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This‘ invention pertains‘ to actuators, and particularly 
to‘ releasable’ locking‘ means for" ?uid pressure operated 
act'uaters. ‘ 

Héretofore, ?uid pressure operated actuators oi’ the 
type including a’ cylinder‘ having disposed therein a“ 
re'ciprocable piston capable of‘?uid pressure actuation in“ 
either direction, have included various types of locking 
n'ieans‘for preventing relative movement between the pis 
to‘n‘and“ cylinder in the absence of‘ ?uid pressure applica 
tion‘ to the cylinder. However; the locking means herey 
tofor‘e ‘employed, such as‘ the toothed‘typ'e lock disclosed 
in" my Patent No. 2,643,642‘, issued June 30, 1-953, and 
the friction typ‘e lock disclosed in'my copending ‘applica; 
tion‘; Serial‘No. 394,660, ?led November'27} >l953gnow 
Patent'No‘. 2,774336, issued December“ 18;‘ 1956, require 
relative‘ movement between the locking elements to reé 
leas’e'or engage the‘ locking means‘; Accordingly, ‘there 
is" a‘“ resultant time lag during‘ release and engagement’ 
of‘l‘th‘e locking elements, whichti'riie lag is undesirable in 
certain types‘ of‘ actuator installations, particularly those 
in which the movements‘ of the load device associatedwith 
the'actuator ‘must b‘e"accuratelycontrolled; This inven 
tion‘ pertains to an“ improved locking‘ device in_ which“ 
there is'no appreciable‘ elapse oftimein releasing, or en-‘ 
gaging, the- locking means.“ Accordingly, qamong‘l my 
Objectsar'e“ the‘ provision- of ‘ instantaneously’ engageable" 
and releasable ‘lo‘ckingme‘an's 'fofan" actuator; the farther 
provision of means ‘to releasethe lockingfrneansupon the 
application of pressure ?uid to the“ actuator; the further 
provision of a control sy‘sten‘i‘for‘an actuator'having- re 
leasable‘ locking‘ means‘ and unequal; pistonlareasyand; 
the ‘still‘ further‘ provision of’ a ?'uid' piessureoperated 
actuator‘ incorporating the locking" nieanso'f this inven-" 
tion. 
The aforementioned ‘and ‘oth'eFobjecfsarev accomplished \ 

in the" present‘ invention by' providing. locking. means, 
which‘ may be engaged‘by‘ the application‘of‘an‘axial force 
and released by removing the ‘axial force. Speci?cally, 
the actuator includes‘a cylinder‘haiiing'disposed thereirr 
atereciprocabl'e piston capable of "?uid ‘pressure actuation“ 
in‘i‘either direction‘; The‘piston‘includesa rod portion-,-~ 
which‘ projects through‘o‘ne end of‘a7cylinder'for‘connec 
ti‘ontto‘ either a relatively‘ movable loadirdevice,‘ or ;a'; 
?xed ‘support. The other‘ ‘end of ithelcylinderfis provided" 
with‘ a‘?xture; which; likewise‘,'>may“be‘attachedto either~ 
thei?xedl support, or thelload- device. ‘In‘eitherfevent~,'j 
only‘. relative linear movemen't'between ‘the‘piston and 
cylinder is required to ‘adjust‘th‘e load device, the piston‘ 
and cylinder being restrained against rotation. 
The piston‘ carries a non-rotatable hollow member,“ 

which constitutes the nut ‘ofithet well~known ball-screw‘ 
and nut coupling. A rotatable-member; in"'th"e‘form"‘o'f a‘ 
screwfshaft, is rotatably'supported‘ in the cyli'nder‘ancl‘T 
extends. through» the non=rotatable> hollow"- member; ‘the ‘1 
operative connection‘ between the membersi'bei'r‘lgicon‘li' 
stituted bytavplu‘ral-ity of circulating Tballs: The'terrangéf 
ment of actuator parts is suchtthat"linear-movementof'theli 
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piston‘is dependent upon and, e?e‘cts rotation‘ of the‘ shaft relative to the nut. One‘ end of‘ the screw shatt 
carries a plurality of longitudinally spaced ‘brake discs,‘ 
which are engageable with a' plurality'o'f. alternately sp stationary brake discs carried by the‘cylind‘er. Theft “on 
sets of brake ‘discs are always in‘ engagementpthediscs 

being of the‘ bicycle brake type;v The two‘ sets “ x constitute the locking means‘ for restraining ‘ ta wn“ _ the screw shaft in‘ the‘ absence‘ of ?uid pressure applicai 

tion to the cylinder, an, axial force being exerted, onmthe 
Brake. discs‘ through a thrust collar, by means of a com? 
press‘ion spring . p . H H 

