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1.0
Introduction
1.1    
Scope

This specification establishes the performance, design and verification requirements for a maintenance free, factory pre-charged hydraulic accumulator, referred to herein as the accumulator. This specification applies specifically for Engineering Model (EM) hardware only as part of the development of the ARES I Upper-stage Thrust Vector Control (TVC) hydraulic system. This specification is not intended to establish the performance and verification requirements for Flight Production hardware. However, it is the intent with this EM accumulator to establish a clear and direct path for an accumulator that will be capable of being flight qualified with as few modifications to EM accumulator design as possible
1.2  
Mission Profile 
Typical mission profiles for the Ares I vehicle are provided in Figures 1 and 2 for informational purposes only. Currently, the hydraulic system, including the accumulator will only be operational while on the ground prior to flight and during Upper-Stage flight (will not be operational for the first ~ 127 seconds during boost ascent). The TVC Flight hydraulic system, including the accumulator, is expected to see its peak transient pressures during Upper Stage Ascent (when hydraulic system is delivering hydraulic power to the TVC actuators to gimbal the J-2X engine). Upper Stage Ascent starts at J-2X Engine Start (Time ~ 127.7 seconds) and continues through Upper Stage Engine Cutoff (Time ~ 559.1 seconds). 
[image: image1.png]


[image: image6.png]



[image: image7.png]


[image: image8.png]


[image: image9.png]5l czates sk L)






2.0 
Applicable Documents

The following documents (of either the exact issue shown or the latest version) form a part of this specification to the extent referenced herein.  In the event of a conflict between the documents referenced herein and the contents of this specification, the contents of this specification shall be considered a superseding requirement.  
2.1 
Government Documents
2.1.1    Applicable Documents

CxP 70080ANX01 
Constellation Electromagnetic Environmental Effects
Rev A, 08/30/2007
(E3) (3.3.2.2, 3.3.1.1.2, 3.3.2.3)

NASA-STD-4003 
Electrical Bonding for NASA Launch Vehicles, Spacecraft, Payloads, and Flight Equipment (3.3.2.2)

NPR 6000.1 G 
Requirements for Packaging, Handling, and Transportation for Aeronautical and Space Systems, Equipment, and Associated Components (5.2, 5.2.1, 5.2.5)

MIL-PRF-83282D 
Hydraulic Fluid, Synthetic Hydrocarbon Based, Aircraft, Metric, NATO Code Number H-537 (3.1.1.2.1)
NASA-STD-8739.3
Soldered Electrical Connections (3.3.1.1.7)
NASA-STD-8739.4
Crimping, Interconnecting Cables, Harnesses, and Wiring 

w/Change 3
(3.3.1.1.2.1)

MSFC-STD-2905C
MSFC Tailoring Guide for NASA-STD-8739.4, Crimping, Interconnecting Cables, Harnesses, and Wiring 



(3.3.1.1.2.1)

MSFC-STD-2903B 
MSFC Tailoring Guide for NASA-STD-8739.3, Soldered Electrical Connections (3.3.1.1.7)

MIL-DTL-38999K
Connectors, Electrical, Circular, Miniature, High Density, Quick Disconnect (Bayonet, Threaded, And Breech Coupling), Environment Resistant, Removable Crimp And Hermetic Solder Contacts, General Specification For (3.1.1.3.2)

MSFC-STD-3012 
EEE Parts Management and Control for MSFC Space Flight Hardware (3.1.1.3.2, 3.3.2.6)
CxP 72053 
Electrical, Electronic, And Electromechanical (EEE)
(08/28/2007)
Parts Management and Control Plan For The ARES Projects (3.3.2.6)
NASA-STD-5006
General Fusion Welding Requirements For Aerospace Materials Used In Flight Hardware (3.3.1.1.6)
NASA-STD-(I)-6016 Standard Materials And Process Requirements For Spacecraft  (3.3.1.1, 3.3.1.1.1.1, 3.3.1.1.6, 3.3.1.1.10)

MIL-P-27401C
Propellant, Pressurizing Agent, Nitrogen (3.1.1.6.1)

MIL-P-27407A
Propellant, Pressurizing Agent, Helium (paragraph 3.1.1.6.1)

MIL-STD-8897A
Accumulators, Hydraulic, cylindrical, 3,000 psi Aircraft, Type II Systems (3.2.3.2)
MSFC-STD-3029A
Guidelines For The Selection Of Metallic Materials For Stress Corrosion Cracking Resistance In Sodium Chloride Environments Materials, Processes, And Manufacturing Department Metallic Materials And Processes Group (3.3.1.1.1)

KSC-C-123H
Surface Cleanliness of Fluid Systems, Specification For (3.3.1.1.9, 5.2.5)

                  MIL-STD-810         Military Environmental Test Methods For Aerospace &
 Ground Equipment


                              (3.2.4.2)

2.1.2    Reference Documents

MIL-STD-129P  
Military Marking for Shipment and Storage
MIL-STD-2073-1D
Standard Practice For Military Packaging

MSFC-SPEC-250A
Protective Finishes for Space Vehicle Structures and Associated Flight Equipment, General Specification For  

2.2 
Non-Government Documents
2.2.1 
Applicable documents:
ISO 4406, 
Hydraulic Fluid Power, Fluids, Method for Coding Level of Contamination by Solid Particles (3.2.1.6)

SAE AS 4059,
Aerospace Fluid Power – Cleanliness Classification of Hydraulic Fluids (3.2.1.6)

SAE AS 5440,
Hydraulic Systems, Aircraft, Design and Installation Requirements For  (3.1.1.2.1, 3.2.1.3.4, 3.2.1.7)

SAE AS5202A
Bosses, Fluid Connection - Internal Straight Thread (3.2.2.5)

AND10050
Bosses - Gasket Seal Straight Thread, Standard Dimensions For (3.2.2.5)

SAE AS1300
Port – Ring Locked Fluid Connection Type, Standard Dimensions For (3.2.2.5)

