Jan. 6, 1953 F. S. SMITH 2,624,517
FLUID CURRENT COMMINUTOR, WITH CYLINDRICAL

ABUTMENT IMPACT TARGET
i'iled March 5, 1949 | | o oheets-Sheet 1

INVENTOR

Franklire S. Smith
BY |
Giiiéhk, v 62322u¢4€i.

ATTORNEYS




Jan. 6, 1953 ' F. S. SMITH 1 2,624,517
FLUID CURRENT COMMINUTOR, WITH CYLINDRICAL o,
ABUTMENT IMPACT TARGET

Filed March 5, 1949 5 Sheets~Shoet 2

- INVENTOR

Franklir 9. Smiz% '
BY . |
Gl v G lache

- ATTORNEYS




Jan. 6, 1853 F.S. SMITH 2,624,517
FLUID CURRENT COMMINUTOR, WITH CYLINDRICAL
ABUTMENT IMPACT TARGET
FFiled March 5, 1949 ‘ 5 Sheets-Sheet 3

: —TTE]-LM

e —

-

7

AP INN Iy,

£

DT T T T

. h,
'Y

I ——E T I L ey "
Ly A ki Spwes RN kol e— EE—

~x W -
ﬂﬂﬂﬂﬂﬂﬂﬂ

R

BN
N

il
SR A (1 ,/ 6%34

zm‘
|34

% FUTR
4 N

%

N T N

T ST,
/ N
ey i
/,2 £
| 1 | |

777

o e ]

VO N LLLLL

A

y il

N

S S S o o, o

120 I NSE
/3] N— — <
3 i l! 4!5%3 (:::::jff%'_____T__ﬂv;ii:t::::m i{rﬁaig
iﬂ),{ It L};ﬂj } I ,:;rﬂ- % }-15ﬂ2 ‘i _:;
I - | | 666 A
[ N R -

700
L8

> 70 N
INVENTOR
V varkline S. Srnitth
BY _

ATTORNEYS




FLUID CURRENT COMMINUTOR, WITH CYLINDRICAL

Jan. 6, 1953 F. S. SMITH 2,624,517

ABUTMENT IMPACT TARGET ®

FFiled March 5, 1949 5 Sheets-Sheet 4

i%z ﬂsy

. 060N
RN 28-\/
o ﬁ“““\\ &

S \%‘ 128

AR
Wil A 8

<Ry,

INVENTOR .

jF?zz:gé;Zirz S. St

78 | ATTORNEYS

NN \




Jan. 6, 1953 F. S. SMITH . 2,624,517
- FLUID QURRENT COMMINUTOR, WITH CYLINDRICAL - - | .

| - ABUTMENT IMPACT TARGET - |
Filed March 5, 1949 - * 5 Sheets-Sheet 5

154 /54

- ' NA 2
| (mﬁ Varicrins,
3 g ﬂ

ATTORNEYS

A62
Tiq. 11, . /68
. 242, ‘/ % .
o N0
s [70 i E
. | ﬂ"ﬂt . < TR ¢ k\‘\i&
—___f?///ﬂﬂ@,}‘ d S . v///ﬂ—
W | \"l . * | R ]
SRR \
/50 // | 1780 28 ' -
% |78 - ’//'*/ ¢ /50
, . _4"‘ ' 4 /48 | '- |
T 4:‘.15.
i/ 70 o INV.'ENTO‘R' -
Franklin S. Smith
. BY _




Patented Jan. 6, 1953

UNITED STATES PATENT

2,624,517

"OFFICE

2,624,617

FLUID CURRENT COMMINUTOR WITH
CYLINDRICAL ABUTMENT IMPACT

TARGET

Franklin 8. Smith, North Haven, Conn.
Application March 5, 1949, Serial No. 79,860

12 Claims.

1

This invention relates to impact milling ap-
paratus. .

One of the objects of this invention is to pro-
vide new and improved apparatus for impact
milling. Another object is to provide apparatus
of the above character which is simple, practical,
and thoroughly durable. Another object is to
provide apparatus of the above character, in
which the particles of the milled product are
classified in accordance with size. Another ob-
ject is to provide apparatus of the above char-
aeter in which the force of the impact may be
readily controlled by the operator. Another ob-
ject is to provide apparatus of the above char-
acter which is readily adaptable to milling prod-
ucts of different sizes and characteristics. An-
other object is to provide apparatus of the above
character in which the classification of the sizes
of particles from the milled product may be readi-
ly changed. Another object is to provide ap-
paratus of the above character in which a maxi-
mum of cereal may be milled in a minimum of
time. Other objects will be in part obvious and
in part pointed out hereinafter.

