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1.0 SCOPE

This specification defines the physical characteristics, performance requirements, operational environments, and quality assurance requirements for the Solar Dynamics Observatory (SDO) Propulsion Subsystem propellant tanks.  The SDO Propulsion Subsystem (SPS) will use two identical propellant tanks.  One tank will hold monomethyl hydrazine (MMH) fuel.  One tank will hold nitrogen tetroxide (NTO) oxidizer.  Each tank will have a propellant management device (PMD) to ensure gas free propellant delivery during the mission.  The term “tank” includes the pressure shell, PMD, mounting flanges and/or bosses, inlet and outlet tubes and fittings that make up the complete propellant tank assembly.

1.1 IDENTIFICATION

464-PROP-SPEC-0017

1.2 DEFINITIONS, GLOSSARY AND ACRONYMS

	NASA
	National Aeronautics and Space Administration

	SDO
	Solar Dynamics Observatory

	MAR
	Mission Assurance Requirements

	PMD
	Propellant Management Device

	MON-3
	Multiple Oxides of Nitrogen (oxidizer)

	NTO
	Nitrogen Tetroxide

	MMH
	MonoMethylHydrazine (fuel)

	MEOP
	Maximum Expected Operating Pressure

	GSFC
	Goddard Space Flight Center

	NTO
	Nitrogen Tetroxide (oxidizer)

	EOL
	End-Of-Life

	ACS
	Attitude Control Subsystem

	S/C
	Spacecraft

	CM
	Center of Mass

	sccs
	Standard cubic centimeters per second

	Bubble point
	


APPLICABLE DOCUMENTS

The following list represents all documents which will govern the design, construction, and testing of the tank. If no revision or date is specified for the document, the latest issue at the time of contract release shall apply.

1.2.1 MILITARY DOCUMENTS

	MIL-PRF-27401
	Propellant, Nitrogen, Pressurizing Agent

	MIL-PRF-27407
	Propellant, Helium, Pressurizing Agent

	MIL-STD-13OL
	Identification Marking of U.S. Military Property

	MIL-STD-889B
	Dissimilar Metals

	MIL-STD-810F
	Environmental Test Method

	MIL-T-9047G
	Titanium and Titanium Alloy Bar and Forging Stock

	MIL-STD-453C
	Inspection, Radiographic

	MIL-STD-1522A
	Standard General Requirements for Safe Design and Operation of Pressurized Missile and Space Systems

	MIL-STD-1540B
	Test Requirements for Space Vehicles

	MIL-HDBK-5J
	Metallic Materials and Elements for Aerospace Vehicle Structures

	MIL-HDBK-17B
	Plastics for Flight and Aerospace Vehicles

	MIL-STD-45662A
	Calibration System Requirements

	MIL-W-46132
	Welding, Fusion, Electron Beam, Process for

	MIL-STD-970
	Standards and Specifications, Order of Precedence for the Selection of

	MIL-STD-464
	Interfaced Standard Electromagnetic Environmental Effects Requirements for Systems

	MIL-STD-2154
	Inspection, Ultrasonic, Wrought Metals, Process For

	MIL-PRF-27415A
	Propellant Pressurization Agent, Argon

	MIL-PRF-26539E
	Propellant, Nitrogen Tetroxide (MON 3, Low Iron)

	MIL-PRF-27404C
	Propellant, Monomethylhydrazine

	MIL-STD-
	Shipping, Handling and Storage

	EWR-127-1
	Range Safety

	IEST-STD- CC1246D
	Product Cleanliness Levels and Contamination Control Program

	MIL-HDBK-5
	Department of Defense Handbook, Metallic Materials and Elements for Aerospace Vehicle Structures

	MIL-T-9047
	Titanium and Titanium Alloy Bars (Rolled or Forged) and Reforging Stock, Aircraft Quality


1.2.2 FEDERAL DOCUMENTS

	TT-I-735
	Isopropyl Alcohol


1.2.3 NASA DOCUMENTS

	JSC-SPEC-C-20C
	Water, High Purity, Specification for

	GSFC-S-313-009
	Fluorescent Penetrant Test Method Requirements and Guidelines

	GSFC-S-313-011
	Etching of Titanium 6Al-4V Prior to Liquid Penetrant Inspection

	GSFC-X-673-64-lE
	Engineering Drawing Standards Manual


1.2.4 SDO DOCUMENTS

	464-SA-REQ-0001
	SDO Mission Assurance Requirements

	464-MECH-REQ-0007
	SDO Structural Analysis and Test Requirements Document


2.0 GENERAL REQUIREMENTS

For all requirements listed in this document, the term tank shall refer to the tank and PMD as-manufactured combination unless explicitly stated otherwise.

2.1 OPERATING TEMPERATURE

The tank shall be capable of operating when supplied with propellant and pressurant having temperatures ranging from -7 (C to 45 (C.

2.2 NON-OPERATING THERMAL VACUUM TEST TEMPERATURE

The tank shall be designed to withstand a temperature range of -30 (C to 85 (C in an empty and unpressurized condition.

2.3 OPERATING PRESSURE

The tank shall be capable of operating with a pressure of no less than 2.07 MPa (300 psia) at a temperature of 40 (C (104 (F) when loaded with propellant and pressurant.

2.4 PROOF PRESSURE

The tank shall be capable of withstanding a proof pressure of no less than 2.59 MPa (375 psia) (1.25(MEOP) without any permanent physical deformation, yielding or cracking.

2.5 BURST PRESSURE

The tank shall demonstrate, through a qualification program or by similarity, a burst pressure of no less than 3.10 MPa (450 psia) (1.5(MEOP).

2.6 CRYO PROOF PRESSURE LEVEL

The tank shall withstand a cryo proof pressure at -320 (F following the proof pressure test.  The tank shall withstand a cryogenic proof pressure of 750 psia.

2.7 COLLAPSE PRESSURE

The tank shall be capable of withstanding an external collapsing pressure differential of 101.3 kPa (1 atm) without deformation, failure, or change that will prevent the tank from performing its design function.

2.8 EXTERNAL LEAKAGE

The tank shall demonstrate a total leakage rate of no greater than l(l0-6 sccs of GHe with both ports pressurized to the maximum operating pressure of 2.07 MPa (300 psia).

