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This invention relates to missiles or other space vehicles
the direction of which can be controlled in flight.

On feature of this invention is the use of a plurality of
independently movable steering rockets by which to im-
part to the main rocket or vehicle a steering thrust at an
acute angle to the line of thrust of the main propulsive
nozzle.

Another feature is the arrangement of the steering
rockets externally of the vehicle in such a way that the
resulting steering thrust may be at any angle desired
with the steering rockets normally extending axially and
supplementing the thrust of the main nozzle.

Another feature is the use of these steering rockets to
provide for roll control.

Other features and advantages will be apparent from
the specification and claims, and from the accompanying
drawing which illustrates an embodiment of the inven-
tion.

FIG. 1 is a view in elevation of a space vehicle em-
bodying the invention.

FIG. 2 is an end view of the vehicle of FIG. 1 as seen
from the nozzle end.

The invention is shown as applied to a vehicle 2 which
incorporates therein and preferably in its' downstream
end a combustion chamber 4 in which propellants are
burned to form propulsive gas for discharge through
the main propulsive nozzle 6 positioned on the down-
stream end of the vehicle. The type of propulsive rocket
is not of importance with respect to the present invention.
It is sufficient that the main propulsive nozzle 6 provides
the main propulsive thrust for the vehicle along a line
coincident with the longitudinal axis of the vehicle.

For steering the vehicle or for controlling roll of the
vehicle, a plurality of smaller steering rockets 8 are ar-
ranged around the vehicle at the downstream end. In
the arrangement shown there are four steering rockets,
FIG. 2, arranged at angles to 90° to one another. Two
of the steering rockets may provide pitch control and the
other two may provide yaw control. Also, either pair or
all of the rockets may be used to provide for roll con-
trol of the rocket. Each auxiliary rocket is supported by
a yoke 10 on the vehicle, the yoke being preferably lo-
cated adjacent to the longitudinal midpoint of the auxiliary
rocket. The yoke carries pivot pins 12 which support a
gimbal ring 14 for turning about an axis at right angles
to a longitudinal plane through the auxiliary and main
rockets. The ring 14 is connected to the auxiliary rocket
by pins 16 at right angles to the pins 12, the pins 16 thus
being radial to the main rocket axis. This gimballing
of the auxiliary rocket permits its movement about the
axis of the pins 12 (movement in a longitudinal plane
through the axis of the main rocket) or permits its move-
ment aobut the axis of the pins 16 (movement in a plane
at right angles to the longitudinal plane).

Adjacent to the downstream end of each steering or
auxiliary rocket is mounted a supporting ring 18 having
projecting lugs 20 each of which receives the ball end
21 on the projecting stem 22 on an actuating cylinder 24.
Each cylinder has a cooperating piston 26 with a project-
ing piston rod 28 connected at its outer end by a ball and
socket connection 30 to a lug 32 on the vehicle.

The lugs 32 are spaced apart on the vehicle a greater
distance than the spacing of lugs 20 so that by admitting
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fluid selectively to one cylinder of the pair of cylinders for
any one rocket the latter will be moved in a generally
tangential direction for the purpose of roll control.

" By admitting fluid under pressure to the radially inner
end of the pair of cylinders 24 that support any one of
the steering rockets 8 the associated steering rocket may
be pivoted about its support pins 12 so that the line of
thrust of the rocket is at an acute angle to the axis of
the vehicle thereby imparting a change in direction to the
vehicle. It will be understood that any suitable control
mechanism may be used for supplying fluid under pressure
selectively to the appropriate cylinders.

Suitable valving not shown may provide for connecting
both cylinders of any one of the auxiliary rockets simul-
taneously to a source of fluid under pressure in order to
move the discharge end of that rocket radially outward
for yaw or pitch control. Alternatively, directing fluid
under pressure to one cylinder only of one pair of the
rockets, the nozzles of that pair of rockets will be moved
approximately tangentially to increase or reduce the rate
of roll of the rocket. To minimize the fluid required the
cylinders may incorporate springs 30 acting on the pistons.
These springs will return the steering nozzies to the non-
steering position shown whenever fluid is vented from
the appropriate cylinders.

It is to be understood that the invention is not limited
to the specific embodiment herein illustrated and de-
scribed, but may be used in other ways without departure
from its spirit as defined by the following claims.

I claim:

1. A space vehicle including a main rocket nozzle
mounted on and having its line of thrust coincident with
the longitudinal axis of the vehicle and a plurality of
smaller steering rockets surrounding said main nozzle and
mounted externally of the vehicle, each steering rocket
being mounted for individual pivotal movement on an
axis at right angles to an axial plane through the main
rocket and the respective steering rocket and means for
individually moving each steering rocket in its respective
axial plane about its pivotal axis, said means including
actuating elements extending between the steering rocket
and the main rocket externally of the rockets and at
points axially spaced from the pivotal mounting for the
steering rocket.

2. A vehicle as in claim 1 in which there are at least
four steering rockets uniformly spaced about the axis of
the vehicle.

3. A vehicle as in claim 1 in which the steering rockets
are normally parallel to the main nozzle to add to the
thrust of the main nozzle.

4. A vehicle as in claim 1 in which the steering rockets
are also mounted for pivotal movement on axes radially
of the main vehicle.

5. A vehicle as in claim 1 in which the pivotal sup-
port is adjacent to the longitudinal center of each steer-
ing rocket and the moving means for each rocket are
adjacent the downstream end of the steering rocket.

6. A vehicle including therein a rocket combustion
chamber, a thrust nozzle at the end of the vehicle through
which the flow of combustion gases is discharged, said
thrust nozzle having its line of thrust axially of the
vehicle, and a plurality of steering rockets mounted ex-
ternally on said vehicle, each of said steering rockets be-
ing mounted for pivotal movement in an axial plane
through the longitudinal axis of the vehicle and through
the respective steering rocket and further being mounted
for movement in said axial plane, and means to so move
said steering rockets including a pair of actuating cyl-
inders for each rocket being attached to the steering rocket
at closely spaced points and to the vehicle at more
widely spaced points.
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7. A vehicle as in claim 6 in which the moving means

for each of the steering rockets is independently operable
such that each steering rocket is independently movable
from the normal position parallel to the longitudinal axis
of the vehicle.
8. A vehicle as in ¢laim 5 in which the moving means
for each rocket is a pair of actuating cylinders attached
to the steering rocket at closely spaced points and to
the main rocket at more widely spaced points in a cir-
cumferential direction.
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