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13 Claims. (Cl. Ill-40) 

The present invention pertains to actuators, and par 
ticularly to ?uid pressure operated self-locking actuators. 

Heretofore, it has been proposed to incorporate load 
sensitive locking means in ?uid pressure operated actu 
ators, the load sensitive locking means being constituted 
by a plain bearing assembly. Actuators of this type are 
disclosed in my copending applications Serial No. 423,180 
?led April 18, 1954, now Patent No. 2,804,053, and Serial 
No. 455,435 ?led September 13, 1954, now Patent No. 
2,804,054. However, in prior ‘actuators of this type it 
was necessary to embody a separate lock releasing piston 
thereby increasing the complexity of the actuator con 
struction and, accordingly, increasing the cost of manu 
facture thereof. The present invention relates to a self 
locking actuator including load sensitive locking means of 
the plain bearing type which are designed to be automati 
cally released upon the application of pressure ?uid to 
either side of the actuator piston, and irrespective of the 
direction of the load, namely whether it is tension or 
compression. Accordingly, among my objects are the 
provision of a self-locking actuator including means for 
automatically releasing the locking means by the applica 
tion of pressure ?uid to either actuator chamber; the still 
further provision of a self-locking actuator including au 
tomatic lock releasing means; the locking means being 
load sensitive; and the still further provision of an ac 
tuator assembly including a cylinder and a piston where 
in the piston carries releasable locking means. 
The aforementioned and other objects are accomplished 

in the present invention by incorporating a ?xed screw 
shaft within the actuator cylinder as the reaction ele 
ment for the locking means. Speci?cally, the actuator 
comprises a cylinder having a reciprocable piston therein 
capable of ?uid pressure actuation in both directions. 
The piston is attached to a rod that extends without 
one end of the cylinder for attachment to a load device, 
and the other end of the cylinder is adapted for connec 
tion to a ?xed support. The cylinder has coaxially dis 
posed therein a stationary screw shaft, or reaction ele 
ment, which is threadedly engaged by a nut. The nut, 
or rotatable member, is rotatably journalled within the 
piston, the nut being formed with an upstanding ?ange 
the side surfaces of which constitute plain bearing lock 
ing surfaces. The piston is mounted on the rod for lim 
ited axial movement relative thereto. 
The actuator piston divides the cylinder into an ex 

tend chamber and a retract chamber, whereby when the 
actuator chambers are subjected to differential pressure 
the piston can be moved in either direction. Under static 
conditions, that is, when no load is applied to the actuator 
piston load and there is no pressure differential across 
the piston, ‘the nut will be in the center, or neutral, posi 
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tion wherein the plain bearing surfaces thereof do not .. 
engage the piston assembly. Since the piston assembly 
is restrained against rotation, the nut is free to rotate rela 
tive to the screw shaft, or reaction member, during piston 
reciprocation. It is pointed out that‘ the piston rod can 
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only move lineally upon relative rotation between the 
nut and the screw shaft. When a tension load is applied 
to the actuator piston rod with no pressure differential 
across the piston, the piston rod moves a limited distance 
relative to the nut whereupon one of the surfaces of the 
nut engages a portion of the piston rod so as to prevent 
rotation of the nut relative to the screw shaft thereby 
locking the actuator. Moreover, the greater the applied 
load on the actuator the greater the locking force, and 
hence, the locking means are termed load sensitive. 

With a tension load, the locking means can be auto 
matically released by a pressure differential across the 
piston acting either to extend or retract the actuator pis 
ton. Thus, if pressure is applied to the retract chamber 
while the extend chamber is connected to drain, the piston. 
head is moved relative to the nut so that the nut is again 
in the neutral position wherein it is free to rotate rela 
tive to the screw shaft. Conversely, if pressure is applied, 
to the extend chamber while the retract chamber is con 
nected to drain with a tension load, the locking force isv 
relieved through the bearing to automatically reduce the 
locking force and cause the load to slip the, locking 
means. Like relationships will also obtain when the 
actuator piston is subjected to a compression load. 

Further objects and advantages of the present inven 
tion will be apparent from the following description, ref 
erence being had to the accompanying drawings, wherein 
preferred embodiments of the present invention are clearly 
shown. ' 

In the drawings: 
Figure 1 is a view in elevation of an actuator con 

structed according to this invention. 
Figure 2 is an enlarged fragmentary view taken along 

line 2--2 of Figure 1 showing a locking means in the 
static condition. 

