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Abstract: Aerospace actuators can be found throughout modern commercial and experimental aircraft, 
as well as in military and space exploration. The aerospace industry is not only growing, but also 
rapidly changing and the demand for aerospace actuators is permanently increasing. Linear actuator 
is able to push, pull, and hold objects in a way that our bodies cannot. Additionally, electrically powered 
technology provides more sophisticated control options. Linear actuator drive many different functions 
that are essential to safe and efficient aircraft operation. Manufacturers and hobbyists alike are always 
on the hunt for new ways to automate functions while keeping development costs low. Providing cost-
effective linear solutions for aerospace application is one of the biggest challenge. This research will 
provide a cost-effective actuator conceptual design for variable span morphing wing UAV. The cost-
effective design will be presented along with the application-based selection of linear actuators for 
morphing wing UAV. 
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1. INTRODUCTION 

In this proposed linear actuator, the mechanical rotational motion of a freely rotated servo is 
converted to linear motion. 

By converting electrical energy into mechanical energy, linear actuators allow actuation 
to be completed swiftly without manual work. 

They can push, pull, and hold objects with greater force, speed, and precision which can 
be operated in inaccessible spaces where hazardous environments exist. For the presented 
actuator, a pinion is engaged to a servo- gear and rack. 

The rack extends or retracts along the actuator guide, which can be fixed to the main wing 
internal structure or spar. 

Such geometry changes are much more substantial than conventional methods and to 
accommodate large wing planform change while overcoming weight penalties [1] significant 
advancements in both materials and actuator technology are required. 
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2. APPLICATION BASED SELECTION OF LINEAR ACTUATOR 
In aviation, the actuators manage several steering applications by controlling the ailerons, 
elevators, trims, and rudder. Manufacturers have also developed special aerospace actuators 
to open and close an aircraft’s cargo doors. Now, companies are beginning to fit aircrafts with 
electric actuators instead of hydraulic actuators that were used in the past because of better 
technology and more reliability. 

Heavy-duty actuators can withstand high pressure and are built strong to prevent damage. 
For experimental application, linear actuator can be used in morphing wing technology. But 
finding a suitable linear actuator for morphing wing is not an easy job. So, implementing a 
successful linear motion system starts with selecting the appropriate actuator based on 
application needs. The aerospace manufacturers and designer must account for the necessary 
characteristics of the linear actuator which including: 

Stroke Length – The distance the actuator travels in one direction. Hydraulic actuators’ 
stroke length ranges from mm to meter. Pneumatic actuators provide a stroke length of less 
than 1 m, and electromechanical actuators work in an unlimited range of stroke lengths, based 
on the stroke, the shortest and longest dimensions of the actuator. 

Mounting Styles – Dual-pivot mounting method allows the actuator to pivot on both sides 
as it extends or retracts. It allows the application to move on a fixed path while maintaining 
two free pivot points. 

Stationary mounting can be applied by having a shaft mounting bracket securing the 
actuator to an object along the shaft. It is generally used in applications where the linear 
actuator is needed to push something head on, such as triggering a button or pushing a bellow 
to compress or inflate. 

But for extendible and retractable actuation, much clearance needed for actuation during 
retract condition as one of the parts connected to outer movable wing. 

Speed – Measured in distance (m) per second, actuator specification determines rated 
speeds. According to the application, different speeds can be applied using a programming 
board. 

Feedback – Arduino UNO board is a perfect choice for the actuation control. 
Programming can control the actuator with multiple conditions for mission planning of a 
variable span morphing wing. 

Properties (Actuation forces, Speed) of servo actuated linear actuator can be achieved 
using the formula listed below: 

In the following formulas, the following notations were used: M mass to move (Kg); V 
linear speed (m/s); t time (s); a acceleration (m/s2); g gravity (9.8 m/s2); F external force (N); 
d Pitch diameter of pinion (mm); TP torque (Nm); NP maximum rotational speed (RPM). 

