
US 20220227484A1 
IN 

( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No .: US 2022/0227484 A1 

BREWER et al . ( 43 ) Pub . Date : Jul . 21 , 2022 

( 54 ) ACTUATION SYSTEM Publication Classification 

( 71 ) Applicant : Claverham Limited , Shirley ( GB ) ( 51 ) Int . Ci . 
B64C 13/50 
B64C 13/30 

( 52 ) U.S. CI . 
CPC 

( 2006.01 ) 
( 2006.01 ) ( 72 ) Inventors : Paul BREWER , Keynsham ( GB ) ; Reg 

RAVAL , Yatton ( GB ) ; Andrew 
MILLER , Bristol ( GB ) B64C 13/505 ( 2018.01 ) ; B64C 13/30 

( 2013.01 ) 

( 21 ) Appl . No .: 17 / 574,826 

( 22 ) Filed : Jan. 13 , 2022 

( 57 ) ABSTRACT 

An actuation system , for example an actuation system for an 
aircraft control surface . The actuation system may include a 
rotary driver and three or more actuator modules , and each 
actuator module may be connected to the rotary driver such 
that the three or more actuator modules are configured to 
drive rotation of the rotary driver in combination . 
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ACTUATION SYSTEM 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application claims priority to European Patent 
Application No. 21275004.6 filed Jan. 15 , 2021 , the entire 
contents of which is incorporated herein by reference . a 

TECHNICAL FIELD 

[ 0002 ] The present disclosure relates to actuation systems 
and in particular to actuation systems using electromechani 
cal linear actuators . Such actuators may be used to actuate 
control and other surfaces in aircraft , for example slats , 
flaps , thrust reverser doors and so on . 

BACKGROUND 

[ 0014 ] The three or more actuator modules may be 
arranged in two or more rows , wherein each of the two or 
more rows may be operably connected to another row by a 
linkage . 
[ 0015 ] The system may comprise six or more actuator 
modules arranged in two discrete banks of actuator modules 
in a row which form a V shape . 
[ 0016 ] An additional linkage mechanism may be provided 
between the rotary driver and a remote mechanism config 
ured to be actuated by the actuation system . 
[ 0017 ] A force multiplier link may be provided between 
each actuator module and the rotary driver . 
[ 0018 ] The rotary driver may comprise a shaft . 
[ 0019 ] The rotary driver may comprise a belt or chain . 
[ 0020 ] The actuation system may be an aircraft control 
surface actuation system . 
[ 0021 ] From a further aspect of the disclosure , an aircraft 
wing may be provided . The wing includes a control surface 
adapted to move from a first position to a second position 
and any actuation system as claimed or disclosed herein . The 
rotary driver of the actuation system is adapted to drive the 
movement of the control surface from the first position to the 
second position . 
[ 0022 ] The actuation system may be housed inside the 
wing 
[ 0023 ] Features described in relation to one aspect of this 
disclosure may of course be applied to the further aspects 
thereof . In general , features of any example described herein 
may be applied wherever appropriate to any other example 
described herein . Where reference is made to different 
examples or sets of examples , it should be understood that 
these are not necessarily distinct but may overlap . 

[ 0003 ] Surfaces such as control surfaces are commonly 
provided on aircraft wings . Actuators may be used to acti 
vate the control surfaces . 
[ 0004 ] Many modern aircraft require actuation arrange 
ments that allow thin wing configurations . Traditionally 
however , actuators large enough to deliver the required 
performance to a control surface are too large to fit within 
the section of a thin aircraft wing . Because of this , the 
actuators are housed in blisters provided on the wing but 
these cause drag and reduce the aerodynamic efficiency of 
the aircraft . 
[ 0005 ] In addition , there is a drive within the aircraft 
industry to use electronic actuators whenever possible . 
However , linear electromechanical actuators are prone to 
jamming and other failures which can ground an aircraft or 
be dangerous if they occur in flight . 
[ 0006 ] There is therefore a need to improve existing 
actuation arrangements for use with aircraft control surfaces . 

