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MACHINE FOR REDUCING THE SOUND LEVEL 
OFITS OPERATION 

The invention relates generally to a means for condi 
tioning or reducing the size of a product and more par 
ticularly is directed to a cutting mill in which the noise 
produced by its operation is appreciably reduced to a 
level or range so that the hearing of an operator or 
other individuals nearby will not be damaged or im 
paired. 

In order to obtain a better understanding of the sub 
ject invention, attention is directed to the fact that 
pressure made by sound is measured in decibels and is 
symbolized as dB and the frequency of sound is mea 
sured in Hersts which signifies cycles per second. It 
measuring sound, a meter may be utilized to measure 
the dB over a range of frequency spectrum to which the 
ears are most sensitive and most likely to receive dam 
age and this spectrum is known as the "A" weighting. 

Attention is also directed to the fact that the Occupa 
tional Safety and Health Act of 1970 of the United 
States has established a rule that a piece of machinery 
or equipment operating in the vicinity of an operator or 
person shall have a noise level no greater than 90 deci 
bels. Some machinery, for example, the cutting mill de 
scribed and claimed in my U.S. Pat. No. 3,251,389 pro 
duces relatively troublesome sound levels ranging as 
high as 1 18-120 decibels and since this range is in ex 
cess of that conducive to good operating conditions or 
that prescribed in the Act, the primary objective of the 
subject invention is to provide a machine in which the 
sound of its operation is reduced to a level which is not 
destructive to the human ear. . . . 

In the cutting mill embodying the subject invention, 
the impeller when revolving in a cutting head cuts the 
air and it produces pressure pulses at a definite fre 
quency depending on the number of vertical posts or 
circumferentially spaced portions providing knives or 
cutting edges, the number of blades provided on the 
impeller, and the speed of the impeller. For example, 
one form of a conventional impeller with three blades 
operating in a cutting head having 24 knives or cutting 
edges and with the impeller operating at 3,600 R.P.M., 
the frequency produced will be 3 X 24 X. 3,600 = 
259,200 cycles per minute or 4,320 Hersts. Most dam 
age to the human ear is caused by frequency in the gen 
eral range of 1,000 to 5,000 Hersts, and the aforesaid 
frequency of 4,320 Hersts is obviously within this 
range. 
With the foregoing in mind, it was determined that if 

the frequency could be increased, both the point of 
normal human hearing which ends up at 15,000 Hersts 
and the sound produced by the machine or mill would 
not be objectionable. With this objective in mind, pro 
vision has been made whereby to appreciably reduce 
the noise level in the various improved structures dis 
closed herein. - 
Accordingly, a significant object is to provide an im 

peller having blades, which embody improved princi 
ples of design and construction which serve the dual 
purpose of efficiently directing a product against the 
knives of a cutting head and in reducing the sound of 
the machine during its operation to a normal level or 
range which, will not damage one's ability to hear. 
More specifically, an object of the invention is to pro 

vide an impeller in which the leading impact areas, 
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2 
faces or portions of the blades of the impeller are in 
clined forwardly at an angle in the neighborhood of 30 
with reference to the knives or cutting edges of a cut 
ting head. Otherwise expressed, the impeller includes 
a base and the leading faces of the impeller are inclined 
at an angle in the neighborhood of 60, with reference 
to the base, in the direction of rotation. The leading 
faces may also be disposed at different angles and in 
various shapes, for example, they may be inclined in a 
reverse direction and be provided with steps, as will be 
described subsequently. 

In the drawings: 
FIG. 1 is an elevational view of a machine embodying 

the subject invention; 
FIG. 2 is a graph or chart exemplyfying technical at 

tributes of the invention as compared to results 
achieved by a conventional structure; 
FIGS. 3 and 4 are top and side views of an impeller 

which may be utilized with either of the cutter heads 
illustrated in FIGS. 5 and 6 of the machine; 
FIG. 5 is a pictorial view showing a structure com 

prising a cutter head of one style or form and an impel 
ler rotatably mounted therein; with a portion of the 
head being broken away to illustrate details of the im 
peller; 
FIG. 6 is a pictorial view, similar to FIG. 5, showing 

an impeller operable in a cutter head of a style or form 
different than that depicted in FIG. 5; - 
FIGS. 7 and 8 are top and side views of a different 

style or form of impeller which may be utilized with ei 
ther of the cutter heads shown in FIGS. 5 and 6; 
FIGS. 9 and 10 are top and side views of another 

modified form of an impeller which may be utilized in 
conjunction with either of the cutter heads shown in 
FIGS. S. and 6; and . . . 

