087067000 A2 |1 000 0 R0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
5 June 2008 (05.06.2008)

‘ﬂb A0 OO R

(10) International Publication Number

WO 2008/067000 A2

(51) International Patent Classification:
FO02K 1/00 (2006.01)

(21) International Application Number:
PCT/US2007/078098

(22) International Filing Date:
11 September 2007 (11.09.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
11/531,655 13 September 2006 (13.09.2006) US
(71) Applicant (for all designated States except US): AERO-
JET-GENERAL CORPORATION [US/US]; P.O. Box

13222, Sacramento, CA 95813-6000 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): HANSEN, William
E. [US/US]; 5006 Pleasant Drive, Sacramento, CA 95822
(US).

(74)

(81)

(34)

Agents: HEINES, M. Henry et al.; Townsend and
Townsend and Crew LLP, Two Embarcadero Center, 8th
Floor, San Francisco, CA 94111-3834 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: PINTLE-CONTROLLED PROPULSION SYSTEM WITH EXTERNAL DYNAMIC SEAL

12 r

F——J\__—W

13~
17

53 51

\(.\AM\AM\A
(==

AW

A2 o~y
52 § ) .
A e

34

S NN e

T N A
AR |
N Ak
41 43~ 42 24 ° 2 25
N
32: ——T;

(57) Abstract: A propulsion system with a pintle for variable thrust is constructed such that the pintle contains a shaft at its fore end
& which passes through an opening in the thrust chamber wall and extends into a boss on the outside surface of the thrust chamber. A
dynamic seal that maintains the pressurization of the thrust chamber while allowing movement of the pintle is positioned inside the
boss, between the pintle shaft and the boss, and actuation of the pintle is achieved by a rack affixed to the fore end of the pintle and
a gear that engages the rack. The dynamic seal, rack and gear are thus external to the thrust chamber, providing the thrust chamber
with a compact external envelope, a greater thermal standoff, or both.
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PINTLE-CONTROLLED PROPULSION SYSTEM
WITH EXTERNAL DYNAMIC SEAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] This invention resides in the field of propulsion systems with variable thrust, and in

particular to nozzles that utilize pintles to vary the nozzle throat area.
2. Description of the Prior Art

[0002] Mechanisms for thrust variation have long been used to provide rocket motors with
a relatively high thrust at the boost stage and a low thrust during the sustain phase. Early
efforts to achieve this type of boost-sustain transition focused on the configuration of the
solid propellant grain to provide a high burning surface area in the early stages of burning
while the shape of the propellant grain by itself caused a reduction in the burning surface area
as burning progressed. The variability produced by such a design was limited however and
not controllable during flight, and the shape of the propellant grain was often optimal for only
one of the phases, usually the boost phase. Subsequent efforts focused on the throat of the
motor nozzle by introducing various for changing the effective throat area. A decrease in the
effective throat area raises the pressure upstream of the throat and thereby increases the
thrust. Elevated pressure also increases the burn rate of the propellant, adding further to the
thrust. This ability to vary the effective throat area allowed the use of variable thrust to be
extended to include steering and orientation adjustments during flight in addition to the

boost-sustain transition.

[0003] Numerous systems have been designed to vary the throat area by means that are
independent of the burning stage of the propellant and controllable from outside the nozzle.
These systems are useful for both boost-sustain transitions and for steering and orientation,
and can be used in both single-thruster and multiple-thruster motors. A mechanism for throat

area variation in a rocket nozzle that has proved to be particularly successful is the use of a
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pintle that extends into the nozzle and is movable along the nozzle axis. The pintle is either a
tapered or flared body that partially obstructs the throat, forcing the combustion gas to flow in
the annular space between the pintle and the throat wall. Because of the pintle profile,
movement of the pintle by only a small distance causes a significant change in the cross
section area of the annular space and hence the effective throat area of the nozzle and
therefore the thrust. When multiple nozzles with independently movable pintles are present,
a controller can coordinate the pintle positions to produce different thrust levels among the
nozzles to achieve thrust differentials for purposes of steering, attitude control and directional
effects in general. Movement of the pintle is achieved by actuators that employ any of a

variety of mechanisms, including hydraulic drives and gear drives.