When the actuator is‘ inactive, the sprin'gj‘foree e); ted“ 
on" the brake discs: through therthrli'st collar. suf? ‘t’ 
to restrain the‘ screw shaft ‘against retationdiie to tor e‘v 
reaction. That is; the axial‘ thrust ‘ofeth‘e spring force 
precludes relative rotation“ ‘between theuil'n‘terrnes discs. Theeactuator also‘inclu'de's' a ldclt release‘eyhnder 
having"disposed‘vtherein a leek‘releas'e pistonhthei legit? 
release pistonI being operableto remove the thrusto? theJ 

wu- 1.. 

. spring on the‘ thrust collar,‘ upon ‘the application’ “of; 
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pressure ?uid _to'the' lock release cylinder.‘ ‘Wehen?thed 
axial force of the spring is ‘removed, the brake “discs 
carried by the‘ screw‘ shaft are‘ free‘to rotate relative to 

thejysta‘tiohary‘ brake discs.‘ . f N _. ‘I The‘ actuatorfis conne‘ctedwith ai?ui‘d pressure systernp 

through suitable‘valving‘ meanspwh‘ich are “operable to; 
direct‘ipressure ?uid tothe lock releasing-feylinder ?atpall 
times when the system is‘ operative. @Inasniuchas‘ rela 
tive‘ axial movement between‘the locking?elernents,‘gong; 
stituted by the brake'disc i‘s not‘re’quired‘to releasehorv 
engage,‘ the locking means, it willv befappreciated?thatf 
upon the application‘: of ?uid ‘pressureto'the loclc'releasej: 
cylinder‘, thereby releasing‘? the‘ axial spring} force, ,the. 
locking means‘ will be instantaneously released,‘ Con?" 
verselypwhen pressure ?uid is'not applied ‘to the loclc 
release ‘cylinder, the ,‘spring‘f'orce will immediately be‘ 
operable to engage‘ the locking-means so as‘ to restrain‘ 

rotation of the screw shaft._ , e _ ‘_ Further objects and advantages?of the'present. invenyj' 

tioii- will be apparent from the following description, ref; 
ere‘nce being had to the accompanying‘ drawing wherein 
al’preferred- embodiment of the ‘present invention is'cleari 
ly‘sh'own; ‘ i i 

In the drawing: ,( p ‘ p U A ‘_ _. , 

Fig.- l‘is a‘view, partly in section and partly‘ in “elevas 
tion,‘ of an‘ actuator‘including the lockingwmeans of this’ 
invention. _ _ ‘ _‘ p, _ s . 

Fig.‘ 2“ is a schematic diagram of a‘ control systemj‘for 
arr-actuator of the type disclosed herein-with the actuator 

hydraulically locked. ‘ ‘ ‘ ‘ p With particular reference to Fig. ‘1, an'actuatorj' l0 shown comprising a cylinder‘ 11 havingvdisposed therein 

a reciprocable ‘piston 12‘ capable of ?uid ‘pressure actua-‘ 
tion'in either direction‘. The piston '12, divides the cylinder 
11‘ ‘into an "extend ‘chamber 13 and a ‘retract chamber 14." 
It should‘ be noted that the‘ area of the'pistontexposed; to' 
the extend‘ chamber‘is greater than thepist?on ‘area ei'gl‘ 
posed to the retract chamber‘. Thecylinder v11has, at-,.; 
tached thereto at opopsite ends a headcap assembly 15* 
and a’tail cap assembly‘l6l ‘ Q l ‘ i 