𝑎𝑎 =
𝑣𝑣
𝑡𝑡
 (1) 

𝐹𝐹𝑟𝑟 = 𝜇𝜇𝜇𝜇 ∗ 𝑔𝑔 + 𝑀𝑀 ∗ 𝑎𝑎 + 𝐹𝐹 (2) 

𝑇𝑇𝑝𝑝 =
𝐹𝐹𝑟𝑟 ∗ 𝑑𝑑
2000

 (3) 

𝑁𝑁𝑝𝑝 =
𝑉𝑉 ∗ 19,100

𝑑𝑑
 (4) 

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡ℎ 𝑖𝑖𝑖𝑖 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔

 (5) 
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In the following formula, KA is the coefficient of working condition; KV, represents the 
coefficient of dynamic load; KHa is the transverse load distribution coefficient of the contact 
strength; Kβ represents the distribution coefficient of the tooth lead load; ZH is the coefficient 
of node cell; ZE is the coefficient of elasticity; Zτ is the coefficient of the overlap ratio. 

From Hertz formula, 𝜎𝜎𝐻𝐻 = �
𝐹𝐹
𝜋𝜋𝜋𝜋

1
𝑅𝑅

1 − 𝑉𝑉1
2

𝐸𝐸1
+ 1 − 𝑉𝑉2

2

𝐸𝐸2

 (6) 

The contact stress of gear and rack transmission derived by the Hertz theory can be 
expressed as following: 

𝜎𝜎𝐻𝐻 = 𝑍𝑍𝐻𝐻𝑍𝑍𝐸𝐸𝑍𝑍𝑒𝑒�
𝐹𝐹1
𝑏𝑏𝑑𝑑1

𝑢𝑢 ± 1
𝑢𝑢

𝐾𝐾𝐴𝐴𝐾𝐾𝑉𝑉𝐾𝐾𝐻𝐻∞𝐾𝐾𝛽𝛽 (7) 

3. DESIGN OF LINEAR ACTUATOR 
This section is intended to present the conceptual design of a linear actuator that can help to 
perform in flight span variations, a variable-span wing actuation. The designed linear actuator 
consists of three main parts, namely the actuator guide, the rack-pinion, and servo. This section 
will present those three parts that have been designed using CATIA V5. 

For the actuation, a freely rotated servo has been considered instead of a motor as servo 
has less weight and strong actuation force. With the advantages of high transmission 
efficiency, strong carrying capacity and the stability of the transmission ratio, the gear and 
rack transmission system is commonly used in force and motion transmission in the 
mechanical system. The reliability and stability of the gear and rack directly influence the 
regular operation of the actuator [2, 3]. 
 

 
Fig. 1 Assembled linear actuator  

Actuator guide: Actuator guide will provide housing and shielding for the rack that can easily 
extend-retract. An extremely negligible frequency will be transferred through the rack to the 
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actuator guide. This part of linear actuator can easily be connected to the rib or any other 
internal part of the wing. 

Table 1. Design specification 

Parameter Value/Unit 
Stroke length 300 mm 
Weight 50 g 
Actuation time 3 s 
Actuation force 2.6 kg 

 

 
Fig. 2 Actuator guide 

Rack and pinion: They are composed of two gears. The pinion is the normal round gear, 
and the rack is the straight one. The rack can be viewed as a gear, but its radius is infinite. The 
rack has teeth cut in it and they mesh with the teeth of the pinion gear. The pinion rotates and 
moves the rack in a straight line and changes the rotary motion to a linear motion. The rack 
has been designed connected to outer movable wing spar and the pinion will be connected to 
servo. 
 

 
Fig. 3 CATIA V5 designed pinion 

 
Fig. 4 CATIA V5 designed rack 

The inboard spar is translated horizontally by a servo-driven linear actuator located inside 
the wing. The outer wing spar is then connected to the inboard wing section at the joint which 
is located inside the wing box. The inboard actuator then connects at the joint to the outboard 
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spar at roughly the quarter-span point. The outboard wing region is activated independently of 
the inboard region by means of a servo attached between ribs. An illustration of the spar 
configuration, with corresponding attachment, can be seen in Fig. 5. The linear actuation can 
be powered by 12V/6V power sources depending on the servo we use. By extending and 
retracting the rack, linear actuator stroke lengths can vary from ±15 mm to ±300 mm. 
 

