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[57] ABSTRACT 
A crusher comprising a cylindrical crushing chamber 

de?ned by a casing composed of at least two segments 
dividably ~joined together diametrically thereof, the 
crushing chamber having a feed inlet at its starting end 
and a discharge outlet at its terminal end, stationary 
blades interposed between the joining faces of the seg 
ments and extending over the entire length of the 
crushing chamber in parallel to its axis, and blocklike 
rotary cutters rotatably supported on a shaft side by 
side within the crushing chamber and each having on 
its outer periphery a plurality of helical blades at a de 
sired twist angle with respect to the axis. Since the 
blade of the block-like rotary cutter has the desired 
twist angle with respect to the stationary blades, both ’ 
blades shear a material in an obliquely cutting manner 
while a thrust acting on the face of the helical blade 
pushes the material forwardwithin the crushing cham 
ber during shearing. The crushing chamber is formed 
in its lower portion with an opening extending over its 
entire length and provided with size regulating mem 
ber having a semicircular cross section and a great 
number of discharge control apertures for controlling 
the crushed, product to a uniform size. The sizeregu 
lating member may further be provided at the terminal 
end of the crushing chamber to continuously dis 
charge from the chamber crushed pieces not greater 
than the desired size to permit the thrust to act effec~ 
tively. Irrespective-of whether the material is hard, 
soft, ductile or fragile the crusher is capable of crush 
ing various materials such as tire incorporating bead 
wire, empty can, plastics, paper, wood, fiber, glass, 
straw, etc. ‘ 

9 Claims, 20 Drawing Figures 
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3,823,878 
SHEARING CRUSHER 

BACKGROUND OF THE INVENTION 

Shearing crushers are known for crushing various 
waste materials produced from industries such as tires 
incorporating bead wire, empty cans, plastics, paper, 
etc. . 

Generally, the shearing crusher comprises a casing 
de?ning a crushing chamber, a pair of opposing station 
ary blades disposed in the crushing chamber, and a ro 
tatable cutter having blades on its outer periphery co 
acting with the stationary blades and rotatably sup 
ported within the crushing chamber. Waste material is 
fed to the crushing chamber through a feed inlet and 
crushed by a shearing force acting between the station 
ary blades and the rotary cutter blades. ’ 
With such shearing crusher heretofore known, the 

stationary blades and rotary blades are usually in paral 
lel to each other in opposing relation and are also in 
parallel to the axis of the crushing chamber, so that the 

' material is cut in linear fashion under a shearing force 
acting between the stationary blades and rotary blades. 
To give a suf?cient shearing force to the rotary blades 
therefore, the rotary blades must be driven at a ‘high 
speed to produce a great inertial force. However, when‘ 
the material is crushed between the rotary blades and 
stationary blades, this results in not only very great im 
pact and noise but also heat generation in the rotary 
blades, stationary blades and casing, causing partial 
damage as well as marked wear on these members and 
other constituent parts. Moreover, the heat generation 
involves the hazard of explosion and ignition during 
crushing and impairs the quality of the crushed product 
when it is put to a secondary use. 
Furthermore, waste materials from industries are ver 

satile in their properties: some are hard like iron or soft 
like rubber and some are fragile like glass and porce 
lain. They are also inde?nite in shape. If it is attempted 
to subject these various materials to frequent shearing 
or crushing actions, the rotary blades must naturally be 
driven at a high speed, usually at 800 to 1,200 rpm, 
which consequently produces markedly great impact 
and noise during crushing operation. . 

In the case where the crushed material is applied to 
a secondary use, it is often desired that the crushed 
product be of a uniform size which may vary depending 
upon the use. For instance, it must be about 5 mm. in 
size for use as a ?ller, or about 150 mm. for reclama 
tion. It is nearly impossible to ful?l these requirements 
readily and suitably with conventional ‘shearing crush 
ers. 

SUMMARY-OF THE INVENTION . 

