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This invention relates to a hydraulic operating System 
that utilizes a pneumo-hydraulic accumulator as a Source 
of energy and,more particularly,relates to means for 
providing a reliable indication of the amount of energy 
stored within the accumulator. 
The usual pneumo-hydraulic accumulator comprises 

a pressure vessel containing a volume ofgas that is com 
pressed by pressurized liquid pumped into the preSSure 
vessel. This compreSSed gas acts as a Source of Stored 
energy thatforces preSSurized liquidfrom the accumulator 
when the liquid is releaSed. In my hydraulic operating 
System,release of the liquid is efected by means of a 
suitable controling valve connected in a hydraulic line 
communicating with the preSSurized liquid. Opening Of 
this controling valve allows the compressed gas in the 
accumulatorto expand andforcepreSSurized fluidthrough 
the line to perform a desired controling operation. 

Incertain applications of hydraulic operating Systems 
of this general type,itis of extreme importance that no 
attempt be made to perform the desired controling 
operation if insuficient energy is available from the 
accumulator to complete the operation. For example,if 
the hydraulic system is being used for closing an electric 
circuit breaker against a faulted power line,insuficient 
available energy could reSult in Stalling Of the breaker 
ina partially closed position withpossible serious damage 
to the breaker and connected apparatus reSulting. 

Insuchapplications,itis therefore important that there 
be available some external indication of the amount of 
energy storedin the accumulator. It has heretofore been 
dificult to obtain such an external indication of the 
available energy primarily because in a conventional ac 
cumulator,pressure alone is not a reliable indication of 
this quantity. The dificulty with the usual System that 
relies simply upon a meaSurement of accumulator preS 
Sure is thatitis not Sensitive to leakage ofgas from the 
accumulator. True,so long as no leakage has occurred, 
pressure aloneis a reliable indication of available energy, 
but once leakage has begun to occur this reliability is 
1ost. In this regard,the pump thatis used for charging 
the conventional accumulator operates to maintain the 
pressure therein at a desired level irrespective of the 
amount of gas that is present. Even after leakage has 
reduced the amount ofgas to an unacceptably low value, 
the pressure within the accumulator would still be atits 
normaly high level dueto the compenSating action of the 
liquid pump. 

Numerousproposals have been madeforrendering Such 
systems sensitive to a loss of gas from the accumulator, 
but these have usually involved undue complicationS. 
For example,it has been proposed to extend a rod from 
thepistonthrough oneend ofthe accumulatortoprovide 
an indication of piston position. This approach is dis 
advantageous in thatit requires a Seal about the rod 
whichcanbeanadded Source ofleakage. It has also been 
proposed to use electrical limit Switches mounted inside 
the accumulator to provide an indication of piston posi 
tion,but this is disadvantageous in that it requires high 
pressure lead-throughs for the wires leadingto the limit 
Switch. It has been fürther proposed to USe an electronic 
piston position indicator,but such indicators are rela 
tively complicated and expensive and can be a Source of 
trouble. 

Accordingly,an object of my invention is to provide, 
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2 
in a hydraulic controling System of this general type, 
simple,ineXpensive,and reliable means Sensitive to a loss 
ofgas from the hydraulic accumulator for providing an 
indication of the amount of energy stored within the ac 
cumulator, 
Another objectis to provide energy-detecting means of 

this nature which can warn that a gas leakis present be 
fore the leak has rendered the hydraulic system unsafe 
or unsuitable for further operations. 
Another object is to construct this energy-detecting 

meansin Such a manner thatitis notsusceptible to false 
operation asa reSult of normaloperations ofthe hydraulic 
SyStem. 

In carrying out my invention in one form,I provide a 
hydraulic operating system that includes a pneumo 
hydraulic accumulator comprisinga cylinder and a piston 
movably mounted within the cylinder to divide the cylin 
der into a liquid chamber and agas chamber at the re 
Spective opposite Sides of the piston. The accumulator 
is charged by Suitable pumping means that acts to force 
liquidinto the liquid chamber. Operation of the pumping 
means is terminated when the preSSure of the liquid ex 
ceeds a first predetermined value,A stop within the 
cyinder limits the travel of the piston in a direction to 
compress any gas within the gas chamber. The gas 
chamber normally contains suficientgas to maintain the 
pistonspacedfrom the stop WhenthepreSSure oftheliquid 
equals this first predetermined value. So long as no gas 
leak is presentin the accumulator,the piston will remain 
Spaced from the Stop,and the pressures on its opposite 
sides will be substantialy equal. If a gas leak should oc 
cur,however,the pressurized liquid will eventually drive 
the piston into engagement with the stop,whereupon 
further gas leakage will produce a pressure diferential 
on opposite Sides of the piston,This preSSure difer 
ential,and hence agas leak,is Sensed by diferential pres 
sure means which is sensitive to pressure diferentials on 
opposite Sides of the piston. 
For a better understanding of my invention,reference 

maybe had to the accompanying Sheet of drawing,where 
11? 

