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PileHHst HOBUX 3aBJaHb YIPABJIiHHA KOCMIYHHM CTYIICHEM PaKeTH BHMAarae BJOCKOHAJICHHS BHKOHABUMX
OpraHiB PEryJIOBaHHS BEKTOpA TSATH PAKETHOTO ABHI'YHA 3 METOK 3MCHILICHHS CHEPrOBHTPAT HA YIPAaBIiHHS,
CIPOILEHHS X KOHCTPYKLIT, i ABUIIEHHS X THHAMIYHHX XapaKTEPHCTHK 1 HaIHHOCTI.

B pesynbraTi NomepenHix JOCTIIKEHb, B IKHX Opall y4acTh aBTOPHU JaHOI poOoTH, OyiIa 3arpornoHoBaHa i
OoOrpyHTOBaHA HOBa KOHLCII[sl YHOPAaBIiHHSI BEKTOPOM TArW — OiyHKLiOHANIbHA CHCTEMa, 3aCHOBaHA Ha
KoMOiHaIil MexaHiYHOi i ra30JHHAMIYHOI CHCTEM YIpaBIiHHS BEKTOPOM TSATH ABUTYHA. Take pilleHHS IMI0OJ0
BJIOCKOHAJICHHs OPTraHiB YIpPaBIiHHA BEKTOPOM TATHM JO3BOJIMJIO PEali3yBaTH IEpEeBAaru CKIAJOBHUX IOACHCTEM,
BUKJIFOYHBIIH X HEOMIKH.

VY naHiit poboTi 3po0NEHO aKIEHT HAa HEJONIKA HOBOI KOHIICMIIl CHCTEMH YHPABIiHHS BEKTOPOM TSTH
JIBUT'YHA, @ caMe — HasBHOCTI B KOHCTPYKIIi{ CHCTEMHU IIPHUBO/IB IIOBOPOTY €IEMEHTIB JBHIYHA, SIKi MAIOTh BEIIHKY
Mmacy.

3anponoHOBaHO Ta OOIPYHTOBAaHO HOBE DIIICHHS 110 BHKJIIOUEHHIO LLOTO HEIOJNIKY IUIIXOM Iepenadi
(yHKLUiT TPUBOAIB (Ha IIOBOPOT €IEMEHTIB ABUTYHA) Ta30ANHAMIYHIN CHCTEMI.

IToxasaHo, 10 K OMY BeJHKa CHIIA, [0 NOBEepTae ABUTYH LIOJO IIApHipa, CTBOPIOETHCS Ia30ANHAMIY-
HOIO CHCTEMOIO B IMITyJIbCHOMY PEXHMI, [0 BUKIIOYAE BEIUKI BTPATH CHEPreTUKH (IPH POOOTI ra3oqHHAMIYHOT
CHCTEMH) Ha IOBOPOT ABUryHA. CTabii3aris CTyneHi pakeTH 31iiiCHIOETECS KepYIOUMH CHIIAMH MajIol aMILTITy-
I 1 BUCOKOI YacTOTH, IO CTBOPIOIOTHCS Ta30ANHAMUIYHOIO CHCTEMOIO YIpaBiiHHA. TakuMm 4uHOM OihyHKIIiO-
HaJlbHAa CHCTEMa YIPaBJIiHHS BEKTOPOM TSATU TPAaHC(HOPMYETHCS B LIUIKOM Ia30AWHAMIYHY, TUIBKH 3 MIapHIPHUM
BY3JIOM [JIs1 [IOBOPOTY €JIEMEHTIB ABHI'YHA (B HOCIIKYBaHOMY BapiaHTi Lieil €IEeMEHT — KaMepa 3TOpsIHHS J{BUTY-
Ha). BuxiroyeHHs NMpUBOXIB 3MEHIIye Macy CHCTEMH YIPAaBIIHHS BEKTOPOM TSTH, HiJBHINye I HaIiHHICTb,
YMOXJIUBIIIOE [IOBHE BiANPAIFOBaHHS AMHAMIKHA CHCTEMH YIPABIiHHSA BEKTOPOM TSATH KOCMIYHOTO CTYIEHS paKe-
TH B 3eMHHX YMOBaX, OCKIIBKH BiJICYTHS HEOOXiZHICTH ITOBOPOTY ABUTYHa IpH HOTO BiimpalfoBaHHi. Brpatu
CHEPreTHKH Ha YIpPaBJiHHs BEKTOPOM TATH (BTPaTH MUTOMOTO iMITyJIbCY [BUIYHA) 3alIPOIIOHOBAHOI CHCTEMH HE
MIePEBUILIYIOTH BTPAT €KOHOMIYHOT MEXaHIYHOI CHCTEMH (IIOBOPOTOM ABUTYHA).

