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9. Claims.

- My invention relates to improvements in-crush-
ing machinery, in particular to the type of crush-
ing machinery known as gyratory crushers in
which material is crushed in two or more stages
as fully described in my patent application, Serial
#38,016, filed August 27, 1935, which issued as
Patent 2,147,721 on February 21, 1938." - ;

In such s multi-stage gyratory crusher there
are two or more centrally located conical crush-
ing heads mounted upon a vertical shaft.‘One
end of this vertical shaft is gyrated by means
of an eccentric driven directly or indirectly by
a motor. The other end of the shaft is centrally
and pivotally mounted. Surrounding these coni-
cally shaped heads are stationary concaves or
crushing surfaces. so shaped as to form a large
entrance opening between each .conical head
and its concave at the top, and a continuously

narrowing space between each head and its'

concave towards the lower or discharge end.
The shaft with Ms heads does not revolve, but
is so gyrated that the heads move towards and
away from their concaves at every point of their

circumference, once for every revolution of the -

eccentric. The minimum clearance between each

of the heads and ‘their corresponding concaves -

for any stage is at their discharge ends. Ma-
terial to be crushed is introduced at the top or
entrance opening between the head and its con-
cave of the first crushing stage, and is grad-
ually crushed to size as it passes through the
. succeeding crushing stages due to the gyrating

motion of the heads, until it is finally discharged -

from the last stage of the crusher. In-other
words, the first crushing stage serves to crush
the material from its original size’ to some defi-
nite intermediate size, and is discharged from
the first crushing stage and allowed to enter
the second crushing stage. Two or more stages
are used for crushing the material from its origi-
nal size to the desired final size. The clearance
between -the concave and the crushing head of
the first stage at their discharge ends is so de-
signed that ‘it does not pass more material at
that point than canbe accommodated or crushed
during an equal interval of time in the second
crushing stage.- " If the crushing of the ‘material
is accomplished in more than two stages, the
clearance between the concave and the crushing

heads at their discharge ends of each crushing
.stage .is so propoftioned that it does not.pass

more material than can be crushed in an equal

interval of time in the succeeding stage. Material

in passing from stage to stage is gradually
crushed to a finer size until it reaches the desired
degree of fineness when discharged from the
last stage. - ' , :

During such a crushing operation the crushed
material - discharged from the first stage is of
various sizes. A small percentage of the mate-

(Cl. 83—10)

rial might be somewhat larger in size than the
minimum discharge clearance of the first stage;
a large percentage of the crushed material is
approximately of the size of the minimum clear-
ance of the. first stage and some of the mate-

rial ‘has been crushed to still smaller dimen-
sions and some-of it might even be to a fineness. .

smaller than the desired flneness from the last
crushing stage. The actual percentages of vari-
ous - sizes of the material as it is discharged
from the first stage depends upon the friability
of the material crushed. : i
I have found that if this undersize material
continues to pass- through-succeeding crushing
stages a portion of it is crushed still finer in each
successive stage; ‘and thus will produce a final
crushed ‘material which may contain too great
a percentage of material reduced in size below
the final degree of fineness.’ o
To overcome this disadvantage, T have placed
_between crushing stages screens or grids for sep-
_arating these fines from the coarse material.
These screens or grids are mounted on the top
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of the gyrating heads $o that they are a part . -

of the gyrating system. The screens permit the
fines to pass through them and carry the coarse
‘ material remaining on the screens into the re-
ceiving opening of the succeeding stage, ‘The
fines, after passing  through the screens, drop
through ‘appropriate openings in the head di-

" rectly below the screens. - In this manner the

‘fines are made”to by-pass the next succeeding
-erushing ‘stage or stages. In most all gyratory
. crushers vibrations exist during the crushing
operation. These vibrations are tr_ansmitted to

the screens and give them a vibratory motion

- similar to the vibrating screens commonly used

for screening crushed material. -

Hence, by gyrating and vibrating the screens

I not only secure efficient.screening but it also

permits positioning the screens at a small angle

to the horizontal and still have them capable of

delivering the oversize material remaining on

the screens to the receiving opening of the suc-

ceeding stage. R : : A

In order to secure as great & screen area as

- possible, I also provide a chute or conveying sur-
face on which the discharged material from a

