     

	 PROCEDURES FOR INCOMING INSPECTION AND HANDLING OF NIOBIUM SHEETS USED FOR SRF CAVITIES
	TD 5220-OP-464049-Rev.A



	[image: black_logo]Fermilab
	
Fermi National Accelerator Laboratory
Technical Division
Superconducting Materials Department
P.O. Box 500 - Batavia, Illinois - 60510
FAX: (630) 840-8036

	
PROCEDURES FOR INCOMING INSPECTION AND HANDLING OF NIOBIUM SHEETS USED FOR SRF CAVITIES


	
Fermilab / TD 5220-OP-464049-Rev.A
TIE 1018 














	
	Organization
	Date
	Extension

	Prepared by:
Lance Cooley
Lance Cooley
	TD / Superconducting Materials
	7/9/13
	6797

	Reviewed by (Subject Matter Expert):
Mike Foley
Mike Foley
	TD / SRF Development
	7/1/13
	2505

	Reviewed by:
Adam Bracero
Adam Bracero
	TD/Process Engineering
	7/8/13
	2536

	Approved by:
Leonardo Ristori
Leonardo Ristori
	TD / SRF Development
	6/28/13
	4401



Revision Page

	Revision
	Step No.
	Revision Description
	TRR No.
	Date

	None
	N/A
	Initial Release.
	
	

	A
	4.4.4
	Detail added on how to handle parts difficult to engrave.
	2327
	3-19-2013

	
	4.4.5
	Change corresponds to above change.
	
	

	
	4.4.6
	Step reworded and sentences added.
	
	

	
	4.4.7
	Separate step created
	
	

	
	4.4.8
	New step added.
	
	

	
	4.5
	First bullet point reworded and last bullet broken up into two steps.
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	






SCOPE

This document outlines the sequence of procedures for handling, inspecting, recording, and shipping niobium sheets used to make SRF cavities.  The sheets may be intended for fabrication by Fermilab staff using Fermilab equipment, or the sheets may be ordered by an external vendor as part of a procurement contract with Fermilab.  The scope excludes tubes, curved pieces, thick plates, and other pieces with size larger than 60 cm in one dimension and mass greater than 5 kg.

APPLICABLE DOCUMENTS

· FNAL 5500-ES-371037 Technical Specifications for High RRR Grade Niobium Sheet for Use in Superconducting Radio Frequency Cavities 
· 333869 (at vector-onsite.fnal.gov) 1.3 GHz Niobium Sheet Inspection Traveler
· 464033 (at vector-onsite.fnal.gov) 650 MHz Niobium Sheet Inspection Traveler


GENERAL REQUIREMENTS FOR ALL ACTIVITIES

Cavity grade niobium is very pure and very soft.  All handling must prevent the incorporation of impurities into the metal.  Scratches, abrasions, marring, indentation, and other defects can be created without the handler being aware that this has occurred.  The following general requirements apply to all steps of the handling procedures outlined later.

Meticulous housekeeping shall keep the laboratory space as clean as possible to prevent dust, debris, grits, shavings, filings, splinters, and any other hard particles from accumulating on any surface.  Under no circumstances shall sheets be used as a working surface — even fingernails can scratch the surface of the metal, and marring can be produced by simple items such as folded paper, pencils and pens, edges of plastic rulers, and so on.  

Whenever any sheet is handled or supported, this shall be done so by making contact with the corners of square sheets.  If round sheets are used, handling shall be by the edges and may use the sheet central area where coining of the beam tube location will occur.  Whenever any sheet is not in the process of being handled or inspected, the sheet shall lie in its protective shipping container or an equivalent protective container.

All surfaces should be cleaned from any protruding debris such as grits, hard particles, or other edges wherever a sheet is to be placed.  Furthermore, all surfaces upon which a sheet will be placed shall be protected with a clean paper 25 micrometers (1 mil) or thicker, or a similar sheet that resists the uptake and binding of hard particles.  Fresh sheets of foams, cloths, and other such media taken directly from a source roll or box are acceptable; these materials shall not be re-used since these soft media tend to embed and hold hard particles.  Care should be taken to not press the sheets into the supporting surface or slide the sheets across the surface or against the surface of another sheet, since this could produce scratches.  

