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[57] ABSTRACT

A centrifugal blasling apparalus is configured o deliver
(riable media without destroying a large percentage of the
delivered media. The centrifugal blasting apparatus includes
a compressed air feed system thal intermixes and Juidizes
blast media with compressed air and delivers the fluidized
blast media to a blast wheel. The control cage is formed with
rounded interior surfaces to avoid sharp transitions that may
otherwise fracture the media. The blades are curved to
maximize accelleration of the blast media with the lowest
possible rotational rate. The first edges of the blades, adja-
cent the axis of rolatien, are configured to receive the blast
media. Specifically, the first edges are rounded to minimize
the amount of blast media that is broken by using a sharp
leading edge. The channels on the blades themscelves are also
polished to minimize the amount of blast wedia that is
broken while traveling along the surface of the blades.
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1
CENTRIFUGAL BLASTING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus [or blasting
a surface and, more particularly, 10 a centrifugal blasting
apparatus that is conligured to deliver friable media without
destroying a large percentage ol the delivered media.

2. Description of the Related Art

it is often desirsble Lo clean a surface by hurling small
particles of blast modia against the surface, such as to
remove paint, rust and/or ofher coatings or built-up dobris.
In other situations, blasting the surface of an article may
impart desirable qualities to the surface. One such situation
i which this occeurs is in the acrospace industry, where it has
been found that blasting a surface of an article will place the
surface of the article In compressive stress. This has been
found to reduce the likelihood that the surface will crack or
otherwise deprade when undergoing cyclic loading, Stress-
ing the surface of an article by blasting the surface is referred
to as peening. The term “blast” and “blasting” will be used
herein penerically o refer to any application in which smal
particles are hurled at 4 surface al a relatively high rate of
speed. Exemplary applications include cleaning, descaling,
deburring, deflashing, peening, etching, product appearance
enhancement and numerous other similar applications.

‘There are two main types of devices that can be used for
blasting. Cne commeon system is known as an air blast
system. In an air blast system, a stream of comprossed air
carrying the blast media is released through a fixed nozzle,
or manipulated by an operator or robotic device, and allowed
to impinge a work surface. Although air blast systems are
widely used, one drawback to using an air blasl system is
that the ¢[leciive work area for the system is relatively small,
Vor example, a conventional air blast system baving a %
inch diameter nozzle fed by & 30 111 compressor may propel
approximalely 30 pounds of media per minute, with an
cllective work surface area of about 2 in®, Adr blasl syslens
alse are relatively noisy and require large or powerful air
COIMPICSSOTS.

Apother lype ef device that can be used [or blasting is a
cenirifupal biast system. In a centrifugal blast system, a
spinning wheel is used 1o aceclerate the blast media, Cen-
irifugal blast systems arc capable of delivering much more
blast media over a much larger ares than a comparable air
blast system, whilc using less power and gencrating less
noise, In a typical centrifugal blast system, the blast media
cnlers a spinning wheel (referred to herein as a blast wheel)
at a cemiral location and 1s radially accelerated by centrifugal
loree toward the oulside of the blast wheel. The blast wheel
is typically provided with several similarly configured radi-
alty mounted blades, or vanes, that serve to channel and
accelerate the blast media. The exit velocity of the particles
of blast media leaving the blast wheel may be adjusied, inter
alia, by adjusting the size of the blast wheel or by adjusting
the rolational velocity of the blast wheel.

Marny blasting applications use metaliie particles as blast
media, However, where ferrous conlamination is undesir-
able or unacceptable or a particular surface finish is required,
such as in the automolive, dic casting and acrospace
industries, metallic media typically cannot be used. In these
applicalions, non-metallic media must be used, such as glass
beads, ceramic beads, plastic beads, apri-shell, and baking
soda, Likewise, 1t may be desirable to replace motallic media
with sofler non-metaltic media for certain applications, such
as removing paint and coalings while preserving the condi-
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tion of the wnderlying surface. Since many noo-metallic
blast media are breakable, non-metallic media will be
referred 10 hercinaller “friable.”