The invention accordingly consists in the fea-
tures of construction, combinations of elements,
arrangements of parts, and in the relation and
order of each of the same to one or more of the
others, all as will be illustratively described herein
and the scope of the application of which will
be indicated in the following claims.

In the gccompanying drawings in which are
shown one illustrative embodiment of the inven-
tion and a modification thereof:

Ticure 1 is a side elevation of the milling ap-
paratus, certain parts being broken away for
~purposes of illustration;

Figure 2 is g top plan of the apparatus shown
in Figure 1;

Figure 3 is g side elevation of the apparatus
taken from the line 3—3 of Figure 1;

Figure 4 is a vertical section on an enlarged
scale taken on the line 4—4 of Figure 2;

Fieure 5 is a horizontal section taken on the
line 5—5 of Figure 4;

Figure 6 is a perspective view on an enlarged
scale of a portion of the target array;

Figure 7 is a horizontal section taken on the
line T—1 of Figure 6;

Fieure 8 is a horizontal section taken on the
‘line 8—8 of Figure 6; |
Ficure 9 is a vertical section on an enlarged
scale taken on the line 9—9 of Figure 1;

" Figure 10 is a plan illustrating a modification

of a portion of the apparatus shown in Figure 1;

(Cl. 241—40)
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Figure 11 is' a vertical section taken on the
line {1—I1 of Figure 10; |

Figure 12 is a vertical section on an enlarged
scale taken on the line 12—12 of Figure 10; and

Figure 13 is a perspective view on an enlarged
scale of a portion of the target array used in
the apparatus shown in Figure 11. -

Similar reference characters refer to similar
parts throughout the several views of the draw-
ings. | -
In general, the milling apparatus (Figure 1)
includes a spout, generally indicated at 10, con-
nected to a bin (not shown) containing the prod-
uct to be milled. The nozzle 10a of spout {0 ex-
tends downwardly into a conduit 12 through
which air is blown downwardly by a blower,
cenerally indicated at 14. The product to be
milled, such as wheat, flowing from nozzle i0a
is carried downwardly by the air stream passing
through conduit 12 onto a conoidal member i5
(Figure 4), which together with a shell {8 posi-
tioned thereabove, forms nozzle 20, which directs
the cereal into an array of spaced vertically Dosi-
tioned targets, generally indicated at 22. The
product being milled disintegrates on striking the
targets, the larger particles falling downwardly
from the targets into a hopper, generally indicat-
ed at 24, and thence downwardly into chute 26.
The smaller particles pass through the space be-
tween the targets into passageways 28 and S0
(Fgure 5). |

Passageways 28 and 30 increase in depth
throughout their lengths, the smaller ends of the
passageways being positioned on opposite sides
of guiding vane 32, which splits the air stream
and milled product passing through the target
array into passageways 28 and 30. Having pas-
sageways which increase in cross-sectional area
throughout their lengths insures an even Iow
of the air stream into passageways 28 and 3%
in all directions from nozzle 28 (Figure 4). The
air streams in passageways 28 and 30 carry the
particles which have passed through target array
99 around the outside of the target array to guid-
ing plates 140 and 142, which direct the air
streams into the tangential passageway 34 iorm-
ing the intake of a cyclone collector, generally
indicated at 36. Because of the constantly in-
creasing size of both passageways, the air stream
ie slowed down so that the stream of air enters
the cyclone collector at a velocity of fifty feet
o second or less. The milled particles carried
by the air stream into collector 36 fall into hopper
38, which is emptied into chute 40 by an air
lock valve 42. The air in cyclone collector 36
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passes upwardly through conduit 44 to the intake
of blower (4, which recirculates most of the air
entering the eyclone collector through the milling
apparatus.

