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Abstract: This paper presents a model reduction method applicable to the hypersonic vehicle mathematical model. The
method uses projection technology based on the singular value decomposition to transform the high-level mathematical
model of a hypersonic vehicle to a balance form to obtain a low-order differential equation by truncation, thus achieving
the model reduction and facilitating the design of the controller. Compared to the traditional model reduction applied
only to stable system, the model reduction method proposed in this paper can be applied to reduce the unstable system by
using right coprime decomposition. In order to prove the accuracy of the model reduction method, we give quantitative
validation results based on the time domain analysis through the calculation of the average gray relational coefficients. In
the simulation part, we apply this method to achieve a reduced-order model of the elastic longitudinal model proposed by
the US Air Force Research Laboratory successfully, which proves the effectiveness of this method.
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vehicle model reduction)

201 SR AT AR (The mathe-
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Fig. 1 Geometry of first-principle model
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Table 1 Air force laboratory model’s initial value of
state and setpoint of input

NG LN MR dEfE
Vv 7946 ft/s de 5.756°
o 1° dc —7.380°
0 1° ¢ 0.483
h 85000ft Aq 1
m 0.4588 ft-slug
M2 —0.08726 ft-slug
n3 —0.03671 ft-slug

2.2 AR FE B ) K B 3R (Mathematical
description of the model reduction problem)
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3.3 MERIEGHF (Model validation)
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Fig. 2 Singular value of hypersonic vehicle model
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Fig. 3 Velocity output curve of 11-order system and

reduced-order systems
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4.2 i E4HT(Simulation analysis)
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