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... The present invention relates to jaw crushers 
and particularly to improvements in the manner 
and means of power transmission to the oscillat 
ing jaws thereof of which the primary objects are 
to enable increased capacity, lighter construction, 
greater uniformity of product or a combination 
of these advantages to be attained. . 

In the conventional jaw crusher in which a jaw 
pivoted adjacent its top is caused to oscillate to 
crush material between it, and a fixed jaw, the 
material can descend in and emerge from the 
crushing chamber between the jaws only during 
the return stroke of the swing jaw. During such 
return stroke, the whole charge moves downwards 
as the swing jaw moves backward and (provided 
that time is available for descent under gravity) 
a wedge of crushed material can emerge of which 
the greatest width is equal to the distance apart 
of the jaw tips at open setting. 
During each complete oscillation of the jaw of 

a conventional crusher, the time available for the 
descent under gravity, from rest, of the crushed 
material is one half of the period of the oscil 
lation. The distance through which material can 
fall from rest, under gravity, varies as the square 
of the time available for descent and therefore 
decreases rapidly with decrease in available time. 
If the speed of a jaw crusher is progressively 
increased from zero there will, at first, be suffi 
cient time available during each return stroke 
for the whole of the potentially-emergent wedge 
of crushed material to fall clear, of the jaws, 

: Under such conditions, the same volume of mate 
rial will emerge each revolution and the capacity 
of the crusher will be proportional to its speed. 
As the frequency of oscillation of the jaw is 

increased, a "critical' speed will be reached such 
that the distance through which crushed material 
can fall from rest during the return stroke is just 
sufficient to clear the jaw tips at open setting. 
As the speed of the crusher is further increased 

beyond the "critical' speed, the distance through 
which material can fall is progressively less than 
the height of the potentially-emergent, wedge. 
That is, the volume which can emerge per stroke 
decreases after the critical speed has been 
exceeded and the proportionality which exists at 
Speeds up to the critical no longer persists. As 
the speed of the crusher is increased beyond the 
critical, the height of each emergent wedge 
decreases as the square of the time occupied in 
a return stroke; that is, the height of each emer 
gent Wedge varies inversely as the square of the 
frequency of oscillation. The number of emergent 
wedges varies, however, directly as the frequency. 

(CI. 241-148) 2 
It follows therefore that the capacity of a crusher 
operating above its critical speed tends to be 
inversely proportional to its speed. 
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A primary object of my invention is to provide 
mechanism whereby the proportion of the period 
of a complete oscillation of the jaw of a crusher 
which is available for the falling of the crushed 
material by gravity is increased with consequent 
increase in capacity or potential capacity of the 
Crusher. . . . . . . . . . - 

Further objects and advantages of my inven 
tion will become apparent from a consideration 
of the following detailed description of embodi 
ments of my invention taken together with the 
accompanying drawings in which Figs. 1 and 2 
are diagrammatic showings of conventional jaw 
crushers for the purposes of explaining the prin 
ciples of my invention; Fig. 3 is a diagrammatic 
showing of an embodiment of my invention; Fig. 
4 is a graph: Fig. 5 is a diagrammatic showing of 
another embodiment of my invention; Fig. 6 is 
a Sectional view of a valve arrangement useful in 
the modification of Fig. 3; Fig. 7 is a valvear 
rangement useful in the modification of Fig. 5; 
Fig. 8 is a sectional view illustrating certain de 
tails; Fig. 9 is a further modification of my inven 
tion; and Figs. 10, 11 and 12 are graphs useful in 
the explanation of the modification of Fig. 9. 

Referring to the drawings, Fig. 1 is a diagram 
matic showing of the crushing elements of a 
conventional jaw crusher in which the movable 
jaw f is caused to oscillate about the shaft 2 and 
to crush the material which descends between it 
and the fixed plate 3. The jaw is shown in full 
lines at the forward end of the crushing stroke 
and in dotted lines at the rearward end thereof. 
It will be evident that a wedge of crushed mate 
rial of which the maximum breadth is equal to 
the distance apart of the jaw tips at open setting 
and of which the height is represented by the 
letter "h" in the figure, may fall out during the 
back Swing of the Swing jaw provided that time 
is available for descent under gravity through 
Such distance. . . . . . 

Fig. 2 is a similar conventional showing of a 
crusher in which the swing jaw has a curved face 
and in which the included angle a between the 
jaw surfaces at outlet is relatively low. By com 
parison with Fig. 1 this figure illustrates the in 
fluence of the included outlet angle on the height 
h of the potentially-emergent wedge and on the 
capacity of a crusher. ". . . . . . 