Unfortunately, when a friable blast media is used with a
conventional centrifugal blast apparatus, a large percentage
ol the media are destroyed. For example, il has been found
that up fo approximately 50% of the friable media is
destroyed in vne cycle through a conventional centrifugal
blasl apparatus. Since typical centrifugal blast systemns
recover and recycls the blast media, destruction of blast
media significantly increases the cost of operation of the
system. Accordingly, what is nceded is a centrifugal blasting
apparatus that is configurcd 1o deliver friable media with
minimal destruction of the delivered media.

SUMMARY OF THE INVENTION

This invention relates 10 a centrifugal blasting apparatus
that is configured to deliver friable media without destroying
a large percenlage ol (he delivered media.

According to a [irst aspect of this invention, a contrilugal
blasting apparatus includes a biade mounted for rotation
abeut an axis of rotaticn and curved In the direction of
rotation, the blade having a first end proximal the axis of
rotation and 2 second end distal the axis of rotation, a
passage configured o deliver blast media from a source of
blast media to the blade, the passage having at lvast one wall
configured to smoothly redireet a direction of travel of the
blast media, and an inlet formed in the passage and config-
wed to Intermix a flow of (uid with the blast media to
facilitate movement of the blast media through the passage.
Optionally, the centrifugal blasting apparatus may include a
plurality of similarly configured blades and the passage may
include a control cage.

The blade first end may be curved, and in particular may
have a radius of curvature of approximately ' inch. The
surface of the blade may include a channel configured to
direct a path of travel of the blast media from a first cnd of
the blade to a second end of the blade. The surface of the
channel may be relatively smoothly polished. An inserl may
be inciuded on a first end of the blade. The Insert may be
softer than the blade, and optionally may be formed of at
least one of urcthane and ultrahigh molecular weight plas-
lics. The blades may also include reinforcing ribs.

According to another aspect of this invention, a centrifu-
gal blasting apparatus, includes 4 motor having a drive shaft
and configured to provide motive force to a centrifugal
blasting wheel, a plurality of curved blades commecled Lo the
drive shaft, each of the curved blades having a first end
proximal the axis ol rotation and a second end distal ke axis
of rotation, and a blast’ media feed system interposed
hetween a source of blast media and the curved blades, the
blast media feed systom belng configured to receive and
intermix a flow of compressed air and a flow of blast mediz,
and being confligured lo deliver the intermixed flow of
compressed air and blast media to the first ends of the blades,
Optionally, a coupling device may be interposed between the
blades and drive shaft or the blades may be directly con-
nected to the drive shaft

Tn this aspect, the blast media feed system may include a
confrol cage and a feed spout, wherein the blast media and
compressed air are intermixed in the feed spout, and whercin
the control cage is formed to have at least one curved wall
configured (o smoeothly redireet the flow of the intermixed
blast media and compressed air from a first dircction to a
second direction prior 1o being delivered to the first ends of
the blades.

Copy provided by USPTO fram the PIRS Image Database on 05-01-2002
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According to yel another aspect of this invention, a blade
[or a centrifugal Blasting apparatus, includes a body, a lrst
end of the body configured to receive blast media, a secand
end of the body configured 1o deliver blast media to a work
surface, and a surlace formed between the [rst end and the
sceond end and configured to guide the blast media from the
first end to the second end. In this aspect, the first end of the
blade is curved to ense (ransilion of the blast media onlo the
blade. Optionally, the blade may be curved and have a

sliffening rib running longitudinally along at least a portion

of the blade 1o provide structural rigidity 1o (the blade and 10
tacilitate removal of the blade. An insert may he formed in
lhe first end of the blade, and the surface may be flat, curved,
form a channcl er be polished,

According Lo yet another aspeel, a method of accelerating
abrasive particles, includes providing a centrifugal blasting
apparatus having a plurality of curved blades mounted for
rotation about a ceniral axis, cach of the plurality of blades
having a curved inver edge, inlermixing blast media with
compressed air, and delivering the intermixed blast media
and compressed air to the curved inner edge of the blades
while the blades are rofating about the central axis.