2.9 INTERNAL LEAKAGE

N/A: No internal leakage with PMD device (no diaphragm).

2.10 EXPULSION EFFICIENCY

The expulsion efficiency shall be greater than 99% of the usable volume of the tank for MON-3 or MMH.

2.11 FLUID COMPATIBILITY

The tank, including all welds, shall show no degradation due to exposure for a 5 year period, to any of the following fluids:

· MMH per MIL-PRF-27404C

· Nitrogen Tetroxide (MON 3) per MIL-PRF-26539E

· Helium per MIL-PRF-27407, Type I, Grade A

The tank, including all welds, shall show no degradation after short-term exposure to any of the following fluids:

· Nitrogen per MIL-PRF-27401, Grade B

· Deionized and Distilled Water per JSC-SPEC-C-20C

· Isopropyl Alcohol per TT-I-735 (Grade A)

· Argon per MIL-PRF-27415A

· Xenon (with ~1% tracer gas) per TBD

After exposure to any of the above liquids, the tank shall be flushed and dried by vendor prepared and NASA approved procedure. This requirement can be demonstrated by analysis.

2.12 COMPONENT LOADS

The tanks shall be capable of withstanding the acceleration described in Table 1 while loaded to a 95% fill fraction and pressurized to 100 psi.

Unless the tank design, including PMD, can be shown to have been qualified to equivalent levels, verification of this requirement shall be by test performed in accordance to SDO-464-REQ-0002.  SDO-464-REQ-0002 calls for testing to 1.25 times limit levels for either 5 cycles for sine burst testing, one minute for static pull testing, or thirty seconds for centrifuge testing.

Table 1: Load Requirement (Limit Levels)

	Axis
	Axial (x-axis)
	Lateral (y- and z-axis)

	Acceleration
	12.8 g
	7.7g


2.12.1 Ground Handling Loads

SDO hardware and MGSE shall demonstrate the ability to survive ground handling limit loads of Table 3.

Table 3: MGSE Limit Loads

	Type of MGSE
	Limit Load Factor in g’s

	
	Vertical (4)
	Lateral (5)
	Longitudinal
	Tipping (3)

	Slings
	1.6
	N/A
	N/A
	0.5

	Dollies
	1.6
	0.5
	N/A
	0.5

	Transportation (1,2)
	+4.5/-2.0
	1.5
	3.0
	0.5

	Work Platform
	1.0
	0.5
	N/A
	0.5


(1) Positive (+) indicates down for vertical loading

(2) Longitudinal is in direction of travel

(3) Applied separately

(4) Vertical is parallel to gravity vector

(5) Lateral is any vector perpendicular to gravity vector.  For transportation lateral is vector perpendicular to both gravity and direction of travel.

2.13 SINE VIBRATION

SDO components and instrument optic packages shall demonstrate the ability to survive sinusoidal limit loads.

2.14 SHOCK

The tanks shall be able to survive predicted shock levels exceeding 500 g.

2.15 MINIMUM NATURAL FREQUENCY

The minimum structural resonant frequency of the tank shall be above 30 Hz when fully loaded with propellant and pressurized to 0.69 MPa (100 psi) (TBR).

Slosh modes for tanks at fill fractions less than 1 are addressed in Section 6.7
2.16 ACOUSTIC ENVIRONMENT

SDO shall demonstrate the ability to survive the acoustic environment described in Table 6.

Table 6: Acoustic Limit Sound Pressure Levels (SPL)

(re: 20 Pa)
	1/3 Oct. Center Freq. (Hz)
	Delta IV Med

(dB)
	Atlas V 401

(dB)

	32
	119.5
	119.5

	40
	122.5
	125.0

	50
	125.2
	124.5

	63
	126.3
	126.0

	80
	128.0
	127.5

	100
	129.0
	129.0

	125
	130.0
	130.5

	160
	130.0
	131.0

	200
	130.0
	132.0

	250
	130.0
	131.5

	315
	130.0
	131.0

	400
	129.5
	130.5

	500
	128.0
	130.0

	630
	125.0
	128.5

	800
	123.0
	127.0

	1000
	121.0
	124.0

	1250
	119.5
	122.0

	1600
	118.0
	120.5

	2000
	116.5
	121.0

	2500
	115.0
	118.0

	3150
	113.5
	117.5

	4000
	112.0
	115.5

	5000
	110.5
	114.5

	6300
	109.0
	113.5

	8000
	107.5
	114.0

	10000
	106.0
	114.5

	OASPL
	140.0
	141.2


2.17 Random Vibration Environments for Components

SDO components shall demonstrate the ability to survive the envelope of the random vibration limit levels of Table 7, with appropriate factor, and the minimum workmanship levels of Table 8.  Levels are to be applied in each component axis separately.

Flexure mounted components shall demonstrate that electronics, within the item, can survive the minimum workmanship levels of Table 8.

Table 7: Component Random Vibration Limit Levels

(Weight < 50lbs)

	Axis
	Frequency
	Limit Level*

	All
	20 Hz

20-50 Hz

50-800 Hz

800-2000 Hz

2000 Hz
	0.013 g2/Hz

+6 dB/octave

0.08 g2/Hz

-6 dB/octave

0.013 g2/Hz

	
	Overall
	10.0 grms


* The environment is from General Environmental Verification Specification (GEVS-SE).  The GEVS-SE levels may be reduced, in accordance with GEVS-SE, for items weighing more than 50 lbs.  

Table 8: GEVS-SE Minimum Workmanship Levels

(Weight < 100 lbs)

	Axis
	Frequency
	Level*

	All
	20 Hz

20-80 Hz

80-500 Hz

500-2000 Hz

2000 Hz
	0.01 g2/Hz

+3 dB/octave

0.04 g2/Hz

-3 dB/octave

0.01 g2/Hz

	
	Overall
	6.8 grms


* The component minimum workmanship levels are from General Environmental Verification Specification (GEVS-SE).  The levels may be reduced, in accordance with GEVS-SE, for items weighing between 100 and 400 lbs.  