SAE AS9100
Quality Management Systems - Aerospace Requirements (4.1)
SAE ARP4378
Accumulators, Hydraulic, Cylindrical, Aircraft, Maintenance Free, Factory Pre-charged (3.2.3.2, 4.1)
ESD S20.20
For the Development of an Electrostatic Discharge Control Program for – Protection of Electrical and Electronic Parts, Assemblies and Equipment (Excluding Electrically Initiated Explosive Devices) (3.3.2.7)
2.2.2    Reference Documents
SAE-AMS-2175A
Castings, Classification and Inspection of

SAE-AMS-2375D
Control of Forgings Requiring First Article Approval 
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Figure 3 - Preliminary ARES I Upper Stage Flight Thrust Cone (w/ J-2X Engine Shown)
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Figure 4 - Preliminary Accumulator Mounting Configuration Shown With Flight Thrust Cone in Vertical (Flight) Orientation
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Figure 5 – Preliminary Accumulator Mounting Configuration onto Flight Thrust Cone – Bottom View of Thrust Cone
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Figure 6 – Preliminary TVC Mounting Configuration onto Flight Thrust Cone – Bottom View of Thrust Cone (Thrust Cone Removed For Clarity to Show TVC System Fluid Connection

The accumulator shall be capable of performing operations specified herein.

3.0
Requirements

3.1
Item Definition

The primary purpose of the accumulator is to dampen out pressure transients in the high pressure side of the TVC hydraulic system. The accumulator shall consist of a container that houses a chamber of gaseous nitrogen charge, a chamber for hydraulic fluid, and a bellows separator between the gas and fluid chambers. The accumulator shall be pre-charged with gaseous nitrogen and permanently sealed prior to delivery. A pressure transducer shall be provided for sensing the accumulator pre-charge gas pressure. The accumulator shall be capable of performing operations specified herein.

3.1.1
System Interface Definition

For EM testing, the accumulator will be mounted onto a simulated ARES I Upper-Stage flight thrust cone similar to the Flight thrust cone shown in Figure 3 – Figure 6. NASA GRC will develop the required mounting hardware to mount the accumulator to the simulated thrust cone for EM testing.

3.1.1.1 Mounting and Orientation 

Accumulator shall be fully operational independent of orientation in a 1-g environment for engineering model testing (i.e. there will be no continuous acceleration loads on the accumulator during EM testing – EM testing is a ground based test. 
[Vendor to also assess Flight Requirement during RFQ]
3.1.1.2 Hydraulic Interfaces


Accumulator will interface with the TVC hydraulic system high pressure 
plumbing. 
3.1.1.2.1 Hydraulic Fluid Type

The accumulator shall perform in accordance with the requirements herein when using hydraulic fluid conforming to MIL-PRF-83282D and operating in a hydraulic system conforming to SAE AS 5440 Type II.

3.1.1.3 Electrical Interface 
3.1.1.3.1 Electrical Power Usage

The accumulator pressure transducer, if included in accumulator design, shall be capable of meeting the operational performance requirements in this document when 28 VDC +/- 2 VDC (TBR) electrical power is being supplied. This electrical power will be coming from the TVC Data & Control Unit (DCU) which is currently under development. 
3.1.1.3.2 Connectors

Electrical connectors at the accumulator interface shall be in accordance with MIL-DTL-38999K as called out in MSFC-STD-3012. Any specific requirements such as pin callouts and keying will be discussed with vendor, on an as needed basis, as the development of the TVC system progresses.
3.1.1.4 Interface with Ground Support Interface (GSE)

NASA GRC does not expect accumulator to require any GSE interfaces. 
3.1.1.5 Interface with Actuator DCU 

The hydraulic accumulator pressure transducer, if included in accumulator design, will be required to send health and status data to the TVC Data & Control Unit (DCU). NASA GRC can supply information to vendor on DCU upon request.
3.1.1.6 Pneumatic Interface

3.1.1.6.1 Pressurizing Fluid
The gaseous nitrogen used to pre-charge the accumulator shall be in accordance with MIL-P-27401C, Type I, Grade A (TBR). Helium used with the pressurant shall be in accordance with MIL-P-27407A, Type I, Grade A. The pre-charge shall contain 5% minimum by pressure of helium for leak detection, using a helium mass spectrometer. The vendor shall provide the actual % Helium used in the pre-charge gas for review/approval.
NASA will use the information provided during NASA’s vendor selection process

3.2
Characteristics

3.2.1 
Performance 
3.2.1.1 Life Requirements
3.2.1.1.1 Accumulator Operating Cycles
The accumulator shall be designed for a total of 1,000 (TBR) operating cycles. The operational life cycle sequences, steps and test conditions are defined in Table I (TBD) shown below. The individual steps within the life cycle sequence shall be performed continuously.
If the vendor is proposing an existing accumulator design, vendor shall supply NASA GRC with the operating life cycle specifications for accumulator for review/approval. Operational life cycle information supplied from vendor shall include, at a minimum, number of cycle, hydraulic fluid temperatures and pressures, gas pre-charge and cycle rates that tests were completed at.
NASA will use the information provided during NASA’s vendor selection process

Table 1 – Life Cycling

	Step Number
	Number of Cycles
	Fluid Temperature (F)
	Applied

Fluid

Pressures (psig)
	Cycle Rate (CPM)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


3.2.1.1.2 Accumulator Impulse Cycles

A minimum of TBD impulse cycles shall be performed. The impulse cycle sequences, steps and test conditions are defined in Table II (TBD) shown below.
If the vendor is proposing an existing accumulator design, vendor shall supply NASA GRC with the impulse cycle specifications for accumulator for review/approval. Impulse cycle information supplied from vendor shall include, at a minimum, number of cycle, hydraulic fluid temperatures and pressures, gas pre-charge and cycle rates that tests were completed at.
NASA will use the information provided during NASA’s vendor selection process

Table 2 – Endurance Cycling

	Step Number
	Number of Cycles
	Fluid Temperature (F)
	Applied

Fluid

Pressures (psig)
	Cycle Rate (CPM)

	
	
	
	
	

	
	
	
	
