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(57) Abstract

Hydraulic fluid powered actuation system for controlling the position of a control surface (162) of an aircraft in response
to a plurality of redundant control signals. The system comprises a tandem actuator (10) adapted to be mounted in the aircraft,
comprising a housing (40) having first and second cylinders (14) and (16) with a piston (20) or (22) moveably mounted within
each of the cylinders (14) or (16). A piston rod (26) connects the piston (20) and (22) and is adapted to engage the control surface
(162). Two rotary torque motors (62) and (63) having a common drive shaft (54) are provided which are adapted to receive the
plurality of redundant control signals. First and second rotary control valves (48) and (49), coupled to the drive shaft (54), and
thus, are adapted to be driven by the rotary torque motors (62) and (63) are used to control the emission and exhaust of hydraulic
fluid from the first and second cylinders (14) and (16), respectively. Preferably, there are four control signals and the torque mo-
tors (62) and (63) are DC, multiple-poled torque motors (62) and (63) are DC, multiple-poled torque motors with each coil (69)
or (70) on each torque motor (62) or (63) coupled to a different control signal. .
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ACTUATOR SYSTEM FOR A CONTROL SURFACE OF AN AIRCRAFT

Technical Field
The invention generally relates to the field of hydraulic
actuator systems, and more particularly, to an actuator system

for control of flight control surfaces of an aircraft.

S Background Art
Typical control systems for aircraft flight control surfaces

use redundant hydraulic actuators to achieve the necessary reli-
ability. Redundancy, is obtained by either using a plurality of
actuators or coupling hydraulic cylinders in tanden with a common

10 piston rod. Most prior methods use one or more hydraulically
actuated linear spool type servo valves to control the flow of
hydraulic fluid to the actuator. Thus, when the pilot of the
aircraft moves the appropriate control in the flight station, a
valve coupled to the control by the mechanical linkage is opened

15 and' hydraulic fluid, via a line coupled to the servo valve drives
the spool, allowing a second source of hydraulic fluid to flow to
the actuator. Such systems are heavy because of the necessity of
having hydraulic lines running to the plurality of servo valves
as well as hydraulic lines for dﬁ.ving the actuators.

20 In the so-called ''fly-by-wire systems', when the pilot moves
the controls, an electric signal is genmerated which actuates
electrical/hydraulic valves mounted in proximity to the primary
servo valves. Obviously, such a system is lighter in weight
-since the mechanical linkage system to the flight station is

25 eliminated. Typical systems using this approach are disclosed in
U.S. Patent Numbers 3,338,138, Redundant Control System by Wood,
and 3.543,641 Control for Spoilers and Like Aerodynamic Actuators
of Aircraft by H. Deplante, et. al. The disadvantage of such
systems is that to obtain the required reliability, the systems

30 become very complex, large in size, and expensive to manufacture

and maintain. For example, the U.S. Air Force F-16 aircraft
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requires three electrical mechanical actuators driving three .

separate linear spool type servo valves, with three monitoring

% .

valves and mechanical feedback lmk:ige, which in turn control a
single tandem actuator. The space shuttle is even more comp lex
ﬁz that it uses a quad-redundant system.

With the advent of highly reliable electronic systems, and
in particular the'development of digital electronic components
and circuits, along with advanced magnetic materials, it has
beccme possible to use what is commonly called "“direct drive

systems”. In such systems, the servo valves used to control the

"actuators are directly coupled to electromechanical drivers; for
example, permanent magnet torque motors. An example of this type
‘of system can be found in U.S. Patent No. 2,826,896, Manually

Controlled Electro-hydraulic System For Aircraft by S. G. Glaze,
et. al. Glaze uses two hydraulic cylinders in tandem coupled by
a camnon ocutput Sh;.f‘t.- The two servo valves are coupled to each
cylinder and a torque motor is coupled to the ends of the spools
by means of a mechanical linkage system. This system has several
drawbacks. Because the spools are not mechanically coupled to
each other, each torque motor has to be sized sufficiently large
so as to have the capability to break up amy particles that might
become lodged in the spool valves causing them to jam up. The
lack of mechanical coupling requires that four servo valves must
be used in order to achieve the reliability of a quad-redundant
system (such as used on the shuttle).

