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Our invention relates generally to hydraulic 
control systems and more particularly to. Such 
systems having two separate and independent 
operating means with provision to disconnect, in 
effect, one of these means, should any failure oc 
cut therein. 
With the increasingly, widespread use of hy 

draulic control, and operating systems, it fre 
quently happens that provision, must be made 
to insure the control or operation of a certain 
member even though the normal hydraulic SyS 
tem fails. Consequently, some attempts to Se 
cure the desired reliability of operation have made 
use of two separate, and independent. control.sys 
tens, one of which normally acts to produce the 
desired control, while, the other, is an alternate 
system which acts only when the first system 
fails. However, such a dual system arrangement 
has certain disadvantages, and... consequently, it 
has been proposed to use two, separate and in 
dependent systems: both of which: normally. Op 
erate simultaneously and independently, sharing 
the load betweenthem, but each of which is fully 
cagable of providing, the desired control should 
the other system fail. 
One of the commonly used actuating elements 

of a hydraulic control system is a double: acting 
piston mounted within a cylinder adapted to have 
fuid, under pressure injected at, either end. If 
fluidis forced into one end of the-cylinder while 
simultaneously, being released, at thes other end, 
the piston: therein will.be.noved toward the low 
pressure end of the cylinder. However, if an-at 
tempt...is made to. move the piston. Without simul 
taneously admitting fluid to. one end of the cyl 
inder and releasing it at the other end, the in 
compressibility of the fluid results in the piston's 
being “locked' in one position. If two separate 
and independent, control.systems are used to. op 
erate a single. device, it sometimes happens, that 
failure of, one of the systems will result in the 
fluid therein being trapped or locked so that the 
piston associated with that system is effectively 
held against movement, even though the other 
system is functioning and attempts to move the 
member to which both pistons are. connected. 
We have found that these objections, may be 
overcome by, using a shunting, or by-pass valve 
connected between opposite ends of the operating 
cylinder, so that, fluid, at one end of the piston 
may be readily transferred to the other end there 
of, so that the piston is freely...movable. In nor 
mal operation, the by-pass...Valve.is closed so that 
the piston and cylinder operate in the conven 
tional fashion, but when a failure, occurs in the 
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control system, the by-pass valve is Opened So 
that the other, independent system may operate 
in the norial-manner. 

It is therefore a major object of our invention 
to provide a hydraulic system having great re 
liability of operation. 
Another object of our invention is to provide 

such a system which is operable even though 
one-half of the complete system has entirely 
failed. 

It is a further object of our invention to pro 
vide a hydraulic control System having means 
therein to insure the free movement of the non 
operating elements. When. Such a failure occurs. 

Still another object of our invention is to pro 
vide a pilot or control valve to open a by-pass 
of the type previously mentioned. 

It is a still further object of our invention to 
provide; such a valve and System which are light 
in weight, and simple: in. operation. So that the 
advantages of this system maybe. had in applica 
tions, where: space and weight are important 
factors. 
These and other. objects and advantages of our 

invention will become apparent from the follow 
ing description of a preferred form: thereof, and 
from the drawing illustrating that form-in which 

Fig, 1 is a diagiarisowing the complete layout 
and-connections. Of Otif. Syster; and 

Fig. 2i is alieniarged view of a portion of the 
by-pass control valve used therein. 