It has previously been indicated that the 
capacity of a crusher is proportional to its speed 
until a “critical' speed has been reached after 
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which this capacity declines as the speed is fur 
ther increased. In the graph shown in Fig. 4 in 
which Speed or R. P. M. is the abscissa, and capa 
city is the ordinate, the proportionality of capa 
city to speed up to the critical point at C is indi 
cated by the straight line a passing through the 
origin. Up to the “critical' speed, it is the height 
h of the potentially-emergent. Wedge which de 
termines the volume of crushed material which is discharged during every return stroke of the 
Swing jaw. At the critical speed, the time avail 
able during the return stroke is exactly sufficient 
for the fall of material under gravity through the 
height h. Beyond the critical speed, the distance 
through which material can fall undergravity in 
the time of the return stroke decreases rapidly as . . . 
Speed is increased; and the falling line bindi 

O 

pipe 4 is equipped with a valve . 

to the ram cylinder 8, and to the Sump 9. 

4. 
to the ram cylinder 8; and pipe 4 connects from 
the bottom of the cylinder to the Sump 9. The 

This valve 
is a commutating valve, one example of a suitable 
form being shown in Fig. 6 and is driven at half 
the Speed of the plunger S whereby successive 
strokes of the plunger alternately deliver liquid 

operation, during a rotation of the shaft with 
the valve f7 closed (the position shown in Fig. 6) 
the ram 4 is forced forward on the downstroke of 

cates the manner in which, for that reason the . . 
capacity of a crusher tends to decline at Speeds 
above the critical. . 

It will be apparent therefore that the maximum 
capacity of a crusher depends on its critical speed. 

... Any meaSure which would have the effect of in 
creasing the critical speed (as from C to D) has 
consequently the effect of correspondingly in 
creasing the maximum capacity of the crusher. 
Any driving arrangement for the movable jaw 
which increases the proportion of the period of 

20 

the plunger S to deliver a crushing stroke to the 
jawl- and is then retracted to its position against 

- the stop by the spring 6 on the upstroke of 
the plunger 9. On the next downstroke of the 
plunge 3 and during its Subsequent return stroke, 
the waive: is open and the plunger 9 is idling, 
the jaw. i being heid in its open position by the 
tension of the spring 6. It is apparent that the 
period of time available for outfall of crushed 
material from the crusher is three-quarters of the 
complete period of osciliation of the jaw. It will 
also be apparent that, as the proportion of the 
time of each oscillation of the jaw during which 
discharge may take place has been increased, the 
critical speed of a crusher of which the jaw move 
ment and outlet angle are given, has increased 

an oscillation during which the swing jaw is be 
ing retracted, causes the critical speed to be raised 
and hence increases the maximum capacity of the 
crusher. - 

The effect on the capacity of a crusher of an 
...increase in the critical speed is illustrated by 
comparison of the lines b and ic whereby it will 
be evident that the capacity of a crusher at any 
Speed g beyond, the critical is increased if the 
critical speed is raised. For example at the speed 

... g the capacity of the crusher is increased from e 
to f by the raising of the critical speed from c to d. 

It will also be apparent from the diagram that 
the Same capacity e will be attained at a higher 
Speed 7m if the critical speed is increased and 
that the work done per stroke and the forces 
transmitted through the structure of the crusher 
may be reduced accordingly. 

It will also be evident that if the capacity fob 
tainable at the Speed g from a machine operat 
ing in accordance. with the curve ic is greater 
than is desired, that. capacity may be reduced by 
COrresponding reduction in the jaw movement and 
that the size-uniformity of the product may be 
improved. 
The lengthening of the proportion of the period 

of a complete oscillation which is available for 
outfall of material, permits therefore by com 
parison with jaw crushers of conventional design, 
of greater capacity, or higher speed and lighter 
construction, or greater uniformity of product, or 

- a combination of these advantages. 
Fig. 3 shows an emboliment of my invention in 

which the forward crushing force, developed as a 
hydraulic pressure by the plunger 9, is applied to 
the Swing jaw , by means of a ram 4 acting 
through an intermediate rocker 5.. The swing jaw 
is retracted during its return stroke by a spring 6; 
but its movements are controlled by movements 
Of the plunger9. And when the plunger reaches 
the top of its stroke the ram comes quietly to 
rest against the adjustable stop 7 in the base of 
the hydraulic cylinder. The power-driven 
plunger 9 operating in hydraulic cylinder 0 is 
driven from the shaft , at twice the speed of 
OScillation desired for the jaw f. A suitable pipe 
2 delivers liquid from the bottom of cylinder to 

40 

30. 
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and that, by comparison with a conventional 
crusher, the capacity of the crusher has been cor 
respondingly increased. 

