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i UNITED stATES PATENT ofFICE 
2,505,023 

ROTARY BEATER GRNDING, MILL 
John W. Williamson, Los Angeles, Calif. Assignor 

to The Roberts Mill Manufacturing Company, 
Denver, Colo., a corporation of Colorado 

i Application November 24, 1944, serial No. 564929 

This invention rela”es to grinding or com 
minuting mills or machines, and, more particu 
larly, to grinding mills of the hammer mill type. 

- 1 Claim. (Cl. 241–51) 

Grinding mills of the hammer mill type are 
used extensively in producing comminuted ma 

i terial from forage such as hay, grain, or the like, 
to produce stock feed, the comminuted material 
being mixed with molasses orother highly nu 
tritious products to próvide an enriched feed. 
To insure a more thorough mixture of the mo 
lasses or enrichment with the comminuted for 
age, the hay or grain product is preferably re 
duced to a relatively uniform small size. In a 
hammer mill, forage such as hay is fed by a mov 
ing belt into a comminuting Section in which a 

i plurality of grinding elements are mounted about 
the periphery of a cylindrical framework, and 
coactwith an eccentric screen to cut up orgrind 
the hay to produce particles suficiently small 
to pass through the holes in the screen. How 
ever, due to Warying degrees of toughness occa 
sioned by type, quantity or moisture content of 
the hay, and also due to wariation in length 
and/or size of individual stalks, the load imposed 
on the machine as well, as the grinding require 
ments tend to wary considerably over a short 
space of time. There is a tendency for ground 
orunground material to collect about shafts, ad 
jacent the point at which such shafts pass 
through the housing of the machine, and alS0 
to collect within the cylinder or cylindrical 
framework carrying the grinding elements. 
Such collection of material, when dry, consti 
tutes a serious fire hazard, due to spontaneous 
combustion orignition by heat developed through 
friction of moving parts. Furthermore, the 

i screens tend to clog at times, due not only to 
wariations in the amount of comminuted mate 
rial produced, butalso dueto inadequacy, on cer 
tain. occasions, of conveyance of the comminuted 
product fruin the screen. 
Among the objects of this invention are to pro 

i videa grindingmill which will readily accommo 
date material of Variable toughness, length or 
size, or resistance to maceration Or comminu 
tion; to provide Such a mill, particularly of the 
hammer mill type, through Which the material 
is conveyed effectively and efficiently; to pro 
vide suchamill which will readily accommodate 
wariations in feeding rate; to provide such a 
mill in which the fire hazard is minimized; to 
provide such a mill in which feeding may be 
stopped quickly by the operator in case of ap 
parent clogging of any remaining portion of the 
mill; to provide Such a mill in which rotating 
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parts are driven by a novel type of drive; to pro 
vide a grinding mill of the hammer mil type 
which includes a nowel grindingelement; to pro 
vide such a mill which.includes a nowel device 
adapted to feed the material to the grinding ele 
ment; to prowide such a mill in which the con 
struction and general arrangement of parts are 
such that more uniform grinding results may be 

i obtained; to provide suchamill which is particu 
larly adapted to grindhayor similar fibrous feed, 
but which may readily be adapted to grind grain 
and similar material; and to provide a grinding 
mill, particularly of thehammer mill type, which 
is relatively simple in construction, and is dur 
able and efficient in operation. Additional ob 
jects and the nowel features of this invention will 
become apparent from the description which 
follows. | . • 

fn general, a grinding mill constructed in ac 
cordance with this invention may include a pre 
liminary feeding device by which hay or other 
fibrous material may be supplied to a combined 
chopping and feeding device adapted to reduce 
the fibers to a more uniform length through the 
combined action of two sets of knife-carrying 
elements, the kniwes or. blades of One element 
preferably being in longitudinally staggered re 
lation with respect to the knives of the other ele 
ment and mounted for rotation in the same di 
rection so as to exert a combined chopping and 
feeding action On the material. The chopping, 
and feeding device supplies material to a grind 
ing device which may include a cylindrical 
framework carrying about its periphery a plu 
rality of grinding elements adapted to cooperate 
with an eccentric Screen through the apertures 
of which the comminuted material passes when 
reduced to the desired size. The comminuted 
material passes through the screen into a receiv 
ing chamber from which it is drawn by the suc 
tion effect produced by a blower or the like, and 
into which receiving chamber an adjustable 
amount of air may be supplied for scavenging 

