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Wing tilt actuation system for electric vertical take-off and 

landing (VTOL) aircraft 

Technical Field 

[0001] The present disclosure relates to a wing tilt actuation system for electric vertical 

take-off and landing (VTOL) aircraft. In particular, the present invention relates to a wing tilt 

actuation system and mechanism for electric VTOL aircraft having passenger and/or military 

applications. 

Background of the Invention 

[0002] VTOL aircraft are capable of take-off and landing vertically, or at some angle which 

is close to vertical. This style of aircraft includes helicopters and certain fixed wing aircraft, 

often used for military applications. Advantageously, VTOL aircraft permit take-off and 

landing in limited spaces, which negates the need for a large runway, and permits take-off 

and landing in small spaces and such as boat decks and landing pads on buildings and other 

structures. 

[0003] Helicopters are a style of aircraft in which lift and thrust are both provided by 

rotors. There are several issues associated with helicopters which may be problematic in 

some applications, such as the high levels of noise output. One such disadvantage 

associated with helicopters concerns the rotor design which is critical for flight. There is 

generally no redundancy in the design, meaning that operation of the (or each) rotor is 

critical. This lack of redundancy dictates that large factors of safety must be applied to all 

components of the rotor and drive train, which adds considerably to the weight and 

manufacture cost of helicopters. 

[0004] Electric aircraft are of increasing interest for various commercial and safety reasons. 

In recent years there has been a large amount of development with respect to drone 

technologies, which generally utilise a plurality of electric rotors spaced around a pitch circle 

diameter. Drones generally operates with the electric rotors each rotating about an axis 

which is generally vertical. 

[0005] Whist drones are becoming commercially viable for delivering small payloads, they 

are generally limited to relatively low flight speeds, on account of the vertical axis of rotation 
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of the rotors. Furthermore, they tend to have reasonably low ranges of travel per battery 

charge. 

[0006] Tilt wing aircraft are available and generally operate on the principle of a vertical 

propeller axis for take-off and landing, and the wings are configured to tilt between a 

configuration in which the propellers have vertical axes for take-off and landing, and a 

configuration in which the propellers have horizontal axes for forward flight. 

[0007] The above noted tilt wing arrangement provides the advantage of take-off and 

landing in areas with limited available clear space, such as aircraft carriers and landing pads. 

In addition, tilt wing aircraft are able to provide flight speed comparable with conventional 

propeller driven fixed wing planes. 

[0008] Tilt wing aircraft generally have electric motors or gas turbine engines which drive 

propellers or ducted fans directly mounted to the wing. The entire wing rotates between 

vertical and horizontal to tilt the thrust vector from vertical to horizontal and return. 

[0009] By way of definition, the "Thrust line" also referred to as the "thrust vector" is the 

thrust force of the propeller and is approximately the same as axis of rotation of the 

propeller. The "hinge line" is the axis of the hinge rotation. 

[0010] There are several inherent disadvantages with existing tilt wing aircraft. One 

disadvantage concerns the actuators and bearings or other such mechanisms required to 

control the angle of inclination of the wing between the take-off/landing configuration and 

the forward flight configuration. The actuators may also serve to lock the wing at the desired 

inclination during forward flight. However, in practice, the actuators and bearings add 

significant weight to the aircraft. This results in a reduction of the amount of payload such as 

personnel or cargo that can be transported. Furthermore, because of the critical nature of 

the wing tilt actuation system and bearings, that assembly must be designed with a 

sufficient degree of redundancy to reduce the risk of catastrophic failure. 

[0011] An electric VTOL jet is currently being designed and tested by Lilium Aviation, under 

the brand Lilium JetTM. That prototype is intended as a lightweight commuter aircraft for two 

passengers having two wings and around 36 electric motors. 