Referring now. to the drawing and particularly 
to Fig. 1, thereof, the numeral 10; indicates gen 
erally a double-acting pistori and cylinder of 
a conventional type having a piston within 
a housing or cylinder 2. The ends of the cyl 
inder 2 are closed by caps, f3: through which 
a piston rod & extends to connect to the de 
vice to be controlled (not shown). Suitable 
tubing 15 is fluid connected to one end of 
the cylinder 2; while similar tubing 6 is like 
wise connected to the other end thereof, both of 
these tubes extending to a suitable hydraulic 
selector valve f7. Selector valves of this type 
are well known in the art and are so designed that 
they may be connected through suitable hydrau 
lic tubing 20 to a source of hydraulic pressure 
Such as a pump 22. Similarly, provision is made 
to connect the valve it through tubing 2 to a res 
ervoiror returnline of the pump 22, thereby pro. 
viding a complete, operative system. By suit 
ably operating the valve fl, a fluid connection 
may be established therethrough from the supply. 
line. 20 to the tubing 15, simultaneously complet 
ing a fluid connection from the tubing 6 to the 
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return line 2. Fluid will thus be forced into a 
chamber 23 between the piston and one end 
of the cylinder 2, while fluid will simultaneously 
be removed from a chamber 24 between the Op 
posite side of the piston and the opposite end 
of the cylinder. This will cause the piston to 
be moved toward the chamber 24, to the right 
in Fig. 1, thereby operating the equipment to 
which the piston rod is connected. By reverS 
ing the operation of the valve 7, the piston f 
may be moved in the opposite direction, While in 
intermediate positions of the valve, both of the 
tubes 5 and 3 are disconnected from the Supply 
line 28 and the return line 2 and the piston does 
not move. 
The system just described is the conventional 

hydraulic system used in operating many dif 
ferent devices, but where the utmost in reliability 
in operation is required, we have found it desir 
able to provide a duplicate system, identical to 2 
that just described, including a double acting 
piston fd, and cylinder ca, a control valve lid, 
and various connecting members adapted to pro 
Wide a fluid connection to pump 22d, or other Suit 
able preSSure Supply means. The controlling 
members of the valves 7 and fla are mechani 
cally linked together so that both are simul 
taneously operated to cause a simultaneous move 
ment of the piston rods it and 4a. Both of these 
piston rods are connected to the nember to be 
controlled, and the size of the hydraulic cylinders 

and d. and their respective sources of fluid 
pressure are SO correlated with the force required 
to move the controlled member that either cyl 
inder acting alone may produce the required 
movement. 

If a failure occurs in the hydraulic system re 
ceiving its preSSure from pump 22 it is quite pos 
sible that fluid in cylinder to will be trapped, 
effectively locking piston f. By connecting a 
valve between the chambers 23 and 24 of the 
cylinder 0, these difficulties may be surmounted, 
since the opening of this valve will permit the 
direct flow of fluid from one end of the cylinder, 
through the valve, to the opposite end of the 
cylinder. Under normal conditions, the valve 
Will be closed so that conventional operation of 
the cylinder 0 will be had but when a failure 
Occurs, the valve is opened. Consequently, any 
Valve which is connected between the chambers 
23 and 24 must be quickly and positively oper 
able, and preferably this valve should be operated 
automatically upon the failure of the correspond 
ing pressure Supply or connections thereto. 
While many different types of valves in different 
kinds of control systems may be used, we have 
found that hydraulic controls and hydraulically 
Operated Valves form a very convenient method 
of Solving the problem since no other power 
Source is necessary for their operation. 
The valve which we have developed for use as a 

by-pass valve is indicated generally by the nu 
meral 30 and includes a housing 3 having a 
poppet valve 32 therein normally urged by a 
Spring 33 against a valve seat 34 formed in the 
housing. The opposite end of the housing 3 f is 
provided with a rather Small hydraulic cylinder 
35 in which is mounted a piston 36 connected by 
a piston rod 37 to the valve 32. Under normal 
circumstances, the valve 32 will bear against the 
Valve seat 34 by reason of the urging of spring 
33, but by increasing the pressure within the 
cylinder 35, the piston 36 will be moved toward 
the Spring to open the valve. The space within 
the housing 3 which contains the spring 33. 
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designated as chamber 40, is fluid connected by 
tubing 4 to chamber 23 of the hydraulic cylinder 
0, and in a Similar manner, the compartment 