An object of this invention is to ‘provide a crusher in 
which rotary cutters have helical blades positioned at 
a desired twist angle with respect to the stationary 
blades so that various materials can be sheared at a low 
rotational speed and which has therefore overcome'the 
problems and drawbacks described. 
Another object of this invention is to provide a 

crusher in which the feed material can be sheared and 
forced out at the same time. 
Another object of this invention is to provide a 

crusher in which the rotary cutters are in the form of 
blocks having helical blades to improve machinability, 
interchangeability, maintenance and inspection of the 
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same’and to adapt the same for variation in the thrust, 
the helical blades further being adapted to be selec 
tively positioned in the desired arrangement, so as to 
achieve annoptwimum crushing operation inaccordance 
with crushing purposes and the kind of article to?be 

. crushed. 

Another object of ‘this invention is to provide a 
crusher capable. of crushing the feed material to a uni 
form size. . 

Another object of this invention is to provide a 
crusher which is capable of crushing various materials 
by shearing at a low rotational speed while subjecting 
the vmaterials to a thrust so as to minimize impact and 
noise and to assure frequent shearing actions. 

Still another object of this invention is to provide a 
crusher which eliminates pollution and which in itself 
does not cause secondary pollution. 
The foregoing problems can‘be overcome by provid-v 

ing blocklike rotary cutters rotatably supported within 
a crushing chamber and each provided on its outer pe 
riphery with helical blades positioned at a desired twist 
angle with respect to the axis of the chamber. More 
speci?cally, the crusher of the invention comprises a 
cylindrical crushing chamber de?ned by a casing com 
posed of at least two segments dividably joined to 
gether diametrically thereof, the crushing chamber 
having a feed inlet at its starting end and a discharge 
outlet at its terminal end, stationary blades interposed 
between the joining faces of the segments and extend-v 
ing over the entire length, of the crushing chamber in 
parallelto its axis, and blocklike rotary cutters rotat 
ably supported on a shaft side by side within the ‘crush 
ing chamber and each having on its outer periphery a 
plurality of helical blades at a desired twist angle with 
respect to the axis. The material supplied through the 
feed inlet is sheared'by the helical blades and stationary 
blades while being sent forward in the crushing cham 
ber under a thrust acting on the faces of helical blades 
of the rotary cutters. The sheared and crushed material . 
is discharged through the discharge outlet at the termi 
nal end of the crushing chamber, or through a size reg 
ulating member extending along the lower portion of 
the crushing chamber over its entire length and having 
discharge control apertures, or through both the lower 
portion and the terminal end of the crushing chamber. 
These and other objects, features and advantages of 

' this invention will become more apparent from the fol 
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lowing description with reference to the accompanying _ 
drawingsshowing embodiments of the invention for il 
lustrative purposes only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lis a perspective view showing the entire ap 
pearance of a principal embodiment of the shearing 
crusher of this invention; , ' 
FIG. 2 is a perspective view‘showingv the entireap 

pearance of a modi?ed embodiment; 
FIG. 3 is a front view in longitudinal section showin 

the principal parts of the crusher of FIG. 1; " 
FIG. 4 is a side elevation in transverse section show 

ing the same; ' 
FIG. 5 is a front view in longitudinal section showing 

the principal parts of the crusher of FIG. 2; 
FIG. 6 is a side elevation in transverse section of the 

same; . - 

FIG. 7 is a front view in longitudinal section showing 
a modi?cation of the crusher shown in FIG. 2; 
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FIG. 8 is a front view in longitudinal section showing 
another modi?cation of the crusher of FIG. 1; 
FIG. 9 is a detailed side elevation showing a rotary 

cutter with helical blades ?xed thereto; 
FIG. 10 is a front view of the same; 
FIG. 11 is an exploded perspective of the same; 
FIG. 12 is a side elevation showing a disclike size reg 

ulating member composed of divided segments; 
FIG. 13 is a sectional view of the same; 
FIG. 14 is aside elevation showing another embodi 

ment of the same member; ' 
FIGS. 15 and 16 are side elevations showing other 

embodiments of the same member; 
FIG. 17 is a side elevation showing a size regulating 

member having discharge control apertures and ?xed 
to the terminalend of a crushing chmber; 
FIGS. 18 and 19 are front views showing the arrange 

ments of blocklike rotary cutters; and 
. FIG. 20 is a front view of the rotary cutters and size 
regulating members interposed therebetween. 

