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BALL THRUST VECTOR NOZZLE SYSTEM
Technical Field

The invention relates to a ball thrust vector nozzle (BTN) system, which is a kind of tall
rudder system, especially in liquid-fuelled rockets, for steering a missile, rocket or any
thrusted aircraft by directing the exhaust gas output.

State of the Art

Nowadays, many guidance solutions are used to steer rocket-powered (thrusted) or
thrustless (free-floating) missiles and/or other types of aircraft to the target. In
aeroplanes, smart bombs with gliding wings and some missiles, guidance can be
provided by the up and down movements of the blades on the wings, while this
guidance process can be provided by the rotational movements of the protrusions
(blades) called ailerons on the fuselage around the connection axis. In these two types
of guidance solutions, the steering of the aircraft is provided by the effect of the air flow
coming to the ailerons or blades defined as the control surface. In thrust-vector
controlled systems, the steering of the aircraft, rocket or aircraft is based on the ability
to manipulate the direction of the thrust coming from the engine. For this reason, thrust
vectoring systems can respond much faster, engage the target in a short time and have
much higher manoeuvrability compared to guidance systems from control surfaces.
Nowadays, thrust vectoring systems have become very important especially in terms of
providing vertical landing and take-off capability to fighter aircraft. Furthermore, while
other systems cannot steer in non-atmospheric airless environments such as space,
thrust-vector control (TVC) systems can easily steer in airless environments. Therefore,

they are widely used in spacecraft and ballistic intercontinental missiles.

When the systems in the present art are examined, it is seen that in the TVC systems,
the nozzle moves by sliding on the surfaces of the interlocking structures for the nozzle
rotation process. During this sliding, a high-power requirement arises in order to turn
the nozzle in unfavourable situations such as the particles trapped between the sliding
surfaces preventing the sliding over time, deformations and dimensional distortions due
to production, and the occurrence of jams due to thermal shrinkage in colder

environments. This requirement makes the currently used systems cumbersome and
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requires the use of very large and powerful actuator systems to drive these systems
and as a result, it makes the construction (structure) of the TVC larger than expected.
This size causes unnecessary weight and reduces the payload value of the aircraft. In
this case, a system in which point contact is provided, friction is eliminated and the
nozzle is guided with much less power is required.

As a result of the research on the subject in the literature, application US4157788A
was found. The application relates to a movable nozzle providing low friction. In the
present art, a rocket nozzle with a circular, thin, narrow, narrow, slippery, bearing pad
between the bearing surfaces of the moving and fixed elements, which functions as a
gas-tight gasket, is mentioned. However, there is no information about a ball and
bearing with a point contact to prevent friction specifically.

Another application encountered as a result of the research is the application
EP1529163A1. The application relates to a rocket engine with a rotary nozzle. In the
present art, a nozzle comprising a movable divergent section and a fixed part rigidly
connected to the rear end of the combustion chamber of the engine is mentioned.
However, there is no information about a ball and bearing with point contact to prevent

friction specifically.

As a result, due to the above-mentioned disadvantages and the inadequacy of the
existing solutions, a development in the relevant technical field has become necessary.

Aim of Invention

The invention is inspired by the present situations and aims to solve the above-

mentioned problems.

The main aim of the invention is to provide a ball thrust vector nozzle (BTN) system,
which is a kind of tail rudder system, which directs the exhaust gas output in liquid-
fuelled rockets and provides steering of the missile, rocket or any thrusted aircraft.

The other aim of the invention is to provide a cost-effective guidance system that
enables missiles and rockets to be easily guided from the nozzle handle under much
lower forces and without allowing abrasion, and that can perform much more precise
and agile three-dimensional movement than its counterparts.
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The other aim of the invention is to eliminate the friction by providing point contact by
means of the balls placed inside each other. In this way, it is to realise the guidance of
the nozzle by applying much less power.

Another aim of the invention is to enable the use of smaller diameter motors by means
of steering using less power. In this way, the total TVC construction becomes more
compact, simpler and lighter.

