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57) ABSTRACT 

A fluid pressure control device has a piston and cylinder. The 
cylinder includes a cylindrical wall and a pair of end parts. The 
piston rod extends slidably through one end part, which end 
part is adjustably axially movable for varying the piston stroke 
length. The device is of especial interest in the control of flex 
ion and extension motions of an artificial leg. 

7 Claims, 8 Drawing Figures 
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1. 

FLUID PRESSURE CONTROL DEVICEFORAN 
ARTIFICIALLEG 

FIELD OF THE INVENTION 

This invention relates to a fluid pressure control device 
which finds particular, although not exclusive, use in artificial 
legs. 

BACKGROUND OF THE INVENTION 

A known pneumatic pressure control device has a piston 
and cylinder, the cylinder including a cylinder wall and a pair 
of end parts; the piston rod is connected to the piston and is 
also mounted slidably in one of the cylinder end parts. It is also 
known to construct the piston in two parts and also to con 
struct the piston rod of inner and outer parts; the two piston 
parts are connected to respective piston rod parts; the latter 
are adjustably relatively movable in axial direction, so that the 
piston parts can be moved towards or away from each other to 
vary the axial length of the piston. In this way the length of the 
piston stroke can be adjusted. This arrangement has disad 
vantages: the construction of the piston and the piston rod 
each in two parts is relatively complex and therefore relatively 
costly. Further, adjustment of the piston rod parts, to vary the 
axial piston length, is not very convenient. 

SUMMARY OF THE INVENTION 

To overcome the disadvantages referred to above the inven 
tion is characterized in that the cylinder end wall through 
which the piston rod passes, is adjustably axially movable 
whereby the length of stroke of the piston and piston rod can 
be adjustably varied. Preferably the end part of the cylinder in 
which the piston rod is slidably mounted, is adjustably axially 
movable. By providing the end part with an integral external 
extension for engagement by a tool, for example a hexagonal 
extension for engagement by a spanner, the piston stroke can 
be easily varied. 

In accordance with a feature of the invention fluid, for ex 
ample air, is conveyed during piston movement from one side 
of the piston to the other (the device being a closed circuit 
device) through two passages which are outside the cylinder 
and extend parallel to its axis. Near its upper end each passage 
is formed with a tapering seat for a needle valve and a needle 
valve is mounted in the device for co-operating with the 
respective valve seat in regulating air flow. Preferably the two 
axially extending air passages lead into a transverse bore in a 
housing at the lower end of the cylinder, this transverse bore 
communicating also with the interior of the cylinder below the 
piston. In the bore a non-return valve is arranged so as to con 
trol fluid flow through one of the two air passages, but not the 
other. In this way, movement of the piston in both directions 
can be regulated to a like extent by adjustment of one of the 
needle valves, and movement of the piston can also be regu 
lated in a differential manner by adjustment of the other nee 
de valve. 
The invention also includes an artificial leg having upper 

and lower leg members which are relatively movable about a 
horizontal axis for flexion of the leg, comprising: 
a fluid pressure control device having a piston and cylinder, 

the piston being movable with the upper leg member, the 
cylinder being fixed to the lower leg member, and the 
cylinder including a cylinder wall and a pair of end parts; 
and 

a piston rod connected to the piston and to the upper leg 
member, the piston rod being mounted slidably in one of 
the pair of cylinder end parts; 

characterized in that the said one end part is adjustably axi 
ally movable relative to the cylinder wall whereby the 
length of stroke of the piston and piston rod can be ad 
justably varied so that the position of maximum extension 
of the upper and lower leg members about the horizontal 
axis can be adjustably varied. 

The invention will now be described by way of example, 
with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THEDRAWINGS 

FIG. 1 is a diagrammatic side elevation of parts of an artifi 
cial leg in the flexed position, partly broken away to show the 
fluid pressure control device; 

FIG. 2 is similar to FIG. 1, but showing the artificial leg in 
the fully extended position; 

FIG. 3 is an elevation of the control device as seen in the 
direction of the arrow"A" of FIG. 1; 

FIG. 4 is a top plan of the control device; 
FIG. 5 is a section on the plane V-V of FIG. 4; 
FIG. 6 is a section on the plane VI-VI of FIG. 4; 
FIG. 7 is a section on the plane VII-VII of FIG. 3; and 
FIG. 8 is a section on the plane VIII-VIII of FIG. 6. 
DESCRIPTION OF THE PREFERREDEMBODIMENT 

The fluid pressure control device of the invention will now 
be described as used in an artificial leg. 

