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TECHNICAL SPECIFICATION


FOR


HIGH PRESSURE GLOBE VALVES

1.0  SCOPE
This specification covers requirements for 15,000 psig rated electro-hydraulically actuated control and on/off valves used in gaseous hydrogen, gaseous nitrogen or gaseous helium services.  Requirements herein shall govern design, material, fabrication, assembly, inspection, examination, testing, cleaning, packaging and delivery of the specified components.

2.0  APPLICABLE DOCUMENTS
Valve requirements shall comply with the latest edition of the following referenced publications unless shown or specified otherwise:




NASA/SSC Standards and Specification Control Drawings




Stennis Space Center




SSC, Mississippi  39529-6000

NASA/SSC STD
Tubing Systems for Aerospace Test Hardware and Ground Test 

47-220


Facility Fluid Systems

NASA/SSC STD
Facility Cleanliness Requirements for Propellants,

8070-0089-FLUIDS
Gas and Hydraulic Systems (Attached)




The SSC Standards can be found at:  http:\\www.ssc.nasa.gov/standards/




American Iron and Steel Institute




1133 15th Street NW




Suite 300




Washington, D.C.  20005




AISI Manual Semifinished: Hot-Rolled and Cold-Finished, Stainless and Heat Resisting Steel Bars




ISA




67 Alexander Drive




P.O. Box 12277




Research Triangle Park, North Carolina 27709

ISA S75.01

Flow Equations for Sizing Control Valves

ISA S75.02 

Control Valve Capacity Test Procedure




American Society of Mechanical Engineers (ASME) 




United Engineering Center




New York, New York  10017




(212) 705-7722

ASME


Boiler and Pressure Vessel Code Sections II, V, VIII, and IX (for weld filler wire, welding, weldments, weld procedure qualifications, and welder qualifications only)

ASME B16.34

Valves-Flanged, Threaded, and Welding End

ASME B31.3

Process Piping

ASME B46.1 

Surface Texture (Surface Roughness, Waviness, and Lay)




Manufacturers Standardization Society of the Valve Fittings Industry, Inc.




127 Park Street, N.E.




Vienna, Virginia  22180




(703) 281-6613

MSS SP-55

Quality Standard for Steel Castings for Valves, Flanges and Fittings and Other Piping Components-Visual Method




Military Standard




Government Printing Office




5801 Tabor Ave.




Philadelphia, PA  19112

MS33649

Boss, Standard Dimensions for Straight Thread




American Society for Testing and Materials




100 Barr Harbor Dr.




W. Conshohocken, PA 19428-2959




(610) 832-9500   fax (610) 832-9555

ASTM B139

Standard Specification for Phosphor Bronze Rods, Bar, and Shapes

3.0  DESIGN

3.1  GENERAL

Globe valves rated for 15,000 psig shall be designed as unlisted components in accordance with paragraph K302.2.3 from ASME B31.3.

All valves shall be designed and fabricated to operate in ambient outdoor environment with temperatures ranging from -20(F to +100(F and with relative humidity as high as 100%.

Valve assemblies will be subjected to high flow deluge water spray and shall be designed to operate reliably and without damage under these conditions.


3.2  VALVE DESIGN


3.2.1  GENERAL


Each valve and its accessories shall be in accordance with the data sheets and the requirements specified herein.


      Valves shall be pressure balanced in both flow directions.


Pressure ratings for the components are specified on individual data sheets.  Valves shall be designed such that the burst pressure meets the requirements of ASME B16.34.


All valves shall have bi-directional flow and shutoff capability with maximum system pressure differential applied across the seat.


Required flow capacities, expressed as required Cv on the individual valve data sheets, reflect the required flow capacity of each valve at its full open position.  The flow tested Cv value of each valve at its full open position shall be within 10% of the required Cv shown for the respective valve on its individual data sheet.


End-to-end dimensions shall conform to those specified by the individual valve data sheets attached.  


Valves shall be designed and fabricated such that the following dimensional and angular tolerances are not exceeded:


1.  +/- 1/32"  end to end dimensions,


2.  +/- 1/32"  offset between end connection centerlines, and


3.  +/- 1/4(  perpendicularity of hub face to bore axial centerline.


8 RMS or smoother surface finish required for all stem-plug assembly surfaces in sliding contact with guides, packing, or dynamic seals.  128 RMS or smoother surface finish required for all other wetted parts.  All surfaces (including exterior surfaces) shall exhibit a high degree of workmanship and finish.  Significant gouges and surface aberrations may constitute cause for rejection of the valves at the government’s discretion.


The completed valve assembly, including actuator and accessories shall be integrally self-supporting and capable of operating in all orientations.


Valves weighing more than 100 lbs. shall be supplied with lifting lugs attached in such a way that when supported by the lugs the valve is in an upright, horizontal position with the actuator oriented upward at a 45 degree angle.  These attachment points shall also be capable of supporting the valve upon installation.  Submittal drawings shall indicate location and type of attachment points for external support.


All thread patterns, fasteners, seals and wrench flats on valve assemblies shall be sized in fractional inches.  No metric sizes are permitted.


Valves shall be equipped with a rugged stem position pointer and position indicator.


All valves shall be equipped with trim type as specified on individual valve data sheets.


All valve internal piece part configurations shall be designed and fabricated to prevent blowout of any materials during highly transient flow conditions.  Use of interference fits, swaged fastening techniques, or contact surface friction between piece parts (such as peened-in retainers) to retain piece parts subject to this potential blowout is not permitted.


Each valve shall contain design features that reduce rates of adiabatic compression heating in cavities near valve stem packing and pressure balance cavity seals.  These design features shall also enable rapid fluid mass transfer rates between service media flow passages in valve body and pressure balance cavities for pressure balanced valves.


Internal void spaces and cavities around the stem shall be of minimal volumes such that rapid balancing of pressures between flow passages in valve body and in pressure balance cavities is achieved for pressure balanced valves.  