In detail, referring {to Tigures 1, 3 and 4, the
apparatus is supported by three hollow legs B,
52 and 54, the upper ends cof which extend invo
sockets, such as socket £6 (Figure 4), in brackeis
58, 60 and 62 formed on housing 648. Housing
64 supports hopper 24, which in turn supports
target array 22. Target array 22 includes a plu-
rality of equidistantly spaced vertically posi-
tioned targets 22a mounted upon a framework
including a wheel-shaped member 6§ (Figures
4 and 5), a supporting ring 68 and a »air of re-
taining rings 710 and 72. The upper and lower
ends of each target are obliguely cut and fit in
obliquely cut slots in the rim 6¢a of wheel-shapad
member 66 and the lower surface of ring 68.
Retaining rings 70 and 712, which prevent the
targets from moving outwardly with respect to
ring 68 and the rim 66a of wheel member 665, are
maintained in spaced relationship with respect
to each other by supporting members 74, 75, 78
and 80 (Figure 5), the upper and lower ends of
which are positioned in recesses cut in rings 73
and 12 (Figure 6).

Supporting members T4, 76, 18 and 8u are con-
nected to retaining rings 10 and 712, supporting

ring 68 and the rim 66a of wheel 66 by means of «

taper pins, such as taper pins 82 and 84 (Figures
6 and 8) and rivets, such as rivets &6 and &8.
Rivet 86 secures the top end of supporting mem-
ber 18 to retaining ring 72 and supporting ring
68, while rivet 88 secures the bottom end of sup-
porting member 78 to retaining ring 70 and con-
nects the latter to the rim 662 of wheel-shaped

member 66.
1t will be noted that the inner suriace oi each

supporting member lies in a plane which is tan- -

gent to the outer surface of the target array
22, so that as passageways 28 and 30 are fcllowed
to the right toward chute 34 (Figure 5), the pas-
sageway 15 (Figure 7) between the inner surface
of each supporting member and the target array
constantly increases. This causes the miiled par-
ticles passing through the target array opposite
supporting members 14, 16, 78 and 80 to flow with
the air stream to the right (Figure 5) into pas-
sageways 28 and 39 and thus prevents them from
clogging the space between the supporting mem-
bers 14, 716, 18 and 89 and the target array.
Targets 22¢ are of rectangular shape in c¢ross
section and are preierably made ci a molded
abrasive, such as silicon carbide. When their
upper and lower ends are positioned in the milled
slots in the rim of wheel member 66 and sup-
porting ring 68, a removable retaining ring S0
(Figure 4) is used to hold the upper ends of the
targets in place on the target supporting frame-
work. When ring 99 is removed, it is a simple
matter to reverse the position of the targets 1r
their inner edges are worn, or 1o replace them.
In order to make the targe{ array accessible
for purposes of both cleaning and repair, the hop-
per 24 on which the target array is mounted
(Figures 1 and 4) may be moved downwardly
with respect to the apparatus. 'To accomplish
this, hopper 24 is provided with a flange 24q
(Figure 4) extending outwardly from 1its upper
edge. Flange 28a has a seat $2 formed therein
to receive the lower outer edge of the framework
of target array 22. A locating pin 84 (Figures 4
and 5) is provided in seat 82 and coaces with a
noteh 70a in retaining ring 16 to insure that the
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target array will always be correctly positioned
in the apparatus if it is removed ftherefrom.
Flange 264 is also provided with ocutwardly ex-
tending portions, in the outer ends of whicn are
formed recesses (82, {04 and (35 (Figure B) in
which legs 5@, 52 and 54 are positioned. 7o ald
legs 88, 92 and 84 in guiding hopver Z4 as iv is
moved upwardly, the lower end ¢f hopper 24 is
provided with an outlet chute connection 112
which fits chiute 28 with a sliding fit. Thus, as
hopper 24 moves upwardly and dcwnwardly with
respect to the apparatus, it is guided by legs 5§,
£2 and 54 and chute 26.

