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The present :invention relates to hydraulically
operated. crushers of -the reciprocating jaw. type
in.which energy -is transmitted. to. the recipro-
eating jaw . through .a.ram. to. which. pulsating
pressure ‘is .applied. and is primarily concerned
with: means for .compensating. for leakage past
the ram, or.elsewhere in the hydraulic.system,
with the .object of maintaining constancy.of the
Yimits between .which the jaw normally operates.
In . ecrushers .of the closed-hydraulic-system
type, itis necessary to.add liquid to the hyrdaulic
system.as leakage occurs from it; otherwise the
yolume.:of :liquid in the system. would diminish,
the -reciprocating.  member . ‘'would: oscillate be-
tween. receding limits, and the mean opening be-
tween the jaws.would increase.. Means to this
end - which has previously been proposed. com-
prises a stop against which the ram contacts to-
wards. the end. of its return stroke.and which
consequently defines'the backward limit of move-
ment.of the swing jaw. In consequence of the
legkage which occurred in the preceding cycle of
aperation, the ram and jaw .are arrested before
the. plunger by ‘which the pulsating pressure is
develaped,. has reached the end .of its. induction
stroke.. A _sub-atmospheric . pressure is: conse-
quently.developed in:the hydraulic. system during
the. remainder of . the induction stroke of the
plunger, .and liguid enters.the system through an
automatic valve. in iamount.equal to the leakage
whichioccurredduring the preceding cycle.. This
method is.open to the objection that, if leakage
should: be. appreciable, the. momentum. of . the
massive moving parts-at-the instant of their ar-
rest. ‘might: be large. and might. involve heavy
blows on the stop. In.a hydraulically-operated
crusher.a relief valve to :protect the structure
against-damage by tramp .steel caught. between
the jaws would .normally be. provided, and it is
when the relief vdlve:operates. for this.or other
reason. that the above mentioned objection ap-
plies.in the highest: degree. In:such case, the
leakage from the system-during a working stroke
might. be half the ‘displacement of the plunger.
On the succeeding return stroke, the heavy jaw
and ram would be:arrested:when moving at their
maximum velocity; +the. -corresponding blow

would: be heavy and might be.destructive.
Accordmv to the method employed in the pres-
ent invention, make-up liquid, under the control
of external regulating means, enters the hydrau-
lic: system .at mean rate equal to the mean rate
at-which leakage occurs from the system. In-the
embodiment :deseribed ‘with reference to the ac-
companying drawings, make-up liquid enters the
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hydraulic system from an external source of pres-

sure through a. valve, the opening through which
is so:controlled by the movements of the recipro-

cating jaw or associated part that the average

rate of inflow of make-up liquid into the hydrau-

lic system is equal to the average rate of leakage

from the system. The volume of liguid in the
hydraulic system is thereby maintained constant

and, without the use of any mechanical stop, a
definite .range: of moyement of the oscillating

jaw is maintained and all possibility of dangerous
impact is avoided.

Referring fo the drawing, Fig. 1 is a view some-
what diagrammatic and partly in cross-section

iHustrating my invention, and Fig. 2 is a longi-

tudinally cross-sectional view of a valve used in
Fig. 1 and on’an enlarged scale compared to Fig.
1. Referring to Fig. 1, I have shown a jaw crush-
er 10-having a fixed jaw Il and a movable jaw
12 mounted on a.-pivot 13. The swing jaw 12 is
moved in its. crushing stroke toward the fixed
jaw . {1 by means .of a ram 4 in a -hydraulic
chamber . 15. A plunger 16 which may be re-
mprocated by any suitable source of power
through .a crankshaft I6¢. and. connecting rod
{T also. operates in the hydrauhc system to drive
the ram. “The _return stroke of the jaw 12 is
caused by grav1ty and the action of the spring
17a. held in compression hetween a detent.24 .and
an abutment 38 acting on the rod I8 which 1is
connected to the lower end of the movable jaw.
Leakage past the plunger 16 and the ram 14 is
conducted by ‘the pipes 19 and 20 to a sump 21.
Maké-up fluid is-delivered by a pump 22 from the
sump 21 to the hydratlic chamber 5, through a
valve 23. 'The detent 24 is mounted on and mov-
able with the rod {§.and may be adJusted along
the Tod by anut.25. The detent 24 carries a tap-
pet 26 in a p051t10n whereby it may engage the
stem 27 of the valve 23.

