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The present invention pertains to actuators, and more
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particularly to rotary actuators incorporating mnieans

whereby the operator will sense, or feel, the force exerted
by, or the load imposed on, the actuator.

Heretofore, difficulties have béen encountered with
the use of power amplifying devices, such as fluid pres-
sure operated actuators, by reason of the fact that the
operator had no sensation 6f the magnitude of the force
being exerted; or the amount of work accomplished, by
the actuator. Thus; it is manifest that an actuator in+
eorporating means 1'equirim7 the operator to exert a fofée
proportional, percentagéwise, to the magnitide of the
force being exertzd by the actuator, would be highly ad:
vantageous. Accordingly, amcng my objects aré the pro-
vision of an actuater including means whereby thé op=
erator will sense, or feel, the magnitude of the force being
exerted by the actuator; the further provision of an actu-
ator assembly wherein the “feel back” or the force which
the operator must exert to effect operation of a power
actuator, is. proporiional to the magnitude of the ferce
exerted, or the amount of work accomplished by the
power actuator; the further provision-of an. actuater as+
sembly including a power operable actuator and a man-
ually opérable actuator constructed and-arranged so that
actuation of the power operable actuafor is depefident
upon actuation of the manually operable actuitor; and
the still further provision of control means for an-actuator
assembly of the aforesaid type.

The aforementioned and 6ther objects are accomplished
in the present invention by providing an actuator.assembly
including a manually operable actuator, a power operable
actuator; and means controlled by actuation of said man-
vally operable actnator for effecting actuation of. said
power operated actuator. The power and manually
aperable actuators are of identical construetion with: the
former being theé larger, as is readily uadérstandable.
The power actuator is operated by fluid under pressiire,
the application of pressure fluid being confrolled by. a
manually operable vaive. The actuators includeé. cylin-
ders having helieally splined interior surfaces and pistons
having axially extending skirts. The skirts are formied
with:helically splined: intérior and exterior surfaces, the
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exterior. surfaces of which engdge the cylinder splines. -

The splined interior surfaces of the piston skirt engage
helically splined members supported for rotation. within
their respective. stationary cylinder. The pistons aré
mounted for reciprocable miovement within the cylinders,
and by reason of the helical spline connection between
the pistons and their cylinders, and the pistons and the
rotatable splined members, linear piston movemient - will
be. accompanied by a small angular piston mevement,
which angular piston movement is multiplied by the spline
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teeth to effect a.substantial angular movement of the :

rotatably supported splined members.

In the present invention a manually operable member
is-provided for effecting movement of the rotatable splined
member in the manual actuator; this rotation effecting
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consequent linear movement of. the manual piston. -In

2

the power actuator, flnid under pressure is employed to
effect linéar movement of the piston in either diréction
so as to effeét angular movement of its rotatable splined
member, which is operatively connected to an arm for
actuating any suvitable load device. A rotary valve is
employed to selectively control the supply and drain
connections to opposite sides of the power actuator piston,
the rotary valve being manually operable inasmuch as it
is operatively connected with the manually rotatable
splined member of the manual actuator. The rotatable-
splined member of the power actuator includes an axially
extending sleeve, which cooperates with the rotary valve
to form a follow-up mechanism for interrupting the flow
of fluid to and from the power actuator cylinder when
the movement called for by the manual actuator has beén
accoriplished by the power actuator. The cylinder cham-
bers of tlie two actnators are connected by conduits such
that the operator must exert a force to move the valve,
proportional to the magnitude of the force exerted on the
power actuator by the load device. Stated in othér words,
the operator must exert a force proportional to the force
exerted by the power actuator.

In opeération, a predetermined rotanve movement of
the manual actuator effects the same predetermined rota-
tive movement of the power actuator. ‘The load imposed.
upon the manually operable actuator is proportional, per-
centagewise, and is of the safhe sense as the load imposed
upon the power actuator: The load exerted upon the
power actuator manifests itself in the power actuator in
the form of pressuré which may resist actuator movement
in one direction and assist movement of the aétuator in
the opposite direction. By reason of the cylinders of the-
power and manual actuators being interconnected, the
same load sénsation is transmitted to the manual actuator
and the control lever therefor. It is to be understood that
the actuator cylinders are, at all times, maintained full of
fluid.

Further objects and advantages of thé present inven-
tion will be apparent from the following description,
reference being had. to the accompanying drawings
wherein a preferred embodimernt of the present invention
is clearly shown.

In the drawings

Fig. 1 is a longitudinal sectional viéw, in perspective;
of an actuator assembly constricted accordmg to this
invention.

