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CRUSHER

George D. Becker, West Allls, Wis., assignor to
Allis-Chalmers Manufacturing Cnmpa.ny, Mil- -
waukee, Wis., a corporation of Delaware |

Application June 9, 1930, Serial Neo. 459, 941

14 Claims.

" The present 1nvent10n Telates in genera.l to im-
provements in the art of supporting movable
machine elements; and relates more specifically to

improvements in thé construction of fluid sup-

10

ports or pressure resisting devices especially
adapted for use in connection with crushing mem-

bers or the like,

An object of the 1nventmn is to prowde im-

proved means for resisting variable pressures ex-
isting between the working parts of certain types

- of machines such as stone crushers, whereby such

- 16

- of the invention is to provide improvements in
. thrust bearing structures for crushers or the like.
20

machines are effectively protected against dam-
age due to abnormal conditions of operation. An-

‘other object of the invention is to provide im-

proved automatically functlomng mechanism for
releasing excessive pressures in a fluid reaction
device for machine elements. A further object

These and other objects and advantages will ap-
pear from the following description.

Scme of the novel features of ¢rusher construc-
tion, disclosed but not specifically claimed herein,

- form the subject of copending applications now

25

Patent No. 1,799,476, April 7,1931, and Patent No..

1,799,477, April 7, 1931.
~ No claim is made herein broadly to the means
for gyrating one member within another mem-

~ ber to crush material and a fluid pressure support

30

for maintaining said members separated a pre-
determined amount herein disclosed for this con-
stitutes the subject matter of a copending appli-
cation Ser. No. 452,864, filed May 16, 1930 by

- R. C. Newhouse

Also no claim is herem made to the novel 111b1‘1-
cating system herein disclosed for this constitutes
the subject matter of a copending application Ser.

- No. 453,446, filed May 19, 1930, by R. C. New-

40

house and G. D. Becker.

A clear conception of an embodnnent of the
mventmn and of the mode of constructing and of
operating mechanisms built in accordance there-

‘'with, may be hac:lI by referring to the drawings

accompanying and forming part of this specifica-
tion in which like reference characters d351gnate

the same or similar parts in the several views.

Fig. 1 is a central vertical section through a

| gyratory crusher of the high speed type, having

50

an improved thrust bearing structure a.ssomated
therewith. |

Pig. 2 is a part sectional mde elevatmn of the
improved gyratory crusher shown in Fig. 1, a por-

" tion of the fluid support being shown in section.

9

- The gyratory crusher specifically shown in the

drawings by way of illustration, comprises in gen-

(Cl, 83—10)

_eral an inner conical gyratory crushing member
3; an outer crushing member 4 surrounding the

inner member 3 and cooperating therewith to
form an annular crushing chamber 6; a relatively

massive main shaft 5 rigidly atta.ched to the inner 690

‘member 3; & rotary eccentric, 7 cooperating with

the lower extremity of the shaft 5 and rotatable

at high speed so as to impart rapid gyratory mo-
tion to the member 3: an electric motor 9 located
above the crusher for rotating the eccentric 7 at
high speed; a driving shaft 8 direct connecting
the motor 9 with the eccentric 7: and suitable
frame structure for supporting the various crush-
ing and driving elements.

65

" The outer member 4 is supported directly with- 70

in an annular upper frame 40 which carries a
spider 35 within which the upper extremity of
the hollow main shaft 5 is journaled. The ec-
centric 7 gyrates the main shaft 5 about a ful-
crum point-located adjacent to the spider 35, and
is rotatably supported in a central guide bearing
formed in the lower frame 42, this lower frame

75

being rigidly interconnected with the upper

frame 40 by means of an intermediate frame 41.

The entire crusher is suspended from cables 36 80

secured to the intermediate frame 41, for the
purpose of permitting free vibration of the struc-

ture without transmitting such vibration to the

building within which the erusher is ordinarily

housed. The intermediate and lower frames 41, 85 |

42 may also be provided with a discharge chute

38 communicating with the discharge opening of .

the crushing chamber 6.
- The inner crushing member 3 rests directly

element 11, having a spherical upper surface co-
acting with a wearing ring fastened to the lower

- extremity of the member 3, and also having a

plane lower surface cooperable with and slidable

- upon a thrust bearing comprising a floating ring- 90

upon an adjacent upper plane surface of an an- 95

nular plunger 12. The plunger 12 is vertically
movable to vary the crusher discharge opening,

between inner and outer annular walls 26, 25,

respectively, which cooperate to form an annular
recess within which the plunger 12 is disposed.