All valves (excluding actuator components) shall be designed to allow precision cleaning.  Valves shall be designed to allow for complete disassembly of all component parts to aid in precision cleaning.   Designs which cannot be readily cleaned by conventional cleaning methods are not acceptable.  Designs which facilitate migration and accumulation of contaminants between close fitting parts and within cavities around the stem and stem guides are not permitted.


Conceptual drawings depicting the proposed valve designs including the materials of construction shall be submitted to NASA as part of the proposal package.  


Fabrication drawings depicting the proposed valve designs including the materials of construction shall be submitted to NASA for review prior to fabrication of parts to ensure compliance with this specification.


Final, as-built detail drawings are required as part of the final submittal package.  


Fabrication and Final “as-built” drawings shall include the following:

1. A detailed cut-away scaled depiction of the valve and actuator identifying all piece parts by description and part number.  The materials of construction of all piece parts including their generic description and applicable specification shall also be included.  The actuator drawing shall also include a description of all ancillary parts of the valve actuator (i.e. tubing, pressure and electrical connections, solenoid valves, etc.) including their applicable part numbers and commercial specifications.

2. Pressure ratings, end connections, proof pressure, operating pressure, operating temperature, locator number, and Cv of each valve.

3. An overall drawing of the valve assembly (including the valve actuator) depicting the envelope dimensions and weight.

4. The location and type of attachment points for external support of the valve assembly (including the actuator).

5. Scaled machine drawings indicating dimensions and tolerances of all major parts (i.e. stem/plug, body and stem guides) that are fabricated.  These drawings will be utilized for maintenance and quality control purposes only.  If such drawings embody trade secrets or comprises information which is privileged or confidential, and such data is so identified with a suitable notice or legend, the data will be maintained in confidence and disclosed and used by NASA and its support contractors (under suitable protective conditions) only for the purpose of carrying out NASA's responsibilities under this contract.
This information may be conveyed in several drawings for each valve assembly.


3.2.2  BODY


Single piece bodies with top bolted or hubbed bonnet entry for maintenance and service are required for all valves.  Valves shall have an extended body or bonnet.  Valve body to bonnet bolting shall conform to requirements of ANSI B16.34.


Reflange( type hubs spe​cified on the data sheets may be integral or welded. Integrally machined hubs are preferred where cost effective.  Technical proposals shall indicate the specific Reflange( hub and seal ring part number required for each valve.


Each valve shall be designed and fabricated such that the body-to-bonnet connection is located where service media temperature in the valve body internal flow passages do not compromise bubble-tight sealing of body-to-bonnet seals.  Body-to-bonnet connection shall utilize an energized seal.  This bubble-tight sealing shall be maintained throughout thermal transients and gradients occurring during thermal conditioning of cryogenic valves and during normal operation of all valves.


The configuration and fit tolerances of all mating contact surfaces between valve body and bonnet shall provide for positive alignment of plug to seat.  


The allowed assembly and fit tolerances of all valve parts shall enable interchangeability of piece parts between valves of identical size and pressure rating.


3.2.3  BONNET


Valve bonnet shall be of sufficient size and mass to contain and hold stem guide such that it properly holds stem and plug assembly in correct alignment with the valve seat.


Valves shall contain a bonnet suitable for insulating and capable of maintaining a temperature in the packing gland above 40(F at 60(F ambient temperature and a 
-320(F fluid temperature when the valve has been insulated.  A 1/4" plugged medium pressure slimline type vent connection shall be provided on the bonnet extension just below the lower packing retainer.  In addition for those components which utilize dual packing arrangements, two 1/4" plugged medium pressure slimline type vent/purge connections shall be provided 180 degrees apart on the bonnet extension between the packing arrangements.


3.2.4  STEM AND PLUG ASSEMBLY


The stem and plug of each valve shall be a single integral assembly.  The plug sealing surface material shall be integral with the stem and plug assembly and of a design that prevents any entrapment of fluid within this assembly.  


Valves shall be designed to enable repeatable throttling to turndown ratios of 45:1 or more for full trim valves and 25:1 or more for reduced trim valves based on a Cv value equal to 50% of the maximum value (i.e. a rangeability of 90:1 for full trim valves and 50:1 for reduced trim valves).


The stem and seat plug assembly shall be designed and fabricated to have sufficient rigidity and stem guide support to prevent plug misalignment and oscillations during service media flow induced vibration conditions that would otherwise cause seat/plug damage or excessive seat leakage.


The proposed design of the stem and plug assembly including materials of construction shall be included as part of the vendor’s proposal.


3.2.5  SEAT


The valve seat area shall be machined into the valve body.  The use of threads, pins, screws, bolts, spacers, cages or any other mechanical connections and fasteners to retain a seat is not permitted. 


Likewise, the use of press fits or stacked piece parts arrangements to retain a seat is not permitted.


3.2.6  GUIDE BUSHINGS


Guide bushings shall be fabricated of materials that prevent galling or scratching of stem surfaces.  

Guide bushings shall maintain correct plug alignment with valve seat during all anticipated flow conditions.  These conditions include flow induced vibrations mentioned in Section 3.2.4.


3.2.7  PACKING AND PACKING RETAINER


Stem packing arrangements shall utilize V-ring or chevron type seals.  Rope packing is not acceptable.


Packing shall be encapsulated and retained to prevent extrusion of packing material along the stem.  Packing retainer design shall include an adjustable yoke assembly that enables proper and uniform compression loading of packing material to provide bubble tight sealing around upper stem.  Yoke assembly shall enable reliable and repeatable adjustment of packing using standard wrenches and tools.


Packing yoke and retainer design shall prevent entry of water or moisture into packing.  


3.2.8  DESIGN FOR OPERATION


Required flow capacities (expressed as required Cv at full open valve position) for all valves are shown on the attached data sheets.  


Vendor proposals shall include flow charts for each size and design of valve indicating approximate Cv versus percent open as well as approximate pressure drop ratio factor, xT, versus percent open.  These charts shall conform to equations of ANSI/ISA S75.01.


All valves shall have bi-directional flow and shutoff capability with the maximum system pressure differential across the seat.