FIGS. 11 and 12 are top and side views of a conven 
tional impeller which may be utilized in conjunction 
with either of the cutter heads shown in FIGS. 5 and 6 
and others, and are presented for comparative pur 
poses with the other impellers depicted in FIGS. 4, 8 
and 10 and data set forth in the graph of FIG. 2. 
Referring first to FIG. 1 of the drawing there is shown 

a pillar 1 to which lateral supports 2 and 3 are con 
nected. The pillar may be carried by a base 4 to facili 
tate placement of the machine at desired location. A 
motor 5 is mounted on the support 2 and provided with 
a depending vertical drive shaft 6 which is preferably 
operatively connected to a vertical driven shaft 7 
through a plurality of V-belts and pulleys. The driven 
shaft is journalled in a bearing structure of the support 
3 and its upper end carries a plate 7' to which an impel 
ler may be detachably connected. A housing 8 is pro 
vided within which pulleys on the driven shaft and por 
tions of the belts are concealed for protection against 
downward flow of the resultant shaved or comminuted 
product through a tapered cylindrical guide 9 disposed 
about the housing. 
The supports 2 and 3 above referred to, may be de 

signed and constructed as desired but as shown the sup 
port 2 is provided with a semi-cylindrical portion 10 
which receives the pillar and is also provided with a 
pair of flanges 11. The support 3 is similarly provided 
with a semi-cylindrical receiving portion 12 and a pair 
of flanges 13. It will be observed that only one of each 
of the pairs of flanges 11 and 13 are shown in FIG. 1. 
Bolts 14 may be extended through holes in the flanges 
for detachably clamping the supports in any desired ro 



3 
tative and/or elevated position on the pillar for stability 
and convenience in operation. 
The support 3 is provided with a spider-like mounting 

having a tubular portion 15 through which the driven 
shaft 7 extends and with a plurality of inclined arms 16, 
which are joined by an annular rest 17 having a hori 
zontal planar seat 18. The rest is provided with radially 
extending lugs 19 which are aligned with the arms 16 
and have upper planar surfaces which constitute lateral 
continuations of the seat. These lugs are provided with 
openings through which fastening means preferably in 
the form of screws or bolts 20 may be extended as well 
as through apertures 21 provided therefor in ears 22 of 
a lower end ring 23 of a cutter assembly or head gener 
ally designated 24 as depicted in FIGS. 1 and 5 for de 
tachably and firmly anchoring the same upon the rest 
17 of the supporting structure. This same set-up may be 
employed for supporting different forms of cutter 
heads and impellers, such as, for example, the cutter 
head and impeller disclosed in FIGS. 6 and 7, as will be 
described more in detail subsequently. 
The cutter head 24 shown has a diameter in the 

neighborhood of 6 inches and includes the lower end 
ring 23, above referred to, an upper end ring 25 and a 
plurality of circumferentially equally spaced corre 
sponding axially extending posts generally designated 
26 which are interposed between the rings. The num 
ber of posts may be varied, for example, the number 
shown totals 24 but some cutter heads now in use num 
ber 20 and 28. More specifically, each of the posts, 
among other things, is provided with a front planar side 
surface 27, a rear planar side surface 28 and an inner 
outset planar surface 29, which affords relief or clear 
ance for an axially extending cutting edge or area 30 
disposed in parallel relation to the longitudinal axis of 
the head. The rear side surfaces 28 of the posts in com 
bination with the front side surfaces 27 of adjacent 
posts define divergent or tapered discharge openings 
31 for the conditioned or comminuted product. The 
upper end ring 25 may be provided with apertures 
through which fastening means 32 may be extended for 
attaching a fitting 33 thereto for cooperation with a 
hopper 33' as depicted in FIG. 1. . 
An impeller generally designated 34 as shown. in 