DESCRIPTION I OF THE PREFERRED 
' EMBODIMENTS 

‘Referring to FIGS. 3 and 4, a casing 2 having a semi 
circular cros's-section and formed with a feed inlet 1 at 
an upper portion of its starting end is joined with a cas 
ing 3 of a semicircular cross-section by bolts 4 to pro 

, vide a cylindrical crushing chamber 5. An inner wall 1a 
de?ning the feed inlet 1 curves inward toward a station 
ary blade 6 positioned at a lower portion and serves to 
guide a materialsupplied from the feed inlet 1. The 
main portion of the crushing chamber 5 extending from 
the feed inlet 1, namely from a partition wall 7, is 
closed at its top and has a pocket 9 above the stationary 

' blade 6 at the feeding side of rotary cutters 8. The ma 
terial carried around in the'cavities of the rotary cutter 
8 is forced out intothe pocket 9 and then slides down 
its wall, which guides the material to the edge of sta 
tionary blade 6. The pocket 9 therefore assures ef?cent 
shearing. The partition wall 7, which may not always be 
necessary, prevents a coarse material from being di 

. rectly sent forward in the crushing chamber‘ 5, so that 
the material can be fed uniformly onto the blocklike 
rotary cutters 8 which are supported on a shaft side by 
side to achieve an efficient crushing operation. 
A pair of stationary blades 6 are set in position by 

bolts 10 in opposing relation to each other between 
joining faces of the casings 2 and 3. The stationary 
blades 6 extend ‘over the entire length of the crushing 
chamber 51in parallel to its axis. Since bolt holes 11 
formed in the stationary blades 6 are in the form of a 
slot and pressed on by adjusting bolts 12 from behind, 
the stationary blades 6 are movable toward or away 
from the crushing chamber 5 diameterially thereof by 
manipulating the. bolts 12. i 
. Another pocket 13, formed below the stationary 
blade 6, also assures an effective shearing operation as 
described above when the material positioned in the 
lower half of the crushing chamber 5 is moved around 
in the cavities of the rotary cutters 8. 
The lower wall 30 of the casing 3 extends'up to the 

position of the foremost rotary cutter 8, where it is cut ‘ 
out to provide an opening 14 at the terminal end of the 
crushing chamber 5. The opening 14 communicates 
with adischarge outlet 15, through which the crushing 
chamber 5 communicates with the exterior. To close 
the opposing ends of the crushing chamber 5, theoppo 
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4 
site ‘end walls of the casings 2 and 3 are formed with 
openings having a greater diameter than the outer di 
'ameter of the rotary cutter 8, and ?anges l6 and 17 are 
?tted ‘in the openings and fastened by bolts 18 and 19 
respectively. The ?anges 16 and 17 carry bearings 20 
and 21 respectively, which support the opposite ends‘of 
a main shaft 22. In the embodiment shown, the main 
shaft 22 supports six block-like rotary cutters 8 ar 
ranged side by side. The two cutters positioned at the 
feed inlet 1 have three helical blades 8a, the next two 
cutters have four blades, and the two cutters at the ter 
minal position have six blades. The rotary cutters 8 are 
so arranged that the helical blades 8a on one cutter are 
displaced from those on another adjacent cutter, the 
helical blades thus being out of phase. 
FIGS. 9m 11 show a speci?c example of the three 

blade rotary cutter. A main body 24 having a center 
bore 23 for passing the- main shaft 22 is formed with 
three projections 25. The front side of each projection 
25' with'respect to the rotational direction has a mount 
ing face 26 formed at a suitable twist angle a with re 
spect to the axis'of the bore 23. 
A ?at blade member 27 to be fitted to the mounting 

face 26 is ?xedly provided with a blade 8a made of 
high-speed steel. When the blade member 27 is fitted 
to the mounting face 26, the blade 8a will of course be 
‘positioned at the twist angle a with respect to the axis. 
To secure the .blade member 27 to the ‘mounting face 
26 by set bolts 28, the mounting face 26 has threaded 
bores 29 and the blade member 27 has slots 30 which 
are counterbored so as not to permit the heads of the 
bolts 28 to project from the face of the blade member 
27.v - . 

