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This:invention relates to-apparatus:for crush=
ing material such as stones, . ores;, etc: between:
relatively moving: crushing members;.in which-it
is. desirable to provide for automatic safety. cons
trol:to prevent damage:to:the.crusher as .a.resulb.
of excessive crushing. pressure;. due: to. uncrush-
able- material, packing. conditions; or. any: other.
abnormal- condition: )

An: object of the:invention is-to. provide for:
automatic. cutting. off: of feed. to the crusher: in.
case of minor-abnormal conditions.so. that: the,

crusher: may clear-itself and. returmn.to.its proper.

setting.

Another objectis-to-provide.for.automatic.stop-
ping-of-the crusher operation upen.occurrence of.
serious: abnormal: conditions.. :

still another object of the present: invention
concerns. provision. in a.crusher: of. safety. control’
means.permitting yielding.of a. crushing. member.
under only excessive: crushing. pressures. and
automatically returning the.crushing. member to.
normal crushing. position only. after substantially;
complete clearance.of the. crushing.chamber.

The invention having, the above and; otlier ob-
jects. which may appear, herein. may, be. carried
into effect.as-fully, described” Hereifibelow in con-
nection. with. the accompanying; drawings;, i
which: o ;

Fig. 1 is. a. partly schematic. view  showing a.
crusher. equipped according to the invention; and’

Fig. 2. is an enlarged: view of a portion of the
apparatus.shown in.Fig. 1 includinig; the. accumu=
1ator and.control switch actuating means; shown
in. vertical® cross. section.

In. the. embodiiment: of. the. invention shown:in
the: drawing, the crusher 1. may be a’ gyratory,
crusher of. a.type well known in the art; having:
a gyratory head supported by a hydraulic jack:
It. will. be unnecessary, to describe in- detail the.
internal structure and workings of‘such a crusher
since. suitable- crusher structiire has been fully
described. and illustrated ih T.. S. Patents Nos:.
2,021,895 issued. to R. C. Newhouse et al.,. and
2,022,135 issued. to R..C. Newhouse,. and’ ih the:
copending . application Serial. No.. 530,924, filed’
April 13, 1944, by Alexander, J. Roubal:. It will
be understood:that. the hydraulic. system. external:
to. the- thrust. bearing. supporting. cylinder: and’
piston shown in the above ‘mentioned patents and:
application. is- modified. according: to. the. present.
invention. as- fully. described. and, illustrated.
herein. )

According, to. the: present ihvention,, tHe, gyra-
tory. crusher. I.is.equipped. with. a.féed controllihg;
mechanism. or: feeder; 2 driven. by feeder’ motor
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3.. THe:feeder 2 maysfeed:rock, or-othersmaterial
to:be crushed, into:the crusher: i where.it, passes:
between relatively movable orushing; members;
actuated: by suitable: crusher member: actuating,

. means: as: shown, in- the: above: mentioned: prior

patents:and copending; application:. The:crusher:
{-is-driven by a: crusher-motor, 4:shown.in Fig: 1.

Crusher | is; equipped: with. a- hydraulic head:
support: jack: 6:to:which: fluid, may: be- supplied

