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This invention relates to hydraulic motors and, in par 
ticular, to reciprocatory motors. 
One object of this invention is to provide a reciprocatory 

hydraulic motor having a cushioning arrangement for 
retarding the speed of travel of the motor piston near 
either or both ends of its stroke, so as to eliminate the 
shock otherwise occurring at either or both ends of the 
stroke thereof. 
Another object is to provide a cushioned-stroke recip 

rocatory hydraulic motor of the foregoing character 
wherein the retardation action is brought about by grad 
ually restricting the discharge from the cylinder as the 
piston nears the end of its stroke, thereby effecting a 
gradual slowing down of the speed of the piston as it 
nears the end of its stroke. 
Another object is to provide a cushioned-stroke recip 

rocatory hydraulic motor, as set forth in the preceding 
objects wherein the restricted discharge of fluid from the 
cylinder near the end of the piston stroke is brought by 
the provision of a plurality of bidirectional ñuid flow ports 
arranged in sequence such that the piston during its travel 
will cover up these ports sequentially and thereby restrict 
the discharge of fluid from the cylinder in response to 
its own travel near the end of its stroke. 

Another object is to provide a cushioned-stroke recipro 
catory hydraulic motor, as set forth in the preceding ob 
ject, wherein free discharge flow of hydraulic fluid is 
provided during the intermediate portions of the stroke 
of the piston away from either or both ends of the stroke, 
so that the mechanism operated by the hydraulic motor 
is actuated in a rapid and efficient manner throughout the 
major part of its stroke. 
The figure shows a cushioned-stroke reciprocatory hy 

draulic motor with the upper half in central vertical sec 
tion and the lower half mainly in side elevation, according 
to one ̀ form'of the invention. 

Referring to the drawing in detail, the ñgure shows a 
cushioned-stroke reciprocatory hydraulic motor, general 
ly designated 10, according to one form of the invention 
as consisting generally of an elongated hydraulic cylin 
der 12 within which is reciprocably mounted a hydraulic 
piston 14, the stroke of which is cushioned near its op 
posite ends by stroke-cushioning devices, generally desig> 
nated 16 and 18, of similar construction but oppositely 
directed and therefore designated in detail with similar ref 
erence numerals. The cylinder 12 consists of an elongated 
tubular barrel portion 20 having an annularly-grooved 
cylinder head 22 welded to one end thereof in closing 
relationship therew-ith and with an annularly-rabbeted 
attachment ring 24 welded to its opposite end and 
provided with axially-directed circumferentially-Spaced 
threaded holes 26. 

Secured as by bolts or cap screws 28 to the attachment 
ring 24 of the cylinder 12 is a detachable cylinder head 
30 provided with circumferentially-spaced holes 32 aligned 
with the threaded holes 26 for the passage of the cap 
screws 28. The attachment ring 24 and cylinder head 30 
are suitably rabbeted or grooved to receive sealing gaskets 
or O-rings 34 and 36 in order to prevent leakage of hy 
draulic fluid during the operation of the motor 10. The 
detachable cylinder head 30 is provided with a central 
axial bore 38 terminating at its outer end in a counter 
bore 40 separated therefrom by an annular shoulder 42. 
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Seated in the bore 38 and flanged to engage the annular 
shoulder 42 is a flanged piston rod bearing bushing 44 
receiving sliding engagement of the piston rod 46 upon 
the reduced diameter portion 48 of which the piston head 
50 of the piston 14 is mounted. In order to prevent leak 
age around the piston rod 46, a suitable packing 52 is 
provided in the counterbore 40 and adapted to be com 
pressed by the annular gland 54 by means of the bolts 58 
extending therethrough and threaded into the cylinder 
head 30. 
The reduced diameter inner endportion 48 of the piston 

rod 46 is threaded to receive the retaining nut 60 by 
which the piston head 50 is held securely on the piston 
rod portion 48 against the annular shoulder 62 between 
it and the piston rod 46. The piston head 50 is grooved 
as at 64 to receive piston rings 66 for preventing leakage 
between the piston head 50 and the cylinder bore 68 with 
in the cylinder barrel 20. The outer or external end of 
the piston rod 46 is provided with parallel transverse bores 
70 adapted to receive transverse bolts 72 securing thereto 
a cup-shaped coupling member 74 drilled in alignment 
with the holes 70. The coupling member 74 in turn 
carries a transverse approximately cylindrical portion 76 
bored transversely to receive a bearing bushing 78 which 
in turn pivotally engages a pivot pin (not shown) by 
which the piston rod 46 is operatively connected to the 
dump truck body or other load being moved. 
Each stroke-cushioning device 16 or 18 includes a plu 

rality of bidirectional fluid flow discharge ports 80, 82, 
84, 86 and 88 which are preferably graduated in Width 
and arranged in sequence in longitudinally-spaced rela 
tionship along the cylinder barrel 20 near the oppoiste 
ends thereof and adapted to be successively covered by 
the piston head 50 as it nears each end of its stroke. Thus, 
the ñrst port 80 to be covered as the piston head 50 nears 
the end of its stroke is preferably wider than the remain 
ing ports 82 to 88 inclusive so as t0 be of greater cross 
sectional area for the purpose of graduating the discharge 
of hydraulic fluid. The term “bidirectional ñuid flow” 
is used herein to mean permitting two-way ñow of fluid 
through the ports 80 to 88, i.e. in opposite directions, 
in contradistinction to the unidirectional or one-way flow 
permitted through the ports 122 and 124 controlled by 
the unidirectional check valves 126 and 128 respectively. 
Each set of ports 80 to 88 is covered by a valve casing 

