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This invention relates generally to ?uid actuators, and 
more speci?cally to new and improved piston cushioning 
structure for ?uid actuators. 
An object of the invention is to provide a dependable 

and yet relatively simple device for cushioning relative 
movement between the cylinder and piston of a ?uid 
actuator. 
Another object of the invention is to provide new and 

improved structure in ?uid actuators which is effective 
to cushion piston movement in one direction and to as 
sure quick reversal of the piston stroke for movement in 
the opposite direction. 
A further object of the invention is to provide structure 

as described above which is operable to cushion piston 
movement in a controllable manner. 

Still ‘another object of the invention is to provide struc 
ture as described above which is operable to cushion 
piston movement in a controllable manner. 

Still another object of the invention is to provide cush 
ioning structure having all of the foregoing features which 
is inexpensive, compact, and maintenance-free. 1 

In general, the preferred embodiment of the invention 
contemplates a cushion head which forms an end wall 
of a ?uid actuator cylinder. The cushion head is pro 
vided with a main ?uid passage through which ?uid is 
introduced to drive the piston of the actuator in one 
direction and with a by-pass passage through which ?uid 
is exhausted during cushioning of the piston stroke in 
the opposite direction. The piston in the cylinder carries 
a cushion check which closes the main ?uid passage when 
the piston reaches a predetermined point in its travel 
toward the cushion head. 
When the cushion check closes the main ?uid passage 

in the head, continued movement of the piston forces 
?uid from the cylinder through the by-pass passage. 
Preferably, a needle or equivalent device is provided for 
controlling the ori?ce size of the by-pass passage. By 
adjusting this needle, the speed of cushioning and the 
amount of energy absorbed can 'be readily controlled 
until the piston is bottomed against the inner face of the 
cushion head. 
An important feature of the invention is the construc 

tion and operation of the cushion check which assures 
quick reversal of piston movement after it has been 
cushioned against the head. As will be hereinafter de 
scribed in detail, the cushion check operates to open the 
main ?uid passage ori?ce when ?uid under predetermined 
pressure is introduced in the passage to drive the piston 
away from the head. This automatic opening of the 
main ?uid passage allows full ?uid ?ow into the cylinder. 
In addition to obtaining rapid reverse movement of the 
piston, the cushion structure provided by this invention 
eliminates the costly and less dependable check valves 
which are common in conventional cushioning arrange 
ments. 

Other objects and advantages of the invention will 
become apparent from the following detailed description 
and the accompanying drawing. 

In the drawings: 
FIGURE 1 is a cross-sectional view of a portion of 

a ?uid actuator embodying the present invention; 
FIGURE 2 is a cross-sectional, fragmentary view of 

a portion of the apparatus shown in FIG. 1; and 
FIGURE 3 is a view similar to FIG. 2 and shows the 

apparatus in a different position of actuation. 
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Referring now to the drawing, the hydraulic rotary 

actuator embodying the present invention is generally 
designated by reference numeral 10. The actuator 10 ‘ 
may be of the general construction disclosed in assignee’s 
application Serial No. 258,824, ?led February 16, 1963, 
now Patent No. 3,156,160, and entitled “Actuator.” As 
is described in greater detail in the referenced application, 
the actuator 10 may be symmetrical about its transverse 
center line, and for this reason only one end portion has 
been illustrated and described below. 
The illustrated actuator 10 includes a central actuator 

body 11 having a gear chamber 12 in which a pinion 
13 is disposed. The pinion 13 is mounted on an out 
put shaft 14 which is suitably journaled in the actuator 
body 11. A cylinder 15 extends through the actuator 
body and a piston 16 is reciprocally mounted in the 
cylinder. 
As shown, the actuator 10 further includes a piston rod 

17 which is integral with the piston 16 and which con 
stitutes a rack having teeth 18. The cylinder 15 is pro 
vided with a side opening 19 in communication with 
the gear chamber 12, and the pinion 13 extends through 
this opening in driven engagement with the teeth 18. 
With the illustrated arrangement, actuation of piston 16 
to the left, as viewed in FIG. 1, serves to rotate the 
pinion-and output shaft counterclockwise, while actuation 
of piston (not shown) on the opposite end of the rack 
17 to the right serves to rotate the pinion and shaft clock 
wise. 

In accordance with this invention, the end wall of 
the cylinder 15 is formed by a cushion head 20. An 
O-ring 21 is carried on the inner end of the cushion head 
20 in sealing engagement with the inner wall of the 
cylinder. The cushion head 20 has a main ?uid passage 
22 and a by-pass passage 23. The main ‘?uid passage 
22 has an ori?ce through the inner face 25 of the cushion 
head, and a tapered plunger seat 26 (FIG. 3) is formed 
in the head around the ori?ce. 