The single figure is a Schematic view of a hydraulic 
operating System embodying one form of my invention. 
The system is shown in a charged condition. 

Referring now to the drawing,there is shown a fuid 
motor 8 that is arranged to operate a Suitable utiliza 
tion device shown in block form at 9. The energy for 
operating the motoris derived from a pneumo-hydraulic 
accumulator 10 which comprises a cylindrical pressure 
Vessel 12 and a piston 14 slidably mounted for vertical 
movement in the bore of the cylindrical pressure vessel 
12. 
The piston 14 divides the cylinder12into a gas cham 

ber ?8 on the upper side of the piston and a liquid 
chamber2@ on the lower side of the piston. A suitable 
Seal 21 provided about the outer periphery of the piston 
14 prevents fuid from either of these chambers from 
leaking around the piston and assures that there will 
be no direct communication between these fluids. The 
gas chamber 20 is closed of at its upper end during 
normal operation of the accumulator 10 butis provided 
with a high preSSure Supply line 22 through which gas 
can be Supplied to the gas chamber 18 to precharge the 
accumulator to the desired extent. Once the desired 
amount ofgas has been supplied to thegas chamber18, 
the Supply ine 22is closed by means of a suitable valve 
23. 

Communicating with the liquid chamber 20 beneath 
the piston i4is a hydraulic ine 241ocated at the lower 
end of the accumulator. Liquid is forced through this 
line24into the liquid chamber26 by means of a suitabie 
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source of pressure such as pump 26 This pump 26 is 
operated by means of a Suitable electric motor27thatis 
controled by a conventional pressure sensitive Switch 
schematicallyshown at28,The controlingportion ofthe 
pressure sensitive Switch 28 communicates with the liquid 
chamber2@andissensitiveto the preSSure therein. When 
the pressure in liquid chamber 29 fals below a prede 
termined minimum Value,the switch 28 cloSes its con 
tacts 30 to conplete an energizing circuit 31 for the 
motor 27. The motor responds by operating the pump 
26,thereby causing the pump to force liquid into the 
accurnulator through the line 24. This pumping action 
continues until a predeternined maximum preSSure is 
reached,whereupon the pressure Sensitive Switch 28 re 
Sponds by opening its contacts 3@ to interrupt the en 
ergizing circuit 31 for the motor,thereby terminating 
pump operation when this maximum preSSure is reached. 
In the drawing,the system is depicted just after the pres 
Sure responsive SWitch 28 has opened to terminate pump 
ing action. 
The pump 26,in forcing iquid into the liquid cham 

ber 20,forces the piston 14 upwardly to compress the 
gas in chamber 18,thereby storing energyin this gas for 
Subsequent utilization,as Wil Soon appear. A Stop 32 
is interpoSed in the path of movement of the piston 
to imit its upward trayel under certain abnormal con 
ditions,which Will Soon be described,but normaly there 
is Suficient gas preSent Within the gas chamber 18 to 
preyent the piston 14 from reaching Stop 32. In other 
Words,Under normal conditions,the previously-men 
tioned maximum pressure is reached before the piston 
14 has reached the Stop 32,and,thus,the preSSure sen 
sitive Switch 28 terminates operation of the pump 26 
while the piston 14is still Spaced from the stop 32. 
For controling the release of energy from the accumu 

