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Frequency response characteristics of variable thrust

engine with gas generator cycle

HUANG Xixuan, HUANG Minchao, Hu Xiaoping
( Aerospace Science College, National University of Defense Technology, Changsha 421000, China)

Abstract: A gas generatorcycle liquid rocket engine simulation model was established based on mod-
ule built on the finite element method of the segmentation concentration parameter. The system character-
istics and frequency response of variable thrust engine under variable working conditions were stud-
ied. The results indicater;the engine system has different system characteristic frequencies with their cor-
responding damping coefficient under different operating conditions. By extracting main frequencies during
the variable operating conditions, the frequency corresponding to peak energy was found to be 5. 34 Hz. During
the transition from high operating condition to low operating condition, the inlet disturbing pressure signal
with frequency mentioned above was input,the simulation results show that this low frequency disturbance
reduces the stability margin of the system and the occurrence of disturbance signals at this frequency
should be avoided.
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Fig.1 Schematic diagram of gas generator cycle engine system
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Tab.1 Description of operating condition
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Fig.2 Thrust chamber pressure vs time
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Tab.2 Eigenvalues and frequency of system at high

operating condition

FHEWR/Hz BHEL  BLUERECEEH  BHERBUR
6.476 0 1.00 -40.691 4 0.00
56. 860 2 1.00 -357.264 0 0.00
56.861 0 1.00 —-357.268 0 0.00
56.861 5 1.00 -357.271 0 0.00
56. 861 6 1.00 -357.272 0 0.00
110.777 0 1.00 —-696.036 0 0.00
110.778 0 1.00 -696.042 0 0.00
110.779 0 1.00 -696.045 0 0.00
110.779 0 1. 00 —-696. 046 0 0. 00
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Tab.3 Eigenvalues and frequency of system at

low operating condition

FEEAR/Hz B BHJE RESHE B RO
17.997 0 1.00 -113.078 3 0. 00
46.563 1 1.00 -292.565 0 0. 00
46.563 1 1.00 -292.565 0 0. 00
46.563 1 1.00 -292.565 0 0. 00
46.563 1 1.00 -292.565 0 0. 00
94. 896 4 1.00 -596.252 0 0. 00
94. 896 4 1.00 -596.252 0 0. 00
94. 896 4 1.00 -596.252 0 0. 00
94. 896 4 1.00 -596.252 0 0. 00
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Fig. 5 FFT analysis of chamber pressure of thrust

varying process
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Fig.6 Nyquist curve of thrust chamber pressure at 4.01 s
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Fig. 9 Nyquist curve of thrust chamber pressure at 4.4 s
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Tab.4 Stability margin of each observation point

WL /s SRRl BRI/ dB AT A/ (°)
4.01 0.362 83 8.805 9 -
4.02 - - -
4.03 1.944 37 - 30. 856
4.04 0.151 15 15.790 8 -
4.05 0.675 74 3.404 4 -
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