BRIEF DESCRIPTION OF DRAWINGS 

SUMMARY 
[ 0024 ] Certain examples of the disclosure will now be 
described by way of example only and with reference to the 
accompanying drawings in which : 
[ 0025 ] FIG . 1 shows a schematic perspective view of an 
aircraft wing including an actuation system according to the 
disclosure ; 
[ 0026 ] FIG . 2 shows a schematic perspective view of an 
example actuation system according to the disclosure ; and 
[ 0027 ] FIG . 3 shows a schematic cross section through 
part of an actuator module according to the disclosure . 

DETAILED DESCRIPTION 

[ 0007 ] According to a first aspect of this disclosure , an 
actuation system is provided disclosed . The system includes 
a rotary driver three or more actuator modules . Each actuator 
module comprises an electromechanical linear actuator and 
is connected to the rotary driver such that the three or more 
actuator modules are configured to drive rotation of the 
rotary driver in combination . 
[ 0008 ] The actuation system may drive the rotary driver 
using the sum of the output of the three or more actuator 
modules . Thus , the size and weight of each of the three or 
more actuator modules may be significantly smaller than 
would be required if only a single actuator were used . 
[ 0009 ] Each actuator module may further comprise a lever 
arm connected between the electromechanical linear actua 
tor and the rotary driver . 
[ 0010 ] Each actuator module may further comprise a 
breakout mechanism configured to operably disconnect the 
actuator module from the rotary driver if a force exerted on 
the breakout mechanism exceeds a desired value . 
[ 0011 ] The breakout mechanism may comprise an over 
load clutch , a shear pin or a collapsing link . 
[ 0012 ] The electromechanical linear actuators in the three 
or more actuator modules may be sized such that a required 
driving force is supplied to the rotary driver even when one 
or more of the actuator modules fails or jams . 
[ 0013 ] The three or more actuator modules may be 
arranged in a single row . 

a 

[ 0028 ] FIG . 1 shows a schematic perspective view of an 
aircraft wing 2 including an actuation system 4 according to 
an example of the disclosure . 
[ 0029 ] An aircraft wing 2 typically comprises a hollow 
section and extends outwardly from a body ( not shown ) of 
the aircraft in a first lengthwise direction D1 . The wing has 
a width in a second direction D2 perpendicular to the first 
direction D1 . The width of the wing 2 may decrease gradu 2 
ally as the wing extends outwardly from the aircraft in the 
first direction D1 . At any point along the wing 2 in the first 
direction D1 , the wing has an airfoil shape 6 in cross section . 
[ 0030 ] A control surface 8 is provided in a surface 10 of 
the wing 2. In the example shown , the control surface 8 is 
provided adjacent a leading edge 12 of the wing 2. The 
control surface 8 extends across the surface 10 along a 
portion of the length and a portion of the width of the wing . 
The control surface 8 is configured to rotate about a hinge 14 
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in the surface 10 of the wing to open outwardly from the 
surface 10 of the wing when actuated . It will be appreciated 
however that the control surface 8 may have any desired 
configuration and any desired location depending on the 
design and intended use thereof . 
[ 0031 ] The actuation system 4 is configured to actuate the 
control surface 8 to move outwardly from the surface 10 of 
the wing ( to open ) or to move back towards the surface 10 
of the wing ( to close ) as required . A control system ( not 
shown ) may be provided to control the actuation system 4 . 
[ 0032 ] As seen in FIG . 1 , the actuation system 4 is sized 
so as to be housed within the hollow section of the wing 2 
when the control surface 8 is closed . The actuation system 
4 comprises any suitable number of actuator modules 16 
arranged to drive rotation of the control surface 8 about the 
hinge 14 as will be described further below in relation to 
FIG . 2. Typically , at least three independent actuator mod 
ules ( or , in another example , at least four independent 
actuator modules ) will be required in any actuation system 
according to the disclosure to allow for sufficient redun 
dancy in the event of a failure of one of the actuator 
modules . 
[ 0033 ] Each actuator module 16 comprises a linear elec 
tromechanical actuator 18 and a lever arm 20. In the 
example shown , five actuator modules 16 are provided and 
are arranged in a row along a line extending substantially 
parallel to the hinge 14 within the wing 2. Thus , in the 
example shown , each linear electromechanical actuator 18 
will be evenly spaced along the line extending substantially 
parallel to the hinge 14 and will be configured to provide 
linear movement in a direction substantially perpendicular to 
the hinge 14. In other examples , any suitable number of 
actuator modules for a desired application may be provided 
and the linear electromechanical actuators may be arranged 
in other configurations , such as a V - shape , as will be 
described further below . The linear electromechanical actua 
tors 18 are connected to a power supply ( not shown ) and / or 
a controller ( not shown ) . 
[ 0034 ] Another example actuation system according to the 
disclosure is shown in FIG . 2. The actuation system 204 
comprises four actuator modules 216a - d and a rotary driver , 
an output shaft 250 in this example . The actuator modules 
216a - d are arranged in a row extending along the output 
shaft 250 and may be evenly spaced from one another . Each 
actuator module 216a - d includes a linear electromechanical 
actuator 218 and a lever arm 220 . 
[ 0035 ] The linear electromechanical actuator 218 may be 
any suitable type of actuator and will typically comprise an 
electric motor 222 , a cylindrical housing 224 including a 
screw mechanism ( not shown ) and an actuator arm 226 
adapted to move in and out of the cylindrical housing in an 
axial direction when the electric motor 222 drives the screw 
mechanism such that an axial distance of a free end 228 of 
the actuator arm 226 from the cylindrical housing 224 may 
be varied . When installed and in use , each actuator module 
will be fixed or earthed relative to the aircraft wing 2 , for 
example by a fixing mechanism 230 provided on the cylin 
drical housing 224 of each linear electromechanical actuator 
218 . 
[ 0036 ] The lever arm 220 is configured to convert the 
linear motion of the actuator arm 226 to rotary motion and 
may take any suitable form to achieve this . In the example 
of FIG . 2 , the lever arm 220 comprises a first end 254 
connected to the free end 228 of the actuator arm 226. The 

