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of the prior art utilize’a frusto-conrcat shaped screen located in a

fchannel between an |nput'and ‘an out put.’ -Such.si.ze reduction machines are
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: Field of Invention

This invention relates to a size reduction machine and in particular a
size reduction machine having a multi-staged impeller for reducing the size of
5 particulate material.
Background of the Invention
Size reduction machines of the prior art utilize a frusto-conical shaped
screen located in a channel between an input and an output. Such size reduction
machines are more particularly described in United States Patent No. 4,759,507. In
10 these machinés, various screens and impellers are used depending on the size and
type of product that is being processed. The screens have apertures in different sizes
and shapes to produce a desired milled product.
Once the desired impeller and screen have been selected and the gap
therebetween properly adjusted, particulate material is passed through the machine
15 and the size of the material is reduced. The amount of reduction is dependent on
a number of factors, including the size of the apertures of the screen, the angle of
the wall of the screen, the gap between the wall of the screen and the impeller. In
many cases, the desired particle size cannot be achieved with a single pass. The
particulate must first be passed through a machine having a first screen and then
20 passed through a machine having a second screen. In some extreme cases, the
particulate must be passed a third or fourth time. If the production facility does not
have enough machines, the same machine must be dismantled and a second screen

must be installed and calibrated. This process is very time consuming, requiring

skilled technicians to properly adjust the gap between the impeller and screen.

This Sheet Has Been Replaced

WA II




type bf nr that is being p'roces'sed. The screens have papRfdodfpfss7i N
di ffereﬁ%%ﬁ?gg and shapes to produce a desired mlled pr(})’gﬁct. Once the

desired inpeller and screen have been sel ected and the gap therebetween
properly adjusted, particulate materj4l is passed through the machine 15
and the size of the material is reduced. The anmount of reduction is
dependent on a nunber of factors, including the size of the apertures of

the scrgen, the | e of the | I, of the screen he gap bet ween, t wal |
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cannot be achieved with a single pass. The particulate nust first be passed
t hr oughase fismantledninereases fThese prablems hegomee pantivulariys scutehwbeny Hbg

machi ne having a second screen. In sone extrene cases, the
machines are used preparing pharmaceuticals.

There have been a number of machines which have attempted to.
5 address this problem by increasing the number of stages on the impeller. Such
machines are described in United States Patents nos. 2,822,846 and 3,249,310. These
machines are capable of reducing particulate material into a smaller particulate size
but are in essence two size reduction machines stacked one on top of the other and
mounted on a common shaft. These machines are unable to fit within the size
10 restrictions demanded in the pharmaceutical industry. Further, these machines are
unable to meet the strict quality requirements of the pharmaceutical industry.
Summary of the Invention

The disadvantages of the prior art may be overcome by providing a

size reduction machine having a multi-staged impelier and a plurality of screens for
15 reducing the size of a particulate material in a single pass.

It is desirable to provide a device having an impeller having a first and
second set of blades for rotating past a first screen and a second screen, respectively
for muiti-staged reduction of particulate size with a single pass.

According to one aspect of the invention, there is provided a size

20 reduction machine for use in process industries to continuously and precisely reduce
the size of particles, while controlling fines. The machine has a rotatable spindle and

a motor operably connected to the spindle for effecting rotation of the spindle. The

spindle is mounted within a channel having an input and an output. The size

reduction machine comprises a first stage impeller mounted on the spindle, a first
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particul ate nust be passed a third or fourth tinme. If the_productiaon

- facili tWO48@&43Aot have enough nachines, the same machine CAGROYS L nant | ed
and a second screen must be installed and calibrated. This process is very
time consumng, requiring skilled technicians to properly adjust the gap
bet ween the inpeller and screen. 2’ Further, problenms of quality control
I ncreases as the nunber of tines the machines are dismantled increases.

These probl ens becane particularly acute when the . ]
screen rigidly mounted within the channel so that particles passing from the input to

the output pass through the first screen as the first stage impeller rotates relative to
the first screen, a second stage impeller mounted on the spindle, a second screen
rigidly mounted within the channel so that particles passing from the first screen will
a, 5 pass through the second screen as the second stage impeller rotates relative to the
second screen, a spacer for positioning the impellers along the spindle to maintain
a first gap between an edge of the first stage impeller and an interior of the first
screen and to maintain a second gap between an edge of the second stage impeller
and an interior of the second screen.
; 10 Detailed Description of the Drawings
| In figures which illustrate embodiments of the invention,
Figure 1 is an exploded perspective view of the size reduction
machine of the present invention;
Figure 2 is an exploded elevational view of the size reduction
15 machine of Figure 1;
Figure 3 is a sectional view of one of the collars of the spacing
device of the sizé reduction machine of Figure 1;
Figure 4 is a sectional view of the other of the collars of the

spacing device of the size reduction machine of Figure

20 1;
Figure 5 is an elevational view of the receiving end of the shaft,
eet Has Been Replaced partially in section, of the size reduction machine of

I Fie

Figure 6 is an elevation view, partially in section, and top plan

ML




machi nes are used preparing pharmaceuticals. There have been a nunber of
machi nes whi ch have attenpted to. 5 address this problem by increasing the
nunber of veo egye3on the inpeller. Such machi nes are descri bed:'rfchwﬁlﬂ‘?ot:’gd
States Patents nos. 2,82846 and 3, 249, 310. These machi nes are capabl e of
reducing particulate material into a smaller particulate size but are in
essence two size reduction machi nes stadked one on top of the other and
nounted on a comon shaft. These nmachines are unable to fit within the size
10 restrictions demanded in the pharmaceutical industry. Further, these
machi nes are unable to neet tiviewtof die aneting ¥ndeolithe Thipedepfloft the size

phar maceuti cal industry. Summary of the Invention
reduction machine of Figure 1; and
Figure 7 is an elevational view of the size reduction machine of
Figure 1 in an assembled condition.
5 Detailed Description of the Invention

The size reduction machine incorporating the present invention is
illustrated in Figure 1. The machine generally has a housing 12, a spindle 14, a first
stage impeller 15, a second stage impeller 16, a first stage screen 17 and a second
stage screen 18. The spindle 14 and impellers 15 and 16 are located in a channel

10 having an input 20 and an output 22.

Screen 17 has a tapered apertured wall 23 formed into a frusto-conical
shape with a wide end 25 and a narrow end 27. Both ends 25 and 27 are open.
Opening 27 is sized to sealingly receive the axial body of impeiler 16. The screen 17
has a circular flange 29 which surrounds and extends outwardly of the wide end 25.