2.18 Venting Requirements

SDO components and instrument optic packages, not having a minimum of 0.25 square inches of vent area for each cubic foot volume, shall demonstrate the ability to survive the maximum pressure profiles described in the Figures 2a and 2b.
Figure 2a: Delta IV Payload Fairing Compartment Absolute Pressure Envelope

(Figure 4-4 from Delta IV PPG)
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Figure 2b: Atlas V Typical Static Pressure Profiles inside the Payload Fairing

(Figure 3.2.6-3 from Atlas V PPG)
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2.19 Test Factors

The factors shown in Table 12 shall be used in the testing of the SDO hardware.  See appendix for examples of application of test factors.

Table 12: Test Factors and Durations 

(GEVS-SE Table 2.2-2)

	Test
	Prototype Hardware
	Protoflight Hardware
	Flight Hardware

	Structural Loads

Level

Duration

Centrifuge

Sine Burst (1)
	1.25 X Limit Load

1 Minute

5 Cycles Full Level/Axis
	1.25 X Limit Load

30 Seconds

5 Cycles Full Level/Axis
	Limit Load

30 Seconds

5 Cycles Full Level/Axis

	Acoustic

Level

Duration
	Limit Level +3dB

2 Minutes
	Limit Level +3dB

1 Minute
	Limit Level

1 Minute

	Random Vibration 

Level

Duration
	Limit Level +3dB

2 Minutes/Axis
	Limit Level +3dB

1 Minute/Axis
	Limit Level

1 Minute/Axis

	Sine Vibration 

Level

Sweep Rate (2)
	1.25 X Limit Level

2 Octaves/Minute/Axis
	1.25 X Limit Level

4 Octaves/Minute/Axis
	Limit Level

4 Octaves/Minute/Axis

	Shock

Actual Device

Simulated
	2 Actuations

1.4 X Limit Level

2 Actuations/Axis
	2 Actuations

1.4 X Limit Level

1 Actuation/Axis
	1 Actuation

Limit Level

1 Actuations/Axis


(1) Sine burst testing must be done at a frequency sufficiently below primary resonance as to ensure rigid body motion.

(2) Unless otherwise specified, these sine sweep rates apply.

2.20 DETERMINATION OF TEST LEVELS

This section provides examples of the application of qualification test factors to the acceptance (flight) levels.  Acceptance levels are the limit levels defined in this document with the only exception being for random vibration when limit levels fall below workmanship (see Random Vibration section of this appendix).

2.20.1 STRUCTURAL LOADS

Qualification (prototype or protoflight) test levels are 1.25 times greater than acceptance test levels.  See table A1 for an example of structural loads test factor application.

Table A1: Derivation of Qualification Load Levels by Applying Test Factor (1.25)

	Axis
	Acceptance

Load Level
	Qualification

Load Level

	All
	40.0 g
	50.0 g


2.20.2 ACOUSTIC

Qualification (prototype or protoflight) test levels are 3dB greater than acceptance test levels. A 3dB increase implies adding 3dB to the 1/3-octave center frequency sound pressure levels (SPL), already provided in dB.  This results in a 3dB increase in overall sound pressure levels (OASPL).  See Table A2 for an example of acoustic test factor application.

Table A2: Derivation of Qualification Acoustic Levels by Applying Test Factor (3dB)

	1/3 Oct. Center Freq. (Hz)
	Acceptance SPL

(dB)
	Qualification SPL

(dB)

	32
	119.5
	122.5

	40
	122.5
	125.5

	…
	…
	…

	10000
	106.0
	109.0

	OASPL
	140.0
	143.0


2.20.3 RANDOM VIBRATION

Qualification (prototype or protoflight) test levels are 3dB greater than acceptance test levels when limit levels exceed workmanship (see next paragraph for exception).  A 3dB increase implies a doubling of the acceleration spectral density (ASD) (units of g2/Hz) which results in a 1.41 (
[image: image3.wmf]2

) times increase in overall acceleration root mean square (units of grms).  Application of the test factor does not change transition slopes (units of dB/ octave). See Table A3 for an example of random vibration test factor application.

Table A3: Derivation of Qualification Random Levels by Applying Test Factor (+3dB)

	Axis
	Frequency
	Acceptance Level
	Qualification Level

	All
	20 Hz

20-50 Hz

50-800 Hz

800-2000 Hz

2000 Hz
	0.013 g2/Hz

+6 dB/octave

0.08 g2/Hz

-6 dB/octave

0.013 g2/Hz
	0.026 g2/Hz

+6 dB/octave

0.16 g2/Hz

-6 dB/octave

0.026 g2/Hz

	
	Overall
	10.0 grms
	14.1 grms


If the limit level is less than the workmanship level, an envelope of the two is used to determine the acceptance (flight) test level. The qualification level is also an envelope of the limit level +3 dB and the workmanship level. Under this condition, the qualification envelope may not always exceed the acceptance level by 3 dB as shown in Table A3. Figures A1a and A1b demonstrate this (note: maximum expected is limit level)

Figure A1a: Enveloping Workmanship

Figure A1b: Enveloping Workmanship (cont.)

Component random vibration testing is one of the primary workmanship tests to uncover flaws or defects in materials and production. Test levels are based on knowledge of the maximum expected (limit) environment from previous missions, tests and analysis. However, it is important to test with sufficient amplitude to uncover the defects. Therefore, as a rule, the input levels should always be greater than or equal to workmanship test levels for electronic, electrical, or electro-mechanical components. If the hardware contains delicate optics, detectors, sensors, etc. that could be damaged by the workmanship test levels in certain frequency bands, the test levels may, with project concurrence, be reduced in those frequency regions. A force-limiting control strategy is recommended. The control method must be approved by the SDO project. 

2.20.4 SINE VIBRATION

Qualification (prototype or protoflight) test levels are 1.25 times greater than acceptance (limit or flight) test levels.  This factor can be applied directly to levels provided in either inches double amplitude or acceleration (units of gravity). See Table A4 for an example of sine vibration test factor application.

Table A4: Derivation of Qualification Sine Levels by Applying Test Factor (1.25)

	Axis
	Frequency (Hz)
	Acceptance

Level
	Qualification

Level

	Lateral
	5 to 6.2
6.2 to 100
	0.5 inches DA
0.7 g
	0.625 inches DA
0.875 g


2.20.5 SHOCK

Qualification (prototype or protoflight) test levels are 1.4 times greater than acceptance (limit or flight) test levels.  This factor can be applied directly to acceleration levels (units of gravity) and does not change transition slopes (units of decibel/octave). See Table A5 for an example of shock test factor application.