[0012] A disadvantage of the Lilium JetTM type aircraft concerns the electric motors which 

are encased fan type motors. This arrangement is highly energy intensive, resulting in 

reduced possible flight range for a given battery size. 
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[0036] Fig. 2 is a schematic diagram depicting the VTOL aircraft of Fig. 1 in a second, 

forward flight configuration; 

[0037] Fig. 3 is a schematic showing a mounting arrangement for mounting an electric 

motor to a wing of the aircraft of Figs. 1 and 2 in a vertical (take-off and landing) rotor 

position; 

[0038] Fig. 4 is a further schematic view of the arrangement of Fig. 3 with the rotor in a 

partially inclined position; 

[0039] Fig. 5 is a further schematic view of the arrangement of Fig. 3 with the rotor in a 

further inclined position; 

[0040] Fig. 6 is a is a further schematic view of the arrangement of Fig. 3 with the rotor in 

horizontal (forward flight) position; 

[0041] Fig. 7 is a perspective view depicting a further embodiment of the VTOL aircraft; 

[0042] Fig. 8 is a side view of the wing arrangement of Fig. 7; 

[0043] Fig. 9 is a top view of the wing arrangement of Fig. 7; 

[0044] Fig. 10 is a perspective view of the wing arrangement of Fig. 7, with the rotor 

blades stowed; 

[0045] Fig. 11A is a schematic side view showing a mounting arrangement for mounting an 

electric motor to a wing of the aircraft (vertical rotor axis); 

[0046] Fig. 11B is a perspective view of the mounting arrangement of Fig. 11A; 

[0047] Fig. 11C is a schematic side view showing the mounting arrangement of Fig. 11A, 

but with the rotor axis being vertical; 

[0048] Fig. 11D is a perspective view of the mounting arrangement of Fig. 11C; 

[0049] Fig. 12 is a schematic cross-sectional view depicting the transition between vertical 

and horizontal for the wing arrangement of the aircraft of any one of Figs. 7 to 11D; and 

[0050] Fig. 13 is a perspective schematic view of the aircraft in a parked configuration with 

the access hatch open; 

[0051] Fig. 14 is a side view of aircraft with the rotors depicted in a vertical axis position; 

[0052] Fig. 15 is a top view of the aircraft with the rotors depicted in a horizontal axis 

position; 
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[0053] Fig. 16 is a perspective view of the aircraft with the rotors depicted in a vertical axis 

position; and 

[0054] Fig. 17 is front view of the aircraft with the rotors depicted in a horizontal axis 

position. 

Detailed Description of the Preferred Embodiments 

[0055] A vertical take-off and landing (VTOL) aircraft 10 is disclosed. In the preferred 

embodiment, as depicted in the drawings, there are two pairs of wings. Namely, the forward 

wings 20, 22 and the rearward wings 30, 32. Each of the forward wings 20, 22 is attached to 

a laterally opposing region of the fuselage 24. Similarly, each of the rearward wings 30, 32 is 

attached to a laterally opposing region of the fuselage 24. In the embodiment shown in the 

drawings, the aircraft 10 is depicted as a single seat or double seat aircraft 10. However, 

larger multi-person embodiments are also envisaged. The aircraft 10 may be controlled from 

within by a pilot, or alternatively it may be remotely controlled. 

[0056] In the embodiment shown in the drawings, distal portions of the forward wings 20, 

22 and the rearward wings 30, 32 are connected with connecting members or webs 42, such 

that the two pairs of wings 20, 22, 30, 32 define a boxed wing or closed wing structure. 

[0057] In another embodiment (not shown), the forward wings 20, 22 and the rearward 

wings 30, 32 may be strut braced wings, connected with tie bars or struts. A strut braced 

wing is generally lighter than a conventional cantilevered wing. 

[0058] Whilst the VTOL aircraft 10 described herein is a boxed wing or strut braced aircraft 

10, it will be appreciated by those skilled in the art that the aircraft 10 may be a 

conventional cantilevered wing aircraft in which the forward wings 20, 22 and the rearward 

wings 30, 32 are separate and not interconnected. Furthermore, the aircraft 10 may have 

only a single pair of wings. 

[0059] Referring to the figures, the forward wings 20, 22 and the rearward wings 30, 32 

are vertically separated, such that the forward wings 20, 22 are vertically positioned below 

the rearward wings 30, 32. 