15 Similarly, screen 18 has a tapered apertured wall 24 formed into a
frusto-conical shape with a wide end 26 and a narrow end 28. End 26 is open while
end 28 is at least partially closed. The screen 18 has a circular flange 30 which
surrounds and extends outwardly of the wide end 26.

The bank angle a between an imaginary line perpendicular to the axis

20 of rotation of spindle 14 and the working surface of the blade of the impeller 15 and
also the angle of the tapered wall 23 is less than the corresponding bank angle 8 of
impeller 16 and tapered wall 24. In addition, the size of the apertures of tapered

wall 23 is generally greater than the size of the apertures of tapered wall 24 of screen
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'i'he di ges of the prior art rriay be overconme by pr@wriRgodssi ze
Teduct?’@??\éag I ne having a nmulti-staged inpeller and a p?ura 1ty of screens

for 15 reducing the size of a particulate material in a single pass. It is
desirable to provide a device having an inpeller having a first and second
set of blades for rotating past a first screen and a second screen,
respectively for nmulti-staged reduction of parti cuI ate si ze with a single
pass. According one,Aas (ﬁb of the inventi ere |s VI ded a size 20
reducti on nachin aF‘SFSaé‘@B v §W&P&W ach‘FfFT
precisely reduce the size of particles, while controlllng flnes The
machi nk7 teasest withiatsgrdan &&mnenmubchmrﬂmph@mam y connected to the
spindle for effecting rotation of the spindle. The

Housing 12 has a top cover plate 32 having input 20 offset to one side

of the housing 12. Immediately below the top cover piate 32 is a wall 34 defining the
5 channel for passing particles to be milled. Wall 34 converges to a circular opening
36. The circumference of circular opening 36 has an outwardly extending flange 38
having a plurality of circumferentially spaced notches 40.
Shroud 58 has a circular flange 60 surrounding the opening at the
upper end. Flange 60 has a plurality of bolts 62 attached to hinges 63 for pivotal
10 attachment thereto. The bolts 62 are circumferentially spaced about the flange 60
to mate with notches 40 of flange 38 of housing 12. Gasket 64 is adapted to seal the
joint between flanges 38 and 60.
Spindle 14 is rotatable mounted on top cover plate 32 using
conventional bearings and mounts. The spindle 14 extends longitudinally through
15 housing 12 defining an axial extent. The axis of rotation of spindle 14 is concentric
with the center of the circular opening 36. Spindle 14 extends upwardly from the top
cover plate 32 to present a shaft for receiving pulleys 42 adapted to be driven by
belts 44 from a suitable drive (not illustrated).
Spindle 14 is stepped presenting a plurality of circumferential surfaces
20 45, 47 and 49. The diameter of surface 49 is less than the diameter of surface 47
which is less than the diameter of surface 45. Circumferential surfaces 45, 47 and
49 establish shoulders 52 and 53. Surface 47 has a pair of diametrically opposed

machined flat surfaces 51 for receiving complementary fittings of impeller 15.

The extensible spacer device 70 illustrated in Figures 3 and 4 comprises
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spindle is nounted wthin a channel having an input and an output. The size

reduction r@&%ﬂﬁyporrpri ses a first stage inpeller nmounted opchiteasspoosdl e,
a first Screen rigidly nmounted within the channel so that particles

passing fromthe input to the output pass through the first screen as the
first stage inpeller rotates relative t@-the first screen, a second stage

i npel l er nounted on the spindle, a second screen rigidly nounted within the
channel so that particles passing fromthe first screen wll

of a collar 72 and collar 74. Collar 72 has a central bore having an internal thread

76. The diameter of the central bore is greater than the outside diameter of the

circumferential surface 47 of the spindle 14. The upper end of collar 72 has an end

seal portion 78 presenting an opening 80. Opening 80 has a diameter within very

5 close tolerances with the outside diameter of circumferential surface 47 of spindle

14. Collar 72 has a shroud 82 which extends axially defining an internal bore. The

inner face of the lower end of shroud 82 has a ring groove 84 adapted to receive an

O-ring 86.

- Collar 74 has a central bore 88 extending axially. The central bore 88

10 has a diameter within very close tolerances with the outside diameter of the

circumferential surface 47 of spindle 14. Collar 74 has an external thread 90 cut on

a barrel portion. Thread 90 is adapted for threaded engagement with internal thread

76 of collar 72. Collar 74 has a base portion 92 having an external diameter. The

external diameter of base 92 is within close tolerances with the inside diameter of the

15 internal bore of shroud 82. As is apparent, collar 74 will fit within collar 72 with O-

ring 86 sealing the threaded portion from penetration by or intrusion of particles
during operation.

The base of collar 74 has a calibrated scale 93 on an external face.

The scale 93 is relative to the type and coarseness of the thread 90. Rotation of

20 collar 72 relative to collar 74 will advance or detract collar 74, varying the axial

length of spacer device 70. A standard micrometer relationship between the rotation

AL e 4 e

of the collar and the extension distance of spacer 70 is used.
Alternatively, other spacing devices such as washers or spacers could

used. The use of spacers or washers is well known in the art. . o o0 oo placed
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5 pass t‘bbcbggﬁﬂyh@‘hSéb@nﬂasﬁeafneemacas the second stage inpel petr/dadsas8s

relative to the sec spacer for positioning the inpellers along
the spindle to main ap between an edge of the first stage
i npeller and an interior o e Tirst_gcreen and to maintain a second gap

bet ween an edge of the second stage inpeller and an interior of the second
screen. 10 Detailed Description of the Drawings In figures which illustrate
r spegtive view
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enbodi ments of theg nvention, ki qur [.S:_an pked

of the size reduct Fon-nH h??leplngHP: B}]eegsﬁéﬁpgvgﬁ{iigﬁ;gﬁ

expl oded el evational view of the size reduction X
diametrically opposed machined flat surfaces 48 for receiving complementary fittings