" preceding stage may drop and which conveys
the material to the screen: below it as close fto

the gyrating shaft as possible. This conveying

surface is fastened to the bottom of the head of .

that crushing stage from which the material is
being discharged so as to give this conveying
surface a gyratory and. vibratory motion which
assists so greatly in moving the material over
the conveying surfaces.” :

"It should be noted however that where the
difference of 'diameters between the discharge
of any stage and :;:hev intake of_ the succeeding
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stage is sufficient to provide ample screen area
the above mentioned chute or conveying surface
can be omitted and the material discharging from
any stage may drop directly upon the screen.

It is not necessary to have the screen area so
great as to screen between crushing stages all
or nearly all the fines from the coarse material,
because merely scalping, that is, only partially
screening the material, produces improved results.

When employing more than two crushing
stages it may be found more economical to omit
screening between certain stages and have
screening between the other -stages, that is, the
screened material by-passes only. some of the
stages. It also might be found advantageous
when crushing certain material in more than
two stages to screen out between the first and
second stages not only the fines that have been
reduced to the final desired sizes but also the
material that has been reduced to a size below
the minimum clearance of the second crushing
stage, allowing the succeeding screens to intro-
duce the material larger than the final size to
a succeeding crushing stage for further reduc-
tion.

In place of using a single screen, the well
known. principle of multiple deck screens may

- be employed so as to secure more efficient screen-
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ing. .
In order to have screening effective it is nec-
essary to make the heads with sufficient open-
ings through them to allow the screened prod-
uct to readily drop through these openings to the
space below that particular head. In this man-
ner a part of the material passing through the
crusher by-passes certain. crushing stages.

In order to protect the heads from wear, es-
pecially -at the openings. through which  the
screened material drops, these exposed surfaces
of the head should be lined with wear resisting
material. )

Placing these openings in the 'heads to allow
screened material to drop through them also has
the advantage that these gyrating heads can be
made lighter. )

In using screens between stages the material
passing through the screens by-passes the crush-
ing stage directly following the screen. This re-
sults in a multi-stage crusher in which the earlier
stage or stages have more material passing
through the crushing chambers than passes
through the later stages in which the screens
by-pass some of the material.

As the last stage of my multi-stage crusher
may be used for producing quite fine material
there is a decided ‘advantage in removing the
material already reduced to the desired fineness
before the material enters the last stage. The
material entering this stage has smaller voids
than the material had in the previous crushing
stages.
size or even smaller than the final size are per-
mitted to enter the receiving opening of the lust
stage this fine material may fill up the voids
existing between the material requiring crushing
in that stage. This makes the final crushing
more difficult, requires more power and produces
still more fines of smaller size than the desired
final degree of fineness. There is also the danger

of producing packing of the material in this last
stage, dll of which could be largely prevented by
screening the material before it enters the last
stage of the crusher.

In a multi-stage gyratory crusher of my in-
vention, I can also permit the crushing of two

If the fines already reduced. to the final .

2,181,571

or more different sizes of material without hav-
ing the finer material pass through the earlier
stage or stages of the crusher. Finer material
may be introduced through suitable openings in
the frame of the crusher leading to later crush-
ing stages, and thereby by-passing the earlier
stages of the crusher. For example, many gy-
ratory crushers of the present single stage type
have oversized material discharged from them.

“The crushed material is screened and the over-

sized is returned to the crusher to be crushed
over again. In a multi-stage crusher of my in-
vention this oversized material can be returned
to the inlet opening of the last stage through
suitable openings in the frame of the crusher
and crushed: to the desired final size without
having to be readmitted to the crusher with the
initial coarse feed. This means that some of the
material finally discharged by the crusher does
not pass. through all the crushing stages, the
earlier crushing stages being by-passed.

I also provide suitable hand holes to permit
taking out of samples of the crushed material
between crushing stages so that the size of ma-
terial produced by any stage may be determined.
Naturally, these hand holes can also be used for
visual inspection as, for instance, checking the
discharge clearances between head and concave.