[0060] As depicted in Fig. 2, the tip portion 40 of the rearward wings 30, 32 extends 

downwardly and rearwardly. This wing tip portion, or winglet 40, assists to reduce wing tip 

vortices. The winglets 40 may include one or more wheels 39 (figs. 13 and 14) for 

supporting the aircraft 10 when stationary, and during take-off and landing. The aircraft 10 

also has a further wheel or set of wheels 41 which are located beneath the fuselage 24, 
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generally near the front of the fuselage 24. In this way, the rear wheels 39 and front wheels 

41 are positioned at the vertices of an isosceles triangle. By locating the rear wheels 39 on 

the winglets 40, the width of the aforementioned isosceles triangle is maximised, thereby 

increasing the stability of the aircraft 10. 

[0061] Referring to the side view of Fig. 14, the winglet 40 and connecting member 42 

together define a generally T-shaped portion of the wing assembly. 

[0062] Referring to the embodiments of Figs. 13 to 17, the cabin is accessed through a 

door or hatch 82 which is hinged at the top, above the occupants by way of hinges 85. In 

the embodiment shown in Figs. 13 to 18, there are two hinges 85, and the hatch 82 is 

upwardly opening. 

[0063] The upper located hinge 85 arrangement for securing the hatch 82 and the 

upwardly opening hatch 82 provide several functional advantages. Firstly, this configuration 

permits the users to access the cabin from the front of the aircraft 10, without coming into 

proximity to the rotors 70. This arrangement makes the egression from the aircraft 10 

particularly simple, as the user simply stands from the seated position and moves forward, 

away from the aircraft 10. 

[0064] The upwardly opening hatch 82 also provides improved rain protection during entry 

and egression, as the hatch remains generally above the cabin when open. 

[0065] Furthermore, the hatch 82 permits the front of the cabin to be located close to the 

underlying ground surface. The step height from the underlying ground surface to enter the 

cabin is around 250mm, which represents a large improvement in comfort and ease of 

entry/egression compared to other light aircraft. 

[0066] Again referring to Fig. 2, a proximal side of each winglet 40 is connected to the 

connecting member 42 which joins the adjacent forward wing 20 and rearward wing 30. A 

further connecting member 42 joins the adjacent forward wing 22 and rearward wing 32 on 

the opposing side of the fuselage 24. 

[0067] Each of the forward wings 20, 22 and the rearward wings 30, 32 has a fixed leading 

edge 25, 35. The leading edge 25, 35 has a curved profile, in the form of a portion of an 

aerofoil. Importantly, the leading edge does not rotate or otherwise move relative to the 

fuselage 24. 

[0068] On the trailing side of each fixed leading edge 25, 35, the forward wings 20, 22 

and/or the rearward wings 30, 32 have a pivotally mounted aileron or control surface 50. 
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Each control surface 50 is pivotal between a generally vertical configuration for take-off and 

landing (as depicted in Fig. 1) and a generally horizontal configuration for forward flight (as 

depicted in Fig. 2). 

[0069] The control surface 50 may be a single surface which extends continuously along 

the full length of the wing 20, 22, 30, 32. Alternatively, each wing 20, 22, 30, 32 may have 

one or more independently pivotal control surfaces 50, such that the control surfaces 50 are 

capable of pivoting about the leading edge 25, 35, independent of the other control surfaces 

50. 

[0070] The vertical take-off and landing (VTOL) aircraft 10 includes a plurality of electric 

motors 60. Each motor 60 has a propeller or rotor 70. As depicted in the figures, the body 

portion 62 of each motor 60 is mounted adjacent to the upper surface or the lower surface 

of the moveable control surface 50, generally in front of the fixed leading edge 25, 35. The 

control surface 50 is able to rotate though a range of between about 80 and 100 degrees, 

and preferably approximately 90 degrees for both horizontal flight mode (Fig. 2) and vertical 

flight mode (Fig. 1). 