 Since pure metals are reactive, chemical mechanisms may be activated as well.  Fingerprints, finger oils, common laboratory cleaners, various solvents, and other agents can stain the surface and produce unwanted chemical changes.  All handling shall be performed with either clean cotton inspection gloves or sanitary chemical-grade gloves.  Any fingerprints may be removed with clean ethanol and a clean laboratory wipe such as a Kimwipe.  Sheets shall be kept with a clean and shiny surface quality.

[bookmark: _Ref309818365]HANDLING AND INSPECTION REQUIREMENTS

Persons responsible for inspection and handling roles
The following roles are identified in this document.  A list of the persons responsible for filling these roles is given in Annex A.

· Niobium Receiving Tech (NRTech) is a technician in the Quality and Materials Department
· Niobium Sheet QC Technician (QCTech) is a technician in the Superconducting Materials Department or, by designation, in the SRF Development Department.
· ECS Operator is a technician in the Superconducting Materials Department
· Subject Matter Expert (SME) is a scientist or engineer in the Superconducting Materials Department or, by designation, in the SRF Development Department.
· Niobium Shipping and Packing Tech (SPTech) is a technician in the Quality and Materials Department

Logging of information in travelers
The results of all inspection steps shall be logged into the On-Base traveler system using the appropriate sheet inspection traveler.  If no traveler has been developed for the particular class of sheet, information according to each category below shall be logged in a laboratory notebook.

Requirements upon receipt of sheets
1. The NRTech shall sign for the receipt of niobium sheet products.  The receipt shall be logged into the inventory of controlled materials.  
2. The NRTech shall record the vendor’s product information.  At a minimum, this should include the PO number of the order, the trade name or product description (e.g. “RRR grade niobium sheet”), the vendor’s batch fabrication number (e.g. for Wah Chang this resembles “FAB212809”, and the vendor’s heat treatment batch number (e.g. for Wah Change this resembles “Heat 506162”).   If the entire batch was also accommodated by the heat treatment furnace, then only a single fabrication / heat treatment number may be present.
3. The NRTech shall open the crate, count and record the number of pieces received, and record the overall shipment condition, including such things as damage to the crate, fasteners that may have impinged on the contents, any visible signs of damage, and so on.  
4. The NRTech shall contact the Niobium Sheet QC Technician (QCTech) to initiate the quality control procedures.
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1. The QCTech arranges for delivery of the crate of niobium sheets from the material control area in IB4, under jurisdiction of TD / Quality Control and Materials Dept., to the material inspection laboratory, under jurisdiction of TD / SC Materials Dept.
2. Each sheet shall be removed from the crate in sequence, one at a time, for subsequent actions below.
3. The QCTech shall confer with TD / Quality Control and Materials Dept. Head to designate a numbering scheme that shall subsequently apply to the shipment.  For example, it may be determined that sheets that will become part of the Fermilab inventory shall be numbered FNAL-xxx where xxx represents a sequential number.  Any numbering scheme shall be in addition to any existed marking provided by the manufacturer.  
4. [bookmark: _GoBack]Each sheet shall have a unique number inscribed or written on one corner according to the numbering scheme.  Unless otherwise instructed, the inscription shall be permanent, e.g. by vibratory engraving tool.  If a manufacturer’s mark exists, the new numbering shall be located next to the manufacturer’s number.  In no case shall any marking encroach upon the region of the sheet used for actual cavity components.  The inscription shall also take into consideration any requirements for test samples, so as to not encroach upon a region designated for a sample.  It may be possible that no location suitable for permanent engraving exists, in which case the QCTech shall confer with the SME on the identification method.  
5. A 12 O’clock mark shall be inscribed in one corner to indicate orientation for eddy-current scanning.  The inscription method shall conform to item 4 above.
6. A visual inspection shall be performed as specified in ES-5500-371037 (Fermilab specification for niobium sheet).  In any case a minimum inspection shall be performed from no closer than 30 cm (1 foot) away from the sheet without the aid of magnifying tools and with corrected vision if necessary.  General laboratory illumination shall be used.  This inspection shall note general surface quality and mention any visible scratches or pits.  Notation shall be quantitative for any scratch longer than 6 mm,  any pit or indentation 0.5 mm wide, or any pit or indentation 0.25 mm deep.  — such defects may cause the sheet to be rejected.   The locations of these significant defects shall be noted with respect to the 12 O’clock mark.  The quantitative information shall include dimensional measurements using length and profile tools. As a simple reference, an exclamation point in 24-point font ( ! ) can be used to exemplify these criteria for a scratch (the stroke) and an indentation (the dot).  An optional record of the visual inspection may be obtained by acquiring a flat-bed scan of the sheet.
7. If sheet dimensions permit, an eddy current scan shall be performed on each side.  The ECS operator shall always align the 12 O’clock mark with the alignment tick on the scanner.  At the option of the SME, spot scanning of a sub-set of sheets that is statistically meaningful based on past defect rates may be called for.  In this case, the QCTech and the SME shall agree on the methodology for selecting sheets, e.g. every fifth sheet is scanned.  The ECS shall be recorded on the traveler.
8. As a substitute for ECS when sheets are large, or as an addition to ECS at the direction of the SME, the QCTech shall soak the sheet in clean water for 10 min followed by air drying for 30 minutes.  An inspection shall then be made for stains, in particular rust stains.  The locations of stains shall be recorded on the traveler.  Clean water means tap water filtered to less than 1 µm solid particles, or distilled, de-ionized, or ultra-pure water. 
9. The thickness of each sheet shall be measured by a micrometer in the corner regions and recorded on the traveler.  The location of thickness measurements shall not encroach upon the region of the sheet used for actual cavity components.  