‘The lower extremity of the plunger 12 is provid-

ed with a packing 13 coacting directly with a con-
fined body of fluid such.as 0il under pressure
which fills the annular space 14, the displace-
ment chamber 16 and the connecting passage 15.
A check valve 23 having one or more relatively
small fluid return openings therethrough, is in-
ternosed between the passage 15 and the chamber
16, this check valve being normalilly held to its
seat by means of a sprmg as shown ~
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The fluid comprising the confined body, is nor-
mally confined against displacement by means
of a piston 17 which is held in its uppermost po-

sition by a plurality of coil springs 20 the tension
of which may be readily varied to suit conditions.
So long as the fluid in the confined body remains

- undisturbed, the pressure within the confined

10
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body of oil may vary between that sufficient to

“merely support the crushing member 3, the shaft

5 and the connecting parts, and a predetermined
pressure established by the springs 20 sufficient
to crush material being acted upon during nor-
mal operating conditions. It will thus be noted

that the fluid confined within the chamber 16,

passage 15 and space 14 provides a fluid support
for the floating thrust ring element 11.
thrust element 11 is preferably located closely
adjacent to the member 3 and above the eccentric
7. A suitable stop 27 may be provided for limit-
ing the downward movement of the plunger 12
when the fluid pressure in the confined body is
released, and the outer confining wall 25 of the
thrust bearing may be provided at its upper end
with a dust seal ring cooperating with an apron
39 to prevent mgfess of dust to the bearing struc-

ture.

Located on each side of and laterally ad;lacent
to the main or primary piston 17, is a secondary

. piston 18, all of these pistons 17, 18 being formed

to react against a common supporting block 19
which carries a movable contact membper 33 co-
operable with stationary contacts 34. When the
contact member 33 has been moved downwardly
by the block 19 sufficiently to connect the sta-
tionary contacts 34, an alarm such as a bell may
be automatically sounded, or the operation of

- the crusher may be stopped. The springs 20 con-

stantly urge the block 19 in an upward direction,
and upon compression of these springs a prede-
termined amount due to excessive pressure cre-
ated in the confined oil body, the piston 17 may
be forced downwardly sufficiently to permit fluid
from the chamber 16 to enter a passage 21 and

to thus exert the full pressure of the oil body

upon the ends of all of the pistons 17, 18. A pump
24 may be provided for varying the quantity of
fluid confined within the chamber 16, passage
15 and space 14, in order to alter the size of the
crusher discharge opening, and a by-pass valve
22 serves to effect return of fluid from the pas-
sage 21 to the chamber 16 when the central pis-
ton 17 has re-entered the chamber 16 and before
the pistons 18 have been returned to normal up-
permost position.

The driving motor 9 which is supported dn'ect-
Iy upon the spider 35, is direct connected to the
upper extremity of the drive shaff 8, and the low-
er extremity of this shaft is direct connected to
the eccentric 7 by means of a driving plate 10.
The lower portion of the shaft 8 is journaled in
a guide bearing 37 formed in the lower cap 29.
A centrifugal pump rotor 28 housed within the
cap 29, is drivingly connected to the lowermost
extremity of the shaft 8, and this rotor is.adapt-
ed to deliver lubricating oil which drains into
the cap 29, through a discharge pipe 30 to a puri-
fier 31. From the purifier 31, the oil is delivered
through a return pipe 32 to the annular recess

within which the thrust bearing element 11 is
confined, and the overflow from this recess serves

to Jubricate the eccentnc 7 and the bearings as-
sociated therewith.

During normal operation of the crusher the
electric motor 9 is being operated to rotate the
eccentric 7, thereby -causing the main shaft 5

The
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and the inner crushmg member 3 to gyrafe, the
main- shaft 5 also being free to rotate within
the eccentric 7 and the spider 35. The mate-

rial to be crushed is delivered into the upper
end of the crushing chamber 6 and is fed by

gravity through this chamber, being crushed as .

it passes downwardly between the members 3, 4.

The vibration of the crusher structure as a unit,

permitted by the flexible suspension cables 36,
enhances the feeding action of the material
gramtatmg through the crushing zone, and the
crushed material is delivered from the machine
along the discharge chute 38.