The full stroke time of all valves shall be equal to or less than but not exceeding the stroke time shown on the data sheet.  Actuation time shall be measured for the complete valve assembly during acceptance testing. Test reports certifying conformance to this requirement shall be submitted within two weeks of the test for review to determine compliance with the specification.


Pressure and temperature ratings as well as service media for the components are specified on individual data sheets.

3.2.9 PRESSURE BALANCE DESIGN

The pressure balance seals shall be arranged such that the open cavities of the seals face each other.  A vent/test port shall be machined into the area between the seals to allow trapped pressure to be vented from the space and/or allow the seals to be leak-tested in place. 

4.0  MATERIALS

4.1  GENERAL


In general the selection of materials shall be consistent with ANSI B16.34 (specifically the guidelines in section 5). Materials shall conform to applicable commercial specifications such as ASTM or AISI standards.

4.2  VALVE METALLIC MATERIALS


All external metallic materials including fasteners shall consist of corrosion resistant alloys.


Cast valve bodies shall not be used.


Material Test Reports (MTR's) shall be provided for all metallic pressure retaining materials, including those used for stem and plug assembly.  MTR's are not required for actuator and topworks material.  Traceable heat numbers shall be provided for all forgings.  NASA will review these submittals to ensure compliance with the specification.


Materials of construction specified on the data sheets are suggested as acceptable materials for the intended application media and pressures.  Actual materials of construction should be selected with consideration to fluid compatibility, suitability for design, interaction with other materials, and other factors which could affect the performance of the component.  Paragraph F323 in Appendix F Precautionary Considerations from ASME B31.3 lists several material considerations which should be evaluated during material selection.


Appendix A lists materials which have been approved by NASA for hydrogen service.  This reference shall serve as a reference for materials which are acceptable for gaseous hydrogen, gaseous nitrogen and gaseous helium services to allow for interchangeability of piece parts between valves used in all three services.


Materials of construction which differ from the materials recommended on the individual data sheets or Appendix A require specific review and approval by NASA.

5.0  FABRICATION AND ASSEMBLY

5.1  GENERAL


The fabrication and assembly of the valves, when not otherwise specified, shall be in accordance with the requirements of ANSI B16.34 and ASME B31.3.


5.2  WELDING


For the fabrication and assembly of the valves, the welding requirements in paragraph K328 from Chapter IX High Pressure Piping of ASME B31.3 shall be followed.  All welds, welding procedure specifications (WPS), procedure qualification records (PQR), and welder performance qualifications (WPQ) shall meet the requirements of paragraph K328 from Chapter IX of ASME B31.3.  


Weld metal and heat-affected-zone Charpy V-notch impact test specimens from each procedure qualification test coupon and each welder qualification test coupon shall be tested at -320 degrees F in accordance with ANSI/ASME B31.3 Chapter IX and must meet the required minimum impact values specified in Table K323.3.5.  A minimum delta ferrite number of FN3 is required for procedure qualification and welder performance qualification welds in austenitic stainless steel. Measured ferrite numbers shall be reported on the procedure qualification record and the welder qualification test record.  (For previously approved welding procedures and welders, the minimum delta ferrite number requirement may be met by checking the first production weld.)  Additionally, the lot or batch number of austenitic filler metal used for welding Nitronic 40, 50, and 60 base metals shall be an essential variable in the welding procedure, and each new or additional lot or batch of filler material shall require requalification of the weld procedure.


Inert Argon gas backing purge shall be used for all open groove welding and tack welding. Nitrogen as a backing purge gas is not permitted.  Backing purge gas shall be maintained until 3/16" of weld metal or 2 weld layers, whichever is greater, have been deposited.

Prior to fabrication the vendor must submit applicable welding procedures, procedure qualification records, and personnel qualification procedures for review by NASA to determine compliance with this specification.


5.3  MARKING


Each valve body shall have a permanently attached stainless steel nameplate stamped with the following information:




Manufacturer




Model #




End Connection (Size and Type)




Pressure Rating




Temperature Rating



Full Open Cv with nominal shape of throttle curve (equal percent, linear, or semi-



throttle/quick-opening)



Locator #




Serial #




Proof Test Type / Pressure / Date

6.0  INSPECTION AND EXAMINATION

6.1  GENERAL


All non-destructive examinations, including visual shall be performed by personnel certified in the fabricator's own certification program in accordance with ASME Section V.  The fabricator's written practice for the qualification and certification of NDE personnel, method procedure for each type of examination, and certifications for Level II and Level III NDE personnel shall be submitted to NASA for review at least two weeks prior to any examination to determine compliance with this specification.

NASA or their designee shall be notified no less than two weeks prior to assembly of the components.  The Government reserves the right to inspect any or all component parts for cleanliness and workmanship prior to assembly and to witness the assembly operations.


6.2  WELDING EXAMINATION


For the inspection of welds, the requirements in sections K341 through K344 of Chapter IX High Pressure Piping of ASME B31.3 shall be followed.  Liquid penetrant inspections in accordance with section K344.4 of Chapter IX from ASME B31.3 shall be performed on the root and cover passes of all weldments.  All welds not accessible to radiographic inspection shall be inspected by the liquid penetrant method only in accordance with section K344.4 of Chapter IX from ASME B31.3.


All inspection records shall be furnished to NASA for review within two weeks after they are generated to ensure compliance with specification requirements. 

7.0  CLEANING

Each valve shall be cleaned to commercial cleaning requirements (i.e. visually clean) in accordance with NASA/ SSC STD 8070-0089-FLUIDS, Level 3.  


See paragraph 6.0 of Appendix B for cleaning and verification requirements for hydraulic actuators.

8.0  TESTING


8.1  GENERAL


The vendor shall submit all test procedures to NASA for review within two weeks prior to the commencement of testing to ensure that the procedures comply with the requirements of this specification.


NASA or their designee shall be notified no less than two weeks prior to start of proof, external leakage, and seat leakage tests.  The Government reserves the right to witness or test any or all components for allowed leakage.

All testing shall be performed with the actuator (or an identical one) to be supplied with the valve.  All testing shall utilize a hydraulic supply pressure of 2200 psig +/- 5% to simulate the actual installed conditions.