1ator ?0,a controling Valve 34 is interposed in the 
1ine 24 between the accumulatori@and the motor 8. This 
valve 34is normally closed and thus normaly prevents 
any preSSurized liquid from fowing from the accumulator 
10 to the motor 8. When the valve 34is operated to 
Open position,the compressed gas above the piston i4is 
free to expand and,in So doing,forces the piston 14 
downwardly,driving preSSurized liquid through the then 
open valve 34 into the cylinder 40 of the motor,The 
preSSurized liquid entering the cylinder 40 drives the 
piston 42 of the motor downward to produce the desired 
operation of device 9. When the piston 42 of the motor 
has Completed its downWard operating Stroke,the valve 
34is returned to its closed position to block the further 
fiow of liquid from the accumulator to the motor 8. 
Preferably,the valve 34is a three-way valve that vents 
the motor 8 to a fow pressure sump when valve 34is 
returned to its closed position,A Suitable valve of this 
nature is Shown and claimed in application Serial No. 
856122,Coggeshall et al.,filed November 30,1959, 
now Patent No.2,972,337,andassigned to the assignee of 
the presentinvention. 

In the disclosed operating system,the valve 34 is 
electricaly controlled by means of a suitable solenoid 
46,which is connected in an energizing circuit 48,This 
energizing circuit 48 also inciudes a manually-controled 
Operation-initiating Switch 49,a limit switch 50,and the 
normaly-closed contacts 52 of a pressure sensitive inter 
lock Switch 54,all connected in series with each other 
and the solenoid 46. 
Assuming that the limit switch 50 and the contacts 52 

of the pressure Sensitive switch 54 are closed,operation 
of the Solenoid 46 can be efected simply by closingthe 
Switch 49 to complete the energizing circuit 48 for the 
Solenoid. When the piston 42 of the motor has com 
pleted its working Stroke in response to energization of 
solenoid 46,the energizing circuit 48 is opened by the 
1imit Switch 50,thus causing the valve 34to return to its 
closed position. When the motorpiston42is returnedat 
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4 
1east partialy to its position shown in the drawing,the 
imit switch 5@ is reciosed and the circuit 48 is again 
prepared for another operation. Any Suitable conven 
tional means may be used for controlingthe imit Switch 
in this manner. The pressure sensitive portion of inter 
lock switch 54 is connected to the gas chamber above 
the piston 14 of the accumulator 1@ and is arranged to 
open its contactS 52 when the gas preSSure fals beloW a 
predetermined mininum value. In a preferred form of 
my invention,this minimum value is a pressure Slightly 
above the minimum pressure capable of producing a com 
plete operation of the motorpiston42if the accumulator 
piston ?4 was resting against the stop 32 when the valve 
34 was opened,Thus,the switch 54 opens to block 
operation of the valve 34 wheneyer inSuficient gas preS 
sure is present within the accumülator to aSSure SucceSS 
ful completion of the desired controling operation. 
The stop 32 performs the highly desirabie function of 

rendering the pressure responsive device 54 Sensitive to 
the leakage of gas from the accumulator. Without the 
stop 32,gas could leak from the accumulator ?0 with 
out any significant efect on the presSure to which the 
device 54 is exposed. This would be the case because 
the pump 26 Would maintain the preSSure within the ac 
cümulator i@ above the minimum preSSure Setting of 
Syitch 54 despite any gas leakage The pump would 
simpfy force additional liquid into the accumulator to 
compensate forthe loss ofgasthrough leakage. With the 
stop 32 present,however,the pümp 26 can force liquid 
into the accumulator only until the piston 14 encounterS 
the stop. Thereafter,any gas leakage that occurs will 
not be compensated for bythe pump and Will refiectitSelf 
infalinggaspressure. Whenthisgas preSSure hasfinaliy 
fallen to a level thatis too Iow to assure Successful opera 
tion of the device 9 by the motor 8,the pressure Sensi 
tive Switch 54 will open its contactS 52 and prevent the 
controling valve 34 from being opened to initiate opera 
tion ofthe motor 8. 
The pressure Setting of the pressure responsive Switch 

54is Suficiently low to prevent the Switch 54 from open 
ing its contacts to disable the valve 34 in response to 
the pressure drops resulting from one or even Several 
normal operations of the motor 8. For example,ac 
cumulator ?9 of the disclosed System is designed so that 
it has Suficient capacity to provide for Six closely-Succes 
sive operations of the motor B. Five such operations 
Would Substantialy lower the gas preSSure in the accu 
mulator ??,but if the accumulator Were initially fully 
charged,these five operations Would not lower the pres 
Sure Suficiently to openthe pressure reSponsive SWitch54. 
A closely successive sixth operation Would result in open 
ing of the Switch 54,but this Sixth operation could take 
place without hindrance from the preSSure-reSponsive 
Switch 54,Thus,it wil be apparent that the pressure 
Within the accumulator is normaly maintained at pres 
Sures considerably higher than the Setting of Switch 54 to 
provide for a Series of closely successive normai op 
erations. 

