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This invention relates to a size reduction
machihe. In particular, this invention relates to a size
5 reduction machine having ‘a drive connected through an

enclosed gearbox for driving the impeller thereunder.

~ Background of Invention. |
Size redﬁction machines are widely used in the
production of pharmaceuticals and cosmetics. The
10 pharmaceutical or cosmetic is manufactured and then size
reduced into a granular or fine powder form. The
pharmaceutical and co_smei:ic industries have very strict
sanitary standards for operation and production. Size
reduction machines must be ca;iahle of being fully Sanitized
15 before it can be used in such environments.
Size reduction machines of the prior art utilise
a frusto-conical shaped screen located in a channel between
an input and an output. Such size reduction machines are
more p_ai:ticularly described in United States Patent No.
20 4,759,507. In 'thgse machines, various screens and
| impellers a.u:-e: ﬁsed to reduce the size of the particles.
The chb?'.ce of screeﬁ and impeller depends on the size and
type of product that is being processed. The screens can
have apertures in different sizes and shapes t;.: produce a
25 desired milled product. i

| The size reduction machines of the prior art are
driven by a motor operably connected to a shaft on which

the impeller is mounted. The drive is transmitted normally
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described in German patent no. 36 17 175.

Regardless of the type of drive, heretofore the
5 drive to the impeller has been applied to the shaft above
the impeller. As a result, the input of material to be
milled must be offset from the vertical axis of the
machine. Hoppers and feed pipes must be used to direct the
material from an input, about the drive and into the
'10 impeller region. The redirecting of material is
inefficient and more importantly such prior art machines
require more height than other types of mills.

The principal reason that the drive of a size
reduction machine is mounted above the impeller is ¢to
15 remove the drive from the path of the material to be
milled. By passing the material around the drive, the
drive is outside of the sanitary region of the machine.
| These machines can therefore meet the industry standards
for sanitation set by various regulatory bodies, including

20 the Food and Drug Administration in the United States.
The physical size of the size reduction machine
plays an important role when the size reduction machine is
being installed in an existing material processing system
as a replacement for another type of mill. If the size
25 reduction machine is physically too large, it cannot be
used as a replacement —machine for other types of size

reduction machines.

This Sheet Has Been R ei

A



<N e
- type hisSh@OS Bedy lad'ﬁ§ bei ng processed. The screens can have apertures in
di f-f-er g i apes to produce a desired mlled product. The size

. reduct jﬂﬂmmgﬂm the prior art agre driven by a notor operably
connect on which the Tn%e'l'l er is nmounted. The drive is
transmtted normal |y -2-1 by nmeans of a plurality of belts. However,
Sofe st ze In German patent no. 36 17 175, the shaft drive

is above the impeller and is fully enclosed permitting the
drive to remain in the direct flow of the material to be
milled. However since the material to be milled has very

S 1low kinetic energy before it enters the impeller region,
the input to the impeller region can become jammed allowing
the material to bridge over the inpui. A paddle is
requiredl to be mounted on the spindle to prevent such
bridging of material. )

10 summary of the Invention

The disadvantages of the prior art may be
overcome by providing an underdriven size reduction machine
having a drive which is fully enclosed in order to maintain-
a sanitary environment for the material to be milled.

15 It is desirable to provide a size reduction
machine with a means for removing the machine out of the
path of milling material for providing access to the
machine for full and proper cleaning thereof.

According to one aspect of the invention there is

20 provided a size reduction machine for use in process
industries to continuously and précisely reduce the size of
particles, while controlling fines. The size reduction
machine comprises an impeller mounted on a rotata_hle shaft,
a drive operably connected to the shaft for effecting

25 rotation of the shaft. The shaft and impeller are
vertié;_iiy mounted within a vertically extending channel
having an input and an output. A screen has a. tapered

apertured wall formed in a frusto-conical shape. The
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-~ reduction machi ne have shaft drives. One such machine is described in

* Cerman patent no. 36 17 175. Regardl ess of the type of drive, heretofore-

~the drive to the inpeller has been applied to the shaft above the inpeller

" As aresult, the input of material to be mlled nust be offset fromthe
vertical axis of the machine. Hoppers and feed pipes nust be used to
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the screen. The impeller is shaped and mounted so that a
gap between an edge of the impeller and an interior of the
5 screen remains substantially constant as the impeller
rotates relative to the screen. The improvement comprises
the drive being operably connected to'the shaft at a point
under where the impeller is mounted onto the shaft.
According to another aspect of the_invention, the
10 drive is fully enclosed and sealed within a gearbox
housing, substantially preventing ingress and egress of the
particles into and out of the gearbox housing.
According to another aspect of the invention, the
gearbox housing comprises a hollow body having
15 an upper end having a bore and an internal
counterbore,
a lower end having a sealable and opening,
a cap for closing said opening,
a side wall having an opening for sealingly
20 receiving a drive shaft of the drive means,
a lip seal fitted within the bore for sealingly
engaging the shaft,
a first racer bearing fitted within the internal
counterbore,
25 a second racer bearing fitted with the openihg,
whereby the shaft is rotatably mounted within the first and

second racer bearings and the drive shaft drivingly engages
-

O

the shaft.
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processi ng system
aperture adapted to frictionally fit about the upper end of

the gearbox for closing the narrow end.

According to still yet another aspect of the

invention, the impeller has a base having a circular disc

for directing flow of the particles outwardly towards the

Detailed Description of the ﬂiawings

In figures which illustrate embodiments of the

is an exploded perspective view of the
size reduction machine of the present
invention:;

is a front elevational view, partially
in section, of the end of the spindle
of the invention of Figure 1:

is a side sectional view of the
invention of Figure 1:;

is a bottom viéw of the impeller of the
invention of Figure 1;

is a perspective view of the impeller
of Figure 3;

is an exploded view of the impeller and
sﬁreen of the invention of Figure 1:

and

5
screen as the impeller rotates.:
10
invention,
Figure 1
15 Figure 1a
Figure 2
20 Figure 3
Figure 4
Figure S
25
-_—
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.~ as a replacenent for another type of mlIl. |If the size reduction nmachine

I's physically too large, it cannot be used as a replacenent nachine for

ot her types of size reduction nachi ges. -3- In Gernman patent no. 36 17
175, the shaft drive is above the inpeller and is fully enclosed permtting
the drive to remain in the direct flow of the material to be mlled.

Figure 6 is a side sectional view of the gearbox

and impeller arrangement of the
invehtion of Figure 1.

Detailed Description of the Invention

5 The size reduction machine of the present

invention is illustrated generally in Figures 1 and 2. The

machine generally.has a hollow housing 10, a support tube

14, an impeller housing 16, a spindle 18, an impeller 20

and a screen 22. )

10 Screen 22 has a tépered apertured wall 24 formed
into a frusto-conical shape'with a wide end 26 and a narrow
end 28. Both ends 26 and 28 are open. The screen 22 has
a circulér flange 30 which surrounds and extends outwardly
of the wide end 26.

15 The circumference of circular opening 36 of
impeller housing 16 has an outwardly extending flange 38
having a plurality of czrcumferentlally spaced notches 40.
The screen 22 is adapted to extend into housing 16 while
circular flange 30 abuts with flange 38.