 
Fig. 5 Linear actuator mounted position between wing ribs 

4. APPLICATION OF THE LINEAR ACTUATOR IN MORPHING WING 
Linear actuation for variable span morphing wing has been found to be one the reasonable 
mechanism for many researchers and engineers. The design of adaptive structure mechanisms 
and actuator, along with the development of smart materials actuator that allow bio-inspired 
configurations of aircraft is highly desired for the near future and is currently one of the most 
interesting research areas. 

The new concepts and technologies under development are now are a constant attempt to 
enhance the overall flight performance of aircraft and UAVs. 

Improved maneuverability is highly dependent on the linear actuators speed and stroke 
length. 

 
Fig. 6 ACTUONIX P16-P linear actuator 
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In the past there have been many morphing wing successful projects that have used linear 
actuators. Bishay PL et al and Burg E et al previously used commercial linear actuator in their 
span morphing wing core design [4]. 

The reaction force in the direction of the actuation was found to be 8.05 N, which the 
linear actuators are more than capable of delivering (L12-R Actuonix Linear Electric Actuator 
[5] in Fig. 6 can provide 42 N output force). 

Variable span morphing wing design using linear actuator has been demonstrated in a 
research which includes João R.C. et al and Mestrinho et al [6]. 

They also successfully carried out flight test of variable span wing UAV [7]. Almost half 
of the main wingspan extension is possible using linear actuator. But it is yet to demonstrate 
that full wingspan extension is possible using linear actuator. In such case one may meet 
several structural optimization challenges. 

The model presented in the works of Neal et al and David A. et al also uses five linear 
actuators to control the wing shape [8]. Pneumatic actuators were chosen for the wing and tail 
extensions because of large strokes, as they are lighter than hydraulic or electromechanical 
actuators. The University of Florida has investigated the effect of a biologically inspired 
variable gull-wing morphing UAV. 

This kind of small aircraft can change the angle between the inboard and outboard wing 
sections in flight to vary performance capability. A jointed spar structure controlled by a 
vertical linear actuator enables gull-wing morphing [9]. 
 

 
Fig. 7 Different kind of existing actuation method using linear actuator 

Also, the SMA behavior has been modelled according to the model proposed by Liang 
and Rogers, simulation results being presented in terms of output displacements and morphed 
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shape. 
The linear actuators incorporated in a statically determined structure around which a 

prototype airfoil has been built, were used for morphing; finally, the prototype airfoil was 
tested in the wind tunnel to analyze drag reduction [10].  

Others have investigated the methods to actuate morphing wing sections; novel methods 
such as compliant mechanisms have been studied extensively [11, 12, 13]. 

Strelec et al used two-way SMA wires as linear actuators attached to certain points inside 
a shell, whose geometry was an airfoil, made of ABS. 

When heated, the SMA wires contracted, cambering the airfoil and, when they had been 
cooled, the airfoil returned to its previous shape. 

Experimental results proved that there was a trailing edge deflection of 6.0 mm. The linear 
actuator and the mechanical system are also suitable for a morphing winglet [14]. 

A direct comparison between the shape memory alloy and the electromechanical actuation 
for wing twist [15] has been previously done by James M. et al and Sam F. et al who discussed 

The combination between the linear actuator and the shape memory alloy actuation. In 
the last few years of the morphing wing research, the linear actuator use has been greatly 
considered along with the shape memory alloy. 

5. CONCLUSIONS 
The conceptual design of a low-cost linear actuator was developed by using an actuation 
mechanism based on some miniature high force in house developed electrical linear actuators. 
This paper illustrated the conceptual design of the miniature linear actuator used in the 
actuation mechanism of the variable wingspan concept. Designed and presented as a part of 
the morphing wing project, the actuator consists of a miniature servo, a gearing system, and a 
rack guide. Therefore, to obtain the overall model of the actuator, a commercial model of a 
freely rotated servo was chosen. Further, the model was extended by adding the mechanical 
components. The model presented in this paper is cost-effective and much more simpler than 
any other actuation method for variable span morphing wing. 
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