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Uncertainties in control effectiveness, and moment coefficients are among the practical challenges in
control of flight vehicles. Adaptive control is known as a proper method to handle uncertain systems,
and has been used in numerous applications to improve system performance in the presence of system
uncertainties. This paper presents a new method of synthesizing an acceleration autopilot for a guided
spinning rocket, which is a class of uncertain, non-square multi-input/multi-output system. Firstly, a
nonlinear and coupled six-degree-of-freedom (6-DoF) dynamic model is established, which is used to

Keywords:
Adaptive control evaluate the performance of the proposed adaptive autopilot during the whole operating cycle. Secondly,
Autopilot a simple design procedure based on square-up method and linear matrix inequality (LMI) is proposed to

Guided spinning rocket
Output feedback

design the autopilot, allowing a globally stable adaptive output feedback law to be generated. Finally, the
adaptive output feedback autopilot is applied to the nonlinear 6-DoF dynamic model and it is shown to
result in stable tracking in the presence of uncertainties.

© 2018 Elsevier Masson SAS. All rights reserved.

1. Introduction

Traditional artillery ballistic gun-launched munitions cannot
satisfy more and more stringent performance requirements about
precision-strike capability, dispersion error reduction and range
augmentation required on modern battlefields. Complex guided
systems such as missiles can meet these requirements but they
remain expensive due to the integration of high quality actuators
and sensors. The idea is to develop a guided rocket, which permits
to reach a compromise between the low cost of ballistic projectiles
and the necessity to have high performance systems with efficient
control algorithms.

The guided rocket chosen in this work is a dual-canard con-
trolled, tail-stabilized spinning configuration, which makes use of
an existing multiple launch rocket system (MLRS). This one has
the advantage of simplifying the structure of the control system,
avoiding asymmetric ablation, relaxing the manufacturing error
tolerance and improving the penetration ability. It is also easy to
implement and does not require the design of a new launch sys-
tem. However, this kind of configuration has the disadvantages of
cross coupling due to the spinning airframe. Besides, uncertainties
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in control effectiveness, and moment coefficients are among the
practical challenges in the control system design. Finally, the ac-
tuators are of limited performance, due to the low cost and small
size specification.

These disadvantages can be handled by developing a flight au-
topilot using modern multivariable control method, such as robust
control [1,2] and gain-scheduling control [3,4]. The interpolation-
based variable gain control method is simple and easy to imple-
ment, but this design method lacks a theoretical basis for ensuring
good performance of the system throughout the entire operating
cycle [5]. For the dual-channel controlled spinning rocket, various
autopilots were designed, such as rate loop autopilot [6], attitude
autopilot [7], acceleration autopilot [8], and three loop autopilot
[9]. However, these related works were carried out under the nom-
inal condition without considering uncertainties which may expe-
rience during the whole flight trajectory. Additionally, it is difficult
to design an autopilot for a guided spinning rocket with excellent
performance using traditional separate channel design method.

Performance degradation in face of reduced control effective-
ness and parametric uncertainties was observed even in gain-
scheduled robust missile autopilots [1]. However, adaptive control
is known as a proper method to deal with these uncertainties, and
has been used in numerous applications. Therefore, this paper is
to investigate the potential of output feedback adaptive control
for improving stability and performance of the spinning rocket au-
topilot. Adaptive control presents appropriate techniques to control
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autonomous systems with extensive applications during the past
decades [10-15]. However, these controllers require that the sys-
tem states must be measurable, which may not always be possible.
For this reason, there has been an increasing motivation to develop
an adaptive output feedback controller. Existing classical methods
of multi-input and multi-output (MIMO) output feedback adaptive
control are applicable for square systems, that is, the plant has
the same number of inputs and outputs [16,17]. An output feed-
back adaptive autopilot for spinning rocket was designed with the
assumption of square system [18]. In the design procedure, only
the acceleration information was used to construct the autopi-
lot, satisfying the square system assumption. Recently, research in
squaring-up methods to deal with non-square systems has gained
more interest [19-22].