of impeller 16. Machined surfaces 48 are rotated 90° relative to machined surfaces
51. The remote end of receiving end 46 has an axially extending threaded bore 50.
5 Referring to Figure 6, impellers 15 and 16 have an axially extending
central aperture 54. Central aperture 54 axially extends through the axial body
portions of impellers 15 and 16. Central aperture 54 has complementary abutments
56 for mating with flat machined surfaces 48 and 51, respectively, of spindle 14.
Altimugh machined surfaces 48 and 51 and abutments 56 have been described, any
10 type of engagement surfaces, such as keyways, splines, etc., may be used provided
rotational drive can be effectively transmitted from the spindle 14 to the impellers
15 and 16. Figure 7 illustrates a key and keyway arrangement.
To assemble the size reduction machine, spacer 70 is preset to a known
axial length setting to establish a predetermined gap between impeller 16 and screen
15 18. Spacer 70 is presented to spindle 14, followed by impeller 15. Gasket 64 is
presented to flange 38, Screen 17 is presented to gasket 64. Washer 71 is presented
to the base of impeller 15. Washer 71 has a predetermined thickness for spacing
impeller 16 along spindle 14 for establishing the gap between impeller 16 and screen
18. Impeller 16 is presented to spindle 14 through opening 27 of screen 17. Boit 98
20 is presented to counter bore 100 of impeller 16 to engage threaded bore 50 of
spindle 14. Bolt 98 is tightened, urging impeller 16 against spacer 70 against
shoulder 53. End seal portion 78 forms a metal to metal seal with shoulder 52 of
spindle 14 substantially preventing parﬁéles from entering the interior of spacer 70.

Spacer 70 is releasably fastened, fixing the gap between the impeller 16 and screen




15 - ITB.ChI ne of Figure 1; Figure 3 I's a sectional
view of oneW@PsR¥M87col | ars of the spacing device of the size PEHGAPTHWS?
machi ne of Figure 1; Figure 4 is a sectional view of the other of the
collars of the spacing device of the size reduction rrachl ne of Figure

1, Figure 5 is an el evational view of %the receiving en 'siﬁ ﬂ’ﬁ la“d
partially in section, of the size reduction machine of Fig ,ﬂﬂ ﬁﬂ
is an el evaltsl.on view, parially in section, and top plan

Since machined surfaces 48 and 51 on spindle 14 are 90° relative to
each other, impellers 15 and 16 are also 90° relative to each other. The offsetting
of impellers 15 and 16 enhances the flow of particulate material through the screens

517 and 18. As particulate material passes through screen 17, the material will flow
onto screen 18 before the impeller blade of impeller 16 urges the particulate
material through screen 18.

The corresponding screen 18 is selected and placed in shroud 58.

Shroud 58 is presented to screen 17. Bolts 62 are pivoted and introduced into
10 notches 40 to releasably attach the shroud 58 to the housing.

The bank angle a, the aperture size of screen 17 and corresponding
impeller are selected depending on the type and input size of the material being
milled and the amount of reduction desired. The bank angle 8, aperture size of
screen 18 and the corresponding impeller are selected according to the desired

15 output size and consistency. The selection of bank angle, aperture size, gap size and
impeller type is well known in the operation of size reduction machines.

In use, product to be milled is introduced into input 20. The product
falls through housing 12, past the rotating first stage impeller 15, through screen 17,
past the rotating second stage impeller 16, through screen 18 and downwardly

20 through shroud 58 to exit through output 22.

To change the gap setting, the shroud 58 and screen 18 are removed
exposing the impeller 16. Bolt 98 is removed allowing screen 17 and first stage
impeller 15 to be removed. The axial length of the spacer 70 is set by rotating collar

72 relative to collar 74. The size reduction machine is reassembled ready for use.




!-4 Vi éw of the mating end of t he irrpéller of the size reduction maﬁ],i ne of
Fi gure WO %84¥ gure 7 is an el evational view of the siZceWPon
machi ne of Figure 1 in an assenbl ed condition. 5 Detail ed Description of

the Invention The size reduction rraché ne incorporating the present
I nvention is n7T

While the invention herein has been described in connection with

exemplary embodiments, it will be understood that many modifications will be

apparent to those skilled in the art.
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il usf rai ed in Figure 1. The machi ne'general |y has a housin éf’i ndl e
14, a fi W29%¥2048% i npeller 15, a second stage inpeller 16, C425{00 age
screen 17 and a second stage screen 18. The spindle 14 and inpellers 15 and

16 are |located in a channel 10 havi ngﬂﬁg i nput 20 andrh%rshé%pit{gja ﬁ%ﬂ green

17 has a tapered apertured wall 23 forHed into a frust W th
a wde end 25 and a narrow end 27. Both ends 25 and 27 ning 27
is sized to sealingly receive the axial body of inpell een 17
has a ciWeutlamm:f | ange 29 which surrounds and extends outwardly of the w de
end 25. 15 Simlarly, screen 18 has a tapered apertured wall 24

formed into a frusAGigdRiduetion biBind fof use i peocessindustried to coatinovusind 28.
End 26 is open while
and precisely reduce the size of particles, while controlling fines, said machine
comprising a rotatable spindle, a motor operably connected to said spindle for
5 effecting rotation of said spindle, said spindle being mounted within a channel having
an input and an output, said size reduction machine comprises

a first stage impeller mounted on said spindle,

a first screen rigidly mounted within said channel so that particles
passing from the input to the output pass through said first screen as said first stage

10 impeller rotates relative to the first screen,

a second stage impeller mounted on said spindle,

a second screen rigidly mounted within the channel so that particles
passing from the first screen will pass through the second screen as the second stage
impelicr rotates relative to the second screen,

15 a spacer means for positioning the impellers along said spindle to
maintain a first gap between an edge of said first stage impeller and an interior of
said first screen and to maintain a second gap between an edge of said second stage
impeller and an interior of said second screen.

2. A size reduction machine as claimed in claim 1 wherein said first

20 screen and said second screen have a common mount.

3. A size reduction machine as claimed in claim 1 wherein said first
screen is nested within said second screen.
4. _ A size reduction machine as claimed in claim 1 wherein said first

screen has a first bank angle and said second screen has a second bank angle, said
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end. 2%v'§5/%4317east partially closed. The screen 18 has apegiricaukadosf! ange 30
whi ch 'surrounds and extends outwardly of the wide end 26. The bank angle a
bet ween an i magi nary |ine perpendicular to the axis 20 of rotation of

spindle 14 and the working surface_qgf the bl ade of t'ﬁésShﬂEélbﬂB?pn&@laeﬁdd al so

the angle of the tapered wall 23 is lss than the corr”am! nﬂ";“mm"t angl e
) h
f

[err] of inpeller 16 and tapered wall 24. In addition e
ZBEH eébg{ak{agggggc%%ﬁeé?c@lﬁéﬂl Ii%glgr eater than the size of the

5. A size reduction machine as claimed in claim 4 wherein said first
screen has an open narrow end adapted to frictionally engage said second impeller.
6. A size reduction machine as claimed in claim 5 wherein said second

5 impeller is sized to freely rotate between the first screen and said second screen.
7. A size reduction machine as claimed in claim 6 wherein said first
screen is nested with said second screen.
8. A size reduction machine as claimed in claim 1 wherein said spacer
means comprises a first spacer device for establishing a gap between the first

10 impeller and the first screen and a second spacer device for establishing a gap
between the second impeller and the second screen.
9. A size reduction machine as claimed in claim 8 wherein said first
spacer device and said second spacer device are washers having a predetermined
thickness.