between the valve Seat 34 and the piston 36, 
chamber 42, is connected by tubing 43 to chamber 
24 of the hydraulic cylinder 0. The space with 
in the hydraulic cylinder 35, chamber 44, is con 
nected by a fluid connection 73d to a suitable 
Source of preSSure operable in a manner herein 
after described to control the by-pass valve 30. 
Thus, when the pressure within the chamber 44 
is low, Spring 33 will urge the valve 32 against the 
valve seat 34 and thereby prevent any transfer 
of fluid between chambers 23 and 24 through 
the by-pass valve 30. However, when the pres 
Sure in chamber 44 of the latter is increased, 
pistOn 36 is moved to open the by-pass valve so 
that there may be a relatively free interchange 
of fluid between the chambers 23 and 24 of the 
hydraulic cylinder f0, and the piston f may thus 
be freely moved throughout its entire length of 
travel. 
To operate the by-pass valves 30 and 3a, we 

have developed a control valve connected be 
tween the pumps 22 and 22a so that a failure of 
One of these pumps will cause the pressure of the 
Other to be transmitted to the chamber 44 and 
thereby open the by-pass valve of the system sup 
plied by the inoperative pump. The control 
Valves operate automatically, and their construc 
tion is such as to render them very reliable in 
Operation. 

In Fig. 1 of the drawing, we have illustrated the 
control valve 50a in cross-sectional view, with an 
enlarged View of a portion of this valve shown in 
Fig. 2. Like the other parts of the two separate 
and independent systems, the valves 50 and 50a 
are identical to each other and are similarly con 
nected to corresponding parts. 
Within a housing 5 la having an axially ex 

tending bore 52d therethrough, we mount a com 
pound piston member 53a having a piston 54a at 
One end thereof with a spaced piston 55a con 
nected to the end piston 54a, by a reduced portion 
56a acting as a connecting rod. The pistons 54a 
and 55a, thus move as a unit, and fluid connec 
tions 60d and 6 a. are mounted in opposite ends 
of the housing 5f a to admit fluid under pressure 
into the axial bore 52d, to act upon the pistons 
540 and 55d, respectively. A spring 62a extends 
from the fluid coupling 6 a to the adjacent end 
of the piston 55a to urge the latter and the piston 
54a toward the fluid connection 60a, while a rod 
63d within the spring prevents undesirable flex 
ing or bending thereof. 
By reference to Fig. 2, it will be seen that a 

chamber 64a is formed between the adjacent 
faceS of the pistons 54a, and 55d. Within the bore 
52a. This chamber will move with the piston 
member 53d, and we provide a pair of fluid con 
nections adapted to be connected to this chamber 
When the piston member 53a is in its normal posi 
tion, indicated in Fig. 1 and shown in full or solid 
outline in Fig. 2. As illustrated, one coupling 65a 
is fluid connected to the bore 52a at a point 
immediately adjacent the inner surface of the 
piston 54a, while the other fluid connection 66a 
is connected to the bore at a point between the 
connection of connector 65a and the adjacent 
face of piston 55d. Consequently, while there is 
normally a fluid connection between the connec 
tors 65a and 66a, movement of the piston member 
53d to the position shown in dotted outline in 
Fig. 2 will interrupt this connection and estab 
lish a connection between the connectors 60a and 
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65a. Normally, spring 62a urges the piston mem 
ber 53a against the connector 60a, but when the 
pressure differential between opposite ends of 
the piston member becomes sufficiently great, the 
latter will be moved to the alternate position 
shown in Fig. 2, with the end of the rod.63a bear 
ing against the fluid connector 6a, to limit the 
movement of the piston member. 
The various fluid connectors are suitably at 

tached and connected to various portions of the hydraulic control system, as indicated in Fig. 1. 
Thus, fluid connector 60a is connected by tubing 
70a and Tia to the pressure or discharge side of 
pump 22a, while connector 6fa is connected by 
tubing 12a and 7 to the pressure or discharge 
side of pump 22 so that these two pressures are 
balanced against each other within the bore 52a. 
Connector 65a is connected by tubing 73a to the 
connector 38 of the by-pass valve. 30, while con 
nector Gea is connected by tubing 74a to the re 
turn or intake connection of pump. 22a. . 
The operation of the control-valve 50a may now 