Furthermore, due to the use of tolerance prone mechanical
linkage between the torque motor and the spool, adjusting the
null point of the spool is difficult to achieve. This could

-

create a major problem if line-to-line type spool valves are used.
Additionally, permanent magnet torque motors as disclosed by

Glaze 1 are limited in output by iron saturation at the pole .
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face; and, thus, if high output force is required, the torque
motor beccmes quite large and creates significant packaging and
weight problems. Another problem with this type of torque motoT
is that there is no practical way of adjusting the mechanical

5 null point and thus, the adjustment must be made by mechanisms in
the servo valve.

Other attempts at direct drive use such devices as voice
coils to drive the spool. But use of voice coils requires a
rather complex mechanical linkage system between the linear spool

10 valve and coil, and thus difficulties are also experienced in
establishing the null point for the spool. This is particularly
a problem in dual type system where dual spools and dual voice
coils are used. '

Therefore, it is a primary object of this invention to

15 provide a simplified, lightweight, direct drive actuation system
for positioning a control surface of an aircraft.

A further object of this invention is to provide a direct
drive actuatiom system for controlling & control surface of an
aircraft that can achieve reliability equal to conventional

20 quad-redundant actuators. '

A still further object of this invention is to provide a
direct drive actuation system for controlling a control surface
of an aircraft that integrates the servo valves and the servo

valve drive mechanisms into the body of the actuator.

25 . Summary of the Invention

The invention is a hydraulic fluid powered actuation system

for controlling the position of a control surface of an aircraft
in response to a plurality of redundant control signals. The
system comprises a tandem actuator adapted to be mounted in the
30 aircraft. The tandem actuator comprises a housing having first
and second cylinders with a piston moveably mounted within each

“
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of the cylinders. A piston rod comnects the two.pistons and is
adapted to engage the control surface. Two rotary torque motors

<)

having a common drive shaft are provided which are .adapted to
receive the plurality of redundant electrical control signals.
First and second rotary hydraul:ic: servo valves are coupled
directly to the drive shaft and thus are driven by the torque
motors and are adapted to control the admission and exhaust of
hydraulic fluid from the first and second cylinders, respectively.

Preferably, there are four control signals and the torque
motors are four pole, brushless DC torque motors with each coil
thereon coupled to a different ‘control signal. To achieve com-
pactness, the torque motors and servo valves are mounted within
the housing aligned with the cylinders.

The novel features which are believed to be characteristic
of the invention, both as to its organization and its method of
operation, together with further objects and advantages thereof,
will be better understood from the following description in
cormection with the accompanying drawings in which a presently
preferred embodiment of the invention is illustrated by way of
example. It is to be expressly understood, however, that the
drawings are for purposes of illustration and description only,
and are not intended as a definition of the limits of the

invention.

Brief Description of the Drawings

Figure 1 is a side elevation view of a tandem hydraulic
actuator.

Figure 2 is a cross-sectional view of the actuator illus-

-

trated in Figure 1 along the lines 2-2.
Figure 3 is an exploded perspective view of a pair of torque

motors coupled by a shaft to a pair of rotary servo valves.
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Figure 4 is a schematic diagram of an electronic control

system for the actuator illustrated in Figure l.

