Journal of Control, Automation and Systems Engineering Vol. 12, No. 7, July 2006 621

T-50 7}2-2etx H|AR oM A MAH L #H o] 5o
Hatol mpe 27| SSMol B o7

A Study on the Flight Control Law and the Dynamic Characteristic
about Variation of Feedback Gains of T-50 Lateral-Directional Axis
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{Chong-sup Kim, Byung-moon Hwang, and Young-shin Kang)

Abstract : The T-50 advanced trainer aircraft combines advanced aerodynamic features and a fly-by-wire flight control system
in order to produce a stability and highly maneuverability. The flight control system both longitudinal and lateral-directional
axes to achieve performance enhancements and improve stability. The T-50 employs the RSS concept in order to improve the
aerodynamic performance in longitudinal axis and the longitudinal control laws employ the dynamic inversion with
proportional-plus-integral control method. And, lateral-directional control laws employ the blended roll system both beta-betadot
feedback and simple roll rate feedback with proportional control method in order to guarantez aircraft stability. This paper
details the design process of developing lateral-directional control laws, utilizing the requirement of MIL-F-8785C and
MIL-F-9490D. And, this paper propose the analysis of aircraft characteristics such as dutch-roll mode, roll mode, spiral mode,
gan and phase margin about gains for lateral-directional inner loop feedback.