In the embodiment shown, the by-pass passage 23 in 
cludes a portion 27 which communicates with the main 
?uid passage 22 between the ends of the cushion head 
20. A needle 28 is threadedly engaged in the head with 
the tapered end 28a'of the needle in the portion 27 of 
the by-pass passage. By axially adjusting the needle 28, 
it will be seen that the effective size of the by-pass passage 
can be controlled. In order to protect the needle 28 
in its adjusted position, there preferably is provided a 
seal member 30 and a binder head screw 31 which is 
threaded into the capped hole 29. 
The piston 16 carries an O-ring 40 in sealing engage 

ment with the inner wall surface of the cylinder 15. 
The end of the piston 16 confronting the cushion head 
20 is formed with a recess 41 in which is mounted the 
cushion check 42. As shown, the cushion check 42 
comprises a hollow plunger having a closed, tapered ‘outer 
end 43 conforming to the tapered plunger seat 26' and 
an open inner end around which is formed a radial ?ange 
44. The ?ange 44 is in sliding engagement with the 
walls of the recess 41 and guides the cushion check for 
reciprocal movement so that its tapered end 43 is aligned 
with the plunger seat 26. 
The plunger also is formed with side wall ports 45. 

The ports 45 open through the walls of the plunger be 
tween the ?ange 44 and the tapered end 43. With this 
construction the inside of the plunger is in ?uid engage 
ment with the cylinder chamber and any ?uid that other 
wise would be tapered in the recess 41 by inward move 
ment of the plunger can escape through the ports 45 into 
the cylinder chamber. A compression spring 46 is 
mounted between the bottom of the recess and the closed 
end of the plunger so that it normally extends from the 
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piston 16 toward the cushion head 20. Preferably, the 
mouth 48 of the hollow plunger ‘or cushion check 42 
is ?ared radially outwardly so reciprocal movement of 
the, plunger is not impaired by engagement with an in 
termediate portion of the spring 46 and, so that the spring 
can be readily inserted in the plunger. The inner end 
of the plunger is maintained in the recess 41 by a retain 
ing ring 47 which is mounted at the mouth of the recess 
so as to engage the radial ?ange 44. , 
As generally described, the cushioning operation is 

initiated at a predetermined point in the travel of the 
piston 16 toward the cushion head 20. At this point 
which is illustrated in FIG. 1, the closed tapered end 43 
of the normally extending cushion check 42 engages the 
plunger seat 26 to close the ori?ce of the main ?uid pas 
sage 22. Continued movement of the piston to the posi 
tion shown inFIG. 2 forces ?uid from the cylinder 11 
through the by-pass passage 23 so that the speed of_the 
cushioning and the amount of energy absorbed can be 
controlled by suitable adjustment of the needle 28. Dur 
ing thiscushioning action, the spring 46 is compressed 
to allow the cushion check 42 to recede into the recess 41. 
Any ?uid that may become trapped in the recess by the 
‘cushion check is free to escape through the ports 45 into 
the cylinder. The size of the ports 45 may be made to 
restrict ?uid ?ow from the recess 41. In this manner a 
cushioning of the piston stroke is assured even though 
the needle 28 is improperly adjusted or temporarily in 
e?ective for any reason. . 
The outer end 50 of the main ?uid passage 22 is 

adapted to be connected to any suitable source of ?uid 
under pressure so that the piston can be driven away from 
the cushion head. In order to obtain automatic, rapid 
reversal of piston movement after the cushioning action, 
it is preferable to make’ the depth of the recess 41 at 
least equal to the length of the plunger 42. Withithis 
preferred construction, the plunger is able to move a 
su?icient distance into the recess 41 (FIG. 3) to unseat 
itstapered end 43 after the piston is against the cushion 
head and, the ?uid pressure in the main passage reaches 
a necessary amount to overcome the spring 46. In this 
manner, full ?uid ?ow into the cylinder and quick re 
versal of the piston stroke is obtained.’ After the piston 
stroke has been reversed and the piston has been forced 
away from the cushion head, the spring 46 returns the 
cushion check 42 to its normal position for the next 
cushioning operation. Since the inside of the cushion 
check communicates with the cylinder chamber through 
the ports 45, the ?uid pressure in the recess 41 is substan 
tially the same asin the cylinder chamber. This balanc 
ing of the ?uid pressure assures free movement and ac 
curate positioning of the cushion check under the action 
of the spring 46. , ‘ 

It will thus be apparent that the invention obtains the 
objectives of providing new and improved structure ca 
pable of cushioning the stroke of a piston in a controlled 
manner and of operating to permit the piston stroke to 
be reversed quickly and automatically. The described 
cushioning structure is relatively simple and inexpensive 
and, at the same time, it is dependable in operation. 