Fig. 2°is a schematic sectional view of the valve mech-
afism employed to control movements of the pewer
actuator.

Fig. 3 is an enlarged fragmentary view, in perspective;
of the control valve shown in Fig. 2.

Fig. 4 is an enlarged sectional v1ew taken along liné
4-—4 of F1g 2.

Fig: 5 is a development of the rotary valve element
shown in Fig. 4.

With particular reference to Fig. 1; an actuator assem-
bly, .indicated generaily by the numeral 10, is shown in-
cluding a power actuator 11 and a manmally operable
actuator 12: The actuator asssembly also includes. a first
rotatable-control arm 13, movements of which: are effected
by the power actuator 11, and a second rotatable control
arm 14 operatively connected to. the manual :actuator 12
for effécting operation thereof. A rotary, follow-up valve
asseibly 15 is situated between the power and manual
Actdafors, thé valvé assembly including an elément oper-
able by the manual actuator for controlling the opération
of the power actuator, and an element operable by the
power actuator for following up the movement_ of the
manual actuator so as to disrupt the power connections
ta the power actuator when the movement sélécted by thé
manual control arm 14 is accomphshed by the power
control arm 13.
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A power operable actuator 11 includes a- cylmder 21
" having internal helical spline teeth 23.° A piston 25 hav-
ing a head portion sealingly engaging a smooth walled
interior portion of the cylinder 21, .is mounted for recip-
rocable movement -within the cylinder. The piston 25
includes an. axially extending annular skirt portion 27
having an external helically splined portion 29 and an
internal helically splined portion 31. The externally
splined portion 28 of the skirt 27 operatively engages the
splined portion 23 of the cylinder 21. A member 33 is
rotatably supported within . the cylinder 21 by bearing
means 35. The member 33 includes a helically splined
portion 37, the splined portion 31 of the piston:skirt 27
having operative engagement with the splined portion 37.
The member 33 also includes a straight splined -portion
39, .which eperatively engages a similar straight splined
portion of the control arm 13, such-that rotation ‘of -the
member: 33 will: be imparted to the control arm. 13. In
addition, the member 33 includes an annular sleeve por-
tion 41-forming part of the valve assembly 185, whlch will
be discussed more fully hereinafter.

The manually operable actuator 12 is. constructed in-a
manner. identical to that of the power actuator 11, but is

considerably smaller.  Thus, the thanual actuator includes

a cylinder 20 having :an internal helically splined portion
22. - A reciprocable piston 24 is disposed within a smooth
walled portion of the cylinder 20, the piston 24 having

4 B

' and the control arm 14 of the manual actuator may be
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an axially extending annular skirt 26 having an externally -

" helically splined portion 28 and internally helically splined
portion 30.. The actuator further includes a member 32
rotatably- supported by a bearing means -34 within the
cylinder 29 having a helically :splined portion 36. In a
similar. manner, the splined-portions of the piston skirt 26
engage the cylinder splines-and. the splines on. rotatable
member 32.. However, inasmuch as the pistons 24 and
25 of the manual and power actuators are designed to
move in-opposite” directions, the splined portions of the
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power actuator are of a different sense than the splined -

portions: of the manual actuator. ~Thus, for example, the
splined portions in the power actuator may be of the.left-
hand sense, while the splined portions of the manual actu-
ator may be of the right-hand sense, such that-movement
of their respective pistons will effect rotation of members
32 and 33 in the same direction.

In each instance, the pistons of both actuators: dmde
their respective cyhnders into two chambers, which for
convenience will. be termed_extend and retract chambers.
Thus, the piston 24 divides the cylinder 20 into an extend
chamber 42 and a retract chamber 44, while the piston
25 divides the cylinder 21 into an extend chamber 43 and
a_retract chamber 45. The rotatable member 32 of the

manual actuator 12 includes a straight splined portion 38
having connection with the control arm 14 and also in- - - -

cludes a hollow portion 40 forming the valve element of
the valve assembly 15, to be described hereinafter.” The
retract actuator chambers 44 and-45 are interconnected
by a transfer tube 47, which passes-through the piston 25
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of the power actuator. 11-and communicates with a central -

bore 49.in the member 33. .The member 32 is also pro-
vided-with-a cenfral bore 46 having connection with thé
bore 49 and with a transfer tube 48 which extends through
the piston- 24 of the manual actuator 12 and is open to
the fetract’ chamber 44. The extend chambers 42 and 43
of the actuators are interconnected by a conduit 16 hav-
ing connectlon with a port 506 of the manual actuator and
w1th a-port 51 in the ‘power actuator. The helical. spline
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connections -in the power and ‘manual actuators are con- _

structed with sufficient clearance to permit the passage of
fluid from' the extend chambers to the conduit 16.. The
valve assembly 15 .includes-a housmg having port-open-
ings 17 and .18, which are connected, respectively, to a

70

pressure supply ¢onduit 53 and a drain conduit 54. The -

power -actuator control: arm 13 may be connected by
“ means of a rod §5 to any suitable load device, not shown, :
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connected by a rod 56 to a control lever, riot shown.

