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Thepresentinventionrelatesto hydraulicalyoperated 
jaw crushers ofthe kind describedin my United States 
Patent No,2,609994,in which,duringalternate oscil 
1ations,areciprocating,power-driven plungeris hydrau 
licaly connected to and disconnectedfromajaw-propel 
ingram,Inthat patentthe plungeris describedas de 
ivering,duringits non-active or“idle”strokesinto a 
sunp from which,by independent pump or otherwise, 
make-upliquidto compensateforleakage pastram and 
pungeris drawn,In Sucharrangementtherewould be 
Violentturbulenceinthe Sump duringthedischargehalves 
ofthe“ide”Strokes ofthe plunger,ikeHhood offroth 
ingoremulsification ofoilwithairinthesumpand cor 
respondingdanger ofairgainingaccesstothe hydrauic 
SyStem,with the make-up liquid? 
Atthe highfrequencyand highvelocitiesatwhichthe 

plunger ofamachine ofthiskindwouldoperatethemaxi 
mum Velocities oftheliquidinthepassagescommunicat 
ingbetweenitandtheram andelsewhere,wouldberela 
tiveyhigh andtheaccelerationandfrictionalresistances 
tothemovement ofliquidinthesepassagescouldbevery 
appreciableindeed,Werethe plunger,duringits“ide” 
strokestobe deliveringtoand drawingfromtheoisump, 
thepresSureinthe plungercylindercould besub-atmos 
pheric andmightevenfaltozero,Thatbeingthecase, 
airleakage pastthe plungerduringthereturn halfofthe 
“ide”Stroke ofthe plungerwould beinevitable;andthat 
airwould beassociated with theramin the succeeding 
“active”Strokes ofthe plunger. 
Airenteringthe hydraulic system duringtheoperation 

ofthemachine becomesemulsifedwiththeoilinthesys 
temand cannot,practicaly,be eliminated whilethema chineisinmotion,Andaspracticalycompletefreedom 
fromairin the hydraulic system ofthe ramisessential 
tothe properworkingofthe machine,itisimportantthat 
neansshouid beavailabletopreventitsentry, 
The primary objectofthe presentinventionis,then,to 

prevententry ofairintothe hydraulic system ofcrushers 
ofthe kind describedinthe United States Patent2,609 
994,by maintainingthe hydraulic pressure ataltimes 
andatalpoints,such asram,plungerand change-over 
Valve,whereinwardoroutwardleakage may occur,above 
that oftheatmosphere. 

Tothatendaclosedvesseliscontemplated,intowhich, 
againstayieldingresistance Such asa cushion ofair,or 
spring-loadedpiston,the piunger delivers duringits“ide” 
Strokes. 

In such“idle-stroke”receiver the maximum pressure 
thatmaybe developed wildependonits designandisa 
matterofchoice;andasecondary object ofthisinvention 
istoassociate with thereceivermeans wherebythe pres 
suredevelopedinitmaybeappliedforinjection ofmake 
up iquidatrate equaltotherate ofleakage from.the 
system,in thegeneralmanner describedinmyprevious 
United States Patent No.2.620.629,thereby dispensing 
withneedforanyspecialmake-up pump… 

Theinvention wilbe described with reference tothe 
accompanyingdrawings,in which 
FIGURE1isasideelevation,partlyinsection ofajaw 

crusherwithaleakagecompensatingdeviceinaccordance 
with theinvention, 
FIGURE2isasectionalside elevation oftheleakage compensatingdeviceinanotherpositionthereof,and 
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FIGURE3isasectionalelevation ofa Somewhat modi 

fed form of1eakage compensatingdevice? 
Inthe drawing,the jaw crusherilustrated comprises 

afxedjaw1,a movingjaw2pivotaly mounted ona 
shaft3,aram 4recprocalymountedinaram cylinder 
5toimpart crushingstrokesto the movingjaw,anda 
plunger6carried bymeans7forreciprocationinacham 
ber 8 communicating with the ram cylinder to develop 
hydraulic pressure thereinfor actuation of the ram?A 
spring9retractsthejaw2bymeans ofaink10? 
Asshown,the plunger chamber 8 has a lateraly eX 

tending portion11 which hasa port12leadingto a pas 
sage13communicatingwith the ramcylinderanda port 
141eadingtoapassage15. Passage15hasaport16lead 
ingto an oilor hydraulic liquid sump17,Ports ?2,14 
and16areinaxialalignmentforcontrolbyapistonValve 

?18mountedforreciprocatingmovementas by means?9? 
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Itwilbe observedthat,in oneposition ofthevalveas 
shownin FIGURE1,the valve closes ports ?2 and16 
andopensport14to placethe plungerchamberin com 
munication with paSSagel5,Ina Second position of the 
Valve,asshownin FIGURE2,port12is open and port 
14closedtoplacethe plungerchamberin communication 
with theramcylinder,port16beingopenforcommunica 
tion with?aSSage l5? 

Passage15leadsto anairvessel20whichisconnected 
in parallei with a Second veSSel2l by means of a non 
return valve22permittingfow from vessel29tovessel 
2??Amake-upliquid deliverypipe231eadsfrom vessel 
21tothe ram cylinder. Pipe23maybe providedwith a 
Valve24? 

