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Incremental filtered nonlinear control for aircraft with
actuator dynamics compensation
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Abstract: To deal with the model uncertainties existed in high angle-of-attack maneuvers situation, a novel incremental
filtered nonlinear control approach with considering the compensation for actuator dynamics is proposed. Based on the
attitude dynamics of thrust vector aircraft, incremental controllers are designed to regulate incidence angles and angular
rates via the Taylor expansion and state derivatives feedback. To handle the delay caused by the acquirement of state
derivatives using low-pass filter, the same filter process is applied to compensate the inputs to guarantee synchronization of
the feedback of state derivatives and control variables. In addition, the closed-loop analysis for angular rates is carried out to
illustrate the effects of actuator dynamics. Moreover, a compensator is developed to achieve the desired actuator dynamics,
which removes the requirements for high-bandwidth actuator inherent in incremental control. The strong robustness and

fast dynamic response performance of the proposed control approach are verified by numerical simulations.
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Fig. 1 Structure of attitude control based on incremental filtered method
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Fig. 2 The closed-loop control structure of angular rate
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18 300 T AN o 3 AR R A B S R 4R
48 AN I A B s o7 B R T A SR ], PR 0k e I3 ]
N, BRSNS S AAME G ) RGE A E B A8
BT AR

1 1 1. 7
TF5 5= I[Tds+1 P +a T+l _
1+~ (k)
.
I 1 .
Tas + 1

1 2(29) P AN, 3@ e BN 28 AT DAERIIE
HIMEE 5 R 5 R E B % LA B I 5, AT 6 A2 P
Frar B 2K, AR R g A B IUE IS /S, 75 0] B F 8
RO IRGUS. Bt w] g, ik xS S sh A it
ATAME, SR T 3G B A TR B de e T
PR, E P4 12 IE R TR SERE.

5 {E4#Hr(Simulation analysis)

N T B RIRIR ARSI TTE 1R 2 IR R
ROR, KR LB HEAT 07 Bk, 7207 Jd AR
H, PATE 2000 m- 33 120 m/s 26 AF R BB SFE AR
N RHUEIHIAG RATIRAS, DT AP K95 ms, 1511483
WAHIANK, =diag{3, 3}, Ky =diag{8, 8,8}, 1§%
TEPAFIAMEIEDE 25 PG LLHCA 1, B SR M s
I3 A) 820 rad/sF50 rad/s, 32 HAE 50 28 B TR] & 20
10.0167. R ERLFE T HL G RE, /£
WA AAE L 2 I APRAHEZE D90.25°F10.1 (°)/s
T E RS O T Ul B AME AN E S8R B A b
RIS, BlA%s 1 A SRR H i 2 ) D7 VA AT A
7 JEUEPAME LA B s MET DL N 52 IR ER
ROERRSEE, 56 A SIS LA i

45 T

T7s+1

(29)

.......

1 1 1
g§ 10 12 14 16 18 20
t/s




b A BB RN ARl AAME A KLY BRI AR L s ) 599

5
15 T T T T T T L T
I s5r L - ]
_ \ /,"
-25 1 LV 1 1 1 1 1 1
0 2
~ 100 T
2
=z 0 4
~ L
ISY -100 L LY 1 L L
0o 2 4 6 8

10 12 14 16 18 20

t/s
e BHEIRL — KT
—— JCuEEAME - TAE ) 2R Mz

K 4 FELERERRCR(ARPRZEAT)

Fig. 4 Commands tracking (nominal condition)
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Fig. 5 The deflections of aecrodynamic effectors
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Fig. 6 Thrust and deflections of engine nozzles
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