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i

Certain types of hydraulic jacks and motors
are controlled by a control valve, which con-
trols the rate and direction of the supply of liquid
under pressure to produce movement of an out-
put member in a direction and fo an extent de-
termined by the movement imparted to the con-
trol valve by a manually operable input member.
When such servomotors are used for the direc-
tional control of aircraft, ships or vehicles it is
necessary to take precautions against failure of
the servomotor to move in response to the oper-
ator’s signal, or continued movement in a con-
trary direction to that desired by the operator,
as a result of seizure of the control valve. Pro-
vision for this may be made by connection of
the manually operable input member, by which
movement is imparted to the control valve, to a
collapsible link which will collapse under the
extra force applied to the input member in the
event of seizure of the control valve, and thereby
actuate mechanism for rendering the servomotor
ineffective, despite continued seizure of its con-
trol valve, to prevent movement of the output
member to the desired position, either manually
or by means of another servomotor. In United
States application Serial No. 164,654 there is de-
seribed an arrangement of this character, in
which collapse of the collapsible link operates a
valve to cut off the pressure supply to the control
valve and establish a conhection betweent the op-
posite ends of the jack or motor.

As a precaution against loss of control due to
failure of the supply of liquid under pressure,
or any functional defect except seizure of the
output member, two identical servomotors with
separate sources of Dpressure supply may be
coupled to a single output member, the control
valves of both servomotors being conftrolled by
a cominon input member and each control valve
being associated with a collapsible link arranged,
when it collapses, to render the associated servo-
motor ineffective to prevent positioning of the
output member by the other servomotor. When,
however, either of the collapsible links operates,
the: associated servomotor loses its irreversibility.
Operation of the remaining collapsible link,
again as a result of valve seizure, will result in
a complete loss of irreversibility arid, where the
output forces are so large as to render manual
force insignificant, loss of control.

The probability of the two collapsible links
collgpsing in succession during a flight of an
aireraft is small, but as the results dre so serious
it is probably less hazardous to prevent the sec-
ond link from collapsing and to rely-on the pilot’s
ability to free the second seizéd valve by appli-
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cation of manual force to. the input member.
If this procedure is:adopted, the pilot at least
has a chance of remedying matters if the second
control ‘valve seize parfially.
The invention. accordingly provides the com-

.bination, with 2 manually operable input mem-

ber and an output member, of a pair of hydraulie
actuators (i. e. jacks or motors) arranged nor-
mally to cooperate in maving the output member
in a direction and to a position determined by
the movement imparted to the input member,
each actuator having a control device linked to
the input member and a collapsible member ar-
ranged to-collapse on seizure of the control de-
vice, to- render the actuator ineffective to pre-
vent- movement of the output member by the
other-actuator, and means operative on collapse
of either member to lock the other member
against collapse.

In the cases hereinafter described with refer-
ence to: the drawings, the control devices of the
actuators are constituted by -control valves. In
some cases, however, the actuators may be con-

trolled by variable stroke hydraulic pumps so-as
5 to -position the output member in accordance

with the position assumed by the input member.

Where hydraulic jacks are used of the: type
described in United States . application No.
785,837, now Pat. No. 2,566,273 issued August
28, 1951, so that they are irreversible in the
event of pressure failure, the jacks may derive
pressure: from ‘the same source, provided provi-
siont is inade, in the event of collapse of either
member, for-cutting off the pressure supply from
the control valve of the affected jack. I prefer,
however, to provide a separate source of pres-
sure-for éach jack.

Some :embodiments of the invention will now
be described in detail, by way of example, with
reference to¢ the accompahnying drawings, in
which: :

Fig. 1 shows a. purely ‘mechanical interlock
between the two collapsible members,

Fig. 2 shows an electromagnetically operated
interlock between the two collapsible members.

Figs. 3 and 3¢ are diagrams showing the appli-
cation of the interlock of Fig. 1 to-a system:em-
bodying duplicated hydraulic metors.

