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(54) IMPROVED CYLINDRICAL LINEAR HYDROSTATIC 
ACTUATORS 

(71) I, GEORGE ERNEST. EVANS 
WARDER, a British subject, of 19 Vaughan 
Avenue, Stamford Brook, London, W.6. 
OXS, do hereby declare the invention, for 

5 which I pray that a patent may be granted to 
me, and the method by which it is to be 
performed to be particularly described in 
and by the following statement:— 

The invention relates to cylindrical linear 
10 hydraulic actuators adapted for sliding 

members along bores or slideways for such 
purposes as feeding the quill spindles of 
machine tools and the positioning of control 
rods in atomic reactors, to which fluid is 

15 supplied under pressure and which exert 
linear propulsive force, or to which linear 
motion is imparted and which discharge 
fluid underpressure for such purposes as the 
generation of signals indicating the velocity 

20 of linear displacement by the measurement 
of the pressure of such fluid discharged 
through a known constriction for damping 
motion, or counterbalancing. An object of 
the Invention is to provide a cylindrical 

25 linear hydraulic actuator of robust con-
struction and high efficiency which in 
operation will be subject to little friction 
and to little wear, capable of operation from 
the lowest creep speed to rapid traverse, in 

30 which pulsations are substantially avoided 
and in a form suitable for vertical as well as 
horizontal applications. According to the 
invention there is provided cylindrical linear 
hydraulic actuators herein described which 

35 have the outstanding advantage of more 
nearly constant positional rigidity by 
comparison with long cylinder and piston-
type actuators for extended travel due to 
minimal and more nearly constant volume 

40 or working fluid undo: pressure during 
motion of the sliding member. Further 
advantage arises from the provision of the 
other working chambers enclosed between 
the sliding member and the static member 

45 across which the same set of vanes oscillate 
in a rotary sense, said other chambers being 
used for counterbalancing purposes or as a 
[Price 25p\ 

pump. Fluid discharged by such a linear 
pump may be used:—(1) by being forced 
through a known constriction to provide an 50 
indication of the velocity of the slider by 
measurement of the pressure difference 
across said constriction so generated (2) to 
provide controlled damping by forcing the 
fluid so pumped through a selected constant 55 
constriction such as a capillary tube. Said 
constriction may be disabled for rapid 
traverse and brought into use for brakmg 
the slider. 

Cylindrical linear hydraulic actuator in 60 
accordance with this invention will now be 
described with reference to the ac-
companying drawings in which: 

Fig. 1 is an "exploded" view of the 
assembly of the actuator shewing part of the 65 
slider, a typical vane, and the working 
portion of the stator assembly. 

Figs. 2 & 3 are cross-sections of the ac-
tuator on X X, Y Y (Figs. 1 & 4) respectively 
shewing a typical vane in its idle and 70 
working positions; 

Figs. 4 & 5 serve as diagrams illustrative of 
the mode of operation, being cross-sections 
on A A, B B (Figs. 2 & 3) respectively. 

The slider assembly consists of a central 75 
tube 1 upon which is mounted a multiplicity 
of disk components 2,2,2. . . and two end 
pistons 3 (only one of which is shewn) 
making seal within the stator liner 6, which 
is subdivided for ease of manufacture. 
Assembled in every annular groove formed 
between the disks 2,2,2. . . by a spigot and 
shoulder on each is a vane 5 made a neat 
sliding fit on its faces and a close bearing fit 
on the spigot of its associated disk 2, and of 
the same external diameter as the disks 
2,2,2. . . . and the pistons 3. The slider 
assembly is made a neat sliding fit within the 
cylindrical stator liner 6, which is enclosed 
within a cylindrical casing 7 with a fluid- ™ 
tight fit at their cylindrical interfaces. The 
casing 7 carries a manifold block 8 adapted 
to receive an electro-magnetic relay 
hydraulic spool valve 9 of the 5-port type 
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and external piping connexions for pressure 
fluid feed 10, fluid return 11, and case drain 
12 (Fig. 2) to the pump and reservoir (not 
shewn). The stator liner 6 carries two pairs 