8.2  PROOF TESTING


Each valve shall be subjected to a pneumatic or hydrostatic proof test.  Pneumatic proof tests shall be performed using a pressure equal to 1 1/4 times the maximum pressure rating of the valve.  Hydrostatic proof tests shall be performed using a pressure equal to 1 1/2 times the maximum 


pressure rating of the valve.  The type, pressure, and date of the proof test shall be marked in accordance with paragraph 5.0.  Proof pressure shall be held for a minimum of five (5) minutes.


8.3  CYCLIC TESTING

With the valve oriented horizontally and the actuator upright (at a 45 degree angle), the valve shall be cycled from the fully open to the fully closed position one hundred (100) times after which a swab sample shall be taken from the inlet and outlet cavities of the valve body.  (A solvent such as DI water or IPA shall be used to moisten a lint-free rag to conduct the swab test.)  These cavities shall be completely free from visible contamination.  Visible particulate generated by wear of the plug, seals, or liner/guides shall be cause for rejection.  The cycles may be applied without the valve body being pressurized.  This test shall be performed prior to the external and seat leakage tests.


8.4  EXTERNAL LEAKAGE TESTING


Each valve shall be subjected to an external leakage test after cleaning.  The test shall be performed with dry gaseous nitrogen with a minimum of 10% helium by volume.  Each valve shall be tested for external leakage at the maximum pressure ratings of the valves.  Test shall include detection of leakage through stem packing and all mechanically connected pressure boundary seals with the valve in the fully open, partially open, and fully closed positions.  The pressure shall be applied in both flow directions in the fully closed position.  Soap solution shall be used to detect external leakage through stem packing, body-to-bonnet seals, pressure boundary castings, and pressure containing welds.  A minimum of 5 minutes shall be spent observing the component for external leakage.  No external leakage is allowed.


8.5  SEAT LEAKAGE TEST


Each valve shall be subjected to a functional leakage test after cleaning.  The test shall be performed with dry gaseous nitrogen with a minimum of 10% helium by volume.  Each valve shall be tested at 50 psig and at the maximum system pressure differential.  The pressure shall be applied in both flow directions. A 1/4" or smaller submerged bubble tube shall be used to detect seat leakage.  Each seat leakage measurement  shall be conducted for a minimum of three minutes.  Seat leakage shall not exceed one sccm per inch of nominal valve size in either flow direction.  Each valve shall be cycled ten (10) times at maximum valve cycle speed after which another seat leakage test series (at 50 psig and at the maximum system pressure differential) shall be performed.  The same seat leakage acceptance criteria shall be used in the second test sequence.


8.6  CAPACITY TESTING

For one valve of each size, pressure rating, and plug trim design, the manufacturer shall perform flow tests in both the flow-to-open (under the plug) and flow-to-close (over the plug) flow directions and in accordance with ANSI/ISA S75.02 Control Valve Capacity Test Procedure to characterize the flow profile and to verify the maximum Cv value.  The flow tests shall determine and provide Cv value at 5% increments from 0% to 20% open and at 10% increments from 20% to 100% open, where percent open is defined by stem-plug travel distance from full closed position divided by the full open-to-close stroke stem-plug travel distance times 100.  At each increment, valve Cv shall be determined by average of 3 independent measurements.  The manufacturer may supply data from previous testing to satisfy this requirement only if the test data were gathered for a valve with the same body design, trim, and plug assembly.  Specific approval by the NASA Contracting Officer is required to accept previously gathered Cv data in lieu of performing new tests.


Each valve furnished with limit switches shall be cycled from closed to full open and back to closed to verify the setting and function of the switches.


Valves shall be pressurized to the maximum system pressure differential using gaseous nitrogen and cycled to verify they can achieve the required cycle times specified on the data sheets (when one is specified).  The supply pressure used should correspond to the minimum project facility pressure (2,200 psig for the hydraulic system).  Hydraulic actuators shall be cycle tested in accordance with the requirements of Appendix B.  Valve limit switches shall be tested for proper operation during cycle tests.  Complete cycle testing shall be repeated if any hardware malfunctions occur during the previous cycle test.  This includes limit switch malfunctions.

Valve actuation cyclic frequency response testing shall be performed for each pressure control valve (PCV) and variable position valve (VPV) in accordance with the requirements of Appendix B.

9.0  VALVE ACTUATORS


See Appendix B for valve actuator requirements.

10.0  MAINTENANCE

Operations and maintenance instructions shall be supplied for each valve assembly (including the valve actuators and accessories) and shall include disassembly and assembly instructions, torque requirements, special tool requirements, etc.  The vendor shall provide a complete and comprehensive listing of all non-standard special tools and fixtures required to assemble and disassemble valve assemblies to include manufacturer, manufacturer’s part number, recommended quantity, and detailed drawing depictions for each special tool and fixture. 

Any special tools, fixtures or equipment required to assemble, disassemble, maintain or service the specified valve shall be provided as part of this procurement.  
A spare set of softgoods shall be supplied for each valve ordered.  The softgoods shall be packaged as a set and the packaging shall be marked in such a way that each softgood set is easily referenced to the valve for which it is supplied. 
11.0  PACKAGING AND DELIVERY


The vendor shall package the valves in accordance with their normal procedures for packaging commercially clean components.

12.0  WARRANTY

The vendor shall supply a certificate of conformance with each valve assembly certifying that the valve assembly (including the valve actuator) has met all of the requirements of this specification.

