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ABSTRACT 

The A320 spoiler has a sandwich structure with honeycomb component as its 

core. However, honeycomb core is vulnerable to water ingression, causing damage to 

the control surface due to its weak moisture resistance behaviour. The objective of this 

project was to conduct the design and analysis of an improved composite structure for a 

coreless spoiler. Weaknesses of a coreless spoiler were identified through Finite Element 

analysis done by using Abaqus software. In addition, topological and parametric 

optimizations were applied to produce an improved configuration as an alternative to the 

honeycomb core. Multi-spar and multi-rib designs were studied and compared for 

topological optimization. The variables used for evaluation were Tsai-Hill failure index 

and critical buckling load. The most potential design was considered for parametric 

optimization. Looping of parametric optimization was carried out to obtain the most 

satisfactory configuration. The results showed that the upper skin of the spoiler without 

honeycomb core failed the Tsai-Hill criteria. Furthermore, the multi-spar configuration 

outperformed the multi-rib configuration. The final multi-spar configuration achieved a 

weight reduction of 24% from original spoiler without violating the Tsai-Hill criteria 

and buckling constraint. As a conclusion, the weaknesses of the spoiler without 

honeycomb core have been identified and an improved composite structure for coreless 

spoiler has been proposed. 
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ABSTRAK 

A320 spoiler adalah terdiri daripada struktur berlapis dengan teras buatan 

struktur bersel. Walau bagaimanapun, air yang masuk ke dalam teras akan membawa 

kerosakan kepada spoiler disebabkan sifat ketahanan kelembapannya yang lemah. 

Tujuan projek ini adalah untuk mereka bentuk dan menjalankan kajian ke atas struktur 

komposit bagi spoiler tanpa teras. Kelemahan spoiler tanpa teras telah dikenal pasti 

melalui kaedah unsur terhingga dengan menggunakan Abaqus. Tambahan pula, 

pengoptimuman topologi dan parametrik telah dilaksanakan untuk menghasilkan 

konfigurasi yang lebih baik demi menjadi penggantian kepada teras. Penggunaan multi-

spar dan multi-rib dalam reka bentuk telah dikaji dan dibanding semasa pengoptimuman 

topologi. Faktor-faktor penilaian adalah Tsai-Hill index dan beban lengkokan kritikal. 

Reka bentuk yang paling berpotensi telah diteruskan ke pengoptimuman parametrik. 

Pengoptimuman parametrik telah diulangi demi mendapatkan reka bentuk yang 

mencapai tahap memuaskan. Hasil kajian menunjukkan bahawa kulit di bahagian atas 

spoiler tanpa teras gagal memuaskan kriteria Tsai -Hill. Tambahan pula, konfigurasi 

multi-spar mempunyai prestasi yang lebih baik daripada multi-rib. Produk akhir telah 

mencapai pengurangan berat sebanyak 24% daripada spoiler asal tanpa melanggar 

hukum Tsai-Hill dan kekangan lengkokan. Secara kesimpulannya, kelemahan untuk 

spoiler tanpa teras telah dikenal pasti dan struktur komposit yang berprestasi baik telah 

dicadangkan.
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CHAPTER 1 

INTRODUCTION 

1.1 An introduction to spoiler 

In aviation, the definition of a spoiler is a plate or surface used to destroy the air 

flow around the wing. Most airliners are assembled with spoilers, usually are in a pair on 

the left and right wing. They are long and narrow in shape with hinges at their leading 

edges and located on the upper surfaces of the wings. When they are in the retracted 

position, they are flush with the wing skin. On the other hand, they can be raised to 

different angle positions to serve different purposes. The fundamental principle of a 

deflected spoiler is to spoil the smooth flow over the wing surface in order to reduce the 

wing lift. In fact, different kind of aircraft utilizes different spoiler design and function 

for varied intentions. 

Spoiler is a multitasking flight control surface to assist the aircraft in flight 

performance and can be categorized into three main functions. First, spoilers are 

employed during flight for air-braking purpose. The spoilers can slow down an aircraft 

by speed reduction and also assist an aircraft to descend.  Sometimes during flight, 

relatively small spoilers are deployed at controlled angles to enhance descent rate. 