Description of Preferred Embodiment

Illustrated in Fig. 1 is a side elevation view of a tandem

hydraulic actuator generally designated by mmeral 10. Illus-
trated in Fig. 2 is a cross sectional view of the actuator 10

shown in Fig. 1, along the Lines 2-2. Referring to Fig. 1 and

Fig. 2, it can be seen that the actuator 10 camprises a body 12

divided into 2 cylinders, 14 and 16, coupled to either side of
piston rod guide 18. Pistons 20 and 22 are moveably mounted
within cylinders 14 and 16, respectively, and are coupled
together by a piston rod 26 .' Piston rod 26 terminates in a rod
end bearing 28, suitable for coupling to a control surface of an
aircraft. The stroke of piston 20 is limited by sealing member
30 and pistor rod guide 18. The stroke of piston 22 is, of
course, identical to piston rod 26 and is determined by guide 18
and sealing member 34, which is locked in place by threaded
retainer 36. The body 12 threadably engages housing 40 and is
locked in place by locknut 42. While a tandem linear actuator
is shown for purposes of illustration a tandem rotary actuation
(not shown) could also be used.

Mounted within bore 46 of housing 40 are two rotary servo
valves 48 and 49. The servo valves 48 and 49 comprise spools 50
and 51 which-are rotatably mounted in housings 56 and 58 respec-
tively, and locked therein by covers 59 and 60. The spools S0
and 51 are coupled to a common splined drive shaft 54. Also
mounted within bore 46 of housing 40 are two rotary torque mOtors
62 and 63 having rotors 66 and 68, respectively, alsc coupled to
shaft 54. The torque motors are preferably 4 pole DC toraue.
motors. The coils 69 and 70 of torque motors 62 and 63 are

mounted within retainers 71 and 72, respectively. The bore 46
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is sealed by means of a threaded retainer 73, which incorporates

A

a Tod-end bearing 74 for coupling to aircraft structure (not

L/

shown). The particular arrangement illustrated is not a neces-
sity, for example the torque motors and servo valves could be
staggered.

A mechanical stop (not shown) is incorporated to limit the

rotation of the spools to the amount necessary to open the ports.

‘Furthemmore, centering means (not shown) to center the torque

motors are provided. The centering means can be in the fomm of a

spring or an electrical control circuit adapted to sense the angu-
lar position of the rotor and provide a feedback signal to the
computer to electronically adjust the position of the torque
motors. _ . ‘

I1lustrated in Fig. 3 is’an exploded perspective view of the
two servo valves 48 and 49, cross sectioned to show interior por-
tions and the two 4 pole DC torque motors, 62 and 63. Still
referring tc. Fig. 1 and Fig. Z, and additionally to Fig. 3, it
can be seen that coils 69 and 70 of torque motors 62 and 63 gener-
ally are divided into four separate quadrants. Coil 69 comprises
coil quadrants 69a, 69b, 69c, and 69d; while coil 70 comprises
coil sections 70a, 70b, 70c, and 70d. Thus, in this case, four
distinct input signals can be applied to each torque motom
Since there are four coils each rotor has four poles. Each pole
comprises a permanent magnet denoted by numeral 30 attached to
the rotor 66. Brushless DC torque motors are preferred because
they are simple, smooth acting, linear and frictionless and pro- "
vides high torque to weight ratios.

-y

Pressurized hydraulic fluid from line 90 is coupled to the
servo valve 48 via port 91 and exhausted therefram to line 92 via
port 94. Port 96 in housing 56 of servo valve 48 is coupled to
passageway 98 in housing 40, which in turn couples to portion 100
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of the cylinder (on side 101 of piston 20). Port 10Z in housing
56 is coupled to passageway 104 in the housing 40. An external
tube 106 connects passageway 104 to a;péssageway (not shown) in
guide 18 which couples to portion 107 of the cylinder 14 (om side
108 of piston 20). Pressurized hydraulic fluid from line 109 is
coupled to the servo valve 49 via port 110 and exhausted therefrom
to line 111 via port 112. Port 113 in housing 58 is coupled to
passageway 114 in housing 40. An external tube 116 couples the
passageway 114 to passageway 118 in guide 32. Passageway 118 in
turn couples to portion 122 of cylinder 16 (on side 123 of piston
22) via passageway 122. Port 124 in housing 58 is coupled to
passageway 126 in housing 40. An external tube 130 couples pas-
sageway 126 to passageways (not shown) in end 132 to portion 140
of cylinder 16 (on side 141 of piston 22).

