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Evaluation of the Longitudinal Control System of a Mars Airplane using a Smith Predictor

OREIIE", AspEsb!, FER—2 ZeHAmEe, ARHEA S
Hidemasa Muto', Haruto Kidachi', Taichi Hoshiba?, Akio Abe?® and Naoto Morita®

Abstract: In this study, we focused on the vulnerability of the longitudinal flight control system of a Mars airplane to time-delays. In

the low-density Martian atmosphere, the period of the short-period mode becomes an extremely small value, and even delays on the

order of onboard computer computation time reduce stability margins. Therefore, a Smith predictor was employed as a countermeasure

to design the attitude control system. The designed control system was evaluated in terms of the effect of time-delay compensation and

its frequency characteristics, and it was confirmed that the two evaluations were consistent.
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Table 1. Dynamic characteristics

Design Natural Damping .

Point Angular Ratio Period
[s] Frequency ¢ -] T [s]

w, [rad/s]

5 2.43 0.011 2.59
10 4.98 0.044 1.26
15 7.90 0.052 0.80
20 10.99 0.057 0.57
25 13.28 0.062 0.47
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Figure 1. Pitch rate control system with Smith predictor
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Figure 2. Time histories of pitch rates
without compensator
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Figure 3. Time histories of pitch rates
with Smith predictor
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Figure 4. Bode diagram of loop gain
Table 2. Stability margin
Design Gain Phase Gain Phase Delay
Point Margin Margin Crossover | Crossover | Margin
Gy [dB] | Py [deg] | Frequency | Frequency | p,, [s]
[s] wge [rad/s] wpcq[rad/s]
5 19.52 72.44 3.1 9.67 0.4075
10 4.99 28.68 7.96 9.78 0.0629
15 -7.15 -22.96 11.38 10.18 -0.035
20 -0.37 1.4 12.96 12.96 0.0019
25 00 28.4 22.74 e’ 0.0218
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