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AWARDS ABSTRACT NASA Case M®. XMS-04890-1
TWO-STEP ROCKET ENGINE BIPROPELLANT VALVE

This invention relates to a solenoid actuated, snap-acting,
bipropellant control valve permitting two distinct rates of
propellant flow to a rocket engine equipped with a precom-
bustion chamber. Small, auxiliary propulsion rocket engines
such as those used for guidance and navigation of space
vehicles experience a bomb-like condition or "pressure spike"
when a combustion chamber thereof is initially flooded with
propellants upon starting in hard vacuum space environments.
It has been found that if a stable, low level combustion en-
vironment is created within the combustion chamber immediately
preceding the initial impulse of full thrust propellant flow,
these pressure spikes may be eliminated. Accordingly, this
invention combines a dual flow rate propellant control valve
with a rocket engine having a precombustion chamber of limited
volume. |

The propellant control valve of the present invention utilizes
separate but identical flow control systems for the fluid and
oxidizer propellants, respectively. Valve actuators or flapper
stems 35 and 36 are secured to and put in motion by a common
motor armature element 55. Flexure tubes 45 and 46 physically
position the motor armature 55 and the flapper stems 35 and 36
with respect to the valve body structure 15. Flexure tubes 45
and 46 also function as spring elements to resiliently bias the
flapper stems 35 and 36 to the "all-off" condition. Manifold
chambers 20 and 21 are freely flooded with respective propel-
lants at a predetermined pressure by propellant pumps 6 and 7.

A restrictive flow of propellants is supplied to the precombus-
tion chamber 3 of rocket engine 2 from the manifold chambers 20
and 21 by conduits 34. The main or full thrust flow of propel-
lants is supplied to manifold rings 30 and 31 by conduits 24 and
25. Such full thrust propellant flow is injected directly into
the engine main combustion chamber 8 by a ring of nozzles 32 and
33. Conduit obturating buttons 37 and 38 secured to flapper
stems 35 and 36, respectively, block propellant flow to the low
flow conduits 35 when in place. Check valve 40 blocks full
thrust propellant flow to the conduits 34 and 35. Operatively,
combustion is started by energizing motor coils 65 and 66 by a
predetermined low power level so as to rotate armature 55 about
theoretical axis 44, thereby causing flapper stems 35 and 36 to
be angularly displaced about axis 44 in a counter clockwise
direction as viewed in the figure. Such motion is sufficient to
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remove the buttons 37 from their obturating position and allow
propellants to flow into precombustion chamber 3. This condi-
tion may be sustained for continuous low thrust level operations
or be only momentary for initiating a stable combustion condition
within chamber 8. Additional electric power to the motor coils
65 and 66 overcomes the cracking force of check valve 40 so as

to allow full thrust propellant flow into conduits 24 and 25.

The novelty of this invention appears to reside in the
described valve operating sequence in combination with a rocket
engine having a precombustion chamber.

Inventors: Henry O. Pohl

s.s. vo. NG

Jack E. Capps
S.S. No.

Richard E. Ferguson

Employer: NASA - MSC

Initial-Evalustors——Joseph—R.-—Fhibodeau
Al i “\\.
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TWOSTEP ROCKET ENGINE
BIPROPELLANT VALVE
Henry O. Pohl, Seabrook, Jack E. Capps, La Porte, and
Richard B. Ferguson, Seabrook, Tex., assignors to the
United States of America as represented by the Ad-
ministrator of the National Aeronautics and Space
Administration
Filed Feb. 6, 1969, Ser. No. 797,057
Int. Cl. F02k 9/02; F02c 7/26

U.S. CI. 60—258 10 Claims

ABSTRACT OF THE DISCLOSURE

Propellant flow to an auxiliary propulsion rocket such
as is used for stability and navigational control of space
vehicles may be selectively regulated between two flow
rate control positions for propulsive throttling with a
single, snap-acting solenoid valve by providing two, valve
controlled, propellant conduits respectively sized for the
two predetermined flow rates selected. The lower flow
conduit is constructed to discharge into a precombustion
chamber positioned within the auxiliary rocket engine
main combustion chamber. The higher flow conduit dis-
charges directly into the auxiliary rocket engine combus-
tion chamber. Valve opening for the low and high flow
conduits is sequentially effected by a single motor ele-
ment in the following order:

(1) both conduits closed; .