. and.from which fluid may be:withdrawrrthrough

hydrautic fluid conduit. 7 connected.: to. the; high:
pressure-side of. a.pressure:relief valve.8, of. suits
ablerstructure-well known.in,the.art.. The.reliefl
valve: 8; is; arranged- to. prevent the. passage. of;
fluid; from. jack. 6, except. when.the- pressure. eXs
ceads a- predetermined. value: for which., the:relief;
valveis set:, Since.the fluid pressure.in: the.jack
6 and. conduit. T during crusher: operation, will. be:
proportional to the. crushing. pressure, the  relief;
valve. 8. will be:set. to.open when the. finid: pres~
sure exceeds that which would:support.the maxi=
mum safe. crushing. pressure. Between. jacks 6
and. relief valve.8,; a conduit.9.1eads.to the. dis-
charge side of a,check valve.10.arranged. to. pre-
vent. the . escape. of fluid from. jack. 6. throught
conditit. 8.. From. some. point. in. the: Hydraulig
system: between . the jack 6 and. the. relief: and.
chieck. valves. 8. and. I8, . respectively,. a condilit) 11
may, be.connected o a Hand pump 12, whichimay:
be arranged to.supply fliid to. the jack 6 from. the
reservoir. 13. Hand. pimp. 1Z, 15 used: to, force
fluid under: pressure into. the.system’ to raise the.
crusher member: or lead to its proper. setting for;
reasons. to be deseribed hereinafter. ' )
From the discharge or low pressure: side,of the’
relief valve 8 and tle supply or inlet conrection
of the check valve 10, a common condiiit: 415
cannected’ to the fild pressure space’ of amn'.ac:
cumulator 1§ which is arranged to receive: fluld’
from the.conduit i4 at'a minimum' pressure sufs
ficient, to, support the crushing members: of the
crusBer i in theirnormal’crushing position:under
1o load conditions, that' is:when the crusher-is;
running without any material between:the: crushy-
ing members. Preferably tlre pressure for-whicl
tHe accumulator will be set willbe; slightly Higher
thHan. the minimum. ’ - o
A bleeditig. cock ©7 may be provided' in fnid?
pressure” conduit’ 1 for, bleeding, fuid’ from® the
hydraulic, jack 6 when it is desifed for any rea-
son to.open the crushing members; A stop valve:
{8 may, be placed in. the condiit i1 between: the
hand pump. 12 and’ the cylinder 6 to isolate” the
Hand pump durihg normal'operation-of the erushs
er. A bleeding cock. 19 may be provided between:
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the stop valve and the hand pump {2 to re-
lieve pressure between the stop valve 18 and the
bump.

When it is desired to lower the head for any
reason, it may, in preference to bleeding by cock
17, be done by opening stop valve 18 and turning
hand pump 12 in a direction to take fluid from
conduit T and jack 6 and pump it to reservoir 3.

The accumulator 16 shown in Fig. 2 consists -

of an accumulator cylinder 21 having a piston
or plunger 22 normally biased downwardly
against the end of the cylinder 21 by an accumu-
lator spring 23. The plunger or piston 22 is slid-

able upwaxrdly in the cylinder 21 by the pressure .

of fluid admitted through conduit t4. Spring 23
is precompressed to a degree somewhat greater
than that which would be just sufficient to pre-
vent displacement of the piston 22, by hydraulic
pressure less than that sufficient to support the
crusher head under no load conditions.

. The upper end of the piston 22 is beveled to
provide a cam surface 24. In the cylinder wall
of the'‘accumulator cylinder 21 are g pair of
switch actuating plungers 26 and 21 having con-
fcal ends projecting into the path of the cam sur-
face 24 at-axially spaced points. The plungers 26
and 27 are biased inwardly by springs 28. A nor-
mally closed feed control switch 28 is mounted on.
the accumulator cylinder 21 in such a position
that it will be actuated to a circuit opening posi-
tion by the switch actuating plunger 26 when the
accumulator piston 22 is displaced by a prede-
termined amount from its normal position as
shown in Fig. 2. A second normally closed switch
for crusher control is mounted on the accumula-
tor ¢ylinder 21 in such a position as to be actuated
to ‘a-circuif opening position by the switch actuat-
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mg plunger 27 when the accumulator piston 22 -

has been - displaced by some predetermined
amount larger than the amount necessary to
actuate plunger 26.

" The crusher driving motor 4 is energized from
a power line shown at 32 which also supplies
power to operate the feeder motor 3. The feeder
motor 3 may be started and stopped by a contac-
tor 33 which may be closed and held in closed
position’ by 2 holding coil 34 energized through
sw1tch 29." The crusher motor 4 may be started
and stopped by a contactor 38 which is actuated
to closed position and held closed by holding coil
31 ‘energized through switch 3f and normally
closed stop switch 38. A starting switch 38 may
be provided to actuate the contactor 36 if de-
sirable when crusher control switch 3{ is opened.

