing the thickness of the spring member 56, by changing the material of
composition of the seal member 54 or the spring member 56, by changing the
number, size, or stiffness of the spring fingers 60, or by changing the general

configuration of the spring member 56.

[0042] The seal member 54 should be sufﬁciehtly stiff to seal against the inner
housing surface 49, while being flexible, e.g. deformable and elastic, enough to
adjust to any imperfection in the inner housing surface 49. It is also desirable that
the seal member 54 be significantly durable, especially to lengthen the life of the seal
member 54 under high temperature circumstances. It must be understood, however,
that the seal member may be formed from any suitable material, such as a woven

plastic, a solid foam, or a spongeable or cellular material

[0043] The spring member 56 should have sufficient stiffness and/or thickness
as to act as a backbone or support member for the seal member 54. The spring
member 56 may be formed from any suitable material, such as a spring metal or
plastic, and formed to any suitable dimensions. It must be understood, however, that
the spring member may be formed from any suitable material in any suitable form,

such as a resilient elastomeric cushion, metallic coil spring, or hydraulic or

pneumatic shock absorbers.
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[0044] Additionally, it must be understood that once sufficiently worn, the
seal arrangement 46 may be replaced with an unworn seal arrangement 46 to
maintain the performance of the seal arrangement 46. The ease of replacement may
be facilitated by the used of threaded fasteners such as nuts and bolts or screws and

washers.

[0045] [llustrated in Fig. 5 is a seal arrangement 146 in accordance with a
second embodiment of the present invention. The seal arrangement 146 includes a
seal member 154 mounted directly upon a vane 144, i.e. the seal member 154 is
directly fastened to the vane 144. The spring member 156 is fastened to the vane
opposite the seal member 154, i.e. with the vane 144 between the seal member 154
and the spring member 156. The seal member 154 and the spring member 156 may
be fastened to the vane 144 by any suitable arrangement, such as adhesives, welds,
or fasteners. The seal member 154 is connected to a laminate layer 158 opposite the

vane 144.

[0046] The present invention may be practiced with pneumatic conveying
equipment known in the art.. Pneumatic conveying is a system used to transport a
wide variety of dry powdered and granular materials in a gas stream. Generally, the
gas stream will be air but in special cases dried, cooled, heated air or inert gas such
as nitrogen may be used. In its basic form, the material (solids) 1s fed into a moving
air stream which blows the material down a length of pipe. The pipe is connected to

a recelver or cyclone where the air and material are separated.

[0047] Pneumatic conveying systems utilize either a vacuum system or a
pressure system. Both pneumatic pressure conveying systems and vacuum
conveying systems may be further classified into either a dense-phase system or a
dilute-phase system. A dense-phase system has a low air-to-material ratio. In dense-
phase systems, the conveying velocity is below the saltation level, the critical level at

which particles of material fall from suspension in the airstream. A dense-phase

system moves the material through the conveying line in batches, with discrete

10
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material waves or plugs separated by air pockets. Adjusting the system’s valves to

add less material increases the air pocket size; adding more material reduces the air

pocket size.

[0048] In contrast, a dilute-phase system has a high air-to-material ratio. The
material 1s most often fluidized, or suspended, in the airsteam, and moves at a
relatively high velocity, depending on the particle size and density. The dilute-phase
system constantly supplies the material at the pickup point and conveys it to the
system’s discharge end without interruption, with no waves or plugs of material and

no air pockets.

[0049] Materials which may be conveyed in a dense-phase pressure conveying
system include those where material degradation or conveying line erosion is of
concern. Such materials could be abrasive or nonabrasive, fluidizable, free-flowing,
granular, non-compressible, pelletized or uniformly sized materials. Materials which
may be conveyed in a dense-phase vacuum system include friable materials, blended
materials, sticky materials, fine materials and abrasive materials. These products

include sugar, pet food products, carbon black prills, plastic pellets, detergents, etc.