Pemenne HOBBIX 3a7a4 yIIpaBJIeHHS KOCMHYIECKOH CTYHNEHBIO PAKeTHl TPeOyeT COBEPIIEHCTBOBAHMS UCIION-
HHUTEIbHBIX OPraHOB PEryIUPOBAHUS BEKTOpA TSATH PAKETHOTO JBHIATENs C LEIbI0 YMEHBIICHHs YHEprozarpaT Ha
yIIpaBJIeHNE, YIPOIIEHNUS MX KOHCTPYKIUH, IIOBBIIICHAS NX JUHAMIYECKUX XapaKTePHCTHK H HAJISKHOCTH.

B pesynbTate npeAuiecTBYIONIMX UCCIEIOBAHUM, B KOTOPBIX IPUHUMAIU Y9aCTHE aBTOPBI JaHHOH paboTEI,
OblIa IpeUIoKeHa 1 000CHOBaHA HOBAsI KOHIIEIIIINS YIIPABICHUS. BEKTOPOM TSTH — OH(YHKIOHAIBHAS CHCTEMA,
OCHOBaHHAsI Ha KOMOMHAIIMU MEXaHUYECKOH M ra30JMHAMHYECKOH CHCTEM YIPAaBJIEHHUs BEKTOPOM TSATH JIBHIaTe-
1. Takoe pemeHre 10 COBEPIICHCTBOBAHUIO OPTaHOB YIIPABICHHSI BEKTOPOM TSTH HO3BOJIIIIO PEATH30BaTh Ipe-
HMYIIECTBA COCTABIIAIONINX MOJCUCTEM, UCKIIOUHB UX HEJOCTATKU.

B nmanHoi paboTe cuenaH akIeHT Ha HEJOCTATKE HOBOM KOHICTIIIMY CHCTEMBI YIIPaBJICHHS BEKTOPOM TATH
JIBHTATeNsl, & UMEHHO — HAJIMYMU B KOHCTPYKIUH CHCTEMBI IIPUBOJIOB IIOBOPOTA AIEMEHTOB JBUraTells, 00naja-
JOIUX OOJIBIION MacCoii.

IIpemnoxeHo 1 000CHOBAHO HOBOE PEIICHHE TT0 HCKIIFOYEHHUIO 3TOr0 HEOCTAaTKa MyTeM Hepeaad GyHKIHN
MIPUBOJIOB (Ha IIOBOPOT JIEMEHTOB IBUTATENIsT) FA30JHHAMHIECKOH CHCTEME.