Spoilers are very common in gliders (sailplanes) where the rate of descent is crucial to 

make sure the exact landing spot is achievable. Pilot also can lower the aircraft nose to 

increase the descent rate, but this generates an extreme speed of landing. Assistance 

from spoilers ensures safe landing speed airflow.  

http://en.wikipedia.org/wiki/Glider_(sailplane)
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Second, an aircraft in flight can perform roll motion by deploying spoilers only 

on one wing. Sometimes during high speeds, the rudder effect is restricted, thus, spoilers 

are used with or in place of ailerons for roll control, mainly to reduce adverse yaw. 

Finally, spoilers act as lift dumpers on the ground. They are special type of 

spoiler which span almost as far as the length of the wing and only two positions 

deployed and retracted available to lift dumpers. Their function is to dump as much lift 

as possible during landing. Therefore, they must not be deployed in flight as they 

completely stall the aircraft. Moreover, they improve the efficiency of the wheel brakes 

by applying the full weight of the aircraft on the wheels. Prevention of the aircraft 

'bouncing' on the runway, a common problem with older aircrafts can be eliminated by 

lift dumpers deployment. Besides that, they also help to slow down the aircraft on the 

runway by significantly increasing the drag. Mostly, airliners deploy the lift dumpers 

automatically on touchdown. Airbus A320 is an example of aircraft which utilises the 

lift dumpers during landing. 

 
 

http://en.wikipedia.org/wiki/Aileron
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Figure 1.1 Airbus A320 spoiler location [1] 

1.2 Background of the problem 

Weight reduction of an aircraft is a crucial issue therefore composite and 

honeycombs are applied wherever is possible instead of metals. Most of the parts made 

from honeycomb are secondary structures, not primary structures. Sandwich panels are 

widely used as secondary structures in aviation field. Most components of the wing 

control surface outside the main torque box are made of composites, for example, 

spoilers, ailerons, flaps, and slats. Secondary structures are those which would not cause 

immediate danger upon failure. Spoilers are the secondary parts which use the 

honeycomb sandwiches as their internal fillers and are covered by carbon fibre skins. 

Honeycomb structures have gained prominence in applications because of their high 

structural efficiency and design versatility. Spoiler sandwich panels of aircraft A320 are 

composites with paper-honeycomb cores within two thin and strong carbon fibre 

reinforced plastic (CFRP) skins. 
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However, it is renowned that the honeycomb structures are susceptible to water 

ingression. Water infiltrates the honeycomb components and leads to corrosion and/or 

adhesive bond degradation, which compromises the structural integrity of the 

components. Temperature and pressure differences during take-off and landing generate 

great stress on the honeycomb structures which induces water ingress through direct and 

indirect methods. The former is capillarity-type action, water entry via capillarity action 

due to defections such as cracks, adhesives, fibre matrix interfaces or imperfections, 

examples, around fasteners. The latter, indirect water ingression due to diffusion takes 

place at the molecular stage through the composite face sheets and over long duration of 

time, moisture also found even in an undamaged composite sandwich panels. On the 

other hand, composites are exposed to the environment when aircraft services or repairs 

and causes absorption of moisture into honeycomb cores by diffusion. Any fluids such 

as hydraulic fluid, water, kerosene or de-icing agents in any state (liquid, gas vapour, or 

ice) causes corrosion, cell rupture, node bond breakage inside the composite and further 

induces layer delaminations and skin disbands [2]. Furthermore, trapped water (in liquid 

or vapour state) in the honeycomb structure could promote structural damage (node 

bond failure) due to continuous freeze-thaw cycles in normal flight operations [3, 4]. 

Sandwich panel failures have caused severe damages and/or losses of control 

surfaces [5]. A common failure mode is the skin-to-adhesive disbond at the interface 

between the face sheet and the adhesive layer. Sometimes during the aircraft in service, 

the adhesive layer was found vanished from the detached skin material. Besides that, the 

heating temperature during service induces an internal pressure and when it goes beyond 

the flatwise tension strength (FWT) of the adhesive fillet, a cohesion fillet bond failure is 

created. The rupture of adhesive layer, the fractured adhesive was on the core cell walls 

and face sheet. Another type of failure form is adhesion fillet bond failure at the bonding 

face between the core cell-walls and the adhesive used to attach the core to the face 

sheets in the production of the panel. Lastly, node bond failure at the cell nodes due to 

degradation of the core cell-wall attachment generated at some point in original 

fabrication of the core material. It has been observed that in flight failure of bonded 

panels on RAAF F-111 and USN F/A-18 aircraft as a result of fillet bond failure and 
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critical node bond disband have occurred on several panels throughout the overhaul 

heating repairs. The outer skins of the control surfaces were peeled off and to the extent 

of torn from the hinges. Owing to repair the degraded sandwich panels, a lot of hard-

work and high maintenance costs are required. 