Screening the material between stages relieves
certain crushing stages from being burdened with
the. full quantity of the material initially intro-
duced into the crusher. This, in certain cases,
permits reducing the diameter and area of crush-
ing surfaces thereby reducing the over all dimen-
sions of the crusher. There ¢ also a saving in
power. by not having to crush materia] already to
desired size to a still finer size.

An. important object of my invention is the
production of more finished product of the de-
sired size and less product smaller than the de-
sired size, :

Another important object of my invention is
to relieve any one crushing stage of crushing ma-
terial already to the size of smaller than the
size of the minimum discharge opening of that
stage, thereby permitting the use of a crushing
stage of smaller capacity.

Another important object. of my invention is
in decreasing the power consumption of the
crusher chiefly because there is less power wasted
in crushing below the desired degree of fineness.

An important advantage of my invention lies
in the fact that the crusher can crush different
sized materials without having the finer mate-
rial pass through the earlier stages of the crusher,
thereby also saving in power consumption.

Another important advantage of my invention
lies in the fact that samples of crushed material
may be obtained from between crushing stages
5o that if the minimum discharge clearance has
been changed due to wear or other causes, this
dimension can be reestablished.

Another advantage of my invention lies in the
fact that suitable hand holes or peep holes per-
mit ‘of visual inspection of the crushing cham-
bers even during the operation of the unit,

Another advantage of my invention is that it
permits wet crushing in the latter stages of the
crusher,

For a more detailed understanding of my In-
vention reference is to be made to the following
description and accompanying drawings of prac-
tical embodiments of the inventive idea, and in
which drawings— o

Fig. 1 is a part sectional view of a three stage
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8,181,871 i
In the figure scréen 21 is. made in three parts.

gyfa.tory crtisher showing particularly the crush-
ing surfaces, ‘the. crushing :chambers and . the

. sereen arrangements between stages..

Fig. 2 is a sectional view to an erlarged scale

“of the crushing surfaces and screen arranges

ments of a three stage gyratory crusher.
Fig. 3 is a sectional view along the lines 3—3

of Fig.2. -

10

- of Figs.2and 3. :
.- Pig. 5 s a sectional view like that .of Fig. 2

15

20

‘28

30

40

driving shaft 2 to-pass
‘tact, and

. Pig. 4 is a :sectional detail view 6f the ribys or
arms. between. the hub and Tim of a. gyrating
head provided with screens, along the lines 4—-4

except it shows the use ‘of double.deck screens.
Fig. 6 is .a part sectional view of a two stage
gyratory crusher having screens between the first
.and .second’ stages- for screening ‘out finished
product without using ‘the conveying surfaces
illustrated in the previous: figures. - .
Fig. 7 is a part sectional view like ‘Fig. 2 but
showing the method of ‘introducing hetween
stages additional material ‘to ‘be crushed. -
Fig. 8 is a part sectional view along the lines
8—8 of Fig. 7. - : E o
 Tig.'9 is a sectional view .along the lines 9—39

of Pig. 8 showing particularly:in detailithe design

and location of hand holes or peep holes.
‘Referring to Fig. 1 the electric motor for driv-
ing the crusher is shown 4t 4. ‘This'motor drives
the vertical shaft 2 through the coupling 3. The
jower end of ‘the vertical shaft 2 is fastened to
an eccentric bushing 4. 'The outer surface of

_the eccentric bushing is journalled in a station-

.ary frame 5, and the inner surface of theeccen-
tric bushing rotates ‘about the hollow gyrating

shaft 6. This hollow gyrating shaft permits the
through it without ccon-
carries the crushing heads 1, 8 and 8
portion. 'The gyrating

is centered-and ‘pivot-

on its enlarged tapered
shaft 6 near its upper-end

. ally mounted on a ball -seated ‘bearing 10, and is

45

the gyrating -shaft

supported -at -its threaded upper ‘portion by the
nut 1. -The motor 't in turning - the 'shaft ‘2
rotates the -eccentric ‘4, which in turn oscillates
‘6 about /its ‘upper ‘and cen-

trally located -pivot 10. -The weight of the motor

- ‘and that of all the rotating ‘and gyrating -parts
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are carried by the spider casting 2 mounted
upon the stationary frame 13.
with the conical heads 7, 8 and 9-can be raised
or lowered by means of the adjusting nut 1.
Frame 13'is suspended by a number of suspension

‘Wire ropes |4 from a fixed support above the

crusher and not shown in the figure. Surround-

ing the crushing heads 1,8 and 8 are concaves 5, :
-16 and 1. "These concaves are in the form of a
.continuous ring -casting -and are separately

mounted in the stationary supporting frame 3.

