
(12) United States Patent 
Schneider 

(54) REDUCED TOXICITY FUEL SATELLITE 
PROPULSION SYSTEM INCLUDING AXIAL 
THRUSTER AND ACS THRUSTER 
COMBINATION 

(75) Inventor: Steven J. Schneider, Rocky River, OH 
<:us) 

(73) Assignee: The United States of America as 
represented by the Adn1inistrator of 
the National Aeronat1tics Space 
Administration, Washington, DC (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U .S.C. 154(b) by O days. 

(21) Appl. No.: 09/837,820 

(22) Filed: Apr. 17, 2001 

Related U.S. Application Data 

( 62) Divisio11 of application No. 09/291,883, filed on Apr. 14, 
1999, now Pat. No. 6,272,846. 

(51) Int. Cl.7 ................................. F02K 5/04; B64G 1/40 
( 52) U.S. Cl. . ... .... ... ... ... ... ... ..... 60/218; 244/169; 244/172; 

60/257 
(58) Field of Searcl1 ..................................... 244/164, 169, 

244/172; 60/212, 217, 218, 257, 723 

( 56) References Cited 

U.S. PATENT DOCUMENTS 

2,993,768 7/1961 Holzl . 
3,043,099 7/1962 Wilson. 
3,098,350 7/1963 Barry . 
3,103,456 9/1963 Lawton. 
3 121 992 
' ' 

2/1964 Zwicky. 
3,552,126 1/1971 Ahlert . 

48 

150 

Reduced 
Toxicity 

Fuel 

50 

US0063114 77B 1 

(10) Patent No.: US 6,311,477 Bl 
Nov. 6, 2001 (45) Date of Patent: 

4,027,476 6/1977 Schmidt . 
4,583,361 4/1986 Genovese . 
4,620,415 11/1986 Schmidt . 
4,635,885 * 1/1987 H11jsak .............................. 60/39.463 
5,117,627 6/1992 R1111avot . 
5,417,049 ,1: 5/1995 Sackl1eim et al ...................... 60/260 
5,533,331 7 /1996 Campbell . 
5,651,515 * 7 /1997 Saccoccia et al ................ 244/158 R 
5,826,422 * 10/1998 Koyan1a et al. . ................... 60/39.12 
5,932,837 9/1999 R11sek . 
6,135,393 * 10/200() Sackheim et al. ....... ............ 244/169 

FOREIGN PATENT DOCUMENTS 

789960 1/1958 (GB) . 

* citecl by examiner 

Prinia,·y Exami,ier-Char les G. Frea y 
(74) Atto,·ney) Agent) or Fi,,.m-Kent N. Stone 

(57) ABSTRACT 

A reduced toxicity fuel satellite propulsion system including 
a reduced toxicity propellant supply (10) for consumption in 
an axial class thruster (14) and an ACS class thruster (16). 
The system includes suitable valves and conduits (22) for 
supplying the reduced toxicity propellant to the ACS decom­
posing element (26) of an ACS thruster. The ACS decom­
posing element is operative to clecompose the reduced 
toxicity propellant into hot propulsive gases. In addition the 
system includes suitable valves and conduits (18) for sup­
plying the reduced toxicity propellant to an axial decom­
posing element (24) of the axial thruster. The axial decom­
posing element is operative to decompose the recluced 
toxicity propellant into hot gases. The system firther 
includes suitable valves and conduits (20) for supplying a 
second propellant (12) to a combustion chamber (28) of the 
axial thruster, whereby the hot gases and the seconcl pro­
pellant auto-ignite and begin the combustion process for 
producing thrust. 

1 Claim, 21 Drawing Sheets 
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REDUCED TOXICITY FUEL SATELLITE 
PROPULSION SYSTEM INCLUDING AXIAL 

THRUSTER AND ACS THRUSTER 
COMBINATION 

This is a divisional of application Ser. No. 09/291,883, 
which was filed on Apr. 14, 1999 now U.S. Pat. No. 
6,272,846. 

5 

2 
It is a further ol1ject of the present invention to provicle a 

satellite thruster with a low weight plasmatron capable of 
decomposing a recluced toxicity propellant into hot gases 
without overheating and erc)ding pc)rtions c)f the plasmatron. 

It is a further ol1ject of the present invention to provide a 
reduced toxicity dual-mode propellant that can be used in 
both bipropellant and monopropellant satellite propulsion 
systems. 

TECHNICAL FIELD 

This invention relates to a new propulsion system for 
satellites. Specifically this invention relates to a reduced 
toxicity satellite fuel that can be t1sed for both the manet1-
vering ancl station-keeping propulsion systems of a satellite. 

Further objects of the present invention will be macle 
10 apparent in the following Best Modes for Carrying Out 

Invention and the appended claims. 
The foregoing objects are accomplished in one preferred 

embodiment of the invention by replacing the toxic fuel used 

BACKGROUND ART 

Current satellite propulsion systems typically use nitrogen 
tetroxide with hydrazine in bipropellant class thrusters for 
maneuvering propulsion and use hyclrazine in monopropel­
lant class thrusters for stationkeeping propulsion. Unfortu­
nately these satellite propellants are highly toxic and 
therefore, require special hanclling, transportation, ancl stor­
age mechanisms, which acld substantial cost to the deploy­
ment of satellites. 

15 in prior art satellite propulsion systems with a reduced 
toxicity liquid fuel such as methylamine. 'I'he thrusters in the 
present invention include a decomposing element for con­
verting the reduced toxicity fuel into hot gases. These 
decomposing elements are included in both the monopro­
pellant altitucle control system (ACS) thrusters for station-

20 keeping and the bipropellant axial thrusters for maneuvering 
the satellite. 

