Additional Flight Requirements/Specifications

Below are the additional flight specifications and requirements that the flight accumulator design will be required to meet. The numbering scheme for the flight requirements in this section follows the numbering scheme from EM requirement document GRC-TVC-SPEC-005. It is recommended that the vendor review the EM accumulator requirement document, GRC-TVC-SPEC-005 prior to reviewing the flight requirements in Section III.

NOTE:  Any content that is in [  ] is either:

1. Information incorporated for information purposes only or 
2. TVC system level flight requirements that NASA GRC would like vendor to be aware of to make sure the TVC hydraulic system as a whole will be capable of meeting the TVC hydraulic system level flight requirement. It is not a requirement that is applicable to the flight accumulator.
2.0 
Applicable Flight Documents

CxP 70023, 
Constellation Program Design Specification for Natural 

(Release 07/18/07)
Environments (3.2.4.2, 3.2.4.3) 
CxP 70036 
CEQATR Constellation Program Environmental Qualification and
(Release 09/05/07)
 Acceptance Testing Requirements (4.1.4.2, 4.1.4.3, 4.2.1, 4.2.1.3.3, 4.2.2, 4)

CxP 70135
Constellation Structural Design and Verification Requirements
(Release 05/11/07)
 (3.2.1.7, 3.2.2.4, 3.3, 3.3.3)

CxP 72169 
Ares I Vibroacoustic and Shock Environments Data Book
(Release 07/27/07)
(3.2.4.2)




CxP72142
Ares I Preferred Common Parts Selection Document (3.3.1.2)

(07/01/2007)

CxP72067
ARES-I System Structural Dynamics, Loads and Model Data Book (3.2.4.2)
(08/31/2006)

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

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

NASA-STD-5017    Design and Development Requirements for Mechanisms (3.3.4)

NASA-STD-(I)-5019 Fracture Control Requirements For Spaceflight Hardware (3.3.5)

MIL-STD-130N 
Identification Marking of U.S. Military Property (3.4.1)
USO-CLV-MP-25505 Upper Stage Element Contamination Control Plan (3.3.1.1.9, 


                                     3.3.1.1.12) 

CxP 70145
Constellation Program Contamination Control Requirements

(08/23/2007)
         (3.3.1.1.9)

USO-CLV-LS-25404 Ares I Human Factors Engineering Design Criteria (3.3.6)

USO-CLV-SE-25705 US Structural Loads Data Book (3.2.5.2)
NASA-STD-8719.9 Standard for Lifting Devices and Equipment (4.2.1.8)

MIL-STD-810         Military Environmental test Methods For Aerospace And Ground 


                                 Equipment (4.2.1.7)
2.1 
Additional Reference Flight Documents

CxP 70044, 
Natural Environment Definition for Design 

(Release 08/17/07)

AIAA S-080-1998,
Space Systems – Metallic Pressure Vessels, Pressurized Structures, and Pressurized Components
NASA-STD-5001
Structural Design and Test Factors Of Safety For Space Flight Hardware
3.0
Requirements

3.1
Item Definition

3.1.1
System Interface Definition

3.1.1.1 Mounting and Orientation
Accumulator shall be fully functional independent of orientation in a +/- 5g (TBR) environment.
3.2
Characteristics

3.2.1 
Performance 

3.2.1.7 Factors of Safety

Accumulator design shall meet the minimum structural safety factors specified in CxP 70135.

NOTE: The factors of safety shown in CxP70135, Table 3.10-1 will eventually be updated to match the factors of safety shown in SAE AS 5440, Table II.

3.2.2
Physical Characteristics

3.2.2.5 Fluid Port Type

Accumulator shall incorporate fluid ports per SAE AS1300 or SAE AS5202A.

3.2.2.6 Lock-wiring/Locking Method for Fittings/Fasteners
Accumulator shall incorporate fastener retention methods per CxP70135 
3.2.3.1 Maintenance 
a. Calibration and Adjustment: Accumulator shall not require on vehicle adjustments or calibration except as identified and approved by NASA

b. Protection Against Collateral Damage During Maintenance: [Protection of subcomponents susceptible to damage during maintenance of the accumulator or adjacent equipment in the Upper Stage shall be provided to minimize risk of collateral damage. A system level analysis will be required to be completed by NASA GRC to assure compliance with this requirement]. However, vendor shall make NASA GRC aware of anything in the accumulator design that could potentially prevent the TVC hydraulic system from meeting this requirement.

c. Serviceability: [Accumulator will need to be serviceable when ARES I Upper Stage is in either the horizontal or vertical orientation. A system level analysis will be required to be completed by NASA GRC to assure compliance with this requirement]. However, vendor shall make NASA GRC aware of anything in the accumulator design that could potentially prevent the TVC hydraulic system from meeting this requirement.
3.2.4 Environmental Requirements
The accumulator shall conform to the natural environment design requirements specified in this section and documents contained within this section. Verification testing for these requirements shall be carried out as specified by CxP, 70036 CEQATR Constellation Program Environmental Qualification and Acceptance Testing Requirements.