As shown in Fig. 1, and 'to :an -enlarged. scale
in Fig. 2, the clea;ancé spaces between the crush-
ing heads and their corresponding concaves of
any stage are larger at their top than at: their
pbottom .or discharge ends. Material is Intro-
duced into the space at the top between the

‘crushing head T and concave {5 .and .most of -it

{s erushed to the size of the minimum clearance
between this head and its .concave at their dis-
charge ends. - The material is then guided by
the chute or conveying surface 8.  This con-
veying surface 18 is a part of ‘the casting |9 fas-
tened to the lower side of the head 1. Casting 19
has & centrally located opening .20 through which

the material drops.to the screen 21 mounted on-

‘the top. of the succeeding head ‘8. The screens
are made in several :parts :or ease of assembly.

-the conveying castings ;
-wear resisting material such as manganese steel.

46 the arms connecting

tened to the upper surface of the arms of
heads ‘by screws 30.and the conveying casting is
fastened to ‘the lower surface of -these arms by

3. ‘Shaft 8 together

"21"* to do -more efficient screening.

3

Screen ‘21 .slopes outwardly, and as conveying

_casting 19 and screen 21 are gyrated and vibrat-

ed, material will move along -surface 18 inwardly

-and -along -screen 24 outwardly to. the receiving

opening ‘of the second stage of the crusher ex-

cept-the - material ~which passes through  the
.screen 21.

‘The material passing through screen
21 drops through openings in the gyrating: head
8 to the chute or conveying .casting 22 below the
head 8. Similarly material discharged from the

‘second -crushing stage is conveyed along the slop-

ing surface 23 of the conveying ccasting 22 where

it meets the material-which dropped through the

screen 21 and head 8. . The entire material drops
through the centrally located: opening 24 upon
the. screen 25 ‘fastened ‘on the top of gyrating

" head 9. - Here again the material is screened and
‘the ‘oversized passes to the receiving opening of

the third crushing stage and that part of the
material which passes through the screen 25 drops
through the: openings in “head 9 directly to-the
discharge surface 26 and through the crusher
discharge-opening :21. The screens 21 and 25 and
19 and 22 are made ‘0f

Protecting: sleeves 28 and 29, made of wear re-

sisting ‘material, are placed ‘over the -gyrating

shaft to protect it from wear. L

Fig. 4 is a sectional view of the connecting rib
through the head 8 along the lines 4—4 in Figs. 2
and 3. Pig. 4 shows the securing of screen 21
the ‘hub portion- of the
head 8 to the rim"of head '8, The screen is fas-
the

screws 3. , NI o
Fig. 5 is similar to Fig. 2 except that it shows
the arrangement -of ‘two deck screens instead of

“the single screen a;rangement of Pig. 2. Similar

parts in the flgures bear the same numbers, but

_the.screen:21 in Fig: 2 is replaced by the double
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.deck :screen 21’ ‘and '2{’’.. Screen 25 of Fig. 2 .

is. replaced by 25’ and 28", »
In . Fig. 5 the material after being crushed In
the first stage:is conveyed by the chute or con-

through.-. The main - oversized material passes
over the screen 21’ .and drops into the receiving
opening ‘of the second -crushing stage. Screen

‘21’ only allows ‘material equal to or smaller .
‘than the minimum discharge opening of the sec-

ond. stage -to pass through it. - This double deck
screen arrangement permits -the lower screen
Material
which drops through screen 21’ ‘and does not
drop ‘through 21"" is. carried by the latter screen
to ‘the receiving-opening of the second crushing
stage: The discharge of the second stage drops
to the screen 25’ and the material that is passed
through screen 24’’ drops through the head 8
on the inner-portion of screen 25’. The double
deck screens.25’ 'and 25"’ ‘function in-a similar
‘manner as do"screens 21’ and 21’ except:that
the double .deck screens between the first and
second ‘stage perform ‘coarser.screening than do
the double deck screens between: the sécond and
third crushing stages. Tn the three stage crusher
of Fig. 5 the screen 25"’ permits material to pass
through it that has reached at this point the de-
sired final degree of fineness.