[0050] Materials which may be conveyed in a dilute-phase pressure conveying
system 1nclude but are not limited to, dry bulk materials. Types of materials include
adhesive and cohesive materials, materials which are hard to fluidize, nonpermeable
materials, sticky materials, and very fine materials. Examples include, but are not
limited to, chemicals, starches, flour, sugar, pharmac;—:uticals, beans, chips,
granulates, instant powders, capsules, cohesive powders, briquettes, plastic, small
parts, nuts, beads, pigments, powders, dispersible agglomerates, carbon prill,

abrasive powders, salts, sand, sprayed granules, tablets, etc.

[0051] Materials which may be conveyed in a dilute-phase vacuum conveying

system include coarse, lightweight particles, fibrous material, and non-abrasive

11
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materials. Examples include, but are not limited to, flours, resins and compounds,

specialty chemicals, ground feeds, and granular and pelletized products.

12
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CLAIMS

What 1s claimed 1s:

1. A rotary valve configured to handle fibrous insulation material, the rotary
valve comprising;

a housing having an inner surface;

a rotary assembly positioned for rotation within the housing and
including a plurality of radially outwardly extending vanes that extending
toward the inner housing surface and are configured to transport fibrous
insulation material along the inner housing surface; and

seal arrangements mounted upon the vanes, each seal arrangement
including a seal member mounted upon a vane and positioned between a laminate
member and a spring member, the seal member being configured to continuously
extend at an acute angle from the vane to the inner surface of the housing;

wherein the spring members urge the seal arrangements into contact

with the inner housing surtace.

2. The rotary valve of Claim 1 wherein the 'rotary assembly further
includes a rotatable shaft disposed within the housing, the vanes secured to the

shaft for movement relative to the housing.

3. The rotary valve of Claim 1 wherein the spring members bias the seal
members against the inner housing surface with a force and the seal members are
sufficiently resilient such that the seal members locally accommodate rregularities

in the inner housing surface.

1 The rotary valve of Claim 1 wherein the housing is generally cylindrical.

5. The rotary valve of Claim 1 wherein the seal members are directly fastened

to the vanes.

13
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6. The rotary valve of Claim 1 wherein the rotary valve is operable to

perform at 400 degrees Fahrenheit.

7.  The rotary valve of Claim 1 wherein the seal members are directly

fastened to the spring members.

8. The rotary valve of Claim 1 wherein the seal members contact the inner

housing surface at an angle of approximately 45 degrees.

9. The rotary valve of Claim 1 wherein the seal members are formed of an

elastomeric polymer.

10.  The rotary valve of Claim 9 wherein the elastomeric polymer is a

polyamide.

11.  The rotary valve of Claim 10 wherein the polyamide 1s a woven

polyamide.

12.  The rotary valve of Claim 10 wherein the polyamide 1s an aromatic

polyamide.

13.  The rotary valve of Claim 9 wherein the elastomeric polymer 1s one of a

fluoroelastomer and a vulcanized elastomeric polymer.

14.  The rotary valve of Claim 1 wherein the seal members are laminated

seal members.

15.  The rotary valve of Claim 1 wherein the spring members are flat strip

Springs.

14
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16.  The rotary valve of Claim 15 wherein the flat strip springs include a
plurality of spring fingers.

17.  The rotary valve of Claim 16 wherein the flat strip spring is formed of

metal.
18.  The rotary valve of Claim 17 wherein the metal is spring steel.

19. A rotary valve configured to handle fibrous insulation material, the rotary
valve comprising;
a generally cylindrical housing having an inner surface;

a rotary assembly including a rotatable shaft disposed within the housing
and including a plurality of radially outwardly extending vanes secured to the
shaft for movement relative to the housing, the vanes being configured to
transport fibrous_insulation material along the inner housing surface; and

seal arrangements mounted upon the vanes, each seal arrangement
extending at an acute angle relative to the vanes, each seal arrangement
including a seal member positioned between a laminate member and a spring
member, the seal member being configured to continuously extend at an acute
angle trom the vane to the inner surface of the housing;

wherein the spring members urge the seal arrangements into contact with

the inner housing surface.

15
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