[0004] One of the challenges that are faced in the design of a pintle-actuated thrust
chamber is the need to control the wear on and damage to the pintle actuator that are caused
by the exposure of the actuator to the harsh conditions of the thrust chamber, notably the high
temperatures and pressures in the chamber. The wear that these conditions produce on the
actuator components causes the actuator to deteriorate and thereby limit the duty cycle of the
thruster. The highest temperature occurs in the vicinity of the throat, and heat is readily
transmitted from the throat along the pintle body to the actuator. Another challenge is the
need for a dynamic seal between the pintle and the thrust chamber that will both retain the
pressure and accommodate the movement of the pintle. In designs where the pintle actuator
1s incorporated in the thrust chamber, the dynamic seal resides in the thrust chamber as well,
with little or no insulation protecting the seal from the high heat at the throat. In these
designs as well, the chamber must be large enough to enclose the actuator and therefore
consumes valuable space within the propulsion system. This has been partially remedied by
placing the actuator external to the thrust chamber, with the seal mounted in the thrust
chamber wall. Even in the wall, however, the seal is still exposed to the high temperature of

the thrust chamber and the resulting deterioration limits the useful life span of the seal.

SUMMARY OF THE INVENTION

[0005] The present invention resides in a novel arrangement of pintle, pintle actuator and
dynamic seal that places the seal at a distance from the thrust chamber. This offers
advantages that include a smaller thrust chamber size and greater thermal stand-off, which is

the ability to maintain the seal at a lower temperature than the chamber, either due to heat
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dissipation along the length of the pintle or to a sufficient distance between the seal and the
site of highest temperature in the chamber. The arrangement also provides the thruster with a
longer duty cycle. These advantages are achieved by constructing the pintle with a shaft that
extends through the thrust chamber wall and constructing the chamber with a boss on the
external surface of the chamber wall, with a dynamic seal inside the boss and arranged to
engage the pintle shaft. Actuation of the pintle is achieved by a rack affixed to the pintle
shaft and a gear engaging the rack, both rack and gear being external to the chamber as well.
In preferred embodiments of the design, the rack and gear are both external to, but in close

proximity to, the boss.

[0006] With both the dynamic seal and the actuator external to the thrust chamber, the
invention allows the thrust chamber to be of relatively reduced size. This provides the
chamber with a more compact external envelope without reducing the thermal standoff, and
allows the chamber to be light in weight and to occupy only a small volume in the rocket
motor. The invention also allows the thrust chamber to be constructed with increased thermal
standoff without an increase in length. The increased thermal standoff allows the thruster to
withstand a longer exposure time to hot combustion gases, and thereby a longer duty cycle.
This leads to improved performance of the thruster and allows the thruster to be used for a

greater number of mission operations.

[0007] Further objects, features, and advantages will be apparent from the description that

follows.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 11is a cross section of one embodiment of a pintle-controlled thrust chamber of

the present invention.

[0009] FIG. 2 is the same cross section as FIG. 1 but with the pintle retracted from the
throat of the nozzle within the thrust chamber.

[0010] FIG. 3 is a cross section of a motor incorporating several thrust chambers of the

type depicted in FIGS. 1 and 2.

[0011] FIG. 4 is a diagram of a propulsion system with controller for the motor of FIG. 3.
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DETAILED DESCRIPTION OF THE INVENTION
AND SPECIFIC EMBODIMENTS

[0012] While the invention is susceptible to a number of implementations and
embodiments in terms of the design and construction of the propulsion system, an
understanding of the full scope of invention can be gained by a detailed review of a single

embodiment. One such embodiment is depicted in the drawings hereto and explained below.