One of the goals of NASA's Discovery Program for new 25 

planetary exploration missions, is to substantially reduce 
total mission cost while improving performance. The per­
formance and cost of the on-board propulsion system for 
satellites can be a significant factor in obtaining the highest 
possible science value per unit cost. 30 

Consequently there exists a need for lower cost reduced 
toxicity fuels with thrust per unit mass flow and density 
characteristics that are sufficient to replace prior art toxic 
fuels. Reduced toxicity fuels have not been used in the past, ,., 
due to the fact that candidate fuels are not hypergolic. In .,_ 
other words, liquid reduced toxicity fuels will not sponta­
neously react with an oxidizer to l1egin the combustion 
process as in prior art fuels such as hydrazine. 

Thus, to produce a bipropellant satellite thruster tor use 40 
with a reduced toxicity fuel, there further exists a need tor 
the thruster to have an ignition element consisting of decom­
posing elements for decomposing a reduced toxicity propel­
lant into hot gases. These hot gases, like hypergolic toxic 
liquicl fuels will spontaneously react with an oxidizer and 45 
begin the combustion process. 

In addition to being used with bipropellant class thrusters, 
there is a further need for this reduced toxicity fuel to be 
used with monopropellant class thrusters. As a 
monopropellant, the reduced toxicity fuel must have a 50 
molecular structure that will decompose into low molecular 
weight gases without the formation of a solid constituent 
such as graphite. These monopropellant thrusters must also 
contain decomposing elements tor reforming the reduced 
toxicity fuel into propellant gases. Satellite fuels that can be 55 

usecl as both a monopropellant ancl a bipropellant are 
referred to as dual-mode fuels. 

DISCLOSURE OF INVENTION 

In the ACS thrusters, these decomposing elements are 
operative to decompose the reduced toxicity liquid propel­
lant into propellant gases. In the axial thrusters the decom­
posing elements are operative to decompose the liquid 
reduced toxicity propellant into hot gases which auto-ignite 
with the second propellant in the combustion chamber of the 
axial thruster and therel1y produce thrust when ejected 
through a nozzle. The difference between the thrusters is 
primarily their thrust class or the force generated during 
firing. The monopropellant ACS thrusters are in a smaller 
thrust class than the bipropellant axial thrusters because they 
are required to satisfy a minimum impulse-bit (thrust times 
time) requirement for precision pointing of the satellite. 

The prior art uses a toxic propellant such as hydrazine in 
both the monopropellant ACS thrusters and bipropellant 
axial thrusters. Hydrazine is a hypergolic fuel, which means 
it will spontaneously react with an oxiclizer such as nitrogen 
tetroxide in the liquid state thereby triggering the combus­
tion process in prior art axial thrusters. Unfortunately, as 
discussecl above, reduced toxicity propellants suitable for 
use with satellite propulsion are not hypergolic. Before the 
reduced toxicity propellants of the present embodiment will 
react with a second propellant, they must be decomposed 
into hot gases. These hot gases will auto-ignite with the 
seconcl propellant and thereby begin the combustion pro­
cess. 

Propellants can be decomposed by a number of different 
technologies, including the use of catalytic decomposing 
elements, fuel cell reformers, and plasmatrons. Each of these 
decomposing elements is suitable for difterent reduced tox­
icity propellants. For example, the amine, methylamine, the 
nitroparaffin, nitromethane, and the ether, ethylene oxide, 
can l1e catalytically decomposed. Alcohols such as methanol 
and ethanol, and saturated hyclrocarbons such as methane 
can be decomposed with fuel cell reformers. Saturated 
hydrocarbons such as pentane and octane and jet engine 
fuels such as kerosene and JP-10 can be decomposed with a 

It is an object of the present invention to provicle a 
reduced toxicity propellant for use in satellite propulsion. 

It is a further object of the present invention to provide a 
satellite thruster with the ability to catalytically decompose 
a reducecl toxicity propellant into hot gases. 

60 plasmatron. Other embodiments use unsaturated hydrocar­
bons such as 1-pentene, ring compounds such as 
cyclopropane, and strained ring compounds such as quad­
ricyclane. 

It is a further object of the present invention to provide a 
satellite thruster with the ability to decompose a reduced 
toxicity propellant into hot gases with a fuel cell reformer. 

In the preferrecl embodiment of the invention the second 
65 propellant is an oxidizer such as nitrogen tetroxide, liquid 

oxygen, hydrogen peroxide, or oxygen difluoride. Although 
oxygen difluoride is highly toxic and must be handled as a 
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milcl cryogen on the ground, it represents a high perfor­
mance option. Although hydrogen peroxide has a rather high 
toxicity, it has unique characteristics in that it is an unstable 
molecule that can be catalytically decomposed into hot 
oxygen rich gas. Thus hydrogen peroxide is suitable in use 
as both a monopropellant in the ACS thrusters and as an 
oxidizer in the axial thrusters. 

In the preferrecl embodiment of the present invention the 
decc)mposing element of a thruster is always active decc)m­
posing the reducecl toxicity fuel into hot gases. However, in 
alternate embodiments the decomposing elements could be 
used in an axial thruster to initiate the combustion process. 
Thereafter both propellants can be added directly to the 
combustion chamber ancl the decomposing element can be 
deactivated. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic view representative of one preferred 
embodiment of a reduced toxicity fuel dual-mode satellite 
propulsion system of the present invention. 

FIG. 2 is a schematic view representative of an ACS 
thruster that catalytically decomposes a reduced toxicity 
propellant in one preferred embodiment of the satellite 
propulsion system. 

FIG. 3 is a schematic view representative of an ACS 
thruster with a fuel cell reformer tor decomposing a reduced 
toxicity propellant in an alternate embodiment of the satel­
lite propulsion system. 

4 
reducecl toxicity fuel is used in both an ACS thruster shown 
schematically in FIG. 2 and an axial thruster shown sche­
matically in FIG. 8. 

FIG. 12a is a schematic view representative of a reduced 
5 toxicity dual-mode satellite propulsion system where 

reduced toxicity propellants are used in both the ACS 
thruster shown schematically in FIG. 3 and the axial thruster 
shown schematically in FIG. 6. 