lever arm 220 is also connected to the output shaft 250 at a 
location 256 removed from the first end 254 such that linear 
motion of the actuator arm 226 causes the lever arm 220 to 
pivot and drive rotary motion of the output shaft 250 . 
[ 0037 ] As each of the four actuator modules 216a - d are 
synchronised and are connected to the output shaft 250 by 
their respective lever arm 220 , the actuation system 204 will 
sum the torque output from each of the four actuator 
modules 216a - d such that the rotation of the output shaft 250 
is driven equally by each of the four actuator modules 
216a - d . Thus , the total torque output required to drive the 
output shaft 250 ( for example , to move a control surface 
against a load acting thereon ) is provided by summing the 
force output from each of the four actuator modules 216a - d . 
As a consequence , the force output required from each of the 
actuator modules may be only one quarter of the force output 
that would be required if a single actuator were used to drive 
the output shaft 250. Further , even when the actuation 
system is designed to include significant redundancy , the 
force output required from each of the actuator modules will 
be less than ( for example , one half or one third of ) the force 
output that would be required if a single actuator were used 
to drive the output shaft 250. As a result , each actuator 
module may use a much smaller , lighter linear electrome 
chanical actuator than would be required if a single actuator 
were used . Thus , the actuation system may be configured to 
fit within a constrained envelope such as in a thin aircraft 
wing . 
[ 0038 ] In the example of FIG . 2 , each linear electrome 
chanical actuator in the actuation system is of identical size 
and the linear displacement of each linear mechanical actua 
tor in use will be synchronised and equal . However , if 
desired it would be possible to use two or more different 
sizes of linear electromechanical actuator and to adjust the 
actuation system ( for example , the shape of the lever arms ) 
such that the rotational velocity of each lever arm is equal 
and synchronised during operation . 
[ 0039 ] It will be appreciated that the output shaft 250 
could be configured to be a part of the control surface 8 so 
as to directly drive the rotation of the control surface 8. In 
the example of FIG . 2 however , three further lever arms 258 
are provided on the output shaft 250 so as to rotate therewith . 
The further lever arms 258 are connected via respective 
linkages 260 and additional lever arms 262 to the control 
surface 208 hinge 264 so as to drive the opening and closing 
of the control surface . It will be appreciated that the addi 
tional linkage mechanism , in this example comprising the 
further lever arms 258 and the linkages 260 , may enable the 
actuator modules 216a - d to be positioned further from a 
remote mechanism to be actuated by the actuator modules . 
For example , the actuator modules 216a - d of the example 
may be positioned further from the control surface 208 
within an aircraft wing . This may be advantageous for the 
envelope required to receive the actuator modules 216a - d 
relative to the shape of the wing 2. It will further be 
appreciated that , in various examples , the additional linkage 
mechanism could be rigid or flexible or use a combination 
of rigid and flexible parts ( such as rigid metal plates and 
flexible belts ) . 
[ 0040 ] FIG . 3 shows a schematic cross section through 
part of one of the actuator modules 216a of FIG . 2. As seen 
in FIG . 3 , a breakout mechanism 270 is provided in the lever 
arm 220. If the actuator module 216a jams or fails , for 
example due to the actuator arm of the electromechanical 
