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Fig.1 Standard feedback control structure
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S, Pl L 15.13 15.07 14.85 14.91

LRI 82.7 74.7 79.5 68.8
A
4 18
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JEERE OB A D 5T, I FIRAS MENIEA T T A [l 42 i
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(2) LA TBCC i BRI M I FE 6 52, 76 30 75 3k 46 fyp i
RUTHUR SR UA B T H S BT il 2, il e m
DL s 42 il s o PR MR R 1 99.61%., R SR 3ot 8 1 £
T L, SEPREE il Bk A B S, (EAH He T 58 PT il
fir , GDM 25 il v 1 00 42 I JE RO 5 42 I JEE 4 B T
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TERRDR R — R4 T e e R T A 25

SENHE

(1] FHE . ORISR e bR K e o Hr [0 =S 3 3,
2019(4):32-38.

Ji Chunsheng. Analysis to the development of advanced tech-
nology for integrated flight-propulsion control [J]. Aerospace
Power, 2019(4):32-38. (in Chinese)

[2] Zames G. Feedback and optimal sensitivity: Model reference
transformations, multiplicative seminorms, and approximate
inverses [J]. IEEE Transactions on Automatic Control, 1980, 26
(2): 301-320.

[3] K, iAISCHE. fias & ahbL H IR G 72 fHURE 2 i v A RE 1 2 Hi
[J]. HEVER AR, 1999(4):67-71.

Tao Tao, Yan Wenbo. Construction of weighting matrixes in
mixed sensitivities A controller design for aeroengine [J].
Journal of Propulsion Technology, 1999(4):67-71. (in Chinese)

[4] EIE, WA, RN, 55 s & LR FE M. Jbat:
Bl L, 2021,

Wang Xi, Yang Shubai, Zhu Meiyin, et al. Aeroengine control
principles [M]. Beijing: Science Press, 2021. (in Chinese)

[5] SRERC JETTHOMMER A JLEAR L E R &t bt T [D).
TLFR ARAERAE, 2016.

Zhang Huifeng. Anti-disturbance control for several classes of
nonlinear systems based on disturbance observers [D].
Shenyang: Northeastern University, 2016. (in Chinese)

L6] sk, PMEERE, P . —Fh il A S SRR 7 i o i

TR . A2 3 732741k, 2010, 25(4): 943-950.
Zhang Haibo, Sun Jianguo, Sun Liguo. Design and application
of a disturbance rejection rotor speed control method for turbo-
shaft engines [J]. Journal of Aerospace Power, 2010, 25(4):
943-950. (in Chinese)

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

EAR, B AT ShA R AN E PERY S A S B A ST
PRI MU B2A A, 2023, 34(7):36-42.

Wang Wei, Zhao Zhe. Active disturbance rejection controller
for aeroengine with dynamic and input uncertainty [J].
Aecronautical Science & Technology, 2023, 34(7): 36-42. (in
Chinese)

XN, WA, EAksi . FETLAM: B PR G5 23 B &
SIPLAE R[] At &3, 2021, 47(5):78-85.

Liu Yunxiao, Hu Zhongzhi, Wang Jigiang. Control of geared
turbofan engine based on linear active disturbance rejection [J].
Aeroengine, 2021, 47(5):78-85. (in Chinese)

Wang Jigiang. A single sensor and single actuator approach to
performance tailoring over a prescribed frequency band[J]. ISA
Transactions, 2016, 61(2): 329-336.

Wang Jigiang. Topology optimization for vibration suppression
at multiple locations: a non-iterative approach [J]. Applied
Mathematics & Computation, 2021, 398: 125990.

Wang Jigiang. Simultaneous vibration suppression and energy
harvesting: damping optimization for performance limit [J].
Mechanical Systems and Signal Processing, 2019, 132:
609-621.

Wang Jigiang. Optimal design for energy harvesting vibration
absorbers[J]. Journal of Dynamic Systems Measurement and
Control, 2021, 143(5): 051008.

Wang Jigiang. Active restricted control for harmonic vibration
suppression[J]. International Journal of Structural Stability and
Dynamics, 2019, 19(12): 1971007.

PRAEZS, E4ksi, KIRFHE, 55 . JE T UM L M k3L
A FRATSAR S P42 48 B[], 28 24, 2023, 44(9):
320-333.

Chen Jiajie, Wang Jigiang, Zhang Haibo, et al. Design of
steady-state disturbance rejection controller for aeroengine
based on geometric design method in finite frequency range
[J]. Acta Aeronautica et Astronautica Sinica, 2023, 44(9): 320-
333. (in Chinese)

TR, R, E0E . R KAWL M AR A S5 HLE
MY [0]. s B2EHOR, 2022, 33(6): 8-13.

Zhang Wenqi, Song Minhua, Wang Hao. Study on powered
effects of a business jet with tail-mounted engines at high angle
of attack [J]. Aeronautical Science & Technology, 2022, 33(6):
8-13. (in Chinese)



86 RARE i N Dec. 25 2024 Vol. 35 No.12

Research on the Definition and Evaluation Criteria of Aeroengine Control
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Abstract: In response to the difficulty of traditional margin evaluation standards to intuitively reflect the coupling
problem of aircraft disturbance on aeroengine control, research on aeroengine control margin and corresponding
evaluation criteria is carried out under the framework of integrated flight-propulsion architecture. A novel method for
defining aeroengine control margin and evaluation criteria is proposed based on a control theory called geometric
design method that can improve control performance using geometric methods in a finite frequency domain. This
includes constructing a controller solution method that meets the required control margin, evaluating and comparing
control margins of different controllers, and evaluating control margins of fixed structure controllers. Taking a certain
type of turbine-based combined cycle (TBCC) engine as the research object, under the typical subsonic cruise
condition, the controller designed based on geometric design method can achieve 99.61% of the control margin
theoretical limit. The simulation results based on the TBCC component level model show that compared to the
traditional proportional integral (Pl) controller, the thrust control margin and comprehensive control margin of the
controller designed based on geometric design method have increased by 7.3% and 5.9%, respectively, verifying the
effectiveness of the defined control margin and its evaluation criteria in solving the coupling problem of integrated
flight-propulsion control.

Key Words: integrated flight-propulsion; turbine-based combined cycle; control margin; geometric design method;
evaluation criteria
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