To adjust the clearance between the edges of the sta 
tionary blades 6 and the blades Soon the rotary cutter 
8, recesses 31 are formed in the rear face of each of the 
blade members 27 between adjacent slots 30 as seen in 
FIG. 11, and threaded holes 33 are formed in a portion 
32 of the main body to be in facing relation to the re 
cesses 31 (see FIG. 9). An adjusting bolt 34 is screwed 
in each of the threaded'holes 33, with the head of the 
bolt in contact with the bottom of the recess 31. A 
locking nut 35 retains the adjusting bolt 34 in position, 
the arrangement being such that by turning the adjust’ 
ing bolts 34 in screw-thread engagement with the holes 
33, the. blade member 27 can be moved-outward for the 
adjustment'of the clearance. Alternatively, the bottom 
face of each recess 31 and the portion 32 may be 
formed with holes threaded in opposite-handed rela 
tion, in which screwed are the adjusting bolts having 
opposite-handed threaded portions. .Then the turning 
of the bolts 34 to the right or left will move the blade 
member 27 backwardorforward. In theembodiment 
of FIGS. 9 to 11, the adjusting bolts 34 are turned to 
determine the position of the blade member 27, and the 
locking nuts 35 are then turned to keep the bolts in po 

' sition. After making such adjustment, the set bolts 28 

60 

65 

are driven to fasten the blade member 27 in position.. 

As already described, the rotary cutters 8 each hav 
ing a plurality of helical blades 8a on the outer periph 
ery thereof are mounted on the main shaft 22 side by 
side, with the opposite ends of the shaft supported on 
the bearings 20 and 21. vA fastening member 37 such as 
a nut driven into screw-thread engagement with 
threads 22a on the outer- periphery of the main shaft 22 
secures the rotary cutter 8 to the main shaft 22 against 
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sliding movement. In the illustrated embodiment, the 
rotary cutters 8 are further held to the main shaft 22 
with a key. When a motor included in drive means on 
one end of the main shaft 22 is energized, the rotary 
cutters 8 are rotated in the crushing chamber 5. Sup 
pose the tangential force exerted by the rotary cutter 
8 along its outer periphery due to the rotation of the 
motor is F, the material is sheared by a force of F cos 
a while being driven forward by a thrust of F sin 11, 
since the helical blades 8a are inclined at the twist 
angle a. As a result, the material crushed to small 
pieces slide on the face of the helical blades 8a and is 
sent forward. If the rotary cutters 8 are arranged with 
varying phases as shown in FIG. 3, the interfaces of the 
rotary cutters 8 serve as barriers to retain the material 
to assure more frequent shearing actions. 
Mounted on the main shaft 22 at the outlet side of the 

foremost rotary cutter 8 is a member 38 for regulating 
the size of crushed material. The vsize regulating mem 
ber 38 is in the form of a disc whose diameter is smaller 
than the outer diameter of the rotary cutter 8 but 
greater than the diameter of root circle of the same. 
The size regulating member 38 almost closes the open 
ing 14 to form an annular clearance between the outer 
periphery‘of the member 38 and the inner peripheral 
face of the crushing chamber 5. The clearance serves 
to produce crushed pieces of a uniform size. Alterna-l 
tively, a plurality of size regulating members 38 may of 
course be positioned between adjacent rotary cutters 8 
as shown in FIG/20. In this case, greatereffectiveness 
will be achieved by providing disclike size regulating 
‘member 38 having progressively increasing diameters 
toward the terminal end of the crushing chamber 5 as 
apparent from FIG. 20, 
Furthermore, the size regulating member 38 may be 

formed with a great number of discharge control aper 
tures 39 in a portion thereof which has greater diame 
ter than the diameter of root circle of the rotary cutter ' 
8 as illustrated in FIG. 8, so that pieces smaller than the 
apertures may be discharged to obtain crushed pieces 
of a uniform size. Instead of forming the discharge con 
trol apertures 39, it is possible to use a reticular metal 
member as seen in FIG. 14. 
FIGS. 12, 13 and 15 show another type of size regu 

lating member 38 which comprises separate segments 
38a and 38a which are ?xed to a collar 40 on the main 
shaft 22 by several bolts 41 diametrically extending 
through the segments 38a.‘ By providing segments of 
varying sizes, for example, large, medium and small 
sizes, the clearance between the outer periphery of the 
disc and the inner face of the crushingchamber 5 can 
be readily controlled to vary the size of the crushed 
pieces. Further the discharge control apertures 39 in 
the segments 38a shown in FIG. 15 may have large, me 
diumor small size to produce crushed pieces of three 
different sizes. It is also possible to employ segments 