In case a piece of abnormally hard material
such as a piece of steel, is admitfted to the crush-

85
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ing chamber 6, the excessive downward pres-

sure upon the inner crushing member 3 is trans-
mitted through the thrust ring element 11 and
the plunger 12 to the oil body confined within
the space 14, passage 15 and chamber 16, and

if the abnormal piece is not too large, sufficient

oil is displaced from the space 14 and passage

15 to the chamber 16 past the check valve 23,

to permit the obstruction to pass through the
crusher discharge opening. When the oil is thus

displaced, the primary piston 17 is first urged

downwardly against the resistance of the springs
20, and if the obstructing piece is sufficiently
large, the piston 17 will eventually be forced en-
tirely out of the chamber 16 and the fluid pres-
sure of the oil body will be admitted to the pas-
sage 21 and exerted against the exposed ends
of the secondary pistons 18. As the piston 17
is moved downwardly, it forces the head 19 away
from the secondary pistons 18, leaving the lat-
ter suspended in their bores until fluid is ad-
mitted from the chamber 16. When this con-
dition of operation is reached; the secondary pis-

100

105

110

tons 18 are initially moved down into engage-

‘ment with the head 19, thereby permitting es-
cape of considerable liquid at the same pressure

from within the chamber 16 to the passage 21,
after which the springs are quickly compressed

115

by the action of full pressure tipon the greater

pressure area of all of the pistons 17, 18. This
arrangement permits the use of springs 20 hav-
ing a relatively short range of action as com-
pared to a structure in which the full pressure
of the fluid acts upon the maximum piston area
at all times, and also permits maximum piston

displacement with minimum variation in pres-

sure due to compression of the springs. This
quick compression of the springs 20 causes the
contact member 33 to bridge the contacts 34 .
and to thereby ring the alarm or stop the crush-
er. After the obstruction has been removed from

within the crushing chamber, the springs 20 be-

come effective to urge the pistons.17, 18 upwarg-

ly, and to restore normal operating conditions.

within the crusher. As the springs 20 move the

head 19 upwardly, the primary piston 17 first

closes the gap between the chamber 16 and the
passage 21, after which the oil confined within
the passage 21 is returned to the chamber 16
nast the by-pass valve 22. The return to nor-
mal operating condition is ordinarily much slow-

er than the displacement from normel, due to
the restricted return openings in the check valve:

23, these restricted openings serving to prevent
quick return to normal conditions which might
result in v1olent raising of the member 3 and
shaft 5.

It will be appa.rent that the springs 20 may
be initially compressed to any desired extent,

120
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necessary to permit normal operation of the 150
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crusher mthout producing d1sp1acement of the

. 0il body and of the pistons 17, 18. The pres-

- sure normally established within the oil body is

10

15

20

only equal to the pressure required to resist the
weight of the crushing member 3, the shaft 5
and the thrust bearing elements, and when ma-
terial is being crushed, the pressure within the
oil body should not exceed the resistance offered
by the springs 20 through the primary piston
17. The moment that the pressure upon the con-
fined oil body exceeds this spring resistance, how-
ever, the primary piston 17 will move down-
wardly and produce dlsplacement of the oil body
as previously described.

The stop 27 serves to support the thrust bear-
ing plunger 12, the ring element 11, the crush-

‘ing member 3 and the shaft 5, before fluid has

been admitted to the space 14, or rwhen the
pressure upon the confined oil body “has been
entirely released. This stop 27 is prbferably SO

‘disposed that it will permit maximum dropping

of the crushing member 3 relative to the mem-

~ ber ‘4, before the stop becomes effective, and

26

the stop functions to maintain a space beneath

‘the packing 13 so that fluid may readily be ad-

mitted to the lower face of the thrust bearmg

- plunger.

30

3D
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If it becomes deswable to vary the size of the
crusher discharge opening, the pump 24 or a
drain valve, may be utilized to either admit more
0il to the confined oil body or to withdraw some

of the oil therefrom. By admitting a greater

quantity of oil to the body, the crusher discharge

~opening is diminished, whereas withdrawal of oil

from this body increases the size of the discharge
opening. While it is preferable to utilize oil in

the confined liquid body, it will be apparent that

any other desired fluid may be utilized.
From the foregoing description it will be ap-
parent that the fluid support functions auto-

~ matically to protect the structure against dam-

60

age due to abnormal conditions of operation.

The primary and secondary pressure surfaces af-
forded by the pistons 17, 18, enable slow initial
release of the pressure, and extremely rapid final

release thereof: The quantity of oil within the
confined body may readily be varied to vary
the size of the crusher discharge opening, with-

out affecting the pressure releasing pistons 17,

18, and the dust seal apron 39 prevents dust from

entering the thrust bearing structure. |
It should be understood that it is not desared

to limit the invention to the exact details of

construction and to the precise mode of opera-
- tion herein shown and described, for various
modifications within the scope of the claims may

occur to persons skilled in the art.