Each valve assembly furnished under this specification shall be guaranteed against defective materials, design, and workmanship for a period of one year from the date of installation (not to exceed 18 months after receipt of the valves).  Upon the receipt of notice from the Government of failure of any part of the guaranteed equipment during the guaranty period, new replacement parts shall be furnished and installed promptly by the supplier at no additional cost to the Government.  The supplier shall acknowledge his responsibility under these guarantee provisions by letter, stating that the shipment and materials referred to herein are guaranteed and the inclusive dates of the guaranty period.
13.0  SUBMITTALS


The following submittals are required as part of this specification:


With Proposal:

1. Conceptual drawings shall be included in the proposal as required by paragraph 3.2.1.  

2. Stem and plug assembly design as required by paragraph 3.2.4.

3. Cv and xT charts as described in paragraph 3.2.8.

After Contract Award:

1. Fabrication and final (as-built) drawings as specified in paragraph 3.2.1.

2. Actuation time test reports as specified in paragraph 3.2.8.

3. MTR’s in accordance with paragraph 4.2.

4. Materials of construction that differ from the specification requirements described in paragraph 4.2.

5. WPS’s, PQR’s and WPQ’s in accordance with paragraph 5.2.

6. NDE procedures, procedure qualifications and personnel certification as defined by paragraph 6.1.

7. Prior notification of assembly in accordance with paragraph 6.1.

8. Welding examination inspection records described in paragraph 6.2.

9. Test procedures in accordance with paragraph 8.1.  Procedures are required for proof, cyclic, external leakage, seat leakage and capacity (Cv) tests.

10. Prior notification of proof, cyclic, external leakage and seat leakage tests in accordance with paragraph 8.1.

11. Test reports documenting the results of proof, cyclic, external leakage and seat leakage tests described in paragraphs 8.2, 8.3, 8.4 and 8.5.  

12. Test reports documenting the results of the Cv tests required by paragraph 8.6.

13. Results from actuator sizing tests and/or calculations as detailed in paragraph 2.3 of Appendix B.

14. WPS’s, PQR’s and WPQ’s for actuator welds in accordance with paragraph 4.1 of Appendix B.

15. NDE procedures, procedure qualifications and personnel certification for NDE on actuators  as defined by paragraph 5.1 of Appendix B.

16. Welding examination inspection records for actuator welds as defined by paragraph 5.2 of Appendix B.

17. Surface inspection records for surface examination of cast actuator parts in accordance with paragraph 5.3 of Appendix B.

18. Radiographic examination sampling procedure for acceptance of cast actuator parts in accordance with paragraph 5.3 of Appendix B.

19. Cleaning procedures and cleanliness certification for actuator parts in accordance with paragraph 6.0 of Appendix B.

20. Prior notification of proof, external leakage or functional tests of valve actuators in accordance with paragraph 7.1 of Appendix B.

21. Test reports documenting the results of proof, external leakage and functional tests of the valve actuators as described in paragraphs 7.2, 7.3 and 7.4 of Appendix B.

22. Certificates of conformance as described in paragraph 12.0.

23. Operations and Maintenance Instructions.

Unless otherwise specified the vendor shall ensure that their submittals are received by NASA a minimum of two weeks prior to the start of work governed by the respective submittal.  This will enable NASA to review the submittal to ensure compliance with the requirements of the specification and to provide feedback to the contractor in a timely fashion.  In the absence of any problems arising from the content of the submittals, NASA will disposition (approve or disapprove) submittals within 10 business days from receipt.  

A vendor that commences work without a NASA review to ensure compliance of the submittal with the specification assumes all risks associated with rework, delay and other effects resulting from a nonconforming article should a subsequent review reveal that the vendor’s submittal did not comply with the requirements of the specification.

14.0  DATA SHEETS
DATA SHEET 1 
CONSTRUCTION

Valve Type:  Y-pattern balanced globe, extended body

Size:  6"

End to End Dimensions:  32.40"

End Connections:  Reflange R-Con F08-061.400 (seal ring S3875)

Body Material:  Nitronic 40 or Nitronic 50

Bonnet Material:  Nitronic 40 or Nitronic 50

Stem/Plug Material: A286 SS

Plug Type:  Equal Percentage

Seat Type:  copper seat on plug; SS integral seat in body

Flow Direction:  Under Plug

SERVICE

Media:  GN, GH

Design Pressure:  15,000 psig

Maximum Pressure Differential:  15,000 psig

Design Temperature:  -320 to 100 degrees F 

Required Cv:  230

Cleanliness Level:  commercial (visual) per NASA/SSC STD 8070-0089- FLUIDS, Level 3.

Packaging:  per standard vendor practices

ACTUATION

BAFCO 773 or approved equal (see Appendix B)

Method:  hydraulic position controlled

Type:  double acting per requirements of Appendix B
Media:  2200 psig minimum, 3000 psig maximum MIL-H-83282 hydraulic fluid

Valve Fail Position:  Closed

Stroke Time:  100 ms max.

Quantity -- 1

LOCATOR NUMBER


PCV-10A1607-GN


SPECIAL REQUIREMENTS

Three limit switches are required - two at valve open position and one at valve closed position.  Tag limit switches PZS-10A1607A and PZS-10A1607C for open and PZS-10A1607B for closed.

DATA SHEET 2 
CONSTRUCTION

Valve Type:  Y-pattern balanced globe, extended body

Size:  6"

End to End Dimensions:  32.40"

End Connections:  Reflange R-Con F08-061.400 (seal ring S3875)

Body Material:  Nitronic 40 or Nitronic 50

Bonnet Material:  Nitronic 40 or Nitronic 50

Stem/Plug Material: A286 SS

Plug Type:  Equal Percentage

Seat Type:  copper seat on plug; SS integral seat in body

Flow Direction:  Over Plug

SERVICE

Media:  GN, GH

Design Pressure:  15,000 psig

Maximum Pressure Differential:  15,000 psig

Design Temperature:  -320 to 100 degrees F 

Required Cv:  230

Cleanliness Level:  commercial (visual) per NASA/SSC STD 8070-0089- FLUIDS, Level 3.

Packaging:  per standard vendor practices

ACTUATION

BAFCO 773 or approved equal (see Appendix B)

Method:  hydraulic on/off

Type:  double acting per requirements of Appendix B
Media:  2200 psig minimum, 3000 psig maximum MIL-H-83282 hydraulic fluid

Valve Fail Position:  Closed

Stroke Time:  100 ms max.

