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1 , _

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
effact, one of these means should any failure oc-
cur 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-
tems,. 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 between:them, but.each:-of which.is fully
capable: of providing. the. desired. control should
the.other system fail,

" One.of the commonly used. actuating elements
of a hydraulic. control. systém is.a: double: acting
piston mounted within a.cylinder adapted - to. have
fluid. under pressure injected at. either end. If
fluid is forced.into one.end of the.-cylinder while
simultaneously, being released. at the.other end,
the piston.therein. will-be. moved.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 thHat system. is- efféctively
held against movemerit, even though the othér
system is Tunctioning and attempts to mové. the
member to which both; pistons are. conrected.
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 pisten
may be readily transferred to the other end there-
of, so that the piston.is freely. movahle. Ih nor-
mal operation, the by-pass.valve.is closed so that
the piston and’ cylinder operste ifithe conven-
tional.fashion, but’when'a failure;oceurs. in the
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control system,. the by-pdss valve is opened so
that-the other, independent system may operate
in the normal 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 o 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 cbject of our invention:is to pro-
vide g, pilot or control- valve: to opent a-by-pass
of the type previously mentioned.

It isi o stills further object of our invention to
provide:such' a: valve and systeny which: are light
in- weight. and: simple: in: operation: so that the
advantages of this systemimay-be hiad in: applica-
tions. where: space: and. weight dre important
faetors:-

These:and-other objects and advantages of our
invention will-become apparent from the follow-
ing description: of” & preferred forin: thereof, and
from the drawing:illustratitie: that form-in'which

Fig: 1is'a; disgramsshowing the:complete layout
and-connections:of out systéem; and

Fig. 201§ an: enlarged: view’ of’ & portion of the
by-pass: control-valve used!therein.

Referrifig-riow to:tHe drawihe and: particularly
to° FigY 1t thereof; the'riumeral- 16°indicates gen-
erally a- double-acting piston- and cylinder of
a:-conventiongl’ type Having: g- piston: I1° withinh
a- housihg: or eylinder- 12 The ends: of- the: cyl-
inder- 12- are' closed’ by caps- 18 through which
a’ piston- rod {4 extends- to connect: to  the de-
vite® to' be- controlled" (not- shown). Suitable
tubitig 15 is- Auid- conriected’ to one end of
the cylinder 12! while® similar tubmg 16 is like-
wise- connected" tothe-other end’ thereof, both of
these: tubes extending® to a suitable hydraulic
selector-valve: 17 Selector valves' of this type
are'well known in the'art and are so designied that
they- may-be connected through suitable hydrau-
lic' tubing 20 to a* source* of’ hydrauhc pressure
sueh-as a:pumip-22! Similarly; provision is'made

.to connect the valve | T through tubing 21 to ares-

ervoir-or-return-line of ‘the pump 22, thereby pro-
vidig~ a- complete, operative system. By suib-
ably operating: the" valve 11, a fluid connection
may be establistied therethrough from the supply -
line: 20 to the tubing”15; simultarieously complet-
mg ‘o Ayl connectlon from: tHe tubing: 16 to the
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return line 24. Fluid will thus be forced into a
chamber 23 between the piston §i and one end
of the cylinder 12, 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 1 to
be moved toward the chamber 24, to the right
in Pig. 1, thereby operating the eguipment to
which the piston rod (4 is connected. By revers-
ing the operation of the valve I7, the piston I
may be moved in the opposite direction, while in
intermediate positions of the valve, both of the
tubes {5 and {6 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 reguired, we have found it desir-
able to provide a duplicate system, identical to
that just described, including a double acting
piston {i{e and eylinder ifa, a control valve 1ig,
and various connecting members adapted to pro-
vide a fluid connection to pump 22a or other suit-
able pressure supply means. The controlling
members of the valves 17 and {7e are mechani-
cally linked together so that both are simul-
tanecusly operated to cause a simultaneous move-
ment of the piston rods I8 and {4a. Both of these
piston rods are connected to the member to be
controlled, and the size of the hydraulic cylinders
{0 and i%a and their respective sources of fiuid
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 108 will be trapped,
effectively locking piston [I. By connecting a
valve between the chambers 23 and 24 of the
cylinder 19, 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. TUnder normal conditions, the valve
will be closed so that conventional operation of
the cylinder 10 will be had but when a failure
occurs, the valve is opened. Consequently, any

valve which is connected between the chambers 5

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 confrol 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
souree 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 31 is
provided with a rather small hydraulic eylinder
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 25, 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 41 to chamber 23 of the hydraulic cylinder
10, 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 38, chamber 44, is con-
nected by a fluid connection 73a 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
hydraulie cylinder 10, and the piston {1 may thus
be freely moved throughout its entire length of
travel.