Since the switch 54 is insensitive to normal pressure 
drops Within the accumulator,it cannot Warn of a loss of 
gas from the accumulator f{} unti the loss has reduced 
the gas pressure to a Value substantially below the nor 
maly-occurring minimum preSSure, Bythistime,the gas 
preSSure might be too low to assure Successful operation 
of the motor 8,and the operator would then have had 
no Opportunity to prepare for this Situation,even though 
the leak might have first begun days or even weeks 
earier. 

It is therefore desirabie that Some Warning be given 
of a gas leak well ahead of the time that the leak 
renders the System inoperative through opening of the 
preSSure Sensitive Switch 54. For providing this early 
warning,I provide a conventional diferential pressure 
switch 60 which is Sensitive to a diference in pressure 
On opposite Sides of the piston 14. This diferential 
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preSSure Switch 60 is Schematically depictedas comprising 
a pair of preSSure Sensitive bellows 60a and 60b,one 
60a connected to the gas chamber 18 of the accumulator 
through a line 62 and the other 605 connected to the 
liquid chamber 20 of the accumulatorthrough a line 64. 
Contacts 61a and61b are respectivelycarriedatthelower, 
Or movable,ends of these bellows 60a and 605. So 
1ongas the liquid and gas preSSures areequalthe contacts 
remain Spaced apart,but if the liquid pressure should 
exceed the gas preSSure by a predetermined amount,the 
contact 61b Will overtake the contact 61a and thus com 
plete an alarm circuit 65,energizing and soundingasuit 
able alarm A connected in this circuit 65,The switch 
60 is So adjusted that the presSure diferential required 
to efect this operation is considerably less than the dif 
ference between the opening setting of the pressure 
reSponsive Switch 28 and the opening setting of pressure 
reSponsive Switch 54. For reasons which will soon be 
apparent,Operation of the diferential pressure switch 60 
is indicative of a gas leakin the accumulator. Sound 
ing of the alarm A thus informs the station attendant 
that a gas leakis present and that appropriate prepara 
tions and Steps Should be taken foritscorrection. 

This gas leak might very wel be a slow one which 
Would notimpair the abity of the accumulatorto pro 
duce a Successful operation of the motor for days or 
even Weeks,andit would therefore be prematureat this 
time to render the motor 8 inoperative through opening 
of the SWitch 54 Since the Switch 54 remains closed 
unti there is insuficient accumulator pressure to assure 
completion of a motor operation,it will be apparent that 
the atendantis not precluded from initiatingany opera 
tion that the accumulator is then capable of carrying 
throughto completion,even though agas leakis present, 
The diferential pressure switch 60 will remain inac 

tive,or open,So long as the accumulator piston 14is 
Spaced from the Stop 32 inasmuch as the pressures on 
opposite Sides of the piston 14 will be equal under these 
circumstances. Itis onlywhenthe piston14 reaches the 
Stop 32 that a pressure diferential can build up on op 
posite Sides of the piston 14 The pressure responsive 
Switch28 that controls the pump 26isso adjusted thatif 
no gas leakis present,the piston 14will remain spaced 
from the Stop32inasmuch as the pressureinthe accumu 
1ator wil normally be suficiently high to opentheswitch 
28 and terminatepumping prior to the pistons reaching 
the Stop 32. Only when a gas leak is present,will the 
pump 26 be capable of forcing the piston 14into engage 
ment with the stop 32 beforethe switch28openstotermi 
nate pumping action. In Summary,the establishment 
of a preSSure diferential on opposite sides of the piston 
14indicates that the piston has engaged stop 32,and the 
piston's engaging Stop 32 indicates that a gas leak is 
present. 