BRIEF DESCRIPTION OF THE DRAWINGS

‘This invention is pointed out with particularily in the
appended claims. The above and further advantages ol this
invention may be belter understood by relerring o the
following description when taken in conjunction with the
accompanying drawings, in which:

FIG. 1 s a side elevation view, in partial cross-section, of
a centrifugal blast apparatus according to a first embodiment
ol this invention;

[IG. 2 1s an c¢nd view, in partial cross-section, of the
centrifugal blast apparatus of FIG. T;

I1G. 3 is a front view of a blade for use in the centrifugal
blast apparatus of FIG, 1;

FIG. 4 is a side view, in partial cross-section, of the blade
of FIG. 3 taken along section line 4—4;

FIG. 5 is a top plan view of the blade ol FIG. 3,

FIG. 6 is an exploded cross-scctonal side view of the
leading edge of the blade taken [rom circle 6 of FIG, 4;

FI1G. 7 is a view of a control cage for usc in the centrifugal
blast apparatus ol F1G. 1; and

FIG. 8 is a cross-sectional side view of the conirol cage
of FIG. 7 taken along section linc 8—8.

DETAILED DESCRIPTION

The present invention relales to a ceninfugal blasting
apparatus that is conflgured to deliver friable media without
destroying a large percentage of the delivered media,
Although one embodiment of such a centrifugal blast appa-

ralus is illustrated in the accompanying drawings and ss

deseribed in the following text, the invention is not limited
to any particular configuration excepl as sct forth in the
claims.

In the embeodiment shown in FIG. 1, a centrifugal blast
apparatus 10 has a motor 12 that is configured 10 provide
rolational driving force to 4 wheel 14, The moter 12 may be
any known motor that is capable of producing a rotational
driving foree, such as an electric motor or solenoid, a motor
[ucled by one or more fossil fuels such as an inlernal
continuous gas or diesel engine, a poeumatic motor, a
hydraulic motor, a steam engine, or any one of a number of
other molors.
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A coupling 16 transmits the rotational driving force from
ke motor 12 to the wheel 14. The coupling 16 may couple
an output shaft 18 directly to the wheel 14 or may take the
form of a transmission that is capable of increasing or
decreasing the number of revolufions experienced by the
wheel for every revoiution of the outpul shaft 18 of the
motor 12, Optionally, the coupling 16 may include a clutch
asscmbly to selectively engage and disengage the wheel 14
from the output shaft 18. Turther, (he coupling may option-
4lly include bearings 1o support the weight of the wheel 14
in a known manner during rotation aad to allow the wheel
14 to freely rofate. Providing the coupling 16 with bearings
eliminates the need for the weight ol the whesl to be
supported by the oulput shatt 18 of the motor 12,

At least one blade 20 is attached to the coupling 16. In the
illustrated embodiment, more than one blade 1s used, and the
blades 20 are spaced around an axis of rolation 44 to form
a balanced blast wheel. Where only one blade 20 s used, a
suitable counlerweight may be used to balance the blast
wheel 14, The specific characteristics of the biades 20 will
be discussed in greater detail below. The blades 20 are
configured to receive blast media at a first end 54 adjacent
the axis of rotalion 44, accelerate the blast media, and
deliver the blast media from a second ¢nd 56 to a work
surface (1'1G. 2).

A [rame 22 surrounds the blast wheel 14 to prevent
accidental injury which might oceur il the operator were to
inadverlently conlacl o moving blade. The frame 22 also
prevents blast media from being discharged in an unintended
direction. Specifically, the frame 22 provides an enclosure
arcund the circumiference of the blade with the exception of
the blast window 24. Preferably, the frame is [ormed in such
a manner that the gap between the frame and tips of the
blades is minimized to prevent abrasive media from being
trapped between the frame 22 and blades 20 and crushed
therebetween. [n the embodiment illustrated in FIG, 2, the
frame 22 is formed to be placed closely adjacent an area
circumscribed by the Lips of the blades 200 when spinaing
about axis 44. Specifically, the frame 22 in FIG, 2 includes
an arcuate scction 60 cxtending approximately between
puinis 62 and 64 on frame 22 and having a radius of
curvature slightly larger than a radial distance [rom the axis
44 to the tip 56 of blade 20, when measured along radial line
42. Optionally, as illustrated in F1G, 1, the [rame 22 may
additionally enclose the coupling 16 and the oulput shaft 18
of the motor 12, or even the entire motor 12, In the illustrated
embediment, the frame 22 is attached 1 and supported on
the motor 12,

A hopper 28 is configured to store blast media prior to
delivery to the wheel 14, The hopper 28 may be lelt at Icast
partially open on top or otherwise be provided with a
connection to the environment to minimize the Hkelibood of
a vacuum forming in the hopper that could otherwise nhibit
flow of the biast media from the hopper. Opening the hopper
tw the stmosphere or otherwise preventing the formation of
a vauum can improve the flow rate of the blast medis oul of
the hopper 28.