90 having a radial end wall 92 Welded to the cylinder 
barrel 20 near its junction with the cylinder head 22 and 
an axial side wall 94 welded to the end wall 92 and to 
the cylinder barrel 20. The open end 96 of the valve cas 
ing 90 is closed by a closure member 98 having a longi 
tudinal bore 100 therein opening intoy a chamber 102 
adjacent the discharge ports 80 to 88 and closed at its 
outer end by a threaded plug 104. Intermediate its op 
posite ends the closure member 98 is provided with a 
transverse threaded service port 106 for the cushioning 
device 16 and 108 for the cushioning device 18. 
The closure member 98 is provided near the outer end 

of each bore 100 with a transverse threaded check valve 
bore 110 into which is threaded a tubular ball check valve 
seat 112 against which a check valve ball 114 is urged 
by a compression spring 116, the outer end of which is 
seated against a screw plug 118 threaded into a couter 
bore 120 coaxial with the bore 110. These ports collec 
tively constitute the check valves 126 and 128 in the 
stroke cushioning devices 16 and 18. The cylinder barrel 
20 adjacent each of the cushion devices 16 and 18 is pro 
vided with a radial port 122 or 124 registering with the 
bore 110 of its respective check valve 126 or 128, as the 
case may be. 

' In the operation of the invention, let it be assumed that 
the threaded ports 106 and 108 are connected to pipes 
leading to a conventional four-way control valve (not 
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shown) and thence respectively to a hydraulic pump or 
other suitable source of hydraulic pressure ñuid (not 
shown) and a hydraulic fluid reservoir (not shown). 
Assuming the parts to be in the positions shown in the 
drawing, with the piston 14 fully retracted within the 
cylinder 12, to move the piston 14 outwardy and perform 
a working stroke, hydraulic pressure fluid is admitted to 
the service port 106 while the service port 108 is con 
nected to discharge fluid into a suitable reservoir (not 
shown) by way of the four-Way valve. Such reciprocatory 
hydraulic motor control circuits are well-known among 
those skilled in the hydraulics art and are beyond the 
scope of the present invention. 
The hydraulic pressure iluid entering the service port 

106 presses the ball 114 of the ball check valve 126 
downward against its seat 112 and thereby prevents pas 
sage of any such fluid through the cylinder barrel port 
122 into the cylinder bore 68 beyond the piston head 50. 
Accordingly, the hydraulic pressure ñuid ñows iirst 
through the port 88 of the cushioning device 16, and 
acts against the piston head 50 to push it to the right, 
thereby successively uncovering the remaining ports 86, 
84, 82 and 80. With the enhanced flow of hydraulic 
pressure fluid into the left-hand endl of the cylinder 12, 
the piston 14 gathers speed and performs the work in 
tended for it while moving toward the detachable cylin 
der head 30. 

Meanwhile, the hydraulic fluid behind or to the right 
of the piston head 50 is forced outward from that portion 
of the cylinder bore 68 to the right of the piston head 50 
not only by passing out through the ports 80 to 88 of 
the cushioning device 18 and thence through the bore 100 
and service port 108 to the reservoir but also through 
the port 124 and tubular valve seat 112 of the check valve 
128, 4forcing the ball 114 thereof oñî its seat against the 
thrust of its respective spring 116, thereby additionally 
permitting fluid to ñow through the left-hand end of the 
bore 100 into the service port 108 and thence back into 
the reservoir. 
As the piston head 50 of the piston rod 14 nears the 

right-hand end of its stroke, it first covers the cylinder 
barrel port 124 and then successively covers the dis 
charge ports 80, 82, 84, 86 and 88 of the cushioning 
device 18. The consequent gradual cutting olf of dis 
charge ilow of hydraulic ñuid by thus reducing the avail 
able discharge port area reduces the speed of the piston 
head 50 until it has substantially halted as it reaches the 
right-hand end of its stroke. Meanwhile, the uncovering 
of the cylinder port 124 by the travel of the piston head 
50 to the right permits a portion of the pressure fluid to 
escape through the port 122 and tubular valve seat 112 
of the check valve 128 after forcing the ball 114 thereof 
off its seat against the thrust of the spring 116, releasing 
this fluid also through the service port 108. 