1.3 Problem statement 

Although honeycomb core is a light weight and strength effective material, water 

ingression is a major inherited problem. The spoiler is a sandwich panel where 

honeycomb core is its main structure, should have been troubled by moisture issue. 

Therefore, an alternative structure as the spoiler main strengthening component is 

desirable. 

1.4 Research objective 

The aim of this study was to conduct the design and analysis of an improved 

composite structure for coreless spoiler for A320. Airbus A320 spoiler panel 2 was the 

baseline reference. The coreless spoiler was based on the concept of removing the 

honeycomb core as the filler in order to avoid structural failure due to degradation of 

honeycomb structure.  
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1.5 Research scope 

Some scopes of study have been highlighted in this project as a guideline listed 

as below: 

(a) Understand the spoiler design requirements of Airbus spoiler. 

(b) Obtain the design loadings on the spoiler. 

(c) Achieve weight reduction in coreless spoiler. 

(d) Analysis on composite structure using FE. 

(e) Generate methodology of the structural design and analysis of the structural  

     components of the spoiler under such loadings in Abaqus. 

1.6 Thesis outline 

This report consists of six chapters, which were introduction, literature review, 

methodology, result and discussion and conclusion. Chapter One was the introduction 

which covered the definition and function of the spoiler, the background of the problem, 

the objective and scopes of the study. The literature review is placed in Chapter Two. It 

contained the previous researches on moisture problem of honeycomb core, 

requirements and FAA regulations, optimizations, different types of configuration 

layout, materials, topics related to laminate and lamina and finite element method.  

Research methodologies were discussed in Chapter Three such as detail plan on 

how to execute this study, tools and modeling of the spoiler in order to achieve the 

objective. Chapter Four focused on presentations of results from FE and analysis on the 

outcomes. Optimized design was shown in this chapter. The last chapter, Chapter Five 

provided the conclusion of the analysis in Chapter Four and recommendations for future 

work on the improvement of spoiler performance itself. 



80 

 

 

 

REFERENCES 

1. http://theflyingengineer.com/flightdeck/airbus-a320-experience/. 

2. Rahman, A., Effect of nodebond failures on structural integrity of F/A 18 trailing 

edge flaps, in 9th Joint FAA/DoD/NASA Aging Aircraft Conference. 2009: Kansas 

City, MO. 

3. Li, C., R. Ueno, and V. Lefebvre, Investigation of an accelerated moisture 

removal approach of a composite aircraft control surface, in Proc. 38th SAMPE 

Fall Technical Conference: Global Advances in Materials and Process 

Engineering. 2006. 

4. Balaskó, M., E. Svab, G. Molnar, and I. Veres, Classification of defects in 

honeycomb composite structure of helicopter rotor blades. Nuclear Instruments 

and Methods in Physics Research Section A: Accelerators, Spectrometers, 

Detectors and Associated Equipment, 2005. 542(1–3): p. 45-51. 

5. Davis, M.J., R.J. Chester, D.R. Perl, E. Pomerleau, and M. Vallerand, Honeycomb 

bond and core durability issues; experiences within CREDP Nations. Aging 

Aircraft Conference, 1998. 

6. Wolff, E.G., H. Chen, and D.J. Oakes, Moisture expansion of honeycomb 

sandwich panels, in 30th Tech SAMPE  

7. Radtke, T.C., A. Charon, and R. Vodicka, Hot/wet environmental degradation of 

honeycomb sandwich structure representative of F/A-18: flatwise tension strength, 

1999, Airframes and Engines Division Aeronautical and Maritime Research 

Laboratory. 

http://theflyingengineer.com/flightdeck/airbus-a320-experience/


81 

 

 

8. Hungler, P.C., L.G.I. Bennett, W. J. Lewis, J.S. Brenizer, and A.K. Heller, The use 

of neutron imaging for the study of honeycomb structures in aircraft. Nuclear 

Instruments & Methods in Physics Research Section a-Accelerators Spectrometers 

Detectors and Associated Equipment, 2009. 605(1-2): p. 134-137. 

9. Tuttle, M.E., Moisture diffusion in honeycomb core sandwich composites, in 

Department of Mechanical Engineering, University of Washington, Seattle. 