Keywords : RSS (Relaxed Static Stability), FLCS (Flight Control System), FBW (Flight-By-Wire)
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Fig. 1. Blended roll system in lateral-directional control law.
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Table 1. Requirement of minimum dutch-roll frequency and ol lglig . DU N L dd
damping(catogory A) S I I A
Dutch Roll Mode Margin 1%] 2. }\]@“og_g‘d’
Level ton (or * OpR| ODR oM oo Fig. 2. Test points.
(rad/sec) |(rad/sec)
1ot | o35 | 10 [FMZ6dBI 4 s E 3lgsEEdan
HGM > 6 dB Table 3. Resuit of 1-g wing level trim.
002 | 005 | 04 - - Altitude AoA | VCAS | HT | Thrust
5 Joos | - | oa : : e ity | M | deg) | Gmots) | deg) | (%)
1 20 0.8 0 373 -1417 | 63.8
E 2 2%C AA4 2 Time to Bank £.7-%(category A). 2 20 0.8 25 373 1.279 69.4
Table2. Requirement of maximum roll mode time constant and 3 20 08 > 373 4081 856
. . . 4 20 0.95 0 449 -1.05 30.9
minimum time to doublet amplitude(category A). S 2 0.95 X 449 139 995
Level Tr Max(sec) T2min(sec) 6 20 0.95 5 449 | 388 | 1196
1 1.0 12 7 20 1.2 0 578 -1.51 125.9
P2 i4 8 8 20 1.2 2.5 578 -0.27 130.0
3 10 9 20 1.2 5 578 1.07 130
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Table4. A/C property of lateral-directional axis.
Case Lp.l LB-z L,_l LM-I: LBE-[; L51}2 Np—l NB.Z Nr—] NSA—? NBE-[; Nal}z Yo Yo 2 e YSMZ YEEAZ Yar 2
(sec’) | (sec™) | (sec”) | (sec™) | (sec™) | (sec™) | (sec™) | (sec™) | (sec™) | (sec™) | (sec™) | (sec™) ||(ft/sec) [(fi'sec™) | (ft/sec) | (ft/sec”) |(ft/sec”) |(ft/sec”)
1 -3.38 | -398 | 0.99 | -819 | -309 179 [ -0.071 | 11.1 047 | -3.86 | -741 | -8.01 [-0.0000| -0.242 }-0.9933( 0.025 | 0.045 | 0.062
2 =337 | 499 | 1.56 | -80.1 | -309 16.5 | 0.003 121 -0.53 | -0.64 | -5.79 [ -8.65 [10.0001 | (241 {-0.9929| 0.030 | 0.056 § 0.060
3 =341 | -66.5 § 2.09 | -81.3 | -33.3 17.0 || 0.070 | 142 | -0.63 3.06 | -4.00 | -9.25 (| 0.0004 | -(.229 |-0.9926( 0.037 | 0.052 | 0.059
4 -4,06 | -23.9 | 1.2] -87.8 | -34.8 123 |[-0.092 ] 195 | -058 | -4.36 | -11.18 | -6.37 {0.0000 | -C.321 |-0.9933| 0.037 | 0.059 | 0.037
5 -4.04 | -558 | 1.87 | -743 | -38.8 134 ||-0.005| 185 | -0.63 | -0.93 | -9.27 | -7.03 | 0.0002 { -C.310 {-0.9931| 0.036 | 0.070 | 0.038
6 -3.97 | -856 | 254 | -64.7 | -42.8 129 | 0.077 | 21.8 | -0.75 | 233 -7.05 | -7.47 |10.0005 | -C.304 [-0.9929| 0.035 | 0.073 | 0.036
7 -6.39 | -859 | 1.30 | -36.6 | -944 135 [|-0.165| 179 | -0.82 | 429 | -9.12 | -6.63 |-0.0000| -C.343 |-0.9946| 0.029 | 0.033 | 0.030
8 -641 | -894 | 1.97 | -384 | -83.8 12.5 | 0.011 326 | -089 | -2.84 | -7.61 | -6.96 |[0.0001 | -C.395 [-0.9944| 0.037 | 0.045 | 0.026
9 -637 | 993 | 270 -39.5 | -82.6 132 | 0182 | 423 -1.04 | -1.16 | -3.32 | -7.54 |1 0.0004 | -C.428 [-0.9940] 0.040 | 0.044 | 0.024
35 VMRS g ol 5] A3 A
Table 5. Gain optimization of lateral-directional axis.
. Gain Optimization
Desired - - - - -
Case , Roll Axis Gain Yaw Axis Gain Blended Gain
(rau:/):ec) [ (SI:C) ((?;:) (g;;) Ki | Ke | Ks | Ku | K | Kz | Kis | Kia | Kis | Kes | Kyt | Keea | Kraa | Koy | Kyaa | Kyea | Kyr
1 4,63 0.6 0287 200 6 [ 0.034 | 0.0008 [0.0097] 0155 | 2.001 | 0.014 {0.0022| -0.64 | 0.501 1 1 025 1 1-053] 0 0 1
2 463 | 0.6 |0.288] 194 6 || 0038 | 0.0009 [00170| 0218 | 1.861 | 0.004 [0.0024 -0.48 | 0.453 1 1 025 1 |-017] O 0 1
3 4.63 0.6 |0.285]| 178 6 1 0.040 | 00010 {00242 ] 0.308 | 1.752 | -0.003 |0.0027| -0.23 | 0.405 1 1 0.25 1 1014} 0 0 1
4 5.09 | 0.55 (0241 200 4 (10034 ] 00007 [ 00102} 0026 | 3.050 | 0.019 [0.0029| -0.02 { 0.580 1 1 0.40 1 |-1.38] O 0 1
5 509 | 0.55 (0241 187 4 0042 | 0.0008 |0.0191| 0074 | 2.774 | 0.005 |0.0029| -0.18 | 0.529 1 1 0.40 1 |-062 0 0 1
6 509 [055]0245| 176 4 {0049 | 0000 100308| 0135 | 2.627 |-0.006 |0.0032| 0.27 | 0.465 1 1 040 1 |-006) 0 0 1
7 5.87 0.5 |0.154( 145 2 1006300006 [00127] 0194 | 3.887 | 0.029 [0.0032| -1.22 | 0.623 1 1 0.50 T [-1.331 0 0 1
8 587 | 0.5 {0.153]| 135 210070 | 0:0007 [0.0214| 0.223 | 3.722 § 0.002 [0.0033] 0.91 | 0.476 1 1 0.50 1 [-096]| O 0 1
9 5.87 0.5 [0.175] 110 2 0,075 00008 100315] 0.266 | 4.609 |-0.021 |0.0035| 1.00 | 0.357 1 1 0.50 1 |-037) 0 0 1
£ 6. IRl vig e A
Table 6. Result of lateral-directional linear analysis.
Dutch Roll Roll Spiral Stability Margin
Case Mode Mode | Mode | . o Asym, HT Asym. TEF Rudder Level
WpR ™ Root GM PM GM P.M GM PM | Requirement
(rad/sec) o (sec) | (Y/seq) @B) | (deg) | (@B (deg) (dB) (deg)
1 4,57685 0.53816 0.39992 -0.01113 3.02 62.11 N/A 49.80 N/A 23.57 68.87 Yes
2 4.57591 0.54145 0.37887 -0.01058 2.97 59.72 N/A 51.57 NA 24.14 73.18 Yes
3 4.56874 0.56220 0.38875 -0.00699 298 59.41 N/A 3925 NA 24.62 80.04 Yes
4 5.14233 | 0.54535 0.34008 -0.00845 3.83 54.94 N/A 50.15 NA 23.61 81.83 Yes
5 5.10959 0.52953 0.35617 -0.00818 3.81 51.26 NA 52.52 NA 24.13 82.29 Yes
6 5.15202 0.55229 0.36356 -0.00223 3.30 49.27 N/A 38.93 N/A 2482 92.12 Yes
7 5.78315 0.45034 0.25435 -0.00639 2.96 51.67 N/A 52.67 NA 22.05 69.45 Yes
8 6.23605 | 0.53057 0.26137 -0.00506 351 48.86 N/A 51.07 N/A 24.72 99.18 Yes
9 6.80412 0.41398 0.26991 0.00067 322 49.79 N/A 51.89 NA 2767 11829 Yes