Fig. 6 of the drawing shows a suitable form of 
commutating valve . The valve is biased to 
open position by a spring 20 and is moved against 
the pressure of the Spring by a Suitable cam 2 
driven at half the speed of the shaft it. The 
can is appropriately shaped to bring the valve 
(1 nearly into contact with its seat when the 
plunger 9 is at the commencement of an active 
stroke and to permit the valve to be open under 
the influence of its spring during one half of the 
cam's revolution. 
The relief or safety valve 8 (Fig. 3) in the 

pipe 5 opens if the pressure in the hydraulic 
System exceeds a predetermined value and is pro 
vided to prevent undue strain in the crusher 
structure as a result of tramp steel or other 
uncrushable material becoming "caught between 
the jaws. The valve 6 in pipe 3 is a manually 
operated valve which may be closed gradually to 
facilitate the start of a crusher against a full 
chamber. . 
In the diagrammatic arrangement, Fig. 3, two 

Separate Swing jaws are indicated, each with its 
Separate crushing chamber and separate hydrau 
lic System comprising a ran and plunger. The 
two plungers 9 and 9 are operated from the same 
crankshaft f f by cranks 180 degrees apart; but 
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apart from this mechanical linkage, the crush 
ing System illustrated in this figure comprises two 
independent units, the Swing jaws of which op 
erate alternately. - 
The two crushing units are shown in the dia 

gram as in series. Such an arrangement would 
be suitable if a very large reduction ratio were 
required from a single installation. Normally, 
however, the Swing jaws would be mounted side 
by-side in the same crushing chamber and on the 
Same shaft. 2 and would operate in parallel. 

Because of the alternate operation of two half 
width Swing jaws, the work done per jaw (by 
comparison with a conventional crusher) is 
halved, the forces transmitted through the frame 
are reduced and the structure may be lightened 
accordingly. 
I have also illustrated in Fig. 3 pipe connec 
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tions indicated at 22 whereby fluid leakage past 
the plungers 4 and 9 is returned to the sump 9. 
If no leakage occurred past the rams and plung 
ers or elsewhere, each ram and its associated 
swing jaw would oscillate between definite limits. 
Leakage cannot however be avoided and as a re 
Sult of leakage the jaws would tend to oscillate 
between receding limits. For that reason a jaw 
comes to rest on its stop 7 a little, before, the 
plunger 9 has reached the end of its reduction 
stroke, and the continued slight movement of the 
plunger to the end of its stroke draws liquid from 
the Sump 9 through the semi-automatic valve 

... Irrespective of the occurrence of leakage, 
the hydraulic System therefore contains a defi 
nite volume of liquid when the plunger 9 is at the 
beginning of an active crushing stroke. 

In Fig. 5 I have shown a two-jaw crusher ar 
ranged in the manner of Fig. 3 and which: differs 
therefrom in that a single plunger 9 is provided 
for operating the pair of rams 4. The same ref 
erences are applied to the same parts as in Fig. 3. 
Mechanism is provided which places: the plunger 
chamber in alternate communication with the 
two rams 4. The pipe 2 leading from the plung 
er cylinder 0 to supply the rams has a pair of 
branches 23 and 24 one leading to each of the 
ram cylinders 8 of one of the crusher jaws. The 
branches 23 and 24 are provided with valves dia 
grammatically shown in Fig. 5. In Fig. 7 I have 
ShOWn a valve mechanism suitable for controlling 
the delivery of fluid through the pipes 23 and 24. 
A Single valve 25 cooperates with a valve seat in 
the conduit 23 when in an upper position and also 
cooperates with a valve seat in the conduit .24 
when in its lower position. The valve 25 is spring 
biased to move in an upward direction and is 
actuated against the spring by a cam. 26. The 
cam 26 is driven in timed relation with the 
plunger 9 whereby for one complete stroke of the 
plunger 9, the inlet to conduit 24 is closed (the 
position illustrated) and the lower ram 4 is idle, 
held against its stop 7 by its return, spring 6. 
During this stroke, the inlet to the conduit 22 
and the upper ram cylinder 8 is open. On the 
Succeeding stroke of the plunger 9, the valve 25 
is seated on its upper seat closing the inlet, to 
conduit 23 and opening the inlet to conduit 24 
whereby, the lower ram. 4 is actuated, and the 
upper ram 5 is held idle against its stop 7... Make- : 
up for leakage of fluid past the rams 4 and the 
plunger 9 is provided for by the check valve 2 
in a pipe leading from the sump 19. In the same 
manner as described in the modification of Fig. 3, 
if due to leakage one of the rams 4 is returned 
against its stop by its spring before the comple 
tion of the upstroke of the plunger 9, the con 
tinued movement of the plunger 9 to the end of 
its stroke causes the check valve 27 to open per 
mitting liquid to be drawn in from the sump 9. 
While I have shown in Fig. 7 a single valve for the 
control of the passages 23. and 24, it is apparent 
that each of the passages may be separately con 
trolled by a valve actuated by a separate cam. In 
the modification of Fig. 5, I have shown other 
pipes leading: from the bottom of the plunger 
chamber 10 to the sump 9 including a manually 
operated starting valve 16, and an automatic 
pressure relief valve f8 for the same purpose, as 
the similarly numbered valves described in con 
nection with Fig. 3. l 
In Fig. 9 I have shown a further embodiment 