With particular reference to Figs. 2 through 5, the valve

assembly 15 will next be described. As is shown sche-
matically in Fig. 2, the valve assembly includes a station-
ary housing 60 having ports 17 and 18 connected with
supply and drain conduits 53 and 54, respectively. . Con-
centrically disposed within the housing 60 are the valve
sleeve 41 and the valve element 40. The housing is
formed with a pair of annular grooves 61 and 62, which
have connection with ports 17 and 18, respectively. . The
valve sleeve 41 is formed with -a pair of spaced ports 63
and 64, that are disposed 'in alignment with annular
grooves 61 and 62 of the housing 60.. The valve -element
40 also includes a-pair of spaced annular grooves 65 and
66, which are-disposed in ahgnment vuth the ports 63 and
64 of the sleeve 41.

_ With particular reference fo Figs. 2, 3 and 5, jt may
be seen that annular groove 65 has extending therefrom a
pair of longtiudinally extending grooves 67 and 69, while
annular groove 66 has extending therefrom a -pair of
longitudinal grooves 68 and 70. The groves 67 -and 70
are separated by an angle of substantially 180°, and the
same angle separates - grooves 68 and 69.

- The sleeve 41 is further provided with a pair of dia-

metrically opposed valve ports 71 and 72, which are dis-
posed so as to be in. alignment with the ends of the .

longitudinal grooves 67 through 70 in the valve ‘element

40. Valve port 71 ‘connects with a passage 73 in the -

sleeve 41, which opens into the extend actuator chamber.
43 of the power actuator 11, as is' shown in Fig. 1, while
valve port 72 connects with a passage 74 in the -sleeve
41, which, in turn, connects with passage 49 and the
transfer tube 47 to the retract chamber 45 of the power
actuator 11, as shown in Fig. 1. - As.is seen particularly
in Figs. 3 through 5, the grooves 68 through 70 and the
ports 71 and 72, are arranged so that in the neutral posi-
tion of the valve element 40, there is very little positive
overlap. By positive overlap is meant a condition- where
the grooves and ports are not in-fluid communication
and, as is seen in Figs. 4 and 5, particularly, only a very

small movement of the element 40-relative to the valve -

sleeve 41 is required-to place a pair of the grooves in

_communication: with the valve ports 71 and 72,

Operation

The actuator - assembly herein - described operates in .

the following manner, presupposing that conduit 53 is
connected to a source of fluid under pressure and conduit
54:is: connected to drain, or a minimum  back pressure

supply.-- When the operator effects manual movement .

of a control lever, not shown, so as to extend the manual
actuator. 12 through rod 56 and control arm-14, thereby
calling for an.extended movement of the power actuator
11, the following sequence of steps will ensue. - Pre-

- supposing that the load device, not shown, connected to -

control arm 13 and rod 55 of the power actuator exerts
a load on the power actuator 11, tending to retract this
actuator, this load will partake the form of pressure
loading in the retract chamber 45 tending to move: pis-
ton 25 to the right, as viewed in Fig. 1.- The degree of
pressure exerted on-the fluid in retract chamber 45 will

be transmitted proportionally to the retract chamber 44~

of the manual actuator 12.. Thus, as the operator moves

‘the control arm 14 in a counterclockwise direction,- as

viewed in Fig. 1, which effects counterclockwise move-
ment-of the valve element 40, as shown in Figs. 1, 3 and

4, this movement will be resisted by a force-proportional,

percentagewise, to the load imposed .on ‘the power actu-
ator 11. - Thus, the operator will sense, or feel, the:load