To ald the operator in lowering
hopper 24, it is counterbalanced by means of
counterweights positioned in legs 4¢, L and 54.
Referring to Figures 1, 3 and 4, sproclket vheels
{44, 116 and {18 are rotatakbly mounted oa
fianges, such as flanges 58a and 585 (Figure 3D
extending upwaraly from braczets &Z, €3 and 62,
respectively. As the counterweight aszembly as-
sociated with each sprocket wheel is suhstantially
similar, detailed description will be limited to the
assembly associated with sprocket wheel {14
(Figure 4). 'The sprocket chain 28, wnich runs
over sprocket wheel (14, extends through a hole
122 in frame 64 and has one ena 128a secured
to frame 64 by means of a pin t24. The other
end of sprocket chain 38 passes downwardly
through a hole 125 in bracket §8 into the interior
of leg 50 where it is connected to the upper end
of counterweight {38 (Figlure 1). 'The combined
weight of the target array 22, racmber {¢, and
hopper 24 is greater than the combined weight of
the counterweights, in legs 50, 52 and 54, and
thus when the studs 128 (Figurss 1 and 3) which
connect hopper 22 £to housing G4 are removed, the
hopper assembly moves downwardly to the dotted
line position shown in Figure 4. At this time,
the target array may be removead, if desired, for
purposes of repair or cleaning and also it will be
noted that at this time the conoidal member 19
and the complete interior of nousing €4 are ac-
cessible for cleaning and the targev array and
conoidal member may he removed if cdesired. The
bottom surface 64d (Figure 4) of housing 64 is
provided with a gasket {25 mounted in a2 groove
133. Thus, when hopper flange Zdig is arawn
into contact with suriace §&d, gasket i29 seals
this connection. |

As described above, the air from blower (4
rasses downwardly through conduit 12 and en-
countcers the product to ke miiled, such as grain,
flowing downwardiy from nozzle {0z to spout 10.
AL this point, the air stream picks up grain in
conguit (2 to increase its speed and carries iv
aownwardiy against conoidal member 1§ (Figure
4). Member [0 is detachably mounted on a pin
[32a on the upper end of a support 132, the lower
end 132b of which is positioned in a hole 134 in
the hub 660 of wheel-shaped member 8. Conoi-
dal member (8 is a conoid, the upper surface of
which from ifs axis to its periphery is cycloidal.
A shell 136 is connected by a flange 136a to a
flange t2a on the lower end of conduit 12 and has
a flange 138D on its outer edge which rests upon
a seat G4e (Figure 4) formed on the lower edge
of the inner wall 64¢ (Figure 3) of passageways 28
and 30 (Figure 5). The undersurface of shell {36
juxtaposed to the surface of member (95 is some-
whnat cycloidal. It will be noted that as the pas-
sageway between the shell 1306 and the surface of
member {6 is followed downwardly it gradually
diminishes in width, thus forming nozzle 20. As
the grain passes through nozzle 29, its maximum
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speed is approximately 200 feet a second. It
should be pointed out here, however, that the
velocity of the air stream in this apparatus is gov-
erned by the rate of speed of blower {4, so that
the miller can set the velocity of the air stream
at the rate required by the characteristics of the
product being milled, by means of a variable
speed motor. -

When the product being milled strikes the tar-
gets, it is shattered, the smaller particles being
carried by the stream of air through the gaps be-
tween the tarcets into passageways 28 and 30, and
the lareger particles falling downwardly within the
target array into hopper 24. As the targels are
of rectangular shape in cross section, and as the
tarsets are radially positioned with respect to the
axis of the tarcet array as a whole, the gap be-
tween each pair of targets gradually increases in
width from the inside to the outside of the target
array. 'This prevents any of the slots from he-
coming clogged by particles of the product being
milled.

All of the cuter walls of passageways 28 and 30
(Figures 4 and 5), their top walls, and the upper
portions of their inner wails are an integral univ
formed by housing 4. The outer walls 640 of
woth passageways, when considered as one unit,
form a cylindrically-shaped member equidistant-
1y spaced at all points from target array 22 (F'ig-
ure 4). The upper inner walls §4c (Figures 3 and
4) glso form a cylindrically-shaped member when
considered as one unit, and together with target
array 22 form the inner walls of passageways 28
and 88. The depth of each passageway constant-
ly increases as they are followed to the right (Fig-
ure 5). Thus, at any given point between vane 32
and port 138, the total cross-sectional area of
either passageway is able to accommodate the en-
tire flow into that passageway between the given
poing and vane 32 (Figures 4 and 5), which is se-
cured to housing 64 by stud screws 139 (Figure 4).
As a result, the air stream flows evenly through
the target array, and each individual stream
flows throueh an arc of 180°, joining each other at
nort (38 (Figure 5).

