STATEMENT OF WORK

Mini-AERCam COLD GAS THRUSTER VALVE

INTRODUCTION:  

This specification is for a miniature cold-gas thruster valve, for use on the Mini-AERCam Engineering Development Unit (EU).  The EU is the flight item prototype for a free flying robotic camera platform, conceived as a second-generation version of the SPRINT vehicle that was flown during the spacewalk on STS87 in 1997.  Mini-AERCam is a highly integrated and miniaturized vehicle, combining three cameras, GPS (Global Positioning Satellite), propulsion, power, avionics processing, communications, video compression and illumination subsystems inside an 8-inch sphere.   

These valve specifications are intended to provide enough detail to give prospective suppliers a starting point for design, or for comparison to existing hardware.  These thruster valves provide the proof of prospective vendor’s capability to design and deliver hardware that is suitable for subsequent qualification for flight.  The envelope shown in Figure 1 is a not-to-exceed envelope.  The radial inlet to the valve is shown in Figure 1 as a slot, for reference only.  The outlet of the valve is axial as seen in the side view, and from the center as seen in the end view.

3 Standards and Specifications (or equivalents) 
ANSI/ASQC Q9001

1994, American National Standard, Quality Systems--Model for Quality Assurance in Design/Development Production, Installation, and Servicing 

IEST-STD-CC1246D

Product Cleanliness Levels and Contamination Control Program

NAS410-2  

NAS Certification and Qualification of Nondestructive Test Personnel

ASTM-E1742 

Standard Practice for Radiographic Examination
NHB 5300.4 (3A-1)

Requirements for Soldered Electrical Connections

SAE-AS22759


Wire, Electric, Flouropolymer Insulated, Copper or Copper Alloy

SAE-AMS 2681


Welding, Electron beam 
2.0 Quality Requirements
The contractor shall identify and maintain an effective and timely quality assurance activity consistent with the capability to produce space flight hardware on a subsequent procurement.  ISO9000 compliant quality systems are preferred.
All work on this order is subject to inspection and test by the Government at any time and place.  The Government representative shall also be notified 48 hours in advance of the time articles or materials are ready for inspection or test.

All dispositions of nonconforming products other than those dispositions being reworked to specification requirement or scrap are subjected to approval from NASA.

3.0 Valve End Item Requirements: The valve shall be manufactured per the following specifications and perform at the specified levels and conditions.

3.1 Flow:  The minimum flow shall be verified at ambient to be equivalent to a square edged orifice, with a diameter of 0.034 inches and Cd of 0.65.

3.2 Fluid Compatibility: Compatible with gaseous Nitrogen and Xenon.
3.3 Minimum Stall Pressure/Pull-In Voltage:  Minimum stall pressure shall be >200 psig with a coil temperature of 160 + 10 / -0 deg F and 19 Vdc.  This requirement may be verified at ambient temperature by using an adjusted pressure based on analysis.

3.4 Drop Out Voltage: The drop out voltage shall be less than < 4.5 Vdc at ambient temperature and 100 psig.

3.5 Power: The valve shall operate from 19 to 30 volts DC for pull-in.  The valve shall be compatible with pulse-width modulation for hold-in with a 50% duty cycle at 1khz (i.e. 500 microseconds ON, 500 microseconds OFF).  A maximum voltage of 35 volts shall not damage the valve.

3.6 Coil Resistance:  The minimum nominal coil resistance shall be 28 ohms minimum at ambient temperature.
3.7 Opening response: The opening response shall be <3.0 ms with 100 +/- 5 psig inlet pressure and the coil at ambient temperature.

3.8 Closing Response: The closing response shall be <3.0 ms with 100 +/- 5 psig inlet pressure and the coil at ambient temperature and utilizing a single standard Silicon Diode for back EMF suppression.  This circuit shall be identified as part of the ATP and development procedures, and is subject to NASA approval.

3.9 Internal and External Leakage:  The internal and external leakage shall each not exceed 0.1 sccm at 100 +/- 10 psig inlet at ambient temperature.

3.10 Cycle Life: The valve shall be capable of completing a minimum of 20,000 cycles with 100 +/- 10 psig inlet and 160 +/- 10 deg F GN2 and still meet all other performance requirements.
3.11 Total ON Time:  The valve shall be capable of completing a total (not continuous) powered on (open) duration of 6000 seconds minimum at an inlet pressure of 100 +/- 10 psia in a vacuum.

3.12 Continuous ON Time, With Flow:  The valve shall be capable of a continuous on time of 600 seconds, with flow at an inlet pressure of 100 +/- 20 psig.  

3.13 Continuous ON Time, Without Flow:  The valve shall be capable of a continuous on time of 60 seconds, without flow.

3.14 Proof Pressure: The minimum proof pressure shall be 375 psig.

3.15 Burst Pressure: The minimum burst pressure shall be 625 psig.

3.16 Wiring: The wiring shall conform to SAE-AS22759 specification, 28 (preferred) or 30 gauge.  The overall length shall be 20 inches. The length of shrink-wrap tubing shall be 7 +2/-0 inches, starting at the valve body.