In order to fulfil the aforementioned objects, a ball thrust vector nozzle system providing
a means for guiding a missile, rocket or any propelled aircraft by directing the exhaust
gas outlet in liquid-fuelled rockets, and comprising the following

e A nucleus (2) where the fuel burned in the combustion chamber is
transmitted at high pressure,

e A nozzle that receives the high-pressure gas coming from the
nozzle, throws it out and creates a thrust in the opposite direction
according to the launch angle and

e The nozzle chamber assembly, which holds the nozzle and nucleus
together, comprises two main parts as the left nozzle chamber and
the right nozzle chamber, and is fixed by passing into the slots
corresponding to the two protrusions located on the spherical surface
of the nozzle and positioned at an angle of 180 degrees between
them.

characterized by comprising; the following;

¢ A nucleus ball chamber held stationary on the nucleus and placed on
the spherical surface evenly spaced at 90-degree intervals,

e A nucleus ball, which is placed in the nucleus ball chamber and
allows the nozzle to rotate freely without friction, and

e A nozzle ball placed 180 degrees apart on the nozzle spherical
surface and allowing the nozzle to rotate independently in both

directions on the horizontal axis.
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The structural and characteristic features and all advantages of the invention will be
more clearly understood by means of the figures given below and the detailed
description written by making references to these figures, and therefore, the evaluation
should be made by taking these figures and detailed description into consideration.

Figures to Help Understanding the Invention

Figure 1 is a perspective view of the basic components of the inventive ball thrust
vector nozzle (BTN) system.

Figure 2 is a disassembled view of the basic components of the inventive ball thrust
vector nozzle (BTN) system.

Figure 3 is a side, cross-sectional and detail view of the inventive ball thrust vector
nozzle (BTN) system.

Figure 4 is a cross-sectional view of the basic components of the inventive ball thrust
vector nozzle (BTN) system.

Figure 5 is a view of the nucleus and interface parts.

Figure 6 is a view of the inventive ball thrust vector nozzle (BTN) system according to
the rotation angles in different axes.

Description of Part References
1. Nozzle
2. Nucleus
3. Nozzle chamber assembly
3.1. Left nozzle chamber
3.2. Right nozzle chamber
4. Large motor
5. Small motor

6. Worm screw pinion gear
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7. Worm screw

8. Worm screw connection plate
9. Small motor gear chamber
10. Rack and pinion gear
11. Nucleus ball chamber
12. Small motor pinion gear
13. Nozzle hanger arm

14. First bearing element
15. Large motor fitting

16. Nozzle hanger arm pin
17. Nozzle ball

18. Second bearing element
19. First ring

20. First fastener

21. Connection nut

22. Nucleus ball

23. Nucleus ball holder

24. Third bearing element
25. Second ring

26. Third ring

27. Second fastener

28. Third fastener

PCT/TR2023/051657
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29. Fourth fastener

30. Fourth ring

31. Combustion chamber

32. Body

Detailed Description of the Invention

In this detailed description, the preferred embodiments of the inventive ball thrust
vector nozzle (BTN) system are described only for a better understanding of the

subject matter.

The ball thrust vector nozzle (BTN) system of the invention basically comprises three
parts as shown in Figure 1. These are a nozzle (1), a nucleus (2), a nozzle chamber
assembly (3). The rocket motor whole (RMW) is obtained by integrating the combustion
chamber (31) and body components shown in Figure 4 into the system. The fuel burnt
in the RMW combustion chamber (31) component is transferred to the nucleus (2) with
high pressure. The high-pressure exhaust gas in the nucleus (2) is transferred to the
nozzle (1) and the high-pressure exhaust gas expelled from the nozzle (1) creates a
thrust in the direction opposite to the launch angle. By means of this thrust, the aircraft

moves in the direction of this angular vector.