FIG. 12b is a schematic view representative of a reduced 
10 toxicity dual-mode satellite propulsion system where 

reduced toxicity propellants are used in both the ACS 
thruster shown schematically in FIG. 4 and the axial thruster 
shown schematically in FIG. 7. 

FIG. 13 is a schematic view representative of a reduced 

15 toxicity dual-mode satellite propulsion system where a 
reduced toxicity fuel is used in both an ACS thruster shown 
schematically in FIG. 2 and an axial thruster shown sche­
matically in FIG. 5, and where the axial thruster uses 
hydrogen peroxide as an oxidizer in the catalytic decom­
posing element. 

2° FIG. 14 is a schematic view representative of a reduced 
toxicity dual-mode satellite propulsion system with hyclro­
gen peroxide as an oxidizer in both the axial thruster shown 
schematically in FIG. 13 and as a monopropellant in the 

25 
ACS thruster shown schematically in FIG. 2. 

FIG. 15a is a schematic view representative of a reduced 
toxicity dual-mode satellite propulsion system where 
reduced toxicity propellants are used in both an ACS 
thruster, as shown in FIG. 3, and the axial thruster shown 
schematically in FIG. 9. 

FIG. 4 is a schematic view representative of an ACS 30 

thruster with a plasmatron for decomposing a reduced 
toxicity propellant in an alternate embodiment of the satel­
lite propulsion system. 

FIG. 15b is a schematic view representative of a reduced 
toxicity dual-mode satellite propulsion system where 
reduced toxicity propellants are used in both an ACS 
thruster, as shown in FIG. 4, and the axial thruster shown 

FIG. 5 is a schematic view representative of a preferred 
embocliment of the invention where an axial thruster or 35 

augmented ACS thruster catalytically decomposes a reducecl 
toxicity 11ropellant into hot gases which react with a second 
propellant in the combustion chamber. 

schematically in FIG. 10. 
FIG. 16 is a schematic view representative of a recluced 

toxicity, dual-mode satellite propulsion system with thrust­
ers representative of FIG. 5 used as both an axial thruster and 
as an augmented ACS thruster. 

FIG. 6 is a schematic view representative of an alternate 
embodiment of the invention where an axial or augmented 
ACS thruster includes a fuel cell ref armer for decomposing 
a reduced toxicity propellant into hot gases which react with 
an oxidizer propellant in the combustion chamber. 

FIG. 7 is a schematic view representative of an alternate 
embodiment of the invention where an axial or augmented 
ACS thruster includes a plasmatron for clecomposing a 
reduced toxicity propellant into hot gases which react with 
an oxidizer propellant in the combustion chamber. 

FIG. 8 is a schematic view representative of an alternate 
embodiment of the invention where an axial thruster cata­
lytically decomposes a reduced toxicity propellant into hot 
gases which initiate the combustion of the first and second 
propellants in the combustion chamber. 

F'IG. 17a is a schematic view representative of a recluced 
40 toxicity, dual-mode satellite propulsion system with thrust­

ers representative of FIG. 6 used as both an axial thruster and 
as an augmented ACS thruster. 

FIG. 17b is a schematic view representative of a reduced 
toxicity, dual-mode satellite propulsion system with thrust-

45 
ers representative of FIG. 7 used as both an axial thruster and 
as an augmented ACS thruster. 

FIG. 18 is a schematic view representative of a reduced 
toxicity, clual-mode satellite propulsion system similar to 

50 FIG. 14, where the ACS thruster is an augmented ACS 
thruster. 

FIG. 9 is a schematic view representative of an alternate ~..; ~-

FIG. 19 is a schematic view representative of a reduced 
toxicity, clual-mode satellite propulsion system similar to 
FIG. 13, where the ACS thruster is an augmented ACS 
thruster. 

embodiment of the invention where an axial thruster 
includes a fuel cell reformer for clecomposing a reduced 
toxicity propellant into hot gases which initiate the combus­
tion of the first and second propellants in the combustion 
chamber. 60 

FIG. 10 is a schematic view representative of an alternate 
embodiment of the invention where an axial thruster 
includes a plasmatron for clecomposing a reclucecl toxicity 
propellant into hot gases which initiate the combustion of 
the first and second propellants in the cornbustior1 char11ber. 65 

FIG. 11 is a schematic view representative of a reduced 
toxicity dual-mode satellite propulsion system where a 

FIG. 20 is a schematic view representative of a reduced 
toxicity, dual-mode satellite propulsion system similar to 
FIG. 11, where the ACS thruster is an augmented ACS 
thruster. 

FIG. 21a is a schematic view representative of a reduced 
toxicity, dual-mode satellite propulsion system similar to 
FIG. 15a where the ACS thruster is an augmented ACS 
thruster. 

FIG. 21b is a schematic view representative of a recluced 
toxicity, dual-mode satellite propulsion system similar to 
FIG. 15b where the ACS thruster is an augmentecl ACS 
thruster. 
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BEST MODES FOR CARRYING OUT 
INVENTION 

6 
as, but not limited to, methylamine, nitroparaffns such as, 
but not limited to nitromethane, alcohols such as, but not 
limited to, methanol; and ethers such as, but not limited to, 
ethylene oxicle. Although hydrc)gen peroxide has been listed 

Referring now to the drawings and particularly to FIG. 1, 
there is shown therein a reduced toxicity satellite tuel 
propulsion system schematic. The system is representative 
of a dual-mode propulsion system that includes 110th an axial 
thruster 14 for maneuvering the satellite and an ACS thruster 

5 above as a potential oxidizer for axial thrusters, hydrogen 
peroxide is a unique propellant that can be catalytically 
decomposed into a hot oxygen rich gas for use as a mono­
propellant in this embocliment of an ACS thruster. 16 for stationkeeping. These thrusters are designed for 

different thrust classes (force generated during firing). The 
ACS thrusters are in a smaller thrust class than the axial 10 

thrusters because they are required to satisfy a minimum 
impulse-bit (thrust times time) requirement tor precision 
pointing of the satellite. 