Table A5: Derivation of Qualification Shock Levels by Applying Test Factor (1.4)

	Frequency (Hz)
	Acceptance

Level
	Qualification

Level

	100
100 to 800

800 to 3000

3000 to 10000

10000
	150 g
+8.7 dB/Octave

3000 g

+1.4 dB/Octave

4000 g
	210 g
+8.7 dB/Octave

4200 g

+1.4 dB/Octave

5600 g


OPERABILITY

2.21 DESIGN LIFE

The tank shall be capable of being used for a minimum of 11.5 years without requiring repair, maintenance, or retesting. The un-fueled storage temperature shall be between 5 (C and 45 (C with relative humidity between 0% and 100%.  The design life is based on the sum of the following requirements:

1. One (1) year of system integration and test.

2. Five (5) years of ground storage after completion of system test.

3. One half (0.5) year of ground storage after fueling.

4. Mission life of 5 years.

2.22 PRESSURE CYCLE LIFE

The tank shall be designed to operate after a minimum of 10 (TBR) proof pressure cycles from 0 MPa (0 psia) to 2.59 MPa (375 psia) to 0 MPa (O psid), 10 (TBR) MEOP pressure cycles from 0 MPa (O psid) to 2.07 MPa (300 psia) to 0 MPa (O psid), 10 (TBR) pressure cycles from 0 MPa (0 psia) to 0.69 MPa (100 psia) to 0 MPa (0 psia), unlimited pressure cycles from 0 MPa (0 psia) to 0.34 MPa (50 psia) to 0 MPa (0 psia), and 1 cryo proof pressure cycle from 0 MPa (0 psia) to MPa (750 psia) to 0 MPa (0 psia).

DESIGN AND CONSTRUCTION

The propellant tank assembly shall be designed, developed, and qualified for space vehicle use in accordance with EWR-127-1.

2.23 VOLUMETRIC CAPACITY

The tank shall have a minimum propellant volume of 640 000 cm3 (39 000 in3).  This value is available for propellant and does not include volume taken by the PMD.

2.24 WEIGHT

The tank weight (including the PMD) shall not exceed 20 kg (44 lbs.)

2.25 SHAPE

The tank shape shall be spherical.

2.26 FLUID INTERFACES

2.26.1 PRESSURANT INLET

The inlet tube shall be 0.25 inch OD with a 0.028 inch wall thickness, and the material shall be 3Al-2.5V Titanium.

2.26.2 PROPELLANT OUTLET

The outlet tube shall be 0.375 inch OD with a 0.028 inch wall thickness, and the material shall be 3Al-2.5V Titanium.

2.26.3 INLET AND OUTLET TUBE LOCATIONS

The inlet and outlet tube shall be approximately as indicated in Figure 1.  Figure 1 is to be used only as a guideline for the vendor; the purpose is to have both the inlet and outlet of the tank near each other for ease of integration.  Actual tube placement shall be determined by the vendor, and the vendor should attach any required standoffs to adequately support the lines.

Figure 1: Inlet/outlet configuration

2.26.4 FILLING

The fill rates of propellant shall be 2.3 liters/min for the initial 75 liters and up to 11 liters/minute thereafter.

2.27 INLET AND OUTLET TUBE DESIGN PRESSURES

2.27.1 INLET AND OUTLET TUBE PROOF PRESSURE

The inlet and outlet tubes shall be capable of withstanding a proof pressure of no less than 3.10 MPa (450 psia) (1.5(MEOP) without any permanent physical deformation, yielding or cracking.

2.27.2 INLET AND OUTLET TUBE BURST PRESSURE

The vendor shall demonstrate, through a qualification program or by similarity, that the inlet and outlet tubes have a burst pressure of no less than 8.27 MPa (1200 psia) (4(MEOP).

2.28 MOUNTING

The mounting of the tank shall be accomplished with an equatorial flange.

2.28.1 MOUNTING POINT LOADS

The propellant tank mounting flange shall be capable of securing the tank, loaded fully or partially with propellant, under all environmental conditions specified herein.

2.29 DRAWINGS

Drawings shall be provided of the inlet and outlet tube details and standoffs, mounting interface details (ICD), overall assembly, and the PMD.

PARTS, MATERIALS, PROCESSES AND TRANSPORTATION

2.30 PROPERTIES OF MATERIALS

The tank shell and PMD shall be constructed of Titanium 6Al-4V per MIL-HDBK-5.  For design purposes, material structural properties for metals other than solution treated and aged 6Al-4V titanium forgings shall be per MIL-HDBK-5. Properties not given in these documents shall be obtained from other published data or by testing the material. All material certifications shall be provided in the final documentation package.

2.31 FORGING QUALITY

Titanium forgings for the tank shall meet the requirements of MIL-T-9047.

2.32 HEAT TREATMENT

The tank shall be heat treated in accordance with NASA approved vendor procedure. All tank welds shall be aged and stress relieved.

2.33 WELDING

Welding shall be performed and inspected per vendor/NASA approved procedure. Control of weld filler material shall also be per vendor and NASA approval.

2.34 FUNGUS INERT MATERIAL

All materials used in the tank shall be fungus inert in accordance with MIL-STD-810F.

2.35 CORROSIVE METALS

All materials used in the tank shall be corrosion resistant. 

2.36 DISSIMILAR METALS

The compatibility of two materials in intimate contact will be established from Table I of MIL-STD-889B.

2.37 LUBRICANTS

No lubricants shall be used in the build and test of the tank.

2.38 CLEANLINESS

The tank shall be cleaned, and verified clean to level 100A per IEST-STD- CC1246D, in accordance with vendor procedures approved by NASA.

2.39 INTERCHANGEABILITY

Each tank assembly shall be directly interchangeable physically and functionally with other items of the same part number.

2.40 IDENTIFICATION AND MARKING

The tank shall be marked in accordance with MIL-STD-130L. Identification data shall include but not be limited to the following:

 1) Vendor Part Number

 2) Vendor Name

 3) Vendor Serial Number

 4) Contract Number

 5) Unit Name

 6) Weight

2.41 SHIPPING AND PACKAGING REQUIREMENTS

Unless otherwise specified in the contract or purchase order, units procured to this specification shall be packaged, packed, and marked for shipment as specified herein.