15 10. A size reduction machine as claimed in claim 8 wherein said first
spacer device and said second spacer device are extensible spacer devices.
11. A size reduction machine as claimed in claim 8 wherein one of said
first spacer device and said second spacer device is a washer having a predetermined
thickness and the other is an extensible spacer device.

20 12. A size reduction machine as claimed in claim 11 wherein said
extensible spacer device comprises a first collar having an axially extending bore and
an internal thread on an inside surface of said bore, said first collar having a
circumferential shroud extending axially, a second collar having a base portion, a

barrel portion and an axially bore extending therethrough, said barrel portion having
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_'-5 - Fl anges 297 ipjieat Ha Replageds amre approxi mate di anmeter to all ow screen ‘
17 t owessliaondst hi u n installed in the channetT/CAOH8903g 12 has
top cover plate | 20 offset to one side of the housing 12.

| medi ately bel ow the top cover plate 32 is a wall 34 defining the 5
channel for passing particles to b@2mlled. Vall 34 converges to a circula
opening 36. The circunference of circular opening 36 has an outwardly
extending flange 38 having a plurality of circunferentially spaced notches

40. S el thASdPadigted 18 thidalitfy Efgape' saRt Rl thfRaBPENEMBrdhd t he
adapted to cover said barrel portion and frictionally engage said base portion when
said first collar threadingly engages said second collar, a calibrated scale on said base
portion and a plurality of gradations circumferentially extending about said shroud

5 to indicate an axial length of said spacer device as said first collar is rotated relative
to said second collar.
13. A size reduction machine as claimed in claim 1 wherein said first
impeller has a pair of opposed blades and said second impeller has a pair of
opposed blades and said first and second impellers are mounted on said spindle
10 whereby the blad;:s of said first impeller are 90° relative to the blades of the second
impeller.
14. A size reduction machine as claimed in claim 13 wherein said spacer
means comprises a first spacer device for establishing a gap between the first
impeller and the first screen and a second spacer device for establishing a gap
15 between the second impeller and the second screen.
15. A size reduction machine as claimed in claim 14 wherein one of said
first spacer device and said second spacer device is a washer having a predetermined
thickness and the other is an extensible spacer device.
16. A size reduction machine as claimed in claim 15 wherein said
20 extensible spacer device comprises a first collar having an axially extending bore and
an internal thread on an inside surface of said bore, said first collar having a
circumferential shroud extending axially, a second collar having a base portion, a
barrel portion and an axially bore extending therethrough, said barrel portion having

an external thrcéd adapted to threadingly engage said internal thread, said shroud
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upper end Fl ange 60 has a pl uraI|ty of bolts 62 attached 3 for
pi vot al WO@52843%%chnent thereto. The bolts 62 are circunf ere&?a%f,gﬁghaced
about the flange 60 to nate with notches 40 of flange 38 of housing 12.
Gasket 64 is adapted to seal the jOIIi bet ween fl anges 38 and 60. Spindle
14 is rotatable nmounted on top cover %Iate 32 using conventional bearings
and mounts. The spindle 14 extends |ongitudinally through 15 housing 12

' defining an axial extent. The aX|s of rot on of s Ie 14 | s concentric
with t hedapsed & coversaid bamel part aﬁls&? é%&E%s%‘ﬁ dly
fromthe top cover plate 32 to present a shaft for .receiving pulleys 42
adapt edsdidfirs collanthreddingle lengages shidsecond coliaxpa calibrated foate on bdiddaseit ed) .

portion and a plurality of gradations circumferentially extending about said shroud
to indicate an axial length of said spacer device as said first collar is rotated relative

5 to said second collar.
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_Spindl : ' tepped presenting a plurality of ci rcunf er gpkicalospesh aces 20
45, 47Qg§§SQ§Q§The di aneter of surface 49 is |less than the dianeter of

surface 47 which is less than the di aneter of surface 45. Circunferenti al
surfaces 45, 47 and 49 establish shoulders 52 and 53. Surface 47 has a pair

of diametrically opposed machined flat/8urfaces 51 for receiving
conplenentary fittings of inpeller 1547Fhe extensible spacer device 70
illustrated in Figures 3 anqzé conpri se - 6-
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of a +5@%4Z? and collar 74. Collar 72 has a central bog@r/bavd g An
I nt erna 12%d 76. The diameter of the central bore is greater than the

outside diameter of the circunferential surface 47 of the spindle 14. The
upper end of collar 72 has an end seal portion 78 presenting an openi ng 80.
Opening 80 has a diameter within ver3/4% close tol erances with the outside
di aneter of circunferential surface 47 of spindle 14. Collar 72 has a
shroud 82 which extends axially defining an internal bore. The inner face
of the I ower end of shroud 82 has a ring groove 84 adapted to receive an
Oring 86. Collar 74 has a central bore 88 extending axially. The central

bore 88 10 has a dianeter within very tol erances with the outside
di ameter of the
B 62 M
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~circunferential surface 47 of spindle 14. Collar 74 has a t hr ead
90 cut WR%2k7rel portion. Thread 90 is adapted for threggg?‘&g%‘g‘g]lé%nent
with internal thread 76 of collar 72. Collar 74 has a base portion 92
havi ng an external dianeter. The external dianmeter of base 92 is within
close tolerances with the inside di ampger of the 15 internal bore of shroud
82. As is apparent, collar 74 wll fit within collar 72 with O ring 86
sealing the threaded portion from penetration by or intrusion of particles
during operation. The base of collar 74 has a calibrated scale 93 on an

external face. The scale 93 is relative to the 8Qe coarseness of the
thread 90. Rotation of 20 collar 72 relativ¢ tgjcoll 74 wi ||l advance or
detract collar 74, varying the axi al T 8
=&
FIG.3 ‘
i
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~length of spacer device 70. A standard m croneter relationﬁ@gg ypen the
rotati owoPseMd7 col | ar and t he extension di stance of spacer 'S use