As the two streams passing through passage-
ways 28 and 38 converge on port 138, to prevent
swirling, they are directed by a pair of curved
cuiding plates 148 and 142 (Figures 4 and 5) into
intake 24 of cyclone collector 36. Guiding plates
are vertically positioned in passageways 28 and 39
and are connected to housing 64 by studs iG1.
As the velocity of the air stream has been slowed
down in passageways 28 and 38, once in cyclone
collector 36, the milled particles drop from the
1ower end of the cyclone collector 36 into hopper
23. Hopper 38 is emptied by air lock valve 42
(Figure 9), which prevents the air stream from
nassing downwardly into chute 48. This valve 1S
driven at whatever rate it is necessary to empty
nopper 38 into chute 48. Air from collector 36
(Wioure 1) passes upwardly through conduit 44
into blower 14, which is driven by motor 146, and
thence recirculated through the apparatus.

In operation, the miller selects the particular
type of target array necessary for the classifica-
tion which he wishes to produce and the type of
milling to be done. This is inserted in the ap-
paratus and the rate of motor 146 is set at a
speed which will produce the velocity desired at
nozzle 29 (Figure 4). When the motor is in op-
eration, the product to be milled is permitted to
Aow throuch spout 10 (Figure 1). 'The air stream
passing through conduit 12 projects the grain
from nozzle 10¢ upon cycloidal member {6, which
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flance {52c¢ being sealed by a gasket (9.

6.
with shell 136 forms a nozzle directing the prod-
uct being milled against target array 22. The
larger particles fall downwardly into hopper 24,
and thus pass into chute 26 (Figure 1), The
smaller particles pass through the target array
into passageways 28 and 30 (Figure 5) and thence

“through port 138 into the intake 34 of cyclone

collector 36, the air streams from passageways 238
and 30 being guided in the port by guiding plates
{40 and 142. In the cyclone collector 36, the
milled particles pass downwardly and the air
passes upwardly through conduit 34 to blower 4.
Tf there is a shortage of air in the apparatus, this
shortage will be automatically taken care of by
the air entering the apparatus through nozzle 19a
with the stream of particles being milled. Any
excess of air will flow down chute 26 (Figure 1).

Whenever it is desired to clean the target array
and interior of the apparatus or change the target
array, targets, or conoidal member, SCrews 128
(Figures 1 and 3) are loosened and hopper 24,
target array 22, and cycloid {6 will drop down-
wardly, suided by legs 50, 52 and 54 and chute 26.
The weight of these elements is counterbalanced,
as pointed out hereinabove, by counterweights,
stich as counterweight 188 (Figure 1), positioned
in the legs 59, §2 and 5&4. Thus, it will be seen
that the machine is designed for maximum e
ciency in all respects, in that the interior of the
machine is readily accessible for cleaning, that
the targst array can be changed as a unit if dif-
ferently spaced targets are desired, and the indi-
vidual targets if worn can be readily replaced by
removing retaining ring 88. Because of the man-
ner in which targets 22a are formed, they may he
reversed when they become worn so that unworn
suter surfaces and edges form the target surface.
After the machine is cleaned or the target array
changed, it is a simple matter to raise the hopper,
tarset array and cycloid into operative position
and replace the screws 128 and the machine is
aczain ready for operation.

Referring to Figures 10, 11, 12 and 13, in which
is illustrated a modification of the apparatus
shown in Figures 1-9, the machines are substan-
tially similar in construction, with the exception
of the passageway which connects the target
array to the cyclone collector and the construc-
tion of the target array. In the apparatus shown
in Figures 10, 11, 12 and 13, the hopper {48 posi-
tioned bheneath the target array is detachably
mounted on the machine, and when lowered is
counterbalanced by counterweights positioned in
its legs £50 in the same manner as hopper 24
in the embodiment shown in Figures 1-8 and the
jcint between hopper flange #48a and housing
The
housing 52 includes a wall 132¢ which follows a
logarithmic spiral beginning at the inner edge
of the mouth 158a of conduit 1824 (Figure 10).
Walls 152a, top 152b and the outer surface oi
target array 1558 form a volute 168 which gradu-
ally increases in width as the target array (%6
is followed in a clockwise direction. At the end
of wall i52a nearest target array (56 a cutoff
{53 is provided, the inner surface i58a of which
forms a continuation of wall 152e and curves in-
wardly to a point where it practically touches
target array 186. The outer surface 1580 of cut~
off 158 serves to direct the air stream and milled
particles from passageway 160 into conduit 154
which increases in cross-sectional area through-
out its length and thence into the intake (162
of a cyclone collector (not shown). XReferring to
Figure 12, 1o permit passageway 190 to be con-

-
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nected to conduit 154, a member 161 is provided
which extends transversely across passageway
{§0. Member {61 and cutoff' 158 permit con-
duit 154 to be connected. to passageway I80- by
means cof its flange i54a.