The piston 12 is of cup-shaped con?guration,‘-and,"as" 
shown‘in Fig. l, is connected byvme'ans of a‘cros's pin” 
17 to‘a rod portion 18 ‘havingacentral'ly (disposed longi! 
tudinal recess,‘ and a hollow member pl9uhavinge an in-"‘ 
ternal spiral groove ‘of semi-circular cross section.‘ The 
hollow'mer'nber 19, or nut, is constrained for " ear move-L‘ 
ment with the piston by reason of ‘its conn'eetionthroughL 
pin 17,‘ and the entire piston"assembly'includingthe ‘nut-‘1 
and“ the rod are restrained against?ro r' ‘alive to; 

extends through the tail cap assembly l6“ia'n‘d“is’i"a 
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to a’ ?xture 20, which may be connected to either a rela 
tively movable load ,device or a ?xed support. The head 
cap assembly 15 is, likewise, formed with a ?xture 21, 
which means the cylinder 11 may be attached to either 
the ?xed support, or the relatively movable load device. 
Thus, both the cylinder and piston assembly are re 
strained against rotation, and adjustments of the load 
device, not shown, may be effected by relative linear 
movement therebetween. 
The hollow nut 19 engages a member, or screw shaft, 

22 having an exterior spiral groove of semi-circular cross 
section, through the agency of a plurality of circulating 
balls 23. ' Suitable passage means, not shown, are formed 
on the nut 19 to enable circulation of the balls 23 dur 
ing relative rotation between the nut and screw shaft. 
The screw shaft 22 is rotatably supported within the 
cylinder 11, or more particularly within the head cap 
15-'by means of a bearing assembly 24, the bearing as 
sembly 24 being of the combined radial and thrust type. 
Thus, the screw shaft 22 is restrained against longitudinal 
movement relative to the cylinder 11. 

' By reason of the threaded interconnection between 
the piston assembly and the screw shaft, it will be ap 
preciated that reciprocable movement of the piston as 
sembly will effect rotation of the screw shaft 22. More 
over, reciprocation of the piston 18 is dependent upon 
rotation of the screw shaft 22, and, hence, if rotation 
of the screw shaft 22 is restrained, movement of the 
actuator piston will be prevented. Accordingly, the im 
proved locking means of this invention are adapted to 
selectively restrain rotation of the screw shaft 22 so as 
to lock the actuator. 

' As is seen in Fig. 1, the end of the screw shaft ad 
jacent the bearing support 24 is rigidly connected by 
means of a cross pin 25 to an annular member 26, which 
has attached thereto a plurality of axially spaced brake 
discs 27. A portion of the annular member 26 is en 
compassed by a stationary annular member 28, which 
also carries a plurality of spaced brake discs 29, which 
are disposed in the spaces between the brake discs 27. 
The intermeshing brake discs 27 and 29 are arranged 
to have an axial force imposed thereon by means of 
a thrust collar 30, which is operative to exert an axial 
force on the brake discs by reason of their being con?ned 
between the thrust collar and a shoulder 31 on the 
member 26. The locking means constituted by the brake 
idiscs 27 and 29 are of the type which are effective to 
preclude relative rotation therebetween when subjected 
to an axial force, and are automatically released to per 
mit'relative rotation therebetween when the axial force 
is removed. Thus, with this type of locking means, it 
becomes unnecessary to move one of the brake elements 
relative to the other, as has heretofore been necessary 
with either a friction brake or a dog toothed type brake“ 
The advantages of incorporating locking means of the 

type disclosed herein are readily apparent. However, 
one of the more important advantages resides in the 
fact that there is no appreciable elapse of time during 
engagement and release of the locking means, since rela 
tive movement between the brake discs is not required 
to either release or engage the same. In actuators de 
signed heretofore, employing either a friction lock or 
a toothed lock, a rather substantial period of time elapses 
after means for engaging the locking device is actuated 
and before the locking means becomes elfective to re 
strain rotation of the screw shaft. This time lag has 
been found to be undesirable in certain types of aircraft 
installations inasmuch as the load device associated with 
‘the actuator cannot be accurately positioned. However, 
with an actuator of the type disclosed herein, as soon 
as the operator discontinues the application of pressure 
?uid to the actuator cylinder, the locking means are 
instantaneously operative to restrain rotation of the screw 
shaft, and thus lock the piston and load device in the 
selected position. 
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The means for engaging and releasing the improved 
locking‘ device of this invention will now be described. 
As is shown in Fig. l, the head cap assembly 15 is formed 
with a central recess 40, which constitutes a cylinder 
having disposed therein a reciprocable piston 41 capable 
of ?uid pressure actuation to the right, as viewed in Fig. 
1, and capable of spring actuation to the left, by means 
of a coiled compression spring 42. The head surface 
of the lock release piston 41 engages a thrust pin 43, 
which thrust pin has operative engagement with the 
thrust collar 30. The lock release cylinder 40 is di 
vided by the piston 41 into a lock release chamber 44 
‘and a spring chamber 45. The lock release chamber 
44 is connected by a passage 46 to a passage 47, which 
communicates with a passage 48 having connection with 
a conduit 49, which is, in turn, connected through a 
passage 50 to the retract chamber 14. The tail cap 
assembly 16 is formed with Ea retract port 53. The ex 
tend port 52 communicates with the extend chamber 
13 through openings 54 and 55 and, thence, through 
the space between annular member 28 and the brake 
disc 29 and through the intervening spaces between the 
ball bearings of bearing assembly 24 to the extend cham 
ber. ' 