	


3.2.1.1.3 Accumulator Shelf Life 
The accumulator shall be designed for a shelf life of ten years minimum after delivery. The vendor shall supply NASA GRC with information associated with shelf life specification/capability for accumulator for review/approval. Shelf life information should include all the pertinent storage and environmental conditions for the accumulator.
NASA will use the information provided during NASA’s vendor selection process

3.2.1.2 Operating Temperature

The accumulator shall be designed to operate throughout a temperature range of   -40 °F (TBR) to +275 °F per SAE AS 5440 Type II hydraulic system.
3.2.1.3 Pressure

3.2.1.3.1 Operating Pressure

Accumulator shall be fully functional and be capable of meeting the requirements within this document when operating with a hydraulic fluid pressure of 3,000 psig to 3,200 psig.
3.2.1.3.1.1 Steady State Pressure Pulsations

A variable displacement piston pump (9 piston design) operating between 6375 - 6900 RPM will be supplying high pressure hydraulic fluid to the accumulator high pressure port. Therefore, the accumulator shall withstand without degradation a system pump pressure pulsation pressure +/- 320 psi (TBR) at a frequency of ~ 950 Hz - 1035 Hz during normal operation. 
3.2.1.3.2 Separator Friction
The hydraulic fluid pressure at which the separator begins to move shall not exceed 25 psi (TBR) above the pre-charge pressure.
3.2.1.3.3 Pre-charge Pressure

The operational pre-charge at 70 ° plus or minus 5 °F shall be 2000 +/- 50 psig 
(TBR). The pre-charge pressure shall not reduce more than 3% (TBR) in ten 
years with any combination of storage or operation.
3.2.1.3.4 Transient Peak Pressure 

The accumulator shall withstand without degradation a transient peak pressure of 4,050 psig being applied at the high pressure port of accumulator (135% of the hydraulic systems nominal operating pressure of 3,000 psig per SEA AS5440).
3.2.1.3.5 Vacuum Capability

The accumulator shall be capable of meeting the requirements within this 
specification after the hydraulic fluid side of accumulator is exposed to ~ 1 
atmosphere of additional differential pressure across the bellows, in addition to 
the existing pre-charge pressure stated in 3.2.1.3.3. This additional 1 atmosphere 
of differential pressure will be seen during vacuum filling of TVC hydraulic 
system.
3.2.1.4 Leakage

Unless otherwise specified, the leakage requirements are applicable with fluid pressure between zero and the value specified in paragraph 3.2.1.3.1 and within the temperature range specified in paragraph 3.2.1.2.

3.2.1.4.1 Hydraulic Fluid Leakage

There shall be no evidence of external fluid leakage.
3.2.1.4.2 Pressurization Gas Leakage

A new pre-charged accumulator shall have a total gas leakage, internal and 
external, of not greater than 1 X 10-7 standard cubic centimeters of helium per 
second at atmospheric pressure.
3.2.1.5
Deleted

3.2.1.6 Fluid Cleanliness

The accumulator shall function as specified herein with hydraulic fluid with particulate contamination no more than SAE AS 4059, Class 5 (ISO Code 14/11 per ISO 4406).
3.2.1.7 Factors of Safety

The factors of safety specified below are minimum required per SAE AS 5440 and are at the maximum rated accumulator operating temperature of 275°F.
a. Vessel Proof Pressure:
The accumulator shall be designed to withstand a proof pressure equal to 6,400 psig or 2 times the maximum system operating pressure of 3,200 psig per SAE AS5440.
b. Accumulator Proof Pressure:
The pre-charged accumulator shall be designed to withstand a hydraulic proof pressure equal to 6,150 psi (TBR), or three times the maximum pre-charge pressure of 2,050 psi (TBR). The accumulator shall be designed such that the separator shall not bottom on the gas end of the accumulator during accumulator proof pressure testing per SAE AS5440.

c. Separator Proof Pressure: 


The separator shall be designed to withstand a differential pressure of 
3,075 psi (TBR), or 1.5 times the maximum pre-charge pressure of 2,050 
psi (TBR) on the gas side.

d. Vessel Burst Pressure:
The accumulator shall be designed to withstand a proof pressure equal to 12,800 psig or 4 times the maximum system operating pressure of 3,200 psig per SAE AS5440. 
[Vendor to also assess Flight Requirement during RFQ]
3.2.1.8 Pressure Monitoring

A permanent pressure transducer shall be incorporated in order to remotely monitor accumulator gas pre-charge pressure. Vendor shall supply NASA GRC with pertinent technical/performance specifications and calibration information of the pressure transducer for review/approval. In addition, the pressure transducer shall be considered part of the pressure vessel and therefore must meet the structural and environmental requirements specified within this document.
NASA will use the information provided during NASA’s vendor selection process

3.2.1.8.1 Power Characteristics 
The electrical power inputs to the transducer shall be 28 VDC +/- 2 VDC (TBR). The transducer shall provide a zero to 5 VDC electrical output capable of driving a total resistive load of at least 1 ±5 percent megohm which includes both the input impedance of the measuring device and any compensating resistors that are required. Transducer power shall be the minimum possible consistent with good design practice. The vendor shall determine the specific value. A continuous external short of the output signal to its return or to ground shall not damage the transducer. Vendor shall also provide information on any reverse voltage protection features that are included in accumulator electrical design.
3.2.1.8.2Under-Voltage Protection 
The electrical pressure transducer shall not be damaged by voltages below the minimum specified and shall automatically resume normal operation within specified requirements following a drop to zero volts for not less than 500 milliseconds.

3.2.1.8.3Pressure Transducer Calibration 
The electrical pressure transducer shall be adjusted to provide a calibrated output signal which corresponds to accumulator pre-charge gas pressure. Vendor shall supply NASA GRC with the time that calibration is valid for review/approval.
NASA will use the information provided during NASA’s vendor selection process
3.2.1.8.4Pressure Indicator Accuracy

Vendor shall supply NASA GRC with the total accuracy of the electrical pressure transducer for review/approval. Pressure transducer total accuracy goal is ±1 percent (TBR) of full span pressure range specified in 3.2.1.9.6 within the operating temperature range specified in 3.2.1.2. Total accuracy includes the effects of non-linearity, hysteresis, drift, zero and span settings and errors due to fluid temperature.
NASA will use the information provided during NASA’s vendor selection process
3.2.1.8.5Pressure Transducer Repeatability
Pressure transducer repeatability shall vary < 1% within the operating temperature range specified in 3.2.1.2. 