Like reference numerals indicate like. parts
throughout the figures.

It will be convenient first to describe the sys-
tem shown in Figs. 3 dand 3% thereafter to de-
scribe in-detail the forms of interlock shovwnm in
Figs. 1 and 2. )

In the arrangement shown in Fig. 3%, two hy-
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draulic motors 83, 832 serve to operate a control
surface. Parts associated with the servomotor
832 bear the same reference numerals as corre-
sponding parts associated with the servomotor
83, with the addition of the suffix a.

The pilot’s input member 29 is connected to a
link 84 which, on movement of the input mem-
ber, turns about a pivot 85 to shift a linkage 86,
87, 87, 187, 1872, thereby moving the two con-
trol valves 36, 362 in the same direction.

But one of the hydraulic motors, 83, will be

described, the other 832, being of precisely simi-
lar construction. The motor 83 comprises a
shaft 88, carrying a pair of eccentrics 89, 90
spaced at 180° (i. e. in antiphase) on the shaft.
Associated with the eccentric 89 is a set of six
cylinders, each containing a piston 91, these cyl-
inders being located radially in relation to the
shaft 88. A similar set of six cylinders each con-
taining a piston 92, is associated with the eccen-
tric 90. Associated with each aligned pair of
cylinders is one of six distributing valves 93,
each of which is held by a spring 94 in contact
with a swashplate 95 on the shaft 83. For sim-
‘plicity but one pair of aligned cylinders, con-
taining pistons 91, 92, and but one associated dis-
tributing valve 93, are shown in Fig. 3. The
motor has a drain connection 183 for leading
“away liquid which may leak past the pistons 81,
92 or the distributing valves 93.

Pressure is supplied, from an inlet 317,via a nor-
mally open valve 160 to an inlet port 40 associated
with the control valve 36. The valve 36 also con-
“trols outlet ports 41 connected to an exhaust out-
‘let 46. Associated with the control valve 36
is a collapsible member 23, and during normal
operation the link 187 pivots about its point of
attachment to the member 23 to impart sliding
movement to the control valve. -

As will readily be seen, sliding movement of
the control valve 36 establishes alternative pres-
sure and exhaust connections to lines 96, 97
"leading to each of the distributing valves 93.
This results in sympathetic movement of  the
pistons 81, 92 thereby actuating the eccentrics
89, 90 to rotate the shaft 88 in a direction deter-
mined by the direction of movement of the con-
trol valve 36. Thus, if line 96 is connected to
pressure, and line 97 to exhaust, the piston 92

will be caused to move in and the piston 81 to ;

move out. As the shaft 88 rotates, the swash-
‘plate 95 imparts continuous reciprocating move-
ment to all of the valves 93 so that the asso-
-ciated pistons 91, 92 will be alfernately con-
nected, at the proper times, to pressure and
exhaust.

The shafts 88, 882 of the two motors drive,
“through gear wheels 98, 982 a, common gear wheel
99 connected, by bevel gearing 100 to a threaded
sleeve 181, engaging a pair of screw jacks 102
which are moved inwards or outwards, according
to the direction of rotation of the member (01,
to impart movement to the two portions of the
control surface, not shown.

In screw threaded engagement with the boss
-of the gear wheel 99 is a follow-up rod 103 which
-operates, by rocking the link 84 about its pivotal
attachment 104 to the input member 28, to re-
turn the control valves 36, 362 to neutral position.

The collapsible member 23 is of the construc-
-tion described in United States application Serial
.No. 164,653 and comprises a tube 51 mounted to
slide in a housing 22, a number of balls 53 which
project through holes in the tube and into holes
.56 in the housing, and a plunger 52 having a
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conical head §7 which is held by a compression
spring 54 in position to hold the balls 53 in the
position shown. Normally a catch 65 on the tube
51 coacts with a catch 17 associated with the valve
160 to hold the valve open against the action of
its spring 18 as shown.