[0013] The system shown in FIGS. 1 and 2 includes a thrust chamber 11 and a seal and
actuator section 12 that is mounted to the outer surface 13 of an external wall of the thrust
chamber. The thrust chamber in this embodiment is a body of revolution about an axis 14.
Combustion gases enter the thrust chamber 11 through lateral inlets 15, 16, the gases being
either fully combusted upon entry or partially combusted to complete combustion within the
thrust chamber cavity 17. Although two such inlets 15, 16 are shown, a single inlet may be
sufficient in certain constructions, but preferred constructions are those that include a
plurality of such inlets symmetrically distributed around the thrust chamber. The gases
entering through the inlets flow around the pintle 18 and through the annular space 19
between the pintle and the thrust chamber wall 20 to leave through the outlet plane 21. The
directions of flow are shown by the arrows 22, 23, 24, 25, 26, 27, and the aft direction of the
nozzle is toward the right in the view shown in FIGS. 1 and 2 as indicated by the arrow 31,
while the fore direction is toward the left as indicated by the arrow 32. The thrust chamber
wall is formed into a converging section 33, a throat 34, and a diverging section 35, which
collectively define the exhaust nozzle of the propulsion system, and the tapering aft end 36 of
the pintle extends into the exhaust nozzle. In FIG. 1, the aft end of the pintle extends into the

throat 34.

[0014] The seal and actuator section 12 includes a boss 41 protruding from the external
surface 13 of the thrust chamber and surrounding an orifice 42 in the thrust chamber wall.
The pintle 18 includes a shaft 43 at its fore end that passes through the orifice 42 and the boss
41. Although the dimensions are not critical to the novelty or utility of this invention, the
boss 41 in preferred embodiments of the invention has a height that is equal to or greater than
twice the diameter of the shaft 43. An o-ring 44 resides within a groove along the interior
surface of the boss, the o-ring forming a dynamic seal between the boss and the pintle shaft.

This dynamic seal seals the pressure in the thrust chamber cavity 17 while allowing the pintle
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shaft 43 to move back and forth within the boss 41 along the axis 14, which movement in

turn causes the aft end 36 of the pintle to move into and out of the throat 34 of the nozzle.

[0015] These movements are driven by the actuator components in the seal and actuator
section 12. These components include a rack 51 and a gear 52 that engages the rack. The
gear 52 is driven by conventional motor components which are not shown in these drawings
but may include a stepper motor or any type of mechanical drive known among those skilled
in the art of mechanical drives. The rack 51 is affixed to the fore end of the pintle shaft 43,
and the gear 52 is mounted to a support structure which can be a bracket of any kind or, as
shown, a second or outer boss 53 which encircles the boss 43 in which the dynamic seal 44 is
constructed (1.e., the inner boss). The rack 51 in the embodiment shown is a row of teeth
molded or machined into the outer surface of a cylinder 54 that is secured to the fore end of
the pintle shaft. The cylinder 54 extends over a portion of the pintle shaft and is sufficiently
wide to encircle the inner boss 43. Rotation of the gear 52 translates to non-rotary axial
movement of the cylinder 54 and hence the pintle 18. This movement is illustrated by a
comparison of FIGS. 1 and 2 which show the pintle in two positions, extending into the throat
34 1n FIG. 1 to produce a relatively high thrust, and withdrawn from the throat in FIG. 2 to

produce a reduced thrust.

[0016] FIG. 3 depicts a propulsion motor 61 that contains several thrusters including those
arranged for diversion (steering) and attitude control (orientation). The motor 61 is contained
n a motor case 62 that includes solid propellant grains 63, an igniter 64, a series of four
divert thrusters 65 (only two of which are visible) arranged circumferentially around the
motor, and a series of six attitude control thrusters 66 (of which only two are visible) in the
aft dome 67 of the motor. Each of the ten thrusters has a pintle-containing structure as
depicted in FIGS. 1 and 2, although the components of the structure are shown only in the
divert thrusters 65. The direction of combustion gas flow into the divert thrusters is indicated
by the arrows 71, while flow of exhaust gas from the divert thrusters is indicated by the
arrows 72. Combustion gas flow to the attitude control thrusters is indicated by the arrows

73.