Al ternatively, other spacing devices such as washers or spacers could used.
The use of spacers or washers is well known in the art. -7 - Referring
to Figure 5 the receiving end 46 of spigpdle 14 has dianmetrically opposed
machi ned flat surfaces 48 for receiving conplenentary fittings

FIG.7
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of inpeller 16. Machined surfaces 48 are rotated 90[err].-relativie to .
machi ned surfaces 51. The renote end of receiving end-46. has .an, aX|aIIy :
extendi ng t hreaded bore 50. 5 Refering.to. Fi gure 6 inpel ) Q,rs
15 and 16 have an axially extending central apeyture 54 Oentrq‘l apertureﬁ
54 axially extends through the axial body portigns. of " i frpel | ersk15 and 16
Central aperture 54 has conpl enentary a?ut ments 56 for mating w th ftat
machi ned surfaces 48 and 51, respectively, ofispindle 14. AIthouN? p;THChI ned

surfaces 48 and 51 and abutments 56 have been.descri bed; “any” 10’

engagenent surfaces, @@ﬁm Etﬁ?é'ﬂ e used provided’
rotational drive can %gﬁgﬁ“gg‘lt&l vely transmited %tr:omt e spindle 14 to the
i mpel l ers %%elanﬂ:la tJ:ingure 7 illustrates a key and keyway arrangenent.

This invention relates to a size reduction machine and in particular a

size reduction machine having a multi-staged impeller for reducing the size of
5 particulate material.
Backeronnd of the Invention
Size reduction machines of the prior art utilize a frusto-conical shaped
screen loétcd in a channel between an input and an output. Such size reduction
machines are more particularly described in United States Patent Na. 4,759,507, In
10 these machines, various screens and impellers are used depending on the size and
type of product that is being processed. The screens have apertures in different sizes
and shapes to produce a desired milled product.
Once the desired impeller and screen have been selected and the gap
therebetween properly adjusted, particulate material is passed through the machine
15 and the size of the material is reduced. The amount of reduction is dependent on
a number of factors, including the size of the apertures of the screen, the angle of
the wall of the screen, the gap between the wall of the screen and the impeller. In
many cases, the desired particle size cannot be achieved with a single pass. The
particulate must first be passed through a machine having a first screen and then
20 passed through a machine having a second screen. In some extreme cases, tha
particulate must be passed a third or fourth time. If the production facility does not
have enough machines, the same machine must be dismantled and a second screen
must be installed and calibrated. This process is very time consuming, requiring

skilled technicians to properly adjust the gap between the impeller and screen.
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To assenbl e the size reduction machine, spacer 70 is preset to a known
axial length setting to establish a predeterm ned gap between inpeller 16
and screen 15 18. Spacer 70 is presented to spindle 14, followed by

i npel l er 15. Gasket 64 is presented to flange 38. Screen 17 is presented to
gasket 64. Washer 71 is presented to the base of inpeller 15. Washer 71 has
a predeterm ned thickness for spacing-i2npeller 16 along spindle 14 for
establishing the gap between inpeller 16 and screen 18. Inpeller 16 is
presented to spindle 14 through opening 27 of screen 17. Bolt 98 20 is

present ed Farthex ptablets ofqidity céntrolimiremses 46theonenpergy tinwsahe etichined 50 of
spindle 14. Bolt 98 is tightened, urging inpeller 16 against spacer 70

agai nst shg dBimahfled Dictesseal Tiuse i probléthsf secomen paricalarty caciitd #lhesetht Wi t h
shoul der 52 of
machines are used preparing pharmaceuticals.
There have been a number of machines which bave attempted to.
5 address this problem by increasing the number of stages on the impeller. Such
machines are described in United States Patents nos. 2,822,846 and 3,249,310, These
machines are capable of reducing particulate material into a smaller particulate size
but are in asscncc two size reduction machines stacked one on top of the other and
mounted on @ common shaft These machines are unable to fit within the size
10 restrictions demanded in the pharmaceutical industry. Further, these machines are
unable to meet the strict quality requirements of the pharmaceutical industry.
Summary of tﬁe Invention
The disadvantages of the prior art may be avercome by providing a
size reduction machine having a multi-staged impeller and a pharality of screens for
15 reducing the size of a particulate material iz 2 single pass.
1t is desirable to provide a device having an impeller having a first and
second set of blades for rotating past a first screen and a second screen, respcctive;y
for multi-staged reduction of particulate size with a single pass.
According to one aspect of the invention, there is provided a size
20 reduction machine for vse in process industries to continuously and precisely reduce
the size of particles, while controlling fines. The machine has a rotatable spindle and
a motor operably connected to the spindle for effecting rotation of the spindle. The

spindle is mounted within a channel baving an input and an output. The size

reduction machine comprises a first stage impeller mounted on the spindle, a first

el L o raiace nent aneet
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spindle 14 substantially preventing particles fromentering the interior of
spacer 70. Spacer 70 is releasably fastened, fixig the gap between the
i npel ler 16 and screen 18. Since machi ned surfaces 48 and 51 on spindle
14 are 90[err] relative to each other, inpellers 15 and 16 are al so 90[err]
relative to each other. The offsetting of inpellers 15 and 16 enhances the
flow of particulate material through th& screens 5 17 and 18 As particul ate
mat eri al passes through screen 17, the material wll flow
screen rigidly mounted within the channel so that particles passing from the input to
the output pass through the first screen as the first stage impeller rotates relative to
the first screen, a second stage impeller mounted on the spindle, a second screen
rigidly mouvnted within the channel so that particles passing from the first screen will
5 pass through the second screen as the second stage impeller rotates relative to the
second screen, a spacer for positioning the impellers along the spindle to maintain
2 first gap between an edge of the first stage impeller and an interior of the first
screen and to maintain a second gap berween an edge of the second stage impeller
and an interior of the second screen.
10 Detailed Description of the Drawings
In figures which illustrate embodiments of the invention,
Figure 1 is an exploded perspective view of the size reduction
machine of the present invention;
Figme 2 is an exploded elevational view of the size reduction
15 machine of Figure 1;
Figure 3 is a sectional view of one of the collars of the spacing
device of the sizé reduction machine of Figure 1;
Figure 4 iIs a sectional view of the other of the collars of the
spacing device of the size reduction machine of Figure
20 JH
Figure 5 is an elevational view of the receiving end of the shaft,
partially in section, of the sizc reduction machine of
Figure 1;