' v38a having radially elongated holes 42 so that the seg 
ments 38a can be-displaced within the range-de?ned by 
the elongated holes 42 to adjustthe size as desired. Pro 
vision of divided segments 38a assures that the size reg 
ulating members can be interchanged with greater ease 
and the size can be readily regulated. 
The embodiment shown in FIGS. 5 and 6 includes a 

casing 3 defining the lower half of the crushing cham 
ber 5 and having an opening coextensive with the 
chamber over its entire length. The opening is closed 
with a size regulating member 44 of a semicircular 

5 

6 
cross section having a great number of discharge con 
trol apertures 43. Crushed pieces not greater than the 
apertures 43 are all discharged through the apertures 
43 in the regulating member 44, while those greater 
than the apertures are carried around in the cavities of 
the rotary cutters 8 so as to be subjected to a thrust and 
shearing operation until they are rendered small 
enough to pass through the apertures. The crushing 
chamber 5 of this type of crusheris closed at its oppo 
site ends with ?anges 16 and 17. Depending on the kind 
of material, part of the material may possibly be re 
duced during shearing to ?ne powder or melted due to 
heat generation. Accordingly, escape openings 45 are 
formed at the opposite ends of lower part of the closed 
crushing chamber 5 to run off the powder or ?uidized 
material and thereby protect bearings or the like from 
erosion. ~ ' 

conventionally, the size regulating member 44 is pro 
vided at its circumferentially opposite ends with pro 

20 jecting ?anges, which are ?tted to the under face of the 
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opening portion and secured by bolts. However, such 
construction is veryinconvenient when all the block 
like rotary cutters 8 have to be demounted from the 
main body for the control of size of crushed pieces, 
cleaning of the crushing chamber 5 or replacement of 
the member 44. Accordingly, the embodiment shown 
in FIG. 6 includes plates 46 positioned beneath the sta 
tionary blades 6 and secured in place by bolts 10 along 
with the stationary blades 6. A wedgelike space isv I 
formed between the engaging end 47 of each plate 46 
and the inner wall of the opening portion. The member 
44 is sharp-edged at is. its opposite ends, which there 
fore ?t in the spaces, permitting the engaging portions 
of the plates 46 to hold the member 44. According to 
this construction, the ‘casing 2 which is hinged to the 
casing 3 as at 48 can be opened about the hinge 48 to 
remove the stationary blade 6 and plate 46 at one side. 
The member 44 can then be pulled out along the inner 
wall face of the opening portion, hence advantageous. 
The engaging portions 47 prevent the possible warping 
of opposite ends-of the member 44 during crushing and 
assure trouble-free operation. The same effect can like 
wise be achieved by fastening the opposite ends of the 
member 44 with pulling bolts, instead of using the fore 
going means. 
FIG.-7 shows a modified embodiment in which the 

size of the material can be regulated both at the lower 
half and at the terminal end of the crushing chamber 5. 
According to this embodiment, crushed pieces of sizes 
notgreater than the discharge control apertures 43 of 
the size regulating member 44 at the lower half are dis 
charged through the apertures 43. This eliminates idle 
travel ‘of the crushed pieces while mitigating the thrust. 
At the same time, only those greater than the apertures 
43 are further sheared while being advanced by the 
thrust and ?nally. pass through the size regulating mem 
ber 38 in uniform size. ’ 
Although the embodiments of FIGS. 3 and 8 have ro- I 

tary cutters 8 which are. all arranged with varying pha 
ses, the first three rotary cutters positioned toward the 
feed inlet 1 may be arranged side by side so as to form 
continously helical blades, with the remaining three 
cutters forming blades which are out of phase with re 
spect to one another as shown in FIGS. 5 and 7. 

It is also possible as seen in FIG. 18 to provide the 
?rst three cutters toward the inlet 1 with continuously 
helical blades involving a greater twist angle a and to 