FIGS. 3, 4 and 5 may be utilized in the cutter head 24 
and comprises a base having an outer annular beveled 
portion 35 and a central planar portion 36 provided 
with countersunk openings 36' through which fastening 
means may be extended into the plate 7' on the driven 
shaft 7 for detachably connecting the impeller thereto 
for operation at a desired speed, for example, within a 
range of between 500 and 9,500 R.P.M. The fastening 
means are preferably inset as depicted in FIG. 5 in 
order to prevent interference with the flow of a product 
relative to the impeller. This impeller has an overall 
height in the neighborhood of 3 inches and is prefera 
bly provided with a plurality of three upstanding blades 
or abutment means generally designated 37 having 
lower extremities which merge with and are integral 
with the annular and central portions of the base, to im 
part stability to the blades and provide outward flow of 
the product. These blades may be designed and con 
structed in various ways, but each is preferably tapered 
and generally triangular in cross-section and provided 
with a planar leading face or impact surface 38 which 
may be described as being preferably inclined for 
wardly in the direction that the impeller rotates or at an 
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4 
angle in the neighborhood of 30 with reference to the 
cutting edges or areas 30 of the cutter head. The outer 
most surfaces or edges of the blades of the impeller are 
preferably spaced a predetermined radial distance from 
the cutting edges 30 and shaped to provide clearance 
so as to obtain a shaving or shearing cut without mash 
ing, crushing or grinding of the product. A clearance of 
.003 inch has proven satisfactory under most condi 
tions of operation. It is desirable that the clearance be 
the smallest running clearance so as to prevent the 
product from rolling under the edges of the blades 
which would tend to crush the product and defeat the 
purpose of the mill. It may also be stated that the lead 
ing surfaces 38 intersect the lines of the cutting edges 
so that when the impeller is rotated, for example, in a 
clockwise direction as indicated by the arrows the 
upper portions of the leading surfaces, when viewed in 
FIG. 5, will cross the upper portions of the cutting 
edges 30 in advance of that of the lower portions of the 
leading surfaces and in so doing the leading surfaces 
will gradually intersect the cutting edges and this rela 
tionship, at least in some measure, serves to reduce the 
noise factor as compared to certain conventional im 
peller structures now in commercial use such as, for ex 
ample, the type of impeller exemplified in FIGS. 11 and 
12 of the drawings. 
In view of the above, when an impeller embodying 

the invention revolves in a cutter head, it cuts the air 
and produces pressure pulses at a definite frequency 
depending on the factors above referred to. Attention 
is directed to the fact that the leading surfaces, may be 
shaped as desired but as shown they preferably are of 
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40 

a generally triangular shape so that the upper leading 
surface or the upper extremity of each blade is nar 
rower at the top of the blade than its lower extremity. 
The particular blades shown serve to efficiently direct 
the product outwardly toward the cutting edges of the 
head. It should also be observed that the leading sur 
faces 38 are preferably disposed in substantially radial 
planes and that portions of these surfaces extend down 
wardly and merge into the beveled and central portions 
of the impeller base. 
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It is to be understood that the 30° angle of the leading 
surfaces 38 has proven successful but any angle within 
a range of between 20 and 40, as shown in FIG. 4, has 
also proven satisfactory for reducing the noise level 
within acceptable limits. From the standpoint of reduc 
ing noise, it would be desirable to increase the slope be 
yond 30, but when doing this, operation on the prod 
uct being reduced in size is degraded. To make the 
angle less than 30 increases the noise beyond accept 
able limits. . ... 
Of further significance is the fact that the inclined 

leading surfaces 38 also serve to substantially hold 
down or retain the introduced product in the cutter 
head so that it is efficiently presented by centrifical 
force against the cutting edges 30 for comminution and 
subsequent flow outwardly through the tapered dis 
charge openings 31. . . . 

Attention is particularly directed to the important 
fact that the inclined leading surfaces 38 or blades of 
the impeller may also be defined as being inclined for 
wardly at an angle in the neighborhood of 60° with ref. 
erence to the base of the impeller structure, as distin 
guished from defining the leading surfaces as being in 
clined forwardly with respect to the cutting edges 30. 
This 60 of angle is preferable for many applications 
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but the angle may be within a range of between 50 and 
70 depending on certain or all of the factors above re 
ferred to. 
As set forth above, the impeller 34 may also be uti 

lized in conjunction with a modified form of cutter 
head 75, which is illustrated in FIG. 6 of the drawing. 
This cutter head substantially corresponds to the cutter 
head 24, above referred to, and includes additional 
structure, such as additional circumferentially spaced 
portions or members 39 which are joined to posts 40 
and provided with inner straight cutting edges 41 dis 
posed in contiguous relation with axially extending cut 
ting edges or areas 42 provided on the posts. It will be 
observed that the portions 39 are axially spaced apart 
transversely in rows and that their cutting edges 41 are 
angularly disposed in advance and/or to the rear of the 
cutting edges 42 provided on the posts. The portions 39 
not only provide additional cutting edges to promote 
product comminution but also serve to reinforce the 
posts and provide rows of axially spaced discharged 
openings or outlets 43 for the comminuted product. 
Referring now to FIGS. 7 and 8 of the drawings there 