The nozzle (1) in the ball thrust vector nozzle (BTN) system of the invention can rotate
freely by means of the 13 nucleus balls (22) placed in the nucleus ball chamber (11),
which is kept fixed and placed on the spherical surface at equal intervals of 90 degrees
each. The nozzle (1), comprises three parts, is placed on the nucleus (2) by means of
an apparatus and welded in situ with electron beam welding. In order to roll the nucleus
ball (22) without slipping, the nucleus ball holder (23) is used. The nozzle (1) can rotate
independently in both directions only around the horizontal axis, i.e. x-axis, by means
of a total of 10 nozzle balls (17) placed 180 degrees apart on its spherical surface. The
horizontal axis, i.e. the x-axis, and the vertical axes, i.e. the y-axis and the z-axis,
shown in Figure 1, are considered as a perpendicular (Cartesian) coordinate system
placed at the volume centre (point o) of the nucleus (2). The nozzle (1) rotates
simultaneously around this orthogonal coordinate system and scans the vector position
according to polar coordinates. The nozzle (1) can only rotate in both directions around
the x-axis thanks to the channels opened on the left nozzle chamber (3.1) and right
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nozzle chamber (3.2) parts and the circular protrusion opened on the nozzle (1), while
rotation around the y-axis is provided by these mutual channel and protrusion
geometries that can pass into each other within a certain tolerance. The nozzle
chamber assembly (3), which comprises two parts, is connected to each other with two
first fasteners (20) and two connection nuts (21) by tightening at a certain torque value.
The nozzle chamber assembly (3), which becomes a whole with this connection, is
fixed by passing into the slots corresponding to the two protrusions located on the
spherical surface of the nozzle (1) and angularly positioned 180 degrees between them
(Figure 2). The nozzle chamber assembly (3) is supported at both ends by the body
(82), which is integrated into the combustion chamber (31), so that it can rotate freely in
the y-axis with the first bearing element (14) and the second bearing element (18)
parts. The rotation process according to the position orders from the aircraft autopilot is
carried out by the drive from a direct current stepper motor called large motor (4),
which is fixed on the body (32) with two large motor fittings (15) and eight third
fasteners (28). The large motor (4) transfers the rotational movement it produces to the
worm screw (7) to which it is connected. The rotational movement is then transferred
via the worm screw (7) to the worm screw pinion gear (6). The rotating worm screw
pinion gear (6) rotates the nozzle chamber assembly (3) connected to it. The worm
screw (7) specially designed here is hyperbolic. The reason for this is to minimise the
backlash between the gears that occurs during the movement in conventional systems
with this design. As the backlash are smaller, the flight control is so precise.

As shown in Figure 2 and Figure 4, the large motor (4) and worm screw (7) are
mounted to the body (32) by means of the worm screw connection plate (8). The third
bearing element (24) and the third segment (26) are used in the bearing process. While
the nozzle chamber assembly (3) rotates around the y-axis, the nozzle (1) can rotate
around the x-axis with the drive of the small motor (5). Due to the rotating effect of
these two synchronised motors, the nozzle (1) scans the x-y-z polar coordinate by
acting like a spherical joint from the handle (spherical region), which is in point contact
with the balls of the nucleus (2). In this way, the nozzle (1) moves in real time
(simultaneously, synchronously) in three axes according to the position signals
received by the autopilot to which it is connected, and positions the platform (Missile or
Rocket) to which it is connected in real time.

The small motor (5) in the inventive system has a lower power motor structure since it

only moves the nozzle (1) load. The small motor (5) is fixed to the left nozzle chamber
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(3.1) by means of the small motor gear chamber (9) using the fourth fastener (29) bolts.
The movement of the nozzle (1) in the x-axis pulls or pushes the nozzle (1) towards
itself by means of the nozzle hanger arm (13) as a result of the rotation of the small
motor pinion gear (12) on the rack and pinion gear (10). These pulling and pushing
movements force the nucleus (2) part of the nozzle (1) to rotate around the centre of
the sphere and according to the x-axis (Figure 4). The operation of this synchronised
rotational movement is shown in Figure 6 for a maximum rotation angle of 15°in the x-

axis and a rotation angle of 10°in the y-axis.

