Attachment A1 - Specification for 5,500 +/- 100lbf (vac) engine 



1. Technical Rational
1.1. This engine technology development is referenced to the engine system requirements of a lunar ascent stage. The engine will power the lunar ascent stage from the lunar surface to lunar low orbit.

1.2. Based on the on-going lunar mission architecture study, there would be two mission features: super sortie mode and lunar surface outpost. The maximum mission duration is up to 19 days in space plus 210 days on the lunar polar surface.

1.3. The engine is expected to provide 5500 +/- 100 lbf of vacuum thrust. The engine thrust level is based on the on-going lunar lander study. As the lander design matures, the thrust could change by as much as +/- 1000 lbf. 

1.4. A normal function of the engine is to perform a single long-duration burn of approximately 450 seconds. It is also possible that an additional orbital maneuvering burn, with a maximum duration of 100 seconds will be performed. Hence, the engine mission life will be a maximum of 550 seconds.

1.5. The engine should be capable of running until propellant depletion, nominal fuel-rich shut down. The engine design should protect from an off-nominal oxidizer-rich shut down.  

1.6. The propellant condition ranges listed Table 1 are based on preliminary thermal analysis. It is anticipated that the engine will need to provide nominal performance during the ascent burn with transitions in inlet conditions due to the engine system/feed line chill-in during the ascent burn, but still within the temperature and pressure ranges stated in Table 1. 
Table 1: Propellant Conditions at Engine Inlet

	Propellant
	Temperature (Rankine)
	Pressure (psia)

	
	Maximum
	Standard
	Minimum
	Maximum
	Standard
	Minimum

	Oxygen
	224
	185
	163
	375
	325
	275

	Methane
	224
	185
	170
	375
	325
	275


1.7. During a lunar descent abort maneuver, if required, the ascent engine will have to provide positive separation of the ascent module from the descent module. A rapid engine ramp-up time, from receipt of Engine On command to the achievement of adequate abort thrust within 500 milliseconds will be required to cover the allocated abort function of the Lunar Lander Module.  A goal of 90% of full thrust within 500 milliseconds is to be evaluated. 

1.8. The lunar ascent engine is not expected to be gimbaled, but if it were the gimbal axis would be at the throat to minimize engine length. 

2. Workhorse Engine
2.1. Engine Performance
The engine design, as a minimum, shall meet all the following specifications.

2.1.1. Steady state engine performance, as well as engine transient characterizations, shall be assessed and reported at the standard propellant conditions, shown in Table 1, with vacuum conditions. The steady state conditions are defined as the conditions of which primary parameters, such as chamber pressure, thrust, propellant inlet conditions, approach constant values or well-characterized rate at thermal equilibrium conditions.

2.1.2. The engine shall provide a nominal vacuum thrust of 5500 lbf within +/- 100 lbf over the initial engine burn of 450 seconds. 

2.1.3. The engine shall provide a minimum vacuum specific impulse (Isp) of 355 seconds throughout the initial engine burn of 450 seconds and a minimum Isp of 335 seconds on the additional burn with a maximum duration of 100 seconds.
2.1.4. The engine power head and thrust chamber assembly shall be designed with the temperature of the engine external surfaces less than 660 Rankine. Insulation and thermal insulators may be used to help satisfy this requirement.
2.1.5. The engine shall demonstrate dynamically stable combustion when operated within the defined inlet conditions indicated Table 1. Any exceptions to Table 1 shall be justified.

As a goal, the design will meet all the following engine performance:   

2.1.6. The engine should achieve 90% of full power level within 500 milliseconds of the receipt of the Engine ON command. The rapid engine startup is required for the lunar descent abort function.

2.1.7. The engine should achieve 1% of full power level within 1 second of receipt of the Engine OFF command.

2.1.8. The engine should be designed to run to oxidizer propellant depletion without catastrophic damage to the engine. In this situation, the engine would not be expected to start again.

2.1.9. The engine should be designed for nominal operations during the lunar ascent phase, as well as for lunar descent abort operations at anytime during the lunar descent phase.

2.1.10. The external and internal leakages of propellants should not exceeded 10-2 SCIPM (Standard Cubic Inches Per Minute) and 10 SCIPM, respectively, when tested with helium at cryogenic temperatures.
2.2. Engine System Interfaces

2.2.1. Propellant conditions at the engine interface are as follows.

2.2.1.1. The engine shall be designed to operate over a range (from maximum to minimum values of pressure) of the propellant inlet conditions specified in Table 1. The engine inlet is defined as the entrance into main engine propellant valves and the entrance into the igniter (if the igniter propellant circuit is not downstream of the main valves.)

