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Abstract

Considerable research has been carried out on aircraft fuselage design, with a particular focus on frames due to their role in
energy absorption during crash impacts. While metallic alloys have traditionally been used for frame construction, the
growing popularity of composites has led to a shift towards their utilization. However, the research specifically targeting
composites for fuselage frames is limited in scope. This study aims to bridge this gap by conducting a comprehensive
analysis using LS-DYNA software. The composites investigated in this analysis include Standard Carbon Fiber, Graphite
AS-3501-6 Fiber, E Glass Fiber, and Kevlar Fiber. Parameters such as deformation, energy absorption, maximum normal
stresses, and shear stresses are compared against Aluminum Al 7075-T6, a commonly employed metallic alloy.
Furthermore, an optimization process is performed, focusing on the laminate orientation of standard carbon fibre, to
determine the most favourable orientation for each parameter studied. The results highlight that employing Standard Carbon
Fiber, with laminates having 90° ply such as quasi-isotropic, cross-ply and unidirectional 90° laminates lead to superior
outcomes in terms of energy absorption and deformation for the fuselage frame under crash loading. © 2024, Semarak limu
Publishing. All rights reserved.

Author Keywords
CFRP; Composite Laminates; Drop Test; FEA; Fuselage Frame; GFRP; LS-DYNA

References

« (2022), Accident Data. Www.ntsb.gov. NTSB Blog. 2022

« Aviation and Plane Crash Statistics (Updated 2022),
n.d. Panish Shea Boyle Ravipudi LLP. llawyermarketing. Accessed December 2, 2022

« (2021) Skybrary.aero,
Emergency Landing-Guidance for Controllers SKYbrary Aviation Safety. 2021

«+ Liu, Xiaochuan, Guo, Jun, Bai, Chunyu, Sun, Xiasheng, Mou, Rangke
Drop test and crash simulation of a civil airplane fuselage section
(2015) Chinese Journal of Aeronautics, 28 (2), pp. 447-456.

« Jackson, Karen E., Fasanella, Edwin L.
(2018) 8.15 Design, Testing, and Simulation of Crashworthy Composite Airframe
Structures at NASA Langley Research Center, pp. 286-307.

« Jackson, Karen E., Boitnott, Richard L., Fasanella, Edwin L., Jones, Lisa E., Lyle, Karen
H.
A history of full-scale aircraft and rotorcraft crash testing and simulation at NASA
Langley Research Center
(2004) 4th Triennial International Aircraft and Cabin Safety Research Conference,

« Ali, JS Mohamed, Hasfareeza, M. Y.
Crash Analysis of an Aircraft Fuselage under Belly Landing
(2017) Skin, 2796 (71), p. 15.

« Caputo, F., Lamanna, G., Perfetto, D., Chiariello, A., Di Caprio, F., Di Palma, L.
Experimental and numerical crashworthiness study of a full-scale composite

https://lwww.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1833170036&eid=2-s2.0-85201666727&sort=&clickedL...  1/3



9/6/24, 4:12 PM Scopus - Print Document

fuselage section
(2021) AIAA Journal, 59 (2), pp. 700-718.

« Abdullah, Ahmad
(2014) Crash simulation of fibre metal laminate fuselage,
PhD diss., The University of Manchester (United Kingdom)

« Xue, P., Ding, L., Qiao, F., Yu, X.
Crashworthiness study of a civil aircraft fuselage section
(2014) Latin American Journal of Solids and Structures, 11, pp. 1615-1627.

« Guida, Michele, Marulo, Francesco
Partial modeling of aircraft fuselage during an emergency crash landing
(2014) Procedia Engineering, 88, pp. 26-33.

« Dandekar, Aditya Milind
(2017) Finite Element Analysis of Composite Aircraft Fuselage Frame,
PhD diss

« Carden, Huey D., Boitnott, Richard L., Fasanella, Edwin L.
(1990) Behavior of composite/metal aircraft structural elements and components under
crash type loads: What are they telling us,
AD-A225680

« Megson, Thomas Henry Gordon
(2016) Aircraft structures for engineering students,
Butterworth-Heinemann

« Boyer, R. R., Cotton, J. D., Mohaghegh, M., Schafrik, R. E.
Materials considerations for aerospace applications
(2015) Mrs Bulletin, 40 (12), pp. 1055-1066.

« Mouritz, Adrian P.
(2012) Introduction to aerospace materials,
Elsevier

« Morinaga, Masahiko
Titanium alloys
(2019) A quantum approach to alloy design, pp. 77-94.

« Das, Monalisa, Sahu, Sasmita, Parhi, D. R.
Composite materials and their damage detection using Al techniques for aerospace
application: A brief review
(2021) Materials Today: Proceedings, 44, pp. 955-960.

+« Zweben, Carl
Composite Materials
(2015) Mechanical Engineers’ Handbook,
Wiley Online Library

« Kodous, Kerolos
(2021) What's the Difference between Glass Fibre Reinforced Polymer (GFRP) and Steel
Rebar?,
April 6, 2021

« Kaw, Autar K.
(2005) Mechanics of composite materials,
CRC press

« Kalanchiam, Muniyasamy, Chinnasamy, Moorthy
Advantages of composite materials in aircraft structures

https://lwww.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1833170036&eid=2-s2.0-85201666727&sort=&clickedL...

2/3



9/6/24, 4:12 PM Scopus - Print Document

(2012) International Journal of Aerospace and Mechanical Engineering, 6 (11), pp. 2428-
2432.

« Adams, A., Lankarani, H. M.
A modern aerospace modeling approach for evaluation of aircraft fuselage
crashworthiness
(2003) International journal of crashworthiness, 8 (4), pp. 401-413.

« Di Palma, L., Di Caprio, F., Chiariello, A., Ignarra, M., Russo, S., Riccio, A., De Luca, A.,
Caputo, F.
Vertical drop test of composite fuselage section of a regional aircraft
(2020) AIAA Journal, 58 (1), pp. 474-487.

+« Mou, Haolei, Xie, Jiang, Feng, Zhenyu
Research status and future development of crashworthiness of civil aircraft
fuselage structures: An overview
(2020) Progress in Aerospace Sciences, 119, p. 100644.

« Mou, Haolei, Xie, Jiang, Feng, Zhenyu, Shi, Xiaopeng
Review on the crashworthiness design and evaluation of fuselage structure for
occupant survivability
(2024) Progress in Aerospace Sciences, p. 101001.

« Ansari, Md Muslim, Chakrabarti, Anupam, Ashraf Igbal, M.
Effects of impactor and other geometric parameters on impact behavior of FRP
laminated composite plate
(2016) Modelling, Measurement and Control A, 89 (1), pp. 25-44.

+ Mechanical Properties of Carbon Fibre Composite Materials
(2009) Performance-Composites.com,
July 2009

« Gay, Daniel
(2022) Composite materials: design and applications,
CRC press

Correspondence Address
Syed M.A.J.; Department of Mechanical and Aerospace Engineering, Gombak, Malaysia; email: jaffar@iium.edu.my

Publisher: Semarak limu Publishing

ISSN: 22897895

Language of Original Document: English
Abbreviated Source Title: J. Adv. Res. Appl. Mech.
2-s2.0-85201666727

Document Type: Article

Publication Stage: Final

Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V. RELX Group™

https://lwww.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1833170036&eid=2-s2.0-85201666727&sort=&clickedL...  3/3