2.41.1 WRAPPING

Mounting surfaces and ports shall be protected with pads that shall not cause tank deterioration. Each tank shall be wrapped in a clean nylon non-static bag retained in place by pressure-sensitive tape applied only to the bag surface itself. A second sealed plastic bag shall be placed over the inner bag. A legible tank identification card shall be taped to the outer surface of the inner bag so that the card is readable without opening the outer bag.

2.41.2 SHIPPING COINTANER

Each unit shall be placed in a separate container that conforms to a design developed by the vendor and approved by NASA GSFC. The container shall be prelined at top, bottom, and sides with foam cushioning material. After the unit is placed in the container, additional cushioning material shall be used to fill all voids and prevent movement of the tank during handling and shipping.  The shipping container shall provide protection for each tank during shipment and handling and shall meet the minimum packaging requirements of the common carrier (if so shipped) for safe transportation to the point of delivery. The shipping container shall be marked stating that the contents are high value spaceflight hardware and with identification stating the weight and contents.

2.42 DOCUMENTATION

Except as otherwise negotiated with the NASA customer, all required reliability and test documentation such as test reports, certifications, shipping invoices, etc., shall be packed in the tank container.  All qualification and acceptance test data and analysis shall be documented per EWR 127-1.

2.43 NON-DESTRUCTIVE EXAMINATION

Before welding the tank hemispheres together, all surfaces, including the inside and outside surfaces of each hemisphere, shall be dye penetrant inspected in accordance with GSFC-S-313-009, "Fluorescent Penetrant Test Method Requirements and Guidelines" or equivalent vendor procedure. The inspection shall be Special level in accordance with section 3.2b of GSFC-S-313-009 or equivalent vendor procedure. Note that inspectors performing Special level inspections shall have a Special level certification. The Special level certification is assigned to individuals who have demonstrated the ability to reliably detect flaws smaller than Standard level sizes. All surfaces of the tank hemispheres shall be etched in accordance with GSFC-S-313-011, "Etching of Titanium 6Al-4V Prior to Liquid Penetrant Inspection," or an equivalent vendor procedure before being penetrant inspected. All detected cracks, flaws, inclusions and other indications shall be reported to GSFC for disposition.

After welding the hemispheres together, the weld area shall be radiographic and penetrant inspected. The number of inspections to be conducted shall be agreed upon by the government technical officer and the appropriate vendor representative. Both inspections shall be performed to Special level. Again, the inspector performing the Special level radiographic inspection shall have a Special level certification. The radiographic inspection shall be performed in accordance with MIL-STD-453C, "Inspection, Radiographic" or equivalent procedure. All detected cracks, flaws, inclusions and other indications shall be reported to GSFC for disposition.

PROPELLANT MANAGEMENT DEVICE (PMD) PERFORMANCE REQUIREMENTS

2.44 SCOPE

This section covers the detailed requirements for the PMD that will form an integral part of the propellant tank assembly.  It covers the design, performance and testing requirements for the installed PMD, the inspections of both the PMD-to-tank shell assembly process and the PMD tank assembly.  This section covers requirements for the PMD for both the MMH and MON-3 tanks.

2.45 PERFORMANCE REQUIREMENTS

2.45.1 GENERAL OPERATING REQUIREMENTS

All PMD’s procured under this section for use in tanks described in the development specification shall meet the following general requirements.

2.45.1.1 GAS-FREE PROPELLANT DELIVERY

The PMD tank shall provide a continuous gas-free flow of liquid at the tank outlet between the maximum and minimum flow rates over the entire mission at the conditions specified in Table 3, including instantaneous peak transient flows.

2.45.1.2 PROPELLANT TANK FILL FRACTIONS

The propellant tank fill fraction is defined as the ratio of liquid volume at 21 (C (70 (F) to total usable tank volume.  The fill fraction ranges shall be as specified in Table 3.

2.45.1.3 PRESSURES

The PMD performance requirements shall be met over the pressure ranges as specified in Table 3 and in the development specification.

2.45.1.4 TEMPERATURES

The PMD performance requirements shall be met over the operating temperature ranges specified in 3.1.

2.45.1.5 OPERATIONAL FLOW RATES

The PMD performance requirements shall be met under minimum and maximum steady state flow rates and thruster firing durations specified in Table 3 and peak transient flow rates occurring during propellant feed systems priming as specified in paragraph 7.2.1.1.  The specified flow rates are based on densities of 0.87 g/cc for MMH (fuel) and 1.433 g/cc for NTO (oxidizer) at 21 (C (70 (F).

2.45.1.6 BODY LINEAR AND ANGULAR ACCELERATIONS AND RATES

The PMD performance requirements shall be met over body linear and angular accelerations and rates specified in Table 3.  These accelerations are zero when no thrusters are firing.

2.45.1.7 DURATIONS AND THRUSTER USE

The PMD performance requirements shall be met over the durations and thruster usage as specified in Table 3.  Thruster locations are shown in Figure 2 and listed in Table 2, thruster force vectors are listed in Table TBD.

Figure 2: Thruster Layout
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Table 2: Thruster Locations

	Thruster
	X [m]
	Y [m]
	Z [m]

	1A
	-0.06
	0.82
	0.86

	2A
	-0.06
	-0.82
	0.86

	3A
	-0.06
	-0.82
	-0.86

	4A
	-0.06
	0.82
	-0.86

	1B
	-0.06
	0.82
	0.79

	2B
	-0.06
	-0.82
	0.79

	3B
	-0.06
	-0.82
	-0.79

	4B
	-0.06
	0.82
	-0.79


2.45.1.8 BUBBLE TRAP VOLUME

The PMD shall provide a gas bubble trap to guard against gas expulsion from the tank in any potential events that can cause gas ingestion into the PMD.  Sizing of the bubble trap volume shall be determined by the vendor and approved by NASA.

2.45.1.9 WEIGHT

The PMD part weight shall be determined by the vendor and shall be an element of the PMD tank weight specified in paragraph 5.2.

2.45.1.10 PRESSURE DROP

The pressure drop, from the tank to the outlet tube, shall be less than 1 psid for MMH and NTO at the maximum flow rate as specified in Table 3.