Referring to FIGS. 1 and 2, an artificial leg has an upper leg 
member 1, which is shown diagrammatically as a thigh, and a 
lower leg member 2, which is the upper end of a shin tube of 
known construction. In the member 1 is fixed in known 
manner a platform 1A (on which for example a stump-receiv 
ing socket (not shown) can be mounted); this platform 1A has 
axially aligned journals 1B (of which only one is seen) 
rotatably receiving a horizontal knee bolt or axle 1C, the axis 
of which is the axis offlexion of the leg. The shin tube 2 is sub 
stantially radial to that axis and is rigidly connected to the 
knee axle 1C by a framework 2A, known as a "shin cradle." 
This framework 2A has a rear member 2AB and two side 
members 2AC which are connected by an arcuate front 
member 2AD. (It will be understood that the outer covering of 
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the shin is arranged in well known manner around the shin 
tube 2 and the framework 2A). The framework 2A is partly 
broken away in FIGS. 1 and 2 to show a pneumatic pressure 
control device 3, which is swingably connected to the 
framework 2A by a rod 2B which extends freely through a 
bore 3A (see also FIG. 7) in the device 3, the rod 2B being 
fixed at each end on the framework members 2AC. This ar 
rangement permits the control device 3 to swing between the 
positions of FIGS. 1 and 2, 
The device 3 is connected to the platform 1A by a piston 

rod 3B which is pivotally connected at 1D to a journal 
member 1E fixed to the platform A. 

In FIG. 1 the artificial leg is shown in virtually fully flexed 
position and in FIG. 2 in fully extended position. The device 3 
prevents movement of the artificial leg beyond the FIG. 2 
position; that is, it prevents "hyperextension' and thus acts as 
"back-check" device. As will be explained, the position at 
which full extension of the artificial leg occurs can be adjusted 
in a simple manner, to suit the requirements of the person 
wearing the artificial leg. 
The device 3 also provides for control of the swing phase of 

the artificial leg, that is, that phase of movement of the artifi 
cial leg when the artificial foot is not in contact with the 
ground. During the swing phase it is desirable to control the 
flexion and extension movements about the knee axle 1C. The 
use of a pneumatic piston and cylinder control device is 
known for this purpose, but the improved device of the inven 
tion provides for simple yet effective adjustment of the air 
flows. 

Referring also to FIG. 3, the device 3 comprises an upper 
housing 4A, a lower housing 4B, and a circular cylinder wall 
4C extending between, and received at each end by, the two 
housings, FIG. 6. The housings are held together by three tie 
rods 4D, only one of which is seen in FIG. 3. The lower hous 
ing 4B closes the lower end of the cylinder, the upper end of 
which is closed (FIG. 6) by an axially adjustably movable plug 
5 which has an integral hexagonal upward extension SA. The 
plug 5 is screwed into a threaded bore 5B in the upper housing 
4A, so that by rotating the hexagonal extension 5A the plug 5 
can be moved axially inward or outward, whereby the position 
of the lower end SC of the plug 5 in the cylinder can be varied. 
The lower end 5C constitutes the top wall of the cylinder. 



3,670,341 
3 

The piston rod 3B is slidably mounted in an axial bore 5D in 
the plug 5, air seals being provided as necessary. Carried on 
the lower end of the piston rod is a piston which includes a 
body 6A with a large wear ring 6B preferably of P.T.F.E. and 
cylinder-wall-engaging members 6C. The piston is of substan 
tial axial bearing length to give good wear properties. 
Upward movement of the piston and piston rod is stopped 

when the piston abuts the lower end 5C of the plug 5, so that 
by axially adjusting the position of the end SC the position of 
full extension of the artificial leg can be readily adjusted. This 
arrangement provides for a simpler and more compact con 
struction than previously known. 
On the upward stroke of the piston air leaves the cylinder 

through an enlargement 7A of the threaded bore 5B (FIG. 8) 
of the upper housing 4A. Opening into the enlargement 7A is 
a transverse air passage 7C which communicates at its respec 
tive ends with vertical air tubes 8 and 9, which extend parallel 
to the cylinder axis, outside the cylinder, from the upper hous 
ing 4A to the lower housing 4.B. 
On the downward stroke of the piston air leaves the cylinder 

through a short air passage 10 (FIGS. 6 and 7) which commu 
nicates with a transverse bore 10A in the lower housing 4B, 
this bore 10A being blind at its inner end 10B and closed by a 
screw-in plug 10C at its outer END. The lower ends of the two 
air tubes 8 and 9 communicates with the bore 10A, FIG. 7. 
The device has three valves: a respective needle valve at the 

upper end of each air tube 8,9, and a non-return valve in the 
bore 10A. 
The two needle valves are the same; one is shown in FIG. 5. 

A needle valve stem 11 co-operates with a valve seat 11A 
formed in the tube 9. The stem 11 is integral with a threaded 
shank 11B and has flanges 11C and seals 11D, for mounting 
the valve in a vertical bore 11E in the upper housing 4A. 
Threaded on the shank 11B is a rotatable valve-adjusting knob 
12; this has a deep circular groove 12A in which is received 
one end of an elongated retainer plate 12B, see FIG. 4 and 5. 
The air tube 8 has a like needle-valve arrangement, with a 
milled valve-adjusting knob 13. (The knob 12 however is not 
milled, but has a screw-driver slot, not shown). 
The underside of each knob 12, 13 has angularly spaced 

recesses (not shown) for engagement by balls 12C (one of 
which is seen in FIG. 5) each upwardly urged by a compres 
sion coil spring 12D (one of which is seen in FIG. 5). This pro 
vides a "click-stop' action as either knob is rotated for open 
ing or closing movement of its respective needle valve. 