20 The axis of rotation of spindle 18 is concentric

 with the centre of the circular opening 36 which defines an
imaginary vertical axis of the flow of material from the
input 17 to the output 19 of the machine as indicated by
the arrows in Figure 2.

25 The receiving end 46 of spinéie 18 has
diametrically opposed machined surfaces 48 and is adapted

to receive impeller 20. The receiving end 46 has an

" This Sheet Has Been Rep
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Referring to Figures 3 and 4, impeller 20 has an
axially exteﬁding central core 61. Impeller 20 is
preferably a 'type having a plurality of blades 59
circumferentially spaced about central core 61.
Preferably, the impeller has a circular base plate 66.

The lower end of core 61 has a central bore 55
hs;ing'complementary abutments 56 for mating with receiving
end 46 of spindle 18. The upper end of the central core 61
has a concentric bore 58 adapted to receive bolt 52 and
form an interior shoulder with central bore 55.

Although machined surfaces 48 and abutments 56
have been described, any type of engagement surfaces, such

as keyways, splines, etc., may be used provided rotational

drive can be effectively transmitted from the spindle 18 to

- the impeller 20.

Referring to Figure 5, flange 60 of hopper 62 has
a piurality of bolts 64 attached to hinges 63 for pivotal
attachment thereto. The bolts 64 are circumferentially
spaced about the flange 60 to mate with notches 40 of
flange 38 of housing 16. A gasket may be used to seal the
joint between flanges 38 and 60.

Referring back to Figures 1 and 2, spindle 18 is
enclosed within a gearbo§ 68. Gearbox 68 is joined to
adaptor 70 having a central bore extending therethrough.
Drive shaft 72 extends through adaptor 70 into gearbox 68

aﬁ one end in a manner discussed further below. A drive

This Sheet Has Been Rerla
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it a means for renoving the machine out of the pak et Hj ﬂEw l&teri al
for prQV|d|ng access to.the nmachine for full and pro hereof
—According to one aspect of the invenlign.there is. pr reductlon

machi ne for use in process industries to continuously and preC|se y reduce
-the size of particles, mhlle controlllng fines, said machi ne conprising an

| mpel | ergipa! @at@dhds ﬁ%-: pore BuBEi Vet n@ads iepecethpieddneect ed
to said spindle for effectlng rot ron of said spindle, said spindle and

i npel | era g1 84 §éﬁ§:‘bﬁﬁé 24 ByinESdpling 7S, vertical ly extending channel
haV|ng an Tnput “and a
‘Angled gearbox 74 transmits drive about a 90°
angie, 'Angled gearbox 74 is coupled to electric motor 76
5 via shaft coupiing 77 within coupling housing 78. Drive
shaft 72 is journalled within support tube 14 in a manner
weli-kndwn_in the art. Electric motor 76, coupiing 77 and
‘angled gearbox 74 are mounted within hollow housing '10.
_;ﬁollow.hcusing 10 is provided with an access plate 80 for
ld_ allowing service to the drive section of the apparatus.
Housing 10 is mounted to bearing cover 82 having
brackets 84 for bolting housing 10 thereto. Base plate 86
is provided with a bearing ring 88 adapted to receive
bearing cover 82.
i5 When fully assembled, housing 10 may be rotated
about a vertical axis 360°, swinging impeller housing 16
-:into and out of a desired location. Base plate 86 may be
bolted to the floor to add stability to the apparatus.
Referring to Figure 6, gearbok 68 is a hollow
20 housing having an upper end 90 and a lower end 92. The
upper end 90 has a first bore 94 and a countersunk bore 96
thereunder. The countersunk bore is sized to receive a
racer béaring assembly 98 in a friction fit.
The lower end 92 of gearbox 68 has a bore 100
25 extending therethré&gh. The lower most end of géarbox 68
has a lip 102fhaving an external thread thereon. The lower
end 92 of gearbox 68 is closable with a cap 104 having an

'internal threaded bore adapted to threadingly engage thread



.ouf put , a screen havi ng a tapered apertured ma&hsgﬁamﬁdsaﬂ lacedust 0- coni ca
shape, said screen rigidly nmounted within said any
‘particles passing fromsaid input to_said --43 hr ough sai d
“screen, said inpeller being shaped ~afld “nount ed a gap between an
edge of said inpeller and an interior of said screen remains substantially
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groove on surface to sealingly engage the cap 104 with the
gearbox 68.
Cap 104 has a circular recess sized to receive
5 shaft 108. Racer bearing assembly 110 fits with bore 100
" in a friction fit.
Spindle 18 is integral with shaft 108. The shaft
108 has two bearing surfaces 112 and 114 spaced to engage
the bearing assemblies 110 and 98, respectively, mounted at
10 the upper and lower ends oflﬁhe gearbox 68. A concentric
lip seal 116 is provided in the first bore 94 of the upper
end of the gearbox 68 and adapted to seal the bearing
surface 114 of the shaft 108 as it rotates. A bevel gear
118 is fixedly mounted on the shaft 108.
i5 Drive shaft 72 has a bevel gear 120 fixedly
mounted on the end thereof adapted to engage with the bevel
gear 118 mounted on the shaft 108 for drivingly rotating
the shaft and ultimately the impeller 20.
Gearbox housing 68 has a circular opening at the
20 side thereof and adapted to receive drive shaft 72. At the
mouth of the opening, a bearing 122 is mounted for
joufnalling the drive shaft 72 as it rotates. Adaptor 70
hés a flange 126 and is adapted to connect with the gearbox
68 in a sealing fit. An O-ring 128 is provided to properly
25 seal the adaptor 70 to the gearbox 68. Bolts 130 join the
- adaptor 70 to the gearbox 68.
Support tube 14 has a flange'124 for sealingly
engaging adéptor 70. An O-ring 134 seals flange 124 to the



. reans for drivingly rotating said spindle ext eIrhESheenmaaBsm ﬁlﬂﬁdaannel and is

operably connected to said spindle at a point u dinpeller is
nount ed onto said spindle. Accordlnglho another i nventi on,
e ox u

the drive is fully enclosed and seal within a gear s ng, _
substantially preventing ingress and egress of the particles |nto and out

Sfea'; ng %gaggﬁ%%stesscgg dw[?ﬁ.él'g %f@?}%\” r?gﬁgﬁgéuap% ‘ag (} avi ng bf)?g
and an 4, epBa ¢'"Y6ihCthe support tube 14 to the adaptor 70.
Support tube 14 is alsoc connected to impeller housing 16.
In the preferred embodiment for use in a sanitary
5 environment, all parts are manufactured out of stainless
steel. The bevelled gears are.greaséd for life of the
apparatus.

The upper end of gearbox 68 is provided with a
lip formation 138. The screen 22 has a lower béening 28.

10 The lower opening 28 is sized to frictionally fit about the
lip formation of gearbox 68.

Referring to Figures 3 and 4, impeller 20
preferably has a base disc 66. In use, the base disc 66
acts to direct the flow of material outwardly and away from

15 the 1lip seal 116, thereby minimizing the possibility of
milled material from entering the gearbox 68.