Figure 3 is a view similar to Figure 2 showing the ten 
sion load and pressure applied to the retract chamber. 

Figure 4 is a view similar to Figure 2 showing a com; 
pression load with pressure applied to the retract cham 
ber. 

Figure 5 is a view similar to Figure 2 showing the ten 
sion load with pressure applied to the extend chamber. 

Figure 6 is a view similar to Figure 2 showing a tension 
load with no pressure differential across the piston. 

Figure 7 is a view similar to Figure 2 showing a com 
pression load with the extend chamber pressurized. 

Figure 8 is a view similar to Figure 2 showing a com 
pression load with no pressure differential across the 
piston. 
With particular reference to Figure 1, an actuator is 

shown including ‘a cylinder 10 having a head end cap 
11 and a tail end cap 12. The head end cap 11 has an 
integral ?xture 13 by which the actuator cylinder can be 
attached to a ?xed support, not shown. A piston rod 14 
extends without the tail end cap 12 of the actuator cylin 
der, and likewise includes a ?xture 15 by which it can 
be attached to a movable load device, not shown; 
With particular reference to Figure 2, it can be seen 

that the piston rod 14 is hollow and slidably supports a 
piston 16 having suitable piston ring seals 17 engageable 
with the inner surface of the cylinder 10. The piston 
16 divides the cylinder 10 into an extend chamber 18 and 
a retract chamber 19. The inner end of the rod is ?anged 
as indicated by numeral 20 and threaded as indicated by 
numeral 21. An annulus 22 is threadedly carried by the 
?ange 20, the annulus 22 having a depending ?ange 23 
having an inner surface 24. The end of the piston rod 
presents a surface 25, the surfaces 24 and 25 constituting 
locking surfaces, as will be described hereinafter. 
The piston 16 carries the outer race 26 of a ball hear 

ing assembly 27, the outer race being restrained against 
axial movement relative to the piston by a nut 28 and 
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an annulus 29. The inner race 30 of the ball bearing 
assembly 27 is disposed between a nut 31 and a shoul 
der 32, formed on a nut 33. The nut 33has internal 
threads, as shown, of the Acme type. The nut 33 thread— 
edly engages a stationary screw shaft 34 attached to the 
head end cap 12 of the cylinder.’ ‘ _ i 

From the foregoing, it is readily apparent that move 
ment of the piston 16 and the rod 14 is dependent upon 
rotation of the nut 33 relative to the screw shaft 34. 
The nut 33 is formed with an upstanding ?ange 34a 
having side surfaces 35 and 36, which are engagea'ble, 
respectively, with surfaces 24 and 25. 

In the static condition as shown in Figure 2, the sur 
face 24 is spaced from the surface 35 by the distance 
X, and the surface 25 is spaced from the surface 36 by 
a like distance X. Similarly, the end of the annulus 
22 is spaced from the annulus 29 by the distance X 
and the end surface 38 of the ?ange 20 on the piston 
rod is spaced from the surface 37 of the piston 16 by 
the distance X. At the same time, the left hand end 
of the inner race is spaced from the nut 31 by the dis 
tance X/2 as is the right hand end of the inner race 
from the nut 32. In a typical actuator construction, 
the distance X is equal to .010 inch. ‘ 
With reference to Figure 3, the load acting on the 

piston rod 14 is in the direction of arrow 40, and thus 
is a tension load. Moreover, pressure is being applied 
to the retract chamber 19 in the direction of arrow 41 
while the extend chamber 18 is connected to drain. If 
the elfective force of the pressure in the retract cham 
ber 19 exceeds the effective force of the load acting in 
direction of the arrow 40, the piston 16 will move from 
the position of Figure 2 to the position of Figure 3 
wherein surface 37 of the piston engages surface 38 of 
the rod while the distance between the end 25 of the 
rod and surface 36 of the nut 33 is 1V2X. The dis 
tance between the surfaces 35 and 24 is 

X 
2 

whereas the distance between the end of the annulus 22 
and the annulus 29 becomes 2X. In addition, the left 
hand end of the inner bearing race 30 engages the nut 
31 while the right hand end remains spaced from the nut 
by the distance X. Under these conditions, neither plain 
bearing surface 35 or 36 engages the nonrotatable piston 
rod or annulus 22 so that the nut 33 is free to rotate 
thereby permitting movement of the piston 16 and the 
rod 14 to the left as viewed in Figure 3. 