To operate the by-pass valves 30 and 38a, we
have developed a control valve connected be-
tween the pumps 22 and 22¢ 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 BBa 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 50c
are identical to each other and are similarly con-
nected to corresponding parts.

Within a housing §l¢ having an axially ex-
tending bore 52a therethrough, we mount a com-
pound piston member 53¢ having a piston 54a at
one end thereof with a spaced piston §5¢ con-
nected to the end piston 54c¢ by a reduced portion
56a acting as a connecting rod. The pistons 54a
and 55¢ thus move as a unit, and fluid connec-
tions 60 and §fe¢ are mounted in opposite ends
of the housing 5ia to admit fluid under pressure
into the axial bore b2a, to act upon the pistons
54a and 55a, respectively. A spring 62a extends
from the fluid coupling 6ia to the adjacent end
of the piston 55¢ to urge the latter and the piston
54a toward the fluid connection 60a, while a rod
63a¢ within the spring prevents undesirable flex-
ing or bending thereof.

By reference to Fig. 2, it will be seen that a
chamber 64c is formed between the adjacent
faces of the pistons 54¢ and 55a within the bore
52a. This chamber will move with the piston
member 53a, and we provide a pair of fluid con-
nections adapted to be connected to this chamber
when the piston member §3¢ is in its normal posi-
tion, indicated in Pig. 1 and shown in full or solid
outline in Fig. 2. As illustrated, one coupling 65¢
is fluid connected to the bore §2a¢ 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 65¢ and the adjacent
face of piston 55z¢. Consequently, while there is
normally a fluid connection between the connec-
tors 85a and 66a, movement of the piston member
53c 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 62¢ urges the piston mem-
ber 53a agamst the’ connect I 60a, biit Wheit the
pressure différential’ between oppos1te ends “of
the piston member becomes suﬁlmently great the
latter w1ll “be “thoved {6 “the” alternate” position
shown in Fig. 2, w1th thé end-of the Tod-63a’ béar-
ing against the fluid connector Gla, to hmit the
movement of"the p1ston ‘member.

"Thé various fluid connectors are suitably at-
tachéd and connécted to varlous portions of the
hydraulic control system, as indicated i Pig. 1.
Thus, fluid’ connector 60a i§ connected by tubmg

Toe and Tic to the pressure or d1scharge side of'

pump 22qa, while connectér 6ia i§ connected by
tubing 12a¢ and- 71 to the pressure or dlscharge
side. of pump 22 $0 that thése two pressures are
palanced against each other w1thin thé bore 52a.
‘Connector 654 is connected by tubmg 130 to the
connector 38 ‘of-the by-pass valve. 30, while con~
nector 68a is connected: by tubing 14a to the re-
turn or intake connéction of putiip. 22a. ’

. The opefation of the controlvalvé §0e may.now
be understood. When the pressures supphed by
the pumps 22 and 22« are substantially equal the
piston member 53¢ will- have. the ‘outer. faces of
the pistons 54a and 5%¢ subJected to substan-
tially-egual pressures, but the spring 63a, actmg
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 F1g 1. Tnder
these conditions, fluid- connéctors. 65z and- 66a
-are fluid connected through the chamber.64a so
that the intake or return connection of pump-22a
is. connected  through tubing- Ta, connéctor 664,
chamber 64g, connector 65¢. and- tublng- 13a-to
chamher. 44. of the by-pass- valve 30: Conse-
quently, the pressure within. chamber- 44-is low,
and- sbring. 33 urges the. valve.32.to.closed: posi-
tion. so that. the hydraulic cylinder . {0- operates
in the normal manner. By.similar.connéctions
‘to.pumps 22 and: 22a, and: by-pass valve.30c, the
hydraulic cylinder. {0c. is-caused: to operate in-a
similayr manner.

However, should.the. pressure in.one of the-two
hydraulic. systems, for. example, the.system. con-
nected to.pump. 22; fail while. the. other system,
that connected: to. pump. 22¢; remains. in. opera-~
tion; the. control valve. 50a will: be operated: to
open. the by-pass. valve 30:So- that-the. hydraulic
cylinder {8 may be freely operated without-plac-
ing an excessive load on. the. hydraulic. eylinder
t0a. When the. pressure. fails, the pressure in
lines. T4 and. T2a.will drop.to.a value much. lower
than the pressure supplied:by- pump 224, Con-
sequently, the pressure: ‘ab conneétor 60q will: ma-
-terially. exceed: that- at- connector- 64e, and: the
piston member 53q will be moved-to the- pos1t10n
indicated in dottéd outline in Fig. 2: While this
necessitates overcoming the urging-of- spring 624,
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. $3¢- in. the position
shown.in dotted outline, s.fluid:connection is-es-
tablished. between. connector- 60 and: connector
-§5a, this pressure being substantially equal- to
that.supplied by the.pump.22q. Consequently, the
pressure: supplied: by. the. pump- 22a. is- trans-
mitted through tubing 13a to the chamber- 44

of . the by-pass valve 30, mioving. the: p1ston 36

in the latter to open the- valve, agamst tHe urging
of-spring-33, to permit. the free’ ﬂow of- hydrauhc
filid: between chambers. 23 and: 24:
‘Considering control-valve 50;- when-the pressure
:supblied: by plinap 22 is ‘materially decreased; the