i purposes and also for regulating the suction effect 
45 

50 

and consequent rate of WithdraWal of commi 
nuted materia?. The grinding cylinder is pref 
erably So constructed that adequate circulation 
of air within the same and also at the ends of the 
grinding Space prowides feed to the grinding ele 
ments and also reduces the tendency for mate 
rial to pile up at any given point, thus minimiz 
ing the fire hazard. 
Apparatus embodying the above features is ex 

emplified by that illustrated in the accompanying 
88 drawings, in which: 
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Fig. 1 is an end elevation of such apparatus; 
Fig. 2 is a top plan view of the apparatus of 

Fig. 1, partly broken away to show the interior 
construction; 

| Fig. 3 is a partial Vertical longitudinal section, 
on an enlarged scale and taken allong line 3-3 of 
Fig.2; and 

Fig. 4 is an end elevation taken from the side 
opposite that of Fg, 1. 

| Asin Fig. 1, the apparatus may include afeed 
ing device F, such as a belt conveyor, adapted to 
supply fibrous material or the like to the portions 
of the apparatus installed within a housing H, 
the rotary parts thereof being driven by a motor 
M. The comminuted material produced within 
the housing H is removed and transferred to a 
further point of use or treatment by suitable 
means which includes a blower B, preferably of 
the centrifugal type. 
As in Figs. 2 and 3, installed within the hous 

ing Hare a combined feeding and chopping de 
wice Which includes two knife elements K– and 
K-2, which rotate in the same direction, thatin 
dicated by the arrows of Fig. 3. The kniwes ofone 
element are disposed in longitudinally staggered 
relation with respect to the kniwes of the other 
element and both, knife Sets rotate in the same 
direction so that filbrous material, such as hay or 
the like, not only is chopped into more uniform 
lengthsbut is moved toward, a grinding section or 
device. The grinding. device includes a cylinder 
C and an eccentric screen Swhich extends a sub 
stantial distance around the periphery of cylinder 
C. The comminuted material, when ground to 
the desired size, passes through the apertures in 
screen Sinto a receivingchamber R, from whence 
it is drawn, by the suction effect produced by 
blower Band transferred to a point of subsequent 
use ortreatment. To insure that the comminuted 
material will be efectively removed, Scavenging 
and regulatory air may be supplied to the bot 
tom of the receiving chamber R through an ad 
justable air duct D. The air supplied through 
duct D assists, rather than impedes, the passage 
of material through Screen S, since it tends to 
insure that material falling toward the bottom 
of the receiving chamber will be removed through 
exhaust opening or outlet O, and will not pile up 
in the rear half of the chamber and thereby clog 
the passage of material through the major por 
tion of the screen. Also, the suction effect on 
the Screen can be regulated by adjustment of the 
amount ofairsupplied through ductD. 
When it is desired to perform the grinding op 

eration only, as in the case of grain orother ma- i 
terial of relatively Small and more uniform size, 
the feeding mechanism F and combined feeding 

| and chopping device, which includes knife ele 
ments K- and K–2, may be stopped in a man 
ner set forth in detaillater, and the grain or sim 
ilar material fed directly to the grinding device 
through a grain spoutor hopper G, as in Fig. 3. 
The feeding mechanism F may comprise a plu 
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rality of endless belts 10 having affixed thereto 
a plurality of Spaced, transVerse cleats ! i adapted 
to mowe material allong a floor plate 12 extending 
between, sides 3, which with floor plate 2 form 
a trough or chute. Endless belts 10 pass around 
a driving roller i 4 at: one end and an idler roller 
i 5 at the opposite end, the former being mounted 
for rotation in fixed bearings i 6 and the latter in 
adjustable bearings f7, as in Fig. 1. The reduced 
ends or shaft extensions of rollers i 4 and i 5, 
Which are mounted in the bearings, may be 
"ormed integrally with the rollers, orby w?lding 