INToka3aHo, 4TO IpH 9TOM OONbIIas CHJIA, IOBOPAUYUBAIOIIAs JBUTATEIb OTHOCUTEIBHO IIApHUPA, CO3AAeTCs
ra30JMHAMHYECKOH CHCTEMOH B UMITYJbCHOM PEXHME, YTO HCKIIOYaeT OONbINNE IIOTEePH YHEPTeTHKH (TIpu pado-
Te Tra30JHMHAMHYECKOH CHCTeMbl) Ha MOBOPOT aBurarens. CTaOWIH3alMs CTYIEHH paKeThl OCYLIECTBIISETCS
YIPaBIISIOMIMMA CHJIAMH MaJIOH aMIUTHTYIBI U BBICOKOH 4acTOTHI, CO3JaBaEMbIMHU Ta30{HHAMUYECKON CHCTEMON
ynpasnenus. Takum oOpa3zom OHQyHKIHOHaNbHAs CHCTEMa YNpPaBICHHS BEKTOPOM TATH TpaHC(HOPMHUpYETCS B
LEITMKOM Ta30JMHAMHYECKYIO, TOJIBKO C IIApHUPHBIM Y3JIOM ULl IIOBOPOTA JJIEMEHTOB IBUTATeNs (B HCCIEIye-
MOM BapHaHTe JTOT JJIEMEHT — KaMepa CropaHus ABUrartens). MckiroueHne IPUBOJOB YMEHBIIAET MAacCy CHUCTe-
MBI yHPaBJICHHS BEKTOPOM TSTH, ITOBBIIAET €€ HaJIeKHOCTD, JIeJaeT BO3MOXKHBIM MOJIHYIO OTPAOOTKY AUHAMUKH
CHCTEMBI yIPaBICHHsI BEKTOPOM TSATH KOCMHYECKOH CTYHNEHH PaKeThl B 3eMHBIX YCIOBHUSX, IIOCKOIBKY OTCYTCTBY-
€T HeoOXOUMOCTh TIOBOPOTa ABUTATeNs MPH ero oTpadoTke. IloTepn sHEpPreTHKU Ha yIIpaBlIeHHE BEKTOPOM TATH
(moTepu yIeIbHOrO HMITyJIbCa JBHTrATelNs) MPEeUIOKCHHOH CHCTEMBI He MIPEBLIIIAIOT OTeph YIKOHOMHYHON MeXa-
HUYECKOH CHCTEMBI (TTOBOPOTOM JBUIATENs ).

Solving new problems of rocket space stage control calls for improving rocked engine thrust vector control
actuators in order to reduce energy consumption for control, simplify their design, and improve their dynamic
performance and reliability.
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As a result of previous studies, in which the authors of this work took part, a new bifunctional thrust vector
control system based on a combination of a mechanical and a gas-dynamic thrust vector control system was pro-
posed and substantiated. That solution on thrust vector control improvement made it possible to realize the ad-
vantages of the constituent subsystems, while eliminating their disadvantages.

This paper focuses on the drawback of the new concept of thrust vector control, which consists in the
need for heavy-mass drives to rotate engine components.

The paper presents and substantiates a new solution on eliminating the above drawback by transferring
the function of the rotary drives to the gas-dynamic system.

In doing so, the large force that rotates the engine on the hinge is produced by the gas-dynamic system in a
pulsed mode, thus eliminating large energy consumption (during the operation of the gas-dynamic system) for
engine rotation. The rocket stage is stabilized by control forces of small amplitude and high frequency produced
by the gas-dynamic control system. So the bifunctional thrust vector control system is transformed into a system
that is entirely gas-dynamic, except that a hinge joint is used to rotate engine components (in the case under study,
the combustion chamber). The elimination of drives reduces the mass of the thrust vector control system, increas-
es its reliability, and allows one to carry out its complete dynamic testing under terrestrial conditions because
there is no need to rotate the engine during its operational development. The thrust vector control energy con-
sumption (engine specific impulse loss) of the proposed system does not exceed that of an economy mechanical
system (where the trust vector is controlled by engine rotation).

Keywords: rocket engine; mechanical system; impulse force; gas dynamic sys-
tem; bifunctional thrust vector control system.

