
Propulsion and Cryogenic Advanced Development

Reaction Control Engine Thrust Measurement Stand
Supporting NASA’s Exploration Technology Development Program

Background:
The Propulsion and Cryogenic Advanced Development (PCAD) Project’s primary objective is to develop propulsion system technologies for non-toxic or “green” propellants.  Implementation of green propellants in high performance propulsion systems offers NASA an opportunity to deviate from the hypergolic propellant option. The PCAD Project is emphasizing efforts in reaction control system (RCS) engine designs, ascent main engines (AME) for lunar missions, and descent main engine (DME) for lunar missions.   PCAD has developed the following specific objectives:
· Perform cryogenic and non-cryogenic RCS design, ignition testing, and performance testing

· Perform cryogenic ascent main engine design, ignition testing, and performance testing

· Perform cryogenic descent main engine design and performance testing

The RCS engine development task has focused on the use of liquid oxygen and liquid methane as a non-toxic propellant choice.  The RCS engines are nominally designed to produce 100 lbf with a specific impulse of at least 320 seconds.  The engine is expected to operate at cryogenic conditions, typically below -160 °F.  The engine pulse duration will range 0.080 to 120 seconds  with duty cycles ranging from 0.1% to 100%.  
To achieve the objective of evaluating RCS performance, an accurate means of measuring thrust during pulsed operation was identified as a requirement.  Currently available stands at NASA Glenn Research Center are designed to measure thrust during steady state operation and lack the capability of accurately measuring thrust during short duration (less than 1.0 second) engine pulses.  In addition, these stands are currently sized for much larger thrust-class engines.  These limitations prevent an accurate assessment of the engine performance during a pulsed mode of operation.  
Specifications:
The RCS thruster that will be used during initial testing is shown in Figures 1 and 2.  A typical pulse profile with this engine is shown in Figure 3.  This plot illustrates the thrust and pressure response of the engine as measured on an existing thrust measurement stand at the engine vendor’s test facility.  Figure 4 shows the mounting plate that will be used install the engine onto the thrust stand.  The dimensions of the outer bolt ring will be the thrust stand interface point, while the inner bolt ring will be the engine interface point.  The thrust stand interface should only conform to the outer bolt ring dimension but will be defined by the vendor.
This solicitation is seeking to obtain a thrust measurement stand capable of providing high fidelity thrust measurements during typical RCS engine operation.  The instrumentation shall be compatible with existing NASA data acquisition interfaces.  Exceptions shall be approved by NASA prior to implementation.  The thrust stand shall allow automated, remote, in-situ calibration of the measurement instrumentation.  The thrust stand shall be capable of operation in ambient conditions as well as low background pressure environments (less than 0.2 psia).  
Specifications:
	Description
	Axial Thrust Measurement Stand

	
	

	Fluid Compatibility
	Liquid Methane (LCH4) per MIL-PRF-32207 Grade B
Liquid Oxygen (LOX) per MIL-PRF-25508G Grade A

Gaseous Helium per MIL-PRF-27407C Grade A

Liquid Nitrogen per MIL-PRF-27401F Grade A
Isopropyl alcohol per TT-I-735

Deionized water

	
	

	Expected Thrust Measurement Range
	20 to 200 lbf

	Modes of Operation
	Sea level (ambient), vacuum

	Engine Firing Orientation
	Horizontal

	Maximum Firing Time
	120 seconds

	Minimum Firing Time
	0.080 seconds

	Maximum Stand Settling Time
	<0.040 seconds

	Minimum Thrust Measurement Response Frequency
	100 Hz

	Maximum Thrust Measurement Response Frequency
	200,000 Hz

	Allowable Measurement Error
	<0.1%

	Minimum Overload Capability
	150%

	
	

	Ambient Temperature Range
	-5 to 95 ˚F

	Working Fluid Temperature Range
	-300 to 70 ˚F

	Engine Temperature Range
	-210 to 2500 ˚F

	Propellant Inlet Pressure Range
	250 to 425 psia

	
	

	Engine Envelope (L* x W x H)**
	20” x 8” x 9”

	Engine Mass Range 
	11 to 17 lbf, 13.5 lbf nominal

	Engine Instrumentation Mass Range***
	1.25 to 7.0 lbf

	Stand Dimensions (L x W x H)
	6’ x 4’ x 4’

	Maximum Stand Mass
	Vendor defined

	
	

	Cycle Life
	1,000,000 cycles at any operating condition

	Storage Life
	5 years minimum

	
	

	Other Notes
	Separate facilities will be used for sea level and vacuum tests.  The thrust measurement stand shall be capable of operation in both environments.  Interfaces to both facilities shall be defined prior to initiation of contracted work.  


*Chamber length effects overall engine length depending on mode of operation and varies from 3.25” to 13”. 
**Does not include spacing for close coupled instrumentation.

***Engine instrumentation mass refers to the instrumentation close coupled to the engine which would be in addition to the engine mass and included on the thrust measurement stand. 

[image: image1]
Figure 1.  LOX/LCH4 RCS Engine.
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Figure 2.  RCS Engine during hot fire testing.
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Figure 3.  Typical engine response during pulsed operation.
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Figure 4.  Engine-Thrust Stand Mounting Plate.

Quality Assurance

The Contractor shall have a quality system.  The Contractor’s quality system shall be compliant to SAE AS9100 and ANSI/ISO/ASQ Q9001-2000.  The Contractor can satisfy this requirement by current registration by a recognized registrar followed up by a verification audit performed by GRC.  If NASA has accepted the Contractor’s AS9100 registration and the Contractor subsequently changes registrars, loses its registration status, or is put on notice of losing its registration status, it shall notify Customer’s procuring Component(s) within three days of receiving such notice from its registrar.

Deliverables

The Contractor shall deliver a thrust measurement stand according to the specification described which will include NIST-traceable, calibrated measurement instrumentation and spares.  The Contractor shall also provide engineering drawings (procurement control drawing per ASME Y14.24-1999), test reports, calibration data (as applicable), and any other relevant documentation (such as user’s manuals or an interface control document).  The deliverables shall be provided to the government within five (5) months from the authority to proceed with this contract.

Submittal

A response to this solicitation shall be submitted that includes:

· Approach and/or design basis for the thrust measurement stand.
· Capabilities to fabricate, test, and deliver the thrust stand.
· Any exceptions made to the specifications.
· The costs and delivery schedule.
The responses will be evaluated against the solicitation’s best value criteria.
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