10. Genest, M., C. Ibarra-Castanedo, J.M. Piau, S. Guibert, M. Susa, and A. Bendada, 

Comparison of thermography techniques for inspection of F/A-18 honeycomb 

structures, in Aircraft Aging 2007 Conference. 2007: Palm Springs, CA. 

11. Edwards, A.K., S. Savage, P.L. Hungler, and T.W. Krause, Examination of F/A-18 

honeycomb composite rudders for disband due to water using through-

transmission ultrasonics. Ultragarsas (Ultrasound), 2011. 66(2): p. 36-44. 

12. Giguère, J.S.R., Damage mechanisms and non-destructive testing in the case of 

water ingress in CF-18 flight control surfaces, in Technical Memorandum, 

DCIEMTM 2000-0982000. 

13. Helium leak detection on CF-18 Rudder, 2000, Bombardier Aerospace Defence 

Services. 

14. Peacock, G.R., V. Vavilov, D. Nesteruk, D.D. Burleigh, and J.J. Miles, Evaluating 

water content in aviation honeycomb panels by transient IR thermography. 2005. 

5782: p. 411-417. 

15. Ibarra-Castanedo, C., F. Marcotte, M. Genest, L. Brault, V. Farley and X.P.V. 

Maldague, Detection and characterization of water ingress in honeycomb 

structures by passive and active infrared thermography using a high resolution 

camera, in 11th International Conference on Quantitative Inrared Thermography, 

2012: Italy. 



82 

 

 

16. Swiderski, W., Nondestructive testing of honeycomb type composites by an 

infrared thermography method, in Proc. IV Conferencia Panamericana de END, 

2007: Buenos Aires. p. Octubre. 

17. Vavilov, V., A. Kilimov, D. Nesteruk, and V. Shiryaev, Detecting water in 

aviation honeycomb structures by using transient IR thermographic NDT. Proc. 

ThermoSense XXV, 2003. 5073: p. 345-355. 

18. Doyum, A.B. and M. Durer, Defect Characterization of Composite Honeycomb 

Panels by Non-Destructive Inspection Methods, in DGZfP-Jahrestaung, 2002. 

19. Hungler, P.C., L.G.I. Bennett, W.J. Lewis, M. Schulz, and B. Schillinger, Neutron 

imaging inspections of composite honeycomb adhesive bonds. Nuclear Instruments 

and Methods in Physics Research Section A: Accelerators, Spectrometers, 

Detectors and Associated Equipment, 2011. 651(1): p. 250-252. 

20. Guo, X. and F. Zhang, Study on pulsed thermography to detect water ingress in 

composite honeycomb panels, in 11th Inernational conference on quantitative 

infrared thermography, 2012: Italy. 

21. Chen, D., Z. Zeng, N. Tao, C. Zhang, and Z. Zhang, Liquid ingress recognition in 

honeycomb structure by pulsed thermography. The European Physical Journal 

Applied Physics, 2013. 62(2): p. 20701. 

22. Marble, A.E., G. LaPlante, I.V. Mastikhin, and B.J. Balcom, Magnetic resonance 

detection of water in composite sandwich structures. NDT & E International, 

2009. 42(5): p. 404-409. 

23. LaPlante, G., A.E. Marble, B. MacMillan, P. Lee-Sullivan, B.G. Colpitts, and B.J. 

Balcom, Detection of water ingress in composite sandwich structures: a magnetic 

resonance approach. NDT & E International, 2005. 38(6): p. 501-507. 

24. Rider, A., The durability of metal-honeycomb sandwich structure exposed to high 

humidity conditions, in DSTO-TR-12762002. 



83 

 

 

25. Geyer, B.S., Drying method for composite honeycomb structures, in International 

SAMPE Technical Conference, 1996. p. 1183-1192  

26. Charon, A., Hot/Wet environmental degradation of honeycomb sandwich structure 

representative of F/A-18: Discolouration of Cytec FM-300 adhesive, in DSTO-TN-

02632000, DSTO Aeronautical and Maritime Research Laboratory. 

27. Ness, R., J. Wang, D. Kelly, J. Reju, A. Barton, and A. Lindsay, Conceptual 

Design of a Wing Spoiler, in Technical Report CRC-ACS CP 980111998, 

Cooperative Research Centre for Advanced Composite Structures, Australia. 

28. Lencus, A., Querin, O. M., Steven, G. P., Xie, Y. M. Modifications to the 

evolutionary structural optimisation (ESO) method to support configurational 

optimisation. in Proceedings WCSMO-3. 1999. Buffalo, USA. 