The system includes two propellant supplies. The first 
propellant supply 10 in one pref erred embodiment includes 15 
a reduced toxicity fuel such as methylamine. The second 
propellant supply 12 in one preferred embodiment includes 
an oxidizer such as liquid oxygen. The propulsion system 
includes means for selectively supplying the first propellant 
18 and means for selectively supplying the second propel­
lant 20 to the axial thruster. In one preterred embodiment, 20 

the axial thruster includes a decomposing element 24 for 
decomposing the first propellant into hot gases. These hot 
gases react with the second propellant in the combustion 
chamber 28 of the axial thruster 14 to initiate combustion 
and thereby produce thrust, when ejected through a nozzle. 25 

The propulsion system in one preferred embodiment also 
inclucles means for selectively supplying the first propellant 

In an alternate embodiment of the present invention, the 
decomposing element of a thruster can include fuel cell 
reformer technology. FIG. 3 schematically represents an 
embodiment of the ACS thruster 40 with a fuel cell reformer 
42. The fuel cell reformer in this embodiment incll1des a 
porous catalyst bed 44 with resistive heaters 46. In adclition 
to means tor supplying tuel 48 to the fuel cell reformer 42, 
the system also includes means for supplying a small 
amount of an oxidizer 50 to the catalyst bed for reforming 
the liquid fuel into hot hydrogen gas without the formation 
of solid graphitic carbon. 

Any of the oxidizers listecl above such as nitrogen 
tetroxide, liquid oxygen, hydrogen peroxide, and oxygen 
difluoride can be supplied to the fuel cell reformer; however, 
liquid oxygen is the preferred oxidizer in order to convert the 
carbon to carbon monoxicle gas. The preferred fuels for this 
embodiment include: alcohols such as, but not limited to, 
methanol and ethanol; ethers such as, but not limited to, 
ethylene oxide; and saturated hydrocarbons such as, but not 
limited to, methane, ethane, pentane, and propane. 22 to the ACS thruster. The ACS thruster also includes a 

decomposing element 26 for decomposing the first propel­
lant into propellant gases, thereby producing thrust, when 
ejected through a nozzle. 

30 FIG. 4a schematically represents one embodiment of the 
ACS thruster 52 that includes a plasmatron 54 for decom­
posing fuel. In this embodiment the plasmatron includes a 
cathode 56 inside the thruster which is electrically charged. 
Surrounding the cathode 56 along the inside wall of the 

The terms ''means for selectively supplying'' as used 
above and throughout this application include any type of 
suitable valves and conduits. Some embodiments may 
include filters and/or pumps. However, these supplying 
means are not limited to these examples or mere equivalents. 
They are to be construed broaclly to encompass any means 
capable of controllably transferring propellant from one 
place to another. 

,,., thruster 52 is an anode 58 with the opposite polarity of the .,_ 
cathode 56. The system includes means for supplying both 
liquid fuel 60 and a small amount of oxidizer 62 between the 
cathode 56 and anode 58 with tangential velocity around the 
cathode 56. The small amount of oxidizer is acldecl along 

40 with the fuel to produce a hydrogen rich plasma without the 
formation of solid graphitic carbon. One aclvantage of the present invention is the use of 

decomposing elements in both the ACS and axial thrusters. 
This increases the number of available fuels beyond the 
toxic fuels of the prior art. Another advantage of the present 
invention is that the same nontoxic propellant can be used as 45 
110th a monopropellant in the ACS thrusters and as a bipro­
pellant in the axial thrusters, thus eliminating the need for a 
thircl supply of propellant (separate supplies of monopro­
pellant a11d bipropella11t fuels plus a supply of an oxidizer). 

It should be understood that although in FIG. 1 only a 50 
limited number of ACS and axial thrusters are shown, in 
other embodiments of the invention difterent amounts, types 
and combinations of thrusters may be used. 

FIG. 4b schematically represents a cross sectional view of 
the ACS thruster 64 in this described embodiment. One 
advantage of the present configuration is that the tangential 
flow of the propellants from the oxiclizer input 65 and fuel 
input 67, will cause the discharge arc 69 between the anode 
66 and cathode 68 to sweep around the tip of the cathode 
rather than hanging up on one spot, overheating it, and 
sputtering material away. In alternate embodiments of the 
thruster, other configurations of a plasmatron can be used for 
decomposing the fuel to produce propellant gases. Ais with 
the fuel cell retormer represented in FIG. 3, any of the 
oxidizers listed above can be used in the present embodi­
ment. However, liquid oxygen is preferred to convert the 
carbon to carbon monoxide. 

One advantage of using a plasmatron in a thruster, is that 
it enables the use of a wide range of reduced toxicity fuels 
including: alcohols such as, but not limited to, methanol and 
ethanol; ethers such as, but not limited to, ethylene oxide; 
amines such as, but not limited to, methylamine and ethy­
lamine; nitroparaffins such as, but not limitecl to, 
nitromethane; saturated hydrocarbons such as, but not lim­
ited to, methane, ethane, pentane, and propane; unsaturated 
hydrocarbons such as, but not limited to, 1-pentene and 

In the preferred embodiment of the present invention, the 
decomposing of a reduced toxicity propellant is accom- 55 

plished with a catalytic decomposing element in the thrust­
ers. FIG. 2 schematically represents one embodiment of an 
ACS thruster 30 which includes a catalytic decomposing 
element 32 for breaking apart a large molecule (stored as a 
liquid) propellant into smaller molecules which form a 60 

propulsive gas. The system includes means for selectively 
supplying the propellant 34 into a porous catalyst bed 36 of 
the clecomposing element 32. In one embodiment of the 
thruster, the decomposing element also includes resistive 
heaters 38 which speecl up the decomposition reaction. 65 acetylene; ring compounds such as, but not limited to, JP-10 

and cyclopropane; and strained ring compounds such as 
quadricyclane. 