Figure 6 is an elevation view, partially in section, and top plan
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onto screen 18 before the inpeller blade of inpeller 16 urges the
particul ate material through screen 18. The corresponding screen 18 is

sel ected and placed in shroud 58. Shroud 58 is presented to screen 17.
Bolts 62 are pivoted and introduced into 10 notches 40 to rel easably attach
the shroud 58 to the housing. The bank angle [err], the aperture size of
screen 17 and corresponding inpeller are sel ected depending on the type and
i nput size of the material being nilled%and the ampbunt of reduction
desired. The bank angle [err], aperture size of screen 18 and the
correspondi ng inpeller are selected,_according tg the desired 15 output size
and consi stency. The sel ecti onVisW AR cap Rl thee impelier elafcs and

reduction machine of Figure 1; and
Figure 7 is an elevational view of the size reduction machine of
Figure 1 in an assembled condition.
5 Detailed Description of the Invention

The size reduction machine incorporating the present invention is
Jlustrated in Figure 1. The machine generally has a housing 12, a spindle 14, a first
stage impeller 15, a second stage fmpeller 16, a first stage screen 17 and a secand
stage screen 18. The spindle 14 and impellers 15 and 16 are located in a channel

10 having an input 20 and an output 22,

Screen 17 has a tapered apertured wall 23 formed into a frusto-conijcal
shape with a wide end 25 and a narrow end 27. Both ends 25 and 27 are apen.
Opening 27 is sized to sealingly receive the axial body of impeller 16, The screen 17
has a circular flange 29 which surrounds and extends outwardly of the wide end 25.

15 Sirpilarly, screen 18 has a tapered apertured wall 24 formed into a
frusto-conical shape with a wide end 26 and a narrow end 28, End 26 is open while
end 28 is at Jeast partially closed. The screen 18 has a circular flange 30 wi;ich
surrounds and extends outwardly of the wide end 26,

The bank angle @ between an imaginary line perpendicular to the axis

20 of rotation of spindle 14 and the working surface of the blade of the impeller 15 and
also the angle of the tapered wall 23 is less than the corresponding bank angle 8 of
impelier 16 and tapered wall 24. In addition, the size of the apertures of tapered
wall 23 is generally greater than the size of the apertures of tapered wall 24 of screen

18.
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I mpel | er

type is well known in the operation of size reduction machi nes.
use, product to be mlled is introduced into input 20. The product falls
t hrough housing 12, past the rotating first stage inpeller 15, through

screen 17, past the rotating second stage inpeller 16, through screen 18
and downwardly 20 through shroud 58 to exit through output 22. To change

the gap setting, the shroud 58 and scregn 18 are renoved exposing the
16. Bolt 98 is renoved allowi ng screen 17 and first stage inpeller

i mpel | er
15 to be

renoved. The axial length of the spacer 70 is set by rotating

In

collar 72 relative t gugflek 80 addao Hve t6é fad AshHekinnRe SREHQ0 low easaendl ed

ready for

use.
17 to nest within screen 18 when installed in the channel

Housing 12 has a top cover plate 32 having input 20 offset to one side
of the housing 12. Immediately below the top cover plate 32 is a wall 34 defining the
§ channel for passing particles to be milled. 'Wall 34 converges to 4 circular apening
36. The circumference of circular opening 36 has an outwardly extending flange 38
having a plurality of circumferentially spaced notches 40.
~ Shroud 58 has a circular flange 60 surrounding the opening at the
upper end. Flange 60 has a plurality of bolts 62 attached to hinges 63 for pivotal
10 attachment thereto. The bolts 62 are circumferentially spaced about the flange 60
to mate with notches 40 of flange 38 of housing 12. Gasket 64 is adapted to seal the
joint between flanges 38 and 6Q.
Spindle 14 is rotatable mounted lon top cover plate 32 using
conventional bearings and mownts, The spindle 14 extends longitudinally through
15 housing 12 defining an axial extent. The axis of rotation of spindle 14 is concentric
with the center of the circular opening 36. Spindle 14 extends upwardly from the top
cover plate 32 to present a shaft for receiving pulleys 42 adapted to be driven by
belts 44 from a suitable drive (not ilustrated).
Spindle 14 is stepped prasenting a plurality of circumferential surfaces
20 45, 47 and 49. The diameter of surface 49 is less than the diameter of surface 47
which is less than the diameter of surface 45. Circumferential surfaces 45, 47 and
49 establish shoulders 52 and 53. Surface 47 has a pair of diametrically opposed
machined flat surfaces 51 for receiving complementary fittings of impeller 15.

The extensible spacer device 70 illustrated in Figures 3 and 4 comprises

A



9 - Wiile the invention herein has been described in connection with
exenpl ary enbodinents, it will be understood that many nodifications

be apparent to those skilled in the art. - 10
-6~

of a collar 72 and collar 74. Collar 72 has a central bare having an internal thread
76. The diameter of the central bore is greater than the outside diameter of the
circumferential surface 47 of the spindle 14, The upper end of collar 72 has an end
seal portion 78 presenting an opening 80. Opening 80 has a diameter within very
5 close tolerances with the outside diameter of circumierential surface 47 of spindle
14. Collar 72 has a shroud 82 which extends axially defining an internal bore. The
inner face of the Jower end of shroud 82 has a ring groave 84 adapted to receive an
O-ring 86.
. Collar 74 has a central bore 88 extending axially. The central bore 88
10 has a diameter within very close tolerances with the outside diameter of the
circumferential surface 47 of spindle 14. Collar 74 has an external thread 90 cut on
8 barrel portion. Thread 90 is adapted for threaded engagement with internal thread
76 of collar 72. Collar 74 has a base portion 92 having an extergal diameter. The
external diameter of base 92 is within close tolerances with the inside diameter of the
15 internal bore of shroud 82, As is apparent, collar 74 will fit within collar 72 with O-
ring 86 sealing the threaded portion from penetration by or imtrusion of particles
during aperation. ‘
The base of collar 74 has a calibrated scale 93 on an external face.
The scale 93 is relative ta the type and coarseness of the thread 90. Rotation of
20 collar 72 relative to collar 74 will advance or detract collar 74, varying the axial
length of spacer device 70, A standard micrometer relationship between the rotation
of the collar and the extension distance of spacer 70 is used.
Altcmaﬁvety, other spacing devices such as washers or spacers could

used. The use of spacers or washers is well known in the art.
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W claim 1 A size reduction machine for use in process