- If the material being crushed is quite friable

45

.veyor "9 to:the inner diameter of the screen-21’.
“This :screen 1s .a coarser screen than 21’ ‘and
-allows -only part of ‘the coarse material topass
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4

and the sereens 21'* and 28" permit a suficient
quantity of fines to pass through them, thus
by-passing the second and-third crushing stages
respectively, the diameter of the heads 8 and- 9
and the corresponding coneaves: {§ and {7 can be
made of smaller diameters thus reducing not anly
the size of the unit and hence its cost but it also

decreases the power required for the crushing op-.

eration.

Fig. 6 shows a two stage crushing.arrangement
in which the chute or conveyor 19 in Fig. 1 is
omitted permitting the aterial discharged from
the first stage to drop directly onto the screen 21,
Any material equal to or less than the desired
final fineness can pass through the screen 21 ang
thereby by-pass the second crushing stage; and
only material that requires more crushing passes
to the entrance of the second stage where it is
further crushed to the desired final degree of
fineness.- A

It is obvious that some of thé screens and their

conveying surfaces .in Figs. 1, 2 and 5 may be
omitted should ‘it be desired or preferable to do
so.. In place of the screens manganese steel con-
veying surfaces such as shown in my:prior patent
application above referred to should be ‘substi=
tuted, - : :
In Fig. 7 is shown: a three stage crusher
equipped with single deck screens and conveyors
between the first and second stages and also be-

tween the second and third stages similar to the -

Fig. 7 also shows
can be introduced
and into.the third

construction shown in Fig, 1.
the manner in which material
directly into the second stage
stage without having to
ceding stages of the crusher, thus bypassing these
earlier crushing stages. Such ‘material as is to
be introduced directly ‘into the.second stage is
admitted to hoppers 32 and from them through

-openings 34 spaced circumferentially around the

fraime or casing I3 by which the ‘material is fed
directly into the recelving opening of the second
crusher stage. -Similarly material which is to be
introduced to.the third stage of the crusher is
admitted “into ‘the hoppers 33 and from them
through the openings 35:spaced circumferentially
in the frame or casing 1 3, and fed directly into
the receiving opening of the third crusher stage.

In Fig. 8, which is & cross section along the

+line 8—8 of Fig. 7, it shows these hoppers and

openings through the frame at four places about

the circumference of the crusher.:

In Fig. 9 a partial sectional view of Fig. 1 is

presented showing the position of ;hahd holes 36
‘and 31." Hand hole 36 is shown placed in.line.

of the discharge opening of the. first crushing
stage, and-hand hole 31 is shown in line of the

.discharge -opening of the second crushing stage.

These hand holes will permit an operator to re-
move samples of crushed material at these points.
They also can be used for inspection purposes,
and when properly piped water for wet crushing
can be introduced -at these points. 'In Pig, 8
two hand holes 36 are shown placed opposite
each.other and two hand holes 37 are also shown
placed opposite each other. )

In accordance with the provisions of the patent
statutes, I have described the principle. of oper-
ation of my invention together with the appa-~
ratus which I now consider to represent the best
embodiments thereof: but- I desire to have. it
understood that the apparatus. shown' is only
illustrative, and that the invention can be car=
ried out by other means. : EE

pass through the. pre-.

9,181,571

What T claim as new and desire to secure by
Letters Patent of the United States, s,

1. In a multi-stage gyratory crusher, a gyrating
shaft, a number of conical shaped heads mounted
on said:' shaft, ‘suitable stationary ring shaped 5
concaves surrounding each of said heads and
cooperating with: them so as to- form - definite
crushing stages of increasing diameters from
the top downward, suitable gyrating conveying
surfaces between one or more stages for con-
veying the crushed material discharged from g
stage to an opening of smaller diameter than the
discharge diameter of the preceding stage, suit-
able gyrating screens mounted on the top of the
succeeding head so designed and constructed that
it -receives the erushed material from ‘the said
conveying surfaces and permits a .substantial
part of the material crushed to a finer size than

-the minimum clearance of the succeeding stage

to pass through suitable openings in the said 20
head, and guiding the remainder of the crushed
material to the receiving - opening of the - suc-
ceeding stage. . .