It will be understood that,in operation,valve18will 
bereciprocatedto alternately place the plungerchamber 
8in communication with the ram cylinder(to efect a 
workingstroke oftheram)andincommunicationwith the 
Passage15(duringthe“ide”Stroke ofthe plunger),In 
FIGURE1,the plungerisindicatedatthe end ofitsfor 
wardide stroke andas having displaced liquidintothe 
airvessel20 andcompressedtheairinit. 
Itwilbeapparent that,towardstheend oftheidlefor 

ward stroke ofthe plungerthe pressure developedinan 
airVessel ofappropriatevolumeSuchas20would be high 
enough for delivery ofmake-upliquidtherefromintothe 
cylinder 5 of the restingram?However,that pressure 
would exist for only a Smalfraction of the operating 
time;andin orderthatasubstantiallysteady pressure be 
maintainedinthe make-upsystem,thesecondvessel21is 
provided,In the operation ofthe system,the tendency 
istherefore for a Substantialy steady pressure,approxi 
matingthe maximum developedin airvessel29,to be 
maintainedin Vessel21? 
During the working strokes of the ram and plunger 

leakageoccurspastthemandelsewhere;andif,byappro 
Driate means(Such asthe automaticaly controled valve describedinpriorUnitedStatesPatent2.620,629)asmuch 
make-up iquidis alowed to enter the hydraulic system 
asleaks awayfromit past the ram andelsewhere then, 
ateveryidle stroke ofthe plungerthereisacorresponding 
fow ofliquidintovessel21through valve22,Itfolows 
therefore that,ifleakage is occurring,part only of the 
displacementoftheplungerinaforwardidestrokeenters 
vessel20withtheremainderpassingintovessel2?? 

Because oflossofliquidfrom Vessel29,itfolowsthat 
asub-atmospheric pressureis developedtheretowardsthe 
end ofeach ide return stroke of the piunger and that 
liquid may be drawn into the vessel20from the Sump 
throughthe openPort16, 
FIGURE3iustratesa modification whereinspring 

1oaded pistonsare employedinstead ofaircushions?As 
shown,vessels25and26(correspondingtovessels20 and 21)aremountedonthewal27ofpassage15whichcom 
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municateswith vesse125throughan opening28 and with 
Vessel26throughanon-return Valve29. 

Theidle-strokereceiver orvessel25hasa reciprocating 
piston39therein underthe controlofacombination of a 
relativelystrongcompression spring31above the piston 
and an opposingrelatively weak compression Spring32 
below the piston,The function of spring32istogive 
the mainspring3?Someinitial compression. Underthe 
control of this combination the piston 3?is capable of 
movementin either direction from its neutral position 
when underatmospheric pressure,ForthatreaSonitis 
capable ofreactingto anegative pressure and of drawing 
inmake-upiquidfromthe sumpin exactlythesameman 
nerasthe aircushionin FIGURE1,itwillbe apparent 
that,as an alternative to the compression Spring31,a 
tension spring of like characteristics,extendingthrougb 
themain spring39,coaxialywithit?maybeemployed? 
The make-up vessel26 has apiston33therein with a 

compressionspring34actingonitsupperface? 
Iclaim: 
1.Ahydraulicfuidsystemforapowerdevice havinga 

cyinder,aram in Said cylinder,aplunger chamber,and 
a plungerreciprocally mountedin Said plunger chamber, 
which comprisesa closed vessel,aValve chamber,having 
a first port connecting Said plunger chamber and Said 
ram cylinder anda second port connectingsaid plunger 
chamberand said vessel,valve means movabiy mounted 
insaidvalvechamberand havingafrst position opening 
saidfirstportand closingsaidsecond port to placesaid 
pfungerchamberincommunicationwithsaidramcylinder, 
andasecond position closingsaidfirst portand opening 
said second portto place said plungerchamberin com 
munication withsaid vessel,said vessel havingaresient 
bodythereincompressible undertheinfuence offiuiddis 
chargedintosaid vessel and constituting a yielding re 
sistance forimposing a back preSSure on fuid in Said 
Vessel? 
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2,Ahydraulicfuidsystemasdefinedinclaim1,where 

insaidyieldingresistanceisanaircushion, 
3.Ahydraulicfuidsystemasdefnedinclaim1,where 

insaidyieldingresistanceisaspring-loadedpiston? 
4?A hydraulic fuid system as definedin claim 3,in 

cludingtwo opposingsprings of unequal Strength acting 
uponsaid piston and permittingits displacementin both 
directionsfromitsneutralposition. 
5?A hydraulic fuidsystemas defnedin claim1,in 

cludingasecond vessel,a passage eadingfrom Saidfirst 
vessel to said second vessel,a non-return valve in Said 
passage permitting passage offuid from Said frst VeSSel 
tosaidsecondvessel,a hydraulic fuidSump havingaport 
communicatingwith saidfrstvessel,andavaive control 
lingsaid port topermitfuidto be drawnintosaidfrst 
vesselfromsaidSump. 
6?A hydraulic fuid systemas definedin claim 5,said 

Second vessel havinga space therein variable underthe 
infuence offuid discharged thereinto and comprisinga 
yieldingresistance forimposinga backpresSure onfuid 
insaidSecondVeSSel? 
7.A hydraulicfuidsystemas defnedin claim 6,in 

cludingaductforpassage of hydraulicfuidleadingfrom 
said second vesseltosaid ram cylinder? 
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