In operalion, blast media is fed to the blades 20 (hrough
a blast media feed system 26 inlerposed between the hopper
28 and the wheel 14 and configured to convey the blasl
media from the hopper 28 to the wheel 14. The feed syslem
26 receives a source of compressed gas, sveh as air, thaf is
intermixed with the blast media to fluidize the blast media as
it is being conveyed to the wheel 14. By fluidizing the blast
media, it is possible to minimize the amount of damage done

5 to the blast media.

In the illustrated embodiment, the blast media feed system
ineludes @ mixing chamber thal receives the blast medis

Copy provided by USPTO from the PIRS Image Database on 05-01-2002
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from the hopper 28 thiough a chute 32 and compressed air
from a souree of compressed air, The compressed air mixes
with the blast media in the mixing chamber 30 and fluidizes
the blast media. Alternatively, the compressed air may be
introduced at wmy poinl between the hopper 28 and the
mixing chamber 30. The compressed air transports the blast
media to a control cage 34 which channels and direcls the
fuidized blast media and compressed air radially outward Lo
be captured and accelerated by the spinning blades 20. It 1s
belicved that the use of compressed alr minimize the amount
of blast media that is fractured during transporlation from
the hopper 28 fo the blades 20 over mechanical devices such
a% augers,

‘[he control cage 34 is used, as in conventional centritugal
blast sysiems, to direct the blast media onto the blades 20,
as well as (o control the length and dircetion of the blast
pattern from the wheel. To minimize the amount of blast
media that is fractured in the control cage, the surfaces of the
control cages are rounded to smoothly redirect the How of
Huidized blast media and compressed air. lor example, in
the iflustrated embodiment shown in greater detail in FIGS.
7 and 8, lhe control cage 34 has a rounded back surface 36
beiween an inlct aperture 38 and an outlet aperiure 40. The
rounded back surlace 36 serves to smoothly redirect the Qow
of compressed air and blast media upward toward outlet
aperture 40. By smoothly redirecting the Qow ol the blast
media, it is possible to minimize the amount of blast media
that is fractured by passage through the control eage.
Optionally, the control cage 34 may be designed to form a

nozzle, approaching aperture 40, as shown by the phantom

iines 3% in FIG. 8. By [orming a nozzle at aperture 40, the
flow of compressed air and blast media may be further
aceelerated sfter being redirected.

The shape of the aperture 40 at the vutlel from the control
cage 34 1s largely responsible [or controlling the amount of
blast media delivered to (he wheel and the pattern of
delivered blast media. The aperturc 40 may be any desired
shape for medin 10 pass through, such as u circle, oval,
rectangle, triangle, or other geometric shape, or an irregu-
larly shaped opening. Additionally, although the fllustrated
embodiment only has a single aperture, mulliple aperturcs
40 could be present to direct blast media onto different
partions of the blade 20 or o direct the blast media onto the
blade at different positions during the rotational cyele of the
blade. Optionally, a plastic iscrt may be included at the
aperture 40 to cushion the transition of the blusi media [rom
the conlrol cage 34 to the blades 20.

The circumlerential position of the aperture 40 may be
established in a known manner so that the blast media is
accelerated by the blades 20 to exit the centrifugal blast
apparatus to impinge a work surface. The particular position
of the aperture 40 depends on many factors, ineluding the
rotational rale of the blades 20, the length of the blades 20,
the curvalure of the blades, the type of blast media being
uscd, and the speed with which the blast media exits the
control cage 34.

The blades 260 are illusirated in greater detail in FIGS.
3-6. As shown in FIG. 4, cach blade 200 may be curved
relative (w4 radial line 42 passing through an axds of mtalion
44, Curving the blade enhances acceleration of the blast
media and thus reduces ihe rotational rate required to
achieve the samc blast media exit speed.