4 
short sections of shafting thereto, or in anyother 
suitable manner. As in Fig. 2, one end of roller 
4 may be provided with a shaft extension 8 on 
which is rotatably mounted a gear i 9 to which 
is attached one side of a jaw clutch 20., the op 
positeside of the jaw clutch being keyed to shaft 
extension 8. The jaw clutch is operable by a 
lever 2, one end of which is piwoted on an arm 
22, im turn attached to housing H in any suit 
able manner, as by welding. Gear 9 is rotated 
by a pinion 23 which is mounted On the OutWard 
end of a shaft 25, upon which is mounted the 
rearknife element K-2. 
The knife element K-2 may comprise a plu 

rality of cutting blades 26 spaced about the pe 
riphery of longitudinally spaced discs or plates 
27, the cutting blades 26 being attached to the 
discs in a suitable manner, as by riveting orbolt 
ing, so asto be removable for replacement. Discs 
27 may be equally spaced longitudinally along a 
cylinder 28 attached at its ends to shaft 25. 
Similarly, the knife element K–i may comprise 
a plurality of blades 29 disposed in sets and 
equally spaced about the periphery of longitudi 
nally spaced discs 30, in turn attached to a cylin 
der 3 secured atits ends to a shaft 32. Discs 30 
may be slightly larger than discs 27 in Order more 
effectively to reduce in Size lumps Orlarger masSes 
of material fed to the combined chopping and 
feeding device, while the knife element K–2 may 
be driven at a greater speed than the knife ele 
ment K–i, as by a chain 33 running over a 
smaller sprocket 34 keyed to shaft 32 and a larger 
sprocket 35 keyed to shaft 25, as in Fig, 1. By 
such arrangement, the knife elements K- and 
K–2 cooperate together to tear apart and chop 
up masses of forage or the like Supplied by feed 
ing mechanism F. 
The cutting edges of blades 26 and 29 are pref 

erably curved sothat a downward cutting action 
is obtained when the knives first encounter the 
mass of forage, and sothat the cut material will 
readily drop of the knives as they pass upwardly 
On the Other side of the shaft, with the knife ele 
ments rotating in the direction of the arrows of 
Fig. 3. As will be ewident from Figs. 2 and 3. any 
material tending to be carried upwardly by blades 
29 On the rear side of the knife element K–i Will 
be engaged by blades 26 and further cut and re 
moved from the knife element K-1. Atthe same 
time, blades 26 tend to push the cut material into 
the feed Opening for the grinding device, between 
roller i 4 and a reinforcing bar 36, which forms a 
portion of housing H. 

Housing H, within a portion of whichthe knife 
elements K-| and K-2 are installed, includesa 
top plate or sheathing 37 which slopes down 
wardly over the knife elements K-| and K-2 to 
reinforcing bar 36, to which the upper end of 
Screen S is attached. Housing H also inc”udes 
sides 38, on which are mounted bearings 39 for 
Shafts 25 and 32 of the knife elements. In addi 
tion, a hinged door 40 restricts passage of forage 
to an opening 4 and regulates feed of forage to 
the combined feeding and chopping device, but 
may be moved upwardly for inspecting or replac 
ing parts suchas blades 26 and 29, or for rectify 
inga clogged Condition Orthelike. 
The housing H further includes a semi-cylin 

drical sheathing 42 which extends, inspaced rela 
tion to screen S, from reinforcing bar 36 to a 
lower bar 43. Screen Sextends from bar 36, di 
rectly above cylinder C, around the cylinder to a 
frame bar 44, directly in front of the cylinder C. 
Screen Sismounted in an eccentric position with 
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respect to cylinder C, so that the space between 
the screen and the ends of a plurality of grinding 
studs. 45, which are mounted on the periphery of 
the cylinder, decreases from the top around to 
the front. Thus, with the cylinder rotating in 
the direction of the arrow of Fig. 3, the grinding 
studs. will macerate or grind, and tend to push 
comminuted particles of forage orother material 
through the holes in screen S. Receiving space 

| R. is formed around the screen S, the rear por 
tion of the space being formed between the screen 
and cylindrical shnathing 42, while the forward 
portion of the exhaust chamber is formed by a 
front plate 46 and a floor plate 47. In addition, 
the ends of the grinding section are closed by side 

" | 38 of the housing and a casting 48, which forms 
a bed forthemachine and prowidesa support and 
mounting for warious parts thereof, as well as 
closing the ends of receivingchamber R. 
Comminuted material discharged into chamber 

R is removed by the action of blower B, through 
exhaust opening or out”et O. the blower being 

| connected with the exhaust opening by a duct 50. 
Preferab?y the cross-sectional area of exhaust 
opening Ois the same as the cross-sectional area 
of the suction inlet of blower B. This producesa 
more equalized suction effect at the outlet. O and 
minimizes the tendency of blower B to become. 
clogged. From the blower B, the comminuted 

i material is delivered through a duct 5 to storage 
ora point of further treatment or use at which. 
for instance, molasses or the like may be mixed 
; the comminuted forage to produce stock. 
62620. 