If the valve 36 should seize, the force exerted
by the pilot on the input member 29 will cause
the member 23 to collapse, as described in United
States application Serial No. 164,653. The follow-
ing sequence of events will then occur:

The catch 17 will be freed, allowing the valve
160 to be closed by the spring 18. This cutfs off
pressure from the confrol valve 3§, and also
from a line 105. As long as there is pressure in
the line 105, a plunger 1066 is held, against the
action of a spring 107, to maintain contacts 108,
109 closed. When the pressure is cut off, the
spring 107 causes the contacts 108, 109 to be
separated, thereby lighting a warning lamp.
When the valve 160 closes, its stem (10 moves into
position to open a connection between the lines
96, 97, thereby allowing the hydraulic motor 83
to run freely, as it is driven through the gears 99,
98, on continued operation of the still effective
motor 832.

On seizure of the control valve 363, a precisely
similar action takes place. The member 232 col-
lapses and the valve 1602 closes, to cut off pres-
sure from the valve 362, to energize the associated
warning lamp, and to connect together the lines
862, 97a,

Interlocking bolts i1, 111> extend between
plungers 112, 1122, constituting extensions of the
tubes 51, 512 of the two collapsible members and
their function and operation will now be described
with reference to Fig. 1. Within the plungers
112, 1128 gre disposed resetting plungers 58, 582
for the collapsible members which operate as de-
seribed in United States application Serial No.

164,653.

In Fig. 1, the link 86 operated by the input
member is shown connected to the plungers 112,
1122 of the two collapsible members and to con-

“trol valves of two hydraulic jacks or servo motors,

contained in housings 25, 25* by linkages 287,
281s, Each of the plungers ({2, {122 may be nor-
mally prevented from moving in relation to the
housing 22 by a shear pin, instead of by a reset-
table collapsible member of the kind shown in
Fig. 3.- The two locking bolts {1, {fl> are of
identical construction. One only will therefore be
described. ‘The plunger [i{ has, at one end, a
rounded head 4 which is held by a spring 5 in
engagement  with a rounded groove 6 in the
plunger 112 and at the other end a square head 7
which is held, by the spring 5, clear of a square
groove 82 in the plunger 1122, The rounded heads
4, 4= of the two bolts face in opposite directions,
the head 4» of the bolt 11> normally engaging
the rounded groove 6* in the plunger 1122,
When either plunger (12, {12> moves axially,
in response to an excessive load, the rounded head
4 or 42 of the bolt engaging it is forced out of the
rounded groove 6 or 6* in the plunger, and the
square end 1 or 12 of that holt engages the cor-
responding groove 8 or 82 in the other plunger to
lock the other plunger against axial movement.
‘When either bolt is so moved into locking posi-
tion, a pin 9 or 99, loaded by a spring {0 or {0s,
snaps into a recess {1 or {2 in the bolt to hold

it in locking position.

Thus, while both plungers 112, 1122 are 1n1t1ally
free to collapse, collapse of either will move one
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of the locking bolts to hold the other against
collapse.

This type of interlock ean only conveniently
be used where the two actuators are actuated
fairly close together. If it is desired to place
the actuators further apart, e. g. at opposite ends
of an aircraft control surface, the interlock may
be effected eleetrically, as shown in Fig. 2.

In this arrangement, each of the locking bolts
is divided into two parts. As the locking bolts
are of identical construction, but one will he de-
scribed. Corresponding parts of the other are
given the same reference numerals, plus the suffix
@. 'The locking bolt comprises a part 211 hav-
ing d rounded head 4 urged by the spring § into
engagement with the square groove 82 in the other
plunger 112, and a pait 311 having a square head
1 whieh is nermally held by a spring i5 out of
engagement with the square groove 82 in the other
plunger {122, The patft 311 abuts at its upper
end against a core 60, disposed in a solencid 61
and attached to the part 311 is & rod 12 of in-
sulating material which passes upwardly through
the core 60. The core 69 and rod {2 each carry
one of & pair of contacts 19 which are normally
held -closed by a spring (15.