(2) low flow conduit open; high flow conduit closed;
and,

(3) both conduits open.

ORIGIN OF THE INVENTION

The invention described herein was made by employees
of the United States Government and may be manufac-
tured and used by or for the Government for govern-
mental purposes without the payment of any royalties
thereon or therefor,

BACKGROUND OF THE INVENTION

This invention relates to the control of propellant fluid
injection into the combustion chamber of an internal com-
bustion engine. More specifically, this invention relates
to apparatus for dual flow rate cotrol of propellants to
a reaction propulsion engine for the purpose of generat-
ing two distinct maximum thrust levels therefrom.

Attitude and roll control of space vehicles is normally
accomplished by a plurality of strategically placed small
rocket engines that are operated automatically in response
1o signals from various respective sensor systems. These
rockets may be of the pyrotechnic, hypergolic, or mono-
propellant type. When started in the hard vacuum of
outer space, these engines tend to generate high pressure
surges or spikes in the combustion chamber thereof at the
moment combustion is initiated.

It has been found that such pressure spikes may be
reduced by initiating combustion in a smaller chamber or
“precombustion” chamber that is isclated from the main
combustion chamber but fires into it. The engine is started
by injecting a reduced flow of propellants into the pre-
combustion chamber to initiate- stable combustion. Sub-
sequently, full propellant flow may be directed into the
main chamber for full thrust, without fear of large pres-
sure spikes.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the present invention may be
more readily understood by reference to the following de-
tailed description of the drawing wherein:
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FIGURE 1 is a partial sectional elevation of a rocket
engine-propellant flow control system assembled as a
composite unit accordiig to the present invention.

FIGURE 2 is a partial sectional elevation of the inven-
tion taken along cut lines II—II of FIGURE 1.

FIGURE 3 is a partial view of the propellant control
elements showing the operative positions of same under
the several conditions of operation.

DESCRIPTION OF PREFERRED EMBODIMENT

With respect to FIG. 1, a rocket engine 2 comprises a
primary combustion chamber 8 and a precombustion
chamber 3. In the case of bipropellant hypergolic fueled
engines as described here for example, separate conduits
are used for fuel and oxidizer respectively. Conduit 34
carries the oxidizer to precombustion chamber 3. Another
conduit, not illustrated, carries the fuel to precombustion
chamber 3 in like manner.

The engine primary combustion chamber 8 is supplied
with propellant by high flow oxidizer line 24 and high
flow fuel line 25. Lines 24 and 25 discharge their respec-
tive flow streams into manifold rings 30 and 31.- A mul-
tiplicity of injection orifices 32 and 33 communicate the
manifold rings 30 and 31 with the primary combustion
chamber 8. :

The flow of propellant fluid through the respective com-
bustion chamber propellant supply conduits is controlled
by a solenoid actuated smap acting valve assembly
generally comprising a valve body portion 15 and a sole-
noid motor portion 16, .

Fuel and oxidizer fluid is normally supplied to the valve
1 from pressurized reservoirs, not shown, through fuel
and oxidizer supply conduits 11 and 12, respectively, to
valve inlet ports 13 and 14, respectively (FIG. 2).

The valve body 15, is provided with respective fuel and
oxidizer manifold chambers 20 and 21, Spring biased
check or unidirectional flow control valves 40 and 41
normally obstruct a conduit between the main manifold
chambers 26 and 21 and respective high flow chambers
such as 22 for the oxidizer circuit.- Discharge ports such
as 23 communicate the fuel and oxidizer high flow cham-
bers with respective high flow conduits 24 and 25.

Propellant flow through the low flow conduits 34 is
controlled by buttons 37 and 38 secured to respective
flapper stems 35 and 36. The buttons 37 and 38 may be
fabricated from a plastic material having chemical prop-
erties compatible with the particular fuel or oxidant as-
sociated therewith. S

Diametrically opposite of the buttons 37 and 38, the
flapper stems 35 and 36 are provided with respective
flapper fingers 39. The length of said fingers 39 relative
to the check valve structure 40 and 41 will become
apparent from the following description of operation.