[0071] The motors 60 may be mounted sufficiently forward of the fixed leading edge 25, 

35 so that the rotor blades can fold rearwardly and remain clear of the wing structure. 

However, a preferred embodiment uses non-folding rotors 70 with a variable pitch 

mechanism. Fixed pitch blades may also be used. 

[0072] There are two possible mounting arrangements for the motors 60 and control 

surface 50: 

a) Each motors 60 may be pivotally connected to one of the fixed leading edges 25, 

35, and the control surface 50 is secured to the body portion 62 of the motor 60; or 

b) The control surface 50 may be pivotally connected to one of the fixed leading edges 

25, 35, and the control surface is secured to the body portion 62 of the motor 60. 

[0073] The electric motors 60 are each pivotal about the leading edge 25, 35 with the 

control surfaces 50 between a first position in which the rotor of each motor 60 has a 

generally vertical axis of rotation, and a second position in which each the rotor of each 

motor 60 has a generally horizontal axis of rotation. 

[0074] In the embodiment depicted in Figs 1 to 6, at least one of the wings 20, 22, 30, 32 

has a first and a second motor 60 which are offset relative to each other about a plane 

passing through the control surface 50. In the embodiment shown in Figs. 1 to 6 of the 

drawings, this is achieved by locating the motors 60 on opposing upper and lower sides of 
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the wing 20, 22, 30, 32. In the embodiment depicted in Figs 1 - 6, each wing has four 

electric motors 60. Namely two electric motors 60 mounted above the wing 20, 22, 30, 32 

and two electric motors 60 mounted below the wing 20, 22, 30, 32, in an alternating 

configuration. In another embodiment, each wing 20, 22, 30, 32 has two electric motors 60. 

[0075] The electric motors 60 and their mounting pylons are each mounted to the pivoting 

control surface 50. Each motor 60 rotates about a hinge point 33. The four motors 60 are 

mounted with different thrust lines. In particular, two of the motors 60 have a thrust line 

that tends to rotate the control surface 50 horizontally, and other two motors have a thrust 

line that tends to rotate the wing 20, 22, 30, 32 vertically. When all four motors 60 operate 

in unison the moments cancel out, and stabilisation is achieved in the vertical flight mode. 

[0076] The sequence of wing adjustment, depicted in Figs. 3 to 6, shows the change of 

inclination of the motors 60 and control surface 50 when transitioning between the take-off 

wing position and the forward flight wing position. As shown in those figures, the leading 

edges 25, 35 are stationary, and non-pivoting. In contrast, the motors 60 and control 

surfaces 50 pivot in unison. 

[0077] Referring to Fig. 6, when the wing reaches the final, horizontal position, for forward 

flight, the engagement between the leading edges 25, 35 and the control surfaces 50 

prevents the wing 20, 22, 30, 32 from pivoting further. This occurs because the wing 20, 

22, 30, 32 and control surface 50 have complimentary engagement surfaces. 

[0078] A second embodiment of the invention is shown in Figs 7 to 12. In this 

embodiment, the four motors 60 are each mounted below the wings 20, 22, 30, 32. In 

particular, each motor 60 is hingedly secured to a location below the wing 20, 22, 30, 32, 

which can be used to create a leading edge slot 72, that further increases the coefficient of 

lift and reduces buffet at high angles of tilt, in descent. 

[0079] The leading edge slot 72 is the gap between the leading edges 25, 35 and the tilting 

control surface 50. The slot 72 can be seen in figures 3, 4, 5 and is in the closed position in 

figure 6. The leading edge slot 72 can also be seen in Fig. 11A. 

[0080] Referring to Fig. 8, in this arrangement the axes of rotation of the motors 60 are 

non-parallel. In particular, for each pair of motors 60, each odd motor 60 has an axis of 

rotation )0( which is downwardly inclined relative to the control surface 50, and each even 

motor 60 has an axis of rotation YY which is upwardly inclined relative to the control surface 

50. In this manner, one of the motors 60 has a thrust line that tends to rotate the control 

surface 50 clockwise, and other motor has a thrust line that tends to rotate the control 
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surface 50 counter-clockwise. When the pair of motors 60 operate in unison, at a similar 

rotational speed, the moments cancel out, and stabilisation is achieved in the vertical flight 

mode. 