Air duct D may be formed by an exterior plate 
52 extending substantially parallel to the lower 
portion of sheathing 42, as in Fig. 3, to a channel 
53 to which plate 52 and floor plate 47 are at 
tached. The upper end of air duct Dis provided 
with a hinged door 54 which may be placed in 
any desired position to regulate the amount of 
air drawn through the duct, or shut it of en 
tirely. A feature of the air duct D. lies in the 
fact that it terminates at a point adiacent the 
bottom of the chamber R, directly opposite the 
exhaust opening O., thus causing a current of 
air to sweep across the bottom of the chamber 
and insuring that the comminuted material will 
be removed from the rear portion of the exhaust 
chamber as well as from the front thereof ad- i 
jacent the exhaust opening O. As will be ewi 
dent from Fig. 3, in the specific construction il 
lustrated in the drawings, when the doOr 54 is 
open, comminuted material passing through the 
rear half of screen Swill tend to slide down the 
sheathing 42 until it is picked up by the stream 

i of airissuing from the air duct D, and there will 
be little or no tendency for material to collect in 
the rear portion of the chamber. Also, the Suc 
tion effect on all portions of the screen will tend 
to be equalized, and the machine will operate at 
all times at full capacity and with greater efec 
tiveneSS. 
of air drawn through the air duct, the suction ef 
fect on screen Sandalso the rate of withdrawal 
of comminuted material from the chamber R, 
which will correspond with the rate of feed to 
the blower B, may be varied in accordance with 
the operating conditions or the particular typé 
and/or condition of material involved. 
The warious parts of the housing may be at 

tached to each other in a suitable manner as by 
bolts or screws, or parts which will not be re 
moved for inspection or other purpose may be 
more permanently attached togetheras by weld 
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In addition, by regulating the amount 

75 

ing or the like. Preferably, the parts are So put 
together that access for inspection or similar 
purposes may be readily had. For instance, for 
this purpose, sheathing 42 may be made in two 
sections, an upper section and a lower section, 
each quadri-cylindrical, so that the upper sec 
tion may be readily removed for inspection pur 
posesor the like. 
The grinding cylinder C which carries about its 

periphery the grinding studsorteeth, 45, as stated 
previously, may include a cylindrical framework 
mounted On a Shaft 55 Which is journalled in • 
bearings 56 mounted on casting 48 of the hous 
ing. The framework includes a pair of end discs 
57 and one or more central discs 58, the latter 
being used in larger sizes and omitted in smaller 
sizes. A plurality of longitudinal bars 59. extend 
between end discs 57 and are attached thereto 
im any suitable manner as by welding, bolting or 
the like, the bars also being attached to central 
disc 58 in a similar manner. Longitudinal bars 
59 are reinforced by circumferential rings 60, and 
teeth 45 are bolted to the bars 59. Teeth 45 may 
be anguiar in cross section, so that they can be 
turned to provide a new cutting or macerating 
edge when the edge previously in use has become 
worn. With square teeth, as shown, each tooth 
may be turned to four different edges before re 
placement orresharpening becomes mecessary. 

Cylinder C is further constructed so that an 
adequate circulation of air therfthrough may be 
obtained, and also so that material will be ef 
fectively removed from points at which it tends 
to collect, thus reducing any tendency toward 
clogging and minimizing the fire hazard. For 
this purnose, each disc may be provided with 
a plurality of holes 6, to permit circulation 
through the fromework, and the framework may 
be provided with a plurality of longitudina? an 
gles or blades 62, to produce an outward flow of 
air and spaced about the framework, and pref 
erably Secured to those bars 59 which are dis 
posed in the desired spaced position. The air 
currents thus produced not only draw material 
from the interior of the framework but also force 
material out against the screen S. This assists in 
the passage of comminuted material through the 
screen, and also assists in feeding material out 
to the teeth 45 and tends to prewent collection 
of material within the framework, thus tending 
to eliminate one fire hazard source. Additional 
fire hazard elimination is provided by radially 
extending vanes or wear plates 63, which are 
Secured to the Outside of end discs 5T, at Spaced 
points around the periphery thereof. Vanes 63 
not only produce radial air currents, but also 
prewent the casual entrance of material into the 
space between the end discs 57 and the housing, 
and further remowe by a scraping action mate 
rial accidentally lodged therein. * 
The screen S may be constructed in a Suitable 