It will thus be understood that air flow in either direction 
through the tubes 8 and 9 is variably controllable by operation 
of the knobs 13 and 12 respectively. . 
The non-return valve is shown in FIG. 7 and it permits only 

a one-way air flow between the lower end of the air tube 9 and 
the underside of the piston in the cylinder (via the bore 10A, 
10B and the air passage 10). A plug 14 is threaded in the bore 
10A and has five small bores extending through it - one a cen 
tral bore 14A which receives a guide pin 14B of a valve head 
14C; the other four bores 14D are distributed around the cen 
tral bore 14A and provide for air flow past the plug. The valve 
head 14C carries a rubber O-ring 14E which co-operates with 
a frusto-conical seat 15 of the bore 10A, the ring 14E being 
held against the seat 15 by a compression coil spring 15E. 
Thus this non-return valve permits airflow from the air tube 9 
during the up stroke of the piston, but prevents airflow to the 
air tube 9 during the down stroke of the piston. On the other 
hand, air flow to and from the air tube 8 is not affected by the 
non-return valve, since the air passes freely through the 
passage 10 and the bores 14D. By this arrangement of valves a 
differential action on flexion of the artificial leg is obtained, 
and this differential action can be adjusted by turning the 
knob 12 to adjust the relevant needle valve 11. Turning of the 
knob 13 on the other hand controls flexion equally in either 
direction, that is, in the direction towards full flexion, or in the 
direction towards full extension of the artificial leg. The use of 
a pneumatic device for control of the swing phase of an artifi 
cial leg in this manner is known, but the device of the inven 

4. 
tion provides a simpler construction than previously known, 
and one which is easily and quickly yet accurately adjustable. 
The two knobs can each be rotated for six turns, to cover the 
range of needle valve movement from fully open to fully 

5 closed. The "click-stop' arrangement permits simple yet posi 
tive and accurate adjustment of the needle valves to desired 
settings. 

For efficiency in a pneumatic piston and cylinder control 
device, it is necessary to have a minimum clearance volume at 
each end of the piston stroke. On the other hand it is desirable 
to have good breathing, that is, the flow of air in the device 
must not by unduly restricted, except when necessary by the 
valves. Good breathing requires larger air passages; but this in 
creases the clearance volumes. The present arrangement of 
the valves, with the needle valves close to the upper end of the 
cylinder and with the non-return valve close to the lower end 
of the cylinder, has been found to provide a satisfactory com 
promise between minimum clearance volumes and good 
breathing. 
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20 What we claim is: 
1. An artificial leg comprising: 
an upper leg member, 
a lower leg movable relatively to the upper leg member for 

25 flexion of the leg, 
an integral one-piece cylindrical tube constituting a 

clylinder, 
a pair of end parts one of which is swingably connected to 

the lower leg member, 
30 locating means to locate respective ends of the cylinder 

against the end parts and to hold the end parts in spaced 
relation, 

a piston slidable in the cylinder, 
a piston rod connected to the piston and extended through 

35 one of the end parts, the piston rod being connected to 
the upper leg member for movement therewith, 

a member adjustably secured in one of the end parts and 
having means constituting an end face for restricting the 
axial displacement of the piston in one direction, 

40 air conveying tubes extending from one end part to the 
other for conveying air from side to side of the piston, 

means for allowing passage of air in both end parts for con 
veying air from respective sides of the piston through the 

45 air conveying tubes, 
an air flow control means mounted in one end part and ex 
tending transversely across said air conveying tubes for allow 
ing air to flow freely from side to side of the piston through all 
air conveying tubes except one, 

said air flow control means having means for allowing air to 
50 flow in one direction in one air conveying tube but 

restricting flow in the opposite direction in the same tube, 
and 

valves adjustably mounted in a first end part, each valve 
55 being operatively associated with a seating in an end of an 

air conveying tube for controlling airflow therethrough. 
2. An artificial leg according to claim 1, wherein the said ad 

justably secured member is an externally threaded plug 
mounted in an internally threaded bore in one end part. 

3. An artificial leg according to claim 1, wherein the locat 
ing means comprises connecting rods extending from one end 
part to the other and operative to locate and clamp the 
cylinder between the end parts. 

4. An artificial leg according to claim 1, wherein the said ad 
65 justably secured member has an axial bore in which the piston 

rod is slidably movable. 
5. An artificial leg according to claim 1, wherein the ad 

justably mounted valves are needle valves each axially and 
non-rotatably movable in the said first end part, and each hav 

70 ing a threaded shank received in a knob rotatably mounted in 
the said first end part. 

6. An artificial leg according to claim 1, wherein said air 
flow control means includes a plug mounted in said air passage 
means in one end part, said plug having small bores extending 

75 through it. 

60 
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7. An artificial leg according to claim 6, wherein said air 
flow control means further includes a non-return valve seated 
in one of said air passage means. 
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