be understood. When the pressures supplied by 
the pumps 22 and 22a are substantially equal, the 
piston member 53a. will have the outer faces of 
the pistons 54a and 55a, subjected to substan 
tially equal pressures, but the spring 63a, acting 
on the piston. 55d, will urge the piston member 
toward the fluid connector. 60a, so that the mem 
ber is in the position shown in Fig. 1. Under 
these conditions, fluid connectors 65a and 66a 
"are fluid connected through the chamber 64a.so 
that the intake or return connection of pump. 22a 
is connected through tubing. T4a, connector. 66a, 
chamber 64a, connector 65a and tubing, 73a to 
chamber 44 of the by-pass. valve 30, Conse 
-quently, the pressure within chamber 44 is low, 
and spring. 33 urges the valve 32 to closed posi 
tion so that the hydraulic cylinder. 0- operates 
in the normal manner. By... similar connections 
to pumps 22 and 22a, and by-pass, valve.30a, the 
hydraulic cylinder. Oa.is. caused to operate-in- a 
similar manner. - v - 

However, should the pressure in-One of the two 
hydraulic systems, for, example, the system con 
nected to pump. 22, faik while the other system, 
that connected to. pump. 22d, remains in opera 
tion, the control valve. 50a will be operated to 
open the by-pass valve 30, so that the hydraulic 
cylinder G may be freely operated without plac 
ing an excessive load on the hydraulic cylinder 
toa. When the pressure, fails, the pressure-in 
lines. 7, and 72a will drop to...a value much lower 
than the pressure supplied by. pump 22a. Con 
sequently, the pressure at connector 60a will ma 
-terially exceed that at connector- 6-la, and the 
piston member 53a will be moved to the position 
indicated in dotted outline in Fig. 2. While this 
necessitates overcoming the urging of spring 62a, 
the strength of the latter is selected so that the 
pressure supplied by the pump. 22a is adequate 
to do this. - -- 

With the piston member, 5.3a in the position 
shown in dotted outline, a fluid connection-is-es 
tablished between connector. 60a and connector 
65a, this pressure being substantially equal to 
that supplied by the pump.22d. Consequently, the 
pressure supplied. by... the pump. 22a is trans 
mitted through tubing 73a to the chamber 44 
of the by-pass valve 30, moving. the piston. 36 
in the latter to open the valve, against the urging 
of spring 33, to permit the free flow of hydraulic 
fluid between chambers. 23 and 24; -- 
Considering control-valve 50, when the pressure 

supplied by pump 22 is materially decreased, the 
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pressure at fluid connector 60 is materially lower 
than that at fluid connector. 6. However, since 
the piston member 53 of control valve 50 is al 
ready held in its normal position by spring- 62, 
no additional movement of the piston member 53 
occurs because of the failure of pump. 22, and 
thus the by-pass valve 30a remains in its closed 
position. 
Since the connections for each-system are simi 

lar, it will be appreciated that should the system 
connected to pump 22a fail while the system con 
nected to pump 22 remains operating, control 
valve 50 will be operated to open by-pass valve 
30a, so that hydraulic cylinder Ga is released to 
move freely while cylinder.0 performs the actual 
work in moving the member to be controlled. 
It will thus be seen that we have provided a 

hydraulic control system possessing great reliabil 
ity of operation. While the need for such a sys 
tem is somewhat limited, in certain applications 
such as the operation of the control boost sys 
m of an aircraft, reliability of operation is of 

primary importance, and it is for just such ap 
ications that our system is designed. Prefer 

ably, the thickness of the piston 54a is made 
greater than the opening of the fluid connection 
from the connector 65a into the bore 52a so that there is no possibility of fluid passing directly 
from connector 60a to connector 66a as the piston 
moves from its normal to its operated position. 
In this manner, each of the two control systems 
operates so that customary control and operat 
ing members and design procedures may be used. 
While it is obvious that the control and op 