is disclosed a modified form of an impeller generally 
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designated 50 which may be utilized for operation in 
either of the cutter heads 24 and 75. The impeller 50 
includes a base having an annular beveled portion 51 
and a central portion 52, the latter of which is attach 
able to a plate, such as 7', in the manner as described 
above. The central portion 51 has an upper substan 
tially planar surface 53. This modified impeller is pref 
erably provided with circumferentially spaced corre 
sponding blades 54 which are preferably generally tri 
angular in cross-section and respectively provided with 
leading faces or surfaces 55 which are inclined rear 
wardly at an angle in the neighborhood of 30 with ref 
erence to the cutting edges of a cutter head, as distin 
guished from being inclined forwardly like the leading 
surfaces 38 of the blades 37 as alluded to above. It will 
be observed that the surfaces 55 are also preferably 
generally triangular in shape and include portions 
which are flared in order to assist in directing the prod 
uct against the cutting edges of a cutter head. The im 
peller 50 whether utilized in conjunction with either of 
the cutter heads 24 and 75 serves to appreciably reduce 
the noise level of the machine or mill within recognized 
acceptable limits below 90 decibels. When the impeller 
is considered as a separate entity or component the 
leading surfaces may be described as being disposed at 
rearwardly inclined angles of 60 with reference to the 
base of the impeller and this inclination may be within 
a range of between 50 and 70'. Otherwise expressed, 
the angle of inclination may be defined as being dis 
posed at an angle of 30 with respect to a line perpen 
dicular to the base and the same reasoning applies to 
the blades 37 of the impeller exemplified in FIGS. 3 
and 4. 
Attention is directed to the fact that the blades 54 of 

this modified impeller are so fashioned that they tend 
to allow the product to raise upwardly to some extent 
from the base of the impeller during rotation of the lat 
ter, as distinguished from holding or the tendency to 
hold the product down to some extent when the impel 
er 34 is utilized. 
Referring to FIGS. 9 and 10 of the drawings there is 

illustrated a modified form of an impeller generally des 
ignated 60 having a base formed by an annular bevelled 
portion 61 and a central portion 62 provided with an 
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upper substantially planar surface 63. This modified 
form of impeller may be attached to a plate, such as 7', 
for use with either of the heads 34 and 75 and is pro 
vided with a plurality of three circumferentially spaced 
corresponding blades generally designated 64 which 
are generally triangular in cross-section and provided 
with leading faces or surfaces 65 which are preferably 
inclined forwardly at angles in the neighborhood of 30° 
in the direction of rotation with reference to the cutting 
edges of either head or if the impeller is considered as 
a separate component, then the blades may be de 
scribed as being disposed at an angle of 60° with refer 
ence to the base or in the alternative the blades may be 
defined as being located at a forward inclined angle of 
30 with reference to a line perpendicular to said base. 
It is to be understood, as set forth above, that the blades 
may be located within the angular ranges described 
above. Attention is directed to the fact that each of the 
leading faces or impact surfaces or areas 65 is generally 
triangular in shape and preferably provided with 
stepped or serrated surfaces 66 of variable widths for 
directing a product against the cutting edges of a cutter 
head for comminution and subsequent flow outwardly 
therefrom. These stepped or serrated surfaces 66 on 
the frontal portions of the blades 64 have also proven 
to be efficient for the purpose of appreciably reducing 
the noise factor at a level within an acceptable range 
below the 90 decibel limit. 
All of the different forms of impellers described 

above embody the principles of design and construc 
tion or attributes of the subject invention, as distin 
guished from a conventional form of an impeller, such 
as the one generally designated 70 as exemplified in 
FIGS. 11 and 12. The impeller 70 is characterized by 
having blades 71 provided with leading faces or sur 
faces 72 which are perpendicular to an upper planar 
surface 73 of a base of the impeller, as distinguished 
from being inclined forwardly or rearwardly from the. 
direction of the impeller's rotation as set forth above. 
As previously alluded to, impellers more or less corre 
sponding to the impeller 70 have been in commercial 
use for some time as a component of equipment, such 
as that disclosed in my U.S. Pat. No. 3,251,389 and this 
impeller which may also be utilized in either of the cut 
ter heads 24 and 75 is presented solely for the purpose 
of comparing its structure and adverse noise level with 
that of the improved impellers 34,50 and 60 clearly ex 
emplified in the chart of FIG. 2, as will be described 
more in detail subsequently. 