5 of internal projections 13 each pair being 
separated longitudinally by a distance equal 
to the length of a working chamber 14 
formed by gaps therein disposed abreast, 
with sufficient length at each end of these 

10 chambers to make seal with the mating 
recesses 15,. . . disposed in axial alignment 
in all the slider assembly disks 2,2,2. . . , the 
ends of the projections 13 forming end stops 
for travel engaging the end pistons 3 of the 

15 slider. The ends of the gaps between the 
longitudinal projections 13 form abutments 
terminating the working chambers 14 against 
which pressure fluid reacts. 

Two working chambers 14 are disposed 
20 diametrically opposite in order to exert 

actuating forces symmetrically about the 
axis with an axial resultant force. Two sets 
of ports 16 & 17 communicate between the 
spool control valve 9 and the corresponding 

25 ends of each of the working chambers 14, 
interconnexion of the ports being achieved 
via grooves formed between the stator liner 
6 and the casing sleeve 7. The ports 16, 17 
become inlet and exhaust or exhaust and 

30 inlet for pressure fluid in accordance with 
the setting of the control spool valve 9. 

The stator liner 6 is provided with a 
longitudinal groove 18 comprising con-
jugate sinusoidal cams so placed that by 

35 means of cam follower 19 projecting from 
the periphery of every vane 5 they control 
the angular positions of said vanes in their 
axial passage. The active portions of the 
cam groove 18, i.e. those effecting rotation 

40 of the vanes 5, are disposed abreast the 
elongated ports 16, 17 so that the vanes 
straddle the ports while they are being 
rotated by the cam; in this way the fluid 
pressures on the opposite faces of the vanes 

45 are for the time being substantially 
equalised by the coupling provided by the 
ports and the work of rotating them and the 
consequent wear is kept small. 

During passage past the the active por-
50 tions of the cam groove 18 the vanes are 

displaced in turn from their idle positions, in 
which the gateways 20 formed diametrically 
opposite in every vane coincide with and 
pass along clear of the projections 13, to 

55 their working positions, in which their 
gateways 20, full of fluid are housed within 
die grooves 4 and blank portions of the 
vanes cross and divide the chambers into 
pressure and exhaust compartments. Two 

60 vanes cross and divide the chambers during 
a portion of the cycle as shewn in Fig. 4 so 
that when the leading vane reaches the 
outlet port and straddles it before it is 
again rotated by the action of the cam 

65 groove 18 to its idle position another vane 

has been rotated so as to divide the 
chamber. A "dead" volume of fluid is 
therefore trapped between two vanes for a 
period during the cycle. 

The gateways 20, are made clearly larger 70 
than the cross-section of the projections 13 
in width and depth, said clearance being full 
of fluid so that precision of amplitude of the 
angular displacement of the vane is not 
required. Any leakage of fluid from the 75 
pressure portions of the working chambers 
escapes through the working clearances be-
tween the projections 13 and the recesses 15 
in the disks 2 to a low pressure fluid/air 
system 25 contained by the end pistons 3 80 
which make seal within the stator liner 6, 
feathers mating with the straight portions of 
the cam groove thus preventing rotation of 
the slider. The end clearance volumes inter-
communicate via passages 21 through the 85 
assembly of disks 2 for the relief of any 
differential pressure arising, and any air 
entrained in the pressure fluid accumulates 
beneath the upper end piston 3 in a vertical 
application. The leakage fluid and en- 90 
trapped air is relieved via a capillary tube 22 
of plastics material form-coiled on a loose: 
sleeve 24 housed within the upper piston 3, 
the open end of the tube rotating as the tube 
uncoils and returns, the other end being led 95 
via a low-friction guide 23 through the 
recesses of the disks for the time being 
above the working zone of the actuator to a 
connexion housed within one projection 13 
and thence to the case drain pipeline 12 to 100 
the reservoir (not shewn). 

