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ABSTRACT 

 

 

Current hinge brackets for A320 aircraft are made from metallic materials. The change of 

material from metallic to composite can reduce the structure weight. The classical method 

of analysis such as hand calculation and actual testing are not recommended for the new 

composite hinge design because it leads to high production and testing cost, as well as 

longer time consumption. This thesis is concerned with the method of modelling and 

analysing composite hinge bracket for A320 Spoiler using finite element method. The 

reverse engineering method through MSC PATRAN software is used to benchmark the 

actual loadings, constraints and allowable stress for the new hinge. Then, the method of 

optimization using Hypermesh software is used to avoid trial and error method, which 

requires a lot of efforts and more time. Next, a prototype of composite hinge is developed 

to validate the weight of the panel. The comparison of results between the old and the new 

design is done which records a reduction of 32% of the weight. This result proves that the 

simulation method proposed in this research is indeed feasible to be used for preliminary 

design stage for the hinge bracket of A320 Spoiler. 
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ABSTRAK 

 

 

Kesemua engsel bagi pesawat A320 dibuat daripada bahan logam. Perubahan bahan 

daripada logam ke bahan komposit boleh mengurangkan berat struktur. Kaedah analisis 

secara konvensional menggunakan pengiraan manual dan ujian fizikal amat tidak 

digalakkan bagi reka bentuk engsel baru kerana kaedah ini membawa kepada kos 

pengeluaran yang tinggi, peningkatan masa dan kos ujian. Tesis ini adalah berkenaan 

dengan kaedah analisis dan permodelan engsel komposit bagi A320 Spoiler dengan 

menggunakan kaedah unsur terhingga. Kaedah kejuruteraan membalik dengan 

menggunakan perisian MSC Patran digunakan sebagai penanda aras beban, kekangan 

dan tekanan yang dibenarkan untuk engsel yang baru. Kemudian, kaedah pengoptimuman 

dilakukan dengan mengunakan perisian Hypermesh bagi mengelakkan kaedah cuba jaya 

yang memerlukan banyak usaha dan masa. Prototaip engsel komposit disediakan untuk 

diukur berat bagi mengesahkan hasil daripada pengiraan kaedah unsur terhingga. 

Perbandingan keputusan antara kaedah simulasi rekabentuk asal dengan rekabentuk 

optimum mendapati terdapat pengurangan sebanyak 32% daripada berat struktur. 

Dapatan kajian ini membuktikan kaedah simulasi yang dicadangkan dalam kajian ini 

boleh diaplikasikan pada peringkat reka bentuk engsel spoiler A320. 
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CHAPTER 1 

       

INTRODUCTION 

 

1.1  Background  

 The Airbus A320 family consists of short to medium range aircraft with narrow 

body.  The A320 is the pioneer of commercial aircraft that uses Fly by Wire (FBW) flight 

control system. It is one of the most popular Airbus aircraft that records for high demand 

from airlines worldwide. In December 2010, Airbus officially launched the new generation 

of the A320 fleet with new engine options which are CFM International LEAP-X and Pratt 

& Whitney PW1000G. This new generation aircraft has an improved airframe and 

additional winglets that are called sharklet. The new A320, namely A320neo  delivers fuel 

saving of up to 20% (Airbus, 2017). During the past 35 years, Airbus has continuously and 

progressively introduced the composite technology for aircraft part to the world. Figure 1.1 

shows the evolution of composite application in aircraft parts. 

Wings are the primary structure of an aircraft. Within them, there is a part that 

functions to increase drag, reduce lift, and assist aileron in rolling, called spoiler. A spoiler 

is a structure to assist the aircraft during landing and descending from higher to lower 

altitude. It is also used to generate the rolling motion of an aircraft. The method of control 

of aircraft movement for spoiler is by ‘spoiling’ the airflow over the wing (Dawson, 2006). 
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Figure 1.1 : Composite structure development in Airbus (Jane Bold, 2007) 

 

The movement of the aircraft spoilers is controlled by a set of hinges. These hinges  

function to provide a rotational motion in one axis direction (Leet et. al., 2002). Hinges are 

usually made from metal and consist of two brackets. The brackets have bearings fitting to 

reduce frictional force between the brackets and the pin. In the new generation of aircraft 

constructions, the usage of the metallic material is no more an option in aircraft 

development. The usage of composite materials has been increasing because its capability 

in reducing the overall structural weight effectively (Basavaraju, 2005; Mallick, 2007). 

Therefore, to meet the new technology demand, the metallic components like metal 

hinge will be replaced by composite. Hence, the new development of composite hinge is 

crucial to achieve overall weight reduction in aircraft development. However, the strength 

of the composite material is difficult to predict especially during flight. Conventional stress 

calculation is not enough to predict the stress on the composite components. Hence, the use 

of computer simulation, finite element method (FEM) is very helpful to predict the 

mechanical behaviour of the composite components under different flight conditions. 
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Simulation using FEM is a process of modelling a real phenomenon with a set of 

mathematical formulas. It is an alternative method to provide the best approximation to 

solve  complex engineering problems (Logan, 2007). FEM is an analysis method that uses 

virtual reality for testing. This method can reduce overall cost and time because it does not 

require raw material and physical testing (Soutis, 2005). 

 

1.2 Problem statement 

Current hinge brackets for A320 aircraft are made from metallic material that is 

aerospace grade aluminium. In term to improve aircraft efficiency, the major issue with 

metallic part is the heavy-weight. Material replacement from metallic to composite can 

reduce the structure weight. However, the development of composite hinges is very 

different in approach with metal hinges. There are several factors to be considered: design 

of hinge, type of composite material, number of composite ply, ply direction and 

manufacturability (Gasbarri et. al., 2009). These five factors need to be properly chosen 

and optimized to meet the design requirements. Hence, the issue at hand here is the choice 

of suitable and faster method to achieve an optimized composite hinge design. The current 

hinges for A320 spoiler are using conventional method during their development phase 

(Gransden & Alderliesten, 2017). Metallic hinge design parameter is chosen using the 

design of experiment method. Each set of hinge is fabricated and tested which uses a lot of 

development time. Therefore, to solve this issue, the FEM and composite optimization 

method are introduced in this thesis to reduce the development time of composite hinges.  

 