as he attmepts to move the control arm 14 in-a counter-

clockwise - direction.
When the operator overcomes th1s Ioad on the manual

‘actuator so as to effect-movement of piston 24 to' theé
right by -a rotating member 32, the valve element 40 will-
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be so that port 71 of the sleeve 41 is connected: with
longitudinal groove 67, anmular groove 65, port. €3,
annular groove 61, port 17 :and the pressure supply con-
duit §3. At the same time, port 71 is connected by
means of longitudinal groove 70, annular.groove 66, port
64, annular groove 62 and port 18 to ‘the drain con-
duit 54. This will result in an application-of high ptes-
sure fluid from port 71 through passage 73 to the extend
actuator chamber 43 of the power actuator, while the
retract chamber 45 is connected to the drain conduit
through the transfer tube 47, passage 49 and port 72.
Thus, the application of pressure to extend chamber 43
of the power actuator will effect movement of piston-25
to the left, as viewed in Fig. 1, and by reason of extend
actuators chambers 43 and 42 being interconnected, the
extend chamber 24 of the manual actuator 12 will be
maintained full of fluid during manual movement of the
piston 24 to the right, as viewed in Fig. 1. Concurrently,
movement of piston 25 fo the left will force fluid from
the retract chamber 45 to drain, as will' movement of
piston 24 exhaust fluid from retract chamber 44 to drain.

It is to be understood that linear movement of the
pistons 24 and 25 is accompanied by a small angular, or
twisting movement thereof; by reason of the helical spline
connections between the pistons, cylinders, and the
movable splined members. Thus, if control arm 14 is
moved 10° in a counterclockwise direction, the valve
element 40 will also be moved 10° in a counterclockwise
diréction, which, in turn, will effect movement of the
piston 25 to the left. Linear movement of piston 25 to
the left will be combined with a twisting movement and
when the member 33 and the arm 13 have been moved
throughout the angular distance of 10° in a counter-
clockwise direction, the follow-up sleeve 41 will also have
moved 10° so as to shut off all communication between
sleeve ports 71 and 72 and valve grooves. 67 through 70.

Again, presupposing that the load transmitted to con-
trol arm 13 tends to move actuator piston 25 to the right,
as viewed in Fig. 1, should the operator desire to retract
the power actuator by moving the control arm 14 in a
clockwise direction, he will again experience the sensa-
tion of “feel back.” However, in this instance, as the
load is imposing a thrust in the direction he has selected
to move it, the feel will be of opposite sense. That is,
the control arm 14 will tend to move by itself in a
clockwise directicn and he will have to exert a prede-
termined force to restrain such movement. Clockwise
movement of the arm 14 and the valve element 40 com-
pletes the fluid circuit connections so that pressure fluid
is applied to the retract chamber 45 of the power actuator
11 and the extend chamber 43 is connected to drain.

From the foregoing, it is readily apparent that the
present invention provides an actuator system in which
the operator will always be cognizant of the movement
effected by the power actuator. Thus, the operator will
sense, percentagewise the load the power actuator is
moving. In this ranner, the operator will be apprised
of the control being effected through operation of the
actuator assembly.

While the embodiment of the present invention as
herein disclosed, constitutes a preferred form, it is to
be understood that other froms might be adopted.

What is claimed is as follows:

1. An actuator assembly including in combination, a
fluid pressure operated power actuator comprising a cyl-
inder having disposed therein a reciprocable piston capa-
ble of fluid pressure actuation in either direction, a
manually operable actuator comprising a cylinder having
disposed therein a reciprocable piston capable of manual
actuation in either direction and a member operatively
connected to said manually actuated piston so as to be
rotated upon piston movement, and valve means disposed
between the actuators and operatively associated with said
actuators for controlling the application of pressure fluid
to said power actuator, said valve means including a valve
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clement integral with the rotatable member of 3aid
manually operable actuator so. that. movement of: said
manually operable actuator piston- controls the appliva-
tion of ‘pressure fluid to.said power actuator; the con-
struction. and atrangement being such that the. foice te-
quired to actoate. the manually operable actuatoris pro-
portional, pefcentagewise, to the foice exerted: by the
power operable actuator.

2. ‘An actuator assembly including in combmatmn,
fluid pressufe operated power actuator compfising a cyl-
inder having disposed therein a remprocable piston capa=~
ble of fluid pressure actuation in either direction and a
member Operatively cobnected: to said piston 5o as to be
rotated upon plston movement, a manually operable

- actuator comprising a cylinder having disposed therein a-

reciprocable piston ¢apable of manual actuation in either
direction and a member operatively connected. to- said
manually actuated piston so as to be rotated upén piston
movement; and valve means disposed. between said actu-
ators and_operathely aSsociated with said actuaters for
controlling the application of pressure fluid to said: pewer
actuator, said valve mieans including 4 valve element
integral with said: rotatable member of the manually
operable actuator and a -follow-up sleeve integral with the
rotatable- member of said power actuator, the construc-
tion and arrangement-being such that the force required
to actiate the-manually operable actuator is proportional,
percentagewise, to the force exerted by the power opéi-
able actuator: )