29. Barton, A.C., Integrating Manufacturing Issues into Structural Optimization, in 

School of Aerospace, Mechanical and Mechatronic Engineering2002, The 

University of Sydney. p. 170. 

30. Ismail, N.I., New coreless spoiler design, in Faculty of Mechanical 

Engineering.Thesis. 2013, Universiti Teknologi Malaysia. 

31. http://www.faa.gov/regulations_policies/. 

32. Iyengar, N.G.R. Optimization in Structural design. Directions, 2004. 

33. McMahon, C.D. and M.L. Scott. Innovative techniques for the finite element 

analysis and optimisation of composites structures. in 23rd International Congress 

of Aeronautical Sciences 2002. Toronto, Canada. 

34. Rispler, A., H.d. Havilland, and J. Raju, Optimization of an Aircraft Control 

Surface, in International ANSYS Conference, 2002. 

35. Weissberg, V., A. Green, and H. Mey-Paz Towards a fastenerless all composite 

wing, in 27th International Congress of the Aeronautical Sciences2010. 

http://www.faa.gov/regulations_policies/


84 

 

 

36. Scott, M.L., J.A.S. Raju, and A.K.H. Cheung, Design and manufacture of a post-

buckling co-cured composite aileron. Composites Science and Technology, 1998. 

58(2): p. 199-210. 

37. Burlayenko, V.N. and T. Sadowski, Effective elastic properties of foam-filled 

honeycomb cores of sandwich panels. Composite Structures, 2010. 92(12): p. 

2890-2900. 

38. Petras, A., Design of Sandwich Structures, in Cambridge University Engineering 

Department1998, Robinson College Cambridge. 

39. http://www.acpsales.com/. 

40. Shafizadeh, J.E. and J.C. Seferis, Scaling of honeycomb compressive yield 

stresses. Composites Part A: Applied Science and Manufacturing, 2000. 31(7): p. 

681-688. 

41. HexWeb HRH-10 Aramid fibre/phenolic honeycomb, in Product Data, 2005, 

Hexcel Corporation, Dublin, CA. 

42. Mallick, P.K., Fiber-Reinforced Composites: Materials, Manufacturing, and 

Design, Second Edition. 1993: Taylor & Francis. 

43. Hansen, L.U. and P. Horst, Multilevel optimization in aircraft structural design 

evaluation. Computers & Structures, 2008. 86(1-2): p. 104-118. 

44. Kaw, A.K., Mechanics of Composite Materials, Second Edition. 2005: Taylor & 

Francis. 

45. Nettles, A.T., Basic Mechanics of Laminated Composite plates, in NASA 

Reference Publication 1351: Marshall Space Flight Center1994. p. 56. 

46. Kassapoglou, C., Design and Analysis of Composite Structures: With Applications 

to Aerospace Structures. 2011: Wiley. 

http://www.acpsales.com/


85 

 

 

47. Matthews, F.L., Finite Element Modelling of Composite Materials and Structures. 

2000: CRC Press. 

48. Analysis of Composite Materials with Abaqus, Dassault, Editor 2009: United 

States of America: Dassault Systemes. 

49. Hibbit, Karlsson, and Sorensen, ABAQUS/Standard Analysis User's Manual. 2007: 

Hibbit, Karlsson, Sorensen Inc. 

50. Laulusa, A., O.A. Bauchau, J.Y. Choi, V.B.C. Tan, and L. Li, Evaluation of some 

shear deformable shell elements. International Journal of Solids and Structures, 

2006. 43(17): p. 5033-5054. 

51. Ostergaard, M., A. Ibbotson, O.Roux, and A. Prior, Virtual testing of aircraft 

structures. CEAS Aeronautical Journal, 2011. 1(1-4): p. 83-103. 

52. Schwingshackl, C., G. Aglietti, and P. Cunningham, Determination of Honeycomb 

Material Properties: Existing Theories and an Alternative Dynamic Approach. 

Journal of Aerospace Engineering, 2006. 19(3): p. 177-183. 

53. HexWeb Honeycomb sandwich design technology, H. Composites, Editor 2000, 

Hexcel Composites: Duxford. 

54. Lomax, T.L., Structural Loads Analysis for Commercial Transport Aircraft: 

Theory and Practice. 1996: American Institute of Aeronautics and Astronautics. 

 