3.2.4.2 Flight Environment 
The following environments are applicable to the flight operational performance requirements of the accumulator. The accumulator shall meet the performance specification during and after exposure to these environments.

a. Acceleration 
± 5 g (TBR) all axes for a minimum of TBD minute 

duration in each direction along each orthogonal direction

b. Altitude

The accumulator shall operate from sea level to 500,000 feet (TBR)

c. The accumulator shall conform to shock & vibration requirements contained within CxP 72169 Ares I, Vibroacoustic and Shock Environments Data Book in Sections 3.1.2.7, 3.2.2.7, and 3.3.2.7. 

d. The accumulator shall conform to flight environments contained within CxP 70023, Constellation Program Natural Environment Definition for Design Sections 3.2 and 3.3.
e. The accumulator shall conform to CxP 72067 Ares I System Structural Dynamics, Loads, and Model Data Book.
3.2.4.3 Checkout Environment (TBR)
a. The accumulator shall conform to environmental requirements as specified in CxP 70023, Constellation Program Design Specification for Natural Environments, Section 3.1. 
3.2.5 Transportability
3.2.5.1 Transportation w/J-2X Engine 

The accumulator, as an installed component of the TVC hydraulic system, shall be transportable when the Upper Stage vehicle is in any orientation with the J-2X Engine and associated support hardware installed.

3.2.5.2 Transportation w/Stacked Vehicle
The accumulator shall accommodate transportation loads from the CLV stack as specified in US Structural Loads Data Book, USO-CLV-SE-25705.
3.3
Design and Construction
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 or exceed a surface precision cleanliness level of TBD per IEST-STD-CC1246D according to CxP70145 per USO-CLV-MP-25505.
3.3.1.1.11 Contamination Control

The accumulator shall follow the US Elements Contamination Control Plan, USO-CLV-DE-25100.

3.3.1.2 Parts Standardization

CxP 72142, Ares I Preferred Common Parts Selection Document shall be used as a guide for part selection.  Part utilization shall be based upon selection of qualified parts, proper derating and application, and minimizing the number of part types.
3.3.2
Electromagnetic Compatibility and Electrical Design 
3.3.2.5 Radiation Compatibility 

In accordance with MSFC-STD-3012, radiation evaluation shall address all threats appropriate for the technology, application, and environment, including total ionizing dose (TID), dose rate effects, single event effects (SEE), and displacement damage as defined in CxP 70023, “Constellation Program Design Specification for Natural Environments,” sections TBD, and shall be assessed on a lot-specific basis according to the project requirements.
3.3.3 Structural Design 

Accumulator shall comply with CxP 70135, Constellation Structural Design and Verification requirements.

3.3.4 Mechanism Design

Accumulator mechanisms shall be designed in accordance with NASA-STD-5017 Design and Development Requirements for Mechanisms.

3.3.5 Fracture Control Design

The accumulator shall be designed in accordance with NASA-STD-(I)-5019 Fracture Control Requirements for Spaceflight Hardware

3.3.6 Human Factors Design

The accumulator design shall comply with USO-CLV-LS-25404 Ares I Human Factors Engineering Design Criteria. 
3.4.1 
Identification of Parts

The accumulator parts shall be identified per MIL-STD-130N Identification Marking of U.S. Military Property.

3.7
Reliability

The accumulator shall be designed to assure a quantitative reliability requirement of TBD (probability of success) with a confidence goal of 90 percent while meeting performance requirements defined in 3.2.1 and when subjected to the flight environments defined in 3.2.4 for a 600 (TBR) second mission duration.

3.8
Pre-Launch & Operational Requirements 
3.8.1
Mission Duration
The accumulator shall be capable of operation for the 600 (TBR) second mission from launch to CEV separation with hydraulic fluid that is at a temperature range of -40 F (TBR) to + 275 F.
3.8.2
Launch Delays
The accumulator shall be mission ready within 24 hours after a launch delay. 

