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ABSTRACT

In this paper, the mathematical models and control algorithm of a thrust control valve
were described as a precedent study on the design of thrust control algorithm for a liquid
rocket engine (LRE). Numerical simulations were performed using a simplified simulation
system of an LRE and the developed mathematical models were validated by comparison
with the experimental results. Through these research, basic data were acquired for the

development of a thrust control algorithm for a LRE.
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Nomenclature

Ae flow area of exit pipe, m? Le length of exit pipe, m

b viscous friction coefficient, kg-m? n rotational speed of motor, RPM

6B perturbation of variable P1,P2 inlet and outlet pressures, bar

B steady-state variable Q flow rate, m%/s

€a applied armature voltage, V Ra armature resistance, Q

b back emf, V s laplace variable

ia armature current, A t time, second

Ko coefficient of back emf, V/(rad/s) Te,TL  motor and load torque, N-m

Ky valve flow coefficient & hydraulic resistance, 1/m*

Kt torque constant, Nm/A O angle of motor shaft, rad

K| integral gain Os angle of valve shaft, deg

Kp proportional gain density, kg/m3

La armature inductance, H w rotational speed of motor, rad/s
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Fig. 1. Thrust control loop of RL10-A
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Fig. 2. Thrust control valve (TCV)
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Fig. 7. Block diagram of TCV and driver
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Fig. 8. Simulation and test result of TCV
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Fig. 18. Thrust control simulator (1:run tank,
2:TCV, 3:TCV controller, 4:DAS,
5:console)

Table 1. Gains of thrust control simulator
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Table 2. Experimental data under steady-state
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Fig. 19. Experimental and simulation results
of thrust control simulator
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