"The valve 23 as 11]ustrated in Fig. 2 comprises
a regulating needle 28 which is frecly movable
in the. closmg dlrectlon and a dashpot which con-
strains the needle tc move slowly in the open-
ing direction. The dashpot. comprises. a piston
30 on which the needle 28 is mounted, a.spring
32 whlch tends to.move the piston and needle in
the opening. direction, channels 33. communi=
catmg between the two sides of the piston-and a
valve 84.of the non-return type, for example :a
dlSC valve which normally closes. these «¢channels.

When a.force in -excess of the ténsion of the
spring 32.is.-applied to. the end. -of the:valve
spindle 21 liquid: is displaced. past the disc valve
34 -from one ‘side of ‘the piston 30 to the other
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and the needle 28 moves freely in the closing
direction.

When that force is relieved, the piston 33 and
the needle 28 move in the opening direction under
the influence of the spring 32 and the liquid tends
to flow backwards through the channels §3. The
disc valve 34 then closes and the piston and
needle move in: ‘the opening dlrectlon at slow
rate determined by thé rate of ledkage bs ‘tween
the piston 38 and its cylinder 3!. A non-return

the hydraulic cylinder.

In the normal operation of the crusher, ma,ke-; -
up enters the hydraulic system only during the
return strokes of the ram {4 when the pressure
in the system is low; and it is only.against:the.

[}

10
valve 35 is shown between the needle valve and‘*‘*

low pressures then existing that:the make-up-:. -

pump 22 must be designed to discharge. Under

these conditions the non-return valve 36 permits”

make-up to enter the hydraulic system. During
the" working “strokes"of ‘the ram when the pres-
sure-in: the: hydraulic. system is- normally much
higher than the-pressure-developed by the make=
Up pump 22, the non-return valve 38 closes:auto-
matically and ‘prevents escape of -working Jiquid
fromthe hydrauhc cyhnder i5 through the make-
up entrance. -

“The capac1ty of: the make ~lp pump 22'ig inex~
cess Of - the maximuin’ rate’of léakage occurihg
‘past the ram 14 -and pluhger i§ under any con-
dition* of normal ‘operation: ofthe-c¢rusher.  If
the make-up pump is of positive displacement
type its surplus capacity is by-passed throvghre-
lief valve 31 and is normally used for'the lubri~
cation -of -the -plunger-crankshaft ‘and ‘other
bearings-and is returned ultimately-to the sump
21, “Any necessary cooling ‘system ‘may be-in-
corpora,ted in the- clrcult of the make-up pump.

“When ‘thé crusher is’in mormal operation the
tappet 26 barely touches the end-of the spindle
2T “at- the 'limit of the forward stroke of the
former ‘and moves the needie 28 slightly-in ‘the
closing direction. ~Free forward movement-of the
needle valve is permitted by ‘the disc valve 34
which permits free passage of 11qu1d from left
to rlght of ‘the piston-20 through' the ports 33
when pressure in eXtess of the tension of the op=
posing -spring 32 is apphed to the end ‘of the
spindle 27. - ‘At all ofher times the needle moves
slowly in the openmg direction, the rate of sbeed
being determlned by the ‘leakage which takes
place past the piston 30 or through a ‘restricted
aperture especially’ prov1ded in ‘the dise valve 34.
The ‘mean-position of the neédle and ‘the mean
rate at which liquid can enter the hydraulic: sys=
tem’ are, therefore, determined by the location of
the tappet when at the forward limit of ‘its stroke
and by the: shght dlsbance through whlch the
needle movesin the opening direction during the
remainder of the period of oscillation of the tap-
pet.: :Ag the valve spindleis touched by the tappet
several -times:a second: the ‘position of ‘the needle
is practically fixed- in-relation to the position of
the tappet and of the swmcr Jaw at the forward
hmlts of theiy strokes. = =

~Leb. it be'assumed: for ‘purpose:of expla”latlon
that during a period of shut-down- of the crusher,
liquid:-has leakéd from' the hydraulic system ‘50
that . the -jaw-has- swung back “from its normal

setting ~and ‘that, under:these conditions; the i

crusher'is:sbarted—’up. < In this-assumed case the
needle valve 28 is wide open and the flow through
it exceeds considerably the rate at which leakage
oecurs - from’ the -hydraulic system::: With every
stroke of the crusher: the volume-of liquid in-the
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4
hydraulic system, therefore, increases and the
ram and the swing jaw oscillate between advanc-
ing limits until, after a short period of operation,
the tappet 26 at the limit of its forward strokes
contacts the end of the valve spindle 27 and
moves the needle 28 step-by-step in the closing
direction until the normal position previously