Washer shaped spacers 57 which are sized to fit
within concentric bore 58 and receive bolt 52. Spacers 57
are used to set the gap between the impeller blade 59 and

20 the interior of wall 24 of screen 22 in a manner well known
in the art.

Once a screen and impeller have been selected,
the operation and efficiency of the machine depends upon
the gap between the impeller and the interior wall surface

25 of the screen. The different wall thicknesses of tl;e
screen are compensated for by inserting ot‘removin&ngpacers
57 on the spindle 18 to move the impeller 20 relative to

the interior wall surface of the screen 22. Since the wall
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a si de mal ﬂr ning for sealingly receiving a drive shaft of the

drive nmean E |tted wi thin the bore for sealingly engaging the
" shaft, a fi racer earln fitt&d i thin the internal counterbore, a
second racer bearing fitted mnth t he openlng, whereby the shaft is
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the actual adjustment of the gap is less than the thickness
df the spacer 57 and depends upon the angle of the screen
relative to the horizontal. Since the tapered wall of the
5 screen has a known angle relative to the horizontal, the
gap is adjusted by inserting spacers having Xknown
thicknesses that will effect the desired gap.

The gap between the impeller 20 and the screen 22
is critical for producing a final milled product of

10 ' consistent particle size. If the gap is too iarge, there
is a loss of capacity or throughput, screen binding and a -
change in particle size. If no gap exists between the
impeller and the screen, the screen and the impeller will
become worn or burned and in the extreme, the impeller will

15 not rotate.

To assemble the size reduction machine, screen 22
is selected and placed in impeller housing 16. A gasket
may be placed circumferentially over the wide end 26 of
screen and presented to flange 38 of housing 16. Impeller

20 20 is presented to receiving end of 46 of spindle 18.
Spacers 57 are selected depending on the desired gap and
are presented to spindle 18. Bolt 52 is presented to bore
58 of impeller 20 to engage threaded bore 54 of §pind1e 14.
Bolt §2 is tightened, urging impeller 20 against spacers 57

25 against receiving end 46 of spindle 18 tﬁéreby setting the
gap between the impeller blades Sgngnd the screen 22.

Hopper 62.is pivoted and introducing the bolts 64
into notches 40 releasably attaching the hopper 62 to the



: shaft. This SHeGDE BeeABelitesSt i | | yet anot her aspect of the invention, the
screen d having an apex aperture adapted to frictionally fit
about taﬁﬂﬂmnungm t he gearbox_f ¢l osing the narrow end. According to
stilt vy ct of the invention, the inpeller has a base having a

circular disc for directing flow of the particles outwardly towards the
housing 16. Once assembled, the entire machine is rotated

until the input 17 and output 19 are in a desired alignment
with other material handling apparatus.
In use, product to be millled is introduced into
5 hopper 62 substantially in-line with the imaginary centr;l
axis of the flow of material. The product enters tﬁe
housing 16 at input 17, falls through housing 16 past the
rotating impeller 20, outwardly through screen 22 and
dov}nwardly through housing to exit through output 19.
10 - While the invention herein has. been described in
connection with exemplary embodiments, it will be
understood that many modifications will be apparent to

those skiiled in the art.
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flaurpq which illustrate enbodi nents of the |nvent|o S an
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pl oded perspective view of the size reduction rrachl n h s
- |an Hﬂf é “ is a front eteVdtfonal view, par"[:ﬂ w of
t he le of the invention of Flgure 1; |de

secti onal VI ew of the

CLAIMS

| 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 an impeller
mounted on a rotatable shaft, a drive means operably connected
to said shaft for effecting rotation of said shaft, said shaft
~and impeller being vertically mounted within a vertically
extending channel having an input and output, a screen having
a tapered apertured wall formed in a frusto-conical shape, said
screen rigidly mounted within said channel so that any
particles passing from said input to said output paSs through
said screen, said'-impeller being shaped and mounted so that a
gap between an edge of said impeller and an interior' of said
screen remains substantially constant as said impeller rotates
relative to the screen, wherein said drive means for drivingly
rotating said shaft is operably connected té said shaft at a

point under where said impeller is mounted onto said shaft.

2. The sizé reduction machine as claimed in claim 1
wherein said drive means is fully enclosed and sealed within
a gearbox housing, substantially preventing in_gress and egress

of said particles into and out of said gearbox housing.

. 3. The size reduction machine as claimed in claim 2

wherein sa:.d gearbox housing comprises a hollow body having

an upper end having a bore and in internal counterbore,
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invention of Figure 1; ure 3 is a botton1V|e ghler of the

i nvent i o |M mllélllﬂ"muméure 4 is a perspecth i npel | er of
Fi gure 3; il xpl oded viBW of the creen of the
i nvention “of Flgure 1. and

a lower end having a sealablé and closeab;e.opening,

a side wall having.an opening for seaiingly receiving
a drive shaft of said drive means,

a lip seal fitted within said bore for sealingly
engaging said shaft, ]

a first racer bearing fitted within said internal

counterbore,

a second racer bearing fitted with said opening,

whereby said shaft is rotatably mounted within said

first and second racer bearings and said drive shaft drivingly

engages said shaft.

4. The size reduction machine as claimed in claim 3
wherein said screen has a narrow end having an aperturé adapted
to frictionally fit about said upper end of said gearbox for

closing said narrow end.

5. The size reduction machine as claimed in any of claims
1 to 4 wherein said impeller has a base having a circular disc
for directing flow of said particles outwardly towards said

screen as said impeller rotates.

6. A.siée-feduction machine for use in process industries
to continuously and precisely reduce the size of particles,
while confrolling fines, said machine comprising an impeller
mounted on a rotatable shaft, a drive means operably connected

to said shaft for effecting rotation of said shaft, said shaft
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. Figure 6°is a side sectional view of the gearbox r angenment
of the invention of Figure 1. Detail ed Descripti Hm ![@wﬂn‘on The-
si ze reduction machi ne of the present invention is*i erally in

" Figures 1 and 2. The machi ne generalBy=has a hollom1hou5|ng 10, a support
tube 14, an inpeller housing 16, a spindle 18, an inpeller 20 and a screen

