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Abstract

In the current European context, Reusable Launch Vehicles (RLVs) development is gaining a high momentum. To
bring reliability to sufficient standards, performing Fault Detection and Isolation (FDI) mechanisms are essential to
enable the onboard software to notice an ongoing performance degradation. This paper introduces a model-based FDI
approach for an RLV Thrust Vector Control (TVC) system operated by Electro-Mechanical Actuators (EMAs). We focus
on the sensors required for the EMA embedded control system.

EMAs are becoming increasingly relevant in the aerospace sector, mainly because they contain a large fraction of
the overall hardware mass and space. Their applicability has been proven over the last decade, for instance, with the
European VEGA launch vehicle [1]. An EMA is composed by the power drive electronics, an electrical motor, and a
mechanical power transmission stage to convert the rotational motion into a linear one. Several measurements are
required for correct operation and to comply with damping and response speed requirements, thus a LVDT stroke
displacement sensor, a motor angular rate sensor and a current sensor are normally included.

Faults affecting these devices must be detected and counteracted. The ‘hardware redundancy’ concept, mostly
adopted by industry, compares duplicative signals generated by various, often identical, sensing units; for RLVs this is
unfavorable because additional hardware causes an undesired increase in mass, space, costs and, more generally, does
not guarantee sufficient information on the type of ongoing fault. This justifies the use of model-based FDI methods,
that generate a residual signal as difference between measurements and the predictions of adequate mathematical
models. These residuals can then be used to establish if a fault has occurred when compared to suitable thresholds.

In this work, one of the most consolidated strategies for FDI is considered and applied for the first time to an EMA-
based TVC system. It employs the nullspace approach proposed by Varga [2]-[5] to detect and isolate additive faults
affecting the mentioned sensors. The main advantage of the method is that, by using linear synthesis models in LTI or
LPV form [6]—[8], it enables the direct decoupling of both disturbances and inputs from the residuals, and provides linear
residual generators of minimal order, reducing the implementation costs on the final hardware; additionally,
uncertainties can also be effectively accounted for. Numerically stable algorithms are used to determine the left
nullspace basis of a rational transfer matrix and then synthesize the residual generators.

The paper starts with a detailed formulation of the problem and the whole EMA-based TVC system modelling,
including the mechanical load exerted by the rocket engine. Thereafter the FDI synthesis framework is introduced and
the application of the nullspace-based synthesis strategy is thoroughly described, including considerations about
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isolateability of the faults. The residual generators’ performance is then assessed in fault-free and faulty scenarios.
Lastly, the proposed solution capabilities are benchmarked at the example of an RLV mission scenario using a high-
fidelity TVC physical model implemented in the Modelica modeling language. This choice allows a realistic fault injection
and propagation directly at component level.
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