- descrlbed_ is attamed “that is, ‘the: position at
“wHich “the rate”of make-up inflow is ‘throttled

into equality with the rafe of leakage. After

‘that condition has been established the volume
- of liquid in the hydraulic system remains almost
.. constant and the ram and swing jaw oscillate be-

tween fixed limits.
© If under’ operatmcr condition the needle valve

.23 .should. have; been moved slightly too far by
..the tappet. 28 at the end of the stroke of the lat-

ter the rate of make-up inflow into the hydraulic
system is’ reduced to slightly less than the rate
at which leakage occurs from the system. The

‘swing-jaw-consequently tends to oseillate belween
receding limits and:at the'end of the next stroke

contact between :the::tappet::26-and: the:valve
spindle: 27 is: not: established. The ~needle::28,
therefore, continues:to move in the opening direc-
tion during the succeeding:stroke and.any:slight
increasein the-close’ setting of:the jaws which
may' have occurred:in.any stroke-is:corrected:in
thesueceeding strokes. /A similar: correction oc~
curs in the reverse:direction if the rate-of:leakage
should ‘be ‘less: than:the:rate at which -make~up
can -enter through the valve:28.  Theé swing jaw

is:consequeritly: constrained by the system:to os-

cillate between limits determined:by:the position
of ‘the'valve needle 28 at which- equ111br1um be-
tween leakage and'make-up occurs: i

~If the- seétting -of. the ‘tappet-26-is: moved rela—
tive 'to the swing-jaw. the- limits:between which
the ‘latter-oscillates will'be-changed:: 1If,’ for‘ex~
ample, the tension:rod nut 25is serewed to-move
in a-direction ‘away from-the jaw,:the tappet 26
willi'move: back with: the.nut. 25 and it will:not
contact the:valve-spindle 27 al the end-of :its
immediately: :succeeding .strokes;: The': needlé
valve 28-as previously described will:continue to
move: in® the: opemncr direction ‘and inflow: ‘of
make-up “in’ excess of leakage wouldoccuriand
the swing jaw and ram’ would-oscillate between
advancing:limits until, after a few strokes; con<
tact: between:the tappet 26 and the valve spindle
2T had: been reestablished.:: Thereafter; the:jaw
would: continue to ‘oscillaterbetween fixed-limits
at a ‘closer setting than beforé. -Similarly if the
tension:rod nut 25'is. moved forward on-the rod
18 toward the jaw, the corresponding movement
of the tappet will result in a wider setting of the
jaw opening. -The mounting of:-the tappet on
the -outer-end:-of the:tension rod provides there-
fore, a simple:and convenient:means whereby the
settmg of:the swing jaw'may be adjusted. i

It will be noted that-in normal operation:the
position. in:space:of the:tappet 26 - at the end:of
its-forward stroke.is:determined by -the: position
of the valve needle:28 at which: equlhbnum e~
tween leakage and make-lip oceiirs: * That is, the
location of: the tappét-at-the: forward end of its
stroke ‘is fixed in-relation to the:frame’ of “the
machine.!  That definite. locatlon of- the tappet
isy therefore fixed: in relatlon to the 1m1er a,but-
mevit 38 of the tension rod: sprmg

Tt follows that, afteran adJust*nent of the Jaw
setting’ has been -madge, ‘the- orlgmal Worklm
léngth and tensmn of the tension rod sprmg I'la
are automatlcally reestabhshed and that'no sepa-
rate adjustment of this tension is required affer
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an-adiustment -of jaw setting: has beeh “made:
The ‘tefision ‘of this :spring - is ‘determined by its
working length ‘which, in turn, is determined by
the location of ‘the tappet- 26 ‘at the end of its
forward ‘stroke, in-relation to-‘the equilibrinm
position of the valve:spindle 21.  It.is, therefore;
adjustable by appropriate change:in that relative
position;. Por purposes of tension spring adjust-
ment, the:tappet 26 may as indicated in Fig. 1,
be’ mounted for 4. ‘screw adjustmient on the de-
teht 24.°

If the tappet 26 is adjusted in a»»ba-ckwaltd- di-
reetion relative to the detent 24, equilibrium be-
twéen leakage and make-up will not be reestab-

lished until the detent, at:the forward limit.ofits %

stroke; hasmoved an equal distance in the reverse
direction. Backward adjustment of the ‘tappet
relative to the detent'on which itis mounted-has;
therefore, ‘the ‘effect“of “shortening:the 'working
length of the tension spifing #Ta and.of increasing
its 'mean tension. - Forward adjustment of the
tappét Thas-the reverse effect; and it is primarily
with ‘the @bject of adjusting the tension of the
spring 17a¢ that tappet- adjustment is provided.