22. Screen 22 has a tapered apertured wall 24 fornmed into a frusto-conical

shape with a wide end, 26 and a_narr.ow
and impeller being vertically mounted w:.tha.n a vertically

extending channel having an input and output, a screen having
a tapered apertured wall formed in a frusto-conical shape, said
screen rigidly mounted within said channel so that any
particles passing from said input and output pass through said
screen, said impeller being shaped'and mounted so that a gap
between an edge of said impeller and an interior of said screen
remains substantially constant -as said impeller rotates
relative to the screen, wherein said drive means for drivingly
rotating said shaft is operably connected to said shaft under
where said impeller is mounted onto said shaft, said drive
means is fully enclosed and sealed within a gearbox housing,
'substantially preventing ingress and egress of said particles
into and out of said gearbok housing, said gearbox housing
comprises a hollow body having |

an upper end having a bore and an internal counterbore,

a lower end having a sealable and closable opening,

a side wall having an opening for sealingly receiving
a drive shaft of said drive means,

a lip seal fitted within said bore for sealingly
engaging said shaft,

a first racer bearing fitted within said internai
counterbore,

a second racer bearing fitted with said opening, said

* shaft is rotatably mounted within said first and second racer

bearings,

said drive shaft drivingly engages said shaft, -

This Shieet Has' ‘Béén!
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end 28. Both ends 26 and 28 are open. The screen 22 has a circul ar flange
30 which surrounds and extends outwardly of the““lmm'm IEILM“
ci rcunference of circular opening 3§§f i mpel | e B an

outwardly extending flange 38 havihg & Pplurality”of “citcdnférentially

spaced notches 40. The screen 22 is adapted to extend into housing 16 while

circular flange 30 abuts with flange 38. The axis of rotation of spindle I8
is concentric _w.th t entr.e.o e LRk, ' IBES an
e nary ves AR SR o ket b h AR B St it

to frictionally fit about said upper end of said gearbox for

closing said narrow end, and

said impeller has a base having a circular disc for
directing flow of said particles outwardly towards said screen

as said impeller rotates.

7. A size reduction machine substantially as hereinbefore

described with reference to the drawings.
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"7 "Referring to Figures 3 and 4, inpeller 20 has an axially extending
‘" ceéntral core 61. Inpeller 20 1is preferably a type having a plurality
i ced about central core 61.
Preferably, the inpeller has a ciraaen base plate 66. The | ower end of
core 61 has a central bore 55 haviing' conpl enentary abutnents 56 for mating
with receiving end 46 of spindle 18. The upper end of the central core 61
has a concentric bore 58 adapted to receive bolt 52 and forman interior
shoul der with central bore 55. Al though nmachi ned surfaces 48 and abut nents
56

of blades 59 circunferentially S

FIG.1.
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.. _have been described, any type of engagenent surfaces, such as keyways,
splines, etc., may be used provided rotational drive can be effectively
transmtted fromthe spindle 18 &0 |tihe inpeller 20. Referring to Figure 5,
fl ange 60 of hopper 62 has a pluzhlﬂgy of bolts 64 attached to hinges 63
for pivotal attachnent thereto. he bolts 64 are circunferentially spaced
about the flange 60 to nmate with notches 40 of flange 38 of housing 16. A
gasket may be used to seal the joint between flanges 38 and 60. Referring
back to Figures 1 and 2, spindle 18 is

FIG. 2.
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" enclosed within a gearbox 68. Gearbox 68 is joined to adaptor 70 having a
" cehtral bore extending t heret hroyg Drive shaft 72 extends through adaptor
70 into gearbox 68 at one end in 11 ner di scussed further below. A drive
shaft extends through support tu and is coupled to angl ed gearbox 74
by coupling 75. Angled gearbox 74 transmts drive about a 90 angle Angl ed
gearbox 74 is coupled to electric notor 76

~
) 60
B4
£ > FIG.5.
62 |
63~ T e
J 4 38
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via shaft coupling 77 within coupling housing 78. Drive shaft 72 is

jdurnalled wthin support tube
El ectric notor 76, coupling 77

hol | ow housi ng 10. Hol | ow housi

FIG.6.

gl ed gearbox 74 are nmounted within

4yvi.n a manner well known in the art.
n {1

is provided with an access plate 80
for allowing service to the drive 'section of the apparatus. Housing 10 is
nmounted to bearing cover 82 having-brackets 84 for bolting housing 10
thereto. Base plate 86 is provided with a bearing ring 88 adapted to
recei ve bearing cover 82. Wen fully assenbl ed,

housi ng 10 may be rotated
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Field of Invention

This invention relates to a. size reduction
machine. In particular, this invention relates to a size
reduction machine having a drive connected through an
enclosed gearbox for driving the impeller thereunder.
Background of Invention

Size reduction machines are widely used in the
production of pharmaceuticals and °cosmetics. The
pharmaceutical or cosmetic is manufactured and then size
reduced into a granular or fine powder forﬁ. The
pharmaceutical and cosmetic industries have  very strict
sanitary standards for operation and production. Size
reduction ﬁachines must be capable of being fully sanitized
before it can be used in such environmenté.

‘Size reduction machines of the prior art utilise
a frusto-conical shaped screen located in.a channel between
an input and an output; Such siée reduction machines are
more particularly described in United States Patent No.
4,759,507. In these machines, various scréens aﬁd
impellers are used to reduce the size of the pérticles;
The choice of screen and impeller depends on the size and
type of product that is being processed. .The screens can
have apertures in different sizes and shapes té produce a
desired milled product.

The size reductioaimécﬁinéé'of the prior art are

driven by a motor operably connected to a shaft on which

the impeller is mounted. The drive is transmitted normally
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end 92 of gearbox 68 is ¢Iosabte !
bor e adapted to threadlnély'engage t hread ..o
o-ring 106 is nounted w thvf grooye of:su

104 with the gearbox 68. Caﬁ 104 has-
shaft 108. Racer bearing; aséenbly 110;55

AN UNDERDRIV EN SI7E REDUCTION MAEHINE
FIELD OF INVENTION

This invention relates to a size reduction
machine. In particular, this invention relates to a ;ize
reduction machine having a drive connected through an
enclosed gearbox for driving the impeller thereunder.
Background of Invention

Size reduction machines are widely used in the
production of ph&rmaceuticals and cosmetics. The
pharmaceutical or cosmetic is manufactured and then size
reduced into a granular or fine powder form. The
pharmaceutical and cosmetic industries have very strict
sanitary standards for operation and production. Size
reduction machines must be capable of being fully sanitized
before it can be used in such environments.

Size reduction machines of the prior art utilise
a frusto-conical shaped screen located in a channel between
an input and an output. Such size reduction machines are
more pafticularly described in United States Patent No.
4,759,507. In these machines, various screens and
lmpellers are used to reduce the size of the particles.
The cho?ce of screen and impeller depends on the size and
type of product that is being processed. The screens can
have apertures in different sizes and shapes t6 produce a
desired milled product.

The size reduction machines of the prior art are
driven by a motor operably connected to a shaft on which

the impeller is mounted. The drive is transmitted normally



inafriction fit. Spindle 18 is integral with shaft 108 REFPRRCEMRAfT SHERT Has

t Wo bearing surfaces 112 and 114 spaced to engage the bearlng assenblle

110 and 98, respectively, nounted at the upper and | owgr 95
gearbox 68. A concentric |ip seal 116 is provided in the fIrSt ore 4

t he upper end of the gearbox 68 and adapted to seal thq beart+hg—st+riace
of the shaft 108 as it rotates. A beveR gear 118 is fixedly nounted on

S

of
114
t he

shaft 108. Drive shaft 72 has a bevel gear 120 fixedly nounted on The en

t hereof adapted to engage with the bevel
by means of a plurality of belts. However, some size

reduction machine have shaft drives. One such machine is
- described in German patent no. 36 17 175.