Nontoxic or reduced toxicity propellants for use with this 
embodiment of the propulsion system include: amines such 
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As discussecl above, the axial thruster is designed to be in 
8 

bon. In addition the system also includes means for selec­
tively supplying liquid oxiclizer 96 directly to the combus­
tion chamber 98 which is downstream of hot gases released 
from the fuel cell reformer 86. The resulting reactic)n 

a higher thrust class than an ACS thruster. Prior art systems 
achieve this higher performance by combining a toxic fuel 
such as hydrazine with an oxidizer such as nitrogen tetroxide 
in a combustion chamber. Because these chemicals are 
hypergolic they will spontaneously react with one another in 
the liquid state, thereby releasing energy to begin the com­
bustion process. The present invention improves over the 
prior art by allowing a reduced toxicity liquid fuel to be used 

5 between the oxidizer ancl hot gases initiates the combustion 

in place of the prior art toxic tuels. However, candidates for 10 

reduced toxicity liquid fuels such as methylamine are not 
hypergolic. Rather they must be decomposed into hot gases 
which will auto-ignite with an oxiclizer such as liquid 
oxygen. 

FIGS. 5-10 schematically represent embodiments of axial 15 

thrusters. The thrusters shown in FIGS. 5-7 designed for a 
smaller trust class could also be used as augmented AC~S 
thrusters. 

FIG. 5 schematically represents an axial or augmentecl 
ACS thruster 70 that has a catalytic decomposing element 72 20 

for decomposing a propellant into hot gases. The catalytic 
decomposing element 72 for this embodiment includes a 
porous catalyst bed 80 for receiving a propellant and may 
include resistive heaters 82 for speeding up the decompo­
sition reaction. This embodiment also includes means for 25 

selectively supplying a first propellant 74 to the decompos­
ing element 72 and means for selectively supplying a second 
propellant 78 directly to the combustion chamber 76 of the 
axial thruster 70. 

In this embodiment, the propellant supplied by the first 
30 

supplying means 74 can include nontoxic or reduced toxicity 
fuels including: amines such as, but not limited to, methy­
lamine; nitroparaffins such as, but not limited to, 
nitromethane; alcohols such as, but not limitecl to, methanol; ,., 
and ethers such as, but not limited to, ethylene oxide. The .,_ 
propellant supplied by the second supplying means 78 can 
be an oxidizer such as nitrogen tetroxide, liquid oxygen, 
oxygen difluoride, and hydrogen peroxide. 

In an alternate form of this invention the oxidizer hydro- 40 
gen peroxide is supplied by the first supplying means 74 to 
the catalytic decomposing element 72 and the reduced 
toxicity tuel is directly supplied by the second supplying 
means 78 to the combustion chamber 76. Thus, the oxidizer 
hydrogen peroxide is decomposed into a hot oxygen rich gas 45 
ready for reaction with the reduced toxicity liquid fuel in the 
combustion chamber. 

This embodiment of the axial or augmentecl ACS thruster 
has a larger set of reduced toxicity fuels available for use as 
a propellant including: alcohols such as, but not limited to, 50 

methanol and ethanol; ethers such as, but not limited to, 
ethylene oxicle; amines such as, but not limited to, methy­
lamine and ethylamine; nitroparaffins such as, but not lim­
itecl to, nitromethane; saturated hyclrocarbons such as, but 
not limited to, methane, ethane, pentane, and propane; 55 

unsaturated hydrocarbons such as, but not limited to, 
1-pentene and acetylene; ring compounds such as, but not 
limited to, JP-1() and cyclopropane; and strained ring com­
pounds such as quaclricyclane. 

FIG. 6 schematically represents an alternate embodiment 60 

of the axial or augmented ACS thruster 84 wherein the 
decomposing element is a fuel cell reformer 86. The fuel cell 
reformer in this embodiment includes a porous catalyst bed 
88 with resistive heaters 90. The system includes means for 
selectively supplying a small amount of an oxidizer 94 to the 65 

porous catalyst bed 88 for reforming the liquid fuel into hot 
hydrogen gas without the formation of solid graphitic car-

process. 

Oxidizers such as nitrogen tetroxide, liquid oxygen, 
hydrogen peroxide, and oxygen difluoride can be used in this 
embodiment; however, liquid c)xygen is the preferred oxi­
dizer in order to convert the carbon to carbon monoxide gas. 
The preferred fuels for this embocliment include: alcohols 
such as, but not limited to, methanol and ethanol; ethers such 
as, but not limited to, ethylene oxide; ancl sat11rated hyclro­
carbons such as, but not limited to, methane, ethane, 
pentane, and propane. 

FIG. 7 schematically represents another embodiment of 
the axial or augmented ACS thruster 100 that includes a 
plasmatron 102 for decomposing fuel. In this embodiment 
the plasmatron includes a cathode 104 insicle the thruster 
which is electrically chargecl. Surrouncling the cathode 104 
forming the inside wall of the thruster 100 is the anode 106 
with the opposite polarity of the cathode 104. The system 
includes means for supplying both liquid fuel 108 and means 
for supplying a small amount of oxidizer 110 between the 
cathode 104 and anode 106 with tangential velocity around 
the cathode 104. A small amount of oxidizer is adcled along 
with the fuel to produce a hydrogen rich plasma without the 
formation of solid graphitic carbon. 

As stated above for the ACS thruster in FIG. 5, one 
advantage of the present configuration is that the tangential 
flow of the propellants will cause the discharge arc between 
the anode 106 and cathode 104 to sweep around the tip of the 
cathode 104 rather than hanging up on one spot, overheating 
it, and sputtering material away. 

This embodiment of the axial or augmented ACS thruster 
includes means for selectively supplying liquid oxidizer 112 
directly to the combustion chamber 113 of the thruster 
downstream of the hot gases formed by the plasmatron 102. 
The oxidizer and hot gases auto-ignite and initiate the 
combustion process. 