-Any Tohgitudinal adjustment of the tappet has
also-‘the: effect of ‘changing the jaw 'setting by
equal amount; and minor adjustments-of- jaw
setting ‘may’ be‘effected in ‘this manner. It will
also be evident:that if an axially adjustable anvil
were provided on the end of the valve spindle 21,
adjustment of jaw setting could be effected by
corresponding axial adjustment of the anvil along
the spindle 27 without stopping-the ‘machine:
Spring tension would, however, be changed by
movement of the anvil and this method is, there-
fore,“more particularly applicable for minor set-
ting adjustments which it may ‘be convenient to
malke wheén the-crusher is in operation. -

A rélief'valve would normally be included-in
the hydraiilic system-of this or any hydraulically
operatedjaw crusher -as- a ‘protection:-against
damage by tramp steel, or other uncrushable ob-
struction caught between the jaws. It is one of
the advantages of a crusher made according to
this invention that a relief valve provides such
protection and also provides for automatic ejec-
tion of the obstruction and for subsequent auto-
matic reset of the jaw opening.

‘When the swing jaw and ram are arrested by
tramp steel, liquid escapes from the hydraulic
system through the relief valve. On the suc-
ceeding return stroke of the plunger 16 the swing
jaw 12 moves back beyond its normal limit and
permits the obstruction to descend in a hopper.
On the next active stroke of the plunger the jaw
is again arrested and the relief valve again oper-
ates and more liquid escapes from the hydraulic
system. On the next return stroke of the plunger
the swing jaw moves still further back and the
obstacle descends still further in the hopper.
This process proceeds until the obstruction
reaches the outlet and is discharged. The sys-
tem then continues to operate in 2 manner which
has already been described in connection with
the starting up of the crusher after a shut-down
to bring the swing jaw automatically to its nor-
mal setting.

While I have described my invention applied
to the control of the jaw movement from the
closed setting thereof, it is apparent that it may
be controlled from other settings. For example
the operation of the jaw may be controlled from
the open setting. In this case the needle valve
could be of the normally closed type and if moved
in the opening direction by a tappet when the
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swing: jaw 15 at-the backward limit of ‘its return
stroke cand if ‘the’ valve -at other: times tends:to
close; its controlling operation would:be essential-
ly the same as-that- of the valve Hlustrated in
Hig. 2.

If the range.of oscillation of the swing’ Jaw ‘were
controlled from:the backward limit of the oseil~
lating parbs speeial means would; however; be-re-
qtiired to permit ‘the swing jaw to move back be-
yond that: limit when freeing itself from: framp
iron. - For this and other practics] reaseiis coh-
trol of *the range of oseillation 'of ‘the-jaw. fromy
the forward limit-of its reciprocating movement
is-mechanically: simpler and: is preferred. -

-According -to- the latter method (that is;:ae<
cording “to: the invention as illustrated in the
drawing) the valve imposes no restriction what-
ever on: the backward movement:of the jaw and,
inmormal operation, it offers ‘no material re-
straint  on. forward movement of the jaw. - Tt
might’ occur, ‘however, that ‘with ‘the crank 154;
attopicentre; thetappet 26 might be-adjusted into
contact with ‘the ‘valve spindle 27, and that the
crusher-‘might: then ‘be-started. -In.such- ease
damage would: oceur-if-the valve spindle were not
freeto-move through o distance equal to-the- ‘com-
plete stroke of'the tappet. -

For that-reason the diameter of the outlet port
38, of the valve illustrated in Fig. 2, slightly ex=
ceeds “the- diameter of the needle, “the length of
the'port.exceeds the stroke of the tappet and-the
valve is ‘otherwise -designed to -permit “an axial
movemeirt- of - the valve spindle in ‘excess of the
stroke of the tappet.

‘What I -claim-as new and ‘desire ‘to ‘secure by
Letters Patent: of the ‘United-States is:

1. In-a erusher having a reciprocatable jaw,a
ram'cylinder,” and ‘a raw ‘in-‘the -cylinder, a -hy~
draulic system Tor -operating the jaw to produce
crushing -strokes- thereof ‘-comprising - power-
transmitting liquid in- the eylinder, and means
for-addihg make-up liquid to ‘the system to com-
pensate for leakage from it comprising an ex-
ternal source of liquid at a pressure higher than
the minimum pressure occurring in the ram cyl-
inder, means forming a liquid passage connecting
said source with the ram cylinder, a valve con-
trolling liquid flow through the passage, said valve
including an element movable to control said
liquid flow, and a member mechanically con-
nected to the jaw and operable thereby to move
said element.