Regardless of the type of drive, heretofore the
drive to the impeller has been applied to the shaft above
the impeller. As a résult, the input of material to be
milled must be offset from the veftical axis of thé
machine. Hoppers and feed pipes must be used to direct the
material from an input, about the drive and into the
impeller region. The redirecting of material is
inefficient and more importantly such prior art machines
require more height than other types of mills.

The principal reason that the drive of a size
reduction machine is mounted above the impeller is to
remove the drive from the path of the material to be:
milled. By passing the material around the drive, the
drive is outside of the sanitary region of the machine.
These machines can therefore meet the industry standards
for sanitation set by various regulatory bodies, including
the Food and Drug Administration in the United States.

The physical size of the size reduction machine
plays an important role when the size reduction machine is
being installed in an existing material processing system
as a replacement for another.type of mill. If the size
reduction machine is physically too large, it cannot be
used as a replacement machine for other types of size

reduction machines.
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gear 118 nounted on the shaft 108 for drivingly rotati g?%?%
ultimately the inpeller 20. Gearbox housing 68 has a cjrlcul.ar _oqpeni.ng lat
the side thereof and adapted to receive drive shaft 72 Atoﬁhgcﬁdgyﬂ df |t he
opening, a bearing 122 is nmounted for journalling the Hrjve shaft 72 as it

rotates. Adaptor 70 has a flange 126 and is adapted toj connect with the
gearbox 68 in a sealing fit. An O-ring3128 is provided t he
adaptor 70 to the gearbox 68. Bolts 130 join the adaptor 70 to the gearbox

68. Support tube Irh h@rman | 3866nt2Acfl.0B365er i DBEY the shaft drive is

above the impeller and is fully enclosed permitting the drive
to remain in the direct flow of the material to be milled.
However since the material to be milled has very low kinetic
energy before it enters the impeller region, the input to the
impeller region can become jammed allowing the material to
bridge over the input. A paddle is required to be mounted on
the spindle to prevent such bridging of material.

Summary of the Inventién

The disadvantages of the prior art may be overcome
by providing an underdriven size reduction machine having a
drive which is fully enclosed in order to maintain a sanitary
environment for the material to be milled.

It is desirable to provide a size reduction machine
with a means for removing the machine out of the path of
milling material for providing accegs to the machine for full
and proper cleaning thereof.

According to one aspect of the invention there is
provided a size reduction machine for use in process industries
to continuously and precisely reduce the size of particles,
while controlling fines, said machine comprising an impeller
mounted on a rotatable spindle, a drive means operably
connected to said spindle for effecting rotation of said
spindle, said spindle and impeller being vertically mounted
within a vertically extending channel having an input and an
output, a screen having a tapered apertured wall formed in a
frusto-conical shape, said screen rigidly mounted within said

channel so that any particles passing from said input to said



engagi ng adaptor 70. An O-ring 134 seals flange 124 tg +0—=

t he support tube 14 to the adaptor 70. Support tube 14
i mpel | er
environment, all parts are manufactured4odt of stainless steel. The
bevel | ed gears are greased for |ife of the

RtPLACtb&JJ SH;ET

70. Bolts 136 which are schematically iIIustrat d are u ] G
s BrcatiHaLoec

housing 16. In the preferred enmbodinent for use in a sanitary

output pass through said screen, said impeller being shaped and
mounted so that a gap between an edge of said impeller and an
interior of said screen remains substantially constant as said
impeller rotates relative to the screen, wherein said drive
means for drivingly rotating said spindle extends into said
channel and is operably connected to said spindle at a point
under where said impeller is mounted onto said spindle. |

According to another aspect of the invention, the
drive is'fully enclosed and sealed within a gearbox housing,
substantially preventing ingress and egress of the particles
into and out of the gearbox housing.

According to another aspect of the invention, the
gearbox housing comprises a hollow body having

an upper end having a bore and an internal
counterbore,

a lower end having a sealable and opening,

a cap for closing said opening,

a side wall having an opening for sealingly receiving
a drive shaft of the drive means,

a lip seal fitted within the bore for sealingly
engaging the shaft,

a first racer bearing fitted within the internal
counterbore, |

a second racer bearing fitted with the opening,
whereby the shaft is rotatably mounted within the first and
second racer bearings and the drive shaft drivingly engages the

shaft.

in
to



apparatus. The upper end of gearbox 68 is provided vﬁttﬁﬁgLﬁg

138. The screen 22 has a | ower opening 28. The | ower ppening 28 is si
frictionally fit about the lip formation of gearbox 6.} Rg&QOOTN®IV0
Figures 3 and 4, inpeller 20 preferably has a base dipc| 66.

base disc 66 acts to direct the flow of material outwar y
the lip seal 116, thereby m nim zi ng the-possibility pf mlled materi al
fromentering the gearbox 68. Washer shaped spacers 57 which are sized to
fit

According to still yet another aspect of the
.invention, the screen has a narrow end having an apex
aperture adapted to frictionally fit about the upper end of
the gearbox for closing the narrow end.

According to still yet another aspect of the
invention, the impeller has a base having a circular disc
for directing flow of the particles outwardly towards ﬁhe
screen as the impeller.rotates.

Detailed Description'of the Drawings

In figures which illustrate embodiﬁents of the
invention,

Figure 1 1is an exploded perspective view of the
size reduction machine of the present
invention:

Figure 1A is a front elevational view, partially
in section, of the end of the spindle
of the invention of Figure 1;

Figure 2 is a side sectiocnal view of the
invention of Figure 1;

'Figure 3 1is a bottom view of the impeller of the
invention of Figure 1;

Figure 4 1is a perspective view of the impeller
of Figure 3:;

Figure 5 is an exploded view of the impeller and
séreen of the invention of Figure 1:;

and



wi thin concentric bore 58 and receive bolt 52. SpdcBFE.AEEMENE LidEd

t‘he gap between the inpeller blade 59 and the interifor of WalT

22 in a manner well known in the art. Once a screenla i@@fl
qu%pends upo

sel ected, the operation and efficiency of the machin

0 set
Screen

ave been
the gap
between the inpeller and the interior wall surface d—the—sereen: The

different wall thicknesses of the screen are conpgnsated for by insérting

or renoving spacers 57 on the spindle‘1§ fo nove the TTperter—20 rel ative

to the interior wall surface of .the screen 22. Since the wall

Figure 6 is a side sectional view of the gearbox.
and impeller arrangement of the
invention of Figure 1.
Detailed Description of the Invention

The size reduction machine of the present
invention is illustrated generally in Figures 1 and 2. The
machine generally has a hollow housing 10, a support tubé
14, an impeller housing 16, a spindle iB, an impeller 20
and a screen 22.

Screen 22 has a tapered apertured wall 24 formed
into a frusto-conical shape with a wide end 26 and a narrow
end 28. Both ends 26 and 28 are open. The screen 22 has
a circular flange 30 which surrounds and extends outwardly
of the wide end 26.

The circumference of circular opening 36 of
impeller housing 16 has an outwardiy extending flange 38
having a plurality of circumferentially spaced notches 40.
The screen 22 is adapted to extend into housing 16 while
circular flange 30 abuts with flange 38.