The target array in this embodiment consists

of a cylinder in which g series of slots 178 are
milled extending longitudinally of the axis of the
target array. 'The upper edge of the target array
1s. positioned beneath the top wall 1520 of hous-

ing 182 and it is mounted in a seat (45b formed-
The shell 172, which covers the
top of the space enclosed by-the target array; is
connected to the lower end of the conduit (04

on hopper 148.

and its flanged edge 1712a rests upon the upper
surface of top wall i526. Conoidal member 168
is ‘detachably mounted by a support 176 on the
hub of a wheel-shaped member 178, the rim {18¢
oi which rests on a seat (43¢ formed on hopper
(48,

In operation, the air stream passing through
condult 154 (¥Figure 10) acts upon the product
to be milled as it fiows out of spout 166 and carries
it against target array (&5, the air stream and the
product being milled being directed by conoidal
membper 168 against target array 170. Because of
volute 160, the air stream carries the product
being milled evenly against target array (56 in
all directions. The larger particles resulting

from the impact of the product being milled -

against the target array pass downwardly into
hopper (48, while the smaller particles are carried
through the slots between the targets into volute
{60 (Figure 10). The air stream flows around

voluie 168 in a clockwise direction (Figure 10), -

enters conduit {84 which slows down the velocity
of the air streamr to fifty feet a second or less
because of its constantly increasing size. The
alr stream then enters the intake [€2 of a cyclone
collector similar to collector 36 (Ficure 1). The
remainder of the apparatus is similar to that
shown in Figure 1. In this embodiment, the hop-
per, which is counterbalanced, may be lowered
as-in the previous embodiment for purposes of
cleaning the interior of -the machine or removing
the-target array or-conoidal member:

Thus it will be seen that a practical and effi-
clent method of milling has been disclosed, to-
gether with new and improved apparatus of one
type-suitable for carrying out the method of mill-
ing disclosed herein. Iurthermore, it will be
noted that the product being milled’ is classified
by this apparatus in a new and improved manner
and- that the classification may he easily and
quickly changed by changing the target array.
Also, it will be noted that this machine is readily
controllable by the miller so that the apparatus
may be easily set to suit the characteristics of the
particular product being milled. It will now be
clear that the several objects hereinabove men-
tioned, as well as many others, have been suc-
cessfully accomplished.

As many possible embodiments may be made
of the mechanical features of the above inven-
tion, and as the art herein described might be
varied in various parts, all’ without departing
from the scope of the invention, it is to be under-
stood that all matter hereinabove set forth, or
shown in the accompanying drawings, is to be
Interpreted as illustrative and not in a limiting
sense,.

What is claimed is:

1. In apparatus of the type described, a ver-
_tically positioned conduit, means to create a
stream of zir flowing dovmwardly through said
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8
conduit, a stationary cone-shaped ecyeloid po-
sitioned beneath said conduit, a cylindrically-
shaped target array having its inner wall posi-
tioned outwardly from the lower edge of said

- cycloid, said target array including a plurality

cf vertically positioned. spaced targets, said
streain of air carrying the product to be milled
acainst said target array with sufiicient force to
disintegrate the particles of which said product
is comprised, means: forming a passageway ex-
ternally of said target array for collecting the
particles of said milled product passing through
said targe: array, and & hopper- positioned be-
neath said tareet array for collecting the parti-
cles of said milled product which do not pass
through said target array.

9. In apparatus of the type described; a con-
duit, means. to create a stream of air flowing
through said conduit, means to introduce a prod-
uct to be milled into said stream of air in sald
conduit, a stationary conoidal member, the axis
of said conoidal member being vertically posi-
tioned and aligned with the axis of said conduit,
means coacting with said conoidal member to
form a nozzle opening at the lower edge of said
cone-shaped member, a cylindrically-shaped
target array including a plurality of vertically
positioned spaced targets, said nozzle directing
said stream of air and said product to be milled
against said target array, the product bheing
railled being carried by said stream of air into
said target array with sufficient force to disin-
teerate the particles. of which said product is
comprised, passageway means positioned out-
wardly of said target array for collecting the
particles of said milled product passing through
caid target array, and means positioned beneath
said target array for collecting the particles of
said milled product which do not pass through
said target array.