The inventive ball thrust vector nozzle (BTN) system is an electro-mechanical system,
which reduces friction significantly by contacting friction point by point thanks to the
nested balls used in its structure, and thus can be easily driven and driven by very
small stepper motors without requiring much power. In this way, the thrust system
takes up much less space and is much lighter than friction systems, resulting in an
increase in range in rockets and an increase in both range and payload in missiles.
Furthermore, since hydraulic and pneumatic systems are more cumbersome than
mechanical systems, their manoeuvrability in very narrow spaces is very low. In the
BTN system, on the other hand, manoeuvrability is much higher since it is very light
and its reaction times are much lower (faster) than other systems. High manoeuvrability
allows the air platform (vehicle) to quickly engage the target and also provides superior

capabilities such as the ability to quickly get rid of enemy elements.

Furthermore, since mechanical systems can be driven much more precisely than
hydraulic and pneumatic systems, they are inevitably preferred in systems that require
precise hitting capability. By means of the backlash-free mechanism used in the BTN
system, the backlash errors between the controller and the actuator are minimised and
much more precise positioning and thus hitting capability is provided. Furthermore, the
cost of the BTN system is lower and more reliable than other systems in terms of
lighter weight, less volume and less components (compactness) compared to other
systems.
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1.

2.

3.

CLAIMS

A ball thrust vector nozzle system for guiding a missile, rocket or any thrusted
aircraft by directing the exhaust gas outlet in liquid-fuelled rockets, and
comprising the following

e A nucleus (2) where the fuel burned in the combustion chamber is
transmitted at high pressure,

e A nozzle (1), which receives the high-pressure gas coming from the
nucleus (2), throws it out and creates a thrust in the opposite
direction according to the launch angle, and

e A nozzle chamber assembly (3), which holds the nozzle (1) and the
nucleus (2) together, comprises two main parts, a left nozzle
chamber (3.1) and a right nozzle chamber (3.2), and is fixed by
passing into slots corresponding to two protrusions located on the
spherical surface of the nozzle (1) and angularly positioned 180
degrees apart.

characterized by comprising; the following;

¢ A nucleus ball chamber (11) held stationary on the nucleus (2) and
evenly spaced at 90-degree intervals on its spherical surface,

e A nucleus ball (22) placed in the nucleus ball chamber (11) and
allowing the nozzle (1) to rotate freely without friction, and

e A nozzle ball (17) placed 180 degrees apart on the spherical surface
of the nozzle (1) and allowing the nozzle (1) to rotate independently
in both directions on the horizontal axis.

A ball thrust vector nozzle system according to claim 1, characterized by
comprising; a first fastener (20) and a connection nut (21) which are tightly
connected to each other so that the nozzle chamber assembly is integrated with
the left nozzle chamber (3.1) and the right nozzle chamber (3.2).

A ball thrust vector nozzle system according to claim 1, characterized by
comprising; a first bearing element (14) and a second bearing element (18)
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which enable the nozzle chamber assembly (3) to rotate freely on a vertical axis
by means of a body part (32) integral with the combustion chamber (31).

. A ball thrust vector nozzle system according to claim 1, characterized by

comprising; a large motor (4) which provides the necessary drive for rotation in
accordance with the position orders from the aircraft autopilot.

. A ball thrust vector nozzle system according to claim 4, characterized by

comprising; a worm screw (7) which receives the rotational movement from
the large motor (4) and a worm screw pinion gear (6) which rotates the nozzle

chamber assembly (3) by means of the drive received from said worm screw

).

. A ball thrust vector nozzle system according to claim 1, characterized by

comprising; a small motor (5) which enables the nozzle chamber assembly (3)
to rotate about the vertical axis while also rotating about the horizontal axis.

. A ball thrust vector nozzle system according to claim 6, characterized by

comprising; a small motor gear chamber (9) and a fourth fastener (29) for
fixing the small motor (5) to the nozzle chamber assembly (3).

. A ball thrust vector nozzle system according to claim 1, characterized by

comprising; a rack and pinion gear (10) for pulling or pushing the nozzle
hanger arm (13) connected to the upper part of the nozzle (1) and for rotating

the nozzle on a horizontal axis by this pushing or pulling movement.

. A ball thrust vector nozzle system according to claim 6, characterized in that;

said horizontal axis is the x-axis and said vertical axis is the y-axis.

PCT/TR2023/051657
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