Introduction. Modern rockets carry out more and more complex flight pro-
grams, for example: sequential space different mass object launching on near-earth
orbits, short-time maneuvers during the payload element dilution, cargo transporta-
tion (partially separated or supplemented), etc. [1]. During the space rocket stage
flight its mass, central and dynamic characteristics can vary in a wide range. As a
rule, such a stage has a large diameter and a small length, which may cause its own
dynamic stage motion instability [2]. In such cases, for solving the tasks of ensur-
ing the required rocket stage characteristics of controllability and stabilization, a
significant regulation range expansion and a speed increase of the engine thrust
vector (TV) control system are required. This is due to the increase in energy con-
sumption for rocket stage flight control, the design complexity of the TV control
system, the need to take measures to ensure the required control system reliability.
An capability analysis of the existing engine TV systems shows the difficulty in
solving problems of the space rocket stage control with a large mass asymmetry
arising in flight (for example, by separating part of the payload). So, for an instan-
taneous change in the mass center of the space rocket stage, for example, when an
asymmetrical separation (addition) of the payload occurs, the mass rocket stage
asymmetry is compensated either mechanically (changing the inertia tensor with
mass moving) or gas-dynamic (creating a compensating moment, for example,
with steering engines). Such mass asymmetry compensation is associated either
with constructive difficulties of implementation (in the first case), or with large
losses of the engine energy (fuel) [2, 3].

The effective above task solution of the rocket stage control requires the im-
provement of the executive regulating bodies of the rocket engine TV. Important
components of such tasks are: minimizing the energy consumption for TV control,
design simplifying of the executive bodies regulating the thrust vector, improving
the reliability of both the executive bodies and the whole stage control system.

For stage designing, the efficiency of TV control elements is chosen to be

maximal ( > J,, ):
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where [Mp| is the program control moment; [Mg| — the moment parrying external

deterministic disturbances; |MS| — the moment developed by the control units in

the stabilization flight process, determined taking into account the required accu-
racy provision, speed operation features, oscillation of transient processes (in the
control system), etc.; Gg — coordinate of the rocket mass center; 8z —coordinate of

the application point of the resulting controlling force; &,,,,— max deflection an-
gle.

For the control problem solving according to the chosen efficiency R@ the

coefficients fys and fgs [3], for the equations of perturbed motion (in the
“pitch” guidance plane) are calculated:

0+ figg0 + flggd + g,V + Cosd = Y
8+cyy +Cg9+Cge0+CgV+Cy50=M, 2)
5=38(9, §)

the solution of which (for given force values Y and momentM ) the motion pa-

rameters 0,0, 9, 9,...,8 are determined (where the trajectory inclination angle 6 to

the starting horizon, 9 is the pitch angle; 6, § — corresponding angular velocities
of the stage moving) and compared with their maximum allowable values. If it’s
necessary, the control body effectiveness is refined, and the calculation is repeated
until their optimum efficiency is achieved for maintaining the stage along a given
trajectory and parrying disturbances acting on the stage. The coefficients fiyg,
fgg, fgy . Mgy, Mgg, Mgg, Ay, [3].

In general, the effectiveness of rocket engine thrust vector control should be
understood as their constructive perfection, loss of energy (specific engine im-
pulse) for thrust vector control, and the thrust vector control system reliability.

New design approaches to the efficient executive rocket engine thrust vector
control bodies (TVCB) were formulated in papers [4] — [7]. A bifunctional thrust
vector control system (BTVCS), based on a combination of a mechanical thrust
vector control system (MTVCS) and a gas-dynamic thrust vector control system
(GTVCS), was proposed and substantiated there.

The MTVCS is based on turning engine element (for example, a nozzle ele-
ment or a whole nozzle, an engine chamber or an engine as a whole) relative to a
hinge (various design depending on the rotary element design). The liquid rocket
engine (LRE) turn relative to the cardan joint attached to the rocket body can be
attributed to the most widespread MTVCS of the space rocket stage.

The MTVCS static characteristics are determined with the lateral control force

Y =Psin

where P — the engine thrust; & — the engine rotation angle. From the point of
view of ultimate goal achieving of the rocket stage flight program (for example,
the final speed), it is possible to consider a decrease in the thrust module on an
amount AD = B(1—cos3) due to the thrust vector deviation at an angle & (to create

a control effort Y ) with the engine power losses, which must be compensated by
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additional fuel reserves. These losses can be expressed also in terms of the engine
gas-dynamic quality factor
Y sind

E _ —,—=
AP  1-c0sd

which characterizes the thrust vector control efficiency R@ by turning the engine.