The flapper stems 35 and 36 are generally cylindrical
rods of stiffly resilient material. The top portion of both
stems 35 and 36 are rigidly secured to a single motor
armature element 55 as by press fitting for example. The
armature-stem assembly is held in relative position by
hollow cylindrical column members 45 and 46, charac-
terized here as flexure tubes. The upper end of flexure
tubes 35 and 36 are also rigidly secured 1o0.motor- arma-
ture 55, as by press fit for example, The lower ends
47 and 48 of the flexure tubes are enlarged and faced off
square for press fit seating in counterbores in the valve
body 15. .

.Motor armature 55 includes torquing arms 56 project:
ing in opposite directions from the plane common to
the center lines of flapper stems 35 and 36. Said torquing
arms pass through the loop openings of motor coils ‘65
and 66 and the air gap between permanent magnets 57
and 58. These magnets 57 and 58 along with side mag-
nets 59 and 60 (FIG. 2) are rigidly secured together and
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to: the valve body 15 by conventional mieans such' as
screw- fasteners.. A protective housing 67 may be pro-
vided to enclose the entire motor apparatus for protec-
tion from an injurious environment.

Motor ©oils ‘65 and 66 are energized by means of an
electrical power circuit 68 charged with a potential Vg,
24 volts D-C .for example. Current in the power circuit
68 arid hence, through motor coils 65 and §6, may be
controlled by means of a logic circuit comprising tran-
sistors T, and Ty and resistors Ri, Ry, Ry, and R;. Elec-
trical - centrol - signals generated by automatic roll rate
sensing devices or by manual over-ride controls, for
example, are introduced to the logic circuit at terminals A
and B. Grommets 77 and 78 inserted in housing apertures
75 and 76 provide sealed entrance 1o the interior of hous-
ing’ 67 for electric: poweér conduits 49 and 70.

OPERATION

Prerequisite to “firing” of the engine 2, it is necessary
to-flopd both manifold chambers 20 and 21 with propel:
lant at a predetermined pressure. This may be accom-
plished by means of a regulated, inert gas pressure drive
within propellant tatks, not shown, pushing the propel-
lant through supply conduitsi 11 and 12. Sineé the annuli
49 and 50 between Happer stems 35 and 36 and flexure
tubes 45 and 46 are in open communication with respec-
tive manifold chambérs 20-and 21, it is necessary that
the fit relationship between the upper ends of said flapper
stems and flexure tubes is fluid tight. Similarly, the fit
relationship between the enfarged bases 47 and 48 of
said flexure tubies and the counterbored valve body seats
for same also be fluid tight.

The: opening ‘of low flow conduits 34 and check valves
40 and 41 occurs sequentially upon sufficient ensrgizas
tion of motor coils 65 and 68, When it is desired to estab-
lish: stabilized cornbustion “conditiens: withinn the engine
2 precedent to charging thé maini combustion chamber
8, or to sustain a low but confifitous thrust from the
eéngine 2, only the fusl and oxidizer low flow conduits
34: will be openéd by thé removal of thie respéetive flap-
pér buttons 37 hnd 38 from the opéning apertures thets-
of. Sinceg the cylindeér walls of fléxure tubes 45 and 46
constitute a resilient bias to thé rotational displacetent
of flapper stems 3§ and 36 about the theoretical axis 44;
only sufficient power as determined by an automatic
sensing devick or humman operator neéd be-applied to the
motér coils 65 and 66 to ovércome such bias. The exter-
nal effect. of such -a sensor or operator would be to select
the path ‘of an input sipnal to logic- circuit 68. In the
case of a spacecraft equipped with the present invention
needing a small ‘attitude change; an electrical sighal would
be automatically or manually introduced to theé logic
circuit 68 at terminial B, Such a signal would saturate
(allow full conduction) transistor T, and allow part of
the: drivifig current to shunt to ground. The reduced driv-
ing current would be insufficiérit to saturate transistor Ty,
thus, allowing it t6 partially conduct making it act like a
volteige divider and therefore taking a portion of the
voltage that would otherwise operate on the valve. When
such reduced power ist applied to the coils 65 and 66;
eléctromagnetic flux across the air gap between mag-
nets 57 and 58 acts-upon torque arms 56 thereby causing
the armatiure 55 and flapper stems 35 and 36 to rotate
about the theoretical axis 44. This action is best illustrated
by the"dotted ling position of appropriate eleménts in
FIG. 3.