In this paper, an output adaptive autopilot for a guided spinning
rocket is proposed to handle uncertainties in control effectiveness
and moment coefficients. The spinning rocket is a typical non-
square system, which has two inputs and four outputs. The main
challenge that needs to be addressed is the determination of a cor-
responding square and strictly positive real transfer function. The
unique features of this output feedback adaptive controller are a
baseline controller that uses a Luenberger observer, a closed-loop
reference model, manipulations of a linear matrix inequality, and
the Kalman-Yakubovich-Popov (KYP) lemma. Using these features,
a simple design procedure is proposed for the adaptive controller,
and the corresponding stability property is established.

The remainder of this paper is structured in the following man-
ner. Section 2 develops the nonlinear 6-DoF dynamic model for a
dual-canard controlled spinning rocket. Section 3 presents the out-
put feedback adaptive autopilot design. Section 4 demonstrates the
performance of the output feedback adaptive autopilot via numer-
ical simulations. Finally, Section 5 concludes this paper.

2. Model formulation

The spinning rocket considered in this paper is an axially-
symmetric rolling airframe, as is shown in Fig. 1. Two pairs of

~

Canards

(a) Non-rolling body coordinate

canard rotating with the airframe are employed as control surfaces
twisting and steering the rocket, and the inertial measurement unit
(IMU) is fixed on a roll-stabilized platform to prevent it from spin-
ning with the airframe.

2.1. Coordinate systems

To describe the airframe motion equations, three relevant co-
ordinate systems, Earth coordinate system, rolling body coordinate
system, and non-rolling body coordinate system, are defined in the
following.

The Earth coordinate system AXYZ is assumed an inertial co-
ordinate frame. A is located at the center of gravity (c.g.) of the
rocket at the instant of launch, AX is coincident with the launch-
ing direction and in the horizontal plane, AY is orthogonal to AX
in the horizontal plane, and AZ is defined by the right-hand rule.

The non-rolling body coordinate system O XyYnZy can be ob-
tained by rotating the Earth frame AXYZ an yaw angle ¢ about
the AZ axis and then an pitch angle 6 around the subsequent OYy
axis to coincide the OXpy axis with the longitudinal axis of the
rocket, as shown in Fig. 2a.

The rolling body coordinate system OXpYpZp is a spinning
frame and is fixed to the rocket. The origin O is at the c.g. of
the rocket, O Xp is coincident with the longitudinal axis pointing
to the nose, OYp is orthogonal to O Xp in the symmetrical plane
of the rocket, and O Z; is defined by the right-hand rule. It can be
obtained by rotating the non-rolling body coordinate OXNYnZn
an roll angel ¢ about the O Xy axis, as shown in Fig. 2b.

The transformation matrix from Earth frame AXYZ to non-
rolling body coordinate O XNyYnZy is

RN =ROR®W)

cos# 0 —sind cosyy siny O
= 0o 1 0 —siny cosy O
sind 0 cosf 0 0 1
cosfcosy cosfsiny —sinf
= —siny cos ¥ 0 (1)
sinfcosy sinfsiny  cos6d

Moreover, the transformation matrix from non-rolling body co-
ordinate O XyYnZy to rolling body coordinate O XgYgZp is

1 0 0
RE=R(@)=|0 cos¢ sing (2)
0 —sing cos¢

2.2. Airframe motion equations
2.2.1. Kinematic equation

The position of the spinning rocket’s c.g. is expressed as
(%, y,2)T in the Earth frame, so the velocity of c.g. in Earth frame

(b) Rolling body coordinate

Fig. 2. Coordinate systems. (For interpretation of the colors in the figure(s), the reader is referred to the web version of this article.)

Please cite this article in press as: L. Zhao et al., Acceleration autopilot for a guided spinning rocket via adaptive output feedback, Aerosp. Sci. Technol. (2018),
https://doi.org/10.1016/j.ast.2018.04.012

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132



Download English Version:

https://daneshyari.com/en/article/8057737

Download Persian Version:

https://daneshyari.com/article/8057737

Daneshyari.com


https://daneshyari.com/en/article/8057737
https://daneshyari.com/article/8057737
https://daneshyari.com