2.45.2 GROUND OPERATIONS

The ground operations include propellant tank loading/offloading and pressurization, and shall meet the following requirements.

2.45.2.1 LOADING

The propellant tanks shall always be loaded and pressurized (prelaunch) in a vertically upright position (liquid port down) with the spacecraft x-axis vertical.  The tank shall be capable of being loaded through either port.

2.45.2.2 OFFLOADING

The PMD tank shall be capable of prelaunch tank drainage in earth gravity (liquid port down) at expulsion efficiency greater than 99.5% with the spacecraft x-axis vertical.  Expulsion efficiency is defined as the ratio of liquid volume expelled at 21 (C (70 (F) to total usable tank volume.

2.45.2.3 LOADING FLOW RATES

The vendor shall recommend safe loading flow rates to assure complete gas-free liquid priming of the PMD during loading.

2.45.3 FLIGHT OPERATIONS

The PMD shall provide gas-free propellant flow on demand during all phases of flight under all transfer orbit and on-station operating conditions specified in Table 3.

2.45.4 IN-FLIGHT PROPELLANT FEED SYSTEM PRIMING

The PMD shall be capable of withstanding initial subsystem peak priming flow rate transients up to a maximum of 37.9 liters/min (10 GPM) (TBR) from each tank.  The flow rate of 37.9 liters/min corresponds to 0.91 kg/sec (2.0 lbm/sec) (TBR), NTO oxidizer and 0.551 kg/sec (1.215 lbm/sec) (TBR) MMH fuel at 21 (C (70 (F).  The propellant feed system manifold volume to be primed shall range from 35 to 45 in3 (TBR) for oxidizer side and 35 to 45 in3 (TBR) for fuel side.  Approximately 15% (TBR) of this volume comes from the propellant manifold with inside diameter of 0.335 inch (TBR) and the remaining 85% (TBR) of the manifold has inside diameter of 0.21 inch (TBR).

2.45.5 PMD PERFORMANCE MARGIN

The PMD performance margin defined as the ratio of bubble point to sum of all hydrostatic, and hydrodynamic (friction) loadings on the PMD shall be a minimum of two and preferably higher at all times for nominal mission (Table 3).  For mission anomaly scenarios, the vendor shall demonstrate, by analysis, the achievable performance margin greater than unity (Table 3).

2.46 TESTING

2.46.1 BUBBLE POINT TEST

The bubble point of the PMD shall be tested per vendor written, NASA approved procedure.

2.46.2 PRESSURE DROP TEST

Flow (p tests shall be performed at component level, with water as a test fluid.  The water flow rates shall cover with margin the equivalent of oxidizer and fuel rates encountered during the mission per Table 3.

2.47 PMD PERFORMANCE ANALYSIS

During the PMD design phases, the vendor shall establish the gas-free liquid flow capacity of the PMD for its intended zero-gravity environment and shall calculate its capacity under one earth gravity.  Bubble points, frictional pressure drops, and performance margins of the PMD on ground and under each mission phase shall be analyzed.

The vendor shall perform in-depth analysis of gas-free liquid priming during PMD tank ground loading to determine safe loading flow rates.  The ground drainage analysis shall also be performed to determine expulsion efficiency.

The vendor shall also perform in-depth transient and steady state performance analyses of the PMD under all mission phases specified in this section.  The transient analyses shall include, but is not limited to the priming transients, main engine startup and shut down transients, ACS thruster startup and shutdown transients and propellant location and orientation.  The analyses shall also include in-depth analysis to determine steady-state liquid location and orientation in zero gravity prior to start of a maneuver and during the maneuver.  The analysis shall include worst case center of mass (CM) locations for MMH and NTO for all fill fractions.  The vendor shall also perform EOL residuals analysis.  The analyses shall be subject to in-depth review and approval by NASA.

2.48 IN-PROCESS VERIFICATION

Based upon analyses, bubble point verifications will be conducted as an in-process verification of PMD element quality.  The check levels will be recommended by the vendor and approved by NASA prior to implementation.

2.49 PMD TANK QUALIFICATION TESTING

Based upon the analyses, PMD tank assembly bubble point and flow tests will be conducted in one earth gravity.  Such tests will be recommended by the assembly vendor and approved by NASA/GSFC prior to implementation.  Items considered to be candidates for qualification verification include but are not limited to (a) time to initiation of flow; (b) flow rate of selected referee fluid; (c) total flow; (d) flow variability with time and (e) expulsion efficiency.  The vendor shall also be required to certify performance in zero gravity and provide analyses and a statement of the calculated zero gravity performance margin with each tank PMD data package.

2.50 SLOSH ANALYSIS

The vendor shall perform an analysis for NASA that includes propellant slosh frequencies and loads for MMH and NTO for all fill fractions.  This analysis will be used in support of the design of the ACS pointing system to reduce on-orbit jitter.  The details are beyond the scope of this specification and are detailed in the tank SOW.

Table 3  PMD Performance Requirements 

	Event
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6
	Case 7

	Geo. Orbit maneuvers
	Tipoff correction
	Main engine firing
	ACS engine firing
	Momentum unloading
	Station keeping


	Anomaly all ACS
	Anomaly De-spin

	Temperature range
	10 to 40 (C
	10 to 40 (C
	10 to 40 (C
	10 to 40 (C
	10 to 40 (C
	10 to 40 (C
	10 to 40 (C

	Pressure range
	50 - 300 psia
	~300 psia
	~300 psia
	~300 psia
	~300 psia
	~300 psia
	50 - 300 psia

	Fraction Fill range
	~97%
	1% to 97% 
	1% to 97%
	1% to 97%
	1% to 97%
	1% to 97%
	1% to 97%

	Event duration
	1 minute
	2 minutes to 60 minutes
	2 minutes to 60 minutes
	~1 minute
	~1 minute
	2 minutes to 60 minutes
	~1 minute

	No. of RCS thrusters firing
	0 to 4, short pulses
	0 to 4, short pulses 
	4 SS, short off-pulses
	0 to 4, short pulses
	4 SS, short off-pulses
	8 ss, short off-pulses
	0 to 4, short pulses

	Ox flow rate per tank (kg/s)
	
	
	
	
	
	
	

	Fuel flow rate per tank (kg/s)
	