Such rotation of the flapper stems 35 and 36 moves the
buttens 37 .and 38 away from thé opening apertures of
low flow fuel and oxidizer conduits 34 to allow the
respectivé propellants to flow from fuel and oxidider
mianifold chambers 21 and 20 into the restrictive volume
of the precombustion chamber 3 where the probabilities
for -complete and immediate mixing of the respective
pfopellants: under space vacunm conditions i¢ increased
over the alternative mefhod of initiating’ combustion by
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first introducing propellant flow into the larger evacuated
- volume of the main combustion. chamber 8. Such proce-

dure allows the creation of immediate, stable combustion
conditions which may be efficiently sustained for low
thrust level operations from an engine having consider-
ably greater thrust capacity. Also, the procedure allows
the momentary establishment of stable combustion condi-
tions within the main combustion chamber prior to the
introduction ‘of full or maximum propellant flow thereto.
In this way, pressure “spikes” or bomb conditions for
engine starting are reduced.

The check valve 40 is designed to require greater than
minimal cracking force for opening to provide a rigid
abutment surface for the flapper stem finger 39 under
thé power range impressed for opening the low flow con-
duits.

When spacecraft sensors indicate the need of a large
correction force, such as for a translation maneuver, for
example, an electrical signal is introduced to the logic
circuit ‘68 at terminal A. This would not cause current
flow through transistor Ty therefore causing the total
driving curtent to bé directed to transistor Tj; Conse-
quently, T, saturates and allows most of the available
voltage V, to operate on the valve motor coils 65 and 66.
When such incteased power is applied, the restraining
forces of flexure tubes 45 and 46 and check valves 40
and 41 are overcome with the result that flapper stem fin-
gers- 39 displace thé aperture obsturating elements of
check valves 40 and 41 to open communication between
chambers 20 -and 22 and chambers 21 and 23, respec-
tively. This action is illustrated by the dash line show-
ing of appropriate elements in FIG. 3. Although the par:
ticular form of check valve illustrated for purposes of
this description is a spring biased, reciprocating pintle
means, it should be understood that numerous other
check valve types are appropriate for the purposes of this
invention such as a spring biased ball or a reed valve.

When valves 40 and 41 are opened, propellant flow is

. conducted to manifeld rings 39 and 31 in addition to the

45

50

continued flow of propellant through low flow conduits
34. From thé manifold conduits 30 and 31, propéllant is
distributed in a mixing ring within the main combustion
chambér 8 from thé pluralify of injector orifices 32
and 33.

Since establishment of stable combustion conditions
within the combustion chamber has preceded the initial
impulse of fluid from the high propellant flow circuits,
these fluids will be smoothly and immediately mixed and
reacted or ignited by the turbulent combustive environ:
ment prevallmg

Whén it is desired to terminate operation of engine 2,
the sigial input at logic circuit terminals A or B is re<
moved théreby causing current fiow through motor coils

. 65 and 66 to cease. This will allow the resilient bias of

60

65

fiexure tubes 45 and 46 to relax to a minimal stress condi-
tion and ¢lose both high and low flow conduits. It should
be understood, however, that some residual static preload
should be designed into the flexure tube-flapper stem sys-
tem to maintain a positive sealing force on thé butions 37
and 38 so as to prévent leaks through the low flow con-
duits 34 under “all-off” conditions.

Obviously, many modifications and- variations of the
presént invention are possible in the light of the above
feachings. For exaniplé, any number of propellants or
other fluids may bé handled separately by merely mulii-
plying the numbér of fluid handling circuits describéd
herein with all Happer stems attached to a single armature
elernent 55. Also; motor coils 65 and 66 may be energized
indeperidently of the logic citcuit described herein by
means of a power sotrce controlled by a simple 2-pole
switch. It is, therefore, to be understood that the in-

vention may - be practiced other than as specifically de-.

scribed. B
What is claimed is:
1. A reaction propulsive system comprising:
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rocket engine means and fluid propellant flow control

means;

said rocket engine means including precombustion

chamber means disposed within primary combustion
chamber means;

said fluid propellant flow control means comprising at

least two propellant conduits to said engine means,
one of said conduits being adapted to flow a lesser
quantity of fluid propellant than the other of said
conduits, said conduits originating from a single dis-
tribution chamber;

said one conduit terminating in said precombustion

chamber means;

said other conduit termipating in said primary com-

bustion chamber means;

conduit obturating means disposed in each of said con-

duits; and,

valve actuating means adapted to sequentially move

from a first position wherein all conduits are closed
by said obturating means to a second position where-
in the obturating means of said one conduit is re-
moved and to a third position wherein the obturating
means of said other conduit is removed, said actuat-
ing means comprising a single movable element dis-
posed in said distribution chamber.