With respect to Figure 4, if the load on the piston rod 
14 acts in the direction of arrow 42, or a compression 
load, while pressure is applied to the retract chamber 19 
and the extend chamber 18 is connected to drain, the 
distance between surfaces 37 and 38 becomes ll/zX, the 
distance between the end of the annulus 22 and the an 
nulus 29 becomes 

X 
2 

while the distance between the right hand end of inner 
bearing race 30 and the surface 32 of the nut 33 is X. 
However, the left hand end of the inner race 30 engages 
the nut 31 and the surface 25 of the piston rod engages 
the surface 36 of the nut. Under the conditions, the 
locking load on the nut is relieved through the bearing 
27 so as to permit rotation of the nut 33 relative to the 
screw shaft 34, and thus allow the piston rod 14 and 
the piston 16 to be moved to the left asviewed in Fig 
ure 4. 
With respect to Figure 6, with a tension load and no 

pressure differential across the piston 16, the surface 35 
of the nut engages the surface 24 of the annulus 22 and 
restrains rotation of the nut 33 thereby preventing move 
ment of the piston 16 and the rod 14 under the in?uence 
of the applied load. Moreover, the locking force is 
directly proportional to the applied load acting in. U16 
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4 
direction of arrow 40. Similarly, as shown in Figure 8, 
with a compression load as indicated by arrow 42 and 
no pressure differential across the piston 16, or a pres— 
sure diiferential less than the effective pressure of the 
load, the surface 36 of the nut engages the surface 25 
of the piston rod thereby restraining rotation of the nut 
33 and locking the piston against movement. 
With a tension load as seen in Figure 5, indicated by 

arrow 40, the actuator piston can be extended by ap- 
plied pressure to the extend chamber 18 while the retract 
chamber 19 is connected to drain thereby relieving the 
locking pressure through the bearing 27. During such 
movement with a tension load, the surface 35 of the 
nut 33 remains in engagement with the surface 24 of 
the annulus 22, while surface 36 of the nut is spaced 
from the surface 25 by the distance 2X. At the same 
time surfaces 37 and 38 are spaced by the distance 

X 
2 

while the end of the. annulus 22 is spaced from the an— 
nulus 29 by the distance 11/2X‘and the left hand end of 
the inner race. 30 is spaced from the nut 31 by the dis 
tance X while the right hand end of. the inner race en 
gages the nut 33. Thus, when the pressure in extend 
chamber exceeds the effective force of the load acting 
in the direction of arrow 40, the piston 16 and the rod 
14 will move to the right as viewed in Figure 5. 
With reference to Figure 7, with a compression load 

as indicated by arrow. 42 and pressure applied to the 
extend chamber 18 while the retract chamber is con 
nected to drain, the piston 16 moves relative to the nut 
33 so that the nut is in neutral position as shown in 
Figure 2 wherein surfaces 35 and 36 are spaced from 
surfaces 24 and 25, respectively, by the distance X, while 
the surfaces 37 and 38 are spaced by the distance 2X. 
In addition, the left hand side of the inner race 30 is 
spaced from the nut 31 by the distance X whereas the 
right hand side engages the nut 33. Since the plain 
bearing locking surfaces of the nut do not engage the 
non-rotatable surfaces of the piston rod and annulus, 
the nut is free to rotate and the piston 16 and the rod 14 
can be moved to the right as viewed in Figure 6. 
From the foregoing it is readily apparent that the pres 

ent invention provides an actuator assembly wherein 
the locking means are automatically released upon a 
predetermined pressure differential across the piston su?i 
cient to overcome the applied load. Moreover, when 
the actuator is inactive, the piston is restrained against 
movement by the load with a force proportional to the 
applied load by the plain bearing locking means. 
While the embodiment of the invention as herein dis 

closed constitutes a preferred form, it is to be understood 
that other forms might be adopted. 
What is claimed is as follows: 
1. A ?uid pressure operated actuator including, a cylin 

der having disposed therein a reciprocable piston capable 
of ?uid pressure actuation in both directions, and locking 
means carried by the piston for preventing movement of 
said piston at any position of the piston within the cylin 
der due to an applied load in the absence of ?uid pressure 
application to said cylinder, said locking means being 
automatically released upon the application of ?uid under 
pressure to said cylinder. 

2. A ?uid pressure operated actuator including a cylin 
der, a reciprocable piston disposed in said cylinder and 
movable by differential pressure thereacross, and locking 
means carried by the piston for preventing movement 
thereof in the absence of a pressure di?erential there 
across at any position of the piston within the cylinder 
due to a load applied to said piston, said locking means 

' being automatically released upon the existence of a 
pressure differential across said piston greater than the 
e?ective force of said applied load.’ 