Any desired curvature may be uwsed depending on the
amount of acceleration required and the type of blast media
being used. In the illustrated ¢mbodiment, the blade 20 is
substantially arcuate, however the invention s not Hmiled (o
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arcuate blades. A first end 54 of the engaging surface 46 of
the blade 20 may be formed to cxiend approximately along
a radial line 42, or may form an angle a relative to the radial
line 42 as shown in the illustrated embodiment. Likewise, a
second end 56 of the blade 20 may form an angle B relative
to the axial line 42. The particular angles o and 3 may be
determined in a manner known in the art and may be based,
inter alia, on the rotational rale of the blade 20, the type of
blast media being used and the desired exit veloeity.

The blade 20 may be provided with a supporting vanc 48
to provide greater structural integrity to the blade 20
Additionally, ribs may be formed at least partially along the
length of the blade 20 on the back surface 50 of the blade 20
to provide longitudinal stability lo the blade 200 and to
facilitate removal of the blade 20 for replacement. The
piesent invention is not limited to any particular structural
arrangement of the blade 20, and any configuration may be
used 1o provide the necessary structural rigidity, Likewisc,
any known or suitable allachment system may be used to
couple the blade 20 to the coupling 16, as discussed in
greater detail above.

In the illustrated embodiment, longitudinal ribs 52 arc
provided generally along the edges of the engaging surface
46 to form a channel to direct or guide the blast media trom
the first end 54 to the second end 36 of the blade 20. The
profile of the channel formed by the longitudinal ribs 52 may
be seen, [or cxample in FIG. 3 at the second end 56 of the
blade 20. The profile of the channel may be varied to adjust
the spatial density of the blast media impacting the work
surface. Additional information regarding the shape of the
channe! may be found in U.S. palent application Scr. No.
09/252,575, entitled CONVEX BLAST BLADES, the con-
tent of which is hereby incorporated by reference.

The surface of the channel may be formed 1o be smooth
lo minimize the amount of blast media that is destroyed
during the centrifugal acceleration along the surface of the
blade, The smooth surface on the blades may be formed
while casting the blades or may be formed subsequent fo
casting by grinding or polishing the blade surfaces. In one
embodiment, the surface of the channel is polished to have
a roughness average (“Ra™) of between 1.6 and 0.05 um
(between 63 and 2 pin), although other surface roughness
values may be cqually cleetive in minimizing the amount of
blast media that is destroyed by Lhe blades.

The blades 20 may be formed of any hard, durable
substance. Preferably, the blades are formed from metal,
such as steel or a sicel alloy that can withstand high
temperatures and will net rapidly deteriorate during opera-
lion due to the repetitive impingement of the blast media
against the surface of the blades.

Since the blast media enters the wheel 14 through the
centrally located control cage 34 during operation, the first
¢nd 54 of the blade 20 is the initial part of the blade 10
contaet the blast media. The cdge 58 ol the lirst end 54 may
be curved to ease the transition of the blast media onto the
blade 20 and to minimize the amount of blast media that is
breken in the transition from the control cage 34 (o the blade
20, The radius of curvature of the curved edgpe 58 should be
selected to minimize the amount of blast media that is
broken. Exemplary ranges [or the radius ol curvalure include
radii between Ys4 inch and %2 inch. More particularly, it has
been found that a radius of curvature of approximately 4
inch advantageously reduces the amount of blast media that
is fraclured during the blast process over using a sharp
leading edge.

In one embodiment, as iHustrated in FIG. 4, the curved
cdge 58 is formed integral with the blade 20. Allernatively,

Copy provided by USPTO from the PIRS Image Database on 05-01-2002
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as illustrated in FIG. 6, the curved edge 58 is formed as part
of an insert 60 joined (o the blade 20 at the first cnd 34. The
insert 60 may be formed of any substance capable of
withstanding repeated impact with blast media, vet soft
coough to cushion the transition ol the blast media from the
control cage 34 to the blade 20. Exemplary materials include
urethane, ultrahigh melecular weight {UHMW) plastics, and
the 1ike.

Operalion of the centrifugal blast apparatus 10 deseribed
herein with friable blast media has been demonstraled to
[racture as little as 2% of the parlicles of the biast media, a
number that is comparable to compressed air blasting sys-
tems. Accordingly, with this centrifugal blast apparatus 10,
it is possible to achicve all the advantages of using a
centrifugal blast apparatus, including Increased blast media
flow rates, increased coverage, decreased noise and
decreased power consumption, while minimizing breakage
of the blast media.