2. Apparatus as described by claim 1 wherein said valve
actuating means comprises flapper stem means;

said one conduit obturating means being secured to

said stem means;

said other conduit obturating means comprising pintle

and seat means;

said pintle means being resiliently biased into fluid tight

engagement with said seat means; and,

finger projection means secured to said stem means

for moving said pintle means from said seat means
when sajd stem means moves to said third position.

3. Apparatus as described in claim 2 wherein said
flapper stem means is moved to said second amd third
positions by selective application of force means against
the constant application of resilient bias urging said stem
means to said first position.

4. Apparatus as described by claim 2 wherein said stem
means is actuated by electromagnetic force field means;

said force field means being applied against resilient

mechanical bias constantly urging said stem means
to said first position; and,

said stem means being advanced to said second and

third positions by respective increases in the force
field intensity.

5. Apparatus as described by claim 3 wherein said pro-
pulsive system is a bipropellant fluid system; and,

said propellant flow control means comprising separate

conduit means, obturating means and valve actuating
means for each of said propellants.

6. Apparatus as described by claim 5 wherein the two
flapper stems of the bipropellant control means are struc-
turally secured together for simultaneous actuation but
independently biased to said first position.

7. Apparatus as described by claim 1 wherein said flow
control means is a bipropellant fluid control valve;

said control valve having separate fluid conduits for

fuel and oxidizer, respectively;

separate flapper stem means being provided for propel-

lant flow control in said fuel and oxidizer conduits,
respectively;

each of said flapper stem means having independent

resilient mechanical bias means urging respective
stem means to said first position; and,

single actnating means for simultaneously moving said
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flapper stem means to respective second and third
flow control positions.

8. In combination with a reaction propulsion engine
having a main combustion chamber and a precombustion
chamber;

propeilant flow control valve means comprising first

conduit means for directing a first flow rate of pro-
pellant to said precombustion chamber and second
conduit means for directing a second flow rate of
propellant to said main combusiion chamber, said
first and second conduit means originating from a
single distribution chamber;

said first flow rate being less than said second flow

rate;

first valve means for controlling propellant flow through

said first conduit means;

second valve means for controlling propellant flow

through said second conduit means;

actuating means comprising a single movable element

disposed in said distribution chamber for operating
said first and second valve means;

said actuating means having a first position wherein

said first and second valve means are closed;

said actuating means having a second position wherein

said first valve means is open and said second valve
means is closed;

said actuating means having a third position wherein

said first and second valve means are open;

resilient bias means urging said actuating means to

said first position at all positions; and,

controlled force means for selectively moving said ac-

tuating means against the force of said resilient bias
means to said second and third positions.

9. The combination of claim 8 wherein:

said first valve means comprises first conduit obturating

means secured to said actuating means;
said second valve means comprises valve seat means
disposed on valve body means, second conduit ob-
turating means resiliently biased against said valve
seat means and agdinst the flow direction of pro-
pellant through said second conduit means; and,

abutment means secured to said actuating means for
moving said second conduit obturating means away
from said valve seat means to open said second con-
duit means when said actuating means is in said
third position.

10. The combination of claim 9 comprising separate
first and second conduit means for respective fuel and
oxidizer propellant circuits;

respective actuating means for each of said propellant

circuits;

independent resilient bias means for each of said ac-

tuating means; and,

single force means commonly operative on both of

said actuating means.
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ABSTRACT
for dual flow rate control of propellants to a reaction propul-
sion engine for the purpose of generating two distinct maximum
thrust levels therefrom. |

Attitude and roll control of space vehicles is normally
accomplished by a plurality of strategically placed small rocket
engines that are operated automatically in response to signals
from various respective sensor systems. These rockets may be
of the pyrotechnic, hypergolic, br monoprdpellant type. When
started in the hard vaccuum of outer space, these engines tend
to generate high pressure surges or spikes in the combustion
chamber thereof at the moméﬁt combustion is initiated.