2. In a multi-stage gyratory crusher, a gyrat-
ing shaft; a number of crushing heads mounted
on- said shaft, stationary concaves surrounding
each of said heads and coacting with them so ag
to form a number of crushing stages of increas-
ing diameters and decreasing discharge open-
ings from the top downward, gyrating conveying
surfaces, slightly inclined from the horizontal
and extending inwardly and downwardly, mount-
ed on the discharge end of some of the heads,
suitable -gyrating screens directly below each of
the said conveying surfaces and inclined out-
wardly and downwardly at slight ‘angles of in-
clination to the horizontal. and mounted on the
tops of the next succeeding crushing heads, each
of said screens having openings equal ‘to or less
than the minimum width /Of discharge opening
of ‘the crushing stage immediately -below the v
screens, and the crushing heads immediately be-
low the screens having suitable vertical openings”
through them for by-passing ..crushed madterial
passing through the screens to the next suc-
ceeding crushing stage, whereby an the crushed
material discharged by g crushing stage is guided -
by the conveying surface to the screen below and
the fines by-pass the next crushing stage and
the coarse material is -Buided by the screens to
the inlet opening of the next crushing stage. -

3. 'In a multi-stage gyratory crusher, a gyrat-
ing shaft, g plurality of crushing heads mounted
on said shaft, ‘stationary concaves coacting with
said heads to form successive crushing stages of
increasing diameters from the intake to the final .
discharge of the crusher, conveying surfaces posi-
tioned beneath the discharge of the stage or stages
preceding the final crushing stage to receive the
material discharged from the next - preceding
stage, means connecting said conveying. surfaces
to said gyrating shaft whereby the conveying sur-
faces will be gyrated, screens between the dis-
charge of said gyrating conveying surfaces and
the inlet of the succeeding crushing stage, said
screens having openings therein equal to or less
than the minimum discharge opening of ‘the suc.
ceeding crushing stage, said crusher provided with
bassage-ways leading from beneath the screens
past the discharge of the succeeding stage to
by-pass material falling through the screens.

4.In a multi-stage gyratory crusher, a gyrat-
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ing shaft, a blurality of crushing heads mounted

on said shaft, sté‘itionary concaves coacting with
said heads to. form Successive crushing stages of

inereasing diameters from the intake to the final 75
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discharge of the crusher, conveying surfaces posi-
tioned beneath the  discharge of - the stage or
stages preceding the final crushing stage to re-
ceive the material discharged from the next pre-
ceding stage, means connecting said conveying
surfaces to said gyrating shaft whiereby the con-

veying surfaces will be gyrated, screens between

the discharge of said gyrating conveying surfaces
and the inlet of the succeeding crushing stage,
said screens having openings therein equal to or
less than the minimum discharge opening of the
succeeding crushing stage; the next succeeding
crushing heads below said screens having vertical
passages through them for receiving the material
passing through the screens thus by-passing such
material past the crushing stage next succeeding
the screen, said screens being. inclined from the
discharge of the conveying surfaces to the inlets
of the succeeding stages whereby the material
delivered upon the screen which does not pass
through it will be delivered to the succeeding
crushing stage. :

5. In a multi-stage gyratory crusher, a gyrating -
shaft, a plurality of crushing heads mounted on-

said shaft, stationary concaves coacting with

said heads to form successive crushing stages of

increasing diameters from the intake to the final

discharge of the crusher, conveying surfaces posi- .
tioned beneath the discharge of the stage ‘or-

stages preceding the final crushing stage to.re-

_ ceive the material discharged from the next pre-

ceding stage, means connecting -said conveying

surfaces to said gyrating shaft whereby the con-:
veying surfaces will be gyrated, screens between

the discharge.of said gyrating conveying surfaces
and the inlet of the succeeding -crushing stage,
said screens having openings therein equal to or
less than the minimum discharge opening of the
succeeding crushing stage, the next succeeding
crushing heads below said screens having, vertical
passages through them for receiving the material
passing through the screens thus by-passing such
material past the crushing stage next succeeding
the screen, said screens being inclined from the
discharge of the conveying surfaces to the inlets
of the succeeding stages whereby the material
delivered upon.the screen which does.not pass
through it will be delivered to the succeeding
crushing stage, said screens being connected to

said gyrating crushing heads for gyratory move- .

ment therewith.