2.2.1.1.1. Maximum oxygen inlet pressure: 375 psia

2.2.1.1.2. Standard oxygen inlet pressure: 325 psia

2.2.1.1.3. Minimum oxygen inlet pressure: 275 psia

2.2.1.1.4. Maximum methane inlet pressure: 375 psia

2.2.1.1.5. Standard methane inlet pressure: 325 psia

2.2.1.1.6. Minimum methane inlet pressure: 275 psia

2.2.1.2. The engine should be designed to run with propellants inlet temperatures that change from the maximum temperature to the minimum temperature. This requirement covers a propellant feed system that has warm propellants, but will also transition to heavily sub-cooled propellant from the propellant tanks, all within the same burn.

2.2.1.2.1. Maximum oxygen inlet temperature: 224 Rankine

2.2.1.2.2. Standard oxygen inlet temperature: 185 Rankine

2.2.1.2.3. Minimum oxygen inlet temperature: 163 Rankine

2.2.1.2.4. Maximum methane inlet temperature: 224 Rankine

2.2.1.2.5. Standard methane inlet temperature: 185 Rankine

2.2.1.2.6. Minimum methane inlet temperature: 170 Rankine
2.2.1.3. The engine should be designed to withstand a maximum surge pressure of 1000 psia at the engine inlet without damage to the engine.
2.2.2.   Power Supply Interfaces

The engine should be designed to operate with the following power input

2.2.2.1. Voltage: 28 +/- 4 vdc

2.2.2.2. Component current: 5A (max), per component.

2.2.2.3. Total current: 20A (max), peak load for engine

2.3. Engine Life:

2.3.1. The flight engine shall be designed for a minimum of 2 vacuum starts. Design life shall be 4 vacuum starts. For the workhorse engine development, the workhorse engine shall be designed for a minimum of 30 engine starts. Engine spare parts may be considered for meeting this requirement.   

2.3.2. The flight engine shall be designed to operate for a total burn time of 825 seconds.  This burn-time is the nominal 550 seconds with a 1.5 factor. For the workhorse engine development, the workhorse engine shall be designed for a minimum burn time of 2500 seconds. Engine spare parts may be considered for meeting this requirement.   

2.3.3. The engine shall be designed to operate for a continuous burn time of 825 seconds without catastrophic failure.  This continuous burn time assumes that all of the life of the engine can be used in one single burn.

2.3.4. The engine should be designed for 229 day mission life. This mission life includes 19 days in space transient and Low Earth Orbit and 210 days on the lunar polar surface.

2.3.5. The engine should be designed to survive in the lunar environment, such as in close proximity to the lunar regolith.

2.4. Mechanical Features and Associated Design Parameters:

2.4.1. The engine system shall be comprised of the following components, or sub-systems, as a minimum.

2.4.1.1. Injector

2.4.1.2. Ignition system 

2.4.1.3. Combustion chamber

2.4.1.4. Nozzle

2.4.1.5. Main propellant valves

2.4.2. The envelope of the engine should not exceed the following:

2.4.2.1. Length: 6 feet and 2 inches.

2.4.2.2. Diameter: 3 feet and 11 inches.

2.4.3. The engine shall be designed to NASA Technical Standard described in NASA-STD-5012, “Strength and Life Assessment Requirements for Liquid Fueled Space Propulsion System Engines.” For the workhorse engine, the following exceptions shall be applied in the design.

2.4.3.1. The low-cycle-fatigue analysis of the workhorse engine shall demonstrate a minimum calculated life of 10 times of the engine development life. Engine spare parts may be considered in the analysis for meeting this requirement.  

2.4.3.2. The structural factors of safety shall be:

Yield:

1.25

Ultimate:
1.50



3. Conceptual Engine
3.1. Engine Performance
The engine design, as a minimum, shall meet all the following specifications.

3.1.1. Steady state engine performance, as well as engine transient characterizations, shall be assessed and reported at the standard propellant conditions, shown in Table 1, with vacuum conditions. The steady state conditions are defined as the conditions of which primary parameters, such as chamber pressure, thrust, propellant inlet conditions, approach constant values or well-characterized rate at thermal equilibrium conditions.

3.1.2. The engine shall provide a nominal vacuum thrust of 5500 lbf within +/- 100 lbf over the initial engine burn of 450 seconds. 