Thus, whenever pressure ?uid is applied to the re 
tract chamber 14, pressure ?uid is ‘admitted to the brake 
release chamber 44 so as to effect movement of the lock 
release piston 41 to the right, as viewed in Fig. 1, thereby 
removing the force of spring 42 from the thrust pin 43' 
and the thrust collar 30, and in so doing, releasing the 
locking means so as to permit rotation of the screw shaft 
22. Conversely,v when pressure ?uid is not applied to 
the lock release chamber 44, the spring 42 will instan? 
taneously urge the piston 41 to the left, thereby exerting 
an axial force on the brake discs 27 and 29 through 
the thrust pin 43 and thrust collar 30, so as to engage 
the locking means and restrain rotation of the screw 
shaft 22. 

> With reference to Fig. 2, a control system for effecting 
operation of the actuator will be described. The system 
includes a pressure supply conduit 60 which is connected 
to any suitable pressure source, such as pump 80. The 
pressure conduit is connected with branch conduits 61, 
62 and 63; conduit 61 communicating with a port 71 of 
a control valve 70; conduit 62 communicating with the 
actuator retract port 53; and conduit 63 communicating 
with the lock release chamber 44. The valve 70 includes 
a' plunger 75 having a pair of spaced lands 76 and 77, 
the plunger being capable of manual reciprocation within 
a valve casing 78 having ports 71, 72, 73 and 74. Port 
72 is connected by a conduit 64 to the extend actuator 
port 52, while ports 73 and 74 are connected to a drain 
conduit 65. As shown in Fig. 2, the actuator piston is 
connected to a load device 66 while the cylinder is re 
strained against movement. 
The pressure maintained in conduit 60 and applied to 

the brake release chamber 44 is su?icient to overcome 
the load of spring 45 and thereby release the locking 
means, constituted by brake discs 27 and 29. When the 
plunger lands 76 and 77 close ports 71 and 72, respec 
tively, the actuator will be locked hydraulically. More 
over, if the pressure should fail in conduit 60, the actuator 
will be locked mechanically. The actuator may be re 
tracted by interconnecting the valve ports 72 and 74 which 
connects the extend chamber 13 to drain through port 
52, conduit 64, ports 72 and 74 and conduit 65, while the 
retract chamber 14 is connected to the pressure conduit 
60 through conduit 62 and port 53. The actuator may be 
extended by interconnecting valve ports 71 and 72 while 
port 74 is blocked therefrom. Thus, pressure ?uid will 
be applied to the extend chamber 13 from conduit 60 
through conduit 61, ports 71 and 72, conduit 64 and port 
52. At the same time, pressure ?uid is applied to the lock 
release chamber 44 through conduits 60 and 63, and to 
the retract chamber 14 through conduits 60, 62 and port 
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53. However, by reason of the fact that the area of 
piston 12 exposed to the extend chamber 13 is greater 
than the area of piston 12 exposed to the retract chamber 
14, the actuator piston will move to the left as viewed in 
Fig. 2. This result occurs inasmuch as the total pressure 
acting on the piston 12 in the extend chamber is greater 
than the total pressure acting on the piston 12 in the retract 
chamber, since the unit pressures are equal and the piston 
areas are unequal. 
While the embodiment of the present invention as herein 