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actuator becoming stuck , the breakout mechanism 270 may 
cause the actuator module 216? to be operably disconnected 
from the output shaft 250 if the force exerted by the failed 
or jammed actuator module on the breakout mechanism 
exceeds a predetermined amount . In the example shown , the 
breakout mechanism 270 may comprise an overload clutch 
extending around the output shaft 250 between the output 
shaft 250 and the lever arm 220. In alternative examples , any 
suitable type of breakout mechanism connecting the output 
shaft 250 to the lever arm 220 could be used . Examples 
include one or more shear pins or a collapsing link . 
[ 0041 ] The breakout mechanism 270 can cause the actua 
tor module 216? to be operably disconnected from the 
output shaft 250 at any stage in the travel of the actuator arm 
226 of the electromechanical actuator . Thus , the actuator 
module 216a can be operably disconnected from the output 
shaft 250 when the actuator arm 226 is fully extended , fully 
retracted or at any point between the fully extended and fully 
retracted positions . 
[ 0042 ] It will be understood that , in the event of one of the 
actuator modules 216a - d being operably disconnected from 
the output shaft 250 , the remaining actuator modules will 
continue to drive the output shaft 250. The actuation system 
may be designed with a high level of redundancy for the 
output required such that , in the event of a jam or failure of 
one or more of the actuator modules 216a - d , the remaining 
actuator modules will operate to provide the required com 
bined output to drive the output shaft 250. In one example 
of the disclosure , the actuation system may be designed to 
include four or five actuator modules sized such that only 
three actuator modules are required to provide the required 
driving force on the output shaft . 
[ 0043 ] Different modes of failure of an actuator module in 
the actuation system according to the disclosure are pos 
sible . In one example , if input signal or power to an actuator 
module is lost , the actuator module may continue to follow 
the movement of the other modules as it will be driven by 
the output shaft 250 moving the lever arm 220 as it rotates . 
In this instance , the force exerted by the failed actuator 
module on the breakout mechanism may be low and so the 
actuator module may remain connected to the output shaft 
250. In an alternative , one actuator module may lose syn 
chronisation with the other actuator modules in the actuation 
system . In this case , the output shaft 250 may act to force the 
actuator module back into synchronisation with the other 
actuator modules . However , if the error in synchronisation is 
detected by the controller , a power supply to the failed 
actuator module may be cut or the controller could act to 
correct the synchronisation of the failed actuator module . 
Thus again , the breakout mechanism might not be activated 
in this instance . 
[ 0044 ] In the event of an actuator module becoming 
jammed however , the actuator module would be unable to 
move . The other actuator modules would continue to drive 
the output shaft such that the force exerted by the failed 
actuator module on the breakout mechanism would be high 
and so the breakout mechanism would be activated . 
[ 0045 ] In one arrangement of an actuation system accord 
ing to the disclosure , such as that shown in FIG . 1 for 
example , a force multiplier link may be provided . In the 
example shown , the five actuator modules 16 may be 
positioned within the wing section towards the deepest part 
thereof and the lever arms 20 of the actuator modules may 
be connected to a shaft 80. The force multiplier link in the 