For this embodiment oxidizers such as nitrogen tetroxide, 
liquid oxygen, hydrogen peroxide and oxygen difluoride can 
be used. However, liquid oxygen is preferred to convert the 
carbon to carbon monoxide. Reduced toxicity fuels for use 
with this embodiment include: alcohols such as, but not 
limited to, methanol and ethanol; ethers such as, but not 
limited to, ethylene oxide; amines such as, but not limited to, 
methylamine and ethylamine; nitroparaffins such as, but not 
limited to, nitromethane; saturated hydrocarbons such as, 
but not limited to, methane, ethane, pentane, and propane; 
unsaturated hyclrocarbons such as, but not limited to, 
1-pentene and acetylene; ring compounds such as, but not 
limited to, JP-10 and cyclopropane; ancl strained ring com­
pounds such as quadricyclane. 

In the above embodiments of the axial or augmented ACS 
thrusters, the decomposing element continues to decompose 
propellant into hot gases while the thruster is operating. 
However, in an alternate form of the axial thruster the 
decomposing element could be used as an ignition device 
which starts the combustion reaction between a reduced 
toxicity fuel and an oxidizer. Once the combustion process 
is started, the decomposing element may be deactivated. 
FIG. 8 schematically represents an axial thruster 114 with a 
catalytic decomposing element 116 for decomposing a pro­
pellant into hot gases 122. This embodiment includes both 
means for selectively supplying a reduced toxicity liquid 
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fuel 124 ancl means for selectively supplying a liquid 
oxidizer 126 to the combustion chamber 120 of the axial 
thruster. The combustion process initiates the reaction 
between the hc)t gases 122 and the liquid propellants injected 
into the combustion chaml1er 120. Once coml1ustion has 
begun the reaction between the injected oxidizer and 
reduced toxicity fuel will continue without the need tor hot 
gases from the catalytic decomposing element 116. Thus, the 
catalytic decomposing element 116 can be turned off after 
ignition of the thruster. 

When nitrogen tetroxide, liquid oxygen, or oxygen dif­
luoride is used as an oxidizer in this embodiment, the 
redltced toxicity fiiels that can be ltsed include: amines such 
as, but not limited to, methylamine; nitroparaffins such as, 
but not limitecl to nitromethane; alcohols such as, but not 
limited to, methanol; and ethers such as, but not limited to, 
ethylene oxide. 'I'hese same fuels can also be used as the 
propellant that is decomposed by the catalytic decomposing 
element into hot gases. 

In embodiments of this axial thruster where hydrogen 
peroxide is used as the oxidizer, a larger set of reduced 
toxicity fuels can include: alcohols such as, but not limited 
to, methanol and ethanol; ethers such as, but not limited to, 
ethylene oxide; amines such as, but not limited to, methy­
lamine and ethylamine; nitroparaffins such as, but not lim­
ited to, nitromethane; saturated hydrocarbons such as, but 
not limited to, methane, ethane, pentane, and propane; 
unsaturated hydrocarbons such as, but not limited to, 
1-pentene and acetylene; ring compounds such as, but not 
limited to, JP-10 and cyclopropane; and strained ring com­
pounds such as quadricyclane. In this embodiment hydrogen 
peroxide is usecl as the propellant that is decomposecl by the 
catalytic clecomposing element into hot gases. 

FIG. 9 schematically represents an alternative embodi­
ment of an axial thruster 128 with a fuel cell reformer 130 
that is used to initiate the combustion process ancl that can 
be turned off once the combustion process between the 
reducecl toxicity fuel and oxidizer is under way. The same 
propellant listed above for embodiments with tuel cell 
reformers can be ltsed in this embodiment including: alco­
hols such as, but not limited to, methanol and ethanol; ethers 
such as, but not limited to, ethylene oxide; and saturated 
hydrocarbons such as, but not limited to, methane, ethane, 
pentane, and propane. Oxidizers for this embodiment 
include: nitrogen tetroxide, liquid oxygen, hydrogen 
peroxide, and oxygen difluoride. 

FIG. 10 schematically represents an alternative embodi­
ment of an axial thruster 140 with a plasmatron 142 that is 
used to initiate the combustion process and that can be 
turned off once the combustion process between the recluced 
toxicity fuel and oxidizer is underway. The same propellants 
listed above for embodiments with plasmatrons can be usecl 
in this embodiment including: alcohols such. as, but not 
limited to, methanol and ethanol; ethers such as, but not 
limited to, ethylene oxide; amines such as, but not limited to, 
methylamine and ethylamine; nitroparaffins such as, but not 
limited to, nitromethane; saturated hyclrocarbons such as, 
but not limited to, methane, ethane, pentane, and propane; 
unsaturated hydrocarbons such as, but not limited to, 
1-pentene ancl acetylene; ring compounds such as, but not 
limited to, JP-10 and cyclopropane; ancl strained ring com­
poltnds such as quadricyclane. Oxidizers for this embodi­
ment inclucle: nitrogen tetroxide, liquid oxygen, hydrogen 
peroxide, and oxygen difluoride. 