Quantity -- 1

LOCATOR NUMBER


MV-10A1596-GN


SPECIAL REQUIREMENTS

Three limit switches are required - two at valve open position and one at valve closed position.  Tag limit switches MZS-10A1596A and MZS-10A1596C for open and MZS-10A1596B for closed.

DATA SHEET 3 
CONSTRUCTION

Valve Type:  Y-pattern balanced globe, extended body

Size:  3"

End to End Dimensions:  22.13"

End Connections:  Reflange R-Con F05-03.740 (seal ring S2063)

Body Material:  Nitronic 40 or Nitronic 50

Bonnet Material:  Nitronic 40 or Nitronic 50

Stem/Plug Material: A286 SS

Plug Type:  Equal Percentage

Seat Type:  copper seat on plug; SS integral seat in body

Flow Direction:  Under Plug

SERVICE

Media:  GN, GH

Design Pressure:  15,000 psig

Maximum Pressure Differential:  15,000 psig

Design Temperature:  -320 to 100 degrees F 

Required Cv:  60

Cleanliness Level:  commercial (visual) per NASA/SSC STD 8070-0089- FLUIDS, Level 3.

Packaging:  per standard vendor practices

ACTUATION

BAFCO 773 or approved equal (see Appendix B)

Method:  hydraulic position controlled

Type:  double acting per requirements of Appendix B

Media:  2200 psig minimum, 3000 psig maximum MIL-H-83282 hydraulic fluid

Valve Fail Position:  Closed

Stroke Time:  100 ms max.

Quantity -- 1

LOCATOR NUMBER


PCV-10A1603-GN


SPECIAL REQUIREMENTS

Three limit switches are required - two at valve open position and one at valve closed position.  Tag limit switches PZS-10A1603A and PZS-10A1603C for open and PZS-10A1603B for closed.

APPENDIX A

Appendix A - Metallic Materials Approved for Hydrogen Service
All ferrous alloy piece parts exposed to hydrogen shall be restricted to the following materials:

1.
Type 304*, 304L, 316*, 316L, 321, or 347 austenitic stainless steel

2.
Nitronic 40 austenitic stainless steel (alternate designations: Alloy 21-6-9, ASTM XM-11, UNS S21904)

3.
Nitronic 50* austenitic stainless steel (alternate designation: Alloy 22-13-5, ASTM XM-19, UNS S20910)

4.
Type A286* austenitic stainless steel 

All pressure retaining parts in hydrogen service shall be restricted to the following materials (and conditions where applicable):

1.
Type 304*, 304L, 316*, 316L, 321, or 347 austenitic stainless steel

2.
Type A286* austenitic stainless steel 

3.
Nitronic 40 austenitic stainless steel (alternate designations: Alloy 21-6-9, ASTM XM-11, UNS S21904) 

4.
Nitronic 50* austenitic stainless steel (alternate designation: Alloy 22-13-5, ASTM XM-19, UNS S20910)

5.
Inconel 625

6.
Inconel 718

7.
Monel 400

8.
Monel K-500

*Types 304, 316, Nitronic 50, and A286 stainless steels are not to be used in welded constructions.

Additional materials shall be allowed for hydrogen service upon specific written approval by NASA Engineering. 
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REQUIREMENTS


FOR


GLOBE VALVE ELECTROHYDRAULIC ACTUATORS

1.0  SCOPE
This specification covers requirements for high pressure and ultra-high pressure globe valve electrohydraulic actuators for globe valves listed in the data sheets.  Requirements herein shall govern design, material, fabrication, assembly, inspection, examination, testing, cleaning, packaging and delivery of the specified hardware.

2.0  DESIGN

2.1  GENERAL


The cylinder actuators of all sizes shall be designed, fabricated, and tested to verify that they are leak tight and suitable for operation with a 3 to 1 safety factor based on a maximum surge pressure of 3,300 psig.  All cylinder actuators shall be double acting.  Actuator cylinders shall be of unitized and integral construction.  Tie-rod cylinder designs or any other designs susceptible to leakage and high failure rates are not permitted.


Actuator assemblies shall also include all solenoid valves, tubing, and associated fittings necessary for proper operation.  The preferred tubing connectors shall be MS or AN type 37 degree flared.  Swagelok( compression tube fittings are allowed only as specified by NASA/SSC Standard 47-220.  Other compression tube fittings are not allowed.


Actuator assemblies shall be of stacked modular construction in which all subassemblies are bolted or mechanically attached to each other in a vertical stack arrangement.  Use of tubing and tube fittings to transmit hydraulic fluid between subassemblies is not permitted.  Actuator shall utilize manifolds for transmission of hydraulic fluid between subassemblies.


Each actuator cylinder shall be equipped with snubbing devices at the end of the full open and full closed stroke travel.  These devices shall be internal to the actuator assembly and shall be used for the purpose of rapidly decelerating the actuator drive mechanism near each end of the stroke travel thereby eliminating valve seat wear and extrusion problems, damage to valve and actuator parts, and shock loads on system connected to each valve assembly.  The snubbing devices shall not be designed and fabricated to use direct sliding frictional contact between piece parts during actuator operation.  Snubbing devices shall employ hydraulic fluid viscous frictional forces only to provide rapid

stroke deceleration.  The snubbing devices shall also be designed, fabricated, and bench tested to satisfy the following criteria:

a.) Stroke speed reduced from maximum stroke travel speed by a factor of six (6) or more prior to reaching end of travel at each end of the cylinder (piston-rod limits of full travel)  

b.) Maximum allowed stroke time from full open to full closed or vice-versa specified on individual valve data sheets is not compromised by snubbing device speed reductions.

All actuators shall use MIL-H-83282 or equivalent hydraulic fluid at service pressures between 2,200 and 3,000 psig.  Hydraulic fluid accumulators and supply and return lines with line components will be provided by others.


Actuator shall be equipped with mechanically connected and field adjustable clamps to attach actuator rod to exposed top end of valve stem.  The clamping arrangement shall utilize a bolted split block design.