3.8.3
Accumulator Functionality During Ascent
The accumulator shall meet all of the functional performance requirements in section 3 while the Ares I launch vehicle is in any orientation during ascent. 

3.8.4
Accumulator Launch Opportunities

The accumulator shall support daily launch opportunities for a minimum of seven 
(7) consecutive days.
3.8.5
Accumulator Launch Ready State
The accumulator shall be capable of remaining in a launch-ready state for not less than 2 hours beyond scheduled T-0 with stable replenish.

3.8.6
 Accumulator Pad Stay Time 

The accumulator shall meet its requirements during and after cumulative exposure 
to the natural environments (given in CxP 70023, DSNE) at the launch pad for at 
least 30 (TBR.CLV.204.1) days.

3.8.7
 Integrated Space Vehicle Checkout

[The accumulator, as an integral part of the TVC hydraulic system, will need to 
allow for complete end-to-end static and dynamic functional verification testing in 
30 minutes and without manual flight or ground system reconfiguration]. Vendor 
shall make NASA GRC aware of any accumulator issues that could potentially 
prevent the TVC hydraulic system from meeting this requirement.
4 Quality Assurance/Verification

4.1 General Requirement

The Contractor is to submit a written Verification and Validation Plan to the Government for approval. 
4.1.1 General Verification Guidelines and Criteria

The contractor will use the following general guidelines in developing a verification program that shall satisfy the requirements of this specification:

a. Verification of transportation packaging performance shall be accomplished by analysis whenever possible.  When verification by analysis cannot be accomplished, then testing shall be performed per the requirements in NPR6000.1.
b. Where new materials or existing materials under new conditions are to be used, adequate testing shall be performed to statistically identify material property values.
c. Application of non-destructive evaluation techniques shall be verified.
d. Verification shall be structured to verify the full range of the design requirements under the specified environments.
e. Wherever practical and technically sound, accelerated life test techniques shall be utilized.
f. Testing shall be conducted at the most cost effective level of assembly.
g. All verification test specimens shall be processed through specified acceptance testing prior to verification test.
h. Where redundancy in design exists, each redundancy shall be verified through normal output sources designed for that purpose.

4.1.2 Methods of Verification

Each performance and design requirement specified in Sections 3 or accumulator specification 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 Verification Phasing

The verification of accumulator will be structured coincident to the two main program phases, 1) Qualification and 2) Acceptance. The Verification matrix of TBD identifies the phase and verification method for each of the requirements of section 3. 
4.1.3.1 Qualification

This phase of verification will coincide with the fabrication and testing of the qualification unit which will verify suitability of the post CDR baselined design with the requirements of this specification under the comprehensive environments and loads defined for the preflight ground and flight operations. The purpose here is to verify that the design meets the requirements of the specification. The first article (qualification unit) acceptance and the qualification test reports will constitute a large portion of this verification package.
4.1.3.2 Acceptance

The acceptance phase of verification will be performed on articles fabricated in accordance with the post qualification design baseline. The acceptance verification will be a subset of the qualification verification implemented in accordance with a cost effective and timely effort to assure compliance with the design baseline. The purpose being to verify that the hardware produced is in compliance with the design baseline. Each article produced will have a unique acceptance verification data package though the content will be similar or identical for each.

4.1.4 Test Conditions

4.1.4.1 Standard Test Conditions

Environmental standard test conditions for tests required by this specification shall be made at an atmospheric pressure of 28.5 plus 2 or minus 4.5 inches of Hg (TBR) at a temperature of 73 plus or minus 18ºF (TBR) and at a relative humidity of 50 plus or minus 30 percent (TBR).
4.1.4.2 Test Tolerances

Test tolerances shall comply with requirements within CxP 70036 CEQATR. 

4.1.4.3 Measuring Instrumentation

Measuring Instrumentation used in tests shall comply with requirements within CxP 70036 CEQATR. 