When the plunger 112 is displaced axially, it
forces the part 211 inwards, against ifs spring
5, into position to make a pair of contacts 432,
the part 211 being locked in this position by
entry, into a groove {4 in it, of a bolt 18 loaded
by a spring 11.

Closure of the contacts |3 completes a circuit
between leads 18, and normally closed contacts
19, 20 to energise the solenoid €1. This attracts
the core 60 and forces the part 311 outwardly
to the locking position in which its head T en-
gages the groove 8 in the plunger 1122, A bolt
21 is theén forced inwards, by a blade spring 320
supporting one of the contacts 20, to engage
a groove 121 in the part 311 to hold the latter
in locking position. Movement of the bolt 21
to locking position opens the contacts 20, there-
by ‘de-energising the solenoid 61. The core 60
of the solenoid will then be moved, by its spring
{15, to carry its associated contact 19 away from
the other contact 19 which is mounted on the rod
12 fixed to the member 311. This prevents res-
toration of the flow of current through the sole-
noid should partial contact subsequently take
place at the confacts 20.

What I claim as my invention and desire to
secure by Letters Patent is:

1. The combination, with a manually operable
input member and an output member, of a pair
of hydraulic actuators coupled to said output
member, each of said actuators comprising a
control” device linked to the input member and
movable by said input member in opposite di-
rections to effect through the agency of the ac-
tuator movement of said output member in a di-
rection and to an extent determined by the
movement imparted to the input member, a col-
lapsible member linked to the input member and
arranged to collapse, on seizure of the control
device, as the result of abnormal manual effort
applied to the input member, means responsive
to collapse of said collapsible member for ren-
dering the actuator ineffective to prevent con-
tinued actuation of the output member by the
other actuator under control of the input mem-
ber, and means operative on collapse of the col-
lapsible member associated with either actuator
to lock against collapse the collapsible member
associated with the other actuator.

2: The combination, with a manually eperable
input member and an output member, of a pair

© of hydraulic aetuators coupled te said output
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member, each of -said actuators comprising a ¢on-
trol valve linked to the input member and mov- -
able thereby to effect alternative pressure and
exhaust connections to said actuator and there-
by to effect movement of said output member
in a direction and fo an extent determined by the
movement imparted to the input member, a col-
lapsible member linked to the input member and
arranged to collapse, on seizure .of the control
valve, as the result of abnormal manual effort
applied to the-input inember, means responsive
to collapse of said collapsible meniber for ren-
dering the actuator ineffective to prevent con-
tinued actuation of the output member by the
other -actuator under control of the input mem-
ber, and means operative on collapse of the col-
lapsible member- associated with either actuator
1o lock against collapse the collapsible member
associated with the other actuator.

3. The combination, with a manually operable
input member and an output member, of a pair
of hydiaulic ‘actuators directly coupled to said
output member, each of said actuators compris-
ing a contiol valve linked to the input member
and movable thereby to effect alternative pres-
sure and exhaust connections to said actuator
and . thereby to effect movement of said output
member in a direction and to an extent deter-
mined by the movement imparted to the input
member, a collapsible member linked to the in-
put member and arranged to collapse, on seizure
of the control valve, as the result of abnormal
manual-effort applied to the input member, a con-~
duit for allowing of free circulation of liquid
within the actuator, -a valve normally closing
said conduit, means responsive to-collapse of said
collapsible member for effecting automatic open-
ing of said valve, and means operative on col-
lapse of ‘the collapsible member associated with
either actuator to lock against collapse the col-

. lapsible ‘Member associated with the other ac-
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tuator- :