CAn alarm. circuit 41 may be arranged to give
an alarm when the speed control switch 29 is
opened The alarm circuit 41 is normally open
during crusher operation; being held open by
holdlng coil 42 in a manner well known in the
art. The alarm will sound when the feeder motor
and coil 42 are deenergized by the opening of
control switch 29. A similar alarm circuit may
be provided in an obvious manner to sound 3
different alarm device, such as a horn, upon de-
energization of the crusher motor by opening
of control switch 3f. A showing of such an
alarm circuit has been omitted in order to avoid
unnecessary complication of the drawing.

_.In operation, the crusher members are first set
to.:their proper. normal crushing positions by
opening. stop valve 18 and pumping hydraulic
fluid into the jack 6 until the proper crushing
setting has been reached. When the crusher
is properly set, the stop valve 18 may be closed.
Conduit 14 and the space below piston 22 in the
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accumulator cylinder 2§ are filled with hydraulic
fluid before the crusher is placed in operation.

With the accumulator piston 22 resting against
the bottom of the accumulator cylinder 21, the
crusher and feeder switches 28 and 31 will be
closed and. energization -of the power line 382
will cause the crusher motor £ and feeder motor
3 to operate, giving a normal crushing motion
to the crushing members of crusher { and feed-
ing material into the crusher feed opening. So
long as the crusher: | is operating normally, the
fluid pressure in jack 8, being proportional to the
crushing pressure between the crushing mem-
bers of crusher {, will be insufficient to open the
relief valve 8. Crusher { will continue to nor-
mally crush material until an excessive crush-
ing pressure, such as might be caused by a piece
of uncrushable material between the crushing
members;, or by packing of fine material be-
tween the crushing members, causes the hy-
draulic fluid pressure in jack 6 to exceed 'the
setting ‘of relief valve 8. '

When' relief valve 8 is opened by excessive
fluid pressure in the conduit T and jack §, fluid
will escape from jack 8 through conduits T and
14 into accumulator 18, raising the piston 22
against the pressure of spring 23. Raising of
piston 22 will cause the cam surface 24-to actuate
the feeder control switch 29 to open position,
whereupon the contactor 33 will fall open, and
the feeder motor 3 will stop, cutting off feed of
material to the crusher i. If the uncrushable
substance in the crushed, or the packing condi-
tion, or-other cause of excessive pressure is of

5 g minornature, the erusher will clear itself of the

abnormal conditions by operating without feed
of material."
_As soon as the crusher has-beén cleared of
the substance causing excessive pressure, the
crushing pressure will fall to zero, and the hy-
draulic fluid pressure in the jack 6 will fall to
its no load magnitude. The minimum pressure
in accumulator 1§ being at least great enough
to return the crushing members to their normal
crushing position under no load conditions, as
soon as the pressure in cylinder 6 has fallen to
no load magnitude the piston 22 will force fluid’
through the check valve 18 and conduit 7 into
jack B, returning. the crushing members of the
crusher | to their normal operative position. The
accumulator piston 22 will fall to the bottom of
the cylinder 21 allowing switch actuating phinger
26 to'be forced inwardly by spring 28 and allow-
ing the speed control switch 28 to close, ener-
gizing holding coil 24 which will close.the con-
tactor and start the feeder motor 8. The crusher
will now resume normai crushing operatlon

In case a very large picce of uncrushable ma-
terial gets between the crushing members of
crusher {, or a packed condition occurs that will
not be cleared even by substantially the maxi-
mum -possible opening of crusher members for
which the crusher structure provides, the crush-
ing pressure will continue to be excessive and
to force the crushing members in open direction
forcing fluid through conduit T and 14 and rais-
ing accumulator piston 22 until the cam sur-
face 24 pushes out the switch actuating plunger
21, opening the pressure control switch 31, de-
energizing voltage coil 37 and opening contactor
36, thus deenergizing the crusher drive motor 4
and stopping . the crusher. This arrangement
will stop the crusher before the crushing mem-
bers have been forced to their maximum struc=
turally possible opening. This will prevent the