The mass of the MTVCS calculated according to the drawings can be approx-
imately represented as the following components,

m=mé+mf+md

where m; is the cardan joint mass; m; — mass of fasteners; my — drive mass.

These static characteristics compared with other thrust vector control systems
(for example, steering engines) are fundamental. As for the dynamic characteristics
of MTVCS, its relatively slow speed should be noted (due to the relatively large
inertia of the turning elements; in determining the dynamic characteristics, the

mass of the combustion chamber mgg, is also included into the inertia mass). At the

same time, the speed of such a system is optimum, since with increasing speed the
system sensitivity to the high-frequency components of random perturbations in-
creases that ultimately leads to the system error increase. This is also connected
with the complication of problem solution (at low system speed) of the rocket
stage stabilization (in the case of its static instability [3]). It should be also noted
that the speed increase for MTVCS is connected with the need of the rotation sys-
tem design complication, increase the power, weight and dimensions of the rota-
tional drives, taking additional measures to ensure the required reliability of the
rotation system [2, 4]. The static characteristics of the gas-dynamic system
(GDTVCS) are determined with the lateral and axial components of the control

force (B4 ) that occur in the nozzle when a supersonic flow is disturbed with an

obstacle on the wall. In this case, it is necessary to distinguish the disturbance by a
liquid (injection) and a solid obstacle on the wall. The components of the control

force (P, projection on the axisx ; P, =Y - on the axis y ) arising from injec-

tion (blowing or injection) into the supersonic part of the nozzle can be determined
by various methods (in particular, differential and integral) [8]. The differential
method requires a certain skill in constructing the excessive perturbed pressure
field on the nozzle wall and is used mainly to determine the coordinates of the ap-
plication point of the control force and to calculate the force and heat loads on the
nozzle wall. In the outline design for determining the static characteristics of
TVCB, as a rule, the integral method is used, based on the experimental depend-
ences of the control force on the obstacle size (the operation fluid consumption
during injection or the size of the solid obstacle). In particular, for a common
method of the thrust vector control with injecting fluid into the nozzle control
force components are determined with a simple ratio

Da(é) = ka(é)l im;

where k,(y)is the gain (respectively, for the axial "x" and lateral "y" components of

the control force) depends on the geometric characteristics of the injection units
(nozzle diameter, set angle relative to the nozzle axis, location of the injection sec-
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tion along the nozzle length, etc.); I, specific impulse of the injected working

fluid; m, — injected working fluid consumption. For a solid obstacle the solid ob-

stacle magnitude (height, lateral dimensions, shape, etc.) that obstructs the super-
sonic flow is the specific impulse and the working medium consumption at the
gain.

The GTVCS dynamic characteristics are mainly determined with the charac-
teristics of the working fluid feed system (or solid obstacle) into the supersonic
flow of the engine nozzle. In the first approximation the gasdynamic link — the
formation of a perturbed flow pattern on the nozzle wall — can be considered iner-

tia-free one (with a small delay ~ 10735) [8].

Specific impulse losses in thrust vector control with a gas-dynamic system, in
particular when a liquid or gas is injected, are determined by the working fluid
consumption for creation a control force, and also depend on many factors (in par-
ticular, on the geometric obstacles characteristics in the nozzle gas flow, on char-
acteristics of incoming and injected flows, etc.). When the thrust vector control is
realized with moving a solid interceptor into a supersonic flow, the specific im-
pulse loss for control is determined mainly by the losses in the shock waves of the
perturbed zone on the nozzle wall and, as estimates show, these losses are an order
smaller than ones at injection. A disadvantage of interceptor control (compared to
injection) is the need to protect it from the aggressive action of the incident nozzle
gas flow, which is indirectly connected with additional losses of the engine specif-
ic impulse for interceptor control.