6. In a multi-stage gyratory crusher, a gyrating
shaft, a plurality of crushing heads mounted on. -

said shaft, stationary concaves coacting with said

heads to form successive crushing stages of in-

creasing diameters from the intake to the final

discharge of the crusher; conveying surfaces posi-

tioned beneath the discharge of the stage or
stages preceding the final crushing stage to re-
ceive the material discharged from the next pre-
ceding stage, means connecting said conveying
surfaces to said gyrating shaft whereby the con-
veying
heads subsequent to the crushing head of the first
crushing - stage being  provided with passages

therethrough opening out beyond the discharge-

of the respective stage, screens over the inlet ends
of said passages for receiving thereon the material
discharged from the preceding stage, said screens

shaped to form a conveying surface to convey.

material delivered thereon which does not pass

surfaces will be gyrated, said crushing’

®
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through the screens to the inlet of the crushing
stage while the material falling through the
screens passes through the passage in the crush-
ing head. . X
7. In a multi-stage gyratory crusher, a gyrat-
ing shaft, a plurality of crushing heads mounted
on said shaft, stationary concaves coacting with
said heads to form successive crushing stages of
increasing diameters from the intake to the final
discharge of the crusher, said crushing 'heads
having . imperforate crushing surfaces and the
heads subsequent to the crushing head of the first
crushing stage being  provided with passages
therethrough opening out beyond the discharge
of the respective stage, screens carried by said
crushing heads and gyrating therewith, said
screens being positioned over the inlet ends of
said passages for receiving thereon the material
discharged from the preceding stage, the mate-
rial falling through said screens being by-passed
through said passages past the succeeding crush-

“ing stage, said screens shaped to form a convey-

ing surface to convey material delivered thereon
which does not pass through the screens to the
inlet of the succeeding crushing stage.

'8 In a multi-stage gyratory-crusher, a gyrat-
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ing shaft, a plurality of crushing heads mounted

" on said shaft, stationary concaves co-acting with

said heads to form successive crushing stages of
increasing diameters from the intake to the final

_discharge of the crusher, said :crushing heads"
having imperforate -crushing surfaces and the
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heads subsequent to the crushing: head of ‘the - ‘

first crushing stage belng provided with passages - '

therethrough opening out beyond the discharge
of the respective stage, double-deck screens posi-
tioned over the inlet ends of said passages for
receiving the material discharged from the pre-
ceding stage, said double-deck screens arranged
in pairs carried by each crushing head subsequent
to the crushing head of the first crushing stage
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and being shaped to form conveying surfaces for

delivering material which does not pass through

‘the screens to the inlet of the succeeding crush-

ing stage, said double-deck screens indirectly
connected -to said shaft for gyrating movement
therewith. : v ] C o

9. A gyratory crusher ‘having two .or more
crusher heads mounted on a gyrating shaft and
having each crusher head surrounded by a suit-
able stationary concave SO arranged and con-

* structed that each crusher. head together with.

its corresponding concave forms 2 definite crush-

ing stage so that the material to be crushed passes.
successively from one crushing stage to another
where itis consecutively crushed to a finer size,.

and having each successive crushing stage so de-

‘siened and constructed that it has its - entire
“crushing surface of substantially greater diam-
eters than those of the preceding stage, and hav-
“ing movable non-crushing means for.conveying

the material to be crushed from one stage of small
diameter to the succeeding stage of materially

larger diameter, said movable non-~crushing con--

veying means being perforated to form screens to
permit fines to fall therethrough, said crusher
provided with passages
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to receive the fines fall- -
‘ing ‘through the perforated conveying means -to

by-pass the fines past the succeeding crushing -

stage. IR
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