3. In milling apparatus c¢f the type described,
a- conduit, means to create a particle-carrying
relatively high velocity stream of air through
said conduit, means to introduce product par-
ticles to be milled into said high velocity stream
of air to be airborne therehy, a cylindrically-
shaped target array including a plurality of cir-
cumferentially spaced fargets, realtively-fixed
means for directing said stream of air and said
airborne product particles to be milled radially
out against said target array, and passageway
means positioned exteriorally and. circumam-
biently of said target array leading to discharge
means; said passageway means being gradually
increasing in cross section toward said discharge
means from loeality most remote from the latter
so that said stream of air will flow evenly through
said target array at suhstantially all circumier-
ential points.

4. In apparatus of the type described, a con-
duit, means to create a stream of. air flowing
through sazid conduit, means fo introduce a
product to be milled into. said stream of air, &
cylindrically-shaped target array including a
plurality of spaced targets, means for directing
said siream of alr and product to be milled
against the inside of said target array, means
forming a passageway positioned outwardly from
said target array, an exhaust port for said
passageway, nieans positioned in said passage-
way opposite said exhaust port dividing said
passagewsay into two sections, each. of said sec-
tions increasing in cross sectional area through-
out their lengths, the enlarged ends of said sec-
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tions opening into said exhaust port, means for
collecting the particles of the milled product
passing out of said exhaust port, and means for
collecting the particles of the milled product
which do not pass through said target array.

5. In milling apparatus of the type described,
in combination, a conduit, means for creating a
particle-carrying relatively high velocity stream
of air flowing through said conduit, a cylindrical-
Iyv-shaped target array, a relatively-fixed conoi-
dal member for directing said particle-laden
stream of air against said target array and sup-
ported coaxially in and with the latter, said
target array including a plurality of circum-
ferentially spaced targets, said stream of air
carrving the product being milled against said
target array with sufficient force to disintegrate
the particles of which said product is comprised,
a housing forming a passageway positioned out-
wardly and circumambiently of said target
array, said passageway collecting particles of
said milled product passing through said target
array, 2 hopper removably positioned beneath
said target array, said target array being
mounted on and supported by said hopper, and
means detachably connecting said hopper to said
housing to permit said hopper, said member and
said tareget array to be detached together from
said housing for purposes of cleaning or repair.

6. In apparatus of the type described, in com-
bination., a vertically positioned conduit, &
blower for creating a strearn of air passing
downwardly through said conduit, means ior
introducing a product to be milled into the air
stream pvassing through said conduit, a cylin-
drically-shaped target array, a conoidal member
for directing said stream of air and the product
to be milled outwardly against the inside of
said tareet array, said target array including &
plurality of vertically positioned spaced targets,
means forming a passageway externally of sald
target array for collecting the particles of said
milled product passing through said target ar-
ray, o hopper positioned beneath sald target
array, said target array and said conoidal mem-
ber being mounted on said hopper, a framework,
means detachably connecting said hopper fto
said framework, said hopper bheing movable
downwardly away from said framework, and
means for counterbalancing said hopper, target
array and conoidal member when it is moved
downwardly out of assembled relationship with
respect to said framework, the interior of sald
passageway, said target array and saild conoidal
rmember being readily accessible for purposes of
cleaning or repair when said hopper is detached
from said framework.

7. In a target array for apparatus of the type
described, in combination, a circularly-shaped
supporting framework, a plurality of slots formed
in the periphery of said framework, a ring mem-
per, a plurality of spaced slois formed in said
ring member, means for supporting said ring
member abeve the perivhery of said supporting
framework, said siots in said framework and ring
member being aligned with respect to each other
and being radially positioned with resvect to the
axis of the target array, a plurality of targets,
each target being of rectangular shape In Cross
section, the upper and lower ends of each of said
targets being positioned in aligned slots in said
supporting framework and said ring member, and
means for retaining the upper ends of said targets
in the slots in said ring member and means for
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retaining the lower ends of said targets in the
slots in said supporting framework, said targets
forming a cylindrically-shaped target array and
being detachably mounted on said supporiing

framework and ring member.