It has been found that such pressure spikes may be reduced
by initiating combus£ion in a smaller chamber or "precombustion"
chamber that is isolated from the maiﬁ combustion chamber but
fires into it. The engine is started by injecting a reducéd
flow of propellants into the precombustion chamber to initiate
stable combustion. Subsequently, full propellant flow may be
directed into the main chamber for full thrust, without fear of

large pressure spikes.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects of the present invention may be
more readily understood by reference to the following detailed
description of the drawing wherein:

Figure 1 is a partial sectional elevation of a‘rockeﬁ
engine - propellant flow control system assembled as a composite
unit according to the present invention.
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Figure 2 is a partial sectional elevation of the inven-
tion taken along cut lines II~II of Figure 1.

Figure 3 is a partial view of the propellant control
elements showing the operative positions of same under the

several conditions of operation.

DESCRIPTION OF PREFERRED EMBODIMENT

With respect to Fig. 1, a rocket engine 2 comprises a
primary combustion chamber 8 and a precombustion chamber 3.
In the case of bipropellant hypergolic fueled engines as

described here for example, separate conduits are used for
fuel ahd oxidizer respectively. Conduit 34 carries the oxi-
dizer to precombustion chamber 3. Another conduit, not
illustrated, carries the fuel to precombustion chamber 3 in
like manner.

The engine primary combustion chamber 8 is supplied with
propellant by high flow oxidizer line 24 and high flow fuel
line 25. Lines 24 and 25 discharge their respective flow
streamg into manifold rings 30 and 31. A multiplicity of
injection orifices 32 and 33 communicate the manifold rings
30 and 31 with the primary combustion chamber 8.

The flow of propellant fluid through the respective com-

bustion chamber propellant supply conduits is controlled by
a solenoid actuated snap acting valve assembly generally com-
prising a valve body portion 15 and a solenoid métor portion
16.

Fuel and oxidizer fluid is normally supplied to the valve
1 from préssurized resefvdirs, not shown, through fuel and

—3—
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oxidizer supply conduits 11 and 12, respectively, to valve
inlet ports 13 and 14, respectively (Fig. 2).

The valve body 15 is provided with respective fuel and
oxidizer manifold chambers 20 and 21. Spring biased check
or unidirectional flow control valves 40 and 41 normally
obstruct é condgit‘between the main manifold chambers 20 and
21 énd respective high flow chambers such as 22 for the oxi-

dizer circuit. Discharge ports such as 23 communicate the

fuel and oxidizer high flow chambers with respective high flow

conduits 24 and 25.

Propellént flow through the low flow conduits 34‘is con=-
trolled by buttons 37 and 38 secured to respective flapper
stems 35 and 36. The buttons 37 and 38 may be fabricated from
a plastic material having chemical properties compatible with
the particular fuel or oxidant associated therewith.

Diametrically opposite of the buttons 37 and 38, the flap-
per stems 35 and 36 are provided with respective flapper fingers
39. The length of said fingers 39 relative to the check valve
structure 40 and 41 will become apparent from the following
description of operation.

The flapper stems 35 and 36 are generally cylindrical
rods of stiffly resilient material. The top portion of both
stems 35 and 36 are rigidly secured to a single motor armature
element 55 as by press fitting for example. The armature-

stem assembly is held in relative position by hollow cyiindrical
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column members 45 and 46, characterized here as flexure
tubes. The upper end of flexure tubes 35 and 36 are also
rigidly secured to motor armature 55, as by press fit for
example. The lower ends 47 and 48 of the flexure tubes are
enlarged and faced off square for press fit seating in
counterbores %n the valve body 15.

Motor armature 55 includes torquing arms 56 projecting
in opposite'directipns from the plane common to the center
lines of flapper stems 35 and 36. Said torquing arms pass
through the loop openings of motor coils 65 and 66 and the
air gap betwéen éermanenﬁ magnets 57 and 58. These magnets
57 and 58 along with side magnets 59 and 60 (Fig. 2) are
rigidly secured together and to the valve body 15 by conven-
tional means such as screw fastenefs; A protective housing
67 may be provided to enclose the entire motor apparatus for
protection from an injurious environment.