disclosed, constitutes a prefer’erd form, it is to be under 
stood that other forms might be adopted. 
What is claimed is as follows: 
1. A control system for a ?uid pressure operated actu 

ator of the type comprising a cylinder having disposed 
therein a reciprocable piston capable of ?uid pressure 
actuation in either direction, said piston dividing said 
cylinder into two chambers and having a smaller area 
exposed to one chamber than to the other chamber, and 
releasable locking means operatively connected with said 
piston for preventing movement thereof in the absence of 
?uid pressure application to said one chamber exposed to 
the smaller piston area, including in combination, a source 
of ?uid pressure, a conduit connecting said source with 
said one chamber, a valve having a ?rst port connected 
with said source, a second port connected with said other 
chamber, and a third port connected to drain, and a valve 
plunger for blocking said ?rst and third ports so as to 
trap ?uid in said actuator and prevent piston movement, 
said valve plunger being operable to interconnect said 
second and third ports to effect piston movement in one 
direction, said valve plunger also being operable to inter 
connect said ?rst and second ports to effect piston move 
ment in the other direction. 

2. A control system for a ?uid pressure operated actu 
ator of the type comprising a cylinder having disposed 
therein a reciprocable piston capable of ?uid pressure 
actuation in either direction, said piston dividing said cyl 
inder into two chambers and having a smaller area ex 
posed to one chamber than to the other chamber, and 
releasable locking means operatively connected with said 
piston for preventing movement thereof in the absence of 
?uid pressure application to said one chamber exposed to 
the smaller piston area, including in combination, a source 
of fluid pressure, and valve means connected with said 
source and with said actuator, said valve means being 
operable to effect piston movement in one direction by 
applying pressure ?uid of the same potential to both actu 
ator chambers and operable to effect piston movement in 
the other direction by connecting said other chamber to 
drain while pressure ?uid is applied to said one chamber. 

3. A control system for a ?uid pressure operated actu 
ator of the type comprising, a cylinder having disposed 
therein a reciprocable piston capable of ?uid pressure 
actuation in either direction, said piston dividing said 
cylinder into two chambers and having a smaller area 
exposed to one chamber than to the other chamber, a 
member rotatably supported in said cylinder and oper 
atively connected to said piston so as to rotate in re 
sponse to piston movement, and releasable locking means 
operatively connected with said rotatable member for 
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preventing rotation thereof and hence locking the pis 
ton against movement in the absence of ?uid pressure 
application to said one chamber exposed to the smaller 
piston area including in combination, a source of ?uid 
pressure, a conduit connecting said source With said one 
chamber, a valve having a ?rst port connected with said 
source, a second port connected with said other cham 
ber and a third port connected to drain, and a valve 
plunger for blocking said ?rst and third ports so as to 
trap ?uid in said actuator and prevent piston movement, 
said valve plunger being operable to interconnect said 
second and third ports to effect piston movement in one 
direction, said valve plunger also being operable to in 
terconnect said ?rst and second ports to effect piston 
movement in the other direction. 

4. A control system for a ?uid pressure operated 
actuator of the type comprising, a cylinder having dis 
posed therein a reciprocable piston capable of ?uid pres 
Sure actuation in either direction, said piston dividing 
said cylinder into two chambers and having a smaller 
area exposed to one chamber than to the other cham 
ber, a member rotatably supported in said cylinder and 
operatively connected with said piston so as to rotate 
in response to piston movement, the operative connec 
tion between said rotatable member and said piston in 
cluding a nonrotatable element carried by said piston 
and having threaded engagement with said member, and 
releasable locking means operatively connected with said 
rotatable member for preventing rotation thereof and 
hence locking said piston against movement in the ab 
sence of ?uid pressure application to said one chamber 
exposed to the smaller piston area, including in com 
bination, a source of ?uid pressure, a conduit connect 
ing said source with said one chamber, a valve having 
a ?rst port connected with said source, a second port 
connected with said other chamber and a third port 
connected to drain, and a valve plunger for blocking 
said ?rst and third ports so as to trap ?uid in said actu 
ator and prevent piston movement, said valve plunger 
being operable to interconnect said second and third 
ports to effect piston movement in one direction, said 
valve plunger also being operable to interconnect said 
?rst and second ports to effect piston movement in the 
other direction. 
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