3. An- actuator- assembly - including in COmbinatioﬁ,
fluid pressure- operated power actuator comprising a ¢yl=
inder having disposed therein a reciprocable piston capa-
ble. of fluid pressure actuation in either direction, and-a
member rotatably journaled in said power cylider and-
having-a helical spline connection with said piston- such
that movement of said piston effects rotation of said
member, a manually operable actuator comprising a cyl-
inder having disposed therein a piston capable of manual
actuation in either direction, and a member rotatably
journaled in said manual cylinder and having a helical
spline connection with said manual piston whereby rota-
tion of said manual member effects movement of said
manual piston, and valve means disposed between said
two actuators for controlling the application of pressure
fluid to said power actuator, said valve means including
a rotary valve element integral with the rotatable mem-
ber of the manual actuator and a follow-up sleeve integral
with the rotatable member of the power actuator whereby
manual movement of the rotatable member of the manual
actuator controls the application of pressure fluid to
said power actuator, the construction and arrangement
being such that the force required to actuate the rotatable
member of the manual actuator is proportional, per-
centagewise, to the force exerted by the power actuator.

4. An actvator assembly including in combination, a
fluid pressure operated power actuator comprising a cyl-
inder having disposed therein a reciprocable piston, said
piston having an axially extending skirt, and a member
rotatably supported in said power cylinder and having
a helical spline connection with said skirt whereby move-
ment of said power piston effects rotation of said mem-
ber, a manually operable actuator comprising a cylinder
having dispcsed therein a reciprocable piston capable of
manual actuation in either direction, said manual piston
having an axially extending skirt, and a member rotatably
supported in said manual cylinder and having a helical
spline connection with the skirt of said manual piston
whereby rotation of said manual member will effect
movement of said manual piston, means operatively con-
nected with said manual member for effecting rotation
thereof, and valve means disposed between said actuators
for controlling the application of pressure fluid to said
power actuator, said valve means being operatively con-
nected to the rotatable members of both actuators where-
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by movement of the rotatable member of the manual
actuator controls: the apphcanon of pressure fluid to said
power. actuator.

5. The combination set forth in claim 4 wherein the
valve means include a rotary valve element integral -with
the rotatable member. of the manual actuator -and- the
follow-up sleeve integral with the rotatable member of
the power actuator.

6. An actuator.assembly mcludmg in combmatlon,
fluid pressure operated power actuator comprising a cyl-
inder having disposed therein a reciprocable piston capa-
ble of fluid pressure .actuation in either direction; . said
piston having an' axially extending skirt, and an annular
member rotatably supported in said cylinder -and having
a helical spline connection with said skirt whereby piston
reciprocation effects rotation of said member, means con-
necting. the annular- member of said power :actuator to
an output lever, 2 manually operable actuator comprising
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a cylinder having disposed therein a reciprocable piston -

_capable ‘of manual -actuation in- either direction, said
manual® piston having an  axially ‘extending skirt, and -a
member rotatably journaled in said manual cylinder and
having a helical spline connection with the skirt of said
manual piston whereby rotation of said manual member
will -effect movement of said manual piston, means con-
necting said manual member with a rotatable input lever,

- and a valve assembly disposed between . said cylinders
—including a.housing attached to said. cylinders, a rotary.

valve element disposed in said housing and being integral
with the rotatable member of said manual actuator, and

a follow-up sleeve circumscribing said: rotary valve ele-

ment and being integral with the rotatable member of
said power- actuator -whereby operation of said input
lever will- rotate said valve element so as to control the
application of pressure fluid to said power actuator, and
rotation of the member in said power actuator: due to
movement of said- power piston will position said valve
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sleeve :to interrupt the- apphcatxon of fluid-: pressurc to
said power actuator.:
7. The combination set forth in clalm 6 wherein said

rotary- valve element comprises a-spool having a pair of

axxally spaced -grooves; each of-said grooves: having :a
pair of laterally extending grooves communicating there-

with, and wherein: said valve ‘sleeve includes a pair of -
diametrically opposed ports having connection with said.

power cylinder on opposite sides of said. piston. -

8...The combination set forth in claim 7 wherein one of -

the ports in said valve sleeve communicates with-a pas-
sage in said rotatable member of the power actuator for
connecting said one port with the power actuator cylinder
on one side of said power piston, and wherein the other
port in said valve sleeve communicates with a:through
bore in the rotatable member of said power actuator, said
power actuator. including a transfer tube which communi-
cates with the through bore in the rotatable member of
said power actuator and -extends through said power pis-
ton for connecting said .other port with the power cylin-
der. on the other side of sald power p1ston -
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