example of FIG . 1 comprises a multiplier lever 82 for each 
actuator module 16. The multiplier lever 82 extends from the 
shaft 80 to a rotary driver ( which in this example is a 
common output rail 84 ) within the hinge 14. As the length 
of the multiplier lever 82 is significantly greater than that of 
the lever arm 20 , the torque output from an actuator module 
will be magnified by the force multiplier link to cause a 
greater torque to act on the common output rail 84. The 
provision of the force multiplier link also allows the actuator 
modules to be positioned further away from the hinge 14 
than would be possible were no link provided , thus allowing 
a higher space envelope within the wing section to be used 
for the actuator modules . 
[ 0046 ] It will be understood that an actuation system 
according to the disclosure could comprise any desired 
number of actuator modules to provide a required torque 
output and redundancy . A common requirement for primary 
flight controls is the need to maintain a minimum level of 
performance in the event of a single failure , i.e. the failure 
of a single actuator module . An example requirement might 
be to require 100 % of positional authority and 60 % of load 
and rate to be provided in the event of a single failure . In 
traditional systems , these requirements often necessitate 
designing an actuation system with additional capabilities 
which are not used during normal operations and which 
increase the total weight , size and cost of the actuation 
system . In an actuation system according to the disclosure , 
the impact of a single actuator module failing may be 
proportionately less than in traditional actuation systems 
such that less overcapacity could need to be provided . For 
example , to maintain 100 % of positional authority and 60 % 
of load and rate after a failure of one actuator module , an 
actuation system according to the disclosure which includes 
five actuator modules would not need to be designed with 
any overcapacity to meet these requirements and could 
potentially tolerate two of the actuator modules failing 
whilst still meeting the minimum performance requirements . 
[ 0047 ] Further , actuators sized from between at least 500N 
to greater than 100 kN could be used in an actuation system 
according to the disclosure . Further , the torque output sup 
plied and the space envelope required by an actuation 
system according to the disclosure can be readily altered by 
altering one or more of : the number of actuator modules in 
the actuation system ; the size and capability of one or more 
of the actuator modules in the actuation system ; and the 
arrangement or layout of the actuator modules in the actua 
tion system . It will be appreciated that actuation systems 
according to the disclosure could therefore be used in any 
type of aircraft , including but not limited to , light UAV 
aircraft and large commercial aircraft such as Jumbo Jets . 
[ 0048 ] The actuator modules may be positioned in a row 
or line and configured to drive a rotatable component 
directly or via one or more linkages as in the examples 
shown . In alternative examples of the disclosure , the actua 
tor modules may be positioned to provide a distributed 
solution . For example , any suitable number of actuator 
modules may be positioned in two or more rows joined by 
suitable linkages . In one example , each row may extend 
substantially parallel to the other rows and be spaced from 
the other rows in a direction perpendicular thereto . Further , 
various V , W or radial arrangements of the actuator modules 
around a shaft may be envisage . For example , two discrete 
banks of three actuator modules in a row may be arranged 
in a V shape . Alternatively , four actuator modules could be 
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arranged in a row , with two further actuator modules offset 
therefrom to form a V shape . Such alternative arrangements 
may allow an actuation system capable of providing a high 
torque output and a high level of redundancy to be config 
ured to within a tight or awkward space envelope ( for 
example where a long single row of actuator modules would 
not fit into the envelope available ) . 
[ 0049 ] Further , although the examples described above 
comprise an output shaft for summing the torque output of 
the actuator modules , it will be understood that any suitable 
rotary driver for summing the torque output such as for 
example , a belt or a chain could be provided in place of the 
output shaft . Thus , for example , each actuator module could 
be configured to drive a respective pulley or gear , each 
pulley or gear then being connected to a common chain or 
belt to sum the outputs from the respective pulleys or gears . 
Further , additional linkages provided between an actuation 
system according to the disclosure and a rotary component 
to be driven by the actuation system can be rigid or flexible 
( for example comprising a toothed belt or chain and suitable 
tensioners ) . The use of such flexible linkages may provide 
additional flexibility in packaging an actuation system 
according to the disclosure into a confined space envelope 
such as a thin wing of an aircraft . 
[ 0050 ] Still further , although the examples described 
above are for use in actuating a control surface on an aircraft 
wing , it will be appreciated that an actuation system accord 
ing to the disclosure may be used in many other applications 
where either tolerance for actuator jamming or failure is 
required or where the maximum size of a single actuator 
which can be used is limited by the space available . These 
other applications include but are not limited to the actuation 
of rudder control surfaces in aircraft or other vehicles . 
[ 0051 ] While the disclosure has been described in detail in 
connection with only a limited number of examples , it 
should be readily understood that the disclosure is not 
limited to such disclosed examples . Rather , the disclosure 
can be modified to incorporate any number of variations , 
alterations , substitutions or equivalent arrangements not 
heretofore described , but which are commensurate with the 
scope of disclosure . Additionally , while various examples of 
the disclosure have been described , it is to be understood 
that aspects of the disclosure may include only some of the 
described examples . Accordingly the disclosure is not to be 
seen as limited by the foregoing description , but is only 
limited by the scope of the appended claims . 