Because the pressure diferential switch 60 operates 
in reSponse to a much Smaler diferentialinpressurethan 
the diference in the Settings of total pressure switches 
28 and 54,the Switch 60 can respond much more quick 
lyto the presence of a gas leakthan can the pressure re 
Sponsive Switch54,thus providing the desiredearlywarn 
ing of the gas leak? 
AS examples of the preSSure Settings of the various 

Switches,in one typicalembodiment of myinvention the 
pump-controlling Switch 28 is arranged to close its con 
tacts Whenever the liquid pressure fals below 2950 psi. 
and to open on rising pressure whenever the liquid pres 
Sure reaches 3000 p.s.i. The gas preSSure Switch 54 is 
arranged to open on faling pressure whenever the gas 
pressurefals below2500psi and to close onrisingpres 
Sure at about 2550 p.s.i. The pressure diferentialswitch 
60 is arranged to close whenever the pressure diferential 
exceeds about 100 p.s.i. There is thus a 500 p.s.i. 
diference between the opening settings of switches 28 
and 54 as compared to the 100 p.s.i. value for which the 
diferential preSSure Switch is set. Accordingly,a 100 
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p.S.i.pressure diferential Sounds the alarm A,but a 500 
p.S.i. diferentialis normaly required to cause the Switch 
54to disablethe controllingvalve 34. 

ft is to be noted that the pump-controling pressure 
Switch 28 is located in communication with the liquid 
chamber 20 instead of with the gas chamber 18 of the 
accumulator. This location of the preSSure switch 28 
is advantageousin thatit aSSures that the pumping action 
Will be terminated whenever the liquid preSSure reaches 
a desired maximum value. If the Switch 28 Were lo 
catedin communication with gas chamber 18instead of 
liquid chamber 20,it would be inSensitive to liquid pres 
Sure afterthe piston encountered stop 32 and Would allow 
the pump to raise the liquid pressure to an undesirably 
high level. 

While I have shown and described a particularembodi 
ment of myinvention,it willbe obvious to those skiled 
in the art that various changes and modifications may be 
made without departing from my invention inits broader 
aspects,and I,therefore,intend in the appended claimS 
to cover all Such changes and modifications as fal Within 
thetrue spiritand Scope of myinvention. 
What I claim as new and desire to Secure by LetterS 

Patent of the United Statesis: 
1. In a hydraulic operating System,a pneumo-hydrau 

lic accumulator comprising a cylinder and a piston moV 
ably mounted within said cylinder to divide the cylinder 
into a liquid chamber and a gas chamber at the reSpec 
tive opposite Sides of Said piston,means including a 
source of pressure connected to Said liquid chamber and 
operable to force liquid into Said liquid chamber,pres 
sure responsive means operatively connected to Said cylin 
der for efectivelyterminating operation of said Source of 
pressure when the pressure of the liquid in Said liquid 
chamber exceeds a first predetermined value,a Stop ar 
ranged within Said cylinderfor limitingthe travel of Said 
pistonin a direction to compress any gas within Saidgas 
chamber,Saidgas chambernormally containing Suicient 
gas atasuficient pressure to maintain Said piston Spaced 
from said stop when the pressure of Said liquid equals 
said first predetermined value,diferential preSSure re 
sponsive means operatively connected to Said liquid and 
gas chambers and sensitive to a pressure diferential be 
tween the gas and the liquid on opposite Sides of Said 
piston for providing a controling Signal When Said preS 
sure diferential exceeds a predetermined amount, 

2. In a hydraulic operating System for efecting prede 
termined controling operations,a pneumo-hydraulic ac 
cumulator comprising a cylinder and a piston movably 
mounted withinsaid cylinder to divide the cyinder into 
a liquid chamberand agas chamber at the reSpective Op 
posite sides of said piston,means including a SOUrce of 
pressure connected to Said iquid chamber and Operable 
to force liquidinto said liquid chamber,preSSure reSpon 
sive means connected to said cylinder for efectively ter 
minating operation of said Source of preSSure when the 
pressure of the liquid in the liquid chamber exceeds a 
first predetermined value,a stop arranged within Said 
cyinder for limitingthe travel of Said pistonin a a direc 
tion to compress any gas within Said gas chamber,Said 
gas chamber normaly containing Suficient gas at a Sufi 
cient pressure to maintain Said piston Spaced from Said 
stop when the pressure of said Hquid equals Said first 
predetermined value,a controling valve operatively con 
nected to Said liquid chamber for releasing liquid from 
said accumulator to efect Said predetermined controling 
operations,diferential preSSure reSponsive means con 
nected to Said liquid chamber and Saidgas chamber and 
Sensitive to a pressure diferential between the gas and 
the liquid on opposite Sides of Said piston for providing 
a controling signal when Said diferentialexceeds a pre 
determined amount,means Operatively connected to Said 
gas chamber for rendering Said controling valve incapa 
ble of releasing liquid from said accumulator when the 
preSSure in Said gas chamber is below a Second prede 
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termined Value substantialy less than said first predeter 
mined value,Said diferential pressure responsive means 
operatingin reSponse to a Substantialy Smaller pressure 
diferential than the diference between Said first and 
Said Second predetermined pressure values so as to pro 
Vide an early Warning of the loss of gas from said ac 
cumulator. 

