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A Study on the Longitudinal Flight Control Law of T-50
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Abstract : An advanced method of Relaxed Static Stability (RSS) is utilized for improving the aerodynamic performance of
modern version supersonic jet fighter aircraft. The flight control system utilizes RSS criteria in both longitudinal and
lateral-directional axes to achieve performance enhancements and improve stability. The T-50 advanced trainer employs the
RSS concept in order to improve the aerodynamic performance and the flight control law in order to guarantee aircraft
stability. The T-50 longitudinal control laws employ the dynamic inversion and proportional-plus-integral control method. This
paper details the design process of developing longitudinal control laws for the RSS aircraft, utilizing the requirement of
MIL-F-8785C. In addition, This paper addresses the analysis of aircraft characteristics such as damping, natural frequency, gain
and phase margin about state variables for longitudinal inner loop feedback design.

Keywords : RSS (Relaxed Static Stability), FLCS (Flight Control System), FBW (Flight-By-Wire)
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Fig. 1. Longitudinal control law.
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Table 1. Requirement of longitudinal short-period mode(category A S R I e PR I )
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Table4. Gain optimization of longitudinal axis.

Desired Optimization Gain
Case| ap| &p | Kf | Kni | Kop | Kq | Ka | Ka
2 1 i
(rad/sec) i P d ¢

0591 522 | 1.1]21.334|34.859| 19.200 |9.210|0.331|0.612

0.58 | 5.83 [ 1.1]19.662|37.529| 18.049 [9.789]0.281|0.524

0631 426 |1.1]24370126.894)23.638 17.46010.420)0.906

0.60| 4.82 | 1.1]21.080|30.977|20.658 |8.177|0.336}0.681

0.65| 3.60 |1.1]27.683|22.462|19.765 |6.86810.509|1.232

0.63( 414 | 1.1]25014(23.979|24.512 |7.295]0.435|1.043

085 3.19 | 1.1]35434]19.293{16.310 [6.364|0.570|1.836

R[N || [ TW N —

074 349 | 1.1]29.693|20.111|20.350 |6.425]0.517|1.476
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Table S. Linear analysis of short-period mode.

Short-Period Margin
C S T Level
ase Bsp ©CONy rst .
(rad/sec) ip | CAP GM GM PM [ Requirement

5.51 1.18 | 0.66 | 10.63 | -13.67 { 50.91 Yes
571 1.08 | 0.56 | 1034 | -13.70 | 51.06 Yes
3.86 1.01 { 051 | 1248 | -11.16 | 56.56 Yes
445 1099 | 051 | 11.63 | -14.50 | 57.26 Yes
3.69 1.06 | 0.69 | 12.86 | -28.78 | 59.36 Yes
4.32 1,14 | 0.69 | 12.44 | -19.15 | 57.30 Yes
3.26 1,12 | 0.88 | 13.67 | -38.20 | 63.42 Yes
3.46 111 | 072 | 13.60 | N/A | 62.88 Yes
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Fig. 4. Short-period damping ratio by changing gains of case 4.
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