4. A combination as claimed in claim 1, com-
prising a housing having parallel bores, a mem-
ber mounted to slide in each bore, said members
being coupled respectively to the collapsible
members of the two actuators and each of said
sliding members being normally restrained by
its associated collapsible member against move-
ment in its bore but being arranged to slide in
said bore on collapse of said collapsible member,
a pair of locking bolts mounted to slide in bores
in said housing extending ftransversely to the
bores containing said slidable members, and a
spring acting on each locking bolf, each of said
locking bolts having a head normally held by its
associated spring in engagement with a corre-
spondingly shaped groove in one of said slidable
members and being adapted to be displaced
against its spring, by sliding movement of said
member in relation to the housing, into position
to lock the other slidable member positively
against sliding movement in relation to the hous-
ing.

5. A combination as claimed in claim 1, com-
prising a housing having parallel bores, a mem-
ber mounted to slide in each bore, said members
being coupled respectively to the collapsible
members of the two actuators and each of said
sliding members being normally restrained by its
associated collapsible member against movement
in its bore but being arranged to slide in said
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bore on collapse of said collapsible member, a
pair of locking bolts mounted to slide in bores

in said housing extending transversely to the -

bores containing said slidable members, and a
spring acting on each locking holt, each of said
locking bolts having a head normally held by its
associated spring in engagement with a corre-
spondingly shaped groove in one of said slidable
members, having a square head at its other end
and being adapted to be displaced against its
spring, by sliding movement of said grooved slid-
able member, to engage its square head with
a square groove in the other slidable member and
so lock said other slidable member positively
against movement in relation to said housing.

6. A combination as claimed in claim 1, com-
prising a housing having parallel bores, a mem-
ber mounted to slide in each bore, said members
being coupled respectively to the collapsible
members of the two actuators and each of said
sliding members being normally restrained by its
associated collapsible member against movement
in its bore but being arranged to slide in said
bore on collapse of said collapsible member, a
pair of locking bolts mounted to slide in bores
in said housing extending transversely to the
bores containing said slidable members, a spring
acting on each locking bolt, each of said locking
bolts having a head normally held by its as-
sociated spring in engagement with a corre-
spondingly shaped groove in one of said slidable
members and being adapted to be displaced
against its spring, by sliding movement of said
member in relation to the housing, into position
to lock the other slidable member positively
against sliding movement in relation to the hous-
ing, and a pair of spring loaded latches for re-
spectively latching said bolts against movement
from their displaced positions.

7. A combination as claimed in claim 1, com-
prising, in association with each collapsible mem-
ber, a displaceable bolt engaging a groove in said
member, a locking bolt, a spring normally holding
said locking bolt out of engagement with another

groove in said collapsible member, normally in- 48
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effective electromagnetic means for moving said
locking bolt to locking position, and a switch as-
sociated with the displaceable bolt, said switch
being actuated on displacement of said displace-
able bolt as a result of collapse of its associated
collapsible member, to complete a circuit to en-
ergize the electromagnetic device associated with
the other collapsible member and thereby cause
movement into locking position of the locking
bolt associated with said other collapsible mem-
ber.

8. A combination as claimed in claim 1, com-
prising, in association with each collapsible mem-
ber, a displaceable bolt engaging a groove in said
member, a locking bolt, a spring normally hold-
ing said locking bolt out of engagement with an-
other groove in said collapsible member, normally
ineffective electromagnetic means for moving
said locking bolt to locking position, and a switch
associated with the displaceable bolt, said switch
being actuated on displacement of said displace-
able bolt as a result of collapse of its associated
collapsible member, to complete a circuit to en-
ergize the electromagnetic device associated with
the other collapsible member and thereby cause
movement into locking position of the locking
bolt associated with said other collapsible mem-
ber, and further comprising a pair of spring
loaded latches for respectively latching said lock-
ing bolts against movement from their locking
positions.

LAWRENCE FARNELL MOTT.
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