3.2.1.8.6 Pressure Transducer Pressure Range

Pressure range for pressure transducer shall be either:

· 0 to 4,000 psig or
· 0 to 5,000 psig

3.2.1.9 Additional Accumulator Features/Characteristics:

If vendor is proposing an existing accumulator design, vendor shall make NASA GRC aware of any additional features that accumulator incorporates into design for NASA review/approval. 
NASA will use the information provided during NASA’s vendor selection process

3.2.2
Physical Characteristics

3.2.2.1 Envelope

The vendor shall provide the envelope of the accumulator to NASA GRC for review/approval. However, as a guide, NASA GRC does not expect the accumulator envelope to exceed a volume equivalent to:

· 4” OD x 13” long cylinder for 60 ± 5 cubic inch accumulator 

· 4” OD x 9” long cylinder for 40 ± 5 cubic inch accumulator 
NASA will use the information provided during NASA’s vendor selection process

3.2.2.2 Weight

The weight of the accumulator shall be the minimum weight attainable without degradation of performance or reliability. The dry weight shall not exceed:

· 10 pounds (TBR) for the 60 ± 5 cubic inch accumulator
· 8 pounds (TBR) for the 40 ± 5 cubic inch accumulator

Vendor shall also supply the wet weight of accumulator when accumulator is in


its normal operating conditions at 3,000 psig – 3,200 psig.
3.2.2.3
Fluid Capacity

NASA GRC is looking at two different sized accumulators shown below for Engineering Model (EM) testing

· A gaseous nitrogen volume = 60 ± 5 cubic inches (TBR).
· A gaseous nitrogen volume = 40 ± 5 cubic inches (TBR)
NASA GRC would like vendors to respond to the Request for Quotation for both size accumulators shown above.

3.2.2.4 Center of Gravity (CG) and Moments of Inertia

The vendor shall provide the CG and moments of inertia of the accumulator to NASA GRC for review. The CG shall be determined in three axes from a defined reference datum. The moments of inertia shall be calculated about the CG of the accumulator when the accumulator is in both its pre-charge state as well as when the accumulator is in its operation state.
3.2.2.5 Fluid Port Type
Accumulator shall incorporate fluid ports, in order of preference, per the following specifications:

1 SAE AS1300 

2 SAE AS5202A 
3 AND10050 for gasket sealed ports. 

[Vendor to also assess Flight Requirement during RFQ]

3.2.2.5.1 Fluid Port Size


Hydraulic fluid port size shall be for ¾” OD (TBR) tube connector.
3.2.2.5.2 Auxiliary Ports

The number of auxiliary ports shall be minimized to reduce the number of potential leakage paths. NASA GRC shall be made aware of any additional auxiliary ports that have been incorporated into the accumulator design for review/approval. Vendor shall also make known to NASA GRC the purpose/function of any additional auxiliary ports for review/approval. 

NASA will use the information provided during NASA’s vendor selection process
3.2.2.6 Lock-wiring/Locking Method for Fittings/Fasteners

Accumulator shall incorporate some form of locking method for all threaded fasteners and fittings. Vendor shall specify the locking method and associated technical details/specifications incorporated on all threaded fasteners and fluid fittings in the accumulator to NASA/GCR for review/approval.
NASA will use the information provided during NASA’s vendor selection process 
[Vendor to also assess Flight Requirement during RFQ]

3.2.3
Maintenance/Safety Features 
3.2.3.1 Maintenance 
[Vendor to also assess Flight Requirement during RFQ]

a. Scheduled Maintenance: Within the life cycle specifications of accumulator in 3.2.1.1.1, the accumulator shall not require scheduled maintenance unless approved by NASA.
b. Precluding Special Tools: Vendor shall indicate whether any assembly/disassembly or site maintenance and repair operation for accumulator requires the use of special tools and equipment. It is preferable that the accumulator design preclude the use of special tools (such as universal joints, angular extensions, handle extensions etc) and equipment for assembly/disassembly, installation or site maintenance and repair. If any special tools are required, vendor shall supply 1 set of special tooling for each set of EM accumulators (1 set consists of 2 accumulators).
c. Prevention of Misconnection: The accumulator design shall physically prevent incorrect installation of replacement items. Color coding and labeling shall be used when compatible with other requirements to facilitate removal and replacement.

d. Accessibility: Servicing and test points shall be accessible and clearly marked.

e. Calibration and Adjustment: Calibration controls shall be accessible and clearly marked for major function. 
3.2.3.2 Safety

The design shall incorporate the following safety features:

a) Suitable warnings shall be provided on instruction plates or service placards for hazardous conditions which may exist (i.e. pre-charge gas pressure).
b) Exposed sharp surfaces or protrusions which could injure personnel shall be eliminated or guarded so that they cannot be accidentally contacted.

c) Components whose function is dependent on direction of flow shall be clearly indicated with permanent markings on the exterior of the component and parts to be mated with it.
d) The accumulator shall provide with permanent legible warning in red letters in accordance with paragraph 3.5 of either SAE ARP4378 or MIL-A-8897A.
3.2.4 Environmental Requirements 
The following environments are applicable to the installed performance requirements of the Engineering Model (EM) accumulator. The EM accumulator shall perform as specified in Section 3 of this specification during and after exposure to these environments.
[Vendor to also assess Flight Environmental Requirement during RFQ]

3.2.4.1 Transportation and Storage
The accumulator shall be capable of meeting the operating performance requirements specified herein after exposure to the following transportation and storage conditions.