[0081] The aircraft 10 provides a separately regulated power supply to each motor 60. This 

permits a different voltage to be delivered to each motor, and hence variable power output 

can selectively be generated by each motor 60 to achieve desired flight conditions such as 

turning left and right. 

[0082] Furthermore, the independent power of the motors 60 enables the motors 60 to be 

used to tilt the control surface 50 located on the trailing edges of the wings 20, 22, 30, 32. 

[0083] Figs. 11A to 11D show a side schematic of a motor 60 mounted to the underside of 

one of the wings 20, 22, 30, 32. A hinge plate 28 is connected to the fixed leading edge 25, 

35, and extends downwardly. The motor 60 is pivotally connected to the hinge plate 28 at 

the hinge point 33. The propeller 70 and pylon structure is fixed to the control surface 50, 

which rotates about the hinge point 33. 

[0084] In the second embodiment, having wing underside mounted motors 60, the 

sequence of wing adjustments depicted in Figs. 11A to 11D shows the change of inclination 

of the motors 60 and control surfaces 50 when transitioning between the vertical take-off 

wing position and the horizontal forward flight wing position. In the same manner as the first 

embodiment, the leading edges 25, 35 are stationary, and non-pivoting, and the motors 60 

and control surfaces 50 pivot in unison. 

[0085] Fig. 12 is a schematic cross-sectional view depicting the transition between vertical 

and horizontal for the wing arrangement of any one of Figs. 7 to 11D. As shown in that 

figure, the vertical and horizontal spacing between the forward and rearward wings is 

shown. Fig. 12 also depicts that the thrust lines of the adjacent motors on each wing being 

non-parallel, which results in the moment about the hinge point 33, which can be selectively 

used to rotate to control surfaces 50. 

[0086] In the embodiments depicted in Figs. 1 to 17, there are either two or four motors 

60 mounted to each wing 20, 22, 30, 32. However, additional motors 60 may be mounted to 

the aircraft 10, for example on the wings 20, 22, 30, 32, the nose of the fuselage 24 or the 

wing connecting members 42. 

[0087] In the embodiment depicted in Figs. 15 to 17, there are two motors 60 mounted to 

each wing 20, 22, 30, 32. By employing lower numbers of motors 60, the rotor 70 diameter 

can be increased. As shown in the embodiment of Fig. 17, the rotor blade 70 diameters 
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overlap with adjacent rotor blades when viewed from the front. In order to accommodate 

the overlap, the motors 60 are mounted such that each set of rotor blades is longitudinally 

offset relative to the adjacent set of rotor blades (relative to an axis of rotation), thereby 

preventing contact between the adjacent rotors, whilst permitting large diameter rotors to be 

deployed. This is shown in Fig. 15. 

[0088] In one embodiment, the hinge mechanism can be integrated into the motor pod 

structure further reducing structural weight. A further possible improvement is that when 

there are multiple motor pods, each pod houses a hinge bearing. 

[0089] Referring to Fig. 10, the rotor 70 blades of the motors 60 may fold downwardly 

when not in use. Furthermore, some of the rotor blades 60 may fold downwardly and 

rearwardly when in forward flight mode, as less propulsion power is normally required in 

forward flight mode as compared to take-off and landing. 

[0090] Advantageously, the aircraft 10 permits smaller distributed hinge bearings for each 

motor 60, which can be redundant, and of a much small diameter (therefore lighter). 

[0091] The invention can provide a slotted leading edge that dramatically reduces buffet 

experienced by tilt wing aircraft during descent. 

[0092] Additional electric motors (not shown) may be mounted to structures other than the 

wings, such as the fuselage, in order to generate additional lift force and/or forward speed. 

[0093] Advantageously, a box wing structure is more aerodynamically efficient than a 

conventional wing of the same size and can be more structurally efficient (therefore lighter). 

[0094] Advantageously, the boxed wing structure provides additional rigidity. 

