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Abstract

Aircrafts usually have several fuel tanks, and there are fuel transfers among these tanks along a flight. These transfers
are controlled with valves, and may follow several alternative paths, since structural fuel system redundancies are provided
for evident reasons. An on board program for the management and reconfiguration of the fuel system must be developed
and tested. The article introduces an aircraft fuel management system simulation, which provides a platform for the study
of the fuel system logic and sequencing that the on board program must implement for normal flights and for malfunction
cases. The simulation environment can be easily modified and extended, for instance to consider the use of new compo-
nents. A specific example is considered: an aircraft with six tanks in the wings and a tail tank. The article presents a
two-layer model, the use of the model for simulation experiments, and some illustrative examples.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Depending on the number and location of tanks, the fuel in an aircraft is subject to certain transfers for
several purposes. In general, the aircraft fuel system [5,6] has structural redundancies, so there are alternatives
to get around possible problems, such as malfunction in a valve or a pump, and get the transfers done. A fuel
management system, with a specific computer, is responsible for the monitoring and control of the fuel system
under normal or abnormal conditions. It is convenient to provide a platform to study the logic that the com-
puter must implement to respond to a variety of circumstances. The platform must be flexible and intuitive
enough, in view of the many types of aircraft fuel systems and the characteristics of the normal and abnormal
cases to be specified and studied.

This article introduces a MATLAB-Simulink environment for aircraft fuel management studies. This sim-
ulation environment has been developed as part of a European Research Project, denoted ‘‘SmartFuel’’, which
proposes a new aircraft fuel management system using smart components [2,3,8]. The purpose of the simula-
tion is to test the use of new components in an airplane fuel system. Simulink was selected as a suitable tool to
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Fig. 23 shows the fuel flow rates through the valves for this experiment.
Fig. 24 depicts the CoG evolution in this case. A comparison can be made with Fig. 3.

6. Conclusion

A simulation of an aircraft fuel management system has been introduced. Considering the purpose of the
simulation, a two-layer interconnected structure has been adopted, corresponding to the fact that the aircraft
fuel system is a hybrid system.

Aircraft fuel management systems have structural redundancies, offering several path alternatives for fuel
transfers. An aircraft on board program has to be developed for the fuel system management and
reconfiguration.

The simulation provides a platform for analysis and development of the on-board fuel system management
program, including adequate system reactions to different possible failures. Although a specific fuel system
structure has been modelled, an aircraft with six tanks in the wings and a tail tank, the modelling technique
can be easily applied to other aircrafts and fuel system structures.

The simulation environment makes the study of many cases easy, concerning normal flights with several
initial conditions or cases with malfunctions. The article describes some examples. Actually, more than 80 dif-
ferent cases have been studied with simulation.

Acknowledgements

The authors thank the European Community support through the Research Project ‘‘SmartFuel’’. Like-
wise, the authors thank the collaboration of the research partners.

References

[1] S. Engell, G. Frehse, E. Schnieder (Eds.), Modelling, Analysis and Design of Hybrid Systems, Lecture Notes in Control and
Information Sciences, Springer-Verlag, 2002.

[2] J.M. Giron-Sierra, C.C. Insaurralde, M.A. Seminario, J.F. Jimenez, Distributed control system for fuel management using CANBUS,
in: Proceedings of the IEEE 23rd Digital Avionics Systems Conference (DASC), Salt Lake City, UT, USA, 2004, CD-ROM 8.D.2.1-9.
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