N/A : A gain or phase margin does not exist at this flight condition.
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T Yaw rate

5 Sideslip angle

¢ Bank angle

0 Pitch attitude angle

P Roll acceleration

T Yaw acceleration

G Rate of change of sideslip angle

g Acceleration of gravity

Uy Forward velocity along x axis

(-1 Dynamic pressure

Lg Rolling moment about x with sideslip

L, Rolling moment about x with roll rate

L, Rolling moment about x with yaw rate

Rolling moment about x with Asym. HT
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K, Roll command gain

K, Stability axis roll rate feedback gain
K Stability axis yaw rate feedback gain
Ky Beta feedback gain in roll axis

K, Yaw command gan

K, Stability axis roll rate feedback gain in yaw axis
K Roll attitude gain

K, Beta feedback gain in yaw axis

K Beta-dot feedback gain

K., Roll scaling gain

K. Differential flap gain.(split ratio)
K., Aileron-to-tail inte connect gain

K, Aileron-to-rudder interconnect gain
K, Yaw scaling gain

Ky Rudder-to-aileron interconnect gain



Rolling moment about x with Aileron
Rolling moment about x with Rudder
Yawing moment about z with sideslip
Yawing moment about z with roll rate
Yawing moment about z with yaw rate
Yawing moment about z with Asym. HT
Yawing moment about z with Rudder
Yawing moment about z with yaw deflection
Ys-force with sideslip

Ys-force with roll rate

Ys-force with yaw rate

Ys-force with Asym. HT

Ys-force with Aileron

Ys-force with Rudder
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Ko Rudder-to-tail interconnect gain
A Rudder gain.(split ratio)
Frou Roll control force
Fy., Yaw control force
8pou,,  Roll command in roll axis
Ovaws,,  Yaw command in yaw axis
Spa,, Differential elevator command deflection
Saa,, Differential Aileron command deflection
p.., Rudder command deflection
Wy Roll mode frequency(rad/sec)
Wpp Dutch-roll mode frequency(rad/sec)
Cpr Dutch-roll mode damping ratio
wy Actuator model frequency(rad/sec)
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