I ndustries to continuously and precisely reduce the size of particles,
while controlling fines, said nmachine conprising a rotatable spindle, a

not or operably connected to said spindle for 5 effecting rotation of said
spindle, said spindle being nmounted within a channel having an input and an
out put, said size reduction nmachine camprises a first stage inpeller
nounted an said spindle, a first screen rigidly nounted within said channel
so that particles passing fromthe input to the output pass through said

first screen as sai dRkfdrhg StoaBandd 3, el keveivinyt @nds 46 edfaspindle Q4the first

e diametrically opposed machined flat surfaces 48 for receiving complementary fittings
of impeller 16, Machined surfaces 48 are rotated 90° relative to machined surfaces
51. The remote end of recciving end 46 has an axially extending threaded bore 50.
3 Referring to Figure 6, impellers 15 and 16 bave an axally extending
central aperture 54, Central apertre 54 axially extends through the axial body
portions of_impellers 15 and 16, Central aperture 54 has complementary abutrnen;ts
56 for mating with flat machined surfaces 48 mnd 51, respectively, of spindle 14.
Although machined surfaces 48 and 51 and abutments 56 have been described, any
10 type of engagement surfaces, such as keyways, splines, etc., may be used provided
rotational drive can be effectively transmitted from the spindle 14 to the impellers

15 and 16, Figure 7 illustrates a key and keyway arrangement.
To assemble the size reduction machine, spacer 70 is preset to 2 known
axial length setting to establish a predetermined gap between impelier 16 and screen
15 18, Spacer 70 is presented to spindle 14, followed by impeller 15. Gasket 64 is
presented to flange 38, Screen 17 is presented to gasket 64. Washer 71 is presented
10 the base of impeller 15. Washer 71 has a predetermined thickness for spacfr;g
impeller 16 along spindle 14 for establishing the gap between impeéller 16 and screen
18. Impeller 16 is presented to spindle 14 through opening 27 of screen 17. Bolt 98
20 is presented to counter bore 100 of impeller 16 to engage threaded bore 50 of
spindle 14. Bolt 98 is tightened, urging impeller 16 against spacer 70 against
shoulder 53. End seal portion 78 forms a metal to metal seal with shoulder 52 of
spindle 14 substantially preventing partiélcs from entering the interior of spacer 70.

Spacer 70 is releasably fastened, fixing the gap between the impeller 16 and sereen
This is the replacement sheet
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‘a second stage inpeller munted on said spindle, a second screen rigidly
nmounted within the channel so that particles passing fromthe first screen
wi || pass through the second screen as the second stage inpeller rotates
relative to the second screen, 15 a spacer means for
positioning the inpellers along said spijndle to maintain a first gap

bet ween an edge of said first stage inﬁgrler and an interior of said first
screen and to naintain a second gap between an edge of said second stage

i npeller and_an interior of said second screen. 2. A size
reduction nd&hine as claimed in claim1 wherein said first 20 screen and

sai d second screen have a commpn unt .
Since machined ces 48 and 51 on spindle 14 are 90° relative 10

each other, impellers 15 and 16 are also 90° relative to each other. The offsetting

of impellers 15 and 16 enhances the flow of particulate material through the screens

517 and 18. As particulate material passes through screen 17, the material will flow

onto screen 18 before the impeller blade of impeller 16 urges the particulate
material through screen 18.

 The corresponding screen 18 is selected and placed in shroud 58.

Shroud 58 is presented to screen 17. Bolts 62 are pivated and introduced into

10 notches 40 to releasably attach the shroud 58 to the housing.

The bank angle «, the aperture size of screen 17 and corresponding
impeller are selected depending on the type and input size of the material being
milled and the amount of reduction desired. The bank angle 8, aperture size of
screen 18 and the corresponding impeller are selected according to the desired

15 output size and consistency. The selection of bank angle, aperture size, gap size and
impeller type is well known in the operation of size reduction machines.

In use, product to be milled is introduced into input 20. The prodict
falls through housing 12, past the rotating first stage impeller 15, through screen 17,
past the rotating second stage impeller 16, through screen 18 and downwardly

20 through shroud 58 to exit through output 22,

To change the gap setting, the shroud 58 and screen 18 are removed
exposing the impeller 16. Bolt 98 is removed allowing screen 17 and first stage
impeller 15 to be removed. The axial length of the spacer 70 is set by rotating collar

72 relative to collar 74. The size reduction machine is reassembled ready for use.
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3. A size reduction nachine as clained in claim1 wherein said
first screen is nested within said second screen. 4. A size
reduction machine as clainmed in claim1l wherein said first screen has a
first bank angle and said second screen has a second bank angle, said
first bank angle is less than the second bank angle. 5. A size
reduction machine as clainmed in claim<pwherein said first screen has an
open narrow end adapted to frictionally engage said second inpeller.

While the invention herein has been described in connection with
exemplary embodiments, it will be understood that many modifications will be

apparent to those skilled in the art
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6. A size reduction machine as clained in claim5 wherein said
second 5 inpeller is sized to freely rotate between the first screen and
sai d second screen. 7. A size reduction machine as clainmed in
claim6 wherein said first screen is nested with said second screen. 8.
A size reduction machine as clainmed in claim1l wherein said spacer neans
conprises a first spacer device for estlibli shing a gap between the first 10
impeller and the first screen and a second spacer device for establishing a
gap between the second inpeller and the second screen. 9. A size
reducti on Weldaim:as clainmed in claim8 wherein said first spacer device
and sai d second spacer device are washers having a predeterm ned
1 A size reduction machine for use in process industries to continuously
and precisely reduce the size of particles, while controlling fines, said machine
comprising a rotatable spindle, a motor operably connected to said spindle for
5 effecting rotation of said spindle, said spindle being mounted within a channel having
an input and an output, said size reduction machine comprises
a first stage impeller mommted on said spindle,
~ a first screen rigidly mounted within said channel so that particles
passing from the input to the output pass through said first screen as said first stage
10 impeller rotates relative to the first screen,

a second stage impeller mounted on said spindle,

a second screen rigidly mounted within the channel so that particles
passing from the first screen will pass through the second screen as the second stage
impeﬂcr rotates relative to the second screen,

15 a spacer means for positioning the impellers along sajid spindle to
maintain a first gap between an edge of said first stage impeller and an interior of
said first screen and to maintain a second gap between an edge of said second stage
impeller and an interior of said second screen.

2 A size reduction machine as claimed in claim 1 wherein said first

20 screen and said second screen have a common mount.