3.17 Vibration: The valve shall perform nominally after exposure to the following vibration environment (unpressurized), which will be used for qualification test of the Mini-AERCam system when assembled: GRMS of 6.1 (20 - 80 HZ at +3 db/octave 80 - 350 Hz at .067 g2/hz constant 350 - 2000 Hz at -3 db/octave).  The duration is 5 minutes per all 3 axes.  Demonstration can be by test, analysis, or assessment.

3.18 Fluid Connection: Cartridge style, using one each 5-193 and 5-194 O-rings per Figure 1.
3.19 Envelope:  Shall not exceed Figure 1.

3.20 Thermal Environment: The valve shall be capable of operating in an environment from 0 to 160 deg F.

3.21 Dielectric Strength: The insulation shall be capable of withstanding 500 V AC for 60 sec. and leakage will not exceed 1 milliamp.
3.22 Soldering: Soldering shall be performed per NHB 5300.4 (Vol 3A).

3.23 Insulation Resistance: The insulation resistance shall be > 1 MOhm at 70 +/- 10 deg F.   
3.24 Contamination Control: The minimum cleanliness shall be per IEST-STD-CC1246D Level 100.

3.25 Fluid Temperature: The valve shall be capable of operating with a fluid temperature range of 0 to 160 deg F.

3.26 Humidity: The valve shall be not be effected by external humidity environments of up to 100% relative humidity.
3.27 Part Identification: The valve shall be marked with the part number and serial number identification.
3.28 Filtration:  The valve shall have inlet filtration to protect against system assembly induced contamination.
3.29 Welding: If utilized, electron beam welding shall be performed per SAE-AMS 2681
4.0 Deliverables

4.1 Acceptance Data:  Acceptance data shall be provided with quality inspection to verify the above specifications per Table 1.  Data sheet format is acceptable.  The data sheets required shall be delivered with the respective units.  NASA will approve test procedures and test stand schematic prior to testing.

4.2 Drawings: Drawings shall be provided that show assembly, materials, and materials processes.  Drawings and Materials/Processes lists shall be delivered prior to acceptance test of the first production unit, and shall be approved by NASA.  NASA will approve any deviations from these drawings.
4.3 Engineering Units: 15 units shall be delivered with quality inspection within 4 months of contract approval.  These units shall be built to the approved drawings per 4.2 Drawings.  All changes are subjected to NASA approval.
4.4 Analysis Data: Analysis to support compliance with specifications per Table I shall be provided.

4.5 Development/Qualification Data: Data to support compliance with specifications per Table I shall be provided.

4.5 Compliance Matrix: Vendor shall provide a compliance matrix similar to Table 1, and this matrix shall be subject to NASA approval.

4.6 Suggested Compliance Matrix

	SOW SPECIFICATION
	ATP
	DEV/ QUAL
	ANALYSIS
	SIMILARITY
	INSPECTION/VERFICATION OF RECORDS

	3.1 FLOW
	X
	
	
	
	

	3.2 FLUID COMPAT
	
	
	X
	
	

	3.3 STALL/PULL IN
	X
	
	
	
	

	3.4 DROP OUT
	X
	
	
	
	

	3.5 POWER
	X
	
	
	
	

	3.6 COIL RESIST
	X
	
	
	
	

	3.7 OPEN RESP
	X
	
	
	
	

	3.8 CLOSE RESP
	X
	
	
	
	

	3.9 LEAKAGE
	X
	
	
	
	

	3.10 CYCLE LIFE
	
	X
	
	
	

	3.11 TOTAL ON TIME
	
	X
	
	
	

	3.12 ON W/FLOW
	
	X
	
	
	

	3.13 ON W/O FLOW
	
	X
	
	
	

	3.14 PROOF PRESS
	X
	
	
	
	

	3.15 BURST PRESS
	
	
	X
	
	

	3.16 WIRING
	
	
	
	
	X

	3.17 VIBRATION
	
	
	X
	
	

	3.18 FLUID CONN
	
	
	
	
	X

	3.19 ENVELOPE
	
	
	
	
	X

	3.20 THERMAL ENV
	
	X
	
	
	

	3.21 DIELECTRIC
	X
	
	
	
	

	3.22 SOLDERING
	
	
	
	
	X

	3.23 INS RESIST
	X
	
	
	
	

	3.24 CLEANLINESS
	X
	
	
	
	

	3.25 FLUID TEMP
	
	
	X
	
	

	3.26 HUMIDITY
	
	
	X
	
	

	3.27 PART ID
	
	
	
	
	X

	3.28 FILTRATION
	
	
	
	
	X

	3.29 WELDING
	
	
	
	
	X

	4.1 ATP DATA
	
	
	
	
	X

	4.2 DRWGS
	
	
	
	
	X

	4.3 DELIVERY
	
	
	
	
	X

	4.4 ANALYSIS DATA
	
	
	
	
	X

	4.5 DEVT TEST DATA
	
	
	
	
	X
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