a. Pressure

 Maximum: Sea level atmospheric pressure




 Minimum: 3.46 psia (35,000 feet)

b.
Temperature 

Maximum: plus 190 °F 





Minimum: minus 40 °F 
[Vendor to also assess Flight Environmental Requirement during RFQ]
3.2.4.2 Engineering Model Test Environment
The accumulator shall be capable of meeting the operating performance requirements specified herein after exposure to the following test conditions.

a.
Pressure

Sea level atmospheric pressure
b.
Temperature 

Maximum: plus 250 °F (TBR)




Minimum: 0 °F (TBR)
c.
Random Vibration: 

The accumulator shall be capable of meeting the performance requirements in this document after being exposed to random vibration test levels and durations in accordance with MIL-STD-810C, Method 514.2, Procedure I, Curve L.
d.
Shock, Solar Radiation, Acceleration, Altitude, Thermal Vacuum, EMI:

[Vendor to also assess Flight Environmental Requirement during RFQ]
3.2.4.3 Checkout Environment

[Vendor to assess Flight Environmental Requirement during RFQ]
3.2.5 Transportability
The accumulator shall be capable of being handled and transported to using facilities without damage or degradation, utilizing available methods of transport with the accumulator prepared for shipment in accordance with 5.0 requirements. The equipment design shall be compatible with the planned packaging and transportation system to the extent that loads induced during transportation will not produce stresses, internal loads, or deflections resulting in damage to the accumulator.

3.2.5.1 Transportation w/J-2X Engine 
[N/A for EM accumulator - Vendor to assess Flight Requirement during RFQ]
3.2.5.2 Transportation w/Stacked  Vehicle
[N/A for EM accumulator - Vendor to assess Flight Requirement during RFQ]
3.3
Design and Construction

3.3.1
Materials, Parts, and Processes
3.3.1.1 Materials and Processes

Materials and processes for the accumulator shall be selected to maximize life and minimize weight. Specifications and standards for use in the design and construction of the accumulator shall be selected in the order of precedence in accordance with NASA-STD-(I)-6016. Rationale for the selection of vendor specifications and standards over existing higher order or precedence standards and specifications shall be compiled and maintained for historical record and shall be made available to NASA GRC upon request. 
3.3.1.1.1 Metals

Metals shall be corrosion-resistant alloys. MSFC-STD-3029A per NASA-STD-(I)-6016 shall be followed to select metallic materials to control stress corrosion cracking of metallic materials in sea and air environments. It is preferred that dissimilar metals, as defined in MSFC​-SPEC-250A per NASA-STD-(I)-6016, not be used in combination unless they are suitably coated to prevent electrolytic corrosion. Vendor shall also supply NASA GRC with a list of all protective coatings used in the construction of accumulator for review/approval.
NASA will use the information provided during NASA’s vendor selection process
3.3.1.1.1.1 Corrosion Protection

Accumulator shall provide protection from corrosion in accordance with the requirements of NASA-STD-(I)-6016. Corrosion control of galvanic couples shall be in accordance with NASA-STD-(I)-6016.
3.3.1.1.2 Electrical Wire

Accumulator shall meet the wire and cable shielding, separation, and routing requirements of CxP 70080-ANX01, Constellation Program electromagnetic Environmental Effects (E3) Requirements Document, Annex 1, Crew Launch Vehicle (CLV) E3 Requirements. No exposed wiring or wiring outside the accumulator shall be allowed.
3.3.1.1.2.1 Wire Cabling, Crimping and Harnessing


Accumulator shall meet the wiring, cabling, crimping and harnessing 
requirements specified in NASA-STD-8739.4 and MSFC-STD-2905C.
3.3.1.1.3 Lubrication

Vendor shall supply NASA GRC with a list of all lubricants used on internal wetted surfaces, other than the working hydraulic fluid for review/approval.
NASA will use the information provided during NASA’s vendor selection process

3.3.1.1.4 Non-Metallic Parts
Non-metallic parts shall not have a corrosive effect on other materials.  Fungus nutrient materials shall not be used.
3.3.1.1.5 Castings

Casting shall not be utilized in accumulator design. 
3.3.1.1.6 Welding 
Fusion welding shall follow NASA-STD-5006 per NASA-STD-(I)-6016. 
3.3.1.1.7 Soldering

The accumulator shall be in accordance with NASA-STD-8739.3, as tailored by MSFC-STD-2903B, MSFC Tailoring Guide for NASA-STD-8739.3, Soldered Electrical Connections.

3.3.1.1.8 Surface Treatment

Processes and finishes on surfaces that contact the operating fluid shall not be used where migration of particles from the surface could occur during operation or storage.

3.3.1.1.9 Component Cleanliness/Component Cleaning Process
The cleaning process for the internal wetted surfaces of the accumulator shall enable the accumulator to meet a component cleanliness level (measured in contaminant level/ft^2) equal to or better than the fluid cleanliness requirement (measured in contaminant level/100 ml of hydraulic fluid) outlined in 3.2.1.6. NASA GRC estimates that this will require the internal wetted surfaces of the accumulator to meet or exceed a component cleanliness level of 175 (TBR) per KSC-C-123H.
[Vendor to also assess Flight Requirement during RFQ]
3.3.1.1.10 Forgings

Forgings shall be in accordance with NASA-STD-(I)-6016.
3.3.1.1.11 Contamination Control

[Vendor to assess Flight Requirement during RFQ]

3.3.1.2 Parts Standardization

Part utilization shall be based upon selection of qualified parts, proper derating and application, and minimizing the number of part types.

[Vendor to assess Flight Requirement during RFQ]
3.3.1.2.1 Threads and Fasteners 
3.3.1.2.1.1 Screw Threads

Threaded fittings and fasteners used in accumulator shall be designed to minimize the generation of metallic particles or foreign material. These threaded devices shall be applied in a manner that precludes the release of particles or foreign material where interference with proper operation could occur.
3.3.1.2.1.2 Fasteners and Self Locking Devices
Threaded fasteners used for securing a single component, wherever possible, shall be of the same type, size, and tensile strength. Captive fasteners shall be used on panels and components wherever possible, and the use of blind fasteners shall be minimized. All threaded parts shall be positively locked. Self locking devices shall be used one time only unless approved otherwise by the procurement activity.  