Fig. 1 shows a block diagram of a rocket stage control system with guidance
and stabilization subsystems. According to the mentioned principle of the control
system decomposition, the “inertial” (with low speed) of MTVCS acts as a guid-
ance subsystem, and the “dynamic” (with great speed) GTVCS is used as a stabili-

zation system.
)
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Fig. 1

The block diagram includes the following control functions: u(t)— a prede-
termined rocket stage guidance program; xo(t)— initial one-time guidance com-
mands (for example, on the separation of the rocket stage, the payload part separa-
tion, etc.); UP(t)— program formed by the guidance system; Y(t), Y,(t)— the
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actual values of the corresponding motion parameters (1 — guidance, 2 — stabiliza-
tion) of rocket stages, coming from the navigation system; Ji(t)— distribution of

one-time guidance commands; AU(t)— control commands supplied from the stabi-
lization command generation device to the control machines of the control bodies
GTVCS; Oy, (t) — deviation of the TVCB (index “M” — for MTVCB, “G” for

GTVCBY); x(t) — output characteristics of the rocket stage; &(t)— disturbances act-

ing on a flight in the trajectory active part.
The specified guidance program u(t), xo(t) is fed to the device for generating

guidance commands UP(t) and one-time commandsJi(t), which by changing the
position of the MTVCS control bodies 3; (t), determine the motion characteristics

x(t)of the rocket stage. At the same time, the command U®(t) is given to the de-

vice for generating stabilization commands, and after comparing with the signal
Yz(t) received from the navigation system, it is issued as a signal to the control

machines of the GTVCS controls that set the angle SG(t) corresponding to the

stabilizing control.
The disturbances &(t) acting on the rocket stage change the output signal x(t).

The modified signal is transmitted via feedback channels Y;(t), Y,(t) for the cor-
rection of control signals to the MTVCS and GTVCS system. The stabilization
signal AU(t) is formed after the U (t) and Y,(t) signal processing in the generat-

ing stabilization command device. This signal is mainly determined by random
disturbances (internal and external) acting on the rocket stage, and, as a rule, has a
relatively small amplitude and high frequency. Its value feeding the executive bod-
ies of the stabilization system GTVCS is determined in the generating stabilization
command device from the condition of ensuring minimal losses of the specific en-

gine impulse for thrust vector control, taking into account the signal UP(t) that

runs the rocket stage guidance program.

With all the new concept advantages of thrust vector control the rocket engine,
there is a drawback in it - this is the presence of complex mass and energy-
intensive drives for turning engine elements.

After analyzing the characteristics of subsystems BTVCS (declared in patents
[9 — 11]), it was concluded about the possibility of further improving its character-
istics. In particular, a solution was found [12], excluding from its composition the
drives in the MTVCS. However, the disadvantage of such a solution was the large
energy losses of the engine against the mass asymmetry of the rocket stage. Such a
parry is associated with the rotation of the engine (its thrust vector) at an angle that
creates the shoulder of the vaporizing mass asymmetry of the moment, that is, in
fact, taking the engine thrust vector action the line in the center of rocket stage
mass. According to the mention patent (with the absence of a hinge and engine
turning function) in the control system the parrying moment is created by a large
perturbation of the supersonic flow in the nozzle, which is connected (as it’s
shown above) with large losses of energy (specific impulse) of the engine. In [5], it
was shown that parrying the mass asymmetry of the space rocket stage (in case of
the payload part separation) by steering engines or a large perturbation of the su-
personic flow in the engine nozzle can be associated with large losses of specific
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engine impulse. This requires additional reserves of fuel, acting as an additional
payload at the first stage of the rocket.