of my invention in which hydraulic mechanism 
is illustrated whereby a quick forward stroke and 
a delayed return stroke is obtained without the 

6 
use of control valves between the driving plunger 
chamber and the ram as described in the emi 
bodiments of Figs. 3 and 5. Reference character 
30 represents a plunger operating in hydraulic 
cylinder 31, and 32 illustrates another plunger 
operating in hydraulic cylinder 33. The bottom 
of cylinder 31 is in communication with the 
bottom of cylinder 33 and the pipe 2 connects 
the ram cylinder 8 to both these plunger cyl 

15 

20 

30 

35 

40 

45 

55 

(30. 

65. 

70 

75 

inders without intervening valves. The move 
ment of the ram 4 is thus the resultant of the 
combined action of the two plungers 30 and 32. 
The plunger 30 is connected to be driven by a 
crank from the shaft 35 and the plunger 32 is 
connected by a crank to be driven from the shaft 
36. The shaft 36 as diagrammatically shown is 
arranged to be driven at half the speed of the 
shaft 35. The plunger 30 is thus caused to 
reciprocate at twice the speed of the plunger. 32 
and by their conjoint action the two plungers 
provide a quick forward stroke of the ram 4 
and a much longer return stroke. 
The operation of the mechanism of Fig. 9 will 

be understood with reference to the diagram Fig. 
10. In that diagram the displacement of the 
slow-speed plunger 32 is represented by the har 
monic curve a and the displacement of the high. 
speed plunger 30 by the harmonic curveb. 
Since both plungers are in communication 

with each other and with the ram it follows that 
the displacement of the latter is the resultant 
of the displacements of the two plungers. 
The full line curve c, Fig. 10, which represents 

the displacement of the ram, results from the 
compounding of the two simpler periodic curves 
a and b. It Will be noted that the period t of a 
complete cycle of jaw movement is equal to the 
period of the slow-speed plunger. 
The condition when the ram 4 is momentarily 

at rest on its stop. 7 is represented by the point d 
on the curve. In the interval between the points 
d and e the ram is forced forward in its active, 
or crushing stroke, through its full amplitude h. 
During the remainder of the period t, (between 
points, e and k on the curve) the ram and the 
SWing jaw are retracted from their extreme for 
Ward positions and crushed materialis, conse 
quently, free to emerge from the crushing cham 
ber during the corresponding interval... 
AS is evident by inspection, the time involved 

in the return stroke of ram and swing: jaw is 
very considerably more than half the complete 
period of oscillation of the jaw. 
The secondary forward movement of the ram 

and Swing jaw which occurs between points if 
and g on the curve does not necessarily affect 
the capacity of the crusher in any marked degree. 
It does, however, affect the manner of descent of 
material in the upper portion of the crusher 
chamber, and it may or may not be a desirable 
feature according to the conditions of operation 
of the crusher. As indicated in Figs. 11 and 12 
this secondary movement, may be completely 
eliminated by adjustment of the relative dis 
placements of the two plungers and their phase 
relationships. . . . 
Under the conditions of relative displacement 

and phase relationship indicated in Fig.11 the 
rapid crushing stroke between points d and e 
is followed by a rapid retraction of the ram be 
tween points e and f on the curve. At the end 
of this period the ram has almost completed 
its return stroke but has not quite contacted 
its stop. The remainder of the period from f 
to k is available for the slow and gradual ap 
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proach of the ram into contact with its stop; 
That is, the object attained by the plunger relar 
tionships indicated in Fig. 11, is the minimization 
of any shock which may occur when the ram 
contacts its stop. . . . . . 