2. In a crusher having a reciprocatable jaw,
a ram cylinder, and a ram in the cylinder, a
hydraulic system for operating the jaw to pro-
duce crushing strokes thereof comprising power-
transmitting liquid in the cylinder, and means
for adding make-up liquid to the system to com-
pensate for leakage from it comprising an ex-
ternal source of liquid at & pressure higher than
the minimum pressure oceurring in the ram cyl-
inder, means forming a liquid passage connect-
ing said source with the ram cylinder, a valve in
the passage, said valve having two elements, one
of said elements being relatively movable with
respect to the other to adjustably control flow
of liquid through the valve, and a member me-
chanically connected to the jaw and operable
thereby to move said one of the elements.

3. In a crusher having a reciprocatable jaw,
a ram cylinder, and a ram in the cylinder, a
hydraulic system for operating the jaw to pro-
duce crushing strokes thereof comprising power-
transmitting liquid in the eylinder, and means
for adding make-up liquid to the system to com-
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pensate..for leakage- from:it -comprising: an~ex=
ternal:source of liguid at -a’pressure higher than
the minimum pressure occurring in-the ram:cyl-
inder, means forming a:liquid.passage.connecting
said source with the ram cylinder, an adjustably
movable valve.in the passage:controlling:fiow: of
liquid therethrough, said:valve having:a portion
fixed: thereto-and. extend:externally of the: pas-
sage; said.portion:beéing :movable:with the:valve
to- adjust:ithe :position:-thereof, and: a. member
connected: to the:jaw and: reciprocal therewith,
said'member being: in' opposed; disconnected rela=
tion.-.to -said :valve. portion: and: said:valve: por=
tion being-engageable by -said: member. for ad+
justment..in one-direction’ thereby :only -when
the jaw: is:approaching:.a: 11m1t of each of 1ts
crushmg strokes ;

4. Acrusher.as: deﬁned 1n clalm 3 sa,ld mem-
ber comprising a tappet, a reciprocally=mounted
rod carrying said:tappet;-said rod:having aipiv=
otal connection -with the jaw,-and means; urging
the: latter :and:said rod in a:direction: opp051te
to the. dneotmn -of said-crushing: strokes. -
.5 A crusher as.defined-in-claim3; sald valve
be_ g freely- movable in ;one direction;: resilient
means.for moving.said: valve :An-its oppesite:dis
rection, and dashpot means.for:restricting to. a
slow -rate- the movements of sazd va‘ve m 1ts
opp051te dlrectlon vy :

6. In-.8 crusher. havmtr 2 remprocatable Jaw,
a ‘ram..cylinder; and &, ram-in -the.cylinder,:a
hydrauhc system for. operating- the: jaw 1o :pro=
duce: crushing strokes:thereof.comprising. powers=
transmitting liquid in the cylinder,:and. means
for adding make-up liquid fo the.system tocom-
pensate for leakage therefrom comprising an:ex<
ternal source..of make-up Aiquid-at.a pressure
h1gher than. the minimum- . pressure -eceurring:-in
the ram cyhnder, means forming a ligquid passage

connectmg said..source..with the ram cylinder, 4

valve ‘means in. the passage: for controlhng flow
of. hqu1d therethrough .and: havmg an. opemng,
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a-valve .movable to-close and open said:opening,
said valve: being:freely. movable in.one; direction,
resilient: means:urging the. valve in:its opposite
direction;: said -wvalve :having:.a - portion- fixed
thereto:and extending:externally of.the passage,
a-member connected to. the:-jaw: and :reciprocal
therewith;said member being:in:opposed; discon~
nected: relation:to-said- valve:-portion and:said
valve portion. being engageable by . said. member
for movement:in::said: one:direction:only-when
the jaw is approaxchmor a hmxt of each of 1ts
crushmg strokes:; - . :

wq.7Aicrusher &8s deﬁned in clann 6,,7 /
sa.ld resilient-means comprises a:piston: on Whlch
said valveiis mounted, a resilient element engag-
ing-one.end of. the:piston :and urging:it:in-said
opposite: -direction . of the: valve,. means forming
a liquid:passage: communicating-with both:ends
of:- said:-piston,: and a:one<way:’ valve controlhng

l1qu1d flow through: said:passage.::.; .5
8. A c¢rusher:as: defined in clalm 6 wherem
s,ald‘resﬂ_lent means comprises.a:piston: on which
said :valve:is: ‘mounted,:a: resilient. element -en-
gaging-one: end.-of: the: piston.;and: urging it .in
said .opposite: direction -of . the: valve, said piston
having: a~:liquid ~passage extending..in an axial
direction. therethrough, ‘and..a one-way valve
controlhnxr hquld ﬂow through::said passage..
: s e KENNETH GAULDIE
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