One aclvantage of the present invention is that the same 
reduced toxicity fuels and oxidizers can be used in both the 

10 
ACS and axial thrusters. Thus, just as with some prior art 
toxic fuels only two supplies of propellants are required. 
FIG. 1 schematically represents this clual-mode propulsion 
system with ACS thruster 30 lil<:e that shown in FIG. 2 and 

5 axial thruster 70 like that shown in FIG. 5. Ho\vever, with 
different embodiments of thrusters as descril1ed al1ove, alter­
nate embodiments of this dual-mode system exist. FIG. 11 
schematically represents a reduced toxicity fuel dual-mode 
satellite propulsion system, where the axial thruster 114 is 

10 representative of an axial thruster like that shown in FIG. 8. 
Also, the ACS thruster 30 is representative of an ACS 
thruster like that shown in FIG. 2. In this embocliment there 
are means 34 for selectively supplying reduced toxicity fuel 
150 to the ACS thruster 30, means 118 for selectively 

15 supplying reduced toxicity fuel to the decomposing element 
116 used for ignition of the axial thruster 114, and means 124 
for selectively supplying reduced toxicity fuel clirectly to to 
the combustion chamber 120 of the axial thruster. The 
system also includes means for supplying 126 liquid oxygen 
164 to the combustion chamber 120 of the axial thruster. 20 

FIG. 12a schematically represents a reduced toxicity fuel 
dual-mode satellite propulsion system using tuel cell 
reformers. The axial thruster is representative of an axial 
thruster 84 like that shown in FIG. 6 and the ACS thruster 

25 is representative of the ACS thruster 40 like that shown in 
FIG. 3. Here, there are means 48 for selectively supplying 
reduced toxicity fuel 150 to the fuel cell reformer 42 of the 
ACS thruster 40, and means 92 for selectively supplying 
reduced toxicity fuel to the fuel cell ref armer 86 of the axial 

30 thruster 84. The system also includes means 50 for selec­
tively supplying an oxidizer 164 to the fuel cell 42 of the 
ACS thruster 40 and means 94 for selectively supplying 
oxidizer 164 to the fuel cell 86 of the axial thruster 84. In 
addition the system of this embodiment also includes means 

35 96 tor selectively supplying oxidizer 164 to the combustion 
chamber 98 of the axial thruster. 

FIG. 12b is a variation of the reduced toxicity fuel, 
dual-mode satellite propulsion system of FIG. 12a where a 
plasmatron fuel reformer is used. Here the axial thruster is 

40 representative of an axial thruster 100 like that shown in 
FIG. 7 and the ACS tl1ruster is represer1tative of the ACS 
thruster 52 like that shown in FIG. 4a. Here, there are means 
60 for selectively supplying reduced toxicity fuel 150 to the 
plasmatron fuel reformer 54 of the ACS thruster 52, and 

45 means 108 for selectively Sllpplying reduced toxicity tuel to 
the plasmatron fuel reformer 102 of the axial thruster 100. 
The system also includes means 62 for selectively supplying 
an oxidizer 164 to the plasmatron fuel reformer 54 of the 
ACS thruster 52 and means 110 for selectively supplying 

50 oxidizer 164 to the plasmatron fuel reformer 102 of the axial 
thruster 100. In addition the system of this embodiment also 
includes means 112 for selectively supplying oxidizer 164 to 
the combustion chamber 113 of the axial thruster. 

FIG. 13 is an alternate embodiment that schematically 
55 represents a reduced toxicity fuel dual-mode satellite pro­

pulsion system that uses hydrogen peroxide as an oxidizer. 
In this embodiment the axial thruster 70 is representative of 
an axial thruster like that shown in FIG. 5. Also, the ACS 
thruster 30 is representative of an ACS thruster like that 

60 shown in FIG. 2. In this embocliment there are means 34 for 
selectively supplying a reduced toxicity fuel 150 to the 
catalytic decomposing element 32 of the ACS thruster 30, 
and means 74 for selectively supplying reduced toxicity fuel 
150 directly to the combustion chaml1er 76 of the axial 

65 thruster 70. The system also includes means 78 for selec­
tively supplying the oxidizer hyclrogen peroxide 166 to the 
catalytic decomposing element 72 of the axial thruster 70. 
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FIG. 14 is a variation of the reducecl toxicity fuel clual­
mode satellite propulsion system of FIG. 13. Here the 
hydrogen peroxide 166 is used as a monopropellant in the 
ACS thruster 30 rather than the reduceci toxicity fuel 150. 
The supplying means 168 supplies the catalytic decompos- 5 

ing element 32 of the ACS thruster 30 with hydrogen 
peroxide 166, which is decomposed into propellant gases. 

12 
tively suppliecl to the catalytic decomposing elements 232 
ancl 242 and the reducecl toxicity fuel 150 is selectively 
supplied to the combustion chambers 236 and 246. 

F'IG. 19 is a variation of the reduced toxicity tuel, dual­
mode satellite propulsion system of FIG. 13. Here the 
augmented ACS thruster 250 and axial thruster 260 are 
representative of the thruster shown in FIG. 5. The aug­
mented ACS thruster is similar to the axial thruster but in a 
lower thrust class. Here hydrogen peroxide 166 is selec-

FIG. 15a is a variation of the reduced toxicity fuel 
dual-mode satellite prclpulsion system of FIG. 12a. Here the 
fuel cell reformer is used and the axial thruster is represen­
tative of the axial thruster 128 like that shown in FIG. 9. In 
this embodiment, there are both means 132 for selectively 
supplying reduced toxicity fl1el 150 and means 134 for 
selectively supplying an oxiclizer 164 to the fuel cell 
reformer 130 used for ignition of the axial thruster. There are 
also both means 136 for selectively supplying reduced 
toxicity fuel 150 and means 138 for selectively supplying an 
oxidizer 164 to the combustion chamber 131 of the axial 
thruster. 

10 tively suppliecl to the combustion chaml1er 256 of the 
augmented ACS thruster 250 ancl is selectively supplied to 
the decomposing element 262 of the axial thruster 260. The 
redl1ced toxicity fi1el 150 is selectively supplied to the 
decomposed element 252 of the augmentecl ACS thruster 

15 200 and to the combustion chamber 266 of the axial thruster 
260. 

FIG. 15b is a variation of the reduced toxicity fuel, 
dual-mode satellite propulsion system of FIG. 12b. Here the 
plasmatron fuel reformer is used and the axial thruster is 
representative of the axial thruster 140 like that shown in 
FIG. 10. In this embodiment, there are both means 144 for 
selectively supplying reduced toxicity fuel 150 and means 25 

146 for selectively supplying an oxidizer 164 to the plas­
matron fuel reformer 142 used for ignition of the axial 
thruster. There are also both means 147 for selectively 
supplying reduced toxicity fuel 150 and means 148 for 
selectively supplying an oxidizer 164 to the combustion 30 

chamber 149 of the axial thruster. 