Fig. 12 indicates how, by other choice in dis 
placement and phase-relationships of the two 
plungers, a relatively uniform velocity of ram 
and SWing jaw during the return stroke may be 
attained. ... . . . : 

It will be understood that the general princi 
ples, which have been explained with reference 
to two plungers apply. With respect to the com 
pounding of the motions of a greater. number 
of plungers and that three or more plungers run 
ning at different speeds may be employed in con 
junction with a single ram: . 
. In the modification of Fig. 9, check valve .27. 
provides for makeup fluid to compensate for 
leakage in the same: manner as has been de 
scribed in connection with Fig. 5. -- 

In Figs. 3, 5 and 9, I have illustrated more or 
less diagrammatically a stop. A. against which 
the ram 4 comes to rest on its return, stroke. In 
Fig. 8 I have ShoWh stop mechanism which pro 
Wides for the absorption of shock between the 
ran and its adjustable Stop and which also pro 
vides for the automatic release of uncrushables. 
This mechanism comprises a shaft 52 mounted 

for longitudinal reciprocation in the casing and 
having a head 53 of substantial area to be en 
gaged by the end of the ram 4. The shaft 52 has 
a piston - 54 - mounted thereon for adjustment 
therealong; and Which operates in the cylinder 
55. FistOn 54 is bagked by a compression spring 
55 which is of sufficient strength to maintain 
the piston 54 in the position shown, against the 
pressure exerted thereon through the ram 4 by 
the return Spring 6. The cylinder 55 is provided 
with an inlet port 5 and an outlet port 58. The 
inlet port 5 is connected by a pipe to the outlet 
port of the relief valve 8 and the outlet port 
58 is connected by a pipe to the sump. 

In, normal Operation the layer of oil between 
the ran 4, and the head 53 together with the 
Spring 56 act to cushion the shock of contact of 
the ram. With its Stop at the end of the stroke of 
the former. If, however, uncrushable material 
enters between the jaws of the crusher, fluid in 
the hydraulic System is expelled on the crushing 
stroke of the plungers, through the relief valve 
8. and thence through the port 57 into the cyl 

inder 55. The pressure of fluid in the cylinder 
55 drives the piston 54 against its spring till the 
outlet port 58 is uncovered, whereby the liquid 
discharges to... the Sump. As the stop 53 moves 
back. With the pistOn 54...when the relief valve 
comes into operation, the Swing jaw is free to 
move back under the influence of its retracting 
Spring until the obstruction is discharged from 
the crusher. The relief valve then closes and 
the stop moves back to its previous setting at a 
slow rate dependent on the rate at which liquid 
caught behind the piston can escape past it to 
the output port. The mechanism just described 
thus provides for the absorption of shock at the 
moment of contact between the ram and its 
stop and also provides for the automatic release 
of uncrushables and for Subsequent, automatic 
resetting of the Swing jaw. - 
What I claim as new and desire to secure by 

Letters Fatent of the United States is: 
1. In a Crusher having a reciprocatable jaw, a 

hydraulic system for operating the jaw to pro 
duce crushing...strokes thereof including a ram 
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cylinder, a ran in the cylinder acting on. Said 
jaw, and a hydraulic power-transmitting liquid 
engaging said ram, and means for imparting a 
return Stroke to the jaw after completion of each 
Crushing stroke, a power-driven, Oscillating, pri 
mary member engaging said liquid to produce 
pressure impulses therein, and a secondary mem 
ber having a periodic movement the frequency 
of which is half that of the pirmary member, 
Said secondary member engaging said liquid to 
transmit conjointly. With the primary member, 
preSSure impulses to the ram, to force, the jaw 
forward in crushing strokes each extending from 
the extreme backward limit to the extreme for 
Ward limit of movement of the jaw, said crush 
ing strokes having a frequency equal to that of 
said secondary member, and the duration of each 
said crushing stroke being less than half the 
period of one cycle of movement of said secondary 
member. . 