manner, as of closely spaced wowen wire, but it 
is preferable to utilize a screen which is more 
resistant to direct thrust and which tends to 
have a more direct cutting action on the mate 
rial being comminuted. Thus, as in Figs. 2 and 
3, the screen S may comprise a curved plate 64 
having a plurality of perforations or apertures 
65, and provided with circumferential stiffening 
bars 66. more effectively to prewent deformation 
during impact of the material being ground. The 
upper edge of the screen may be fastened to bar 
36 in a suitable manner, as by bolting, while the 
forward edge of the screen may be similarly fas 
tened to framebar 44. Thegrinding snare "th* 
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which the cylinder C operates is completed by a 
plate 67 which extends upwardly from frame 
bar: 44, and is provided at its upper edge with a 
lip 68 formed of rubber or other flexible mate 
rial, the lip being adapted to contact belts 0 and 
permit passage of cleats i i. Plate 67 and lip 68 
merely prewent material from spilling out in 
front of the apparatus, and are spaced from the 
ends of teeth 45 a greater distance than the 
Screen S. 
A further feature of this invention lies in the 

drive from motor M to the rotating parts. As 
in Figs. 1 and 2, the motor M is mounted on a 
platform 70 secured to casting 48, and drives 
cylinder C through a plurality of V-belts 7 i en 
gaging a grooved pulley 72 mounted on the motor 
shaft and a grooved pulley 73 mounted on shaft 
55 of the cylinder C. The cylinder may also be 
directly driven by the motor, but the knife mem 
bers K-f and K-2 and the feeding device F 
are preferably driven so that an overload on 
either the feed device or the knife elements Will 
tend to slow these parts of the machine down, 
but at the Same time the grinding Section of 
the machine will continue to operate at full 
speed, thus insuring an effective and efficient 
grinding action at all times. For this purpose, 
the shaft 55 of cylinder C may be provided with 
a drive pulley 74 having a plurality of circum 
ferential grooves therein adapted to receive 
V-belts 75, the V-sides of which engage the 
grooves in pulley 74, but the flat sides of which 
engage a relatively Smooth or flat pulley 76 
mounted on shaft 32 of knife element K-1. To 
maintain tension on V-belts 75 an idler pulley 
77 is mounted On an arm 78, piVotally attached 
to the housing, and a spring 79 is attached to 
the housing at one end and to the arm 78 at the 
opposite end. If desired, the spring maybe made 
adjustable in any Suitable manner, as by a rod 
80 threaded at the housing end and provided with 
a lock nut, adjustment (not shown). 
The action Of V-beltS 75 is to drive the knife 

elementS K-f and K-2 and also, the feeding 
device F' at normal Speed as long as the load 
thereon is normal. However, due to the lesSer 
friction between the flat sides of the V-belts and 
the relatively Smooth pulley 74, the driving 
torque will decrease on an increase in load, So 
that the Speed Of the feeding mechanism and 
the combined feeding and chopping device will 
decrease 1upon any Sudden increase in load 
thereon. This will prewent the grinding section 
of the machine from becoming Overloaded due 
to a Sudden influx of material, and will permit 
the operator to throw lever 2 to disengage 
clutch 20 and stop the feeding mechanism F, if 
an excess of feed is the cause of the overload, or 
to stop the motor Mand swing hinged door 40 
upwardly to obtain access to the knife elements 
K– and K-2 if the dificultylies in that portion 
of the machine. Of course, if a slight overload 
upon the knife elements K– and K-2 is occa 
sioned by a tougher or more densely packed mass 
of forage, the decrease in speed will not be ap- 65 
preciable because the feeding device F Will not 
be overloaded and the cutting action of the 
kniwes will quickly separate such a mass into 
smaller pieces-in fact, the action of the knives 
will usually be found to be more effective against 70 
packed or closely matted masses of forage than 
against a plurality of relatively loose fibers 
which pass through the machine individually. 
After being chopped up into smaller pieces by 

the knife elements K-| and K-2, the forage 75 

passes through the opening between driving roller 
14 and bar 36 to be caught uponteeth 45 and car 
ried against screen S. The teeth, 45, which are 
disposed in staggered relation in adjacent longi 