Limit switches (when required by individual data sheets) shall be magnetic proximity type GO( Series 20 (Model 21-11524-A3 or approved equals), hermetically sealed and approved for Class 1, Groups A, B, C, and D National Electric Code.  Switches shall be mounted integrally to the actuator assembly or be securely mounted on the actuator or yoke assembly.  The limit switches shall use conduit type electrical connectors and shall be provided with 72 inch or longer wiring leads.  Limit switches shall be mounted below the actuator assembly on each valve standoff.


Proof pressure shall be at least 1.5 times operating pressure.  Vendor shall determine size, required flow coefficient, and selection of valve models based on valve actuator stroke times and all other valve actuator requirements in this specification 


All electrical and electronic hardware shall be rated per NEC Class 1, Division 2 Groups B,C, and D.  All electrical connections and interfaces shall be MS threaded type plug in connections or shall be configured with 3/4" NPT ports for attachment of rigid galvanized steel conduit with through wiring.  Environmentally enclosed terminal strips shall be provided for the electrical connection(s) on each actuator assembly.  Terminal strip enclosures shall enable weathertight sealing to prevent moisture entry.

2.3 OPEN-CLOSE VALVE ACTUATORS


Open-close hydraulic valve actuators shall be equipped with 3,000 psig double acting cylinder operators.  These actuators shall drive the valve to either the fail closed or fail closed position as specified on individual valve data sheets upon loss or removal of electrical power.  No spring assists will be used to drive the actuator to the fail-safe position.


Hydraulic open-close valve actuators shall be sized using the same methods as those used for hydraulic control valve actuators except that the valve shall be capable of stroking from full open to full closed and vice-versa within the stroke time specified for the respective valves on the individual valve data sheets and with MSPD (Maximum Seat Differential Pressure) opposing the stroke direction.  Pressure drops through lines, valves, and manifolds must be accounted for and when hydraulic supply pressure is as low as 2,200 psig minimum.


All hydraulic actuators shall be supplied with a double seal system with an interseal vent port that is routed back into the actuator cylinder or routed back into the return line connection port.  The actuator and piston rod shall be of single piece construction and fabricated from 300 series or 17-4PH stainless steel.  Rods shall be supplied with dust boots or scraper rings.


2.4  CONTROL VALVE ACTUATORS


Control valve hydraulic actuators shall be equipped with 3000 psig double acting cylinder operators.


Actuators shall be supplied with a double seal system with an interseal vent port routed back into the actuator cylinder or routed back into the return line connection port.  The actuator piston and rods shall be of one piece construction and fabricated from 300 Series or 17-4PH stainless steel.  Rods shall be supplied with dust boots or scraper rings.


The double acting cylinder shall be fitted with a servo valve, and position feed back device(s).  The servo valve shall be mounted directly on the cylinder and the assembly shall contain all auxiliary hydraulic components, and interconnecting flow passages.


When a fail position is specified for a valve assembly, a tripper valve and fail safe circuitry shall be provided to lock out the servo and to discharge a fail-safe accumulator to the appropriate side of the hydraulic cylinder.


Servo equipped valve actuators that are not equipped with failsafe manifolds [designated as Fail-In-Place (FIP) or Fail-As-Is (FAI)] shall have the capability to fail in either direction by means of the bias adjustment on the servo valve. No spring assists will be used to drive actuator to fail-safe position.


Servo valve nominal flow ratings shall be sized at 1,000 psid.  Maximum current for full flow shall not exceed 40 mA.  Maximum voltage shall not exceed 10 VDC.  Servo valve shall be of dual coil design.


LVDT shall be DC-DC Type with + 12.0 VDC nominal excitation input and approximately a –2.5 to +2.5 VDC, -1.1 to +1.1 VDC, or 0.0 to +10.0 VDC output.  LVDT electronics shall be encapsulated within the actuator assembly.  Feedback transducers shall have a frequency response not to exceed -3dB attenuation at 100 Hz.  The coil section of the transducer shall be properly lined to reduce wear.  Feedback mounting shall consider misalignment and rotation that may occur in the valve and actuator assemblies.  Double rod actuators shall use the balancing rod as a coaxial LVDT drive.  LVDTs shall be housed in an environmentally sealed weathertight enclosure and shall be internal to the hydraulic system.  In either case, all equipment shall conform to NEC Class 1, Group B, Div. 2.


Hydraulic control valve actuators shall be sized by the following methods:


1.
Actuator shall provide 100 percent of the plug sealing force required when MSPD (Maximum System Pressure Differential) equals the value specified on valve data sheet with the higher pressure applied under the plug and with 2,200 psig hydraulic supply pressure.  Bi-directional flow and shutoff is required.


2.
Actuator shall be capable of stroking from full open to full closed and vice versa within the "Stroke Time" or "Design Stroke Time" specified on the valve data sheet with specified MSPD value, opposing the stroke direction and (if the valve actuator is equipped with a failsafe servo bypass manifold) with the failsafe manifold activated to bypass and lockout the servo valve/mechanism.


2.5  DESIGN FOR OPERATION


The full stroke time of each valve shall be equal to or less than the stroke time shown on the individual valve data sheets.  Actuation time shall be measured during acceptance testing.  (Refer to paragraph 3.2.8.)

3.0  ACTUATOR MATERIALS

All actuator cylinders shall be constructed of carbon steel or stainless steel.  Aluminum and non-metallic cylinders are not permitted.  Body and trim of each actuator shall be constructed of 300 series stainless steel.  Valve/actuator mounting adapters, keys, stem bushings, limit switches, tubing, tubing fittings, and other actuator assembly accessories shall consist of stainless steel.  Solenoid valves shall be constructed of stainless steel.  The other external metallic materials of the actuator assembly shall consist of corrosion resistant alloys wherever practicable.  All carbon steel external surfaces shall be coated with a fully bonded, abrasion resistant, and water-tight paint system.