	
	
	
	
	
	

	S/C angular rate

   X axis, rpm

   Y axis, rpm

   Z axis, rpm
	0 - 0.17

0 - 0.33

0 - 0.33
	0 - 0.17

0 - 0.17

0 - 0.17
	0 - 0.17

0 - 0.17

0 - 0.17
	0 - 0.17

0 - 0.17

0 - 0.17
	0 - 0.17

0 - 0.17

0 - 0.17
	0 - 0.17

0 - 0.17

0 - 0.17
	0 - 0.17

0 - 0.17

0 - 0.17

	S/C angular acceleration

  X axis, rad/sec2
  Y axis, rad/sec2

  Z axis, rad/sec2
	0.029

0.045

0.023
	0.029

0.045

0.023
	0.029

0.045

0.023
	0.029

0.045

0.023
	0.029

0.045

0.023
	0.029

0.045

0.023
	0.029

0.045

0.023

	S/C linear acceleration

   X axis, g’s   

   Y axis, g’s

   Z axis, g’s
	0.0014

0

0.0014
	0.02-0.04

0

0.0029
	0.0057

0

0.0029
	0.0029

0

0.0029
	(0.0057

0

0.0057
	0.02-0.04

0

0.0029
	


QUALITY ASSURANCE PROVISIONS

2.51 TEST TOLERANCES

The test condition tolerances shall meet all requirements set forth in MIL-STD-1540B. Additionally, the following tolerances shall apply.

· Fluid Pressure: 1 psi, except PMD bubble point testing.  Bubble point test pressure tolerance is per vendor procedure.

2.52 TEST MEASUREMENTS

All test measurement devices and instrumentation shall be in compliance with MIL-STD-45662A.

2.53 QUALIFICATION TESTS

The vendor shall qualify the tank design by test or a combination of analysis and similarity to an existing qualified design per EWR-127-1.  All previously qualified aspects of the design shall be fully explained and referenced.

2.54 INSPECTIONS

The tank shall be verified by inspection for the following items:

· Workmanship

· Identification

· Dimensions

2.55 ACCEPTANCE TESTS AND DESCRIPTIONS

The following sequence of tests and the additional requirements in EWR-127-1 and in the verification matrix shall constitute the acceptance program required for the tank. The acceptance test procedures shall be vendor prepared and submitted for NASA approval.

· Penetrant Inspection

· Radiographic Inspection

· Product Examination

· Internal Volume

· Proof Pressure

· External Leakage

· Vibration

· Weight

· Cleanliness

2.55.1 PRODUCT EXAMINATION

The tank shall be carefully examined for visible defects or any other imperfections that would result in rejection of this tank. This inspection shall include a dimensional verification.

2.55.2 INTERNAL VOLUME

The internal volume of the tank shall be measured and recorded to within 10 cm3. The test shall be in compliance with Section 5.1.

2.55.3 PROOF

The tank shall be pressurized to the level stated in Section 3.3 at a rate not to exceed 0.34 MPa/30 sec (50 psi/30 sec). Upon completion of the proof test, the exterior surface of the tank shall be dye penetrant inspected.

2.55.4 EXTERNAL LEAKAGE

The external leakage shall be in compliance with Section 4.6 of this document.

2.55.5 WEIGHT

The tank, clean and dry, shall be weighed and recorded to the nearest 0.1 kg and shall demonstrate compliance with Section 5.2 of this document.

2.55.6 CLEANLINESS

The interior of each flight tank shall be cleaned via vendor supplied, NASA approved procedure to the level in Table 4.

Table 4: Cleanliness Specification

	Particle Size Range ((m)
	Maximum Allowed per 100 mL

	0 to 5
	Unlimited

	5 to 15
	265

	15 to 25
	78

	25 to 50
	11

	50 to 100
	1

	101 and over
	0


2.56 EWR COMPLIANCE

The vendor shall provide a table, matrix, or other form of cocumentation to demonstrate the tank’s full compliance with EWR-127-1.

VERIFICATION MATRIX

Compliance with the requirements specified in this document shall be in accordance with the verification and test matrix in Table 5.

Table 5: Verification and Test Matrix

	Section
	Title
	Analysis
	Accep/Insp

Tests
	Qual

	3.1
	Operating Temperature
	
	
	X

	3.2
	Operating Pressure
	
	X
	?

	3.3 
	Proof Pressure
	
	X
	X

	3.4
	Burst Pressure
	X
	X
	X

	3.5
	Collapse Pressure
	X
	
	X

	3.6
	External Leakage
	
	X
	X

	3.8
	Expulsion Efficiency
	X
	
	X

	3.9
	Fluid Compatibility
	X
	
	

	3.10 
	Component Loads
	X
	
	X

	3.11
	Vibration
	X
	X
	

	3.12
	Shock
	X
	X
	

	4.1
	Design Life
	X
	
	

	4.2 
	Pressure Cycle Life
	X
	
	X

	5.1
	Volumetric Capacity
	
	X
	X

	5.2
	Weight
	
	X
	X

	5.3
	Shape
	
	X
	X

	5.4
	Fluid Interfaces
	X
	X
	X

	5.6
	Minimum Natural Frequency
	X
	
	

	6.1
	Properties of Materials
	
	X
	

	6.2
	Forging Quality
	
	X
	

	6.3
	Heat Treatment
	
	X
	

	6.4
	Welding
	X
	X
	

	6.7
	Dissimilar Metals
	X
	
	

	6.9
	Cleanliness
	
	X
	X

	6.10
	Outgassing
	X
	
	

	6.11
	Interchangeability
	
	X
	X

	6.12
	Identification and Marking
	
	X
	X

	6.15
	Non-Destructive Examination
	
	X
	X

	PMD

	7.2.1.1
	Gas-Free Propellant Delivery
	X
	
	?

	7.2.1.2
	Propellant Tank Fill Fractions
	X
	
	?