3.3.2
Electromagnetic Compatibility and Electrical Design 
3.3.2.1 Electromagnetic Compatibility
Accumulator shall comply with CxP 70080 ANX01 for electromagnetic compatibility.
3.3.2.2 Electrical Bonding 
The accumulator shall meet the electrical bonding requirements of NASA-STD-4003 as necessary in order to meet the E3 requirements as specified in CxP 70080ANX01, Constellation Electromagnetic Environmental Effects (E3).

3.3.2.3 Insulation Resistance

Accumulator shall meet the wire and cable shielding, separation, and routing requirements of CxP 70080-ANX01, Constellation Program electromagnetic Environmental Effects (E3) Requirements Document, Annex 1, Crew Launch Vehicle (CLV) E3 Requirements.
3.3.2.4 Load Isolation

28 Vdc power return lines shall be isolated from structure by greater than 1 Megohm.

3.3.2.5 Radiation Compatibility 

Vendor shall supply NASA GRC the specification that accumulator has been designed to meet for radiation compatibility for informational purposes only.

[Vendor to assess Flight Requirement during RFQ]

3.3.2.6 EEE Part Derating And EEE Parts Management
Accumulator shall meet CxP 72053 and MSFC-STD-3012  for EEE part 
management. EEE part derating shall use CxP 72053 and MSFC-STD-3012 for 
guidance.

3.3.2.7 Electrostatic Discharge
Accumulator shall meet ESD S20.20 for Electrostatic Discharge (ESD) Control
3.3.3 
Structural Design 

[Vendor to assess Flight Requirement during RFQ]
3.3.4
 Mechanism Design 

[Vendor to assess Flight Requirement during RFQ]
3.3.5 
Fracture Control 

[Vendor to assess Flight Requirement during RFQ]

3.3.6 
Human Factors

[Vendor to assess Flight Requirement during RFQ]
3.4
Identification and Marking 
3.4.1 
Identification of Parts

Each part fabricated shall be identified with a part number. The same specification or part number shall be used to identify all like materials, processes, and parts. Seller shall assign a new part number to the part when authorized changes make the superseded part not interchangeable with respect to interface, reliability, safety, logistics, traceability, or performance. For traceable items, the part shall be lot member numbered and serial numbered.
[Vendor to also assess Flight Requirement during RFQ]
3.4.2 
Nameplates

Nameplates shall be marked in accordance with paragraph 3.11. As a minimum, the nameplate shall include the following information:

Hydraulic Accumulator

Manufacturer's Name

Manufacture Date

Manufacturer's Part Number

Manufacturer's Serial Number

Maximum Operating Pressure

Proof Pressure

Pre-charge Pressure at Room Temperature

Pre-charge Gas Volume

Approved Hydraulic Fluids

Vendor shall supply NASA GRC with all the information that will be included on the nameplate.
3.4.3 
Port Marking


The hydraulic port shall be clearly identified and permanently marked on the 
accumulator housing.
3.4.4 
Electrical Connector Marking


All accumulator electrical connectors shall be permanently marked to prevent 
misconnection.
3.5
Traceability

Traceability shall be provided, by assigning traceability identification to end items or major components. Each component, part, and subassembly comprising or contained within the end item or major component shall be classified and processed as exempt or traceable.

3.5.1
Traceability Classification
Each component, subassembly, and part within the end item shall be evaluated and receive a traceability classification. Seller and subordinate supplier engineering documentation (e.g.. drawings and specifications) shall specify the traceability classification for each part, component, and subassembly as classified by the seller.

3.5.1.1
Serial Traceability (TS)

Serial traceability requires the assignment of a unique serialized identifier and processing of each part, subassembly, major component, or end item identified (TS) as a separate item, and maintaining historical records pertaining to that item alone. The historical records in turn will provide the capability for backward traceability to the identification of its fabrication, inspection, processing, test, and operating records, and any other pertinent data deemed necessary by the seller. The capability shall also provide for backward traceability to the procurement document(s) and receiving record(s) of part(s), components, and subassemblies within the end item designated as traceable (exempt items excluded).

3.5.1.1.1Serial Traceability Criteria

Sub-tier items comprising or contained within the end item which satisfy any of the following criteria shall be traceable by serialization:

a.   Limited life

b.   Fracture critical

c.   Contains traceable subordinate items, assemblies, or parts.

3.5.1.2Lot Traceability (TL)

Lot traceability requires lot serial numbering of sub-tier items produced by the lot, batch, mix, heat, or melt in a given time sequence and the maintaining of historical data equally pertinent to all items in the lot.  Separate lot numbers shall be assigned when planned differences between individual items in the lot occur due to changes in materials (substitution) or processes which effect form, fit or function. The "given time sequence" includes identification of work on the production order for a specific part number, from initiation or work through completion of the last operation.

3.5.1.2.1 Lot Traceability Criteria

Sub-tier items which satisfy the following criteria shall be lot traceable: 

a.   All functional electrical, electronic, and electromechanical (EEE) parts.

b.   Parts with materials identified by the contractor as critical.

c.   Parts identified by the contractor as controlled by unique manufacturing process(es).

3.5.1.3
Exempt from Traceability (E)

This classification identifies those items, which are exempt from traceability requirements. All items, which have not been classified and identified as TS or TL, shall be exempt (E) from traceability.  These items shall be approved by NASA/GRC

3.6
Interchangeability

Items and major components of the accumulator shall be interchangeable. Interchangeability shall be a design feature for all removable items/ subassemblies/ parts designated as LRUs or shop replaceable units (SRUs). When removable items/subassemblies contain controls, wiring, hydraulic lines, etc., interchangeability shall be provided at the attachments of the assembly.