The axis of rotation of spindle 18 is concentric
with the centre of the circular opening 36 which defines an
imaginary vertical axis of the flow of material from the
input 17 to the output 19 of the machine as indicated by
the arrows in Figure 2.

The receiving end 46 of spindle 18 has
diametrically opposed maghined surfaces 48 and is adapted

to receive impeller 20. The receiving end 46 has an



- 11.,- 24 of the screen is tapered relative to the i eﬁﬁ%erCfMENTt%gEgci

adj ustnent of the gap is less than the thickness of tHhelspacer 57 and

depends upon the angle of the screen relative to the honi /LEET 19F nte
tapered wal |l of the screen has a known angle relativeftq the horizont

t he gap
that will

Is adjusted by insertinge-spaeers having] k
effect the desired gap.

€9

axially extending threaded bore S50 for receiving bolt 52
for attaching the impeller 20 onto the spindle 18.

Referring to Figqures 3 and 4, impeller 20 has an
axially extending central core 61. Impeller 20 is
preferably a type having a plurality of blades 59
circumferentially spaced abcut central core  61.
Preferably, the impeller has a circular base plate 66. |

The lower end of core 61 has a central bore 55
having complementary abutments 56 for mating with receiving
end 46 of spindle 18. The upper end of the central core 61
has a concentric bore 58 adapted to receive bolt 52 and
form an interior shoulder with central bore 55.

Although machined surfaces 48 and abutments 56
have been described, any tyﬁé of engagement surfaces, such

as keyways, splines, etc., may be used provided rotational

~drive can be effectively transmitted from the spindle 18 to

the impeller 20.

Referring to Figure 5, flange 60 of hopper 62 has
a plurality of bolts 64 attached to hinges 63 for pivotal
attachment thereto. The bolts 64 are circumferentially
spaced about the flange 60 to mate with notches 40 of
flange 38 of housing 16. A gasket may be used to seal the
joint between flanges 38 and 60.

Referring back to Figures 1 and 2, spindle 18 is
enclosed within a gearbox 68. Gearbox 68 is joined to
adaptor 70 having a central bore extending therethrough.
Drive shaft 72 extends through adaptor 70 into gearbox 68

at one end in a manner discussed further below. A drive

ual

t he



The .gap between the inpeller 20 and the screen 22 ig EFF¥AGMS ?HETogiuci ng
‘a final mlled product of consistent particle size. {Iff the gap I's t¢o

large, there is a loss of capacity or throughput, sgregen;gi Agy7aN

—

!

change in particle size. If no gap gxists betweenijthe inpeller ang §he
screen, the screen and the inpeller will becone worn or—burnee—and-+nithe
extrene, the inpeller will not rotate. To assenble tthe size reduction

TP e ESAe=ckirks, ssheokor wibateti, | el TaTSARIR Eeskel
angled gearbox 74 by coupling 75.

Angled gearbox 74 transmits drive about a 90°
angle. Angled gearbox 74 is coupled to electric motor 76
via shaft coupling 77 within coupling housing 78. Drive
shaft 72 is journalled within support tube 14 in a manner
well known in the art. Electric motor 76, cbupling 77 and
angled gearbox 74 are mounted within hollow housing 10.
Hollow housing 10 is proviéed with an access plate 80 for
allowing service to the drive section of the apparatus.

Housing 10 is mounted to bearing cover 82 having
brackets 84 for bolting housing 10 thereto. Base plate 86
is provided with a bearing ring 88 adapted to receive
bearing cover 82.

When fully assembled, housing 10 may be rotated
about a vertical axis 360°, swinging impeller housing 16
into and out of a desired location. Base plate 86 may be
bolted to the floor to add stability to the apparatus.

Referring to Figure '6, gearbox 68 is a hollow
housing having an ﬁpper end 90 and a lower end 92. The
upper end 90 has a first bore 94 and a countersunk bore 96
thereunder. The.countersunk bore is sized to receive a
racer bearing assembly 98 in a friction fit.

The lower end 92 of gearbox 68 has-a bore 100
extending therethrough. The lower most end of gearbox 68
has a lip 102 having an external thread thereon. The lower
end 92 of gearbox 68 is closable wifh a cap 104 having an

internal threaded bore adapted to threadingly engage thread



screen and presented to flange 38 of housing 16. |npell rRE_fﬁACWEﬂ'ESgEEEd
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to receiving end of 46 of spindle 18. Spacers 57 are se €

dl 2

the desired gap and are presented to spindle 18. Bolt H2 I83%5§§?2§§? Eo _

bore 58 of inpeller 20 to engage threaded bore 54 of s
ti ghtened, urging inpeller 20 agai nst=sBacers 57 agai nqt
of spindle 18 thereby setting the gap between the inpelfl er bl ades 59 and

44

n

the screen 22. Hopper 62 is pivoted and introducing the DorTsS 64— Tnto
not ches 497 f@sdipy Eermakilem .t he MopRerieg t106hels mounted within

groove on surface to sealingly engage the cap 104 with the
gearbox 68.

Cap 104 has a circular recess sized to receive

shaft 108. Racer bearing assembly 110 fits with bore 100
"in a friction fit.

Spindle 18 is integral with shaft 108. The shaft
108 has two bearing surfaces 112 and 114 spaced to engage
the bearing assemblieslllo and 98, respectively, mounted at
the upper and lower ends of the gearbox 68. A concentric
lip seal 116 is provided in the first bore 94 of the upper
end of the gearbox 68 and adapted to seal the bearing
surface 114 of the shaft 108 as it rotates. A bevel gear
118 is fixedly mounted on the shaft 108.

Drive shaft 72 has a bevel gear 120 fixedly
mounted on the end thereof adapted to engage with the bevel
gear 118 mounted on the shaft 108 for drivingly rotating
the shaft and ultimately the impeller 20.

Gearbox housing 68 has a circular opening at the
side thereof and adapted to receive drive shaft 72.' At the
mouth of the opening, a bearing 122 is mounted for
journalling the drive shaft 72 as it rotates. Adaptor 70
has a flange 126 and is adapted to connect with the gearbox
-68 in a sealing fit. An o—ring'lzs is provided to properly
seal the adaptor 70 to the gearbox 68. Bolts 130 join the
adaptor 70 to the gearbox 68.

Support tube 14 has a flange 124 for sealingly

engaging adaptor 70. An O-ring 134 seals flange 124 to the



i
I nput 17 and output 19 are in a desired alignnment Wwfh other materj al
handl i ng apparatus. In use, product to be mlled ib
62 substantially in-line with the imaginary central pxis of the flow of
mat eri al

The product enters the heu3bng 16 at ipput 17, falls thrFugh
housing 16 past the rotating inpeller 20, outwardl 2 and

- o REPLAGEMENT SHEET | .
housi ng 16. Once assenbled, the entire mac ﬁ%iég!?% nf&ﬁrhn Il

adaptor 70. Bolts 136 which are schematically illustrated
are used to join the support tube 14 to the adaptor 70.
Support tube 14 is also connected to impeller housing 16.