It is claimed and desired to secui'e by Letters
Patent:

bers, and having means for relatively moving

- said crushing members to crush material, the

combination of means. for normally maintaining
said crushing members a predetermined distance

apart and for resisting the crushing reaction be-

tween said crushing members, said - last men-

tioned means including a fluid pressure support,

an excessive pressure relieving device, having a
body of fluid under pressure therein and in com-

‘munication with said fluid pressure support, said
. excessive pressure relieving device comprising a
primary displaceable surface constantly exposed

to said body of fluid, and also comprising a sec-

- ondary displaceable surface, and further com-

prising means responsive to a predetermined dis-

!

currence of excessive pressure in said body of

| placement of sa1d primary displaceable surfaca

upon occurrence of excessive pressure in said body -
of fluid for exposing said secondary dlsplaceable
surface to said body of fluid.

2. In a crusher having a pair of crushing mem-
bers relatively movable to crush maferial, the
combination of fluid pressure actuated means for
resisting the crushing reaction on said crushing
members, and a fluid pressure relieving device
having a body oi fluid therein and in communica-
tion with said resisting means, said device com-

prising primary and secondary displaceable sur-
faces the former of which is constantly exposed

80

85

‘to the pressure of said body of fluid, said device

also comprising means for exposing said second-

~ ary displaceable surface to the pressure of said

body of fluid only upon attainment of abnormal
pressure in said body of fluid. |
3. In a crusher having a pair of crushmg

members relatively movable to crush material, 95

the combination of a fluid pressure actuated
thrust bearing for normally supporting one of

said crushing members and for resisting the
crushing reaction thereon, means for relieving
abnormal crushing reaction on said one of said

crushing members, a body of fluid in communi-
cation with said thrust bearing and with said re-

100

lieving means, said relieving means' comprising

a primary displaceable member movable upon oc-
106

fluid, a secondary displaceable member normally
unexposed to the pressure of said body of fluid and
further comprising means for exposing said sec-
ondary displaceable member to the pressure of
sald body upon predetermined movement of sald 110
primary displaceable member. |

4. In a crusher having crushing members
relatively movable to- erush material, the com-
bination of a fluid thrust bearing for sustaining
the crushing reaction on one of said members, 115
fluid pressure actuated means for reducing the
excessive crushing reaction on said one of said
crushing members occasioned by the entrance of
hard material into said crusher, and a body of
fluid under pressure .communicating with the 199
fluid in said thrust bearing and with the fluid
in said fluid pressure relieving means, said fluid
pressure relieving means comprising primary and
secondary displaceable members, and also com-

prising means for interconnecting said displace- 125 o
- able members with each other and with said

body of fluid so that said primary member will
move to relieve pressure upon occurrence of exces-.

sive pressure in said body of fluid and thereby ex-

pose said secondary member to said body of fluid. 139 -
0. In combmatmn a pair of crushing mem-
bers, means for relatively moving said crushing

‘members to crush material, means for resisting
‘the crushing reaction on said crushing members

1. In a crusher having a pair of crushing mem- Including a body of fluid under pressure, and 135

means for limiting the maximum resisting action

of said resisting means, said limiting means com-

prising a primary displaceable member constant-

1y exposed to the pressure of said body of fluid,.

a secondary displaceable member, and also com-.
prising means for exposing said secondary dis-
placeable member to the pressure of said body:
of fluid only upon attainment of abnormal pres-
sure in said body of fluid, said limiting means
further comprising resilient means for constant-

143

145

1y urging said primary and secondary dlsplace-

able members toward said body of fluid.
8. In combination, a pair of crushing mem-

bers, means for relatively moving said crushing

members to crush material, means for resisting .,
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 stantly exposed to said body of liquid, biasing
“means for normally opposing the force of said

4

the crushing reaction on said crushing members

- including a body of liquid under pressure, and

means for causing an excessive crushing reaction
to separate said crushing members, said separat-
ing means comprising interconnected primary
and secondary displaceable members the former
of which is constantly exposed to the pressure of
said body of liquid and resilient means for con-

stantly urging said primary and secondary mem-,

bers toward said body of liquid, and further com-
prising means for exposing said secondary dis-

“placeable member to the pressure of said body of

liquid upon attainment of a predetermined dis-
placement of said primary displaceable member,

7. In a crusher having a pair of crushing mem-
bers and having means for moving one of said
members relative to the other to crush material,
the combination of, a thrust bearing device nor-
mally supporting said movable crushing mem-
ber a predetermined distance from the other of
said crushing members, a confined body of liquid
under pressure within said thrust bearing de-
vice, a primary piston having a surface con-
stantly in contact with the pressure of said body
of liquid, a secondary piston having a surface
normally non-exposed to said body of liquid, resil-

ient means for constantly urging said primary

piston into contact with said body of liquid, and
means responsive to an abnormal crushing re-
action on said thrust bearing device for causing
said body of liquid to displace said primary pis-
ton and to subsequently expose sald secondary
piston to said body of liquid.