5 tudinal rows, tend to macerate and pulverize the 
material, pushing it against the screen Sas the 
cylinder Crevolves. Particles smallenough to 
pass through apertures 65 will fall through the 
screen, and the number of particles so produced 
will increase as the clearance between the ends 
of teeth 45 and the screen S decreases. Any ma 
terial not ground up or comminuted during the 
first revolution will be carried around and fur ther grinding exerted thereon, during subsequent 
revolution, the material being held against the 
screen by the outward air currents produced by 
angles 62, which at the same time tend to remowe 
from the center of the cylinder Cany comminuted 
material which may tend to fall therefrom above. 
Also, adequate circulation of air within the cyl 
inder is obtained and equalizatiton of air cur 
rents provided by holes 6 in center discs 58 (in 
case the latter arepresent). Also, air tends to be 
sucked outwardy or inwardy through the holes 
in end discs 57, depending upon the suction effect 
produced by angles 62 and radial end Vanes 63. 
In case grain or similar material having rela 

tively Small or uniform size is to be comminuted, 
the grinding section of the machine alone may be 
used, as by removing a section 82 of the housing 
H to provide an opening through which a plate 
83 may be inserted to close of the opening be 
tween the feeding Section and the grinding Sec 
tion. A pair of angles 84 may be provided, so 
that drain spout or hopper G may be placed over 
the Opening provided by the removal of section 
82, and attached to the housing in any suitable 
manner. Of course, it will be understood that 
grain may be fed to the grinding section by feed 
ing mechanism F, if desired. 
When the grain hopper G is utilized, the ten 

sion on idler pulley 77 may be released, and the 
V-belts taken of the idler pulley and placed in 
an out of the way position, sothatonlythegrind 

5 ing Section will be driven by the motor M. When 
forage is again to be treated, the V-belts 77 may 
be replaced, and operation continuedas before. 
From the foregoing, it is apparent that appa 

ratus constructed in accordance with this inwen 
tion is effective and efficient in operation, in 
cludes numerous novelfeatures, which bothalone 
and in Combination with other features of the 
machine are productive of new and improved re 
sults, and that the machine is relatively easy to 

55 build and simple to operate. It will be under 
stood that, although a particular construction 
and arrangement of parts has been described, 
Various rearrangements of parts and diferent 
modes of construction are possible, without de 
;ng from the spirit and scope of this inven 
0. 

What is claimedis: 
In a grinding mil or the like which includes 

a housing. adapted to enclose a feeding section 
and a comminuting section, the combination of 
a cylindrical framework mounted for rotation in 
Said housing and including a shaft having a disc 
atached thereto adjacent each end, said discs 
having holestherethrough; radial vanesattached 
to said discs on the sides adjacent said, housing 
for inducing aflow ofair to removematerial from 
around Said shaft between said discs and said housing; a plurality of comminuting studs at 
tached to theperiphery of saidframework; longi 
tudinal vanes attached to said framework for in 
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ducing a flow of air outwardly from said frame 
work; a screen substantially surrounding said 
framework and disposed eccentrically thereto, a 
comminuting space of decreasing cross-sectional 
area thereby being provided between the periph 

i ery of Said framework and said screen, and a 
comminuted material receiving Space being 
formed between said screen and said housing; a 
suction fan; a conduit leading to said suction fan 
from an outlet in said, housing in the lower por 
tion of Said receiving space, said outlet having 
substantialythe same cross-sectional area as the 
inlet of Said fan; a partition within said, housing 
and extending downwardly toward the lower por 
tion of Said receiving Space and terminating be 

i neath Said Screen and Substantially in alignment 
with Said outlet; and an adjustablegate for wary 
ing the amount or terminating the air supplied 
through the space between Saidhousing and par 
tition. 

. JOEN W. W AMSON, 
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