3. A size reduction machine as claimed in claim 1 wherein said first
screen is nested within said second screen.

4, _ A size reduction machine as claimed in claim 1 wherein said first

screen has a first bank angle and said second screen has a second bank angle, said
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t hi ckness. 15 10. A size reduction machine as clainmed in claim8
wherein said first spacer device and said second spacer device are

ext ensi bl e spacer devices. 11. A size reduction nmachine as clained
in claim8 wherein one of said first spacer device and said second spacer
device is a washer having a predeterm_ngd thickness and the other is an

ext ensi bl e spacer device. 20 12. A size reduction machi ne as
claimed in claim1l wherein said extensible spacer device conprises a first

Col 21 "o R SR A gl e e on o )t
extending gxially, a geaNa6Honnalfike 1 BailfbdCinP Qblrh 4 whirein said first

screen has an open narrow end adapted to frictionally engage said second impeller.
6. A size reduction machine as claimed in claim 5 wherein said second

5 impeller is sized to freely rotate between the first screen and said second screen.
7. A size reduction machine as claimed in claim 6 wherein said first
screen is nested with said second screen.
8. " A size reduction machine as claimed in claim 1 wherein said spacer
means comprises & first spacer device for establishing a gap between the first

10 impeller and the first screen and a second spacer device for establishing a gap
between the second impeller and the second screen.
9. A size reduction machine as claimed in claim 8 wherein said first
spacer device and said second spacer device are washers having a predetermined
thickness.

15 10. A size reduction machine as claimed in claim 8 wherein said first
spacer device and said second spacer device are extensible spacer devices.
1L A size reduction machine as claimed i claim 8 wherein one of said
first spacer device and said second spacer device is a washer having a predetermined
thickness and the other is an extensible spacer device.

20 12, A size reduction machine as claimed in claim 11 wherein said
extensible spacer device comprises a first collar baving an axially extending bore and
an internal thread on an inside surface of said bore, said first collar having a
circumferential shroud extending axially, a second collar having a base portion, a

barrel portion and an axially bore extending therethrough, said barrel portion having

TRl o orgvacarenl shaet
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barrel portion and an axially bore extending therethrough, said barrel
portion having - 12 - an external thread adapted to threadi ngly engage
said internal thread, said shroud adapted to cover said barrel portion and
frictionally engage said base portion when said first collar threadingly
engages sai d second collar, a calibrated scale on said base portion and a
plurality of gradations circunferental t}2extendi ng about said shroud 5 to
i ndicate an axial length of said spacer device as said first collar is
rotated relative o .

an external thread adapted to threadingly engage said internal thread, said shroud

adapted to cover said barrel portion and frictionally engage said base portion when
said first collar threadingly engages said secand collar, a calibrated scale on said base
portion and a plurality of gradations circumferentially extending about said shroud
5 to indicate an axial length of said spacer device as said first collar is rotated relative
to said second collar.
13, A size reduction machine as claimed in claim 1 wherein said first
impeller ﬂas a pair of opposed blades and said second impeller has a pair of
opposed blades and said first and second impellers are mounted on said spindle
10 whereby the blad;'.s of said first impeller are 90° relative to the blades of the second
impeller. |
14, A size reduction machine as claimed in claim 13 wherein said spacer
means comprises a first spacer device for establishing a gap between the first
impeller and the first screen and a second spacer device for establishing a gap
15 between the second impeller and the second screen.
15. A size reduction machine as claimed in claim 14 wherein one of said
first spacer device and said second spacer device is a washer having a predetermined
thickness and the other is an extensible spacer device,
16. A size reduction machine as claimed in claim 15 wherein said
20 extensible spacer device comprises a first collar having an axially extending bore and
an internal thread on an inside surface of said bore, said first collar having a
circumferential shroud extending axially, a2 second collar having a base portion, a
barrel portion and an axially bore extending therethrough, said barrel portion having

an external thread adapted to threadingly engage said internal thread, said shroud
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to said second collar. 13. A size reduction machine as clained in
claim1 wherein said first inpeller has a pair of opposed bl ades and said
second inpeller has a pair of opposed blades and said first and second
inpellers are nounted on said spindle 10 whereby the bl ades of said first
inpeller are 90[err] relative to the bl ades of the second inpeller. 14.

A size reduction nachine as clained in claim13 wherein said spacer neans
conprises a first spacer device for estd8ldshing a gap between the first
inpeller and the first screen and a second spacer device for establishing a

gap 15 between the second inpeller and the second screen.
adapted to cover said barrel portion and frictionally engage said base portion when

said first collar threadingly engages said second collar, a calibrated scale on said base
portion and a plurality of gradations circumferentially extending about said shroud
to indicate an axial length of said spacer device as said first collar is rotated relative

5 to said second collar.
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15 A size reduction machine as clained in claim 14 wherein one of
said first spacer device and said second spacer device is a washer having a
predet erm ned thickness and the other is an extensible spacer device. 16.

A size reduction machine as clainmed in claim 15 wherein said 20 extensible
spacer device conprises a first collar having an axially extending bore and
an internal thread on an inside surfack*of said bore, said first collar
having a circunferential shroud extending axially, a second collar having a
base portion, a barrel portion and an axially bore extendi ng therethrough,

said barrel portion hé&ﬁﬂg*@ﬂ?@%%F%&%% %%5%%@1%%a%&%%1k% t hreadi ngl y engage

said internal thread, "sai

ABSTRACT

A gize reduction machine for use in process
industries to continously and precisely reduce the
size of particles, while controlling fines, has a
rotatable spindle {(14) and a motor operably connected
to the spindle for effecting rotation of the spindle.
The spindle (14) is mounted within a channel having an
input (20) and an output (22). The size reduction
machine has a first stage impeller (15) mounted on the
spindle. A first screen (17) is rigidly mounted
within the channel so that particles passing from the
input (20) to the output (22) pass through the first
screen (17) as the first stage impeller (15) rotates
relative to the first screen. A second stage impeller
(15) is mounted on the spindle. A second screen (18)
is rigidly mounted within the channel 8o that
particles passing from the first screen (17) will pass
through the second screen (18) as the second stage
impeller (16) rotates relative to the second screen.
A spacer (70) positions the impellers (15, 16) along
the spindle to maintain a first gap between an edge of )
the first stage impeller and an interior of the first
screen and to maintain a second gap between an edge of
the second stage impellér and an interior of the

second screen.

FIGURE 3
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- 13 - adapted to cover said barrel portion and frictionally engage said
base portion when said first collar threadingly engages said second collar,
a calibrated scale on said base portion and a plurality of gradations
circunferentially extendi ng about said shroud to indicate an axial |ength
of said spacer device as said frst collar is rotated relative 5 to said
second col | ar. 1
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