Motor coils 65 and 66 are energized by means of an
electrical power circuit 68 charged with a potential vg, 24
volts D-C for example. Current in the power circuit 68 and
hence, ﬁhrough motor coils 65 and 66, may be controlled by
means of a logic circuit comprising transistors T; and T, and
resistors Ry, Ry, Ry, and Rg. Electrical control signals
9denerated by automatic roll rate sensing devices or by manual
over-ride controls, for example, are introduced to the logic
circuit at terminals A and B. Grommets 77 and 78 inserted in
housing apertures 75 and 76 provide sealed entrance to the
interior oflhousing 67 fér electric power conduits 69 and 70.
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OPERATION
Prerequisite to "firing" of the engine 2, it is neces-
sary to flood both manifoid chambers 20 and 21 with propellant
at a predetermined pressure. This may be accomplished by means
5 of a regulated, inert gas pressure dri&e within propellant
tanks, not shown, pushing the propellant through supply con-
duits 11 and 12, Since the annuli 49 and 50 between flapper
stems 35 and 36 and flexure tubes 45 and 46 are in open communi-
cation with respective manifold chambers 20 and 21, it is neces~-
10 sary that-the fit relationship between the upper ends of said
flapper stems and flexure tubes is fluid tight. Similarly, the
fit relationship between the enlarged bases 47 and 48 of said
flexure tubes and the counterbored valve body seats for same
also be fluid tight.
15 The opening of low flow conduits 34 and check valves 40
and 41 occurs sequentially upon sufficient energization of motor
coils 65 and 66. When it is desired to establish stabilized
combustion conditions within the engine 2 precedent to charging
the main combustion chamber 8, or to sustain a low but continuous
20 thrust from the engine 2, only the fuel and oxidizer low flow
conduits 34 will be opened by the removal of the respective
flapper buttons 37 and 38 from the opening apertures thereof.
Since the cylinder walls of flexure tubes 45 and 46 constitute
a resilient bias to the rotational displacementkbf flapper‘stems
25 35 and 36 about the theoretical axis 44, only sufficient power
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as determined by an automatic sensing device or human operator
need be applied to the motor coils 65 and 66 to overcome such
bias. The externai effect of such a sensor or operator would
be to select the path of an input signal to logic circuit 68.
In the case of a spacecraft equipped with the present invention
needing a small attitude change, an electrical signal would be
auﬁomatically or mahually introduced to the logic circuit 68 at
terminal B. Such a signal would saturate (allow full conduc-
tion) transistor T; and allow part of the driving current to
shunt to ground. The reduced driving current would be insuffi-
cient to saturate transistor T,, thus, allowing it to partially
conduct making it act like a voltage divider and therefore
taking a portion of the voltage that would otherwisé operate on
the valve. When such reduced power ié applied to the coils 65
and 66, electromagnetic flux across the air gap between magnets
57 and 58 acts upon torque arms 56 thereby causing the armature
55 and flapper stems 35 and 36 to rotate about the theoretical
axis 44. This action is best illustrated by the dotted line
position of appropriate elements in Fig. 3.

Such rotation of the flapper stems 35 and 36 moves the
buttons 37 and 38 away from the opening apertures of low flow
fuel and oxidizer conduits 34 to allow the respective propellants
to flow from fuel and oxidizer manifold chambers 21 and 20 into
the restrictive volume of the pfecombustion chamber 3 where the

probabilities for complete and immediate mixing of the respective

- propellants under space vacuum conditions is increased over the.
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alternative method of initiating combustion by first intro-
ducing propellant flow into the larger evacuated volume of
the main combustion champer 8. Such procedure allows the
creation of immediate, stable combustion conditions which
may be efficiently sustained for low thrust level operations
from an engine having considerably greater thrust capacity.
Alsb, the procedure allows the momentary establishment of
stable combustion conditions witﬁin the main combustion
chamber prior to the introduction of full or maximum propel-
lant flow thereto. 1In this way, pressure "spikes"” or bomb
conditions for engine star£ing are reduced.

The check valve 40 is designéd to require greater than
minimal éracking force for opening to provide a rigid abut-
ment surface for the flapper stem fiﬁger 39 under the power
range impressed for opening the low flow conduits.