Thus, if spools S0 and 51 are rotated clockwise flow paths
between port 94’ and passageway 102 via passageway 142 and between
port 112 and passageway 126 via passageway 144 are opened.
Simultaneously flow paths will alsc be opened from port 91 to
passageway 98 and from port 110 to passageway 114. This will
allow portions 100 and 122 of cylinders 14 and 16, respectively to
be pressurized while portions 107 and 140 to be exhausted causing
piston rod 26 to extend. If the spools 50 and 51 are rotated
counter clockwise flow paths between port 94 and passageway 98 will
be opened to via passageway 146 and between port 111 and passageway
114 via passageway 148 are created. Simultaneously flow paths will
be opened between ports 91 and passageway 102 and between port 110
and passageway 126. This, of course, will allow portions 107 and
140 cylinders 14 and 16, respectively, to be pressurized while
portions 100 and 122 to be exhausted causing piston rod 26 to

retract.
Illustrated in Fig. 4 is a schematic representation of an
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electronic control system for the actuator 10. Aircraft sensor
inputs (such as aircraft angle of attack, turn rate, etc.) desig-
nated by mumeral 150 and pilot imput control signals 15Z are
coupled to a computer 154. The output of the computer are fed to
amplifiers 156a, 156b, 1S6c, and 156d, which in tum provide the
output signals to the torque motors. For proper reliability the

<

output signal from each amplifier is fed to ome-coil of each

torque motor. The actuator 10 is mounted between aircraft struc-

ture 160 via rod end bearing 74 and to control surface 162 via
rod end bearing 28 on piston rod 26. Feedback signals propor-
tional to the control surface 162 position are fed back to the
computer. Referring to Fig. 2, in particular, these redundant .
feedback signals can be provided by a pair of position indicators
within the actuator 10, generally indicated by mumeral 170.

Because of the use of the unique combination of redundant
cylinders, rotary servo valves and brushless DC torque motors, the
fact that the torque motors and servo valves are ‘all mounted.on a
common shaft and four control signals are provided with each
torque motor coupled to each signal the overall reliability is
substantially better than existing non-direct drive quad redundant
systems due to a reduction in parts. However, it should be noted
that in same applications less than four control signals can be
used.

Another advantage of this combination is that if the
diameter of the motors are made larger than the diameters of the
spools, a mechanical advantage is obtained increasing the ability
to breakup particles that may become lodged in the servo valves.

While the actuation system has been described with references
to a particular embodiment, it should be understood that the
embodiment is merely illustrative as there are numerous variations

and modifications which may be made by those skilled in art.
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Thus, the invention is to be construed as being limited only by

the spirit and scope of the appended claims.

Industrial Application

This invention has applications in actuation systems used for

controlling positioning of control surfaces of an aircraft.
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CLAIMS ' .

1. A hydraulic fluid powered actuator system fo; controlling the

A5

position of a control surface of an aircraft in response to a
plurality of redundant control signals comprising:
5 a tandem actuator adapted to be mounted in said aircraft
comprising:
a housing having first and second cylinders,
a piston. moveably mounted within each of said cylinders, and
o a piston rod connecting said pistons and engagable with
0 said control surface; '
two rotary torque motors having a common drive shaft, each of
said rotary torque motors adapted to receive said plurality of
redundant control signals; and '
" first and second rotary servo control valves coupled to said
15 drive shaft, said first and second servo control valves adapted to
control the admission and exhaust of said hydraulic fluid from said
first and second cylinders, respectively.

2. The actuator system of Claim 1 wherein there are four control

signals.

20 3. The actuator system of Claim 2 wherein said torque motors are
four coil, four pole DC torque motors and each of said coils are
coupled to a different one of said redundant control signals.

4. The actuator system of Claim 3 wherein said torque motors and
said servo valves are mounted within said housing aligned with I

25 said cylinders.
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