It should be vnderstood that various changes and modi-
fications of the embodimenls shown in the drawings and
deseribed in the specification may be made within the spigit
and scope of the presenl invenlion. Accordinply, it is
intended that all matter contained in the above description
and shown in the accompanying drawings be interpreled in
an iltustrative and not in a limiting sense. The mvention is
limiled only as defined in the following claims and the
equivalents therelo.

What is claimed is:

I. A centrifugal blasting appuralus, comprising:

a blade mounted for rotation about an axis of rolation and
curved in the direction of rotation, said blade having a
first end proximal the axis of rotation and a second encl
distal the axis ol rotation;

a passage vonflgured to deliver blast media from a source
of blast media to the blade, said passage having at least
cne wall configured 1o smoothly redirect 2 direction of
travel of the blast media; and

an inlet formed in the passage and conligured 1o inlermix
a flow of compressed air with the blast media (o
facilitate movement of the blast media through the
passage.

2. The cenfrifugal blast apparatus of claim 1, wherein the

first end of the blade is curved.

3. The centritugal blasting apparalus of claim 2, wherein
aradius of curvature of the first end iy approximately ¥ inch.

4. The centrifugal blasting apparatus of claim 1, wherein
a surface of the blade configured to contact the blast media
is relatively smoothly polished.

5. The centrifugal blasting apparatus of claim 2, wherein
a surface of the blade configured to contact the blast media
is relatively smoothly polished,

6. The centritugal blasting apparatus of claim 1, the blade
further comprising an inscrt on an edge of the first end.

7. The centrifugal blasling apparatus of claim 6, wherein s

the insertis formed of & material that is sefter than a material
forming the blade.

8. The centrifugal blasting apparatus of claim 6, wherein
the insert is formed of at least one of urethane, and ultrahigh
molecular weight plastics.
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Y. The centrifugal blasting apparatus of claim 1, wherein
the passage comprises # control cage.

10. The centrifugal blasting apparatus of claim 1, further
comprising a plurality of siwilarly configured bladcs.

11. The centrifugal blasting apparatus of claim 1, wherein
the blade comprises a channel configured to direct a path of
travel of the blast media from the {irst end of the blade to the
seeond end of the blade.

12. The centrifugal blasting apparatus of claim 1T,
wherein said channel 1s formed from a location adjacent the
first end of the blade (o a Jocation adjacent the second end
of the blade.

3. The centrifugal blasting apparatus of claim 1, wherein
the blade further comprises reinforcing ribs.

14. A centrilugal blasting apparatus, comprising:

& molor having a drive shaft and configured to provide

motive force to a centrifugal blasting wheel;

a plurality of curved blades conneeied to the drive shafl,
cach of said curved blades having a first end proximal
the axis of rolation and a sccond end distal the axis of
rotation; and

a blast media [ced system interposed between a source of
blast media and the curved blades, said blast media feed
system being configured to receive and intermix a flow
of compressed air and a flow of blast media, and being
configured to deliver the intermixed flow ol com-
pressed air and blast mediz 1o the first ends of the
blades.

15. The centrifugal blasting apparatus of claim 14, further
comprising & coupling device interposed between the blades
and drive shaft.

16. The centrifugal blasting apparatus of claim 14,
wherein the blades are directly connected to the drive shaft,

17. The centrifugal blasting apparatus of claim 14,
whercin the first ends of the blades are curved.

18. The centrifugal blasting appurstus of claim 14,
wherein the blast media feed system comprises a control
cage and a feed spout, wherein the blast media and com-
pressed air are intermixed in the feed spout, and wherein the
control cage is formed to have at least one curved wall
conligured o smoothly redirect the low of the intermixed
blast media and compressed air from a first direction to a
sccond direction prior to being delivered to the first ends of
the blades.

19, A method of aceelerating abrasive parlicles, compris-
ing:

providing a centrilugal blasting apparatus having a plu-
rality of curved blades mounted for rotation about a
central axis, each of said plurality of blades having a
curved inner edge;

intermixing blast media with compressed air; and

delivering the intormixed blast media and compressed air
to the eurved inner edge of the blades while the blades
are rotating about the central axis.
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