3. In milling apparatus of the type described,
in combination, a blower, a conduit, said blower
forecing a stream of air through said conduif,
means for introducing particles of a product to
he milled into said conduit, a cylindrically-shaped
target array including a plurality of circumieren-
tially-spaced targets, relatively-fixed means for

directing said stream of air and the product being

milled radially out in all directions against sald
target array, a hopper positioned beneath said
target array for collecting the particles of the
vroduct being milled which do not pass through
said target array, a passageway in the shape of
o volubte positioned outwardly adjacent to and
circumambiently of said targef array to extend
substantially 360° thereof and of gradually in-
creasing capacity in g downstream direction to-
ward its outlet to assure passage of substantially
uniform quantities of air through said target
array at substantially all radial points, and means
to receive milled product-laden air from the pas-
sagewayv outlet and separate the milled product
from the air stream.

9. In milling apparatus of the type described,
in combination, a conduift, means fto create a
particle-carrying relatively high velocity stream
of air in said conduit, meang for inftroducing
prodiuct particles to be milled into said stream of

ir, o cylindrically-shaped target array includ-
ing g plurality of circumferentially-spaced tar-
cets, relatively-fixed circumambient nozzle means
+0 direct said stream of air and the airborne prod-
uct particles to be milled radially out against the
ingide of said cylindrically-shaped target array,
zz2id stream of air constituting the sole motive
force for and carrying said product particles
agginst said target array with sufiicient force to
disintegrate the particles of which said product
is comuprised, means forming a passageway posi-
tioned externally and circumambiently of said
target array with the outer side of the latter de-
fAning the inner side of said passageway, sald pas-
sageway extending completely around said target
array and being in the shape of a volute of grad-
ually increasing capacity in the downstream di-
rection toward its outlet end, means for collect-
ing the airborne milled particles passing through
the open outlet end of said volute, and means for
collecting the larger milled particles falling down-
wardly from within said target array.

10, In an apparatus of the type disclosed, a ver-
tically positioned conduit, a blower for creating
a stream of air ficwing downwardly through said
conduit, means for introducing kernels of grain
into said downwardly flowing air stream, a sta-
tionary cone-shaped cycloid positioned beneath
said conduit, the axis of said cycloid being aligned
with the axis of said conduit, a cylindrically-
shaped target array, the axis of said target array
keing aligned with the axis of said cyeloid, a
houising member positioned above said cycloid,
said housing forming an annular nozzle with said
cyeloid, said nozzle directing grain outwardly
radially with respect to the axis of said cycloid
acgainst said target array, said stream of air car-
rying the kernels of grain against said target
array with sufficient force to disintegrate the ker-
nels of grain, means forming g passageway exter-
nally of said target array for collecting the parti-
cles of said milled nroduct passing through said
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-target array, means for-separating the air stream
carrying said product from said product,-a con-
duit for leading -said -air ‘stream to said blower
and g hopper positioned beneath said target array

for collecting the particles of said kernels.of grain

which do not pass through said target array.

11, In grain milling apparatus the -combina-
tion comprising; feeding means to supply kernel-
carrying, high velocity gaseous medium; a rel-
atively fixed nozzle having an axial inlet opening
connected to said feeding means and a circume-
ferentially-arranged, circular, laterally~directed
outlet orifice with the interior passage between
sald opening and orifice being bell-shaped and
defined by substantially cycloidal converging
walls; a drum-like, vertically-slotted target array
arranged coaxially with and circumambiently of
said nozzle outlet orifice, each of the targets of
said array comprising an elongated bar substan-

tially rectangular in cross-section having one of

its edge faces facing said orifice substantially nor-
mal to a radius of said nozzle; a vertically-mov-
able hopper disposed beneath said array for col-
lection of coarse particles which do not pass lat-
erally through said array with the lattter mounted
ol and supported by said hopper to be lowered and
raised therewith; and casing means surrounding
said array and forming therewith delivery pas-
sage means for fines-laden -gaseous medium and
terminating in an outlet for connection to sepa-
rating apparatus, said -delivery passage means
being defined by gradually diverging walls for
gradual increase of the capacity thereof as said
outlet is approached to assure -substantially even
distribution :of fines-laden gaseous medium
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through said array .at.substantially all circuni-

ferential points.

12, The-grain milling apparatus as defined in
claim 11 characterized by said arrsy being in the
form of an open, substantially cylindrical frame-
work having top-and botftom rings provided with
opposed radial slots removably receivable of the
ends of said targets, and means removably to
hold said targets in said slots for removal and

reversal at will.
FRANKLIN S. SMITH.
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