	7.2.1.3
	Pressures
	X
	
	

	7.2.1.4
	Temperatures
	X
	
	

	7.2.1.5
	Operational Flow Rates
	X
	
	

	7.2.1.6
	Body Linear and Angular Accelerations and Rates
	X
	
	

	7.2.1.7
	Durations and Thruster Use
	X
	
	

	7.2.1.8
	Bubble Trap Volume
	X
	
	

	7.2.1.9
	Weight
	X
	X
	

	7.2.1.10
	Pressure Drop
	X
	
	

	7.2.2.1
	Loading
	X
	
	

	7.2.2.2
	Offloading
	X
	
	

	7.2.2.3
	Loading Flow Rates
	X
	
	

	7.2.3
	Flight Operations
	X
	
	

	7.2.4
	In-Flight Propellant Feed System Priming
	X
	
	

	7.2.5
	EOL Propellant Residuals
	X
	
	

	7.2.6
	PMD Performance Margin
	X
	
	

	7.3.1
	Bubble Point Test
	X
	X
	X

	7.3.2
	Pressure Drop Test
	
	X
	X

	7.4
	PMD Performance Analysis
	X
	
	

	7.5
	In-Process Verification
	?
	?
	?

	7.6
	PMD Tank Qualification Testing
	
	
	X

	7.7
	Slosh Analysis
	X
	
	

	8.6
	EWR Compliance
	X
	X
	X


1.0
SCOPE
1.1
IDENTIFICATION
1.2
DEFINITIONS, GLOSSARY AND ACRONYMS
1.3
APPLICABLE DOCUMENTS
1.3.1
MILITARY DOCUMENTS
1.3.2
FEDERAL DOCUMENTS
1.3.3
NASA DOCUMENTS
1.3.4
SDO DOCUMENTS
2.0
GENERAL REQUIREMENTS
2.1
OPERATING TEMPERATURE
2.2
NON-OPERATING THERMAL VACUUM TEST TEMPERATURE
2.3
OPERATING PRESSURE
2.4
PROOF PRESSURE
2.5
BURST PRESSURE
2.6
CRYO PROOF PRESSURE LEVEL
2.7
COLLAPSE PRESSURE
2.8
EXTERNAL LEAKAGE
2.9
INTERNAL LEAKAGE
2.10
EXPULSION EFFICIENCY
2.11
FLUID COMPATIBILITY
2.12
COMPONENT LOADS
2.12.1
Ground Handling Loads
2.13
SINE VIBRATION
2.14
SHOCK
2.15
MINIMUM NATURAL FREQUENCY
2.16
ACOUSTIC ENVIRONMENT
2.17
Random Vibration Environments for Components
2.18
Venting Requirements
2.19
Test Factors
2.20
DETERMINATION OF TEST LEVELS
2.20.1
STRUCTURAL LOADS
2.20.2
ACOUSTIC
2.20.3
RANDOM VIBRATION
2.20.4
SINE VIBRATION
2.20.5
SHOCK
3.0
OPERABILITY
3.1
DESIGN LIFE
3.2
PRESSURE CYCLE LIFE
4.0
DESIGN AND CONSTRUCTION
4.1
VOLUMETRIC CAPACITY
4.2
WEIGHT
4.3
SHAPE
4.4
FLUID INTERFACES
4.4.1
PRESSURANT INLET
4.4.2
PROPELLANT OUTLET
4.4.3
INLET AND OUTLET TUBE LOCATIONS
4.4.4
FILLING
4.5
INLET AND OUTLET TUBE DESIGN PRESSURES
4.5.1
INLET AND OUTLET TUBE PROOF PRESSURE
4.5.2
INLET AND OUTLET TUBE BURST PRESSURE
4.6
MOUNTING
4.6.1
MOUNTING POINT LOADS
4.7
DRAWINGS
5.0
PARTS, MATERIALS, PROCESSES AND TRANSPORTATION
5.1
PROPERTIES OF MATERIALS
5.2
FORGING QUALITY
5.3
HEAT TREATMENT
5.4
WELDING
5.5
FUNGUS INERT MATERIAL
5.6
CORROSIVE METALS
5.7
DISSIMILAR METALS
5.8
LUBRICANTS
5.9
CLEANLINESS
5.10
INTERCHANGEABILITY
5.11
IDENTIFICATION AND MARKING
5.12
SHIPPING AND PACKAGING REQUIREMENTS
5.12.1
WRAPPING
5.12.2
SHIPPING COINTANER
5.13
DOCUMENTATION
5.14
NON-DESTRUCTIVE EXAMINATION
6.0
PROPELLANT MANAGEMENT DEVICE (PMD) PERFORMANCE REQUIREMENTS
6.1
SCOPE
6.2
PERFORMANCE REQUIREMENTS
6.2.1
GENERAL OPERATING REQUIREMENTS
6.2.2
GROUND OPERATIONS
6.2.3
FLIGHT OPERATIONS
6.2.4
IN-FLIGHT PROPELLANT FEED SYSTEM PRIMING
6.2.5
PMD PERFORMANCE MARGIN
6.3
TESTING
6.3.1
BUBBLE POINT TEST
6.3.2
PRESSURE DROP TEST
6.4
PMD PERFORMANCE ANALYSIS
6.5
IN-PROCESS VERIFICATION
6.6
PMD TANK QUALIFICATION TESTING
6.7
SLOSH ANALYSIS
7.0
QUALITY ASSURANCE PROVISIONS
7.1
TEST TOLERANCES
7.2
TEST MEASUREMENTS
7.3
QUALIFICATION TESTS
7.4
INSPECTIONS
7.5
ACCEPTANCE TESTS AND DESCRIPTIONS
7.5.1
PRODUCT EXAMINATION
7.5.2
INTERNAL VOLUME
7.5.3
PROOF
7.5.4
EXTERNAL LEAKAGE
7.5.5
WEIGHT
7.5.6
CLEANLINESS
7.6
EWR COMPLIANCE


DRAFT





Goddard Space Flight Center


Greenbelt, Maryland





National Aeronautics and


Space Administration





� EMBED Word.Picture.8  ���





Inlet





Outlet











Z





Y











1B











1A











4A











4B











3A











3B











2B











2A





HGA





HGA





SDO Bottom Deck





Bottom Deck





Y, Z





X








CHECK WITH THE NGST DATA MANAGEMENT OFFICE 

OR THE CONFIGURATION MANAGEMENT OFFICE

TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

PAGE  
CHECK THE SDO MIS AT https://sdoweb.gsfc.nasa.gov
TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.


_1125128690.unknown

_995883179.doc
[image: image1.png]