Additional activities
At the discretion of the SME, some sheets may be pulled for further quality control testing.  Such testing requires cutting samples, and is therefore destructive to the sheets pulled from the batch.  Possible additional tests include:

· Measurement of the residual resistivity ratio RRR.  Arrangements for cutting of samples and carrying out the measurements shall be made by the QCTech.
· Measurement of the grain size in transverse and longitudinal cross-section.  Arrangements for cutting of samples, as appropriate, and acid etching, which is used to reveal grain-boundary contrast, shall be coordinated by the QCTech with the advice of the SME.
· Measurements of the mechanical properties, such as tests of hardness, tensile, bend, and impact toughness.  Arrangements for cutting of samples shall be coordinated by the QCTech.  
· Orientation imaging and electron microscopy.  Arrangements for cutting of samples shall be coordinated with the QCTech with the guidance of the SME.  Electron microscopy shall be performed by skilled operators in TD / SC Materials.

Re-packaging and preparations for shipment
1. The QCTech shall arrange for the delivery of the crate of niobium sheets from TD / SC Materials Dept., to TD / QC and Materials Dept.  The NSPTech shall take responsibility for the sheets henceforth.  
2. All packaging shall conform to FNAL 5500-ES-371037.  The sheets shall be either re-wrapped in their existing wrappers or, if determined to be not suitable, wrapped in new clean paper wrappers.    
3. The NSPTech shall coordinate, as appropriate, the re-packaging of sheets in the original shipping container, or the packaging of sheets in a new container, as appropriate, for shipment to the cavity vendor.  A count of shipped sheets and a condition of the shipped package shall be noted.
4. It is desirable to record the shipping conditions of the sheets with photographs.  Such arrangements shall be coordinate with the TD / QC and Materials Department Head.
5. The shipping container shall be secured with bands in such a way that the recipient will know if the container has been opened by a third party, e.g. customs inspection.
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ANNEX A

Roles, identified by responsible groups and persons

· Niobium Receiving Tech:  TD / QC Materials Dept / QC Group
· Niobium Sheet QC Tech: TD / SC Materials / Materials Science Group (Rob Schuessler)
· Niobium Sheet QC Subject Matter Expert: TD / SC Materials / Materials Science Group (Lance Cooley)
· Niobium Packing and Shipping:  TD / QC Materials Dept / QC Group
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