8. In combination, a pair of crushing members
means for moving one of said crushing members

relative to the other of said crushing members .
to crush material, a thrust bearing normally sup-

porting said one of said crushing members, and
including - a body of liquid under pressure, & pri-
mary displaceablz piston having a surface con-

body of liquid on said primary piston surface

and for permitting said piston to retract from

.45

the normal position thereof upon occurrence of
an abnormal crushing reaction on said thrust
bearing, a secondary displaceable piston having
a surface, and means responsive to a predeter-

mined retractive movement.of said primary piston

for establishing a path for the flow of said liquid
past said piston info contact with the surface of
said secondary piston, and means operable upon

cessation of said abnormal crushing reaction to

establish another path for the flow.of said liquid
from in contact with said secondary piston sur-

‘face to-said body of liquid independent - of said

first mentioned path..
9. In combination, a mova.ble member subject

| to variable reaction thrusts, a reaction support

60

‘normally “sustaining said member comprising a
“chamber containing a body- of liguid under pres-

sure, a displaceable piston having a surface con-
stantly exposed to :said body of liquid, resilient

_ means for urging said piston to a definite limiting

=T

*pomtlon against the pressure of said body of lig-

uid, an auxiliary chamber normally independznt

-of said body of liquid, means for unrestrictedly

conducting a portion of said body of liquid from

‘said first mentioned chamber into said auxiliary

7o chamber only-after a predetermined displacement

of said piston from said normal position due to

an excessive reaction thrust upon said movable.

member, and means-operable only after the flow
of a predetermined quantity of liquid into said-

~auxiliary chamber for resiliently opposing the

flow of liquid into said auxiliary chamber -

1, 961 811

- 10. In-combination’, a movable member, a reac-
tion support for said member comprising a con-
fined body of liquid, a piston having a surface
constantly exposed to said body, resilient means
for urging said surface against said body, a
chamber, means for establishing a path for the
flow .of a portion of said body of liquid to saild
chamber upon predetermined displacement of

. said piston and without changing the pressure on

said resilient mz2ans, a check valve in said path
for isolating said chamber from said body of liquid

after a predetermined quantity of said liquid has
flowed into said chamber, and means for re-
furning said liquid from said chamber to said
body after said check valve has isolated said

-chamber from said body.

11. In combination, a movable membzar, a thrust
bearing having an annular plunger and a cham-
ber filled with fluid under pressure for support-
ing said movable member, a main piston having
one end thereof in contact with said fluid, resil-
ient means for normally holding said piston in
a predetermined position, an auxiliary piston nor-

mally not in contact with said fluid, and means

responsive to excessive thrust on said bearing for
displacing said main piston and for exposing

said auxiliary piston to said fluid.

12. In combination, a movable member, a
thrust bearing for supporting said member and
having a chamber filled with fluid under prassure,
a main piston having one face thereof exposed to
said fluid, an auxiliary piston exposable {0 said
fluid upon a predetermined movement of said
-main piston, and means responsive to a thrust
on said bearing in excess of a predetermined
amount for causing said main piston to move
and slowly release the pressure in said fluid and
for causing said auxiliary piston to subsequently

.move and quickly release the pressure in said

fluid.

- 13. In combination, a pair of members co-
operating to form a crusher chamber, means for
relatively moving said members to crush material,
fluid pressure means for maintaining one of said

members a predetermined distance from said

other ma2mber, main and auxiliary spring biased

piston members associated with said fluid pres-

sure means, and means responsive to a fluid
pressure in excess of a predetermined amount
for rendering said piston members successively
effective to relieve said excess pressure.

14. In combination, a pair of relatively movable
members, a reaction support aranged to support
one of said members and having a main cham-
ber normally containing a constant quantity of
fiuid subject to variable prassures caused by vari-
able forces on said reaction support, a piston

having a. surface in contact with said fluid, re-

silient means arranged to bias said piston in 2
direction opposing the force of said fluid on said
piston, means arranged to limit the movement
of said piston caused by said resilient means, said

resilient means being so proportioned as to nor-

mally exert a force on said piston greater than
the force of said fluid on said piston, whereby said
piston is displaced in opposition to said resilient
means only when the pressure of said fluid ex-

ceeds a predctermined value, auxiliary pressure
relieving means comprising a discharge chamber,
and valve means operable by a predetermined dis-

placement of said piston upon occurrence of
excessive pressure in said main chamber to con-
nect said discharge chamber with said main
chamber. |

'GEO. D. BECKER.
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