3. fn a hydraulic operating System for efecting prede 
termined controling operations,a pneumo-hydraulic ac 
cumulator comprising a cylinder and a piston movabiy 
mounted Within said cylinder to divide the cylinderinto 
a liquid chamber and a gas chamber at the respective 
opposite sides of Said piston,means including a Source 
of pressure connected to Said liquid chamber and operable 
to force liquid into Said liquid chamber,pressure respon 
Sive meanSoperatively connected to Said cylinderforefec 
tively terminating operation of Said Source of pressure 
when the preSSure of the liquid in said liquid chamber 
exceeds a first predetermined Value,a stop arranged with 
in Said cylinder for imiting the travel of Said piston in 
a direction to compress anygas within Said gas chamber, 
Said gas chamber normaly containing suficient gas at 
a suficient pressure to maintain said piston spaced from 
Said Stop when the preSSure of Said liquid equals said 
first predetermined yalue,a controling valve operatively 
connected to Said liquid chamber for releasing liquid 
from said accumulator to efect Said predetermined con 
troling operations,Said accumulator having Suficient ca 
pacity to provide the energyfora Series of Said controlling 
Operations occurring in close Succession,means opera 
tively connected to Said gas chamber and responsive to 
a drop in the preSSure in Said gas chamber to a level 
be?ow a Second predetermined value for rendering Said 
controling valve incapable of releasing liquid from said 
accumulator,Said Second predetermined valuebeingbelow 
the lowestvalue ofpressure thatresultsfrom two closely 
Successive normal controHing operations of Said system 
initiated when the liquid pressure is at least as high as 
said first predetermined value. 

4. In a hydraulic operating system for efecting prede 
termined controling operations,a pneumo-hydrauic ac 
cumülator comprising a cyinder and a piston movably 
mounted within Said cylinder to divide the cylinder into 
a liquid chamber and a gas chamber at the respective 
opposite Sides of Said piston,means including a Source 
of pressure connected to said liquid chamber and opera 
ble to force liquid into Said liquid chamber,pressure 
reSponsive means operatively connected to Said cylinder 
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for efectively terminating operation of Said source of 
preSSure when the pressure of the liquid exceeds a first 
predetermined Value,a stop arranged within Said cylin 
der for limiting the travel of Said piston in a direction 
to compress any gas within saidgas chamber,Said gas 
chamber norma?y containing Suficient gas at a Suficient 
preSSure to maintain Said piston Spaced from Said stop 
When the pressure of Said iquid equals Said first prede 
termined Value,Said accumulator having Sufficient ca 
pacity to provide the energy for a Series of Said con 
troling operations occurringin close Succession,means 
operatively connected to saidgas chamber and responsive 
to a drop in the preSSure in Said gas chamber to a leyel 
below a Second predetermined value for providing a 
controling signal indicating a gas leak from Said gas 
chamber,Said Second predetermined value being below 
the lowest value of pressure that reSu?ts from one nor 
mal controling operation of Said System initiated when 
the iquid preSSure is at least as high as said first pre 
determined pressure. 

5. A hydraulic operating System of claim 4 in com 
bination with diferential pressure responsive means op 
eratively connected to Said?iquid chamber and Said gas 
chamber and Sensitive to a pressure diferential between 
the gas and the liquid on opposite sides of said piston 
for providing a controling signal when said diferential 
exceeds a predetermined value said diferential pressure 
?eSponsive means operatingin reSponse to a Substantially 
Smaler preSSure diferential than the diference between 
said first and Said Second predetermined pressure values 
SO as to provide an early Warning of a loss ofgas from 
said accumulator. 

6. The hydraulic operating System of claim 1 in which 
Said pressure responsive means for terminating operation 
of Said SOurce of preSSure means comprises a pressure 
sensitive Switch having a controlingportion communicat 
ing with the liquid chamber of said accumulator. 
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