erating members may be varied to suit the in 
dividual requirements of the job, such changes 
will be apparent to those skilled in the art and 
need not depart from the scope of the invention 
as herein defined. Consequently, we do not wish 
to be restricted to the particular form or arrange 
ment of parts herein described- and shown, ex 
cept as limited by our claims. 
We claim: 
1. In combination: a hydraulic cylinder, a-pis 

ton within said cylinder; first and second pres 
sure supply means; means for selectively coupling 
aid first pressure supply means to the ends of 
said cylinder for moving said piston in either 
direction within said cylinder; a normally closed 
by-pass valve fluid coupled between the opposite 
ends of said cylinder; and means coupled be 
tween said first and second pressure supply means 
and responsive to the failure of said first pres 
sure supply means for opening said by-pass-valve. 

2. A hydraulic control system comprising:- a 
hydraulic cylinder; a piston positioned in said 
cylinder; first and second-hydraulic pressure sup 
ply means; means fluid coupled between said first 
supply means and opposite ends of said cylinder 
for selectively. applying pressure from said first 
supply means to opposite ends of said piston to 
move said piston in either-direction; a normally 
closed by-pass. valve. fluid coupled between op 
posite. ends of, said cylinder; means coupled to 
said: by-pass valve. for opening Said valve to 
equalize the pressures at the ends of said piston; 
andpiressure responsive-means... coupled between 
said first and second supply...means. and operable 
upon-failure. of said: first Supply, means for actu 
ating. the means... coupled to said by-pass, valve. 

3. A hydraulic control. System comprising: a 
hydraulic cylinder; a piston positioned in Said 
cylinder; pressure. supply, means; control means 
for-selectively. applying the pressure from said 
pressure. Supply...means...to. opposite ends...of said 
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piston for moving said piston within said cylin 
der; a normally closed by-pass valve fluid con 
nected between opposite ends of Said cylinder; 
piston means mechanically coupled to Said by 
pass valve for selectively opening said valve; a 
source of auxiliary pressure; a normally closed 
valve fuid coupled between said auxiliary pres 
sure source and said piston means; and pressure 
responsive means coupled between said pressure 
supply means and said auxiliary preSSure Source 
and operable upon failure of Said preSSure Sup 
ply means to open the last-named valve, whereby 
said auxiliary pressure source actuates Said piston 
means to open said by-pass valve and permit free 
fluid transfer between the ends of Said cylin 
der. 

4. A hydraulic control system including: a hy 
draulic cylinder; a piston positioned in said cylin 
der; pressure supply means; control means for 
selectively directing the pressure from said pres 
sure supply means to opposite ends of Said piston 
for moving said piston within Said cylinder; a 
by-pass valve fluid coupled between opposite ends 
of said cylinder, said valve having a novable 
valve element positioned therein, a Spring coupled 
to said valve element urging said element to nor 
mally close said valve, and a piston mechanically 
coupled to said valve element for selectively mov 
ing said valve element against the urging of Said 
spring to open said by-pass valve; an auxiliary 
pressure source; a normally closed fluid connec 
tion between said auxiliary pressure Source and 
the piston of said by-pass valve; and means 
fluid coupled between said pressure Supply means 
and said auxiliary pressure source and responsive 
to the failure of said pressure Supply means for 
opening said normally closed fluid connection 
whereby said auxiliary pressure source actuates 
the piston of said valve, said piston moving Said 
valve element to open said by-pass valve and per 
mit free transfer of fluid between the ends of 
said cylinder. 

