
1

UDC 629.78.533.6.013:621.45

E. L. TOKAREVA, N. S. PRYADKO, K. V. TERNOVA

DYNAMIC CHARACTERISTICS OF A COMBINED SYSTEM FOR ROCKET
ENGINE THRUST VECTOR CONTROL

Institute of Technical Mechanics
of the National Academy of Sciences of Ukraine and the State Space Agency of Ukraine,

15 Leshko-Popel St., Dnipro 49005, Ukraine; e-mail: tokel@ukr.net

The high energy intensity of a liquid-propellant rocket engine (LPRE) and its units significantly affects the
dynamics of transients caused by changes in control positions. To analyze the stability of the LPRE control proc-
ess and to assess its accuracy, one has to know the dynamic frequency characteristics of the LPRE control system
(CS) actuators. The determination of transient quality, the solution of the problem of choice of the optimum CS,
and the analysis of its features call for studying the dynamic characteristics at different values of the dynamic
parameters (the regulator transfer coefficients and the time constants and gains of the transfer functions of
individual LPRE units).

For rocket space stages (RSSs), with account for the features of their operation, the problem of sustainer
LPRE thrust vector control using a combined thrust vector control system (CTVCS) is considered. The RSS
CTVCS consists of a large-size interceptor gas-dynamic trust vector control system (GDTVCS) and a system of
control nozzles. This combination of CS actuators allows one to efficiently implement the flight program and
counteract off-normal disturbances in the RSS flight.

The aim of this work is to develop a structural schematic for and to calculate the complex transfer function
of an interceptor GDTVCS as a part of a CTVCS and to construct frequency characteristics from estimated dy-
namic parameters for further analysis of CTVCS stability and quality.

A functional diagram was developed for a sustainer engine CTVCS that consists of an interceptor unit (IU)
for propellant component injection as a guidance actuator and a system of control nozzles as a stabilization actua-
tor. A structural schematic for a GDTVCS with an IU was developed. The GDTVCS transition function and the
amplitude-phase-frequency characteristics of the GDTVCS complex transfer function were calculated from esti-
mated dynamic parameters. The analysis of the numerical results made it possible to identify GDTVCS opera-
tional conditions with dynamic characteristics that correspond to a high-quality control process. Further investiga-
tions will be aimed to analyzing GDTVCS quality (stability) and searching for optimal combinations of dynamic
parameter values with the aim to increase RSS sustainer engine CTVCS efficiency.
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