2. In a crusher having a reciprocatable jaw, a 
hydraulic Systern for operating the jaw to pro 
duce crushing strokes thereof including a ram 
cylinder, a ram in the cylinder acting on said 
jaw, means forming a passage leading to said 
cylinder, and a hydraulic power-transmitting 
liquid filling said passage and engaging said-ram, 
and means for imparting a return stroke to the 
jaw after completion of each crushing stroke, a 
power-driven OScillating member engaging said 
liquid to produce impulses of hydraulic pressure 
therein, means forming a space hydraulically 
disconnected from the ran cylinder, and a con 
mutating valve mechanism in said passage hav 
ing a port leading to the ram cylinder and a sec 
ond port leading to said space, said mechanism. 
including means for opening said first port and 
closing said Second port during each alternate 
complete oscillation of said member to transmit 
the impulse produced by each said alternate os 
cillation to the ram cylinder, said latter impulse 
actuating the ram to impart a crushing stroke 
to the jaw, and for closing said first port and 
opening said second port during each interven 
ing OScillation of Said member to prevent trans 
mission of the impulse produced by each said 
intervening oscillation to the ram cylinder. 

55 
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3. A jaW Crusher, comprising a reciprocatable 
jaw, a hydraulic system for operating said jaw 
including a ram cylinder, a second cylinder, 
means forming a passage connecting said cylin 
ders, and a hydraulic liquid filling said passage, 
a ram in the ram cylinder acting on the jaw, a 
power-driven oscillating member in the second 
cylinder, Said liquid engaging said ram and oscil 
lating member, said oscillating member having a 
Substantially uniform frequency of oscillation to 
produce hydraulic pressure impulses of equiva 
lent frequency in said liquid, means for prevent 
ing transmission of each alternate one of said impulses to Said ram cylinder comprising means 
forming a Space hydraulically disconnected from . 
Said ram cylinder, a commutating valve mech 
anism in Said passage having a port communi 
cating With Said ram cylinder and a second port 
communicating with said space, said mechanism 
including means for closing said first port and 
Opening Said Second port during each alternate 
Oscillating cycle of said member to permit pas 
Sage of liquid to said space and for Opening said 
first port and closing said second port during 
each other Oscillating cycle of said member to 
cause transmission of a respective impulse to the 
ran cylinder, Said transmitted impulse being 
operative to actuate the ram to apply a Crushing 
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stroke to the jaw, and means for imparting a 
return stroke to the jaw at the end of each 
crushing stroke, said transmitted impulses there 
by having a frequency half that of said member, 
and the duration of each said crushing stroke 
being thereby less than half the period of one 
cycle of oscillation of the jaW. 

4. A jaw crusher comprising a pair of re 
ciprocatable jaws, a pair of ram cylinders, a ran 
in each cylinder acting on one of Said jaws, a 
third cylinder, a power-driven oscillating mem 
ber in said third cylinder, means forming a sep 
arate passage leading to each of said ram cylin 
ders, means forming a passage connecting said 
third cylinder with both said first passages, a 
hydraulic liquid filling said passages and engag 
ing said rams and member, said oscillating mem 
ber having a substantially uniform frequency of 
Oscillation to produce hydraulic pressure im 
pulses of equivalent frequency in said liquid, a 
commutating valve mechanism at the junctures 
of said Second passage with said first passages 
and controlling communication therebetween, 
said mechanism being operative to place said 
second passage in alternate communication with 
One Only of Said first passages during each Oscil 
lating cycle of said member to cause transmis 
sion of each alternate one of said impulses to 
a respective ram cylinder, each transmitted im 
pulse being operative to actuate the respective 
ram to apply a crushing stroke to the respective 
jaw, and means for imparting a return stroke to 
each jaw at the end of each crushing stroke, the 
impulses transmitted to each ram thereby having 
a frequency half that of said member, and the 
duration of each said crushing stroke being there 
by leSS than half the period of one cycle of oscil 
lation of each jaw. 
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5. In a crusher having a reciprocatable jaw, a 

hydraulic system for operating the jaw to pro 
duce crushing strokes thereof including a ram 
cylinder, a ran in the cylinder acting on said 
jaw, means forming a passage leading to said 
cylinder, and a hydraulic power-transmitting 
liquid filling said passage and engaging said ram, 
and means for imparting a return stroke to the 
jaw.after completion of each crushing stroke, 
a pair of power-driven, Oscillating members each 
engaging Said liquid to produce pressure impulses 
therein, the frequency of one of said members 
being double that of the other member, said 
member of lower frequency acting to displace 
liquid into Said ran cylinder while said member 
of higher frequency is also displacing liquid into 
said ram cylinder. 
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