When spacecraft sensors indicate the need of a large
correction force, such as for a translation maneuver, for
example, an electrical sighal is introduced to the logic cir-
cuit 68 at terminal A. This would not cause current flow
through transistor T; therefore causing the total driving
current to be directed to transistor TZ' Consequently, T,
saturates and allows most of the available voltage Vj to
operate on the valve motor coils 65 and 66. When such in-
creased power is applied, the restraining forces of flexure
tubes 45 and 46 and check valves 40 and 41 are overcome with
the resulg'that flapper stem fingers 39 displace the aperture
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obturating elementsvof check valves 40 and 41 to open com-

bmunication between chambers 20 and 22 and chambers 21 and 23,

respectively. This action is illustrated by the dash line
showing of appropriate elements in Fig. 3. Although the par-
ticular form of check valve illustrated for purposes of this
description is a spring biased, réciprocating pintle means,
it éhould be understood that numerous other check valve types
are appropriate for the purposes of this invention such as a
spring biased ball or a reed valve.

When valves 40 and 41 are opened, propellant flow is
conducted to manifold rinés 30 and 31 in addition to the con-
tinued flow of propellant through low flow conduits 34. From
the manifold conduits 30 and 31, propellaﬁt is distributed in
a mixing ring within the main combuétion chamber 8 from the

plurality of injector orifices 32 and 33.

Since establishment of stable combustion conditions with-

in the combustion chamber has preceded the initial impulse of

fluid from the high propellant flow circuits, these fluids will

be smoothly and immediately mixed and reacted or ignited by the

turbulent combustive environment prevailing.

When it is desired to terminate operation of engine 2, the

signal input at logic circuit terminals A or B is removed

thereby causing current flow through motor coils 65 and 66 to

cease. This will allow the resilient bias of flexure tubes 45

and 46 to relax to a minimal stress condition and close both

high and low flow conduits. It should be understood, however,

T
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that some residual static preload should be designed into
the flexure tube-flapper stem system to maintain a positive
sealing force on the buttons 37 and 38 so as to prevent
leaks through the 10Q flow conduits 34 under "all-off"
conditions.

Obviously, many modifications and variations of the
present invention are possible in the light of the above
teachings. - For example, any number of propellants or other
fluids may be handléd separately by merely multiplying the
number of fluid handling circuits described herein with all
flapper stems attached to a sinéle armature element 55.
Also, motor coils 65 and 66 may be energized independently
of the logic circuit described herein by means of a power
source controlled by a simple 2-pole switch. It is, there-~
fore, to be understood that the invention may be practiced
other than as specifically described.

‘"What is claimed is:
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_ NASA Case No. XMS-04890-1 W. A. Marcontell

APPLICATION FOR LETTERS PATENT

TO ALL WHOM ;T MAY CONCERN:

BE IT KNOWN THAT
we, Henry O. Pohl, Jack E. Capps, and Richard B. Ferguson,
citizens of the United States of America, employees of the
United States Government, and residents of Seabrook, Texas;
‘LaPorte, Texas; and Seabrook, Texas, respectively, have
invented certain new and useful improvements in a TWO-STEP
ROCKET ENGINE BIPROPELLANT VALVE of which the following is

a specification:



NOTICE

The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Admivnis’cra’c'ion°
The invention is owned by NASA and is therefore available for
licensing in accordance with the NASA Patent Licensing Regu-
lation (14 Code of Federal Regulations 1245, 200).

To encourage corrimercial utilization of NASA-owned inven-
tions, it is NASA policy to grant nonexclusive, royalty-free,
revocable licenses to any company or individual desiring to use
the invention while the patent application is pending in the U, S.
Patent Office and within a specified period, presently two years,
after issuance of the patent to NASA. If commercial use of the
invention does not occur during this period, NASA may grant a
limited exclusive, royalty-free license thereby adding an incen-
tive to further encourage commercial development. Any company
desiring to make, use, or sell this invention is encouraged to
obtain a royalty-free license from NASA,

Address inquiries and all requests for licenses to Assistant
General Counsel for Patent Matters, Code GP-1, National

Aeronautics and Space Administration, Washington DC 20546,

NASA-HQ