In the preferred embodiment for use in a sanitary
environment, all parts are manufactured out of stainless
steel. The bevelled gears are greased for life of the
apparatus.

The upper end of gearbox 68 is provided with a
lip formation 138. Thé screen 22 has a lower oéening 28.
The lower opening 28 is sized to frictionally fit about the
lip formation of gearbox 68.

Referring to Figures 3 and 4, impeller 20
preferably has a base disc 66. In use, the base disc 66
acts to direct the flow of material outwardly and away from
the 1lip seal 116, thereby minimizing the possibility of
milled material from entering the gearbox 68.

Washer shaped spacers 57 which are sized to fit
within concentric bore 58 and receive bolt 52. Spacers 57
are used to set the gap between the impeller blade 59 and
the interior Gf wall 24 of screen 22 in a manner well known
in the art.

Once a screen and impeller have been selected,
the operation and efficiency of the machine depends upon
the gap between the impeller and the interior wall surface
of the screen. The different wall thicknesses of the
screen are compensated for by inserting or removing spacers
57 on the spindle 18 to move the'impeller 20 relative to

the interior wall surface of the screen 22. Since the wall

t he

nOrBDEIe®WHnto hopper



downwar dly through housing to exit through output 19.

herein has been described in connection wth exenplar enbodi nent s,

Wil |

be understood that many nodifications will be appareoe_geybpgﬁe
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skilled in the art. -13- CLAI M 1. A si zc |rdducti on nachi i

use in process industries to continuoudly=and
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24 of the screen is tapered relative to the impeller 20,
the actual adjustment of the gap is less than the thickness
of the spacer 57 and depends upon the angle of the screen
relative to the horizontal. Since the tapered wall of the
screen has a known'angle relative to the horizon?al, the
gap is adjusted by inserting spacers having known
thicknesses that will effect the aesired gap.

The gap between the impeller 20 and the screen 22
is critical for proaucing a final milled product of
consistent particle size. If the gap is too large, there
is a loss of capacity or throughput, screen binding and a
change in particle size. If no gap exists between the
impellér and the screen, the screen and the impeller will
become worn or burned and in the extreme, the impeller will
not rotate.

To assemble the size reduction machine, screen 22

.is selected and placed in impeller housing 16. A gasket

may be placed circumferentially over the wide end 26 of

- Screen and presented to flange 38 of housing 16. Impeller

20 is presénted to receiving end of 46 of spindle 18.
Spacers 57 are selected depending on the desired gap and
are presented to spindle 18. Bolt 52 is presented to bore
58 of impeller 20 to engage threaded bore 54 of gpindle 14.
Bolt 52 is tightened, urging impeller 20 against spacers 57
against receiving end 46 of spindle 18 thereby setting the
gap between the impeller blades 59 and the screen 22.
Hopper 62 is pivoted and introducing the bolts 64

into notches 40 releasably attaching the hopperlsz to the

It

f or



preci sely reduce the size of particles, while coAtBﬁHﬂfﬁﬁ‘ @ﬁT pi d
"machi ne conprising in inpeller nounted on a rotatahle splndle ajdrive
means operably connected to said spindle for effectinggr@tpyegn of | said
spindle, said spindle and inpeller being vertically nounted wthinja
vertically extending channel having anyiynput and}aroutputs—a-screen having
a tapered apertred wall fornmed in a frusto-conical shape, said scréen
rigidly mounted within said channel so that any particles passing fromsaid

| nput 1O gyt pE! paag | Qg P2 J EAECRRACISA thddipghé oLs DebRaragaped

and nount a ga meen an &dge o I npell'er and an interior

el 5?5 ve FHEFH cEAE, Digat R Bhi el 1 g s ?’%ﬁér. FrK yig%‘?%ﬁ‘-ngd
pinare AL CHARE RaERLiAG: SRR BB D Lo e said spindle

In use, product to be milled is introduced into

hopper 62 substantially in-line yith the imaginary central
axis of the flow of material. The product enters the
housing 16 at input 17, falls through housing 16 past the
rotating impeller 20, outwardly through screen 22 and
downwardly through housing to exit through output 19.
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.



re—sizeTeduction machine as cl ai med |i REBLAGEMENTWHEEL § ¢ hat
port| means whi ch extends into said]|ct Illel 'S TuII
encl ﬂnmm! [@ym i thin a gearbox housi ng, substar bl tli g
mgress an said particles into and out df g% 0X I’OLSi ng.
The size reduction machi ng. as clainmedj n in said

gear box housi ng conprises a holl ow body having an u per end havi ng a |bore
and an internal counterbore, a Iomm&ﬁohaw ng a seetabte=—and cl oseabl e
opening, a side wall having an ope r scalingly receiving a hollow
adapt or K or suppor pimg)rosuctsbny exachisg, fos asel it prpeeso rindtrinsetd coptoRoualy amker t ur e
in a wall of said channel providing access therethrough for said drive
means, precisely reduce the size of particles, while controlling fines, said machine comprising an

impeller mounted on a rotatable spindle, a drive means operably connected to said
spindle for effecting rotation of said spindle, said spindle and impeller being vertically
mounted within a vertically extending channmel having an input and an output, a screen :
baving a tapered apertured wall formed in a frusto-conical shape, said screen rigic_ily.
mounted within said channel so that any particles passing from said input to said output
pass through said scresn, said impeller being shaped and mounted so that a gap betwes=n
an edge of said impeller and an interior of said scrocen remains substantially constant as
said impeller rotates relative to the screen, wherein said drive means for drivingly rotating
said spindle extends into said channel and is operably connected to said spindle at a point
_under where said impeller is mounted onto said spindle.
2. The size reduction machine as claimed in claim 1 wherein that portion of
the drive means which extends into said channel is fully eaclosed and sealed within a
gearbox housing, substantially preventing ingress and egress of said particles into and out
of said gearbox housing.
3. The size reduction machine as claimed in claim 2 wherein said gearbox
housing comprises a h(lwllow body having

an upper end having a bore and an internal counterhore,

a lower end having a sealable and closeable opening,

a side wall having an opening for sealingly receiving a hollow adaptor for
supporting said gearbox, said adaptor mounted about an aperture in a wall of said

channel providing access thercthrough for said drive means,
a lip seal fined within said bore for sealingly cngaging said shaft,

a first racer bearing fitted within said internal counterbore,



‘a l'i*p seal lﬂnmmummmnm bore for sealingly engag fntrj*cgﬁiiEgTs*ﬂhgfL—f, a
first racer b in said internal coungefbore, -14-ta

second racer bé&arfngtfitted Wwith said opening, wher¢by b8 OCPNI9H e}i b
rotatably nmounted within said first and second racef bearings and shi{

drive shaft drivingly engagcs sald shi ndle 4. The StZze Tedugtion
machi ne as cl ai ng h a_narrow cad hayi ng
an aperture adapt Cejs(fathf riction Iy gmut saaﬁ' upper and of said

whereby said spindle is rotatably mounted within said first and second racer bearings and
said drive shaft drivingly engages said spindle.

4. The size reduction machine as claimed in claim 3 wherein said screen has |
a narrow end having an aperture adapted to frictionaily fit about said upper end of said
gearhox for closing said narrow end.