Another important advantage is that the cushioning 
structure of the invention can be embodied in ?uid ac 
tuators of many different types and constructions. Hence, 
while the novel cushioning structure has been disclosed 
as embodied in a hydraulic rotary actuator, it‘ is to be 
understood that the disclosed actuator is not limiting of 
the invention and that it has been selected solely for pur 
poses of describing the operation and construction of the 
invention to those skilled in the art. 
7 Many different modi?cations and variations of the in 
vention will be apparent in light of the foregoing detailed 
disclosure. Therefore, it is to be understood further that, 
within the scope of the appended claims, the invention 
can be practiced otherwise than as speci?cally shown and 
described. 
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What is claimed is: 
1. A ?uid actuator comprising: 
(a) an outer housing having an inner piston receiv 

ing bore; 
(b) an end wall disposed transversely across one end 

of the piston receiving bore; 
(c) a piston slidably mounted in said bore and being 

reciprocally movable toward and away from said end 
wall, an end of the piston, portions of the surface 
of the piston receiving bore, and the end wall de?n 
ing a ?uid chamber; 

(d) said piston having inner surfaces de?ning a plunger 
receiving recess in said end; 

(e) a plunger slidably disposed within the plunger re 
ceiving recess and being reciprocally movable with 
in the recess between ?rst and second positions rela 
tive to the piston, the plunger in said ?rst position 
extending substantially out of the plunger receiving 
recess so as to de?ne a ?uid space between said 
plunger and the piston surfaces de?ning said plunger 
receiving recess, and said plunger in said second 
position being substantially received within the 
plunger receiving recess, whereby said ?uid space 
is at a minimum; - 

(f) biasing means urging said plunger toward said ?rst 
position; 

(g) said end wall having a main ?uid passage in align 
ment with said plunger and communicating with 
said ?uid chamber; ‘ 

(h) said end wall including a ?uid by-pass passage 
communicating with said ?uid chamber; 

(i) means in said by-pass passage for metering the 
?ow of ?uid through said by-pass passage; 

(j) said plunger and portions of the end Wall adja 
cent said main ?uid passage having mating surfaces 
for closing communication between said ?uid cham 
ber and the main ?uid passage when the mating sur 

’ faces are in abutment; ’ 

(k) said plunger having an imperforate transverse end 
surface for closing the main ?uid passage when the 
mating surfaces are in abutment; and, 

(1) said plunger including opening means on the pis 
ton side of said mating surfaces for providing re 
stricted ?uid ?ow between said ?uid chamber and 
the ?uid space whereby said mating surfaces about 
at a predetermined point in the travel of the piston 
toward the end wall and ?uid trapped between said 
piston and said end wall is exhausted at a controlled 
rate through said by-pass passage to provide a 
cushion and ?uid in said ?uid space is restricted in 
?owing into said ?uid chamber to provide an addi 
tional cushion, and said plunger is thereafter mov 
able into said recess to open said main ?uid passage 
when ?uid is supplied through said main passage at 
a pressure exceeding the urging force of said biasing 
means. 

2. The device of claim 1 wherein said recess has a 
depth substantially equal to the length of said plunger so 
that said plunger is movable substantially wholly within 
said piston against the urging of said bias means to sep 
arate said mating surfaces immediately upon the intro 
duction of ?uid under pressure into said main ?uid pas 
sage and before the piston moves substantially. 

3. A piston device comprising: 
(a) a housing having an inner piston receiving cham 
ber and an end wall disposed transversely across one 
end of the piston receiving chamber; 

(b) a piston slidably mounted in the chamber and 
reciprocally movable toward and away from the end 
wall, said piston having an end abuttable with the 
end wall; 

(c) said piston having a plunger receiving cavity in 
said end which is abuttable with the end wall; 

((1) a plunger slidably disposed within the plunger re~ 
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ceiving cavity and being reciprocally movable within 
the cavity; 

(e) said end Wall having a main ?uid passage aligned 
with said plunger; 

(f) said end wall including a ?uid by-pass passage 
spaced from the main passage; 

(g) means in said by-pass passage for metering the 
flow of ?uid through said by-pass passage; 

(h) said plunger and portions of the end Wall around 
said main passage having mating surfaces for closing 
the main passage with said plunger having an im 
perforate end Wall within its mating surface such that 
when said mating surfaces are in abutment, the main 
passage is shut off by said plunger end wall; 

(i) said plunger having three positions: 
(1) the plunger when in the ?rst position project 

ing from the piston; 
(2) the plunger when in the second position hav 

ing its mating surface in engagement with the 
end wall mating surface and the plunger being 
spaced from the bottom of the cavity; and, 
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(3) said plunger in the third position being nearer 
the bottom of the cavity than in the second 
position; and, 

(3') said piston being in abutment with said end wall 
when the plunger is in the second position whereby 
when the piston is abutting the end wall and ?uid 
under pressure is introduced to said main passage 
the plunger moves from its second position to its 
third position so as to immediately apply full ?uid 
pressure to said end of the piston. 
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