FIG. 20 is a variation of the reduced toxicity fuel, dual­
mode satellite propulsion system of FIG. 11. Here the 
augmentecl ACS thruster 270 is similar to the thruster shown 

20 in FIG. 5. Oxiclizer 164 is selectively suppliecl to the 
combustion chamber 276 of the augmented ACS thruster 
270. Reduced toxicity fuel is selectively supplied to the 
decomposing element 272 of the augmented ACS thruster 
270. 

FIG. 16 is a variation of the reduced toxicity fuel, dual­
mode satellite propulsion system of FIG.1. Thrusters similar 
to FIG. 5 are used as both an augmentecl ACS thruster 170 ,., 
and an axial thruster 180. The augmented ACS thruster is in .,_ 
a lower thrust class than the axial thruster. In this 

FIG. 21a is a variation of the reduced toxicity fuel, 
dual-mode satellite propulsion system of FIG. 15a. Here the 
augmented ACS thruster 84 is similar to the thruster shown 
in FIG. 6. 

FIG. 21b is a variation of the reduced toxicity fuel, 
dual-mocle satellite propulsion system of FIG. 15b. Here the 
augmented ACS thruster 100 is similar to the thruster shown 
in FIG. 7. 

The dual-mode propulsion systems depicted by FIGS. 1 
and 11-21 are representative of some of the eml1odiments of 
the reduced toxicity thrusters of the present invention. Other 
combinations of the reduced toxicity fuel thrusters described 
al1ove are also encompassed by the present invention. 

The exemplary embodiments of the reduced tclxicity tuel 

embodiment, there are both means 174 for selectively sup­
plying the reduced toxicity fuel 150 to the decomposing 
element 172 of the augmentecl ACS thruster and means 184 
for selectively supplying the reduced toxicity fuel 150 to the 
decomposing element 182 of the axial thruster. There are 
also both means 178 for selectively supplying the oxidizer 
164 directly to the combustion chamber 176 of the aug­
mented ACS thruster ancl means 188 for selectively supply­
ing the oxidizer 164 directly to the combustion chamber 186 
of the axial thruster. 

40 satellite propulsion system described herein have been 
described with reference to particular nontoxic propellants 
and decomposing elements. Other embodiments of the 
invention may include other or different nontoxic propel­
lants and decomposing elements which provide similar 

45 performance characteristics. 

FIG. 17a is a variation of the reduced toxicity fuel, 
dual-1node satellite propulsio11 syste111 of FIG. 16. Here tl1e 
fuel cell reformers 192 and 202 are usecl in the augmented 
ACS thruster 190 and the axial thruster 200 which are 
representative of the thruster shown in FIG. 6. The ACS 
thruster is similar to the axial thruster, but in a lower thrust 
class. 

Thus the reduced toxicity tuel satellite propulsion system 
of the present invention achieves the above state objectives, 
eliminates difficl1lties encountered in the ltse of prior devices 
and systems, solves problems and attains the desirecl results 

50 described herein. 

FIG. 17b is a variation of the reduced toxicity fuel, 
dual-mode satellite propulsion system of FIG. 17a. Here 
plasmatron fuel reformers 212 and 222 are used in the 
augmented ACS thruster 210 and the axial thruster 220 
which are representative of the thruster shown in FIG. 7. The 
ACS thruster is similar to the axial thruster, but in a lower 60 

thrust class. 

In the foregoing description certain terms have been used 
for brevity, clarity and understanding. However, no unnec­
essary limitations are to be implied therefrom because such 

~., terms are for descriptive purposes and are intended to be ~-
broadly construed. Moreover the descriptions ancl illustra-

FIG. 18 is a variation of the reduced toxicity fuel, dual­
mode satellite propulsion system of FIG. 14. Here the 
augmented ACS thruster 230 and axial thruster 240 are 
representative of the thruster shown in FIG. 5. The aug- 65 

mented ACS thruster is similar to the axial thruster, but in a 
lower thrust class. Here hydrogen peroxide 166 is selec-

tions herein are by way of examples and the invention is not 
limited to the details shown and described. 

In the following claims any feature described as means for 
performing a function shall be construed as encompassing 
any means capable of performing the recited function and 
shall not be deemed limited to the particular means shown 
in the foregoing description or mere equivalents thereof. 

Having described the features, discoveries and principles 
of the invention, the manner in which it is constructed and 
operated and the advantages and useful results attained; the 
new and usetul structures, devices, elements, arrangements, 
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parts, combinations, systems, equipment, operations, 
methods, processes ancl relationships are set forth in the 
appended claims. 

I claim: 
1. A reduced toxicity fuel satellite propulsion system s 

• • compr1s1ng: 

a first reduced toxicity propellant supply; 

a second propellant supply; 

an axial thruster, wherein the axial thruster includes an 10 
axial decomposing element and a combustion chamber, 
wherein the axial decomposing element is operative to 
decompose the first propellant into a hot gas, and 
wherein the decomposing element is operative to out­
put the hot gas into the combustion chamber; 

15 
an altitude control system (ACS) thruster, wherein the 

ACS thruster includes an ACS decomposing element, 

14 
wherein the ACS clecomposing element is operative to 
decompose the second propellant; 

means for selectively supplying the first propellant to the 

axial decomposing element; 

means for selectively supplying the second propellant to 

the combustion chamber of the axial thruster, whereby 

the second propellant and the hot gases auto-ignite and 

produce thrust for maneuvering the satellite; and 

means for selectively supplying the first propellant to the 

ACS clecomposing element, whereby the first propel­

lant is decomposed into a propulsive gas and thrust for 

stationkeeping is produced. 

* * * * * 