Fig. 4 shews diagrammatically the section 
of the actuator at a point at which two vanes 
cross and divide the working chamber 14, at 
which instant a "dead" volume of fluid "D" 105 
is trapped between two vanes, the pressure 
fluid acting within the compartment "P" and 
fluid contained within the compartment "E" 
being swept out by the advance of the 
leading working vane with unidirectional 110 
and uninterrupted passage of fluid through 
the actuator. 

Fig. 5 shews an instant in the cycle at 
which one vane divides the working 
chamber 14, into pressure and exhaust 115 
compartments marked "P" and "£". 
Extended working chambers or decreased 
pitch of the vanes proportionally to the 
length of the chambers makes possible the 
maintenance at all times of at least one 120 
"dead" volume of fluid with two vanes 
crossing the chambers and occasionally two 
"dead" volumes trapped between inlet and 
outlet pressure zones. 

WHAT I CLAIM IS:— 125 
1. A cylindrical linear hydraulic actuator 

comprising a first cylindrical member within 
a second and hollow cylindrical member 
enclosing at their interface two or more 
longitudinal chambers disposed side by side, 130 
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elongated inlet and outlet ports piercing one 
of said members through which hydraulic 
fluid can be led to and from said chambers; 
a multiplicity of equispaced vanes included 

5 in the other of said members, each vane 
being provided with gateways defining the 
chambers; abutments forming the ends of 
said chamber and attached to the one 
member; the vanes being caused to rotate in 

10 planes normal to the longitudinal axis of the 
actuator whilst moving between an abut-
ment and the port nearer the abutment be-
tween two angular positions, in one of which 
the gateways are aligned with the respective 

15 chambers so as to permit the vanes to pass 
the abutments, and in the other of which the 
vanes divide the chambers, the movement of 
a vane into and out of a position in which it 
divides the chamber being effected only 

20 whilst the particular vane is passing a port; 
the vanes being so pitched that at least one 
vane always divides the chambers while not 
in motion in a rotary sense; the rotation of 
the vanes being effected by respective cam 

25 followers which engage a suitably shaped 
longitudinal cam means on the one member. 

2. An actuator according to Claim 1, in 
which the first member is the one member 
and the second member is the other member. 

30 3. An actuator according to Claim 1, in 
which the first member is the other member 
and the second member is the one member. 

4. An actuator according to Claim 2 or 3, 
in which the first member is a slider and the 

35 second member is a stator. 
5. An actuator according to any preceding 

Claim, in which which the cam followers 
comprise projections from the respective 

3 
vanes and the cam means comprises a 
groove in the stator. 40 

6. An actuator according to any preceding 
Claim, in which the cam followers comprise 
recesses in the respective vanes and the cam 
means comprises an elongate projection on 
the stator. 45 

7. An actuator according to any preceding 
Claim, in which the chambers are equally 
spaced about the second member. 

8. An actuator according to any preceding 
Claim, in which thi chambers are of sub- 50 
stantially rectangular cross-section. 

9. An actuator according to any preceding 
Claim, including additional abutments 
aligned with the abutments defining the 
ends of the chambers, and additional inlet 55 
and outlet ports in the one member so as to 
form additional chambers aligned with the 
first-mentioned chambers, the vanes also 
being caused to rotate whilst moving over 
the additional inlet and outlet ports, so that 60 
the gateways are aligned with the respective 
chambers when passing the additional 
abutments and the vanes divide the ad-
ditional chambers between the additional 
inlet and outlet ports. ' 65 

10. An actuator according to any 
preceding Claim, wherein at any one time 
each chamber is divided by at least two 
vanes. 

11. An improved cylindrical linear 70 
hydraulic actuator substantially as 
hereinbefore described with reference 
to and as illustrated by the accom-
panying drawings. 

G. E. E. WARDER, 
Chartered Engineer, M.I.Mech.E. 
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