1. An actuation system comprising : 
a rotary driver ; and 
three or more actuator modules , 
wherein each actuator module comprises an electrome 

chanical linear actuator , and 
wherein each actuator module is connected to the rotary 

driver such that the three or more actuator modules are 
configured to drive rotation of the rotary driver in 
combination . 

2. An actuation system as claimed in claim 1 , wherein 
each actuator module further comprises a lever arm con 
nected between the electromechanical linear actuator and the 
rotary driver . 

3. An actuation system as claimed in claim 1 , wherein 
each actuator module further comprises a breakout mecha 
nism configured to operably disconnect the actuator module 
from the rotary driver if a force exerted on the breakout 
mechanism exceeds a desired value . 

4. An actuation system as claimed in claim 3 , wherein the 
breakout mechanism comprises : an overload clutch , a shear 
pin or a collapsing link . 

5. An actuation system as claimed in claim 1 , wherein the 
electromechanical linear actuators in the three or more 
actuator modules are sized such that a required driving force 
is supplied to the rotary driver even when one or more of the 
actuator modules fails or jams . 

6. An actuation system as claimed in claim 1 , wherein the 
three or more actuator modules are arranged in a single row . 

7. An actuation system as claimed in claim 1 , wherein the 
three or more actuator modules are arranged in two or more 
rows , wherein each of the two or more rows is operably 
connected to another row by a linkage . 

8. An actuation system as claimed in claim 1 , wherein the 
system comprises six or more actuator modules arranged in 
two discrete banks of actuator modules in a row which form 
a V shape . 

9. An actuation system as claimed in claim 1 , wherein an 
additional linkage mechanism is provided between the 
rotary driver and a remote mechanism configured to be 
actuated by the actuation system . 

10. An actuation system as claimed in claim 1 , wherein a 
force multiplier link is provided between each actuator 
module and the rotary driver . 

11. An actuation system as claimed in claim 1 , wherein the 
rotary driver comprises a shaft . 

12. An actuation system as claimed in claim 1 , wherein 
the rotary driver comprises a belt or chain . 

13. An actuation system as claimed in claim 1 , wherein 
the actuation system is an aircraft control surface actuation 
system . 

14. An aircraft wing comprising : 
a control surface adapted to move from a first position to 

a second position , and 
an actuation system as claimed in claim 1 , 
wherein the rotary driver is adapted to drive the move 

ment of the control surface from the first position to the 
second position . 

15. An aircraft wing as claimed in claim 14 , wherein the 
actuation system is housed inside the wing . 
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