5,458,074

5

oecuirente: ofi &' jam in the crushier which:could
Be cleared only by burnihg-out or shioveling out
theoffending substance.  Since the crusher mem-
bers are:stopped at somé point short of their
maximum open position, the operator -can open
the: bleeding cock 7, or operate pump I, to
withdiraw fluid from jack § and permit the
crishing members to open; thus locsening the
offensive material in the erusher and- allowing
it-t6- fall’ through or be dislodged without diffi-
culty: , :

When the abnormal condition has been cleared,
angd! there is no material between the crushing
members, the fluid pressure in jack 6 will'fall to
its no-load value or below and the accumulator
piston 22 will force the fuid from the accumula-
tor into-the cylinder § until the crushing mem-
Bers have been raised toward their normal posi-
tibr: TF Auid has been withdrawn through' the
Bleediflg cock 17 or through pump 12, the crush-
ihg hembers will not return to their proper crush-
ing position: The operator will then open the
stop-valve 18 and operate the hand pump 12 until
sufficient fluid has been pumped into the jack &
to- raise- the crushing members to their normal
crushing-position.  The crusher-is then in condi-
tion-tobe restartéd and operated normally. i

Tf* durihg normal operation the feeder 2 stops
frequently; or the alarm 41 informs the operator
tHat tHe-feeder is freguently stopping, it is prob-
gble that' too much material is being fed to the
crusher; resulting in repeated occcurrence of ex-
cessive: crushing” pressure sufficient to'open the
crushing members slightly. When this condition
geeurs, . the operator can slow down the feeder
rhotor 8 or otherwise reduce the rate of feed to
tHe crusher.

Tf will be understood that the specific structure
shown in the drawing is illustrative only and that
tHe invention can be applied to crushers of any
type in which the crushing members ‘are dis-
placeable from their normal operating positions

By an excessive crushing oressure, by the use of

mechanical expedients which will be apparent to
persons skilled in the art. The invention is, ac-
cordingly, not intended to be limited to the
structure specifically shown in the drawing and
particularly describad herein, but is intended to

includé such modifications and equivalents ‘as’
may readily occur to persons skilled in the. art’

within the. scope of the appended claims.
1t is claimed and desired fo secure by Letters
Patent: ) - o ) :
1. Material crushing apparatus comprising.rel-
atively. movable crushing members, actuating
means. to. relatively move said erushing members

to. erush. material therebetween, support means’

for. said. members, comprising a hydraulic jack
in.which a trapped body of hydraulic fluid resists

relative displacement of said’ members i afn

opening direction by normal crushing pressures,
a fluid- pressure relief valve connected with said
jack and adapted to release fluid from said
trapped body under a predetermined excessive
pressure, sazid support means yielding solely
tHrough' escape’ of finid’ from said, trapped body
through said relief valve, hydratilic ‘fluid pressure
accumulater means adapted to receive all fluid
discharged from said relief valve under excessive
fluid. pressure and ic maintain thereon a mini-
mum fluid pressure sufficient to actuate said jack
to.return said crushing members to normal oper-
ative positions only under substantially no load
conditions, a fluid conduit connecting said ac-
cumulator to said jack, and means in said con-
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6
duit to: preventi fow: through: sald conduit: from
said jack under normal operating conditions..