5. A hydraulic control System comprising: a 
hydraulic cylinder; a piston positioned in Said 
cylinder; first and second pressure Supply means; 
control means fluid connected between Said first 
pressure supply means and opposite ends of Said 
cylinder, said control means Selectively apply 
ing pressure to opposite ends of Said piston for 
moving said piston; a normally closed by-pass 
valve fluid coupled between opposite ends of said 
cylinder; piston means coupled to Said by-pass 
valve for selectively opening Said valve to fluid 
connect the ends of said cylinder; a control valve, 
said valve comprising a housing having a chamber 
therein; a first fluid path communicating be 
tween one end of said chamber and said first 
pressure supply means; a second fluid path com 
municating between the other end of Said chan 
ber and second pressure Supply means; a third 
fluid path communicating between said chamber 
at a point intermediate the ends thereof and 
said piston means; and a piston positioned in the 
chamber of said control valve, Said piston being 
maintained in a first position Within Said cham 
ber by the differential pressure between the first 
and second supply means, Said piston being re 
sponsive to the failure of Said first preSSure Sup 
ply means for movement in said chamber to a 
second position, said piston, in both positions, 
fluid separating said first and second fluid paths, 
and fluid separating said first and third fluid 
paths, said second and third fluid paths being 
fluid separated by said piston in the first posi 
tion thereof, and fluid coupled in the second po 
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sition thereof whereby said second pressure Sup 
ply actuates Said piston means to open said by 
pass valve and allow free movement of the pis 
ton Within Said cylinder. 

6. In a hydraulic control system, the combina 
tion comprising a hydraulic cylinder, a piston po 
sitioned within said cylinder for movement in 
either direction along the axis of Said cylinder, a 
Source of fluid preSSure, control means fluid cou 
pled between said source and said piston for Se 
lectively applying the preSSure from Said source 
to opposite ends of said piston to move said piston 
in either direction, a fluid conduit coupled be 
tween Opposite ends of Said piston, a normally 
closed by-pass valve within said conduit, an aux 
iliary fluid pressure Supply, fluid pressure respon 
Sive means coupled between said auxiliary sup 
ply and Said by-pass valve for opening said by 
pass valve to permit fluid to flow freely through 
Said conduit from one end of Said piston to the 
Other, and means fluid coupled between said fluid 
pressure responsive means and said auxiliary 
Supply for applying pressure from said auxiliary 
Supply to said fluid pressure responsive means to 
actuate Said fluid pressure responsive means, the 
last-named means being fluid coupled between 
Said Source and Said auxiliary Supply and opera 
ble in response to failure of said source. 

7. A hydraulic device for moving a movable 
member in either of two opposite directions, said 
device including differential pressure responsive 
means for Inoving the member in either direc 
tion, means fluid coupled to said differential pres 
Sure responsive means for selectively applying 
differential pressures to said responsive means to 
actuate Said responsive means, pressure respon 
sive means fluid coupled to said differential pres 
Sure responsive means for equalizing the differen 
tial pressure across said differential responsive 
means, the last-named pressure responsive means 
being normally inoperative, an auxiliary pressure 
Supply, and control means fluid coupled between 
Said auxiliary pressure supply and said last 
named pressure responsive means for applying 
the pressure from Said auxiliary pressure supply 
to Said last-named pressure responsive means to 
Operate said last-named pressure responsive 
means, said control means being operable upon 
failure of Said differential pressure applying 
ea.S. 
8. A hydraulic device for moving a movable 

member in either of two opposite directions, said 
device including differential pressure responsive 
means for moving the member in either direction, 
means fluid coupled to said differential pressure 
responsive means for selectively applying differ 
ential pressures to Said differential pressure re 
Sponsive means to actuate said differential pres 
Sure responsive means, valve means fluid cou 
pled to Said differential pressure responsive 
means for equalizing the differential pressure 
acroSS Said differential pressure responsive means, 
Said valve means being normally inoperative, an 
auxiliary preSSure Supply, and pressure respon 
Sive means fluid coupled between said auxiliary 
preSSure Supply and Said differential pressure ap 
plying means for Operating said valve means 
upon failure of Said differential pressure applying 
leaS. 
9. A hydraulic device for moving a movable 