3.7 
Reliability 
[N/A for EM Accumulator - Vendor to assess Flight Requirement during RFQ]
3.8
Pre-Launch & Operational Requirements

[N/A for EM Accumulator - Vendor to assess Flight Requirements during RFQ]
4.0
Verification/Quality Assurance (QA)
[Vendor to also assess all Flight Verification and Quality Assurance Requirement during RFQ]
4.1      
General Requirements 

The accumulator shall be processed per SAE AS9100. NASA requires that the accumulator will meet the quality assurance provisions set forth in SAE ARP4378 as a minimum except for the exceptions listed below. 
NASA GRC will not require the following verification test to be performed:

· Fragmentation verification tests outlined in 4.7.10 of ARP4378

NASA GRC will also not expect the vendor to perform the number of 
endurance/impulse cycles outlined in Table 1 of SAE ARP4378. NASA and 
vendor shall work out the specific endurance and impulse cycle test requirements 
after procurement has been awarded to vendor.
4.1.1 General Verification Guidelines and Criteria

The vendor shall submit to NASA GRC a verification/compliance matrix which summarizes the compliance or non-compliance of each requirement in Section 3 of this document. NASA GRC will use this verification/compliance matrix to identify which requirements were met and which requirements were not met. NASA GRC would also like to know the method which will be used to verify the compliance of each requirement per the methods below:

4.1.2 Methods of Verification

Each performance and design requirement specified in Sections 3 of this requirements document shall be verified by inspection, analysis, and/or test defined as follows:

4.1.2.1   Inspection

Verification by inspection is the process of determining compliance to requirements by the review of drawings, data, by examination (visual or visual with aid of NDE) of the item using standard quality control methods, without the use of special laboratory procedures. Inspection also includes evaluation of planning for assurance that considerations are made in the plan to address requirements. This is particularly applicable to the development phase.

4.1.2.2   Analysis

Verification by analysis is the process of utilizing analytical techniques to verify that the requirements are satisfied.  Verification by analysis may be used when verification by test is not possible, introduces significant risk into the item, or is not cost effective. Analysis in conjunction with limited testing is an acceptable method where conditions dictate.

4.1.2.3   Test

Verification by test is a method in which technical means such as the use of special equipment, instrumentation, simulation techniques, and the application of established principles and procedures are used for the evaluation of components to determine compliance to requirements.  Testing shall be selected as the primary verification method when analytical techniques do not produce adequate results. Tests may be used to support analytical techniques and to evaluate large range requirements where test of all conditions is not feasible or cost effective. The analysis of data derived from tests is an integral part of the test program and should not be confused with analysis defined in previous specification sections.  Tests shall be used to determine quantitative compliance to requirements and produce quantitative results.
4.1.3
Test Conditions/Tolerances
[N/A for EM Accumulator - Vendor to assess Flight Requirement during RFQ]
4.1.4
Test Responsibility and Location

[N/A for EM Accumulator - Vendor to assess Flight Requirement during RFQ]
4.2
Conformance Verification
Vendor shall conduct acceptance level testing on all EM accumulators prior to delivery. Vendor shall supply NASA GRC the inspections and tests that will be conducted on accumulator prior to testing to provide assurance that the accumulator will meet the performance requirements within this document. 

Vendor shall supply NASA GRC the inspections and tests that that have been conducted or will be conducted on accumulator to provide assurance that the accumulator will meet the performance requirements within this document. It is advantageous that these tests and inspections be performed in a manner and under conditions, which simulate end use to the highest degree practicable however reasonable extrapolation of test results via analytical techniques is appropriate and allowed.  
5.0
PREPARATION FOR DELIVERY

5.1
General Requirements

The requirements specified herein govern the preparation for shipment and the transport of the accumulator. The methods of preservation, packaging, and packing utilized for shipment together with necessary special control during transportation shall adequately protect the accumulator from damage or degradation during transportation and subsequent indoor storage.

5.2
Detailed Requirements

Packaging, handling, and transportation shall be in accordance with applicable requirements and guidelines of NPR 6000.1G as supplemented by the following subparagraphs.

5.2.1
Preservation, Packaging, and Packing

Preservation, packaging, and packing shall be in accordance with the requirements of NPR 6000.1G 

5.2.2
Monitoring Devices

Use of instrumentation for monitoring or recording in-transit environments (e.g. shock, vibration, temperature, etc.), shall be approved by GRC prior to implementation. 

5.2.3 Packaging of Precision Clean Items

Prior to packaging in accordance with the requirements of 5.2.1 and 5.2.2 items cleaned to the level of cleanliness specified in 3.3.1.1.9 shall first be protected to ensure maintenance of the prescribed cleanliness level.

5.2.4
Temporarily Installed Hardware Identification


Vendor shall supply NASA GRC a list of any shipping caps, plugs etc that will 
not have to be removed during the installation of the reservoir into the TVC 
hydraulic system. NASA GRC will have to ensure that any shipping caps, plugs 
etc that will not be removed during installation are easily marked/identified.
5.2.5
Marking of Shipments

Interior and exterior containers shall be marked and labeled in accordance with NPR6000.1 G and MIL-STD-129 P including precautionary markings necessary to ensure safety of personnel and facilities and to ensure safe handling, transport, and storage. NASA Critical Item Label (NASA Form 1368) shall be applied in accordance with NPR6000.  The following identification information on interior and exterior containers shall include as a minimum:

a. NASA Contract Number 

b. Item Name

c. Manufacturer’s Part Number

d. Serial Number

e. Manufacturer’s Name

f. Manufacturer’s Cage Code Number

g. Quantity

h. Cleaning Marking – Add the words:

 “THIS PART HAS BEEN CLEANED TO LEVEL 175 (TBR) PER KSC-C-123H.”

i. Gross Weight

6.0
NOTES

6.1
Definitions

a. Acceptance Tests - Tests to determine that accumulator is capable of meeting performance requirements prescribed in purchase specifications or other documents specifying what constitutes the adequate performance capability for the item in question.

b. Assessment—A verification method employing inspection and review of design techniques to verify design features impossible by other methods (test, analysis) such as finishes, tolerances, bonding, identification and traceability, safety wiring, warning and servicing labels, Bills of Material, etc.
c.  Batch/Lot - A batch or lot is defined as all material manufactured in one continuous production run or lot of each ingredient.

d. Certification - Certification consists of qualification testing and other tests, analysis, and assessment required to determine that the design hardware meets requirements.