S. The size reduction machine as claimed in any of claims 1 to 4 wherein said
impeller has a base having a circular disc for directing flow of said particles outwardly
towards said screen as said impeller rotates.

- 6. A size reduction machine for use in process industdies to continuously and
precisely reduce the size of particles, while controlling fines, said machine comprising an
impeller mounted on a rotatable spindle, a drive means operably connected to said |
spindle for effecting rotation of said spindle, said spindle and impeller being verticaily
mounted within a verrically extending channel baving an input and output, a screen
having a tapered apertured wall formed in 3 frusto-cofﬁcal shape, sﬁid screen rigidly
mounted within said channpel so that any particles passing from said input to said output
pass through said screen, said impeller being shaped and mounted so that a gap between
an edge of said impeller and an interior of said screen remains substantially constant as
said impeller rotates rel:;tive to the screen, wherein said drive means for drivingly rotating
said spindle extends into said channel and is operably connected to said spindle ymder
where said impeller is mounted onto said spindle, and that portion of said drive mcans
which extends into said channel is fully enclosed and sealed within 2 gearbox housing,
substamially preventing ingress and egress of said panicie_s into and out of said gearbox
housing, said gearbox housing comprises a hollow body having

an upper end having a bore and an internal counterbore,



earbox for closing said narow end. 5. The sifz ne
gs cl ai ' v ins 1 to 4 wherein said inpe'|G?EEQ$£M$Q2§HECVing
a ci rcunmlm"umnumuﬂlﬁctl ng flow of said particles qutwardly towardd daid
screen a% s@i d i Mpefl et rotates. 6. A size rdgduct 08n0GRcHONe |f ¢r
use in process industries to continuously and prcsely jrgduce the size]of
particles, while controlling fines, Si%d machi ne conprfi st ng an rnperter
nounted on a rotatable spindle, a drive~neans operabl W _connected to sai d
spindle for effecting rotation of said spindle. said spindle and inpeller

bei ng verti Cﬂaldv)@r'm}fr\h%ﬂx&"ﬁtsahﬂblg %%{Eib@é\ltéy?%g» ndi ng channel having an

| nput and out put, a scre having a tapered rtred wall .formed in a

frusto-coni cal, ,sha said screen rigidl, unted within sai.d ¢channe|- so
that any part F@Fe‘gﬂgg%‘@%d“f ORSRING, ifor Pﬁ'ﬁ%‘gg?ﬁ’c&% duATH\f shaft of said drive

means,

a Hip seal fitted within said bore for sealingly engaging said spindle,

a first racer bearing fitted within said intc@ counterbore,

a second racer bearing fitted with said opening. said spindle is rotatably mounted
within said first and second racex".bcarings,

said drive shaft drivingly engages said spindle,

said screen has a parrow end having an aperture adapted to frictionally fit about
said upper end of said gearbox for closing said marrow end, and

said impeller has a base having a circular disc for directing flow of said particles
outwardly towards said screen as said impeller rotates.
7. The _§izr: reduction machinc as claimed in claims 1 or 6 wherein said drive
means comprises a motor mounted within @ housing remote from said channel, said
motor operably connected to a drive shaft adapted for drivingly engaging said spindle.
8. The size reduction machine as claimed in claim 7 wherein said spindle has
a driven gear mounted thereon and said drive shaft has a driving gear mounted thereon.
9. The size x.'eduction machine as claimed in claim 8 whercin a tube extends
between said wall of said channel and said housing and said drive shaft exwends within
said tube. |
10. The size reduction machine as claimed in claim 9 wherein said hominé is
rotatably mounted for swinging said machine into and out of a path of particles.

11. A size reduction machine substantially as hereinbetore described with

reference to the drawings.



pass. through said screen, said inpeller being shdped and, iMUNt g&.S9 that a
‘gap between an edge of said inpeller and an.inteﬂigzyggﬂ%%fg SﬁfFer remai ns
substantialy constant as said inpeller rotates rﬁlative to the sgreen,
wherein said driv nmeans for drivinglyrotating saiid isp8dDETe8¢ENds {i nto
said channel and is operably connected to said saindle under where|said

i npeller is nounted onto said spindle, and that porttonm of sai d drilve neans
whi ch extends into said channel is fu1ly encl osed_and sealed within a

gear box housi ng, substantially preventing ingrcss and egress of said
particles into and out of said gearbox housing, said gearbox housing

conpri ses a holl ow body having an upper end having a borc and an internal
count er bore,

FIGA.




- 15~ a lower end having a scal abl e and cl osabl e openlng, a side wall

havi ng an opening fur scalingly receiving a drive shaft gdrTve
nmeans, a lip seal fitted within said bore for sealingly ggﬁ #Erﬁf(_fNJasléEET
spindle, a first racer bearing fitted within said interjngl counterbore} a
second racer bearing fitted with said opening said spirdlle gg getap?ﬁly
nmounted within said first and second racer bearings, sdid dr|ve sha
drivingly engages said spindle, said st#aen has a narrdwemd trerv1rg—an-.

aperture adapted to frictionally fit about

FIG. 2.
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sai d-upper end of said gearbox for closing said narro

w end, and sai d

i'npel l er has a base having a circular disc for directf
particles outwardly towards said screen as said inpe
The size reduction machine as clained in clains 1 or
means conprises a notor nounted within a housing reng
said notor operably connected to a drive shaft adapted
engagi ng said spindle. 8. The si ze ruducti d

lgﬁ*’)é%ﬁ ey “*Ffdf f

mhereln sal d @
tq foenpeqigyrha
ifor drivingly
nLWEChrne-as~ciai
nted thereon and s$aid

in claim7 wherein said spindle has a driven gear no

5—=
—m—-—g—»——:— =
& *

drive shaft has a driving gear nounted thereon. 9.

The size

reduction machine as clainmed in claim8 wherein a tube extends between said

wal | of said channel and said housing and said drive
sai d tube.

shaft extends within

r FIG.5.
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10. .

The size reduction nachine as clained in

*housing is rotatably nmounted for swi nging said nmachigefin
path of particles. 11.

FIG.6.

A size reduction nachi
herei nbctore described with reference to the draw ng
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AN UNDERDRIVEN SIZE'REDUCTIdN MACHINE

A sizé reduction machine for ﬁsé'in process industries to
continuousiy and preciseiy reduce the size of particles, while
controlling fines, comprises an impeller mounted on a rotatable
shaftf'a drive operably connectéd'to the shaft for effecting

lrotation of the shafﬁ. _The shaft and impeller.are_vertically
mounted ‘within a vertically extending channel having an input
and output. A.screen has a ﬁépered apertured wall formed in
a frusto-conical shape. The screen is rigidly'mbunted with the
channel so that any ﬁarticles passing from the input to the
output pass through the screen. .The impeller is shaped and
mounﬁed so_that.aléap betwéen an edge-of the'impeller and an

' interior of the screen remains substéhtially cénstant as the

- impeller rotates relative to the screen. The drive is qperably

connected to the shaft at a point under where the impeller is

mounted onto the shaft.

Figure 6