[0017] FIG. 4 is a diagrammatical representation of a control circuit for the propulsion
motor of FIG. 3. The igniter 64, the four divert thrusters 65, and the six attitude control
thrusters 66 are shown separated from the motor 61 for purposes of clarity. A desktop

computer 74 is used to send commands to a controller 75 for diversion and attitude control,



10

15

WO 2008/067000 PCT/US2007/078098

and the controller in turn converts these commands to appropriate signals to the igniter, the

divert thrusters, and the attitude control thrusters.

[0018] The foregoing is presented primarily for purposes of illustration. Variations,
modifications, and substitutions that still embody the central points of novelty and
functionality of the invention will be readily apparent to those skilled in the art and are
encompassed within the scope of the invention. For example, the o-ring used as the dynamic
seal can be replaced by packings, piston cups, chevron seals, pressure seals, and in general
any seal capable of sustaining the maximum desired chamber pressure; the number of divert
thrusters can range from one to eight; the number of attitude control thrusters can range from
four to eight; the thrust chambers can be of square or rectangular cross section rather than
bodies of revolution; the rack can be on a single rail or two or more rails rather than on a

cylinder; and other variations that are matters of routine engineering design.

[0019] The term “a” or “an” is intended to mean “one or more.” The term “comprising”
when preceding the recitation of a step or an element is intended to mean that the addition of

further steps or elements is optional and not excluded.
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WHAT IS CLAIMED IS:

1. A pintle-controlled variable-thrust propulsion system comprising:

a thrust chamber having a combustion gas inlet, an exhaust nozzle, and an
external wall with an opening surrounded by a boss on an external surface of said
external wall;

a pintle having an aft end extending into said nozzle and a shaft that protrudes
through said boss and terminates at a fore end, said pintle axially movable with said
boss and said thrust chamber to define a throat of variable area in said nozzle;

a dynamic seal positioned between said shaft and an interior surface of said
boss; and

a rack affixed to said fore end of said pintle, and a gear engaging said rack

whereby rotation of said gear translates to axial movement of said pintle.

2. The pintle-controlled variable-thrust propulsion system of claim 1

wherein said rack extends aftward over said boss.

3. The pintle-controlled variable-thrust propulsion system of claim 1

wherein said rack is a cylinder encircling said boss.

4. The pintle-controlled variable-thrust propulsion system of claim 1
wherein said rack is a cylinder encircling said boss with teeth on an outer surface of said

cylinder.

5. The pintle-controlled variable-thrust propulsion system of claim 1
wherein said gear is a toothed wheel and said shaft, rack, and gear are constructed such that

rotation of said gear translates to non-rotary axial movement of said pintle.

6. The pintle-controlied variable-thrust propulsion system of claim 1
wherein said combustion gas inlet comprises a plurality of openings symmetrically

distributed around said thrust chamber.

7. The pintle-controlled variable-thrust propulsion system of claim 1

wherein said boss has a height equal to or greater than twice the diameter of said shaft.

8. A throttling divert and attitude control system for an aircraft vehicle,

said system comprising;:
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a combustion chamber;

a plurality of diverter thrusters receiving combustion gas from said
combustion chamber with nozzles oriented radially outward from a common axis, and
a plurality of attitude control thrusters receiving combustion gas from said
combustion chamber with nozzles oriented at an acute angle relative to said axis, each
of said diverter and attitude control thrusters comprising a pintle-controlled variable
thrust propulsion system in accordance with claim 1; and

a controller supplying electronic control signals to each of said diverter and
attitude contro] thrusters to actuate said pintles independently and thereby align said

combustion chamber with a target.
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