Reversal of the four-way valve (not shown) converts 
the service port 108 into a hydraulic pressure fluid supply 
port and the service port 106 into a hydraulic ñuid dis 
charge port, reversing the foregoing operation. As a 
result, pressure fluid is admitted through the service port 
108, bore 100 and sequential ports 80 to 88 of the cushion 
ing device 18 while hydraulic fluid is being discharged 
from the left-hand end of the cylinder 12 through the 
ports 80 to 88 of the cushioning device 16 and thence 
through the service port 106, as well as through the port 
122 and tubular valve seat 112, forcing the check valve 
ball 114 of the check valve 126 temporarily olf its seat 
to permit such flow. As the piston 50 moves to the left 
and reaches the ports 122 and 80 to 88 of the cushioning 
device 16, it successively covers them and, in the manner 
described above, gradually reduces the discharge flow and 
consequently reduces the speed of travel of the piston 
head 15 to the left, with the result that shock at the end 
of the stroke is substantially eliminated. 

Also in the manner described above, the piston 50 again 
uncovers the check valve port 122 of the check valve 126 
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as it passes by, again permitting bypassing of the pressure 
lluid through the check valve 125 and service port 106 to 
the hydraulic iluid reservoir in the manner described above 
as occurring during the stroke of the piston 14 in the 
opposite direction. 
What I claim is: 
l. A cushioned-stroke reciprocatory hydraulic motor, 

comprising 
a cylinder having a tubular cylinder barrel with a cylin 

der bore therein. 
a piston reciprocably mounted in said cylinder barrel, 

said piston including a piston rod and a piston 
head on said piston rod engageable with said 
cylinder bore, 

means for admitting hydraulic pressure fluid to said 
cylinder on one side of said piston head to move said 
piston along said cylinder, 

and means disposed near one end of said cylinder barrel 
for gradually releasing hydraulic fluid from said cyl 
inder barrel on the opposite side of said piston head, 

said fluid-releasing means including a first series 
of bidirectional ñuid ñow outlet ports in said 
cylinder barrel arranged in axially-spaced lon 
gitudinally-disposed relationship in said cylinder 
barrel and closed sequentially by said piston 
head in response to the travel of said piston head 
along said cylinder bore in one direction. 

said fluid-releasing means also including a unidi 
rectional ñuid release valve disposed near said 
cylinder fluid outlet ports and opening outward 
ly from said cylinder barrel into said cylinder 
bore in bypassing relationship to said outlet 
ports. 

2. A cushioned-stroke reciprocatory hydraulic motor, 
comprising 

a cylinder having a tubular cylinder barrel with a cyl 
inder bore therein, 

a piston reciprocably mounted in said cylinder barrel, 
said piston including a piston rod and a piston head 

on said piston rod engageable with said cylinder 
bore, 

means for admitting hydraulic pressure iiuid to said cyl 
inder on one side of said piston head to move said 
piston along said cylinder, 

and means disposed near one end of said cylinder barrel 
for gradually releasing hydraulic lluid from said cyl 
inder barrel on the opposite side of said piston head, 

said ̀ fluid-releasing means including a first series of 
bidirectional fluid ñow outlet ports in said cyl 
inder barrel arranged in axially-spaced longitu 
dinally-disposed relationship to said cylinder 
barrel and closed sequentially by said piston 
head in response to the travel of said piston head 
along said cylinder bore in one direction, 

said fluid-releasing means also being disposed near 
the opposite end of said cylinder barrel and in 
cluding a second series of bidirectional lluid flow 
outlet ports in said cylinder barrel also arranged 
in axially-spaced longitudinally-disposed rela 
tionship in said cylinder barrel but disposed 
remote from said first series of ports and also 
closed sequentially by said piston head in re 
sponse to the travel of said piston head along 
said cylinder bore in the opposite direction to 
said one direction, 

said duid-releasing means also including a undirec 
tional fluid release valve disposed near the op 
posite ends of said cylinder near the first and 
second series of said fluid outlet ports and open 
ing outwardly from said cylinder barrel into said 
cylinder bore in bypassing relationship to said 
outlet ports. 

3. A cushioned-stroke reciprocatory hydraulic motor, 
comprising 
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a cylinder having a tubular cylinder barrel with a cyl 
inder bore therein, 

a piston reciprocably mounted in said cylinder barrel, 
said piston including a piston rod and a piston head 
on said piston rod engageable with said cylinder 
bore, 

means for admitting hydraulic pressure fluid to said 
cylinder on one side of said piston head to move said 
piston along said cylinder, 

and means disposed near one end of said cylinder barrel 
for gradually releasing hydraulic «ñuid from said cyl 
inder barrel on the opposite side of said piston head, 

said duid-releasing means including a ñrst series 
of bidirectional Huid ñow outlet ports in said 
cylinder barrel arranged in axially-spaced longi 
tudinally-disposed relationship in said cylinder 
barrel and closed sequentially by said piston 
head in response to the travel of said piston 
head along said cylinder bore in one direction, 

a valve casing with a chamber therein being secured 
to said cylinder barrel near said one end of said 
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cylinder with said outlet ports opening into said 
chamber, 

said fluid-releasing means also including a unidirec 
tional tluid release valve disposed near said valve 
casing and opening outwardly from said cylinder 
barrel into said cylinder bore in bypassing rela 
tionship to said outlet ports. 
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