These specific impulse losses can be practically eliminated by reducing the
time for creating a large control force (disturbing the gas flow in the nozzle by a
large obstacle on the nozzle wall) to a single-moment large disturbance necessary
for combining the thrust vector line of the engine with the center of the rocket
stage mass and then "zeroing" large governing effort. After a one-time action, the
engine thrust vector changes due to the conservation law of the angular momentum
and as a result the engine turning in the cardan joint on the required angle to com-
pensate for the asymmetry moment. After getting the required “compensating” ro-
tation angle of the engine thrust vector, the rocket stage movement is stabilized
only by small high-frequency control forces created by a small obstacle on the
nozzle wall. To implement such a method, it is necessary to leave the hinge, in
contrast to the solution of [12], while excluding the motor rotation drives. And in
order to implement the decision on large losses elimination of the engine specific
impulse for thrust vector control, it’s necessary to introduce a retainer (stopper) of
its predetermined position into the design of the hinge assembly. GTVCS realizes
the drive function in such a thrust vector control system design. The variety of
possible GTVCS implementations (blowing, injection, interceptor, and their com-
binations) does not change the fundamental approach to creating a moment-
inducing mass asymmetry, since the engine rotation in the hinge is accomplished
with a large perturbation of the supersonic flow in the engine nozzle, “zeroed” af-
ter a single-step (step-by-step) creation of the parrying moment asymmetry. The
perturbations of practically any magnitude (for example, caused by a nuclear ex-
plosion) are parried in the same way.

For working out such a thrust vector control system of a high-altitude rocket
engine (with a large expansion degree nozzle) under terrestrial conditions, it is not
necessary to work out the engine rotation characteristics (or its elements) due to
the absence of these rotation elements. This greatly simplifies test bench equip-
ment, which can be brought to a simple gas-dynamic pipe. The absence of mechan-
ical drives in the thrust vector control system reduces its mass, improves reliabil-
ity. Such a thrust vector control system has a small loss of the specific engine im-
pulse for thrust vector control. The small perturbations of the supersonic flow
needed to create control forces that stabilize the movement of the rocket stage are
comparable in energy costs to the energy consumption for generating efforts by
engine turning in the cardan joint.

In fig. 2 there is a circuit of the thrust vector control system as part of a liquid
rocket engine, demonstrating the new above describing solution for improving the
combined thrust vector control efficiency. The LRE includes a combustion cham-
ber (CC) 1, set on the hinge 2, relatively to which the engine rotates, the nozzle 3
with an annular gap 4 for blowing into the nozzle the generator gas extracted with
the gas generator 5 and taken (through line 6) behind the turbine 7 of turbo pump
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Fig. 2

unit. Fuel taken from the pump 8, on the main 9 enters the nozzle head of the CC.
Oxidizer, selected (line 10) from the pump 11, after cooling the nozzle along the
line 12 enters the nozzle head of the CC. Along line 13 the heated oxidizer (after
cooling the nozzle wall), enters the collector 14 and then goes on line 15 to the
thrust vector control units 16 (adjustable nozzles). The fuel injector into the nozzle
are controlled by the drives 17 according to commands from the thrust vector con-
trol system 18.

The thrust vector control system operation is as follows. If it is necessary to
create a large control force amount, TVCS 18 commands the actuators 17 of ad-
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justable nozzles 16 through which a large flow of the fuel injected is fed the nozzle
3 (its value is determined by the TVCS based on the thrust vector control solving
problem). The lateral force created at injection, rotates the CC on the required an-
gle, and the hinge is fixed (for example, with a hydraulic lock 19) with a given de-
flected CC position. This turns off the TVCS channel, initiating a large control
effort amount. Small in size lateral forces (required for rocket stage stabilization)
are created by units 16 according to commands from the TVCS with the required
amplitude and frequency of the generated efforts.

Conclusions. A new solution was proposed and substantiated on improving
the bifunctional thrust vector control system of the rocket engine by eliminating of
the element engine rotation drives and replacing them with the impulse force of the
required size created by the gas-dynamic system. It is shown that the implementa-
tion of such an approach to the engine thrust vector control allows at the energy
loss for thrust vector control (specific engine impulse), comparing with the loss of
the efficient mechanical TVCS, to reduce the mass of the thrust vector control sys-
tem, to increase its reliability and to realize relatively easy the dynamic fully test
of the thrust vector control system of the space rocket stage in terrestrial condi-
tions (without turning the engine in the pressure chamber).
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