4.1.5 Test Responsibility and Location

The seller shall be responsible for the performance of all inspections and tests.  The contractor shall be responsible for implementing any quality assurance requirements. Except as otherwise noted, the seller may use his own facilities, government furnished facility, or any commercial laboratory acceptable to the buyer.  NASA/GRC reserves the right to perform any of the inspections necessary to ensure conformance to the requirements of Section 3.
4.2 Conformance Verification
4.2.1 Qualification
Qualification verification shall comply, at a minimum, with the requirements within CxP 70036 CEQATR. In addition the contractor shall identify and perform those other tests deemed necessary by either the contractor or NASA to ensure successful operation of the deliverable assemblies. This verification demonstrates conformance of the design to the entire range of end item requirements. Pre test inspections and functional tests will be used to provide quality control assurance against workmanship or material deficiencies for the test article.  These functional tests and inspections will include all planned Acceptance verification. These tests and inspections shall be performed in a manner and under conditions, which simulate end use to the highest degree practicable, affordable and feasible with the understanding that the Qualification article may be used up at the end of the Qualification program. The sequencing provided in the table and the Qualification test planning will take this life limited aspect into consideration with the assumption that only one Qualification unit will be used in the program.  The degree, duration, and number of tests and pre/post test inspections shall be sufficient to provide assurance that the quality required is present prior to and maintained throughout the verification activity. 

4.2.1.1 Qualifications Inspections

Qualification inspections shall be used to verify that the qualification unit is in compliance with the baselined design, manufacturing and procurement requirements as defined in the drawings and specifications. Inspections shall be made to the process paperwork to assure that all quality assurance provisions have been implemented in the test program procedures. All test equipment used in the test program will be inspected to assure compliance with the test program plans and procedures.

4.2.1.2 Qualification Analyses

Analyses used as part of Qualification shall provide undisputable evidence that the design is in compliance with the requirements of this specification. If necessary, analysis combined with test results may be combined to provide this evidence. Every aspect of, and the entire range of environments and loads will be addressed by analysis or an actual test. Analyses will be traceable to the paragraphs of this specification and the specific revision level of the design drawings and related documentation.
4.2.1.3 Qualification Tests

4.2.1.3.1 Qualification Test Hardware

Qualification test hardware shall be of the same configuration as the delivered flight hardware.  All Qualification testing shall be performed on a single serial number unit unless otherwise necessary based on life requirements and otherwise approved by NASA. Spare or additional qualification units may be incorporated into the test program as provided by the statement of work to mitigate risk due to loss of unit, i.e. unrecoverable failure of the qualification unit, during testing, and only with the written approval of NASA.
4.2.1.3.2 Performance Tests
The functional performance tests on the accumulator shall be tested in flight configurations and under flight environments. As a minimum these tests shall include nominal, and worst case environment functional tests for each of the requirements identified in TABLE TBD below. 

4.2.1.3.3 Environmental Tests
Environmental testing of the accumulator shall comply with requirements within CxP 70036 CEQATR. 
4.2.1.4 Weight

The test accumulator shall be weighed and recorded in lbs to 2 decimal places.

4.2.1.5 Identification of Center of Gravity (CG) and Moment of Inertia

The calculated value for the CG and the Moment of Inertia shall be provided for the accumulator in inches to 2 decimal places.

4.2.1.6 Post Test Inspection

Disassemble and visually inspect the accumulator.  Record any evidence of degradation, contamination, and/or excessive wear.

4.2.1.7 Explosion Proofing

The test accumulator shall pass explosion proofing test in accordance with MIL-STD-810 method 511.4.

4.2.1.8 Lifting Equipment Proof Test

Lifting equipment GSE for the accumulator handling shall be proof tested in accordance with requirements of NASA-STD-8719.9.

4.2.1.9 Electrical Protection Devices

Electrical protection devices shall be tested before use to verify intervention when power is applied in reverse polarity. This test shall be performed before application of power to the test unit.

4.2.2 NDE Compatibility

The test accumulator shall be subjected to Non-Destructive Evaluation (technique to be selected by GRC/NASA) for compatibility assessment.

4.2.3 Acceptance

Acceptance verification shall comply, at a minimum, with the requirements within CxP 70036 CEQATR. In addition the contractor shall identify and perform those other tests deemed necessary by either the contractor or NASA to ensure successful operation of the deliverable assemblies. This verification demonstrates conformance to requirements and provides quality control assurance against workmanship or material deficiencies.  These tests and inspections shall be performed in a manner and under conditions, which simulate end use to the highest degree practicable without damage to the assemblies.  The degree, duration, and number of tests and pre/post test inspections shall be sufficient to provide assurance that the quality required is present prior to and after Acceptance verification.  
4.2.3.1 Examination of Product 

Each accumulator shall be carefully examined to determine conformance to the requirements of this specification. Particular attention shall be given to valve performance, weight, workmanship, finish, dimensions, construction, cleanliness, identification markings, traceability level, and that certified materials and processes have been used. Locking inserts shall be individually inspected to verify proper installation.