In support of the above precepts attention is directed 
to the fact that when any one of the impellers 34, 50 
and 60 rotates in a cutting head it cuts the air and pro 
duces pressure pulses at a definite frequency depending 
upon the number of vertical posts in the cutting head, 
the number of blades in the impeller and the speed of 
the impeller. For instance, as briefly described above, 
if a conventional impeller with three blades is rotated 
in a cutting head having 24 posts and with the impeller 
operating at 3,600 revolutions, per minute, the fre 
quency produced will be 3 x 24 x 3,600 = 259,200 
cycles per minute or 4,320 Hertz. This is a result ob 
tained by utilizing the conventional impeller depicted 
in FIGS. 11 and 12 of the drawing. Most damage to the. 
human hearing is caused by frequencies in the general 
range of 1,000 to 5,000 Hertz. The frequency of 4,320 
Hertz produced by the machine utilizing this conven 
tional impeller is within this range. It was determined 
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11. A machine of the kind described comprising: an 

assembly having a plurality of spaced elements substan 
tially forming a cylinder and provided with cutting 
edges, an impeller mounted for rotation in said cylinder 
and having circumferentially spaced abutments pro 
vided with surfaces for forcing a product introduced 
into the cylinder against said edges for cutting the prod 
uct into pieces and flow of the latter outwardly through 
the spaces separating said elements, and said surfaces 
being inclined in a direction sufficient to reduce the op 
erating noise level of the machine below 90 decibels 
when said impeller is rotated within a range of between 
500 and 9,500 R.P.M. 

12. A machine of the kind described comprising: an 
assembly having a plurality of spaced elements substan 
tially forming a cylinder and provided with cutting 
edges, an impeller mounted for rotation in said cylinder 
and having circumferentially spaced abutments for 
forcing a product introduced into the cylinder against 
said edges for cutting the product into pieces and flow 
of the latter outwardly through the spaces separating 
said elements, and said abutments being inclined in a 
direction sufficient to reduce the operating noise level 
of the machine below 90 decibels when said impeller is 
rotated at a predetermined speed. - 

13. In combination: a cutter head having a cylindrical 
wall provided with openings and cutting edges, an im 
peller arranged in said head for rotation in one direc 
tion and having an annular base provided with a plural 
ity of circumferentially spaced abutments extending 
outwardly from one side thereof, and said abutments 
being respectively provided with surfaces which are in 
clined in the direction of rotation at an angle in the 
neighborhood of 60 for directing a product against 
said edges for reducing its size and flow through said 
openings. 
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14. In Combination: a cutter head having a cylindri 
cal wall provided with openings and cutting edges, an 
impeller disposed in said head for rotation in one direc 
tion and having an annular base provided with a plural 
ity of circumferentially spaced abutments extending 
upwardly from one side thereof, and said abutments 
being respectively provided with surfaces which are in 
clined in the direction of rotation at an angle of less 
than 70 for engaging, rotating and directing a product 
outwardly against said edges for reducing its size and 
flow through said openings. 

15. The combination defined in claim 14, in which 
said abutments have inner extremities which are inte 
gral with said base and also have outer free extremities, 
and said inner extremities have greater cross-sectional 
dimensions than said free extremities. 

16. The combination defined in claim 14, in which 
said abutments are substantially triangular in cross 
section. 

17. The combination defined in claim 14, in which 
said surfaces are substantially triangular in shape. 

18. In combination: a cutter head having a cylindrical 
wall provided with cutting edges and openings, an im 
peller mounted in said head, said impeller having a 
round base of substantially uniform thickness and pro 
vided with means whereby said impeller may be con 
nected to means for rotating the impeller, a plurality of 
circumferentially spaced blades extending from one 
side of said base, and said blades being provided with 
surfaces which are sufficiently inclined in a direction 
relative to said base to reduce the noise level of the im 
peller below 90 decibels when it is rotated at a prede 
termined speed to cause a product to be directed 
against said edges whereby to reduce its size for flow 
through said openings. 
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