10

15

20

25

30

40

55

60

65

70

76

6

pressure at fuld connector 60 is materially lower
than that at fluid-connector-§1. However, since
the plston member- 53 of control valve 50 is al-
ready held in its normal position by- spring- 62,
no add1t1ona1 movement of the: piston member 53
occurs because of the failure of pump- 22, and
thus. the by-pass valve 30a remams in its closed
pos1t10n )

‘Since the connections for each system are simi-
lar, it will be appremated ‘that-should: the system
connected-to pump 224 fail wnlle the system con-
1el edw to puinp 22 rémains operating, control
valve. 50" will- be operated: to open by-pass. valve
Sﬁa so that hydrailic-cylinder- i6a is released: to
move freély while cylinder +§ performs the-actual
work in moving the member to be controlled.

It w111 thus be seen that we have provided a
hydrauhc control system possessing great reliabil~
1ty of operation. While the need foi-such a sys-~
temis somewhat limited, in certain applications
such as the operatlon of the control boost sys-

greater 'than"the opening of the fluid- connection
from the connector 65a into the bore 52¢-50.-that
there is no pos51b111ty of- fluid: passing directly
from connector §0q to connector 66a as the piston
moves frcm 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.

VWhile it is obvmus ‘that- the control and op-
eratlng members may be varied: to suit- the. in-
dividual requirements of- the- job, such. changes
w111' be apparent to those- Skllled in- the art' and
need not depart from the scope of the-invention
as herem defined. Consequently, we-do not wish
to be restr1cted to the partlcular form: or-arrange-
ment of ‘parts hérein described- and shown, ex~
cept as limited by our claims.

We “claim:

1. In combmatmn a hydraulic-cylinder, a-pis-
ton ‘within sa1d cylinder; first-and second pres-
sure supply means means for selectlvely coupling
said first pressure supply means- to- the ends - of
sald cyhnder for movmg said piston in either
d1rect10n within said cylinder; a hormally-closed
by-pass valve fluid coupled between. the opposite
ends of said cyhnder and means coupled: be-
tween said: ﬁrst and second pressure supply means
sure supply means for openmg sald by~ pass valve

P A ‘hydraulic control system comprising:- a
hydrauhc cylinder; a piston positioned. in- said
cyhnder 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. direetion;. 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;

and. pressure. 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- contrel: system comprising: a
hydraulic. cylinder;. a. piston positioned. in said
cylinder;. préssure. supply. means; -control means
for- selectively. applying the pressure. frem. said
pressure. supply. means. to opposite .ends..of -said




2,616,264

7

piston for moving said piston within said eylin-
der; a normally closed by-pass valve fluid con-
nected between opposite ends of said cylinder;
piston means mechanically coupled fo said by-
pass valve for selectively opening said valve; a
source of auxiliary pressure; a normally closed
valve fluid 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 gctuates said piston
means to cpen 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 eylinder, said valve having a movable
valve element positioned therein, g 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
eylinder, said control means selectively apply-
ing pressure to opposite ends of said piston for
moyving 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 fiuid
connect the ends of said cylinder; a contrcl 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 cham-
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 af 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
aother, 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
sald source and said auxiliary supply and opera-
ble in response to failure of said source.

7. A hydraulic device for moving g movable
member in either of two opposite directions, said
device including differential pressure responsive
means for moving the member in either direc-~
tion, meang 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
means.

8. A hydraulic device for moving a movable
member in either of two oppaosite 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 differentia] pres-
sure responsive means, valve means fluig cou-
pled to said differential pressure responsive
means for equalizing the differential pressure
across said differential pressure responsive means,
sald valve means being normally inoperative, an
auxillary pressure supply, and pressure respon-
sive means fluid coupled between said auxiliary
bressure supply and said differential pressure ap-
plying means for operating said valve means
upon failure of said differential pressure applying
means.

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



2,616,264

9

means, normally inoperative means fluid cou-
pled to sald 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 cou-
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
means.

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.

11, In combination: a first hydraulic system
comprising a first hydraulic eylinder, 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-
draulie 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.

DAVID GRANT.
LELAND V. HALL.
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