3.1.3. The engine shall provide a minimum vacuum specific impulse (Isp) of 355 seconds throughout the initial engine burn of 450 seconds and a minimum Isp of 335 seconds on the additional burn with a maximum duration of 100 seconds.
3.1.4. The engine power head and thrust chamber assembly shall be designed with the temperature of the engine external surfaces less than 660 Rankine. Insulation and thermal insulators may be used to help satisfy this requirement.
3.1.5. The engine shall be designed to be dynamically stable during combustion when operated within the defined inlet conditions indicated Table 1. Any exceptions shall be justified.

3.1.6. The engine shall achieve 90% of full power level within 500 milliseconds of the receipt of the Engine ON command. The rapid engine startup is required for the lunar descent abort function.

3.1.7. The engine shall achieve 1% of full power level within 1 second of receipt of the Engine OFF command.

3.1.8. The engine shall be designed to run to oxidizer propellant depletion without catastrophic damage to the engine. In this situation, the engine would not be expected to start again.

3.1.9. The engine shall be designed for nominal operations during the lunar ascent phase, as well as for lunar descent abort operations at anytime during the lunar descent phase.

3.1.10. The external and internal leakages of propellants shall not exceeded 10-2 SCIPM (Standard Cubic Inches Per Minute) and 10 SCIPM, respectively, when tested with helium at cryogenic temperatures.
3.2. Engine System Interfaces

3.2.1. Propellant conditions at the engine interface are as follows.

3.2.1.1. The engine shall be designed to operate over a range (from maximum to minimum values of pressure) of the propellant inlet conditions specified in Table 1. The engine inlet is defined as the entrance into main engine propellant valves and the entrance into the igniter (if the igniter propellant circuit is not downstream of the main valves.)

3.2.1.1.1. Maximum oxygen inlet pressure: 375 psia

3.2.1.1.2. Standard oxygen inlet pressure: 325 psia

3.2.1.1.3. Minimum oxygen inlet pressure: 275 psia

3.2.1.1.4. Maximum methane inlet pressure: 375 psia

3.2.1.1.5. Standard methane inlet pressure: 325 psia

3.2.1.1.6. Minimum methane inlet pressure: 275 psia

3.2.1.2. The engine shall be designed to run with propellants inlet temperatures that change from the maximum temperature to the minimum temperature. This requirement covers a propellant feed system that has warm propellants, but will also transient to heavily sub-cooled propellant from the propellant tanks, all within the same burn.

3.2.1.2.1. Maximum oxygen inlet temperature: 224 Rankine

3.2.1.2.2. Standard oxygen inlet temperature: 185 Rankine

3.2.1.2.3. Minimum oxygen inlet temperature: 163 Rankine

3.2.1.2.4. Maximum methane inlet temperature: 224 Rankine

3.2.1.2.5. Standard methane inlet temperature: 185 Rankine

3.2.1.2.6. Minimum methane inlet temperature: 170 Rankine
3.2.1.3. The engine shall be designed to withstand a maximum surge pressure of 1000 psia at the engine inlet without damage to the engine.
3.2.2.   Power Supply Interfaces

The engine shall be designed to operate with the following power input

3.2.2.1. Voltage: 28 +/- 4 vdc

3.2.2.2. Component current: 5A (max), per component.

3.2.2.3. Total current: 20A (max), peak load for engine

3.3. Engine Life:

3.3.1. The engine shall be designed for a minimum of 2 vacuum starts. Design life shall be 4 vacuum starts.

3.3.2. The engine shall be designed to operate for a total burn time of 825 seconds.  This burn-time is the nominal 550 seconds with a 1.5 factor.

3.3.3. The engine shall be designed to operate for a continuous burn time of 825 seconds without catastrophic failure.  This continuous burn time assumes that all of the life of the engine can be used in one single burn.

3.3.4. The engine shall be designed for 229 day mission life. This mission life includes 19 days in space transient and Low Earth Orbit and 210 days on the lunar polar surface.

3.3.5. The engine shall be designed to survive in the lunar environment, such as in close proximity to the lunar regolith.

3.4. Mechanical Features and Associated Design Parameters:

3.4.1. The engine system shall be comprised of the following components, or sub-systems, as a minimum.

3.4.1.1. Injector

3.4.1.2. Ignition system 

3.4.1.3. Combustion chamber

3.4.1.4. Nozzle

3.4.1.5. Main propellant valves

3.4.2. The envelope of the engine shall not exceed the following:

3.4.2.1. Length: 6 feet and 2 inches.

3.4.2.2. Diameter: 3 feet and 11 inches.

3.4.3. The engine shall be designed for a thrust-to-engine weight ratio of no less than 20. 

3.4.4. The engine shall be designed to NASA Technical Standard described in NASA-STD-5012, “Strength and Life Assessment Requirements for Liquid Fueled Space Propulsion System Engines.” 

�they may need to be updated later.