9:. Material ¢rushing apparatus:comprising rel-
atively ‘movable: crushing - members; actuating
meatts to relatively move said:crushing’ members
to crush: material therebetween, support means
for said members; comprisihg’ & hydraulic jack
in-which:a:trapped:body of hydraulic fluid resists
relative. displacement: of said’ members in. an
opening’ direction: by. normal. crushing pressures,
a: filrid: pressure relief’ valve: connected ' with-said
jack: and- adapted: to. reléase: fluid! from’ said
trapped: body  under a. predetermined excessive
pressure, said: support. means yielding solely
through: escape of fluid: from said trapped. body
through said relief valve; hydraulic fluid pressure
accumulator means- adapted to receive: all: fluid
discharged from said: relief valve unider: excessive
fliid! pressurer and: to maintain:thereon a mini~
mum fluid pressure sufficient to actuate:said:j ack:
to-return said crushing members to normal: oper=
ative positions only under-substantially. no: load
conditions;. o fuid! conduit connecting said. ac-
cumulstor ‘to said jack, and means in said con~
duit to: prevent flow: through' said conduit. from:
said” jack’ undér normal operating  conditions,
means:controlling the feeding’ of material.to said
crushihg” members, and: means. responsive: to- &
predetermined yieldihg movement: of! said mem-
Bers: in’ opening” direction: and: operatively” con-
nected to said feed controlling means.to cut: off:
tHe feeding: of material upon:occurrence- of’ such
yielding. movement,. .

3.. Material:crushing. apparatus-comprising rel-
atively movable crushingt members, actuating
means.to: relatively: move said: crushing members:
o, crush material: therebetween;. support means.
for-said: members, comprising: a. hydraulic jack:
in.which: a: trapped body of hydraulic fluid: resists:
relative displacement  of said members in an
opening: direction: by  nermal crushing pressures,
2 fluid pressure relief valve connected: with: said:
jack and adapted to release fluid. from: said
trapped. body: under- a predetermined: excessive
pressure,. said  support means yielding. solely:
through:- escape of. fluid from: said: trapped. body:
through said relief valve, hydraulic fluid pressure.
sccumulator means adapted. to: receive. all. fluid:
discharged from: said-relief valve. under- excessive.
fiuid pressure. and:to maintain thereon.a mini-
mum fluid pressure sufficient to. actuate:said. jack.
to return.said crushing members.to normal oper-
ative positions only under substantially no load.
conditions, a fluid. conduit- connecting said. ac--
cumulator to said-jack-and means.in said conduit.
to prevent flow through said- conduit. from said-
jack under normal: operating conditions, means
controlling the feeding of: material to-said. crush--
ing, members; -and- means- responsive to:a- pre-:
determined. yielding; movement. of said. members:
in. opening: direction and operatively' connected.
to-said feed controlling means-to.cut off the.feed--
ing of material upon occurrence-of: such yielding:
movement,. and .second means: respensive to: a
predetermined: vielding- movement. of: said mem-
bers-in an:opening:direction-and operatively con--
nected: to said:crusher actuating: means to-stop:
crushing: sction: of said: crushing: members. upon:
thve: geeurrence: of such: yielding: movement, said:
first: and: second movement responsive: means:
being: so correlated: that. a: substantially” greater:
relativer openihg movement: of said. members: is:
required: torstop:said:crushing: actiom than:to:cut:
off said feed, said greater movement being sub-
stantially less than the maximum possible open-
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ing movement as determined by the structure of
the apparatus.

4, The combination of a crusher having a power
driven feeder, relatively movable crushing mem-
bers, means to actuate said ecrushing members,
hydraulic jack means normally resisting displace~
ment of said crushing members in relation to
each other, a check valve normally closing said
jack to escape of fluid therefrom and permitting
fluid to be forced into said jack, a fluid pressure
relief valve normally closing said jack against
escape of fluid therefrom and permitting fluid
to escape therefrom under abnormal pressure
caused by excessive crushing pressure between
said members, said jack means being adapted to
allow said crushing members to yield in opening
relation to relieve said excessive crushing pres-
sure solely through escape of fluid through said
pressure relief valve, a fluid pressure accumulator
connected in closed relation with the discharge
of said fluid pressure relief valve and the inlet
of said check valve, and adapted to receive fluid
discharged from said relief valve and return said
fluid through said check valve under a predeter-
mined pressure sufficiently great to support said
crushing members only under substantially no
load conditions, and means responsive to the
action of said accumulator in receiving fiuid and
operative to stop said feeder, and to restart said
feeder upon return of said accumulator to its
normal condition.