member, said device including pressure respon 
Sive means for moving the member; means fluid 
coupled to said pressure responsive means for 
applying pressure to said pressure responsive 
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means, normally inoperative means fluid coul 
pled to said pressure responsive means for 
rendering said pressure responsive means inef 
fective to impede the movement of the movable 
member, an auxiliary preSSure Supply, and dif 
ferential pressure responsive means fluid cours 
pled between said auxiliary pressure supply and 
the pressure applying means and responsive to a 
predetermined differential pressure between Said 
preSSure applying means and said auxiliary pres 
Sure Supply to operate said normally inoperative 
eaS 
10. In combination: first and second hydraulic 

devices, each of said devices comprising a cylin 
der, a movable piston positioned within said cyl 
inder, pressure Supply means fluid coupled to op 
posite ends of said cylinder for selectively apply 
ing pressure to opposite ends of said piston to 
move Said piston, and a normally closed by-pass 
valve fluid coupled between opposite ends of said 
cylinder; and differential pressure responsive 
means fluid coupled between the pressure supply 
means of said first and second hydraulic devices 
and Operable upon failure of said pressure Sup 
ply means of said first device for opening the by 
pass valve of said first device, said pressure re 
sponsive means being further operable upon fail 
ure of the pressure supply means of said second 
device for opening the by-pass valve of said sec 
Ond device, the opening of either of said by-pass 
valves permitting free movement of the piston of 
the hydraulic device associated with the open 
by-pass valve. 

li. In combination: a first hydraulic System 
comprising a first hydraulic cylinder, a first pis 
tOn positioned. Within said cylinder, first pressure 
Supply means, means fluid coupling Said first Sup 
ply means to opposite ends of said first cylinder 
for Selectively applying pressure to the ends of 
said first piston for moving said piston, and a 
normally closed first by-pass valve fluid coupled 
between opposite ends of said first cylinder; a 
Second hydraulic system comprising a second hy 
draulic cylinder, a second piston positioned with 
in Said Second cylinder, second pressure supply 
means, means fluid coupling said second pressure 
supply means to opposite ends of said second 
cylinder for Selectively applying pressure to the 
ends of Said Second piston for moving said pis 
ton, and a normally closed second by-pass valve 
fluid coupled between opposite ends of said sec 
Ond cylinder; first control means coupled between 
Said Second Supply means and said first by-pass 
valve for selectively opening said first by-pass 
valve to equalize the pressure at each end of said 
first piston for permitting movement thereof; 
Second control means coupled between said first 
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supply means and said second by-pass valve for 
selectively opening said second by-pass valve to 
equalize the pressure at each end of said second 
piston for permitting movement thereof; and 
means coupled between said first and second Sup 
ply means and responsive to the failure of said 
first Supply means for actuating said first con 
trol means, the last-named means being respon 
Sive to the failure of Said second supply means 
for actuating said second control means. 

12. A hydraulic control System for actuating 
a movable member, said system comprising: first 
and Second hydraulic cylinders; first and second 
pistons positioned in said first and second cyl 
inders, respectively, said first and second pistons 
being connectable to the movable member; first 
and second fluid pressure supply means; a first 
control means for selectively applying pressure 
from Said first pressure supply means to oppo 
site ends of said first piston for moving said first 
piston; second control means for selectively ap 
plying pressure from said second pressure Sup 
ply means to opposite ends of said second piston 
for moving Said Second piston, said first and sec 
Ond control means being mechanically coupled 
for moving said first and second pistons simul 
taneously to jointly actuate the movable mem 
ber; a normally closed by-pass valve fluid cou 
pled between opposite ends of said first cylinder; 
piston means coupled to said by-pass valve for 
Selectively opening said valve and allowing a fluid 
Connection between the ends of said first cylinder 
to permit free movement of said first piston; nor 
mally closed valve means fluid connected between 
Said piston means and said second fluid pressure 
Supply means; and means coupled between said 
first and second pressure supply means and re 
Sponsive to the failure of said first pressure sup 
ply means for opening said normally closed valve 
means whereby said second pressure supply 
means actuates said piston means to open said 
normally closed by-pass valve and permit free 
movement of said first piston within said first 
cylinder. 
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