1. Qualification Test—Rigorous demonstration by test that a production type item is capable of meeting design performance requirements, including verification of structural performance and life under the critical design conditions.

2. Certification by Analysis—Certification by analysis allows the use of appropriate engineering analyses including simulation to provide fulfill​ment of certification objectives. Certification analyses will normally be conducted due to one or both of the following factors.

(a) The inability to simulate flight conditions in an effective ground test.

(b) Qualification testing would not be practical.

Analysis may be used where it can be shown that the article is similar or identical in design, manufacturing processes, and quality control to another article that has been previously certified to equivalent or more stringent criteria.

e. Development Tests - Those tests performed with minimum rigors and controls to verify a design approach.
f. Failure - The inability of a system, subsystem, component, or part to perform its required function within specified limits, under specified conditions for a specified duration.
g. Impulse Cycle - An impulse cycle is defined as an increase in accumulator pressure from zero to operating pressure and a decrease back to zero, or a decrease from operating pressure to zero and an increase back to operating pressure.

h. Limit Pressure - Limit pressure is the maximum differential pressure to which the structure will be subjected under specified conditions of operation. Limit pressure is defined as the relief valve nominal pressure plus its tolerance and plus hydrostatic head.

g. Line Replaceable Unit—An LRU is a combination of components, units, parts, assemblies, etc., that is contained in one package or are so arranged that together the combination is common to one mounting, and in addition, provides a complete function(s) to the larger entity within which it operates. An LRU can be characterized by the following items:

1. It can be verified as ready for installation in an off-vehicle environment.

2. After installation readiness verification, it can be installed in any vehicle or GSE end item without regard to serial number.

3. The installation does not require manufacturing type of tooling for dimen​sional checks or other checks of a similar nature.

4. It does not require engineering support during installation or removal.

5. It does not require more time or involve more spares costs or other resources than its next assembly for installation or removal.

i. Liquid Drop—The smallest quantity of a liquid heavy enough to fall in a 
spherical mass.

j. Operating Cycles—The cumulative number of times an item completes a sequence of activation and return to its initial state, e.g. a switched-on/ switched-off sequence, a valve-opened/valve-closed sequence, a tank pressurized/depressurized, or dewar cryogenic exposure/drain.
k. Operating Life - The specified operating time/cycles which an item can accrue before replacement or refurbishment without risk or degradation of performance beyond acceptable limits.
l. Operational Availability - The item’s total life span including service and storage with normal preventive maintenance, servicing, repair, and replacement of parts before the item is considered unacceptable for further usage. This life span may be equal to (throwaway), or greater than (repair, refurbishment) the value specified for operating life.
m. Pre-Charge - The factory sealed gas charge within the accumulator with the separator bottomed at the fluid end. (usually specified as pressure at temperature)
n. Process - The action which results in a change to the physical or chemical properties or form of materials and parts.
o. Separator - A part of the accumulator that separates the gas and the hydraulic fluids.
p. Serviceability – Put in definition

q. Shelf Life—That period of time during which an item can remain in storage without having its operability affected. Preventative maintenance, servicing, and replacement of age-sensitive material parts shall be permitted on a scheduled basis during the storage period.
r. Shop Replaceable Unit - An SRU is an integral subassembly of an LRU consisting of units and parts or a combination of parts so arranged that together the combination is common to one mounting. In addition, it provides a complete function(s) to the larger entity within which it operates.
s. Stroke Cycle - A stroke cycle shall consist of the application and release of accumulator pressure to reciprocate the separator over the stroke. 
t. Useful Life—The item useful life span including service and storage with normal preventative maintenance, servicing, repair, and replacement of parts before item is considered unacceptable for further usage.
6.2
Abbreviations and Acronyms

A
analysis

CDR
Critical Design Review

CEV
Crew Exploration Vehicle

CG 
Center of Gravity

dB 
decibel

DC 
direct current

E
exempt from traceability

E3
Electromagnetic Environmental Effects

ECF
Environmental Correction Factor

EEE 
Electronic/Electrical/Electromechanical

EPL
Electrical Power Loss

EMC
Electromagnetic Compatibility

EMI
Electromagnetic Interference

F 
Fahrenheit
FSCM 
Federal Supply Code for Manufacturers
ft 
Foot or feet

ft2 
Square foot or feet

g 
Gravity

GN2 
Gaseous nitrogen

GN&C
Guidance Navigation & Control
GPM
Gallons per minute
GSE 
Ground Support Equipment

He 
Helium

H2
Hydrogen

Hg 
Mercury

hr 
hour

Hz 
Hertz (cycles per second)

I
inspection

in.
inches

lb 
pound

lbm
Pound mass

lbf
pound force

LRU
Line Replaceable Unit

MEOP
Maximum Expected Operating Pressure

MSFC 
Marshall Space Flight Center

NA
Not applicable

NASA 
National Aeronautics and Space Administration

NDE 
Non-destructive evaluation

NIST
National Institute of Standards and Traceability

N2 
Nitrogen

O2
Oxygen

psi 
pounds per square inch

psia 
pounds per square inch absolute

psid 
pounds per square inch differential

psig 
pounds per square inch gauge

rms 
Root mean square

SCCS
standard cubic centimeters per second

SCIM
standard cubic inches per minute

sec 
second

SRU
Shop Replaceable Unit
STD 
standard

T
test

TBD 
to be determined 

TBR
to be reviewed

TBS 
to be supplied

Ts
serial traceability

TL
lot traceability
TVC
Thrust Vector Control

VDC 
volts direct current

vs
versus
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Figure 1.  Ares I Lunar Mission Profile       








Figure 2. Ares I ISS Mission Profile














Figure 2 .  Ares I ISS Mission Profile       
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TVC system, including accumulator, will be mounted onto ARES I Upper Stage thrust cone
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