_3. A ?uid pressure operated actuator including a cylin 
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der, a reciprocable piston disposed in said cylinder and 
movable by differential pressure thereacross, a member 
rotatably supported within and carried by said piston 
and operatively connected with said cylinder such that 
piston movement is dependent upon rotation of said 
member, and locking means operatively associated with 
said member for preventing rotation thereof to thereby 
prevent movement of said piston, said locking means being 
automatically released upon a pressure differential across 
said piston in excess of the applied load. 

4. A ?uid pressure operated actuator including, a cylin 
der, a reciprocable piston disposed in said cylinder and 
movable by a differential pressure thereacross, a member 
rotatably supported within and carried by said piston 
and operatively connected with said cylinder such that 
piston movement is dependent upon rotation of said 
member, and releasable locking means operatively asso 
ciated with said member for preventing rotation thereof 
to thereby prevent movement of said member, said lock 
ing means being load sensitive whereby the locking effort 
is proportional to the applied actuator load. 

5. A ?uid pressure operated actuator including, a cylin 
der having disposed therein a reciprocable piston capable 
of ?uid pressure actuation in both directions, a member 
rotatably supported within and carried by said piston 
and operatively connected with said cylinder such that 
movement of said piston is dependent upon rotation of 
said member, said piston being supported for limited 
axial movement relative to the rotatable member, said 
member being engageable with said piston upon relative 
axial movement therebetween in either direction for 
restraining rotation of said member so as to lock said 
piston against movement. 

6. The combination set forth in claim 5 wherein said 
actuator includes a stationary element engageable with 
said rotatable member. 

7. The combination set forth in claim 6 wherein said 
stationary element comprises a screw shaft and said 
rotatable member comprises a nut. 

8. The combination set forth in claim 5 wherein said 
rotatable member is formed with an upstanding ?ange, 
the side surfaces of which constitute plain bearing sur 
faces engageable with said piston. 

9. An actuator assembly including in combination, a 
cylinder, a reciprocable piston disposed in said cylinder, 
a member rotatably supported within and carried by said 
piston and operatively connected with said cylinder such 
that piston reciprocation is dependent upon and effects 
rotation of said member, and releasable load sensitive 
locking means for preventing rotation of said member to 
prevent movement of said piston when the actuator is 
inactive. 
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10. An actuator assembly including in combination, a 

cylinder, a reciprocable piston in said cylinder, a member 
rotatably supported within and carried by said piston, a re 
action element in said cylinder, said rotatable member 
having operative connection with said reaction element 
whereby movement of said piston is dependent upon and 
effects rotation of said member, said piston being capable 
of limited axial movement relative to said rotatable 
member under applied actuator load, and means engage 
able with said member when the piston is moved axially 
relative thereto for restraining rotation thereof, said re 
straining force being proportional to the applied actuator 
load. 

ll. An actuator assembly including in combination, 
a cylinder, a hollow piston rod disposed within said cylin 
der and extending outside thereof, a reciprocable piston 
disposed within said cylinder and slidably supported on 
said piston rod for movement relative thereto, a non 
rotatable screw shaft disposed within said cylinder and 
extending through said piston, a nut threadedly engaging 
said screw shaft and having a pair of opposed braking 
surfaces, bearing means carried by said piston and sup 
porting said nut for rotation relative thereto, and a pair 
of braking members carried by said piston rod and en 
gageable with the braking surfaces on said nut, reciproca 
tion of said piston being dependent upon and effecting 
rotation of said nut, said braking members being engage 
able with the braking surfaces on said nut due to loads 
imposed on said piston rod so as to restrain rotation of 
said nut with a force proportional to the load applied to 
said piston rod. 

12. The actuator assembly set forth in claim 11 where 
in said nut has an upstanding ?ange, the radial faces of 
which constitute said braking surfaces, and wherein the 
braking members carried by said piston rod comprise a 
?anged end of said piston rod and a ?anged annulus 
connected thereto. 

13. The actuator assembly set forth in claim 11 where 
in the bearing means for supporting the nut for rotation 
relative to the piston comprise a ball bearing assembly 
having an outer race immovably connected with said 
piston and an inner race slidably supported relative to 
said nut whereby the restraining force imposed on said 
nut can be relieved by movement of said piston relative 
to said piston rod. 
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