Seat and seal material of construction shall be compatible with the hydraulic service media.  However, all wetted elastomeric parts shall be constructed of Viton A or an approved substitute fluoroelastomer.
4.0  FABRICATION AND ASSEMBLY

4.1  WELDING


All welds and welding procedure specifications shall meet ASME Boiler and Pressure Vessel Code Section VIII requirements.  Welder performance and weld procedure qualifications shall conform to section IX requirements.  All weld filler sire selected for use shall conform to requirements of Section II.  Prior to fabrication the contractor must submit applicable welding procedure specifications (WPS), procedure qualification records (PQR), and welder performance qualifications (WPQ) for review by NASA to determine compliance with the specification.

Weld filler wire shall be of the same nominal composition as the base metal.


Inert Argon gas backing purge shall be used for all open groove welding and tack welding.  Nitrogen as a backing purge gas is not permitted.  Backing purge gas shall be maintained until 3/16" of weld metal or 2 weld layers, whichever is greater, have been deposited.


Each weldment test coupon shall be tested at 70 to 100 degrees Fahrenheit.


4.2  MARKING


Each valve actuator shall have a permanently attached stainless steel nameplate stamped with the following information:




Manufacturer




Actuator Manufacturer PN and/or Model Number




Design Pressure 




Design Temperature 




Tag # of the valve assembly actuator is mounted to




Serial #




Actuator Fluid




Actuator Maximum Flow Rate




Proof Test Type / Pressure / Date




Serial Number (of the cylinder)

5.0  INSPECTION AND EXAMINATION

5.1  GENERAL


All non-destructive weldment and casting examinations, including visual shall be performed by personnel certified in the fabricator's own certification program in accordance with ASME Section V.  The fabricator's written practice for the qualification and certification of NDE personnel, method procedure for each type of examination, and certifications for Level II and Level III NDE personnel shall be submitted to NASA for review at least two weeks prior to any examination to determine compliance with this specification.


5.2  WELDING EXAMINATION


Examination of welds shall be in accordance with paragraph 341.4 of Chapter VI Extent of Required Examination from ASME B31.3.

All welds not accessible to radiographic inspection shall be inspected by liquid penetrant or magnetic particle methods in accordance with sections K344.3 and K344.4 of Chapter IX from ASME B31.3.  Liquid penetrant inspections shall also be performed on root and cover passes of weldments.


All welding inspection records shall be furnished to NASA for review within two weeks after they are generated to ensure compliance with specification requirements.


5.3  CASTING EXAMINATION


All end connections and internal surfaces of castings shall be machined to a finish required for functioning and leak free service of actuators.  All external and internal surfaces of each casting shall be visually inspected.  The casting shall be acceptable on the basis of a comparison of any surface defect or irregularity as shown in the reference photographs of MSS SP-55. All surface inspection records shall be furnished to NASA for review within two weeks after they are generated to ensure compliance with specification requirements.

100 percent radiographic examination is not required for castings; however, the manufacturer shall have a sampling procedure in place for radiographic examination of the castings.  The examinations required by the procedure shall demonstrate that a minimum of 10 percent of the castings from an individual heat meet or exceed the requirements of Annex B from ANSI B16.34.  The sampling procedure shall be provided to NASA for review to ensure compliance with the specification.  The radiographic records, though not required by NASA, must be available for NASA inspection if requested.
6.0  CLEANING

All hydraulic actuators and actuator components are to be cleaned to NASA/SSC STD 8070-0089-FLUIDS , Level 4.


Individual cleanliness certification cards identifying the component locator number, serial number, and clean level are required for each component.


The manufacturer shall submit a cleaning and verification procedure subject to approval by the Government before any work is performed.

7.0  TESTING


7.1  GENERAL


NASA Construction Manager or his designee shall be notified no less than two weeks prior to start of proof, external leakage and functional tests.  The Government reserves the right to witness or test any or all components for allowed leakage.


7.2  PROOF TESTING


Each valve actuator shall be subjected to a pneumatic or hydrostatic proof test.  Pneumatic proof tests shall be performed using a pressure equal to 1 1/4 times the maximum pressure rating of the valve.  Hydrostatic proof tests shall be performed using a pressure equal to 1 1/2 times the maximum pressure rating of the valve.  The type, pressure and date of the proof test shall be marked in accordance with paragraph 4.2.


7.3  EXTERNAL LEAKAGE TESTING


Each actuator shall be subjected to an external leakage test after cleaning.  Each actuator shall be tested for external leakage at 10% above the maximum pressure rating of 3,000 psig. A minimum of 5 minutes shall be spent on observation of the component for external leakage.  No external leakage is allowed.

7.4 FUNCTIONAL TESTING

Each actuator shall be functionally tested as stated below individually prior to installation onto the valve assembly and again after installation onto the complete valve assembly.  All test results shall be recorded and included with submittals as required by paragraph 13.0 of this specification.


The servo controlled actuators shall respond to command signals up to 10 Hz.  This capability shall be demonstrated by applying a 10Hz minimum sinusoidal input with an amplitude equivalent to at least 10 percent full scale travel.  The response shall not be more than 3dB below the command signal nor exceed 90 degree phase lag.  For comparison purposes and to map the actuator performance trends, frequency response curves shall also be generated at 1, 2, 3, 5, 7, 15, and 20 Hz command input signal frequencies with response attenuation and phase lag also recorded at each of these frequencies.  For all frequency response tests the time duration for each command input frequency shall provide 40 or more cycles with amplitude maintained at 10 percent of full scale travel.  Frequency response curves shall be generated during acceptance testing of each individual valve actuator and then again during acceptance testing of the complete hydraulically actuated control valve assembly.


Each actuator shall be cycle tested at maximum rated stroke speeds with hydraulic supply pressure of 2200 psig.  A minimum of 20 full stroke cycles shall be performed for each actuator cycle test.


8.0  MAINTENANCE

Operations and maintenance instructions shall be supplied for each actuator assembly (including accessories) and shall include disassembly and assembly instructions, torque requirements, special tool requirements, etc.  The vendor shall provide a complete and comprehensive listing of all non-standard special tools and fixtures required to assemble and disassemble valve assemblies to include manufacturer, manufacturer’s part number, recommended quantity, and detailed drawing depictions for each special tool and fixture. 

Any special tools, fixtures or equipment required to maintain or service the specified valve shall be provided as part of this procurement.  
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