5. A crusher system comprising a continuously
acting power driven crusher having relatively
moving crushing members, a feed control means
to supply madterial to be crushed to said erushing
members, yieldable means normally supporting
said crushing members in predetermined opera-
tive relation and responsive to a. predetermined
excessive crushing pressure between said mem-
bers to permit said members to yield relatively
in opening direction, resilient energy accumulator
means connected with said supporting means in
a manner to accumulate energy as a result of
yielding moveimnent of said crushing members in
amount sufficient to return said crushing mem-
bers to normal operative relation from relatively
displaced positions under no load conditions, said
resilient energy accumulator means being con-
structed and arranged to accumulate such energy
at an energy level only just high enough to return
said members under substantially no load condi-
tions, energy transfer check means connecting
said supporting means and sdid gccumulator
means and constructed and arranged to normally
prevent the transfer of energy from said sup-
porting means to said accumulator means and
to permit a flow of energy in the reverse direction
under no load conditions, and means responsive
to relative displacement of said members from
their normal operative relation and operatively
connected to said feed control means to cut off
supply of material to said erushing members dur-
ing such displacement.

6. A crusher system comprising a continuously
acting power driven crusher having relatively
moving crushing members, a feed control means
to supply material to be crushed to said crushing
members,- vieldable means normally supporting
said crushing members in predetermined opera-
tive relation and responsive to a predetermined
excessive crushing pressure between said mem-
bers to permit said members to yield relatively
in opening direction, resilient energy accumulator
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means connected with said supporting meais in
a2 manner to accumulate energy as a result of
vielding movement of said crushing members in
amount sufficient to return said crushing mem-
bers to normal operative relation from relatively
displaced positions under no load conditions, said
resilient energy accumulator means being con-
structed and arranged to accumulate such energy
at an energy level only just high enough to return
said members under substantially no load condi-
tions, energy transfer check means connecting
said supporting means and said accumulator
means and constructed and arranged to normally
prevent the transfer of energy from said sup-
porting means to said accumulator means and
to permit a flow of energy in the reverse direction
under no load conditions, means responsive to
relative displacement of said members from
their normal operative relation and operatively
connected to said feed control means to cut off
supply of material to said crushing members dur-
ing such displacement, and a second means re-
sponsive to relative displacement of said mem-
bers from their normal operative relation and
cperatively connected to the crusher drive to stop
crushing action of said members, said first and
second displacement responsive means heing so
correlated that a substantially greater predeter-
mined displacement will be required to stop said
crushing action than to cut off said supply of ma-
terial, said predetermined greater displacement
being less than the maximum possible displace-
ment determined by the structure of said support-
ing means,

7. A crusher system comprising a continuously
acting power driven crusher having relatively
moving crushing members, means to supply ma-
terial to said crusher to be crushed between said
members, yieldable means normally supporting
said crushing members in predetermined opera-
tive relation and responsive to a predetermined
excessive crushing pressure between said mem-
bers to permit said members to yield relatively
in opening direction, and resilient energy accu-
mulator means connected with said supporting
means in a manner to accumulate energy as a
result of yielding movement of said crushing
members in amount sufficient to return said
crushing members to normal operative relation
from relatively displaced positions under no load
conditions, said resilient energy accumulator
means being constructed and arranged to accu-
mulate such energy at an energy level only just
high enough to return said members under sub-
stantially no load conditions, and energy transfer
check means connecting said supporting means
and said accumulator means and constructed and
arranged to normally prevent the transfer of
energy from said supporting means to said ac-
cumtulator means and to permit a flow of energy
in the reverse direction under no load conditions.
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