[0095] Advantageously, the aircraft 10 reduces the weight of the bearings and tilt structure 

required when compared to a conventional tilt wing aircraft. This is because a conventional 

tilt wing requires a single large bearing pair (one on either side of the aircraft fuselage) with 

stiff structure that rotates. 

[0096] Although the invention has been described with reference to specific examples, it 

will be appreciated by those skilled in the art that the invention may be embodied in many 

other forms. 
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Claims:  

 

 

1. A vertical take-off and landing (VTOL) aircraft comprising: 

  a fuselage; 

  first and second forward wings mounted to opposing sides of the fuselage; 

  first and second rearward wings mounted to opposing sides of the fuselage; 

 each wing having a fixed leading edge and a trailing control surface which is pivotal 

about a generally horizontal axis;   

 a plurality of electric motors having rotors mounted to the wings, the rotors being 

pivotal with the trailing control surface between a first position in which each rotor has a 

generally vertical axis of rotation, and a second position in which each rotor has a generally 

horizontal axis of rotation;  

 wherein at least one of the wings has a first electric motor having a first rotor and a 

second electric motor having a second rotor which are each mounted having non-parallel 

axes of rotation so that the thrust lines of the first and second rotors are different. 

2. The vertical take-off and landing (VTOL) aircraft of claim 1, wherein a thrust 

line of the first rotor is angled to pass above a hinge line, and a thrust line of the second 

rotor is angled to pass below the hinge line. 

3. The vertical take-off and landing (VTOL) aircraft of claim 1 or 2, wherein an 

axis of rotation of the first rotor is angled upwardly relative to a plane passing through 

leading and trailing portions of the control surface, and an axis of rotation of the second 

rotor is angled downwardly relative to a plane passing through leading and trailing portions 

of the control surface. 

4. The vertical take-off and landing (VTOL) aircraft of any one of the preceding 

claims, wherein when the first and second rotors are operated at the same rotational 

speeds, turning moments generated by each of the first and second rotors and acting on the 

control surface cancel each other out. 

5. The vertical take-off and landing (VTOL) aircraft of any one of the preceding 

claims, wherein the first and second electric motors are pivotally mounted to an underside of 

the fixed leading edge. 
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6. The vertical take-off and landing (VTOL) aircraft of claim 5, wherein the first 

and a second electric motors are secured to the trailing control surface. 

7. The vertical take-off and landing (VTOL) aircraft of any one of the preceding 

claims, where a distal portion of each forward wing, furthest from the fuselage, is connected 

to a distal portion of the adjacent rearward wing with a connecting member, defining a 

boxed wing structure. 

8. The vertical take-off and landing (VTOL) aircraft of any one of the preceding 

claims, where each forward wing is connected to the adjacent rearward wing with one or 

more struts or tie bars. 

9. The vertical take-off and landing (VTOL) aircraft of any one of the preceding 

claims, wherein the control surface is pivotal through a range of about 80 and 100 degrees. 

10. The vertical take-off and landing (VTOL) aircraft of claim 9, wherein the 

control surface is pivotal through a range of about 90 degrees. 

11. The vertical take-off and landing (VTOL) aircraft of any one of the preceding 

claims, wherein each rotor is longitudinally offset relative to an adjacent rotor mounted on 

the same wing, about an axis of rotation of the rotors. 

12. The vertical take-off and landing (VTOL) aircraft of claim 11, wherein each 

rotor outer diameter is overlapping relative to an adjacent rotor outer diameter and 

mounted on the same wing, when viewed in a plane extending perpendicular to an axis of 

rotation of the rotors. 

13. The vertical take-off and landing (VTOL) aircraft of anyone of the preceding 

claims, wherein the fuselage has a cabin which is accessed through a door which is forward 

facing and hinged at an upper region to open upwardly. 
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14. The vertical take-off and landing (VTOL) aircraft of any one of the preceding 

claims, wherein the first and second rearward wings each includes a downwardly and 

rearwardly extending winglet having one or more wheels for supporting the aircraft. 

 


